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Introduction 

Osteoarthritis is the most common degenerative joint disease over the world.  Several 

enviromental factor influence the disease course, however the exact etiology of its 

pathogenesis is not completely known. 

Cartilage degradation is the main characteristics of osteoartritis. The chondrocyte is the only 

cell type in the cartilage, therefore it is responsible for the synthesis and the degradation of the 

matrix components. Articular cartilage consists of an abundant extracellular matrix, composed 

chiefly of proteoglycans and type II collagens. To a lesser extent there are other types of 

collagens and matrix proteins, fibronectins as well. 

The homeostasis of the cartilage tissue is regulated by the degradation of the type II collagens 

and aggrecans by matrix metalloproteases (MMP) and proteolytic enzymes of the aggrecan 

family and the synthesis of new matrix proteins by the chondorocytes. The normal balance of 

the synthesis and degradation in certain diseases is impaired, and the balance is shifted 

towards degradation.  

The integrins responsible for in cell-ECM interaction may be play pivotal role in the 

pathogenesis of osteoartritis. The signals from the ECM arriving through the α5β1 integrins, 

so called fibronectin receptors, play role in chondrogenesis, differentiation, cartilage 

destruction and chondrocyte survival as well. 

Fibronectins are present in chondrocyte ECM as well as in the bloodstream, and can be easily 

degraded to fibronectin fragments. The synovial fluid and the cartilage matrix of patients with 

osteoarthritis and rheumatoid arthritis contains FNF in high concentration. 

The FNF stimulate matrix metalloprotease expression and supress proteoglycane synthesis in 

synovial fibroblasts and chondrocytes as well, therefore FNF can play a crucial role in 

progressive matrix degradation yielding to osteoarthritis or rheumatoid arhritis. 

The stimulation of the α5β1 integrins by FN fragments leads to the activation of different 

signal transduction pathways including protein kinase C, proline-rich tyrosine kinase-2 (PYK-

2); the members of the MAPK family: ERK, JNK, and p38 kinases; and increases the levels 

of the transcriptional factors as well.  

Activation of these signaling pathways was shown to be responsible for an increase in 

expression of MMP-13 (collagenase 3), a potent degrader of type II collagen. Stimulation of 

chondrocytes with FNF or with α5β1–activating antibodies has also been shown to stimulate 

production of NO and the pro-inflammatory cytokines TNF-α IL-1, IL-6 és IL-8. These 

inflammatory mediators, which are present in arthritic cartilage, could also contribute to 
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cartilage destruction through stimulation of MMP expression as well as by their ability to 

inhibit synthesis of cartilage matrix proteins, including collagens and proteoglycans. 

Thus, the effects of FNF on matrix degradation can be both direct, through activation of cell 

signaling pathways that stimulate MMP expression, and/or indirect through up-regulation of 

cytokines that act on chondrocytes in an autocrine or paracrine fashion. 

 

Specific aims 

 

1. Evaluation the role of α5β1 integrins in chondrocyte survival  

1.1. Investigating the role of integrins in providing survival signals in chondrocytes  

1.2. Evaluating the role of fibronectin receptors in the survival of chondrocytes from normal 

human or osteoarthritic articular cartilage isolated ex vivo.  

1.3. Determining the cause of chondrocyte death after inhibition of α5β1 integrins. 

 

2. Evaluation of the effects of the α5β1 integrins mediated chondrocyte-extracellular 

matrix interaction disruption – insights into the pathophysiology of the cartilage damage  

2.1. Investigating the mediators responsible for cartilage damage (focusing on MMP-13), due 

to the inhibiton of fibronectin receptors, e.g. by blocking antibodies for specific α5 subunit or 

disruption of integrin-ECM interaction by conformational changes (FNF). 

2.2. Evaluation of the FNF stimulated signal transduction in the regulation of the MMP-13 

pathway through the α5β1 integrins  

 

3. Evaluation of cytokine és chemokine expression induced by FNF   

3.1. Evaluation of the production of different inflammatory mediators, chemokines and 

cytokines generated by FNF.  

3.2. Investigating the signaling pathways activated by fibronectin fragments leading to 

increased cytokine and chemokine production. 

 

Methods 

 

Primary chondrocyte cultures  

Normal human chondrocytes were obtained from ankle cartilage of organ donors within 24 

hours postmortem. Normal-appearing cartilage (Collins grade 0–1) was used for these 

experiments. OA cartilage was obtained from the distal femur and the proximal tibia of tissue 
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from patients undergoing total knee replacement surgery for OA. Chondrocytes were isolated 

after enzymatic digestion and were cultured in monolayer or alginate beads containing 

DMEM/F12 or FBS media with antibiotics for the given time before treatment. 

Inhibition of specific integrin subunits 

Monoclonal antibodies known to block α1-, αv-, and α5-integrin subunits were used, and 

included anti- α1, anti- α5 and anti- αv. Integrin inhibition was also tested using echistatin, a 

disintegrin that has been shown to be a potent inhibitor of αvβ3. Controls included cultures 

incubated without antibodies, with nonspecific isotype control IgG, or with a nonblocking 

anti- α5 antibody. 

Chondrocyte survival assay  

Cell survival was measured by incubating cultured cells with calcein AM and ethidium 

bromide homodimer. After 45 minutes of staining the coverslips were placed on a microscope 

slide and the numbers of dead and live cells were counted using an Olympus fluorescence 

microscope.  

Apoptosis detection.  

The presence of apoptotic cells was based on the detection of histone-associated DNA 

fragments (mono- and oligonucleosomes) using the Cell Death Detection enzyme-linked 

immunosorbent assay (ELISA) kit and confirmed using electron microscopy on cells from a 

selected experiment.  

Chondrocyte signaling studies  

For the inhibition of different signal transduction pathways the following compounds were 

used for the inhibition of different MAPK-es, 30 minutes preincubation was used with 20 μM 

SB203580 for p38, 25 μM PD98059 for the MAP/ERK kinase MEK, and 20 μM SP600125 

for JNK inhibition. Cells in monolayer were stimulated with integrin antibodies or ECM 

ligands for 1 hour or the times specified for each experiment. For inhibitor studies, cells were 

preincubated with inhibitor for 1 hour before treatment with antibodies or ECM ligands. 

Experiments were terminated with removal of supernatant and lysate preparation. The soluble 

lysate protein concentration was determined with bicinchoninic acid reagent. Lysate samples 

containing equal amounts of total protein were separated by sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose for 

immunoblotting using the ECL system for detection with the antibodies previously described. 

For all experiments, immunoblots using phosphospecific antibodies were stripped and 

reprobed with nonphosphospecific antibodies to confirm equal protein loading. 

Reverse transcriptase–polymerase chain reaction (RT-PCR)  
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Chondrocytes cultured as described above were changed to serum-free media and treated with 

0.5 µM FNF or 2 ng/ml IL-1β for 6 hours. Total RNA was isolated using the RNeasy Mini 

Kit (Qiagen, Valencia, CA). One microgram of total RNA was reverse transcribed using the 

ThermoScript RT-PCR System with oligo(dT)20 primers. One microliter of the reverse 

transcription reaction was then subjected to PCR analysis (30 cycles) as previously published 

with primers for IL-1β, MMP-13 and GAPDH. The PCR products were separated on 1% 

Agarose gel. 

MMP-13 analysis 

Conditioned media from control (untreated) and treated chondrocytes were concentrated 

(10:1) as above and analyzed by immunoblotting as described for signaling studies but using 

antibody to MMP-13.  

Chondrocyte stimulation with FNF or cytokines 

Confluent cultures in serum-free medium were treated for 6 or 16 h with 0.5 µM 110-kDa 

FNF, 2 ng/ml IL-1β, or 10 ng/ml TNF-α.  Inhibition of IL-1β was performed using 100 ng/ml 

IL-1ra added at the time of FNF. Inhibition of NF-κB was performed using 50 µM 

hypoestoxide added 30 min before FNF.   

RNA and genomic DNA extraction 

Total cellular RNA and genomic DNA were isolated using the RNeasy Mini kit and DNeasy 

Tissue kit (Qiagen), respectively. 

Gene and protein array experiments and analysis 

The citokine gene expression was analysed with cDNA microarray. An initial screen was 

performed on RNA isolated from articular chondrocytes stimulated in serum-free cultures for 

6 or 16 h with 0.5 µM FNF with Human Cytokine/Receptor Array membrane. The RNA was 

trascribed and the cDNA was hybridized to the membrane containing 268 gene pairs. The 

protein synthesis was analyzed with protein array (RayBio) and the results were confirmed by 

Western blot analysis. 

Citokine immunoblot and quantitative ELISA analysis 

The protein concentration in the medium was quantified by BCA method. Equal amount of 

protein were run in a 20% reduced SDS-PAGE gel, transferred to nitrocellulose, which, after 

blocking with 5% BSA for 2 h was incubated for 2 h with primary antibodies (1/1000 

dilution) for human IL-6, IL-8, total GRO and MCP-1, and GRO-β and GRO-γ. ECL method 

was used for visualisation. ELISA analysis was performed with QuantiGlo immunassay 

using150 μl media to measure IL-6 and IL-8 concentration. 

Immunoblotting for phospho-IκB kinase (IKK) and nuclear phospho-p65 

 5



After stimulation of cells with FNF or IL-1β, monolayers were washed with ice-cold PBS. A 

total cell lysate was prepared with cell lysis buffer to which fresh phosphatase inhibitor 

mixture and PMSF were added. The soluble lysate protein concentration was determined with 

BCA reagent, and samples were analyzed by SDS-PAGE and immunoblotting. Blots were 

probed with phospho-IKKα (Ser180)/IKKα (Ser181) from Cell Signaling Technology. For 

analysis of NF-κB translocation, cells were stimulated with FNF for 30 min, and then nuclear 

fractions were prepared using a nuclear extraction kit. Equal amounts of protein were used for 

immunoblotting with antiphospho-NF-κB p65 (Ser536). 

Chondrocyte transfection 

To inhibit the NF-κB pathway, IκBα dominant negative expression vector was transfected to 

primary chondrocytes using the Chondrocyte Nucleofector Kit. The chondrocytes were 

treated with MAPK and IKK inhibitors: 50μM hypoestoxide (IκBi), 20 μM SB203580 (p38i), 

25 μM PD98059 (MEKi), and 20 μM SP600125 (JNKi) then were stimulated with 0.5 μM 

FNF. 

 

Results 

 

1. The role of α5β1 integrins in chondrocyte survival 

 

1.1 Promotion of chondrocyte death by specific inhibition of α5-containing integrins  

When freshly isolated chondrocytes from normal ankle cartilage were plated in serum-free 

media at low density on poly-L-lysine, only 34% of the cells survived an overnight 

incubation, whereas >95% survived when plated on FN. Chondrocytes primarily utilize the 

α5β1 integrins for attachment to FN. A monoclonal blocking antibody to the α 5-integrin 

subunit significantly inhibited survival in a dose-dependent manner in cells plated on FN, 

whereas a nonblocking α5 antibody at 50 µg/ml had no effect. The α5-blocking antibody also 

reduced survival on poly-L-lysine from 34% to <5%, indicating that the cells that had 

survived on poly-L-lysine–coated coverslips likely did so through endogenous FN production.  

 

1.2 In normal and OA cartilage similar dose dependent decrease in survival was noted 

after inhibition of α5β1 integrins. 

The chondrocyte survival was evaluated from normal ankle and from OA knee cartilage in an 

earlier and a later time point (1st vs 7th day of culture) in the presence or absence of α5 

monoclonal blocking antibody. In both cases blocking of the FN receptor resulted in a 
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significant cell death in a dose-dependent manner. On day 1 incubation with 20 µg/ml of 

antibody reduced survival to 20% of that in the nonspecific IgG–treated controls, both in 

normal chondrocytes and in OA cells, and 50 µg/ml of the antibody reduced survival to <5%. 

When the chondrocytes were maintained for 1 week in serum-free media supplemented with 

mini-ITS and then treated overnight with anti-α5 blocking antibodies, a similar dose 

dependent decrease in survival was noted, although the proportion of surviving cells was 

better than that seen in day-1 cells from both normal and OA cartilage. Blocking of the α1 and 

αv integrin subunits or using a potent disintegrin, echistatin did not yield to significant cell 

death neither in normal nor in OA cells even at a higher concentration of the antibodies (50 

μg/ml).  

 

1.3 Chondrocyte death after incubation with α5-blocking antibodies is associated with 

apoptosis.  

Chondrocytes treatment with the α5-blocking antibody resulted in an increase in the 

production of histone-associated DNA fragments, furthermore the cells were examined by 

electron microscopy. Unlike control, untreated cells, α5-antibody–treated cells showed 

features of apoptosis, including nuclear condensation and membrane budding. 

 

2. The mechanism of α5β1 integrin-mediated cartilage destruction 

 

2.1. Inhibiton of α5β1 integrins lead to increased MMP-13 production and cartilage 

degradation 

The fibronectin receptors of the chondrocytes play important role in other biological functions 

of the cells beyond survival.  We have investigated the roles of this integrin in the 

development of cartilage degradation as a direct effect through MMP 13 production. Gelatin 

zymography was used to determine the production of MMP-2, MMP-9 and a smaller 

molecular weight MMP- most likely MMP-13 in response to α5β1 integrin blocking 

antibodies or treatment with FNF. RT-PCR confirmed that FNF stimulation resulted in an 

increase in levels of chondrocyte mRNA for IL-1β and MMP-13. The data are suppported by 

the result of the immunoblotting indicating that increased levels of pro- and active forms of 

MMP-13 are produced by FNF. In the presence of IL-1ra the FNF stimulated MMP-13 

production has decreased, however the IL-1ra only partially reduced the total MMP activity 

measured after APMA activation. It is consistent with the notion that IL-1–independent 
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stimulation of MMP production is accompanied by a component of IL-1-dependent 

activation.   

 

2.2 Stimulation of selective chondrocyte integrins with adhesion blocking antibodies or 

FNF activates MAP kinase signaling yielding to increased MMP-13 production 

Blocking α5β1 antibody treatment resulted in phosphorylation of all 3 MAP kinases (ERK1/2, 

JNK, and p38) within 15–30 minutes and a return to baseline between 5 and 24 hours. Similar 

MAP kinase phosphorylation was noted in cultures treated with the 120-kd FNF (1 μM) that 

contained the α5β1 RGD binding site. Increased phosphorylation was noted for both the p44 

and p42 (ERK 1 and ERK 2) isoforms and the p54 and p46 JNK isoforms. No increase in 

MAP kinase phosphorylation was detected in cultures treated with either a nonblocking 

α5β1mAb (20μg/ml) or intact FN (1 μM). The downstream signals from the MAP kinases are 

taking place by c-Jun and IκB phosphorylation. The citoplasmic IκB was phosphorylated in 

15 minutes after antibody treatment while the nuclear protein c-Jun was phosphorylated in 1-5 

hours. 

 

3. The FNF induced chemokine and cytokine expression and its regulation 

 

3.1 FNF induce increased cytokine and chemokine expression particularly IL-6, IL-8, 

MCP-1, GRO-β by articular chondrocytes 

Compared with untreated control cultures, stimulation by FNF resulted in up-regulation (1.5-

fold ratio FNF/control) of 19 of 268 (7.1%) of the chemokine and cytokine genes at 6 h and 

22 of 268 (8.2%) at 16 h. Significantly up-regulated genes included IL-6, IL-8, MCP-1, GRO-

β, leukemia-inhibitory factor, bone morphogenic protein-2, TNF-α, and basic fibroblast 

growth factor genes in the order of gene expression level. In addition to GRO-β, GRO-α and 

GRO-γ were significantly up-regulated as well. The cytokine gene array results were then 

compared with results using a human cytokine protein array to screen for cytokines released 

into the medium during 16 h of treatment with FNF. Of the 23 cytokine pairs on the array, the 

most highly produced were IL-6, IL-8, MCP-1, and GRO-β in the order of intensity. 

Cytokines included on the array that were not detected in cultures stimulated with FNF were 

G-CSF, GRO-α, IL-1α, IL-2, IL-3, IL-5, IL-7, IL-10, IL-13, IL-15, IFN-γ, MCP-2, MCP-3, 

monokine induced by IFN-γ, RANTES, TGF-β1, and TNF-β. Expression of the cytokines and 

chemokines that were identified by both gene and protein arrays was further studied using 

RT-PCR. Consistent with the array studies, FNF (0.5 μM) treatment for 16 h stimulated 1.5-
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fold expression of IL-6, IL-8, GRO-β, and MCP-1 when compared with unstimulated 

controls. Because previous studies had already documented α5β1 integrin-mediated 

expression of IL-6 and IL-8, but not GRO family members or MCP-1, additional experiments 

were performed to determine the ability of FNF to stimulate expression of all three GRO 

family members (GRO-α, GRO-β, and GRO-γ) as well as MCP-1. FNF stimulation was 

compared with IL-1β and TNF-α. These experiments showed that in addition to GRO-α, 

GRO-β and GRO-γ were expressed by articular chondrocytes. The GRO family members 

appeared to be expressed constitutively at a low level, but were increased in response to FNF 

treatment as well as IL-1β, but less so with TNF-α. Stimulation of chondrocytes with IL-1β (2 

ng/ml) resulted in similar increases in mRNA levels for GRO family members as 0.5 μM 

FNF: GRO-α increased by 1.68-fold, GRO-β by 3.4-fold, and GRO-γ by 2.7-fold. TNF-α (10 

ng/ml)-stimulated expression of GRO-α, GRO-β, or GRO-γ was 1.4-, 1.6-, and 1.5-fold, 

respectively. MCP-1 expression was elevated to a much smaller extent in response to any of 

the cytokines or FNF. 

 

3.2 The regulation of FNF-induced cytokine and chemokine expression  

Blocking α5β1 antibody treatment as well as treatment with FNF resulted in phosphorylation 

of all 3 MAP kinases (ERK1/2, JNK, and p38), and the downstream regulation involved the 

phosphorylation of c-Jun and IκB. The mechanism by which FNF stimulated articular 

chondrocyte cytokine and chemokine gene expression and corresponding protein secretion 

was further investigated. In previous studies, we had found that FNF stimulation of 

chondrocytes resulted in increased expression of IL-1β and increased NF-κB activity, either 

of which or both could be responsible for additional cytokine and chemokine expression. 

Using the cytokine protein array, pretreatment with excess IL-1ra (100 ng/ml) did not result in 

an appreciable decrease in cytokine or chemokine production, while treatment with 

hypoestoxide, which inhibits the IKK, significantly reduced FNF stimulated production to the 

level of the unstimulated control chondrocytes. We confirmed that treatment of chondrocytes 

with FNF stimulated activation of the IKK by examining IKK phosphorylation, and found 

that pretreatment with hypoestoxide blocked this phosphorylation. In addition, overexpression 

of a dominant negative mutant of IκBα, which lacks the normal IKK phosphorylation sites, 

inhibited FNF-stimulated phosphorylation of the p65 subunit of NF-κB, and this was 

associated with inhibition of IL-6 and IL-8 production. Additional experiments were 

performed using immunoblotting and RT-PCR analysis. IL-1ra appeared to partially inhibit 

FNF stimulated IL-6 production measured by immunoblotting, with little to no effect on 
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GRO-β, GRO-γ, IL-8, or MCP-1, while the NF-κB inhibitor completely blocked production 

of all the factors studied. As a control, IL-1ra was found to inhibit IL-1β -stimulated 

production of all of the cytokines and chemokines studied. IL-1β -induced chemokine and 

cytokine production was similarly reduced in the presence of hypoestoxide, demonstrating a 

similar requirement for NF-κB activation for IL-1β and FNF.  Similar results were obtained 

using chondrocytes cultured in alginate or when cytokine expression was analyzed by RT-

PCR. 

Conclusions 

1. The α5β1 integrins play pivotal role in chondrocyte survival 

1.1 The α5β1 integrins provide survival signals in chondrocytes  

In human articular chondrocytes FN receptors play pivotal role in cell survival.  In the 

cartilage the ECM provide a very active information rich environment. Once the matrix 

proteins bind to the integrins several signals are being transmitted to the cytoskeleton, thus the 

integrins play pivotal role in maintaining biological functions of the cell e.g. cell growth, 

differentiation, adhesion, migration and survival as well. We demonsterated that blocking of 

the α5 subunit of the chondrocytes plated on FN coated coverslips resulted in significant 

decrease of cell survival, suggesting that the α5β1 integrins provide survival signals by 

binding to fibronectin. Promotion of chondrocyte survival by the α5β1 integrin was 

particularly important at early time points after cell isolation, when there has not been enough 

time for the chondrocytes to regenerate a complete matrix. The survival signals provided by 

the limited amount of extracellular matrix could not counteract the effect of the FN-receptor 

blockade 

1.2. There was no significant difference between the survival of normal and OA 

chondrocytes after treatment with increasing doses of anti- α5 antibodies. Treatment with 

other α subunit blocking antibodies (α1, αv, echistatin) did not result in cell death.  

1.3. The cell death after treatment with anti- α5 antibodies was due to apoptosis. 

2. New insights into the mechanism of α5β1 integrin-mediated cartilage destruction 
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2.1 FNF activate catabolic pathways of the cartilage by increased production of MMP-

13 

We have shown that treatment by α5β1antibodies and fibronectin fragments (FNF) in 

chondrocytes results in activation of the MAPK pathway through the α5β1 integrins, followed 

by activation of c-Jun and IκB phosphorylation and subsequent increased production of 

MMP-13.  The α5β1 integrins are responsible for providing signals yielding to increased 

MMP-13 production. 

2.2 The FNF induced α5β1 integrin-mediated MMP-13 production is regulated by MAP 

kinases  

MAP kinase signaling, but not autocrine production of IL-1, appears to be necessary for the 

increased production of MMP-13, although induction of IL-1 appears to stimulate further 

MMP-13 activation. In my experiments the stimulation of total MMP-13 in chondrocytes with 

the 120-kd FNF was not significantly blocked by IL-1ra. Our RT-PCR data demonstrate that  

the 120-kd FNF stimulates IL-1 β expression in chondrocytes. Because we saw decreased 

activation of MMP-13 after blocking IL-1, our findings suggest that, in chondrocytes, the 

FNF–stimulated increase in IL-1 β may, in turn, be stimulating production of one or more 

MMPs, such as MMP-3, MT1-MMP, or MMP-2, which contribute to activation of MMP-13. 

3. FNF induced chemokine and cytokine expression and its regulation 

 

3.1 The FNF induced chemokine and cytokine production may contribute to the 

degradation of the cartilage 

FNF, a component of the damaged extracellular matrix of arthritic cartilage, was capable of 

inducing production of multiple inflammatory mediators from normal human articular 

chondrocytes. The data provide evidence that FNF stimulates expression of the 

proinflammatory cytokine IL-6; neutrophil-attracting C-X-C chemokines IL-8, GRO-α, GRO-

β, and GRO-γ; and the monocyte-attracting C-C chemokine MCP-1. Because the FNF used in 

these experiments signals through the integrin, the results demonstrate that FNF-stimulated 

integrin signaling can induce not only cytokine expression, but also expression of multiple 

chemokines. Other cell types may also respond to FNF stimulation with increased chemokine 

expression, suggesting a novel mechanism by which damaged matrix components could be 

capable of initiating recruitment and activation of leukocytes at sites of tissue injury and 
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inflammation. Therefore the potential exist for multiple cytokine and chemokine autocrine or 

paracrine loops within articular cartilage, which is stimulated during the development of 

arthritis. The increased production of IL-8, GRO-β, IL-6 and MCP-1 induced by FNF could 

act as an amplifier of the molecular inflammation noted in OA cartilage. In addition to OA, 

FNF stimulation of chemokine production could play an important role in the progressive 

cartilage destruction that occurs in RA. Synovial inflammation and pannus formation have 

also been noted in patients with advanced OA, although usually not to the extent seen in RA. 

This is most likely due to a greater influx of cells into the joint driven by the early 

inflammatory activity in the RA synovium, while local generation of chemokines in OA 

cartilage would attract fewer cells to the joint due to the avascular nature of cartilage. 

 

3.2. Stimulation of the chondrocytes by FNF activates the MAPK signal transduction 

pathway and results in increased chemokine and cytokine production  

The present results also add to the growing body of evidence that the NF-κB pathway plays a 

pivotal role in regulation of chemokine expression. Inhibition of IκB was sufficient to 

eliminate chemokine release induced by FNF, indicating a crucial role of this signal 

transduction pathway. We have shown previously that FNF stimulation of chondrocytes 

results in activation of the MAPK pathway through the α5β1 integrin. Activated MAPKs can 

further trigger activation of several nuclear transcription factors, including NF-κB, which 

regulate the gene expression of proinflammatory cytokines and chemokines. Consistent with 

this, we found that inhibition of either p38 or JNK inhibited FNF stimulation of NF-κB, 

suggesting that activation of both MAPK pathways, but not ERK, is required for FNF 

stimulation of NF-κB.  

Even though FNF treatment of chondrocytes resulted in release of IL-1β, which also has the 

potential to stimulate chondrocyte chemokine expression, the production and release of IL-1β 

were not necessary for the initial chemokine expression induced by FNF. The IL-1ra protein 

blocked IL-1β, but not FNF stimulation of cytokine and chemokine expression. It is possible 

that IL-1 autocrine signaling contributes to further cytokine and chemokine production by 

chondrocytes after the initial stimulation by FNF; however, the finding that IL-1 was not 

required for FNF stimulation is consistent with a recent study demonstrating the development 

of OA in IL-1 knockout mice.  

The results of our studies suggest that targeting the signaling pathways activated by FNF may 

be an effective means of inhibiting production of multiple mediators of cartilage destruction. 

Direct inhibition of the chondrocyte α5β1 integrins, fibronectin receptor with blocking 
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antibodies results in significantly reduced cell survival, making it unlikely to be a direct 

therapeutic target. Because NF-κB is involved in normal immune and homeostatic processes, 

such as prevention of apoptosis in certain tissues, its prolonged inhibition may exert 

deleterious effects on chondrocytes as well. Other targets include the selective inhibition of 

upstream molecules such as IKK-2, a kinase previously shown to be essential for IL-1-

induced IκBα degradation, NF-κB activation and cytokine expression. Furthermore, as shown 

in our work, is required for FNF induction of cytokine expression. Alternatives would include 

inhibition of the p38 or JNK MAPKs, which has recently been shown to be effective in 

reducing joint destruction in animal models of arthritis.  

In summary, our work provides direct in vitro evidence that FNF, located in the ECM of 

damaged cartilage are capable of promoting chondrocyte activation and increased secretion of 

proinflammatory cytokines, specifically IL-8, IL-6, MCP-1, GRO-α, GRO-β, and GRO-γ 

through an NF-κB-dependent pathway. Our data suggest that damage to the extracellular 

matrix, resulting in fragmentation of fibronectin, is able to amplify an inflammatory response 

that may lead to further progressive matrix destruction and cartilage degradation. Targeting 

the signaling pathways activated by FNF may be an effective means of inhibiting production 

of multiple mediators of cartilage destruction, and potentially can be a new therapeutic target 

in the treatment of both degenerative and inflemmatory arthritis.  
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