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Chapter (2): Immune system

" Branches of immune system

" Components of the immune system
* Myeloid cells
* Lymphocytes
e Cytokines

" |nnate immunity

= Adaptive immunity



Immune System

= very complex system
= Large number of cells and molecules
= protects the body from pathogens and foreign substances

Immune system

Immune response

Protective response Unwanted response

= Pathogens: Bacteria, viruses = Autoimmune diseases
= Cancer " Allergy
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Immune System

= Branches of immune system

Adaptive Immunity
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Immune System

TABLE 13.1 FEATURES OF INNATE AND ADAPTIVE IMMUNITY

FEATURE

Time of response

Diversity
Microbe recognition

Nonself recognition

Response to repeated
infection

Defense

Cellular components

Molecular
components

INNATE

Immediate (minutes/hours)

Limited to classes or groups of microbes

General patterns on microbes;
nonspecific

Yes

Similar with each exposure

Epithelium (skin, mucous membranes),
phagocytes, inflammation, fever

Phagocytes (monocytes/macrophages,
neutrophils). NK cells, DCs

Cytokines, complement proteins.
acute-phase proteins, soluble
mediators

ADAPTIVE

Dependent upon exposure (first: delayed, second:
immediate d/t production antibodies)

Very large: specific for each unique antigen

Specific to individual microbes and antigens (antigen/
antibody complexes)

Yes

Immunologic memory; more rapid and efficient with
subsequent exposure

Cell killing; tagging of antigen by antibody for removal

T and B lymphocytes, macrophages. DCs, NK cells

Antibodies, cytokines, complement system




Innate vs Adaptive Immune Players
Innate Immunity Adaptive Immunity
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Immune System

Bone marrow

Innate immune system ﬂ , HSCs

a. Mpyeloid lineage cells G.CSF + CMP

)

Myeloblast

1. Granulocytes (polymorphonuclear leukocytes)

= Neutrophils have three strategies for directly attacking microorganisms:
generation of neutrophil extracellular traps, phagocytosis, release of

cytokines Blood

= Eosinophils and Basophils are important against parasites, which are too
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Eosinophil Neutrophil

large to be ingested by macrophages and neutrophils.

CMP: Common myeloid progenitor
G-CSF: Granulocyte colony-stimulating factor 6



Innate immune system

a. Mpyeloid lineage cells

2. Monocytes/Macrophages

Immune System

Bone Marrow

Blood

Tissue

CcMP
9
M-CSF

HSCs
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Monocytes

Macrophages

Differentiation

CMP: Common myeloid progenitor

M-CSF: Macrophage colony-stimulating factor



Innate immune system

a. Myeloid lineage cells

2. Monocytes/Macrophages

Blood

Bone Marrow

4 CMP | '
®:9
- GM-CSF T

HSCs Monocytes

VEGF: Vascular endothelial growth factor
EGF: Epidermal growth factor

PDGF: Platelet-derived growth factor
TNF-a: Tumor necrosis factor-a

TGF-B: Transforming growth factor-f8
APC: Antigen presenting cell

Immune System

Tissue

P

Macrophages

Classical activation
(LPS, TNFor, GM-CSF, IFNy)

Proinflammatory cytokines
IL-1, IL-6, IL-12, TNF 0t , ROS, NO
chemokines
—— = = ——
| Phagocytosis I
1 Cytotoxicity I
1* Inflammation I
| * Adaptive immune |

Alternative activation

f\ IL-4, IL-10, TGF-B

Macrophages
M2-
Macrophages
Trophic factors
IL-10, IL-6, VEGF, EGF, TGFB_.
Arginase-1, PDGF
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" Death cell elimination |
| * Tissue repair l
| * Angiogenesis I
| * Anti-inflammation I
= |Immunosuppression |




Immune System

Innate immune system

a. Myeloid lineage cells
3. Dendritic cells (DCs)

= DCs are antigen-presenting cells (APCs).
=  Found in an immature state in the blood. Once

activated, they mature and migrate to the lymph
nodes where they activate T cells and B cells.
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Natural Killer (NK) cells

Innate immune system

b. Lymphoid lineage cells: Natural killer cell

= Cytotoxic innate lymphoid cells.

= Recognize and kill virus-infected cells and tumors.
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Bcells Tcells NKcells ILC1 | ILC2 ILC3
Group 1 ILCs
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NK cells
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Indirect pathway

Other immune cells: T cells
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NK Cells

y No Lysis
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Inhibitory
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receptor
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NK Cells
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Stress-induced recognition
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NK Cells
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NK cells and Leukemia

‘Activating receptors ligands
flnhibitory receptors ligands

‘Activating receptors
{ Circulating NK cells
Maturation defect
4 Inhibitory receptors
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Adaptive immune cells

1. Tlymphocytes (T cells)

CD3+CD8+: Cytotoxic T cells
* Tregulatory cell: CD25+CD8+Treg

CD3+CDA4+: Helper T cells
* Tregulatory cell: CD25+CD4+Treg

= These cells are naive cells

MHC: Major histocompatibility complex

CD: Cluster of Differentiation protein
- CD14
CD56
CD64
CD19, 20

Cortex

Medulla

Immune System
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Adaptive immune cells

1. B lymphocytes (B cells)

= Naive B cells
= Memory B cells

= Plasma B cells

Immune System

Pro-B cell

Pre-B cell

Activated B cell

> - \'._

Bone Marrow

Memory B cell

Antibodies

Blood & Peripheral
lymph node

F’lasmacell
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Immune mediators

1.
2.

Cytokines
Complement proteins

One cell secretes different cytokines
Different cells secrete the same cytokine

Immune System

Lymphocyte

Macrophage

Granulocyte

Endothelial cells
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Immune mediators

1. Cytokines

Immune System

inducing
stimulus

Biological
effects
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Immune mediators: Cytokines

1. Pleiotropic action

Immune System

2. Redundant action

a. Proliferation and differentiation
b. Activation

Activated T
helper cell

B cell

CDS8+ cell

Activated T cells

Proliferation

3. Antagonist action

21
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Immune mediators

Interleukins (ILs)

IL-1, IL-2, .....

Immune System

Tumor necrosis
factors (TNFs)

Interferons (IFNs)

Chemokines

= TNFa, TNFB, .....

= IFN-q, IFN-y, ....

CCL-2 (MCP-1)
CCL-5 (RANTES)
CXCL6 (GCP-2)
CXCL-2 (MIP-2)
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Immune System

TABLE 13.2 CYTOKINES OF INNATE AND ADAPTIVE IMMUNITY

CYTOKINES

Interleukin-1 (IL-1)

Interleukin-2 (I1L-2)

Interleukin-3 (IL-3)
Interleukin-4 (IL-4)

Interleukin-5 (IL-5)
Interleukin-6 (IL-6)

Interleukin-7 (IL-7)

Interleukin-8 (IL-8)

Interleukin-10 (IL-10)

Interleukin-12 (IL-12)

Type | interferons (IFN-o,

IEN-B)
Interferon-y (IFN-y)

Tumeor necrosis factor-o
(TNF-ct)

SOURCE

Macrophages, endothelial cells,

some epithelial cells

CD4*, CDS8* T cells

CD4: T cells
CD4* T _H cells, mast cells

CD4' T H cells

Macrophages, endothelial cells,

T lymphocytes

Bone marrow stromal cells

Macrophages. endothelial cells

Macrophages, some T-helper
cells

Macrophages, DCs

Macrophages, fibroblasts

NK cells. CD4* and CD8* T

lymphocytes

Macrophages, T cells

FUNCTION

Wide variety of biologic effects: activates endothelium in
inflammation; induces fever and acute-phase response;
stimulates neutrophil production

Growth factor for activated T cells: induces synthesis of
other cytokines: activates cytotoxic T lymphocytes and
NK cells

Growth factor for progenitor hematopoietic cells

Promotes growth and survival of T, B. and mast cells;
causes T_H cell differentiation: activates B cells and
eosinophils: and induces IgE-type responses

Induces eosinophil growth and development

Stimulates the liver to produce mediators of acute-phase
inflammatory response: also induces proliferation
of antibody-producing cells by the adaptive immune
system

Primary function in adaptive immunity: stimulates pre-B
cells and thymocyte development and proliferation

Primary function in adaptive immunity; chemoattracts
neutrophils and T lymphocytes: regulates lymphocyte
homing and neutrophil infiltration

Inhibitor of activated macrophages and DCs: decreases
inflammation by inhibiting T H cells and release of
[L-12 from macrophages

Enhances NK cell cytotoxicity in innate immunity;
induces T H cell differentiation in adaptive immunity

Inhibit viral replication; activate NK cells: and increase
expression of MHC-I molecules on virus-infected cells

Activates macrophages in both innate immune responses
and adaptive cell-mediated immune responses:
increases expression of MHC-I and MHC-II and
antigen processing and presentation

Induces inflammation, fever. and acute-phase response:
activates neutrophils and endothelial cells: kills cells
through apoplosis

23



Innate immune response

Pathogen _P_at_h_og.e_.n_ . Innate immune
recognition system

Innate immune

Phagocytosis <

response

Pattern Recognition
Receptors (PRRs)

» Inflammation

Soluble Mediators
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Innate immune response

Pathogen Recognition

1. Pattern recognition receptors (PRRs)

= Their ligands are called Pathogen
associated molecular patterns (PAMPs)

a. Toll-like receptors (TLRs)

b. Mannose receptors (MRs)

TLR 4 TLR 5 TLR 2

LPS
Pt TLR 1/6
plasma
membrane | |
cytoplasm
TRAM TIRAP
TRIE  MyD88 MyD88 TIRAP
TLR3 - TLR789 '

kB
\TRAM | TRIF _/T pS0, P65 |

lﬂ Enq;)sbme NF- kB

wEBNEN Ny
P\ g o=

NF-kB pathway

activate immune response genes

CD 14

MyD88

 —
A. Phagocytosis

B. Production and secretion of cytokines
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Innate immune responses

Pathogen Recognition

2. Soluble mediators

I, Opsonins: Opsonization process

a. Antibodies: IgM, IgG
b. Complement proteins
c. Mannose binding lectin (MBL)

ii. Cytokines

iii. Acute phase proteins

Innate immune response

Opsonization

Phagocyte

Complement

activation

&

A cab

receptor

>

Phagocytosis

K
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Innate immune response

Complement system

Initial activation phase Amplification of inflammation phase Membrane attack phase
Classical
Antibody athway
body pathway C3 3b bound C5
/ \ to microbe
Alternative Le ctin C3a oy
pathway pathway e
C3p Membrane
> attack
C5b complex
0y o
4 o\ Csb
Cl"'-v“_ e 6 sl \
Microbe N mriones o Vel @ €6.C7,C8,C9
binding lectin \ Ve \
M ) » C5 7
g Y Phagocytosis
£ Complcnpcm Vascular dilation C5:
protein and permeability g Lysis of
microbe
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1. Antigens

Haptens

Adaptive immune response

Epitopes
(antigenic
Antibody determinants)
A

Antigen-
binding
sites

Antigen
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2. MHC molecules: Human leukocytes antigens (HLAS)

3. Antigen presenting cells (APCs): macrophages and DCs.

Class I: HLA-A, B, C
Class Il: HLA-DR, DP, DQ

MHC-class Il

Adaptive immune response

MHC-II
molecule with
antigenic
determmant
or epitope

molecule with

MHC-II

MHC-1

antigenic
determinant
or epitope

mfected cell
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Cell mediated immunity
T helper cell (CD4+)
o Thelper1l

o Thelper 2
o T helper 17

Cytotoxic T cell (CD8+)

Regulatory T cells
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1.

Adaptive immune response

Cell mediated immunity
Regulatory T cells

« CD4+ CD25+ FOXP3+ Tregs |
— IL-10, IL-35, TGF-B

e CD8+ CD25+ FOXP3+ Tregs
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2. Humoral mediated immunity

B cells
o Primary response
o Secondary response

Adaptive immune response

B-cell antigen
receptor on
surface of
immunoglobulin

\ Proliferation
-

Cytokmes

Antibody
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2. Humoral mediated immunity

Adaptive immune response

= Becells
o Primary response
o Secondary response

Activated
B ceali

o

Activated
B celi
e
Naive Memory
B cell B cell
X S
@’* Primary Secondary
response response
2 4 e = 10 12
Weeks
Antigen Antigen
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2. Humoral mediated immunity

= Bcells
o Antibodies

Adaptive immune response

Antigen

Variable region
(heavy cham)

Constant region
(heavy chain)

Constant
region
(light cha

— Heavy
chain

Variable
region
(light chain)

in)
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Ada ptive immune response TABLE 13.4 CLASSES AND CHARACTERISTICS OF Igs

FIGURE CLASS PERCENTAGE OF TOTAL CHARACTERISTICS
2. Humoral mediated immunity IgG 75.0 Displays antiviral. antitoxin, and antibacterial properties; only
Ig that crosses the placenta: responsible for protection of
newborn; activates complement and binds to macrophages
= Becells
o Antibodies
I — IgA 150 Predominant Ig in body secretions, such as saliva, nasal and
- U par~ respiratory secretions, and breast milk; protects mucous
membranes
IeM 10.0 Forms the natural antibodies such as those for ABO blood
antigens; prominent in early immune responses: activates
complement
W IgD 0.2 Found on B lymphocytes: needed for maturation of B cells
IgE 0.004 Binds to mast cells and basophils: invelved in parasitic infec-
tions, allergic and hypersensitivity reactions
35




= Active immunity

= Passive immunity

Adaptive immune response

Natural

Infection

T
2R W

: -2 B
=i

Artificial

Vaccination

Passive immunization

Natural

Maternal
antibodies

Artificial

Monoclonal
antibodies
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