
Pathophysiology I

Chapter (2): Immune system

▪ Branches of immune system

▪ Components of the immune system
• Myeloid cells

• Lymphocytes

• Cytokines

▪ Innate immunity

▪ Adaptive immunity
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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
▪ Cancer

▪ Autoimmune diseases
▪ Allergy
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Immune System

▪ Branches of immune system

3Time after infection

Hours-minutesDays



Immune System

4



Immune System

Hematopoiesis

Neutrophils
Eosinophils
Basophils

Hematopoietic stem cells

Multipotent progenitor cells 

Myeloid Lineage Lymphoid Lineage 
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Immune System
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▪ Neutrophils have three strategies for directly attacking microorganisms: 

generation of neutrophil extracellular traps, phagocytosis, release of 

cytokines

▪ Eosinophils and Basophils are important against parasites, which are too 

large to be ingested by macrophages and neutrophils.

Innate immune system

a. Myeloid lineage cells

1. Granulocytes (polymorphonuclear leukocytes)

HSCs

CMPG-CSF

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



Immune System
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Innate immune system

a. Myeloid lineage cells

2. Monocytes/Macrophages

HSCs

CMP

M-CSF

Monocytes Macrophages

BloodBone Marrow Tissue

CMP: Common myeloid progenitor
M-CSF: Macrophage colony-stimulating factor

Differentiation
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Innate immune system

a. Myeloid lineage cells

2. Monocytes/Macrophages

HSCs

CMP

GM-CSF

Monocytes Macrophages

BloodBone Marrow Tissue

Macrophages

M1-
Macrophages

M2-
Macrophages

▪ Phagocytosis
▪ Cytotoxicity
▪ Inflammation
▪ Adaptive immune 

stimulation (APC)

▪ Death cell elimination
▪ Tissue repair
▪ Angiogenesis
▪ Anti-inflammation
▪ Immunosuppression

VEGF: Vascular endothelial growth factor
EGF: Epidermal growth factor
PDGF: Platelet-derived growth factor
TNF-α: Tumor necrosis factor-α
TGF-β: Transforming growth factor-β
APC: Antigen presenting cell

IL-4, IL-10, TGF-β



Immune System
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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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Activation of 
immune cells

Cytokines



Natural Killer (NK) cells

▪ Cytotoxic innate lymphoid cells.

▪ Recognize and kill virus-infected cells and tumors.

Group 1 ILCs
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Innate immune system

b. Lymphoid lineage cells: Natural killer cell



NK cells

Other immune cells: T cells

Indirect pathway

Death Receptors Perforin, Granzymes

Cytokines, Chemokines

Direct pathway
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NK cell receptors
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NK Cells

13MHC: Major histocompatibility complex



NK Cells
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NK Cells
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NK cellNK cell

Activating receptors ligands
Inhibitory receptors ligandsTumor

cell

NK cells and Leukemia

Activating receptors
Circulating NK cells
Maturation defect
Inhibitory receptors
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Immune System
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Adaptive immune cells

1. T lymphocytes (T cells)

▪ CD3+CD8+: Cytotoxic T cells

• Tregulatory cell: CD25+CD8+Treg

▪ CD3+CD4+: Helper T cells

• Tregulatory cell: CD25+CD4+Treg

▪ These cells are naïve cells
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Double negative 
CD3+ T cells

Double positive T 
cells (CD8+CD4+)

Thymocyte
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MHC-Class I MHC-Class II

CD8+ CD4+

MHC: Major histocompatibility complex

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

Maturation

Blood and peripheral lymph nodes

Chemokines: 

Thymosin, Thymotaxin, Thymopoietin
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Adaptive immune cells

1. B lymphocytes (B cells)

▪ Naïve B cells

▪ Memory B cells

▪ Plasma B cells

BCP
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Immune mediators

1. Cytokines
2. Complement proteins

Dendritic cell

▪ One cell secretes different cytokines
▪ Different cells secrete the same cytokine



Immune System
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Immune mediators

1. Cytokines



Immune System
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Immune mediators: Cytokines

1. Pleiotropic action

Activated T 
helper cell

IL-2

B cell

NK cell

CD8+ cell

a. Proliferation and differentiation
b. Activation

2. Redundant action

Proliferation

3. Antagonist action

IFN-γ

IgE
production



Immune System
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Cytokines

Interleukins (ILs) Chemokines

▪ IL-1, IL-2, ….. ▪ CCL-2 (MCP-1)
▪ CCL-5 (RANTES)
▪ CXCL6 (GCP-2)
▪ CXCL-2 (MIP-2) 

Immune mediators

Interferons (IFNs)

▪ IFN-α, IFN-γ, ….

Tumor necrosis 
factors (TNFs)

▪ TNFα, TNFβ, …..
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Innate immune 
system

Innate immune 
response

Pattern Recognition 
Receptors (PRRs)

Soluble Mediators

Innate immune response

Pathogen Pathogen
recognition

Phagocytosis Inflammation

HOW?
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Pathogen Recognition

1. Pattern recognition receptors (PRRs)

a. Toll-like receptors (TLRs)

b. Mannose receptors (MRs)

LPS

NF-kB pathway

A. Phagocytosis

BB. Production and secretion of cytokines

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

Innate immune response
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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
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Complement system

Initial activation phase Amplification of inflammation phase Membrane attack phase

Innate immune response



Death Receptors Perforin, Granzymes

Cytokines, Chemokines

Direct pathway
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Apoptosis

Innate immune response
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1. Antigens

▪ Haptens

Antigen

Adaptive immune response
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2. MHC molecules: Human leukocytes antigens (HLAs)

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

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

▪ MHC-class II

Adaptive immune response
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1. Cell mediated immunity

▪ T helper cell (CD4+)
o T helper 1
o T helper 2
o T helper 17

▪ Cytotoxic T cell (CD8+)

▪ Regulatory T cells

Immune System
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1. Cell mediated immunity

▪ Regulatory T cells

• CD4+ CD25+ FOXP3+ Tregs

• CD8+ CD25+ FOXP3+ Tregs

Adaptive immune response

IL-10, IL-35, TGF-β
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2. Humoral mediated immunity

▪ B cells
o Primary response
o Secondary response

Adaptive immune response
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2. Humoral mediated immunity

▪ B cells
o Primary response
o Secondary response

Adaptive immune response
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2. Humoral mediated immunity

▪ B cells
o Antibodies

Adaptive immune response
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Immune System

2. Humoral mediated immunity

▪ B cells
o Antibodies

Adaptive immune response
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▪ Active immunity

▪ Passive immunity

Adaptive immune response


