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Abstract:



Previous studies showed that SDF-1α is a catabolic factor that can infiltrate cartilage, decrease proteoglycan content, and increase MMP-13 activity. Inhibiting the SDF-1α/CXCR4 signalling pathway can attenuate the pathogenesis of osteoarthritis (OA). Recent studies have also shown that SDF-1α enhances chondrocyte proliferation and maturation. These results appear to be contradictory. In the current study, we used a destabilisation OA animal model to investigate the effects of SDF-1α/CXCR4 signalling in the tibial subchondral bone and the OA pathological process. Post-traumatic osteoarthritis (PTOA) mice models were prepared by transecting the anterior cruciate ligament (ACLT), or a sham surgery was performed, in a total of 30 mice. Mice were treated with phosphate buffer saline (PBS) or AMD3100 (an inhibitor of CXCR4) and sacrificed at 30 days post ACLT or sham surgery. Tibial subchondral bone status was quantified by micro-computed tomography (μCT). Knee-joint histology was analysed to examine the articular cartilage and joint degeneration. The levels of SDF-1α and collagen type I c-telopeptidefragments (CTX-I) were quantified by ELISA. Bone marrow mononuclear cells (BMMCs) were used to clarify the effects of SDF-1α on osteoclast formation and activity in vivo. μCT analysis revealed significant loss of trabecular bone from tibial subchondral bone post-ACLT, which was effectively prevented by AMD3100. AMD3100 could partially prevent bone loss and articular cartilage degeneration. Serum biomarkers revealed an increase in SDF-1α and bone resorption, which were also reduced by AMD3100. SDF-1α can promote osteoclast formation and the expression oftartrate resistant acid phosphatase (TRAP), cathepsin K (CK), and matrix metalloproteinase (MMP)-9 in osteoclasts by activating the MAPK pathway, including ERK and p38, but not JNK. In conclusion, inhibition of SDF-1α/CXCR4signalling was able to prevent trabecular bone loss and attenuated cartilage degeneration in PTOA mice.
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1. Introduction


Osteoarthritis (OA) is the most common joint disease, afflicting mainly the hips and knees, characterised by joint pain and loss of function. Currently, the pathogenesis of OA remains largely unclear, so pharmacological therapy for OA is largely ineffective, and joint replacement is the only treatment for end-stage disease [1]. Increasing evidence suggests that OA is a disease of the whole joint [1,2]; not only the cartilage, synovium, and ligaments, but also the bone and bone marrow, especially in PTOA, which represents ~12% of symptomatic OA cases. In PTOA patients, articular chondrocytes and subchondral bone cells perceive acute stress, whereas subchondral bone changes can usually be observed before articular cartilage degeneration [2,3,4,5].



Increasing evidence suggests that subchondral bone turnover and its interactions with the articular cartilage are more important than previously thought. The relationship between high subchondral bone turnover and articular cartilage degeneration may provide a new opportunity to slow down or prevent PTOA progression [2,6,7,8,9].



Recently, researchers have observed that inhibition of hypoxia-inducible factor–2α (HIF–2α) and transforming growth factor-β1 (TGF-β1) signalling in subchondral bone attenuates PTOA [10,11,12]. This illustrates the contribution of the subchondral bone to articular cartilage degeneration and hypertrophy. Thus, the subchondral bone should be regarded as a new target in OA.



The role of SDF-1α in the pathogenesis of OA has attracted more attention in recent years [13]. SDF-1α is related to several characteristic bone and cartilage changes [14,15,16]. The SDF-1α level is increased in OA synovial fluid, and synovectomy significantly reduces the concentrations of SDF-1α and MMPs in serum [17]. SDF-1 can increase articular cartilage MMP-13 expression in vitro, which induces matrix degradation [15]. Several groups have reported data suggesting that the SDF-1/CXCR4 signalling pathway may be a catabolic regulator of osteoarthritic cartilage destruction. However, SDF-1α appears to regulate BMP-2-induced chondrogenic differentiation of mesenchymal stem cells and enhances chondrocyte proliferation and maturation [18,19,20]. Moreover, it induces the migration of bone marrow MSCs to articular lesion sites [21].



Therefore, at present, the effects of SDF-1α on cartilage are inconclusive. Other researchers have reported that SDF-1α can upregulate bone resorption by human osteoclasts [22,23,24]. Also, targeted disruption of the SDF-1α/CXCR4 axis inhibits bone loss [25,26].



In this study, we investigated the effect of SDF-1α in an ACLT OA mouse model [10,27]. We quantified the effect of inhibition of SDF-1α /CXCR4 signalling on subchondral bone turnover level and cartilage degeneration. We hypothesised that inhibition of SDF-1α/CXCR4 signalling in the subchondral bone would attenuate the pathological changes and then avoid degeneration of articular cartilage in the ACLT mouse model.




2. Results


2.1. Tibial Subchondral Bone Analysis via μCTimaging


We examined the tibial subchondral bone changes in the ACLT OA animals. The 3D μCT in the tibial subchondral bone showed dramatic changes between the sham and ACLT groups. The total subchondral bone tissue volume (TV) increased by more than 13.6% in ACLT mice compared with the sham-operated controls. Moreover, the trabecular separation (Tb. Sp) was also increased significantly, 18.8%, when compared with sham-operated controls. Trabecular bone volume/tissue volume (BV/TV) and Trabecular thickness (Tb. Th) in ACLT mice decreased, by 48.9% and 37.5%, respectively. These effects demonstrated uncoupled bone remodelling in the tibial subchondral bone; bone resorption was increased and resulted in bone loss in the PTOA animals. Treatment with AMD3100 in ACLT mice dramatically attenuated tibial subchondral bone loss, compared with ACLT mice treated with vehicle (Figure 1).


Figure 1. AMD3100 inhibits anterior cruciate ligament (ACLT)-induced bone loss in tibial subchondral bone. (A) Mice were sacrificed at 30 days after the operation. Three-dimensional (3D) micro-computed tomography (μCT) images of tibial subchondral bone from representative specimens of sham/PBS (PBS-treated, sham-operated), ACLT/PBS, and ACLT/AMD3100; (B) Histograms represent the parameters of the 3D trabecular structure of the tibial subchondral bone: tissue volume (TV), trabecular bone volume/tissue volume (BV/TV), and trabecular thickness (Tb. Th), trabecular separation (Tb. Sp). Data are presented as means ± SD. n = 10. * ACLT/PBS different from sham/PBS (p < 0.05), # ACLT/PBS different from ACLT/AMD3100 (p < 0.05).
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2.2. Elevated Active SDF-1α and Bone Resorption in Subchondral Bone


Immunohistochemistry indicated CXCR4 expression in subchondral bone. The number of CXCR4-positive cells increased by 2.6 times in ACLT mice compared with the sham-operated group at 30 days, and we conducted a quantitative estimation (Figure 2A). We next examined osteoclast differentiation in ACLT mice compared with the sham-operated controls; ACLT mice displayed an increased number of tartrate-resistant acid phosphatase (TRAP)-positive multinucleated cells in tibial subchondral bone. When treated with AMD3100, TRAP-positive multinucleated cells were reduced in ACLT mice (Figure 2B). These observations suggest that SDF-1α plays a role via binding to CXCR4 in the tibial subchondral bone. Osteoclast differentiation was increased in tibial subchondral bone, and AMD3100 functioned as a strong inhibitor of osteoclastogenesis.


Figure 2. CXCR4 expression and bone resorption were increased in post-traumatic osteoarthritis (PTOA) subchondral bone (A) Paraffin wax sections were used to detect CXCR4 expression with immunohistochemistry. CXCR4 was expressed in tibial subchondral bone, the brown positive osteoblasts were indicated with black arrows. The immunohistochemistry was performed without the antibody for CXCR4 in negative control. Calibration scale bar = 100 μm; (B) Representative tartrate-resistant acid phosphatase (TRAP)-stained histological sections of tibial subchondral bone from sham, ACLT/PBS mice, and ACLT/AMD3100 mice. The red TRAP-positive cells were indicated with black arrows; scale bar = 100 μm; (C) Quantitative analysis of TRAP+ or CXCR4+ cells per bone marrow area (mm2), reported as means ± SD. n = 10. * ACLT/PBS different from sham/PBS (p < 0.05), # ACLT/PBS different from ACLT/AMD3100 (p < 0.05).
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2.3. Inhibition of SDF-1α Signalling in Subchondral Bone Attenuates Cartilage Degeneration


We confirmed the dramatic change in tibial subchondral bone in ACLT mice versus sham-operated mice. Proteoglycan loss in cartilage in ACLT mice was assessed by Safranin O-Fast Green staining (Figure 3B). These results were further confirmed by H&E-stained bone sections, and ACLT mice exhibited increased expression of MMP13 in articular chondrocytes compared with sham-operated mice (Figure 3A,C). We observed obvious damage to the articular cartilage in ACLT mice at 30 days post-surgery, and OARSI scores confirmed the effects (Figure 3D). Treatment with AMD3100 significantly inhibited the changes as measured. Notably, inhibition of SDF-1α attenuated the degeneration of articular cartilage in PTOA mice, and it had similar effects in reducing the elevated concentrations of MMP13 in articular chondrocytes compared with the ACLT/PBS group. The OARSI score also indicated a protective effect of AMD3100 on articular cartilage.


Figure 3. Inhibition of SDF-1α signalling in subchondral bone attenuated cartilage degeneration (A) H&E staining of tibia subchondral bone and cartilage from sham, ACLT/PBS, and ACLT/AMD3100 groups. Calibration scale: bar = 100 μm; (B) Safranin O-Fast Green staining of articular cartilage in sagittal sections of tibia from mice treated with PBS or AMD3100 and sacrificed 30 days post ACLT or sham surgery. Calibration scale: bar = 100 μm; (C) MMP13 expression was detected by immunohistochemical staining of cartilage, and representative images are shown. A positive signal was indicated by the brown colour and marked by black arrows, meanwhile a negative control was present. Calibration scale: bar = 50 μm; (D) OARSI scores of sham or ACLT mice treated with PBS or AMD3100.Quantitative analysis of the percentage of MMP13+ chondrocytes in articular cartilage tissue sections in each group, reported as means ± SD. n = 10. * ACLT/PBS different from sham/PBS (p < 0.05), # ACLT/PBS different from ACLT/AMD3100 (p < 0.05).
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2.4. SDF-1α and CTX-I Concentrations in Serum


The levels of serum SDF-1α increased by 36.7% in ACLT mice at 30 days post-surgery compared with sham mice; this difference was statistically significant. AMD3100 treatment resulted in lower SDF-1α serum levels, by 22.2%, than the ACLT/PBS group. These results demonstrated that serum SDF-1α increased in the PTOA model, and that PTOA was relieved when treated with AMD3100 and serum SDF-1α dropped. Serum CTX-I levels were found to increase significantly, by 58.5%, in ACLT mice compared with sham mice. Moreover, in the ACLT/AMD3100 group, serum CTX-I was reduced versus the ACLT/PBS group. These results suggest that the destabilised OA animal model showed elevated SDF-1α concentrations in the serum and active bone resorption, and the trend was similar in subchondral bone and blood (Figure 4).


Figure 4. SDF-1α and CTX-I serum levels. (A,B) Blood was collected immediately prior to sacrifice from sham-treated mice, ACLT/PBS mice, and ACLT/AMD3100 mice. Serum levels of SDF-1α and CTX-I were measured using ELISA kits and are reported as means ± SD. n = 10. * ACLT/PBS different from sham/PBS (p < 0.05), # ACLT/PBS different from ACLT/AMD3100 (p < 0.05).
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2.5. Effects of SDF-1α/CXCR4 Signalling on Osteoclast Differentiation in Vitro


We detected changes in osteoclast differentiation in tibial subchondral bone, so we next examined osteoclast differentiation in vitro. BMMCs were treated with different concentrations of SDF-1α for 6 days. SDF-1α promoted osteoclast formation in a dose-dependent manner, and the maximum effect occurred at 30 ng/mL. When BMMCs were treated with SDF-1α and, AMD3100 the promoting effect disappeared. These data demonstrated that SDF-1α promoted osteoclast formation in vivo and in vitro, and that AMD3100could neutralise the effect (Figure 5A).


Figure 5. SDF-1α promoted osteoclast differentiation and activity in vitro. (A) SDF-1α promoted osteoclast formation in a dose-dependent manner. Bone marrow mononuclear cells (BMMCs) were treated with 10 ng/mL or 30 ng/mL of SDF-1α; culture medium was changed once per day, incubated with receptor activator of nuclear factor-κB ligand (RANKL) (100 ng/mL) and macrophage-colony stimulating factor (M-CSF) (30 ng/mL). At 6 days after treatment, cells were fixed for tartrate-resistant acid phosphatase (TRAP) staining. TRAP-positive multinucleated osteoclasts (≥3 nuclei) were counted. Data are presented as means ± SD of three independent experiments. * SDF-1α (10 ng/mL) group different from control group (p < 0.05), ** SDF-1α (30 ng/mL) group different from SDF-1α (10 ng/mL) group (p < 0.05), # SDF-1α (30 ng/mL) + AMD3100 (10 µM) group different from SDF-1α (30 ng/mL) group. Calibration scale: bar = 500 μm; (B) SDF-1α augmented the expression of osteoclast-specific proteins. BMMCs were treated with RANKL and M-CSF with or without SDF-1α (30 ng/mL). After 6 days, cells were collected for protein preparation. Expression levels of TRAP, CK, and MMP-9 were determined by Western blotting. The experiment was repeated three times independently; (C) SDF-1α promoted RANKL-induced phosphorylation of ERK and p38 expression. BMMCs were treated with α-MEM containing 0.5% FBS for 12 h before treatment. BMMCs were then pre-treated with or without SDF-1α (30 ng/mL) for 1 h and then stimulated with RANKL (100 ng/mL) for 30 min. Expression levels of phosphorylated ERK (p-ERK) and phosphorylated p-38 (p-p38) were detected by Western blotting. The experiment was repeated three times independently.
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2.6. Effects of SDF-1α/CXCR4 Signalling on Multiple Pathways Involved in Osteoclast Differentiation


Several osteoclast-specific proteins affect osteoclastogenesis, such as TRAP, MMP9, and cathepsin K. We further investigated the effects of SDF-1α on their expression. We found that treatment with SDF-1α strikingly elevated the expression of TRAP, MMP-9, and CK proteins, and that AMD3100 8HCl could neutralise the effect (Figure 5B). We also measured the activity of the MAPKs pathways in SDF-1α-treated BMMCs, which play an essential role in osteoclastogenesis. Western blotting data showed that phosphorylated p38 (p-p38) and phosphorylated ERK (p-ERK) demonstrated pronounced increases on RANKL stimulation, and SDF-1α treatment aggravated the response to RANKL, the expression of p-JNK were no significant difference. AMD3100 could diminish the effect on p-p38, but the change in p-ERK was insignificant (Figure 5C). These data showed that SDF-1α could promote the function of osteoclasts through ERK and p38 pathways.





3. Discussion


In this study, we used a destabilised OA animal model by transecting the ACL of the right leg in mice. Within 30 days of ACLT, we observed a significant loss of trabecular bone and articular cartilage degeneration in the operated knees. In the subchondral bone, CXCR4 was upregulated, which could heighten the response to SDF-1. We also observed increased serum levels of SDF-1α in ACLT mice. These results demonstrated that SDF-1α/CXCR4 was activated in PTOA. Moreover, the osteoclast number was increased in subchondral bone, and we detected elevated serum levels of CTX-I in ACLT mice, indicative of a rise in bone resorption. We also confirmed that inhibition of SDF-1α/CXCR4 in the subchondral bone can prevent loss of trabecular bone, and attenuate cartilage degeneration. We provide in vitro evidence that SDF-1α promoted the differentiation of osteoclasts. At the subcellular level, SDF-1α activated p38 and Erk1/2 MAP kinases, which mediate the SDF-1α-mediated induction of TRAP, MMP9, and cathepsin K protein expression. These data illustrate a developmental role for the SDF-1α/CXCR4 axis in OA.



In this study, we observed that cartilage degeneration was attenuated by AMD3100. Thomas et al. reported similar results [13]. However, a recent study showed that adding exogenous SDF-1α protein can enhance the chondrogenic differentiation induced by BMP2, while blocking the SDF-1α/CXCR4 pathway emerged the inhibitory effect, and another study indicated that SDF-1α functioned to promote chondrocyte proliferation and maturation [18,19,20,28,29]. These data suggest that the role of SDF-1α in cartilage homeostasis was still controversial and the effect of attenuated cartilage degeneration may have no direct impact on articular cartilage. In our study, we detected that SDF-1α/CXCR4 was activated in subchondral bone, and that AMD3100 could prevent loss of trabecular bone. It has been proven that cartilage deterioration can be initiated or at least accelerated by subchondral bone change, so we had reason to believe that relief of cartilage degeneration would be achieved by the prevention of subchondral bone changes [2,4,5,30]. Our findings first revealed that SDF-1α have a destructive effect on subchondral bone rather than articular cartilage.



Recently, evidence from human studies has shown that bone turnover in the subchondral region increases in OA [8]. We revealed similar results in the ACLT mice. The total subchondral bone TV increased more than 13.6%, and Tb. Pf increased 18.8%, indicating that bone resorption was strengthened. BV/TV and Tb. Th in ACLT mice decreased dramatically, and bone resorption markers, such as CTX-I, were found to increase significantly. These data showed uncoupled bone remodelling in the tibial subchondral bone. There was increased bone resorption, rather than changes in bone formation. Increased osteoclast formation and activity played an important role in this.



Here, we reported for the first time that inhibition of SDF-1α prevented osteoclastogenesis, both in vitro and in vivo. The decrease in CTX-I in the AMD3100 group confirmed the ability of an SDF-1α inhibitor in bone resorption, an important mechanism to attenuate OA. Previous studies also reported that antiresorptive pharmaceutical treatments, such as alendronate, may prevent trabecular bone loss and articular cartilage degeneration [31]. However, the effects of antiresorptive drugs remain controversial.



Elevated levels of SDF-1α in synovial fluid and serum have been observed in OA patients, and our data also demonstrate increased serum levels of SDF-1α in ACLT mice. A previous study found that SDF-1α may contribute to synovitis, and anti-inflammatories can reduce SDF-1α expression in bursal cells [32]. These studies suggest that SDF-1α may be associated with the progression of inflammation. Wei, F. et al. found that blockage of the SDF-1α/CXCR4 pathway reduced the level of IL-1 in a guinea pig OA model, and Hsien-Te Chen et al. reported that SDF-1α promoted IL-6 production in human synovial fibroblasts [31,33]. These results suggest that SDF-1α can induce several inflammatory factors. These findings may provide a better understanding of the mechanisms of SDF-1α in promoting bone resorption and osteoclastogenesis.



Previous studies have found positive regulation between SDF-1α and MAPK signalling. SDF-1α has been shown to promote MAPK activation in chondrocytes, to induce the proliferation and maturation of chondrocytes. MAPKs activation also plays an important role in osteoclastogenesis. Our results showed that SDF-1α activated both p-p38 and p-Erk1/2 pathways, which are potent inducers of activator protein-1 (AP-1) activity, increasing the expression of c-fos and c-jun. AP-1 is essential for the expression of TRAP, MMP-9, and CK. Moreover, AMD3100 can neutralise the effect of SDF-1α in MAPK signalling [23,34].



The ACLT mice model used in this study is somewhat limited because it produces very severe OA at 30 days post-operation. This is a universal limitation for all of the destabilisation OA animal models. However, representing a traumatic form of OA, the ACLT mice model is reasonable as a mimic of the pathogenesis of human OA, including cartilage degradation, subchondral bone sclerosis, and osteophyte formation, which are important for investigating OA pathogenesis and potential therapies. Moreover, we focus on the relationship between the subchondral bone and cartilage metabolism, so ACLT model is very applicable [10,35]. In our study, AMD3100 was given at 2 days post-operation, so the pharmacological agent may act before the formation of OA, AMD3100 was delivered at a rate of 180 μg/day that corresponds to steady serum level of 0.3 μg/mL, proven efficient in different studies [13]. Our study supports the use of AMD3100 for slowing or preventing the onset of PTOA following injury.The treatment of AMD3100 combined with granulocyte-colony stimulated factor had been approved by FDA for patients with multiple myeloma and non-Hodgkin’s lymphoma, which proved that AMD3100 is safe and valid. In our study, AMD3100 showed an effect in preventing the pathological progress of PTOA, and future clinical studies should explore this opportunity in orthopedics [36,37].




4. Materials and Methods


4.1. Reagents and Antibodies


Recombinant mouse SDF-1α, recombinant soluble mouse M-CSF and RANKL were obtained from PeproTech (Rocky Hill, NJ, USA). AMD3100 8HCl was purchased from Selleck Chemicals (Houston, TX, USA). Rabbit polyclonal antibodies specific for MMP13, MMP-9, cathepsin K, CXCR4, and tartrate-resistant acid phosphatase (TRAP) were purchased from Abcam (Cambridge, MA, USA). Rabbit antibodies against p-Erk1/2, Erk1/2, p-JNK, JNK, p-p38, and p38 MAP kinase were obtained from Cell Signaling Technology (Beverly, MA, USA). The secondary goat or rabbit IgGs were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-GAPDH and RIPA were obtained from Boster (Wuhan, China). Cell culture media and supplements were purchased from Invitrogen (Carlsbad, CA, USA).




4.2. Animals and Experimental Groups


C57BL/6J mice (30 males, 2 months old) were purchased from the Experimental Animal Centre of Tongji Medical College (Wuhan, China). We anaesthetised 8-week-old male mice with chloral hydrate, and then transected the anterior cruciate ligament on the right knee, which caused joint instability and induced PTOA. Sham operations were done on the right knees of control mice. Mice were randomised into three groups: Group 1 (n = 10) animals underwent sham operations and were treated with PBS via a constant infusion osmotic mini-pump (model 1004, 0.11 μL/h, Alzet, Palo Alto, CA, USA), Group 2 (n = 10) animals underwent ACLT surgery with vehicle treatment, and Group 3 (n = 10) animals underwent ACLT surgery and were treated withAMD3100 via a pump (AMD3100 was delivered at a dose of 180 μg/day). Mice were euthanised 30 days post-surgery. Approval was obtained from the Institutional Animal Care and Use Committee (IACUC) at Tongji Hospital (TJ-A20150802; September 2015).




4.3. Micro-Computed Tomography (μCT) Imaging


After removing soft tissues, the whole right knee joints were analysed using μCT (μ-CT50 Scanco Medical, Bassersdorf, Switzerland).Scans were obtained at 100 kV and 98 μA; the resolution was set to 10.5 μm. We used the built-in software to reconstruct and analyse images. We chose the tibial subchondral bone for 3D reconstruction and structural parameters analysis. 3D structural parameters analysed included the total tissue volume (TV), bone volume/tissue volume (BV/TV), trabecular thickness (Tb. Th.), and trabecular separation (Tb. Sp.).




4.4. Histochemistry and Immunohistochemistry


After μCT analysis, knee joints were fixed in 4% buffered formalin for 2 days at room temperature, decalcified for 3 weeks using 10% EDTA solution at 4 °C, and then processed for paraffin wax embedding. The tissues were cut into 4-μm sections in a sagittal orientation. H&E and Safranin O-Fast Green staining were performed. We performed TRAP staining following a standard protocol (Sigma-Aldrich, St. Louis, MO, USA). Immunohistochemistry was performed using a DAB Histostain-SP Kit; the sections were incubated with specific antibodies against MMP-13 and CXCR4 overnight at 4 °C. Histological measurements and images were observed under a digital microscope (Nikon ECLIPSE Ti-S, Nikon, Tokyo, Japan). OARSI osteoarthritis cartilage histopathology assessment system was chosen to assess the cartilage degeneration severity [38]. Numbers of positively stained cells were counted in the subchondral bone area per specimen.




4.5. Serum Biochemistry


Blood was collected from each mouse immediately prior to sacrifice by a retro-orbital puncture. Serum levels of SDF-1α were measured using ELISA kits following the manufacturer’s instructions. Serum levels of C-terminal telopeptide of type I collagen (CTX-I), a biomarker of bone resorption, were measured with ELISA kits (Bangyi Biotech Co., Shanghai, China).




4.6. Cell Cultures


Bone marrow mononuclear cells (BMMCs) were isolated from the whole femoral and tibial bone marrow of 6-week-old C57BL/6 mice. Briefly, bone marrow containing mononuclear cells were flushed out of the femoral and tibial by a 10-mL injector with α-MEM (supplemented with 10% fetal bovine serum, 100 IU/mL penicillin, 100 IU/mL streptomycin and 30 ng/mL M-CSF) and cultured at 37 °C with 5% CO2. After 24 h, floating cells were collected and then supplemented with M-CSF [39]. After 3 days, adherent cells were plated at a density of 2 × 105 cells/well in 6-well plates or 96-well plates. To induce osteoclast formation, M-CSF (30 ng/mL) and RANKL (100 ng/mL) were added to the medium immediately. After 6 days, cells were used for TRAP staining and osteoclast function assays.




4.7. Western Blotting


Cellular lysates were prepared using the protein extraction reagent RIPA, 20 μg of total cellular protein per sample was loaded on 10% Bis-Tris gels following the manufacturer’s protocols (Boster), and then transferred to PVDF membranes (Millipore, Billerica, MA, USA). The membranes were blocked with 5% BSA in Tris-buffered saline (TBS) with 0.1% Tween-20 (TBST) for 1 h at room temperature and then probed with rabbit primary antibodies against MMP-9, cathepsin K, TRAP, p-Erk1/2, Erk1/2, p-JNK, JNK, p-p38, and p38 MAPK overnight at 4 °C, and the blots were incubated with IgG-horseradish peroxidase (HRP)-labelled secondary antibodies for 1 h at room temperature. Immunoreactivity was detected with enhanced chemiluminescence (ECL), and densitometry was performed using the Quantity One Software (Bio-Rad Laboratories Inc., Munich, Germany).




4.8. Statistical Analysis


Data are presented as means ± standard deviation for at least three independent experiments. Statistical analyses included a two-tailed paired t-test to assess differences between two groups. Between-group comparisons for all analyses were performed with analysis of variance (ANOVA). Significance was set at p < 0.05 for all tests.





5. Conclusions


In summary, this study suggests that SDF-1α promoted the differentiation of osteoclasts, and the inhibition of SDF-1α prevents osteoclastogenesis, both in vitro and in vivo. AMD3100 is able to prevent trabecular bone loss and attenuate cartilage degeneration in PTOA mice. These findings further highlight the importance of preventing subchondral bone trabecular bone loss in OA. These data suggest a potential therapeutic approach.
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