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Introduction

Acquired Immunodeficiency Syndrome (AIDS) AIDS patients are
severely immunocompromised, since the human immunodeficiency virus
(HIV) attacks many of the immune system cells and destroys them. As a re-
sult, the patient cannot fight off any pathogens that enter the body through
the skin or other major ports of entry, such as the mouth, anus, eyes and
sweat glands. Nor can the patient combat uncontrolled growth of cancerous
cells within the body. In the initial stages of an HIV infection. before any
serious problems are suspected, the skin may have a transient rash. As the
disease progresses., patients may develop a number of skin conditions, such as
dermatitis around the sebaceous glands of hairs, persistent genital ulcers, and
eczema. Fungi such as Candida albicans, which can affect many healthy peo-
ple without harming them. become a problem and cannot be controlled. Lat-
er on in the HIV infection. many patients have shingles, and the serious skin
and connective tissue cancer, Kaposi’s syndrome, takes hold. This is scen as
pink/purple blotches on the skin which may ulcerate, and swellings caused by
enlarged lymph nodes. As many as 40% of homosexual patients with AIDS
develop Kaposi’s syndrome. yet in healthy men that are not infected with
HIV it is rare and only occurs in older men of certain Mediterranean origins.
In Africa, both men and women may develop Kaposi’s syndrome in AIDS.
Over 70% of patients get infections in the eyes, and these problems are often
the first reason for patients seeking help from the medical profession.

Thus, observing the problems that arise in AIDS, and other more common-
ly encountered diseases that are totally unrelated to AIDS, demonstrates how
the normal, healthy body tries to combat disease. The immune system often
wins, but if it cannot cope then many conditions can get out of control and

become life-threatening.

It was the publicity surrounding the shocking news that millions of people
could die from a disease caused by HIV that doctors were unable to cure that
made so many people. from a very wide spectrum of backgrounds and life-



Xii Introduction

styles. stop and think about immunity. The science of immunology is relative-
ly new to medicine compared to other disciplines such as surgery. It is evol-
ving so rapidly that even those involved in immunology every day have to read
widely to keep abreast of developments. The more that is known about the
processes governing the immune reactions, the more the pathways are found
to be astoundingly intricate. Immunologists use a very large vocabulary of
specialist words, and often shorten the terms to a series of capital letters;
thus, the jargon is impossible for the uninitiated to understand.

This book was conceived to appeal to the very many people who, during
their lifetime, have relatives or friends who suffer(ed) from diseases involv-
ing the immune system. It is about the modern science of immunology that
has grown up around disease and how the body copes with it. Most people will
have only a rudimentary idea of how the body functions. so 1 have started
quite simply. As the story unfolds, the descriptions of the various interactions
get more complicated, so each chapter can be read on its own and, if the details
are not understood, a few paragraphs here and there can be skipped over. and a
new aspect of immunology explored with the next chapter (see figure on p. 21).

Immunology is about combating disease. Most people have a knowledge of
certain aspects, perhaps of childhood measles, or the concept of vaccination and
immunisation in childhood, or before travel. Very few, other than interested spe-
cialists. try to grapple with the breadth of the subject. Yet we would all benefit
from understanding more about the body’s defences to viruses. bacteria and other
pathogens in order to cope with life-threatening situations such as cancers, AIDS
and autoimmunity. Firstly one needs an understanding of the principles of the
processes involved, then to be alerted to the possible interactions with daily life,
pollution, diet, etc. , before appreciating how immune status affects the quality of
life and its outcome. Much of immunology relies upon three tenets: recognition,
reaction and recovery. Each of these topics forms a section of this book, and one
Jeads on naturally to the next. Reading the whole book will not allow the diagnosis
or treatment of immune diseases, but it may enable a better understanding. I hope
that in so doing, the reader will be fascinated to discover the ingenuity of the
human body and of pathogens.

The human body is made up of millions of cells. A stereotyped cell was ex-
plained to most of us in school, but there is a major step between knowing
what a basic building block is, and understanding how cells interact to allow
the whole body to function. We all know that an egg can be fertilised, after
which it divides and new cells are created that can develop into bone, nerve
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or muscle, or systems that can allow sights to be memorised and thoughts pro-
cessed. Furthermore specialised cells can roam the body, recognise invaders
in the form of viruses, bacteria or foreign proteins and initiate a chain of re-
actions that may result in the invader being eliminated. But how do cells
recognise each other. interact, pass messages and respond to signals from
other cells? Why do cells die, and what effect does the death of one cell have
on our own death? How is it that we can live and cope with some harmful in-
teractions from the environment, but others Kill or debilitate us?

Such thoughts have puzzled mankind since microscopy revealed cells, so
scientists have striven to unravel the mysteries in all ways possible. Today we
have an intimate knowledge of cell structure. composition and its genetic po-
tential, and scientists think an ultimate understanding is within our grasp.
Even then, we shall only have partial answers to these questions because life
processes are not static. With every cell division comes an opportunity to change
the building blocks and. in reproduction. genetic recombination allows evolution.
This is not unique to Man but also happens to all plants and animals around us.

Major contributions to advancing knowledge in areas that might lead to an-
swering some of these questions have come through the growth in the study of
disease through immunology. The progress of this science has enabled giant
steps to be made in understanding the life of cells. Immunology is very basic
to all life. Not only do the most primitive animals, those without brains or
complex sense organs such as eyes, have the ability to mount a protection
against foreign (or ‘non-self’) invaders, but many principles employed are
remarkably similar throughout the whole animal kingdom. Such ‘conserva-
tion’ , as it is called, is generally recognised as being of utmost importance, as
its presence indicates that a basic problem exists which has to be dealt with by
many different life forms. It is not surprising then that evolution has allowed
the development of many different ways of combating disease, for to fail to
overcome infection and illness leads to death or lasting disabilities.

The many ways that are utilised by the cells of the body to control foreign
invaders such as bacteria or viruses ultimately result in the death of the invad-
er. or the cells that contain them. Thus the targeted death of cells is a life-
giving event. Failure to control invaders means uncontrolled disease and ulti-
mately death of the individual. Because the act of death is so final, and often
psychologically painful for those left alive. society often regards death as
bad. Inside our bodies, it is rarely destructive to life itself. and is generally
the means of saving life. Hence the title of the book —- Dying to Live.
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Molecules “of Distinction®

Rejecting transplants The techniques involved with modern transplan-
tation® surgery® are very good today, allowing a wide range of organs to
be successfully replaced. However. the patient’s own body has unique
methods of recognising and acting against bacteria®, viruses® or many
foreign invaders in order to overcome them. The same reactions take
place against donor® organs since they come from a different body, so
powerful drugs are used to reduce these natural. usually beneficial . reac-
tions that are potentially harmful in transplantation surgery. Of great im-
portance is the genetic similarity® or dissimilarity between donor and re-
cipient®. If a group of genes®. known as the histocompatibility® genes ,
are identical in both donor and recipient, then there would be no prob-
lems of transplant tissue® being rejected. Since all individuals inherit®
some genes from each parent, the resultant® genes in the child will not
exactly match those of either parent or any brothers and sisters. So, no

molecule: smallest unit into which a substance could be divided without a change in
its chemical nature 4T (YA B AL R 0 B /N BLASE )

distinction: point of difference; that which makes one thing different from anoth-
er bk AR ZAL: 25248 :
transplantation; F$#H

surgery: the science and practice of treating injuries and diseases by operations
R

bacteria: 41

virus: HE

donor: person who gives something f{&; 1%

similarity: likeness AA{EL: #IR

recipient: person who receives something Zik

gene: one of the factors controlling heredity A

histocompatibility: ZHZURHIA 1

tissue; ZH4R

inherit: derive(qualities, etc.) from ancestors &M ; 7K

resultant: coming as a result, esp. as the total outcome of forces or tendencies

from different directions fERNZERMAER
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4 Molecules of Distinction

two individuals. except identical twins where the fertilised egg® was split®
into two. will have the same set of genes (their genetic make-up). Surprising-
ly, the immune system’s® cells can recognise the differences and. as a result.
the transplant can be destroyed. In order to ensure success after surgery. the
body’s own immune system must be dampened® down to minimise the chances
of any cells reacting to the graft® and causing rejection. The patient is there-
fore very susceptible to® infections and diseases during this period, and to canc-
ers in the longer term. Thus. treatments must be finely judged to balance between
combating® disease and allowing the natural processes to reject the transplant.

How is it that animals know their own species®, their mates, and their own
young? Whilst sending signals through behaviour is one approach, there are
more subtle mechanisms operating on individual cells that allow the unique-
ness of the individual to show. The immune system uses these molecules in
controlling invaders, and in keeping the whole body healthy. To do this the
immune system’s cells distinguish ‘self’ from ‘non-self’, and so avoid the
problems of attacking one’s own body in mistake for invading organisms. Key
players in immunity are antigens® and antibodies®. Antigens are signals from
bacteria, viruses, fungi®, parasites?? or even plant components such as pol-
len®. Some are recognised immediately, but other signals have to be pro-
cessed inside our body before the immune system will react to them. The sig-
nals are usually given to the immune system in combination with other signs,
often from our own cells, to ensure that they are reacted to as required. The

fertilised egg: ZHi5R

split: divide or burst; divide into parts 43¢

immune system: %% R4

dampen: suppress i)

graft. B

be susceptible to: be sensitive to; easily affected by 5/

combat; fight; struggle -4

species; group having some common characteristics; division of a genus FhE
antigen: 8

antibody: ﬁ%

fungi: HE

parasite: animal or plant living on or in another and getting its food from it 4
B Y

pollen: E%;

@ 08O L
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antibodies are made by us to fit small parts of the antigen so that the antigen
is bound in an antigen-antibody complex. Thus the antigen is inactivated and
controlled. Subtle alterations to any of these interactions can cause the reac-
tions to go wrong and result in disease.

This sophisticated use of antibody is a hallmark® of a highly evolved®
immune system that we and other warm-blooded animals have developed
over millions of years. Simpler animals use simpler systems. These too
need signalling molecules, but they are often very general ones that can be
recognised without the need for antibodies. Such systems are quick to re-
spond, and very effective, so we have kept them alongside the antigen/
antibody responses, or incorporated them into the whole set of immune re-
actions that we use.

Today, the greatest need is to exploit these immune reactions of the body to
help us control disease. Even when an immune reaction is clearly defined,
one finds that the body and the invader can, and do, use alternative methods
of achieving the same end. Thus, a new vaccine®, for example, may only
work in some cases. or against the disease as it exists at that point in time.
The result is that drug development is very expensive and rarely, if ever,
gives perfect results. The most advanced approaches to drug development now
use manipulations of genes. These tiny fragments® of protein exist in all liv-
ing cells and contain millions of instructions for making cellular components;
therefore, the instructions are, of necessity, very precise. Changing instruc-
tions in genes can now be achieved and, at the end of this book, some ways in
which these molecular biology techniques, as they are called, are described.
Most of us are afraid of gene manipulation in case irretrievable® mistakes are
made, but the understanding of genes has gone so far now that we cannot es-
cape the fact that genetic manipulations will be used in future. The more we
know about how the immune response works, the more safe and effective new

techniques will be.

(M hallmark: tR&

@ evolve: be developed. naturally and gradually {1 SKTi 2R 8 b R & itk AL

% vaccine: ¥

@ fragment. part broken off; separate or incomplete part B W

@ irretrievable: that cannot be retrieved or remedied NP [E1AY : RBEXNSUH
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Similarity and Dissimilarity

One of the extraordinary facts about people is that we are all different, physi-
cally and mentally, yet we are sufficiently alike to be able to communicate
even when there is no common language. If we need to describe another per-
son, or make an ‘Identikit’, the physical differences between us all may be
so slight that it is hard to pinpoint the uniqueness of an individual. Yet our
mental, emotional and inner strengths can vary enormously. This is because
each person, and indeed every plant or animal. uses the same building blocks.
which are called cells, to make their physical form. The result of the con-
struction process depends on the specific plans we have acquired from our
parents and also the environment in which we grew up.

The cell itself is amazingly similar in most animals, and shares many of its
features with those of plants. However, although built along a basic plan, the
outsides of cells can be varied to make a variety shapes and sizes, and the in-
sides adapted to perform different functions. Thus, the human body contains
dozens of types of cells. Some make pigment® to give the skin its colour, oth-
ers are able to stretch and contract to make muscles. whilst others are adapted
to capture light and allow us to see. All cells, whether they come from the
heart, brain, lungs or eye, have a nucleus®, which floats in a liquid soup
named the cytoplasm®, all held together in a bag or plasma membrane which
lets nutrients® in and waste out in a controlled way (Fig. 1.1). Each cell
contains information inherited from both the mother and the father. Since
there is so much information concerning the body that has to be passed from
the parents to the newly created child, the information is tightly packed to-
gether and stored in structures called chromosomes® that are contained within
the nucleus. Humans have 23 pairs of chromosomes, one set from the mother

@ pigment; the natural coloring matter in the skin, hair. etc., of living beings
Bx

@ nucleus: B

@ cytoplasm: I3

@ nutrient: serving as or providing nourishment 4}

® chromosome: JLfaik



