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Abstract:

Studies have shown fluctuations of cytokine levels in patients with migraine headaches; however, further studies are needed to verify
these results. Our previous studies suggest increased levels of pro-inflammatory cytokines, such as IL-1�, sTNF-RI and TNF-�, in
children with migraine headaches. In this study, we analyzed anti-inflammatory cytokines interleukin-4 (IL-4), interleukin-10
(IL-10) and interleukin-13 (IL-13) in plasma from children and adolescents with migraine and tension-type headaches during the in-
terictal period. The study group consisted of 35 children and adolescents between 8–18 years old, suffering from migraine headaches
with or without aura. The control group consisted of 33 patients suffering from episodic tension-type headaches. IL-4 was detected in
17.1% of patients with migraine headaches and in 28.6% of patients with tension-type headaches. IL-13 was detected in 17.1% of pa-
tients with migraine headaches and in 15.2% of patients with tension-type headaches. IL-10 was only detected in 3 of 68 (4.4%) pa-
tients. Any significant correlations between measurable cytokine levels and age, gender, aura, duration of disease, frequency and
severity of headaches were determined. Any significant fluctuations of selected anti-inflammatory cytokines during the headache-
free period in children with migraine and tension-type headaches have been found, immune dysfunction in migraineurs could not be
excluded.
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Introduction

Based on clinical history, an allergic mechanism has
been hypothesized to be involved in migraine patho-
physiology [9, 14]. High comorbidity between mi-
graine headaches and atopic diseases, such as eczema
and asthma [12, 18], is an important argument for
a suspected immune system dysfunction in mi-
graineurs, however, migraine headaches have also
been associated with infection. Migraineurs reported

that not only do infections precipitate migraine at-
tacks, they also increase the headache intensity [3].
Elevated frequencies of sub-clinical and clinical in-
fections have been found in patients with migraines
[4, 11], which provides indirect evidence that supports
the involvement of the immune system in migraine
precipitation. Several other studies also support the
involvement of the immune system in migraine head-
ache precipitation [3, 4, 11, 12, 18]. Changes in serum
levels of complement, immunoglobulin, histamine
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and immune cells in migraine patients have been
found in some studies, but conflicting results have
been reported on the mechanisms involved [9, 16].
The interaction between immune cells is regulated by
several mechanisms, including cytokines, which play
a crucial role in modulating the quality and intensity
of immune responses.

Cytokines are small proteins produced by most
cells in the body and possess multiple biologic activi-
ties that promote cell-cell interaction. Despite a grow-
ing interest in the contribution of the immune system
in causing migraine headaches, the role of cytokines
in migraine pathophysiology remains unclear. Cytoki-
nes have been shown to induce headaches but these
studies are controversial [9]. Studies on cytokines in
patients with migraine headaches have shown fluctua-
tions in cytokine levels. [6, 13, 15, 16].

Some authors reported increased levels of tumor
necrosis factor � (TNF-�) [5], interleukin-5 and
interleukin-4 in patients suffering from migraine
headaches [15], whereas others found no changes in
plasma levels of TNF-�, interleukin-1� (IL-1�) or
interleukin-1� during migraine attacks [19]. These
data are generally interpreted as a possible immune
dysfunction [16]. In our previous study, we focused
on pro-inflammatory cytokines in children with mi-
graine headaches [2] and found that plasma IL-1�

was undetectable in 19 controls with tension-type
headache; however, IL-1� was detected in 16 pa-
tients with migraine headaches. These results suggest
that IL-1� levels were higher in patients with mi-
graine headaches than in the control group. Soluble
receptor for tumor necrosis factor in the migraine
group was significantly higher than in the tension-
type headache group. Migraine patients tended to
have increased IL-1� levels than controls. IL-1� lev-
els were significantly higher in migraine patients with
aura than in migraine patients without aura. TNF-�
and soluble receptor for tumor necrosis factor levels
were also increased (non-significantly) in the mi-
graine patients with aura subgroup. Our results sug-
gest that pro-inflammatory cytokines may be involved
in the pathogenesis of migraine attacks, but cytokine
level fluctuations in children could be different than
in adults [2].

To understand the possible role of anti-inflammatory cy-
tokines in migraine headaches, we analyzed interleukin-4
(IL-4), interleukin-10 (IL-10) and interleukin-13 (IL-
13) levels in plasma from children and adolescents
with migraine headaches.

Materials and Methods

The study protocol was approved by the ethics com-
mittee of the Medical University in Bia³ystok. The
study group consisted of 68 children and adolescents
8–18 years old who were hospitalized in the Depart-
ment of Pediatric Neurology and Rehabilitation at the
Medical University in Bia³ystok because of head-
aches. Thirty-five of the 68 suffered from migraine
headaches with or without aura and were 10–18 years
old (the mean ± SD: 14.04 ± 2.29 years). There were
15 girls and 20 boys in the group. Migraine headaches
were diagnosed based on the criteria of the second
edition of International Headache Classification [7].
Twenty-one patients (9 females and 12 males) suf-
fered from migraine headaches without aura, and
fourteen patients (6 females and 8 males) suffered
from migraine headaches with aura. The control
group consisted of 33 subjects (22 female and 11 male)
who were 8–17 years old (mean age 12.11 ± 3.46) suf-
fering from episodic tension-type headaches. Diagno-
ses were made using the criteria of the 2nd edition of
International Headache Classification [7]. Patients in
both groups underwent detailed pediatric and neuro-
logical examinations to exclude pre-existing inflam-
mation. All of the children had basic laboratory tests
and neuroimaging procedures. All patients affected by
allergic, inflammatory, infectious or immune disor-
ders that could interfere with the study were excluded.
Patients taking prophylactic medication, and those
with drug overuse were also excluded. The levels of
inflammatory indices were all within the normal
ranges, therefore, all subjects were generally asympto-
matic except for headaches. Plasma for analysis of cy-
tokines was obtained simultaneously with routine labo-
ratory tests. The period of the study was 12 months.

Blood samples were obtained under fasting and rest
conditions in the morning, during headache-free inter-
vals and at least 2 days after the last attack. Sympto-
matic drugs were not taken for at least 2 days before
the blood samples were obtained, and all patients
were free from prophylactic medications for at least 2
weeks. Blood was drawn from the antecubital vein,
centrifuged, frozen and stored at –20°C until assayed.

Immunoassay kits from BioSource (BioSource In-
ternational Inc. 542 Flynn Road, Camarillo, Califor-
nia 93012, USA) were used. Levels of interleukin-4
(IL-4), interleukin-10 (IL-10) and human interleukin-
13 (IL-13) in plasma samples were determined by spe-
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cific enzyme-linked immunosorbent assay (ELISA)
techniques according to the manufacturer’s instruc-
tions (Cat. no.: KAP1281, KAP1321, KPMS113). The
minimum detectable concentration of the assay was
1.2 pg/ml for IL-4, 0.2 pg/ml for IL-10 and 0.73 pg/ml
for IL-13. To define the specificity of these ELISA as-
says, several proteins were tested for cross-reactivity.
These tests showed that the assay KAP1281 is spe-
cific for natural human and recombinant IL-4, and the
assay KAP1321 is specific for natural human and re-
combinant IL-10. A very low level (0.2%) of cross-
reaction was observed with BRCF1 (viral IL-10) at
a concentration of 70,000 pg/ml. BRCF1 gave a sig-
nal corresponding to 134 pg/ml of IL-10. The assay
KPMS113 recognizes both natural and recombinant
human IL-13. Reproducibility within the assay was
evaluated in three independent experiments. Each as-
say was carried out with 6 replicates of serum samples
containing different concentration of interleukins, and
the laboratory staff was blind to the clinical data.

Results

IL-4 was detected in 6 out of 35 (17.1%) subjects with
migraine headaches (mean, 2.04 ± 0.89 pg/ml) and 10
out of 33 (28.6%) subjects with tension-type head-
aches (mean, 3.39 ± 1.44 pg/ml). IL-13 was detected
in 6 out of 35 (17.1%) subjects with migraine head-
aches (mean, 2.49 ± 2.50 pg/ml) and 5 out of 33
(15.2%) subjects with tension-type headaches (mean,
1.78 ± 0.79 pg/ml). Interleukin-10 was detected in 1

out of 35 subjects with only migraine headaches
(10.25 pg/ml) and 2 out of 33 subjects with tension-
type headaches (24.24 pg/ml and 37.68 pg/ml). Cyto-
kine plasma levels are presented in Table 1.

The number of measurable samples was too small for
statistical analysis, and the data were not normally dis-
tributed; therefore, we did not find any significant differ-
ences or trends between groups. Because high cytokine
levels were detected in some patients, we analyzed the
demographic data and medical history of all patients.

Any significant correlations between measurable
cytokine levels and age, gender, type of headache (mi-
graine with aura or without aura), duration of disease,
frequency and severity of attacks, family history of
migraine, infection or laboratory tests and EEG were
determined.

Discussion

In our study, we focused on anti-inflammatory cytoki-
nes in children with only migraine headaches because
of the hypothesis that migraine headaches could be
caused by an immune dysfunction. Our control group
consisted of children with episodic tension-type headaches
without inflammatory conditions. Episodic tension-type
headaches have a functional pathomechanism, and
these patients were accepted as control vs. migraine in
our previously published studies [2].

The mechanism leading to migraine headaches is
still not clearly understood. The activation of brain-
stem structures through trigeminal nociceptive fibers
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Number of
measurable

amounts
(mean ± SD)

Migraine with
aura

(n = 14)

Migraine
without aura

(n = 21)

Migraine total
(n = 35)

Tension-type
headache
(n = 33)

Il-4, pg/ml 2 of 14

14.2%

(1.98 ± 1.33)

4 of 21

19.0%

(2.07 ± 0.84)

6 of 35

17.1%

(2.04 ± 0.89)

10 of 33

28,6%

(3.39 ± 1.44)

Il-13, pg/ml 2 of 14

14.2%

(1.25 ± 0.29)

4 of 21

19.0%

(3.11 ± 2.98)

6 of 35

17.1%

(2.49 ± 2.50)

5 of 33

15.2%

(1.78 ± 0.79)

Il -10, pg/ml 0 of 14

0%

1 of 21

4.7%

1 of 35

2.8%

2 of 33

6.1%



lasts longer than the pain experienced from migraine
headaches [20] and therefore, cannot explain the
length of individual migraine attacks. The hypothesis
of cytokines as possible pain mediators offers a poten-
tial mechanism for the generation of pain from mi-
graine headaches. Our previous results showed in-
creased levels of pro-inflammatory cytokines IL-1�,
sTNF-RI and TNF-� in children with migraine head-
aches during interictal periods [2]. Moreover, concen-
trations of these cytokines, particularly IL-1�, tend to
be higher in patients suffering from migraine head-
aches with aura [2]. Thus, we could also expect fluc-
tuations in anti-inflammatory cytokine levels.

The anti-inflammatory cytokines IL-4 and IL-10
have been studied previously in adult migraineurs,
and several reports indicate a reduced level of IL-4
during an attack [10, 15, 17], whereas IL-10 has been
found to increase during an attack [15, 16]. However,
very little has been reported in the literature concern-
ing anti-inflammatory cytokines during the headache-
free period. Compared to controls, significantly in-
creased plasma levels of transforming growth factor
(TGF)-1� have been found in patients with migraine
headaches during the headache-free period but not in
patients with tension-type headaches [8]. Plasma lev-
els of cytokines IL-4, IL-5 and IL-10 were undetect-
able in all healthy controls [14, 15]. Cytokine levels
below the detection limits were recorded as equal to
the detection limits. IL-10 levels were undetectable in
30 of 32 (93.7%) adult patients with migraine head-
aches [14]. IL-4 levels were found to be higher in
plasma from the same group in 12 (37.5%) patients
with migraine headaches, and IL-5 levels in plasma
from the same group were found to be higher in 27
(84.3%) patients with migraine headaches. However,
critical analysis of these results suggests that IL-4
plasma levels were undetectable in 62.5% of patients
with migraine headaches during pain-free periods.
Moreover, plasma IL-4 and IL-5 levels were also un-
detectable in most patients during the attack of mi-
graine headaches without aura [15]. Interestingly, in
12 out of 23 (52.2%) migraineurs from this same
group, plasma IL-10 levels were significantly higher
than in healthy controls [15]. However, our results
clearly indicate that in 47.8% of migraineurs, plasma
levels of IL-10 were undetectable.

These data seem to be unclear and controversial. In
our study, the number of undetectable and detectable
cytokine levels in all groups was small and similar,
and we could not draw any conclusions about differ-

ences between migraine and tension-type headaches.
From a clinical point of view, there was no correlation
between cytokine levels and clinical features, such as
duration of illness, attack frequency and intensity,
presence of aura, and age and gender of migraineurs.
Other authors did not find any correlations between
plasma cytokine levels and clinical features of head-
aches [14].

A possible explanation for the difference between
our results and other studies is the different sensitivity
of enzyme-linked immunosorbent assay techniques;
the minimum detectable concentration of our assay was
1.2 pg/ml for IL-4, 0.2 pg/ml for IL-10 and 0.73 pg/ml
for IL-13. In one cited study, the detection limit for
IL-4, IL-5 and IL-10 was 6 pg/ml, 1 pg/ml and 5 pg/ml,
respectively [14], whereas in another cited study, the
detection limit for IL-4, IL-5 and IL-10 was 2 pg/ml,
2 pg/ml and 1.5 pg/ml, respectively [15]. There are no
previous reports addressing the plasma levels of IL-13
in patients with migraine headaches. It is worth noting
that in the present study, the plasma level of IL-13
was measurable in 3 out of 68 (4.4%) patients with
headache only. In the last published comparative
study of cerebrospinal fluid (CSF) cytokine levels
from headache patients during attacks, measurable
amounts of only IL-1ra, MCP-1 and TGF-1� were
found in all patients [1]. IL-10 was detected in most
patients, but there was only a difference between
groups with migraine with aura or without aura, epi-
sodic tension-type headache and cervicogenic head-
aches. However, measurable amounts of IL-4 were
not found in CSF samples in any group [1]. Further
studies should include more sensitive immunoassay
techniques.

In the present study, any significant fluctuations of
the selected anti-inflammatory cytokines IL-4, IL-10
and IL-13 during the headache-free period in children
with migraine and tension-type headaches have been
found, but immune dysfunction in migraineurs could
not be totally excluded.
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