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Lymphocytes
The heart of the
Immune system

Specialised white blood cells called lymphocytes play a key role in defending
the body against invasion — whether by macromolecules or microorganisms.
This defence involves proteins, the cell surface, receptors, DNA, genes,
phagocytosis, immunity, antibodies and antigens. '

s children the first thing we learn

about blood is that it is red.

Later we find out that this is due

to oxygen-carrying haemoglobin
molecules. If blood is centrifuged in a tube
the red blood cells go to the bottom and
form a pellet; the supernatant is pale yellow
plasma. This process also reveals a ‘buff-
oloured’ layer containing white blood cells
between the plasma and the red blood cells.
These cells, often called leucocytes (Gk
leukos = white), are larger than red blood
cells, and have a nucleus. There are many
different types of leucocyte (see Figure 1),

A sample of the author’s blood after centri-

which can be identified on the basis of the
shape of their nucleus and the granules in
their cytoplasm.

Leucocytes are not restricted to the
blood. They can move through blood vessel
walls into tissues and organs. This means
that they can combat infection throughout
the body. They then circulate through the
lymphatic system and eventually pass back
into the blood through the largest lymphatic
vessel called the thoracic duct. Some white
cells engulf and destroy bacteria and
damaged tissue. These are the phagocytes,
and the process of engulfing things is phago-
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cytosis. Whenever we develop an infection
the white blood cell count in our blood and
lymph increases enormously and the area of
infection is invaded by a large number of
cells. The consequence is the accumulation
of pus, which is a mixture of dead tissue,
bacteria and living and dead leucocytes.

LYMPHOCYTES AND
THEIR ORIGIN

Leucocytes have ways to fight infection other
than phagocytosis. Specialised leucocytes
called lymphocytes play a key role in our
defence mechanisms. They make up about
20% of the body’s circulating white cells.

There are two types of lymphocyte. T-
lymphocytes (T-cells) develop from stem
cells (see Figure 1) that undergo further
differentiation in the thymus and are impor-
tant in cell-mediated immunity (i.e. an
immune response not involving antibodies).
B-lymphocytes (B-cells) differentiate within
the bone marrow and may subsequently
develop into antibody-producing plasma
cells (see Figure 1).

Our immune system recognises and
protects us from damage. For example, it
recognises when we have a viral infection
(such as the flu or hepatitis) and destroys
the virus and any virus-infected cells.
Lymphocytes do this by recognising antigens
(macromolecules or structures capable of
stimulating an immune response) on the
surface of the virus or virus-infected cell
(see BIOLOGICAL SCIENCES REVIEW, Vol. 11,
No. 3, pp. 34-35).

WHO GOES THERE?
Both B- and T-cells have mole-
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to form daughter stem cells which
can differentiate into all types of
blood cell. Which type of blood cell
they form — leucocytes, red blood
cells or platelets — is determined by
factors that are secreted into the
surroundings. Stem cells, therefore,
produce a continuous supply of
those cells that cannot themselves
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lymphocytes per mm? of blood, however, so
a wide variety of antigens can be recognised.

Each stem cell starts with the same genes,
but random genetic mutations happen early
in the life of human embryos. This is a great
way to make lots of subtly different recep-
tors that can recognise a vast range of
different invading molecules. Occasionally,
however, these rearrangements produce anti-
bodies, T-cell receptors, that recognise parts
of our own bodies. This makes these recep-
tors potentially dangerous as they could
cause the destruction and death of our own
cells. They are usually deleted in the thymus
or bone marrow before they get into the
circulation. If not deleted, such autoanti-
bodies cause autoimmune diseases such as
the insulin-dependent diabetes resulting
from antibodies to islet cells in the pancreas.

Usually, however, we can live happily
with our own organs all our lives, but our
bodies reject transplanted organs (see pp.
14-17). The reason for this is that a healthy
immune system recognises which are our
own cells and which are foreign. The way it
does this is by molecules that form the major
histocompatibility complex (MHC) — a
group of membrane proteins on the outside
of all nucleated cells and platelets. Each
MHC complex is unique, the only people
who have the same MHC configuration are
identical twins. When doctors want to do a
kidney transplant, they try to match the
MHC complex of the donor and patient as
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closely as possible. The patient’s
immune system will not reject the
transplanted kidney if the MHC
complex is sufficiently like their own.

T-cells can only interact with an
antigen in the presence of the MHC
complex, so T-lymphocytes can only
recognise antigens that are on the
surface of other cells. A special group
of cells called antigen-presenting cells
help T-cells to recognise antigens.
These cells can engulf foreign antigens,
modify them, and put them on their
cell surface next to an MHC complex
so that they can then be recognised by
T-cells. Once a T-cell has bound an
antigen it then becomes activated and
starts to divide, producing a huge clone
of T-cells that can recognise the same
antigen (see Figure 2). These activated
cells can in turn release chemicals
called cytokines (see BIOLOGICAL
ScieNces Review, Vol. 7, No. 2, pp.
23-27) which cause activation and
proliferation of other cells, such as
macrophages and granulocytes, capable
of phagocytosis. These cells can in turn

Figure 2 Antigen presentation. Antigen-
presenting cells (APC) engulf antigen,
process it, and then present it with the
major histocompatibility complex to the T-
cell receptor. The T-cell then multiplies
and secretes cytokines.

False-colour scanning electron micrograph of
blood cells on the surface of a blood vessel. An
erythrocyte (red blood cell — coloured red) is in
the centre with two lymphocytes (white blood
cells) on either side. (x 8000)

release molecules that enhance inflamma-
tion — such as histamine, which increases
blood flow in the affected area, thereby
attracting further cells which help to destroy
the antigen. This process is known as the
inflammatory cascade. When the inflamma-
tion has subsided, any activated T-cells left
will then become memory T-cells, capable of
reacting immediately to the same antigen
should it be encountered again. These
memory T-cells can continue to circulate in
the plasma and tissues for decades.

THE B-CELL RECEPTOR

The T-cell receptor remains fixed to the sur-
face of the T-cell for life. The surface
immunoglobulin which acts as the B-cell
receptor can also remain fixed to the surface
of the B-cell. The B-cell can also produce an
identical immunoglobulin which is released
into the circulation. This means presensi-
tised B-cells can recognise antigens that are
free within the circulation or bound to the
surface of other cells.
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Figure 3 The basic structure of an
immunoglobulin.

Immunoglobulins are made up of four
polypeptide chains. There are two identical
‘heavy’ chains and two identical ‘light’
chains. The antigen-binding site (or domain)
of the immunoglobulin is made up of the
end portions of both the heavy and the light
chains. This site varies considerably between
antibodies and is called the variable region,
while the rest of the immunoglobulin does
not vary much and is therefore called the
constant region. This latter region (see
Figure 3) forms the base of the antibody and
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Although it is useful to consider the function
to multiply

of each of the cell types individually, in the
body there is a complex interplay between all
the cells of the immune system. Interactions
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[image: image4.jpg]Lymphocytes shown by immunofluorescence
(a sensitive technique in which antigens are

labelled with different fluorescent dyes). The blue
colour demonstrates nuclear proteins, while the

green, yellow and red colours are labelling
different cytoplasmic proteins. (x 2300)
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Figure 5 (A) Lymphoid follicle in a section of gut. (x 400)

(B) Blood smear. (x 430)

cause T-cells to multiply and produce cyto-
kines. These in turn cause B-cells to mu]npl\
and differentiate into plasma cells. These
plasma cells are then programmed to
produce large amounts of antibody to the
original antigen (see Figure 4). This ampli-
fies the immune response.

different cells can work together
efficiently when they are brought together in

red blood
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the different lymphocyte

stem. Here

types are arranged into
zones and circulate in a way
that allows the best po!
contact between T-cells
cells and antigen-presenting
see Figure 5). Once a
T-cell has met and dealt with
an antigen it reverts from an
ated to a resting state,
cells then known as a
memory T-cell. These long-
lived memory cells then
recirculate preferentiall
the tissue in which they first
met the antigen (i.e. if the
T-cell meets antigen in the
gut, then the memory cell
will return to gut ciated lymphoid
1e). This strategy maximises the chances
of that particular T-cell meeting the same
antigen again. This is known as ‘T-cell
homing
Our immune system has developed
cope v 1l sorts of situations. The proteins
that we d as food, for example, would
make perfect antigens to initiate an immune

surrounded
by smaller

. Such proteins are not seen as
foreign antigens, howe otherwise we
would be allelglg to virtually everything we
eat! This is due to tolerance — a state of
unresponsiveness to an antigen as a result of
previous exp sure in early 11‘6 Other more
complicated que: y
to be answered, such as why mothers do not
reject their fetuses despite the passage of
maternal antibodies through the placenta.
Despite the rapid expansion in our knowl-
edge of the immune system over the last 10
years, there is still a lot we have to learn.
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