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1.1 First line of defense
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2.1 Cell-mediated immune response
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Defence levels of the immune system

Non-specific first-line defence:
¢ Mechancal barrier

® Chemicol barmier

¢ Bidlogicol barrier

o

Innate immune system:
¢ Phagocytes

® Natural killer cells
o Complement system

A

Adaptive immune system:
¢ B-lymphocytes

¢ T-lymphocytes
¢ Antibodies




INMNATE IMMUNITY

{all animals)

* Recognition of traits shared
by broad ranges of
pathogens, using a small
sat of receptors

* Rapid response

e

" Pathogens
(such as bacteria,

M fungi, and viruses}

T

Barrier defenses:

Skin

hucous membranes
Sacrations -

Internal defenses:
Phagocoytic cells
Matural killer cells
Antimicrobial proteins
Inflammatory responsa

ADAPTIVE IMMUNITY

(vertebrates only)

= Recognition of traits
specific to particular
pathogens, using a vast
array of receptors

» 5lower response

Humoral response:
Antibodies defend against
infection in body fluids.

Cell-mediated response:
Cytotoxic cells defend
against infaction in body cells.

A Figure 432.2 Overview of animal immunity. Immune responsas
in animals can be divided into innate and adaptive immunity. Some
components of innate immunity contribute to activation of adaptive
immune dafansas.

Campbell Biology, Tenth Edition-Reece et al.



1. Nonspecific defense mechanisms , innate immunity
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Banded neutrophil
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¥ Figure 43.3 phagocytosis. This diagram depicts events in the
ingestion and destruction of pathogens by a typical phagoaytic cell.
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Inflammatory response

An innate immune defense triggered by physical injury or infection of tissue involving
the release of substances that promote swelling, enhance the infiltration of white blood

cells, and aid in tissue repair and destruction of invading pathogens.

¥ Figure 43.7 Major events in a local inflammatory response.
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Antigen-presenting cell (APC)

A cell that displays antigen complexed with major histocompatibility
complexes (MHCs) on their surfaces; this process is known as antigen presentation
T cells may recognize these complexes using their T cell receptors (TCRs).

APCs process antigens and present them to T-cells.

Professional antigen-presenting cells, including macrophages, B cells and

dendritic cells
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2. Specific defense mechanisms , Adaptive/Acquired immunity
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1. Cell-mediated immune response
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Cytotoxic T cells
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The killing action of cytotoxic T cells

3. lysis

Released cytotoxic T cell
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Regulatory T cells
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Table 1. Classes of T Cells

Surface

Molecules

Class CD
Helper T D4
cells

Regulatory
T cells D4

Cytotoxic

¢ Teells D3

Activation

APCs presenting antigens
assoclated with MHC II

APCs presenting antigens
assoclated with MHC II

APCs or infected nucleated cells
presenting antigens assoclated with
MHC I

Functions

Orchestrate humoral and cellular
Immunity

Involved in the activation of
macrophages and NK cells

Involved in peripheral tolerance
and prevention of autoimmune
responses

Destroy cells infected with
intracellular pathogens



Table 2. Subtypes of Helper T Cells

Subtype

Tyl cells

T2 cells

Tyl7 cells

Memory helper T
cells

Functions
Stimulate cytotoxic T cells and produce memory cytotoxic T cells

Stimulate macrophages and neutrophils (PMNs) for more effective intracellular
killing of pathogens

Stimulate NK cells to kill more effectively

Stimulate B cell activation and differentiation into plasma cells and memory B
cells

Direct antibody class switching in B cells

Stimulate immunity to specific infections such as chronic mucocutaneous
infections

“Remember” a specific pathogen and mount a strong, rapid secondary response
upon re-exposure



Major Histocompatibility Complex(MHC) and T Cells

- MHC $iJ1a3 glycoprotein

Infected cell Macrophage

- luniSen Human leukocyte

antigens (HLA)

Antigen

- uUtiu class I MHC molecules fragment

Class Il MHC
molecule

Class | MHC

1ay class II MHC molecule molecule
T-cell

- Class T MHC U144 nucleated receptor

T-cell
receptor

S a Y
cell tNoUNNTHA 02 11)nszAu

Cytotoxic T cell (T) Helper T cell (Ty)

Cytotoxic T cell (cell-mediated @ (b)

immune response)
- Class 1T MHC nulusadunarfiamy macrophage, B cell, activated T cell ttas
(aalu thymus %"lﬂnszéfju Helper T cell (cell-mediated and humoral immune

response)
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2. Humoral (antibody-mediated) immune response
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1aun warasiuwaa (plasma cell) touALBA Hi30dNYIUINAYAY (antibody

4 0
or immunoglobulin) #aZiB¥aaN NNV (memory cell)

B-cell activation
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Wanadusaa (plasma cell)
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134® B lymphocyte (Mo NEanV antigen 143 az1aeu 11Ty plasma cell

= Y d' a AY v Y g’ = Y . . =~ 4
uﬁumwaﬂguqunumu 134 38N I humoral immunity (HI) ﬂagmmmu

| ] o 74 g’J (7] Y \J |l d
(antibody) IS WM 1zAITDTIY B lymphocyte gna31suun lunszgn Iaaieoviaasad
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Flares

Spleen or lymph node Blood
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Chronicity of
autoimmunity
refractoriness

Bone marrow or
inflamed tissue

Survival
@& niche
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Plasmablast
- Respond to B cell depletion
and immunosuppression

Plasma cell meno
- Refractory to B cell depletion
and immunosuppression
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upUAVBA vieoNylulnayau (antibody or immunoglobulin)
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Differences Between Antigen and Antibody
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Cytokines
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Humoral
immunity

Cell-mediated

immunity

Microbe

Responding
lymphocytes

Effector
mechanism

o

Extracellular
microbeas

B [ympocyte

Secreted
antibody

» 58
&

Phagocytosed
microbes in
macrophage

Help-ér
T lymphocyte

Intracellular

' microbes

{e.g., viruses)
replicating within
infected cell

il =, otoxic
- T lymphocyte

Functions

Block
infections and
eliminate
extracellular
microbes

Activate
macrophages
to kill
phagocytosed
microbes

infeclgd pells
and eliminate

reservoirs
of infection




Humoral and cell-mediated immune response

Humoral (antibody-mediated) immune raspunsn Cell-mediated immune response
Antlgen [1 st expusure'_l

Engutd hy

Free afitigens MacrupI:a‘E;Q
directly activate {AFG}_/

Etinll;tes

Stimulates

Givesrise to

cytom:u:
T cells

‘r
Antlbn-dles
Defend against extracellular pathegens by binding to antigens and Defend against intracellular pathegens and cancer by binding to
making the pathogens easgier targets for phagocytes and complement. and lysing the infected cells or cancer cells.



Antibody concentration

(arbitrary units)

104 - Secondary
Secnr!d exposure immune
to antigen A, response to
first exposure antigen A
103 - to antigen B
— First exposure
to antigen A
102 - Primary
Antibodies Antibodies  immune
to A to B response
to antigen B
107 -
109 Y | T I | | | | |
0 7 14 21 28 35 42 49 56
Time (days)
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RNA %8412 HIV
DNA %8410 HIV
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