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very day there is an ongoing battle for

supremacy inside our bodies between invading

microorganisms and the cells of our immune

systems. We are riddled with bacteria inside and
out. Most of them live with us in harmony but others
are pathogens — they cause disease. Pathogens are
only rarely encountered and it is the job of our immune
cells to fight off these attackers. When the immune
response fails or is overwhelmed we succumb to sick-
ness and even death, as in the case of the 2040 million
deaths in the influenza epidemic of 1918. More people
were killed by this virus than in combat throughout the
whole of the First World War.

Infectious diseases are still the major killer in the
developing world. Vaccination programmes, public
health improvements and greater availability of anti-
biotics are required to overcome them. The Western
world is faced with an increase in infectious diseases
associated with poverty such as tuberculosis (see BIoLoG-
ICAL SCIENCES REVIEW, Vol. 14, No. 1, pp. 30-33) and the
growing threat of resistance to current antibiotics
demonstrated by the ‘superbug’” MRSA (methicillin-
resistant Staphylococcus aureus).

The immune response

Infectious diseases are clearly an important global health
concern but how do our bodies deal with them? The
majority of us stay healthy for most of the time thanks
to our bodies” powerful mechanisms of defence. Defence
against microorganisms involves complex interactions
with white blood cells which can result in long-lived
immunity to invading pathogens. The development of
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Coloured scanning electron micrograph of
a macrophage (a white blood cell, brown)
engulfing Staphylococcus bacteria (orange).
The macrophage engulfs (phagocytoses)
the bacteria and destroys them. x3000
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The year 1918 has gone: a year momentous as the
termination of the most cruel war in the annals of
the human race; a year which marked the end, at
least for a time, of man’s destruction of man; unfor-
tunately a year in which developed a most fatal
infectious disease causing the death of hundreds of
thousands of human beings. Medical science for
four and one-half years devoted itself to putting
men on the firing line and keeping them there.
Now it must turn with its whole might to combating
the greatest enemy of all — infectious disease.

Journal of the American Medical Association
(28 December 1918)

the adaptive immune response was described in an
earlier article (see BIOLOGICAL SCIENCES REVIEW, Vol. 16,
No. 3, pp. 31-35). This involves the activation of cells
specific for the invading pathogen, an amplified immune
response and long-lived memory cells.

This article concentrates on the innate immune
response. This involves the initial events in an immune
response, events that are not specific to a particular
pathogen and are temporary but nonetheless powerful.
In particular, we examine the way in which immune
cells recognise the pathogens that they will attempt to
destroy. It is important to remember that the innate and
the adaptive immune systems are closely linked and
supply each other with the means to provide the most
potent immune response to dangerous microorganisms.

Innate immunity

The first line of defence against microorganismal
invaders is the innate immune response. This involves
devices that are shared by plants and animals and there-
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Plants and animals need to protect themselves against
pathogens.

Tears and saliva contain lysozyme,
an antibacterial enzyme

Mucus traps microorganisms. Ciliated cells
lining the respiratory tract wash them away

Surfactant proteins in the lungs help immune
cells engulf microorganisms

Low pH of stomach kills microorganisms

Peristalsis moves microorganisms through the
digestive system

fore probably appeared early in evolution. The first thing
a microorganism has to do is find its way inside its
chosen host (see Box 1). What happens once the
organism is inside? How do our immune cells know
that it is dangerous? Much is known about the innate
immune response to invading pathogens (see Box 2) but
we have only recently begun to understand how poten-
tial pathogens are recognised. This is extremely impor-
tant because cells of the immune system must be able to
distinguish between dangerous intruders and our own
cells. Autoimmune diseases such as rheumatoid
arthritis and multiple sclerosis are thought to occur
when this system of recognition breaks down and the
immune system targets our own cells.

Microorganismal fingerprints

Before Louis Pasteur (1822-95) discovered microscopic
organisms in the environment and coined the term
microbiology, scientists and doctors thought that disease

Box 2 Raise the alarm!

When the body first senses a microorganismal intru-
sion, a number of defensive events occur rapidly. White
blood cells in the bloodstream or tissues secrete
cytokines. These trigger an increase in body tempera-
ture causing fever, which helps limit bacterial growth.
They also provoke the production of acute phase
proteins by the liver. These act as opsonins, coating
microorganisms so that they are more readily engulfed
by phagocytes. In addition, they can activate the
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Tough barriers

Our skin is dry and layered —
hard for microorganisms
to break through

Most plants have dense
epidermal layers and
waxy coverings
on their leaves.
Their cell walls
are hard to penetrate

was caused by ‘bad air’ or by touching rotting meat.
Robert Koch (1843-1910) showed that specific micro-
organisms multiplied within the body and caused the
symptoms of infectious disease (see BIOLOGICAL SCIENCES
ReviEw, Vol. 15, No. 3, pp. 24-25). But how do micro-
organisms cause disease? Richard Pfeiffer (1845-1945),
a colleague of Koch, discovered that an integral part of
the cell wall of some bacteria caused an extreme toxic |
response in animals. This lipopolysaccharide (LPS) is \\=
found in the cell wall of some bacteria such as
Escherichia coli (see Figure 1 on p. 4). Our immune
system is highly sensitive to this molecule and in large
quantities it can induce septic shock and even death.
LPS is an example of a pathogen-associated molecular
pattern (PAMP, see Table 1 on p. 4). PAMPs are mole-
cules or arrangements of molecules that are found only
in microorganisms. This allows our immune system to
evolve ways of sensing them and distinguishing them
from the body’s own harmless components.

complement cascade, a series of proteins in the blood
plasma which enhance immune defences in a number
of ways. These increase local inflammation and also
attract more phagocytes to the site of infection. These
proteins make up the membrane attack complex (MAC).
This forms a channel which blasts its way through
bacterial cell walls causing them to lyse and die.

Complement cascade Cell lysis
* |ocal inflammation SV
© phagocyte recruitment ‘Vﬂo

* membrane attack complex
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Bacteria Viruses Fungi

Special sequences of Special sequences of  Mannans (sugars) on
deoxyribonucleic acid DNA the cell surface
(DNA) Special sequences of

Flagellin, a protein found sugar molecules on

in flagella. Flagella help  surfaces

bacteria to move Special sequences of

Components of the ribonucleic acid (RNA)

cell wall, e.g. lipopoly-

saccharide (LPS)

(Gram-negative)

Campylobacter pylori Herpes simplex

Aspergillus

Recognising the enemy

We have learnt a great deal about how mammalian
innate immunity works by studying the innate immune
mechanisms of simpler organisms. Studies of the fruit
fly, Drosophila melanogaster, have been particularly
enlightening. Among the many antimicroorganismal
peptides that flies produce in response to infection is
drosomycin, which attacks fungi. Drosomycin is
produced by a series of events that take place within the
cells of the fly and which have remarkable similarities to
the initiation of our own innate defences. Fungi (and
other microorganisms) activate toll receptors on the
cell surface. This switches on the gene that encodes for
drosomycin and other antimicroorganismal peptides.
Subsequent studies showed that toll-like receptors
(TLRs) are found in mammalian cells and their distrib-
ution and binding patterns exert exquisite control over
the ensuing immune response. To date, 11 types of TLR
have been identified in mammals but the micro-
organismal products that stimulate them are not all
known (see Box 3 and BIOLOGICAL SCIENCES REVIEW,
Vol. 16, No. 3, pp. 31-35). TLR4 is particularly important

Box 3Tum iton

TolHike receptors (TLRs) provide the body with a
radar system for sensing the presence of foreign
enemies. Microorganisms contain unique
biochemical patterns (red ovals in the
diagram) which are recognised by distinct
TLR molecules on the surface of immune
cells. TLR11, for example, is triggered by bacteria
that cause urinary tract infections whereas TLR5 is
turned on by flagellin. Following activation by
microorganismal products, TLRs incite cells to
generate a powerful inflammatory response
designed to wipe out the microorganismal attack.
Much is still unknown about how TLRs work but it
is thought that they direct immune responses in
the most appropriate way according to the type of
invading microorganism.

Cell membrane

Cytoplasm
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Figure 1 Coloured scanning electron micrograph of E. o;;li.
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because it is essential for cells to respond to LPS, the cell
wall component of Gram-negative bacteria. Mice that
have a mutation in their TLR4 gene are unable to
protect themselves against these organisms and succumb
to disease. In addition to TLRs, there are other cell
surface receptors that bind sugar molecules found on
microorganismal surfaces and which play an important
role in clearing infections.

Recognising specific microorganismal patterns is
hugely important to all organisms. Plants express resis-
tance proteins (R proteins) to defend themselves against
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microorganismal attackers. Some of these proteins have

a structure similar to mammalian TLRs and they too
recognise specific pathogens. When these proteins are
triggered, plant cells, like animal cells, produce
compounds toxic to microorganisms and can ‘commit
suicide’ in an attempt to stop the spread of infection
(see BIOLOGICAL SCIENCES REVIEW, Vol. 9, No. 3, pp. 2-6).

The main players: cells of innate immunity
Most of the cells of a plant must individually be able to
recognise an invading microorganism because plants do
not have a circulatory system. Complex animals,
however, have evolved a system of communication
whereby specialised cells can travel quickly via the blood
to an area under attack. These cells express pathogen
recognition receptors on their cell surface and act as the
first line of defence against infection. Stimulation of
these receptors results in a number of effects (see Box 4).
Some of these responses act quickly to stamp out the
infection; others provide a long-term effect by activating
the adaptive immune response that involves specialised
recognition cells — the B- and T-lymphocytes.

In the event of a microorganismal attack, the first
cells on the scene are neutrophils. These are phagocytic
cells that live for only a few hours. They engulf bacteria
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Invading microorganisms first encounter phagocytes in
the blood or tissues. Neutrophils and macrophages
swallow up pathogens and trap them inside acidic
compartments packed with enzymes. Microorganisms
are finished off with a toxic respiratory burst. Phago-
cytes secrete chemokines and these attract more
phagocytes, including dendritic cells. Microorganisms
bind to surface receptors including TLRs on
macrophages which trigger inflammation by secreting
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Neutrophils respiratory burst

~an
~ @
=
~a» '
~@
Bacteria
Inflammatory
cytokines and
mediators a
Macrophages ; e

pumped out

and kill them with enzymes inside specialised intracel-
lular compartments called lysosomes (see BIOLOGICAL
ScIENCES REVIEw, Vol. 17, No. 3, pp. 14-16). The next
cells to arrive are macrophages, which are also phago-

TERMS exptained

Adaptive immune response Specific and amplified
immune response that generates immunological
memory, e.g. for measles and chickenpox.

Autoimmunity Immune cells attack the body's cells
and tissues, causing disease.

Co-stimulatory molecules Receptors on the surface
of immune cells such as dendritic cells that enable
the cell to activate T-cells.

Cytokine Soluble protein secreted by cells that
affects the behaviour of other cells (see BioLoGicAL
Sciences Review, Vol. 7, No. 2, pp. 23-27).

Innate immune response First line of defence that
provides us with protection against non-specific
pathogens.

Lipopolysaccharide Cell wall componeht of some
types of bacteria.

Phagocyte An immune cell that engulfs and then
destroys microorganisms or cell debris.

Septic shock Response to large amounts of LPS
causing release of cytokines.

Staphylococcus aureus A Gram-positive coccus
bacterium that lives on the skin.

Toll receptor Drosophila receptor that triggers an
immune response.

Toll-like receptor Mammalian receptors on immune
cells that sense pathogen-associated molecular
patterns (PAMPs).
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cytokines and lipid mediators. Dendritic cells, sensing
microorganisms via their TLRs, leave the site of infection
and migrate to the nearest lymph node. They bristle
with surface co-stimulatory receptors, giving them the
power to kick-start the adaptive immune response by
triggering Tcell activation. In turn B-cells produce anti-
body, antiviral cytotoxic Tcells are switched on and an
army of T and B- cell clones march out to defeat the
enemy.

Dendritic cells

Adaptive
immunity

Chemokines attract X O Q
dendritic cells and

phagocytes

cytic and have specialised killing mechanisms within
their cell cytoplasm (see Figure 2). Both neutrophils
and macrophages secrete cytokines in response to
microorganisms. Dendritic cells are important immune
cells able to recognise pathogens and to activate T-cell
responses (see Figure 3 on p. 6). When dendritic cells
sense microorganisms via their toll-like receptors, they
increase the number of co-stimulatory molecules on
their cell membrane. These molecules are essential for
activating T-cells. Dendritic cells can therefore be consid-
ered as the bridge between innate and adaptive immu-
nity, providing mammals with the ability to rapidly
respond to microorganismal attack and provoke
powerful, long-lived immunity against a specific
pathogen.

Figure 2 Coloured
scanning electron
micrograph of a
macrophage
engulfing
Mycobacterium
bovis bacteria -~
(yellow). x3000
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many cases innate defences the utmost chance to win the never-ending battle
are enough to stamp out a  against pathogenic microorganisms.
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': EY points

® Plants and animals require a defence system against invading microorganisms. Innate immune
mechanisms of all organisms share many similarities.

® The innate immune system provides a powerful defence against microorganisms.
® Immune cells need to distinguish between dangerous pathogens and our own body cells.

® Microorganisms have unique pathogen-associated molecular patterns. These are recognised by
immune cells via toll-like receptors

® Innate immune mechanisms include destruction of pathogens by phagocytosis and the comple-
ment molecules in the blood.

® Innate immune responses activate adaptive immunity. This leads to an amplified response
which gives us long-term protection against a specific pathogen.





