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General scheme of an immune response

Most microorganisms do not cause disease in humans

Pathogensg
Disease - causing organisms

Protozoa, Bacteria, Viruses, Fungi, Worms etc

Both humans and pathogens are made of proteins 
carbohydrates & lipids

How does the human immune system distinguish pathogens 
from human tissues and harmless microorganisms?



Two Dimensional Electrophoresis
Proteins separated on size (y axis) and isoelectric point (x axis)

Different protein sequences produce spots with different xy coordinates

Each human cell type gives a different pattern - some spots are shared

The pattern with non-human cells, e.g. E. coli is completely different

Human kidneyE. coli Human colon epithelium



How does the immune system distinguish pathogens 
from human tissues?

… by discriminating between self and non-self proteins

But……………

What about the non-What about the non-self What about the non- What about the non
self proteins from 
microrganisms in 

food? 

What about the non self 
proteins of commensals 

and symbionts?

What about the non
self proteins in food?

How does the immune system discriminate between useful or harmless 
sources of non-self protein and pathogens?  



Why would a pathogen evolve to damage the host and 
then alert the immune system?

Damage: To break through barriers in order to gain access to 
regions that are more prosperous

y

Alert: An inevitable consequence of damage to the barrier -
facilitating dissemination in the host



How does the immune system distinguish pathogens 
from self tissues and useful or harmless sources of non-from self tissues and useful or harmless sources of non-

self protein and pathogens?

… by discriminating between self and non-self proteins

Burnet 1949, Medawar 1953

by detecting ‘danger’ signals such as non apoptotic…by detecting danger  signals such as non-apoptotic, 
necrotic cell death

Matzinger, 1994Matzinger, 1994



Immune responses

Skin & Mucous membranes
rapidly regenerating surfaces, peristaltic 

movement, mucociliary escalator, Invasion
Barriers

movement, mucociliary escalator, 
vomiting, flow of urine/tears, coughing& infection

Cellular and humoral defences
lysosyme, sebaceous/mucous secretions, 

stomach acid, commensal 

Innate immunity
+

organisms,complement proteins, 
phagocytosis, NK cells

I fl i

Adaptive immunity

+ Inflammation

Cellular and humoral defences
Antibodies cytokines T helper cellsp y Antibodies, cytokines, T helper cells,

cytotoxic T cells



First line of defence - Epithelial cells
Functions within seconds of contacting a 
pathogen 

A mechanical, selectively permeable , y p
barrier between the ‘outside’ and ‘inside’

Produce natural antibiotics - cationic 
antibacterial peptides - defensins and p p
cathelicidins

May possess motile cilia

Rapidly renewable

Outside

Rapidly renewable

Produce cytokines - proteins that alter 
the behaviour of other cells

Produce chemokines - proteins that 
attract other cells

May produce mucins

Inside

Primary role is to block the entry 
f i i

Transport antibodies from ‘inside’ to 
‘outside’

of microorganisms



Blood vessel - Simple squamous Mesothelium - Squamous 

Normal Cilia Primary ciliary diskinesia

Trachea - Pseudostratified ciliated Renal collecting tubule - Simple cuboidal



Oviduct  - Simple columnar ciliated Salivary gland duct - Cuboidal stratified

Skin - Squamous stratified keratinising Vagina - Stratified squaemous



Immune responses

Skin & Mucous membranes
rapidly regenerating surfaces, peristaltic 

movement, mucociliary escalator, Invasion
Barriers

movement, mucociliary escalator, 
vomiting, flow of urine/tears, coughing& infection

Cellular and humoral defences
lysosyme, sebaceous/mucous secretions, 

stomach acid, commensal 

Innate immunity
+

organisms,complement proteins, 
phagocytosis, NK cells

I fl i

Adaptive immunity

+ Inflammation

Cellular and humoral defences
Antibodies cytokines T helper cellsp y Antibodies, cytokines, T helper cells,

cytotoxic T cells



Innate immune response

Inbuilt immunity to resist infection

N ti t l i itNative, natural immunity

• Present from birth

• Not specific for any particular microbial substance• Not specific for any particular microbial substance

• Not enhanced by second exposure

• Has no memory Has no memory

• Uses cellular and humoral components

• Is poorly effective without adaptive immunityp y p y

Also involved in the triggering and amplification of 
adaptive immune responses



General scheme of an immune response

Pathogen with non-self proteins 
damages the epithelium to break 
through the epithelial barrier

Epithelial cells ‘activated’ upon contact 
with microorganismg

Ch ki d t ki d bChemokines and cytokines are made by 
activated epithelial cells



Cytokines and Chemokines

• A diverse collection of soluble proteins and peptides that modulate the 
b h i f ll t M t M t tibehaviour of cells at nM to pM concentrations

• Conceptually similar to hormones 
However cytokines and chemokines are not exclusively produced by y y p y
organised cells located in glandular tissue

• Act both locally and systemically 

• Have highly pleiotropic effects (show many biological activities) 

• Chemokines largely associated with chemoattraction of other cells

• The activities of cytokines and chemokines often overlap with other 
cytokines and chemokines



Inflammation

Cytokines - tumour necrosis factor α (TNFα) and 
interleukin 1 (IL-1) change the morphology, 

adhesive properties and permeability ofadhesive properties and permeability of 
endothelial cells

Post capillary endothelial cells 
are impermeable to cells and 

plasmaplasma 
Inflammation

Heat - Swelling - Redness - Pain - Loss of Function



Normal Lung

Pulmonary Oedema



Phagocytes

• Phagocytic neutrophils respondPhagocytic neutrophils respond 
to an epithelial chemokine 
interleukin-8 (IL- 8)

• Cells migrate from the blood 
into the tissue underlying the 
infection



Neutrophils
Also called polymorphonucelar 
leukocytesleukocytes

4 to 10 million per ml of blood

Infection activates cytokines that 
Neutrophil stimulate the bone marrow to produce up 

to 20 million neutrophils per ml of blood.

Main role is to get to site of infection 
rapidly and ingest microorganisms.

After taking up microorganisms the  
neutrophil will die.

Neutrophil Chemotaxis

Neutrophils chasing yeast

Neutrophil



MonocytesMonocytes
0.5 to 1 million monocytes per ml of blood

Migrate into the tissues and differentiate 

Blood monocyte

into Macrophages

Phagocytose microorganisms

Differentiate to macrophagesBlood monocyte Differentiate to macrophages

Present antigens to T cells

The name of monocyte-derived cells 
d d th ti th id idepends upon the tissue they reside in:

Liver - Kupffer cells

Lung - Alveolar macrophagesg p g

CNS - Microglial cells

Bone - Osteoclasts

Tissue macrophage Human Macrophage ingesting yeast



THE RETICULOENDOTHELIAL SYSTEM



Escape of cells
from blood vessels

Post capillary endothelial cells 
are impermeable to cells and 

plasmaplasma 



Mechanism of Cell Migration
Tethering and rolling

Cytokine activated endothelial cells express adhesion molecules

Cells normally roll past resting endothelial cells
Tethering

Rolling
Tethering and rolling are mediated

by SELECTINS



Activation dependent adhesion & arrest

Cytokines from epithelium activate expression of Intracellular 
adhesion molecules (ICAMs) 

Rolling
Neutrophil
is activated

by
chemokines

Selectin is shed

INTEGRIN
(adhesion molecule) 

Cell activation 
changes 

integrin to 
high affinitychemokines

has low affinity for 
ICAM

high affinity 
format



Migration and diapedesisg p

Firm adhesion causes the neutrophil 
t fl tt d i t b t thto flatten and migrate between the 
endothelial cells

Neutrophil migrates towards site of 
infection by detecting and following a 
gradient of chemokinegradient of chemokine.

Neutrophils migrate readily to IL-8 p g y
made by epithelilal cells that have 
encountered microorganisms



Recognition of microorganisms by phagocytes

Mannose
Scavenger
receptors Mannose

Scavenger
receptors CD14

Toll-like
receptors

receptor Mac-1 receptor Mac-1

Neutrophils Macrophages

• Many receptors on neutrophils and macrophages bind to microorganisms

• Specialised recognition of classes of molecules and structures not present in 
or on self tissues

• Selective specificity for microbial ‘patterns’



Phagocytosis
Phagocyte membrane zips 
around the microorganism

Microorganism is internalised
in a phagosome

Phagosome fuses with 
lysosomes to form a

h lphagolysosome

NO

Arginine

Inducible nitric
oxide synthase

Lysosomal enzymes indirectly
kill phagocytosed microbes
by making reactive oxygen

i d it i id O2
ROI

Phagocyte oxidase

species and nitric oxide O2



Interactions between phagocytes and other innate 
immune components: Complement

• A complex network of plasma and cellular proteins
• Operates in a manner similar to the blood clotting cascade
• One active factor activates an inactive factor which then activates 

another inactive factor - Zymogens
• Triggers for activating the first factor are microbial patterns and 

immune complexes between antibody and non-self proteins

• Chemoattractants
Products of complement activation include:

• Vasodilators
• Proteins that ‘decorate’ or opsonise pathogens and 
• Multicomponent channels that cause the lysis of cells that they• Multicomponent channels that cause the lysis of cells that they 

attach to 
N.B. Complement will be covered in full in a later lecture



Complement enhances uptake by phagocytes 

Pathogen in contact with Complement is activated byPathogen in contact with 
plasma proteins

Complement is activated by 
the pathogen

Complement fragments 
opsonise the pathogen

Enhanced phagocytosis of 
opsonised pathogens



Interactions between phagocytes and other innate 
immune components: Natural Killer cells

NK

IFNγ

p

NK

Cytokines TNF IL 12

Growth factors, angiogenic 
factors, proteinases -
REPAIR & REMODELLING

Cytokines - TNFα IL-12

Interferon γ

Activated macrophage
REPAIR & REMODELLING

Interferon γ
(IFNγ) receptor



N t l Kill (NK) llNatural Killer (NK) cells
Non-T, non-B cells

N l i l ti tNo classical antigen receptors

Part of the innate immune system

Recognise and kill abnormal cellsRecognise and kill abnormal cells 
such as tumour cells

Directly induce apoptosis in virus 
i f d ll b iinfected cells by pumping 
proteases through pores that they 
make in target cells

Similar cytolytic mechanisms to 
cytotoxic T lymphocytes (CTL)

Involved in antibody-dependentInvolved in antibody dependent 
cellular cytotoxicity (ADCC)



Timing of innate immunity after infection

Barriers -
Seconds

Epithelial activation -
Minutes

Cytokines/chemokines -
Minutes to days

Complement -
Minutes

Neutrophils -
Hours

Monocytes/macrophages -
Hours to days

NK cells -
Hours to days

Short-lived

Long-lived & connect with
adaptive immune system



Other Cells Involved in Innate Immunity

Macrophage
Monocyte

Phagocytosis 
Presentation to 
lymphocytes

Neutrophil
PMN

lymphocytes

Phagocytic
Anti-bacterial

Eosinophil Anti-parasite
Immunity - Allergy

Basophil ?Protection of
mucosal surfaces? - Allergy

Mast cell

mucosal surfaces? Allergy

Protection of
mucosal surfaces - Allergy



Eosinophil BasophilEosinophil

Neutrophil Eosinophil

Neutrophil

Lymphocyte

Monocyte
Basophil



Mast Cells

Degranulated mast cellResting Mast cell

Mediators released include:
Leukotriene C4 & D4, Prostaglandin D2 Platelet Activating Factor, 
Chymase Tryptase Heparin Histamine IL-4 IL-5 IL-6 IL-8 TNF-αChymase, Tryptase, Heparin, Histamine IL 4, IL 5, IL 6, IL 8, TNF α

Causing:
Vasodilation, increased vasopermeability, contraction of smooth 
muscle bronchoconstriction increase neutrophil chemotaxismuscle, bronchoconstriction, increase neutrophil chemotaxis, 
increase eosinophil, neutrophil and monocyte chemotaxis, 
anticoagulation, increased fibroblast proliferation &  platelet activation





Cells Of The
Immune System

Lymphocyte    Adaptive immunity

y

Common
lymphoid

Macrophage
Monocyte

Phagocytosis 
Ag presentation

lymphoid
progenitorNeutrophil

PMN
Phagocytic
Anti-bacterial

Pluripotent
haemopoietic

stem cell
Eosinophil Anti-parasite

Immunity - Allergy

Myeloid
progenitor

Basophil ?Protection of
mucosal surfaces? progenitor

Mast cell

mucosal surfaces?
- Allergy

Protection of
mucosal surfacesucosa su aces
- Allergy



Immune responses

Skin & Mucous membranes
rapidly regenerating surfaces, peristaltic 

movement, mucociliary escalator, Invasion
Barriers

movement, mucociliary escalator, 
vomiting, flow of urine/tears, coughing& infection

Cellular and humoral defences
lysosyme, sebaceous/mucous secretions, 

stomach acid, commensal 

Innate immunity
+

organisms,complement proteins, 
phagocytosis, NK cells

I fl i

Adaptive immunity

+ Inflammation

Cellular and humoral defences
Antibodies cytokines T helper cellsp y Antibodies, cytokines, T helper cells,

cytotoxic T cells



Adaptive immunity

Immunity established to adapt to infection 

• Learnt by experience

• Confers pathogen-specific immunity

• Enhanced by second exposure

• Has memory

• Uses cellular and humoral components• Uses cellular and humoral components

• Is poorly effective without innate immunity

Antibodies reflect infections to which an

individual has been exposed- diagnostic for infection



Lymphocyte subsets

T CELLS B CELLS

CLP

T B

T CELLS B CELLS

Common
lymphoid
precursorT Bprecursor

Th CTL PC
Activate B cells

and macrophages
Kill virus-

infected cells
Produce antibodies

PLASMA CELLS
T HELPER CELLS CYTOTOXIC T

LYMPHOCYTES



T

Resting
lymphocyte

Activated
lymphocytey y y y

Resting lymphocyte
T and B cells morphologically identical

Pl

CTL Killing a melanoma cell

Plasma
cell 



Interaction between innate and adaptive immune 
mechanisms

Molecules newly expressed on 
macrophages activated by a 

pathogen will pass on information 
about the pathogen to cells from the 

adaptive immune system

Specialised microenvironments are

T
Specialised microenvironments are 

required to maximise these 
interactions 




