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INTRODUCTION

Stroke is one of the main diseases affecting society, i.e., in
Brazil, it is the second leading cause of death and the first in
the case of disabilities. From a neuroanatomical perspective, it
can manifest itself in two ways, namely, hemorrhagic and isch-
emic!. In both cases, neuronal tissue can be damaged, which
results in the lysis of tissue cells!. As a result of this lysis, some
substances are released in the injured territory, thereby initiat-
ing a local inflammatory process**.

Inflammation is the process by which the immune system
tries to eliminate an offending agent by means of different
mechanisms, in an attempt to restore the body’s homeostasis®.

The neuroinflammation in stroke occurs due to bleeding
or ischemia. Neurons and glial cells suffer from the effects of
ischemia and exhibit lysis, thus releasing pathogen-associated
molecular patterns (PAMPs) and damage-associated molec-
ular patterns (DAMPs), which in turn activate microglia®*.
Microglia release cytokines and chemokines, attracting inflam-
matory cells to the central nervous system (CNS)?. Different cells
infilerate into the CNS within a few hours, increasing brain

damage and thus worsening the prognosis®?.

OBJECTIVE

This study aims to review the neutrophilic inflammatory in stroke.

METHODS

A narrative review of the literature over the last 20 years (2000—
2020) was carried out. The review was based on the following
descriptors: stroke, inflammation, CNS, neutrophils, microglia,
and cytokines. Inclusion criterion is as follows: only articles pub-

lished in Portuguese or English were considered. The following

, Taind Mosca' ®,

bibliographic databases/search engines were used: LILACS,
SciELO, and PubMed.

RESULTS

Neutrophils in Stroke
It became evident that the presence of a large number of neu-
trophils is related to more severe strokes, with worse clinical
progression?.

Neutrophils are the first cells of the immune system to
reach the CNS following a stroke?. Their peak concentration is
reached, between the first and third days after the stroke, mod-
ifying the injured environment?. This significant increase is due
to the release of cytokines by local cells, such as the microglia
that have become activated shortly after injury was sustained.
Neutrophils reach the CNS in two ways as follows: passively,
after the loss of vessel integrity in the ischemic core or through
the leptomeninges; or actively, by means of the transendothelial
migration of post-capillary venules reaching to the perivascular
spaces following ischemia®.

After neutrophil migration, these cells become activated.
They start to release proteases, elastases, reactive oxygen species
(ROSs), and neutrophil extracellular traps (NETs)2. Such mech-
anisms, as well as the release of more cytokines by the cells at
the site, accelerate the inflammatory process, aggravating the
ischemic process and causing additional damage?.

NETs, in addition to their role in the attempt to eliminate
pathogens, can activate the coagulation cascade, which in turn
generates thrombi and worsens ischemia. In contrast, platelets
also lead to the release of NETs when they come into contact
with neutrophils, through the action of platelet P-selectin, thus

generating a self-activation cycle®.
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Among neutrophil-released proteases, metalloproteinases
(MMP) stand out since they can degrade extracellular com-
ponents such as laminae, fibronectin, and type IV collagen.
Metalloproteinase-9 (MMP-9), in addition to degrading these
components, can lead to injuries to the blood-brain barrier,
rendering brain microvilli fragile and predisposing them to
rupture and hemorrhage.

The elastase released by neutrophils acts in a similar way to
that of MMPs. Neutrophil elastase is released during inflam-
mation and has some paracrine effects as follows: it acts on the
platelet activating factor; increases the release of CXCL-8 by local
endothelial cells; degrades structural matrix proteins, such as
elastin, collagens, and fibronectin, resulting in increased vascu-
lar permeability and hemorrhage in non-brain tissues; degrades
additional substrates of the extracellular matrix, interrupting the
homeostasis of neurons and glial cells; activates clotting during
systemic infections; mediates the expression of the intracellu-
lar adhesion molecule-1 ICAM-1) in CD11+/CD18+ endo-
thelial cells and neutrophils; and regulates the transendothelial
migration of leukocytes into peripheral venules in response to
proinflammatory stimuli. Inhibition and genetic exclusion of
neutrophilic elastase result in less edema, interruption of dam-
age to the blood-brain barrier, and reduced leukocyte adhe-
sion to cortical venule endothelial cells, resulting in reduced

infarction volume’.

Neutrophil Phenotypes in Stroke

In murine models of sepsis® and cancer’, the existence of neu-
trophils with proinflammatory and anti-inflammatory char-
acteristics, called N1 and N2, respectively, was demonstrated.
N1 neutrophils have been described as CD11b"" cells, which
produce IL-12 and exhibit cytotoxic activity against tumor
cells, whereas N2 neutrophils, CD11b"®", produce IL-10, ROS
and have the ability to inhibit TCD8"* lymphocyte activation.
More recent studies have shown that N1 and N2 neutrophils
can be found in individuals with cancer'’, severe inflamma-
tion' or vascular diseases'>.

N2 neutrophils can also be characterized by the expression
ofarginase I (Argl), CCL2, CCL5, Ym1, and mannose receptor
(CD206)*. Argl leads to L-Arg depletion, thereby suppressing
the functions of T lymphocytes, since T cells fail to express the
CD3 subunit, necessary for their transduction and proliferation,
thus causing immunosuppression'. Ym1, in turn, is associated
with matrix reorganization, wound healing, negative regula-
tion of inflammation; the expression thereof in brain has been
associated with neuroprotection. The expression and secretion
of Ym1 by neutrophils is important in neuroprotection after
cerebral ischemia. Finally, CD206 serves as a marker antigen
for the neuroprotective phenotype’?.

N2 neutrophils have some peculiarities, such as the pres-
ence of the Peroxisome Proliferator-Activated Receptor-gamma
(PPAR~Y) receptor, which is associated with neuroprotection
and inflammation resolution after stroke, since it induces neu-
trophil polarization toward the N2 phenotype. The PPAR-y
receptor also decreases microglia/macrophage activation markers
and neutrophil infiltration in the brain, two or three days after
stroke onset’. In addition, activation of this receptor leads to an
earlier infiltration of neutrophils, as well as dispersion of this
cell type after about two days. The N2 phenotype promotes its
own clearance by means of phagocytosis, since the activation
of its receptor increases neutrophil clearance. N2 phagocyto-
sis results in the release of anti-inflammatory mediators, con-
tributing to create a favorable scenario for the brain’s recovery
process following stroke. However, the attempt so far to treat
patients with the PPAR-y agonist has failed to induce neuro-
protection by neutrophil depletion'.

Other important receptors involved in the recognition of
neutrophil phenotypes are TLRs". Such receptors, in con-
junction with others, are responsible for discriminating among
various pathogen recognition patterns. They are present in dif-
ferent cells of the immune system, such as neutrophils, macro-
phages, and monocytes'®. In neutrophils, TLR4 is important
since it also plays a role in neutrophils’ polarization and func-
tion. The absence of TLR4 increases the infiltration of neutro-
phils and induces a polarization of these cells toward the N2
phenotype. In general, TLR4 inhibition or blockade reduces
inflammation and ischemic damage, preventing hemorrhagic
transformation induced by tissue plasminogen activator (t-PA),
a possible treatment for stroke?, stimulating neutrophils toward

cytoprotective phenotypes®.

Microglia and Neutrophilic

Inflammation in Stroke
Microglia, activated by DAMPs and PAMPs, release cytokines
and chemokines that attract immune cells to the affected site?.
In addition to this attractive effect, microglia have the func-
tion of controlling the concentration of neutrophilic infiltrate
in the area injured by the stroke. This control is maintained
by phagocytosis, which is in turn performed by neutrophils
that are in excess. Thus, microglia remove neutrophils from
the parenchyma, perivascular, and subpial spaces following
brain ischemia®.

At the periphery of the infarction, microglia continue to
proliferate and increase in number. In this way, these cells phago-
cyte neutrophils present at the periphery of the injury, prevent-
ing the accumulation thereof in that region. Neutrophils in the
core of the lesion do not undergo clearance, which results in
their accumulation in the core of the stroke injury. For these
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reasons, microglial dysfunction and lysis are associated with the
accumulation of neutrophils in injured brain tissue?, worsen-
ing the prognosis of stroke patients. The microglia recognize
both endothelial damage and neutrophilic invasion, and in
a cooperative fashion, microglia and the blood—brain barrier
form cytoplasmic processes that physically protect activated

endothelia and capture infiltrated neutrophils’.

Mast cells and Neutrophilic

Inflammation in Stroke
Mast cells represent the first line of defense against toxic agents
and brain damage. They contain granules with potent pre-
formed substances as follows: vasoactive (histamine and brady-
kinin), anticoagulant (heparin), proteolytic (tryptase and chy-
mase), and chemotactic factors, which are released upon their
activation. This activation has two phases as follows: secretion
of preformed granules and de novo synthesis of new granules
having vasoactive mediators, chemotactic factors (prostaglan-
dins, platelet activation factor, and leukotrienes), and cytokines
(tumor necrosis factor [TNF])!8.

Mast cells release chemotactic factors, platelet-activating fac-
tor, TNF, IL-4, IL-5, and CXCL-8'%. These substances attract
neutrophils, macrophages, and eosinophils.

Mast cells also participate in the regulation of early pos-
tischemic deficiency, brain swelling, and inflammation, in addi-
tion to MMP-2 and MMP-9, which degrade type IV collagen.
The constituents of mast cell granules, especially histamine,
heparin, and bradykinin, produce microcirculatory effects, and
the modulation of their release during ischemia influences the

extent of ischemic injury®.

Interleukins 1, 6, and 10 in Stroke
As in other inflammatory processes, several cytokines are involved
in stroke and, in particular, IL-1. This cytokine is an import-
ant mediator of acute brain injury and regulates inflammation
during the host’s defense response. IL-1 also induces the expres-
sion of a series of mediators, several of which form part of the
systemic inflammatory response after stroke, especially acute
phase proteins®. Thus, IL-1 increases ischemic damage to an
extent that is similar to that of lipopolysaccharide, in addition
to exacerbating cerebral edema and worsening stroke'®.

IL-1 acts synergistically with IL-6 and chemokines, espe-
cially CXCL-8, resulting in neutrophil mobilization and greater
cortical infiltration, even before the changes that are brought
about by ischemic damage. Therefore, acute systemic inflam-
matory stimuli by IL-1 and IL-6 are harmful after a stroke, with
IL-1 being a critical mediator in this condition®.

Conversely, IL-10, an immunoregulatory cytokine syn-
thesized by CNS cells, inhibits IL-1 production by decreasing

the expression of IL-1 receptors and has been related to an
improvement in the ischemic condition during the acute phase

of stroke, as our group has previously described®.

Stroke Recurrence

Patients who had a stroke are more likely to suffer from another
stroke when compared with individuals without this history?.
Neutrophils are associated with this recurrence, as they interact
with clotting factors and platelets, activating the coagulation
cascade shortly after ischemia*’. In addition, the intravascu-
lar accumulation of neutrophils prevents the local blood flow,
thereby generating a new ischemia?.

A factor that increases the chance of recurrence is systemic
infections, either acute or chronic ones, as they are triggers for
the occurrence of stroke and are associated with a less favorable
clinical outcome. Infections modulate the incidence of stroke
and the functional recovery of the affected area. Systemic inflam-
matory stimuli act in conjunction with the ischemic condition,
amplifying innate systemic immune responses and leading to
exacerbated brain damage. Hence, the systemic inflammatory
pathways provide a point of convergence and synergism when

the stroke coincides with an associated inflammatory stimulus®.

Inflammatory Markers Associated
with the Prognosis of Stroke Patients
Cerebral edema is indicative of a poor stroke prognosis and
affects two thirds of stroke patients'?. The greater number of
neutrophils is related to greater severity, size of ischemic infarc-
tion, greater area of cerebral infarction, a tendency to hemor-
rhage in stroke. In addition, they can bring about a second isch-
emic wave, further worsening tissue damage caused by the first
wave, which is predictive of a worse prognosis. A high neutro-
phil count at hospital admission is associated with an increased
risk of a new stroke in a high-risk population. Death, about
three months after stroke, may be associated with the interac-
tion among endothelium, platelets, and NETs hyperactivity.

Another relevant marker is the neutrophil-lymphocyte
ratio, a marker for an easy detection of systemic inflamma-
tion. A high neutrophil-lymphocyte ratio is associated with a
worse prognosis and predicts mortality within a short period
of time. The neutrophil-lymphocyte ratio is correlated with
the infarction volume in the anterior circulation stroke but not
with that in the posterior circulation stroke*.

Some cytokines can assist in the prognosis of stroke patients’
progression. The large increase in cytokines indicates a poor
prognosis, since they are associated with the maintenance
of inflammation and attraction of cells, such as neutrophils,
to the ischemic region's. IL-6, as well as C-reactive protein,
is probably ominous inflammation markers as far as stroke
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Chart 1. Inflammatory components in stroke.

Components Characteristics

Neutrophils Large number is related to more severe strokes and worse clinical progression.
Microglia Dysfunction and lysis are associated with accumulation of neutrophils in central nervous system.
Mast cells Participate in the regulation of post-ischemic deficiency, brain swelling and inflammation.
. Interleukin-1 and interleukin-6: increase the inflammatory
Cytokines o : i .
process; interleukin-10: decreases the inflammatory process.

progression is concerned”. Conversely, high levels of IL-10
were correlated with a better prognosis in the acute phase of
stroke?. The components involved in stroke and discussed in
this article are shown in Chart 1.

CONCLUSION

Having the knowledge about the neutrophilic inflammatory
process that occurs in stroke has attracted increasing interest,

especially as it is a means of decreasing and improving prog-
nosis. In the near future, it is even anticipated to allow for

stroke prevention.
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