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the role of Fcy receptors in the pathogenesis of type
ITand IIT hypersensitivities

suppression of graft rejection by synergy between
fungal metabolites and other drugs and by induc-
tion of antigen-specific tolerance with high-dose
bone marrow transplantation combined with
co-stimulatory blockade by anti-CD40L and
CTLA-4-Ig

engineering grafts from recipient cells

the role of hsp70 and 90 in natural and induced
tumor immunity

peptide priming of dendritic cells to provoke anti-
cancer cytotoxic responses

the avoidance of graft vs. host disease in allogeneic
bone marrow transplantation for leukemias
inhibition of B-cell lymphomas and tumor angio-
genesis by radiolabeled monoclonals

thymic expression of some organ-specific antigens
role of autoimmunity to hsp65 in atherosclerosis
autologous stem cell transplantation after cytotoxic
ablative therapy for some cases of SLE, scleroderma
and juvenile rheumatoid arthritis.
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Throughout theillustrations standard forms have been used for commonly-
occurring cells and pathways. A key to these is given in the figure below.
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INTRODUCTION

We live in a potentially hostile world filled with a
bewildering array of infectious agents (figure 1.1)
of diverse shape, size, composition and subversive
character which would very happily use us as rich
sanctuaries for propagating their ‘selfish genes’
had we not also developed a series of defense
mechanisms at least their equal in effectiveness
and ingenuity (except in the case of many parasitic
infections where the situation is best described as
an uneasy and often unsatisfactory truce).. It is
these defense mechanisms which can establish
a state of immunity against infection (Latin immu-
nitas, freedom from) and whose operation pro--
vides the basis for the delightful subject called
‘Immunology’. HONS
Aside from ill-understood constitutional factors
which make one species innately susceptible and
another resistant to certain infections, a number of
relatively nonspecific antimicrobial systems (e.g.
phagocytosis) have been recognized which are
innate in the sense that they are notintrinsically af-
fected by prior contact with the infectious agent.
We shall discuss these systems and examine how,
in the state of specific acquired immunity, their
effectiveness can be greatly increased. °

EXTERNAL BARRIERS AGAINST INFECTION

The simplest way to avoid infection is to prevent the
microorganisms from gaining access to the body (fig-
ure 1.2). The major line of defense is of course the skin
which, when intact, is impermeable to most infectious
agents; when there is skin loss, as for exampleinburns,
infection becomes a major problem. Additionally,
most bacteria fail to survive for long on the skin be-
cause of the direct inhibitory effects of lactic acid and
fatty acids in sweat and sebaceous secretions and the
low pH which they generate. An exception is Staphylo-
coccus aureus which often infects the relatively vulnera-
ble hair follicles and glands.

Mucus, secreted by the membranes lining the inner
surfaces of the body, acts as a protective barrier to block
the adherence of bacteria to epithelial cells. Microbial
and other foreign particles trapped within the adhe-
sive mucus are removed by mechanical stratagems
such as ciliary movement, coughing and sneezing.
Among other mechanical factors which help protect
the epithelial surfaces, one should also include the
washing action of tears, saliva and urine. Many of the
secreted body fluids contain bactericidal components,
such as acid in gastric juice, spermine and zinc in
semen, lactoperoxidase in milk and lysozyme in tears,
nasal secretions and saliva.

A totally different mechanism is that of microbial
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Figure 1.2. The first lines of defense against infection: protection
at the external body surfaces.

antagonism associated with the normal bacterial flora
of the body. This suppresses the growth of many po-
tentially pathogenic bacteria and fungi at superficial
sites by competition for essential nutrients or by pro-
duction of inhibitory substances. To give one example,
pathogen invasion is limited by lactic acid produced
by particular species of commensal bacteria which me-
tabolize glycogen secreted by the vaginal epithelium.
When protective commensals are disturbed by anti-
biotics, susceptibility to opportunistic infections by
Candida and Clostridium difficile is increased. Gut com-
mensals may also produce colicins, a class of bacteri-
cidins which bind to the negatively charged surface
of susceptible bacteria and insert a hydrophobic heli-
cal hairpin into the membrane; the molecule then

o RICKETTSIA |
CHLAMYDIA

Figure 1.1. The formidable range of
infectious agents which confronts the
immune system. Although not normally
classified as such because of theirlack of a
cell wall, the mycoplasmas are included
under bacteria for convenience. Fungi
adopt many forms and approximate values
for some of the smallest forms are given.
>, range of sizes observed for the
organism(s) indicated by the arrow; <[, the
organisms listed have the size denoted by
the arrow.

undergoes a ‘Jekyll and Hyde’ transformation to
become completely hydrophobic and forms a voltage-
dependent channel in the membrane which kills by
destroying the cell’s energy potential. Even at this
level, survival is a tough game.

If microorganisms do penetrate the body, two main
defensive operations come into play, the destructive
effect of soluble chemical factors such as bactericidal
enzymes and the mechanism of phagocytosis —liter-
ally ‘eating’ by the cell (Milestone 1.1).

PHAGOCYTIC CELLS KILL
MICROORGANISMS

The engulfment and digestion of microorganisms are
assigned to two major cell types recognized by Metch-
nikoff at the turn of the last century as microphages
and macrophages.

The polymorphonuclear neutrophil

This cell, the smaller of the two, shares a common
hematopoietic stem cell precursor with the other
formed elements of the blood and is the dominant
white cellin the bloodstream. Itisa nondividing short-
lived cell with a multilobed nucleus and an array of
granules which are virtually unstained by histologic
dyes such as hematoxylin and eosin, unlike those
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Milestone 1.1 —Phagocytosis

The perceptive Russian zoologist, Elie Metchnikoff (1845-
1916), recognized that certain specialized cells mediate
defense against microbial infections, so fathering the
whole concept of cellular immunity. He was intrigued by
the motile cells of transparent starfish larvae and made the
critical observation that, a few hours after the introduction
of arose thorn into these larvae, they became surrounded
by these motile cells. Ayear later, in 1883, he observed that
fungal spores can be attacked by the blood cells of Daphnia,
a tiny metazoan which, also being transparent, can be
studied directly under the microscope. He went on to ex-
tend his investigations to mammalian leukocytes, show-
ing their ability to engulf microorganisms, a process which
he termed phagocytosis. .

Because he found this process to be even more effective
in animals recovering from infection, he came to a some-
whatpolarized view that phagocytosis provided the main,
if not the only, defense against infection. He went on to de-
fine the existence of two types of circulating phagocytes:
the polymorphonuclear leukocyte, which he termed a
‘microphage’, and the larger ‘macrophage’.

Figure M1.1.1. Caricature of Professor Metchnikoff from Chante-
clair, 1908, No. 4, p. 7. (Reproduction kindly provided by The
Wellcome Institute Library, London.)

Figure M1.1.2. Reproductions of some of the illustrations in
Metchnikoff’s book, Comparative Pathology of Inflammation (1893).
(a) Four leukocytes from the frog, enclosing anthrax bacilli; some
are alive and unstained, others which have been killed have taken
up the vesuvine dye and have been colored; (b) drawing of an an-
thrax bacillus, stained by vesuvine, in a leukocyte of the frog; the
two figures represent two phases of movement of the same frog

leukocyte which contains stained anthrax bacilli within itsphago-
cytic vacuole; (cand d) a foreign body (colored) in a starfish larva
surrounded by phagocytes which have fused to form a multinu-
cleate plasmodium shown at higher power in (d); (e) this gives a
feel for the dynamic attraction of the mobile mesenchymal phago-
cytes toa foreign intruder within a starfish larva.
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Figure 1.3. Ultrastructure of neutrophil. The multilobed nucleus
and two main types of cytoplasmic granules are well displayed.
(Courtesy of DrD. McLaren.)

structures in the closely related eosinophil and baso-
phil (figures 1.3and 1.4). These neutrophil granules are
of two main types: (i) the primary azurophil
granule which develops early (figure 1.4e), has
the typical lysosomal morphology and contains
myeloperoxidase together with most of the nonoxida-
tive antimicrobial effectors including defensins, bacte-
ricidal permeability increasing (BPI) protein and
cathepsin G (figure 1.3), and (ii) the peroxidase-
negative secondary specific granules containing
lactoferrin, much of the lysozyme, alkaline phos-
phatase (figure 1.4d) and membrane-bound cyto-
chrome bsg4 (figure 1.3). The abundant glycogen stores
can be utilized by glycolysis enabling the cells to func-
tion under anerobic conditions.

The macrophage

These cells derive from bone marrow promonocytes
which, after differentiation to blood monocytes, finally
settlein the tissues as mature macrophages where they

constitute the mononuclear phagocyte system (figure
1.5). They are present throughout the connective tissue
and around the basement membrane of small blood
vessels and are particularly concentrated in the lung
(figure 1.4h; alveolar macrophages), liver (Kupffer
cells) and lining of spleen sinusoids and lymph node
medullary sinuses where they are strategically placed
tofilter off foreign material. Other examplesare mesan-
gial cells in the kidney glomerulus, brain microgliaand
osteoclasts in bone. Unlike the polymorphs, they are
long-lived cells with significant rough-surfaced endo-
plasmic reticulum and mitochondria (figure 1.8b) and,
whereas the polymorphs provide the major defense
against pyogenic (pus-forming) bacteria, as a rough
generalization it may be said that macrophages are at
their best in combating those bacteria (figure 1.4g),
viruses and protozoa which are capable of living with-
inthecellsof the host.

Pattern recognition receptors (PRRS) on
phagocytic cells recognize and are

activated by pathogen-associated molecular
patterns (PAMPs) ,

Ithardly needs to be said but the body provides a very
complicated internal environment and the phagocytes
continuously encounter an extraordinary variety of
different cells and soluble molecules. They must
have mechanisms to enable them to distinguish these
friendly self components from unfriendly and
potentially dangerous microbial agents—as Charlie
Janeway so aptly putit, they should be able to discrim-
inate between ‘noninfectious self and infectious non-
self’. Not only must the infection be recognized, but it
must also generate a signal which betokens ‘danger’
(Polly Matzinger).

In the interests of survival, phagocytic cells have
evolved a system of receptors capable of recognizing
molecular patterns expressed on the surface of the
pathogens (PAMPs) which are conserved (i.e. unlikely
to mutate), shared by a large group of infectious agents
(sparing the need for too many receptors) and clearly
distinguishable from self patterns. By and large these
patternrecognitionreceptors (PRRs)arelectin-like and
bind multivalently with considerable specificity to ex-
posed microbial surface sugars with their characteristic
rigid three-dimensional configurations (PAMPs). They
do not bind appreciably to the galatose or sialic acid
groups which are commonly the penultimate and ulti-
mate sugars of mammalian surface polysaccharides.
PAMPs linked to extracellular infections include
Gram-negative lipopolysaccharide (LPS), Gram-
positive lipoteichoic acid, yeast cell wall mannans (cf.
figure 1.8) and mycobacterial glycolipids. Unmethy-
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Figure 1.4. Cells involved in innate immunity. (a) Monocyte,
showing ‘horseshoe-shaped’ nucleus and moderately abundant
pale cytoplasm. Note the three multilobed polymorphonuclear neu-
trophilsand the small lymphocyte (bottom left). Romanowsky stain.
(b) Two monocytes stained for nonspecific esterase with a-naphthyl
acetate. Note the vacuolated cytoplasm. The small cell with focal
staining at the top is a T-lymphocyte. (c) Four polymorphonuclear
leukocytes (neutrophils) and one eosinophil. The multilobed
nuclei and the cytoplasmic granules are clearly shown, those of
the eosinophil being heavily stained. (d) Polymorphonuclear neu-
trophil showing cytoplasmic granules stained for alkaline phos-
phatase. (e) Early neutrophils in bone marrow. The primary
azurophilic granules (PG), originally clustered near the nucleus,
move towards the periphery where the neutrophil-specific granules
are generated by the Golgi apparatus as the cell matures. The nucle-
us gradually becomes lobular (LN). Giemsa. (f) Inflammatory cells
from the site of a brain hemorrhage showing the large active
macrophage in the center with phagocytosed red cells and promi-

(k)

nent vacuoles. To the right is a monocyte with horseshoe-shaped nu-
cleus and cytoplasmic bilirubin crystals (hematoidin). Several mul-
tilobed neutrophils are clearly delineated. Giemsa. (g) Macrophages
in monolayer cultures after phagocytosis of mycobacteria (stained
red). Carbol-Fuchsin counterstained with Malachite Green. (h)
Numerous plump alveolar macrophages within air spaces in the
lung. (i) Basophil with heavily staining granules compared with a
neutrophil (below). (j) Mast cell from bone marrow. Round central
nucleus surrounded by large darkly staining granules. Two small
red cell precursors are shown at the bottom. Romanowsky stain. (k)
Tissue mast cells in skin stained with Toluidine Blue. The intracellu-
lar granules are metachromatic and stain reddish purple. Note the
clustering in relation to dermal capillaries. (The slides from whichil-
lustrations (a), (b), (d), (e), (f), (i) and (j) were reproduced were very
kindly provided by Mr M. Watts of the Department of Haematology,
Middlesex Hospital Medical School; (c) was kindly supplied by
Professor ].J. Owen; (g) by Professors P. Lydyard and G. Rook; (h)
by Dr Meryl Griffiths; and (k) by Professor N. Woolf.)



