
This may be the author’s version of a work that was submitted/accepted
for publication in the following source:

Nyholt, Dale, Borsook, David, & Griffiths, Lyn
(2017)
Migrainomics - identifying brain and genetic markers of migraine.
Nature Reviews Neurology, 13(12), pp. 725-741.

This file was downloaded from: https://eprints.qut.edu.au/115863/

c© Consult author(s) regarding copyright matters

This work is covered by copyright. Unless the document is being made available under a
Creative Commons Licence, you must assume that re-use is limited to personal use and
that permission from the copyright owner must be obtained for all other uses. If the docu-
ment is available under a Creative Commons License (or other specified license) then refer
to the Licence for details of permitted re-use. It is a condition of access that users recog-
nise and abide by the legal requirements associated with these rights. If you believe that
this work infringes copyright please provide details by email to qut.copyright@qut.edu.au

Notice: Please note that this document may not be the Version of Record
(i.e. published version) of the work. Author manuscript versions (as Sub-
mitted for peer review or as Accepted for publication after peer review) can
be identified by an absence of publisher branding and/or typeset appear-
ance. If there is any doubt, please refer to the published source.

https://doi.org/10.1038/nrneurol.2017.151

https://eprints.qut.edu.au/view/person/Nyholt,_Dale.html
https://eprints.qut.edu.au/view/person/Griffiths,_Lyn.html
https://eprints.qut.edu.au/115863/
https://doi.org/10.1038/nrneurol.2017.151


Figure 1 | Development of markers of migraine states. The top two rows show the 

disease state and potential imaging markers. The row labelled Biomarker criteria 

summarizes the relative state i.e., phase in the migraine cycle of potential development 

for each disease state: exploration, demonstration, characterization and surrogacy165. 

The increase in blue density within the triangle represents the overall state of imaging 

biomarker development. Such markers might be used as a surrogacy for drug evaluation 

or disease state (improvement) in several contexts, including disease chronification, 

disease modification or symptomatic treatment.  

Key: ∆ = change; RSN = resting stat networks; MRS = magnetic resonance spectroscopy; 

MRI = magnetic resonance imaging 

 

 

 

 

Figure 2 | Definition of MRI measures and examples of brain function and structure in 

migraine. A | Activation in the thalamus with allodynia. Differences in response of BOLD 

fMRI signal between the same patients showing responses to allodynia (increased 

sensitivity to heat stimuli during migraine) are shown in the red-orange regions (adapted 

from Burstein et al., 201044). B | Parieto-frontal RSN (adapted from Li et al., 2016183).  

The figure shows changes in the specific for the parieto frontal resting state  C | Cortical 

thickening in migraine: the figure shows the region in the post-central gyrus, which is 

thicker in migraineurs than in controls in high frequency (HF) patients (Adapted from 

Maleki et al 2012)57 D | Areas of significant reduced white matter axial (green) and 

radial (yellow) diffusivity (P < 0.05, corrected for family-wise error rate) in pediatric 

patients with migraine versus healthy controls, superimposed on a fractional anisotropy 

template in the Montreal Neurological Institute space (Adapted from Messina et al., 

2015)184 E |2D J-resolved 1H MRS data recorded from the MRS voxel in a migraine 

patient (Adapted from Becerra et al., 2016)185.  

Key: BOLD, blood oxygen level dependent; fMRI, functional MRI; CT, cortical thickness; 

VBM, voxel based morphometry; DTI, diffuison tensor imaging; MRS, magnetic resonance 

spectroscopy; GABA, gamma amino butyric acid; NAA, n-acetyl aspartate. 

 

 



Figure 3 | Word cloud of the Gene Ontology, Kyoto Encyclopedia of Genes and Genomes 

(KEGG) and Reactome pathways enriched in the 37 genes implicated in migraine. The 

word cloud was generated from the generic enrichment map output from the g:GOSt tool 

of the g:Profiler web server using the ‘wordcloud2’ R186 package 

(https://github.com/lchiffon/wordcloud2). Colours highlight groups of interest: red 

indicates vascular-related pathways, blue indicates metal-ion-related pathways, magenta 

indicates KEGG pathways, green indicates Reactome pathways, and black indicates all 

other pathways. Character size for a given pathway relates to its enrichment (A larger 

font indicates greater significance).  

 

 

 

 

 

Figure 4 | Integrating imaging and genetics into markers of migraine. Numerous 

processes produce a complex disease that can be dissected using genetic and imaging 

approaches to define changes that occur in migraine. Predicting changes on the basis of 

specific markers will improve therapeutic evaluation of treatments for episodic and 

chronic migraine and the prevention or reversal of disease chronification. Combining 

genetic markers with an imaging phenotype would lead to greater specificity and 

reproducibility of a migraine marker. 

https://github.com/lchiffon/wordcloud2
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Figure	1:	Migraine	bio	



Figure	2:	Migraine	Methods	
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A	surrogate	measure	of	neural	func=on	where	
cerebral	 blood	 flow	 correlates	 with	 neural	
ac=vity.	 Studies	 usually	 employ	 evoked	
(psychological,	pharmacological	s=muli).	

Res=ng	state	 fMRI	uses	the	same	approach	
as	 BOLD	 to	 evaluate	 interac=ons	 (low	
frequency	 fluctua=ons)	 between	 different	
brain	regions.	Mul=ple	RSN’s	exist.	

Measures	 of	 cor=cal	 thickness	 using	 MRI	
based	 techniques	 to	 define	 altera=ons	 in	
neuroanatomy	 (thickness/volume)	 with	
disease	state	or	treatment	effects.			

An	 MRI	 approach	 to	 measure	 diffusion	 of	
water	 in	 white	 ma4er	 tracks	 that	 may	 be	
altered	(architectural	structure)	in	a	disease	
state.	Can	also	be	used	to	map	fiber	tracts.	

An	 NMR	 technique	 that	 measures	 brain	
metabolites	 (concentra=on	 or	 presence)	
eg.,	glutamate,	GABA.	It	can	also	be	used	to	
evaluate	neural	integrity	(NAA).	





Figure	4:	Integra=on	
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