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Research details
Short summary of initial plan (max 200 words)
The main aim of our project was to explore retinal-thalamocortical pathways that may be responsible for
abnormal processing of thalamic visual inputs, commonly observed in migraine patients. We predicted that
thalamocortical dysregulation may lead to altered cortical excitability and modified susceptibility to migraine
aura. Lately, a refined transgenic Cre reporter mouse model based on the expression of the Sox14 transcription
factor has been validated as a specific tool to modulate the activity of GABAergic interneurons located in the
dorsal (d) part of the lateral geniculate nucleus (LGN). Using this specific mouse model, we precisely modulated
the activity of GABAergic interneurons located in the dLGN by using the latest state-of-the-art techniques such
as chemogenetics (DREADDS) and viral-based cell ablation. We then determined its impact on clinically relevant
migraine-related phenotypes in mice such as cortical spreading depression (CSD; aura), facial mechanical
hypersensitivity (cephalic allodynia) and aversion to light (photophobia).
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Short summary of your actual research (max 200 words)
We validated the DREADDS approach by showing an increase of dLGN interneuron activation following
stereotaxic targeting of dLGN interneurons with an excitatory DREADDS virus and administration of the DREADDs
specific ligand CNO in Sox14Cre/+ mice (Figure 1).
We then established five cohorts of mice (WT, Sox14Cre/+ and dummy virus, Sox14Cre/+ and excitatory DREADDS,
Sox14Cre/+ and inhibitory DREADDS, Sox14Cre/+ and dTA virus (ablation); all injections targeted dLGN only). We
initially demonstrated that CNO alone or a dummy virus lacking the excitatory receptor component had no
impact on CSD thresholds (Figure 2). In comparison, the active excitatory DREADD construct that facilitated
activation of visual feedforward GABAergic interneurons in the dLGN decreased the number of KCL-induced
CSD’s over one hour; however, their inhibition or ablation had no impact (Figure 3). This confirmed our primary
hypothesis that local thalamic inhibition may be a novel target for decreasing thalamocortical excitability with
important implications for migraine aura susceptibility and attack triggering.
In two final experiments, mice were primed with nitroglycerin (clinical migraine trigger) and assessed for light
aversion (Figure 4) or facial mechanical hypersensitivity following a bright light stress paradigm (Figure 5).
Nitroglycerine-induced sensitization was not affected by GABAergic interneuron activity modulation/ablation.
Overview of activities on a monthly basis
Month 1: Familiarisation with headache concepts/literature
Month 2: Electrophysiological technique learning/practice
Month 3: Validation of the chemogenetic approach (DREADDS) in mice
Month 4: Cortical spreading depression study (electrophysiological recordings)
Month 5: Cortical spreading depression study (electrophysiological recordings)
Month 6: Cortical spreading depression study (electrophysiological recordings)
Month 7: Brain tissue processing (mouse perfusion, brain sectioning, brain section immunostaining, confocal
imaging)
Month 8: Light dark-box test: device optimisation and aversion to light study
Month 9: Light dark-box test: device optimisation and aversion to light study
Month 10: Chronic NTG treatment – Bright Light Stress protocol - Von Frey test
Month 11: Brain tissue processing (mouse perfusion, brain sectioning, brain section immunostaining, confocal
imaging)
Month 12: Data analysis and writing results
Has the Fellowship met all your initial aims?
The IHS fellowship was aimed to facilitate my transition to the headache field, which has been a great success. I
acquired many new skills and techniques which now make me feel comfortable within the Headache Field. I
attended two conferences (MTIS 2018 and IHS 2019) where I got the opportunity to present my results and foster
some future collaborations. Overall, it has been a fantastic year and I am now applying for larger fellowships to
continue my progress towards establishing my own research group exploring sex differences in primary
headache disorders.
What, if any, problems did you encounter
Setting up the light dark box test to assess aversion to light was challenging and it is not entirely solved yet. This
specific behavioural task is altered by many variables such as light source, light intensity, recording duration,
assessed parameters. More time would have been required to properly assess these variables and validate the
test.
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How will the fellowship affect your future career?
The IHS fellowship allowed a smooth transition into the headache field by integrating one of the most prestigious
research labs conducted by Dr Philip Holland. He has been a very understanding and helpful mentor allowing me
to bring and develop my own ideas. Consequently, I am in the position to apply for independent grants to
establish myself as a principal investigator into the migraine field. The IHS fellowship represents a strong and
meaningful support for such applications.
What would you recommend to future IHS Fellowship applicants?
The best advice I could give to future IHS Fellowship applicants is to wisely choose the mentor and the place they
want to settle in according to their scientific research question. One year is a very short period of time and it is
crucial to ensure they can start their experimental plan as soon as possible without facing too much
troubleshooting.
Please include five photos/images of your stay
MTIS 2018, London
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Christmas Warm up 2019, London

Christmas Social 2019, London
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Electrophysiology Lab, Headache Group, JBC, London

James Black Centre, Headache Group, London
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APPENDIX – FIGURES

Figure 1. Stimulation of GABAergic Sox14 interneurons. The excitatory DREADDS virus, AAV8-hSyn-DIO-HM3D(Gq)-mCherry,
has been injected into the dLGN of Sox14Cre/+ mice at postnatal day 23. Mice were then kept under a reversed light-dark cycle.
At 12 weeks, all mice (saline- and HM3-injected) received an ip CNO injection (3 mg/kg) during their active phase (dark period
– 11am) and were perfused 90 min later. A strong Fos activation in dLGN is observed in HM3-injected animals (Panel B)
compared to saline-injected animals (Panel A). Sections were 60um thick. Z-stacks have been acquired with A1R confocal.

Figure 2. CNO and viral stereotaxic injection do not modify CSD susceptibility in female mice. CSD events were recorded
following application of K+ 0.25M on the surface of the cortex (1 application every 15 min injection, during 1h) in wild-type
intact female mice (WT), WT mice injected ip with CNO thirty minutes before CSD recording (WT CNO) and Sox14Cre/+ mice
injected with AAV1-EF1α-DIO-MembraneGFP (dummy virus - Het mGFP) into the dLGN. Number of CSD events has been
defined according to a 3mV threshold. Data shown are Mean +/- S.E.M.
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Figure 3. Stimulation of GABAergic Sox14 interneurons decreases CSD susceptibility while inhibition or ablation does not
have any impact in female mice. AAV8-hSyn-DIO-HM3D(Gq)-mCherry (Excitatory - HM3), AAV8-hSyn-DIO-HM4Di-mCherry
(Inhibitory – HM4) or AAV8-EF1α-Lox-Cherry-lox(dtA)-lox2 (Ablated) was injected into the dLGN of Sox14Cre/+ mice. Thirty
minutes after ip CNO injection, CSD events were recorded following application of K+ 0.25M on the surface of the cortex (1
application every 15 min during 1h). Number of CSD events has been defined according to a 3mV threshold. Data shown are
Mean +/- S.E.M. * P < 0.05, ** P < 0.01.

Figure 4. Stimulation, inhibition or ablation of GABAergic Sox14 interneurons does not alter aversion to light in female
mice. Photophobic response to strong light exposure (7000 lux) was measured in a light-dark box paradigm which consisted
in two adjacent compartments (the first one was opaque, closed and dark while the second one was transparent, opened and
illuminated) where the animal was able to move freely. Ninety minutes after an ip injection of nitroglycerin (NTG, 10mg/kg),
dreadds-injected mice (HM3 – HM4) received an ip CNO injection. Thirty minutes later, subjects were placed in the illuminated
box and the time spent in the illuminated box was recorded over a 10min session with a tracking software (ImageJ, Plugging
LD). A first habituation session was run under 7000 lux, then 7 days later a second session under 7000 lux but with NTG
injection was run. Data shown are Mean +/- S.E.M.
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Figure 5. Stimulation or inhibition of GABAergic Sox14 interneurons does not alter mechanical periorbital hypersensitivity
in NTG-treated male mice following bright light stress. Mice received chronic ip injection of nitroglycerin (NTG, 10mg/kg) or
saline every other day during 9 days. Von Frey test was performed on day 0 and day 9 of NTG chronic treatment to ensure
that all NTG-treated groups developed mechanical periorbital hypersensitivity (data not shown). On day 19, Von Frey test was
performed to establish a baseline mechanical threshold (Pre BLS). Mice then received an ip CNO injection 30 minutes before
being exposed to aversive bright light (3000 lux – BLS) for 1h. The next day (day 20), mice received an ip CNO injection 30
minutes before being exposed to aversive BLS for 1h. One hour later, mice were assessed for mechanical periorbital sensitivity
(Post BLS). Data shown are Mean +/- S.E.M. ** P < 0.01, **** P < 0.001.
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