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Learning objectives

• Immune cells and haematopoiesis
• Primary and secondary lymphoid centres (structure of lymph nodes, 

spleen, and thymus)
• Antigen/MHC and receptor interactions
• Immunoglobulins (regions, structure, class switching, honing)
• Important cytokines (IL-1, IL-2, IL-6, IL-13, TNF-a, TGF-b)
• Complement system and activation pathways
• Phases/stages of inflammation, important mediators 

(prostaglandin/eicosanoids)
• Stages of chemotaxis



What the heck is this
It can be easy to get bogged down



General tips

• It actually doesn’t make up that 
much of the exam

• BUT concepts carry over to other 
areas

• Do the bank

• Ganong’s and Robbin’s



Overview of the immune system

MHC - Self vs foreign

Structure and function of the immune system

• Cells

• Tissues

Innate immunity 

Adaptive immunity

• Humoral 

• Cellular

Mediators 



Major Histocompatibility Complex

A set of genes that codes for proteins that are essential for immune 
responses – bind to molecules and display them at cell surface. 

Used in detection of pathogens and abnormal self-cells. A way to serve 
things to other immune cells, which otherwise do not have 
mechanisms to latch onto antigens

The MHC of humans is called the Human Leukocyte Antigen (HLA) 
complex. Found on chromosome 6. 



MHC polymorphism 

• Chromosome 6. 

• One haplotype from each parent to form full genotype

• Co-dominant to maximise polymorphism 

• Siblings are 1:4 haploidentical. 

• Determine affinity to particular peptides and thus the body’s ability to 
recognise and activate in response to antigens. 

• Diversity means less likely to all be wiped out by the same disease

• Unfortunately also means hard to find a good match for transplants



MHC molecules

• MHC class 1 
• All nucleated cells

• Heterodimer of an alpha and beta chain. Beta chain attaches to CD8

• HLA A/B/C/E/F/G

• MHC class 2 
• Macrophages, APCs (dendritic cells, interdigitating cells etc)

• Heterodimer of alpha and beta chain. Attaches to CD4 

• MHC “class 3” 
• Miscellaneous molecules that happen to be in the same region. 

• Some related: complement proteins, TNF



MHC1

• Heterodimer with long alpha chain and short 
beta chain. 

• Classically pick up and present molecules 
derived from within cells and present on 
surface to CD8 T cells

• CD8 receptors stick to b2

• Constantly self-sampling normal self-antigens, 
occasionally pick up abnormal or foreign stuff 
(e.g. viral proteins within cells)



MHC2 

• Only on antigen presenting cells

• Also a heterodimer. Both chains form the 
binding cleft

• Classically for presentation of free floating 
antigens that have been internalised by 
endocytosis. Present to CD4 cells.

• Constantly sampling whatever floats by



Quiz time

8682 – Concerning the major histocompatibility complex 
(MHC) 

1: class I MHC molecules include complement components 

2: class II MHC products are transmembrane heterodimers 

3: class II MHC molecules are normally expressed on all cells in 
the body 

4: class III products include heat shock proteins 



Quiz time

8682 – Concerning the major histocompatibility complex (MHC) 

1: class I MHC molecules include complement components F

2: class II MHC products are transmembrane heterodimers T

3: class II MHC molecules are normally expressed on all cells in the body F

4: class III products include heat shock proteins T



Quiz time

25412 – Regarding the major histocompatibility complex 

1: the genes are found within the cell cytoplasm as 
nucleosomes 

2: there are 3 classes of antigens (MHC I, II & III) 

3: the genes show co-dominant expression 

4: beta-2 microglobulin is part of the MHC class II complex 



Quiz time

25412 – Regarding the major histocompatibility complex 

1: the genes are found within the cell cytoplasm as 
nucleosomes 

F

2: there are 3 classes of antigens (MHC I, II & III) T

3: the genes show co-dominant expression T

4: beta-2 microglobulin is part of the MHC class II complex F



Cells of the immune system
Innate
Neutrophils
Basophils
Mast cells
Eosinophils
NK cells (granulocyte 
and T cell based)

PAMP/DAMP 
receptors, physical 
barriers, complement, 
inflammation

Adaptive
B cells
• Plasma
• Memory
T cells 
• Helper
• Cytotoxic 
• Regulatory

Antibodies

In between

Monocytes/Macrophages
Dendritic cells

Cytokines
Chemokines



Neutrophils

• Most common type of white blood cell. Ranges from 40-70% of total circulating. 

• Essential in innate response

• Phagocytosis
• Antibody coated
• Complement opsonised 

• Degranulation
• Myeloperoxidase 
• Defensins
• Elastase

• Neutrophil extracellular traps
• DNA web that physically contains pathogens

• Cytokine producer – amplify other cells’ responses



Eosinophils

• Innate response against parasites. Mostly found 
in mucosa of GIT, respiratory tract and urinary 
tract. 

• Kills antibody-coated parasites using highly 
basic proteins in their granules. Limited 
phagocytic ability. Releases these granules into 
the extracellular space. 

• Also involved in allergic inflammatory responses 
and destruction of tumour cells. 

• Elevated levels in allergies and asthma. 



Mast cells

• Fully coated with IgE by default, activate when contact 
with antigen occurs.  

• Important in allergic reactions. Whole body 
degranulation causes anaphylaxis. 

• Secretes a lot of stuff including reactive oxygen 
species, histamine, serotonin, heparin, eicosanoids 
(thromboxane, prostaglandins) and cytokines. 

• Results in classic features of inflammation



Basophils

• Least common. 0.5-1% of circulating cells. 

• Similar to mast cells in form and function, found in circulation instead 
of tissue. NOT a monocyte/macrophage relationship, actually 
different cell line. 

• Granules
• Histamine

• Heparin

• Produces elastase and cytokines like IL-4



Natural Killer cells

“large granular lymphocyte” derived from common lymphoid 
progenitor. 

Cytotoxic cells 

“Natural” in that they don’t need priming (i.e. innate)

Kills virus-infected cells and tumor cells. 

Inhibited by MHC1, which is downregulated when cells are sick. 



Monocytes/Macrophages

Monocytes in circulation (3-8%) attracted to 
sites of tissue inflammation and turn into short 
lived macrophages. Slower response than 
neutrophils

Resident macrophages live in tissues for years

Innate function: Mostly phagocytic and 
cytokine producing activity rather than 
degranulation activity. Heaps of lysosomes to 
digest stuff

Adaptive function: can act as APC



T cells

Types
• Cytotoxic T lymphocytes (aka CD8+ T cells)
• Helper T lymphocytes (aka CD4+ T Cells)
• Regulatory T lymphocytes (used to be called suppressor)
• Memory T lymphocytes
• Natural killer T lymphocytes (not to be confused with NK 

cells of the innate immune system)

T cell receptors (TCRs)
• Cell surface receptor, made of two peptide chains. 
• A T cell’s unique fingerprint. 
• TCRs are generated by V(D)J recombination

• Main sites of variation are the loops at the top, which bind 
to both MHC1 and peptides that are bound to it. 



B cells

Overall function is to produce antibodies. 

Main types include

• Follicular cells

• Plasma cells

• Memory cells

B Cell receptors are actually just surface bound antibodies. 

The production of these also depends on V(D)J recombination, and so 
are all unique as well. 



VDJ recombination



Tissues of the immune system

Structure

• Primary/Generative lymphoid 
organs 
• Bone Marrow
• Thymus

• Secondary/Peripheral lymphoid 
organs
• Lymph nodes
• Spleen 
• Mucosal/cutaneous tissues e.g. 

MALT, Peyer’s patches etc

Function

Collect antigens

• Via lymph

• Via blood

• Direct contact

Display antigens

Proliferation



Bone marrow

Mostly sternum, 
vertebrae, iliac bones, 
ribs. 

Cytokines produced by: 

• Stromal cells 
(adventitial reticular 
cells, endothelial cells) 

• resident macrophages 

• Extra cytokines can be 
produced by activated 
T cells and 
macrophages



Haematopoiesis

Important cytokines

• Granulocyte-
Myelocyte CSF, IL-3
aka “multi-CSF” for 
myeloid

• IL-7 for lymphoid

Example of pleotropic
and redundant nature 
of cytokines – more on 
this later.



Thymus

Derived from 3rd pharyngeal pouch. Found 
in anterior mediastinum. Shrinks with age.

Bi-lobed organ. Divided by fibrous septae
into lobules. Lobules zoned into cortex 
and medulla

Cortex: Developing T cells. Dendritic cells. 

Medulla: Matured T cells. Thymic 
interdigitating cells. Hassall’s corpuscules



Function of the thymus - T cell maturation

Migrate from bone marrow to thymus, where they multiply into a 
population of pro-T cells aka immature thymocytes. 

• They are CD4- and CD8- (double negative)

Start to churn out TCR and now called pre-T cells aka immature T cells, 
which are double positive

• Over 10^15 unique individuals (spoiler alert 98% of get killed very 
soon)



T cell maturation

Positive selection 

• Occurs in the cortex

• Self antigens present on MHC1 and MHC2 

Ensures a population of T cells that will at least respond. 

• If there is no affinity at all, they die. 

• If there is at least some affinity, they pass positive selection and are rewarded with 
costimulation to keep them alive

Now stop expressing one CD receptor and upregulate the other like crazy (Single positive)

MHC1  CD4+

MHC2  CD8+



T cell maturation

Now undergo negative selection 
• Takes place in medulla
• Interdigitating cells with MHC2 present more self antigens

Ensures T cells don’t reach activation threshold against self antigens
• Too strong and get killed off 
• Prevents autoimmunity 
• Just under threshold turn into Treg

The mature, naïve T cells that survive the ordeal and leave the thymus are 
single positive cytotoxic, helper or regulatory cells. 





Quiz time!

25294 – During the maturation of T lymphocytes in the thymus 

1: rearrangement of T cell receptor genes takes place 

2: some cells express the CD4 and CD8 surface markers at the 
same time 

3: clones of cells which are self-reactive are eliminated or 
inactivated 

4: active proliferation of immature T cells takes place 



Quiz time!

25294 – During the maturation of T lymphocytes in the thymus 

1: rearrangement of T cell receptor genes takes place T

2: some cells express the CD4 and CD8 surface markers at the same time T

3: clones of cells which are self-reactive are eliminated or inactivated T

4: active proliferation of immature T cells takes place T



Spleen

• Red pulp (75%)
• Sinusoids full of resident phagocytes, 

dendritic cells

• White pulp (25%)
• Periarteriolar lymphoid sheaths (PALS) -

mostly T cells. 

• Lymphoid follicles – mostly B cells. 

• Marginal zone 
• Specialised marginal B cells, marginal zone 

macrophages, metallophilic macrophages



Lymph nodes

Immature lymphocytes enter via HEVs

Antigens enter via afferent lymph vessels 
either free floating or carried by APCs.

Picked up by follicular dendritic cells, 
present to T and B cells

Cytokine mediated migration of T cells 
towards B cells and vice versa. 



B cell activation

• Surface B-cell receptors 
(immunoglobulin) 

• Follicular dendritic cells

• Either T-dependent or T-
independent pathway

• Undergo affinity maturation, 
isotype switching and 
memory cell generation in 
germinal centres of lymphoid 
organs



Activation of B cells, antibody class switching

T independent

Polysaccharides, nucleic acids, 
lipids

IgM response, small amount of 
IgG. 

Poor affinity maturation 

Short lived plasma cells

Few memory cells

T dependent

Protein antigens

Require Th cell costimulation

Initially IgM and then undergo 
class switching

Strong affinity maturation 

Long lived plasma cells, plenty of 
memory cells. 



T-dependent

Th cell activation by specific antigen via APC

B cells pick up same antigen via BCRs, display fragments via MHC2

Th binds communicates with B cell via:

• CD4 coreceptor binding to MHC2 

• CD40L of Th sticks to CD40r of B cell

• Cytokines





QUIZ TIME

25283 – Activation of B lymphocytes by thymus-dependent 
antigens requires all of the following EXCEPT 

A. T cells expressing CD8 surface marker 

B. T cells expressing CD3 surface marker 

C. processing of antigen and presentation of antigenic peptides 
bound to MHC class II antigens 

D. T cells expressing T cell receptors 

E. costimulation through CD40L/CD40 interactions 



QUIZ TIME

25283 – Activation of B lymphocytes by thymus-dependent 
antigens requires all of the following EXCEPT 

A. T cells expressing CD8 surface marker 

B. T cells expressing CD3 surface marker 

C. processing of antigen and presentation of antigenic peptides 
bound to MHC class II antigens 

D. T cells expressing T cell receptors 

E. costimulation through CD40L/CD40 interactions 



Immunoglobulins

Primary tool of B cells. 

Surface bound to function as 
receptors, or free floating 

Different classes with different 
functions

Various functions 



Antibody structure

4 polypeptide chains: 2 light (κ orλ), 2 
heavy (α, γ, δ, ε, μ) 

• Light chains: 1 variable, 1 constant. 

• Heavy chains: 1 variable domain, 3-4 
constant domains. Type of heavy 
chain determines the class of Ig (e.g. 
gamma heavy chain  IgG)

The variable domain of light and heavy 
chain form antigen binding site. 

Hinge region allows for mechanical 
flexibility



Classes

IgM works first

IgG is most powerful 

IgA and IgM have J 
chains which bind 
them together into 
dimer/pentamer. 
Help bind to epithelial 
cells etc. 

IgA Found in mucosal areas like the gut, respiratory 
tract. Prevents colonisation by pathogens. Also 
found in saliva, tears and breast milk

Dimer 3.5mg/
mL

6 
days

IgD Functions as an antigen receptor on naïve B cells 
(after leaving BM). 

Mono
mer

Trace 3 
days

IgE is found in epithelial cells. Binds to allergens and 
triggers histamine release from mast cells and 
basophils. Protects against parasites

Mono
mer

Trace 
amount
s

2 
days

IgG Four main forms, providing the majority of 
antibody-based immunity. The only Ab able to 
cross the placenta to give passive immunity to the 
foetus. 
Complement binding
Antibody dependent cellular cytotoxicty. 

Mono
mer

13.5mg
/mL

23 
days

IgM Expressed on surface of B cells as monomers, 
secreted as pentamers. Very high avidity. 
Eliminates pathogens as part of B cell mediated 
immunity in acute phase before IgG sweeps 
through. 
Binds to complement. 

Penta
mer

1.5mg/
mL

5 
days



Classes in humoral immunity



QUIZ TIME

• S: Among the immunoglobulins only IgA and IgM characteristically 
include J chains 

• because 

• R: J chains are found in those immunoglobulins which exist in the 
monomeric form 

S is true, R is true and a valid explanation of S A

S is true, R is true but not a valid explanation of S B

S is true and R is false C
S is false and R is true D
Both S and R are false E



QUIZ TIME

• S: Among the immunoglobulins only IgA and IgM characteristically 
include J chains 

• because 

• R: J chains are found in those immunoglobulins which exist in the 
monomeric form 

S is true, R is true and a valid explanation of S A

S is true, R is true but not a valid explanation of S B

S is true and R is false C
S is false and R is true D
Both S and R are false E



Cytokines

Secreted proteins that regulate cells 
via autocrine or paracrine function 

Over 100 known 

5 main classes 

• Interleukins

• Interferons 

• Tumour necrosis factors

• Chemokines

• Growth factors, CSFs



Properties of cytokines

• Same cytokine can be produced by multiple cell types. 

• Highly potent: active at picomolar concentrations

• Pleotropic = single cytokine works on multiple cells to result in 
multiple effects

• Redundant = multiple cytokines act on the same cell to result in the 
same effect. 

• Synergistic = Multiple cytokines required to generate one effect. 



Remember this? 



Important cytokines

IFN a/b/g “Antiviral state”  upregulate MHC1, macrophages, IgG

IL-1  Inflammation, fever, shock

IL-2 T cell growth factor

IL-4 B cell growth factor, class switching to IgE (allergy) 

IL-8 Chemotaxis of neutrophils, basophils, T cells. 

TNFa/b Inflammation, autoimmune disease

TGFb Immunosuppression



14798 – Cytokines 

1: act locally on immediately adjacent cells 

2: have individual actions in modulating cell function which are 
specific for each cytokine 

3: bind to non-specific receptors on target cells 

4: are involved in stimulating cell growth but not cell differentiation 



14798 – Cytokines 

1: act locally on immediately adjacent cells T

2: have individual actions in modulating cell function which are 
specific for each cytokine 

F

3: bind to non-specific receptors on target cells F

4: are involved in stimulating cell growth but not cell differentiation F



Complement system

System of proteases forming a cascade. Active against microbial 
surfaces. 

3 different activation pathways 

• Classic

• Alternative

• Lectin

Lead to same common pathway. 

End result of pathway is membrane piercing attack, byproducts also 
responsible for inflammatory response. 



Activation

Proteins e.g. C3
Fragments e.g. C3a

Common pathway starts with the 
formation of C3 convertase

Classical – IgG/IgM dependent

Alternative, Lectin – antibody 
independent



Actions

1. Complement mediated 
cytolysis (MAC attack) 

2. Opsonisation

3. Inflammation



Inflammation

Acute inflammation
• Rapid. Lasts minutes to days
• PMN dominant
• Relies on several important mediators
• End goal of inflammation is to move PMN to area and activate them. 

3 main effects
• Increased flow
• Increased permeability
• Cellular reactions
o Chemotaxis of leukocytes
o Extravasation of leukocytes
o Phagocytosis of stuff

Outcomes of 
inflammation

•Complete resolution 
•Healing by fibrosis
•Progression to 
chronic inflammation



Mediators

Vasoactive amines – histamine, serotonin 

Eicosanoids

Cytokines, chemokines

PAF

Complement

Kinins 



Eicosanoids

Essential polyunsaturated 
fatty acid. 

Processed by either 
• COX Pathways 

Prostaglandins, 
Thromboxane
• COX1:

Constitutive/Housekeepin
g/Homeopathic

• COX2: Inflammatory

• LOX pathway 
Leukotrienes



Vascular changes

Changes to flow
• Transient vasoconstriction (haemostatic) followed by vasodilation (get cells 

to area, Mediated by PGI2 and NO). 
• Slows again due to effects of LTs – allows for leukocytic margination
Changes to permeability
• Endothelial gap widening 

• Histamine, bradykinin, PAF, LTs, 
Substance P 

• Damaged cells, disrupted barrier 
function

• Transcytosis
• Angiogenesis



Migration of cells

1. Margination

2. Rolling

3. Diapedesis 

4. Chemotaxis 

5. Phagocytosis 

6. Degradation

7. Collateral damage 





QUIZ TIME



QUIZ TIME

23279 – Mechanisms of adhesions between leucocytes and 
endothelium include 

1: increased binding activity of integrins 

2: P-selectin/ICAM-1 (intercellular adhesion molecule-1)interaction in 
low-flow conditions 

3: induction of endothelial adhesion molecules 

4: redistribution of P-selectin by histamine stimulation 



QUIZ TIME

23279 – Mechanisms of adhesions between leucocytes and 
endothelium include 

1: increased binding activity of integrins T

2: P-selectin/ICAM-1 (intercellular adhesion molecule-1)interaction in 
low-flow conditions 

F

3: induction of endothelial adhesion molecules T

4: redistribution of P-selectin by histamine stimulation T



References and other useful resources

• Robbin’s

• Cellular and Molecular Immunology 9th edition

• Leon’s notes 

• Do the bank!


