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Question: The neuropeptides calcitonin gene-related peptide (CGRP)
and pituitary adenylate cyclase-activating peptide (PACAP) are both
implicated in migraine. Blocking the activity of these peptides simul-
taneously may provide a clinical advantage over individual blockade.
One strategy is to develop a bifunctional ligand, capable of antagon-
izing both systems at once. As a starting point we utilized the known
antagonism imparted by CGRP and PACAP peptide fragments, ex-
ploring different lengths of PACAP. From this, we selected CGRPg 3,
and PACAPg 35 to attach together and assessed these molecules as
bifunctional antagonists.

Methods: Peptides were synthesized in-house and CGRPg_3; was linked
to PACAPg 35 using 1,3-dipolar cycloaddition at amino acid positions 21,
34 and 38. The potency of these peptides as bifunctional antagonists
was then tested, and compared to the parent fragments. We tested an-
tagonism against CGRP at the human CGRP and AMY, receptors and
against PACAP-27, PACAP-38 and VIP at the human PAC,, VPAC, and
VPAC, receptors in Cos7 cells (cCAMP production). Translational rele-
vance was assessed by measuring antagonism of agonist-stimulated
cAMP production in primary rat spinal cord cultures.

Results: The bifunctional antagonists generally displayed similar an-
tagonist activity to CGRPg3; and PACAPg g in receptor transfected
Cos7 cells and spinal cord cultures. Interestingly, linking CGRPg_3; to
position 38 of PACAP4 33 generated a peptide with greater antagonist
potency than CGRPg 37 at CGRP and AMY, receptors in Cos7 cells.
Conclusions: This study provides proof-of-concept that bifunctional
antagonists capable of blocking both CGRP and PACAP activity can
be generated.
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Background: The use of cannabis and its derivatives has increased
during the last years due to their therapeutic potential. However, the
exact mechanisms of action of cannabinoids are still limited. It has
been suggested that cannabinoids can exert their effects via the acti-
vation of cannabinoid receptors (ie. CB; or CB, receptors) and/or
transient receptor potential vanilloid 1 (TRPV1) channels, suggesting
an interaction between both systems. We investigated the role of CB
receptors in the vasodilatory effects induced by capsaicin in human
isolated coronary arteries (HCAs).

Methods: In HCAs (female, n=5; 56+5 years and male, n=4; 57+4
years), the vasodilatory responses to capsaicin (TRPV1 channel agon-
ist) were evaluated in the absence or presence of the antagonists
capsazepine (TRPV1, 5 uM); AM6545 (CB; receptor, 1 uM); AM630
(CB, receptor, 1 uM); 0O-1918 (putative endothelial CB receptor, 10
UM) or cannabidiol (GPR55 receptor, 1 uM) to obtain the maximum
contractile response (Emax)-

Results: Capsaicin induced concentration-dependent relaxation re-
sponses (Emax 109+8%), which were significantly reduced by AM6545
(Emax 87+4%) or cannabidiol (Eax 86£3%), but not by capsazepine
(Emnax 103+6%), AM630 (Enax 100£3%) or O-1918 (E;nax 93£5%). More-
over, pilot experiments (n=2) showed that the maximal response in-
duced by N-arachidonoylethanolamine, (ACEA, a CB; receptor
agonist; Enax 4317%) is inhibited by AM6545 or capsazepine: Eqax
16£3% and 21+4%, respectively.
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Conclusions: (i) Capsaicin-induced relaxation responses are mediated
by CB; and GRP55 receptors; and (ii) TRPV1 channels may be in-
volved in the modulation of the ACEA-induced relaxation responses.
Thus, we can suggest that the CB and vanilloid systems may share a
signaling pathway to modulate the vascular tone, which may provide
novel therapeutic targets for vascular disorders (e.g. migraine and its
related cardiovascular events). Further studies should elucidate add-
itional mechanisms involved in these responses.
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Numerous endogenous molecules trigger migraine attacks when ad-
ministered to humans. Of therapeutic importance, this has led to the
concept of a "migraine attack signaling cascade" with the calcitonin
gene-related peptide (CGRP) acting via a downstream second mes-
senger cyclic adenosine monophosphate (CAMP) in intracranial vas-
cular smooth muscle cells and other cells. However, whether
intracellular cAMP signaling acts strictly downstream or is dependent
on CGRP receptor activation during a migraine attack has never been
tested directly in humans. Here, using a human provocation model
(CGRP and phosphodiesterase 3 inhibitor, cilostazol, an agent known
to accumulate intracellular cAMP by inhibiting its degradation) in a
randomized, double-blind, placebo-controlled, parallel trial design,
we demonstrate that migraine attacks can be provoked by intracellu-
lar cAMP-mediated mechanisms using cilostazol in the presence of
CGRP receptor blockade (erenumab). Consistent with these findings,
cilostazol-induced dilation of cranial arteries was unaffected by a
CGRP receptor blockade. Our work provides clinical evidence that
cAMP-evoked migraine attacks act downstream of the CGRP recep-
tor, and that these cAMP-evoked migraine attacks appear independ-
ent of CGRP-receptor activation. These findings open new avenues
for mechanism-based drug development for migraine.
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Objective: Headache is a frequent symptom during SARS-CoV-2 infec-
tion and following COVID-19 immunization. We aimed to characterize
the semiology of COVID-19 headache and COVID-19 immunization
headache, as well as to evaluate the influence of primary headache-
migraine or tension-type headache (TTH)-on the COVID-19 headache
and COVID-19 immunization headache phenotype.

Methods: We performed an observational study through an online
survey in healthcare workers who had SARS-CoV-2 infection and
were included in the Occupational Medicine’s register of our tertiary
hospital. Clinical, demographic and headache variables were col-
lected during infection and immunization.
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Results: We included 109 participants with COVID-19 headache, 94/
109(86,2%) women, 45.1(SD:12.45 years, 24.1(SD:4.3) BMI, 29/
109(26.6%) cardiovascular risk factors, 15/112(13.39%) 15/109(13.8%)
anxiety, 7/109(6.4%) depression, 22/109(20.18%) migraine as primary
headache, 11/109(10,09%) TTH as primary headache. COVID-19 head-
ache was the first symptom in 24/109(22%), appeared in
Conclusions: According to our study, both COVID-19 headache and
COVID-19 immunization headache frequently follow a TTH-like
phenotype more than a migraine phenotype. Moreover, COVID-19
immunization headache is frequently more similar to the COVID-19
headache than to the primary headache.
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Introduction: Cluster headache is a severe primary headache dis-
order preferentially affecting men. A high proportion of patients are
smokers.

Methods: We performed a genome-wide association meta-analysis of
4,043 patients with clinically diagnosed cluster headache and 21,729
controls from ten cohorts of European ancestry.

Results: We confirmed the polygenic basis of cluster headache with a
SNP-based heritability of 14.5%. We identified seven genome-wide sig-
nificant loci, of which three are novel (WNT2, rs2402176, OR = 1.20;
PLCE1, rs57866767, OR = 1.18; and LRP1, rs11172113, OR = 1.18) and
four previously identified (DUSP10, rs17011182, OR = 1.38; MERTK,
rs13399108, OR = 1.41; FTCDNLI1, rs6714578, OR = 1.53; and FHLS,
rs9486725, OR = 1.29). The prioritized genes showed enrichment for ar-
tery and brain tissue. Cluster headache shared only some genetic risk
loci with migraine and is genetically correlated with cigarette smoking,
risk-taking behavior, ADHD, depression and musculoskeletal pain. Men-
delian randomization analysis indicated a causal effect of cigarette
smoking intensity on cluster headache.

Conclusion: We identify seven risk loci, of which three are novel. We
provide evidence that cluster headache and migraine have a partly
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distinct and a partly overlapping genetic basis. Mendelian
randomization analysis indicates a causal effect of cigarette smoking on
the development of cluster headache, which has potential clinical
implications.
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Introduction: The pathophysiological mechanisms underlying epi-
sodic cluster headache (eCH), and shift between active and remission
phases, are still not fully understood.

Obijectives: We aimed to define specific internodal connectivity pat-
terns of the default mode network (DMN) in eCH patients, through
advanced brain connectivity analyses with high-density EEG (HD-
EEG).

Methods: Twenty-four patients with eCH and 19 healthy controls
(HCs) were enrolled. Patients with eCH were evaluated during both
the active (T0) and the remission (T1) phases of disease. Of these 24
patients, 8 were registered only at TO, 10 only at T1, while 6 com-
pleted both registrations. The DMN areas considered for the analysis
were: the right and left angular gyrus (RANG and LANG), the medial
pre-frontal cortex (MPC) and the posterior cingulate cortex (PCC). Re-
sults: The study of internodal brain connectivity in patients showed
lower connectivity at T1 (remission) when compared to TO between
PCC and MPC (T0=0.078+0.009 vs. T1=0.049+0.006, p=0.022) and be-
tween PCC and RANG (T0=0.076 + 0.008 vs. T1=0.052+0.005, p=
0.024). Furthermore, connectivity at T1 was lower when compared to
HCs, specifically between PCC and MPC areas (CHe-T1=0.049+0.005
vs. HS=0.067+0.005, p=0.028).

Conclusion: eCH patients evaluated during a remission phase of dis-
ease showed lower brain connectivity between specific areas of the
DMN when compared with either eCH patients tested during an ac-
tive phase and HCs.

This finding may represent a biological marker of disease, while the
fluctuation in PCC connectivity may reflect pathophysiological mech-
anisms involved in the shift from one phase of disease to the other.
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Objective; Hypothalamus is a key region in migraine attacks. In
addition, women are disproportionately affected by migraine. The
calcitonin gene-related peptide (CGRP) system is an important key
player in migraine pathophysiology. CGRP signaling could be a target
of hormones that influence migraine. Our aim is to identify the ex-
pression of vasopressin and its receptors in the brain and in the tri-
geminovascular system with focus on the migraine-related regions
and, furthermore, to examine the role of sex on expression of neuro-
hormones in the trigeminal ganglion.
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Methods; Rat brain and trigeminal ganglia were carefully harvested
and proteins and genes were analyzed by immunohistochemistry
and real-time PCR, respectively. The number of vasopressin and its
receptors immunoreactive neurons in male and female TG were
calculated.

Results; Vasopressin and its receptors immunoreactivity were found
in migraine-related areas within the brain and in the trigeminal gan-
glion, predominantly in neuronal cytoplasm. There were no differ-
ences in the number of positive cells expression of CGRP and
vasopressin in the trigeminal ganglion between male and female
rats. In contrast, the number of RAMP1 (CGRRP receptor) and vaso-
pressin receptors (V1aR and V1bR) immunoreactive cells were higher
in female compared to male. Vasopressin and its receptors mRNA
were expressed in both hypothalamus and trigeminal ganglion; how-
ever, the vasopressin mRNA level was significantly higher in the
hypothalamus.

Conclusions; A better understanding of potential hormonal influ-
ences on migraine mechanisms is needed to improve treatment of
female migraineurs. It is intriguing that vasopressin is an output of
hypothalamic neurons that influences areas associated with migraine.
Therefore, vasopressin might be important hypothalamic compo-
nents that contribute to migraine pathophysiology.
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Question: To assess the long-term therapeutic impact of anti-
calcitonin gene related protein (CGRP) monoclonal antibodies (anti-
CGRP mAbs) in drugs-resistant patients with chronic migraine (CM)
with no or partial response to OnabotulinumtoxinA (BTX).

Methods: A retrospective, cohort study, enrolling 78 severe CM pa-
tients (>80% with medication-overuse [MO]), resistant to >3 pre-
ventative treatments, and treated with BTX and then with anti-CGRP
mAbs. The study consisted of two observational periods of 9 months.
A varying non-observational period of at least 6-months occurred
after the last BTX treatment. The primary endpoints were the abso-
lute change from baseline in monthly headache days (MHDs), re-
sponse rates and persistence in MO at 3-, 6- and 9-months follow-up
in the two cohorts separately. The secondary endpoint was the
change in acute medications use per month. Finally, we performed a
last observation carried forward analysis for primary and secondary
endpoints.

Results: After nine months of treatment, retention rate ranged from
91.0% to 62.2% in the BTX-A cohort and from 96.2%, to 76.9% in the
anti-CGRP mAbs cohort (fig. 1). Approximatively 20% of patients dis-
continued both treatments due to inefficacy. After 9 months of treat-
ment, 22.4% with BTX-A and 65.0% with anti-CGRP mAbs achieved a
>50% response (fig. 2). Two patients were migraine-free in the CGRP
cohort. BTX-A and anti-CGRP mAbs reduced MHDs at month-9.0 by
-5.0 and -12.0, respectively, and decreased the number of MO pa-
tients at month-9 (75.5% and 25% persisted in MO, respectively [fig.
3]). Only two patients discontinued treatments due to AEs.
Conclusions: Our findings in drugs-resistant CM patients indicate
that patients who discontinued BTX-A undergoing anti-CGRP mAbs
treatment showed a substantial clinical improvement in migraine re-
lated outcomes. Stopping BTX-A in patients with no response/partial
response after the first two cycles and switching to an anti-CGRP
mAb appears a viable option.
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OBJECTIVE: Commonly used indirect treatment comparison (ITC)
methods, such as network meta-analyses, assume the presence of a
common comparator across trials. For placebo (PBO)-controlled trials,
PBO usually serves as the common comparator. Recent literature in-
dicates that differences in route of administration (ROA) across PBO
arms of clinical trials in pain disorders may contribute to differences
in PBO effect. We conducted a meta-regression on PBO data from
anti-CGRP monoclonal antibody (mAb) trials for migraine prevention
to quantify the potential impact of ROA on PBO reduction in monthly
migraine days (MMDs) across weeks 1-12.

METHODS: A systematic literature review was conducted in June
2021 to identify relevant PBO data from randomized clinical trials of
anti-CGRP mAbs in migraine prevention. A generalized linear model
was fitted to the extracted PBO data, with migraine type (EM/CM)
and proportion of patients with >2 failed preventives as covariates.
RESULTS: An IV ROA for the PBO arm was a predictor for higher
MMD reduction while episodic migraine, and a higher proportion of
patients having >2 failed preventives were predictors of lower MMD
reduction over weeks 1-12 in the PBO arms of studies investigating
anti-CGRP mAbs.

CONCLUSIONS: Our results indicate that PBO ROA differences may
warrant the use of ITC methods which do not assume the presence
of a common comparator when comparing anti-CGRP mAbs in mi-
graine prevention. Further research should be considered.
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Objective: Investigate in an in vivo model the role of amylin 1
(AMY;) receptor activation in the modulation of the trigeminal noci-
ceptive system in rats during the different phases of the estrous
cycle, and compare it to the responses observed in males.

Methods: We recorded neuronal activity in male and female rats with
extracellular electrodes placed within the trigeminocervical complex
and examined the effects of targeting the AMY, receptor on ongoing
spontaneous and dural-evoked firing rates of central trigeminovascu-
lar neurons. The selective AMY; receptor agonist pramlintide and
AMY; receptor antagonist AC187, were used for the present study.
The different stages of the estrous cycle were identified and assigned
by a blinded experimenter through Cresyl violet-stained vaginal
smears.

Results: Compared to males (n=6), intravenous administration of
pramlintide (6 pg/kg) significantly augmented the ongoing spontan-
eous activity and dural-evoked neuronal responses in the trigemino-
cervical complex, only during the estrus and early diestrus phases of
the female estrous cycle, whereas this effect was not observed in the
metestrus, proestrus and late diestrus phases (n=4-6 per group).
Moreover, compared to vehicle (0.9% NaCl, n=5), intravenous admin-
istration of AC187 (6 pg/kg) significantly decreased the ongoing
spontaneous and dural-evoked firing rates of central trigeminovascu-
lar neurons in males (n=4).

Conclusion: Our data support that activation of the AMY; receptor
modulates the trigeminal nociceptive system and that this effect is
most pronounced during the estrus and early diestrus phases of the
mesntrual cycle. The data also support selective AMY, antagonists as
novel and potentially effective targets for the treatment of migraine.
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Objective

Multiple drugs targeting the calcitonin gene-related peptide (CGRP)
pathway have been developed for the acute and preventive treat-
ment of migraine. In this study, the effect of the monoclonal anti-
body erenumab in combination with the acute anti-migraine
medication rimegepant, olcegepant or sumatriptan (5-HT-R agonist),
on CGRP-induced vasorelaxation was investigated in human isolated
coronary arteries (HCA).

Methods

HCA segments from 17 donors (11 female and 6 male, 53+3 years)
were incubated overnight with 3 uM erenumab, which is the concen-
tration of erenumab causing a maximum rightward shift of relaxa-
tions to CGRP. Next, the segments were mounted on a Mulvany
myograph system, in the presence of 3 pM erenumab, and precon-
tracted with 30 mM KClI and subsequently exposed to CGRP. Rimege-
pant, olcegepant or sumatriptan was added in increasing
concentrations to assess whether these compounds did exert add-
itional CGRP-blocking effects on top of erenumab. In addition, full
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concentration-response curves to CGRP, adrenomedullin or pramlin-
tide were constructed in HCA segments incubated with or without
erenumab (3 uM) and/or olcegepant (1 uM).

Results

The relaxation caused by CGRP in segments incubated with 3 puM
erenumab was reversed by rimegepant (91%), olcegepant (92%) and
sumatriptan (134%, physiological antagonism). Olcegepant seemed
to further shift the concentration-response curve to CGRP when ad-
ministered on top of erenumab, while no further shift of the re-
sponses to adrenomedullin and pramlintide was observed.
Conclusion

Both rimegepant and olcegepant exert additional effects on top of a
maximal effect of erenumab, suggesting that the mechanism of ac-
tion of erenumab and gepants may not be identical. In contrast, olce-
gepant does not induce additional effects on top of erenumab for
the agonists adrenomedullin and pramlintide. This suggests that dif-
ferent receptor populations may mediate responses to CGRP, adreno-
medullin and pramlintide in HCA.
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Objective: Calcitonin gene-related peptide (CGRP) is well-established
as a key component of migraine pathophysiology, yielding effective mi-
graine therapeutics. Further refinement of these treatments requires a
more in-depth understanding of CGRP's actions at its receptors, which
contain a core accessory protein subunit: receptor activity-modifying
protein 1 (RAMP1). Our understanding of RAMP1 expression at the cel-
lular level is incomplete, partly due to the challenges in the availability
and identification of specific and validated antibody tools.

Methods: We profiled antibodies for immunodetection of RAMP1
using western blotting,

immunocytochemistry, and immunohistochemistry, including using
RAMP1 knockout mouse tissue.

Results: Most antibodies could detect RAMP1 protein in western
blotting and immunocytochemistry using transfected cells. Selected
antibodies were profiled further, and two antibodies (844, ab256575)
could detect a RAMP1-like band in western blots of rodent brain but
not RAMP1 knockout mice. However, cross-reactivity with other pro-
teins was evident for all antibodies. In immunohistochemistry clear
conclusions about RAMP1 anatomical localization were prevented
because each antibody unexpectedly detected distinct patterns of
immunoreactivity.

Conclusions: Although most antibodies were capable of detecting
RAMP1, their ability to also detect off-target proteins means that im-
munoreactivity produced by RAMP1 antibodies (including 844) in
nervous tissue cannot be confidently attributed to RAMP1 in immu-
nohistochemical applications. RAMP1 expression in nervous tissue
therefore needs to be revisited. Our results have implications for
using RAMP1 antibodies for any immunohistochemical investigation
in any tissue. Furthermore, as RAMP1 is important for other GPCR/lig-
and pairings, our results have broader significance beyond the CGRP
field.
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INTRODUCTION: Large numbers of people with headache who
would benefit are not reached by headache services. Among the
causes are poor or disorganized provision of headache services, but
reluctance to seek healthcare has frequently been identified as a sig-
nificant barrier. We conducted a national survey of people with head-
ache to assess the extent of this problem in Denmark, a country with
well organized, highly resourced, and readily accessible services.
METHODS: We conducted a nationwide cross-sectional survey of
adults >18 years old in Denmark reporting at least one headache day
in the last year. The survey investigated five items: (1) disease bur-
den, (2) social life, (3) presenteeism, (4) social support, and (5) health-
care utilization.

RESULTS: We included 6,567 respondents from May 2021 to June
2021; 70.2% were female, 39.8% male, and mean age was 43.2+13.4
years. Of the respondents, 54.2% reported headache at least once a
week, 33.4% reported headache a couple of times a month, and
12.4% reported headache a couple of times a year. Two-thirds of re-
spondents (66.6%) reported that headache limited their social lives
occasionally or frequently. Most respondents (86.8%) reported going
to work or attending educational activities occasionally or more fre-
quently even though they had headache. Half of the respondents
(49.5%) experienced lack of understanding of their headaches from
people occasionally or more frequently. Almost half of respondents
(43.7%) had never consulted a medical doctor for their headache;
even of those with weekly headache, more than a quarter (28.3%)
had never done so in their lifetimes.

CONCLUSIONS: Headache disorders continue to be a problem, even
in a high-income country with free and easily accessible headache
services.
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OBJECTIVE: This post hoc analysis evaluated changes in days of
acute headache medication (AHM) use among patients with
medication-overuse headache (MOH) from the PROMISE-2 trial.
METHODS: PROMISE-2 (NCT02974153) was a double-blind, random-
ized, placebo-controlled phase 3 study evaluating safety and efficacy
of eptinezumab (100 or 300 mg) in adults with chronic migraine
(CM). In eDiaries, patients indicated daily whether they experienced a
headache, used AHM, and type of AHM used.

RESULTS: Of the 1072 patients with CM in PROMISE-2, 431 (40.2%)
were formally diagnosed with MOH. The 28-day screening/baseline
period comprised 18,504 (eptinezumab) and 9,560 (placebo) study
days with medication data; Weeks 1-24 comprised 100,390 and
50,632 days, respectively. The proportion of headache days and AHM
use decreased -29.1%-points (eptinezumab) vs -18.4%-points (pla-
cebo), and the proportion reporting no headache or AHM use in-
creased 33.8%-points vs 23.6%-points, respectively. The proportion
with headache and no AHM use decreased 6.1%-points and —7.1%-
points for eptinezumab and placebo, respectively. Triptans were the
most used AHMs at baseline (eptinezumab, 20.1%; placebo 19.3%),
but triptan use decreased more with eptinezumab vs placebo (-11.8
vs —7.2%-points).

CONCLUSIONS: Eptinezumab was associated with greater declines in
headache frequency and days of AHM use vs placebo in patients
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with a dual diagnosis of CM and MOH, especially the subgroup of pa-
tients experiencing >50% response.
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QUESTION

Fibromyalgia is a frequent chronic disease and appears frequently
with chronic migraine in our patient. We design this sub-study to
evaluate if patients with fibromyalgia and migraine responds to anti-
bodies anti-CGRP (a-CGRP) as well as patients without fibromyalgia.
METHODS

We present a sub-analysis of a prospective study of patients with re-
sistant migraine treated with a-CGRP analyzing days of migraine
(MHD), headache (HHD) and symptomatic treatment (MusD) as well
as scales (HIT-6, MIDAS, pain catastrophizing scale, quality of life
(MsQol)). We compared the response to a-CGRP at 3 ant 6 months in
patients with fibromyalgia (Fi) and without it (No-Fi)

RESULTS

We included 53 patients Fi and 283 No-Fi. 78% of women and mean
age of 46 years in the group no-Fi and 98% of women and mean
age of 53 in the group Fi, 5 treatment failures in both groups.

In the group No-Fi before using the a-CGRP they have 22,6 HHD,
19,4 MHD and 19 MsuD. After 3 months, there is a reduction of 9,7
HHD, 7,8 MHD and 8 MsuD. After 6 months 10,7 HHD, 9,6 MHD, 8,6
MsuD. At 6 months, HIT-6 reduces 9,5 points, MIDAS 46,5 points and
MsQol increases 20,5 points.

In the group Fi before they have 23,9 HHD, 19,9 MHD and 18,9
MsuD. After 3 months, there is a reduction of 8,9 HHD, 6,4 MHD and
5,8 MsuD. After 6 months 10,7 HHD, 8,7 MHD, 8,1 MsuD. At 6
months, HIT-6 reduces 8,8 points, MIDAS 63,5 points and MsQol in-
creases 22,3 points.

30% in group Fi reported adverse events and 36% in No-Fi.
CONCLUSIONS

Patients with fibromyalgia responds to a-CGRP too, although, accord-
ing with our study, the improvement seems to be more delayed
compared to patients without fibromyalgia. The quality of life and
the disability improve slightly more in the group with fibromyalgia
than in the group without it. There is no difference in the rate of ad-
verse events.

We consider that with these results, patients with fibromyalgia and mi-
graine should be treated with a-CGRP as well as patients without it.

A16

The Idiopathic Intracranial Hypertension Life Long study:
Evaluation of prognostic factors and outcomes

M. Thaller'?3 V. Homer?* S. Mollan"®, A. Sinclair'*?

'University of Birmingham, Institute of metabolism and systems
research, Birmingham, United Kingdom; 2University Hospitals
Birmingham NHS Foundation Trust, Neurology, Birmingham, United
Kingdom; Birmingham Health Partners, Centre for Endocrinology,
Birmingham, United Kingdom; *University of Birmingham, Cancer
Research (UK) Clinical Trials Unit, Birmingham, United Kingdom;
*University Hospitals Birmingham NHS Foundation Trust, Birmingham
Neuro-Ophthalmology, Birmingham, United Kingdom
Correspondence: M. Thaller

The Journal of Headache and Pain 2022, 23(Suppl 1):A16

Page 6 of 143

Question

There is limited longitudinal data evaluating visual and headache
outcomes in ldiopathic intracranial hypertension (IIH). We aimed to
evaluate the long-term outcomes in a large prospective real-world
cohort of patients with IIH and prognostic factors.

Methods

A longitudinal clinical examination dataset was analysed from the
prospectively collected IIH:Life database 2012-2021. Data included
demographics and disease status. Visual outcomes included visual
acuity (LogMAR), perimetric mean deviation (MD) (Humphrey 24-2
central threshold) and papilloedema (optical coherence tomography
(OCT) imaging measurements). Headache frequency (days per
month) and the headache impact test-6 questionnaire (HIT-6) were
noted. We analysed the key variables for prognostic outcomes of vi-
sion and headache, focusing on the medically treated cohort.

Results

490 had a confirmed diagnosis of IIH. 98% were female with a mean
body mass index (BMI) of 38 kg/m2. Those with the highest OCT
RNFL had the worst visual outcomes, but there was a delay of over
12 months before the visual field and OCT measurements revealed
this decline. In the medically managed cohort (n=426) visual out-
comes were good. Regression analyses showed change in BMI and
disease duration had the most influence on vision.

Those who were managed medically and had active IIH (n=281)
there was a high headache burden and risk of high headache fre-
quency was found to be associated with a personal migraine history
and daily headache at diagnosis. There was a low relapse rate of
3.7%, which was associated with weight gain.

Conclusions

Those with the most elevation of their RNFL had worse long-term
visual outcomes which only became apparent in longer term follow-
up after 12 months. In a medically managed cohort of people with
IIH disease duration and change in BMI were the key factors in influ-
encing visual outcomes. The headache burden was high, and tar-
geted therapy remained an unmet clinical need.
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Idiopathic intracranial hypertension (IlH) is a disease characterised by
raised intracranial pressure (ICP) and occurs predominantly in women
with obesity; however the underlying molecular pathogenesis is not
fully understood. We have applied untargeted metabolomic analysis
using ultra high performance liquid chromatography-mass spectrom-
etry to characterise the cerebrospinal fluid (CSF) and serum metabol-
ite profiles in IIH compared to control subjects and to probe
underlying disease mechanisms.

CSF and serum were collected from IIH patients (n=66) with active
disease (lumbar puncture pressure >25 cmCSF and Frisén papilloe-
dema grade >1) at baseline and again at 12 months following thera-
peutic weight loss. Analogous samples were collected at baseline
from gender and body mass index matched healthy controls with
obesity (n=20). We identified two annotated metabolite features in
CSF; (1) formylpyruvate and (2) maleylpyruvate and/or fumarylpyru-
vate isomers, which were present at lower concentrations in IIH com-
pared to control subjects and returned to relative values of control
subjects following weight loss. These metabolites showed the
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opposite trend in serum. Several amino acid and fatty acid metabolic
pathways were repeatedly perturbed in serum. Arginine metabolism
and arginine biosynthesis pathways were also altered in CSF and
serum in relation to IIH symptoms and remission. Lipid classes re-
lated to obesity were observed as biologically important in serum
supporting the link between obesity and lipid metabolism in IIH.
These results support IIH being a systemic metabolic disease, not
merely a pathology of the central nervous system and optic nerve.
The perturbed pathways were also associated with disease clinical
features and normalised over 12 months in line with disease remis-
sion. Perturbation of these metabolic pathways provides initial un-
derstanding of disease dysregulation in IIH and require further
mechanistic evaluation.

A18

Real-world evidence of galcanezumab for migraine treatment in
Japan: A retrospective analysis

T. Takizawa', S. Ohtani'?, N. Watanabe', N. Miyazaki®, K. Ishizuchi’, K.
Sekiguchi', C. Iba', M. Shibata®, R. Takemura®, S. Hori?, J. Nakahara'
Keio University School of Medicine, Neurology, Tokyo, Japan; ’Keio
University Faculty of Pharmacy, Division of Drug Informatics, Tokyo,
Japan; 3Keio University Hospital, Biostatistics Unit, Clinical and
Translational Research Center, Tokyo, Japan; “Tokyo Dental College
Ichikawa General Hospital, Neurology, Ichikawa, Japan
Correspondence: T. Takizawa

The Journal of Headache and Pain 2022, 23(Suppl 1):A18

Question: Galcanezumab is the first anti-calcitonin gene-related pep-
tide monoclonal antibody approved in Japan. How are the efficacy
and safety of galcanezumab in patients with migraine in a real-world
setting in Japan?

Methods: We retrospectively analyzed patients with migraine who
received three doses of galcanezumab between August 2021 and
February 2022 at the Keio University Hospital. We assessed changes
in monthly migraine days (MMD), responder rate (RR), and migraine-
associated and premonitory symptoms. We also investigated injec-
tion site reactions and adverse events.

Results: Fifty-two patients received three doses of galcanezumab
during the study period. Compared to baseline, the MMDs decreased
by 5.9 days (95% confidence interval, 4.2-7.7) at 3 months. The 50%
RR was 61.5% at 3 months. A total of 64.9%, 50.0%, and 63.9% of pa-
tients showed improvement in the severity of photophobia, phono-
phobia, and nausea/vomiting, respectively. Premonitory symptoms
persisted in 62.5% of patients. Moreover, injection site reaction was
the most common adverse event (34.6%).

Conclusion: This study revealed the efficacy and safety of galcanezu-
mab for migraineurs in Japan. Galcanezumab also improved
migraine-associated symptoms. However, despite a reduction in
headaches, premonitory symptoms persisted in >50% of the patients
at 3 months, possibly due to a peripheral action of anti-calcitonin
gene-related peptide monoclonal antibodies.
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Introduction: The regulated on activation and normal T-cell
expressed and secreted (RANTES/CCL5) is a chemotactic protein that
beyond to chemoattraction is involved in nociception and trigeminal
pain. Previous study demonstrated an increased serum RANTES/CCL5
concentration in migraineurs during migraine attack. Additionally,
higher RANTES/CCL5 concentration distinguish migraine patients
compared to tension-type headache patients. However, the RANTES/
CCL5 concentration in headache-free period of migraineurs is contra-
dictory in the literature.

Methods: Blood samples were collected in two independent time-
points to measure plasma RANTES/CCL5 concentration of 21 females
with episodic migraine without aura and 22 healthy control females
The difference in plasma RANTES/CCL5 between migraine and con-
trol group was calculated with Mann-Whitney U-test using SPSS27.
Results: RANTES/CCL5 concentration were decreased in migraine pa-
tients compared[K1] to healthy controls in both blood samplings
(1.BS: U=329, p=0.017; 2.BS: U=312, p=0.049).

Conclusion: Previous studies reported that lower RANTES/CCL5 con-
centration was associated with higher flow-mediated dilation in ves-
sels. Thus, the decreased serum RANTES/CCL5 concentration
replicated in two independent measures may be the sign of vascular
hypersensitivity in migraine patients between attacks. The decreased
RANTES/CCL5 concentration in interictal period may be a predispos-
ing factor for migraine attack, while the increased RANTES/CCL5 con-
centration might be associated with migraine pain in ictal period.
These findings suggest that RANTES/CCL5 might play a complex role
in migraine pathophysiology through its pro-inflammatory, nocicep-
tive and vascular effects that should be further explored.

Funding: EFOP-3.6.3-VEKOP-16-2017-00009; 2017-1.2.1-NKP-2017-00002,
KTIA_13_NAPA-II/14, KTIA_NAP_13-1-2013- 0001, KTIA_NAP_13-2- 2015-
0001; 2020-4.1.1.-TKP2020; TKP2021-EGA-25; 2019-2.1.7-ERA-NET-2020-
00005.
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Background and purpose: Although the majority of migraine with
aura (MwA) patients experience simple visual aura, a discrete per-
centage also report somatosensory, dysphasic or motor symptoms
(the so-called complex auras). The wide aura clinical spectrum led to
an investigation of whether the heterogeneity of the aura
phenomenon could be produced by different neural correlates, sug-
gesting an increased visual cortical excitability in complex MwA. The
aim was to explore whether complex MwA patients are characterized
by more pronounced connectivity changes of the visual network and
whether functional abnormalities may extend beyond the visual net-
work encompassing also the sensorimotor network in complex MwA
patients compared to simple visual MwA patients.

Methods: By using a resting-state functional magnetic resonance im-
aging approach, the resting-state functional connectivity (RS-Fc) of
both visual and sensorimotor networks in 20 complex MwA patients
was compared with 20 simple visual MwA patients and 20 migraine
without aura patients.

Results: Complex MwA patients showed a significantly higher RS-Fc
of the left lingual gyrus, within the visual network, and of the right
anterior insula, within the sensorimotor network, compared to both
simple visual MwA and migraine without aura patients (p < 0.001).
The abnormal right anterior insula RS-Fc was able to discriminate
complex MwA patients from simple aura MwA patients as demon-
strated by logistic regression analysis (area under the curve 0.83).
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Conclusion: Our findings suggest that higher extrastriate RS-Fc might
promote cortical spreading depression onset representing the neural
correlate of simple visual aura that can propagate to sensorimotor re-
gions if an increased insula RS-Fc coexists, leading to complex aura
phenotypes.

Results-1

(p0.001)
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Fig. 1 (abstract A20). See text for description.

Results-2

« Comp s compared with both simple visual MwA and MwoA

Higher RS-Fc of the {efl lingual gyrus within the visual network

Lcomplex MwA > simple visul MwA > MwoA)

v Higher RS-Fc of the right anteniar insula within the sensorimator
network (p<0.001)
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Fig. 2 (abstract A20). See text for description.
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Obijective: The mechanisms behind the transformation of episodic
migraine to chronic migraine and vice versa have not yet been eluci-
dated. Epigenetic changes are implicated in this process. If treatment
results in conversion back to episodic migraine these epigenetic pro-
cesses might also be reverted. We aimed to identify DNA methyla-
tion changes associated with treatment response in chronic migraine
patients with medication overuse.
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Methods: A longitudinal epigenome-wide association study was per-
formed as part of the Chronification and Reversibility of Migraine
(CHARM) study. Blood was taken from chronic migraine patients (n =
98) at baseline and after a 12-week withdrawal period. Treatment re-
sponders, patients with > 50% reduction in monthly headache days
(MHD), were compared with non-responders to identify methylation
changes associated with treatment response. Similarly, > 50% versus
< 50% reduction in monthly migraine days (MMD) was compared.
Sex-specific analyses were performed. Finally, it was evaluated
whether DNA methylation status at baseline was predictive of treat-
ment response after t = 12 weeks.

Results: At the genome-wide level, a change in DNA methylation at
one CpG site within an intron of the HDAC4 gene was associated
with MHD response (p = 9.42x107%) (Fig TA). Sex-specific analyses re-
vealed two CpG sites associated with MHD response, proximal to
DLGAP2 for women (p = 1.11x107) and STS5/AKIP1 for men (p =
8.67x10®). Five CpG sites were associated with MMD response in
men: ZAN (p = 241x10%), ZNF248 (p = 2.52x10%), H4C2 (p =
2.87x108), between RIT2/SYT4 (p = 4.29x107), and between NRXN1/
ASB3 (p = 6.44x10®). Baseline methylation at one CpG within MARK3
was predictive of MMD response at 12 weeks.

Conclusion: Global and sex-specific DNA methylation changes are as-
sociated with treatment response in chronic migraine. Moreover,
DNA methylation status at baseline might be predictive of treatment
response.

A Response monthly headache days B Response monthly migraine days

illisllliiln

Predictive of monthly headache days Predictive of monthly migraine days

Fig. 1 (abstract A21). Manhattan plots from the epigenome-wide
association study. Manhattan plot showing the -log10 p value for
each CpG site. The threshold for genome wide significance (p <9.42
x 107" is indicated by a continues line. The threshold for suggestive
genome wide significance (p < 5 x 107) is indicated by a striped
line. Changes in DNA methylation in monthly headache days (MHD)
responders vs non-responders (A): changes in DNA methylation in
monthly migraine days (MMD) responders vs non-responders (B).
Predictive value of DNA methylation profiles at baseline of
favourable treatment response for MHD (C) and MMD (D)
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Question: Are there putative predictors of super-response to CGRP
monoclonal antibodies?

Methods: This was a unicentric prospective study between February
2019 and April 2022. We collected demographic, clinical, comorbid,
and therapeutic data. We applied validated clinical scales to assess
baseline severity and therapeutic response. We defined super-
responders as patients who achieved a consistent >75% reduction in
migraine frequency after 6 months of treatment and non-responders
as patients with reduction <25%. We used SPSS v.23 for statistical
analysis and compared groups of super-responders to non-
responders using univariate linear logistic regression.

Results: From a total of 63 patients and after excluding 8 (12.8%)
(short follow-up), we analyzed 42 patients. Median age was 44 years
(IQR 52) and 41 (97.6%) were women. Twenty-one (50%) had chronic
migraine with median duration of 22.9 years (IQR 56), 17 (40.5%) had
medication overuse and 24 (57.1%) responded to triptans. We
treated patients with Erenumab (n=31), Fremanezumab (n=7) and
Galcanezumab (n=4). We had 29 super-responders and 13 non-
responders. We found a statistically significant association between
super-responders and lower baseline frequency of migraine (OR=
0.901), episodic migraine (OR=0.096) and response to triptans (OR=
5.000). After treatment, there was a statistically significant association
between reduction of migraine frequency and lower HURT scale
score (OR=0.771) and decreased headache intensity (OR=0.644). We
noticed a trend towards statistically significant results between
super-responders and >3 failed preventives (p=0.072) and lower
baseline intense episodes (p=0.085).

Conclusions: In CGRP monoclonal antibody treatment, episodic mi-
graine, response to triptans and lower baseline intense episodes may
be potential predictors of super-response. HURT scale may be appro-
priate to monitor these patients. This real-life data may allow better
selection and management of patients.
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Background: The response to cluster headache treatments has a high
interindividual variation. To date, treatment response has only been
assessed by candidate gene approach and no investigations into
metabolic pathways have been performed.

Question: To investigate the association between polygenetic risk of
cluster headache and treatment response to first line cluster
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headache treatments. Additionally we investigated known functional
variants of CYP3A4 and the response to verapamill. Further, to repli-
cate previous single nucleotide polymorphisms found to be associ-
ated with treatment response in cluster headache and/or migraine.
Methods: 508 cluster headache patients diagnosed according Inter-
national Classification of Headache Disorders ere genotyped and par-
ticipated in a semi-structured interview to evaluate treatment
response. Polygenetic risk score was calculated by effect retrieved
from meta-analyzing the latest two GWAS on cluster headache.
Results: We confirm previous findings that inferior treatment re-
sponse associates with chronicity of cluster headache no evidence
for response to first-line abortive and preventive treatment was pre-
dicted by a high genetic risk of cluster headache or functional vari-
ants of CYP3A4. We did not found support of the suggested genetic
variants previously reported to be associated with treatment re-
sponse to triptans or verapamil.

Conclusion: The clinically relevant variation in treatment response for
cluster headache is unlikely to be influenced by genetic factors and
other factors should be searched.
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Question: It is still to be shown if there is a correlation between
baseline CGRP levels and prediction of response to these treatments
or if CGRP levels are modified and how with treatment. We aimed (i)
to analyze salivary CGRP levels in migraine patients (ii) to predict ere-
numab response from pre-treatment CGRP levels and (iii) to evaluate
CGRP change post-treatment.

Methods: This is a prospective observational study that measured
salivary CGRP levels in healthy controls (HC), episodic migraine (EM)
and chronic migraine (CM) patients. Participants collected saliva sam-
ples at baseline and, patients who were candidates to receive erenu-
mab 140 mg, also collected saliva after 3 doses of treatment. We
quantified CGRP-like immunoreactivity (CGRP-LI) by ELISA and we
performed an analysis at baseline and post-treatment through gener-
alized linear mixed models.

Results: At baseline, a higher headache frequency was associated
with higher CGRP levels, being those even higher in presence of de-
pressive symptoms. A cut-off point of 103.75 pg/mL was estimated
to differentiate migraine from controls with an 80.3% of accuracy.
We also found that higher pre-treatment salivary CGRP levels were
statistically significantly associated to a higher probability of having
50% or greater reduction in headache frequency in EM patients, but
not in CM. After 12-weeks of treatment with erenumab 140, salivary
CGRP levels from patients within all spectrum of migraine frequency
converged to similar CGRP values. In contrast, in patients with con-
comitant depressive symptomes, this convergence did not happen.
Interpretation: Patients with migraine not only have higher CGRP
levels compared to controls, but also the presence of depressive
symptoms seems to increase salivary CGRP levels and we have evi-
dence, for the first time, that salivary CGRP concentration is associ-
ated with treatment response to erenumab.



The Journal of Headache and Pain (2022) 23:163

sl CCGRP |/ ek}
\

\

2
E i
<
P
E

Predicted probability of CGRP-mAb response

8 10 12

16 18 20
Basal MHD (d/mo)

Basal CGRP (pg/mL) — 10 = 50 H 100
F

g. 2 (abstract A24). See text for description.
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Effectiveness and safety of surgical treatment of classic and
Idiopathic trigeminal neuralgia

A. Martinez Viguera, J. M. Fernédndez Vidal, R. Collet Vidiella, G. Olmedo
Saura, C. Toscano Prat, R. Sainz Torres, M. Borrell Pichot, T. I. Mederer
Fernandez, B. Alberti Vall, R. Rodriguez Rodriguez, J. A. Aibar Duran, R.
Belvis Nieto, N. Morollén Sanchez-Mateo, A. Martinez Viguera

Hospital de la Santa Creu i Sant Pau, Neurology, Barcelona, Spain
Correspondence: A. Martinez Viguera
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QUESTION

Surgical treatment of trigeminal neuralgia (TN) is indicated in refrac-
tory cases. Different percutaneous and invasive techniques can be
performed. This study aims to analyze the effectiveness and safety of
these procedures.

METHODS

A retrospective observational single-center study of patients with
classic or idiopathic refractory TN (failure to 3 different groups of
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drugs). Clinical, diagnostic-therapeutic, and clinical evolution data
were collected.

RESULTS

We included 70 patients (60% female), with a median age at diagno-
sis of 56 [23-82], 48(69%) had classic TN.

The mean number of previous drugs used was 4.24 (SD+2.25).

47 patients (67%) were treated with microvascular decompression
(MVD), being effective in 87% (52% total, 35% partial) and achieving
medication withdrawal in 15. 11 (23.4%) presented complications;
major, yet reversible, in 3 cases.

In 42 (60%) percutaneous techniques were used. 26 (37.1%) under-
went radiofrequency thermocoagulation (1.77 times per patient on
average) with a response rate of 60% (12% total, 48% partial), com-
plications appeared in 7 (17.4%), 3 of which were major and persist-
ent. 16 (34.8%) underwent balloon compression (1.25 times per
patient) with 84% effectiveness (56% total, 25% partial), 4 (25%)
minor complications were registered, 75% of which were persistent.
In 17 patients (24%) both techniques were used (47% DCMV as the
first option).

2 gangliolysis, 1 stereotactic radiosurgery, and 1 implantation of cor-
tex stimulation device were performed, with no subsequent
complications.

CONCLUSIONS

Surgical techniques are effective in patients with refractory TN, allow-
ing to reduce medication use. The technique that offers the best re-
sults is MVD. Complications may appear in up to a quarter of
patients, regardless of the technique used, being more frequent and
persistent, contrary to expectations, in percutaneous procedures.

A26

Effectiveness and tolerance of real-world medical treatment in
classical and idiopathic trigeminal neuralgia. A series of 193
patients.

G. Olmedo Saura, C. Toscano Prat, R. Collet Vidiella, J. M. Fernandez Vidal,
A. Martinez Viguera, B. Alberti Vall, T. . Mederer Fernandez, R. Sainz
Torres, M. Borrell Pichot, R. Belvis Nieto, N. Morollén Sénchez-Mateo
Hospital de la Santa Creu i Sant Pau, Neurology, Barcelona, Spain
Correspondence: G. Olmedo Saura
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Question

Medical treatment recommendations in trigeminal neuralgia (TN) are
based on few clinical trials with small samples and expert recommen-
dations. Our aim is to describe the long-term effectiveness and toler-
ability of medical treatment in classical and idiopathic trigeminal
neuralgia in real-world conditions.

Methods

We performed an observational study in which all patients with clas-
sical and idiopathic TN seen in our center were retrospectively
collected.

Results

We included 193 patients (67% women), with a median age at diagno-
sis of 59 years [15-93], and a median follow-up of 3 years. 64% had clas-
sic TN. The median number of drugs used was 3.23 (SD +2.26).

Of the 125 patients followed >2 years, 74 (59%) achieved sustained
control. 66 (53%) with carbamazepine and derivatives, and 23 (18%)
with gabapentinoids. 17 (25%) responded to the first drug used, and
19 (15%) responded to combined treatment.

Of the 66 patients followed >5 years, 28 (42%) achieved sustained
control. 23 with carbamazepine and derivatives, and 7 with gabapen-
tinoids. 17 (25%) responded to the first drug used, and 6 (9%)
responded to combined treatment.

A total of 130 patients were treated with carbamazepine, 103 (54%)
as first choice. A response was obtained in 44 (35%). 54 (42%) re-
ported adverse effects.
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Conclusions

Despite the increasing therapeutic offer of neuromodulators, carba-
mazepine is still the drug of choice, and with better effectiveness
data. However, adverse effects are an important limitation. In a high
percentage of patients with medical treatment we do not achieve a
correct long-term control of TN.

A27

Predictors of response to medical and surgical treatment in
classical and idiopathic trigeminal neuralgia

R. Collet Vidiella', J. M. Fernandez Vidal', G. Olmedo Saura', A. Martinez
Viguera', C. Toscano Prat', M. Borrell Pichot', R. Sainz Torres', T. I.
Mederer Fernandez', B. Alberti Vall', R. Rodriguez Rodriguez?, J. A. Aibar
Duran?, R. Belvis Nieto', N. Morollén Sanchez-Mateo'

"Hospital de la Santa Creu i Sant Pau, Neurology, Barcelona, Spain;
2Hospita\ de la Santa Creu i Sant Pau, Neurosurgery, Barcelona, Spain
Correspondence: J. M. Fernédndez Vidal
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Question

The proportion of patients that respond to medical and surgical
treatment in trigeminal neuralgia (TN) is variable. We aimed to iden-
tify potential predictors of response to medical and surgical treat-
ment in classical and idiopathic trigeminal neuralgia.

Methods

We conducted an observational, retrospective, and unicenter study
in adults with classical or idiopathic TN. We analyzed the relationship
between several epidemiologic, anatomic, and clinical characteristics
and outcomes with the use of the chi-square or Fisher's exact test for
categorical variables and with ANOVA for continuous variables. P-
value <0.05 was considered significant. All reported P-values are two-
sided.

Results

A total of 193 patients (67% women) were included, with a median
age at the first visit of 64 [22-93] years.

Medical treatment response for >2 years was present in 59% of pa-
tients. Older age at the first visit (66 vs 58, p<0.01) and the presence
of hypertension (47% vs 26%, p=0.03) were associated with response
to medical treatment. No significant differences were found in terms
of gender, affected branch, type of TN, or other comorbidities.

The effectiveness of microvascular decompression was 87%. A more
significant number of previous drugs (3.7 vs 6.7, p=0.03) was associ-
ated with no response. No differences were found regarding other
variables.

The effectiveness with thermocoagulation was 60%. V2 involvement
(75% vs 17%, p=0.01) and pain in V2-V3 branches (91% vs 40%, p=
0.01) were associated with effectiveness, while single branch involve-
ment (27% vs 87%, p<0.01) to no response.

The effectiveness of mechanical compression was 84%. No response
predictors were found.

Conclusions

Advanced age and hypertension were associated with a sustained re-
sponse to medical treatment. A greater number of drugs before
microvascular decompression was associated with a worse response.
The involvement of branches V2 and V2-V3 was associated with ef-
fectiveness with thermocoagulation.

A28

Inhibition of peripheral FAAH alleviates hyperalgesia induced by
acute dural inflammation in experimental migraine

M. Francavilla', R. Greco', C. Demartini', A. Zanaboni'”, C. Tassorelli"?
']RCCS Mondino Foundation, Pavia, Italy; 2University of Pavia,
Department of Brain and Behavioral Sciences, Pavia, Italy
Correspondence: M. Francavilla

The Journal of Headache and Pain 2022, 23(Suppl 1):A28
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Peripheral and central sensitization is an important pathophysio-
logical process in migraine and its chronification, but the underlying
mechanisms are largely unclear. Trigeminal hyperalgesia and/or facial
allodynia have been tested in animal models to simulate clinical
symptomatology and to investigate the mechanisms underlying mi-
graine pain. Inhibition of the fatty-acid amide hydrolase (FAAH) activ-
ity, the enzyme that deactivates the endocannabinoid anandamide,
may exert anti-nociceptive effects via the activation of peripheral
cannabinoid (CB1) receptors. Aim - Here, we evaluated the effects of
FAAH inhibition in a migraine model of peripheral sensitization ob-
tained by evaluating trigeminal hypersensitivity at the orofacial for-
malin test in animals with dural inflammation. Methods - Dural
inflammation was induced in male Sprague-Dawley rats with the in-
fusion of an inflammatory soup (IS) onto the dura. Ten min after IS
infusion, rats were treated, with the peripheral FAAH inhibitor
URB937 (1mg/kg, i.p.) or vehicle. A first set of rats underwent the oro-
facial formalin test 2h after IS application, while a second experimen-
tal set was used to evaluate the expression of CGRP and pro-
inflammatory cytokines in specific brain areas in toto. Results - IS in-
fusion induced trigeminal hyperalgesia at the orofacial formalin test,
associated with an increase in gene expression of CGRP and pro-
inflaimmatory molecules in medulla-pons and trigeminal ganglia.
URB937 administration inhibited IS-induced trigeminal hyperalgesia
and the prevented the increase in gene expression of CGRP and pro-
inflammatory molecules in the nervous tissues. Conclusions - The
findings suggest that potentiation of the endocannabinoid tone, ob-
tained via peripheral FAAH inhibition, may modulate trigeminal
hyperalgesia induced by dural IS through the reduction of pro-
inflammatory cytokines and CGRP synthesis at central and peripheral
sites of the nervous system.

A29

Aryl hydrocarbon receptors are involved in the pathogenesis of
migraine

Y. Mrad, A. Raoelina, R. Dallel, I. Ranchon-Cole, C. Alba-Delgado
Université Clermont Auvergne, CHU Clermont-Ferrand, Inserm, Neuro-
Dol, Clermont-Ferrand, France

Correspondence: Y. Mrad
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Objective: Migraine is a prevalent disorder, with episodic attacks.
Some patients experience an increase in attack frequency and de-
velop chronic migraine. However, the underlying mechanisms of this
progression are uncertain. The noradrenergic locus coeruleus (LC)
has been involved in migraine chronicity. Recent studies found that
selective activation of LC alleviates pain by reducing neuroinflamma-
tion. As the aryl hydrocarbon receptors (AhRs) are key regulators of
the brain inflammatory responses, we, therefore, investigate the con-
tribution of LC-expressed AhRs in migraine progression.

Methods: Using immunohistochemical approaches, we assessed the
intracellular distribution and the expression levels of AhRs in the LC
in a mice model of migraine induced by systemic administration of
isosorbide dinitrate (ISDN; a nitric oxide donor). We also explored the
effect of systemic AhR activation (by the indole agonist ITE) or inhib-
ition (by the pure antagonist TMF) on cutaneous mechanical hyper-
sensitivity (CMH) induced by ISDN.

Results: In naive mice, AhRs were detected in 47.1 + 3.4 % of LC nor-
adrenergic neurons. Repeated ISDN administration resulted in a sig-
nificant increase in this percentage (56.7 + 3.4%, P<0.05).
Interestingly, morphological alterations of LC neurons together with
an increase of the soma and nucleus sizes were also observed. Behav-
joral testing showed that single or repeated TMF or ITE administra-
tions did not affect cephalic mechanical sensitivity in naive mice. In
addition, ITE did not worsen the ISDN-induced CMH. However, a sin-
gle administration of TMF effectively blocked ISDN-induced acute
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CMH, while daily administration was unable to prevent long-lasting
CMH.

Conclusions: These data highlight, for the first time, the involvement
of AhRs in the initiation but not in the maintenance of migraine.

A30

Orexin-A recovers sleep-deprivation induced periorbital allodynia
in a preclinical migraine model

E. Stanyer, J. Hoffmann, P. Holland

King's College London, Headache Group, London, United Kingdom
Correspondence: E. Stanyer

The Journal of Headache and Pain 2022, 23(Suppl 1):A30

Questions: There is a bidirectional link between sleep and migraine
with poor sleep reported as both a migraine trigger and symptom.
Orofacial allodynia, or hypersensitivity to a non-painful stimulus, is a
commonly reported migraine symptom. This study aimed to deter-
mine whether sleep deprivation results in orofacial allodynia and
whether the arousal promoting neuropeptide orexin-A can recover
this.

Methods: Mice were sleep deprived for 6 hours using the gentle
handling method or allowed to sleep as usual (n = 12 per group).
Periorbital mechanical withdrawal thresholds were tested pre and
post deprivation using the von Frey assay. In a series of experiments,
mice were administered either 100ug/kg orexin-A/vehicle or 20mg/
kg caffeine/vehicle intraperitoneal and thresholds were tested 30 mi-
nutes post injection. To measure arousal, locomotor activity after ad-
ministration of each drug was tested using infrared sensors. To
establish if this effect is specific to sleep deprivation, orexin-A was
administered after delivery of the clinical migraine trigger
nitroglycerin.

Results: Caffeine significantly increased gross movements, and both
caffeine and orexin-A significantly increased fine movements com-
pared to vehicle. Sleep deprived mice had significantly lower sensory
thresholds than non-sleep deprived mice. Injection of orexin-A, but
not caffeine, significantly increased thresholds in sleep deprived
mice, despite similar effects on arousal. Nitroglycerin significantly de-
creased thresholds, however orexin-A did not recover this.
Conclusions: These findings demonstrate that sleep deprivation
leads to orofacial allodynia in mice. This can be reversed with admin-
istration of orexin-A, but not caffeine, indicating that this is unlikely
to be driven by arousal. However, orexin-A was not analgesic when
delivered after nitroglycerin-induced allodynia. Further research
should explore the role of orexin-A in migraine.

A31

P2Y14 receptor in trigeminal ganglion contributes to neuropathic
pain in mice

J.Lin'?, X. Fangw, J. Shen'

'Sichuan University, West China School of Stomatology, Chengdu, China;
“University of Barcelona, Department of Pathology and Experimental
Therapeutics, Barcelona, Spain; 3Zhejiang University School of Medicine,
Hospital of Stomatology, School of Stomatology, Hangzhou, China
Correspondence: J. Lin
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Question: Trigeminal nerve injury usually induces trigeminal neuro-
pathic pain but lacks effective treatments. Recent reports implied
that P2Y14 receptor (P2Y,4R) activation promoted orofacial inflamma-
tory pain and migraine. However, the role and mechanism of P2Y14R
in trigeminal neuropathic pain remain unknown.

Methods: Trigeminal neuropathic pain was induced by chronic con-
striction injury of the infraorbital nerve (CCI-ION). Orofacial mechan-
ical threshold was measured by Von-Frey tests. The ATF3 (a mark of
nerve injury) and P2Y14R were detected by immunofluorescence in
the trigeminal ganglion (TG). The P2Y4,R agonist (UDP-glucose) or
antagonist (PPTN) was delivered by trigeminal ganglion injection in a
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stereotaxic apparatus. Furthermore, the expression of P2Y4R and its
potential downstream cellular signalings were measured by RT-qPCR
and/or western blot (WB) in the TG.

Results: Firstly, CCI-ION induced orofacial mechanical hypersensitiv-
ity. The increased ATF3 expression in the TG confirmed trigeminal
nerve injury. P2Y;4,R was expressed in trigeminal ganglion neurons
and satellite glial cells. RT-gPCR and WB showed that CCI-ION in-
creased the expression of P2Yq4R, interleukin-1pB, interleukin-6, C-C
chemokine CCL2, and tumor necrosis factor-a in TG. Secondly, PPTN
alleviated CCI-ION-induced mechanical hypersensitivity and proin-
flammatory cytokines production. UDP-glucose evoked orofacial
mechanical hypersensitivity and upregulated proinflammatory cyto-
kines above. Thirdly, phosphorylated extracellular signal-regulated
kinase 1/2 (ERK1/2) and p38 were increased in the TG after CCI-ION,
which also were reduced by PPTN. Furthermore, the inhibitors of
ERK1/2 (U0126) and p38 (SB203580) decreased these CCI-ION-
induced proinflammatory cytokines.

Conclusions: The present study demonstrated that P2Y 4R in the TG
contributed to trigeminal neuropathic pain via ERK- and p38-
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Fig. 1 (abstract A31). See text for description.

dependent neuroinflammation. P2Y;4,R may be a potential drug tar-
get against trigeminal neuropathic pain.

A32

Kir4.1 in satellite glial cells contributes to trigeminal neuropathic
pain

J.Lin'? X. Fang'?, J. Shen'
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“University of Barcelona, Department of Pathology and Experimental
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Correspondence: J. Lin
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Question: Astrocyte Kir4.1 emerged as a novel therapeutic target for
nervous system diseases, such as depression and pain. However, the
role and mechanism of Kir4.1 in satellite glial cells (SGCs) in trigemi-
nal neuropathic pain remain unknown. Methods: In vivo, chronic
constriction injury of the infraorbital nerve (CCI-ION) and Von-Frey
tests were used. The ATF3, GFAP, and Kir4.1 were detected by im-
munofluorescence in the trigeminal ganglion (TG). The AAV2/8 aimed
at Kir4.1 was delivered to TG in WT and Kir4.1%" mice to knockdown
or overexpress Kir4.1. In vitro, cultured SGCs were transfected with
SiRNA to knock down Kir4.1. The expression of Kir4.1 and its potential
downstream cellular signalings were measured by RT-gPCR, western
blot (WB), and/or ELISA. Results: Firstly, CCI-ION induced orofacial
mechanical hypersensitivity. The increased ATF3 confirmed
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trigeminal nerve injury and increased GFAP indicated SGCs activa-
tion. Kir4.1 was expressed on

SGCs of TG. RT-gPCR and WB showed that CCI-ION decreased Kir4.1
expression but increased the expression of GFAP, brain-derived
neurotrophic factor (BDNF), and glial cell-derived neurotrophic factor
(GDNF) in TG. Secondly, knockdown of Kir4.1 in mice evoked orofa-
cial mechanical hypersensitivity and upregulated GFAP, BDNF, and
GDNF expression in TG. Overexpression of Kir4.1 alleviated CCI-ION-
induced mechanical hypersensitivity and GFAP, BDNF, and GDNF pro-
duction. In vitro, Kir4.1-siRNA treated SGCs increased GFAP, BDNF,
and GDNF expression. Thirdly, phosphorylated extracellular signal-
regulated kinase 1/2 (ERK1/2) was increased in TG after CCI-ION,
knockdown of Kir4.1 mice, and Kir4.1-siRNA treated SGCs, which also
were reduced by Kir4.1 rescue. Furthermore, the inhibitors of ERK1/2
(U0126) decreased these above upregulated BDNF and GDNF. Con-
clusions: This study indicated that Kir4.1 in SGCs contributed to tri-
geminal neuropathic pain by regulating BDNF and GDNF production
via ERK signaling pathway and SGCs activation.

A33

CGRP-induced relaxation remains unaffected in a porcine acute
ischaemic stroke model

D. Boucherie', J. Bobi?, A. Taha?, H. M. M. van Beusekom?, A. H. J.
Danser', A. Maassen van den Brink'

'Erasmus Medical Center, Internal Medicine, Division of Vascular
Pharmacology, Rotterdam, Netherlands; Erasmus Medical Center,
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Correspondence: D. Boucherie
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Objective Calcitonin gene-related peptide (CGRP) plays an important
role in migraine attacks and is thought to be protective in ischaemic
events. We investigated functional responses to exogenous CGRP of
the middle cerebral artery (MCA) harvested from a gyrencephalic
model of focal cerebral ischaemia.

Methods Female pigs (n=25; weight 51+£3kg) underwent a craniot-
omy to occlude right-sided MCAs with aneurysm clips for 1 (n=5), 2
(n=5), or 4 (n=5) hours followed by 4-h recanalization, or for 8 h
without recanalization (n=>5). Two animals underwent a sham proced-
ure. After euthanasia, the right-sided MCA was dissected for tension
measurements. KCl-induced contraction (30-100 mM) was measured
and endothelial function was assessed by bradykinin (BK)- or sub-
stance P (SP)-induced relaxation (10-100 nM) after precontraction
with thromboxane A, analogue U46619 (10-100 nM). Concentration-
response curves were constructed to CGRP (0.1-100 nM) after pre-
contraction with 30 mM KCI.

Results Relaxation to SP and BK was significantly reduced after 8 h
occlusion (P<0.05), but not after occlusion followed by recanalization.
Contraction to KCl was only reduced after 8 h occlusion (P<0.001).
No differences were found in response to CGRP between groups
(Figure).

Conclusions CGRP-induced relaxation remained unaffected after 8 h
MCA occlusion, whereas SP- and BK-induced relaxation did not.
These results suggest that CGRP acts via an endothelium-
independent mechanism and that its potential protective effects
after stroke depend on its local release rather than changes at the
CGRP receptor level.

Figure: (A) No altered CGRP-induced relaxation after (recanalized)
MCA occlusion. Reduced endothelial (B) and contractile (C) function
after 8 h MCA occlusion. Results depicted as mean + SEM.
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Isabella Mai Christiansen, Anja Holm Nordvang, Lars Edvinsson, Kristian
Agmund Haanes

Rigshospitalet, Department of Clinical experimental Research, Glostrup,
Denmark

Correspondence: |. Christiansen

The Journal of Headache and Pain 2022, 23(Suppl 1):A34

Obijective

According to the current hypothesis of migraine pathophysiology, at-
tacks are initiated in the hypothalamus, whereafter an activation cas-
cade commences, which results in the activation of the trigeminal
nucleus caudalis (TNC) and then trigeminal ganglion (TG). Calcitonin
gene-related peptide (CGRP) release from the trigeminal system is
thought to play a central role in migraine pathology, supported by
the fact that currently available antimigraine drugs act by blocking
CGRP signalling. The aim was to perform a preliminary examination
of the hypothalamus in migraine-related pathways.

Methods

CGRP release from hypothalamus-containing acute brain slices was exam-
ined using an enzyme-linked immunosorbent assay. In addition, we investi-
gated expression levels of Calca (encoding CGRP) and other genes related
to dopaminergic pathways in the hypothalamus and the TNC.

Results

An extracellular concentration of 60 mM potassium significantly in-
duced CGRP release, as compared to baseline (p = 0.01, n = 6), whereas
application of 100 nM capsaicin did not (p = 0.16, n = 6). Using quanti-
tative real-time polymerase chain reaction (qRT-PCR), we found that
Calca was expressed in the hypothalamus, but no difference was ob-
served between male/female mice. Drd2 (encoding the D2 receptor)
was the most highly expressed dopamine receptor in both the male
and female hypothalamus and TNC, indicating a dominantly inhibitory
effect of dopamine in these regions. In addition, results from gRT-PCR
demonstrated a tendency towards lower expression levels of Drd2 in
the TNC of female mice, as compared to males.

Conclusion

Central CGRP release can be detected from brain slices of mice, but the
expression of Calca did not show any male/female difference. However,
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we found some sex differences in the dopaminergic pathways, suggest-
ing that lower expression levels of Drd2 in females as compared to
males could contribute to increased excitability of the TNC.

A35

A powerful dual MAGL/FAAH inhibitor AKU-005 against migraine
pain of peripheral meningeal origin

A. Della Pietra', G. Krivoshein?, K. lvanov®, R. Giniatullina', V. Leinonen?,
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Correspondence: A. Della Pietra

The Journal of Headache and Pain 2022, 23(Suppl 1):A35

Question. Migraine is a neurological multifactorial disease whose
worst symptom is pain. To deal with disturbing migraine pain, we
propose the engaging of endocannabinoid system (ECS) via inhib-
ition of enzymes monoacylglycerol lipase (MAGL) and fatty acid
amide hydrolase (FAAH), which are degrading 2-arachidonoylglicerol
(2-AG) and anandamide (AEA), respectively. To this end, we explored
the analgesic effect of enhanced endocannabinoids (endoCBs) in per-
ipheral meningeal tissues where pain signaling is of often originating
in migraine, leading later to central sensitization.

Methods. To develop the functional platform for such purpose, we
measured by activity-based protein profiling (ABPP) the activity of
the main endoCBs-hydrolases, MAGL and FAAH and by LC-MS/MS
the levels of 2-AG and AEA in rat meninges. We explored the anal-
gesic effect of enhanced endoCBs with electrophysiological record-
ings from rat peripheral meningeal afferents.

Results. We found that in the meninges, 2-AG is the main endoCB,
much exceeding the level of AEA. However, local depolarization in-
creased the AEA ~2 folds without affecting 2-AG levels. The dual
MAGL/FAAH inhibitor AKU-005 slightly increased basal nociceptive
activity of trigeminal nerves. Instead, it significantly decreased,
through CB1 receptors, meningeal nociceptive activity induced by
depolarizing action of KCl, indicating analgesic effect.

Conclusions. These results suggest that 2-AG and AEA can differently
contribute to counteract migraine pain by tonic or transient activity
dependent release from meninges. These findings support the thera-
peutic perspective for engagement of both endoCBs analgesic mole-
cules at early stages of attack. Thus, our novel dual ultrapotent
MAGL/FAAH inhibitor AKU-005 appeared to be a promising tool in
reducing migraine nociception originating in the meninges.
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