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Preface

A Mobile Society — The Constitutive Role of Cell Trafficking in the Organization
of the Immune System

Among other evolutionary achievements of the vertebrates, the immune system
stands out not only for its complexity, but also for its unique construction as a sys-
tem composed of highly cooperative individual cells as basic elements, which are
mobile and distributed all over the body. The various subpopulations of leukocytes
resemble the members of a complex society, with functional specializations, nu-
merous interactions, order — and chaos. It is a consistently fascinating fact that
this society of migrating leukocytes allows the execution of functions as diverse
as balancing self-tolerance against defense, systemic response to antigens with
generation of effector mechanisms and specific memory, and tailored, local im-
mune reactions. Molecular mechanisms allowing the targeted migration of cell
types into distinct compartments are a central organizational feature of this system
because they allow the precise topographical and temporal delivery of leukocyte
subpopulations.

Directed migration of cellular elements of the immune system begins after de-
velopment within the primary compartment, predominantly the bone marrow.
Some cell types emigrate as precursors and complete their differentiation within
another compartment, e.g., pre-T cells, which migrate into the thymus where a
highly specialized environment provides the appropriate conditions for their matu-
ration and selection. Also linked to specific differentiation phases is the changing
location of B-cells after their maturation within the bone marrow (or, in birds, the
bursa of Fabricius), from where they migrate into the spleen or the lymph nodes
and, after antigen encounter and differentiation into plasma blasts, back into the
bone marrow, into the lamina propria, or into some inflamed tissues (see Chap-
ter 9).

Unidirectional migration is typical for cells of the innate immune system such
as neutrophils. Generated within the bone marrow, they stay for a short time (less
than a day) idle within the blood stream without extravasating into any tissue until
they undergo apoptosis and are cleared away by the liver. Eventually, inflammation
recruits them into a peripheral tissue site and calls up their effector mechanisms,
as discussed in this book (Chapter 12).

Since the pioneering work of Sir James L. Gowans [1] we have known that

XV
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lymphocytes behave differently: naive lymphocytes, both T cells and B cells, recircu-
late continuously between blood and lymphoid tissues. This process allows them to
percolate for most of their time through lymphoid tissues all over the body, where
a few dendritic cells — the critical antigen-presenting cell fraction involved in T cell
priming — might have arrived after taking up antigen in the peripheral sites (see
Chapter 10). It may be imagined that this continuous cycling greatly enhances the
chances that lymphocytes of a given antigen specificity will meet those dendritic
cells that present the cognate antigen.

Naive lymphocytes do not enter peripheral tissues, including inflamed sites;
these compartments are reserved for the more mature members of the society,
the memory and effector lymphocytes. Thus, the places where an immune re-
sponse is induced — the lymphoid tissues — and the places where the actual defense
reactions take place — the nonlymphoid tissues exposed to microbial attacks — are
strictly separated. It only can be speculated that the evolutionary benefit of this
organization is to keep cells concentrated in a few relevant places, and to provide
separate environments for either priming and maturation of naive lymphocytes or
for activation and execution of effector functions.

Lymph node high endothelial venules provide an armamentarium of traffic sig-
nals for the rapid recruitment of naive lymphocytes from the blood stream. Inves-
tigation of lymphocyte traffic across high endothelial venules in lymph nodes and
Peyer’s patches helped to define the multi-step cascade of lymphocyte—endothelial
interaction as a universal scheme for how leukocytes in general can extravasate
from the blood stream into any tissue (see Chapter 1). According to this model,
adhesion molecules from different families — the selectin family (Chapter 2), the
integrin family (Chapter 4), and the Ig supergene family (Chapter 5) — act in
synergy with chemokines (Chapter 3) to govern the finely regulated process of
leukocyte tethering, adhesion, and transmigration. Within the tissue, molecules of
the extracellular matrix modulate the final step of leukocyte migration and entry
into the target tissue (Chapter 6), whereas distinct chemokines produced by their
respective cell populations help to facilitate the exact positioning of interacting
partners.

In addition to recirculation, Gowans and others also detected 40 years ago the
capacity of some lymphocyte populations to return selectively to the tissues from
which they were isolated (“homing” in the narrower sense). It later became clear
that this topographical memory is a property of activated or memory/effector cells.
Memory of the site of priming is induced upon encounter with antigen and sub-
sequent differentiation into effector/memory cells. The current dogma assumes
that tissue-specific factors, most likely produced by local dendritic cells, shape
the differentiation so as to generate lymphocytes that home back to the tissue of
initial antigen encounter (see Chapter 7). The crucial question of how the expres-
sion of organ-specific homing receptors is regulated, what factors are involved, and
whether permanent imprinting occurs, is a matter of recent research.

Tissue-specific homing has been interpreted as a means of focusing memory
cells on the sites of initial priming, where the likelihood of later recurrence of the
same infectious agent is highest. However, even after 40 years of research, it is
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unclear whether this concept applies to more compartments than the gastrointesti-
nal tract together with its associated lymphoid structures, with perhaps the skin as
another defined target. Lymphocytes are recruited to a variety of other tissues
by more or less universal sets of receptors, or by inflammation-related migration
pathways.

The mobile cell of the immune system needs anchor points to perceive the topo-
graphical information required for tailored, site-specific activities. Two cell popula-
tions have well-described functions in this context. First, the dendritic cell provides
signals that shape the quality and direction of an immune response, in addition to
presenting antigen. Although dendritic cells originate from bone marrow and ar-
rive only in their final phase from different tissue in lymphoid organs, they seem
to acquire a local flavor upon settling, with an ability to shape the homing behavior
of T-cells upon interaction. Secondly, endothelial cells act as gatekeepers and selec-
tive catchers, guiding distinct cell populations into various compartments of the
body. They provide the range of traffic signs recognized by the mobile leukocyte
within the blood stream. In addition, the great variability in the composition of
extracellular matrix and the multitude of chemokines produced by resident tissue
cells or cells of the immune system constitute further road signs to guide traveling
cells.

While the tissue-related determinants allow the assignment of specific subpopu-
lations to site-specific duties, inflammation is a condition where adhesion mole-
cules and chemokines become transiently upregulated and for a certain time win-
dow define a new target for leukocyte — especially effector cell — trafficking. Indeed,
rapid infiltration of leukocytes into the affected tissue is a classical hallmark of
inflammation. This feature allows the immune system to store large numbers of
reactive cells in the circulation or in central depots such as spleen or lymph nodes
from where they can be rapidly mobilized and redirected to the sites of immune
reactions taking place at any place of the body.

A few adhesion molecules, notably the endothelial selectins (Chapter 11) and a
series of chemokines and their receptors (Chapter 13), are exclusively induced un-
der inflammatory conditions; other receptors might be upregulated in their expres-
sion levels. The functioning of endothelium is crucial in this process; its activation
(Chapter 14) by inflammatory mediators such as cytokines produced within the
tissue provides the key signals that attract different populations of leukocytes or
lymphocyte differentiation stages out of the circulation into the inflamed area.

The inflammation-triggered accumulation of leukocytes at the site of an im-
mune reaction represents a powerful adaptive response of the system. Not only
does it allow the quantitative number of effector cells to be rapidly increased, but
it also enables the character of the response to be shaped qualitatively. Increas-
ing data suggest that the large number of toll-like and other innate receptors for
pathogen-associated determinants affects the specific pattern of chemokines, cyto-
kines, and adhesion molecules induced depending on the nature of the pathogen,
so that customized reactions result.

Rapid inflammation-triggered recruitment into affected tissue sites is observed
for cells of the innate immune system such as neutrophils (Chapter 12) in the
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same way as for the memory/effector stage of lymphocytes (Chapter 8), suggesting
that trafficking and transmigration mechanisms evolved early in evolution and dif-
ferentiated to allow finely tuned regulation of leukocyte positioning.

The relevance of these mechanisms for understanding the pathophysiology of
acute and chronic inflammatory diseases and for the development of novel thera-
peutic options is obvious; accordingly, the field has attracted much attention in the
last years. Indeed, some approaches to target either adhesion molecules (Chapter
15) or, to a lesser extent, chemokines (Chapter 16) for an anti-inflammatory treat-
ment have yield promising results already being tested in initial clinical trials.

The chapters in this book, written by experts in their respective fields, cover
many important aspects of the basic mechanisms, molecular pathways, cellular
features, and possible therapeutic modulation of leukocyte trafficking mentioned
above. Such a book can never be either complete or as up to date as a journal arti-
cle. We hope, nevertheless, that it will help the reader to understand the central
features of migration of cellular elements of the immune system. We hope that it
will both serve as an introduction to novices in the field and provide the experi-
enced researcher with some new insights that will complement his or her own
work.

Last but not least, the series of chapters describing the armamentarium of avail-
able methods for studying leukocyte trafficking (Chapters 17-23) aims to help an
understanding of how major findings were achieved in the field and to advise read-
ers in the design of their own experiments or laboratory classes for immunology
students.
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Fig. 2.1.  Structural organization of selectins.  factor-like domain and then a variable number

The N-terminal domain of each selectin is of short consensus repeats homologous to
homologous to C-type lectins and binds to complement regulatory proteins. The arrow
carbohydrate groups on their respective indicates the cleavage site of L-selectin. (This

ligands. Following this is an epidermal growth  figure also appears on page 15.)
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Fig. 22. Shedding of L-selectin by leukocytes. selectin sheddase cleaves the 69-kDa

In resting leukocytes, calmodulin, a-actinin, extracellular domain whilst «-actinin and ERM
and ERM proteins are associated with the proteins retain their contact and are involved
cytoplasmic tail of L-selectin as well as actin in microvilli localization as well as leukocyte

filaments. Upon cell activation by TNFe, IL-1,  tethering. (This figure also appears on page
PMA, etc., calmodulin is released and L- 18.)
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Fig. 2.3. Multiple ligands for L-, P-, and E-selectin have been
detected on endothelial cells and leukocytes. (This figure also

appears on page 23.)
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