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Can calcitonin gene-related peptide (CGRP) and pentraxin-3 (PTX-3) be useful in

diagnosing acute migraine attack?

Sevilay Vural® ® and Levent Albayrak®

?Department of Emergency Medicine, University Medical Center Groningen, Groningen, The Netherlands; ®Department of Emergency

Medicine, Faculty of Medicine, Yozgat Bozok University, Yozgat, Turkey

ABSTRACT

Purpose: Even if migraine is not fatal, it is a common and challenging disease with adverse effects on
individuals’ lives. The lack of objective diagnostic tools causes delays in diagnosis and treatment initi-
ation. The primary aim of this study is to reveal the diagnostic value of Calcitonin Gene-Related
Peptide (CGRP) and Pentraxin-3 (PTX-3) in acute migraine. To this aim, we compared the serum CGRP
and PTX-3 levels of migraine patients with acute attacks to those in healthy individuals.

Material and method: A total of 135 individuals (85 patients with migraine attacks with or without
aura and 50 healthy controls) participated in the study. Serum CGRP and PTX-3 levels were measured
with ELISA analysis. A p value less than 0.05 was considered significant.

Results: Serum CGRP [146.70 (21.52-413.67) vs. 65.90 (3.80-256.60) pg/mL] and PTX-3 levels [12.71
(0.62-33.97) vs. 1.01 (0.06-9.48) ng/mL] were higher in patients with migraine attack than the control
group (p<0.01 and p < 0.01, respectively). ROC analysis showed that the cutoff value for serum CGRP
was 121.39 pg/mL (AUC: 0.751, Sen:%61, Spe:%64) whereas the cutoff value for PTX-3 was 4,06 ng/mL
(AUC:0.876, Sen:%73, Spe:%76). Serum CGRP levels were positively correlated with pain intensity.
Serum CGRP and PTX-3 levels did not differ across gender groups and presence of aura in sub-
group analysis.

Conclusion: Patients with acute migraine attacks have higher serum CGRP and PTX-3 levels than con-
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trols. Both biomarkers show high potential for the diagnosis of a migraine attack.

Introduction

Migraine continues to be a clinical diagnosis based on the
symptoms reported by the patient since it does not have an
objective and reliable diagnostic biomarker [1]. A migraine
attack, with or without aura, is attributed as one of the most
painful conditions a person can experience. For this reason,
migraine patients often constitute a cure-seeking group who
admit to the emergency departments (EDs) for the relief of
pain. The negative reflections of migraine are not limited to
headache attacks. Although it is not a fatal disease, its devas-
tating effects on family, social, educational, or business life
should not be underestimated [2].

Since ancient times, migraine has been homogeneous
enough to be distinguished as a specific syndrome. It was
identified based on its unique presentation with features
such as unilateralism, vomiting, and visual disturbances even
by early physicians [3]. Although thousands of years have
passed, its pathophysiology has not been clearly explained
[4]. The inability to fully reveal the mechanism makes deter-
mining the intervention points difficult. Until the last deca-
des, the widely accepted migraine mechanism has been the
‘vascular theory’ based on arterial dilation [5]. However,

studies testing the cause-effect (vasodilation — headache)
and effect-cause (headache — vasodilation) relationship of
this mechanism led to alternative explanations like neuro-
genic processes with secondary changes in cerebral perfu-
sion [4,6,7]. The current migraine mechanisms include
trigeminal activation, cortical spreading depression, dural
perivascular nociceptor activation, and endothelial dysfunc-
tion [4,6,8-10]. However, recent reports have revitalized pro-
longed arterial dilation for migraine pathogenesis [11,12].

One of the most prominent peptides in migraine patho-
physiology is Calcitonin Gene-Related Peptide (CGRP). It is a
neuropeptide abundant in the nervous system, especially in
the perivascular trigeminal sensory afferents and the trigemi-
nal nucleus caudalis [8]. CGRP is a potent vasodilator with a
minor role in mast cell degranulation and plasma extravasa-
tion [13]. Trigeminal activation, accepted as a common pain
pathway in migraine, is one of the critical components of
migraine pathophysiology [8,10,14]. The crucial role of CGRP
in the mechanism of migraine and its focus on therapeutic
targets have been demonstrated by many studies [15-29].
However, its clinical validation as a diagnostic migraine bio-
marker has not been clarified yet [17-19,24-26,29].
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Pentraxin-3 (PTX-3) is an acute-phase protein that differs
from C-reactive protein (CRP), another member of the pen-
traxin family, with its C-terminal and N-terminal domain
properties. It is locally released from vascular endothelial
cells and macrophages, especially in cases of vascular dam-
age [30,31]. Therefore, it is predominantly studied as a
marker of endothelial dysfunction. It can be suggested as a
potential biomarker for migraine attacks, considering that
several studies show the endothelial dysfunction step in the
pathogenesis of migraine [9,32]. Central nervous system
(CNS) related studies of PNX-3 are not limited to migraine. It
has been evaluated in stroke and traumatic brain injury
patients [31,33,34]. Recent reports also show its neuroprotec-
tive and neuroregenerative effects [34]. High PTX-3 levels in
extra-cranial systems have been demonstrated in renal and
coronary vascular and systemic endothelial damage such as
sepsis [35-371.

The primary aim of this study is to evaluate the diagnostic
value of CGRP and PTX-3 in acute migraine attacks by com-
paring serum CGRP and PTX-3 levels between migraine
patients with acute attacks and healthy controls, men and
women, and in terms of the presence of aura. Secondly, it
aims to test whether serum CGRP and PTX-3 levels correlate
with the duration of migraine headache and severity of pain.

Materials and method
Study design

This study was a prospective case-control study. The
Institutional Clinical Ethics Committee approved the study
(2017-KAEK-189_2019.01.23_01).

Study participants

The patient group was recruited among the migraine
patients admitted to the University ED with acute attacks
between January 2020 and June 2021. The patients diag-
nosed with migraine (with or without aura) by a neurologist
at least one year ago and above 18years old were included
in the study. Taking herbal or pharmaceutical drugs before
admitting to the ED, not having a definite diagnosis of
migraine, intracranial mass, mental retardation, congenital or
chromosomal anomaly, other chronic organ diseases, preg-
nancy, and arterial hypertension were the exclusion criteria.
The control group was selected among the healthy volun-
teers who were the relatives of ED patients with no migraine
and hospital staff without any chronic medical conditions
like migraine or any history of migraine in the family.
Participants in the control group were selected to be similar
to those in the patient group regarding gender and age. The
written consent forms were obtained from all participants.
Demographic data of the patients, migraine subtype, head-
ache severity, and the time between the onset of a migraine
attack and blood sampling in minutes were recorded. Blood
samples were kept at room temperature for 45-60 min for
coagulation and then processed in a centrifuge device at
3000 rpm for 15 min. The serum content was taken into 2 ml

Eppendorf tubes to be stored at —80°C. Serum CGRP and
PTX-3 levels were measured using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (Bioassay Technology
Laboratory, Shanghai, China) according to the manufacturer’s
instructions. The university research center conducted labora-
tory analysis blind to clinical information.

Statistical analysis

Data were analyzed using SPSS 25.0 (Statistical Package for
the Social Sciences IBM Inc; Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to evaluate the normality
of the data distributions. Normally distributed data were
expressed as mean +SD, and non-normally distributed data
were expressed as median (minimum-maximum). Student t-
test or Mann-Whitney U test was used in independent group
comparisons depending on data distribution. The Chi-square
test was used to compare categorical variables. ROC analysis
was performed to reveal the predictive performance of
serum biomarker levels. Spearman correlation analysis was
used to evaluate the relationship between pain severity and
the time elapsed since the onset of pain. A p value <0.05
was considered significant.

Results

A total of 135 participants (85 patients with acute migraine
attacks and 50 healthy controls) were included in the study.
There was no difference between the patient and the control
group regarding age and gender (p=0.815 and p=0.859,
respectively). Thirty-four (40%) of the patients had migraine
with aura (MA), and 51 (60%) had migraine without aura
(MO). For the patient group, the severity of pain was meas-
ured as 8.76+1.32, while the frequency of pain was
1.23+0.45days/month. The serum CGRP levels for the
patient and  control groups were  146.70 pg/mL
(21.52-413.67) vs. 65.90 pg/mL (3.80-256.60), and PTX-3 lev-
els were 12.71 ng/mL (0.62-33.97) vs. 1.01 ng/mL (0.06-9.48),
respectively. The serum CGRP and PTX-3 levels of the patient
group were significantly higher than the control group
(p<0.01 and p<0.01, respectively). The serum CGRP and
PTX-3 levels in subgroup analysis did not differ between MA
and MO subgroups (p=0.467 and p=0.647, respectively)
(Table 1). Also, serum CGRP and PTX-3 levels did not differ
across gender groups (p=0.411 and p=0.661, respectively).

The predictive performance evaluation was evaluated with
the ROC analysis for both biomarkers. The ideal cut-off value
for CGRP was calculated as 121.39 pg/mL (AUC: 0.751, 95%
Cl: 0.664-0.837, Sen: 61%, Spe: 64%), while the cut-off value
for PTX-3 was 4.06ng/mL (AUC: 0.876, 95% Cl: 0.819-
0.933,Sen: 73%, Spe: 76%) (Figure 1).

There was a significant correlation between serum CGRP
levels and PTX-3 levels (p <0.01). In addition, serum CGRP
and PTX-3 levels were negatively correlated with headache
duration (p<0.01 and p<0.01, respectively). The serum
CGRP level showed a positive relationship with the severity
of pain, but a similar relationship was not found with the
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Table 1. Demographic data and biomarker levels of the patient and control group.

Patient group (n=85) Control group (n=50) p
Age (Mean +SD) 28.38+7.45 28.08 £6.48 0.815*
Sex (n)
Male (n=50) 31 19 0.859*
Female (n = 85) 54 31
Presence of Aura (n, %)
Present (n=34) %40
Not present (n=51) %60
Severity of pain (Mean +SD) 8.76 +1.32
Frequency of migraine attack (day/month) 1.23+0.45 .
Serum CGRP [Median (Min-Max)] (pg/mL) 146.70 (21.52-413.67) 65.90 (3.80-256.6) <0.01
Migraine with aura (n=31) 154.71 (49.76-390.94) 0.467**
Migraine without aura (n =54) 146.70 (21.52-413.67)
Serum PTX-3 [Median (Min-Max)] (ng/mL) 12.71 (0.62-33.97) 1.01 (0.06-9.48) <0.01™"
Migraine with aura (n=31) 9.26 (1.12-31.77) 0.647**

Migraine without aura (n =54) 12.90 (0.62-33.97)

SD: Standard deviation. *Student t-test; **Mann Whitney U test.

ROC Analysis for GGRP and PTX-3
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Figure 1. ROC analysis of serum CGRP and PTX-3 levels for the diagnosis of
migraine with acute attack.

Table 2. Correlation analysis of serum CGRP and PTX-3 levels with the dur-
ation of migraine headache and severity of pain.

Spearman correlation analysis, p value

CGRP PTX-3 Duration of pain  Severity of pain
CGRP - 0.525, p<0.01 —0.625 p<0.01 0.568, p<0.01
PTX-3 - —0.605, p<0.01 0.061, p=0.58
Duration of pain - —0.353, p<0.01

Severity of pain -

CGRP: calcitonin gene-related peptide; PTX-3; pentraxin-3.

serum PTX-3 level

(Table 2).

(p<0.01 and p=0.58, respectively)

Discussion

Our results showed that serum CGRP and PTX-3 levels were
significantly higher in acute migraine attack patients than in
healthy controls. Serum CGRP levels were correlated with
PTX-3 levels. Also, serum CGRP levels were correlated with
the severity of pain, while PTX-3 levels were not.

The relationship between CGRP and migraine has been
studied from many different perspectives through direct and

indirect pathways [8-29]. Studies evaluating CGRP levels in
migraine patients have reported that it increases both in
acute attacks (ictal) and painless periods between attacks
(interictal) [15,17,18,21,24-26]. Additionally, higher levels
were demonstrated in attack periods. One study testing the
hypothesis that lacrimal fluid is a more direct route for pepti-
des secreted from the trigeminal activation pathway found
that CGRP levels were much higher than the systemic con-
centration [19]. Another study showed that CGRP infusion in
migraine patients provoked attacks [20]. As it was provoked
by other pharmacological agents such as nitroglycerin in
migraine patients, higher CGRP levels were found compared
to controls. Also, low CGRP was observed in studies where
therapeutic agents were administered to patients with
migraine attacks [21,22]. Moreover, low CGRP levels have
been reported in treated acute migraine attacks and in
response to prophylactic treatments in chronic migraine
patients [23]. In addition to studies performed on adult
patients, Fan et al. showed that CGRP could be used in the
pediatric group to distinguish migraine-type headaches from
other headache causes and even to determine the response
rate to prophylactic treatment [24,25]. Despite many support-
ing findings, the relationship between CGRP and migraine is
not clear yet. For example, one study found no difference
between CGRP levels in the external jugular or cubital fossa
blood during and outside attacks [38]. Another study evalu-
ating the diagnostic potential of CGRP in chronic migraine
reported that it might not be a feasible biomarker [26]. The
authors also found higher CGRP levels in the MA group com-
pared to MO, although there were contrary reports
[18,20,27]. Our study shows high CGRP levels in migraine
patients with acute attacks, which supports the prevailing
opinion in the literature. However, we did not find any differ-
ence between MA and MO subgroups. We also observed
that serum biomarker levels did not differ across gen-
der groups.

Although many studies indicate a positive relationship
between migraine and migraine subtypes in various popula-
tions, the reports showing CGRP molecule is not a very use-
ful biomarker for chronic migraine should not be ignored
[26,28,29]. Lee et al. emphasized that technical factors related
to CGRP might affect their contradicting findings [26]. The
short half-life of the CGRP molecule, the concentration
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difference between CNS and the systemic circulation, the
changes caused by serum and plasma sampling, and the
inconstancy of ELISA kits from different manufacturers might
be the variables that should be considered by researchers
working in this field. Probably due to the mentioned variabil-
ity, literature reports show a 10-100-fold differentiation
between CGRP levels detected in migraine patients
[17,19,26]. The downward trend in concentration detected in
sequential blood samples points to a rapid half-life for CGRP,
which should also be considered when planning a study
based on this biomarker [21]. Another concern might be the
sampling source. We used venous blood from the antecubital
area for the present study. To obtain serum from the sam-
ples, we paid attention not to exceed a one-hour waiting
period for coagulation to the centrifuge step. We also tried
to lower the bias by recruiting a similar control group to the
patient group regarding age and gender. However, the sin-
gle-center nature of our study hinders its generalizability
across populations.

PTX-3 is not a widely studied biomarker as CGRP in
migraine patients. The limited number of reports show that
it increases in migraine attacks and is higher in migraine
patients without attack than in the control group [9,23,32].
Therefore, some authors emphasize that it may be helpful as
a diagnostic migraine biomarker [32]. The serum PTX-3 level,
an effective diagnostic biomarker according to our findings,
has been suggested in another study as a biomarker for
determining Onabotulinumtoxin A treatment candidates in
chronic migraine [23]. In the same study, the other evaluated
biomarker was CGRP, and the authors concluded that CGRP
levels could also be used for diagnostic purposes like PTX-3.
Ceylan et al. reported that PTX-3 levels were lower in
patients with more than five years of migraine disease and
an acute attack longer than 12 h than in the control groups.
They argued that their findings suggest a temporal change
in vascular inflammation during pathological processes of
migraine because it represents endothelial dysfunction [32].
However, their conclusion could be interpreted as a severe
limitation for a diagnostic biomarker. On the other hand, the
correlation between serum PNX-3 level and CGRP in our
study can be considered a reliable basis for further question-
ing its role in the pathogenesis of migraine.

In conclusion, our results show that serum CGRP and PTX-
3 levels are higher in patients with migraine attacks than in
the control group and can be used as valuable biomarkers
to diagnose migraine attacks. In addition, we observed that
CGRP and PTX-3 levels did not differ according to migraine
type (whether with aura or not) or gender. While serum
CGRP level was positively correlated with pain severity, no
significant correlation was found for PTX-3. However, further
studies are needed to evaluate CGRP and PTX-3 molecules’
diagnostic value as biomarkers for migraine attacks.
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