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Abstract

The neutrophil is one of the first cells drawn to a site of inflammation or infection. It can arrive in an activated state within minutes of the presence or stimulus
of infection, or an allergen which might cause inflammation. It is a diverse cell capable of inducing cytokine production which activates other immune cells. This
complex cell is an essential piece to the non-specific immune response, and the ability to ward off infection and inflammation in its’ early stages. Conversely, under,

or overproduction of neutrophils can lead to disease states.

Introduction

The neutrophil is a type of “white” cell found in the blood in the
range of 2.5 X 10°to 7.5 X10° cells/microliter of blood. They comprise
about 60-70% of the white cells in humans and other animals [1].
Neutrophils a part of the polymorphonuclear leukocyte cell family
along with eosinophils and basophils. Neutrophils become “activated”
during the early stages of infection or inflammation due to allergens
or some other type of environmental exposure, and are one of the first
cell types to arrive “on scene” [2,3]. They are recruited to sites of injury
or trauma within minutes. They are activated or recruited to do so
by chemokines such as IL-8 and C5a. Neutrophils have a maximum
life span of under 140 hours [4]. They are continually replenished in
healthy individuals.

Structure

Neutrophils show an increased segmentation as they mature,
having 3-5 segments which are visible under the light microscope. This
lobbed appearance is facilitated by chromatin which tends to hold the
segments together in a somewhat loose fashion. The average neutrophil
has a diameter of about 9.0 micrometers when in suspension and just
under double that when adhered to an object. They are formed in the
bone marrow in response to cytokine stimulus [5].

As the neutrophil matures the nucleolus is reduced in size and
eventually disappears. Mitochondria and ribosomes are few, and the
Golgi are small. Since the life span is a maximum of about 140 hours
there is no need for complex structures. This may be a function of
evolution. Anti-microbial products produced by neutrophils tend to
be tissue destructive so a shorter life span may limit the damage. This
also implies that neutrophils are constantly being produced [5]. They
are more numerous than macrophages which have a longer life span.
They are circular when in suspension in the blood but when activated
tend to be more amorphous, and can extend themselves as they seek
antigens to destroy.

Neutrophils are removed from a site of activation by macrophages.
This is performed by PECAM-1 and phosphatidylserine at the surface
of the cells [6].
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Function

Neutrophils will migrate rapidly to a site of “irritation” by amoeboid
movement which occurs via chemotaxis [6,7]. They migrate by the
interaction of interleukins 8 and 6, complement factors. They have
receptors for complement and cytokines as well as interferon. They can
adhere to Fc receptors on antibody molecules and the endothelium. It
has been shown in mice that neutrophils have the ability to “swarm”
to a site of inflammation. This swarming action has also been seen in
the human eye. Neutrophils will migrate to a site of irritation in the
cornea and once there burst. This burst will cause an “ulcer” to appear
on the cornea, with associated pain, photophobia, exudate production,
redness and general irritation [8]. Steroids are used to successfully treat
the condition.

Because they are motile, neutrophils congregate at the sites
of microbial infection quickly when attracted by cytokines from
macrophages, endothelium, and especially in the case of allergic
reactions mast cells [9,10]. The major ways neutrophils attack
microorganisms are by phagocytosis and the release of soluble
substances that act directly with the invading microbe.

Neutrophils release proteins by de-granulation. There are several
types of granules that have anti-microbial properties. Azurophilic
granules contain groups of defensins, BPI or bactericidal/permeability
increasing protein [11]. Secondary granules contain lysozyme,
lactoferrin and NADPH oxidase, and tertiary granules contain
collagenase and gelatinase as members of this sub-group [12].

Significance in the body

Since neutrophils are one of the initial cells recruited to a site of
injury or infection, their significance is obvious. Should these cells
not be recruited, significant disease related events would occur, or be
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exacerbated as one of the initially recruited cell types would not be
present. Neutropenia is a condition in which an individual will have
low neutrophil counts. The condition may be congenital, or it may
be a side effect of certain medications, such as cancer treatment. The
ANC or absolute neutrophil count is used for diagnosis. An individual
with an ANC < 1500 cells/mm?is considered to have neutropenia.
An individual with and ANC < 500 cells/mm? is considered to be a
more serious condition as a major part of the acute phase immune
response is compromised. Decreases in neutrophil function can lead
to hyperglycemia.

Alpha 1-antitrypsin deficiency is a condition where the enzyme
elastase is not inhibited by alpha 1-antitrypsin [13]. As a result, there
is tissue damage during inflammation reactions. Elastase is essential in
the control of neutrophils when activated. Lack of control may lead to
pulmonary emphysema, and acute lung injury.

Symptoms of another condition Familial Mediterranean Fever
include fever, arthralgia, peritonitis and amyloidosis [14]. This is caused
by a genetic mutation in the pyrin which is contained in granulocytes.
This leads to an excessive acute phase response.

Neutrophils are also implicated in the development of cancer as
they are one of the initial cells recruited to an area of inflammation
Evidence suggests that neutrophils are involved in tumor growth and
spread [15].
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