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ABSTRACT

Objectives: This study aims to define serum levels of netrin-1 and netrin receptors in patients with fibromyalgia (FM) and osteoarthritis
(OA).

Patients and methods: This cross-sectional study was conducted with a total of 150 female participants (mean age: 47.2+16.1 years;
range, 18 to 89 years) at Firat University between June 2016 and December 2016. The participants were evaluated in three groups: the
FM group with 50 patients, the OA group with 50 patients, and the control group, which included 50 healthy volunteers. Netrin-1, netrin
receptors (DCC, UNC5B, and UNC5D), interleukin (IL)-6, IL-10, and IL-17 levels were analyzed by the enzyme-linked immunosorbent
assay from the serum samples of the participants.

Results: The level of serum netrin-1 was significantly lower in the FM group than in the control and OA groups (p<0.01 and p<0.001,
respectively). However, the difference between patients with OA and healthy controls in terms of netrin-1 was not statistically significant
(p>0.05). In addition, serum levels of netrin receptors and cytokines in the FM group were similar to the control group (p>0.05). However,
serum DCC, UNC5D, IL-6, and IL-10 levels were higher in the OA group compared to the control group (p<0.001, p<0.05, p<0.01, and
p<0.001, respectively).

Conclusion: Serum netrin-1 level is suppressed in FM, which suggests that netrin-1 is influential in FM pathogenesis.

Keywords: Cytokine, fibromyalgia, netrin-1, osteoarthritis.

Fibromyalgia (FM) is a recurrent pain syndrome
affecting the musculoskeletal system characterized by
widespread pain and joint stiffness in sensitive areas,
accompanied by systemic symptoms such as anxiety,
fatigue, sleep disorders, depression, dysmenorrhea,
headache, paresthesia, and cognitive disorders,
without a defined organic disease and inflammatory
cause.!” Fibromyalgia has been identified in all ethnic
groups, ages, and both sexes, but it is more common in
females." ¥ It has been suggested that the etiology and

pathogenesis of FM are multifactorial. Additionally,
in the light of recent studies, central nervous
system sensitization is thought to be a significant
pathophysiological mechanism of FM.!!

Osteoarthritis (OA), the most common joint
disease, is a progressive, noninflammatory disease
that concerns the entire joint, including the joint
cartilage, subchondral bone, ligaments, meniscus, and
synovium.” It is characterized by the progressive
destruction of articular cartilage due to the
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disintegration of the balance between construction and
destruction in cartilage homeostasis for mechanical,
biological, chemical, molecular, and enzymatic
reasons. Enzymes (metalloproteinases), cytokines
(tumor necrosis factor [TNF]-a, interleukin [IL]-1pB,
and IL-6), and growth factors (transforming growth
factor [TGF]-B and insulin-like growth factor play a
crucial role in the dynamic balance between anabolic
and catabolic processes in the joint cartilage.”!

Netrins are proteins related to the extracellularly
located laminin and manage cell and axon migration
during embryogenesis.'”’ Netrins have a role in
embryonic development, including functions in
cell migration, axon guidance, angiogenesis, and
morphogenesis, in animals and humans. Secreted
netrin-1 is attractive for some cells and repulsive for
some other cells."!! In addition, netrin-1 is an autocrine
and paracrine organizer of osteoclast differentiation.
Moreover, it promotes inflammation by affecting
macrophages at inflamed areas and inhibits migration
of neutrophils, lymphocytes, and monocytes.

Netrin receptors belong to the family of
immunoglobulins encoded by a large group of proteins
that direct cell adhesion and signal transduction.
Netrin receptors belong to three main families of
receptors called Down Syndrome Cell Adhesion
Molecule (DSCAM), Deleted in Colorectal Cancer
(DCC), and UNC5 (UNC5A, B, C, and D). The
DCC gene has been found at high rates in the central
nervous system. It was also observed in the prostate,
basal lamina of the skin, lung, gastrointestinal tract,
and bladder epithelium, and it participates in the axon
and transmembrane protein guidance. Vertebrae have
four homologous netrin-1 receptors, UNC5A through
UNC5D. The UNC5 proteins are transmembrane
proteins. The DCC receptors act attractive and also
participate in the repulsive function, while UNC5
acts repulsive.'"¥] Netrin-1 and DCC receptors
have been shown to have a possible role in inducing
sensory innervation and OA pain.' It has also been
demonstrated that UNC5B and UNC5C increased in
patients with OA.' In addition, some cytokines, such
as IL-8 and IL-6, have been reported to be responsible
for hyperalgesia in patients with FM.!'"! Considering
the effects of netrin and its receptors on cytokines and
their relationship with pain, we aimed to evaluate their
levels in FM and OA patients in our study.

PATIENTS AND METHODS

The cross-sectional study was conducted with a
total of 150 female participants (mean age: 47.2+16.1
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years; range, 18 to 89 years), who were evaluated in
three groups (the FM group, OA group, and control
group), at Firat University Faculty of Medicine
between June 2016 and December 2016. The FM
group included 50 patients diagnosed with FM
according to the 2010 ACR diagnostic criterial™
who applied to the Rheumatology and Physical
Medicine and Rehabilitation outpatient clinics. The
OA group was contained 50 patients diagnosed with
OA according to the ACR criteria™ who applied
to the Rheumatology and Physical Medicine and
Rehabilitation outpatient clinics. The control group
included 50 healthy volunteers in the same age range
as the other two groups. Patients under the age of
18, patients with systemic inflammatory rheumatic
disease, patients who could not be contacted, and
those with acute or known clinically interfering
disease, such as malignancy, thyroid or endocrine
disease, and osteoporotic fracture, and pregnant
women were excluded from the study. A locomotor
system examination with medical history-taking
was conducted in all participants. The patients were
questioned for their treatments and complications.
The body weight and height of all participants were
measured.

Blood samples were obtained from all
participants after 12 h of fasting for laboratory
tests. Complete blood count, urea, creatinine, alanine
aminotransferase, C-reactive protein (CRP), and
erythrocyte sedimentation rate (ESR) values of the
participants were recorded from the files. Antinuclear
antibody, rheumatoid factor, CRP, uric acid, and
thyroid hormone levels were determined to exclude
possible autoimmune and rheumatological diseases.
In addition, 5 mL of blood was obtained from the
patients and centrifuged for 5 min at 5000 rpm, and
the serum sample was stored at -20°C until laboratory
analysis. In these serum samples, netrin-1, UNC5
homologous family, DCC family, IL-17, IL-10, and
IL-6 levels were analyzed by the enzyme-linked
immunosorbent assay (ELISA).

Serum netrin-1 (Elabscience, Wuhan, China;

catalog no: E-EL-H2328), Human UNCS5B
(Elabscience, Wuhan, China; catalog no:
E-EL-H2631), Human UNC5D (Elabscience,

Wuhan, China; catalog no: E-EL-H2628), Human
DCC (Elabscience, Wuhan, China; catalog no:
E-EL-H2639), IL-6 (DIAsource ImmunoAssays S.A,
Ottignies-Louvain-la-Neuve, Belgium; catalog no:
KAP1261), IL-10 (DIAsource ImmunoAssays S.A,
Ottignies-Louvain-la-Neuve, Belgium; catalog no:
KAP1321), and IL-17 (Elabscience, Wuhan, China;
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catalog no: E-EL-HO0105) levels were studied in
accordance with the ELISA method using the
appropriate commercial kit.

Statistical analysis

Statistical analyses were conducted using the IBM
SPSS version 22.0 software (IBM Corp., Armonk, NY,
USA). The continuous data were presented as mean +
standard deviation. Normal distributions were tested
with the Kolmogorov-Smirnov test. The difference of
continuous variables among the groups was examined
by one-way analysis of variance (ANOVA) and
Kruskal-Wallis variance analysis for parametric data
with normal distributions and nonparametric data,
respectively. In dual comparisons, Mann-Whitney U
test was used for nonparametric data, and Student’s
t-test was utilized for parametric data. Categorical
data were evaluated by the chi-square test. Pearson
correlation analysis was used for the correlation
analysis. ANCOVA test were used for the comparison
of the netrin-1 levels by means of age, ESR, CRP,
creatinine, and fasting blood glucose parameters.
The diagnostic efficacies of netrin-1 and netrin
receptors for FM were examined by the receiver
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operating characteristic analysis. A p value of <0.05
was considered significant.

RESULTS

The OA patients were older due to the nature of
the disease, and the mean age of the control group
was lower (p<0.001). Similarly, the mean age of the
FM patients were higher than the healthy controls
(p<0.001; Table 1). Fasting blood glucose and creatinine
levels were higher in the OA group compared to the
control group and FM group (p<0.001 and p<0.05,
respectively; Table 1). In terms of these parameters,
the differences between the FM group and the control
group were not significant.

There was no difference between groups in
hematological tests. Compared to the FM group
and the control group, CRP (p>0.05 and p<0.05,
respectively) and ESR (p<0.05 and p<0.01, respectively)
levels were higher in the OA group (Table 1). There was
no significant difference between the FM group and
the control group in these parameters. Similarly, there
was no significant difference in serum IL-17, IL-10,
and IL-6 levels between the FM group and the control

TABLE 1
Laboratory results of the study groups
Healthy controls (n=50) Osteoarthritis (n=50) Fibromyalgia (n=50)
Variables Mean+SD Mean+SD Mean+SD P
Age (year) 34.2+13.1 62.74£9.4¢ 44.9£10.7%0% ) <0.001°
FBG (mg/dL) 91.3+11.8 113.3+40.30* 92.2+14.3° <0.001°
Creatinine (mg/dL) 0.6+0.1 0.7+0.1% 0.62+0.2~ 0.005°
Hemoglobin (g/dL) 13.1+0.9 13.1+1.1 12.8+1.2 0.323°
Leukocyte (10°/uL) 6.4x1.6 7.1£2.2 6.3£2.1 0.066°
Platelet (10%/pL) 281£89.6 283.7£76.9 295.4+81.8 0.672°
ESR (mm/h) 13.2£11.2 24.4+14.6* 16.2+10.6* 0.001°
CRP (mg/L) 4.7£3.6 6.6+6.3 4.3£2.5 0.047°
IL-6 (pg/mL) 39.0£21.6 102.7+145.6** 57.9+64.7 0.003¢
IL-17 (pg/mL) 157.0+124.4 158.5+81.6 180.5+109.6 0.468¢
IL-10 (pg/mL) 11.6+1.9 15.8+7.4%¢ 12.842.2% <0.001¢
Netrin-1 (pg/mL) 134.7+£23.5 138+14.1 121.74£26.2%* 0.001°
DCC (pg/mL) 475.6+159.8 906.0+422.2%** 631.4+349.4 <0.001¢
UNC 5B (ng/mL) 1.9+1.4 2.2%1.1 1.7£1.1 0.105¢
UNC 5D (ng/mlL) 5.3%1.0 5.7+0.6* 5.5+0.7 0.023°
SD: Standard deviation; FBG: Fasting blood glucose; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; IL: Interleukin; DCC: Deleted in colorectal
cancer; UNC: Netrin receptor.
*Parametric data with normal distribution were analyzed by ANOVA and Kruskal Wallis variance analysis was performed for analysis of nonparametric data.
Moreover, Mann-Whitney U test for nonparametric data“ and student’s t test for parametric data® were selected for dual comparisons.
Compared with the control group: * p<0.05; ** p<0.01; *** p<0.001.
Compared with the osteoarthritis group; x p<0.05, xx p<0.01, xxx p<0.001.
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group. However, IL-10 (p<0.001, p<0.01, respectively)
and IL-6 (p<0.01 and p<0.05, respectively) levels in the
OA group were higher than in the control group and
the FM group.

The serum netrin-1 level in the FM group was
significantly lower than in the control and OA groups
(p<0.01 and p<0.001, respectively; Figure 1). There
was no significant difference in serum netrin-1 levels
between the control and OA groups (Table 1). The
statistical analyzes were reperformed by the ANCOVA
test as there were differences between the groups in
terms of mean age, ESR, CRP, creatinine, and fasting
blood glucose levels. Even though the mean age, ESR,
CRP, creatinine, and fasting blood glucose levels were
corrected, serum netrin-1 level was lower in the FM
group than in both the control and OA groups (p<0.01
for both groups).

No significant differences were found between
netrin receptors (DCC, UNC5B and UNC5D) levels
between the FM and control groups (Figure 2a-c).
However, the DCC in the OA group was higher
compared to the control and FM groups (p<0.001
for both groups), whereas UNC5D level was higher
compared to the control group only (p<0.05; Table 1).
Even after correction for age and fasting blood glucose
with the ANOVA test, the DCC level was statistically
significantly higher in the OA group compared to
the control and FM groups (p=0.001 and p=0.005,
respectively).

Serum netrin-1 level and DCC level correlated in
the control and OA groups (r=0.285, p=0.045 and
r=0.388, p=0.005, respectively). In the FM group,
netrin-1 level and UNC5B level (r=0.332, p=0.018)
correlated positively. In addition, in the control group,
serum netrin-1 level and IL-6 level correlated positively
(r=0.326, p=0.012). Serum UNC5B level correlated
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negatively with fasting blood glucose level in the
control group (r=-0.347, p=0.015). In the OA group,
serum UNC5D level correlated negatively with age
(r=-0.282, p=0.049).
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Figure 2. The levels of netrin receptors (a) UNC5B, (b)
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Figure 3. Receiver operating characteristic curves of netrin-1
and DCC levels differentiate FM from OA.

CI: Confidence interval; DCC: Deleted in colorectal cancer; UNC: Netrin
receptor; FM: Fibromyalgia; OA: Osteoarthritis.

Based on the receiver operating characteristic
analysis, the netrin-1 level (using a cut-off of
128.8 pg/mL) differentiated FM from OA, with
a sensitivity and specificity of 80% and 72%,
respectively. Moreover, the DCC level (using a cut-
off of 700.9 pg/mL) differentiated FM from OA, with
a sensitivity and specificity of 72%. These results
indicate that netrin-1 (area under the curve [AUC]:
0.726; 95% CI: 0.617-0.835; p<0.001) and DCC (AUC:
0.739; 95% CI: 0.638-0.839; p<0.001) were sensitive
and specific markers for FM (Figure 3).

DISCUSSION

Netrin-1 is a critical molecule in the development
of cortical neurons and spinal commissural
neurons. During embryonic development, the
attractive function of netrin-1 requires the DCC
receptor. The UNC5H2 receptor is required for the
repulsive task of netrin-1. The expression of the
DCC receptor in adult spinal cord neurons is less
than UNC5H2 compared to embryonic spinal cord
neurons. Netrin-1 release increases after spinal
cord injuries. Inflammatory cells in the wound play
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an important role in increasing the expression of
netrin-1. Suppression of netrin-1 release from spinal
dorsal horn neurons (sensory nerves) has been
shown to increase induced mechanical allodynia.!"
Widespread pain is frequently reported in FM.F! In
our study, serum netrin-1 level was found to be low
in FM patients.

Bennett et al.?! discovered that circulating
somatomedin C levels are low in FM patients.
Somatomedin C is the mediator of the anabolic effects
of the growth hormone and is required for normal
muscle hemostasis. Chronic low level of somatomedin
reduces growth hormone release and causes muscle
pain. In addition, the effects of netrin-1 on growth
have been established.!?!¥! It is possible that the effects
of low netrin-1 levels are more prominent compared to
the growth hormone in the pathogenesis and clinical
severity of FM.

Bengtsson et al.?!! reported a decrease in the levels
of adonesintriphosphateand phosphocreatine in FM
patients. This can cause postexercise pain and other
painful conditions in patients. Netrin-1 binds directly
to DCC; however, in some systems, adenosine A2b
receptor (A2bR) acts as a coreceptor.’?’ Activation
of A2bR increases the level of cyclic adenosine
monophosphate (cAMP) and increases the attractive
chemical response to netrin-1.121*?2l In another
study, it was found that netrin-1 limits neutrophil
accumulation in the intestinal mucosa and increases
this effect by binding to A2bR and increasing the
level of cAMP.?¥ Furthermore, Galeotti et al.l¥
demonstrated an increase in the level of cAMP in FM
patients. The low netrin-1 detected in the FM patients
may have altered the cAMP level in our study.

Netrin-1 manages the inflammatory response
of macrophages and neutrophils. Ischemia in the
kidney increases prostaglandin E2 (PGE2) production
from neutrophils, and PGE2 increases IL-17
production. Interleukin-17 production also increases
interferon-gamma production. Netrin-1 suppresses
this path by blocking the production of PGE2. It
protects the kidney by suppressing inflammation
and neutrophil infiltration and preventing apoptosis
from ischemia-reperfusion injury.””! Interleukin-17A
receptor activation has been found to induce the
release of chemokines and matrix metalloproteinases
(MMPs).2%281 Moreover, IL-17 has been shown to
induce pain and neutrophil migration.!

Netrin-1 is broken down by MMPs located in the
region close to the plasma membrane. Therefore, MMP
inhibitors increase the effectiveness of netrin-1.1222
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Matrix metalloproteinases can be held responsible for
decreasing the netrin-1 level in FM patients. Netrin-1
plays a crucial role not only in neural development
but also in tissue organization, differentiation, cell
survival, mobility, proliferation, cell adhesion, and
cancer.®” Netrin-1 only acts as axon attraction when
connected to DCC. When the UNC5 receptor and
DCC receptor bind, the UNC5 receptor closes and
acts as a repellant.®" In a study, UNC5B and UNC5C
levels were determined to be high in synovial fluids of
patients with OA and rheumatoid arthritis." In our
study, serum netrin-1 levels did not increase in OA,
whereas DCC and UNC5D levels, which were among
the netrin receptors, increased.

The etiopathogenesis of FM is unknown.
Viral infections, trauma, psychopathological
causes, immunological mechanisms, and genetic
predisposition are thought to be effective in its
pathogenesis.’>%! It has been reported that FM
symptoms are induced by the interaction between the
sympathetic nervous system, the immune system, and
the hypothalamic-pituitary-adrenal axis.?* Although
various cytokines are suspected of playing a role in
pathogenesis, the possible roles of cytokines have
not been adequately clarified.”**! Cytokines, such
as TNF-B, IL-8, IL-6, and IL-1c¢;, have been shown
to directly cause peripheral and central neuropathic
pain.*>% Pain is one of the most crucial symptoms of
inflammation and also the most important symptom
in FM. Wallace et al.l” reported that IL-6 and IL-8,
which play a role in inflammation, are responsible
for hyperalgesia in FM patients. In patients with
FM, serum IL-8 level of proinflammatory cytokines
was higher than in healthy controls. No significant
difference was found between the control group and
FM patients in IL-10 and IL-2 levels. Gir et al.®¥ did
not find a difference in serum IL-1 and IL-6 values.
However, they found a significant difference in IL-8
and IL-2 levels. They reported that the role of IL-8 is
major in the development of pain in FM.

Chronic inflammation of cells is not evident in
OA. The number of leukocytes is usually not high in
the joint fluid. Cytokines play an important role in
the inflammatory component of OA.® The role of
inflammatory cytokines, such as TNF-q, IL-18, IL-15,
IL-1B, and IL-6, and anti-inflammatory cytokines,
such as IL-13, IL-10, and IL-4 in OA pathogenesis is
still being investigated.*

Six cytokines (IL-17A-F) and five receptors
(IL-17RA-E) belonging to the IL-17 family have been
identified. Interleukin-17 was found to be high in
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synovial fluid and serum in OA patients. Interleukin-17
inhibits the production of proteoglycans synthesized
by chondrocytes and supports the production of
MMPs. It causes the secretion of other cytokines
that negatively affect the cartilage. Interleukin-6 was
determined to be high in serum and synovial fluids of
OA patients. It reduces the synthesis of type 2 collagen
and increases enzyme production from MMPs. One of
the major cytokines causing changes in subchondral
bone is IL-6. Interleukin-10 acts as a chondrocyte
protector in OA, activates type 2 collagen synthesis,
and increases proteoglycan synthesis. It also blocks
the synthesis of MMPs and prevents the apoptosis of
chondrocytes.?® In a study, IL-6 and IL-10 levels were
revealed to be higher in OA.P”!

Netrin-1 may demonstrate different effects through
receptors DCC and UNC5B.P#*l In our study, a
correlation was found between netrin and its receptors
in patients with FM and OA but not in the control
group. This result may be a sign of the complex
relationship between netrin and its receptors.

The inflammatory cells and various cytokines may
be involved in the pathogenesis of FM and OA. Thus,
serum IL-17, IL-10, and IL-6 levels were investigated
in FM and OA patients to evaluate their possible role
in the pathophysiology of FM and OA. In our study,
serum cytokine levels did not increase in the FM group.
However, serum IL-6 and IL-10 levels were higher in
the OA group. Conversely, IL-10 was decreased in OA
patients in studies.[*”) However, it has been shown that
the IL-10 level of OA patients increased with exercise.
#1 Qur result may be related to the exercise habits of
the OA patients included in the study.

The main limitations of this study are its cross-
sectional design and that the power analysis was not
performed before enrolment in the study. However, the
sample size is accepted as satisfactory since the power
is above 0.8.

In conclusion, it was found that netrin-1 and its
receptors were low in FM patients, which suggests
that netrin-1 is involved in the pathogenesis of pain in
FM patients. More comprehensive studies with a large
sample size are needed to explore the role of netrin-1
and its receptors in FM.
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consent was obtained from all participants.



244

Data Sharing Statement: The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Author Contributions: Conception and design: A.K,,
S.S.K.; Designed and performed experiments: A.K., A.G,
T.K.K., G.A., A.K., N.I; Wrote and revised of the manuscript:
A K., S.S.K.; Conducted the laboratory procedures: T.K.K.,,
N.I.; Data acquisition and analysis: A.K.,, A.G,, TKK, GA,,
A K, S.S.K.; Writing and revising of the manuscript critically:
S.S.K.; All authors read and approved the final version of the
manuscript.

Conflict of Interest: The authors declared no conflicts of
interest with respect to the authorship and/or publication of
this article.

Funding: This study was supported by the Turkish Society
for Rheumatology.

REFERENCES

1. Bellato E, Marini E, Castoldi F, Barbasetti N, Mattei
L, Bonasia DE, et al. Fibromyalgia syndrome: Etiology,
pathogenesis, diagnosis, and treatment. Pain Res Treat
2012;2012:426130.

2. Goldenberg DL, Burckhardt C, Crofford L. Management of
fibromyalgia syndrome. JAMA 2004;292:2388-95.

3. Héuser W, Sarzi-Puttini P, Fitzcharles MA. Fibromyalgia
syndrome: Under-, over- and misdiagnosis. Clin Exp
Rheumatol 2019;37 Suppl 116:90-7.

4. Wolfe F, Ross K, Anderson J, Russell IJ, Hebert L. The
prevalence and characteristics of fibromyalgia in the general
population. Arthritis Rheum 1995;38:19-28.

5. Schmidt-Wilcke T, Clauw DJ. Fibromyalgia: From
pathophysiology to therapy. Nat Rev Rheumatol 2011;7:518-27.

6. Sarzi-Puttini P, Giorgi V, Marotto D, Atzeni F. Fibromyalgia:
An update on clinical characteristics, aetiopathogenesis and
treatment. Nat Rev Rheumatol 2020;16:645-60.

7. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis.
Best Pract Res Clin Rheumatol 2014;28:5-15.

8. Liu-Bryan R, Terkeltaub R. Emerging regulators of the
inflammatory process in osteoarthritis. Nat Rev Rheumatol
2015;11:35-44.

9. Aigner T, Soder S, Gebhard PM, McAlinden A, Haag
J. Mechanisms of disease: Role of chondrocytes in the
pathogenesis of osteoarthritis--structure, chaos and
senescence. Nat Clin Pract Rheumatol 2007;3:391-9.

10. Rajasekharan S, Kennedy TE. The netrin protein family.
Genome Biol 2009;10:239.

11. Kennedy TE. Cellular mechanisms of netrin function:
Long-range and short-range actions. Biochem Cell Biol
2000;78:569-75.

12. Barallobre M], Pascual M, Del Rio JA, Soriano E. The
Netrin family of guidance factors: Emphasis on Netrin-1
signalling. Brain Res Brain Res Rev 2005;49:22-47.

13. Livesey FJ. Netrins and netrin receptors. Cell Mol Life Sci
1999;56:62-8.

14. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz
RS, Mease P, et al. The American College of Rheumatology

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28

29.

30.

Turk J Phys Med Rehab

preliminary diagnostic criteria for fibromyalgia and
measurement of symptom severity. Arthritis Care Res
(Hoboken) 2010;62:600-10.

Zhu S, Zhu J, Zhen G, Hu Y, An S, Li Y, et al. Subchondral
bone osteoclasts induce sensory innervation and
osteoarthritis pain. J Clin Invest 2019;129:1076-93.
Schubert T, Denk A, Migdefrau U, Kaufmann S, Bastone
P, Lowin T, et al. Role of the netrin system of repellent
factors on synovial fibroblasts in rheumatoid arthritis
and osteoarthritis. Int J Immunopathol Pharmacol
2009;22:715-22.

Wallace DJ, Linker-Israeli M, Hallegua D, Silverman S, Silver
D, Weisman MH. Cytokines play an aetiopathogenetic role
in fibromyalgia: A hypothesis and pilot study. Rheumatology
(Oxford) 2001;40:743-9.

Altman RD. Classification of disease: Osteoarthritis. Semin
Arthritis Rheum 1991;20(6 Suppl 2):40-7.

Wu CH, Yuan XC, Gao F, Li HP, Cao J, Liu YS, et al.
Netrin-1 contributes to myelinated afferent fiber sprouting
and neuropathic pain. Mol Neurobiol 2016;53:5640-51.
Bennett RM, Clark SR, Campbell SM, Burckhardt CS. Low
levels of somatomedin C in patients with the fibromyalgia
syndrome. A possible link between sleep and muscle pain.
Arthritis Rheum 1992;35:1113-6.

Bengtsson A, Henriksson KG, Larsson J. Muscle biopsy
in primary fibromyalgia. Light-microscopical and
histochemical findings. Scand ] Rheumatol 1986;15:1-6.
Forcet C, Ye X, Granger L, Corset V, Shin H, Bredesen DE,
et al. The dependence receptor DCC (deleted in colorectal
cancer) defines an alternative mechanism for caspase
activation. Proc Natl Acad Sci U S A 2001;98:3416-21.
Aherne CM, Collins CB, Eltzschig HK. Netrin-1 guides
inflammatory cell migration to control mucosal immune
responses during intestinal inflammation. Tissue Barriers
2013;1:€24957.

Galeotti N, Ghelardini C, Zoppi M, Bene ED, Raimondi
L, Beneforti E, et al. A reduced functionality of Gi
proteins as a possible cause of fibromyalgia. ] Rheumatol
2001;28:2298-304.

Ranganathan PV, Jayakumar C, Mohamed R, Dong Z,
Ramesh G. Netrin-1 regulates the inflammatory response
of neutrophils and macrophages, and suppresses ischemic
acute kidney injury by inhibiting COX-2-mediated PGE2
production. Kidney Int 2013;83:1087-98.

Kolls JK, Lindén A. Interleukin-17 family members and
inflammation. Immunity 2004;21:467-76.

Moseley TA, Haudenschild DR, Rose L, Reddi AH.
Interleukin-17 family and IL-17 receptors. Cytokine Growth
Factor Rev 2003;14:155-74.

Gu C, Wu L, Li X. IL-17 family: Cytokines, receptors and
signaling. Cytokine 2013;64:477-85.

Pinto LG, Cunha TM, Vieira SM, Lemos HP, Verri
WA Jr, Cunha FQ, et al. IL-17 mediates articular
hypernociception in antigen-induced arthritis in mice.
Pain 2010;148:247-56.

Toda K, Nagasaka T, Umeda Y, Tanaka T, Kawai T, Fuji
T, et al. Genetic and epigenetic alterations of netrin-1
receptors in gastric cancer with chromosomal instability.
Clin Epigenetics 2015;7:73.



Netrin-1 in fibromyalgia

31

32.

33.

34.

35.

36.

Finci L, Zhang Y, Meijers R, Wang JH. Signaling mechanism
of the netrin-1 receptor DCC in axon guidance. Prog
Biophys Mol Biol 2015;118:153-60.

Salemi S, Rethage J, Wollina U, Michel BA, Gay RE, Gay
S, et al. Detection of interleukin 1beta (IL-1beta), IL-6,
and tumor necrosis factor-alpha in skin of patients with
fibromyalgia. ] Rheumatol 2003;30:146-50.

Giir A, Karako¢ M, Nas K, Remzi, Cevik, Denli A, et al.
Cytokines and depression in cases with fibromyalgia.
] Rheumatol 2002;29:358-61.

Torpy DJ, Papanicolaou DA, Lotsikas AJ, Wilder RL,
Chrousos GP, Pillemer SR. Responses of the sympathetic
nervous system and the hypothalamic-pituitary-adrenal
axis to interleukin-6: A pilot study in fibromyalgia. Arthritis
Rheum 2000;43:872-80.

Wallace DJ, Bowman RL, Wormsley SB, Peter JB. Cytokines
and immune regulation in patients with fibrositis. Arthritis
Rheum 1989;32:1334-5.

Wojdasiewicz P, Poniatowski LA, Szukiewicz D. The role
of inflammatory and anti-inflammatory cytokines in
the pathogenesis of osteoarthritis. Mediators Inflamm
2014;2014:561459.

37.

38.

39.

40.

41.

245

Imamura M, Ezquerro F, Marcon Alfieri F, Vilas Boas
L, Tozetto-Mendoza TR, Chen J, et al. Serum levels of
proinflammatory cytokines in painful knee osteoarthritis
and sensitization. Int J Inflam 2015;2015:329792.

Mediero A, Wilder T, Ramkhelawon B, Moore K],
Cronstein BN. Netrin-1 and its receptor Unc5b are novel
targets for the treatment of inflammatory arthritis. FASEB
] 2016;30:3835-44.

Huyghe A, Furlan G, Ozmadenci D, Galonska C, Charlton
J, Gaume X, et al. Netrin-1 promotes naive pluripotency
through Neol and Unc5b co-regulation of Wnt and MAPK
signalling. Nat Cell Biol 2020;22:389-400.

Hulejova H, Baresova V, Klézl Z, Polanskda M, Adam
M, Senolt L. Increased level of cytokines and matrix
metalloproteinases in osteoarthritic subchondral bone.
Cytokine 2007;38:151-6.

Helmark IC, Mikkelsen UR, Borglum J, Rothe A, Petersen
MC, Andersen O, et al. Exercise increases interleukin-10
levels both intraarticularly and peri-synovially in patients
with knee osteoarthritis: A randomized controlled trial.
Arthritis Res Ther 2010;12:R126.



