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Abstract

Purpose: The most important clinical finding of
fibromyalgia syndrome (FMS) is pain. Its etiology has not
been fully elucidated. This study was planned to determine
the relationship between endocan, ET-1, 1L-1, IL-6, IL-8,
MCP-1, TNF-a, VEGF-A levels and pain/neuropathic
pain in FMS patients.

Materials and Methods: Forty-four FMS patients who
met the inclusion criteria and 44 age-matched
premenopausal healthy controls were recruited. The
fibromyalgia group was evaluated in terms of Visual
Analog Scale, Beck Depression Scale, Beck Anxiety Scale,
Fibromyalgia Impact Questionnaire and LANSS Pain
Scale. Serum endocan, ET-1, IL-1, 1L-6, 1L.-8, MCP-1,
TNF-o, and VEGF-A values were determined by the
ELISA method. Protein-protein interaction was evaluated
by molecular docking analysis. Bioinformatics analysis was
performed using the STRING v 11.5 protein interaction
tool.

Results: Endocan, ET-1, IL-1, IL-6, IL-8, MCP-1, TNF-
«, and VEGF-A were significantly higher in FMS patients
than the control group. 24 of 44 patients had neuropathic
pain. No correlation was found between pain/neuropathic
pain and serum matkers levels. High interaction and
homology scores of the proteins were defined.
Conclusion: The pain/neuropathic pain relationship of
these markers could not be determined, but the calculated
binding energies and activities of the proteins provided
important clues for future studies.

Keywords:. Cytokine, fibromyalgia, molecular docking,
neuropathic pain

Oz

Amag: Fibromiyalji sendromunun (FMS) en 6nemli klinik
bulgusu agridir. Etiyolojisi tam olarak aydinlatilamamustir.
Bu calisma FMS hastalarinda endocan, ET-1, 11.-1, 11.-6,
IL-8, MCP-1, TNF-a ve VEGF-A dizeylerinin
agr/noropatk agr ile iligkisini beliflemek amactyla
planlandi.

Gere¢ ve Yontem: Calismaya dahil edilme kriterlerini
karsilayan 44 FMS hastast ve yaslart eslestirilmis 44
premenopozal saglikli kontrol alindi. Fibromiyalji grubu
Visual Analog ()lgcgi, Beck Depresyon Olgcgi, Beck
Anksiyete Olgegi, Fibromiyalji Etki Anketi ve LANSS Agr1
Olgegi agisindan degerlendirildi. Serum endokan, ET-1,
IL-1, 1L-6, IL-8, MCP-1, TNF-a ve VEGF-A degetleri
ELISA yontemi ile belirlendi. Protein-protein etkilesimi,

molekuler docking analizi ile degerlendirildi.
Biyoinformatik analiz, STRING v 11.5 protein araci
kullanilarak yapildi.

Bulgular: Endocan, ET-1, IL-1, IL-6, IL-8, MCP-1, TNF-
o ve VEGF-A FMS hastalarinda kontrol grubuna gore
anlamli olarak yiiksekti. 44 hastanin 24"inde n6ropatik agr1
vardi. Agri/néropatik agrr ile serum belirtegleti arasinda
korelasyon saptanamadi. Proteinlerin yiiksek etkilesim ve
homoloji skorlari tanimlandu.

Sonug: Bu belirteglerin - agri/noropatik  agri  iliskisi
belirlenememistir ancak proteinlerin hesaplanan baglanma
enerjileri ve aktiviteleri ilerideki ¢aligmalar igin 6nemli
ipuglart saglamistir.

Anahtar kelimeler: Sitokin, molekiler
yetlestirme, nropatik agrt

fibromiyalji,
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INTRODUCTION
Fibromyalgia Syndrome (FMS) is a chronic
musculoskeletal disease of unknown etiology,

characterized by widespread body pain, leading to
loss of work force and deterioration in quality of life.
The most common symptoms in FMS are widespread
pain, morning stiffness, morning tiredness and sleep
disturbance. In most of the patients, complaints such
as sleep disturbance, fatigue, stiffness, drowsiness,
depression, dry mouth-dry eyes, irritable bowel
syndrome, dysmenorrhea, urethral syndrome,
palpitation, headache and cognitive disorders may
accompany widespread pain'2.

Pain is one of the frequent complaints of patients in
their daily lives. Acute pain is self-limited and occurs
in response to a specific injury, while chronic pain is
more commonly caused by direct neuronal tissue
damage resulting in certain conditions such as
Neuropathic Pain (NP) and FMS3. NP affects
approximately 7-8% of the global population in
recent years®. Untreated neuropathic pain causes
mood and sleep disorders, obstacles in patients' work
and social lives, and reduces quality of life. Therefore,
it is important for public health’. Pro-inflammatory
cytokines play a role in pain formation by both
signaling in the central nervous system after they are
released by glia in the brain and spinal cord®.
Cytokines have been placed on the agenda of
developments in pain pathophysiology with the
understanding that they have a role in the formation
of hyperalgesia and analgesia’. In recent years, the
roles of molecules such as endocan, endothelin-1
(ET-1), monocyte chemoattractant protein-1 (MCP-
1), and vascular endothelial growth factor A (VEGF-
A) have been mentioned in a limited number of
important studies conducted in FMS patients with
whole exome sequencing or other molecular
analyzes®!!. The fact that the pain is unique to the
individual and the occurrence of pain of different
sizes in different people with the same lesion is
attributed to the genetic difference in cytokine
production!?.

Molecular docking and string analyzes provide a
systematic approach to network analysis of biological
systems using bioinformatics to reveal potentially
complex relationships between multiple components.
The aim of this study was to evaluate serum levels of
endocan, ET-1, intetleukin-1 (IL-1), intetrleukin-6
(IL-6), interleukin-8 (IL.-8), MCP-1, tumor necrosis
factor-a (TNF-o), and VEGF-A molecules, which are
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associated with pain/neuropathic pain and have
different results in the literature, and to investigate
the relationship between FMS clinical effects and
these parameters. Moreover, we wanted to reflect the
protein-protein interactions and network topology of
these molecules through molecular docking and
string analyses.

MATERIALS AND METHODS

Study design and patients

A total of 44 premenopausal female patients with
complaints of more than 3 months diagnosed with
fibromyalgia for the first time according to American
College of Rheumatology 2016 (ACR) criteria at
Yozgat Bozok University Research Hospital, Physical
Therapy and Rehabilitation Clinic between March
2019 and August 2019 were included in the study.
American College of Rheumatology 2016 (ACR)
diagnostic criteria of fibromyalgia are; i- Persistence
of symptoms for about 3 months, ii- Widespread pain
index 27, Symptom Severity Scale =5 points or
Widespread pain index 4-6, Symptom Severity Scale
29 iii- Generalized pain in 4 of the 5 regions.
Generalized pain in the jaw, chest and abdomen is
excluded’. Demographic data of the patients were
recorded. The FMS group were evaluated in terms of
Body Mass Index (BMI), Visual Analog Scale (VAS),
Beck Depression Scale, Beck Anxiety Scale,
Fibromyalgia Impact Questionnaire (FIQ), Leeds
Assessment of Neuropathic Symptoms, and Sings
(LANSS) pain scale. Beck Depression Scale is a 21-
item scale with a 0-3 scoring system for each question
and is employed to reveal the characteristic features
of depression and helps to understand the severity of
depression in the person'®. Beck Anxiety Scale is a
21-item scale with a scoring system between 0-3 for
each question. It is a test to measure the level of
anxiety!>. The LANSS pain scale is a test used to
differentiate neuropathic pain from nociceptive pain
with pain and sensation assessment. The total score
ranges between 0-24 (< 12 no neuropathic pain, =212
neuropathic pain)!¢. The control group consisted of
44 women of the same age group without complaints
who agreed to participate in the study.

Those who had
inflammatory diseases (i.e. rheumatoid arthritis,
patients with Ankylosing Spondylitis), systemic
chronic diseases (i.e. diabetes, chronic heart disease,
cardiovascular diseases, chronic lung disease, chronic
kidney, and liver disease, etc.), diseases that caused

autoimmune and chronic
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malabsorption (i.e. celiac, radiation enteritis, etc.),
those with active infections, cancer, active
osteoarthritis, thyroid and parathyroid disease, those
with other setious somatic/psychiatric disotrders,
alcohol-consumers, smokers, those with
glucocorticoid, hormone replacement therapy, long-
term analgesic, those who used hypnotic-derivatives,
anti-lipidemics, antioxidant or anti-coagulant drugs,
those with traumas, those who were pregnant and in
lactation, those with lumbar or cervical disc disease,
and those with neck injuries were excluded from the
study.

This study was approved by the Ethics Review Board
of Yozgat Bozok University, Faculty of Medicine
(2017-KAEK-189_2019.02.28_08). The study was
carried out in accordance with the principles of
medical research provided by Helsinki and
International ~ Charter  Guidelines and  the
International Conference on  Harmonization
Guideline for Good Clinical Practice. Weritten
informed obtained from each
participant.

consent was

Blood sample collection

Venous blood samples were taken from patients and
the control group in the morning following 12-hours
of fasting. Baseline blood samples were collected
from the subjects and blood samples were
centrifuged for 10 min at 3000 rpm, after which the
supernatant was quickly removed and kept frozen at
-80°C until the assays were performed by a specialist
who was blinded to patient status.

ELISA

Serum endocan, ET-1, IL.-1, 1L.-6, 11.-8, MCP-1,
TNF-«, and VEGF-A levels were measured with
commercially available Enzyme-Linked Immune
Sorbent Assay (ELISA) kits (Sunlong Biotech Co.,
Ltd., China and Elabscience, Wuhan, China) with
detectable concentration range 3.3-200 pg/ml, 3-120
pg/ml, 3-200 pg/ml, 7.81-500 pg/mL, 6-200 pg/ml,
10-500 pg/ml, 7.81-500 pg/mL and 3-200 pg/ml,
respectively according to the manufacturer’s
instructions. Optical density values for samples and
standard samples were detected on Thermo Scientific
(USA) Multiscan Go Microplate Reader ELISA
reader at 450 nm. The results are presented as
pg/mL.
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Molecular docking analysis

The Protein Data Bank (PDB)
(https:/ /www.rcsb.org/) was used to obtain the
crystal structures of eight proteins. The human
proteins (endocan, ET-1, IL.-1, IL-6, IL-8, MCP-1,
TNF- «, and VEGF-A) were chosen and preferred
for their high-resolution structures with no
mutations. In PyMOL v.2.5.2 heteroatoms such as
solvent molecules and ligands were eliminated during
protein production!”. PyMOL was then used to add
missing hydrogens in protein structures. Table 1
displays the PDB code, sequence length, and
crystallographic resolution of proteins.

ClusPro 2.0 was utilized to conduct rigid protein
docking experiments on human proteins (endocan,
ET-1, IL-1, IL-6, IL-8, MCP-1, TNF-«, and VEGF-
A)18, This server includes three computational steps;
rigid body docking using the FFT (Fast Fourier
Transform) correlation approach, RMSD (Root
Mean Square Deviation)-based clustering of the
generated structures to find the largest cluster that
will represent the complex's likely models, and
refinement of selected structures!®. By default,
ClusPro 2.0 generates four types of models based on
the scoring algorithms balanced, electrostatic-
favored, hydrophobic-favored, and van der Waals +
electrostatic.

To execute molecular docking, two proteins were
uploaded to the server as receptor and ligand
depending on sequence length. Initially, each protein
was docked with itself to form homodimeric
complexes, which were subsequently docked with
each other to form heterodimeric complexes. As a
result, 8 homodimers and 28 heterodimers were
collected for further investigation. ClusPro returns
the optimal 30 complexes for each job following
CHARMM energy minimization based on clustering
probability and energy-based (balanced, electrostatic-
favored, hydrophobic-favored, and
VDW+electrostatic-favored) parameters. In  this
study, the best complexes were obtained by taking
into account the balanced energy parameter and the
higher clustering probability of complexes. Table 1
shows the number of cluster members as well as the
model cluster scores (cluster center and lowest
energy). The cluster center-weighted score represents
the structure in the cluster with the greatest number
of neighbor structures, whereas the lowest energy
score designates the structure in the cluster with the
least energy. This model score can be calculated using
following equation.
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E =0.40Erep + (—0.40Eattr) + 600Eelec + 1. 00EDARS (1)

Whete Erep and Eattr indicate the repulsive and
attractive terms of the van der Waals energy
respectively whereas Eelec denotes electrostatic
energy term. The desolvation energy contribution is
represented by EDARS, a paired structure-based
potential derived by the decoys as the reference state

approach?. The PRODIGY web tool, which can be
found at https://wenmt.science.uu.nl/prodigy/ was
used to examine the protein binding affinity of these
docked complexes?!. The binding energy evaluated at
the PRODIGY server was calculated using following
equation?.

AGcalc =

0. 09459ICscharged/charged + 0. 10007ICscharged/apolar —
0.19577ICspolar/polar + 0. 22671ICspolar/apolar —
0.18681%NISapolar — 0. 13810%NIScharged + 15.9433 (2

Where, ICs (Inter-residue contacts) and NIS (Non-
interacting surface) terms indicate the contribution of
various types of residues to the overall binding
affinity. The first ten docking structures with the
relative low energies were selected. PyMol software
was used for visual representation and assessing of
the complex interaction, measuring of the distances
between the interacting amino acid residues.

Table 1. Structural information of proteins

Proteins Sequence PDB Resolution
length Code A)
Endocan 193 1LQV 1.63
ET-1 21 6DK5 1.85
IL-1 158 4DEP 3.10
1L-6 220 4CNI 2.20
1L-8 72 1QEG6 2.35
MCP-1 76 2RA4 1.70
TNF-a 160 7JRA 2.1
VEGF 102 6D30 3.10

ET-1: Endothelin-1, IL-1: interleukin-1, I1.-6: intetleukin-6, II.-8:
interleukin-8, MCP-1 monocyte chemotactic protein-1, TNF-a:
tumor necrosis factor alpha, VEGF-A: vascular endothelial growth
factor.

STRING v11.5 analysis of proteins

STRING, which is available online at
(https://string-db.otg/) has been used to interpret
the interaction of endocan, ET-1, IL-1, IL-6, IL-8,
MCP-1, TNF-a, and VEGF-A proteins with the
proteins of Homo sapiens as organism involved in
the biological activity.

Statistical analysis

Statistical analysis was performed using SPSS
software (version 20, SPSS, Chicago, IL). The data
were expressed as mean F SD, median and

interquartile range. Continuous variables were
investigated using visual (histograms, probability
plots) and analytical methods (Kolmogorov-

Smirnov/Shapiro-Wilk's Test) to determine whether
or not they are normally distributed. The Student's t-
Test was used to compare continuous variables with
normal distributions and the Mann Whitney U-Test
was used to compare variables with non-normal
distributions. Relationships between categorical
variables were analyzed by the Chi-Square Test. The
level of statistical significance was taken as 0.05 in all
tests.

RESULTS

The mean age of females with FMS and healthy
controls was 38.49 * 5.04, 36.35 £ 5.38 years,
respectively. There were no differences in terms of
age and Body Mass Index between the groups (p >
0.05). The demographic and clinical characteristics of
all subjects enrolled in the study are presented in
Table 2. When serum concentrations of endocan (3.9
+1.2), ET-1 (16.8 £5.3), IL-1 (70.3 £19.3), IL-6 (4.6
+1.5), 1L-8 (68.0 £20.6), MCP-1 (397.4 £124.5),
TNF-o (56.4 £17.7), and VEGF-A (18.9 £5.9) were
compared between patients with FMS and healthy
individuals, all values were found to be significantly
higher in the FMS group (p < 0.001) (Table 2, Figure
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1, Figure 2). Also, endocan, ET-1, IL-1, IL-6, IL-8,
MCP-1, TNF-«, and VEGF-A levels were positively
correlated with each other (Table 3). According to the
LANSS pain score, 24 of 44 patients had neuropathic
pain. There was no statistically significant difference
in terms of endocan, ET-1, IL.-1, 1L-6, IL.-8, MCP-1,
TNF-a, and VEGF-A levels between the patient
group with and the group without neuropathic pain
complaint (p > 0.05) (Table 4). When evaluated in
terms of correlations, no relations were detected
between pain/neuropathic pain, FIQ and proteins
(endocan, ET-1, IL-1, IL-6, I1L-8, MCP-1, TNF-q,
VEGF-A) levels (p > 0.05).

Protein-protein docking is used in a variety of

biomolecular  applications, including enzyme
conformation exploration?3, interactome
prediction®;, molecular  recognition®,  protein

dimerization?, design of specific probes for protein
targets?’, amyloid aggregation®, protein binding
mechanism prediction?’, peptide design against
diseases’, and  vaccine  design®.  Various
computational tools were used in this study to
examine the binding energies and types of

Cukurova Medical Joutrnal

interactions of docked vascular endothelial
dysfunction protein complexes (8 homodimers and
28 heterodimers). The complex binding energies
estimated by the PRODIGY online setver are
provided in Table 5, and the complex structures are
displayed in Figure 3. Protein-protein binding affinity
ranges from -5.1 kcal/mol to -21.4 kcal/mol among
28 complexes. Furthermore, of the eight proteins
tested, VEGF, IL-6, and IL-1 have the highest
affinity to connect with their protein partners (Table

6).

We performed STRING network analysis to
determine the functional interactions of these
proteins in cellular processes. In  the study, Multiple
Proteins STRING network analysis was performed
with endocan, ET-1, IL-1, IL-6, IL-8, MCP-1, TNF-
«, and VEGF-A proteins. Protein-protein
interaction scores of these proteins (excluding
endocan) were in the range of 0.999-0.900 homology
score (Table 7) (Figure 4).

Table 2. Demographic data, clinical parameters and ELISA levels of all subjects.

FMS Group (n= 44) Control Group (n= 44) P
Mean + SD Median (IQR) Mean + SD Median (IQR)

Age (year) 38.49 £ 5.04 39 (8) 36.35 + 5.38 36 (9) 0,054**
BMI ( kg/m?) 232121 23.5 (25.3-19.5) 22.6%1.7 22.8 (25.6-18.8) 0.083**
VAS 6.3 %16 6(3) - - -
LPS 11.7 4.3 13 (9) - - -
Beck dep. 182474 19 (10) - - -
Beck anx. 14.1 6.6 12 (8) - - -
FIQ 66.9 £10.5 66.9 (14.35) - - -
WBC (105/mm) 82418 7.9 (2.44) 78 2.6 7.6 (3.04) 0.158*
Hbg (g/dL) 11.65 £0.8 11.7 (1.2) 12.8 +1.5 12.8 (2.2) 0.000%*
CRP (mg/I) 53 +2.8 5.5 (3.45) 48429 41 (5.6) 0.442%
ESR (mm/h) 13.6 5.8 13 (6.54) 13.3 6.9 12 (7.9) 0.462%*
Endocan (ng/mL) 3.9 %12 4.2 (1.89) 12103 1.2 (0.37) 0.000*
ET-1 (pg/mlL) 168 5.3 17.9 (7.89) 39+1.1 39 (1.22) 0.000+
IL1 (pg/mL) 70.3 ¥19.3 69.8 (28.5) 377 £14.1 37.7 (14.43) 0.000%
1.6 (pg/mlL) 46*15 47 (2.45) 2.0 1.0 1.7 (1.77) 0.000%*
IL8 (pg/mlL) 68.0 £20.6 713 (31.1) 278 £8.5 280 (9.72) 0.000+
MCP-1 (pg/mlL) 397.4 +124.5 424.2 (191.6) 123.1 £35.1 123.8 (37.06) 0.000*
TNF-o (pg/mlL) 56.4 £17.7 59.7 (28.506) 23.0 £6.9 22.9 (7.58) 0.000*+*
VEGF-A (pg/mL) 18.9 £5.9 20.2 (9.0 6.5%1.7 6.6 (1.83) 0.000**

Beck Ank: beck anxiety, Beck Dep: beck depression, BMI: body mass index, CRP: C-reactive protein, ESR: Erythrocyte sedimentation
rate; ET-1: Endothelin-1; FIQ: Fibromyalgia Impact Questionnaire; Hgb: Hemoglobin; IL-1: Interleukin-1; IL-6: interleukin-6; IL-8:
Intetleukin-8; IQR: Interquartile range; LPS: LANSS pain scale; MCP-1 monocyte chemotactic protein-1; TNF-a: Tumor necrosis factor
alpha; WBC: White blood cell; VAS: Visual analog scale; VEGF-A: Vascular endothelial growth factor; SD: standard deviation. Values
presented as mean * standard deviation; p < 0,05; *normal distributions; **non-normal distributions.
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Table 3. Correlation between Endocan, ET-1, IL-1, IL-6, IL-8, MCP-1, TNF-« and VEGF-A values in FMS
group

Endocan ET-1 | MCP-1 IL-1 IL-6 IL-8 TNF-o | VEGF-
A
Endocan r 0.999" | 1.000™ 0.915™ 0.965™ 0.998" 0.998™ 1.000™
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ET-1 r 0.999™ 0.999™ 0.923™ 0.962™ 0.999* 0.997 0.999
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
MCP-1 r 1.000™ 0.999* 0.915™ 0.965™ 0.998" 0.998" 1.000™
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
S IL-1 r 0.915* 0.923 | 0.915™ 0.840™ 0.933" 0.902 0.915™
—Z p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g IL-6 r 0.965™ 0.962 | 0.965™ 0.840™ 0.961™ 0.967 0.965™
E’;" p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
IL-8 r 0.998* 0.999 | 0.998* 0.933" 0.961* 0.994" 0.998"
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TNF-a r 0.998" 0.997 | 0.998™ 0.902 0.967" 0.994* 0.998™
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
VEGF-A | r 1.000™ 0.999" | 1.000™ 0.915™ 0.965™ 0.998" 0.998™
p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

ET-1: Endothelin-1, IL-1: intetleukin-1, IL-6: interleukin-6, IL-8: interleukin-8, MCP-1 monocyte chemotactic protein-1, TNF-a: tumor
necrosis factor alpha, VEGF-A: vascular endothelial growth factor. *: Correlation is significant at the 0.05 level. **: Correlation is significant
at the 0.01 level.

Table 4. Distribution of Endocan, ET-1, IL-1, IL-6, IL-8, MCP-1, TNF-« and VEGF-A values of patient groups
with and without neuropathic pain according to LANSS pain score.

LANSS pain score
NP (-) (n=20) NP (+) (n=24) P
Endocan (ng/mL) 38+1.2 4+13 0.551
ET-1 (pg/mL) 162+ 5.1 172+ 55 0.521
IL-1 (pg/mL) 6751175 72.5£20.6 0.395
IL-6 (pg/mL) 44%15 47116 0.494
IL-8 (pg/mL) 66+ 19 69.7 + 21.9 0.548
MCP-1 (pg/mL) 384.8 £ 118.3 407.4 £ 130.7 0.551
TNF-o (pg/mL) 54.8 + 16.5 57.6 £ 18.8 0.602
VEGF-A (pg/mL) 183 £ 55 194+ 6.2 0.556

ET-1: Endothelin-1, IL-1: interleukin-1, IL-6: interleukin-6, IL-8: interleukin-8, LPS: LANSS pain scale, MCP-1 monocyte chemotactic
protein-1, NP: Neuropathic pain, TNF-a: tumor necrosis factor alpha, VEGF-A: vascular endothelial growth factor. Values presented as
mean ¥ standard deviation. Statistical significance: p < 0,05.

527



Balbaloglu et al.

12000

#0000

000

K]

9 oo

200

FMS CONTROL

EMS CONTROL

Cukurova Medical Joutrnal

10000

0004

s

000

40004

20004

12000+

10000

TNF_alfa
8
¥

4000

20004

T

FMS CONTROL

FMS CONTROL

Figure 1. Distribution of serum IL-1, IL-6, IL-8 and TNF-« result between FMS patients and control groups.

ENDOCAN

Lz

FMS CONTROL

400

MCP1

0000

L=

EMS CONTROL

ENDOTHELIN1

VEGFA

;g0

2500

;0

8

100

L=

FMS CONTROL

4000

2000

vos0

-

EMS CONTROL
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Table 5. Binding affinity (kcal/mol) of proteins docked complexes calculated using PRODIGY web server.

Complex Complex name Binding Energy(Kcal/mol) Kp Prediction (Kq (M) at
Number 25.0°C
Endocan
Endocan-endocan -5.6 8.0E-05
Endocan-ET-1 -9.4 1.2E-05
Endocan-1L-1 -7.1 6.1E-06
Endocan-IL-6 -6.0 4.0E-05
Endocan-1L-8 -5.7 6.3E-05
Endocan-TNF-a -5.1 1.9E-04
Endocan-MCP-1 -5.6 7.5E-05
Endocan-VEGF-A -5.7 6.4E-05
Endothelial-1 (ET-1)
ET-1-ET-1 -7.3 4.5E-06
ET-1-1-1 -14.5 2.5E-11
ET-1-I1L-6 -21.4 2.0E-16
ET-1-1L-8 -11.8 2.4E-02
ET-1-TNF-a -14.6 1.9E-11
ET-1-MCP-1 -7.4 3.5E-06
ET-1-VEGF-A -13.5 1.3E-10
Interleukin-1 (IL-1)
IL-1-1L-1 -17.2 2.5E-13
IL-1-1L-6 -17.9 7.5E-14
IL-1-TL-8 -17.7 1.0E-13
IL-1-TNF-a -17.5 1.5E-13
1L-1-MCP-1 -17.6 1.2E-13
IL-1-VEGF-A -17.7 1.1E-13
Interleukin-6 (IL-6)
1L-6-1L-6 -17.1 2.8E-13
1L-6-1L-8 -18.3 3.9E-14
IL-6-TNF-a -17.9 7.8E-14
IL-6-MCP-1 -18.3 4.1E-14
IL-6-VEGF-A -18.3 4.1E-14
Interleukin-8 (IL-8)
IL-8-1L-8 -9.9 5.5E-08
1L-8-TNF-a -19.8 3.0E-15
1L-8-MCP-1 -9.7 7.6E-08
IL-8-VEGF-A -9.7 7.1E-08
Tumor Necrosis Factor-o (TNF-a)
TNF-a- TNF-o -10.9 1.0E-08
TNF-a-MCP-1 -21.4 1.9E-16
TNF-a-VEGF-A -21.2 2.9E-16
Monocyte Chemoattractant Protein-1 (MCP-1)
MCP-1-MCP-1 -13.1 2.6E-10
MCP-1-VEGF-A -15.8 2.7e-12
Vascular Endothelial Growth Factor (VEGF-A)
| VEGF-A-VEGF-A | -14.4 2.9E-11

ET-1: Endothelin-1, IL-1: intetleukin-1, IL-6: interleukin-6, IL-8: interleukin-8, MCP-1 monocyte chemotactic protein-1, TNF-a: tumor
necrosis factor alpha, VEGF-A: vascular endothelial growth factor.
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Table 6. Protein-protein binding energies and interactions of top-three complexes, TNF-«/MCP-1, TNF-

o/ VEGF-A, and ET-1/IL-6.

Energies Component (Kcal/mol) Complexes

TNF-a-MCP-1 TNF-a-VEGF-A ET-1-IL-6
Binding Affinity -214 -21.2 -214
Balanced coefficient -592.9 -918.4 -854.2
Electrostatic favored -718.8 -976.5 -936.6
Hydrophobic energy -585.6 -1089.6 -1366.9
vWd energy -223.9 -205.0 -216.1

ET-1: Endothelin-1, IL-6: interleukin-6, MCP-1 monocyte chemotactic protein-1, TNF-a: tumor necrosis factor alpha, VEGF-A: vascular

endothelial growth factor.

Table 7. Predicted functional proteins associated with endocan, ET-1, IL-1, IL-6, IL-8, MCP-1, TNF-«, and

VEGF-A.
Proteins Proteins Associated Homology score
Endocan (ESM-1) VEGF-A 0.535
ET-1 (EDN-1) VEGF-A 0.923
1L-1 1L-6 0.997
IL-6 IL-8 (CXCLY) 0.997
1L-8 (CXCLS) 1L-1 0.998
MCP-1 (CCL-2) IL-8 (CXCL9) 0.995
TNF-o 1L-6 0.994
VEGF-A 1L-6 0.987

ET-1: Endothelin-1, IL-1: interleukin-1, IL-6: interleukin-6, IL-8: interleukin-8, MCP-1 monocyte chemotactic protein-1, TNF-a: tumor
necrosis factor alpha, VEGF-A: vascular endothelial growth factor.

" e
| p—
L]
McP-1
B
TNF
VEGF
b
ST e :
i & ®
c
‘ﬁﬁ?‘;z" Figure 4. Interactions of endocan (ESM-1), ET-1 (EDN-
- 1), IL-1, IL-6, IL-8 (CXCL8), MCP-1 (CCL-2), TNF-«, and
S VEGF-A proteins are analyzed in the STRING database.

Figure 3. Ribbon Structures of the complexes, (A)
TNF[green]-MCP-1[Blue], (B) TNF [green]-VEGF
[Blue], (C) ET-1 [Orange]-IL-6 [Blue].
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Each line has features. [Red line: gene fusions evidence; Green
line: gene neighborhood; Blue line: gene co-occurrence; Yellow
line: text mining; Black line: co-expression; Purple line:
experimentally determined; Light blue line: from curated
databases; Lilac line: protein homology].
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DISCUSSION

Pro-inflammatory cytokines, endocan, ET-1, VEGF-
A levels and pain/neuropathic pain parameters of
patients with FMS were investigated in this study.
Statistically ~significant differences were found
between FMS and the control group in all parameters
examined. However, no telations were detected
between these parameters and pain/neuropathic pain
scores and FIQ.

Many studies have been done on the etiopathogenesis
of FMS for many years. Genetic causes,
immunological mechanisms and central and
peripheral theories are collected under sub-titles. The
relationship between NP and FMS has been shown
in few studies in the literature. Some of these
investigations reported that IL1, I.-6, IL8, MCP-1
and TNF-a are associated with pain severity in
FMS6.123233 Wang et al. evaluated the serum I1.-6, IL-
8 and TNF-a levels and their relationship with pain
intensity in 20 FMS patients at admission and 10, 21,
and 180 days after starting treatment. As a result of
the analysis, 11.-8 and TNF-« were found to be high
in patients with FMS at admission. After 6 months of
pain treatment, IL-8 serum level was found to be
correlated with pain intensity in patients®*. In a study
conducted at the University of Indiana, when the
Brief Pain Inventory (BPI) pain severity and plasma
concentrations of IL.-8 and MCP-1 from week 1 to
week 12 were evaluated in 16 FMS patients, BPI pain
severity changes were significantly associated with
changes in I1.-8 and MCP-1 plasma concentrations?.
ET-1 is a strong physiological vasoconstrictor
released after the activation and/or impairment of
endothelial cells playing important roles in
connective tissue diseases, inflammatory processes,
and rheumatic diseases3?7. There are studies
reporting significantly higher plasma ET-1 and/or
expression levels in patients with FMS than in healthy
control group®¥. ET-1 activates macrophages
causing excessive secretion of inflaimmatory
mediators like I1.-6, IL.-8, TNF, PGE2, and
superoxide anions*. As for the relationship between
pain and ET-1, ET-1 has been shown to stimulate
both nociceptors and sensitize them to painful
stimuli. Selective stimulation of ET receptors has
been implicated as the cause of inflaimmatory,
neuropathic and tumoral pain*. Although we found
the serum concentration of ET-1, IL-1, IL.-6, 11.-8,
MCP-1, and TNF- « to be higher in the FMS group
compared to the healthy controls, we could not
detect any relationship with NP.

Neuropathic pain and serum protein levels in fibromyalgia

Endocan is a proteoglycan that consists of a
dermatan sulfate chain. The prognostic value of
endocan is indicated in diseases such as inflaimmatory
disorders, tumor progression, sepsis, hypertension,
diabetes, and heart diseases. In previous research,
high endocan levels were determined in patients with
FMS#. Few studies were detected conducted on
endocan levels and pain in the literature. In this study,
serum endocan levels were significantly higher in
FMS patients than in the control group. Furthermore,
there was no significant difference in endocan levels
between patients with and without NP. Endocan
expression has been reported to be intensely up-
regulated via proangiogenic molecule VEGF-A®,
Endocan and VEGF values were found to be higher
in patients with recurrent aphthous ulcers compared
to controls. In the same study, it was emphasized that
an increase in endocan was associated with an
increase in pain score and vice versa*t. It was reported
that VEGF-A directly affects neurons, microglia,
astrocytes, and Schwann cells, and has neurotrophic
and neuroprotective activity in peripheral and central
nervous systems®. Recent studies have shown that
VEGF-A is effective in peripheral neuropathy that
stems from nerve damage*¢. It has been reported that
it helps to improve functional healing reducing pain
in the nerve injury model#’. In a study conducted with
rats, it was shown that the central VEGF-A pathway
plays key roles in trigeminal neuropathic pain
development*s. There are limited studies in the
literature evaluating the relations between FMS and
VEGF. The FMS patients with inherited alphal-
antitrypsin deficiency had lower serum VEGF levels
compared to normal population’. In another clinical
study, serum VEGF levels were not different in
patients with FMS compared to healthy controls®.
This study is the first to report elevated VEGF-A
serum levels in FMS patients. It showed a positive
correlation with all other markers.

As the result of the STRING analysis, we determined
that proteins except endocan have protein-protein
interactions in the range of 0.999-0.800 homology
score. The homology scores of these proteins were
found in the range of 0.998-0.923, which was an
important finding for us. Since there are very limited
numbers of articles on this subject in the literature,
the evaluation of our data was also limited. In
addition, being one of these limited studies increased
the importance of our research data. Tas et al
evaluated STRING analysis findings in their study in
FMS patients and the score of VEGFR-1 with
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potassium ion channel protein-2 (KCNH) was found
to be 0.949%,

Consequently, when we evaluated all the analysis
data, although molecular docking and string analyzes
gave us significant results in the protein-protein
relationship, we could not find a statistical result
regarding the relationship with NP. The significant
serum levels of these molecules may indicate that they
are still effective in inflammation and/or endothelial
dysfunction. This study has a few limitations. Firstly,
the study group was small. Secondly, only female
patients were included in the study. In addition, only
serum samples were analyzed. Different results can
be obtained with different analyzes in plasma,
cerebrospinal fluid or blood cells.

These findings indicate the important role of these
proteins and their protein-protein interaction in
fibromyalgia pathophysiology. All parameters were
found to be high in FMS patients; however, there
were no statistically significant differences in the
parameters examined in FMS patients with NP
complaints and those who did not have these
complaints. However, it is still not clear at what level
and how these high serum levels affect the etiology
and pain complaints. More studies are needed to
evaluate the pain and other clinical symptoms in FMS
patients, and examine the relations between the
relevant parameters and other markers that cause
pain. In addition, the results of molecular docking
and string analyzes will be a source for in silico
analyzes to be studied in fibromyalgia.
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