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Studies of Zinc Transporters and Metal Homeostasis

University of Kansas Medical Centrer
Kansas City, KS
Glen K. Andrews

Introduction: We are studying the mechanisms of zinc homeostasis in mammals by creating knockout
mouse models of Slc39a family members, which are also called ZIP proteins. Two of these zinc
transporters are the focus of this presentation: The Zip4 gene, which is mutated in humans with

acrodermatitis enteropathica, and the Zip2 gene, the function of which is unknown.

Experimental: Mice with a complete knockout of either Zip4 (Dufner-Beattie et al., 2007) or Zip2 (Peters et
al., 2007), as well as mice in which the Zip4 gene can be deleted at will in the intestine were studied
(unpublished data). Effects of knocking out these genes on growth and development of the embryo, fetus,
neonate and newly weaned mice fed diets adequate or deficient in zinc were monitored. In addition,
ICP-MS elemental analyses were utilized to determine the effects of loss-of-function of these zinc

transporters on multiple metals in the liver and embryo.

Results and discussion: The results of our studies revealed that the Zip4 gene is essential for proper
morphogenesis of the early mouse embryo where expression appears to be restricted to the visceral
endoderm (d7.5). Furthermore we discovered that haploinsufficiency of Zip4 causes pleiotropic effects on
morphogenesis and renders mice hypersensitive to zinc deficiency. Intestine-specific knockout of Zip4
revealed that this gene is also essential after weaning, similar to its functions in humans with AE. ICP-MS
demonstrated that a loss of intestinal ZIP4 causes the rapid accumulation of iron in the liver. In contrast to
Zip4, the mouse Zip2 gene is non-essential. Expression of the Zip2 gene is highly cell-type specific and
occurs in pericentral hepatocytes, among other cell-types. Loss of function of Zip2 in knockout mice
renders mice more sensitive to zinc deficiency during pregnancy and dramatically attenuates iron
accumulation in the liver during zinc deficiency. Furthermore, Zip2-knockout embryos accumulate large
amounts of calcium during zinc deficiency. Overall, these studies have revealed intricate interrelationship

between zinc transporter function and zinc, iron and calcium homeostasis.

Dufner-Beattie,J., Weaver,B.P., Geiser,J., Bilgen,M., Larson,M., Xu,W., and Andrews,G.K. (2007). The
mouse acrodermatitis gene Slc39a4 (ZIP4) is essential for development and heterozygosity causes

hypersensitivity to zinc deficiency. Hum. Mol. Genet. 16, 1391-1399.

Peters,J.L., Dufner-Beattie,J., Xu,W., Geiser,J., Lahner,B., Salt,D.E., and Andrews,G.K. (2007). Targeting of
the mouse Slc39a2 (Zip2) gene reveals highly cell-specific patterns of expression, and unique functions in

zing, iron and calcium homeostasis. Genesis 45, 339-352.
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The Pivotal Role of Zinc in Alzheimer's disease
Mental Health Research Institute, University of Melbourne, Victoria, Australia
Ashley 1. Bush, MD PhD

Introduction: Fatigue of extracellular Zn*" homeostasis may underlie amyloid pathology in Alzheimer’s
disease (AD). ZnT3 ablation rescues amyloid pathology (in a transgenic AD model), but also accelerates
age-dependent cognitive decline', underscoring the importance of extracellular Zn>" in modulating memory
function. In addition, Zn*" within amyloid inhibits the iron export ferroxidase activity of the amyloid protein
precursor (APP), leading to pathological iron accumulation in the cortex in AD?. PBT2 is a zinc ionophore
that restores cognition and decreases brain AP in APP transgenic mice within days’. Phase Ila data for mild
AD demonstrated a reduction in CSF AB42 with significant improvement in cognition within 12 weeks. Zinc
ionophores such as PBT2 prevent AP oligomers being attracted to Zn at glutamatergic synapses.
Experimental: We tested PBT2 on aged and cognitively impaired wildtype mice (C57B1/6) with no amyloid
burden. Oral PBT2 treatment caused an almost complete normalization of Morris water maze performance
within 11 days (ANOVA p< 0.001). Young mice were unaffected. Decreased turnover of zinc in the
glutamatergic synapse may underlie age-dependent cognitive decline, and lead to amyloid deposition.
Amyloid may exacerbate cognitive impairment by trapping zinc. PBT2 both decreases amyloid load, and
restores zinc homeostasis, leading to improved synaptic function. APP ferroxidase activity was determined
by its ability to load Fe*" into transferrin in vitro and in vivo. To confirm APP’s role in iron homeostasis the
APP-/- animal model was analysed for changes in iron status. Post-mortem AD cortex was also analysed.
Results and discussion: APP possesses a conserved H-ferritin-like ferroxidase domain, and ferroxidase
activity similar to ceruloplasmin (Cp). This activity is inhibited by zinc. Comparable to other ferroxidases,
APP facilitates the efflux of iron from the cell via it’s interaction with the iron exporter; ferroportin. As with
Cp, APP cither knocked down by RNAI in a cell line or knocked out in the animal model, induces an
accumulation of intracellular iron. This is particularly evident in Cp non-expressing neurons. Paralleling
tissue iron accumulation in APP deficient models, AD neocortical iron accumulation correlates with
suppressed APP ferroxidase activity. In AD, APP ferroxidase inhibition is caused by endogenous Zn**, which
can transfer from extracellular amyloid. Results are consistent with APP being able to lower the intracellular
labile iron pool. Since neurons lack Cp, APP may function as the predominant ferroxidase. The inability to
buffer zinc in the AD brain links amyloid formation with neuronal iron accumulation, and supports the use of
ionophoric chelators like clioquinol and PBT2 as a therapeutic approach for AD.
1.) Adlard PA, Parncutt JM, Finkelstein DI, Bush Al Cognitive loss in zinc transporter-3 knock-out mice: a
phenocopy for the synaptic and memory deficits of Alzheimer's disease? J Neurosci 30, 1631-6 (2010).
2.) Duce JA et al. Iron-Export Ferroxidase Activity of beta-Amyloid Precursor Protein Is Inhibited by Zinc in
Alzheimer's Disease. Cell 142, 857-867 (2010).
3.) Adlard PA et al. Rapid restoration of cognition in Alzheimer's transgenic mice with 8-hydroxy quinoline

analogs is associated with decreased interstitial Abeta. Neuron 59, 43-55 (2008).
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