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SOME TERMS
Self, Non-self, Antigen
Within my body, there are cells/ tissues/ organs/
chemicals, all of which are part of my self. Whereas
microorganism (e.g. bacteria, virus, etc.), tissues or
organs from other persons/ animals, even cancers
which may be present in my body are, for me, non-selfs.
A normal body tries to remove these non-selfs from the
body. These non-selfs, rather, a specific protein (or
sometimes a polysaccharide) of the non-self is called an
antigen. Thus, an antigen may be defined (somewhat
crudely) as a substance which elicits an immune
response. That is, an immune response is a process that
removes the antigen from the body.

Common examples of antigen include, protein
molecules or rarely polysaccharide molecules of
microbes, allergen, foreign tissue graft, blood group
antigens and so on. [How the lymphocyte learns to
differentiate between self and non-self will be discussed

later].

Immunity, Innate Immunity and

Acquired Immunity

In short, the ability of human or animal body to
remove (pathogenic) microorganisms or their toxins is
called immunity. There are two kinds of immunity :

(a) Innate (b) Acquired (also called adaptive).

innate immunity

Innate immunity is also called, non-specific neutrophil-
macrophage-mediated immunity.

This type of immunity is mediated chiefly by
neutrophil-macrophage, opsonin, NK cells and large
lymphocytes which are cytotoxic but not T cells.

It is characterized by phagocytosis and digestion of
the microbe. This type of immunity described in detail
under the heading of acute inflammation in Chap. 3 Sec,
IV, (i) starts immediately after the microbial infection, (ii) is
non-specific (i.e. same types of neutrophils-macrophages
can attack different varieties of infection),

Because, this variety of defensive r., i
after the microbial invasion, it is 4], b,

defence.
I d M or mmve immunﬁ.,
It is also called, specific lymphocyte-me sy,

After the first attack of microbes j;,,
immunity fails to remove the invad;, g Micres
acquired immunity begins to develop ,,;,,
weeks. In this variety of immunity, 1. R
played by lymphocytes (also macrophag.. - e
of immunity is highly specific, that is 7., e
species of microbes, highly selective clor,. ./ Iymugh,
cytes develop. That is, a clone of |ym Phocytes 4,
loped to fight against the virus of sm ] Ipox 4
attack the virus of chickenpox.

In acquired immunity, after the antigen: 1. bers
removed, the efficacy of immune system decline
slowly, the clone of lymphocytes, after the ... -
been achieved, begins to disappear, but 3
lymphocytes of the clone survive as memory cells. |i;
reinfection by the same microbe occurs, these mem -
cells proliferate vigorously and the specific clone of
lymphocytes begin to grow rapidly. That is, the defence
against the reinfection is tackled very efficiently and
quickly.

Therefore, the special features of acquired immun
include :

(i) Specificity : Individual species of antigens elic!
specific clone of lymphocytes.
(ii) Memory : Re-exposure to antigen elicits quicker
and more effective defence.
Subclasses of acquired immunity
(1) One class is called cell-mediated immunity
is achieved through T lymphocytes.

(2) Another class of acquired immunity 15 “al:;
humoral immunity and is achieved throug
IYInPhOCytes and complements.

For details, see below.
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All the members of specific lymphocytes, which act
against a highly specific antigen, belong to a single
clone. All the members of the given clone of lympho-
cytes have developed from a single committed
lymphocyte.

As there are millions of varieties of antigens, so there
are millions of varieties of clones. Each clone of
lymphocyte, consists of very large number of identical
lymphocytes.

ACQUIRED IMMUNITY—A BRIEF ACCOUNT

Invasion by a microbe occurs for the first time in life. As
there is no previous experience of this antigenic chal-
lenge, in the beginning, there is no response by acqu-
ired immunity and the body defends itself only by
innate immunity.

¢ The innate immunity may be enough to drive out
the microbes or within a few weeks the acquired
immunity against this particular type of antigen begins
to grow so that a specific clone of lymphocytes (both T
and B) begin to develop.

4 Then the microbes are removed and the number of
lymphocytes in the clone begin to fall but some
lymphocytes (of both T and B) persist as memory cells.

+ When a second infection by the same species of
microbes develop, the specific clone of the lympho-
cytes recognize them and immediately attack them.
Also the memory cells proliferate vigorously and the
number of lymphocytes of this specific clone swell
greatly. The invading antigen is speedily removed.

¢ This follows, that for the development of acquired
immunity, there shall have to be a previous experience of
exposure to the very same antigen. One exception, where no

experience of previous exposure is necessary, is cancer.

Cancer cells are killed by NK cells (see later).

ACQUIRED IMMUNITY—DETAILS
With this background some details are given below :

The Lymphocytes

In the peripheral blood, lymphocytes account for
about 25% of WBC (Table 4.3.1). Under hematoxylin
stains, all lymphocytes look alike but by special
procedure, it can be shown that there are two kinds of
lymphocytes : (1) T and B lymphocytes.

In the peripheral blood, about 80% of the lympho-

cytes are T lymphocytes. T lymphocytes are of several
kinds : (i) helper T cells (which have two subclasses Ty

and Ti2) (2) eytotoxic T lymphocytes &) sup
: rprff:;;)l

lymphocytes (4) memory T cells. NK (Natyp., 0t}
cells which are cytotoxic, however are ne; 1 fa.} kill,.
Cell;

Development of lymphocytes

In the late stages of fetal life, all leukocy,,
locytes—monocytes and lymphocytes are dlm-;:', Bran,
the bone marrow. In the postnatal life, the 5, :jfpﬁ’f o
and monocytes continue to develop in the r,,am" Vies
lymphocytes develop in the (i) thymus, (ii) sphe‘%
(ii) lymphoid tissues of the gastrointestin,| h’a: g
Peyer’s patch). ‘ieg

Further details

In the mid stage of fetal life, the stem cells ...
to develop lymphocytes, develop in the w
afterwards, in the fetus, the committed 3e~u
committed to develop lymphocytes, de‘,-egwl‘i; :
bone marrow. From the bone marrow, im‘n;gn;
logically incompetent (lymphocyte) cells are refea}':
They go into one of the two following areas: =

(1) Thymus : Cells which go to the thymys 5.
“preprocessed” there (thymus) and become T cells T,
letter T comes from the word thymus.

(2) Bone marrow : Another kind of lymphocytes

mamm-s

bone marrow go to the bone marrow in mammais
(including man) or to the bursa of Favricius® in the
birds for preprocessing. They are called B cells The
letter B comes from the word bursa (B cells were &

discovered in the birds).

T LYMPHOCYTES

In short, the lymphocytes, which are destined ©©
become T cells are released in the fetal life from bone
marrow—> go to the thymus where they proliferate verv
vigorously— in the thymus not only very large number
of lymphocytes thus develop but the lymphocytes
develop extreme diversity, each cell capable of tackling
only one variety of antigen; as there are millions of
varieties of antigen, so there are millions of varie
T lymphocytes in the thymus and they all go 10 ™
lymph nodes.

In a lymph node, in course of time, an antigen
—» this antigen activates a specific lymphocyt® lodg®

ties of

arrives

o B J derigius
* Favricius was Guru of the great William Harvey-

discovered the existence of valves in the veins.
* Tackling one and only one antigen; as there ar¢ millions
so the diversity is tremendous.

of antige™
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¢ activities of (1) eytotoxic T

te th

(ili) B lymphocyte, and (iv) natural

help of them, promao
cells, (i) macrophages,
Killer (NK) cells.

(2) Cytotoxic: C€nss)T cells : Th :
cytotoxins (perforin and fragmentin) which they
produce, kil (i) virus infected cells, (ii) cancer cel'ls and
(1il) parious pacteria. Mode of action of perforin has
already been stated. In addition, they induce apoptosis
in the target cells.

B Cells

B cells can directly bind wi
and become activated. For this,
helper T cells.

Once activated, B cells are converted into plasma
cells and the plasma cells produce antibodies. The

al types (see below).

ey, by the help of

th their specific antigens
they require the help of

antibodies are of sever
Antibodies destroy the antigen by several methods :
(i) By directly neutralizing the microbe (for details,
see below).
(i) By activating the complement system.
(iii) By facilitating phagocytosis.
ANTIBODIES

All antibodies are immunoglobulins, but some
le,

bulins are not antibodies. For examp

uce immunoglobulins which do not

immunoglo
annot be called

myeloma cells prod
react with any antigen and hence ¢
antibodies. Antibodies react with their specific antigens.
However, ordinarily, often, many persons use the two
terms antibodies and immunoglobulins as interchange-

able terms.

Classification of immunoglobulins (Igs)

There are five classes of immunoglobulins (Igs) in a
normal person. They are: (i) IgG (quantitatively most
abundant, accounting for about 70% of plasma Igs in
normal persons), (ii) IgA, (iii) IgM, (iv) IgD, and (v) IgE.

How the Igs Act
They act by (i) agglutination (clumping of microbes
which lead to their death), (ii) neutralization (toxin
producing areas of the microbes are covered),

(iii) precipitation (e.g. clumped toxin molecules are
precipitated), (iv) lysis (microbes are directly killed).
ch with the microbes and make

Antibodies, (v) also atta
them tasty to the neutrophils so that phagocytosis is

enhanced —this is called opsonization. Finally, the
antibodies (vi) activate the complement system —this is

CONCISE MEDICAL Py,
B st e . Y310,
; Ny
a major mechanism. For details of complemer,
see below. ISk,
Chemistry of Immu
Immunoglobu]ins are proteins. In the plasr,,
found in the y globulin fraction. 188 a1,
Most 1gs consist of 4 polypeptide chaing ,
. ), twe
which are light chains and the other two aro "
chains. Each light chain is parallel to a heavy ‘ha;r,??ﬂ

4.4.1).
Antigen binding site is shown in the Figure 4 4 ;

THE COMPLEMENT SYSTEM

noglobulins

4

The complement system is a family of enzymes .
number of members of the family is 30. They

normally present in the plasma and tissue fl;;4
Normally, they are in inactive state. "
The complement system, when activated, help bot,

innate immunity (e.g. in phagocytosis and digestiy
trophil and monocytes) as well 55

M :
of bacteria by neu
(ii) acquired immunity.

There are three pathways for activating complement
system of enzymes (details of the pathway are usually
learnt in senior classes) : :

(i) The classical pathway
(i) The mannose binding lectin pathway

(iii) The alternative pathway.

Antigen-binding sites

Fig. 4.4.1. Structure of the typical IgG antibvt‘i.‘“
showing it to be composed of two heavy pol)'Pt’P“de
The antige”

cl.lains and two light polypeptide chains. .
binds at two different sites on the variable portions ©
the chains. 4")
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