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THE BIOGEOCHEMICAL CYCLE OF ALUMINIUM
Exley C (2003) A biogeochemical cycle for aluminium ? J. Inorg. Biochem. 97, 1-7.



A Biochemical 

‘Tree of Life’ 

for the Natural

Selection of 

Aluminium

Exley C (2009) Darwin, natural selection and the biological essentiality of aluminium and silicon. 

Trends in Biochemical Sciences 34, 589-593. 



Exley C (2013) Human exposure to aluminium. Environmental Science:Processes and Impacts 15, 1807-1816.





The biologically-reactive form of Al(III) AlBR

The biological burden of Al (III), AlBB, is the source of biologically-reactive Al(III), AlBR, 

which when biologically available, AlBA, produces biological effect or toxicity.



Exley C (2013) Human exposure to aluminium. Environmental Science:Processes and Impacts 15, 1807-1816.



All forms of Al(III) should be considered as vehicles for the delivery of Al3+
(aq) to 

target sites, usually incorporating oxygen-based functional groups such as 

carboxylates and phosphates.

Chemical equilibrium suggests the nature of such interactions while non-

equilibrium dynamics determine the actual fate in vivo! 

For example the fate of Al(III) in serum.

Exley C (2012) Elucidating aluminium’s exposome. Current Inorganic Chemistry 2,3-7.



Aluminium-based adjuvants in immunotherapy are contributor’s to 

an individual’s aluminium exposome. 

An individual might receive as much as 50 mg of aluminium 

adjuvant as a consequence of a 3 year course of immunotherapy.

Exley C (2014) Aluminium adjuvants and adverse events in sub-cutaneous allergy immunotherapy. Allergy, Asthma and 

Clinical Immunology 10,4. 



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.

Exley C (2014) Aluminium adjuvants and adverse events in sub-cutaneous allergy immunotherapy. Allergy, Asthma and 

Clinical Immunology 10,4. 



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?

Exley C, Swarbrick L, Gheradi R & Authier J-F (2009) A role for the body burden of aluminium in vaccine-associated 

macrophagic myofasciitis and chronic fatigue syndrome. Medical Hypotheses 72, 135-139.



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?

Mold M, Eriksson H, Siesjö P, Darabi A, Shardlow E, Exley C. Unequivocal identification of   intracellular aluminium adjuvant

in a monocytic THP-1 cell line. Sci Rep 2014; in press.



Better understanding of the translocation of aluminium adjuvant from the 

injection site will offer insight both into the mechanism of action of aluminium 

adjuvants and their potential to exert adverse events in susceptible individuals. 






