Chapter 1
The Immune System in Evolution

Bugqing Yi, Manfred Thiel, and Alexander Chouker

Why and how our immune system functions and sometimes dysfunctions?
Immunologists are often surprised by the complexity of the human immune sys-
tem’s performance. A brief exploration of the evolutionary history of the immune
system might be able to provide insight for understanding this complexity of our
important defense system and its role for human health.

Human immunity works through a complex, orchestrated, and many functional
and organ-specific, though always interconnected, approaches. As from the evolu-
tion from simple organisms - as known especially from insects with a short life time
(e.g. fruit fly) - to highly developed mammals, we know that two major immune
system branches have evolved subsequently as a consequence of expanded life
times and environmental challenges, the innate immunity and adaptive immunity.
The coordinated efforts of the innate and adaptive immune branches normally guar-
antee an effective host defense against potentially harmful pathogens, to differenti-
ate immune answers between self and nonself and hereby avoiding to harm the host.
Innate immunity is the primary line of immune defense and yields an immediate
nonspecific response, which is mediated mainly by neutrophils, monocytes, macro-
phages, dendritic cells (DCs), and natural killer (NK) cells, together with cytokines,
defensins, and complement and acute phase reactants such as C-reactive protein
(Akira et al. 2006; Medzhitov and Janeway 1997). Adaptive immunity, the so-called
secondary line of defense, relies upon B and T lymphocytes which express antigen-
specific surface receptors. There are two key components of the adaptive immune

B. Yi ¢ A. Chouker (2<)

Department of Anesthesiology, Hospital of the University of Munich,
Marchioninistr. 15, 81377 Munich, Germany

e-mail: achouker@med.uni-muenchen.de

M. Thiel
Anesthesiology and Intensive Care, University of Heidelberg, University Hospital Mannheim
Theodor-Kutzer-Ufer 1-3, 68167 Mannheim, Germany

© Springer International Publishing Switzerland 2016 1
A. Chouker, O. Ullrich, The Immune System in Space: Are we prepared?,
SpringerBriefs in Space Life Sciences, DOI 10.1007/978-3-319-41466-9_1


mailto:achouker@med.uni-muenchen.de

2 1 The Immune System in Evolution

Stages

INCREASING GENéME COMPLEXITY|

Atmosphere
PO, (atm)
4 o
3 2
| 1;
:
]
:
:
;
;
:
:
H
:
,
i
:
H
H
g

_—w |

=
38 3 2 1 Ga 0
&

15

S .
O 5 nuesewsy  The oxygention of the
In“lllﬂiim?_f_ v & miiow %, atmosphere and oceans
.. &I SOCIETY JAL
5
&

P Heinrich D. Holland
“Iﬂ}?u! Phil Trans R. Soc. B (2006) 361, 903-915

doi:10.1098/neb 2006.1838

M' 45

6 o Ek“(e

Tracing Oxygen's Imprint

on Earth's Metabolic Evolution
Paul G. Falkowski

24 MARCH 2006 VOL311 SCIENCE

Fig. 1.1 The “cambrian explosion”: increase of the diversity and complexity of organisms as
paralleled by the increase of oxygen in the atmosphere. Right graph green and red lines reflecting
the anticipated lower and upper range of the oxygen concentration (cited figures as published by
Falkowsky 2006 and Holland 2006)

system: the humoral, antibody-mediated, and depending on B lymphocytes, and the
cellular immunity as coordinated by T lymphocytes.

Innate immune mechanisms can be tracked back to almost the lowest level of the
evolutionary tree of life, which indicates the importance of innate immunity in life
surviving starting from the appearance of single-cell microorganisms on Earth
more than 3.5 billion years ago (Kimbrell and Beutler 2001). The following evolu-
tion of diverse bacteria, archaea, and eukaryotes proceeded to the development of
multicellular organisms (metazoans) that occurred around 600 million years ago.
After the “cambrian explosion,” oxygen concentration and diversity of organisms
had increased, and the diversity in metazoan species offered new host opportunities
for microbial pathogens (Fig. 1.1).

On the same timescale, the diversity of microbial pathogens might explain the
consecutive and remarkable varieties of innate defense mechanisms in plants and
animals. Interestingly, a unifying element of innate immunity exists, which is the
use of germline-encoded pattern recognition receptors for pathogens or damaged
self-components, such as the Toll-like receptors, nucleotide-binding domain
leucine-rich repeat (LRR)-containing receptors, and C-type lectin receptors
(Buchmann 2014) [see also Chap. 3, part 3].

Adaptive immunity appeared in vertebrates around 500 million years ago with its
unique feature of the somatic development of clonally diverse lymphocytes, each of
which has a specific antigen recognition receptor that can trigger its activation. The
existence of a highly diverse lymphocyte receptor repertoire allows vertebrates to
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Fig. 1.2 The evolution of the immune system (Compiled after Paul 2003)

recognize almost any potential pathogen or toxin and to mount antigen-specific
responses to it (Cooper and Herrin 2010). Activated lymphocytes then engage in
population expansion and differentiation into mature effector lymphocytes with
cytotoxic and proinflammatory functions or into plasma cells that secrete antibod-
ies. In addition, the population expansion and some long-existing antigen-primed
cytotoxic lymphocytes and plasma cells provide protective memory to prevent from
potentially detrimental consequences of the next invasion (Cooper and Herrin 2010).
T-cell-related cellular immune responses and B-cell-related humoral immune
responses require the involvement of various phagocytic cells, dendritic cells (DCs),
natural killer (NK) cells, and other types of innate immune cell and humoral com-
ponents, but it is difficult to trace the evolutionary history of the extensive network
of individual immune cell types like that in other systems such as myogenic cells
(Yi et al. 2009, Cooper and Herrin 2010). Moreover, evolutionary processes are
continually affecting the immune system. For example, we can see a rather recent
evolution of very different types of NK cell receptors in mice and humans, which
shared a common ancestor around 65 million years ago (Abi-Rached and Parham
2005). This kind of evolutionary changes increases the difficulty in deciphering
some of the steps in the evolutionary history of immunity, for instance, the exact
time when DC and NK cells entered the evolutionary scene remains a puzzle.
When reflecting the evolutionary history of immunity (see Fig. 1.2), the conclu-
sion can be drawn that the high complexity of actions and interactions of the innate
and adaptive immunity are the result of powerful and long-lasting selection and
deselection processes, the increasing complexity, and life span of the organisms,
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which over the time has had to increase also the probability to efficiently distinguish
between self and nonself and hereby combating pathogens (Flajnik and Kasahara
2010). However, the appearance of an adaptive immune system featuring a big ran-
domly created receptor repertoire expressed by lymphocytes with proinflammatory
potential would undoubtedly pose the danger of autoimmunity. Since we need to
understand how the individual components of our complex immune system collabo-
rate to activate protective immunity, a more general and “holistic” view is therefore
important for the understanding of inflammatory and autoimmune diseases and for
designing strategies to alleviate inappropriate or excessive immune responses. The
importance of such understanding is of ultimate importance in our civilization in
view of the fact that autoimmune and infectious causes of diseases are rising world-
wide. The rise in the prevalence of allergic diseases has continued in the industrial-
ized world for more than 50 years (from the American Academy of Allergy, Asthma
& Immunology (AAAAI), Milwaukee/MI, USA); autoimmune disease prevalence
is rising according to the National Institutes of Health (NIH, Bethesda/MD, USA),
as well as the incidence of sepsis is increasing in all areas of the world where epide-
miology studies have been conducted (Martin 2012).

It will be of key importance and of special interest how the further evolution and
adaption processes of immune cells and immunity as a whole will occur in the com-
ing hundreds and thousands of years. It should be considered also that since the
gravitational environment on Earth might represent a key factor in the molecular
homeostasis of the immune system and therefore optimal conditions for evolution-
ary development and adaptation, it has become even more interesting to investigate
the “new immune system” when new living conditions occur and challenges are
affecting our immune responses and evolution: life under conditions of reduced
gravity in the hostile environment of space.
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