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Learning Objectives

* To understand adaptive immunity vs innate immunity
* To describe the different type of immune cells
* To understand antigen presentation

e To understand tolerance




What does the immune system do?

It protects us from infections with:
208 viruses
538 bacteria
317 fungi
287 worms
57 parasitic protozoa (CDC numbers)

It promotes normal functioning of the body (tissue cleanup,
wound repair)

It removes abnormal cells including malignant ones

But the immune system can also cause disease when it is not
doing the right thing (allergies, autoimmunity, transplant
rejection, etc.)
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Overview of the Immune System

Immune System

Innate Adaptive
(Nonspecific) (Specific)
1° line of defense 2° line of defense

Interactions between the two systems SEH A( )J‘,%LQ )\



Overview of the Immune System

Surface barriers
l— - Skin

* Mucous membranes

Innate
defenses Internal defenses

* Phagocytes
| e Fever

> NK cells
Antimicrobial proteins
Inflammation
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Invading
microbes

(pathogens)

A typical immune response

INNATE IMMUNITY
Rapid responses to a
broad range of microbes

External defenses

Internal defenses

} Skin

> Mucous membranes

' > Secretions

> Phagocytic cells

> Antimicrobial proteins

> Inflammatory response

ACQUIRED IMMUNITY
Slower responses to
specific microbes

>

Humoral response
(antibodies)

>

Cell-mediated response
(cytotoxic
lymphocytes)
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The innate immune System

Innate Immune
System

External Internal
defenses defenses

Interactions between the two systems
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Innate Immunity: mechanisms

* Mechanical barriers / surface secretion
* skin, acidic pH in stomach, cilia

* Humoral mechanisms
* lysozymes, basic proteins, complement, interferons

e Cellular defense mechanisms
* natural killer cells neutrophils, macrophages,, mast cells, basophils, eosinophils
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NK Cell Eosinophils Neutrophil Basophils & Mast Monocyte
cells Macrophage




Adaptive immunity: mechanisms

* Cell-mediated immune response (CMIR)
* T-lymphocytes
* eliminate intracellular microbes that survive within phagocytes or other infected
cells

* Humoral immune response (HIR)
* B-lymphocytes
 mediated by antibodies

* eliminate extra-cellular
microbes and their toxins

Plasma cell
(Derived from B-lymphocyte, produces
antibodies)



Humoral Immunity

Also known as antibody-
mediated immunity

Utilizes B-lymphocytes

Recognizes antigen
directly

Made in the bone
marrow
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Clonal Selection and Proliferation

Antigen molecules

B cells that
differ in
antigen
specificity

8

Antibody »
molecules : )

Clone of memory cells Clone of plasma cells
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Antibody Structure
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Classes of Antibodies (Immunoghlobulins)

Class | Fhﬂw. Light | Molecular
subclass | chain |chain |weaight (kDa) | Structure | Function
| | | | | Most produced Ig; protacts mucosal
Ei; o hore || 150to 600 :-.-'I-l:nt;r?ma{ surfaces; Resistant to digestion;
ol 0 WBrameEn || o cratad in milk
| Function unclear; Works with IgM in
igD & KOTE 150 Monomar | | B-call devalopmeant; mostly B call
bound
| Dafands against parasitas; causas
IgE E KOl K 180 Manomar allergic reactions
I35, 1
l3G2a 2 Major Ig in sarum; good opsonizer;
lgGen w2 ||AOTE 150 Monmomear || moderate complamant fxar (IgGal;
l3(as 3 can cross placanta
HEN] T4
gt " b ar 200 Pantamar [First response antipody; Strong

complemeant focer; Good opsonzar
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Antibody Functions
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Specificity and memory in adaptive immunity, illustrated by
primary and secondary immune responses.

: Antigen X +
Antigen X Antigen Y
Activated
«Z) Anti-X B cell B cells
«_) Anti-Y B cell
Activated X X«
B cells,—x Xt

Naive
B cells

Serum antibody titer

W.B. Saunders Company items and derived items copyright © 2002 by W.B. Saunders Company.
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Cell-mediated immune response

1. T-cell

recognizes peptide antigen on
macrophage in association with major
histo-compatibility complex (MHC)
class

identifies molecules on cell surfaces

helps body distinguish self from non-self

2. T-cell goes into effectors cells stage that is
able to kill infected cells

Macmophages

Processed antigen
and CGlass | MHC

Chass | MHC

Cytotoeic T-c=1l
receptor
recognizes
pocessed
antigen plus
Class | MHG

Activated helper T cell Cytotocic T-c=l

-fecoma activated

Infectedcell

Artigen (virus) Activated cytotoodic

= T cell

Poozssed

antio=n

fwviral protain) Processed

antigen and
Cell dies ClEss | MHC
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Cell-Mediated Immunity

Infected cell Microbe

\ ‘

Antigen 4
Class | MHC 4@'1'

molecule

Antigen-
presenting
cell

Antigen
fragment

Class Il MHC
molecule

T cell :-ezzutor
receptor P
Cytotoxic T cell Helper T cell

(a) (b)
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Capture and presentation of antigens by dendritic cells

" Antigen capture .
by dendritic Activation of

cells (DC) dendritic cells

TLR ligands,
cytokines

Antigen
capture

DC in epidermis:
phenotypically
immature

Migration )
of DC

Afferent
lymphatic
vessel

'Maturation of‘
migrating DC

Afferent

lymphatic
vessel
Mature
Antigen dendritic cell
i presenting
) presentation ) antigen o
naive T cell

~ ]

T cell zone

Abbas et al. Basic Immunology
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Antigens and naive T cells come together in lymphoid organs



T cell activation

Antigen recognition T cell response
Unactivated
(costimulator- | ©
deficient)
APC
p— . , No response
Activation of APCs by microbes, or tolerance
l innate immune response ‘
Activated Effector
APCs: T cells
increased Y.
expression of g >
costimulators IL-2
secretion of .,_r‘,';'
cytokines T cell survival,

Cytokines

(e.g., IL-12) proliferation
and differentiation
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Class | MHC Pathway
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proteins n degradation pepbdes from poptide-class | of peptide-class |
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Class Il MHC Pathway

.o — - -
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Cellular and Molecular Immunology 8" Ed. (2015) by Abbas et al.
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Cross-Presentation of Exogenous Ag

« Sometimes APC present T T e j

exogenous antigens bound to &> reticulum (RER)
Class | molecules.

* This is not well understood but is
believed to occur in the lumen of
the RER.

« This may provide a selective
advantage in that it would allow
dendritic cells to phagocytose
viruses and present viral
antigens with Class |.

— This causes the generation and
activation of cytotoxic T cells that
can Kill virus-infected cells prior

to the general spread of the
infection.

Class 11
MHC
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Th17

* Extracellular bacteria
(skin, lining of intestine)

* Fungi
* Autoimmunity

IL-17 Th1

IL-21 + Cell-mediated immunity and
IL-22 = inflammation

* Intracellular pathogens
- Viruses, bactena

* Autoimmunity
* Inflammation

Physical Triggers of
Immune Response:

* Infections Antigen ’6}“
-Bacterial, viral Presenting Cells 5
-Fungal, parasitic

* Toxins

-Exogenous 7' i b
-Endogenous (\) : ThO

* Food peptides
* Allergens

* Medications

* Auto antigens

Th2

* Antibody-mediated immunity
* Extracellular parasites

* Asthma, allergy

TGF-B
IL-35
IL-10

ThO: Naive T cells
Th: Helper T cells
Treg: Regulatory T cells
IL: Interleukin
TNF-a: Tumor necrosis factor-alpha
IFN-y: Interferon-gamma
TGF-B: Transforming growth factor-beta

Treg . IL-13
* Immune tolerance
* Lympocyte homeostasis

* Regulation of immune
responses

qmia)
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Central vs Peripheral Tolerance

| Self tolerance
= Central tolerance | Q=

Immature

- - 2 % P es
2 Negative selection 1 H M:<
:I Rece pto r ed iti n g § 'g é | rSlr(fng recog“niuon of self antigen
. ats ¥ Y Y
o Generation of regulatory T 5:¢ & @ >q
Cel IS g 1 Apoptpsis Change in Development
(deletion) receptors of regulatory
(rec:e_ptor T lymphocytes
editing: (CD4+ T cells
B cells) only)

Peripheral tolerance
2 Clonal anergy
Clonal deletion

Peripheral tolerance:
Peripheral
tissues

Recog
Apoptosis

o

a Regulatory T cells —|(deletion) |  [Suppression]

:' T-T interaction Coyf 12 00 2003 00 99 1994, 1991 by Saunders, an imprint of Elsevier Inc. .
Abbas: Cellular and Molecular Immunology 7F ( )WC“Q.LQ



Mechanism of Peripheral Tolerance

a Ignorance b Anergy ¢ Phenotypic skewing d Apoptosis
Activated T cell with Apoptotic T cell
non-pathocgenic
Cytokina/chemokine
receptor profie (Ty1/T42) T

? Cytokines

/ \/ /
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Nature Reviews | Immunology
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Problems with the Immune System

Blood Transfusion Reaction
Tissue Rejection

Allergies

Autoimmune disease
Immunodeficiencies
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