
Introduction 
• Osteoarthritis (OA) is a chronic degenerative synovial joint and bone disease characterized by joint 

inflammation, cartilage degradation, and bone damage, which affects an estimated 654.1 million adults 
worldwide.1 

• Current means of diagnosing OA are subjective and insufficient, leading researchers to look towards 
biomarkers as a means of diagnosis.

• The primary goal of this experiment was to identify biomarkers associated with both local, platelet-poor 
plasma (PPP) based and systemic, synovial fluid (SF) based responses to OA and biomarkers associated 
with differing grades of OA severity.

• Global metabolic profiling analyzes thousands of small molecule intermediates to generate a phenotype 
characterizing functional activity, and thus is a promising method for expanding our understanding of 
metabolism in osteoarthritis pathogenesis and progression.

Hypothesis: There will be significant overlap between SF and PPP metabolic profiles. Additionally, the primary 
biomarkers distinguishing healthy controls from early and late grade OA will be identified in both SF and PPP 
samples.
How: Analyze SF and PPP samples at different stages of osteoarthritis using global metabolic profiling via 
liquid chromatography-mass spectrometry (LC-MS).

Methods
Sample Acquisition
1. SF and PPP from a knee joint with osteoarthritic grade II-III and osteoarthritis grade III+ were acquired from 

patients with no recorded history of prior injury or disease.
2. Psuedo-replicates were generated by running multiple aliquots of each sample through the MS.

Metabolite Extraction
• Samples were centrifuged to remove cellular debris, metabolites extracted using 80% v/v methanol, and 

proteins precipitated using 5 volumes of 1:1 aqueous acetonitrile.

Global Metabolic Profiling
1. Samples were analyzed by LC-MS (Agilent 1290 Ultra Performance Liquid Chromatography (UPLC) system 

with a Cogent Diamond Hydride HILIC column; Agilent 6538 Q-TOF MS; resolution: 20,000 ppm, accuracy: 
5 ppm).

2. Differences between cohorts and phenotypes were assessed using MetaboAnalyst where data were log 
transformed, standardized, and assessed using principal component analysis (PCA), partial least squares 
discriminant analysis (PLS-DA), and orthogonal partial least squares discriminant analysis (OPLS-DA).

3. Enriched pathways were identified using MetaboAnalyst MS Peaks to Pathways.
Discussion
• Metabolic pathways perturbed between low and high grade OA in SF and PPP included vitamin metabolism, fatty acid 

metabolism, nucleotide metabolism, and amino acid metabolism.
• Pathways highlighted are consistent with results of previous studies.2, 3, 4

• Similar metabolic perturbations in SF and PPP suggest that plasma analysis may be an equally valid means of diagnosing 
OA as SF analysis.

Significance
• The results of this study suggest that OA is primarily associated with perturbed lipid and amino acid metabolisms.
• The study provides evidence in favor of the use of metabolomics as a means of differentiating between different grades of 

OA.
• Metabolic pathways observed to be affected could serve as targets for OA treatments.
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Table 1. Enrichment analysis. Metabolite features with 
the highest variable importance in projection (VIP) 
scores in OPLS-DA were mapped to reveal metabolic 
pathways driving differences between cohorts. The top 
5 significant pathways were identified when comparing 
the grades in SF and PPP. The top 3 pathways were 
selected when comparing SF and PPP due to lack of 
other significant pathways.

Figure 1. Unsupervised (PCA) and 
Supervised (PLS-DA) Analysis of 
Synovial Fluid and Plasma of 
Various OA Grades. (A) PCA reveals 
significant overlap of SF and PPP 
pertaining to various grades of OA. 
Principal components 1 and 2 account 
for 64.2% of the variability in the 
dataset. (B) PLS-DA shows significant 
overlap between SF and PPP of the 
same grade separation between the 
grades within the respective sample 
type. Components 1 and 2 account for 
43% of the variability in the dataset.

Figure 2. Supervised Analysis of (A) Platelet Poor Plasma of Low and High 
Grades of OA, (B) Synovial Fluid of Low and High Grades of OA, and (C) 
Synovial Fluid versus Platelet Poor Plasma. OPLS-DA shows variation within 
each cohort and between cohorts for each comparison.
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