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THE BIOGEOCHEMICAL CYCLE OF ALUMINIUM

Exley C (2003) A biogeochemical cycle for aluminium ? J. Inorg. Biochem. 97, 1-7.
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1. Jenner vaccinating his own baby son— from the seulplure by Monteverde
J - Jor the Paris Exhibition, 1878 '

What happens when we do not understand the ‘solution’?



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




Injection site chemistry: Kinetics versus thermodyn amics

Dilution of the vaccine preparation into the muscle
interstitial fluid (MIF) results in an array of potential
agonists of the immune cascade, including:

(1) AP* g 3

(2) free antigen (AG);

(3) particulate adjuvant (ADJ);

(4) ADJ with associated AG;

(5) AG-Al complex;

(6) MIF ligand-Al complex;

(7) ADJ with associated MIF ligand;

(8) MIF ligand-AG complex;

(9) particulate iron (as contaminant of adjuvant)
either free or with adsorbed AI/AG and resultant
reactive oxygen species (ROS);

(10)ADJ with associated MIF ligand-AG complex;

(11)ADJ with associated MIF ligand-Al complex. MIF
ligands might include biomolecules such as; ATP,
albumin, transferrin, citrate, fibrinogen.



Cellular Targets of Adjuvant Activities

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

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

infiltrating innate cells such as, monocytes
(potential for AIADJ-induced differentiation
to dendritic cells), granulocytes (potential
for AIADJ-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 AIADJ) and dendritic cells
(DC). The latter may be the major antigen
presenting cell (APC)



Cellular Mechanisms of Antigen / Adjuvant Activitie

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

(1) toll-like receptor (TLR) binding of AG,
AG-Al complex, MIF ligand-AG complex,
AP )

(i) multiple TLR binding of AG-ADJ,

(i) phagocytosis of ADJ, AG-ADJ, MIF
ligand-ADJ, MIF ligand-Al complex-ADJ,
MIF ligand-AG complex-ADJ;

(iv) direct or indirect binding of Al** ., by
membrane receptors and extracellular
(lipid membrane) or intracellular (nucleus)
activity of ROS.



Antigen / Adjuvant Activation of Immunity

APCs activate adaptive immunity through;

(a) Nalp3 inflammasome dependent or independent
release of chemokines and cytokines (green
saucers) including IL-1b and IL-18;

(b) AG presentation by MHC to T cell receptor
combined with co-stimulatory molecules;

(c) direct action of ADJ and/or Al**, ., on B/T cells
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Cytotoxicity of resident cells (and/or migratory DCs?) close to injection site?

Marrack, et al., (2009) Nature
Rev.Immunol. 9, 267-293

Aluminium salt cytotoxicity leads to the release of danger-associated molecular patterns such as uric a cid by the necrotic
cell. At high concentrations uric acid forms monoso dium urate (MSU) crystals, which are phagocytosed by resident cells.
In addition, aluminium salts are directly phagocyto sed by the resident cells. MSU crystals or aluminium salts disrupt
lysosomes, which results in the release of cathepsi n B. Cathepsin B may directly or indirectly induce po tassium efflux,
which activates the NLR family, pyrin domain contain ing 3 (NLRP3; also known as NALP3) inflammasome. A signal of
unknown origin induces the production of pro-interl eukin-1  (pro-IL-1 ), pro-IL-18 and pro-IL-33. Caspase 1, which is
activated by the NLRP3 inflammasome, cleaves pro-IL -1 , pro-IL-18 and pro-IL-33, thereby inducing the rel  ease of the

active cytokines and promoting their secretion.
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Stimulatory effects of low concentrations of Al both in the vicinity of and away
from the injection site, often pro-inflammatory and probably involving pro-
oxidant activity of Al.

Exley, C. (2004) The prooxidant activity of aluminium. Free Rad. Biol. Med. 36, 380-387
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A role for Al and ATP (ADP etc.)?

Under either scenario, high or low
extracellular [ATP], the additional presence
of Al would potentiate the effect of ATP.

Korchazhkina et al., (1998) J Inorg Biochem 69, 153-158.

Di Virgilio et al. (2009) Current Opinion in Pharmacology 9,507-513
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Sensitisation of BALB mice to ‘codfish’ when fed with an Al antacid!
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Could antibodies (immunoglobulins) be raised against Al in vivo?
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Yokel etal., (2001). Aluminum
bioavailability from drinking water is
very low and is not appreciably
influenced by stomach contents or
water hardness. Toxicology 161, 93-
101.




Saiyed and Yokel (2005) Aluminium
content of some foods and food products
in the USA, with aluminium food
additives. Food Additives and
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Exley et al., (2006). Aluminum in tobacco and
cannabis and smoking-related disease. American
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Exley et al., (2007). Elevated urinary aluminium
in current and past users of illicit heroin.
Addiction Biology 12, 197-199.
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of the dermal absorption of aluminium from
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When does a body burden of Al become an antigen?!



What is the significance of the location of the Al burden?



brain interstitial
fluid

Aluminium

BN ——  Soluble/Particulate

j Extracellular

Endoplasmic , — — Surfaces

Reticulum
v Blood Brain Barrier
Nucleus

Where might aluminium ‘go’ in the brain?

Adapted from Exley (1999) J Inorganic
Biochemistry 76, 133-140



What if the Al burden is in the brain?

Exley & House (2011) Monatsh Chem
http://www.springerlink.com/content/9550512205128414/
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