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Cell associated recognition – inflammasomes 

Inflammasomes sense pathogens and cellular damage. They are multi-protein molecular 

machines 

Components of inflammasomes  

All come together to process interleukin. Activates a form of cell death called pyroptosis, 
which leads to IL1B and IL18 release. Pyroptosis occurs when the cell lyses and spills 
everywhere, causing more inflammation.   

• Sensor protein: essentially the receptor that recognises ligands (NLRP3, AIM2, 
NLRC4) 

• Adaptor protein: links the receptor and the caspase/ effector molecule. ASC- 
apoptosis-associated speck-like protein containing a CARD 

• Effector protein: caspase 1 
• Unstimulated cells have no specific ASC expression – stimulating the inflammasome 

causes the ASC to concentrate 
• Production of IL-1β and IL-18 requires two signals.  

Inflammasome pathway 

1st signal primes the pathway- signals via TLR and leads to the production of pro-IL1B, 
which stays in the cell because it needs to be cleaved 

2nd signal initiates the release of cytokines – DAMPS (lot of crystals, nigericin, etc). 
Macrophages, DCs and neutrophils engulf these, and since they are sharp, they form holes in 
the phagosome. Activates a molecule called Cathepsin B which signals NLR3 to oligomerise 
and form the ASC complex. ATP and nigericin causes potassium efflux (DAMP) which 
signals to NLRP3 to oligomerise. This leads to inflammation. 

After caspase 1 is activated, GSDMD forms a pore in the surface of the cell. The contents of 
the cell can escape – where pyroptosis occurs and where IL1B is released. Allows access to 
the contents of the cytosol.  

Inflammatory diseases with inflammasome activation as a key component 

• Alzheimer’s: amyloid-B protein 
aggregates 

• Gout: ureate crystals  
• Silicosis/Asbestosis: silica crystals/ 

asbestos  

• Atherosclerosis: cholesterol 
crystals 

• COPD: particulate matter in 
cigarette smoke 

Innate immunity effector mechanisms 

• Trigger inflammation 
• Eliminate pathogens 
• Tissue repair/ wound healing 
• Directing adaptive immunity  
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• The peptides come from endocytosis. Proteins outside the cell are captured by APCs 
and degraded to form peptides. The MHC class II molecule now can bind to these 
peptides in the endosome.  

• The MHC class II-peptide complex can then be transported to the cell surface 

There can be some recycling of MHC class II molecules.  These different biosynthesis 
pathways explain why MHC class I and II hold different peptides.  

 

Activation 

• Endogenous antigens (cytosolic, nuclear, membrane or secreted) activates MHC class 
I, which mainly activates CD8 T cells. 

• Exogenous antigens activate MHC class II, which mainly activates CD4 T cells.  
• However, there are exception to this rule. Some endogenous proteins that are 

membrane + secreted use the same pathway as MHC class II molecules.  
• Another important exception is that some exogenous proteins can be presented to 

CD8 through MHC I – Cross-presentation. 

Cross-presentation 

• Cross presentation is the presentation of exogenous antigens via the MHC class I 
pathway. Only specialised cells can cross-present antigens.  

• Cross presentation may lead to either tolerance (cross-tolerance) or immunity (cross-
priming). The exact process is still unknown  

• Cross-presentation could be dangerous as this would lead to CD8 killing of healthy 
cells Therefore, cross-presentation is restricted to only a small subset 

Early evidence suggests that is limited to:  

- Some DC subsets 
- Macrophages  
- Liver sinusoidal endothelial cells 
- Liver stellate cells  
- Neutrophils (in vitro) 
- Antigen-specific B cells (in-vitro) 
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Inhibitory receptors: 

- Key difference is an inhibitory motif 
- Killer cell immunoglobin like receptors (KIRs) are the largest group of NK inhibitory 

receptors  
- Lectins such as CD94 + NKGD2 bind non-classical MHC class I 
- Leukocyte IRs (LIRs) also known as ILT-2 bind MHC molecules 
- Inhibitory receptors of NK cells all have ITIMs 

Activation and effector functions of NK cells is very different to CTLs 

NK cell effector functions 

• Lyse virus-infected or injured cells 
• Secrete IFN-y, IL-12 and activate macrophages  
• Recognise antibody-coated targets by FcyRIIIa (CD16a) and ADCC 

 

Summary 

• Differentiation and effector functions of CTLs 
• CTLs recognise antigens presented in association with MHC class I 
• Cytotoxicity is mediated by combinations of direct cell-cell interactions, cytokines 

and the release of granule proteins 
• NK cells recognise cells that do not express MHC class I – make up for what CTLs 

can’t recognise 
• CTLs and NK cells play a dual role against virus infected cells 

 

10: Immunological memory 

Memory is the ability to persist in the absence of the antigen – basis of vaccination  

- There is always a 
bit of a lag phase in 
the primary 
response upon the 
first exposure to the 
antigen 

- Drop in pathogen 
load once the 
primary response 
kicks in  

- The memory 
population can 
persist and if the 
antigen is exposed to again, the response is more rapid and of a greater response – 
shorter lag period, magnitude of response is greater + better quality response. 

- Primary response phase, memory phase + secondary response phase 
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Signal transduction in B cells via BCR 

1. Cross-linking of membrane IgM and IgD by antigen  
2. Igα and Igβ signal transduction causes phosphorylation of the ITAM domains  
3. Leads to a cascade of events including the activation of different enzymes and 

transcription factors 
4. Movement of transcription factors to enable signalling – these factors are critical to 

allow the naïve B cell to adopt the phenotype of an activated B cell  
5. B cell is able to proliferate and differentiate 

Activated B cells 

Characteristics of activated B cells 

4 major changes result in a phenotype that is unique to an activated B cell: 

1. Expression of proteins that promote cell survival and cell cycling – increased 

survival and proliferation 
2. Antigen presentation + increased of B7 expression (co-stimulatory) – allows 

interaction with helper T cells 
3. Increased expression of cytokine receptors – responsiveness to cytokines  
4. Increased expression of chemokine receptors (Ex: CCR7) – migration from B cell 

follicle to the edge where the T cell zone is 

There is also low level of IgM secretion – early phase of the humoral response.  

IgM secretion by activated B cells 

• IgM secretion is greatest when antigens are multivalent and effectively cross-link 
many B cell antigen receptors – ex: polysaccharides 

• Many bacteria have polysaccharide-rich capsules, which are able to activate the B cell 
• Early IgM production is very important in immunity to these microbes 
• IgM activates elimination mechanisms – complement activation  

T helper cells in humoral antigens 

Protein antigens have few repeating epitopes elicit poor IgM responses – require T cell help 
to elicit efficient antibody production.  

• DCs have the capacity to present antigens to the naïve CD4 T cells within the T cell 
zone – takes up the antigen, processes it and presents it on MHC II  

• These CD4 cells need 2 signals (co-stimulation)  
• Activated helper T cells then either migrate out into the periphery and perform 

different cell-mediated immune function  
• These helper T cells can also interact with B cells at the B-cell-T-cell follicle edge 
• Naïve B cells are activated in the follicles by the same antigen (in its native form) and 

migrate from follicles to T cell zones 
• T meets B at edges of follicles  
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Fc region – function of antibodies 

Varies between different classes of immunoglobulins - Fc and FcR determines 
immunoglobins effector function 

• When antigen binds to the binding site, a physical change in the hinge region releases 
the active site for activating complement or binding to Fc receptors  

• IgG has 3 constant domains  
• IgM is a pentavalent – 4 constant domains 
• IgA is a dimer – 2 monomers held together by the J chain  
• IgE has 4 constant regions – heavily glycosylated protein  

IgG and IgM can 
activate the 
complement pathway  

Fc regions bind to 
receptors on 
haemopoietic cells – 
for IgG, IgM and IgE 

Fc receptors are 
present on 
neutrophils and 
macrophages – IgG 
on NK cells too  

Fc receptors on mast 
cells  

Different effector functions of antibody classes 

IgM: 

- Antigen receptor on naïve B cells 
- Neutralisation – low affinity but 

high avidity  
- Activation of C1q complement 

cascade 

IgA: 

- Mucosal immunity 

IgG: 

- Neutralisation – high affinity 
- Opsonisation for phagocytosis 
- Activation of C1q complement 

cascade 
- Antibody dependent cellular 

cytotoxicity: NK cells  
- Feedback inhibition of B cell 

activation  
- Neonatal immunity 

IgE: 

- Mast cell degranulation  
- ADCC – eosinophils  

IgD: 

- Antigen receptor on naïve B cells  
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Pathogenesis  

1. Skin stress that causes pro-inflammatory cytokines to be released 
2. Activates dermal DCs 
3. Activates naïve T cells – key cell in psoriasis is Th17 cells  
4. Th17 responds to self-antigens in the skin and releases pro-inflammatory cytokines 
5. Pro-inflammatory cytokines causes keratinocytes to activate and proliferate = 

thickening of the epidermis  
6. Activate keratinocytes secrete IL-8 which causes neutrophil influx (drugs include 

mAbs that block pro-inflammatory cytokines)  

Vitiligo  

• T cell mediated autoimmune disease that destroys melanocytes and melanin 
containing keratinocytes in stratum basale  

• Subsequent patchy pigmentation of the skin and hair follicles  
• Caused by a combination of genetic and environmental factors  

Therapies: 

- Phototherapy – narrow band UV light  
- Topical corticosteroids or calcineurin inhibitors  
- Cosmetic camouflage 
- Counselling  

Pathogenesis 

1. Damage of the melanocyte in the epidermis  
2. DAMPs released and picked up by DCs 
3. Stimulates a T cell response 
4. CD8 cells attack melanocytes  
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