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Abstract

Neutrophils play an important role in the acute immune response. The neutrophils within the gingival sulcus
provides the first cellular host defense mechanism to control periodontal diseases. They are considered the key
protective cell type in the periodontal tissues. They act as abarrier between the junctional epithelium and dental
plaque, which is the reservoir of periodontal pathogens. They are the most abundant leukocytes in the blood and
their hyper and hypoactivity severly influences the immune response, causing tissue destruction either directly or

indirectly.
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INTRODUCTION

Neutrophils are the first line of defense of the body’s
immune system. Neutrophils arewhite blood cells
that are short lived, non-mitotic, generated in large
numbers from pluripotent stem cells residing in the
bone marrow.[1] During the process of myelopoiesis,
the neutrophil acquires the necessary capabilities to
detect infection, migrate to the site of infection, and
ingest and kill microorganisms.[2]

Approximately 10! neutrophils are produced daily
and this number may increase several folds in the
face of a systemic infection.[3] The neutrophils are
considered the key protective cell type in the
periodontal tissues and their role in periodontal
health and in the disease of periodontium is
extensive. The role of the polymorphonuclear
neutrophil in periodontitis is evident in severe forms
of periodontitis when neutrophils are absent or have
severely impaired function. Impaired neutrophil
function disrupts the homeostasis of periodontal

tissues and hypofunction of neutrophils increases the
susceptibility of individual to periodontal disease. On
the other hand, the hyperactivity of neutrophils leads
to neutrophil mediated tissue destruction. Many
periodontal diseases are associated with neutrophil
dysfunction, which implies the importance of
neutrophils in periodontal heath and disease.[4]

ILNEUTROPHIL ACTIVATION

The recruitment of neutrophils from blood vessels
into the site of injury takes place in a coordinated
series of steps. The initial step of the neutrophil
response to infection is the detectionof an appropriate
signal and are tightly regulated.

Neutrophils migrate to site of tissue injury or
bacterial ingress through the process of chemotaxis.
Neutrophils migrate towards the source of
chemoattractants that include bacterial products such
as formylated peptides, C5a, a product of the
complement cascade, products of phospholipid
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metabolism, and chemokines such as IL-8 . Binding
of the chemoattractant to its cell-surface receptor
triggers the cascade for activation. The steps in
neutrophil recruitment consist of rolling mediated by
selectins, adhesion mediated by integrins and
transmigration, which occur by CD31 acting as a
zipper to transverse the endothelium.[5]

IHI.NEUTROPHIL FUNCTION

The neutrophils kill the invading pathogens by an
oxygen dependent or independent mechanism. The
mechanism by which it acts is phagocytosis,
generation of reactive oxygen species and
degranulation. When these classical pathway are not
suffient to kill the pathogen,they form the neutrophil
extracellular trap (NET).

IV.NEUTROPHIL IN
HEALTH

Neutrophils are the main leukocytes recruited to the
gingival sulcus. (= 95% of total leukocytes). They
exit the gingival blood vessels and travel through the
gingival junctional epithelium until they reach the
sulcus. In the sulcus, neutrophils create a barrier
against the growing bacteria biofilm to prevent
bacteria from invading the underlying tissues. Apart
from their role in acute inflammation, neutrophils
also have the capacity to modify the overall immune
response by interaction with the cells of adaptive
immunity. Recent evidence shows that neutrophil-
derived proteases also modulate chemokine
activity.[6] For example, limited cleavage of IL-8
(CXCL8) by proteinase 3 increases the
chemoattractive potency of this key proinflammatory
mediator , while cathepsin-G-mediated cleavage
lowers the chemotactic potency of CCL5
(RANTES).[7] Similarly, neutrophil-derived
proteases can activate some cytokines, most notably
TNF and IL-1p and inactivate others, such as IL-
6.[8] Azurocidin and proteinase-3 upregulate
adhesion molecules on the vascular endothelium,
while cathelicidin is a potent recruiter of monocytes
to sites of bacterial infection.[9] Thus, these granule
proteins combine to promote the intensity and
longevity of the inflammatory response. Neutrophil
proteases may also amplify and link the innate and
adaptive arms of the immune system. Chimerin
(tazarotene-induced gene 2 protein, TIG-2; retinoic
acid receptor responder protein 2) is an important
chemoattractant to professional antigen-presenting

PERIODONTAL
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cells (dendritic cells and macrophages) required to
engage lymphocytes. Both cathepsin G and
neutrophil elastase can convert prochemerin into the
active form, chemerin .[10] Indeed, it seems that
neutrophil serine proteases and MMPs can, between
them, modulate multiple molecules that play
important roles in inflammation and tissue
remodeling, including: anti-bacterial peptides;
growth factors (e.g., VEGF and TGFp release);
adhesion molecules (e.g., ICAM-1 and VCAM-1
processing); and a host of cell surface signal
transducers (e.g., TLR4 activation, TNFR
inactivation.[11]

Healthy human gingiva display coordinated gradients
of chemokines and adhesion molecules that are
thought to contribute to the directed migration of
neutrophils to the gingival crevice. Specifically,
gradients of interleukin (IL)-8 (CXCL8), ICAM-1,
and E-selectin are topographically associated with the
pathway of neutrophil migration, from the vasculature
to the junctional epithelium and, ultimately, to the
gingival crevice.[12]

An animal study in mice demonstrated that neutrophil
recruitment to the periodontium is entirely dependent
upon the CXC chemokine receptor 2 (CXCR2), which
responds to neutrophil-specific chemoattractants such
as CXCL1 and CXCL2 (murine analogues of IL-8).
The author concluded that the migration of neutrophils
to the periodontium does not require commensal
bacterial colonization, since recruited neutrophils
were also observed in germ-free mice.[13] This
finding suggests that neutrophil recruitment may have
homeostatic functions that may not necessarily be
related to infection control. It should also be noted that
mechanisms sensing neutrophil recruitment to
peripheral tissues also contribute to the homeostatic
regulation of neutrophil count.[14]

V.NEUTROPHIL DYSFUNCTION

Neutrophil dysfunctions causing tissue destruction are
its hypofunction and hype-responsivens.

HYPOREACTIVE NEUTROPHIL FUNCTION
HOMEQOSTASIS

Numerous human mutations, though rare have been
defined that give rise to defects in neutrophil
maturation. These syndromes are collectively known
as severe congenital neutropenia (SCN). Patients

&
©
=



with SCN typically present with recurrent life
threatening infectionsin the first few months of life
and have neutrophil counts of less than 500 cells/pl
of blood for at least 3 months. The neutrophils of
patients with SCN often show a characteristic
maturation arrest at the promyelocyte stage of
differentiation. Approximately 60-75% of SCN
cases are due to mutations in the gene encoding
neutrophil elastase. These mutations often act in a
dominant manner and are thought to lead to
accumulation of misfolded elastase molecules,
causing an endoplasmic reticulum stress (unfolded
protein) response in maturing neutrophils that
induces apoptosis . Recessive mutations in the genes
encoding the mitochondrial antiapoptotic protein
HAX-1 [hematopoietic cell- specific Lyn substrate 1
(HCLS1)-associated  protein  X-1] and the
glycosylation enzyme G6PC3 (glucose 6-
phosphatase 3) also lead to a range of neutropenias.
Nearly one-third of SCN patients have acquired
mutations in the G-CSF receptor, which commonly
lead to expression of a truncated protein that lacks
signaling capacity. Studies done in cell lines and
mouse models demonstrate that these mutations
cause increased signaling responses to G-CSF,
potentially leading to apoptosis. Patients with this
form of SCN often shown to develop myeloid
leukemia.[15]

RECRUITMENT

Inherited defects in neutrophil recruitment in patients
with leukocyte adhesion deficiency (LAD) highlight
the importance of selectins (LADII); B2 integrins
(LADI); and integrin activation, specifically Kindlin-
3 (LADII) in getting cells to the site of
inflammation. Patients with LADI, LADII, or
LADIII present with infections without pus
formation, indicating affected neutrohil
accumulation. Studies show mice with deficiencies in
the B2 integrins, selectins, or integrin activation
exhibit profound defects in neutrophil recruitment.
Patients have been found with mutations in the Rac2
GTPase, which lead to impairment in chemokine
signaling and actin remodeling that result in
recruitment defects.[16] Del-1 exhibit excessive
neutrophil recruitment to the gingival, leading to
destructive inflammation and alveolar bone loss.[17]

Apart from host-related factors, periodontal bacteria,
such as the Porphyromonas gingivalis can impair
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neutrophil recruitment by interfering with the
coordinated expression of chemokines and cell
adhesion molecules, such as IL-8 and E-selectin The
inhibitory effect on IL-8 was termed ‘local
chemokine paralysis’ and depends on the capacity of
P. gingivalis to invade the epithelial cells and secrete
the serine phosphatase SerB . P. gingivalis-invaded
epithelial cells are prevented from eliciting IL-8
responses, even when exposed to bacteria like F.
nucleatum that are potent inducers of IL-8 on their
own.[18]

ACTIVATION

Numerous disorders linked to alterations either in
pathogen sensing or in the molecules involved in
intracellular signaling downstream of pathogen-
sensing receptors have now been defined in patients.
Defects in TLRs or TLR signaling pathways present
almost exclusively with fungal (often Aspergillus)
infections. Although studies in neutrophils of these
patients are not comprehensive, mice deficient in
these molecules have defects in neutrophil
cytotoxic responses . These observations highlight
the point that the type of pathogen infection isoften a
significant clue to the molecular defect involved.
Indeed, increased susceptibility to herpes virus
encephalitis has been mapped to mutations in TLR3,
the primary virus-sensing TLR, though these
mutations affect antigen presenting cells more than
neutrophils.[19]

PATHOGEN KILLING

The most common type of neutrophil functional
defect is caused by genetic deficiency of any one of
the subunits of NADPH oxidase, which results in
chronic granulomatous disease (CGD). The most
common form of CGD is due to loss of gp91phox,
which is encoded on the X chromosome. Patients
with this disease present early in life with chronic
infections that often lead to formation of tissue
granulomas. Autosomal-recessive forms of CGD
result from deficiencies of the other NADPH oxidase
subunits; these disorders tend to have a better
prognosis than the X-linked form. Importantly, many
patients with CGD develop chronic intestinal
inflammation, mimicking Crohn’s disease or
ulcerative colitis, due to bacterial overgrowth and
inability to maintain barrierfunction in the gut. This
observation illuminates the frequent overlap between
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immunodeficiency diseases and autoimmunity—
often the former causes the latter.[20]

Other disorders of pathogen killing can arise from
defects in granule formation and/orloss of granule
enzymes.  Chediak-Higashi syndrome (CHS)
manifests in many granule containing cells because
of mutations in the LYST (lysosomal trafficking
regulator) gene, which encodes a protein essential for
lysosomal trafficking. CHS patients also have defects
in cytolytic T cell killing. Patients with loss of the
granule enzyme myeloperoxidase are only modestly
affected, suggesting that other neutrophil killing
mechanisms are adequate to provide host defense in
these patients. Another extremely rare disorder of
neutrophil killing is neutrophil- specific granule
deficiency (SGD). Neutrophils from SGD patients
lack secondary and tertiary granules due to mutations
in genes encoding transcription factors C/EBPg or
Gfi-1 (growth factorindependent 1) .Numerous other
disorders that affect many cell types can also result in
neutrophil functional defects and impaired pathogen
killing. A prime example is Wiskott-Aldrich
syndrome (WAS), which is due to loss of the WAS
protein,which is involved in actin remodeling.
Neutrophils from WAS patients show migratory and
bacterial killing defects.[21]

HYPERACTIVITY OF NEUTROPHILS

Neutrophils are potent regulators of inflammation.
They can promote and control inflammation, so the
activation of neutrophils at inflammatory sites should
be tightly regulated to prevent unwarranted tissue
damage. Hyperactivity of neutrophils, has been
described in the periodontal literature to mean
‘elevated function’, e.g. increased enzymatic activity,
particularly an increased respiratory burst.[22]
Neutrophils from individuals with a specific
polymorphism (131H/H) in the Fcy receptor Ila
(which  mediates  neutrophil  activation and
phagocytosis) exhibit a hyper-responsive phenotype,
as compared with neutrophils from individuals with
the more common (131R/R) Fcy receptor lla genotype

Specifically, upon stimulation, the 131H/H
neutrophils express higher levels of degranulation
markers and release more elastase than do the 131R/R
neutrophils, although no significant differences were
observed regarding their oxidative burst Importantly,
periodontitis patients with the 131H/H genotype have
deeper periodontal pockets and more bone loss than
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those with the 131H/R or 131R/R genotype.[23] It
should be noted, however, that longitudinal analysis
failed to demonstrate an association between these
polymorphisms and response to conventional
periodontal therapy.[24] Though gene polymorphisms
can play a contributory role in susceptibility or
resistance to periodontitis, their effects may not
always be readily detectable, given the multifactorial
etiology of periodontitis and the redundancy and
compensatory mechanisms of the immune system.
Peripheral neutrophil hyper-responsiveness associated
with excessive production of reactive oxygen species
has been observed in chronic periodontitis.
Neutrophils from such patients exhibit a hyper-
responsive phenotype, even in the absence of
exogenous stimulation.. It is thought that the
recruitment of hyper-responsive neutrophils to the
periodontium could contribute to periodontitis by
causing oxidative tissue damage.[25]

Neutrophils are thought to play key roles in promoting
edema as a consequence of interactions with the
vascular endothelia during diapedesis through the
secretion of arachidonic acid derivatives, chemokines
(such as CXCL1, 2, 3 and 8) and heparin binding
protein (CAP37 or neutrophil azurocidin 1), with
neutrophil elastase and cathepsin G also reported to
promote vascular permeability in vitro studies. Of
these mediators, the arachidonic acid metabolites may
be of particular importance due to their ability to
enhance the permeability-inducing capacities of other
endogenous (e.g. Cha, histamine) and exogenous (e.g.
fMLP) proinflammatory mediators. Several factors
generated de novo by neutrophils during the immune
response program help to promote edema, most
notably TNF, CXCL2 and CXCL8 . Finally, in
addition to edema induced by the permeability-
increasing (and proangiogenic) factors, neutrophils
also contribute to edema by damaging the integrity of
the vascular endothelium through the actions of ROS
and serine proteases.[26]

Dias et al have shown that plasma from periodontitis
subjects is more efficient than plasma from healthy
subjects in  priming neutrophils to fMLP
responsiveness and in directly inducing the oxidative
burst. Antibodies against 1L-8, GM-CSF and IFN-a
abrogated this superoxide-inducing potential of
plasma.[27] F. nucleatum exposure results in the
upregulation of multiple ROS-related genes in
neutrophils and that pro-inflammatory transcripts,
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including several ROS response-related genes, are
differentially regulated in cells from periodontitis
subjects and healthy controls.[28]

Neutrophil subset

It has been reported that neutrophil subset differ in
health and periodontitis. Hyper-reactive neutrophil
phenotype has been reported particularly with regard
to ROS release.[29] Although this phenotype has been
attributed to higher levels of circulating bacterial
products and pro-inflammatory cytokines originating
from the periodontium, there is a possibility that these
neutrophils may belong to a distinct subset. The pro-
inflammatory  phenotype of periodontitis oral
neutrophils was confirmed by elevated degranulation,
phagocytosis, ROS production, and NET formation. In
oral health, two different populations of oral
neutrophils was observed. The other, more activated
population showed higher expression of CD55 and
CD63, having decreased levels of inhibitory receptor
CD170 and CD16.[30]

Kobayashi et al. reported impaired phagocytosis and
ROS release in response to IgG-opsonized
Porphyromonas gingivalis and that these peripheral
blood neutrophils from patients with periodontitis
displayed a specific FcyRIIIb allotype (NA2).[31]
They further reported that GCF-derived neutrophils
from these patients had increased FcaRI and FcyRI
levels and lower FcyRIla and FcyRIIIb levels than
blood neutrophils, leading to the same impairment of
phagocytosis.[32] A neutrophil subset with defective
chemotaxis in aggressive was described by Van Dyke
et al.[33]

DEFECTIVE NEUTROPHIL CLEARANCE

Although hyperactive neutrophils may contribute to
the pathogenesis of periodontitis, even normally
activated neutrophils could cause unwarranted
collateral tissue damage if not cleared properly when
they become apoptotic. The resolution of
inflammation, includes clearance of apoptotic cells
and cellular debris, is essential for homeostasis and
tissue repair.[34] The prolonged persistence of
neutrophils due to defective clearance mechanisms
could lead to necrosis and the release of toxic contents.
The defect in neutrophil clearance causing periodontal
tissue damage could result from necrosis of non-
cleared apoptotic neutrophils is consistent with
findings that neutrophil necrosis predominates over

© 2021 JMSCR. All Rights Reserved

apoptosis in the diseased periodontium. Inefficient
removal and accumulation of apoptotic cells and
cellular debris have been associated with autoimmune
inflammatory disorders such as systemic lupus
erythematosus, attributed to deficiencies in
complement components involved in apoptotic cell
removal.[35] This mechanism could contribute to the
transition from gingivitis to periodontitis or the
aggravation of existing periodontitis. The importance
of defective apoptotic cell clearance in periodontal
pathogenesis is may operate in periodontitis patients
with co-morbid conditions associated with impaired
apoptotic cell clearance (e.g., lupus). Genetic
deficiencies predisposing to ineffective apoptotic cell
removal, aging could be associated with defective
clearance of apoptotic neutrophils , perhaps due to
reduced expression of apoptotic cell uptake receptors
in macrophage.[36]

VI. CONCLUSION

Because of the constant irritation of the periodontal
tissues, these tissues are always active and there is a
balance  between  destruction and  repair.
Regeneration of the periodontal tissues is part of this
balance, and also an important part of the desired
outcome of periodontal therapy. Neutrophils were
once ignored as cells unimportant in the process of
tissue regeneration, but there is now an increasing
body of evidence that neutrophils can affect tissue
regeneration by the release of neutrophil derived
factors that promote angiogenesis. With newer
concepts about the role of neutrophils, host
modulation to prevent neutrophil mediated tissue
damage, while preserving beneficial antibacterial
activity. can be considered as a new approach.
However, a greater understanding of the pathways
controlling neutrophil apoptosis and neutrophil
subsets in the periodontal disease is required in
order to design new therapeutic interventions.
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