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MATERIALS AND METHODS

INTRODUCTION

Osteoarthritis is a disorder involving movable

joints characterized by cell stress and

extracellular matrix degradation initiated by

micro- and macro-injury that activates

maladaptive repair responses including pro-

inflammatory pathways of innate immunity.

The disease manifests first as a molecular

derangement (abnormal joint tissue

metabolism) followed by anatomic, and/or

physiologic derangements (characterized by

cartilage degradation, bone remodeling,

osteophyte formation, joint inflammation and

loss of normal joint function), that can

culminate in illness.

Figure 1. Human joints affected

by osteoarthritis (OA)

Figure 2. Components of the

human cartilage knee

OBJECTIVE

In a healthy knee joint, articular cartilage and

synovial fluid (SF) cushion the bones and allows

them to move easily. SF could be an excellent

source for biomarker discovery in osteoarthritis

(OA). Limitations on early diagnosis and effective

pharmacotherapy for osteoarthritis (OA) are

predominantly attributed to the current limited

understanding of its pathogenesis. Pathological

changes in the joint are expected to be

represented by synovial fluid (SF) proteins, which

are altered due to the disease and have

significant biomarker potential.

In this study, a proteomic analysis based on label-free quantification (LFQ) has been 

performed to explore the protein profiles of SF from different grades of osteoarthritis 

(OA) and healthy controls to find putative OA biomarkers.

Figure 3. Scheme of proteomic synovial fluid (SF) workflow using liquid chromatography coupled to mass spectrometry 

for the identification of a panel of putative SF OA biomarkers 

Post-mortem SF samples (n=61) from knee joints were used. Joints were graded

based on the severity of changes in the knee cartilage surfaces using the Outerbridge

scoring system, which grades joints from grade 0, control (n=5), early OA ( n=24),

middle OA (n=21) and late OA (n=11).

RESULTS

This study has identified a distinct protein profile in synovial fluids from individuals with

different degrees of cartilage damage and healthy donors. It also reports potential

clinically useful protein candidate biomarkers for OA diagnosis, which are associated

with disease occurrence and may predict progression of cartilage degradation in OA.

CONCLUSIONS

1,221 protein groups were identified in the synovial fluid samples. Among them, 979

protein groups were identified with more than 2 peptides, out of which 409 were

quantifiable in all the technical replicates and were present in 70% of the samples

within each experimental group. The Jonckheere-Terpstra (JT) test was used to select

the best candidates by calculating the increase or decrease label-free quantitation

Intensity (LFQ) through comparing the expression pattern of the proteins across the

evolution of cartilage damage. 78 proteins, present in all the SF samples, were found

with a trend to be increased in early stages of the disease compared to middle and

late OA stages (p<0.05). Among these, 12 proteins were identified to be the most

differentially expressed proteins (p<0.01).

MATERIALS AND METHODS

Figure 5. Workflow used for protein sample preparation, peptide identification and 

quantitation analysis using different software

Technical replicates of protein digests from SF proteins were analyzed by LC/MS/MS

on a nanoElute-LC coupled to a high-resolution TIMS-QTOF (timsTOF Pro, Bruker

Daltonics).

Figure 4. Classification of the OA knee using the Outerbridge scoring

Protein identification and quantification were performed using MaxQuant. Label free

quantitation (LFQ) intensity data were used for further analysis and comparisons

across the different groups. A descriptive data analysis was performed using Perseus

software. Statistical analyses were performed on R 4.1.3 software. Robust feature

selection was carried out using Jonckheere-Terpstra (JT) non-parametric statistic rank-

based distribution-free. The Benjamini-Hochberg procedure was used to adjust p-

values for Multiple Comparisons.

Protein_ID p-value Molecular function

protein 1 0.0000 Muscle development or hypertrophy

protein 2 0.0010 Transport of oxygen to muscles

protein 3 0.0010 Primary role in collagen fibrillogenesis

protein 4 0.0020 Lipid metabolism

protein 5 0.0030 Small leucine rich repeat proteoglycans related to fibrils formation

protein 6 0.0030 Cartilage homeostasis

protein 7 0.0030 Lipid metabolism

protein 8 0.0040 Lipid metabolism

protein 9 0.0040 Small heat shock protein related with muscle function

protein 10 0.0060 Cartilage homeostasis

protein 11 0.0080 Mitochondria metabolism

protein 12 0.0080 Lipid metabolism

Validation of these potential OA diagnostic biomarkers is currently being carried out 

using immunoassays to confirm these exploratory results.

Table 1. Proteins differencially expressed in OA and healthy synovial fluids using

the Jonckheere-Terpstra test (p<0.01).


