UVA-DARE (Digital Academic Repository)

Characterization of polymorphonuclear neutrophils in the oral cavity
Rijkschroeff, P.

Link to publication

Citation for published version (APA):
Rijkschroeff, P. (2018). Characterization of polymorphonuclear neutrophils in the oral cavity: A double-edged

sword

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) and/or copyright holder(s),
other than for strictly personal, individual use, unless the work is under an open content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please let the Library know, stating
your reasons. In case of a legitimate complaint, the Library will make the material inaccessible and/or remove it from the website. Please Ask
the Library: http://uba.uva.nl/en/contact, or a letter to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam,
The Netherlands. You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (http.//dare.uva.nl)

Download date: 14 Dec 2018


http://dare.uva.nl/personal/pure/en/publications/characterization-of-polymorphonuclear-neutrophils-in-the-oral-cavity(102096e8-2b41-4bac-bc3b-a741cdf77e45).html

CHAPTER 1

General Introduction




GENERAL INTRODUCTION

THE IMMUNE SYSTEM

CHAPTER 1

1.1 A continuous challenge | Finding the balance

Most people might not realize that our bodies are engaged in a never-ending battle. The
human body is an ecologically complex environment, where all sorts of micro-organisms,
like bacteria, viruses and fungi, intend to use the body’s many resources to survive,
find shelter, feed themselves and reproduce. In order to maintain equilibrium between
the host and the microorganisms, the human body has developed a triple-D policy
against these dubious guests (to Detect, to Deflect and to Destroy). The enforcement
is handled by the immune system, which involves various tissue groups, organs and
specialized defense cells, like lymph nodes, skin and white blood cells. Together
this league of extraordinary substances joins forces to perform all of the defense
functions we humans depend on to keep us alive in this incredible germy world.

The first line of defense in the continuous challenge between the host and microbes is
our innate immune system [1]. A physiological response to this challenge is the initiation
of an acute inflammatory response, which is characterized by the recruitment of
innate immune cells within the host tissues at the site of infection. Acute inflammation
is a rapid process characterized by fluid exudation and emigration of various leukocytes,
which are mainly neutrophils.

1.2 Neutrophils | The Innate Immune Defender

In humans, neutrophils are the most abundant group of all circulating leukocytes
(50% - 70%), and have evolved as specialized cells that are able to kill invading micro-
organisms [2]. Paul Ehrlich discovered neutrophils at the end of the 19th century. To
differentiate neutrophils from other leukocytes, Ehrlich used alkaline and acid dyes
to create a neutral dye, hence the name neutrophil [3]. Neutrophils are produced in
the bone marrow where the multipotent hematopoietic stem cell differentiates into
lymphoid progenitor cells or myeloid progenitor cells.

After a series of cell divisions, neutrophilic band cells are formed, which eventually
mature into segmented neutrophils with characteristic multi-lobulated nuclei and
enzyme filled granules [2, 4]. Due to their multi-lobed shaped nucleus, these cells are
also called polymorphonuclear neutrophils (PMNs).
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PMNs are approximately 10-12 ym in size and are one of the first cells to arrive at the
challenged site. To maintain equilibrium of circulating neutrophils, a daily number of 1.0
x 10" are continuously produced and are able to respond rapidly to pro-inflammatory
signals, which they receive via cytokines, chemokines, Toll-like receptors or Fc-
receptors [2, 4]. PMNs are immediately recruited to the challenged site and are able to
interact with a variety of invading pathogens. They possess a versatile array of defense
mechanisms that can be categorized into the “triple-R functions”: Recruitment, Response
and Resolution [5, 6].

1.3 Recruitment | Cells on expedition

The release of PMNs from the bone marrow is tightly regulated. After maturation
in the bone marrow, PMNs enter the circulation and are able to migrate towards
tissue upon activation. This process called PMN recruitment, is a cascade mediated
by the interaction of the PMN and the endothelium. An overview of the steps of the
recruitment cascade can be found in Figure 1. Classically, these steps include the initial
attachment of the PMN to the endothelium, leading to rolling and slowing down along
the endothelium. The receptors that are present on the PMN membrane can bind to
ligands on the surface of the endothelium, resulting in spreading and full arrest of the
PMN. Next, PMNs are able to crawl along the endothelium and transmigrate into the
tissue [2, 5]. While the majority of the PMNs will transmigrate paracellular using the
endothelial cell-cell junctions, approximately 10% will migrate directly through the
center of and endothelial cell, in a process called transcellular migration [7].
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Figure 1. PMN recruitment cascade from the blood circulation into tissue.

Close to inflammatory sites, endothelial cells expose selectin molecules, which mediate rolling and
tethering of the PMN to the endothelium. Chemoattractant gradients ensures selectin-mediated
rolling followed by integrin-mediated arrest. Subsequently, the PMN traverses through the
endothelium and arrives at the site of inflammation. Here, the PMN begins to implement its

antimicrobial agenda.

1.4 Response | (Re)Actions of the Professional Phagocyte

Phagocytosis

PMNs are able to bind, ingest and kill invading microorganisms through a process known
as phagocytosis and are therefore considered as “professional phagocytes” [8]. Several
receptors are present on the PMNs’ surface, which initiates the phagocytic signaling
pathway. Phagocytosis is significantly enhanced by the presence of opsonins such as
antibodies and complement factors on the microbial surface. Receptors specific for the
Fc-region of antibodies include CD64 (FcyRI, IgG receptor), CD32 (FcyRlla, low-affinity
I9G receptor), CD16 (FcyRlllb, low-affinity IgG receptor) and CD89 (FcaR, IgA receptor)
[9, 10]. Furthermore, PMNs recognize complement-opsonized microorganisms using the
complement receptors CD35 (CR1), CD11b/CD18 (CR3) and CD11c¢/CD18 (CR4) [11]. Binding
of these surface receptors to an opsonized microbe/particle leads to the internalization
within a membrane bound vacuole known as a phagosome.
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