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Abstract
Background: Intravenous infusion of pituitary adenylate cyclase-activating polypeptide-38 (PACAP38) provokes
migraine attacks in 65–70% of migraine without aura (MO) patients. We investigated whether PACAP38 infusion
causes changes in the endogenous production of PACAP38, vasoactive intestinal polypeptide (VIP), calcitonin generelated peptide (CGRP), tumour necrosis factor alpha (TNFa), S100 calcium binding protein B (S100B), neuron-specific
enolase and pituitary hormones in migraine patients.
Methods: We allocated 32 previously genotyped MO patients to receive intravenous infusion PACAP38 (10 pmol/kg/minute)
for 20 minutes and recorded migraine-like attacks. Sixteen of the patients were carriers of the risk allele rs2274316 (MEF2D),
which confers increased risk of MO and may regulate PACAP38 expression, and 16 were non-carriers. We collected blood
samples at baseline and 20, 30, 40, 60 and 90 minutes after the start of the infusion. A control group of six healthy volunteers
received intravenous saline.
Results: PACAP38 infusion caused significant changes in plasma concentrations of VIP (p ¼ 0.026), prolactin (p ¼ 0.011),
S100B (p < 0.001) and thyroid-stimulating hormone (TSH; p ¼ 0.015), but not CGRP (p ¼ 0.642) and TNFa (p ¼ 0.535).
We found no difference in measured biochemical variables after PACAP38 infusion in patients who later developed
migraine-like attacks compared to those who did not (p > 0.05). There was no difference in the changes of biochemical
variables between patients with and without the MEF2D-associated gene variant (p > 0.05).
Conclusion: PACAP38 infusion elevated the plasma levels of VIP, prolactin, S100B and TSH, but not CGRP and TNFa.
Development of delayed migraine-like attacks or the presence of the MEF2D gene variant was not associated with preictal changes in plasma levels of neuropeptides, TNFa and pituitary hormones.
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Introduction
Pituitary adenylate cyclase-activating polypeptide-38
(PACAP38) is a 38-amino acid neuropeptide belonging
to the secretin/glucagon superfamily (1). It was ﬁrst
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discovered in 1989 and has in recent years gained considerable interest in the migraine ﬁeld (2). An intravenous infusion of PACAP38 induces migraine attacks in
65–70% of migraine without aura (MO) patients and
long-lasting dilatation of extra-cerebral arteries (3,4).
In contrast, vasoactive intestinal peptide (VIP), which
belongs to the same family as PACAP38, causes a
short-lasting dilatation of extra-cerebral arteries and
does not provoke migraine attacks (5). The exact
pathophysiological mechanisms behind PACAP38induced migraine attacks are still unknown. Given
that PACAP38 is a multifunctional peptide that is
involved in various cellular and physiological
responses, non-vascular mechanisms of PACAP38 contributing to a migraine-triggering eﬀect cannot be ruled
out (4,6). Interestingly, genome-wide association studies have identiﬁed a single-nucleotide polymorphism
(SNP) rs2274316 localized within the MEF2D gene (7)
that confers a mildly increased risk of MO. The
MEF2D protein is a transcription factor that is
highly expressed in brain, and a transcriptional study
using microarrays found evidence that MEF2D regulates PACAP38 expression (8). We reported in the ﬁrst
paper (Part I) that high family load (aggregation of
migraine in ﬁrst-degree relatives) or the MEF2D gene
variant could not explain the migraine response to
PACAP38 infusion in MO patients.
In the present study, we hypothesized that
PACAP38 infusion causes increased endogenous production of: PACAP38, calcitonin gene-related peptide
(CGRP) and VIP as markers for release from parasympathetic and sensory perivascular nerve ﬁbres (9);
the inﬂammatory cytokine tumour necrosis factor
alpha (TNFa) as a marker for mast cell degranulation (10); S100 calcium binding protein B (S100B)
and neuron-speciﬁc enolase (NSE) as markers of
neuronal damage, glial cell activation or leakage of
the blood–brain barrier (BBB) (11,12); and pituitary
hormones such as prolactin (PRL), thyroid-stimulating hormone (TSH), follicle-stimulating hormone
(FSH), luteinizing hormone (LH) and adrenocorticotropic hormone (ACTH) as markers of hypothalamic
activation.
The main purpose of this study is threefold: 1) to
investigate the eﬀects of PACAP38 on measured biochemical variables in migraine patients compared to
controls who received placebo infusion; 2) to investigate whether there are diﬀerent concentration patterns
of the biochemical variables after infusion of PACAP38
between migraine patients who developed migraine
attacks compared to those who did not; and 3) to
investigate whether there are diﬀerent concentration
patterns of the biochemical variables between patients
with and without the MEF2D gene variant after
PACAP38 infusion.

Materials and methods
Blood samples were collected during the ﬁrst part of the
study, in which we examined the association between
incidence of PACAP38-induced migraine-like attacks
and familial predisposition (family load) of migraine.
The materials and methods have already been described
in Part I. Brieﬂy, the patients were recruited from a
cohort of 1010 unrelated MO patients from the Danish
Headache Center who were genotyped for the 12 identiﬁed SNPs associated with migraine, including the risk
allele C of rs2274316 (MEF2D) (13). Diagnosis of MO
was obtained by direct interview based on a validated
semi-structured questionnaire (14,15) according to the
third edition of the International Classiﬁcation of
Headache Disorders beta version (16). In addition, six
healthy volunteers were enrolled as controls via the website www.forsøgsperson.dk. All healthy volunteers were
enrolled via the website www.forsøgsperson.dk.
An exploratory analysis in a recent study by our
group reported elevated levels of PACAP38 in patients
who reported delayed attacks (4). We found that plasma
levels of PACAP38 (but not VIP) at 60 minutes after
PACAP38 infusion were higher among patients who
developed delayed attacks (n ¼ 18) compared to those
who did not (n ¼ 6). In the present study, we pooled
the values of PACAP38 and VIP from this study with
values from our previous study in order to conﬁrm or
refute our previous ﬁnding in a larger sample size.

Design
We conducted a double-blinded study with 32 genotyped MO patients who all completed the study. Half
of the patients (n ¼ 16) had the bi-allelic MEF2D gene
variant (rs2274316) and the other half did not have the
gene variant. Both the examiners and the MO patients
were blinded with respect to the genotype of the
patients. All patients received a continuous intravenous
infusion of 10 pmol/kg/minute of human PACAP38
(Bachem AG, Bubendorf, Switzerland) over 20 minutes, which is identical to previous provocation studies
with PACAP38 (3,4). In addition, a control group of six
age- and sex-matched healthy volunteers received intravenous saline for 20 minutes in order to investigate the
physiological changes over time of the measured
substances.
Women of childbearing potential used adequate
contraception. Exclusion criteria were any other type
of headache (except episodic tension-type headache
8 days per month), intake of any preventative medication (including migraine preventives) and serious
somatic or psychiatric diseases. A full medical examination and electrocardiography were performed on the
day of the study. We informed patients that PACAP38
might induce headache in some individuals, but the
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timing or the characteristics of such headaches were not
discussed.
The study was approved by the Regional Committee
on Health Research Ethics of Copenhagen (H-2-2013033) and the Danish Data Protection Agency, and was
conducted according to the Helsinki II Declaration of
1964, as revised in 2008. The study was also registered
at ClinicalTrials.gov (NCT01841827). All participants
gave their written informed consent before inclusion.

Experimental protocol
All participants arrived non-fasting at the clinic at between
8:30 and 10:30 a.m. They had to be without any kind of
headache or intake of analgesics for 48 hours before the
study day. Venous catheters (VenﬂonÕ ) were inserted into
the left and right antecubital vein for the administration of
PACAP38 and for the drawing of blood samples, respectively. All patients were kept in the supine position in quiet
surroundings for at least 15 minutes before baseline blood
samples were taken. Immediately after this, we started the
PACAP38 infusion in migraine patients or saline in
healthy controls for 20 minutes. We collected blood samples at baseline and 20, 30, 40, 60 and 90 minutes after the
start of the infusion. The patients were observed for at
least 90 minutes and were then discharged.
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For measurement of PACAP38 and VIP, the radioimmunoassays were performed as previously described
(5,17). Serum TNFa was measured by a highly sensitive
human immunoassay (R&D Systems Europe, Ltd,
Abingdon, UK) for the Bio-Tek ELx808TM microplate
reader. S100B, NSE, PRL, FSH, LH and ACTH
were measured using automated electrochemiluminescence immunoassays (cobasÕ 6000 or cobasÕ e411,
Roche, Basel, Switzerland), whereas TSH was measured using a chemiluminescence immunoassay
(VitrosÕ 5600, Ortho Clinical Diagnostics, Rochester,
NY, USA). Plasma CGRP concentrations was determined by radioimmunoassay using antibody AB
4-2905 and a-CGRP as a calibrator. The tracer was
prepared by iodination of [Tyr0] a-CGRP(25–37)
amide and puriﬁcation was by high performance
liquid chromatography (HPLC). In brief, the samples
and calibrators were incubated with the antiserum at
4 C for approximately 90 hours prior to the addition of
the tracer and subsequent incubation for 24 hours. Free
and antibody-bound tracers were separated by a solidphase separation system (SAC-CEL, IDS, Boldon,
UK), as described in detail by Schifter (18). For all
methods, the inter-assay coeﬃcient of variation was
below 10%.

Migraine-like attacks and questionnaire
Blood sampling and assays
In order to avoid haemolysis of the blood during sampling, we conducted a small test with two healthy subjects prior to the study using diﬀerent methods of blood
sampling, showing that blood drawn from the venous
catheter by syringe caused the least haemolysis compared to other standard blood sampling methods.
Thus, for the study, we withdrew blood from the
venous catheter into two 20-mL plastic syringes after
we aspirated and discarded the ﬁrst 3 mL of blood. The
catheter was ﬂushed with isotonic salt water after each
sample was taken. The blood from the syringes was
then transferred into diﬀerent tubes: serum tubes for
TNFa, S100B, NSE and TSH measurements; precooled lithium heparin tubes containing aprotinin
(TrasylolÕ ) for VIP; standard ethylenediaminetetraacetic acid (EDTA) tubes for CGRP, PRL, FSH and LH;
and ﬁnally, pre-cooled EDTA tubes containing aprotinin for PACAP38 and ACTH measurements. All
tubes were inverted several times immediately after
the blood was collected. Apart from the serum tubes,
which stood at room temperature (23 C) for 20 minutes, all other tubes were stored at 5 C for 20 minutes.
All samples were centrifuged together at 4 C at 1851 g
for 10 minutes. Plasma or serum were then transferred
to a polypropylene tube and stored at 80 C for later
analysis.

We recorded migraine headache characteristics and
associated symptoms using a validated questionnaire
(19). After discharge from the hospital, the patients
were carefully instructed to continue recording their
headache by a self-administered questionnaire every
hour until 12 hours after the start of infusion or until
they went to bed. The questionnaire recorded headache
characteristics and associated symptoms according to
the International Headache Society criteria (16), but
also included questions concerning adverse events and
whether the reported headache mimicked the spontaneous migraine attacks. The deﬁnition of a migraine-like
attack has been described in several previous studies
(3,4,20). The patients were allowed to take their usual
acute migraine medication at any time.

Statistical analysis
The clinical characteristics of the participants are presented as means and ranges. The outcome variables are
presented as median values with interquartile ranges.
The primary endpoints were: 1) diﬀerences in plasma
concentrations over time (0–90 minutes) of PACAP38,
CGRP, VIP, TNFa, S100B, NSE, PRL, TSH, FSH,
LH and ACTH between migraine patients who received
a PACAP38 infusion and healthy volunteers who
received a saline infusion; 2) diﬀerences in plasma
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concentrations over time of measured biochemical variables after PACAP38 infusion between migraine
patients who developed migraine attacks and those
who did not; and 3) diﬀerences in changes in plasma
concentrations over time of the measured biochemical
variables between patients with and without the
MEF2D gene variant.
The secondary endpoint was the diﬀerence in blood
levels of PACAP38 and VIP at 60 minutes between
patients who developed migraine compared to patients
who did not develop migraine.
The diﬀerence between the two groups over time was
assessed by repeated-measurements analysis of variance
(RM-ANOVA), with the interaction between time and
group (time  group) being the term of interest.
Post hoc unpaired t-tests for comparing the
PACAP38-induced changes from baseline at each
time point were performed only when the RMANOVA revealed signiﬁcant results. Diﬀerences in
changes of plasma concentrations between the two
groups were tested using independent-samples t-tests.
The p-values were not adjusted for multiple testing.
All analyses were performed with SPSS Statistics version
22 for Windows (IBM, Chicago, IL, USA) and
GraphPad Prism 5 (GraphPad Software, San Diego,
CA, USA) for the ﬁgures. Diﬀerences were considered
signiﬁcant at p < 0.05.

Results
Thirty-two genotyped MO patients and six healthy volunteers completed the study and the characteristics of
the participants are shown in Table 1.
Migraine responses after PACAP38 infusion have
been reported in the ﬁrst part of the study (Part I).
Brieﬂy, 23 out of 32 (72%) migraine patients developed
a migraine-like attack after PACAP38 infusion. Eleven
Table 1. Clinical characteristics of migraine patients and healthy
volunteers (controls).

Characteristic

Migraine
patients
(n ¼ 32)

Controls
(n ¼ 6)

p-value

Females/males

26/6

4/2

0.587a

Mean age in years (range)

48 (25–60)

42 (24–54)

0.163b
b

Mean weight in kg (range)
Median migraine attack
frequency in
days/month (range)

72 (53–94)
2 (1–8)

73 (57–85)
0

0.909
NA

Participants on prophylactic
migraine medication
(% and n)

47% (15)

0

NA

NA: not applicable.
Chi-square test.
b
Unpaired t-test.
a

out of 16 patients with the bi-allelic MEF2D gene variant (69%) developed a migraine-like attack after
PACAP38 infusion compared to 12 out of 16 (75%)
patients without the gene variant (p ¼ 1.000).

Patients versus controls
We found signiﬁcant diﬀerences in plasma concentrations for PACAP38, VIP, PRL, S100B and TSH
between migraine patients who received PACAP38 infusion and controls (who received saline infusion over
20 minutes) (Figure 1). No diﬀerences were found in
the baseline values between migraine patients and
healthy volunteers (p > 0.05) (data not shown).

Patients who report migraine versus patients who
did not report migraine
We found no diﬀerences in the biochemical variables
between patients who developed migraine-like attacks
(n ¼ 23) and those who did not develop migraine-like
attacks (n ¼ 9) after PACAP38 (Figure 2).

Patients with the MEF2D gene variant versus
patients without the MEF2D gene variant
We found no diﬀerences in the biochemical variables
over time (0–90 minutes) between patients with (n ¼ 16)
and without (n ¼ 16) the MEF2D gene variant, with all
p-values > 0.05 (data not shown).

Pooled data of changes in PACAP38 concentration
during the pre-ictal phase
When we pooled our present data with our previous
data (4), changes in the plasma levels of PACAP38
and VIP at 60 minutes after PACAP38 infusion
showed no diﬀerences between patients who developed
migraine-like attacks (n ¼ 39) compared to those who
did not develop attacks (n ¼ 15) (PACAP38: p ¼ 0.132;
VIP: p ¼ 0.344) (Figure 3).

Discussion
The major ﬁnding of the present study is that PACAP38
infusion caused signiﬁcant changes in plasma concentrations for VIP, PRL, S100B and TSH, but not CGRP
and TNFa in migraine patients. Further analysis
revealed no trends towards increased changes in the
measured variables in patients who reported delayed
migraine attacks or in patients with the MEF2D-associated gene variant. We also found no changes in
PACAP38 concentration during the pre-ictal phase at
60 minutes after PACAP38 infusion, which is in contrast
to our previous report of elevated pre-ictal levels of
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with pronounced autonomic symptoms (27), and
recently, a study showed elevated levels of VIP in chronic
and episodic migraine patients inter-ictally (28). We
examined a small group of episodic migraine patients
(n ¼ 6) by validated assay and detected no diﬀerence in
inter-ictal levels of VIP between patients and controls
(Figure 1). Furthermore, infusion of PACAP38 led to
an immediate increase in plasma levels of VIP, which
normalised promptly after discontinuance of infusion.
This increase is very unlikely to be due to a cross-reaction
with PACAP38 of the VIP assay, as much higher concentrations would be needed. Thus, it is probably caused
by the release of VIP from parasympathetic nerve endings (9,29). Our pooled data analysis showed no changes
of VIP plasma levels during the pre-ictal phase (60 minutes after infusion) of PACAP38-induced attacks.
CGRP is expressed in the sensory nerve ﬁbres of the
cranial vasculature (30,31), and studies in migraine
patients reported increased plasma levels of CGRP
during spontaneous attacks (27,32–34). However, one

PACAP38 in patients who reported delayed attacks (4).
A possible explanation for the diﬀerent ﬁndings is a type
1 error due to the small sample size in our previous
work.

PACAP38 effect on VIP, CGRP and TNF
It has been suggested that the migraine-inducing and
vasodilatory properties of PACAP38 may be caused by:
1) activation of the parasympathetic nervous system
(3); 2) activation of perivascular sensory nerve endings
(2); or 3) mast cell degranulation (21–23).
VIP is a parasympathetic neurotransmitter that is
structurally related to PACAP38 (6). In rats,
PACAP38-positive nerve ﬁbres have been shown to
innervate VIP-expressing neurons (24,25). Furthermore,
PACAP38 induces VIP gene expression and increased
VIP concentration in the medium of a VIP-producing
human cell line in vitro (26). A previous study reported
ictal increases of VIP levels in a subgroup of migraineurs
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Figure 1. Effects of PACAP38 on plasma concentrations of measured neuropeptides, TNFa and pituitary hormones in migraine
patients compared to saline infusion in healthy volunteers. Data are shown as medians with interquartile ranges. Filled triangles
represent migraine patients who received PACAP38 infusion (n ¼ 32), empty triangles represent healthy volunteers who received
saline infusion (n ¼ 6). p-value: repeated-measurements analysis of variance.
*Post hoc unpaired t-test of changes from baseline: p < 0.05.
ACTH: adrenocorticotropic hormone; CGRP: calcitonin gene-related peptide; FSH: follicle-stimulating hormone; LH: luteinizing hormone; NSE: neuron-specific enolase; PACAP38: pituitary adenylate cyclase-activating polypeptide-38; PRL: prolactin; S100B: S100
calcium binding protein B; TNFa: tumour necrosis factor alpha; TSH: thyroid-stimulating hormone; VIP: vasoactive intestinal
polypeptide.
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Figure 1. Continued.

study using an intra-patient comparison design and two
diﬀerent CGRP assays collected from the jugular vein
failed to reproduce these ﬁndings (35). We also reported
increased inter-ictal CGRP levels in migraine patients
(36), which could not be reproduced in the present

study, most likely due to the small number of controls.
Similarly to PACAP38, CGRP induces migraine attacks
in MO patients (60–65%) (37), and both peptides
activate the cyclic adenosine monophosphate-dependent
signalling pathway (38,39). Immunoﬂuorescence studies
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Figure 2. Plasma concentrations of measured neuropeptides, TNFa and pituitary hormones in patients who developed PACAP38induced migraine like-attacks compared to those who did not. Data are shown as medians with interquartile ranges. Filled circles
represent patients who developed migraine attacks (n ¼ 23), empty circles represent patients who did not develop migraine attacks
(n ¼ 9). p-value: repeated-measurements analysis of variance.
ACTH: adrenocorticotropic hormone; CGRP: calcitonin gene-related peptide; FSH: follicle-stimulating hormone; LH: luteinizing hormone; NSE: neuron-specific enolase; PACAP38: pituitary adenylate cyclase-activating polypeptide-38; PRL: prolactin; S100B: S100
calcium binding protein B; TNFa: tumour necrosis factor alpha; TSH: thyroid-stimulating hormone; VIP: vasoactive intestinal
polypeptide.

have shown that CGRP and PACAP38 are, to some
extent, co-expressed in the trigeminal nucleus caudalis
(40) and the trigeminal ganglion (41). In rats,
PACAP38 causes the release of CGRP from the trigeminal nucleus caudalis but not from the trigeminal ganglion (41). In addition, both PACAP38 and CGRP are
upregulated following inﬂammation in sensory neurons
(42,43). To our knowledge, no studies have investigated
plasma CGRP after the infusion of PACAP38 in
migraine patients. The present study revealed that
PACAP38 infusion did not cause changes in plasma
CGRP concentrations, including in patients who later
reported migraine-like attacks. However, we cannot
exclude possible changes in plasma CGRP during
PACAP38-induced delayed migraine-like attacks.
TNFa is an inﬂammatory cytokine that is released
upon mast cell degranulation (44). Mast cells are
located perivascularly in the dura (45) and have been
suggested to be involved in migraine pathophysiology
(22). Plasma levels of TNFa are reported to be elevated
during spontaneous migraine attacks (46). In mice,
PACAP38 has been shown to inhibit macrophage and
microglia production and the release of TNFa (47). In a

previous study, we investigated plasma levels of tryptase as a marker for mast cell activation after
PACAP38 infusion in migraine patients and found no
changes (4). The present study used TNFa as a marker
of mast cell degranulation and failed to demonstrate
any changes, including in patients who reported
delayed attacks. Collectively, these data question the
role of mast cells in PACAP38 responses, but we
cannot rule out delayed ictal changes in plasma levels
of TNFa.

PACAP38 effect on plasma levels of
S100B and NSE
S100B is a calcium-binding protein that is produced
and released mostly by glial cells in the central nervous
system (48). It has been suggested that an isolated
S100B increase may be an early marker of BBB opening
and is not necessarily related to neuronal damage (12).
A small study causing iatrogenic BBB disruption with
mannitol showed that serum S100B increased (50%)
signiﬁcantly, while NSE did not (12). If PACAP38
causes leakage of the BBB, this would enable the
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Figure 2. Continued.

passage of molecules that normally do not enter the brain.
Present ﬁndings of increased serum levels of S100B
(10–20%), but not NSE, over the observation period
(0–90 minutes) suggest that infusion of PACAP38 alters
the BBB’s permeability. However, we cannot rule out the
notion that elevated S100B levels reﬂect a release from the
peripheral nervous system (49) in response to the inﬂammation induced by PACAP38.

PACAP38 effect on plasma levels of PRL and TSH
We found that PACAP38 caused increases of PRL and
TSH compared to controls. It is unclear whether this
eﬀect is caused by actions on the pituitary level or on
the hypothalamic level, or both. The eﬀect of
PACAP38 on the pituitary gland has previously been
reviewed in detail (50,51). In rats, PACAP38 stimulates
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Figure 3. Box-and-whisker plot of median changes (interquartile range) in plasma concentrations of PACAP38 and VIP at 60 minutes
after PACAP38 infusion in patients who developed migraine-like attacks (n ¼ 39) compared to those who did not develop migraine
attacks (n ¼ 15). Data for 18 patients who developed migraine attacks and six patients who did not develop attacks were from a
previous study by our group (4). The plasma levels of PACAP38 and VIP did not differ after infusion of PACAP38.
PACAP38: pituitary adenylate cyclase-activating polypeptide-38; VIP: vasoactive intestinal polypeptide.

hormone release in essentially all pituitary cells. In addition, PACAP38 enhances plasma PRL levels in
hypothalamus-lesioned animals (52). The most abundant population of PACAP38-containing neurons and
the highest density of PACAP38 binding sites are found
in the hypothalamus (53). Since the pituitary gland and
the median eminence of the hypothalamus lack an
eﬀective BBB (54), they are rather reachable for intravenously administered PACAP38. A small study in
seven healthy men reported that infusion of low
PACAP38 doses (4 and 8 pmol/kg/minute) stimulated
the release of PRL and ACTH, but not TSH and LH
(55). In contrast, the present study, which primarily had
female participants, showed an increase of TSH, but
not ACTH after a high dose of PACAP38 (10 pmol/
kg/minute). It is also possible that the plasma concentration of PACAP38 was not suﬃciently high to activate the receptors, signalling pathways and secretion of
all of the pituitary cells. It would be relevant to examine
plasma levels of growth hormone-releasing hormone
and LH-releasing hormone as markers for more speciﬁc
hypothalamic activation.

The risk allele of rs2274316 (MEF2D)
and biochemistry after PACAP38
The risk allele is localized intronically within the
MEF2D gene (8) and has a small eﬀect size that explains
only a modest fraction of migraine risk. We performed
this explorative analysis because the biochemical
changes induced by PACAP38 may not be the same as
for migraine risk. It has been shown that a SNP with a
small eﬀect size on disease can have a large clinical eﬀect

(e.g. the eﬃcacy of statins on high levels of blood cholesterol) (56–58). We hypothesized that the risk allele had
a strong eﬀect on the biochemical changes caused by
PACAP38, despite its small eﬀect size on migraine
risk. However, the exploratory analysis failed to corroborate our theory. This is probably because our sample
size is too small to detect any diﬀerence for this risk
allele. Moreover, the causality between this risk allele
and the MEF2D gene is yet to be established, and it is
also unknown how this gene variant might aﬀect the
expression or sensitivity of PACAP38.

Pre-ictal plasma levels of PACAP38
The present study analysed pooled plasma PACAP38
data in order to conﬁrm or refute (due to possible a
type 1 error) our previous report of increased endogenous production of PACAP38 in patients who later
reported migraine-like attacks. This strategy allowed
us to increase the power and sample size in order to
ascertain our ﬁnding. Apart from the fact that we
collected blood samples inside the magnetic resonance
imaging scanner in our previous study (4), in both
studies, patients received the same dose of PACAP38
infusion over 20 minutes. Furthermore, identical blood
sampling and analysis methods and headache questionnaires were used.
The pooled data analysis showed no increase of
PACAP38 plasma levels in the pre-ictal phase of
PACAP38-induced attacks. Nonetheless, recent studies
reported elevated plasma levels of PACAP38 during
migraine attacks, which were reduced by 1 hour after
treatment with sumatriptan (32,59).

Guo et al.

Conclusion
PACAP38 infusion caused changes in plasma concentrations of VIP, PRL, S100B and TSH compared to
controls, but not CGRP and TNFa. Our ﬁndings
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indicate that PACAP38 might activate parasympathetic
nerve endings causing VIP release, rather than activation of perivascular sensory nerve endings and mast cell
degranulation.

Article highlights
. Pituitary adenylate cyclase-activating polypeptide-38 (PACAP38) infusion caused changes in plasma concentrations of vasoactive intestinal polypeptide, prolactin, S100 calcium binding protein B and thyroidstimulating hormone.
. PACAP38 may activate parasympathetic nerve endings rather than sensory nerve endings or mast cell
degranulation.
. Pre-ictal levels of PACAP38 are not elevated in patients who reported delayed attacks.
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