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Looking out for dangder

How white blood cells protect us

. Most people know that white blood cells protect the body against
infection. Fewer people know that they also provide a defence
against cancer. This article explains their protective function.

cquired immunodeficiency syndrome (AIDS)

is caused by the human immunodeficiency

virus (HIV). Since the virus was first recog-

nised in 1981, it has caused over 25 million
deaths worldwide. Today, there are estimated to be
about 39 million people infected with HIV and two-
thirds of these people live in sub-Saharan Africa (see
Figure 1). The World Health Organization (WHO)
describes AIDS as a major medical emergency. Only
20% of those infected are currently receiving drug
treatment. Those who receive treatment will require
drugs for life.

Why is HIV such a destructive virus? The answer is
because it targets the very cells required to fight the
infection. HIV enters a particular type of white blood
cells, called T helper cells, via receptors on their plasma
membrane (see Box 1). The virus incorporates itself into
the cell’s DNA, instructing the cell to make and then
release virus particles. Infected cells die either because of
the accumulation of viruses inside them or because they
are killed by other uninfected T cells. The destruction of

T helper cells leaves infected individuals unable to
defend themselves against other infections or the
growth of cancer cells (see Box 2).

HIV has shown the important role of T helper
cells in the surveillance and destruction of both
microorganisms and cancer cells. T helper cells are
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Figure 1 Global prevalence of HIV infection.

a subset of lymphocytes whose role is to coordinate the
immune responses. They are a bit like the conductor of
an orchestra. Without them, as we see with AIDS, the
immune system cannot function and death ensues. We
will look at T cells in more detail later in this article.

White blood cells

White blood cells (leucocytes) are cells of the immune
system and they are produced in the bone marrow.
They are not white — we call them that to distinguish
them from red blood cells. They need to be stained
before they can be seen under the light microscope (see
Figure 2). The two major types of white blood cell are
phagocytes and lymphocytes.

Phagocytes

There are two types of phagocytes, neutrophils (see
Figure 3) and monocytes. They engulf and destroy
bacteria and unwanted foreign material. Neutrophils are
the most common white blood cells in the circulation
(60-70%). They are also called granulocytes because of
the numerous granules in their cytoplasm (see Figure 3).

Box 1 HIV infects T helper cells

HIV uses a glycoprotein, gp120, found on its external
envelope to attach to cells. The plasma membrane of
T helper cells contains CD4 molecules and it is these
that gp120 recognises and binds to. The virus enters
the cell and either remains latent or replicates. Viral
replication kills infected T helper cells and viruses are
released.

CD4 molecule

T helper cell
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[image: image2.jpg]Monocytes, which make up around 10% of white blood
cells, are important because they not only engulf
microorganisms and unwanted material but they are
able to present this material to T cells and activate them.

Lymphocytes

There are two major types of lymphocytes (see Figure 4).
Together they comprise 20% of circulating white blood
cells, and like all leucocytes originate from the bone
marrow. One group matures in the bone marrow before
joining the circulation — B lymphocytes; the other
group moves to the thymus gland and matures there
before joining the circulation. These are known as
T lymphocytes. B and T lymphocytes circulate around
the body, passing through lymph nodes where they may
be activated by antigen-presenting cells. B cells produce
antibodies which protect against bacteria and viruses.
T cells can be divided into subsets. T helper cells, as we
have already seen, control the immune response; and
cytotoxic (cell-killing) T cells are important in the
defence against viruses and cancer. Lymphocytes are

Box Z Diseases associated with AIDS

When T helper cell numbers drop below a certain
level, people with HIV are at risk of acquiring these
infections and tumours.

Infections

Candidiasis of oesophagus and airways (fungal
infection)

Pneumocystis carinii pneumonia
Tuberculosis

Toxoplasmosis of brain (protozoan infection)
Salmonella septicaemia (bacterial infection)
Cytomegalovirus

Cancers

Kaposi's sarcoma

Burkitt's lymphoma
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part of the adaptive immune response and provide long-
lived immunological memory (see BIOLOGICAL SCIENCES
REVIEW, Vol. 16, No. 3, pp. 31-35).

Other white blood cells

The blood also contains rarer white blood cells.
Eosinophils are granulocytes and are involved in allergic
responses, such as hayfever and asthma, and help
protect us against parasitic worm infections such as
roundworms (see BIOLOGICAL SCIENCES ReviEw, Vol. 19,
No. 2, pp. 2-6). In past times, almost everybody would
have had worm infections and it is believed that the
rise in allergy and asthma in the ‘developed” world may
in part be due to the fact that people no longer have
worms. Dendritic cells are essential in initiating immune
responses by presenting antigens to T cells in lymph
nodes and so forming a bridge between innate and
adaptive immunity (see BIOLOGICAL SCIENCES REVIEW,
Vol. 18, No. 1, pp. 2-6 and this issue pp. 14-17). Natural
killer cells are important in killing virally infected cells
and cancer cells.
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Coloured
scanning electron
micrograph of
macrophages
(blue) attacking a
foreign body
(centre). x7500

Figure 2
Peripheral blood
film showing red
cells and white
cells. x750
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Coloured
transmission
electron
micrograph of a
neutrophil — the
most common
type of white
blood cell. x9000

Figure 4 Diagram
showing the
different types of
white blood cells.
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Protection against viruses and bacteria
Neutrophils ingest bacteria and destroy them inside
enzyme-rich vesicles (see Box 3). They engulf bacteria
more readily if the organism is coated with antibody or
complement proteins (produced by the liver and found
in blood plasma — see BIOLOGICAL SCIENCES REVIEW,
Vol. 18, No. 1, pp. 2-6). This process is called opsoni-
sation. Neutrophils are short-lived cells, and dead or
dying neutrophils make up a large component of pus.
Neutrophils are produced in the bone marrow.
Leukaemias are cancers of the bone marrow. During
cancer therapy the diseased bone marrow is first
destroyed by anti-cancer drugs and is then replaced with
healthy bone marrow from a donor. After transplant-
ation the patient is susceptible to bacterial infection until
the new bone marrow ‘takes’. Neutrophil growth factors
can be given to the patient — these
induce the bone marrow cells to make
millions of new neutrophils. This
therapy can also be used for people

Myeloid
cells

Bone marrow
stem cells

Lymphoid
cells

Box 3 Phagocytosis of bacteria by

neutrophils

1 The neutrophil cell membrane
surrounds a bacterium.

2 The bacterium is engulfed
within the cell. It is now inside 0@
a phagosome. () ®)

3 A lysosome fuses with the
phagosome, releasing its
proteolytic enzymes.

4 The bacterium is destroyed
by enzymes and other toxic
products, including hydrogen
peroxide and nitric oxide.

who have genetic disorders of the immune system
(immunodeficiencies). Without the growth factor treat-
ment, many of these people have recurrent bacterial
infections, either because they have so few neutrophils
or because their neutrophils are defective.

Macrophages are longer-lived phagocytes found in
tissues. They are .derived from monocytes in the blood.
Monocytes move through the capillary walls into the
tissues where they mature into macrophages. These cells
engulf bacteria and use similar killing mechanisms to
neutrophils. Macrophages present components of the
ingested bacteria on their plasma membranes. These
‘bacterial bits’ can be recognised by T cells, which can in
turn stimulate B cells to make antibodies specific to the
invading microorganism (see Figure 5). Anti-
bodies are an important weapon against
pathogenic microorganisms: they opsonise
bacteria, making it easier for phagocytes to
engulf them; they neutralise bacterial toxins;
they bind to viruses and prevent them from
invading cells; and they bind to virus-
infected cells, allowing them to be killed by
natural killer cells.

Unlike most baeteria, viruses can only
replicate inside the cells of the host. There-
fore, white blood cells have to tackle viruses
in a different way to bacteria.
When a cell is infected with a
virus, before it is killed, it displays
fragments of the virus on its
plasma membrane. These frag-
ments are recognised by specific
T cells called cytotoxic T cells.
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[image: image4.jpg]Box 4 Cytotoxic T cells kill tumour

cells

Cancer cells display tumour antigens on their cell
surface. These are recognised by cytotoxic T cells as
abnormal. The cytotoxicT cells kill the abnormal cell by
releasing enzyme-containing granules (containing
perforin) to make a pore in the target cell membrane.
The pore allows the cytotoxic T cells to pump in
enzyme-containing granules, which eventually kill the
cell.

lele.

Tumour cell

Cytotoxic T cell

They will kill the infected cell using special cell surface
receptors, or by punching a hole in the cell and injecting
the cell with toxic molecules. Some viruses have
adapted to these mechanisms. They are able to hide
from the T cells by stopping the infected cell from
displaying bits of themselves on the plasma membrane.
However, the immune system has adapted too and
natural killer cells are able to recognise and kill cells
containing ‘hidden’ viruses.

Killing cancer cells

The process of cell division is carefully controlled and if
mistakes are made during the replication of DNA, there
are a number of mechanisms that exist to repair the
faulty strand. Every so often the repair mechanisms fail
and the mutation is passed on; this usually results in
uncontrollable cell division and the development of a
tumour. Cancer cells are different from normal cells and
they often display different (tumour) antigens on their
cell surface. Tumour antigens are recognised as
abnormal by cytotoxic T cells and natural killer cells.
These cells circulate around the body, hunting down
cancer cells and killing them (see Box 4). With
increasing age, both the DNA repair and the tumour
recognition processes become less efficient, which is
why cancer is more common in older people.

Summary

White blood cells are crucial in our defence against
invading pathogens. They are also necessary to protect
us against cancer. Phagocytes engulf and destroy
bacteria. Some of them activate specific lymphocytes.
T cells control the immune response and kill virally
infected cells; B cells produce antibodies. The activation
of lymphocytes allows the development of long-lived
memory cells, which protect us against future infection.
Eosinophils provide a defence against parasites but can
also be harmtful to us during allergic responses. HIV and
other infective microorganisms that target white blood
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cells and destroy them have shown us how critical these
cells are for maintaining good health.

Dr Jacqueline McDermott is a Research Associate in
immunology and Richard Grencis is Professor of
immunology at the University of Manchester. Their main
research interest is the immune response to intestinal
worm infection.

KEY points

© White blood cells give the body protection against
infection caused by microorganisms.

® White blood cells also help to protect against the
development of cancers.

© There are different types of white blood cells with
different roles to play.

® Phagocytes engulf and destroy ‘foreign’ material.
They form the basis of the initial non-specific
~ response to the detection of the foreign antigens.

e Lymphocytes form the basis of acquired immunity
- specific to a particular pathogen, e.g. measles.

Il lymphocytes come from the bone marrow.
lymphocytes mature there while T lymphocytes
ature in the thymus gland.
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Figure 5
Scanning
electron
micrograph of
helminth
(browny red)
surrounded by
neutrophils
(blue) and
eosinophils
(yellow with red
lumps). x1200
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