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Abstract:

 Inflammatory response and articular destruction are common symptoms of osteoarthritis (OA) and rheumatoid arthritis (RA). Leptin, an adipocyte-secreted hormone that centrally regulates weight control, may exert proinflammatory effects in the joint, depending on the immune response. Yet, the mechanism of leptin interacting with the arthritic inflammatory response is unclear. This study finds that leptin increased expression of oncostatin M (OSM) in human osteoblasts in a concentration- and time-dependent manner. In addition, OBRl, but not OBRs receptor antisense oligonucleotide, abolished the leptin-mediated increase of OSM expression. On the other hand, leptin inhibited miR-93 expression; an miR-93 mimic reversed leptin-increased OSM expression. Stimulation of osteoblasts with leptin promoted Akt phosphorylation, while pretreatment of cells with Akt inhibitor or siRNA reversed leptin-inhibited miR-93 expression. Our results showed that leptin heightened OSM expression by downregulating miR-93 through the Akt signaling pathway in osteoblasts, suggesting leptin as a novel target in arthritis treatment.
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1. Introduction

Arthritis as a systemic inflammatory process comprises osteoarthritis (OA) and rheumatoid arthritis (RA), which leads to joint destruction and extra articular symptoms, with a significant effect on morbidity and mortality [1,2,3]. As cartilage impaired or monocytes infiltrated the synovium, proinflammatory cytokines were secreted during the development of arthritis, which caused synovial hyperplasia, secretion of degradative enzymes and long-term bone erosion and damage [4,5]. A previous study showed that chemokines were released directly or indirectly from subchondral bone, which caused bone remodeling and cartilage destruction in arthritis [6]. As cartilage was depreciated in arthritis pathogenesis, some studies indicated that subchondral bone also played a key role in OA and RA process [7,8]. Hence, subchondral bone potentially acts in concert as a mechanical environment for development of arthritis.

Oncostatin M (OSM), 28 kDa, a cytokine of the interleukin-6 (IL-6) family, is multifunctional (skeletal tissue alteration, bone metabolism, inflammatory disease) and originates from monocytes, macrophages or T-cells within chronic inflammatory processes [5,9,10]. Studies indicated that OSM is omnipresent in synovial fluid and serum in OA and RA cases [11,12,13], resulting in the secretion of proinflammatory cytokines TNF-α, IL-1β and IL-6 from osteoblasts and synovial cells, which degrade cartilage in arthritic joints [14,15,16], hinting at OSM’s role in pathogenesis. Leptin, a small (16 kDa) nonglycosylated peptide hormone encoded by the obese (ob) gene [17], is produced predominantly in white adipose tissue [18]. Leptin is an anorexic peptide that is primarily known for its role as a hypothalamic modulator of food intake, body weight and fat stores [19]. The biological activity of leptin is mediated by specific receptors (OBR), which are located in several tissues throughout the body [20]. At least six isoforms of OBR are generated by alternative messenger RNA splicing, but in humans, two major forms of leptin receptor are expressed. The long form of the receptor (OBRl), which is believed to be the signaling-competent receptor isoform, is essential in mediating most of the biological effects of leptin [21]. The signaling pathways activated by OBRl include the classic cytokine JAK2/STAT3 pathway, as well as the insulin receptor substrate (IRS)-1/PI3K/Akt pathway [22]. On the other hand, the microRNAs (miRNAs) are small (about 22-nucleotides long), non-coding RNAs that can modulate targeted gene expression through either translational repression or mRNA cleavage. miRNAs have been indicated to regulate inflammatory cytokine production [23]. In addition, miR-93 has been reported to be a negative regulator of the immune response [24]. Although some molecular targets are documented, the role of miR-93 in OSM expression is largely unknown.

Past research showed arthritis correlating with osteoclast differentiation, and a recent study indicates that osteoblasts also participate in the inflammation process [25,26], OSM being strongly expressed in osteoblasts isolated from femora in arthritics [6,26]. OSM can regulate arthritis associated with osteoblasts [16,27]. The effect of leptin-induced OSM expression in osteoblasts is yet unclarified. This study investigated the signal pathway-involved, leptin-induced OSM production in human osteoblasts. The results show that leptin increases OSM expression by downregulating miR-93 through the Akt signaling pathway.



2. Results


2.1. Leptin Induces OSM Expression in Human Osteoblasts through the OBRl Receptor

Leptin is significantly higher in the synovial fluid of patients with OA and RA [28,29]. Osteoblasts play a vital role in arthritis by producing inflammatory cytokines. We used human osteoblasts to investigate the signaling pathways of leptin in the production of OSM. Treatment of osteoblasts with leptin (1–30 nM) for 24 h induced OSM mRNA expression in a concentration-dependent manner (Figure 1A). Leptin stimulation meant a concentration-dependent rise in OSM protein expression, as highlighted by ELISA (Figure 1B); this induction occurred in a time-dependent manner (Figure 1C,D). We also used osteoblasts from OA patients to confirm the role of leptin. The result also indicated that leptin increased OSM expression in OA osteoblasts (Figure 1E). These data suggest that leptin increases OSM expression in osteoblasts. Previous studies have shown that leptin exerts its cell functions through interaction with specific leptin receptors OBRl and OBRs [30]. We therefore hypothesized that leptin receptors may be involved in leptin-mediated OSM expression in osteoblasts. Transfection with OBRl or OBRs antisense oligonucleotide (AS-ODN) specifically inhibited OBRl or OBRs expression, respectively (Figure 2A). In addition, OBRl AS-ODN, but not with OBRl missense (MM)-ODN, OBRs AS-ODN or OBRs MM-ODN, abolished the leptin-induced OSM production (Figure 2B,C). Therefore, the OBRl receptor plays a key role in leptin-induced OSM expression in osteoblasts.

Figure 1. Leptin induces OSM expression in human osteoblasts. (A,B) Osteoblasts were incubated with various concentrationsof leptin for 24 h.Media and total RNA were collected, and the expression of OSM was examined by qPCR and ELISA assay (n = 5); (C,D) Osteoblasts were incubated with leptin (30 nM) for 6, 12 or 24 h. Media and total RNA were collected, and the expression of OSM was examined by the qPCR and ELISA assay (n = 4); (E) Osteoblasts from OA patients were incubated with various concentrationsof leptin for 24 h.Total RNA was collected, and the expression of OSM was examined by qPCR (n = 3). The results are expressed as the mean ± SEM; *p < 0.05 as compared with the basal level.
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Figure 2. Leptin induces OSM expression through the OBRl receptor. (A) Osteoblasts were transfected with OBRl and OBRs antisense oligonucleotide (AS-ODN) or OBRl and OBRs missense (MM)-ODN, and the mRNA level of OBRl and OBRs was analyzed by qPCR (n = 5); (B,C) Osteoblasts were transfected with OBRl and OBRs AS-ODN or OBRl and OBRs MM-ODN for 24 h and then stimulated with leptin (30 nM) for 24 h; OSM expression was examined by the qPCR and ELISA assay (n = 5). Results are expressed as the mean ± SEM; *p < 0.05 as compared with the basal level; #p < 0.05 as compared with the leptin-treated group.
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2.2. Leptin Increases OSM Production in Osteoblasts by Inhibition of miR-93 Expression

miRNAs have been reported as important regulators of inflammatory cytokines production [31,32]. We hypothesized that miRNA may regulate leptin-mediated OSM expression, using online computational algorithms (TargetScan) and filtering out seven candidate miRNAs that target OSM, to find that miR-93 was mostly downregulated by leptin treatment (Figure 3A); leptin concentration-dependently decreased miR-93 expression (Figure 3B). To affirm miR-93 involvement in leptin-increased OSM production, an miR-93 mimic of cells reversed leptin-increased OSM mRNA and protein expression (Figure 3C,D). Data suggest that leptin increases OSM production by inhibiting miR-93 expression.

Figure 3. Leptin increases OSM expression through inhibition of miR-93 expression.(A) Osteoblasts were incubated with leptin (30 nM) for 24 h; the miRNAs’ expression was assessed by qPCR; (B) Osteoblasts were incubated with leptin for 24 h; miR-93’s expression was assessed by qPCR; (C,D) Osteoblasts were transfected with the miR-93 mimic for 24 h, followed by stimulation with leptin (30 nM) for 24 h; OSM expression was examined by the qPCR and ELISA assay (n = 5). The results are expressed as the mean ± SEM; *p < 0.05 as compared with the basal level; #p < 0.05 as compared with the leptin-treated group.
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2.3. Leptin Increases OSM Expression through the Akt Signaling Pathway

Previous studies have shown that leptin induced Akt activity to regulate cell functions [33,34,35]. After the stimulatory effect of leptin on OSM expression was revealed, its effects on the expression of the Akt pathway were assessed. Treatment with Akt inhibitor or transfection with Akt siRNA significantly counteracted leptin-increased OSM expression (Figure 4A–D); incubation of cells with leptin enhanced Akt phosphorylation time-dependently (Figure 4E). Letpin seems to act through a signaling pathway involving Akt to promote OSM expression in human osteoblasts. We tested to see if Akt is upstream in leptin-inhibited miR-93 expression. Treatment with the Akt inhibitor or transfection of Akt siRNA reversed leptin-inhibited miR-93 expression (Figure 5), i.e., leptin increases OSM production by inhibiting miR-93 expression via the Akt signaling pathway.

Figure 4. Leptin increases OSM expression through the Akt pathway in osteoblasts. (A–D) Osteoblasts were pretreated with Akt inhibitor (10 µM) for 30 min or transfected with Akt siRNA for 24 h followed by stimulation with leptin (30 nM) for 24 h; OSM expression was examined by the qPCR and ELISA assay; (E) Osteoblasts were incubated with leptin (30 nM) for the indicated time intervals, Akt phosphorylation was examined by western blotting. Results are expressed as the mean ± SEM; *p < 0.05 as compared with the basal level; #p < 0.05 as compared with the leptin-treated group.
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Figure 5. Leptin increases OSM expression by inhibition miR-93 through the Akt pathway.Osteoblasts were pretreated with Akt inhibitor (10 µM) (A) for 30 min or transfected with Akt siRNA (B) for 24 h followed by stimulation with leptin (30nM) for 24 h; miR-93 expression was measured by qPCR. Results are expressed as the mean ± SEM; *p < 0.05 as compared with the basal level; #p < 0.05 as compared with the leptin-treated group.
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3. Discussion

Arthritis is a heterogeneous group of conditions that are associated with the defective integrity of articular cartilage. The chronic inflammatory process is mediated through a complex cytokine network. Since OSM is constitutively expressed in the bone compartment and detected in patients with arthritis pathology [26], using OSM antibody could decrease cartilage destruction of knee joints in vivo [36]. This study identified OSM as a target protein for regulation of cell inflammatory response. We also showed the potentiation of OSM activated by leptin through inhibiting miR-93 expression via Akt signal pathway in osteoblasts. It has been reported that the concentration of leptin in the synovial fluid of OA patients is ~20.77 ng/mL (~1.2 nM) [28]. In the current study, we found that leptin 1 nM only slightly increased OSM expression in human osteoblasts (Figure 1). Therefore, the in vivo pathologic condition is more complicated than the in vitro culture system.

The leptin receptor belongs to the cytokine receptor superfamily [37]. Recent studies have demonstrated higher levels of leptin receptors OBRl and OBRs in the synovial fluid [28] and in the cartilage [30] of individuals with OA and RA. It has been reported that leptin receptor expression is significantly elevated in advanced arthritic cartilage compared to minimally-affected cartilage [38]. The results of this study showed that transfection with OBRl AS-ODN, but not with OBRs AS-ODN, antagonized the leptin-induced OSM production. These results suggest that OBRl is an upstream receptor in leptin-induced OSM production in human osteoblasts.

Akt is a cytoplasmic serine kinase that is important in regulating cell growth, differentiation, adhesion and inflammatory reactions [39,40]. Akt activation is also reported as regulating OSM expression [41]. In the current study, we showed leptin inducing Akt phosphorylation, while the Akt inhibitor or siRNA antagonized the leptin-mediated potentiation of OSM expression in osteoblasts, suggesting Akt activation as sine qua non in leptin-induced OSM production by osteoblasts. Suppressor of cytokine signaling (SCOS) proteins also play a key role in leptin signaling [42,43]. In the current study, we did not examine the role of SCOS in leptin-induced OSM expression in human osteoblasts. Whether SCOS also mediated leptin-increased OSM expression in osteoblasts needs further examination.

Newly identified, small noncoding miRNAs belong to a novel class of regulators that control gene expression by binding to complementary sequences in 3’UTRs of target mRNAs [44,45]. We hypothesized that miRNA mediated leptin-increased OSM production, finding that leptin decreased miR-93 expression most, but only slightly affecting the expression of miR-17, -20a, -20b, -106a, -106b and -519d, which target OSM. We also used a miR-93 mimic to confirm the role of miR-93, finding diminished leptin-enhanced OSM expression. By contrast, cell incubation with the Akt inhibitor or siRNA abolished leptin-reduced miR-93 expression. These indicate that leptin increased OSM yield by inhibiting miR-93 expression through the Akt pathway.



4. Experimental Section


4.1. Materials

We obtained control miRNA, the miR-93 mimic and Lipofectamine 2000 from Life Technologies (Carlsbad, CA, USA), as well as the Akt inhibitor (sc-394003), rabbit polyclonal antibodies for p-Akt and Akt; both Akt and the control siRNA were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The recombinant human leptin and OSM ELISA kit were purchased from PeproTech (Rocky Hill, NJ, USA). All other chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA).



4.2. Cell Culture

Human primary osteoblasts were obtained from Lonza (Walkersville, MD, USA), and the cells were maintained at 37 °C in 5% CO2 atmosphere in RPMI-1640 medium supplemented with 20 mM HEPES, 10% heat-inactivated FBS, 2 mM glutamine, 100 U/mL penicillin and 100 μg/mL streptomycin (Invitrogen, Carlsbad, CA, USA).



4.3. Measurement of OSM Production

Human osteoblasts were cultured in 24-well culture plates. At confluence, cells were treated with leptin and then incubated in a humidified incubator at 37 °C for 24 h. For the examination of the downstream signaling pathways involved in leptin treatment, cells were pretreated with various inhibitors for 30 min or transfected with the miRNA mimic or siRNA for 24 h before leptin (30 nM) administration. After incubation, the medium was removed and stored at −80 °C until the assay. OSM in the medium was assayed using the OSM enzyme immunoassay kits, according to the procedure described by the manufacturer.



4.4. Real-Time Quantitative PCR of mRNA and miRNA

Total RNA was extracted from osteoblasts by a TRIzol kit (MDBio, Taipei, Taiwan). Reverse transcription proceeded with 1 μg of total RNA and oligo(dT) primer [46]. The real-time quantitative PCR (RT-qPCR) analysis used the Taqman® one-step PCR Master Mix (Applied Biosystems, Foster City, CA, USA); 100 ng of total cDNA were added per 25 μL reaction with sequence-specific primers and Taqman® probes. Sequences for target gene primers and probes were purchased commercially (GAPDH as the internal control) (Applied Biosystems, Foster City, CA, USA). The qPCR assays were carried out in triplicate by a StepOnePlus sequence detection system. Cycling conditions consisted of 10-min polymerase activation at 95 °C followed by 40 cycles at 95 °C for 15 s and 60 °C for 60 s. The threshold was set above the non-template control background and within linear phase of the target gene amplification to calculate the cycle number at which the transcript was detected (denoted as Ct) [47].

For the miRNA assay, cDNA was synthesized from total RNA (100 ng) by the TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA); reactions were incubated first at 16 °C for 30 min, then at 42 °C for 30 min, followed by inactivation at 85 °C for 5 min. Reactions were incubated in a 96-well plate at 50 °C for 2 min, 95 °C for 10 min, followed by 30 cycles of 95 °C for 15 s and 60 °C for 1 min by a StepOnePlus sequence detection system. Relative quantification of gene expression was performed with an endogenous control gene (U6), the threshold cycle (Ct) defined as the fractional cycle number at which fluorescence passed the fixed threshold. Relative expression was calculated by the comparative Ct method.



4.5. Western Blot Analysis

Cellular lysates were prepared, proteins resolved by SDS-PAGE [48,49] and transferred to Immobilon polyvinylidene fluoride membranes. Blots were blocked with 4% bovine serum albumin for 1 h at room temperature, then probed with rabbit anti-human antibodies against p-Akt, Akt or Actin (1:1000) for 1 h at room temperature (Santa Cruz, CA, USA). After three washes, blots incubated with peroxidase-conjugated donkey anti-rabbit secondary antibody (1:1000) for 1 h at room temperature were visualized with enhanced chemiluminescence, using X-OMAT LS film (Eastman Kodak, Rochester, NY, USA).



4.6. Synthesis of OBRl and OBRs Decoy Oligonucleotide

We used a phosphorothioate double-stranded decoy oligonucleotide (ODN) carrying the OBRl antisense ODN (AS-ODN; AGACCGAGCGGGCGTTAA) and missense ODN (MM-ODN; AGCCCGCGCGAGTGTTCA) (GenBank Accession No. U43168) and the OBRs AS-ODN (TTGTCTTGCCGACCACCA) and MM-ODN (TTATCTTACCAACCGCCA) (GenBank Accession No. U50748). ODN (5 μM) was mixed with Lipofectamine 2000 (10 μg/mL) for 30 min at room temperature, and the mixture was added to cells in serum-free medium. After 24 h of transient transfection, the cells were used for the following experiments.



4.7. Statistical Analysis

Data were expressed as the means ± SE. Statistical analysis was performed with GraphPad Prism 4. Analysis of variance (ANOVA) and an unpaired two-tailed Student’s t-test were used to determine the significant differences between the means. p < 0.05 was considered significant.






5. Conclusions

OA and RA are degenerative joint disease characterized by cartilage breakdown, the formation of bony outgrowths at the joint margin (osteophytes), subchondral bone sclerosis and alterations to the joint capsule [50]. Subchondral bone potentially acts in concert as a mechanical environment for development of arthritis. In this study, we investigated the signaling pathway involved in leptin-induced OSM production in human osteoblasts. The results showed that leptin increases OSM production by binding to the OBRl receptor and activating Akt signaling, which reduces miR-93 expression and leads to the transactivation of OSM production (Figure 6).

Figure 6. Schema of signaling pathways involved in leptin-induced OSM expression in osteoblasts.Leptin enhances OSM production in human osteoblasts by inhibition miR-93 expression through the Akt signaling pathway.



[image: Ijms 15 15778 g006 1024]










Acknowledgments

This study was supported by grants from the National Science Council of Taiwan (103-2628-B-039-002-MY3), Department of Health Executive Yuan (DOH10220) and China Medical University (CMU102-ASIA-10).



Authors Contribution

Wei-Hung Yang, Chun-Hao Tsai, Chih-Hsin Tang designed the whole experiment and contributed to manuscript preparation; Wei-Hung Yang, Chun-Hao Tsai, Yi-Chin Fong, Yuan-Li Huang, Shoou-Jyi Wang, Yung-Sen Chang performed research and analyzed the data. All authors read and approved the final manuscript.



Conflicts of Interest

The authors have no financial or personal relationships that could inappropriately influence this research.



References


	1. 
Bresnihan, B. Pathogenesis of joint damage in rheumatoid arthritis. J. Rheumatol. 1999, 26, 717–719. [Google Scholar]

	2. 
Grossman, J.M.; Brahn, E. Rheumatoid arthritis: Current clinical and research directions. J. Women’s Health 1997, 6, 627–638. [Google Scholar] [CrossRef]

	3. 
Altman, R.; Asch, E.; Bloch, D.; Bole, G.; Borenstein, D.; Brandt, K.; Christy, W.; Cooke, T.D.; Greenwald, R.; Hochberg, M.; et al. Development of criteria for the classification and reporting of osteoarthritis.Classification of osteoarthritis of the knee. Diagnostic and Therapeutic Criteria Committee of the American Rheumatism Association. Arthritis Rheumatol. 1986, 29, 1039–1049. [Google Scholar] [CrossRef]

	4. 
Bai, T.; Chen, C.C.; Lau, L.F. Matricellular protein CCN1 activates a proinflammatory genetic program in murine macrophages. J. Immunol. 2010, 184, 3223–3232. [Google Scholar] [CrossRef]

	5. 
Barksby, H.E.; Hui, W.; Wappler, I.; Peters, H.H.; Milner, J.M.; Richards, C.D.; Cawston, T.E.; Rowan, A.D. Interleukin-1 in combination with oncostatin M up-regulates multiple genes in chondrocytes: Implications for cartilage destruction and repair. Arthritis Rheumatol. 2006, 54, 540–550. [Google Scholar] [CrossRef]

	6. 
Lisignoli, G.; Toneguzzi, S.; Pozzi, C.; Piacentini, A.; Riccio, M.; Ferruzzi, A.; Gualtieri, G.; Facchini, A. Proinflammatory cytokines and chemokine production and expression by human osteoblasts isolated from patients with rheumatoid arthritis and osteoarthritis. J. Rheumatol. 1999, 26, 791–799. [Google Scholar]

	7. 
Karmakar, S.; Kay, J.; Gravallese, E.M. Bone damage in rheumatoid arthritis: Mechanistic insights and approaches to prevention. Rheum. Dis. Clin. N. Am. 2010, 36, 385–404. [Google Scholar] [CrossRef]

	8. 
Mladenovic, Z.; Saurel, A.S.; Berenbaum, F.; Jacques, C. Potential role of hyaluronic acid on bone in osteoarthritis: Matrix metalloproteinases, aggrecanases, and RANKL expression are partially prevented by hyaluronic acid in interleukin 1beta-stimulated osteoblasts. J. Rheumatol. 2014, 41, 945–954. [Google Scholar] [CrossRef]

	9. 
Langdon, C.; Kerr, C.; Hassen, M.; Hara, T.; Arsenault, A.L.; Richards, C.D. Murine oncostatin M stimulates mouse synovial fibroblasts in vitro and induces inflammation and destruction in mouse joints in vivo. Am. J. Pathol. 2000, 157, 1187–1196. [Google Scholar] [CrossRef]

	10. 
Richards, C.D. The enigmatic cytokine oncostatin M and roles in disease. ISRN Inflamm 2013. [Google Scholar] [CrossRef]

	11. 
Houssiau, F.A.; Devogelaer, J.P.; van Damme, J.; de Deuxchaisnes, C.N.; van Snick, J. Interleukin-6 in synovial fluid and serum of patients with rheumatoid arthritis and other inflammatory arthritides. Arthritis Rheumatol. 1988, 31, 784–788. [Google Scholar] [CrossRef]

	12. 
Jay, P.R.; Centrella, M.; Lorenzo, J.; Bruce, A.G.; Horowitz, M.C. Oncostatin-M: A new bone active cytokine that activates osteoblasts and inhibits bone resorption. Endocrinology 1996, 137, 1151–1158. [Google Scholar]

	13. 
Hui, W.; Bell, M.; Carroll, G. Detection of oncostatin M in synovial fluid from patients with rheumatoid arthritis. Ann. Rheum. Dis. 1997, 56, 184–187. [Google Scholar] [CrossRef]

	14. 
Kotake, S.; Sato, K.; Kim, K.J.; Takahashi, N.; Udagawa, N.; Nakamura, I.; Yamaguchi, A.; Kishimoto, T.; Suda, T.; Kashiwazaki, S. Interleukin-6 and soluble interleukin-6 receptors in the synovial fluids from rheumatoid arthritis patients are responsible for osteoclast-like cell formation. J. Bone Miner. Res. 1996, 11, 88–95. [Google Scholar]

	15. 
Manicourt, D.H.; Poilvache, P.; van Egeren, A.; Devogelaer, J.P.; Lenz, M.E.; Thonar, E.J. Synovial fluid levels of tumor necrosis factor alpha and oncostatin M correlate with levels of markers of the degradation of crosslinked collagen and cartilage aggrecan in rheumatoid arthritis but not in osteoarthritis. Arthritis Rheumatol. 2000, 43, 281–288. [Google Scholar] [CrossRef]

	16. 
Fearon, U.; Mullan, R.; Markham, T.; Connolly, M.; Sullivan, S.; Poole, A.R.; FitzGerald, O.; Bresnihan, B.; Veale, D.J. Oncostatin M induces angiogenesis and cartilage degradation in rheumatoid arthritis synovial tissue and human cartilage cocultures. Arthritis Rheumatol. 2006, 54, 3152–3162. [Google Scholar] [CrossRef]

	17. 
Zhang, Y.; Proenca, R.; Maffei, M.; Barone, M.; Leopold, L.; Friedman, J.M. Positional cloning of the mouse obese gene and its human homologue. Nature 1994, 372, 425–432. [Google Scholar] [CrossRef]

	18. 
Elmquist, J.K.; Maratos-Flier, E.; Saper, C.B.; Flier, J.S. Unraveling the central nervous system pathways underlying responses to leptin. Nat. Neurosci. 1998, 1, 445–450. [Google Scholar] [CrossRef]

	19. 
Ahima, R.S.; Prabakaran, D.; Mantzoros, C.; Qu, D.; Lowell, B.; Maratos-Flier, E.; Flier, J.S. Role of leptin in the neuroendocrine response to fasting. Nature 1996, 382, 250–252. [Google Scholar] [CrossRef]

	20. 
Tartaglia, L.A.; Dembski, M.; Weng, X.; Deng, N.; Culpepper, J.; Devos, R.; Richards, G.J.; Campfield, L.A.; Clark, F.T.; Deeds, J.; et al. Identification and expression cloning of a leptin receptor, OB-R. Cell 1995, 83, 1263–1271. [Google Scholar] [CrossRef]

	21. 
Zarkesh-Esfahani, H.; Pockley, G.; Metcalfe, R.A.; Bidlingmaier, M.; Wu, Z.; Ajami, A.; Weetman, A.P.; Strasburger, C.J.; Ross, R.J. High-dose leptin activates human leukocytes via receptor expression on monocytes. J. Immunol. 2001, 167, 4593–4599. [Google Scholar] [CrossRef]

	22. 
Sweeney, G. Leptin signalling. Cell Signal 2002, 14, 655–663. [Google Scholar] [CrossRef]

	23. 
Zhang, Q.; Jeang, K.-T. Long noncoding RNAs and viral infections. BioMedicine 2013, 3, 34–42. [Google Scholar] [CrossRef]

	24. 
Xu, Y.; Jin, H.; Yang, X.; Wang, L.; Su, L.; Liu, K.; Gu, Q.; Xu, X. MicroRNA-93 inhibits inflammatory cytokine production in LPS-stimulated murine macrophages by targeting IRAK4. FEBS Lett. 2014, 588, 1692–1698. [Google Scholar] [CrossRef]

	25. 
Cartmell, S.H.; Rupani, A.; Balint, R. Osteoblasts and their applications in bone tissue engineering. Cell Health Cytoskelet. 2012, 4, 49–61. [Google Scholar]

	26. 
Lisignoli, G.; Piacentini, A.; Toneguzzi, S.; Grassi, F.; Cocchini, B.; Ferruzzi, A.; Gualtieri, G.; Facchini, A. Osteoblasts and stromal cells isolated from femora in rheumatoid arthritis (RA) and osteoarthritis (OA) patients express IL-11, leukaemia inhibitory factor and oncostatin M. Clin. Exp. Immunol. 2000, 119, 346–353. [Google Scholar] [CrossRef]

	27. 
Langdon, C.; Leith, J.; Smith, F.; Richards, C.D. Oncostatin M stimulates monocyte chemoattractant protein-1- and interleukin-1-induced matrix metalloproteinase-1 production by human synovial fibroblasts in vitro. Arthritis Rheumatol. 1997, 40, 2139–2146. [Google Scholar] [CrossRef]

	28. 
Presle, N.; Pottie, P.; Dumond, H.; Guillaume, C.; Lapicque, F.; Pallu, S.; Mainard, D.; Netter, P.; Terlain, B. Differential distribution of adipokines between serum and synovial fluid in patients with osteoarthritis.Contribution of joint tissues to their articular production. Osteoarthr. Cartil. 2006, 14, 690–695. [Google Scholar] [CrossRef]

	29. 
Del Rey, M.J.; Izquierdo, E.; Usategui, A.; Gonzalo, E.; Blanco, F.J.; Acquadro, F.; Pablos, J.L. The transcriptional response of normal and rheumatoid arthritis synovial fibroblasts to hypoxia. Arthritis Rheumatol. 2010, 62, 3584–3594. [Google Scholar] [CrossRef]

	30. 
Simopoulou, T.; Malizos, K.N.; Iliopoulos, D.; Stefanou, N.; Papatheodorou, L.; Ioannou, M.; Tsezou, A. Differential expression of leptin and leptin’s receptor isoform (Ob-Rb) mRNA between advanced and minimally affected osteoarthritic cartilage; effect on cartilage metabolism. Osteoarthr. Cartil. 2007, 15, 872–883. [Google Scholar] [CrossRef]

	31. 
He, X.; Jing, Z.; Cheng, G. MicroRNAs: New regulators of Toll-like receptor signalling pathways. BioMed. Res. Int. 2014. [Google Scholar] [CrossRef]

	32. 
Xiao, L.; Liu, Y.; Wang, N. New paradigms in inflammatory signaling in vascular endothelial cells. Am. J. Physiol. Heart Circ. Physiol. 2014, 306, H317–H325. [Google Scholar] [CrossRef]

	33. 
Metlakunta, A.S.; Sahu, M.; Yasukawa, H.; Dhillon, S.S.; Belsham, D.D.; Yoshimura, A.; Sahu, A. Neuronal suppressor of cytokine signaling-3 deficiency enhances hypothalamic leptin-dependent phosphatidylinositol 3-kinase signaling. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2011, 300, R1185–R1193. [Google Scholar] [CrossRef]

	34. 
Russo, V.C.; Metaxas, S.; Kobayashi, K.; Harris, M.; Werther, G.A. Antiapoptotic effects of leptin in human neuroblastoma cells. Endocrinology 2004, 145, 4103–4112. [Google Scholar] [CrossRef]

	35. 
Niswender, K.D.; Morton, G.J.; Stearns, W.H.; Rhodes, C.J.; Myers, M.G., Jr.; Schwartz, M.W. Intracellular signalling. Key enzyme in leptin-induced anorexia. Nature 2001, 413, 794–795. [Google Scholar]

	36. 
Bamber, B.; Reife, R.A.; Haugen, H.S.; Clegg, C.H. Oncostatin M stimulates excessive extracellular matrix accumulation in a transgenic mouse model of connective tissue disease. J. Mol. Med. 1998, 76, 61–69. [Google Scholar] [CrossRef]

	37. 
Fantuzzi, G.; Faggioni, R. Leptin in the regulation of immunity, inflammation, and hematopoiesis. J. Leukoc. Biol. 2000, 68, 437–446. [Google Scholar]

	38. 
Gkretsi, V.; Simopoulou, T.; Tsezou, A. Lipid metabolism and osteoarthritis: lessons from atherosclerosis. Prog. Lipid. Res. 2011, 50, 133–140. [Google Scholar] [CrossRef]

	39. 
Chen, P.C.; Cheng, H.C.; Wang, J.; Wang, S.W.; Tai, H.C.; Lin, C.W.; Tang, C.H. Prostate cancer-derived CCN3 induces M2 macrophage infiltration and contributes to angiogenesis in prostate cancer microenvironment. Oncotarget 2014, 5, 1595–1608. [Google Scholar]

	40. 
Yu, H.S.; Wang, S.W.; Chang, A.C.; Tai, H.C.; Yeh, H.I.; Lin, Y.M.; Tang, C.H. Bradykinin promotes vascular endothelial growth factor expression and increases angiogenesis in human prostate cancer cells. Biochem. Pharmacol. 2014, 87, 243–253. [Google Scholar] [CrossRef]

	41. 
Tu, H.J.; Lin, T.H.; Chiu, Y.C.; Tang, C.H.; Yang, R.S.; Fu, W.M. Enhancement of placenta growth factor expression by oncostatin M in human rheumatoid arthritis synovial fibroblasts. J. Cell Physiol. 2013, 228, 983–990. [Google Scholar] [CrossRef]

	42. 
Nazarians-Armavil, A.; Menchella, J.A.; Belsham, D.D. Cellular insulin resistance disrupts leptin-mediated control of neuronal signaling and transcription. Mol. Endocrinol. 2013, 27, 990–1003. [Google Scholar] [CrossRef]

	43. 
Olofsson, L.E.; Unger, E.K.; Cheung, C.C.; Xu, A.W. Modulation of AgRP-neuronal function by SOCS3 as an initiating event in diet-induced hypothalamic leptin resistance. Proc. Natl. Acad. Sci. USA 2013, 110, E697–E706. [Google Scholar] [CrossRef]

	44. 
Yu, H.S.; Lin, T.H.; Tang, C.H. Bradykinin enhances cell migration in human prostate cancer cells through B2 receptor/PKCdelta/c-Src dependent signaling pathway. Prostate 2013, 73, 89–100. [Google Scholar]

	45. 
Ozanne, B.W.; Spence, H.J.; McGarry, L.C.; Hennigan, R.F. Transcription factors control invasion: AP-1 the first among equals. Oncogene 2007, 26, 1–10. [Google Scholar] [CrossRef]

	46. 
Tzeng, H.E.; Tsai, C.H.; Chang, Z.L.; Su, C.M.; Wang, S.W.; Hwang, W.L.; Tang, C.H. Interleukin-6 induces vascular endothelial growth factor expression and promotes angiogenesis through apoptosis signal-regulating kinase 1 in human osteosarcoma. Biochem. Pharmacol. 2013, 85, 531–540. [Google Scholar] [CrossRef]

	47. 
Lerner, I.; Baraz, L.; Pikarsky, E.; Meirovitz, A.; Edovitsky, E.; Peretz, T.; Vlodavsky, I.; Elkin, M. Function of heparanase in prostate tumorigenesis: potential for therapy. Clin. Cancer Res. 2008, 14, 668–676. [Google Scholar] [CrossRef]

	48. 
Tang, C.H.; Hsu, C.J.; Fong, Y.C. The CCL5/CCR5 axis promotes interleukin-6 production in human synovial fibroblasts. Arthritis Rheumatol. 2010, 62, 3615–3624. [Google Scholar] [CrossRef]

	49. 
Huang, C.Y.; Chen, S.Y.; Tsai, H.C.; Hsu, H.C.; Tang, C.H. Thrombin induces epidermal growth factor receptor transactivation and CCL2 expression in human osteoblasts. Arthritis Rheumatol. 2012, 64, 3344–3354. [Google Scholar] [CrossRef]

	50. 
Samuels, J.; Krasnokutsky, S.; Abramson, S.B. Osteoarthritis: A tale of three tissues. Bull. NYU Hosp. Jt. Dis. 2008, 66, 244–250. [Google Scholar]





© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







media/file4.png
miR-93 expression

o

o

o
®

°
o

°
e

°
o

miR-93 expression

°

°

°

°

ol

C,
O”tro y

¢
e"!‘/},

ke
Ih/"b,;
Or

Leptin

C,
o"tro Y3

Co, “ks  SiRNA
'I(,o /4

Leptin





nav.xhtml


  ijms-15-15778


  
    		
      ijms-15-15778
    


  




  





media/file5.png
Leptin

:

OBRI

l

Akt

|

miR-93

|

Oncostatin M





media/file3.png
(Fold of control)

(Fold of control)

o o
3
8

IS
OSM (pg/mL)

80
60
40
1 20

3 #
{4
C ¢ A,
Con, 4 K °ng bz, g,
oy Pty 'I/I,blt 7oy i /,'b/'tO,
Leptin Leptin
7 c 100,D *
g 80
5 oy
E e
4 =
. #
3 = 40
T 7]
2 o
20
1
[ 4, .
° 4 Co, °, 4t SIRNA
c»,,"'o ”’"o 4¢  SiRNA ””‘0/ 01,0/ 4
Leptin Leptin
E
Leptin

0 15 30 60 (min)
© G- e | p-Akt






media/file0.png
<

~

© v v ® o -
(1ou02 jo pjod)
uoissaidxa yNyW NSO

c

Leptin (nM)

Leptin (nM)

e |

L B
o
{ ]

o

3
=1

)
&

(qw/6d) wso
er| |
]

s |

(]

& ® ~ -

° v o
(103u09 jo pjod)
uoissaidxe YNYW WSO

24 (h)

12

Leptin

24 (h)

12

Leptin

& -

o - © ~
(1053u09 jo pjo)
uoissaidxa YNYW NSO

Leptin (nM)





media/file1.png
Leptin

s °

(10u09 jo pjo4)

F 4
uoissaidxs YNNW WSO %
°$
2 O
§&
H * °s
8 §
Rl I - N
$
%%
&S
z IEECN
8 Y
o
<

(1009 Jo pjoJ) uojssidxe YNYW





media/file2.png
o N

o
@

miRNA expression
o o
2 &

°
o

-

)

OSM mRNA expression
(Fold of control)

Y

°

Leptin

c *
S
'g 08 %
& 06
X
o *
@ 04
o
E o2
£ O
K R O L 3 10 30
iy, R g ?o‘,"“’oe ""’os Ry "’~s, o
c 100
*
5 ®
g E
B g 60
3 # % 40
o
2
20
L]
C, Co, K C,
e L, Ry h"°’o, S, .y,
; i ", . /14
7 ,9”4 M, /?’Vq '?4,4 Ve
Leptin





