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Abstract

Background and purpose: Migraine is a frequent form of head-
ache. Although many mechanisms describing onset of migra-
ine with and without visual aura have been suggested, the
aetiology of migraine headaches is still not clear. Neurogenic
inflammation may play a key role in the development of mi-
graine headaches. We evaluated the discriminative power
of serum levels of C-reactive protein (CRP) and transform-
ing growth factor beta 1 (TGF-B1) in patients who present-
ed to our clinic with migraine headaches with or without visu-
al aura.

Material and methods: We designed a prospective case-con-
trol study of 51 patients with migraine (27 with migraine with
aura and 24 with migraine without aura; all had headache)
and compared them with 27 healthy subjects during the study
period. Demographic and clinical characteristics recorded
were age, sex, marital status, occupation, characteristics of
headache, laboratory values, and serum CRP and TGF-31
levels. Statistical analyses used Student s-test, the 2 test, and
ANOVA followed by the post-hoc Bonferroni test for mul-
tiple comparisons. Receiver operator characteristic (ROC)-
curve analysis for CRP and TGF-f1 was also conducted.
Results: There was no difference between the groups in terms
of demographic characteristics, marital status, and socioeco-
nomic status. Statistically, white blood cell levels, serum glu-

Streszczenie

Watep i cel pracy: Migrena jest czesta postacig bolow glowy.
Wskazywano wiele mechanizméw biorgeych udziat w inicjo-
waniu napadu migreny z aura wzrokowa lub migreny bez aury,
ale etiologia migrenowych béléw gtowy nadal pozostaje nie-
jasna. Kluczows rolg w rozwoju migreny moze odgrywac zapa-
lenie neurogenne. W pracy oceniono moc dyskryminacyjng
stezen biatka C-reaktywnego (CRP) i transformujacego czyn-
nika wzrostu 31 w surowicy pacjentéw, ktérzy zgtaszali sie do
poradni z powodu béléw glowy w przebiegu migreny z aura
wzrokowg lub bez aury.

Materiat i metody: W prospektywnym badaniu klinicznym
z grupa kontrolng wzigto udzial 51 chorych na migrene
(27 0s6b z migreng z aura oraz 24 osoby z migrena bez aury;
u wszystkich wystepowat bél glowy) oraz 27 os6b zdrowych.
Rejestrowane zmienne demograficzne i kliniczne obejmo-
waly: wiek, ple¢, stan cywilny, zawdd, charakterystyke bolu
glowy oraz wyniki badan laboratoryjnych, w tym stezen CRP
i TGF-B 1 w surowicy. W analizach statystycznych wykorzy-
stano test # Studenta, test 2 oraz analiz¢ wariancji z testem
post-hoc Bonferroniego ze wzgledu na mnogie poréwnania.
Przeprowadzono réwniez analiz¢ krzywych ROC dla CRP
i TGF-B1.

Wyniki: Nie stwierdzono réznic migdzy grupami w odniesie-
niu do charakterystyki demograficznej, stanu cywilnego lub
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cose levels, triglyceride levels, high-density lipoprotein lev-
els, and serum CRP and TGF-B 1 were significantly higher
in patients with migraine (» < 0.05). The ROC curve results
in this study identified that CRP and TGF-B1 may discrim-
inate patients who have different types of migraine headache.
Conclusions: This study suggests that serum CRP and TGF-
B 1 levels may be diagnostic factors to differentiate migraine
patients with and without aura. These findings show that
neurogenic inflammation may have a role in the aetiology of
migraines.

Key words: migraine, aetiology, neurogenic inflammation,

CRE, TGF-B1.

Introduction

Migraine is a frequent form of headache, with symp-
toms that include severe headache attack, photophobia,
nausea, vomiting, autonomic symptoms, and in some
patients, visual aura involving neurological symptoms
[1]. While the pathophysiology of migraines is still un-
clear, many pathophysiological mechanisms are related
to the development of migraines, including vascular [2],
neurogenic [3], hypoxic [4], and trigeminovascular [5]
involvement.

Cutter ez al. [2] provided evidence to support the
vascular theory by showing a decrease in blood flow in
the occipital lobe during the migraine aura. Lance [3]
revealed an important step in the genesis of migraine by
demonstrating that diffuse projections from the locus
coeruleus to the cerebral cortex could initiate cortical oli-
gaemia, possibly spreading depression caused by sero-
tonin [3].

Another theory of migraine pathogenesis is neuro-
genic inflammation. It was first described by Dalessio
[6], who showed that migraine occurred as a result of
vasodilatation associated with a sterile local inflammato-
ry reaction. Alterations of some interleukins have been
reported in migraineurs [7]. C-reactive protein (CRP)
[8] and transforming growth factor 1 (TGF-1) [9]
are considered to have a role in inflammation. The level
of CRP, an acute-phase protein in blood, rises in response
to inflammation [10]. TGF-B1 is a polypeptide member
of the transforming growth factor beta super-family of
cytokines. It is a secreted protein that is involved in many
cellular functions, including the control of cell growth,
cell proliferation, cell differentiation, apoptosis, and in-
flammation [11]. Previous studies evaluated the associ-
ation of CRP and TGF-B 1 with clinical characteristics
in migraine patients [12,13] and reported that CRP and
TGF-B 1 might have a role in migraine pathogenesis.
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spoleczno-ekonomicznego. U chorych na migrene obserwo-
wano wigksza liczbe leukocytéw we krwi obwodowej oraz
wieksze stezenia glukozy, triglicerydéw, lipoprotein o duze;
gestosci, CRP i TGF-B1 (» < 0,05). W analizie krzywych
ROC stwierdzono, ze CRP i TGF-1 moga stuzy¢ do roz-
rézniania pacjentéw z réznymi rodzajami boléw glowy.
Whioski: Wyniki badania wskazuja, ze stezenia CRP i TGF-
-B 1 mogg stuzy¢ do odrézniania pacjentéw z migrena z aura
od chorych na migrene bez aury. Wyniki te sugeruja, ze zapa-
lenie neurogenne moze odgrywac role w etiologii migreny.

Stowa kluczowe: migrena, etiologia, zapalenie neurogenne,
biatko C-reaktywne, transformujacy czynnik wzrostu 1.

In the current study, we aimed to investigate the role
of TGF-1 in migraine, to determine the diagnostic role
of this interleukin in migraine, and to compare it with
CRP, which has been shown previously to play a role in
neurogenic inflammation.

Material and methods

This prospective case-control study was performed
from June 2009 to June 2010 in the Dicle University
School of Medicine, Department of Neurology, a tertiary
referral hospital in the south-eastern region of Turkey.
Most of the patients were referred to our hospital from
area health centres. The health services were mostly free
of charge and supported by the government. The study
was approved by the Ethics Committee of the Dicle Uni-
versity School of Medicine (no. 77-02.07.10), and writ-
ten informed consent was received from all of the patients.

The diagnosis of migraine with and without visual
aura was made using the 2004 International Headache
Society classification (ICHD-II) [14]. Table 1 shows the
features of patients’ headaches. The features analysed were
unilateral pain, pulsating quality, moderate or severe pain
intensity, aggravation by physical activity, nausea and/
or vomiting, photophobia, and phonophobia. A total of
78 persons were included in the study. Of these, 51 were
the study group with headache (27 patients experienced
aura [migraine with aura] and 24 did not [migraine with-
out aura] ). The control group included 27 subjects who
were free of migraine and headache. Excluded from this
study were pregnant or lactating women, patients with
daily use of drugs (except hormonal contraceptives), pa-
tients with active infection, and patients with cardiovas-
cular diseases, hypertension, diabetes mellitus, or hyper-
cholesterolaemia. Based on medical history, physical
examination, and routine laboratory tests, the control-
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Table 1. Headache characteristics in the studied patients

CRP and TGF-B 1 levels in migraine

Variables Patients with Patients with
migraine with aura* migraine without aura*
(n=27) (n = 24)
Unilaterality 20 (74.0%) 16 (66.6%)
Pulsating quality 26 (96.2%) 20 (83.3%)
Moderate or severe pain intensity 24 (88.8%) 20 (83.3%)
Aggravation by physical activity 18 (66.6%) 15 (62.5%)
Nausea and/or vomiting 23 (85.1%) 20 (83.3%)
Photophobia 20 (74.0%) 21(87.5%)
Phonophobia 24 (88.8%) 22 (91.6%)

*Data presented as n (%)

group participants were healthy subjects without head-
ache, history of headaches, or first-degree relatives with
headaches.

Demographic and clinical characteristics recorded were
age, sex, marital status, job, characteristics of headache,
laboratory values, and serum CRP and TGF-1 levels.
Fasting blood samples were obtained from the antecubital
vein during a headache-free period of 12 hours. Serum
was collected within one hour and kept frozen at —80°C
until analysis. CRP levels were determined by the CRP
kit (Beckman Coulter; immage S/N 2528, Fullerton, Cal-
ifornia, USA). TGF-B1 levels were determined by the
nephelometric method with an enzyme-linked immunosor-
bent assay (Invitrogen, Camarillo, CA, USA).

Statistical analysis

Mean values and standard deviations (SD) were cal-
culated for continuous variables. The normality of the
variables was analysed by the Kolmogorov-Smirnov test.
The 2 test and independent sample -test were used to
evaluate associations between categorical and continuous
variables, respectively. The mean values of the three
groups were analysed using one-way ANOVA followed
by the post-hoc Bonferroni test for multiple comparisons.
Variables were included in the backward and stepwise pro-
cedures. The sample size was determined according to
the results of the central limit theorem [17], which indi-
cated that at least 30 individuals were required in each
subgroup. Receiver operator characteristic (ROC)-curve
analysis was used to establish the cut-off values for CRP
and TGF-B 1. Two-sided p-values were considered sta-
tistically significant at p < 0.05. Statistical analyses were
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carried out using SPSS 15.0 for Windows (SPSS, Inc.,
Chicago, IL,, USA).

Results

The demographic characteristics of the study group
are shown in Table 2. There were no statistically signi-
ficant differences among the groups in terms of age,
job, marital status, or socioeconomic status (p > 0.05).
The control group included 11 (40.7%) male and 16
(59.3%) female participants. Of these, 17 (62.9%) were
married; most of them were homemakers and volunteer
workers. None of the patients had clinical evidence of
active infection. There were no statistically significant dif-
ferences between the patient groups in terms of age, dura-
tion of illness, or family history.

Table 3 compares the laboratory values between the
groups. Statistically, there were no significant differences
between the groups in terms of alanine aminotransferase
or aspartate aminotransferase levels (»p > 0.05). Whole
blood count levels, glucose levels, and serum lipid levels,
including triglyceride and high-density lipoprotein lev-
els, were significantly higher in the migraine groups com-
pared with controls (p < 0.05).

Serum CRP and TGF-B1 levels were determined
in the three groups and the results are shown in Table 4.
According to the Bonferroni method, there were statis-
tically significant differences among the three groups in
terms of CRP and TGF-B1 levels (Table 4).

Areas under the receiver operating characteristic
curves (AUC-ROC) for CRP and TGF-1 are shown
in Figure 1.
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Table 2. Demographic and dlinical characteristics of the migraine patients

Patients with migraine  Patients with migraine Statistics and
with aura without aura p-values
(n=27) (n = 24)
Age [years], mean * SD 36.62 £ 2.65 35.16 = 2.53 t=039; p=0.6%
Gender
Male 7(25.9%) 8 (33.4) 2= 0.074 = 0786
Female 20 (74.1%) 16 (66.6)
Job
Housewife 16 (59.3%) 14 (58.3) 72 =2.107; »=0.716
Other 11 (40.7%) 10 (41.7)
Marital status
Married 20 (74.1%) 16 (66.6) 72 = 0336; » = 0.786
Single 7(25.9%) 8(33.4)
Socioeconomic status
< 500 TL 17 (62.9%) 16 (66.6%)
500-1000 TL 6(22.2%) 5(20.8%) £ =2346; p=0.546
> 1000 TL 4 (14.9%) 3 (12.6%)
*Data presented as n (%) if not stated otherwise.
@ — teacher; official, student, free worker
SD — standard deviation, TL — Turkish lira
Table 3. Comparison of laboratory values among three studied groups (ANOVA followed by Bonferroni test)*
Variables Patients with Patients with migraine Control F statistic P-value P-value for
migraine with aura without aura group the Bonferroni
(n=27) (n = 24) (n =27) test?
Group A Group B Group C
Glucose 97.11 % 14.11 95.70 % 9.87 126.66 * 6169 5.690 0.005  Avs.B,p=0.128
(mg/dL) Avs.C,p <0.001
Bvs. C,p <0.001
ALT (U/L) 2370 +23.30 2141 % 1147 28.92 % 16.50 1.187 0311 Not followed
AST (U/L) 21.96 £ 8.41 20.12 *= 6.68 22.96 £ 6.03 1.204 0.364 Not followed
Cholesterol 182.18 £ 35.69 178.87 = 27.17 172.44 = 47.70 0.453 0.637 Not followed
(mg/dL)
Triglyceride 118.00 %= 54.05 122.91 = 96.62 214.00 = 137.48 7.443 0.001 Avs.B,p = 0215
(mg/dL) Avs. C,p <0.001
Bvs. C,p < 0.001
HDL 52.62 % 10.97 52.45 + 16.88 48.16 = 13.68 9.162 <0.001 Avs.B,p > 0816
(mg/dL) Avs. C,p=10.019
Bvs.C,p =0.014
LDL 100.00 = 28.86 97.37 * 24.23 94.92 * 36.19 0.188 0.829  Not followed
(mg/dL)

*Data presented as means = standard deviations

&P-value was calculated by using post-hoc test for non-parametric methods that is corvected ANOVA using Bonferroni test (for A vs. B, Aws. Cand B vs. C p< 0.016 accepted to be statistically

different according to Bonfervoni test)

ALT — alanine aminotransferase, AST — aspartate aminotransferase, HDL — high ity lipoprotein, LDL — low-density lipoprotein

Discussion

tients with migraine with aura, 24 patients with migraine

We designed a case-control study to determine the
pathophysiology of migraine. The study included 27 pa-
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without aura, and 27 controls without migraine. The

levels of CRP and TGF-B1 were higher in the migraine
patient group compared with the control group. These
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CRP and TGF-B 1 levels in migraine

Table 4. Results of comparison of the means of three groups in terms of CRP and TGF-B 1 levels by using ANOVA followed by Bonferroni test*

Variables Patients with Patients with Control group F statistic P-value P-value for the
migraine with aura migraine without aura (n = 27) Bonferroni test*

(n = 27) (n = 24) Group C

Group A Group B
C-RP 1.562 £ 0.72 1.120 *= 0.28 0.350 = 0.16 4.010 0.015 Avs.B,p =0.281
(mg/dL) Avs.C,p <0.001
Bvs.C,p <0.001
TGFB1 0.457 = 0.11 0.441 £ 0.09 0.370 = 0.10 3.936 0.026 Avs.B,p =0.673
(ng/mL) Avs. C,p =0.021
Bvs.C,p =0.010
*Data presented as means % standard deviations

“p-value was calculated by using post-hoc test for non-parametric methods that is corrected ANOVA using Bonferroni test (for A vs. B, Avs. Cand B vs. Cp < 0.016 accepted 1o be statistically

different according to Bonfervoni test)
CRP — C-reactive protein, TGF-B1 — transforming growth factor B1

results support the role of inflammation in the patho-
physiology of migraine. Serum lipid levels were found
to be higher in the migraine patient group, and this find-
ing may support the vascular theory of migraine. Our
findings also support previous studies that found an
association between migraine and increased plasma lipid
levels [15,16]. Larger studies with more patients should
be conducted to examine the involvement of neurogenic
inflammation in migraine. ROC analysis determined
that TGF-B1 may have strong discriminative power in
differentiating patients with aura and without aura in
migraine.

The relationship between neurogenic inflammation
and migraine was first determined by Dalessio [6], who
showed that migraine occurs as a result of vasodilata-
tion associated with a sterile local inflammatory reaction.
Moskowitz et al. [13,14] also reported that sterile neu-
rogenic inflammation may have a role in migraine pain
[13,14]. In the neurogenic inflammation theory, release
of vasoactive mediators from trigeminal perivascular
fibres results in vasodilatation, plasma protein extrava-
sations, and a decrease in proinflammatory mediators
[14]. To examine the association between migraine and
neurogenic inflammation, various interleukins have been
evaluated [8,18,19]. Calcitonin gene-related peptide
(CGRP) is an endogenous inflammatory mediator
found to have a role in migraine and neurogenic inflam-
mation, which causes dilation of cranial blood vessels,
and this also supports the vascular theory of migraine
[20]. Likewise, the role of CRP [21,22] and TGF-1
[10] levels has been studied to determine the associa-
tion between migraine and neurogenic inflammation.

CRP levels rise in response to inflammation [23].
TGF-B1 is a polypeptide member of the transforming
growth factor beta super-family of cytokines. It is a se-
creted protein that performs many cellular functions,
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Fig. 1. Receiver operating characteristic (ROC) areas under the curves (AUC)
of C-reactive protein (CRP) and transforming growth factor B 1 (TGF- B1)

including contributing to the control of cell growth, cell
proliferation, cell differentiation, apoptosis, and inflam-
mation [11].

Vanmolkot ez al. [21] reported that serum CRP lev-
els were higher in migraine patients and highest in the
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migraine without aura group, and this finding supports
the role of neurogenic inflammation in migraine. Simi-
larly, we found higher serum CRP levels in our migraine
patient group; however, in contrast to the study by Van-
molkot ez a/., the migraine with aura group had the high-
est CRP levels. Our data also suggest that neurogenic
inflammation may have a role in migraine pathophysi-
ology.

Welch ez al. [22] evaluated the levels of serum CRP
in migraine patients who presented with complex clini-
cal features. According to that study, serum CRP levels
were higher in patients with atypical, severe, or complex
clinical features. That study also showed the association
between neurogenic inflammation and migraine.

The only study evaluating TGF-1 levels in mi-
graine is that of Ishizaki ez a/. [23]. In that study, Ishiza-
ki ez al. reported that TGF-B 1 levels were higher in the
migraine group and highest in the migraine with aura
group. The elevated levels of TGF-B 1 may be related
to aura symptoms in migraine patients. We also found
higher TGF-B1 levels in migraine patients, and they
were highest in the migraine with aura group. To our
knowledge, this is the first study to evaluate both serum
CRP and TGF-B1 levels in migraine patients.

Conclusions

Our results indicate that neurogenic inflammation
may have a role in the pathophysiology of migraine.
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