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The eradication of  smallpox by vaccination

In 1979, WHO announce officially the eradication of  smallpox 

Sir Edward Jenner 

(1749-1823)

Vaccinia (cowpox)
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Cholera, 

Anthrax, Rabies

Louis Pasteur

(1822-1895)

Vaccine

http://en.wikipedia.org/wiki/File:Louis_Pasteur.jpg
http://en.wikipedia.org/wiki/File:Louis_Pasteur.jpg


Immunity

Host Microorganisms

Innate Immunity: 

Non-specific,

No Memory.

Adaptive Immunity: 

Specific with

Memory. 

Virus

Bacteria

Protozoans

Helminths

(parasitic worms)
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Innate and Adaptive Immunity

• Pathogens (Antigens)

• Immune responses (innate vs. adaptive)

• Life-long protective immunity (Antibodies)

• Immunological recognition, immune effector 

functions, immune regulation, immunological 

memory.

• Immune cells (leukocytes, myeloid, lymphoid)

• Cell-mediated immunity, humoral immunity

5



6

Anatomic and chemical barriers are the first defense against pathogens

Principles of innate immunity
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The immune system is activated by inflammatory inducers that indicate the presence of 

pathogens or tissue damage.

Principles of innate immunity



Hematopoietic stem cell 

(HSC)

Pluripotency

Progenitor cell (HPC)

Differentiation

Maturation

Innate immunity

Adaptive immunity

Lineage
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The cellular components of  the immune system

Immune cell subtypes:

Th1, Th2, Th17, Treg, …

M1/M2 macrophage

N1/N2 neutrophils

ILC-1, ILC-2, etc.

Questions: 

1. How to define HSC?

2. How to define HPC?

3. How to define mature immune cells?

Lymphoid lineage Myeloid lineage



Myeloid Cells
Innate Immunity: Phagocytes, inflammatory cytokines

Adaptive immunity: Ag-presentation cells (APCs)
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The myeloid lineage comprises most of  the cells of  the innate immune system

Principles of innate immunity



Innate immune 

Recognition

Pattern-recognition

Receptors (PRRs)

Pathogen-associated

Molecular Patterns

(PAMPs)
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Sensor cells express pattern-recognition receptors that provide an initial 

discrimination between self and nonself.

Principles of innate immunity



rubor (redness), tumor (swelling), calor (heat), and dolor (pain)
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Sensor cells induce an inflammatory response by producing mediators such as 

chemokines and cytokines

Principles of innate immunity

Inflammation
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Innate lymphoid cells and natural killer cells are effector cells that share similarities with lymphoid 

lineages of the adaptive immune system.

Principles of innate immunity

Innate lymphoid cells (ILCs): Cytokine-producing 

lymphoid cells important in the innate immune 

responses.

Natural killer (NK) cells: 

Innate immunity  (virus-infected cells).

Adaptive immunity  (Cytokine-producing cells).



Adaptive immunity: Lymphoid Cells (lymphoid lineage)

B lymphoid cells, plasma cells. Immunoglobulins (Ig)/Antibody (Ab)

T lymphoid cells, T helper (Th) cells, cytotoxic T (Tc) cells
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The interaction of antigens with antigen receptors induces lymphocytes to acquire effector and 

memory activity.

Principles of adaptive immunity

Lymphocytes are mostly small and inactive cells
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B cell: Ab T cell: TCR (T cell receptor)

Ag recognition

Schematic structure of  antigen receptors



Clonal Selection: Lymphocytes that were activated by Ag give rise to clones of Ag-specific cells

15Clonal Deletion Immunological Tolerance

Antigen-receptor genes are assembled by somatic gene rearrangements of 

incomplete receptor gene segments.

Principles of adaptive immunity



NK cells
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Coordination between innate and adaptive immunities



Dendritic cells (DCs) are the most potent Ag-presenting cells (APCs)
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Adaptive immune responses are initiated by antigen and antigen-presenting cells in peripheral 

lymphoid tissues.

Principles of adaptive immunity



The lymphoid tissues/organs

Peripheral (Secondary) Lymphoid Organs:

Lymph nodes, Spleen, Gut-associated 

lymphoid tissues (GALT)

Presentation of  Ag, Initiation of  adaptive 

Immune responses
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Central (Primary) Lymphoid Organs:

Bone Marrow, Thymus

Maturation and differentiation of  

immune cells

Lymphocytes mature in the bone marrow or the thymus and then congregate in 

lymphoid tissues throughout the body
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Lymphocytes encounter and respond to antigen in the peripheral lymphoid organs

Principles of adaptive immunity

Cortex Medulla
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Organization of  the lymphoid tissues of  the spleen



Gut-Associated Lymphoid Tissues
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Mucosal surfaces have specialized immune structures that orchestrate responses to 

environmental microbial encounters

Principles of adaptive immunity

70-75% peripheral lymphoid cells



Primary immunization             Secondary (booster) immunization
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Lymphocytes activated by antigen proliferate in the peripheral lymphoid organs, generating 

effector cells and immunological memory

Principles of adaptive immunity



Non-selfSelf
Non-self

Self Non-self
Self
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Immune balance

control of  allergies, autoimmune disease, tumor, and the rejection of  transplanted organs



The response to an initial infection 

occurs in three phases
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Epithelial surfaces of the body provide the first barrier against infection

Anatomic barriers and initial chemical defenses

Mucosal epithelia Mucin glycoproteinsMucosal immune system



Pattern recognition by the immune system 

27



28

The complement system and innate immunity

Heat-sensible components responsible 

for the lytic activity of  antiserum 
Humoral immunity

Jules Bordet

The Nobel Prize in 

Physiology or Medicine 

1919
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The complement system and innate immunity

The complement system recognizes features of  microbial surfaces 

and marks them for destruction by coating them with C3b

Pathways

Activation

Functions



The Complement System
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The protein members of  the complement system

Group of  serum proteins circulating 

in inactive form

Once activated, multiple possible 

outcomes

– Target cell membrane lysis

– Chemotaxis

– Opsonization to enhance 

phagocytosis

– Inflammation

Complement Activation
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The complement system and innate immunity

The complement system recognizes features of  microbial surfaces 

and marks them for destruction by coating them with C3b



Lectin pathway

Pathogen-associated molecular patterns (PAMPs)

Pattern-recognition molecules (PRMs)

Mannose-binding lectin, Collectins, Ficollins
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Do you know of any other type of lectin molecules? and their functions?
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Three major activation pathways of  the complement system

Zymogen: proteins activated

by proteolytic processing.

C Ca (small fragment), 

Cb (large fragment).

Activation sequence:

C1, 4, 2, 3, 5, 6, 7, 8, 9



Assembly of  the membrane-attack complex (MAC)

generates a pore in the membrane
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*

The complement system and innate immunity
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After entering tissues, many microbes are recognized, ingested, and killed by phagocytes

Pathogen recognition by cells of  the innate immune system

CTLD: C-type lectin–like domain

CRD: carbohydrate-recognition domain  



Macropinocytosis: uptake

of  fluids and soluble 

molecules.

Phagocytosis: receptor-

mediated endocytosis.

Opsonin mediated,

Non-opsonin mediated.

Phagosome: endosome.

Phagolysosome: fusion of  

phagosome and lysosome. 

Microbial killing mechanism.
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Phagocytosis

• FcR and complementR-mediated phagocytosis 

(Opsonin-dependent).

• Opsonin-independent.

• Distinction and Recognition of self and non-self

/altered self.

• Pathogen Associated Molecular Patterns (PAMPs).

• Pattern Recognition Receptors (PRRs).

• Clearance of pathogens and apoptotic cells

• Phagocytic synapse.
E. Metchnikoff
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Recognition of pathogens
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Pattern Recognition Receptors (PRRs)

• C-type Lectins: Mannose Receptor (MR), 
Dectin-1, DC-SIGN. 

• Scavenger Receptors: SR-A I/II, MARCO, 
CD36.

• Complement Receptors: CR-1, CR3.

• Toll-like receptors

• Intracellular microbial sensors

Microbial ligands: Pathogen-associated molecular patterns (PAMPs)

CRD: carbohydrate recognition domain
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Pathogen recognition by cells of  the innate immune system



Toll is required for anti-fungal responses in Drosophila

Toll-like receptors (TLRs) represent an ancient and evolutionary 

conserved pathogen-recognition system
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Pathogen recognition by cells of  the innate immune system

Cell, 1996

Jules A. Hoffmann Bruce A. Beutler

2011 Nobel Prize Physiology/Medicine

//upload.wikimedia.org/wikipedia/commons/1/1b/Nobel_Prize_2011-Press_Conference_KI-DSC_7512.jpg
//upload.wikimedia.org/wikipedia/commons/1/1b/Nobel_Prize_2011-Press_Conference_KI-DSC_7512.jpg
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Mammalian Toll-like receptors (TLRs) are activated by many 

different pathogen-associated molecular patterns

LPS: lipopolysaccharide (only present 

in Gram-negative bacteria cell wall)
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TLR signaling can activate transcription factors (NFB, AP-1, IRF) 

to induce the expression of  Pro-inflammatory cytokines (IL-1, IL-6,

TNF-) and type I interferons (IFNs)

Adapters: MyD88, MAL, TRIF, TRAM (TIR, Death domains)

Signaling intermediates: IRAK1, IRAK4, TRAF-6, TAK1, TAB1/2

NEMO (IKK), NFB.

Pro-inflammatory cytokines: Type-I interferons, IL-1, IL-6, TNF-
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TLRs and Human Diseases

Nat Immunol. 5: 975-979, 2004 45
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The RIG-I–like receptors detect cytoplasmic viral RNAs and activate 

MAVS to induce type I interferon production and pro-inflammatory cytokines

RIG-I: retinoic acid-inducible gene I. 

RNA helicase-like domain 

and CARD domain. 

MDA-5 (helicard): dsRNA. 

Type I interferons production.  



cGAS is a cytosolic sensor of  DNA and signals through 

STING to activate type I interferon production
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The NOD-like receptors (NLRs) act as intracellular sensors of  bacterial infection

NLRs comprise a large family of  intracellular sensors with diverse functions

NOD: Nucleotide-binding oligomerization domain

CARD: caspase recruitment domain. LRRs.

NOD1: iE-DAP (Gram-). NOD2: muramyl dipeptide.

Crohn’s disease (NOD2 loss-of-function) 

Blau syndrome (Gain-of-function)
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Certain NLR proteins react to infection or cellular damage by forming

an inflammasome that induces cell death and secretion of  inflammatory cytokines

NLR, ASC, pro-caspase 1, IL-1, IL-18, gasdermin D



NALP3 (NLRP3, cryopyrin): pyrin domain (CARD-like domain)

Sensors of  cellular stress/damages.

Activation of  caspase-1 Inflammasome  pro-inflammatory 

Cytokines (IL-1, IL-18). 

Gout. Familial cold inflammatory syndrome. Muckle-Wells syndrome
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Phagolysosome: Microbial killing

Oxygen-independent: Lysozymes, Defensins

Oxygen-dependent: NADPH oxidase,

Respiratory burst, Reactive oxygen species 

(ROS), Reactive nitrogen species (RNS). 

Pathogen recognition by cells of  the innate immune system

The microbicidal respiratory burst in phagocytes is initiated by 

activation-induced assembly of  the phagocyte NADPH oxidase
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Oxygen-independent Oxygen-dependent



Nitric oxide is produced by nitric oxide synthase, iNOS2. Superoxide is 

produced by a multicomponent, membrane-associated NADPH oxidase. 

The activation of  NADPH oxidase is accompanied by a transient increase in 

oxygen consumption (respiratory burst).

Chronic Granulomatous Disease (CGD). Defects in Cyt gp91phox, Cyt gp67phox, 

or Cyt gp22phox. 
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Neutrophil Extracellular Traps 

(NETs)
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Microbial recognition and tissue damage 

initiate an inflammatory response

Inflammation: 

Redness (Rubor), Swelling (Tumor), Heat (Calor), and Pain (Dolor).

Activated Phagocytes: Cytokines (pro-inflammatory), Chemokines.

Vascular permeability, activation of  leukocytes and endothelium, cell

adhesion molecules, extravasation, edma, coagulation system. 

Prostaglandins, leukotrienes, TNF-
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Macrophages and DCs activated by pathogens secrete a range 

of  cytokines that have a variety of  local and distant effects
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Autocrine

Paracrine

Endocrine

Local
Pro-inflammatory

Anti-inflammatorySystematic



Important cytokine and chemokine receptors in innate immunity
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2020     

TANG PRIZE

Charles Dinarello/IL-1

Marc Feldman/TNF

Tadamitsu Kishimoto/IL-6



Innate lymphoid cells (ILCs) provide 

protection in early infection
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dsRNA-dependent

protein kinase
2’-5’-oligo-adenylate 

synthetase

Type I interferons induced by viral 

infection make several contributions 

to host defense
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Interferons are antiviral proteins produced 

by cells in response to viral infection



NK cells are activated by interferons and macrophage-derived

cytokines for early defense against intracellular infections 

IFN-, IFN-, IL-12

IFN-NK cells

20-100X

Virus-infected cells

CD4 Th cells
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