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Introduction
Autologous Chondrocyte Implantation (ACI) is a two-stage surgical procedure aimed at repairing chondral/osteochondral defects. The first arthroscopic surgery requires a harvest of articular cartilage from a low weight-bearing region of the knee, after which chondrocytes are extracted and culture expanded, before implantation into a symptomatic defect 3-4 weeks later. The harvest procedure can be seen as a controlled surgical acute ‘injury’ to the cartilage, which we have shown initiates a marked inflammatory response measurable in synovial fluid (SF), particularly in patients who do not demonstrate clinical improvement. Separately, we have shown that acute traumatic knee injuries are also associated with a rapid inflammatory response measurable in SF which is associated with longitudinal outcomes. This study compares the SF responses to ACI cartilage harvest injury and acute traumatic knee injury, to i) determine the proteome signatures associated with each type of injury and ii) compare the proteomes of these two groups in terms of their longitudinal clinical response. 
Methods
Isobaric tag for relative and absolute quantitation (iTRAQ)-LC-MS/MS was used to assess the proteome of pooled SF samples from the knees of two defined groups, ‘improvers’ and ‘non-improvers’, in two respective cohorts: i) those collected immediately prior to Stages I and II of ACI and ii) from those within 8 weeks of acute clinical injury in the Knee Injury Cohort at the Kennedy (KICK) (n=10 for each of the 6 groups). ACI improvement was determined by change in Lysholm score at 12 months (the Lysholm is a scale of 0-100; 100 represents a ‘perfect’ functioning knee); improvers were defined as demonstrating at least a 10 Lysholm point improvement at 12 months, with non-improvers not achieving this level of improvement. KICK non-improvers were defined as having new symptomatic (positive NHANES (National Health and Nutritional Examination Study (NHNES)) symptoms or radiographic OA (Kellgren-Lawrence (KL) grade 2+) or KOOS (Knee Injury and Osteoarthritis Score) in the lowest quintile at 2 years post-injury. KICK improvers demonstrated no radiographic (KL 0/1) or symptomatic (NHNES) OA or were in the highest quintile for KOOS at 2 years post-injury. Proteins that were differentially abundant between improvers or non-improvers in both cohorts and functional analysis of the differential proteins was carried out using Ingenuity Pathway Analysis software (Qiagen, UK).
Results
In the ACI cohort, 113 proteins were differentially abundant between improvers and non-improvers following cartilage harvest (p<0.05; fold change (FC)±2.0), including insulin-like growth factor-binding proteins 3 & 6 (both were 99 fold higher in non-improvers) and chondroadherin (11 fold lower in non-improvers). Further, 61 proteins were differentially abundant between KICK improvers and non-improvers (p<0.05; FC±2.0): the most differentially abundant proteins included protein- glutamine gamma-glutamyltransferase E and Complement factor H-related protein 2 (both increased 99 fold in KICK non-improvers). Thirty-seven common differentially abundant proteins (FC±2.0) were identified across the two sets of injury cohort outcome comparisons, with 13 proteins following the same direction of change according to post-injury improvement/non-improvement. These included matrix metalloproteinase 2 (increased 8.5 and 3.5 fold in both non-improvers in ACI and KICK, respectively); apolipoprotein-A1 (increased 2.8 fold in both ACI and KICK non-improvers) and caspase-14 (increased 12.8 and 9.7 fold in non-improvers following ACI and KICK, respectively). Several pathways and functions were identified as differentially regulated in non-improvers compared with improvers in both cohorts. These included LXR/RXR activation (ACI: p=1.42x10-26, z-score=0.91; KICK: p=6.04x10-14, z-score=2.69) and release of lipids (ACI: p=1.94x10-6, z-score=2.67; KICK: p=1.1x10-3, z-score=1.14). Suggested common up-stream regulators to both injury mechanisms were also identified, including TP63 (ACI: p=1.72x10-5, z-score =1.88; KICK: p=4.26x10-3, z-score=1.67) and leptin (ACI: p=5.36x10-7, z-score=1.22; KICK: p=3.21x10-4, z-score=2.22). 
Conclusion
Differential SF proteome signatures can be identified between clinical improvers and non-improvers following both ACI cartilage harvest and clinical acute knee injury. Interestingly there are a number of consistently differentially abundant proteins in non-improvers across both types of injury. Furthermore, commonly regulated/dysregulated biological pathways, functions and upstream regulators can be potentially identified. In addition, these data suggest that the ACI cartilage harvest procedure provides a clinically representative and controllable ‘model’ of acute cartilage injury in humans; furthermore, that understanding this connective tissue injury response in disparate models such as this is clinically relevant to understanding, predicting and potentially modifying patient outcomes in these different settings.
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