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a  b  s  t  r  a  c  t

The  aim  of  this  pilot  study  was  to analyze  the  serum  proteomic  profile  of  women  suffering  from
menstrual-related  migraine  (MM  group,  n =  15)  and  migraine  in  post-menopause  (PM  group,  n  =  15)
in  comparison  with  non-headache  control  females  (C group,  n  =  15).  Serum  samples  were  subjected
to  two-dimensional  gel  electrophoresis  (2-DE)  followed  by  mass  spectrometry  (MS)  analysis  for  pro-
tein  identification.  Based  on  2D-gel  maps  and  PDQuest  2-D software,  13  differentially  expressed  spots,
corresponding  to 12 unique  proteins  identified  by  Liquid  Chromatography-Electrospray  Ionization-
Quadrupole-Time  of  Flight/tandem  mass  spectrometry  (LC-ESI-QToF-MS/MS),  were  detected  in the  MM
and  PM  groups  vs  C  group.  Five  inflammatory  and  regulatory  of vascular  integrity  proteins  (prothrombin,
serum  amyloid  P-component,  Ig  kappa  chain  C  region,  apolipoprotein  A-I,  serum  amyloid  A-4  protein)
were found  deregulated  in both  MM and  PM  groups  compared  to C group;  MM  group  showed  the
upregulation  of  other  inflammatory  protein  fragments  (inter-alpha-trypsin  inhibitor  heavy  chain  H4
and  complement  C4-A)  compared  to C group;  PM  group,  in comparison  with  C  group,  displayed  a note-
worthy  upregulation  of  transthyretin  and  other  deregulated  proteins  (tetranectin,  alpha-1-antitrypsin,
haptoglobin,  apolipoprotein  A-IV)  playing  a  role  in  anti-inflammatory  and  reparative  processes.  In conclu-

sion, proteomic  analysis  was  able  to reveal  differences  in  protein  expression  between  migraine  sufferers
and  non-headache  women;  as  in  other  neurological  diseases  characterized  by  neuroinflammation,  the
serum  proteome  of  migraine  women  presents  an abundance  of  proteins  indicative  of  cellular  damage,
oxidative  stress  and  inflammation.  This  relevant  inflammatory  status,  if confirmed  in  larger  series,  could
represent  a  target  for menstrual-related  migraine  treatment.

© 2020  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under  the  CC  BY-NC-ND
Abbreviations: MM,  menstrual-related migraine; PM,  post menopause migraine;
HRB, prothrombin; A1AT, alpha-1-antitrypsin; APOA4, apolipoprotein A-IV; SAMP,
erum amyloid P-component; IGKC, Ig kappa chain C region; APOA1, apolipoprotein
-I;  SAA4, serum amyloid A-4 protein; TETN, tetranectin; HPT, haptoglobin; TTHY,

ransthyretin; ITIH4, inter-alpha-trypsin inhibitor heavy chain H4; CO4A, comple-
ent C4-A; 2-DE, two-dimensional gel electrophoresis; LC-ESI-QToF-MS/MS, liquid

hromatography-electrospray ionization-quadrupole-time of flight/tandem mass
pectrometry; LC-ESI-QO-MS/MS, liquid chromatography/electrospray ionization-
uadrupole-orbitrap/tandem mass spectrometry; CNS, central nervous system; CSF,
erebrospinal fluid.
∗ Corresponding author.

E-mail address: cecilia.rustichelli@unimore.it (C. Rustichelli).
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

More than 70 % of women  suffering from migraine have
menstrual-related attacks, i.e. from two days before to three days
after the onset of menstrual flow. The third edition of the Interna-
tional Classification of Headache Disorders (ICHD-3) [1] includes
menstrual migraine in the appendix, dividing it into “pure men-
strual migraine”, when the attacks are exclusively related to the
menstrual cycle (in at least three consecutive menstrual cycles),
and in “menstrual-related migraine”, when the attacks occur
both during and outside the menstrual period. The evidence on

menstrual migraine is still limited. The decrease in estrogen con-
centration after being exposed to high levels is considered the main
trigger [2], however the mechanisms that mediate this action are
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Table 1
Characteristics of the studied subject groups (n = 15 in each group).

Variable MM group
N (%)

PM group
N (%)

C group
N (%)

Mean age ± SD (years) 34.8 ± 7.1 57.0 ± 5.0a 29.2 ± 7.2
Age range (years) 21÷45 51÷65 22÷45
BMI  ± SD 23.1 ± 2.5 24.1 ± 4.1 23.3 ± 4.2
Smoker 2 (13) 1 (7) 3 (20)
Alcohol consumption 5 (33) 7 (47) 4 (27)
Coffee consumption 13 (87) 10 (67) 6 (40)
Varied diet 14 (93) 12 (80) 14 (93)
Vegetarian/vegan diet 1 (7) 2 (13) 0 (0)
Years of migraine ± SD 16.8 ± 8.5 33.1 ± 13.5b 0 (0)
Migraine days/3 months ± SD 25.7 ± 17.2 27.3 ± 19.2 0 (0)
Analgesic intake/3 months ± SD 27.6 ± 17.2 28.4 ± 17.4 0 (0)

Acute migraine treatment
Triptans 9 (60) 8 (53) 0 (0)
NSAIDs 8 (53) 9 (60) 0 (0)
Analgesic combination 2 (13) 2 (13) 0 (0)

Comorbidities
Hypertension 1 (7) 4 (27) 1 (7)
Allergic rhinitis 3 (20) 3 (20) 4 (27)
Hypercholosterolemia 1 (7) 3 (20) 0 (0)
Thyroiditis 1 (7) 4 (27) 1 (7)

Concomitant treatment
Antihypertensive agents 1 (7) 4 (27) 1 (7)
Antihistamines 3 (20) 3 (20) 4 (27)
Statins 1 (7) 3 (20) 0 (0)
Levothyroxine 1 (7) 4 (27) 1 (7)
 E. Bellei, C. Rustichelli, S. Bergamini et al. / Journal of P

ot known. Menstrual-related attacks are longer, more disabling,
ore resistant to the treatment, and tend to reappear more than

hose that are not menstrual-related. Unfortunately, the treatment
f menstrual migraine is the same as that for “regular migraine”
nd often inadequate [3].

Migraine is a complex condition, which involves a combina-
ion of genetic, environmental and lifestyle factors [4]. Proteomics
tudies the expression and function of proteins, together with the
athophysiological processes in which they are involved, helping to
efine more precisely the pathogenesis of diseases. Therefore, the
roteomic approach could be appropriate to study a multifactorial
isease such as migraine. Indeed, while the genome is constant,
he proteome is continuously modulated by genome-environment
nteractions [5].

The aim of this pilot study was to analyse the serum proteome
f women suffering from menstrual-related migraine and post
enopause migraine in comparison with non-headache women,

o search and identify differentially expressed proteins as potential
iomarkers of menstrual migraine, which could be informative on
he biological pathways that contribute to this complex disorder.

. Material and methods

.1. Chemical and reagents

Protease Inhibitor Cocktail, ProteoPrep® Immunoaffinity
lbumin and IgG depletion Kit, Urea, Thiourea, 3-[(3-
holamidopropyl)dimethylammonio]-1-propanesulfonate
CHAPS), Dithiotreitol (DTT), BSA, Iodoacetamide, Tetram-
thylethylenediamine (TEMED), Tris, Ammonium Persulfate,
DS, Potassium Tetrathionate, Potassium Acetate, Glycerol, and
ilver Nitrate were purchased from Merck KGaA. Ampholytes
H 3–10, Ready IPG StripTM pH 3–10, Acrylamide/bis solution
9:1, Tris-Glycine-SDS buffer, pH 8.3, and Precision Plus ProteinTM

tandards All Blue were from Bio-Rad Laboratories. Acetonitrile
ACN), Formic Acid (FA), Acetic Acid and Ethanol were of LC–MS
urity grade (Carlo Erba Reagents). The ultra-pure water was
urified by a Milli-Q Plus185 system from Millipore (Merck KGaA).

.2. Subjects and procedures

Three groups participated in the study (Table 1): MM
roup, composed of 15 women  diagnosed with menstrual-related
igraine without aura according to the diagnostic criteria of the

CHD-3, appendix, A1.1.2 [1], aged between 18 and 45 years,
ho were not taking hormonal contraceptives; PM group, com-

rising 15 women in menopause (spontaneous amenorrhea for
t least 12 months, not induced by a medical condition), diag-
osed with migraine without aura [1] and who had suffered from
enstrual-related migraine before menopause, aged no more than

5 years, who were not taking hormone replacement therapy; C
roup, 15 non-headache women (controls), aged between 18 and
5, who were not taking hormonal contraceptives. The inclusion
riteria comprised the absence of major acute medical or psy-
hiatric comorbidities, normal liver and kidney function and, for
he C group, no more than 3 days of tension-type headache per

onth and no diagnosis of any other type of primary or sec-
ndary headache, according to the diagnostic criteria of ICHD-3
1]. Women  who  were taking migraine prophylaxis and who were
nable to understand the purposes of the study were excluded. The
igraine women were enrolled among the patients consecutively
fferent, for the first time, at the Headache Center of the University
ospital of Modena; non-headache women were patients’ friends.
ll women provided their written consent to participation in the
tudy, that was conducted in accordance with the ethical principles
a PM vs MM group, P < 0.01; PM vs C group, P < 0.001; one-way ANOVA test.
b PM vs MM group, P < 0.001; one-way ANOVA test.

of the Helsinki Declaration, last edition (2013) and approved by the
Ethics Committee of the Province of Modena (protocol n. 86/16).

In women  of fertile age, blood for proteomic analysis was taken
between the seventh and tenth day, starting from the first day of
menstruation and, in migraine women, at least two days after the
last migraine attack. For each woman, during a medical examina-
tion, a form was compiled for the collection of personal data, life
habits, clinical history, and for the patients also the history and
characteristics of migraine.

2.3. Sample collection and preparation

Venous blood (10 mL)  was collected in the morning from
migraine patients and non-headache controls at fast and allowed to
clot at room temperature for 1 h; serum was subsequently obtained
by centrifugation at 2000 x g for 10 min  at +4 ◦C. To preserve pro-
teins, serum was  added with a protease inhibitor cocktail prior to
be divided into aliquots and stored at −80 ◦C until proteomic anal-
ysis. For this purpose, the complexity of serum was reduced by
the selective depletion of the two most abundant serum proteins
using the ProteoPrep® Immunoaffinity albumin and IgG depletion
Kit, according to the manufacturer’s protocol. For each group of
patients, as well as for the control group, serum samples were com-
bined to form 5 pools/group. Total protein content of each pool
was measured spectrophotometrically at � = 595 nm, using BSA as
standard for the calibration curve.

2.4. Two-dimensional gel electrophoresis (2-DE) and image
analysis

The obtained serum samples were subjected to 2-DE analysis.
For the first-dimension separation, a total of 100 �g of protein
was diluted with a rehydration buffer composed of 6 M urea, 2

M thiourea, 4% CHAPS, 25 mM DTT, 0.2 % ampholytes pH 3–10, and
then loaded onto 17 cm,  immobilized pH gradient strips (Ready
IPG StripTM), pH range 3-10. IEF was conducted at +20 ◦C, first
performing an actively rehydration of the strips at 50 V for 12 h,
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hen increasing the voltage at 250 V for 15 min, ramping up to
0.000 V for 3 h, and finally focusing to reach 75.000 V-hours.
he IEF was followed by the equilibration of the strips in 1% DTT
nd 2.5 % Iodoacetamide in equilibration buffer (6 M urea, 50 mM
ris−HCl pH 8.8, 30 % glycerol, 2% SDS). The second-dimension sep-
ration was performed by SDS-PAGE on 8–16 % polyacrylamide
radient gel (Acrylamide/bis solution 29:1, 1.5 M Tris−HCl, pH 8.8,
0 % SDS, 1% TEMED, 10 % ammonium persulfate), using 1X Tris-
lycine-SDS, pH 8.3 as running buffer during the electrophoretic

un. Finally, proteins were stained with a silver nitrate staining
rotocol, compatible with MS  detection. Briefly, the gels were incu-
ated in a fixing buffer solution (40 % ethanol/10 % acetic acid) for 4
, then they were first washed in 40 % ethanol and subsequently in
ltra-pure deionized water. After being sensitized by the enhancer
olution (0.3 % potassium tetrathionate, 0.5 M potassium acetate,
0 % ethanol), the gels were covered with a 0.2 % silver nitrate
olution, incubated for 75 min  in the dark and then developed, ter-
inating the process with the addition of the blocker solution (4%

ris, 2% acetic acid).
Each gel image was acquired by a calibrated densitometer, series

S-800 (Bio-Rad Laboratories, Hercules, CA, USA), and analyzed by
he PDQuest 2-D image analysis software, version 7.3.1 (Bio-Rad
aboratories, Hercules, CA, USA). This software detects the spot
tain intensity, as optical density (OD), and the spot area, provid-
ng a final value expressed as “spot volume”, that is the product of
D value per area (OD x mm2). The 2D gel images were compared

o detect differentially expressed protein spots among the differ-
nt groups. The fold-changes of spot abundance were achieved as
atio between the values of spot volume measured in both patients’
roups vs controls.

.5. MS  protein identification

Proteins were extracted from the spot by an “in-gel” trypsin
igestion protocol, fully reported in Supplementary Material. After-
ard, peptides were undoubtedly identified using two  different

C–MS/MS procedures. In the first approach, analyses were per-
ormed using an Agilent 1200 series LC system coupled to an
gilent 6520 Q-TOF mass spectrometer (LC-ESI-QTof-MS/MS) (Agi-

ent, Waldbronn, Germany). The peptide mixtures were dissolved
n 5% aqueous FA and loaded (4.0 �L) onto a reversed-phase 40 nL
nrichment Chip (G4240-62001, Agilent) with a mobile phase of
ater-ACN (97:3, v/v; +0.1 FA) at a flow of 3.0 �L/min. The precol-

mn was then switched in-line with the nanoflow pump and the
eptides were analyzed on a ZORBAX 300 SB-C18 (43 mm×75 �m

D; 5 �m particle size, Agilent) analytical column with a mobile
hase of (A) water-ACN (97:3, v/v; +0.1 FA) and (B) water-ACN
5:95, v/v; +0.1 FA) using the following gradient program: 0 to 0.5

in, isocratic at 3% (B); 0.5–17 min, linear gradient from 3 to 25
 (B); 17–20 min, linear gradient from 25 to 35 % (B); 20–21 min,

inear gradient from 35 to 95 % (B); 21–25 min, isocratic at 95 %
B); 25–26 min, linear gradient from 95 to 3% (B). The equilibration
eriod between each run was 13 min  long; total run time: 39 min.
he flow rate was set at 400 nL/min. The ESI source operated in
ositive ionization mode; the drying gas (nitrogen) flow and tem-
erature were 6 L/min and 350◦C, respectively, the capillary voltage
as set at 1950 V and the fragmentor voltage was 160 V. MS  and
S/MS spectra were acquired in Auto MS/MS  mode set with the

ollowing parameters: MS  scan, m/z  300–1700 uma  at 2 spectra/s
nd MS/MS  scan, m/z 50–1700 uma  at 3 spectra/s. Data were col-
ected in a centroid mode with a precursor isolation window set
t 4 uma. The 5 most intense multi-charged ions were selected for

S2 nitrogen-promoted collision-induced dissociation with active

xclusion on with 1 repeat and release after 0.17 min. Precursors
ith charge state +1 were excluded and the preferred charge state
as: 2, 3, >3, unknown; the proper collision energy was  calculated
ceutical and Biomedical Analysis 184 (2020) 113165 3

as follows: 3.6 × (m/z)/100 + 2. The Agilent MassHunter Worksta-
tion Acquisition software version B.05.00 (B2043) was  used for
instrument control, data acquisition, qualitative and quantitative
data analysis. The instrument was calibrated with a standard mix
prior each analysis batch to ensure mass accuracies at or below the
3 ppm.

Replicated spots were cut from different gels and further
analyzed by LC-ESI-QO-MS/MS using an UHPLC-MS QExactiveTM

(Thermo Fisher Scientific, Reinach, Switzerland) to confirm pro-
tein identification; the optimized experimental conditions and the
results are reported in Supplementary Material. Protein identifica-
tions were obtained by MASCOT search engine (version 2.4) against
the UniProt knowledgebase database (UniProtKB).

2.6. Data and statistical analysis

All collected data, made anonymous, were entered into a specific
database. Descriptive analysis of all variables was conducted. Statis-
tical analysis was carried out by StataIC 13 software. The continuous
variables normally distributed were expressed as mean ± stan-
dard deviation (SD) and the dichotomous variables as percentages.
The comparison between means was done by one-way ANOVA,
while Fisher’s exact test was  used for binary variables. Differences
were considered significant with a P value <0.05. Regarding the
fold-changes of spot abundance, values > 1.5 were considered as
significant.

3. Results and discussion

The evaluation of the protein profiles of human blood, using pro-
teomic methodologies, provides a window on the state of illness or
health of an individual. Accordingly, the results of our study showed
that the serum proteome of migraine patients (MM  and PM groups),
during the attack-free interval, was different from that of non-
headache women  (C group). Based on proteins resolution by 2-DE
(Fig. 1) and PDQuest 2-D image analysis software, 13 protein spots
were differentially expressed in MM and PM groups compared to
C group. These proteins were identified by LC-ESI-QToF-MS/MS
analyses as 12 unique proteins, since two spots resulted different
isoforms of the same protein (Table 2). Specifically, the first and
second columns of Table 2 reported the protein entry name and
the primary accession number, respectively, both derived from the
UniProt knowledge database, while the third column showed the
protein full names. MS  data are illustrated in the last 4 columns: the
highest scores obtained with MASCOT search engine, the number
of total peptide and the significant peptides matching the identi-
fied proteins, the number of total and significant sequences, and the
percentage of sequenced amino acids for each identified protein.

In particular, prothrombin (THRB), serum amyloid P-component
(SAMP), Ig kappa chain C region (IGKC), apolipoprotein A-I (APOA1),
serum amyloid A-4 protein (SAA4) resulted differentially expressed
in both MM and PM groups compared to C group; 2 protein frag-
ments, inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4) and
complement C4-A (CO4A) were differentially expressed only in
MM group vs C group; other 5 proteins, transthyretin (TTHY),
tetranectin (2 spots, TETN1 and TETN2), alpha-1-antitrypsin (A1AT),
haptoglobin (HPT) and apolipoprotein A-IV (APOA4) were differen-
tially expressed only in PM group vs C group. Moreover, a second
set of replicated protein spots was  further analyzed by LC-ESI-QO-
MS/MS  System, confirming all proteins previously identified by
LC-ESI-QToF-MS/MS analysis (results and method are presented in

Supplementary Material).

By means of the research carried out by UniProt and The Human
Protein Atlas databases, most (58 %) of the identified proteins
were inflammatory and binding/transport proteins, while the oth-
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Fig. 1. Representative 2-DE gels obtained from serum of non-headache control females (C group), menstrually-related migraine (MM group) and post-menopausal migraine
patients (PM group). The differentially expressed protein spots detected in migraineurs vs controls are highlighted by a circle; abbreviations of protein names derive from
t le 2.
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he  UniProt database (protein entry name) and correspond to those reported in Tab
-DE: 17 cm IPG strip, pH 3–10, in first-dimension separation (IEF) and 8–16 % p
videnced by Silver-staining. Molecular weight marker (kDa): Precision Plus Protei

rs were involved in lipid metabolism, immunity and inhibition
unctions (Fig. 2).

.1. Proteins differentially expressed in both MM and PM groups
s C group

The fold-changes of protein expression are graphically shown
n Fig. 3 (the raw data are provided as Supplementary Material).
ive proteins, deregulated in both MM and PM groups vs controls
uggested a particular link between these proteins and migraine
ithout aura. Specifically, 3 proteins were up-regulated in migraine

s non-headache women: THRB (MM  +2.19; PM +4.06), SAMP (MM
3.88; PM +2.19) and IGKC (MM  +1.86; PM +1.76), while 2 pro-
eins, APOA1 (MM  −16.8; PM −2.01) and SAA4 (MM  −2.05; PM

4.36), were found down-regulated. THRB, a serine protease, is

undamental, as coagulation factor II, in blood homeostasis reg-
lating inflammatory response, cell proliferation, apoptosis and
aintaining vascular integrity [6]. THRB would be also involved
ylamide gradient gel for second-dimension separation (SDS-PAGE). Protein spots
andards All Blue.

in neuroinflammation [7]. Its blood levels increase in migraine
patients and this tendency to hypercoagulability was  associated
with the risk of stroke in migraine with aura. Therefore, our results
supported the hypothesis that THRB could represent a specific
marker of migraine [8]. Another up-regulated inflammatory pro-
tein was SAMP. It is a constituent of amyloid deposit, which belongs
to the pentraxine superfamily, acute phase proteins, induced by
IL-6 that mediates inflammation and innate humoral immunity
[9]. SAMP levels were higher in MM than in PM group. Probably,
inflammatory processes change with disease progression because
migraine patients with a headache history lasting more than five
years present lower serum levels of pentraxin-3 than patients with
a relatively recent diagnosis [10]. The third up-regulated protein
was IGKC, a promising biomarker in the diagnosis and monitor-
ing of the therapeutic response of several solid tumours [11]. Thus,

as in tumours, an inflammatory and immune response could be
also activated in migraine. Among the under-expressed proteins
there was  APOA1, the main polypeptide of human plasma high-
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Table  2
Differentially expressed serum proteins identified by LC-ESI-QToF-MS/MS analysis.

Entry namea Acc. numberb Protein name Scorec Pep/pep. sign.d Seq/seq. sign.e Cov.f(%)

Proteins differentially expressed in both MM and PM groups vs C group
THRB P00734 Prothrombin 154 12/8 7/4 10
SAMP  P02743 Serum amyloid P-component 87 7/6 5/5 21
IGKC  P01834 Ig kappa chain C region 655 40/33 7/6 86
APOA1 P02647 Apolipoprotein A-I 493 78/35 24/16 63
SAA4  P01834 Serum amyloid A-4 protein 53 37/7 7/4 47
Proteins differentially expressed only in MM group vs C group
ITIH4 Q14624 Inter-alpha-trypsin inhibitor

heavy chain H4 (fragment)
61 9/5 5/3 6

CO4A  P0C0L4 Complement C4-A (fragment) 177 20/13 7/5 4
Proteins differentially expressed only in PM group vs C group
TTHY P02766 Transthyretin 105 25/8 7/5 42
TETN1 P05452 Tetranectin 78 5/2 4/1 21
TETN2 P05452 Tetranectin 43 4/3 2/1 11
A1AT  P01009 Alpha-1-antitrypsin 171 25/10 11/6 31
HPT  P00738 Haptoglobin 170 40/11 9/6 20
APOA4 P06727 Apolipoprotein A-IV 1083 139/72 39/28 79

a Entry name from UniProt knowledge database (www.uniprot.org).
b Primary accession number from UniProt database.
c The highest score with MASCOT search engine.
d Number of total peptides/significant peptides matching the identified protein.
e Number of total sequences/significant sequences.
f Sequence coverage: percentage of sequenced amino acids for each identified protein.

Fig. 2. Main functions of the identified proteins. Inflammation: Haptoglobin (HPT), Inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4), Prothrombin (THRB), Serum amyloid
A thyre
m  A-IV 

b

d
w
p
a
w
a
c
i
t

t
o
i
l
n

-4  protein (SAA4); Binding/transport: Serum amyloid P-component (SAMP), Trans
ent  C4-A (CO4A); Lipid metabolism: Apolipoprotein A-I (APOA1), Apolipoprotein

y  the UniProt database.

ensity lipoprotein (HDL). It is a negative acute phase protein,
hich expression is reduced more than 25 % during the acute

hase response. It exhibits also anti-apoptotic, anti-inflammatory
nd antioxidant functions [12]. The other under-expressed protein
as SAA4. It belongs to the serum amyloid family and is a minor

cute-phase reactant in humans [13]. In vitro studies suggest a
hemo-attractive, protective function in the brain. The decline in
ts plasma concentrations has been hypothesized as a marker in
he early diagnosis of Alzheimer’s disease [14].

Essentially, our results showed that a subclinical inflamma-
ory state was present in migraine women, supporting the role

f inflammation in the pathogenesis of migraine. In particular, it

s assumed that the activation of the trigeminal sensory pathways
eads to an inflammatory response involving immune, vascular and
euron cells with release of neuropeptides and pro-inflammatory
tin (TTHY), Tetranectin (TETN); Immunity: Ig kappa chain C region (IGKC), Comple-
(APOA4); Inhibition: Alpha-1-antitrypsin (A1AT). Protein functions were retrieved

neurotransmitters, capable of inducing a state of sterile inflamma-
tion in the intracranial meninges and, consequently, sensitization
of trigeminal meningeal nociceptors. Neuroinflammation in the
trigeminovascular system, although it does not completely explain
the onset of the attack, could be crucial in promoting the progres-
sion of episodic migraine into a chronic form [15].

3.2. Proteins differentially expressed only in MM group vs C group

Always taking the fold-change as a parameter (Fig. 3), 2 protein
fragments resulted up-regulated exclusively in MM group com-

pared to controls, namely ITIH4 (+1.89) and CO4A (+2.04). ITIH4
belongs to inter-alpha trypsin inhibitors and is a type II acute-
phase protein involved in inflammatory responses; its blood levels
rise from 1.4 to 3 times in acute-phase processes [16]. Moreover, it

http://www.uniprot.org
http://www.uniprot.org
http://www.uniprot.org


6 E. Bellei, C. Rustichelli, S. Bergamini et al. / Journal of Pharmaceutical and Biomedical Analysis 184 (2020) 113165

F n-reg
m bunda
P

h
i
t
c
i
p
a
c
e
f
r

3

v
s
r
o
a
t
w
t
g
i
O
o
n
P
t
c
t
c
p
i
i
d
i
I
i
a
b
d
[
p

ig. 3. Representation of the fold-change data showing the up-regulated and dow
igraine (PM) groups compared to control (C) group. The fold-changes of spot a

DQuest  2-D image analysis software.

as been associated to neuroinflammation in depression [17]. CO4A
s a mediator of local inflammation with antimicrobial properties
hat contributes to propagating the inflammatory response via the
lassical complement pathway [18]. Menstrual-related migraine is
ncluded, in the last ICHD-3 classification [1], only in the appendix,
ending further scientific evidence to characterize it [19]. It can be
ssumed that the high inflammatory state found in MM women
ould be at the basis of the severity of the menstrual attacks. Inter-
stingly, the protein fragments are very promising biomarkers. In
act, their generation from the specific processes of a disease could
educe the overlap between diagnostic groups [20].

.3. Proteins differentially expressed only in PM group vs C group

Lastly, 4 proteins were found up-regulated only in PM group
s C group (Fig. 3): TTHY (+12.2), TETN (+1.94, spot 1; +2.52,
pot 2), A1AT (+2.16) and HPT (+2.33), while APOA4 was down-
egulated (−2.61). The most relevant aspect was the up-regulation
f TTHY, a carrier protein with the primary function of retinol
nd thyroid hormones transport. TTHY promotes the inflamma-
ory response and in the central nervous system (CNS) is associated
ith cognitive functions, memory, and emotion control through

he regeneration of damaged neurons [21]. In animal models of oli-
oemia, a typical condition of shock and migraine, TTHY increases
n cerebrospinal fluid (CSF), as an indicator of oxidative stress.
verexpression of this protein is reported in different conditions
f chronic pain with oxidative stress, where TTHY could ensure
europrotection [22]. Two TETN isoforms were more expressed in
M group. This protein belongs to type C lectins. It is an indica-
or of proteolysis, fibrinolysis and tissue remodelling. In fact, TETN
oncentration is high in the CSF after an epileptic attack [23]. Fur-
hermore, TETN is a potential biomarker for Parkinson’s disease and
oronary artery disease [24,25]. A1AT and HPT, both positive acute
hase proteins, were also upregulated. Serum A1AT concentration

ncreases in response to inflammation or tissue trauma. By inhibit-
ng the production of proinflammatory cytokines, A1AT limits the
amage in inflamed tissues [26]. HPT concentration substantially

ncreases during acute inflammation in response to interleukin-6.
t inhibits prostaglandin synthesis, angiogenesis and exerts anti-
nflammatory, antioxidant, protective for endothelium and weak
ntibacterial activity [27]. Increased plasma HPT concentration has

een found in patients with Parkinson’s disease, Guillain-Barré syn-
rome, multiple sclerosis and idiopathic intracranial hypertension
28]. Finally, APOA4 was downregulated in PM group. This protein
lays a crucial role in lipid absorption; moreover, it is involved in
ulated proteins in the menstrually-related migraine (MM) and post-menopausal
nce were calculated as ratio between the values of spot volume detected by the

mitigating the excessive inflammatory activation at the endothelial
level and shows anti-atherosclerotic properties [29]. Thus, in the
PM group, proteins with anti-inflammatory functions, involved in
protective and reparative processes were also abundant. Therefore,
it can be hypothesized that the long history of migraine in PM group
had triggered an opposite response, defensive against inflamma-
tion. This phenomenon, in addition to the cessation of hormonal
fluctuations, could contribute to the reduction of the severity and
prevalence of migraine after menopause [19].

Notably, many of the differentially expressed proteins in the
MM and PM groups (Table 2) had a dual role, as regulators of
vessel integrity and inflammation. Migraine, especially with aura,
has been associated with an unfavourable risk profile for ischemic
vascular events. The exact biological mechanism of this increased
risk is unknown [30]. From our proteomic analysis, the deregu-
lation of proteins with a double involvement, in the inflammatory
response and in the endothelial activation, could precisely underlie
the increased risk of ischemic events and support the link between
migraine and vascular diseases.

3.4. Limitations and strengths

The main limitations of our pilot study were the low sample
size and the cross-sectional design that did not allow establishing
whether the deregulated protein pattern was the cause or con-
sequence of migraine. Inflammation could be a normal process
in menstrual cycle and menopause (more details in Supplemen-
tary Material). The serum proteomic profile found in the PM group
could be affected by the higher age of these patients (Table 1).
However, there were no significant differences between the PM
and MM groups due to comorbidities, migraine days and analgesic
consumption. PM women  only suffered from a longer migraine
history. Moreover, we had no elements to define whether the
serum proteome could reflect the environment in CNS; never-
theless, the same proteins have been found in other neurological
diseases, characterized, like migraine, by neuroinflammation such
as Parkinson’s disease, multiple sclerosis, Alzheimer’s disease and
chronic pain. Our study was conducted rigorously: the differen-
tially expressed proteins were first identified and subsequently
verified and validated by two different mass spectrometers, the
LC-ESI-QTof-MS/MS and LC-ESI-QO-MS/MS systems, respectively.

All proteins identified in the first analysis session were confirmed
by the second analysis. To the best of our knowledge, this is the first
study providing insight into the differential expression of proteins
in women  suffering from menstrual-related and postmenopausal
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igraine with respect to non-headache women; so, to date, we
ave no possibility of comparison. Therefore, our results need to be
onfirmed regarding their diagnostic value on larger samples, also
sing more sensitive analytical methods in next investigations.

. Conclusions

In summary, the results of our pilot study showed that: 1. the
roteomic approach was able to distinguish between migraine and
on-headache status; 2. migraine women, in both fertile and post
enopause age, presented a great abundance of inflammatory and

egulatory of vascular integrity proteins; 3. MM group showed a
reat down-regulation of APOA1 (−16.8), a negative acute phase
rotein, intimately linked with inflammation and over expression
f inflammatory protein fragments (ITIH4 and CO4A) compared to
he C group; this abundant inflammatory proteome might explain
he severity of the menstrual attacks and poor response to acute
reatments; 4. PM group, older than MM,  displayed a noteworthy
p-regulation of TTHY (+12.2) and a number of proteins differen-
ially expressed, higher than C group; these proteins played also an
mportant role in anti-inflammatory and reparative processes, sug-
esting that the long history of migraine could induce a protective
esponse. Finally, the relevant inflammatory status highlighted by
roteomic analysis, if confirmed in larger series, could represent a
arget for menstrual-related migraine treatment.
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