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Abstract   

Chronic pain biomarkers can assist clinicians to diagnose patients, identify underlying mechanisms 

of disease, reduce the time and cost to reach a decision in early clinical trials and guide personalized 

pain treatments. Unfortunately, to date, there is no validated biomarker for chronic pain due to the 

difficulty in accessing the central nervous system. However, emerging literature has consistently 

provided evidence for the involvement of the immune system to play a substantial role in the 

modulation of chronic pain. Thus, this thesis examines components of the immune system such as 

Toll like receptor (TLR) signalling, peripheral immune cells and pro-inflammatory cytokine as an 

accessible source which may mirror similarities in brain immune cells and capture the changes in 

chronic pain state.  

Therefore, the purpose of this thesis was to examine the use of peripheral immune cell 

reactivity as a potential biomarker for chronic pain. The first study was conducted in heterogeneous 

chronic pain and pain-free cohorts. Peripheral blood mononuclear cells (PBMCs) were isolated and 

stimulated with various TLR agonists to generate a pro-inflammatory cytokine interleukin-1β (IL-1β) 

concentration response curve. Chronic pain patients displayed significantly enhanced expression of 

IL-1β compared with the pain-free cohort hence the TLR responsiveness demonstrated face validity 

as a chronic pain biomarker.  

The second study demonstrated the translatability of the importance of TLR responsiveness 

in a preclinical neuropathic pain model. IL-1β levels were quantified from basal and TLR2/4 agonist 

stimulated isolated rat PBMCs and spinal cord tissues, and together with the behaviour responses 

were used to generate statistical models. The main findings of this study were the inclusion of basal 

and TLR agonist stimulated outputs were required to predict the presence of pain and severity of 

allodynia with high sensitivity and specificity and that peripherally collected outputs correlated with 

the outputs from the spinal cord, suggesting the ability of peripheral outputs to give insight into 
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central signalling. In addition, a mathematical model developed from rat studies using peripheral and 

central tissues was able to identify chronic pain patients by their peripheral blood response with high 

accuracy.  

The final study assessed TLR responsiveness of isolated PBMCs collected from a cohort of 

medication overuse headache (MOH) patients to determine the efficacy of a novel treatment for 

headache (ibudilast). This study consisted of MOH patients on 8 weeks of either placebo or ibudilast 

treatments. After 8 weeks of treatment, both groups did not experience a change in their headache 

frequency or intensity. However, a significant reduction in the TLR responsiveness occurred in the 

ibudilast group. These data provide the first evidence of a biomarker for ibudilast treatment.  

In sum, this thesis provides evidence that peripheral cells are a good source to be biomarker 

for chronic pain and the importance to assess TLR signalling as an approach to capture the 

dysregulated immune system as a result of chronic pain. The discovered biomarkers require further 

replication and validation before than can be routinely used. However, the present finding can assist 

with the development of future cellular biomarkers for chronic pain.  
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