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CHAPTER 1 \ %
Basic Concepts in Immunology e W

Copyright © Garland Science 2017 Pathogens; disease causing microorganisms

Parasite

Virus

Immune response is a self defense mechanism

How does the body set up the defense system?

How does the body eliminate the invader and cure itself?

How and why do we develop long-lasting immunity to many
infectious diseases?

- . - - .
Importance of vaccination Basic immunological concepts
Antigens
v
Number of 35 - =
m:“”n:'e“f: Antigen; originally defined as any molecule .
e that binds specifically to and generate antibody /\“‘; sgansining e ¢
L] 15 Antibody; found in blood or other bodily fluids
swcll.aw of vertebrates, and used by the immune
erandi lly system to identify and neutralize foreign
objects, such as bacteria and viruses.
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T s ey 8 e o Innate immune response; immediately available to combat a wide range of
Variola major/minor pathogens but does not lead to lasting immunity and is not specific for any

individual pathogen.
Adaptive immune response; a specific immune response such as the production
of antibodies against a particular pathogen leading immunological memory.
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Immune response

Functions of the immune response

Immunological recognition [EGLEVERITRIESVE S
Innate

Immune effector function Clear out pathogen

Mﬂ Adaptive Immune regulation Protect body from

—— the immune response
~ ¢
e Immunological memory Long-lasting immunity
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Myeloid cells in innate and
. . .
adaptive immunity
WBC RBC
leukocytes
Phagocytosis
and activation of
bactericidal
mechanisms
Antigen
presentation
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Adaptive immunity
Resident in almost all tissues (T cell)
| | | | Mature form of monocytes
i 1.5 ameway' abistoy. 5 o G Sk 1917 An important first defense in innate immunity
Macrophage; phagocytosis Myeloid cells in innate and

adaptive immunity
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Adaptive immunity
(T cell)

Mechanism of antigen uptake; macropinocytosis
Immature DCs migrate through the bloodstream.

APC (antigen presenting cells); cells that can present antigens
1o inactive T lymphocytes and activate them.
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Dendritic cell; antigen presentation Myeloid cells in innate and
adaptive immunity

Phagocytosis

and activation
of bactericidal
mechanisms

Figuse 18 ubrt 1 48, Irmevesmbiolangy. T 2 Gatlard Simre 29081

granulocytes
Polymorphonuclear neutrophils

The most abundant type of white blood cells and essential part of the innate
immune system. Hallmark of acute inflammation.

Myeloid cells in innate and Myeloid cells in innate and
adaptive immunity , : immainity

Promotion of allergic responses and augmentation
of anti-parasitic immunity

P

granulocytes Allergic response granulocytes

Least common granulocytes (0.01-0.3% WBC)
Against parasites which are too large to be ingested by macrophages or neutrophils

Myeloid cells in innate and
adaptive immunity

Release of
’ granules
containing
histamine
T & :;:n‘t:"“ Releases Iytic granules that kill some
virus-infected cells
A |
- i [ ——————————
Allergic response These cells are able to recognize and kill some abnormal cells;
Mast cell has large granules in their cytoplasm tumor cells, cells infected with viruses.

Resident cell of several types of tissues They kill cells by releasing small cytoplasmic granules of proteins called

perforin and granzyme that cause the garget cell to die by apoptosis.
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NK cell; big Killer cell as innate immunity

Activation receptor
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Inhibitory receptor
Activation receptor
(b) NK

©© Granule release (Cytotoxicity)

Cytokine production

At Raswarcn & Thragy

Lymphocytes are mostly small and
inactive cells

S 1,17 Iy bmmematogy, #5 i [ Carm firmre 17]
Condensed chromatin
Relative absence of cytoplasm
Small size

Naive lymphocytes; lymphocytes that have not yet been activated by
antigen.

Effector lymphocytes; lymphocytes become activated and have
differentiated further into fully functional lymphocytes.
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T cells and B cells
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Adaptive immunity; B cell, T cell mediated antigen specific response
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Protection against
intracellular pathogens
(eg. viruses, bacleria)

adenoid
tonsil

Autoimmunity, left subclavian vein
delayed-type hypersensitivity right subclavian vein

lymph node haoart
therade duct
Protection against kidney plaan
extracellular palhogens
(eg. parasites, bacteria) appendix m"‘p"? in
Allergy, asthma large intestine
|:> Memory T cells; /
Responsible for the long- 1 14 [' bone mamow (B cell)
17 lasting immunity |

U7 Protection against T

TGF-p \L7F  extracellular pathogens 1 | .'I
L2t (eg. fungi, bacteria) k
IL-22 4

~ 1 Autoimmunity
T...‘. 23 éﬂy x
} [T ——
1‘(5‘3‘ Immunosuppression Central or Primary lymphoid organs; where lymphocytes are generated
. o Peripheral or Secondary lymphoid organs; where mature naive lymphocytes are
Regulatory T cells; suppress the activity of other lymphocytes maintained and adaptive immune responses are initiated
and help control immune responses
. . . .
Cytokines and chemokines Cytokines and chemokines

3Y

Cytokine; a protein that is secreted by cells and affects the behavior of
nearby cells bearing appropriate receptors.

Chemokine; secreted proteins that attract cells bearing chemokine
receptors from out of the bloodstream into infected tissue.
Complement-coated microbes are recognized and bound by specific
complement receptors on macrophages.

Cytokine; a protein that is secreted by cells and affects the behavior of
nearby cells bearing appropriate receptors.

Chemokine; secreted proteins that attract cells bearing chemokine
receptors from out of the bloodstream into infected tissue.

Initial discrimination between self
and nonself by innate immune

Inflammatory response recruits more effector cells and molecules of the system
innate immune system out of the blood and into the tissues.

Inflammatory response

InPansmatory Respoms
i e s o 4 iy

mannose LPS receptor
receptor

glucan scavenger
receptor receptor

PAMPs (pathogen associated molecular patterns)
PRRs (pattern recognition receptors)
Recognize structures which are common to many pathogens
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To obtain adaptive immune response to purified antigens, killed bacteria or -

bacterial extracts had to be mixed with the antigen. This additional material clonal selectlon

was termed an adjuvant because it helped the response to the immunizing

antigen.

Activated dendritic cells with the adjuvant as well as the antigens express Remaval af well-reactivn

high levels of co-stimulatory molecules, which provide signals that act I Tyuumerve by Sl et

together with antigen to stimulate T lymphocyte. QQQF\Q@Q

L=
a8  am
set antgers. el anigens
Ag
adjuvant Clonal expansion; On binding antigen, the cell

is activated to divide and to produce many
identical progeny.

Clonal deletion; Lymphocytes that are
potentially self-reactive are removed before
they can mature.

Immature DC

Mature, activated DC

Structure of
antibody

Each lymphocyte bears a single type of receptor with a unique specificity binding sita}

Interaction between a foreign molecule and a lymphocyte receptor capable of
binding that molecule with high affinity leads to lymphocyte activation

constant region
inffector function)

The differentiated effector cells derived from an activated lymphocyte will bear
receptors of identical specificity to those of the parental cell from which that |:
lymphocyte was derived

Lymphocytes bearlng recepturs specific for ubiquitous self molecules are deleted at an | 5
early stage in lymphoid cell and are absent from the reperioire
of mature Iymphocytes

S P —— m:m site)
E Iz}
Anti . antibody T cell receptor binds a complex of
ntigen and epitope antlgen fragment and MHC

e

Epitope; A small part of the antigenic molecule
which is recognized by an individual antigen
receptor or antibody.

epitope
peplide

=
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antibody

Fipe 1.4 Ry mmpmstindoy. ok £ Gt Scmmar 91TV MHC molecules; major histocompatibility complex, which is a
protein which could present a peptide antigen to T cells
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Dendritic cells initiate adaptive
immune resbonses

Fagure 119 amrmay's bemumsbontogn. 08 i | Carband Scmer 29011
Immature DCs are continually taking up extracellular material, including
virus particles and bacteria by the receptor independent mechanism of
macropinocytosis.

DCs migrate to peripheral lymphoid tissues and displays antigens to T cells
with costimulatory molecules.

Innate immunity

Granulocytes
for palymarphanuclear leukacytes)

Le8o

neutrophil eosinophil  basophil  monocyte

dendritic cell

Figuoe |19 brwrwny's Impnshiohegs. 98 o4, (2 Garland Siemee 20171

Circulating lymphocytes
encounter antigen in peripheral
lymphoid organs

Lymphocytes and
lymph return to blood
| wia the thoracic duct _

—— One way flow of
lymphatics

+— Draining lymph node

cortical sinus
secondary
lymphoid follicle
(with germinal center

afferent
lymphatic vessel
paracortical area
(mostly T cells)

germinal center

primary
lymphoid follicle
(mostly B cells)
medullary cords
(macrophages
and plasma cells)
medullary sinus
artery

vein

efferent
lymphatic vessel

senescent
germinal center

marginal sinus

Figure .53 part 1o 1) ey sk, W . [ Gartand Sciemn 20171

Organization of the lymphoid
tissues of the spleen
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MALT (mucosal associated lymphoid tissues)
GALT (gut associated lymphoid tissues)
NALT (nasal associated lymphoid tissues)
BALT (bronchus associated lymphoid tissues)

Most pathogens enter the body through mucosal surfaces.
Antigens from the air, food, and the natural microbial flora of the body
Mucosal surfaces are protected by an extensive system of lymphoid tissues.

Organization of a Peyer’ s patch in
the gut mucosa

—
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Two signals are required for
lymphocytes activation

of T call by dandritic coll “ﬂ!’rﬂ
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dendriticcell T T B
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l T cell to acquire effector function ][ 8 cell 1o acquire effector function |

-> Interaction with other cells as well as with antigen is
necessary for lymphocyte activation.

Anergy; contact with antigen without accompanying co-stimulatory
molecules inactivates naive lymphocytes.

APC (antigen presenting cell)

Immunization and antibody response

secondary immunization

Antibody
(g mi" serum] 10t 4
10"
10¢ 4
10" 4

100 4

\’Q

Memory cells; significant number of activated antigen specific B cells and T cells
persist after antigen has been eliminated.

Prolection against
intraceliular pathogens
(eq. viruses, bacteria)

Autoimmunity,
delayed-type hypersansitivity

J_ L4 Prolection against

3 T2 extracellular pathogens
D L4 !

i Stas ) i (eg. parasites, bacteria)
G“M_ IL-13 Allergy, asthma

Memory T cells;

Responsible for the long-
T 17 lasting immunity

& Stad W 7 Protection against
RORLY | .17p extracellular pathogens

" 121 (eg. fungi, bacleria)

a Autoimmunity

IL23

Immunosuppression

IL-10

Regulatory T cells; suppress the activity of other lymphocytes
and help control immune responses
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NK celis, CD& T cells
Cytotoxicity
Elimination of virally infected and metabolically stressed cells
; ILC1, T,1 cells
Intraceliutar immunity
(Type 1)
Elimination of ivation of
ILC2, T2 cells

Mucosal and barrier

immunity (Type 2) Elimination and expulsion of parasites; recruitment of eosinophils,
basophils, and mast cells

: : ILC3, Ty17 cells
Extracellular immunity

(Type 3) Elimination of extracellular bacteria and fungi; recruitment
and activation of neutrophils

P 117 By a9 441 Garand St W17

Antibodies deal with extracellular forms of
pathogens and their toxic products

Humoral immunity; Antibodies are found in the fluid component of
blood, or plasma, and in extracellular fluids.

Neutralization; Most direct way that antibodies can protect against
pathogens by binding to them and blocking their access to cells. This is
important for protection against viruses.

Opsonization; Phagocytes have receptor that bind the stems of the
antibodies coating the bacterum, leading to phagocytosis.

Complement activation; Constant regions of antibodies bound to
bacterial surfaces form receptors for the first protein of the complement
system, leading complement activation.

Antibodies deal with extracellular forms of
pathogens and their toxic products
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MHC molecules display peptide

Lumossnnsndoa Al avmdlioanwa

MHC class | MHC class Il
peptlde
[ || cell membrane ||

PN P ——
They have slightly different structures but both have an elongated cleft in the
extracellular surface of the molecule, in which a single peptide is trapped during
the synthesis and assembly of the MHC molecule inside the cell.

MHC class |

Fopue 116 e s 5o, G S 17

MHC class I molecules collect peptides derived from proteins synthesized in the
cytosol and are thus able to display fragments of viral proteins on the cell
surface. All cells express MHC I.

MHC class 1l molecules bind peptides derived from proteins in intracellular
vesicles, and thus display peptides derived from pathogens living in macrophage
vesicles or internalized by phagocytic cells and B cells. DC, macrophages, B cells
express MHC I1.
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Cell-mediated immune response; Some bacteria and parasites, and all
viruses replicate inside cells there they can not be detected by antibodies. T cells
are responsible for destruction of these invaders.

MHC class Il

.-Mm -

P 111 s e 1 Eared i 2000,

MHC class Il molecules bind peptides derived from proteins in intracellular
vesicles, and thus display peptides derived from pathogens living in macrophage
vesicles or internalized by phagocytic cells and B cells.

CD4 and CD8 T cells recognize peptides
bound to differpnt plasses of MHC

e 3t 1 e i 10 e 1 [T ——————

CD4 and CD8 are known as coreceptors.

preferentially to MHC class 1l molecules.

CD8 molecule binds preferentially to MHC class | molecules, whereas CD4 binds

Mechanism of host defense against
intracellular infection by mycobacteria

Immune response can be beneficial or
harmful

Tumor immunity

i 1.1 By Smancbickog, 8 . € Gl ey 917]

Successful vaccination
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