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Overview of the Immune System
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what happens when external and internal defenses fail ?

Acquired immune system
Specific defenses

INNATE IMMUNITY ACQUIRED IMMUNITY
Rapid responses to a Slower responses to
broad range of microbes specific microbes

Internal defense

External defenses

P> Skin P> Phagocytic cells P> Humoral response
P> Mucous membranes | . Antimicrobial proti (antibodies)

\ ' P> Secretions

> Inflammatory respdpse

P> Natural killer cells
Complement

Invading
microbes
(pathogens)

> Cell-mediated response
(cytotoxic
lymphocytes)




The Acquired immune System

—
Acquired Immune
System
\/
~ T
Humoral response Cell-mediated response
~——(antibodies) (cytotoxic lymphocytes)
SN~ N—_

Interactions between the two systems



Acquired (Specific) defenses

* [In contrast to innate immunity, Specific
defenses are those that give us immunity to
certain diseases.

* |In specific defenses, the immune system
forms a chemical “memory” of the invading
microbe. If the microbe is encountered
again, the body reacts so quickly that few or
no symptoms are felt.



Characteristics of Acquired
Immunity

« Specific Ze. Distinguish between microbes.
« Adaptive [re. Particular responses to
different types of microbes (materials).

« Acquired fre. Retains a “memory”
allowing an accelerated second response.

« Tolerance /e. Recognition of self versus

non-self.
* Involves mainly lymphocytes and their
products (mediators & antibodies).



Types of Acquired Immunity

Acquired Immunity
| l |
Natural Immunity Artificial Immunity
is acquired through the normal life experiencas of is that produced purposefully through
a human and is not induced through medical means. medical procedures (also called immunization).
| : | | I 1
Active Inmunity Passive Immunity Active Immunity Passive Immunity

is the consegquenca of is the consequence of is the consequenca of a is the consequence
a person developing his one person receiving person developing his of one person receiving
own immune response a performed immunity OWn immune response a performed immunity

lo a microbe, made by another person, to a micrabe, made by anolher person,




Types of Acquired Immunity

Maturally
acguired

Actificially
acoguired

Acktive

Infection;
contact
writh
Ppathogen

Passive

Antibodies
pass from
mother to
fetus wia
placenta;
or to infant
inn her milk

AcEive

Yaccine;
dead or
attenuated
Ppathogens

Passive

Injection
of i mure
Serun
{gamma
globulim)




Types of Acquired
Immunity

* Active Immunity
- Naturally-Acquired Active Immunity
- Artificially-Acquired Active Immunity

* Passive Immunity
- Naturally-Acquired Passive Immunity
- Artificially-Acquired Passive Immunity



Types of Acquired Immunity

Natural Immunity
— Acquired as part of normal life experiences

Artificial Immunity
— Acquired through vaccination

Active Immunity

— Results when a person is challenged with Ag that stimulates
production of Ab

— Memory

Passive Immunity
— Preformed Ab are donated to an individual
— Acts immediately but is short term
— No memory
* Breast feeding
* Gamma globulin
* Monoclonal antibodies

13



Active Immunity
The production of antibodies against a specific
disease by the immune system.
Naturally acquired through disease

Artificially acquired through vaccination

— Vaccines include inactivated toxins, killed microbes,
parts of microbes, and viable but weakened microbes.

 Active iImmunity Is usually permanent

Passive Immunity

« Passive Immunity- Protection against disease through
antibodies produced by another human being or animal.

- Effective, but temporary



Types of Acquired Immunity
based on the component
i.e. Immune System Response to Antigens

Humoral Immunity

* Involves antibodies (secreted from B cells) dissolved in
the blood plasma.

 Demonstrated as a immune response using only the
blood serum.

» Defense against bacteria, bacterial toxins, & viruses.

Cell-Mediated Immunity

 Involves the activities of specific white blood cells (T
cells).

 Defense against cancer cells, virus-infected cells, fungi,
animal parasites, & foreign cells from transplants.



Major players

The major players in the acquired immune system include:
1- Lymphoid lineage

— T cells (helper, cytotoxic, memory)

— B cells (plasma, memory)

— Antibodies
2- Myeloid lineage

— Monocytes (Macrophage)

— Eosinophils

— Mast cells



Cells of specific immune response

T - Lymphocyte &
B - Lymphocyte
Formation

Bone ma rrow
or fetal liver

Pluripotent
stem cell

Lymphocyte
stem cell

'

-

Lymphoid tissue (lymph nodes,
spleen, blood, and lymph)




B Lymphocytes

Mature In bone marrow.

30% of Lymphocytes.

Short life span.

B-cells in general produce antibodies. Those with
antibodies that bind with the invader’s antigen are
stimulated to reproduce rapidly.

B-cells differentiate into either plasma cells or
memory B-cells. Plasma cells rapidly produce
antibodies. Memory cells retain the “memory” of
the invader and remain ready to divide rapidly if an
Invasion occurs again I.e. may be converted into
plasma cells at a later time.
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Clonal Selection

antigens ©
@@ Invading 2
antigens bind f ©
to antibodies “ S‘
on one B cell. (W\\
o

(@ The B cell
“selected” by antigen
multiplies rapidly.

(@ A large clone of
genetically identical
B cells is produced.

@ Bcells

differentiate into
plasma cells and
memory cells.

AT
~ Mmemo
=V  cell i

plasma cell

Copyright © 2005 Pearson Prentice Hall, Inc.



T Lymphocytes

Mature in thymus

Involved in cell-mediated immunity.

65-80% of Lymphocytes.

Long life span.

Have glycoprotein receptors (CD)

Activated when another cell presents antigen
(APC) to them

Generally based on marker CD, there are two
main types of T cells, and each responds to

one class of MHC molecule.

»CD4+ T Lymphocytes
»CD8+ T Lymphocytes




Helper T Lymphocytes, T,, or CD4+

e 65% of T-cells predominant in thymus, tonsils
and blood.

 Helper T-cells have receptors for recognizing
antigens on the surface of APC In association
with the body’s class || MHC molecules. If
they are presented with an antigen, they
release cytokines to stimulate B-cell division.

* The helper T-cell is the key cell to signal an
immune response. If helper T-cells are disabled,
as they are in people with AIDS, the immune
system will not respond.



Helper T Cells

bacterial T cell receptor
bacterium antigens

macrophage interleukin 1



The central role of helper T cells (Functions)

» They release mediators (cytokines) e.g. IL-2 which have stimulatory
and proliferative effect on T cells and B cells.

» They help B cells to develop into antibody producing plasma cells.
* They help T to cytotoxic the infected cell

T-cell receptor
Class 11l MHC

molecule Antigen
fragment

_ Cell-mediated

| —» immunity
(attack on
infected cells)

| * Humoral

. immunity
\ |7 (secretion of
B cell —— antibodies by

APC (macrophage) Interleukin-1 - plasma cells)

o (2} (3 L4

Bacterium

Interleukin-2
and other cytokines



CD8+ T Lymphocytes

— 35 % T-cells, two subpopulations
»Cytotoxic T cells (T)

* have antigen receptors that bind to protein
fragments displayed by the body’s class |
MHC molecules.

* Kill directly virus infected, tumor or graft
cells.

»Suppressor T cells (Tg)

 Suppress T and B cell activities /e.
regulation on Immune response.



Cytotoxic T Cell
& CD

Class1
MHC cDs
molecule Antigen

fragment
T-cell receptor
Perforin

Te cell

\
poresinfarget Cell



Humoral Immune Response

* Antibodies Essential part of adaptive immunity

 constitute a group of globular serum proteins called
Immunoglobins (1gs).

* Produced by Plasma cell (B-lymphocytes producing Ab)

* A typical antibody molecule has two identical antigen-binding
sites specific for the epitope that provokes its production (also
called an antigeniC detel‘minant). antigen bmdmg sites

- Basic Structure of
Antibody Molecule

1- Heavy and light chains.
2- Disulphide bonds.

3- Variable and constant region.

4- Hinge region

5- Domains

light chains

LN

antigen

heavy chains



What does an antibody look like ?

e 2identical heavy chains
« 2 identical light chains

« Each heavy chain — has a
constant and a variable
region

« Each light chain has a

4ix

‘9 / -
_¢m,g¢,, constant and a variable
3 Minding re g ion

Heavy chain Light chain
Y8, or e K Or 2

fHological
activity

variable
regions

constant
regions



Antibody fragments: structure and
function relationship

&
B

Antigens

|

@ * Fab —fragment antigen

binding

* Fc- Fragment constant

Sherwood
Figure 12-9

© 2001 Brocks/'Cole - Thomson Learning



Antibody: Fab

Antigen- Antigen-
binding binding
site Papain site

*\ﬁﬁ'&. cleavage *‘{W/

Vi
Fab
ss A CL
Caﬂ..
Figure 12-9
|M 02001 BocksCo - Thomsea Lewring CH?'
- F
Fab region A T
. . - C,3 Cy3
« Variable region of the antibody H H
* Tip of the antibody " oo oo

* Binds the antigen
» Specificity of antigen binding determined by
Vyand V.



Antibody: Fc

v
& & Fc region
- @ * Constant region

____|Specific antigen-
binding sites

e Base of the antibody

Light chain

* Can bind cell
= receptors and
complement proteins

Sherwood
Figure 12-9

1 Brocks'Cole - Thomson Learming




Antibodies Types

Isotypes : Immunoglobin Classes

Changes in amino acid sequence in constant region of
heavy chains

Allotypes : Immunoglobin Subclasses

Slight differences in amino acid sequence in constant
region of heavy chains

Idiotypes : Immunoglobin

Variation in amino acid sequence in variable region
* Polyclonal antibodies:
 Monoclonal antibodies:



Isotypes : Immunoglobin Classes

\ 7'M, en N\ /19D
Z x e 1 response to antlgen « B cell activation

 Effective in agglutination « Can't cross placenta

« Can'’t cross placenta
19G
\(/ «  Most common form \ /IgE
. Crosses bhlood vessels e Histamine reactions

« Crosses placenta (passive and allergies
immunity to fetus)

N\ y/ IgA
e Secreted from mucus

/ \ membranes.

* Prevents attachment of
bacteria to epithelial surface
* |n colostrum

#H




General functions of immunoglobins
* Antigen binding
* Effector function
» Fixation of complement
» Binding to various cell types
Mechanisms on Antibody Action

* Precipitation of soluble antigens

* Agglutination of foreign cells

* Neutralization

 Enhanced phagocytosis

 Complement activation leading to cell lysis
e Stimulates inflammation



The binding of antibodies to antigens to form
antigen-antibody complexes iIs the basis of
several antigen disposal mechanisms.

Binding of antibodies to antigens
inactivates antigens by

‘ ' ! '

Neutralization Agglutination of —
(blocks viral binding sites; antigen-bearing Precipitation of cam’?ﬂi‘:ﬁ;ﬂg:a“o“
coats bacteria andfor particles, such as soluble antigens f | t
opsonization) microbes () Gy
~ Bacteria -~ ‘Ccmplement
Virus »_,J\,,' ' /\ d'{ l Lesion
X | E - Snluhle ﬁ[‘
antigens e
Bacterium L ‘{ ‘ J 9 Farmgn oell
I
Enhances Leads to
Phagocytosis Cell lysis
"’:j" - \.

Macrophage



The classical complimentary pathway,

resulting in lysis of a target cell

Pathogen's
membrane

Antigen

Complement proteins

e L L
b i R Al e

(DO SSeeY

Membrane attack
complex forming
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Immunogens and antigens

 Immunogen / antigen: a substance that elicits an
Immune response [i.e. a humoral (antibody
response) or cell-mediated immune response]

|:> Immune response generator

Though the two terms are used interchangeably — there
are differences between the two

 Immunogen: a substance that elicits an immune
response.

 Antigen: a substance that elicits an Immune
response that react in reverse with this substance.



Epitopes

Epitope = antigenic determinant: the portion of an antigen that is recognized and
bound by an antibody (Ab) or a T-cell receptor (TCR)

Antigen-

binding Epltopes

sltes (antigenic
determinants)

Antibody A

Antibody B
Antibody C

One protein may have multiple antigenic determinant



Haptens

e Haptens are small molecules which are non-
immunogenic, thus could never induce an
immune response by themselves.

Immunogenicity

* Immunogencity: is the ability to induce a humoral
(antibody) and/or cell-mediated immune response.

* Weak immunogens
* Strong immunogens



What determines immunogenicity ?

Foreignness: essential for immunogenicity (self-
responsive immune cells are eliminated during
lymphocyte development)

Size: Bigger>Smaller

Chemical composition: Proteins > polysaccharides
/nucleic acids / lipids

Structure: Primary /secondary /tertiary structures
play a role

Physical form: Particulate> Soluble
Dose:
Route of administration



Host factors affecting immunogencity

* Difference across species (interspecies)

* Differences within a species (intraspecies)
- Responders / non-responders to vaccine
- differences in disease severity in epidemics

|:> Genetics factors

—) Age



NATURE OF ANTIGEN-ANTIBODY REACTIONS
Lock and Key Concept

\ 7

Antibody

The combining site of an antibody is located in the Fab portion of the
molecule and is constructed from the hypervariable regions of the heavy and
light chains. Thus, the concept of antigen-antibody reactions is one of a key
(L.e. the antigen) which fits into a lock (i.e.the antibody).




Antigen —antibody binding

Lock and key concept.
Antigen —antibody binding determine the immunological responses
efficiency:
* Good fit means most efficient immunological responses
* Poor fit means less most efficient immunological responses
* No fit means No reaction

“Antigen’

Antibody Antibody ;

No fit: Poor fit:
antigenic determinant low specificity,
does not fit with antibody cross-reactivity
binding site

Antibody .

Exact fit:
highly specific



Chromosome

Pilus (fimbria)

Types of antigens

' Zitd A
.' l. r"‘.
A, i\
\ e ﬁ\Capsuleor
" U‘/

Bacterial antigens "
* Soluble antigens

e Cellular antigens

Cell wall

Viral antigens

* Soluble (diffused) antigens B ) A
* Protein coat antigens . ¢ 2 < p ¢
Human tissue antigens (Isoantigens) -, + - - e o
Isoantigens Antigens present in some but not all members
of a species

(b) Ty cell (c) T cell

* Blood group antigens — basis of blood grouping

* MHC (major histocompatibility complex)- cell surface TC% %
glycoproteins @‘ A @\ %

Autoantigens
Substances capable of immunizing the host from which they are obtained.

Although self antigens are ordinarily non-antigenic but modifications of self-
antigens are capable of eliciting an immune response



Overview of Immune System Responses

Humoral {(antibody-mediated) immune rasponsa Cell-mediated immune response
Antlgen [1 st expuﬂure'_l

Engutd b:,r

Free antigens @rt}ph—;;;‘

directly activate {APG}_/

Sti n]I;tE5

layed by
activate

Stimulates Stimulates

Givesfrise to i i ise to
Antlgen {End expnr.ure]

-tive
fﬁ—mu cytotoxic
"\\__BEHS T cells

Stim |EIIE$

Antibodies
Defend againgt extracellular pathogens by binding to antigens and Defend against intracellular pathogens and cancer by binding to
making the pathogens easier targets for phagocytes and complement. and lysing the infected cells or cancer cells.






