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Abstract

Rosiglitazone is an insulin-sensitizing thiazolidinedione (TZD) that activates the transcription 

factor peroxisome proliferator-activated receptor gamma (PPARγ). Although rosiglitazone 

effectively treats type II diabetes mellitus (T2DM), it carries substantial complications, including 

increased fracture risk. This predisposition to fracture is consistent with the fact that PPARγ 

preferentially promotes formation of adipocytes at the cost of osteoblasts. Rosiglitazone-activated 

PPARγ, however, also stimulates osteoclast formation. A new TZD analog with low affinity for 

binding and activation of PPARγ but whose insulin-sensitizing properties mirror those of 

rosiglitazone has been recently developed. Because of its therapeutic implications, we investigated 

the effects of this new TZD analog (MSDC-0602) on skeletal homeostasis, in vitro and in vivo. 

Confirming it activates the nuclear receptor in osteoclasts, rosiglitazone enhances expression of 

the PPARγ target gene, CD36. MSDC-0602, in contrast, minimally activates PPARγ and does not 

alter CD36 expression in the bone-resorptive cells. Consistent with this finding, rosiglitazone 

increases receptor activator of NF-κB ligand (RANKL)-induced osteoclast differentiation and 

number, whereas MSDC-0602 fails to do so. To determine if this new TZD analog is bone 

sparing, in vivo, we fed adult male C57BL/6 mice MSDC-0602 or rosiglitazone. Six months of a 

rosiglitazone diet results in a 35% decrease in bone mass with increased number of osteoclasts, 

whereas that of MSDC-0602–fed mice is indistinguishable from control. Thus, PPARγ sparing 

eliminates the skeletal side effects of TZDs while maintaining their insulin-sensitizing properties.
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Introduction

Type II diabetes mellitus (T2DM) is characterized by resistance to insulin and its reduced 

secretion. Thiazolidinediones (TZDs) are insulin sensitizers that preserve β-cell function and 

are thus effective in treating this disease.(1) These drugs are high-affinity ligands for 

peroxisome proliferator-activated receptor gamma (PPARγ), a member of the nuclear 

receptor superfamily of transcription factors.(2) PPARγ is highly expressed in adipose tissue 

and regulates transcriptional events mediating adipogenesis, lipid metabolism, inflammation, 

and metabolic homeostasis.(3,4) The antidiabetic actions of TZDs are believed mediated via 

PPARγ,(5) but TZD activation of this transcription factor is associated with substantial side 

effects, including weight gain, fluid retention, and predisposition to fracture.

Bone is constantly remodeled by tethering of the activities of osteoclasts and osteoblasts. 

Osteoclasts arise from hematopoietic progenitors of monocyte/macrophage lineage, which 

acquire the bone-resorptive phenotype under the influence of receptor activator of NF-κB 

ligand (RANKL).(6) Osteoblasts, on the other hand, are derived from mesenchymal 

progenitors.(7) Bone mass is stable in physiologic conditions because the activities of the 

two cells are balanced, whereas in osteoporosis bone resorption outpaces formation.(8)

CD36 is a membrane glycoprotein present on many cells including macrophages. It 

functions as a scavenger receptor by recognizing specific lipids,(9,10) thus regulating their 

accumulation in phagocytic cells.(11) Recognition of endogenous lipids by CD36 also plays 

a role in IL-4-induced fusion of macrophages but not in osteoclast formation.(12) Importantly 

in the context of the present exercise, CD36 is a PPARγ target gene because ligand 

activation of the nuclear receptor induces CD36 expression in myeloid cells.(11,13,14) 

Osteoblasts and adipocytes are derived from a common mesenchymal precursor whose 

commitment is dictated by PPARγ. Specifically, the transcription factor promotes 

adipogenesis at the cost of osteogenesis.(15–17) PPARγ is also expressed in osteoclast 

precursors, and its activation has a stimulatory effect on formation of the bone-resorptive 

cell, an event mediated by the AP-1 transcription factor, c-fos.(18) Thus, TZDs may 

negatively impact bone mass by both reducing formation and enhancing resorption. 

Although the contribution of each component is unclear, these observations are in keeping 

with the experimental bone loss induced by the drugs and, most importantly, the enhanced 

fracture risk experienced by TZD-treated patients.(18–24)

The concept that the beneficial effects of TZDs on the metabolic syndrome are mediated by 

PPARγ activation has recently been challenged.(25) This hypothesis prompted development 

of a novel TZD analog (MSDC-0602) with low affinity for the transcription factor. Despite 

failure to meaningfully activate PPARγ, MSDC-0602 improves multi-organ insulin 

sensitivity, adipose tissue inflammation, hepatic lipogenesis, and gluconeogenesis in obese 

mice as effectively as pioglitazone and rosiglitazone.(25) Given the negative effects of 
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PPARγ activation on bone mass, we hypothesized that MSDC-0602 will also reduce the 

osteopenic effects of TZDs. In fact, we find that MSDC-0602 does not activate PPARγ in 

osteoclasts and unlike rosiglitazone does not accelerate osteoclast differentiation or enhance 

their number in vitro. More importantly, MSDC-0602 does not promote bone loss, whereas 

rosiglitazone significantly diminishes skeletal mass by inducing osteoclastogenesis while not 

effecting osteoblast function in vivo. Thus, the skeletal complications of TZDs that are 

mediated by enhanced resorption may be avoided by insulin-sensitizing, PPARγ-

independent drugs.

Materials and Methods

Materials

MSDC-0602 was provided by Metabolic Solutions Development Company (Kalamazoo, 

MI, USA). Rosiglitazone was obtained from Cayman Chemical (Ann Arbor, MI, USA). 

Calcein and alizalin 3-methyl iminodiatic acid were purchased from Sigma (St. Louis, MO, 

USA).

Macrophage isolation and osteoclast culture

Isolated bone marrow macrophages (BMMs) were differentiated into mature, multinucleated 

osteoclasts as described.(26) Briefly, marrow was extracted from femurs and tibias of 6- to 8-

week-old mice with α-MEM and cultured in α-MEM containing 10% fetal bovine serum 

(FBS), 100 IU/mL penicillin and streptomycin with 1:10 CMG (conditioned medium 

supernatant containing recombinant macrophage colony-stimulating factor [M-CSF]) in 

bacterial dishes.(21) For osteoclast generation, 1.5 × 104 cells were cultured in 500 μL α-

MEM containing 10% FBS and various amounts of RANKL, 1:50 CMG and vehicle 

(DMSO), rosiglitazone (1 μM), MSDC-0602 (1 μM), or MSDC-1473 (1 μM) in 48-well 

tissue culture plates for 5 days. Cells were fixed and stained for tartrate-resistant acid 

phosphatase (TRAP) activity (kit 387-A; Sigma).

Animals and treatment

Male C57BL/6 mice were obtained from the Jackson Laboratory. All mice were housed in 

the animal care unit of the Washington University School of Medicine and maintained 

according to the guidelines of the Association for Assessment and Accreditation of 

Laboratory Animal Care. All animal experimentation was approved by the Animal Studies 

Committee of Washington University School of Medicine.

For in vivo drug treatment, 6-month-old mice, average 31 g body weight, were divided into 

3 groups of 10 each and respectively fed repelleted Purina rodent chow (C13513; Research 

Diets Inc., New Brunswick, NJ, USA) alone or containing 200 ppm rosiglitazone (C13844; 

Research Diets), or 331 ppm MSDC-0602 (C13845; Research Diets) for 6 months. The 

administered amount of MDSC-O602 provides ~30 mg/kg/d of the TZD, sufficient to 

normalize insulin sensitivity in obese mice.(25) Food intake and body weights of individual 

animals were monitored.
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Serum biomarkers

At death, serum insulin was determined using the Ultra Sensitive Mouse Insulin ELISA kit 

(Crystal Chem Inc., Downers Grove, IL, USA). Serum osteocalcin was determined with the 

Mouse Osteocalcin EIA kit (Biomedical Technologies Inc., Stoughton, MA, USA).

Bone densitometry

Whole-body bone mineral density (BMD) and % fat of anesthetized, prostrate mice were 

assessed using dual-energy X-ray absorptiometry (DXA, PIXImus Lunar-GE, Madison, WI, 

USA). The DXA machine was calibrated daily. One investigator performed all scans.(27)

Micro–computed tomography (μCT) analysis

The trabecular volume in the distal femoral metaphysis was measured using a Scanco 

μCT40 scanner (Scanco Medical AG, Basserdorf, Switzerland). A threshold of 211 was used 

for evaluation of all scans, and 100 slices were analyzed, beginning with an image in which 

condyles and primary spongiosa were no longer visible.

Histology and histomorphometry

Mice were injected with calcein (20 mg/kg body weight). Fourteen days later, they were 

injected with alizalin 3-methyl iminodiatic acid (30 mg/kg body weight). Femurs and tibias 

were harvested after 2 days, fixed in 70% ethanol, and embedded in methylmethacrylate for 

sectioning. All histomorphometric parameters were assessed using BioQuant OsteoII 

(BioQuant Image Analysis Corporation, Nashville, TN, USA). Dynamic assessment of 

trabecular bone formation was determined based on dual calcein-alizarin labeling. Adjacent 

sections were stained for TRAP activity. Adipocyte number in bone marrow of tibia was 

measured on five different microscopic fields at 200× magnification.(20)

RNA isolation and quantitative real-time RT-PCR analysis

Immediately after euthanization, epididymal white adipose tissue (WAT) was dissected and 

tibias were cleaned of all remaining soft tissue. The tissue was snap-frozen in liquid nitrogen 

for storage at −80°C. WAT and bones were homogenized using a Bullet Blender (Next 

Advance Inc., Averill Park, NY, USA), and total RNA was isolated using TRIzol reagent 

(Invitrogen, Carlsbad, CA, USA) and purified using RNeasy kits (Qiagen, Valencia, CA, 

USA) with DNase I treatment, according to the manufacturer’s directions. An amount of 1 

μg total RNA was reverse transcribed using an iScript cDNA Synthesis kit (Bio-Rad 

Laboratories Inc., Hercules, CA, USA). Real-time PCR was performed using the SYBR 

Green Master Mix kit and gene-specific primers. Quantitative PCR reaction was performed 

on ABI PRISM 7500 sequence detection system (Applied Biosystems, Foster City, CA, 

USA). All reactions were performed in triplicate, and relative mRNA levels were calculated 

by the comparative threshold cycle method using cyclophilin as an internal control. The 

primer sequences used in quantitative real-time PCR analyses are provided in Table 1.

Statistical analysis

Statistical significance was determined by one-way ANOVA followed by post hoc analysis 

by Tukey-Kramer. Data are represented as mean ± SD.
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Results

MSDC-0602 does not activate PPARγ in osteoclasts

MSDC-0602 has minimal stimulatory effect on PPARγ in hepatocytes.(11) To determine if 

the same occurs in osteoclasts, we exposed precursor cells, in the form of bone marrow 

macrophages (BMMs), to low-dose (25 ng/mL) RANKL and M-CSF in the presence of 

rosiglitazone, MSDC-0602, or carrier (DMSO) for 5 days, after which CD36 mRNA was 

measured by qPCR. As shown in Fig. 1A, rosiglitazone but not MSDC-0602 increases 

expression of the PPARγ target gene. Similarly, rosiglitazone stimulates expression of 

peroxisome proliferator-activated receptor-γ coactivator 1β (PGC-1β), a PPARγ-induced co-

activator, whereas MSDC-0602 has no such effect(28,29) (Fig. 1B). Thus, despite its ability to 

normalize glucose homeostasis as effectively as rosiglitazone,(25) MSDC-0602 does not 

activate PPARγ in osteoclasts.

MSDC-0602 does not influence osteoclast differentiation in vitro

Rosiglitazone stimulates osteoclast differentiation in a PPARγ-dependent manner.(18) To 

assess the osteoclastogenic properties of MSDC-0602, we again cultured BMMs with M-

CSF and low-dose RANKL in the presence or absence of rosiglitazone or MSDC-0602. Five 

days later, the cells were stained for TRAP activity and osteoclastogenic marker mRNA 

measured. Rosiglitazone doubles osteoclast number and increases expression of β3 integrin, 

cathepsin K, TRAP, and calcitonin receptor fourfold (Fig. 2). MSDC-0602, on the other 

hand, has no impact on osteoclastogenesis.

MSDC-0602 does not promote bone loss

To determine the effects of MSDC-0602 in vivo, adult male C57BL/6 mice were fed a 

rodent chow diet, alone or supplemented with MSDC-0602 or rosiglitazone. Six months of 

feeding yielded no differences in average daily consumption of chow (Fig. 3A). Body weight 

increased approximately 11% in all groups (Fig. 3B, C). TZDs increase insulin sensitivity by 

stimulating expression of beneficial adipokines, and as previously noted(25) both 

rosiglitazone and MSDC-0602 enhanced adiponectin concentration in white adipose tissue 

(Fig. 3D). Although circulating insulin tended to diminish in both TZD-treated groups, the 

change was not significant relative to control (Fig. 3E).

Despite similar metabolic properties, rosiglitazone and MSDC-0602 have distinct skeletal 

effects. In keeping with its fracture-promoting properties, DXA analysis of whole-body bone 

mineral density (BMD) revealed that after 6 months of oral intake, rosiglitazone but not 

MSDC-0602 diminished total body BMD (Fig. 4A). Similarly, μCT analysis established that 

only rosiglitazone-fed mice exhibited a significant decline in trabecular bone volume and 

consistent changes in trabecular number, thickness, and separation (Fig. 4B, C). Similar 

changes were determined by histomorphometry (Fig. 4D, E). In keeping with the 

osteoporotic effects of rosiglitazone reflecting accelerated resorption, osteoclast number per 

mm bone surface and the percentage of bone surface covered by resorptive cells increased in 

rosiglitazone-treated mice. In contrast, MSDC-0602 produced no evidence of enhanced 

osteoclastogenesis. Although MSDC-0602 also increased marrow adipocytes approximately 

threefold, their number was considerably lower than that of rosiglitazone-treated mice. In 
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contrast to the stimulatory impact of rosiglitazone on bone resorption, neither it nor 

MSDC-0602 effected bone formation as determined by histomorphometry and circulating 

levels of osteocalcin (Fig. 4F–I, Supplemental Fig. S1). Thus, rosiglitazone promotes 

skeletal loss via accelerated bone resorption, an event spared by a TZD, which fails to 

significantly activate PPARγ.

Discussion

PPARγ is a nuclear receptor that exerts its transcriptional effects by complexing RXRα on 

specific gene promoters. It primarily targets adipocytes, accelerating their differentiation and 

inclusion of free fatty acids and triglycerides.(30) In T2DM, fat fails to store these lipogenic 

molecules, which incorporate into liver and muscle, thereby prompting insulin resistance. 

This model is buttressed by the appearance of lipodystrophy and impaired glucose 

homeostasis in states of PPARγ dysfunction.(31)

Decades ago, TZDs were found to promote insulin sensitivity by enigmatic 

mechanisms.(2,32,33) Subsequent discoveries established that TZDs, such as rosiglitazone, 

normalize glucose homeostasis by accelerating adipocyte differentiation and stimulating 

synthesis and release of insulin-sensitizing adipokines such as adiponectin.(30) Because 

TZDs bind and transcriptionally activate PPARγ, it has been assumed that the insulin-

sensitizing effects of the drugs are mediated via the nuclear receptor.(34,35) Recent evidence 

indicates, however, that the antidiabetic effects of PPARγ-liganding drugs may not reflect 

their agonistic effects on the nuclear receptor. For example, PPARγ-binding compounds 

exist that fail to induce its transcriptional activity but retain antidiabetic actions, likely by 

blocking Cdk5-mediated phosphorylation of serine 273.(36,37) The insulin-sensitizing effects 

of these agents are unassociated with the adipogenic properties characteristic of TZDs. 

Furthermore, TZDs suppress inflammation and, importantly, normalize hyperglycemia and 

insulin sensitivity, independent of PPARγ recognition.(38)

TZDs bind to mitochondrial membranes, and the drugs’ PPARγ-independent properties are 

likely mediated by altered mitochondrial function via pyruvate transport.(39,40) Thus, there is 

uncertainty regarding the means by which PPARγ and TZDs exert their insulin-sensitizing 

effects and if, in fact, they are mechanistically related. Furthermore, these observations 

challenge the concept that the antidiabetic properties of TZDs reflect their activation of 

PPARγ.

Recognition of the likelihood that many of the advantageous effects of TZDs are likely 

independent of PPARγ and that, to a significant degree, their side effects reflect PPARγ 

activation prompted development of TZDs, which recognize the nuclear receptor with low 

affinity and thus fail to activate it while retaining beneficial metabolic properties. Such an 

agent, MSDC-0602, improves multi-organ insulin sensitivity in obese mice, including 

suppression of hepatolipogenesis and gluconeogenesis.(25) Because of evidence suggesting 

the negative effects of TZDs on the skeleton are also mediated by PPARγ, we hypothesized 

that MSDC-0602 would obviate this complication.
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To address this issue, we fed mice an unaltered chow diet or that supplemented with 

rosiglitazone or MSDC-0602. We chose C56/BL6 mice because they exhibit strain-specific 

sensitivity to rosiglitazone-induced bone loss.(41) We found a 6-month diet of rosiglitazone 

causes a 35% loss of trabecular bone, which is greater than that noted in other studies, a 

difference we attribute to the substantially longer duration of our study.(13,14,19,21,41) In 

contrast, quantities of MSDC-0602 that promote insulin sensitivity have no impact on DXA- 

or μCT-determined skeletal mass or parameters of trabecular bone architecture. Our animals 

exhibit no change in body weight regardless of diet. In keeping with its promotion of insulin 

sensitivity, MSDC-0602 is as effective as rosiglitazone in inducing adiponectin expression 

in these non-obese mice.(42,43)

Bone mass reflects the relative activities of osteoclasts and osteoblasts, both of which are 

influenced by PPARγ. In fact, conditional deletion of PPARγ in osteoclast lineage cell 

arrests bone resorption, resulting in osteopetrosis.(18) Although rosiglitazone stimulates 

PPARγ in BMMs, as evidenced by expression of CD36 and the co-activating protein 

PGC1β, MSDC-0602 has no such effect on these cells, suggesting the PPARγ-sparing TZD 

may not induce osteoclastogenesis. In contrast to the osteoclast-differentiating effects of 

rosiglitazone, such proved to be the case, in vitro and in vivo.

PPARγ promotes osteoclast formation in a cell-autonomous manner, but there is 

controversial evidence that its activation by TZDs does so, indirectly, by stimulating 

osteoblast lineage cells to express RANKL.(20) More compelling, however, are experiments 

indicating PPARγ governs bone formation by regulating differentiation of mesenchymal 

precursors common to osteoblasts and adipocytes.(15) Thus, the nuclear receptor dictates 

differentiation of these cells into fat at the cost of osteoblastogenesis. It is, therefore, 

postulated that the predisposition to fracture induced by TZDs reflects, at least in part, 

suppression of bone formation. In fact, PPARγ overexpression, specifically in osteoblasts, 

lowers bone mass and enhances estrogen-deficient osteoporosis. Given the evidence that 

PPARγ suppresses osteoblastogenesis, we were surprised that rosiglitazone-induced bone 

loss, in our experiments, appears exclusively the result of accelerated resorption with no 

evidence of inhibited formation. This apparent discrepancy may reflect the controversy 

surrounding the mechanisms of TZD-suppressed bone formation. Although some find direct 

inhibition of osteoblasts, others maintain the drugs actually stimulate differentiation of the 

cell and exert their anti-osteogenic effects by promoting apoptosis of osteocytes and 

osteoblasts.(19,22,44) Moreover, the state of differentiation of the targeted cell and the age of 

treated mice appear central to the inhibitory effects of TZDs. Specifically, partially 

differentiated osteoblast precursors and older mice are resistant to the anti-osteogenic effects 

of TZDs.(19,20) Because our mice were 1 year old at the time of euthanization, it is possible 

that suppressed formation contributed to the osteoporotic phenotype induced by 

rosiglitazone earlier in the course of therapy but not at termination of the experiment. This 

posture is in keeping with the enhanced marrow adipogenesis in rosiglitazone-treated mice, 

whereas the increase in those receiving MSDC-0602 is much less substantial. In any event, 

our findings are consistent with the hypothesis that TZD-induced bone loss in older 

individuals is predominantly an osteoclast-mediated event.
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Our data support the concept that TZD-induced bone loss and enhanced insulin resistance 

are mechanistically distinct. The fact that MSDC-0602, which fails to substantially activate 

PPARγ yet normalizes the metabolic defects of obese mice, does not carry the osteoporotic 

complications of rosiglitazone indicates that the beneficial effects of TZDs occur by a 

PPARγ-independent mechanism such as mitochondrial pyruvate transport. Alternatively, 

rosiglitazone-induced bone loss is mediated via activation of the nuclear receptor. Thus, the 

availability of TZDs, which minimally activate PPARγ, hold promise that diabetic patients 

may be treated with this family of drugs without the fracture-promoting complications of the 

parent compounds.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
MSDC-0602 does not activate PPARγ. (A) BMMs were cultured in M-CSF and low-dose 

RANKL and treated with vehicle (DMSO) or TZDs for 5 days. CD36 was determined by 

qPCR. (B) BMMs were cultured in M-CSF and low-dose RANKL and treated with vehicle 

(DMSO) or TZDs for 5 days. The PPARγ co-activator, PGC-1β, was determined by 

qPCR. *p < 0.05 versus DMSO; #p < 0.05 versus MSDC-0602.
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Fig. 2. 
MSDC-0602 does not affect osteoclast differentiation. (A) BMMs were cultured in M-CSF 

and RANKL and treated with vehicle (DMSO) or TZDs for 5 days. The cells were stained 

for TRAP activity. Scale bars = 200 μm. (B) Quantitation of TRAP-expressing 

multinucleated cells (MNCs) (more than three nuclei per cell) generated from BMMs treated 

with vehicle or TZDs for 5 days. (C) BMMs were cultured in M-CSF and RANKL and 

treated with vehicle or TZDs for 5 days. Osteoclast differentiation markers β3 integrin 

subunit, cathepsin K, TRAP, and calcitonin receptor were determined by qPCR. **p < 0.01 

versus DMSO; ##p < 0.01 versus MSDC-0602.
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Fig. 3. 
Effects of TZDs on food intake, body weight, insulin levels, and adiponectin expression. (A) 

Average food intake per mouse per day during experiment. (B) Average body weight 

measured at euthanization. (C) Average change of body weight. (D) Adiponectin mRNA in 

epididymal WAT measured at euthanization. (E) Serum insulin measured at euthanization. 

White bars = control; gray bars = rosiglitazone; black bars = MSDC-0602. **p < 0.01 versus 

control.

Fukunaga et al. Page 13

J Bone Miner Res. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. 
MSDC-0602 does not affect bone. Six-month-old mice were fed native chow or that 

supplemented with rosiglitazone or MSDC-0602. All determinations were made after 6 

months. (A) Whole-body BMD. (B) μCT image of distal femur. (C) μCT determination of 

BV/TV, trabecular number, trabecular thickness, and trabecular separation of distal femoral. 

(D) TRAP-stained histological sections of proximal tibia of control, rosiglitazone-treated, 

and MSDC-0602-treated mice. (E) Histomorphometrically determined BV/TV, total number 

of osteoclasts normalized to bone surface (Oc.N/BS), the percentage of bone surface to 

which osteoclasts are juxtaposed (Oc.S/BS), and adipocyte number/field. (F–H) Mice were 
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administered time-spaced courses of calcein and alizarin. Bone formation rate (BFR) and 

mineral apposition rate (MAR) were histomorphometrically quantitated. (I) Serum 

osteocalcin determination. White bars = control; gray bars = rosiglitazone; black bars = 

MSDC-0602. **p < 0.01 versus control; *p < 0.05 versus control; ##p < 0.01 versus 

rosiglitazone; #p < 0.05 versus <zaq;3>. Scale bars = 1 mm (B); 500 μm (D, top panels); 50 

μm (D, bottom panels, and F).

Fukunaga et al. Page 15

J Bone Miner Res. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fukunaga et al. Page 16

Table 1

Primer Sequences for Quantitative Real-Time RT-PCR

Gene name Forward primer (5′-3′) Reverse primer (5′-3′)

CD36 GCTGTGTTTGGAGGCATTCT CCTTGATTTTGCTGCTGTTC

PGC-1β CTCCAGGCAGGTTCAACCC GGGCCAGAAGTTCCCTTAGG

β3-integrin TTCGACTACGGCCAGATGATT GGAGAAAGACAGGTCCATCAAGT

Cathepsin K AGGCAGCTAAATGCAGAGGGTACA AGCTTGCATCGATGGACACAGAGA

TRAP CAGCTCCCTAGAAGATGGATTCAT GTCAGGAGTGGGAGCCATATG

Calcitonin receptor CAAGAACCTTAGCTGCCAGAG CAAGCACGCGGACAATGTTG

Adiponectin GTCAGTGGATCTGACGACACCAA ATGCCTGCCATCCAACCTG

Cyclophilin AGCATACAGGTCCTGGCATC TTCACCTTCCCAAAGACCAC
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