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Key points: 
 Post-traumatic osteoarthritis (OA) is a group of disorders characterized by a common-end 

stage in which progressive deterioration of the articular cartilage is accompanied by 
changes in bone and soft tissue of the joint.  

 Critical pathobiologic mediators contributing to cartilage damage include IL-1β, MMPs, 
ADAMTS-4 and -5, COX-2 and iNOS. 

 Manipulation of IL-1 offers a target high up in the cascade and options include gene 
therapy, autologous conditioned serum and mesenchymal stem cells.  

 
In its broader sense “traumatic arthritis” includes a diverse collection of pathologic and 

clinical states that develop after single or repetitive episodes of trauma, and may include one or 
all of the following: 1) synovitis, 2) capsulitis, 3) sprain, 4) intra-articular fractures, 5) meniscal 
tears (femorotibial joints) and 6) the permanent condition of osteoarthritis (OA) (when 
morphologic changes have occurred in the articular cartilage). Any one or combinations of 1-5 
above can potentially progress to OA.1 Traumatic synovitis and capsulitis are common factors 
that lead to early 
change in the 
articular cartilage 
matrix. Post-
traumatic OA may 
be considered as a 
group of disorders 
characterized by a 
common end-stage 
in which progressive 
deterioration of the 
articular cartilage is 
accompanied by 
changes in the bone 
and soft tissues of 
the joint. Various 
etiologic pathways, 
however, have some 
commonality in the 
events that proceed 
in the articular 
cartilage leading to 
morphologic 
degradation. An 
inflammatory 
component has long 
been recognized in 
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horses but only relatively recently in humans.2 It is now well recognized that inflammatory 
cytokines, chemokines and other inflammatory mediators are produced by the synovium and 
chondrocytes and can be measured in the synovial fluid of osteoarthritic patients. In OA, 
chondrocytes as well as cells in the synovium and other joint tissues become activated because of 
exposure to abnormal environmental insults including high-magnitude mechanical forces, 
inflammatory cytokines or altered amounts or organization of matrix proteins including 
degradation products (Figure 1).1, 3  Newer information and reviews in other species might make 
figure 1 somewhat simplistic (presented below) but when examining potential therapeutic targets 
it is tempting to make the pathways even simpler (Figure 2).  

 
Pathobiologic pathways and 

targets 
The author has previously 

proposed the critical 
pathobiologic pathways in 
equine OA.4 There is evidence 
that based on in vivo and in 
vitro studies that synoviocytes, 
chondrocytes and cells from 
other joint tissues can produce 
and/or respond to a number of 
cytokines and chemokines that 
may also be detected in 
osteoarthritic synovial fluid.1, 2 
Synovitis induces pro-
inflammatory mediators 
including interleukin-1β (IL-
1β), tumor necrosis factorα 
(TNFα) and chemokines in both 
early and late stage disease. Chondrocytes in osteoarthritic cartilage express IL-1β, IL-1β 
converting enzyme (caspase-1) and type IL-1 receptor (IL-1ri). Interleukin-1 synthesized by both 
synoviocytes and chondrocytes at concentrations capable of inducing the expression of MMPs 
and other catabolic genes including MMPs 1, 3, 8 and 13 are upregulated by IL-1. In addition, 
the aggrecanases of the disintegrin and metalloproteinase with thrombospondin-1 domains 
(ADAMTS) family of extracellular proteinases ADAMTS-4 and -5 are considered the major 
aggrecan-degrading enzymes involved in cartilage degradation and osteoarthritis. In addition to 
inducing the synthesis of MMPs and other proteinases by chondrocytes, IL-1 and TNFα increase 
the synthesis of prostaglandin E2 (PGE2) by stimulating the gene expression or activities of 
COX-2, microsomal PGE synthase-1 (mPGEs-1) and soluble phospholipase A2 (sPLAO2) and 
upregulate the production of nitric oxide fire inducible nitric oxide synthase (iNOS or NOS2).2 
There is evidence that IL-1 preferentially induces ADAMTS-4 whereas TNFα will induce both 
ADAMTS-4 and ADAMTS-5. However, TNFα has yet to be demonstrated as a significant 
cytokine in equine traumatic arthritis or OA.5  

Both mechanical stress and inflammatory mediators induce multiple downstream signaling 
pathways including NF-kB and MAPK pathways which are abnormally activated in 
osteoarthritic chondrocytes and these signaling pathways are involved in increased expression of 
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MMPs, COX2, NOS2 and IL-1 (as reviewed by Goldring et al 2011).6 More recent publications 
(not equine) have implicated other mediators as important including damage-associated 
molecular patents (DAMPs) or alarmins, that act as ligands of Toll-like receptors (TLRs) or 
receptor for advanced glycation n-products (RAGEs) in the activation of downstream 
inflammatory and catabolic events in articular cartilage.7 Other signaling pathways will 
undoubtedly emerge. In the meantime, most of new biological therapies in the horse have been 
directed at the interference of IL-1 while other conventional therapies address the MMPs, 
aggrecanases and PGE2 that are downstream (Figure 2).  

 
Options of IL-1 manipulation 

In examination of figure 2 it can be seen that IL-1, MMPs, aggrecanases and PGE2 all 
represent prospective targets but IL-1 at the top of the cascade is, arguably, the most logical 
target. Options for anti-IL-1 therapy include gene therapy with IL-1ra as well as direct 
administration of protein. The work of Frisbie et al using gene therapy with adenoviral-IL-1ra 
demonstrated how effective inhibiting IL-1 could be in inhibiting equine OA.8 The results of this 
study still remain the most effective treatment tested in the CSU equine osteochondral fragment 
model. However, problems with reaction to the vector on second injection led us on a long-term 
search for a better vector. Subsequent work has concentrated on developing an adeno-associated 
viral (aaV) vector with very promising results and these will be presented by Laurie Goodrich in 
this seminar.  

With regard to anti-cytokine therapy with protein, there is no specific protein therapy in the 
horse at this stage but the use of autologous conditioned serum (ACS) (IRAP® and IRAP II®) 
have increased levels of IL-1ra as well as increased growth factors. In a study evaluating ACS 
using the CSU model of experimental equine OA, horses treated with ACS (five injections of 
6ml one week apart) were observed to have significantly reduced lameness in OA limbs even 
five weeks after the last treatment compared with placebo treated horses and there was a 
significant reduction in synovial membrane hyperplasia in treated compared to placebo OA joints 
at day 70. There were also trends for improvement in cartilage score in ACS treated OA joints 
compared with placebo treated OA joints.9 That study was done with IRAP® and since then a 
newer product IRAP II® manufactured by Arthrex has been developed and the two products 
have been compared for their cytokine profiles.10 In this study, concentrations of IL-1ra were 
produced with significantly higher with the IRAP II® compared to IRAP® and the ratio of IL-
1ra to IL-1β was also significantly elevated with the IRAP II® product while production of 
TNFα was higher in the IRAP® compared to the IRAP II® and this was considered a negative 
result.  

There are other potential means of producing IL-1 that are suggested but not completely 
validated. One example is that the injection of intra-articular bone marrow-derived stem cells 
induced a significant reduction in PGE2 levels in synovial fluid in the equine OA model11 
suggesting antiinflammatory effects due to trophic effects by stem cells. In the same study the 
same reduction in PGE2 was not achieved with adipose stromal vascular fraction.  
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