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The adaptive (Acquired) Immune system

= The adaptive iImmune system consists of lymphocytes and their products, such as antibodies.

= Lymphocytes are the cells of adaptive Immunity that express receptors that specifically
recognize a much wider variety of molecules produced by microbes as well as noninfectious

substances.

= Any substance that iIs specifically recognized by lymphocytes or antibodies is called an

antigen.

» The resistance that human acquires during life is known as IS more

specialized than other mechanisms of Iimmunity.
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Types of Adaptive Immunity

» There are two types of adaptive immunity, called humoral immunity and cell-mediated

Immunity.

= Humoral immunity is mediated by proteins called antibodies, which are produced by cells

called B lymphocytes and provide defense against extracellular microbes.

= Cell-mediated immunity mediated by different cells which are called T lymphocytes and

provide defense against intracellular microbes.
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1- The Humoral Immune Response
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Properties of Adaptive Immune Responses
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Phases of Adaptive Immune Response

1. Recognition of an antigen by certain “Antgen  Lymphooyte.  Antigen | Contraction
\ recognition ) . activation ) \ellmlnatlonl \(homeosta3|s)l A ryl
Iymphocytes’ * Antibody- ‘s*
) e ., | e
2. Activation of these lymphocytes, 5 A
% [ Differentiation | I
3. Differentiation and proliferation into < “Humoral
5 immunity
effector cells, 2 B
g’, Antig ¢ 'Cgll-medi_?ted ‘ il:arr\r/:x:'r;/gcells
. . . = ntigen Immuni
4. Effector cells eliminate antigen, 5 | pementing Clonal ey i‘¢
5 [ant expansion o) i f , A
E) Y ~ ; P Sea g VA} £
5. Development of memory cells, E . &
Q‘:) lymphocyte &
6. Memory cells elicit a rapid and long-term g;

response to re-exposure. 0 7 14

Days after antigen exposure

9/15/2023 7




Lymphocytes

= All lymphocytes arise from stem cells in the bone marrow.

= Naive lymphocytes express receptors for antigens but do not perform the functions that

are required to eliminate antigens.

= These cells reside in and circulate between peripheral lymphoid organs and survive for

several weeks or months, waiting to find and respond to antigen.

» Naive lymphocytes recognize foreign antigens to initiate adaptive immune responses.

* Naive lymphocytes need signals in addition to antigens to proliferate and differentiate into

effector cells.
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Stages In the Life History of Lymphocytes
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Classes of Lymphocytes

Different classes of lymphocytes in the adaptive immune
system recognize distinct types of antigens and differentiate

into effector cells whose function is to eliminate the antigens. - B i
ymphocyte

1. B lymphocytes recognize soluble or cell surface antigens
and differentiate into antibody-secreting cells.

2. Helper T Ilymphocytes recognize antigens on the surfaces

Helper T
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Acquired Immunity

Immunity that develops
during your lifetime

Passive Immunity

Natural Artificial Natural Artificial

Antibodies developed Antibodies developed Antibodies received Antibodies received
in response to in response to from mother, from a medicine,

an infection a vaccination through breast milk from a gamma
globulin injection or infusion
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Immune organs
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2- Cell-Mediated Immune Response

= Accomplished by T cells to protect against viruses, tumors, and pathogens resistant to

phagocytosis.
*There are several types of mature T cells:
Cytotoxic T cells (Tc),
T-helper (Th)
Regulatory T cells including T-helper (Th) and T-suppressor (Ts) cells,

Memory cells.
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Intracellular microbes
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Intracellular bacteria:
Mycobacteria
Listeria monocytogenes
Legionella pneumophila
Fungi:
Cryptococcus neoformans
Protozoa:

Leishmania
Trypanosoma cruzi

Viruses:
All

Rickettsiae:
All

Protozoa:
Plasmodium falciparum
Cryptosporidium parvum



Immunologic Memory

¢ Primary Response:

= QOccurs the first time the body is exposed to a particular Antigon X +
antigen. " Antigen X Antigen Y
\ Pl Il
= A latent period of 5-7 days occurs during which B cell "Anti-x = asma;;a s
£

clonal selection occurs.
= Activated by Th2 cells (T-helper cells, type 2).
= |gM is detected in blood first, followed by IgG.

= Memory B cells form. %
¢+ Secondary Response: § :
= Occurs each successive time that the body encounters fC: Ei‘ﬁéﬁs
this antigen. g response
= Memory B cells are rapidly activated and produce large ® 1
amounts of 1gG very quickly. Weeks : 10}"*'
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Specific Immunity

Antigen (AQ):

= |s a foreign substances usually protein and sometimes polysaccharide.

= (Generates a specific immune response and induces the formation of a specific antibody

or T cells response or both.

= Antigens react with the products of a specific immune response (ADb).
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Substances that Act as Antigens

1. Infectious materials:

a. Microbial structures (cell walls, capsules, flagella, pili, viral capsids, envelope associated
glycoproteins, etc.

b. Microbial toxins.

2. Noninfectious materials:

a. Allergens (dust, , hair, foods, drugs, and other agents causing allergic reactions);
b. Foreign tissues and cells (from and ); and

c. The body's own cells that the body fails to recognize as "normal self" (cancer cells,
Infected cells, cells involved in autoimmune diseases).
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Structure of Antigen (AgQ)
= Antigenic determinants or epitopes are components of antigen.
= Each antigen carries many epitopes.

= Each Y-shaped antibody molecule has at least two binding sites that can attach to a specific

epitope on an antigen.

= An antibody can also bind to identical epitopes of two different cells at the same time

which can cause neighboring cells to aggregate.

= Antigens combine with the antibody. The combination is very much like the lock and key

analogy.
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Epitope (Antigenic Determinant)

» Epitope (antigenic determinant); active regions
of an immunogen (or antigen) that binds to
antigen-specific receptors on lymphocytes or to

secreted antibodies.

% Immunogen: Molecule that stimulate a specific [ Antigen B Marker molecuie B Antibody

Immune response.

Epitopes: The Basic Recognition Unit
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Epitopes: Antigen Regions that Interact with Antibodies
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Antigens and Epitopes of a Virus

epitopes of glycoprotein antigen

glycoprotein
virus antigen

~ -
, 7epitopes

% Proteins have many epitopes of different specificities.
*» Each different protein and glycoprotein of a virus constitutes a different antigen.

+ Each different antigen contains a number of different epitopes.
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Types of Antigens

Based upon the ability of antigens to carry out their functions are two types:

1. A complete antigen is able to induce antibody formation and produce a specific and

observable reaction with the antibody so produced.

2. Hapten (incomplete antigens): A substance that is non-immunogenic, it can react with the

products of a specific immune response with no antibodies formation.

= |t is small molecules with a low molecular weight that could never induce an immune

response when administered by themselves unless it coupled to a carrier molecule.
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Biological Type of Antigens

Depending on their ability to induce antibody formation, antigens are classified into:

1. T-independent antigen: are antigens which can directly stimulate the B cells to produce

antibody without the requirement for T cell help In general, polysaccharides are T-

Independent antigens.

Examples:

v" Pneumococcal

v" polysaccharide,

v" Lipopolysaccharide
v" Flagella
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Biological Type of Antigens (Cont.)

2- T-dependent antigen: are those that do not

directly stimulate the production of antibody

without the help of T cells. Proteins are T-

dependent antigens.

Examples:

v" Microbial Proteins
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T-dependent and T-independent antibody responses

rT—dependent‘

Isotype-switched,
high-affinity antibodies;

memory B cells,
long-lived plasma cells

Follicular ™~ IgM
B cells

tT-lndependent Mainly IgM, low-affinity

antibodies; short-lived

Polysacchande
Ig anh{;en E plasma cells

B-1 cells;
marginal
zone B cells

Other 5|gnals
(e.g., complement
protein)
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