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ABSTRACT
Background: Migraine is a type of primary headache caused by changes in the trigeminal 
system and has been reported to be associated with neurovascular inflammation of cerebral 
and extracerebral vessels.
Objective: It is known that inflammation is an important process in the pathogenesis of 
migraine. It has been shown that the molecules of visinin-like protein 1 (Vilip-1), YKL-40, 
lipocalin-2 and interleukin (IL)-23 play a role in the inflammatory process. Our aim is to 
investigate the role of this molecule in the metabolic pathway of migraine disease.
Methods: Fifty migraine patients with and without aura in the interictal period were included 
in the study. Vilip-1, YKL-40, lipocalin-2, and IL-23 levels were measured by ELISA method.
Results: Serum vilip-1, YKL-40, lipocalin-2, and IL-23 levels were found to be significantly 
higher in migraine patients compared to the control group. We found that this molecule 
increased significantly in migraine subgroups compared to the control group (p < 0.001). 
A positive significant correlation was found between vilip-1 level and YKL-40 and lipocalin-2 
levels in migraine patients. In addition, a positive correlation was observed between visual 
analogue scale score, number of days with pain and vilip-1 level (p < 0.01). The results of our 
study showed that activation of inflammatory mediators may play a role in the pathogenesis of 
migraine disease. In addition, our study is valuable in that inflammatory molecules are high in 
the interictal period and these biomarkers have never been analyzed in migraine patients. 
However, we still believe that larger studies are needed to explain the role of vilip-1, YKL-40, 
lipocalin-2, and IL-23 in the molecular mechanism of migraine disease.
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Introduction

Migraine is a type of primary headache caused by 
changes in the trigeminal system and is known to be 
associated with neurovascular inflammation of cerebral 
and extra-cerebral vessels [1]. The pathophysiological 
mechanism of migraine disease is complex and has not 
been fully explained. Activation of mast cells, stimula-
tion of trigeminal nerves, calcitonin gene-related pep-
tide, stimulation of dural vessels, secretion of molecules 
such as substance P and neurokinin A are considered 
among the etiological factors of migraine [2,3].

Visinin-like protein-1 (Vilip-1) is a neuronal cal-
cium-sensor protein reported to be increased in the 
cerebrospinal fluid (CSF) after stroke. Therefore, it has 
been identified as a sign of neuronal damage [4]. It has 
been reported that vilip-1 molecule plays an active role 
in the pathophysiology of central nervous system 
(CNS) diseases such as schizophrenia and 
Alzheimer’s disease [5]. YKL-40 is a member of the 
mammalian chitinase-like protein family [6]. The 
function of YKL-40 has not been fully explained. As 

an inflammatory glycoprotein, it is thought to be 
involved in many pathophysiological processes, such 
as cell proliferation, migration, and chemotaxis [7,8]. 
It has been reported that the level of YKL-40 is ele-
vated in the CSF in infectious and non-infectious CNS 
diseases [9]. In addition, it has been reported that 
serum YKL-40 levels are increased in CSF of 
Alzheimer’s patients and multiple sclerosis (MS) dis-
ease [10,11].

Interleukin (IL)-23 is secreted by activated macro-
phages and dendritic cells in peripheral tissues, includ-
ing the skin, intestinal mucosa and lungs [12]. It has 
been reported that the level of IL-23 is increased in 
inflammatory diseases such as rheumatoid arthritis, 
psoriasis and inflammatory bowel disease [13]. 
Lipocalin-2 synthesized from adipose tissue and liver 
plays a role in various cellular events, immune 
response, differentiation and tumorigenesis [14]. It 
has been reported that the lipocalin-2 molecule plays 
an active role in chronic diseases such as neurodegen-
erative diseases [15].
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No studies have been found in the literature related 
to biomarkers and migraine disease. Therefore, our 
aim is to evaluate the relationship of vilip-1, YKL-40, 
lipocalin-2 and IL-23 biomarkers with the molecular 
mechanism of migraine.

Methods

Our study was carried out in Dicle University Faculty 
of Medicine, Department of Neurology. The migraine 
patients were clinically assessed by a neurologist. This 
study was approved by the ethics committee of Dicle 
University (18.05.2018/175), and written informed 
consent was obtained from all participants prior to 
their inclusion into the study migraine diagnosis was 
carried out in accordance with the international clas-
sification of headache disorders-III diagnostic criteria 
[16]. The patients in the migraine group were divided 
into two subgroups. It was determined that only 50 
patients had migraines without aura, while the 
remaining patients all had migraine with aura. The 
exclusion criteria of the study were as follows: dia-
betes, thyroid dysfunction, pregnancy, cardiovascular 
diseases, chronic illnesses, renal diseases, infectious 
diseases and metabolic diseases.

Biochemical analyses

Blood samples were taken from the control group and 
from the migraine group. The venous blood samples 
were instantaneously centrifuged at 3000 rpm for 10  
min at 4°C and then poured into an eppendorf tube. 
The serum samples were transferred on ice and stored 
at −80°C for 3 months until the end of the study. The 
serum vilip-1, YKL-40, lipocalin-2, and IL-23 levels 
were measured using commercially available enzyme- 
linked immunosorbent assay (ELISA) kits (YLbiont, 
Kit LTD, China). The absorbance was read at 450 nm 
and recorded by absorbance microtiter plate reader 
(ELx800TM, BIO-TEK instruments, USA).

Statistical analysis

Compliance of the data with normal distribution was 
checked with Kolmogorov – Smirnov and Shapiro– 
Wilk tests. Student – t test was used for groups of two, 
One Way ANOVA for groups of three for parameters 
that were normally distributed, Mann Whitney-U test 
was used for comparison of paired groups for para-
meters not normally distributed, and Kruskal Wallis 
test was used for comparison of more than two groups. 
In comparison with the Kruskal–Wallis test, two-fold 
comparisons were made with the Mann-Whitney-U 
test by making Bonferroni correction to understand 
which group caused the statistical difference.

Results

The mean age of the migraine with aura (39 females 
and 11 males) 28.60 ± 8.12 and migraine without aura 
(35 females and 15 males) was 28.44 ± 8.16 years, 
while the mean age of the control group (29 females 
and 21 males) was 27.70 ± 7.17 years (Table 1).

The mean serum vilip-1 levels of in patients with 
migraine and healthy individuals were 4.43 ± 3.94 ng/ 
ml, 2.32 ± 3.29 ng/ml, respectively. The mean serum 
YKL-40 levels of in patients with migraine and healthy 
individuals were 36.40 ± 28.73 pg/ml, 18.45 ± 10.23  
ng/ml, respectively. The mean serum lipocalin-2 levels 
of in patients with migraine and healthy individuals 
were 429.03 ± 253.34 pg/ml, 228.02 ± 108.15 ng/ml 
respectively. The mean serum IL-23 levels of in 
patients with migraine and healthy individuals were 
70.39 ± 57.09 ng/ml, 30.16 ± 13.39 ng/ml, respectively. 
The serum IL-23, YKL-40, lipocalin-2, and vilip-1 
levels were found to be higher in the migraine patients 
compared to the control group. This difference was 
found to be statistically significant compared (p <  
0.001) Table 2.

In migraine with aura and migraine without aura, 
serum IL-23, YKL-40, lipocalin-2, and vilip-1 levels 
were significantly higher than in the control group 
(p < 0.001). However, no significant difference was 

Table 1. The demographic values of the migraine subgroups and control group.
Control group Migraine without aura Migraine with aura

Female 
Male

29(58.0%) 
21(42.0%)

35(70.0%) 
15(30.0%)

39(78.0%) 
11(22.0%)

Age 27.70 ± 7.17 28.44 ± 8.16 28.60 ± 8.12
BMI 23.29 ± 4.41 24.40 ± 4.48 24.40 ± 4.48

Table 2. Baseline characteristics serum visinin-like protein-1, YKL-40, lipocalin-2, and IL-23 levels in patients with migraine 
and control group.

Parameters Control group Migraine group Lower Bound Upper Bound p value

Vilip-1(ng/mL) 2.32 ± 3.29 4.43 ± 3.94* 0.765 0.917 .000
YKL-40 (ng/mL) 18.45 ± 10.23 36.40 ± 28.73* 0.743 0.907 .000
Lipocalin-2 (ng/L) 228.02 ± 108.15 429.03 ±253.34* 0.737 0.886 .000
IL-23(ng/L) 30.16 ± 13.39 70.39 ± 57.09* 0.735 0.880 .000

Data are expressed as (mean ± SD) SD; Standard Deviation. 
p < 0.001*. the degree of significance of comparison between the patient and control group.
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found between migraine with aura and without aura 
groups (p > 0.05) Table 3.

Days with pain, duration of pain, and visual analo-
gue scale score (VAS) values were statistically higher 
migraine without aura group than the migraine with 

aura (p < 0.001). Migraine disability assessment test 
was not statistically (p > 0.05) Table 4.

A cutoff YKL-40 of 45.25 predicted the difference 
between the migraine group and the control group, 
with 23% sensitivity and 98% specificity (ROC area 
under the curve [AUC] of 0.82 95% confidence inter-
val [CI], 0.743–0.907. A cutoff vilip-1 of 3.03 predicted 
the difference between the migraine group and the 
control group, with 47% sensitivity and 92% specificity 
(ROC AUC of 0.84 95% [CI] 0.765–0.917). A cutoff 
lipocalin-2 of 523.44 predicted the difference between 
the migraine group and the control group, with 23% 
sensitivity and 98% specificity (ROC AUC of 0.81 95% 
[CI] 0.737–0.886). A cutoff IL-23 of 58.81 predicted 
the difference between the migraine group and the 

Table 3. Comparison of serum visinin-like protein-1, YKL-40, lipocalin-2, and IL-23 levels of migraine subgroups 
and control group.

Parameters Control group Migraine without aura Migraine with aura p value

Vilip-1 (ng/mL) 2.32 ± 3.29 5.43 ± 4.38 3.42 ± 3.16 .000
YKL-40 (ng/mL) 18.45 ± 10.23 35.47 ± 28.58 37.32 ± 29.14 .000
Lipocalin-2 (ng/L) 228.02 ± 108.15 421.59 ± 312.65 436.48 ± 178.35 .000
IL-23 (ng/L) 30.16 ± 13.39 54.59 ± 38.95 86.20 ± 67.52 .000

Data are expressed as (mean ± SD) SD; Standard Deviation. 
p < 0.001*. the degree of significance of comparison between the patient and control group.

Table 4. The number of days with pain, duration of pain and 
MIDAS and VAS score values of the patients.

Migraine without aura Migraine with aura p value

Days with pain 9.34±198 7.02±1.87 .000
VAS Scores 6.40±0.90 4.52±1.16 .000
Duration of pain 8.98±3.73 6.42±2.39 .000
MIDAS 7.12±2.69 6.06±2.45 .088

Data are expressed as (mean ± SD) SD; Standard Deviation. 
p < 0.001*, the degree of significance of comparison between the patient 

and control group. 
MIDAS, Migraine Disability Assessment Test; VAS, Visual Analogue Scale 

scores.

Figure 1. The Receiving Operator Characteristic (ROC) curve analysis of visinin-like protein-1, YKL-40, lipocalin-2, and IL-23 for 
prediction the migraine patient group.
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control group, with 41% sensitivity and 98% specificity 
(ROC AUC of 0.80 95% [CI] 0.735–0.880 (Figure 1).

Discussion

In our study, we found that serum YKL-40, IL-23, 
lipocalin-2 and vilip-1 levels were increased in 
migraine patients. We found that this molecule 
increased significantly in migraine patients with and 
without aura compared to the control group. 
A significant correlation was found between vilip-1 
levels and YKL-40 and lipocalin-2 levels. A positive 
correlation was observed between VAS score, number 
of days with pain and serum vilip-1.

YKL-40, IL-23, lipocalin-2 and vilip-1 molecules 
have never been measured in migraine patients. 
Therefore, the mechanism of this molecule in the 
pathogenesis of migraine disease has not been 
explained. Our study is the first clinical study to 
bring innovation to the literature with this aspect.

Vilip-1 is a neuron-specific calcium sensor (NCS) 
protein expressed in the central nervous system [17]. 
NCS proteins are localized in the central nervous 
system such as retinal photoreceptor neurons or neu-
roendocrine cells [18]. Calcium plays an important 
role in neuron physiology homeostasis [19]. 
Therefore, vilip-1 has been used as a biomarker for 
the identification of neuronal damage. It has been 
reported that plasma vilip-1 level plays an active role 
in stroke patients [20]. It has been reported to alter 
calcium homeostasis in migraine [21]. Therefore, cal-
cium overload causes persistently increased cytosolic 
Ca2+ concentrations in neurons. In this case, it has 
been stated that it causes the involvement of NCS 
proteins in the CNS, which mediates various necrotic 
and apoptotic pathways [22]. The high vilip-1 level in 
our study suggests that calcium may disrupt home-
ostasis and cause neuron excitability and this molecu-
lar mechanism may cause migraine headaches. In 
addition, the positive correlation between the YKL- 
40 and lipocalin-2 biomarkers and vilip-1 levels indi-
cates that vilip-1 molecule may play a role in the 
inflammatory process of migraine.

YKL-40 is expressed in microglia [23]. YKL-40 is 
synthesized and secreted by cells, such as macro-
phages, hepatic stellate cells, smooth muscle cells, 
neutrophils, and chondrocytes. Many studies have 
been carried out in the literature with YKL-40. It has 
been reported that YKL-40 plays a role in some 
inflammatory diseases and in the development of 
atherosclerosis [24]. YKL-40 has been reported to 
play a role in the etiopathogenesis of MS patients 
and neurodegenerative diseases [25]. It has been 
reported that YKL-40 neuron expression is increased 
in the experimental model of status epilepticus [26]. 
Therefore, YKL-40 has been shown to be a potential 
biomarker in inflammatory diseases. In our study, 

serum YKL-40 was significantly increased in migraine 
patients. The elevation of the glial marker YKL-40 in 
migraine patients indicates the presence of neurovas-
cular inflammation in the pathogenesis of migraine.

Lipocalin-2 is known to play a role in inflammatory 
responses in the CNS [27]. Lipocalin-2 Alzheimer’s 
disease experimental autoimmune encephalomyelitis 
(EAE) has been shown to play an effective role in 
neurological diseases with many neuroinflammation 
disease pathogenesis [28,29]. Lipocalin-2 is a protein 
secreted in inflammatory events by activated astro-
cytes in the brain after the stroke [30]. In our study, 
lipocalin-2 level was found to be significantly higher in 
migraine patients. It was also observed that it was 
higher in migraine subgroups. High lipocalin-2 level 
in migraine etiopathogenesis indicates inflammation. 
Therefore, it is suggested that lipocalin-2 may cause 
microglial cell activation in the pathophysiology of 
migraine, and as a result, neurovascular inflammation 
may occur by this molecular mechanism by affecting 
vascular permeability [31].

IL-23 is a covalent heterodimer of IL-12p40 and IL- 
23p19 [32]. IL-23 is a cytokine produced by dendritic 
cells and infiltrating macrophages from brain injury 
and is a molecule involved in the pathogenesis of 
autoimmune and inflammatory diseases [33]. 
Numerous studies have been conducted showing the 
role of IL-23 in neuroinflammation. It has been 
reported that IL-23 mRNA expression is increased in 
MS patients [34]. IL-23 has been reported to aggravate 
neuron damage, astrocyte swelling and disrupt the 
blood–brain barrier integrity [35]. Elevated serum 
IL-23 levels have been reported after an ischemic 
stroke [36]. It has been reported that IL-23/IL-17A 
metabolic pathway plays an important role in the 
pathogenesis of Alzheimer’s disease [37]. Cua et al. 
demonstrated that IL-23 plays an important role in 
autoimmune inflammation of the CNS [38]. In our 
study, IL-23 level was found to be significantly higher 
in migraine patients. In addition, it was observed that 
it was higher in migraine patients with and without 
aura than in the control group. In the light of this 
information, high levels of IL-23 in migraine patients 
indicate that it may be caused by microglial activity by 
activating T cells. In addition, the sensitivity of our 
YKL-40, IL-23, lipocalin-2 and vilip-1 tests was found 
to be very low due to the low area under the ROC 
curve, but the likelihood ratios were found to be good.

Many studies have been conducted on cytokines 
and in the attack and interictal period of migraine 
patients. It has been reported that pro-inflammatory 
molecules such as IL-1β, IL-6, TNF-α are increased in 
the interictal period [39]. Yücel et al. reported that 
molecules such as ESM-1, CLDN-5, IL-1β, and IL-6 
are elevated in the attack and interictal period [40]. In 
our study, serum YKL-40, IL-23, lipocalin-2 and vilip- 
1 levels were significantly increased in the interictal 
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period. The data we obtained in our study were found 
to be compatible with the literature. The elevation of 
these molecules in the interictal period may be an 
indicator of neurogenic inflammation. In addition, in 
our study, there was a positive correlation between 
VAS score, number of days with pain and serum 
vilip-1. In this sense, it is thought that large-scale 
studies will increase therapeutic approaches to 
migraine disease.

In conclusion, in our study, it was determined that 
vilip-1, YKL-40, lipocalin-2 and IL-23 were levels 
increased in migraine patients. Therefore, the results 
of our study draw attention to the inflammation pro-
cess in the pathophysiology of migraine. In addition, 
the fact that these biomarkers are significantly higher 
in migraine patients with aura and that they have 
never been studied in migraine patients makes our 
study valuable. There is a need for more extensive 
studies to support our work in this regard.
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