
Technical Abstract 

This application responds to the FY17 PRMRP Topic Area Chronic Migraine and Post-Traumatic Headache.  

Background and Rationale: Chronic migraine, especially the recurring headache, is a major challenge for 

military personnel and veterans. Despite its high prevalence and debilitating effects, chronic migraine remains 

poorly understood and inadequately treated. There is an urgent need for more effective medicines with fewer 

side effects. With the support of a PRMRP concept award (W81XWH-11-1-0578), we have explored the 

interactions between the immune and nervous systems in a mouse model of chronic migraine. We observed a 4-

fold increase in the level of chemokine C-C motif ligand 2 (CCL2) mRNA expression in mouse dura and 

trigeminal ganglion (TG) after repetitive injections of nitroglycerin (NTG), a reliable migraine trigger in 

humans. This is consistent with the clinical reports of elevated CCL2 protein in the blood and cerebrospinal 

fluid of patients during migraine attacks as well as persistently elevated CCL2 mRNA in the cranial periosteum 

of chronic migraine patients. Importantly, a selective antagonist for C-C chemokine receptor type 2 (CCR2), the 

cognate receptor for CCL2, completely prevented NTG-induced facial cold hypersensitivity without 

compromising basal cold responsiveness in mice. Pretreatment of mice with a neutralizing antibody against 

mouse CCL2 abolished headache-like behavior, suggesting that antagonizing the peripheral CCL2-CCR2 

pathway can block the onset of headache, reduce attack frequency and prevent migraine chronification. 

Hypothesis and Research Objective: We hypothesize that persistent activation of the endogenous CCL2-

CCR2 signaling results in long-lasting sensitization of dura afferent neurons, thereby contributing to the 

generation of headache and to migraine chronification. We propose to conduct preclinical study to thoroughly 

validate the peripheral CCL2 and CCR2 as molecular targets for novel chronic migraine therapeutics.  

Study Design: We will use repetitive NTG-induced facial mechanical allodynia as a measure of persistent 

sensitization of the trigeminovascular pathway in chronic migraine. NTG-induced persistent aversive state will 

be unmasked with a conditioned place preference (CPP) paradigm. To ensure the translatability of our results, 

we will repeat key experiments in a second mouse model of chronic migraine: repetitive application of 

inflammatory mediators onto mouse dura to induce persistent sensitization and aversive state. 

Specific Aim 1) To validate that blocking the peripheral CCL2-CCR2 pathway prevents and reverses 

migraine chronification. First, we will investigate whether the development of chronic migraine-like state is 

compromised in CCL2 and CCR2 knockout (KO) mice. Secondly, we will test whether CCR2 antagonist 

reverses the established chronic migraine-like state. Lastly, we will investigate whether antagonizing the 

peripheral CCL2-CCR2 signaling with blocking antibodies prevents and/or reverses migraine chronification.  

Specific Aim 2) To elucidate the mechanisms through which the CCL2-CCR2 signaling pathway 

contributes to migraine chronification. First, we will identify dura and TG cell(s) that express CCL2 and 

CCR2 under normal and chronic migraine conditions. Secondly, we will investigate whether CCL2-CCR2 

signaling contributes to migraine chronification through regulating macrophages and/or TG neurons.   

Specific Aim 3) To investigate the interaction between the CCL2-CCR2 and CGRP signaling pathways in 

TG neurons under normal and chronic migraine conditions. First, we will determine whether TG and dural 

afferent neurons co-express CCL2 and CGRP. Secondly, we will use Ca2+-imaging to investigate whether 

CCL2 and CGRP excite the same or different TG and dural afferent neurons. Thirdly, we will test if CCL2 

induces CGRP release and vice versa. Lastly, we will investigate whether antagonizing both CCL2-CCR2 and 

CGRP signaling is more effective in reversing the established chronic migraine-like state than single treatment. 

Impact: In the short term, results from Aim 1 will allow us to determine whether targeting peripheral CCL2 

and/or CCR2 warrant clinical trials for chronic migraine. Since drugs antagonizing the CCL2-CCR2 pathway 

are already in phase II clinical trials for other diseases, this ensures the expedient translation of the outcomes 

from the current study to future clinical trials. In the long term, results from Aim 2 will elucidate the 

mechanisms through which the CCL2-CCR2 signaling pathway contributes to migraine chronification. Results 

from Aim 3 will allow us to predict whether antagonizing CCL2-CCR2 and CGRP pathways will benefit the 

same or different chronic migraine patient population; whether the combined therapy will be a more efficacious 

approach in treating chronic migraine. All in all, our study will facilitate mechanism-based drug discovery for 

chronic migraine and ultimately improve the productivity and quality of life of our soldiers and veterans.  


