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Chemokines are chemotactic cytokines, whose most important function is the chemoattraction of immune cells.
CXC motif chemokine ligand 1 (CXCL1), a CXC chemokine, is also known as growth-regulated (or -related)
oncogene-a (Gro-a) and melanoma growth-stimulatory activity (MGSA). The role CXCL1 plays in the physiology of

the nervous system is described.

CXCL1 Alzheimer’s disease Epilepsy neurodegenerative diseases neuroinflammation

| 1. Prenatal Development of the Brain

CXCL1 may be important in prenatal brain development. However, the significance of CXCL1 in prenatal
development in humans has been poorly studied due to obvious bioethical problems with such research. The

importance of ligands for CXCR2 in this aspect has been much better studied in animals.

Experiments on rats show that ligands for CXCR2 are important in axon morphogenesis, a process regulated by
hepatocyte growth factor (HGF). For example, this factor in rats increases the expression of cytokine-induced
neutrophil chemoattractant-3 (CINC-3), a CXC chemokine important in axon outgrowth and axon branching &
Ligands for CXCR2 are known to reduce axon outgrowth of dorsal root ganglia neurons in adult rats [&, thereby
reducing peripheral nervous system regeneration. However, the significant differences in ligands for CXCR2
between humans and rats make it impossible to determine which human chemokine is responsible for the

aforementioned properties &,

CXCL1 may be important in the functions of oligodendrocyte progenitors. For example, research on rats has shown
that CINC-1 increases the proliferation of these cells, exhibiting synergy with platelet-derived growth factor (PDGF)
@Bl In humans, this role is played by CXCL1 . Expression of this chemokine occurs in the cortical
ventricular/subventricular zones, the sites of proliferation of oligodendrocyte progenitors. CXCL1 can inhibit the
migration of oligodendrocyte progenitors, as shown by research on the effects of CINC-1 in the rat brain and spinal

cord Bl indicating that this chemokine regulates the location of oligodendrocytes.

| 2. Neurogenesis, Hippocampus and Neural Stem Cells
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CXCRZ2 ligands are important in the hippocampus, particularly for neurogenesis, as demonstrated by experiments
in mice and rats. In mice, KC increases hippocampal neurogenesis [&l. The expression of this chemokine occurs in
the subgranular zone of the dentate gyrus in the hippocampus . KC induces neural stem cell proliferation but
inhibits the differentiation of these cells into astrocytes (191 At the same time, studies in rats have shown that CINC-
1 is subject to expression in damaged parts of the brain, particularly in the damaged striatum, where this
chemokine causes the recruitment of progenitor cells from subventricular zone 1, that is, it participates in the

regeneration of neural tissue in the brain. Nevertheless, the cited facts are yet to be confirmed in humans.

CXC chemokines can also interfere with hippocampal neurogenesis in some models. In particular, during
neuroinflammation . KC in a mouse model causes senescence of hippocampal neuronal progenitor cells. This
reduces neurogenesis in this brain structure. These results were confirmed on human hippocampal neuronal
progenitor cells and CXCL1 Bl The observed effect was sex-dependent, as female sex hormones counteract the

increase in KC expression by pro-inflammatory factors in the hippocampus £

| 3. Addiction and Reward System

CXCL1 may also play a role in the mechanisms of addiction. In mice, administration of cocaine increases KC
expression in the prefrontal cortex, in a process dependent on the dopamine D; receptor 12, KC, through the
activation of CXCR2, is an important part of reward system activation in the brain when exposed to cocaine. To
date, there has been no such research on humans and for this reason it is not known whether CXCL1 or any other
ligands for CXCR, is significant in the action of cocaine in the human brain. There are no studies regarding the

effect of CXCL1 on the reward system during daily activities (121,

| 4. Alzheimer’s Disease

Alzheimer’s disease is a neurodegenerative disease that causes dementia (13, It is estimated that tens of millions
of people suffer from this disease worldwide, mostly in advanced age. An important pathomechanism in
Alzheimer’s disease is the accumulation of amyloid B (AB) in amyloid plaques and tau protein in neurofibrillary
tangles, which cause neurodegeneration of the brain. Another component of Alzheimer's disease is

neuroinflammation, including increased CXCL1 expression and action.

In Alzheimer’s disease patients, CXCL1 levels are elevated in cerebrospinal fluid 2914 and the brain 12, CXCL1 is
produced by neurons in the brain of Alzheimer’s disease patients 12, In pathological brain tissue, CXCL1 activates
the CXCR2 receptor on neurons, which causes the activation of ERK MAPK and glycogen synthase kinase 33
(GSK3pB) leading to the hyperphosphorylation of tau (Figure 1) 23l18] Then, prolonged exposure of neurons to
CXCL1 results in Tau cleavage at Asp*?! by caspase-3 €. Such truncated tau proteins may be the primer of
neurofibrillary tangle formation 18, Hyperphosphorylation also increases the aggregation capacity of tau proteins.

CXCR2 activation has been found to increase y-secretase activity, a protease whose substrate is amyloid
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precursor protein (APP) LIU8I This causes the release of AR which contributes to the formation of amyloid

plaques.
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Figure 1. Significance of CXC motif chemokine ligand 1 (CXCL1) in Alzheimer’s disease. CXCL1, through its
receptor CXC motif chemokine receptor 2 (CXCR2), causes hyperphosphorylation of tau protein which leads to a
proteolytic cleavage of tau protein, which enables the formation of a neurofibrillary tangle. CXCR2 also increases y-
secretase activity. This results in increased release of amyloid B (AB) and increased amyloid plagque formation.
Abbreviations: AB—amyloid 3; APP—amyloid precursor protein; CXCL1—CXC motif chemokine ligand 1; CXCR2
—CXC motif chemokine receptor 2; ERK—extracellular signal-regulated kinase; GSK3pB—glycogen synthase

kinase 3p3; MAPK—mitogen-activated protein kinase; PPP—hyperphosphorylation; Source: own elaboration.

CXCL1 may also participate in mechanisms that inhibit the progression of Alzheimer’s disease. Patients with this
disease have elevated CXCL1 expression in blood monocytes 2%, |n addition, expression of CXCR2 on brain
microvascular endothelial cells is increased by Ap [29. This indicates that the CXCL1 ~ CXCR2 axis is responsible

for transendothelial migration of monocytes into the brain. Such monocytes differentiate into bone marrow-derived
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microglia, involved in the elimination of AB plaque deposition, inhibiting the progression of Alzheimer’s disease 29
2]

| 5. Epilepsy

Epilepsy, a brain disease whose major symptoms include unprovoked seizures, is found in about 80 million people
in the world 2. Ligands for CXCR2 contribute to its pathogenesis—as shown, for example, by increased KC
expression in the brain of epileptic mice, particularly in the hippocampus 23, KC decreases astrocytic glutamate
reuptake 24, which causes an increase in glutamate concentration at synapses and leads to seizures. CXCL1
does not seem to have the same role in epilepsy in humans as it does in mice. In contrast to TNF-a and CXCLS9,
CXCL1 levels are not elevated in the cerebrospinal fluid of patients with epilepsy 22, In comparison, CXCL8
expression is increased in the brain of patients with epilepsy 23 which suggests its role is similar to that of KC in

mouse epilepsy. However, further studies in this direction are required.

6. Herpes Simplex Virus Type 1 (HSV-1) Encephalitis and
Herpetic Stromal Keratitis (HSK)

Herpes simplex virus type 1 (HSV-1) is a virus possessing double-stranded DNA of fairly large size: 152 kbp [28],
HSV-1 belongs to the Alphaherpesvirinae subfamily, which also includes HSV-2 and Varicella zoster virus
(VZV)/HSV-3. It is estimated that approximately half of the population has had contact with HSV-1 274, Infection
with this virus occurs when fluids containing HSV-1 come into contact with mucous membranes 28, Then HSV-1
infects the mucosal epithelium and then sensory neurons near the site of primary infection where HSV-1

progresses to latent infections [26128],

HSV-1 can also enter the brain, where it can cause quite rare cases of severe encephalitis 28 at 0.25-1.2 per
100,000 population per year (28 HSV-1 encephalitis is associated with an increase in the expression of pro-
inflammatory cytokines in the brain 2. In particular, experiments on mice have shown an increase in KC
expression in astrocytes under the influence of HSV-1 B9, There is also an increase in KC expression in astrocytes
and neurons under the influence of pro-inflammatory cytokines such as IL-1a. KC causes infiltration of the brain by
neutrophils which results in blood-brain barrier damage and an excessive immune system response, resulting in
brain damage and death. The KC - CXCR2 axis and neutrophils do not affect HSV-1 viral load in the brain as
shown by experiments in mice 9. As monocytes and the CCL2 -~ CCR2 axis are responsible for fighting the virus
in the brain, the KC - CXCR2 axis represents a convenient therapeutic target against HSV-1 encephalitis in a
mouse model. With mouse KC being a paralog for human CXCL1 BIB132l it needs to be confirmed if changes in

CXCL1 expression occur in patients with HSV-1 encephalitis, to determine its role in this disease in humans.

HSV-1 has also been found to infect the cornea, leading to herpetic stromal keratitis (HSK) 23], often resulting in
blindness. Cornea infection by HSV-1 is associated with an increase in KC expression due to the action of IL-17A,

as shown by experiments in a mouse model B4l This leads to infiltration of the cornea by neutrophils B4—cells
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involved in fighting the viral infection but also in damaging the cornea [B3l. Among other things, neutrophils secrete
vascular endothelial growth factor A (VEGF-A) and enhance the action of this growth factor by secreting MMPs,
which leads to corneal neovascularization 4. Depending on the study, either KC 331341 or MIP-2 3336l plays a
major role in neutrophil infiltration into the cornea during HSV-1 infection. Both chemokines are CXC chemokines &
(31 and are paralogs to human CXCL1, so the significance of CXCL1 needs to be confirmed in human patients with

the aforementioned diseases.

| 7. Ischemic Stroke

Ischemic stroke results from brain arterial occlusion followed by reduced blood flow to various parts of the brain E7,
Very often it ends in death or extensive brain damage and disability. It is estimated that nearly 10 million cases of

ischemic stroke occur annually, making it one of the most common diseases in the world B,

CXCL1 expression has been found to be closely associated with ischemic stroke. Therefore, individuals with the T

allele of rs3117604, which is located in the CXCL1 promoter, have an increased predisposition to ischemic stroke
(28],

Patients with ischemic stroke have elevated levels of CXCL1 in cerebrospinal fluid 22 and at the same time CXCL1
levels are associated with the extent of ischemic stroke. Increased CXCL1 expression has also been shown in
brain tissue affected by ischaemic stroke 2%, Nevertheless, depending on the literature cited, CXCL1 levels in the
blood in patients with ischemic stroke are either unchanged 22 or lower 41, With the discussed CXCL1 levels in
the blood, this may be related to gender. In women with ischaemic stroke, CXCL1 levels in the blood are lower,

while in men they are higher 42,

Expression of KC in the brain at the ischaemic stroke takes place in astrocytes, as shown by experiments on mice
(Figure 2) 49 y3 T cells, which produce IL-17A, are responsible for the induction of KC expression. Expression of
KC in astrocytes also depends on TNF-a produced by macrophages 49, At the same time, CD4* T cells produce

interferon-y (IFN-y), which induces TNF-a expression in macrophages.
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Figure 2. The significance of CXC motif chemokine ligand 1 (CXCL1)/keratinocyte-derived chemokine (KC) in
ischemic stroke. Ischaemic stroke is associated with neuroinflammation caused by yd T cells and CD4* T cells that
respectively secrete interleukin-17A (IL-17A) and interferon-y (INF-y). INF-y increases tumor necrosis factor a
(TNF-a) production in macrophages. TNF-a and IL-17A increase the secretion of CXCL1/KC in astrocytes. This
chemokine causes recruitment of neutrophils, cells which secrete elastase, an enzyme that causes blood-brain
barrier disruption. Abbreviations: CXCL1—CXC motif chemokine ligand 1; IL-17A—interleukin-17A; INF-y—

interferon-y; KC—Kkeratinocyte-derived chemokine; TNF-a—tumor necrosis factor a; Source: own elaboration.

Expression of ligands for CXCR2 during ischemic stroke may also depend on miRNAs. In rats, an ischemic stroke
is associated with promoter hypermethylation of miR-532-5p 431, which reduces the expression of the miRNA that
is directly downregulating the expression of the rat paralog for human CXCL1. That means that this downregulation
of miR-532-5p expression induces an upregulation of CXCL1 expression. In contrast, during ischemic stroke in
mice, there is a downregulation of miR-429 expression in brain microvascular endothelial cells 4], This miRNA
downregulates the expression of KC, the mouse paralog for human CXCL1, which results in increased expression
of KC. As a consequence of increased CXCR2 ligand expression, neutrophils infiltrate into brain tissue undergoing
ischemic stroke. It is not known whether these cells have a destructive effect on brain tissues in patients with
ischemic stroke. Studies in mice have shown that a CXCR2 receptor inhibitor does not affect the level of motor
dysfunction after ischemic stroke 3. However, neutrophils can disrupt the blood-brain barrier (BBB) integrity
through elastase secretion 48], Because the contribution of neutrophils to brain damage after ischemic stroke has

not been sufficiently investigated, more thorough studies in this direction are needed.

| 8. Major Depression
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Major depression is a mental illness that affects approximately 6% of the population and its pathogenesis may be
related to inflammation 2. In mice, chronic stress causes activation of the inflammasome in the hippocampus 48
49 increasing the production of the pro-inflammatory cytokines IL-1p and interleukin-18 (IL-18). This leads to
inflammatory responses associated with increased KC production 49, KC, through activation of its receptor CXCR2

and subsequent activation of GSK3[, induces depression-like behaviors.

The mechanism of CXCL1 involvement in major depression in humans appears to differ significantly from the
animal model. Depressed suicidal persons experience a reduction in CXCL1 expression in the prefrontal cortex,
similar to the reduction in the expression of CXCL2 and CXCL3 BY, Plasma CXCL1 levels are also reduced in
depressed humans B, particularly in elderly patients 22 and adolescents 231, One paper shows that in elderly
patients, plasma CXCL1 may be slightly increased in depression, although the results were not statistically
significant B4, In contrast, depressed patients have been shown to have much higher levels of CXCL7 and CXCL8
in their blood 58, 1t is likely that these chemokines have a function in depression that KC plays in mice, but another

mechanism cannot be ruled out.

There are no studies showing correlations between depression on CXCL1 expression in the hippocampus in
humans. It is possible that, as in experimental animals, depression is associated with an increase in CXCL1
expression in this brain structure in humans. If, in contrast, the human hippocampus showed a decrease in CXCL1
expression, it would indicate that CXCL1 plays an important role in brain function in humans and a decrease in the
expression of this chemokine could cause depression. This would likely be related to hippocampal neurogenesis 8

or impaired oligodendrocyte function and myelination [B8IB758]

| 9. Multiple Sclerosis

Multiple sclerosis is a neurodegenerative and autoimmune disease of the brain and spinal cord, with an estimated
incidence of 0.2 to 240 people per 100,000, depending on the population studied B2, Myelin-reactive T cells are
the main element responsible for the pathogenesis of this disease (9. Following the action of these cells,

demyelination and inflammatory reactions result in the dysfunction of the nervous tissue.

CXCLL1 is a significant element in the course of multiple sclerosis. This chemokine has been shown to have both
neuroprotective and inhibitory properties in the progression of multiple sclerosis B8, as well as being one of the
elements contributing to neurodegeneration . Nevertheless, it seems that the destructive properties of CXCL1

are predominant, as in patients with multiple sclerosis, plasma CXCL1 levels are correlated with clinical disability
fs2],

CXCL1 expression is increased in the brains of patients with multiple sclerosis BZ. In particular, it is found in areas
of demyelination (B8] Elevated CXCL1 levels have also been shown in multiple sclerosis patients in blood 62
and cerebrospinal fluid 641631 However, these data are debatable as some studies have shown that CXCL1 levels

in cerebrospinal fluid were not different in patients with multiple sclerosis B8187. This discrepancy may be due to
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the fact that CXCL1 could be a significant factor in the development of multiple sclerosis in just the early stages of
the disease (68169,

In multiple sclerosis, CXCL1 is produced by activated microglia 9 and astrocytes (Figure 3) 52381 Also, CXCL1
expression is dependent on CD4" T helper type 17 (Th17) cells which produce IL-17 B2 This cytokine
increases the expression of CXCL1. IL-17 has toxic effects on oligodendrocytes 23l |L-17 appears to be significant
in the early stages of multiple sclerosis 8. As the disease progresses and treatment is given, the concentration of
IL-17 in cerebrospinal fluid decreases. There are also indications that CXCL1 expression and disease progression
in patients with multiple sclerosis may also be inhibited by IFN-y 4. In mice, IFN-y inhibits the expression of MIP-2
but not KC 22, However, as it is very difficult to find the exact counterparts of these two CXC chemokines &I, there
is a need for experiments investigating the effect of IFN-y on CXCL1 expression in human neural tissue during
multiple sclerosis. IFN-y increases the production of nitric oxide (NO) which enhances the ability of neutrophils to

inhibit autoreactive T cells 4751 which inhibits the progression of multiple sclerosis.
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Figure 3. Involvement of CXC motif chemokine ligand 1 (CXCL1) in the mechanisms of multiple sclerosis. CXCL1
expression is increased by interleukin-17 (IL-17) produced by T helper type 17 (Th17) cells, which triggers the
recruitment of neutrophils, cells contributing to the progression of the disease by producing reactive oxygen
species (ROS), proinflammatory cytokines and causing blood-brain barrier (BBB) disruption. However, neutrophils
can also inhibit the destructive effects of autoreactive T cells. CXCL1 also acts on oligodendrocyte precursor cells
by inducing their proliferation and inhibiting CXC motif chemokine ligand 10 (CXCL10)-induced apoptosis of these
cells. Oligodendrocyte precursor cells differentiate into oligodendrocytes, leading to remyelination and disease
regression. Abbreviations: CXCL1—CXC motif chemokine ligand 1; CXCL10—CXC motif chemokine ligand 10;
IFN-y—interferon-y; IL-17—interleukin-17; ROS—reactive oxygen species; Th17—T helper type 17 cells; Source:

own elaboration.
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Inflammation has a destructive effect on oligodendrocyte progenitor cells as shown by experiments on human
embryonic stem cell-derived oligodendrocyte progenitor cells [Z8 and murine oligodendrocyte progenitor cells .
This is related to the induction of apoptosis of these cells by CXCL10/y interferon inducible protein 10 (IP-10), a
chemokine whose expression is induced by IFN-y 877, |n contrast, CXCL1 and thus CXCR2 receptor activation
inhibits CXCL10/IP-10-dependent apoptosis of oligodendrocyte progenitor cells L8711 |EN-y and CXCL10/IP-10
are elevated in the cerebrospinal fluid of patients with multiple sclerosis 3. Therefore, the adverse effect of
CXCL10/IP-10 on oligodendrocyte progenitor cells appears to occur in patients with multiple sclerosis. Elevated
CXCL1 expression occurs in areas of demyelination 6163l Research on oligodendrocyte precursors has shown
that CXCL1 induces proliferation of these cells M58, At the same time, this chemokine inhibits oligodendrocyte
precursor cell migration [B8 As a consequence, oligodendrocyte precursor cells accumulate in areas of
demyelination. Then, these cells participate in remyelination B8IB758] Finally, CXCL1 can inhibit multiple sclerosis
by causing neutrophil infiltration into the brain. These cells are able to inhibit the activity of autoreactive T cells 23],

which inhibits the progression of multiple sclerosis.

CXCL1 also participates in the progression of multiple sclerosis 1. CXCR2 activation inhibits oligodendrocyte
precursor cell differentiation, and so ligands of this receptor inhibit remyelination in this way Bl CXCL1 also
causes neutrophil infiltration into the central nervous system BIZLI278] - Neutrophils cause neurodegeneration, as
they produce ROS that acts destructively on the neural tissue 28, This effect is enhanced by CXCR2 activation
(891 These cells also produce proinflammatory cytokines and thus increase neuroinflammation in patients with
multiple sclerosis. The cells described also cause a breakdown of the BBB 2. Due to the importance of
neutrophils in the course of multiple sclerosis, an elevated neutrophil-lymphocyte ratio (NLR) is associated with
faster progression and a greater disability in patients with this disease (182 with neutrophils appearing in the
cerebrospinal fluid of multiple sclerosis patients in the early stages of the disease 8. Subsequently, the level of
these cells decreases with treatment and length of the disease, which shows that neutrophils are an important

pathogenic factor only in the initial stages of multiple sclerosis 68169,

| 10. Neuromyelitis Optica

Neuromyelitis optica is a heurodegenerative and autoimmune disease. Auto-antibodies to aquaporin 4 (AQP4) are
responsible in over 80% of cases of this disease B3], The incidence of this disease is estimated to be between 0.5
and 10 cases per 100,000 population, depending on the country. These auto-antibodies directly cause an increase
in CXCL1 secretion from astrocytes B4 Therefore, CXCL1 levels are elevated in neuromyelitis optica in
cerebrospinal fluid B2 and in serum 4. |t was found that CXCL1 levels are not correlated with patient clinical
severity 87, which shows that CXCL1 can only be a marker for patients with neuromyelitis optica, but does not
affect the development and severity of the disease. Also, studies in animal models have shown that CXCR2, the
receptor for the chemokine in question, is irrelevant in the development of neuromyelitis optica 2. However,
studies in an animal model of neuromyelitis optica have shown that neutrophil proteases are an important factor in
the pathophysiology of this disease B8, CXCL1 is a chemokine that induces neutrophil recruitment. Therefore, it

may play an indirect role in the development of neuromyelitis optica by recruiting these cells into the neural tissue.
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| 11. Neuropathic Pain and Sickness Behaviors

Chemokines, such as CXCR2 ligands, are important in the development of neuropathic pain. However, due to
bioethical constraints, all knowledge about the importance of CXC chemokines in the development of neuropathic
pain is based on experiments on laboratory animals. Due to the fact that CXCR2 ligand systems differ significantly
between humans and mice, the presented mechanism of neuropathic pain gives only a hint of the role that CXCL1

may play in this disease in humans.

Following nerve injury in mice, KC expression increases in spinal astrocytes (7188l This process is dependent
on TNF-a which also increases the production of IL-13. This pro-inflammatory cytokine increases cyclooxygenase-
2 (COX-2) activity and the production of prostanoids which are also responsible for the sensation of pain 29, KC
also induces inflammatory responses, in particular the production of TNF-q, IL-1B, IL-6 and CCL2 [E2R1 Nerve
injury is also associated with an increase in CXCR2 expression in dorsal horn neurons BZ. Similarly, following

traumatic brain injury, increased CXCR2 expression has been observed in spinal cord neurons 22,

CXCR2 activation on neurons and spinal microglia has been found to lead to neuropathic pain [BZ[E8I33](94]
Specifically, KC results in the release of sympathetic amines 2%, increased signaling via the transient receptor
potential vanilloid type 1 (TRPV1) channel on sensory neurons [22 upregulation of Na* currents 28 and
upregulation of K* currents in sensory neurons 7. Another mechanism by which CXCR2 ligands cause
neuropathic pain is through increased release of calcitonin gene-related peptide (CGRP), as confirmed by studies
on chemokine CINC-1 in rats 28, CGRP is thus responsible for pain generation. Also, CXCR2-dependent KC

increases N-methyl-D-aspartate (NMDA)-induced currents in lamina Il neurons in a mouse model (€8],

It has been found that KC can also cause neuropathic pain by recruiting neutrophils B[B190 These cells secrete
cathepsin E which is involved in pain 224, However, activation of CXCR2 on neutrophils results in the release of
endogenous opioids from these cells that reduce pain %, KC is also important in the formation of post-surgical
pain, as infiltration of neutrophils near surgical wounds, cells that cause post-surgical pain, is dependent on the
KC - CXCR2 axis in mice 192,

Also, studies with laboratory animals show that CXCR2 ligands reduce spontaneous activity %3 This indicates
that CXCL1 may be associated with poor mental status and sickness behaviors of patients with multiple sclerosis,

as well as other neuroinflammatory diseases.

| 12. Prion Diseases

Prion diseases form a group of neurodegenerative diseases caused by scrapie-associated prion protein (PrPS¢)
(2041 This protein has a pathogenic misfolding that replicates by converting the structure of cellular prion protein
(PrPC) into PrPSC. This is followed by aggregation of PrPS¢ in neural tissue which leads to spongiform
degeneration. Examples of prion diseases include sporadic Creutzfeldt-Jakob disease (sCJD), fatal familial

insomnia and kuru. An important element in the course of prion diseases is neuroinflammation 293 involving
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microglia and astroglia 196110711081 sty dies in mice have shown that both cell types produce p40 subunit of I1L-12
(IL-12p40) and CXCL10/IP-10 1981 |n contrast, astroglia produce cytokines such as IL-1B, IL-6, IL-12p70, CCL2,
CCL3, CCL5 and KC.

As KC is a murine paralog for human CXCL1 Bl82l it may be suspected that humans with prion diseases have an
increase in CXCL1 expression in the brain, although that needs to be confirmed by further research. Researchers

also need more research on the significance of CXCLL1 in the course of spongiform degeneration of the brain.

CXCL1 does not play an important role in prion diseases. In multiple sclerosis, an increase in CXCL1 expression in
the brain has a destructive effect on neural tissue through infiltration of neural tissue by neutrophils 6289, Even
when infiltration of neutrophils occurs in prion diseases, PrPS¢ reduces the activity of these cells 299 and therefore,
these cells do not have a destructive effect on neural tissue and at the same time have no function in the course of
prion diseases. Thus, the main property of CXCL1, which is the effect on neutrophils, does not play an important

role in the course of prion diseases.

| 13. Tick-Borne Encephalitis (TBE) and Ticks

Tick-borne encephalitis (TBE) is a disease caused by the tick-borne encephalitis virus (TBEV) 210 |ts genetic
material is a positive-sense single-stranded RNA of approximately 11kb in length. This virus belongs to the
genus Flavivirus. It infects animals in central and eastern Europe and northern Asia. In humans, TBEV infection
usually gives mild symptoms; however, some 2% of cases of TBEV infection are fatal. TBEV is a neurotropic
pathogen that attacks neural tissue, including the brain. The vector for this virus is the Ixodes sp. tick, which means

the virus enters the body of the host during feeding by these parasites.

At the same time, the feeding of the tick involves a strong immune response 1111, The tick’s bite initially induces an
increased expression of pro-inflammatory cytokines that are chemoattractants for lymphocytes, macrophages and
neutrophils (Figure 4). However, the expression of proinflammatory cytokines is downregulated 111 and
chemokines are inactivated by tick salivary compounds 12, Among these compounds are evasins [113I[114][115][116]
glycoproteins commonly found in the saliva of various tick species 114, |n particular, evasin-3 specifically binds to
CXC chemokines, including CXCL1 1181, CXCL1 in such a complex cannot activate its CXCR2 receptor but can still
be bound to glycosaminoglycans 18] This results in the inactivation of CXCL1 and reduced infiltration of the tick
feeding site by neutrophils [113]115]
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Figure 4. Role of evasin-3 in inhibiting the inflammatory response to tick feeding. Tick feeding leads to
inflammatory responses, which induce an increase in the expression of chemokines including CXC motif
chemokine ligand 1 (CXCL1), which recruits neutrophils to the vicinity of the feeding tick. This leads to even greater
inflammatory reactions, itching of the skin, and removal of the tick by the host. However, the tick introduces its
saliva into the site of the puncture while feeding, which contains a number of proteins, including evasin-3, which
binds to CXCL1, resulting in the loss of its biological properties. No neutrophil recruitment then occurs and the tick

can feed unnoticed for some time. Source: own elaboration.

Other evasins inactivate other groups of chemokines. For example, Evasin-1 inactivates the proinflammatory
chemokines CCL3 and CCL4 13l Evasins and other tick salivary compounds are able to inhibit the immune
response at the tick feeding site 1121131 For this reason, the tick can feed unnoticed by its host for a prolonged

time.

TBEV is a neurotropic pathogen causing a severe neuropathological disorder 229 One component of this disease
is neuroinflammation 27 associated with elevated levels of CXCL1 and CXCLS8/IL-8 in cerebrospinal fluid 118,
The levels of these chemokines are correlated with neutrophil infiltration of neural tissue 218l There is also an
increase in IL-17 levels 118 3 cytokine that increases CXCL1 expression 11911201 Thjs indicates that TBEV
infection of neural tissue cells induces an increase in IL-17 production, which then causes an increase in CXCL1

recruiting neutrophils to the sites of the TBEV infection to control the disease.
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| 14. Traumatic Spinal Cord Injury

Traumatic spinal cord injury involves damage to the spinal cord as a result of a violent accident or fall. It is
estimated that there are approximately 17,000 cases of traumatic spinal cord injury per year in the United States
alone 121 Approximately one week after a traumatic spinal cord injury, patients experience an increase in blood
CXCL1 levels 122, This is the result of an increase in the expression of IL-1B in the liver, a pro-inflammatory
cytokine which increases the expression of CXCL1 in this organ 23], triggering the mobilization of neutrophils from
the bone marrow 1241, A similar mechanism occurs at the site of the spinal cord injury, where an increase in IL-1f
production elevates CXCL1 expression 122l126] Thijs increased expression of CXCL1 in the spinal cord is not TNF-
a dependent (123, These processes are followed by infiltration of the spinal cord by neutrophils 123, These cells
secrete elastase, which causes additional damage to the spinal cord 24, This leads to various secondary

dysfunctions in patients with traumatic spinal cord injury.

| 15. West Nile Fever

West Nile fever is caused by West Nile Virus (WNV) from the genus Flavivirus 128, Its genetic material is positive-
sense single-stranded RNA with a length of about 11 kb. WNV is not a dangerous pathogen for humans with a
healthy immune system where it causes only mild symptoms [128],

WNV acts as a neurotropic pathogen that affects the nervous system and also other tissues and organs such as
the skin, kidney and gastrointestinal tract. WNV is a zoonotic pathogen that is transmitted to humans by
mosquitoes, mainly by Culex sp. For this reason it is found in warm countries in Africa, Asia, Australia and Europe.
When bitten by the mosquito, the virus is introduced into the skin 229 |t infects Langerhans cells and
keratinocytes, where it replicates 128 causing inflammatory responses such as increased expression of pro-
inflammatory cytokines and chemokines recruiting neutrophils: CXCL1, CXCL2 and CXCL8/IL-8 129l This reaction

of the immune system results in the eradication of WNV infection.

Anti-inflammatory substances in the mosquito saliva reduce inflammatory responses 123 which allows WNV
replication in the skin in the first stage of infection. If the infection is not suppressed by the immune system, WNV
then enters the lymph nodes where it further replicates 1281, WNV causes increased expression of chemokines that
attract neutrophils, including CXCL1 139, This is followed by the recruitment of neutrophils to the sites of WNV
infection where these cells are also infected 139 The virus replicates in neutrophils which then enter the blood and
constitute a reservoir and a type of vector that causes dissemination of WNV throughout the body. However, at the

late stages of infection, non-infected neutrophils are an important part of the fight against WNV infection 139,

WNV is a neurotropic pathogen that can get into the brain and spinal cord, although this form of infection is rare in
humans (28], There are many theories, some of which are mutually exclusive, about the mechanism by which WNV
enters the neural tissue 1281, One of them suggests that WNV-infected neutrophils migrate into the neural tissue in
a kind of ‘Trojan horse’ mechanism 31 |n the neural tissue, WNV infects neurons and astrocytes but not microglia

cells 13211331 resylting in the death of infected cells. Then microglial cells phagocytose infected cells and cell
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debris (134 which causes the activation of the microglia and thus secretion of many pro-inflammatory cytokines and

chemokines, including CXCL1 134, This leads to the infiltration of infected neural tissue by immune cells including

neutrophils 1331, resulting in the eradication of WNV infection.
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