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Lecture 19 Notes 
Allergic Eosinophilic Asthma – the Immune system 
Five functions of the immune system includes; eliminating pathogens, innate system triggering an adaptive 
response, adaptive immunity being specific for antigens, memory and tolerance to self-antigen. Eosinophils and 
mast cells are ancient and came before the RAG genes, which then allowed cells to change their surface protein 
expression. The RAG gene event led to T cells and B cells, often accredited to the evolution of parasitic 
platyhelminths. Late in evolution came the IgG and IgE isotypes to become key players in asthma and allergies. 
 
1. Antigen-presenting cells – innate immunity - take an antigen, internalise it, break it down into components 

and present parts of it as a surface protein. Our healthy cells are continuously showing self-antigens so that 
the immune system won’t attack it. This process is possible due to MHC molecules which are a set of 
surface proteins which bind to antigens derived from pathogens and display them on the cell. There are two 
types which express different types of antigens and activates different T cells; 

 
a. MHCI – express self-antigens or the antigen of a diseased / virally-

infected cell. Mostly activate the CD8+ cell which is cytotoxic to the cell 
using proteins called granzymes and perforins which destroy the cell. 

b. MHCII – express any foreign-antigens. In general, these activate CD4+ 
T helper cells which have two functions (A) produce cytokines to activate 
T cells to attack and (B) they also instruct B cells to make antibody 

 
2. B cells – adaptive immunity - make antibodies which circulate through the body 

and protect us through infections but can also bind to the cell surface of the B cell to be act as a receptor for 
antigen able to activate the B cells causing them to produce cytokines. This explains why B cell depletion is a 
good treatment for rheumatoid arthritis 

3. Macrophage – innate immunity – many forms, making up 10% of body mass.  
4. Neutrophils and eosinophils – innate immunity – short-lived granulocytes that can attack infectious agents 

and destroy them. 
5. Innate lymphocytes – cells that can be quickly activated and have quick response times for the innate 

immune system. These cells include the innate lymphoid cells (ILC) and natural killer cells (NK)  
 

Comparing Innate and Adaptive Immunity 
 

 Innate Immunity Adaptive Immunity 
Time course Seconds to hours Days to weeks 
Overall goal Resolution  Long-term memory 
Triggers PAMP receptors e.g. Toll4 Antigen receptors e.g. APC/MHC 
Cells Neutrophils and macrophages T and B lymphocytes 
Effector Use proteases, complements, oxidants, kinins, 

TNFa, IL1/6, eicosanoids and/or chemokines.  
Work to amplify, kill and clear using interleukins, 
perforin (perforate), granzymes (degrade 
proteins) and antibodies 

 
Innate Immunity – a closer look 
It has been found that the innate immunity is able to be semi-selective through 
use of pattern recognition receptors (PRRs) to recognise LPS sequences 
called PAMPs. The receptors are on macrophages, NK cells, epithelium and 
dendritic cells. The type of PAMP will activate different receptors which will 
result in slightly different innate immune responses. 
 
Innate immunity also causes immediate inflammation by those four main cells 
releasing cytokines such as TNF and IL1 which primes dendritic cells to 
upregulate necessary co-stimulation molecules for activating T cells.  
 
Adaptive Immunity – a closer look 
T cells require co-stimulation molecules otherwise they become anergic i.e. 
inactivated. This is what adjuvants provide in a vaccine. Cytokines are also 
necessary because they bind at the cytokine receptor and turn on different gene 
proteins in the cell to give different immunity reaction types for the T cell 
(instruction to the cell on the pathway for it to take, usually perfectly matched 
to the antigen to provide the best possible defence).  
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From the naïve T cell, PAMP and PRR (pattern recognition receptor) signals as well as environment / genes  
/antigen dose will all determine what type of T cell is produced. The two main types of T cell are *Note that 
multiple Th subsets have now been described e.g. Th17 which produces IL17; CD8- 
 

 TH1 - MHCI TH2 - MHCII 
Effectors which 
the cells make 

CD8+ DC (a lineage of Th1 cell), IFNy, IL12, 
IL18 

CD8- DC, IL4 e.g.IL4 helps other naïve T 
cells be made into Th2 cells. 

Transcription 
factors 

STAT1 and T-beta – Transcription factors 
which are stimulated by activation of the Th1 
pathway 

STAT6, C-maf, GATA-3 and NFATc 

Results in Slow cellular reactions (delayed hypersensitivity) 
and macrophage activation 

Targets B cells to make antibodies, IgE and 
also act in defence against helminths  

Pathology Multiple sclerosis and rheumatoid arthritis Allergy / asthma 
 
Antibody revision 
CDR region of the antibody is a random rearrangement of amino acids which allows for 
selectivity and specificity. Antibodies are able to bind at their Fc receptors as well. They 
contribute to the B cell antigen recognition system to contribute to memory and immunity. 
 
Infection and Lung Disease 
An infection is dealt with using a multiple-step process, starting with the innate immunity. The role of the innate 
immunity is to have rapid clearance of the inflammation followed by the extra protective step of establishing a 
long-term protective memory of the antigen. The innate immunity is as follows; 

1. Innate immunity recruited after primary recognition. This is where natural killer cells and macrophages 
non-discriminately kill foreign matter i.e. cells which don’t have many cell-surface inhibitory (“don’t kill 
me”) ligands. Your own cells have plenty of this receptor unless it has been down-regulated. These NK 
cells struggle to find cancer cells because they upregulate production of their inhibitory ligands. This step 
is innately pro-inflammatory so, 

2. Inflammation causing redness, swelling, oedema, pain, vascular dilation, white blood cell recruitment 
3. Neutrophils attract lymphocytes which migrate to tissue and, with the antigen, drain to the lymph nodes 
4. Lymph nodes help the lymphocytes find the correct dendritic cells (APC) 

 
However, if there is a failure to clear the infection or disease then there is the possibility of an overactive immune 
response which is too strong and thus causes tissue damage (e.g. vascular problems, fibrosis, etc). The innate 
immune system, then activates the adaptive immune system, which doesn’t cause clearance because of the extensive 
disease state so calls the innate immune system, and you get a vicious cycle that can lead to chronic lung disease. 
 
In the lung disease of asthma, you have chronic inflammation affecting 
the epithelium where there are lots of lymphocytes. Activation of the 
immune system causes ciliated cells (sweep mucous away) to change 
into mucous secretory cells. The basement membrane is now infiltrated 
with connective, fibrotic tissue. Blood vessels start to swell with white 
blood cells sticking on the surface. Mucous secretion contributes to a 
mucous plug and a high degree of airway resistance.  
 

History 
In 1901, through conducting experiments for finding a vaccine to jellyfish stings, 
Portier and Richet discovered that there was such a thing as the immune system 
turning on you and causing anaphylaxis. It was later discovered that 
transferring the ‘serum’ called reagen from someone suspected to have immune-
caused asthma was injected into a local area on a healthy patient. The allergen 
which was thought to cause the asthma was then administered in the same area 
and, if the reagen was present, it caused mast cell degranulation.  
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In 1966, the Ishizakas established that the reagenic antibody must’ve been linked to eosinophils, and they identified 
this molecule as IgE. They used the Kp reaction to show discover the immunoglobulin, and later that it was being 
produced by B cells. And later the eosinophils were connected by the discovery that eosinophilia was a result of 
lymphocyte activation.  
 
Type #1 – Allergic / Non-allergic Eosinophilic Asthma 
Accounting for half of all asthmas. This led to our current basic understanding of immune 
system-induced asthma. *Quick note, in the airways we all have regulatory T cells and 
alveolar macrophages which regulate the airways and protect from general foreign 
matter. These protections are known to be defective or weak in asthmatics; 
 

1. Inhaled foreign matter gets stuck at junctions, which is also where the dendritic cells 
are at their densest 

2. APCs break-down and store the matter, then will leave the tissue to migrate towards 
the lymph nodes. On the way, it will change its surface to display co-stimulation 
molecules which shape the immune response of the lymphocytes to shape the B cell 
response 

3. APCs with MHCIIs present peptides to Th2 cells which results in clonal expansion 
of copies when paired with IL2 

4. Th2 cells release IL4/13 to activate B cells, they present the antigen to help them 
make specific antibodies.  

5. Th2 cells also release IL5 to activate eosinophils 
6. Released IL13 alters the properties of the muscle to make it very contractile 
7. Lymphocytes infiltrate into the tissue to cause inflammation. B cells specifically 

produce IgE which, together with the cytokines, recruits inflammatory cells like 
eosinophils and mast cells leading to anaphylaxis, mediators and tissue damage. 

 
Pharmacological treatment of Allergic à Non-allergic Eosinophilic Asthma 
With the Th2 pathway in asthma, you’re not able to use cyclosporin even though, in 
theory, it should be a good idea to inhibit the T cell proliferation of asthma. Because, once 
the disease has started, T cells aren’t necessary to keep up the disease as there are innate 
lymphocytes type 2 (ILC2) which copy the action of Th2 cells.The ILC2 cells are also 
signalled by IL13 but, once established, they no longer need allergens on APCs to be 
activated, instead they need signals from alarmins (DAMP) that are in your tissueS 

1. Alarmins are released from stressed cells undergoing necrosis (e.g. cigarette smoke, 
viruses) that act as endogenous danger signals to promote and exacerbate the 
inflammatory response  

2. The DAMPs bind to receptors such as TLR to induce pro-inflammatory cytokine 
transcription e.g. IL33, IL25, TLSP  

3. These recruit / activate the ILC2 cells 
4. ILC2 cells produce IL5 and IL13  
5. IL13 causes changes to muscle through the B2 adrenergic receptor  
6. IL5 recruits eosinophils which cause damage to the membrane. 
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This is why allergens can easily cause anaphylaxis, even without needing the ‘T2 pathway’. As a result, 
pharmacological interventions which affect the cytokines or interleukins such as IL33, IL25 and TSLP.  
 
Type #2 – Neutrophilic Asthma 
Neutrophilia driven by excessive production of IL17 by the Th17 cell.  
 
Pharmacological Treatment 
Anti-IgE prevents IgE from sensitising the mast cells, dupilumab works at the IL4 receptor therefore blocks both 
IL4 and IL13 pathways to prevent B cell activation leading to antibody (IgE) production. Mepolizumab is anti-IL5 
which is effective against preventing eosinophil differentiation. For neutrophilic asthma it is thought that some 
form of infection is driving the asthma so antibiotics like azithromycin are effective. Anti-IL17R weren’t effective 
as they’ve reduced neutrophils but not helped patients. You actually worsen defence against bacteria.  
 

Dupilumab 
The common element between type I and II IL-4 receptors are that they have a common 
alpha unit. Note that it is the type II receptor which is able to bind either IL4 or IL13. (Anti-
IL13R tends not to be significantly effective). Dupilumab dramatically reduced the 
exacerbations of asthma, even without glucocorticoids being administered. Needs to be given 
every two weeks because the antibody is IgG which doesn’t reach the epithelium effectively, 
and the epithelium is where most of the IL4Ra resides. 
 
Lipocalin 1 (LCN1) 
A protein in your lungs and eyes which is secreted into the fluid that lines your lung and 
then permeates epithelium and reaches the submucosa and muscle (where the IL4Ra 
are) naturally. They are compact and extremely robust due to a stable beta-barrel 
core, allowing them to be inhaled successfully. You can randomly vary the 4 loops 
which can be put into screening arrays to try find the specific LCN1 variable type which 
binds and blocks IL4Ra. The lecturer was able to find the protein PRS-060 which is 
currently in clinical trials but hoping to be more effective than dupilumab. 
 

CD8+ Immune Surveillance 
Intracellular viruses are presented on MHCI molecules which means CD8+ 
cells are able to target virally-infected cells. A virally infected cell will display 
viral antigen peptides on MHCI and lose the inhibitory receptors. CD8+ 
are then able to target and cause lysis of the viral cell. This causes a problem 
for asthmatics as lysis causes massive release of alarmins which can result in 
anaphylaxis and significant damage to the lungs. 
 

 


