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Foreword

This book is designed to help you better understand how the immune system
works. It has been compiled by the Japanese Society for Immunology, a group
that researches immunity.

The immune system, or the way the body protects itself from germs such as
bacteria, is amazingly well put together. The more you get to know about it, the
more you will understand what a truly fascinating system it is. It is made up from
a myriad of molecules and cells that work together in close co-ordination to pro-
tect our bodies from foreign invaders. Yet it is just this complexity that makes
some people think the immune system must be too difficult to understand. We
hope that by reading this book you will start to think, “Ah, so this is what immu-
nity is all about?” or “So, this is how it works!” and it will make you want to learn
more about the subject.

Ms Tomoko Ishikawa kindly illustrated the book. The entire book was created
through the dedication and enthusiasm of Dr Yousuke Takahama working to-
gether with members of the Education Promotion Committee and the Commit-
tee on Public Affairs of the Japanese Society for Immunology. Their efforts were
edited with great care by Ms Shinobu Yamashita of the Yodosha editing depart-
ment. My thanks to all of them.

Finally, I ask that if you find parts of the book are difficult to understand, you
will let us know. We would like to use your comments to make this book even
better. It is, after all, a book that has been created for all of you so | am looking
forward to hearing what you think.

April 2008 Japanese Society for Immunology
Masayuki Miyasaka






Foreword to the English Translation
Your Amazing Immune System:
How it Protects your Body

Every day your immune system is busy protecting you from the thousands of
germs around you that can make you sick. Your immune system does its job so
efficiently that you don’t even notice that it is at work. Vaccinations activate your
immune system, enabling it to defend the body against germs that are yet to be
encountered. Usually, vaccinations cause no more discomfort than a quick,
easily-forgotten prick to your arm or thigh, but they save you from becoming
seriously ill or dying from that disease.

Today, many people suffer from allergies such as asthma or hay fever or au-
toimmune diseases such as rheumatoid arthritis. Of course, those of you who
suffer from such ailments are wary having suffered from an overly aggressive re-
sponse of the immune system. However, don’t forget that these complaints are
the result of a misdirected immune response which, when all is well, actually pre-
vents you from falling prey to all the infectious agents around you. A look at what
can happen if the immune system fails, will help you recognize the importance
of this response to your well being. If you grow up without a functioning immune
system, you will not only lack any means whatsoever to protect yourself from the
germs that cause disease, but your body will also not be able to detect or elimi-
nate or any of its own cells that misbehave. Unchecked, such cells can eventual-
ly develop into cancer.

Scientists believe that a better understanding of how the immune system op-
erates will enable us to develop new vaccines. Many are at work seeking a vac-
cine against infectious diseases such as AIDS, which threatens millions of peo-
ple, mostly in the developing world. Yet others are trying to understand what
goes wrong with the immune response in the case of various autoimmune dis-
eases and allergies, and also why the immune system sometimes fails to com-
bat cancer. With this understanding, scientists hope one day to develop effective
vaccines against autoimmune diseases, allergic diseases and cancer, and more
effective ones against infectious diseases.

This book, originally entitled “Karada wo Mamoru Meneki no Fushigi”, was
conceived and created by Japanese researchers working in the field of immunol-
ogy. It was published by the Japanese Society for Immunology as part of their out-



reach efforts for the Day of Immunology 2008, with the aim of making im-
munology accessible to the public. Recognising a good idea and a good book,
researchers working in immunology in Europe thought such a publication would
also be of interest to Europeans. Hence, we translated the book into English to
raise awareness of the importance of immunology for health and well-being here.
The European Federation of Immunological Societies (EFIS), the umbrella or-
ganisation of European immunologists, provided financial support for the trans-
lation, printing and electronic version of this book. Anjali Patel kindly translated
the book into English and helped in its editing. Additional editing support was
provided by Mary Louise Grossman. My thanks go to them both for their dedi-
cation and hard work in helping us realise this project. In the present edition, a
number of Japanese terms and expressions have been simplified for the benefit
of a broader readership.

| sincerely hope that you find this book interesting and that it helps you to un-
derstand your immune system better. | look forward to hearing how you liked —
or didn't like — the book. Your suggestions are valuable because the book was
created above all, for you.

Translations in other languages will follow!

une 2009 European Federation of Immunological Societies
P g
Stefan H.E. Kaufmann
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Do you know what the immune sys- [
tem is? Do you know where you can find
it in the body? And do you know what it
does?

When you are feeling

well, you don’t give much thought
to your immune system or what it does. & \—>
But what do you think would happen to you if you :@,

didn’t have one? ©

Well let’s see. Roughly one in every hundred thou-
sand babies is born without any immunity whatso-
ever. This condition is known by the rather long and
difficult term of Severe Combined Immunodeficien- |
cy or SCID. Babies born with this condition don’t Severe Combined
have any of the protection that healthy babies do Immunodeficiency

(b

against pathogens. Y
By pathogens we mean germs like the bacteria, —
viruses and fungi that can make you sick. This is -I 00 Ooo
why babies who have SCID end up getting very sick ’
from infectious diseases.




You've no doubt heard about a disease called AIDS.
AIDS causes the body to lose its immunity and leaves
it unable to protect itself from all sorts of germs.

AIDS does this by knocking out the immune sys-
tem’s ability to function.

There are all sorts of
germs floating about in
the air.

R, ®

By now you probably realise that if you were born with-
out any immunity whatsoever or if your immune system
stopped functioning, you’d be at the mercy of germs that
your body could normally protect you from. So you see, it
might feel like your immune system doesn’t do very
much, but, in fact, it is there protecting your body night
and day.



' Ever wondered why you don’t get the same
disease twice?

When germs get into your body, you have what is called an infection. Usu-
ally, when you get an infection, you'll get a fever and an upset stomach (di-
arrhoea). However, after you rest for awhile, in most cases, you should get
better again.

You have your immune system to thank for this recovery. But this isn't all
that your immune system does for you.

&
infection

© )
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I'm sure you've heard people say things
like, “Well, | got the mumps once so | should
be okay”, or “I've already had the flu this year
so | won't catch it again”. What people mean
when they say this is that if a particular
pathogen makes you ill once and you recov-
er, then you won't fall ill with it again.

This ability is another important function of

your immune system.

Your immune system remembers all
the pathogens that have infected you so
that if you were to catch one of these
again, you won't fall ill.
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Experts call this ability immunological memory.

Although immunological memory protects you
from getting sick with the same type of pathogen
again, it can’'t help if you are infected by a new
pathogen. With each new infection, the immune sys-
tem has to start from scratch to memorise the
pathogen that caused it.

Every day each one of us comes across thousands
of germs. By the time we become adults, our im-
mune system has had the chance to memorise an
amazing number of them. The vaccinations that you
get as a child add to the number of germs that your
body can recognise. They contain pathogens that
have been weakened so that you can build immuni-
ty to them without having to get sick.

The word vaccine comes from the Latin for cow or Vacca. But
what have vaccines to do with cows, you ask? Well, Edward Jen-
ner discovered vaccination when he showed that injecting
people with the cowpox virus would protect them from a dead-

ly disease called smallpox.




Where in the body is the immune system? ng

Our bodies are made up of extremely small units called cells, each so small that
it can’t be seen with the naked eye. Throughout the body there are an amazing
variety of cells, each kind performing its own separate function. The immune sys-
tem too is made up of specialised cells. These cells are called immune cells.

Our blood is red because it contains a great many red blood cells
called erythrocytes (eri-throw-sites). However, it also contains white
blood cells or leukocytes (loo-co-sites). And it is these white blood
cells that work as part of the immune system.

Because blood
circulates throughout
our entire body, white blood cells are Q
present everywhere too. So, to answer the question, you can find the
immune system anywhere and everywhere in your body. However,
there are places in the body where white blood cells are particularly
concentrated. These places are the lymph nodes and the spleen, and
they are important because they are the sites from which the immune
system launches when you have an infection. We will tell you more
about what the spleen and the lymph nodes do later.



White blood cell =
immune cell

We said white blood cells can be found any-
where in the body and this includes those parts
of it that come in contact with the outside world
through food or air — that is, the mouth, nose,
lungs and the gut. Many white blood cells are
also found in the skin, where they can destroy
any germs that enter the body right on the spot.




The many cells of the immune systeT&J:/% @
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So now let’s look at some of the different cells that make up the immune system (remember these are
white blood cells).

neutrophil If you get hurt and your skin breaks open, germs
can get into your body through the cut. When this
happens, neutrophils, a group of white blood cells
that are always present in the blood, migrate to the
site to destroy the germs.

macrophage

\

Another type of white blood
cell is the macrophage, which
destroys pathogens directly by
eating them. You'll find macro-
phages in the lungs, liver, skin
and gut.

X
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Immune cells are so small
you need a microscope to see
them.
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Lymphocytes are another type of white blood cell, and they are the smallest
members of the family. They can measure less than a 100t of a millimetre or 10
microns. If you were to look at them under a microscope, they would all look the
same. But if you were to investigate a little further, you'd find that there are dif-
ferent types, each with its own specialised function.

One type of lymphocyte you’d discover is the B lympho-
cyte or B cell. B cells produce special weapons called anti-
bodies which stick to a pathogen and help the immune sys-

tem to destroy it. Other lymphocytes are known as
helper T cells and killer T cells. Helper T cells help B
cells to produce antibodies and also boost the abili-
ty of macrophages to attack pathogens. Killer T
cells, as their name suggests, are hit men of the
white blood cell family. They bump off any cells

that have been infected by a virus.

helper T cell
killer T cell

One more important type of white blood cell is the den-
dritic cell. This cell gets its name from all the arms it has
that reach out of it like the branches of a tree (Dendron is
Greek for “tree”). When germs enter the body, it is the den-
dritic cells that help helper T cells understand what kind of
pathogen it is, and how best to destroy it.
So far we have learnt that different types white blood cells are
7 concentrated in different areas of the body (spleen and lymph
nodes). And we also know that while they have distinct roles, they all

dendritic cell
work together to protect the body.

In humans, the B in B cell stands for bone marrow,
where the cells are produced. It also stands for the
bursa of Fabricius, where the cells are made in birds.

The T in T cells stands for thymus, the organ where
these cells develop.




n Swallowing them whole bacterium

Neutrophils and  macrophages
swallow pathogens, in particular bac- ®
teria, whole. They also kill the bacteria
they swallowed by breaking them
down into pieces.

Go forit!

P13 Killing infected cells

Cells that have been infected by ~ ~O
a virus are a danger to the body
and have to be removed quickly.
This is where killer T cells come
into play. Killer T cells stop virus
that is rapidly multiplying in the
cells from spreading by finding
the infected cells and killing them. virus-infected cell




bacterium with
antibodies
stuck to it

f
[ 1

macrophage

Hey, how about %
this?

virus with antibody

/ attached to it

=4
Lo

bacterial
toxins

EJ Antibody smothering

Once inside the body, bacteria not only multiply, but also
produce chemicals that are harmful to the body called bacte-
rial toxins. To stop bacterial toxins from being able to func-
tion, B cells smother them with weapons called antibodies.
Antibodies can also attach themselves to viruses to prevent
them from penetrating cells. And viruses that can’t enter
cells, can’t multiply.

Antibodies have another important job. They attach them-
selves to bacteria to flag them as a meal for macrophages. We
know that macrophages swallow bacteria anyway, but they
can do this job much better when the bacteria are covered in
antibodies. Antibodies travel around the whole body via the
blood. That means that whatever part of the body is infected,
antibodies can move to it quickly to confront the pathogen.




----------
............................

How the immune system distinguishes among pathogens

The immune system can identify what pathogen has infected your
body and decide on the best means to deal with it. Earlier, we learned
that because of immune memory, people who’d had mumps once
couldn’t get sick with it again. But this would not stop them from get-
ting sick from something else, like measles. The cells of the immune
system can tell the difference between mumps virus and measles
virus because the cells memorise them as two entirely different

things.
The immune system’s ability to do this is known by the rather diffi-
cult term of antigen specificity.

So how exactly does the immune system tell pathogens apart?

The job of distinguishing among different

r pathogens belongs to the lymphocytes. Both T

and B cells have special tools for telling

pathogens apart that cover the entire surface of

opening the cell. These tools are called antigen receptors

\ and they look like tiny rods with small holes at the
end.

Some of the holes are shaped to fit the measles
virus exactly, while others are shaped to match
the mumps virus or some other pathogen only.
The immune system will know if a pathogen has
B cell entered the body before, and be able to identify
it, based on whether any of its cells possess anti-

antigen
" receptor

~_J  genreceptors that match.




How about this one? - A perfect match!
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Both T cells and B cells have antigen receptors

that recognise different pathogens, but their g@ Y .

shapes and functions are a little different. B cell ot

antigen receptors looks like the letter Y and have @

a hole at the end of each arm. ‘.

T cells receptors, however, look like rods and have just one hole

at the end.
Earlier we told you that B cells get rid of pathogens by pro-
ducing antibodies that smother them.
b d Actually, these antibodies look exactly like antigen receptors
that have been cut off a cell at the base of the stem. And they

have exactly the same shaped openings as B cell receptors.
When you catch mumps, only B cells that have antigen re-

ceptors for the mumps virus will produce antibod-

ies, as only these antibodies can attach to the
virus. It wouldn’t make any sense for B cells to pro-
duce antibodies that could attach to, say, the

measles virus in this case. So you see, in this way
the immune system is very clever.



Unlike antibodies, T cell antigen receptors can’t attach themselves to pathogens without
help.

Here, the dendritic cells that we told you about earlier play an important role. Dendritic
cells clear the body of pathogens, and they do this in two ways. They swallow pathogens di-
rectly or they swallow cells that have been infected by them. Having feasted on them

in this way, dendritic cells carefully push out pieces of the pathogen for display on
platforms that cover the surface of the dendritic cell. Presented in this way,
the pieces of pathogen act as signs for T cells saying, “Hey, look! We've
been infected with this germ.”
helper T cell
This act of signalling what germ caused an infec-
tion is known as antigen presentation.

And because pieces of each virus, like
those for the mumps and measles,
are different in shape, a T cell
can tell exactly which virus has ‘
infected the body.

Once dendritic cells have

presented an antigen, T cells

gzl o
R o o ()

can identify it and go ahead I-I-l |-'-|‘ ﬁ“
and do their work. 0

They alert the other cells of O
the immune system telling J . ' ’
them what pathogen they have
to deal with. The immune system

can now begin to attack germs that are living
and multiplying inside the body’s cells.
dendritic cell

The platform described here is called the Major Histocompatibility Complex, or MHC. It got its name
because it determines how well a tissue or organ transplant is accepted by the body. Histo is the
Latin word for tissue and compatible means to match. Improving our understanding of how the MHC
works is vital to making progress with transplant medicine or stem cell treatments for degenerative
diseases.




How the immune system can 18
recognise different germs

We've learned that each lymphocyte has only one type of antigen receptor.
So when you catch the mumps, only lymphocytes with antigen receptors for
the mumps virus will detect it. Cells that detect other pathogens will ignore
it. But all around us are millions upon millions of different germs. Clearly
then, the body needs to have an enormous number of different lymphocytes
to protect it.

Luckily, it does. If you were to look up how many antigen receptors humans have, you would
find that there are over 10 BILLION different kinds! That is 10,000,000,000. With so many dif-
ferent receptors, there is bound to be one lymphocyte in the body that can recognise whatever
pathogen enters it. And with all of these lymphocytes working together, the immune system can
protect the body from a huge variety of pathogens.

Genes So how does your body make so many different
kinds of antigen receptors?

Our parents pass between 30,000 and 40,000
genes on to us, and all of these genes together are
known as our genome. Within our genome there are
genes for making the different parts of our body like
muscles, skin, bones and organs. They are also

genes for making antigen receptors.

all over your
body.




Usually we say that one gene makes one part of the body, but this is not the case with antigen
receptors. The genes that make them up are all separated into segments like the pieces of a
puzzle. And it's only inside lymphocytes that these pieces of genes can be combined in differ-
ent ways to produce any number of blueprints for antigen receptors.
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From the hundreds of puzzle pieces available, a lym-
phocyte selects two or three to combine. A lymphocyte
can put these pieces together in many different ways,
and because there tends to be inaccuracies when the
pieces are linked, an extraordinary number of different
antigen receptors can be produced.




How the immune system remembers
pathogens it’s met before

virus

Hello ...

1 St 43
Lymphocytes can remember pathogens tl me

that they’ve met before.

The first time a B cell meets a pathogen, it
takes over a week for the cell to produce an-
tibodies against it. During this time the B
cell changes itself into a cell that can pro-
duce vast amounts of antibody. However,
not all B cells become antibody-producing
cells. Some B cells have the job of remem- memory B cell
bering the new pathogen. These B cells are

known as memory B cells.

When a memory B cell again meets the pathogen that it \
has the job of remembering, it sets to work immediately
and produces an enormous amount of antibodies in just
a few days.
But memory cells aren’t just quicker at making antibod-
ies. They also make better quality antibodies than B cells
that have encountered a pathogen for the first time. These ‘super-antibodies’ can
attach themselves to bacterial toxins more firmly, and they’re also better at flagging
bacteria for macrophages to find and eat.



| guess it'll take
another week ...

T cells also make memory cells.
Helper T cells and killer T cells nor-
mally just travel around the body pa-
trolling it. When they do come across
a pathogen, the T cells with antigen
receptors that match the antigen be-
gin to divide rapidly and get ready for
work. It takes about a week for all of
this to happen. During that time,
some of the helper T cells change
into memory T cells. And if they meet
the same pathogen again, they are
primed to go to work immediately.

Just a couple of
days now.

In this way people who have recovered from the mumps have a large number
of memory T and B cells that can recognise just that virus. Similarly, people
who've recovered from any other infection will have large numbers of just those
memory T and B cells that can identify the specific pathogens involved.



killer T cell




3 . Where the Cells of the Immune System are Made
and Where They Work

---------
...........................

dendritic cell

Allimmune cells are white blood cells, and they are
made in the bones. Bones are very hard, but they
have a soft, spongy core called the bone marrow.

o - Blood cells are made from special cells in the bone
macrophage marrow called haematopoietic (he-ma-toe-po-etic)

D or blood stem cells. Just one stem cell can make any
number or any type of immune cell

neutrophil

Like red blood cells and platelets, most immune cells like neu-
trophils, B cells and macrophages are made in the bone marrow.
Only T cells are different. They are made in a special organ near
the heart called the thymus. Blood stem cells that are destined to
be T cells move to this organ to mature.

A

Newly made immune cells stream out into the body from the
marrow and thymus via blood vessels. The cells then migrate to
the lymph nodes and spleen — the sites from which the immune
response is launched — to begin their work.

How did the thymus get its name? Some people thinkit’s
because the thymus of a cow, which is sometimes used in
cooking, smells just like the herb thyme.




lymph
node

lymph
vessel

Immune cells made in the bone marrow and thymus travel
around the whole body, patrolling it. From the top of your head
to the tip of your toes, wherever there is an infection, immune
cells rush over to the site, knock out the germ and thus protect
the body.

Look at all
those lymph

Immune cells travel around the body
using blood vessels and routes exclusive-

ly for their use called lymph vessels. Like
blood vessels, lymph vessels spread
¥ throughout our body forming a network.

Here and there along the lymph vessels
are staging posts called lymph nodes. These nodes are
where the immune cells that travel in lymph vessels
and blood vessels can gather in large numbers.
Immune cells that travel around in the blood
gather in the spleen, which is located in the

lymph node

abdomen.

lymph vessel



The spleen and lymph nodes are where
immune cells meet.

__ Earlier in the book we learned that each
" singleimmune cell has a very specific function. But
because the body has a large number of immune
cells, and they all exchange information and work to-
gether closely, the immune system can protect the
body from germs. The lymph nodes and the spleen
provide the venues for immune cells to meet each
other and to exchange information. They are also the
places where antibodies are made and killer T cells are
activated.

When you last caught a cold, did your throat get sore
and could you feel small lumps on your neck? These
lumps are your lymph nodes, and they got
swollen because it's in them that your
immune cells fought the cold
virus, close to the nose

and mouth through
which it entered.

Although rare, some people are born without a spleen. When
these people are infected through the mouth or nose, they can
launch a proper immune response against the germ. If they get a
cut or something and are infected through the blood, however,
they can’t launch an effective immune response. As a result, these
people suffer more from such infections.




We mentioned that immune cells use blood and lymph vessels
to patrol the body. But how do these immune cells manage to
find their way to the lymph nodes? And, when there is an infec-
tion, how do they manage to find out exactly where the
pathogens have invaded the body?

Immune cells can find lymph nodes
because the nodes make molecules
that act as signs that read, “this is a
lymph node”. Immune cells patrolling
the body come across these signs, recog-
nise where they are and respond by enter-
ing the nodes.

* Molecules are groups of atoms. They are smallest units into
which you can breakdown a substance and still recognise
what it is from its physical and chemical properties.




During an infection, dendritic cells, don’t just tell T
cells what germ is the cause. They also release sig-
nalling molecules that alert their surroundings to the
infection. Immune cells that pass through blood and
lymph vessels nearby respond to these mole-
. cules by migrating to site of infection and deal-
-\ ing with the germs.

Such signalling molecules located on
cell surfaces are called adhesion mole-
cules, and they show immune cells that
approach exactly where they are by
sticking to these cells. Other signalling
molecules, called chemo-attractants,
are discharged by cells and can travel
some distance to invite over immune
cells that they meet on their journey.
It's just like a shop that tries to grab
your attention by putting up a large sign
(adhesion molecules) over the door
and then having people (chemo-attrac-
tants) at the entrance to invite you in.

lymph node

adhesion molecule

e Chemokines are a well-known group of chemo-attractants.

e People who can’t produce any adhesion molecules can’t launch a
proper immune response because their lymphocytes find it difficult
to get into the lymph nodes.




How immune cells help each other

" In the lymph nodes, and wherever else immune cells O
g@ meet, cells use a whole range of molecules to exchange
information. O @

Molecules commonly used by immune
cells to communicate are called cytokines.
Cytokines allow immune cells to deliver in-
formation to each other although they are
far apart, acting just like a letter.

However, unlike real letters cy-
tokines don’'t have to be ad-
dressed to be delivered to the cor-
rect destination. Cytokines have
various different shapes, and @)
only those immune cells that
have a letterbox that has the cor-
responding shape can receive
them (like a square peg fits only (
in a square hole). This letterbox is
called a cytokine receptor and it
differs from an antigen receptor.



Now, some cytokines deliver commands like “Wake
up!” or “Divide!” to cells. Yet other cytokines tell cells
to slow down and rest or to self destruct. When cells

| thm

getting the read a message that orders them to get to work, some

respond by beavering away furiously. Depending on
the situation, however, others respond by dying on the
spot.

message ...

By using cytokines to send messages, immune cells are able to
build a sophisticated information network. Just like people who
use mobile phones and e-mail to connect with those beyond their
immediate surroundings, immune cells continue to communicate
with one another via the cytokine network while they patrol all

around the body to protect it.

HeIIo!§
anybody

there?/
/Yes,l

\hear you.

Researchers have discovered quite a few different types of cytokines. One type, interferon, became well
known after doctors started using it to treat cancer and hepatitis C. Interferon helps the immune cells in
our bodies to communicate with one another.




How the immune system regulates .
itself o

The attack that immune cells launch to rid the body of pathogens is called an immune re-
sponse.

By now you probably realise that you'd be in trouble if your immune system didn’t launch
aresponse when you needed it. However, it'd be just as bad if it responded to each and every
little thing. What you need is an immune response that launches when needed, as needed.
The fever you get when you have a cold is caused by the immune response, but think what
would happen to your body if your temperature didn’t drop even after the virus had been
fought off.

The immune system has a number of ways to stop an overblown response from launch-
ing. It possesses molecules and cells that have the role of suppressing the immune re-
sponse. One cell that specialises in this task is the regulatory T cell.



The immune system not only can halt a response already underway, it can also pre-
vent an unnecessary one from launching. Antigen receptors on lymphocytes are ultra-
sensitive and can detect very faint signals. However, when cells receive a weak signal,
they just respond by waiting and standing at the ready. Only when they get a strong
signal caused by an infection, do they kick off into action.

The immune system provides the body with an extremely reliable defence system.
It's manned with specialised cells, equipped with a sophisticated communications sys-
tem and armed with weapons such as antibodies. And now you know that the system
also has a whole host of safety measures that make sure that it doesn’t start any need-
less fights, nor harm the body by wielding more force than necessary.




Why the immune system doesn’t g
attack the body or food

Every day a host of things other than germs enter your body. From the
body’s point of view the food that you eat or the millions of microbes
that make a home in your gut could be thought of as invaders. But the
immune system doesn’t bother launching an attack against each and
every thing that it comes across.

It doesn’t launch an attack against the body, either. The immune sys-
tem instead accepts the body — often referred to as self—and things that
are close to the body but not harmful
(e.g. food). This ability of the
immune system is called self
tolerance.

A

It died ...

Yeah. | guess
they're all
waiting to be

tested.
Look at

that

QJe!
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So, let’s find out first why the body doesn’t attack itself.

Remember we told you that B cells and T cells have well over
10 billion different antigen receptors? With so many types,
there could just be an antigen receptor that matches one of the
body’s own antigens among them. If a lymphocyte with such
an antigen receptor did enter the blood, the cell would begin to
attack the body and that could spell disaster.

To stop this from happening, lymphocytes are tested to see
if their antigen receptors match the body’s own antigens before
they are released into the blood. For B cells this test takes place
in the bone marrow. For T cells, it takes place in the thymus.
Cells that have dangerous antigen receptors are destroyed on
the spot.

But if some of these dangerous lymphocytes did make it out
of the test sites and into rest of the body, not all would be lost.
Those mechanisms we told you about earlier — the ones that
that stop unnecessary immune responses — would take care of
these cells.

As for the food you eat and all those beneficial microbes that
live in your stomach and bowel, the immune system has spe-
cial mechanisms that allow it to tolerate them.







Part I
All about Diseases
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All about pathogens ﬁ%@

Infectious diseases are caused by invisible microorganisms that enter the body and multiply
there. The history of immunology, which began in the 18t century with Jenner’s discovery of
vaccines, is also the history of the fight against infectious diseases. Thanks to the worldwide
use of the vaccine Jenner discovered, the disease smallpox has vanished. And thanks to the
many excellent vaccines that have been developed since, we are safe from a large variety of in-
fectious diseases.

The microorganisms that cause infectious diseases are called pathogens or, more common-
ly, germs. Pathogens include bacteria and viruses. Bacteria are single-celled and are a few mi-
crons in size. (1 micron is 1/1000 of a millimetre.)
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= bacterium
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e Smallpox is an infectious disease caused by the smallpox virus. If you catch the disease, you get a fever of
40 degrees and your whole body becomes covered in pustules and blisters. Many people used to die of
this disease, but thanks to Jenner’s vaccine, not a single person has developed the disease since 1977.

o Virus is the Latin word for poison. In ancient Greece, Hippocrates used the word virus to mean a poison
that causes illness.
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Inside the Body

cell death

How do the bacteria that invade your body cause disease?

Bacteria produce toxins that destroy cells or paralyse them. They also have toxins incorporat-
ed into their cell walls that can cause fever, diarrhoea, or a drop in blood pressure. As well as
toxins, bacteria have a whole host of other weapons that can cause you harm.

Viruses are between 100 and 1000 times smaller than bacteria and they can invade a whole
range of cells. Once inside the cell they begin to multiply rapidly. Viral infection can either de-
rail the normal functioning of a cell, causing it to die, or it can make a cell multiply uncontrol-
lably so that it turns into a cancer cell. Following infection, some types of viruses multiply slow-
ly to cause a persistent infection. Yet others stop multiplying all together and cause what is
known as a latent infection.



What kinds of infectious diseases are there? Q—
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mosquito

malaria

P\

contaminated
food

Salmonella % | é ;

Influenza
Influenza virus

All over the world, there are many diseases that
are still difficult to control. Of particular concern
are zoonotic diseases that are caused by
pathogens that can infect both animals and hu-
mans and newly emerging diseases, which were
first reported in the 1970s.

Zoonotic diseases caused by bacteria include
anthrax from goats or sheep, the plague from fleas
that live on rats, tuberculosis from the air around
us when a patient coughs, and salmonella from
contaminated food. They can also include dis-
eases caused by viruses, like influenza which is
common in winter, rabies which you catch if bit-
ten by an infected animal, and malaria which you
can get from mosquito bites. Other zoonotic dis-
eases are caused by parasites.

Emerging diseases include SARS (Severe Acute
Respiratory Syndrome) which is caused by a new
coronavirus, Ebola which is a haemorrhagic (he-
mo-ra-jic) fever that causes your intestines to
bleed and kills 50 to 90% of people who catch it,
AIDS which kills more people than any other in-
fectious disease, and avian influenza, a disease
could develop into a pandemic, that is, a disease
that afflicts many people all over the world like the
Spanish flu.



|
What is AIDS? AID S ™

If you are infected with HIV ...

The Human Immunodeficiency Virus (HIV) is a virus that infects helper T cells and
destroys them. With fewer T cells, your immune system is weakened and you can get
sick from germs that would not cause disease in healthy people.

When this happens, the person has what is called AIDS or Acquired Immunodefi-
ciency Syndrome. Her/his blood and bodily fluids will still contain the HIV virus, and
she can pass it to her children at birth or she/he can pass it to others through having
Sex.



Scientists believe that HIV developed from a chimpanzee
immunodeficiency virus that mutated several hundred years
ago and became able to infect humans. By the end of 2007, the
number of people infected by HIV around the world had
reached 30 million. Sixty percent of all infected people live in
Sub-Saharan Africa.

AIDS develops

You become infected with
all kinds of pathogens.

Can AIDS be cured? Unfortunately, there is no treatment yet that can cure
the disease entirely. At the moment, people are being treated with a combi-
nation of three or four types of drugs. This treatment drastically reduces the
amount of virus in a person’s body, and has helped reduce the number of
people who die from AIDS significantly. But still, people with HIV who live in
the developing world cannot afford these drugs.




Can you avoid catching : =

bird flu? - ;ﬁ;\_/

Avian influenza, or bird flu, is a dis-
ease that infects birds and is caused by the avian influenza A virus. This virus \\
used to only pass from bird to bird, but in 1997 the first case of a bird-to-hu-
man infection was reported. It was caused by the H5N1 strain of the virus. By
2007 more than 300 people around the world had been infected, and of these
over two-thirds died. People working in public health worry that the virus could
soon mutate again so it can pass from human to human. If this happens, the
virus could cause a pandemic.

Influenza
virus

Bird flu is dangerous because it kills a large proportion of young,
healthy people who have a properly functioning immune system. We
don't really understand why this happens, but we do know that when a
person catches bird flu, her/his body produces vast amounts of cytokines
and that immune cells go on the rampage.



cytokine (letter)

My

T~

dendritic
cell

So how can you stop yourself from catching bird flu?

At the moment scientists believe that best means to stop bird flu would be to
develop a vaccine. Obviously, the vaccine cannot consist of live avian influenza
virus just as it is. So researchers are now working on projects that use parts of
the flu virus to make a vaccine. This way your immune system could be intro-

duced to the virus without any danger of your getting sick. Of course the vaccine
would have to be tested for safety and efficacy first.
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How much can vaccines do? %g\zy
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In the first part of this book we heard that vaccines have already
been used successfully to protect us from a great many infectious
diseases. At the moment, the type of vaccine that Jenner developed is still the most
effective way of controlling infectious diseases. But scientists are making progress
in developing new types of vaccines that can prevent or even treat infectious dis-
eases.

How can we make vaccines even more effective?

Most bacteria and viruses that cause infectious
diseases enter through mucosal (mew-co-sal) mem-
branes and then spread throughout the entire body. y
The mucosal membrane is a thin layer of cells that /-)
covers the inner surface of all the cavities in the body
that have contact with the outside. It covers the in-
side of the mouth, nostrils, gullet, lungs, stomach,

mucosal
membrane

intestine and anus. If you could stimulate a good,
strong immune response at the mucosal
membrane, you could prevent germs from

even entering the body.

The vaccines we currently use only help
the immune system stage a response
once the pathogen is inside the body, they
cannot prevent pathogens from entering
through the mucosal membrane.



drink What could these new vaccines
look like?

At the moment, researchers are
developing vaccines that you can
eat, drink or inhale. Being vaccinat-
ed in this way is less scary than fac-

ing a needle and it should improve
\ the mucosal immune response. Re-
\ sults have been promising. Already
a flu vaccine you can inhale is avail-
able in the US and many mucosal
vaccines are in development.

inhale

antibody
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2 . Autoimmune Diseases

What is an autoimmune disease?

We know now that immune cells are dependable allies, al-
ways at the ready to defend our body from the germs that in-
vade it.

Before the cells get to work they are tested in the bone marrow and

thymus, where they are made. The cells need to distinguish between the

body (self), and potential invaders if they are to be our true friends. An
immune cell that attacks the body is a danger and has to be destroyed.
Sometimes, however, these rogue cells manage to survive.

r_ Bone Marrow and Thymus Test Sites

PASS

A

Excellent! el Y) #
It'll menace 7 (@
the enemy,
but won’t cell from your survives
harm us. lymphocyte own body

qm FAIL lg
Oh no! @S OV
Ohnol. . # ,
to kill it. =

cell from your
own body

A

If rogue cells
survive ...



Look! They're
attacking the
body’s own

All is not lost, however, because of the
self-tolerance mechanisms built into the
immune system that we told you about in
Part I. These safeguards stop immune
cells from attacking the body or things that
are of no harm to us, like food. Normally
these mechanisms also take care of any
escaped rogue cells and keep us safe.

However, if this ability to tolerate self
breaks down, the body ends up under at-
tack as the immune system mistakes the
body’s cells for enemies. This condition is
called autoimmunity or autoimmune dis-
ease. Exactly why this happens is not well
understood.




What kinds of autoimmune disease are there?
e
central nervous sytem

destruction (multiple sclerosis)

eye damage
joint damage

(rheumatoid arthritis)
blood vessel

destruction

muscle damage
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blood vessels

skin muscle
»

muscle weakness

skin blisters

liver damage

\

There are a great number of autoimmune diseases, and they can oc-
cur in any part of your body. Let’s take a look at a few.

Every cell of the body contains a structure called a nucleus in which
: q pancreas islet
all your genes are packed. If you get a disease called Systemic Lupus damage
Erythematosus (SLE), your immune cells make antibodies that attack (type |
the nucleus and this causes inflammation all over your body. Other CLEL )

autoimmune diseases attack your joints, like rheumatoid arthritis, or

your brain and spinal cord, like multiple sclerosis.
kidney /

failure

The symptoms of each autoimmune disease and how it develops
differs from person to person. We do not clearly understand why the
body begins to attack itself.
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With that being the case, we
currently treat autoimmune
diseases with drugs that sup-
press the body’s immune sys-
tem entirely while trying to
help the function of joints and
organs that have been weak-
ened by attack.

However, there are people for whom this
treatment doesn’t work or for whom the side
effects, like a weakened immune system, in-
crease the risk of infection. Clearly, developing

new treatment methods is important.



cartilage

Rheumatoid arthritis and
its treatment

Rheumatoid arthritis is an autoimmune disease that What's up?
makes the joints around the body ache, and if it is left untreat- /
ed, it ends up destroying them. If a joint becomes infected, immune
cells collect around it and produce a stream of cytokines with the order “Cause in-
flammation!” The swollen, red and throbbing joint that results is painful, but it is
the result of a necessary response to an infection. If this attack, however, is di-
rected against the joint itself, things become serious.

The synovium (si-no-vi-um) is a membrane that protects joints. Ifits cells receive
cytokine messages with the order to cause inflammation, they spin into action
making more copies. As the cells continue to multiply, the synovium begins to
grow, and instead of protecting a joint, it starts to destroy the bone and cartilage,
causing damage to the joint.



Based on their understanding of
how the mechanism behind arthritis
works, scientists have developed a
new treatment, called anti-cytokine
therapy, which stops the cytokines
that cause inflammation from func-
tioning.

Cause
/ inflammation!

In fact anti-cytokine therapy is al-
ready in use and has proved far more
effective than any of the treatment
methods that have been used until
now.

There need to be
more of us!

Works pretty
well, eh?

Anti-cytokine o
therapy —




3 AIIergles are aIso Immune Reactions

...... a Even
cats are
allergic?

VeSS

Itchy ...

What is an allergy?

When spring arrives, do you start sneezing non-stop? And do your 0 @
eyes get itchy? When you eat an egg do you break out in hives?
O
When you go hiking do your hands get itchy as soon as you touch o {é}}
the grass or trees? For the most part, these reactions are immune re-
sponses and are better known as allergies. 3 o{%} 0
allergens o

Things that cause allergies, like pollen, dust mites and
food, are known as allergens. And when your immune cells
launch an attack against things that are not generally harm-
ful, you get an allergy.

Most allergies are caused by a group of immune cells called
mast cells. Mast cells contain lots of chemicals that cause
sneezing and inflammation. People with allergies have an an-
tibody called IgE (I-G-E) stuck to the surface of their mast
cells. When IgE comes across an allergen, the mast cell
thinks that it has come across an enemy and in a flash it

Wow! Even

cats can be

spews out all the chemicals it contains. The inflammation allergic ...

this action causes makes your skin turn red and itchy.

Other immune cells quickly come onto the scene, and, be-
cause they then fire off weapons normally meant for germs,
your body hurts instead.

This is what you call an allergy. /That’s
right!

Aan




mast cells

mast cell

chemicals



shellfish

pollen

grains
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eggs

peanuts

mites

What kinds of things are people allergic to?

The most common allergy known is probably hay fever caused by pollen from
certain trees such as birch. Other common allergies are eczema, which makes
your skin red and itchy, asthma, which makes you cough all the time, and food
allergies.

People can also be allergic to things like animal hair, dust mites, bee stings, or
the metal from which jewellery is made. Even contact lenses or medicines like
penicillin can cause an allergy.



animal hair

penicillin contact lenses

You need to be particularly careful about things like nuts, bee stings and peni-
cillin as they can cause an intense allergic reaction involving the whole body. This
reaction is known as anaphylactic shock. The best way to protect yourself against
allergic reactions like this from occurring, is to stop these allergens from enter-
ing your body.

Allergies can occur as soon as allergens enter your body (immediate-type reac-
tions) or slightly later (delayed-type reactions).

For each type of reaction, the immune cell that plays the major role in the re-
sponse differs, as does the mechanism used. Learning more about how these
mechanisms differ is vital in order to develop therapies for treating allergies.
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Let’s take a closer look at a common allergy among
kids — asthma.

Asthma has many causes, but the most common is a
reaction to dust mites. We doubt you've ever seen a
mite, but if you were to use a microscope and take a
good look at your mattress or the carpet at home ... bin-
go! You'd find thousands of them. That’s right. There
are allergens close to you, everywhere.

Now, if you had an allergic reaction from breathing in
mites, everything would be fine as soon as you got a cross section
breath of mite-free, fresh air. What would happen, of a bronchus
though, if you kept on breathing in air filled with mites? or an airway

Well, your airway would remain irritated as the im-
mune cells that caused the inflammation continued to
linger. Over time the shape of the airway would begin
to change and the passages through which air flows
would become narrower and narrower.

The technical term for this change in shape is remod-
elling. Once your airway remodels it is very difficult to
return it to its normal shape. For that reason treatment
is very complicated.



allergen

Gotta get -
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That is why it is critical to prevent re-
modelling from happening. There are ex-
cellent drugs around to treat allergies
called steroids. If you are allergic to dust
mites, your doctor might treat you with
these drugs. At the same time, she/he
would probably advise you to get rid of any
carpets or get a hypoallergenic mattress so
that you reduce your exposure to mites.

How your airways remodel



Can you cure hay
fever?

In spring flowers begin to bloom, your spirits begin to
soar, and you feel in the mood to get out and about. And
yet, as soon as you head outdoors, you can't stop sneez-

“ dendritic cell "

ing and your nose starts running non-stop...

=

Not much fun, is it? Surely, something can be
done about allergies caused by pollen?

In the world of immunology, many re-
searchers are busy looking to help people
who suffer from hay fever.

Until now, the drugs used to treat hay
fever have focused on relieving symptoms
by stopping mast cells from releasing chem-
icals. But let’s take a moment to think about
what that could mean. As the seasons
change, the type of pollen in the air changes
too. And generally people who are allergic to
one type of pollen become allergic to other
types of pollen over time. So treating just
the symptoms of hay fever would mean that
you could end up having to take medicine
for about half of the year.

Can anything else be done instead?



vaccine

e 1
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You have learned how allergies are in fact immuyne
responses. And you know from the first part of the
book that immune system has cells that act as in-
hibitors by suppressing the scale of a response or by
ending it entirely. Instead of just treating the symp-
toms of hay fever, scientists hope to use their knowl-
edge of the immune system’s ability to control itself
to develop clever new vaccines and drugs that stop
the body from reacting to allergens like pollen in the

helper T cell
first place.

)



4 Can Immunology be Used to Cure Cancer? [~

What is cancer? @
U
Normally each cell of the body communicates with its

neighbours about whether to rest, multiply, work, or die,
and in this way the cells collectively form healthy tissue.

Sometimes, however, a cell’s genes get damaged and it @ﬂ 0|0 O I O/

can no longer make normal proteins. As a result, the cell
isn't able to communicate with its neighbours properly. If
this cell begins to multiply, it causes that part of the tis-
sue where it is to grow into what we call a tumour. At this
stage the tumour is benign, and will do you no harm.

normal tissue

However, damaged cells can behave more
roguishly. These rogue cells not only form tu-

cancer

mours where they are, but they also invade sur-
rounding tissues or they use the body’s fluids to
migrate to other parts of the body where they
multiply to form new tumours (metastasis).
These tumours are called cancer, and the cells
that create them are dangerous because they
can rob you of your life.



4. Liver
cancer

2

N

5. Pancreatic cancer

Cancer can occur in any tissue. The
most common cancer in humans world-
wide is lung cancer, followed by stom-

1. Lung ach, colon, liver and breast cancer.
cancer

People all around the world hope that

researchers will one day be able to de-
2. Stomach

cancer

velop a cure for cancer.

3. Colon
cancer

What kind of cancers
are there?

Our body can be divided into what
is considered the surface and what is
considered the content. Although di-
gestive organs like the stomach and
intestine are inside the body, they are
still considered a surface. Cancers
formed from such ‘surface’ tissues

surface are called carcinomas. Other cancers

/ have different names depending on
where they develop in the body. For
example, cancer of the bones and
muscles is called a sarcoma and can-
cer of the lymphocytes is called a lym-
phoma.

\ All these cancers invade tissue or

content spread through the body in similar
ways but cancers formed from sur-
face tissue (carcinomas) are more
common and they occur more often

in old people.



How the immune
system works against
cancer

We know that the body uses the immune system to recog-
nise what is foreign to it and expel it. But as we have learnt
here, cancers are a part of the body. So how does the im-
mune system deal with cancer?

If a cancer develops, the immune system can still get rid
of it as long as the cancer remains small. It does this by
means of immunological surveillance.

killer T cell

Let's take a look at how the immune system
works, and learn why it can’'t guard people
completely from getting ill with the disease.

dendritic cell

As we explained a little earlier, cancer
cells are a part of you but they behave dif-
ferently from your other cells. They often
produce damaged proteins or proteins
not produced by other cells.
cancer antigen

It is these proteins, often called tu-
mour-associated or cancer antigens, that
the immune system targets.

cancer cell




As soon as the immune system detects cancer antigens, its cells launch an at-
tack.

The process is the same as in a normal immune response. Dendritic cells engulf
the cancer antigens and relay information about them to T cells. Killer T cells then
destroy the cancer cells that make them while helper T cells instruct antibody-pro-
ducing B cells that target cancer antigens to get to work. The antibodies attach to
any cancer cells they encounter, enabling molecules in the blood, called comple-
ment, to take up attack on cancer cells and kill them. Added to this, another type
of immune cell called natural killer or NK cell uses the fact that cancer cells pro-

duce abnormal proteins as a marker to

helper T cell identify these cells and kill them.

\.,
b
In this way, the body rids itself
\ of cancer cells.
So this is
how it gets

them.

There is no guarantee, however, that the body will be able to rid itself
of cancer cells entirely. For example, cancer cells that don’t produce anti-
gens or ones that are formed from the cytokine-producing cells that con-
trol the immune system could dodge immunological surveillance and

cancer cell without multiply, finally resulting in your developing cancer.
cancer antigens



Hurrah!
Hurrah!

Treating Cancer with
Immunotherapy

Even the cancer cells that manage to avoid

the body’s immunological surveillance and
multiply possess some sort of antigens. Evoking an immune response against
these antigens could provide a means to cure cancer. This is exactly the goal of var-
ious clinical trials that are taking place now.

Cancer Vaccine Therapy
Treatment with a combination of cancer anti-

gens and agents that stimulate the immune sys- _
. . . cancer antigen
tem holds some promise as vaccines against

cancer.

Dendritic Cell Therapy adjuvant
This method involves taking dendritic cells  (an immunostimulant)

from the body, incorporating antigens into them,
and then reintroducing them to the body to fight
the cancer.

cancer antigen .\

%% dendritic cell that

has swallowed

T Cell Therapy cancer antigens

Killer T cells and dendritic cells are removed from the

body and stimulated with cancer antigens. The activat-
ed killer T cells are then returned to the body so that they
can attack the cancer.

killer T cell

cancer antigen .w

cancer-destroying

©%€é @ @ killer T cells




dendritic cells
containing cancer
antigens, etc

remove
surgically

primary cancer

no recurrence

# (clear of cancer)

immunotherapy

small pieces of
metastatic
cancer

Immunotherapy alone is not capable of destroying large cancers.
These cancers need to be removed surgically first and then im-
munotherapy can be used to mop up any small pieces of metastat-
ic cancer that remain. Used in this manner, the treatment promises

O : e dlia to be an effective way of preventing cancers from recurring.
v cell
antibodies Antibody Therapy
‘ against cancer Antibody therapy involves treat-
killer T cell antigens ment with antibodies that target
2: cancer antigens.

¥ o

Most immunotherapies are still at the experimental stage. Some
types, however, such as antibody therapies for particular types of
%j cancer, have already been put to practical use.

In the past, nothing could be done for pa-
tients whose cancer had spread around the A
body. However, immunotherapy holds the '
cancer cell potential to help.

We believe the future holds a great deal of

promise. . §b\m



Afterword to the Japanese Edition

This book forms a part of the Japanese Society for Immunology’s outreach activities. We
created it because we believe that our society should offer everyone, from primary school
children to adults, a book that gives them easy access to the world of immunology. By
combining a rigorous content with an approachable format, the aim was to give you a lit-
tle taste of the subject in the hope that it would awaken your interest to explore it further.

The project began with the creation of exhibition panels and guide books for the Mene-
ki Fushigi Mirai public outreach event organised by the Society last year. Putting togeth-
er such a book for the general public is a rather new endeavour for us, but as we now
have become a specialised non-profit organisation, building understanding and dis-
seminating information has taken on a greater significance. In this sense, the publica-
tion of this book could be viewed as a test of how organisations like ours can find an ap-
propriate role for themselves in today’s world. We believe that such outreach activities
also offer researchers a good opportunity to re-examine their public roles, too. If the pub-
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of this book. In addition, | am very grateful to Ms Shinobu Yamashita of the Yodosha
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Ms Tomoko Ishikawa, our illustrator, for her gracious response to our many detailed re-
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