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THE ALUMINIUM AGE?
http://www.youtube.com/watch?v=FrYxIVb3qPs
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Aluminium is toxic, this is not open for debate. What we need 
to understand now are the conditions or situations under 

which the toxicity is exerted and manifested.

Exley C (2014) What is the risk of aluminium as a neurotoxin? Expert Review of 
Neurotherapeutics 14, 589-591.



Aluminium Adjuvants
How Do They Work?



Exley et al.,(2010) The Immunobiology of aluminium adjuvants; how do they really work? Trends in Immunology, 31,103-109



Dilution of the allergy therapy preparation at the injection 
site (IS) results in an array of potential agonists of the 
immune cascade, including:

(1) Al3+
(aq) ; 

(2) free antigen (AG); 
(3) particulate adjuvant (ADJ); 
(4) ADJ with associated AG; 
(5) AG-Al complex; 
(6) IS ligand-Al complex; 
(7) ADJ with associated IS ligand; 
(8) IS ligand-AG complex; 
(9) particulate iron (as contaminant of adjuvant) either 

free or with adsorbed Al/AG and resultant reactive 
oxygen species (ROS); 

(10)ADJ with associated IS ligand-AG complex; 
(11)ADJ with associated IS ligand-Al complex. IS ligands 

might include biomolecules such as; ATP, albumin, 
transferrin, citrate, fibrinogen.

Injection site chemistry: Kinetics versus thermodynamics



The array of agonists act upon a number of cell 
types including;

the resident injection site tissue (potentially 
causing necrotic and/or apoptotic cell death);

infiltrating innate cells such as, monocytes
(potential for AlADJ-induced differentiation to 
dendritic cells), granulocytes (potential for 
AlADJ-induced eosinophilia acting directly on B 
cells), macrophages (are known to persist for 
long periods close to the injection site and may 
be characterised by inclusions of AlADJ) and 
dendritic cells (DC). The latter may be the 
major antigen presenting cell (APC)

Cellular Targets of Adjuvant Activities



There are myriad possible modes of interaction 
between agonists and innate cells including; 

(i) toll-like receptor (TLR) binding of AG, AG-Al 
complex, IS ligand-AG complex, Al3+

(aq)

(ii) multiple TLR binding of AG-ADJ; 

(iii) phagocytosis of ADJ, AG-ADJ, IS ligand-ADJ, 
IS ligand-Al complex-ADJ, IS ligand-AG 
complex-ADJ; 

(iv) direct or indirect binding of Al3+
(aq) by 

membrane receptors and extracellular (lipid 
membrane) or intracellular (nucleus) activity of 
ROS.

Cellular Mechanisms of Antigen / Adjuvant Activities



Adjuvant/Toxicant
Implications for Adverse Events

Reported adverse reactions in individuals receiving allergy immunotherapy; 

foreign body granulomas, urticaria, sub-cutaneous sarcoidosis, progressive 
circumscribed sclerosis, sub-cutaneous nodules, cutaneous-sub-cutaneous 

pseudolymphoma. 

The European Medicines Agency (EMA) lists as many as 32 adverse reactions to 
immunotherapy ranging from discolouration of the skin to encephalopathy.



Mechanisms of Adverse Events?

Aluminium body burden?

Do individuals receiving immunotherapy have a higher than 
‘usual’ body burden of aluminium?



Mechanisms of Adverse Events?

Aluminium as an antigen?

Do individuals receiving immunotherapy demonstrate a 
‘memory’ of previous exposures to aluminium?



Mechanisms of Adverse Events?

Aluminium as an adjuvant?

Do individuals receiving immunotherapy become sensitised to 
other environmental/dietary factors (in addition to the 

allergen)?



Adjuvants in Immunotherapy
A Cause for Concern?






