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Cognitive Loss in Zinc Transporter-3 Knock-Out Mice:
A Phenocopy for the Synaptic and Memory Deficits of
Alzheimer’s Disease?
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Zinc transporter-3 (ZnT3) protein controls synaptic vesicular Zn 2� levels, which is predicted to regulate normal cognitive function.
Surprisingly, previous studies found that 6- to 10-week-old ZnT3 knock-out (KO) mice did not show impairment in the Morris water
maze. We hypothesized that older ZnT3 KO animals would display a cognitive phenotype. Here, we report that ZnT3 KO mice exhibit
age-dependent deficits in learning and memory that are manifest at 6 months but not at 3 months of age. These deficits are associated with
significant alterations in key hippocampal proteins involved in learning and memory, as assessed by Western blot. These include
decreased levels of the presynaptic protein SNAP25 (�46%; p � 0.01); the postsynaptic protein PSD95 (�37%; p � 0.01); the glutamate
receptors AMPAR (�34%; p � 0.01), NMDAR2a (�64%; p � 0.001), and NMDAR2b (�49%; p � 0.05); the surrogate marker of
neurogenesis doublecortin (�31%; p � 0.001); and elements of the BDNF pathway, pro-BDNF (�30%; p � 0.05) and TrkB (�22%; p �
0.01). In addition, there is a concomitant decrease in neuronal spine density (�6%; p � 0.05). We also found that cortical ZnT3 levels fall
with age in wild-type mice (�50%; p � 0.01) in healthy older humans (ages, 48 –91 years; r 2 � 0.47; p � 0.00019) and particularly in
Alzheimer’s disease (AD) (�36%; p � 0.0001). Thus, age-dependent loss of transsynaptic Zn 2� movement leads to cognitive loss, and
since extracellular �-amyloid is aggregated by and traps this pool of Zn 2�, the genetic ablation of ZnT3 may represent a phenocopy for the
synaptic and memory deficits of AD.

Introduction
The zinc transporter-3 (ZnT3) gene (Slc30a3) was originally
cloned and characterized in 1996 (Palmiter et al., 1996), and the
ZnT3 protein has subsequently been shown to be essential for
loading Zn 2� into synaptic vesicles (Cole et al., 1999; Linkous et
al., 2008). ZnT3 is primarily localized to glutamatergic synapses
(Palmiter et al., 1996) present in regions of the brain, such as the
hippocampus and neocortex, that mediate higher cognitive func-
tions. ZnT3 is likely to represent the major, possibly sole, synaptic
vesicular Zn 2� transporter and therefore may govern the down-
stream effects of synaptic Zn 2� on a variety of signaling path-
ways. Zn 2�, which rises to high micromolar concentrations at the
synapse during activity (Frederickson et al., 2006), is believed to
play a key role in learning and memory via its function as a
neuronal messenger and a modulator of synaptic transmission
and plasticity (Smart et al., 2004; Paoletti et al., 2009). Specifi-

cally, Zn 2� may achieve this through targeted interactions with
numerous proteins, including ZnR (GPR39) (Besser et al., 2009),
TrkB (Huang et al., 2008), NMDAR2b (Paoletti et al., 2009), and
p75(NTR) (Lee et al., 2008). Thus, ZnT3 has been predicted to
regulate cognition.

It was therefore surprising when characterization of ZnT3
knock-out (KO) mice failed to express a cognitive phenotype.
These mice exhibit a 20% reduction in total zinc levels and a
specific absence of histochemically reactive Zn 2� in synaptic ves-
icles (Cole et al., 1999), yet behavioral characterization did not
detect any impairments in spatial learning, memory, or sensori-
motor functions (Cole et al., 2001). This suggested that vesicular
Zn 2� (and hence, ZnT3) is either not essential for cognitive func-
tion or that there are sufficient compensatory mechanisms in
place to overcome any deficits incurred by the ablation of ZnT3.
However, these studies were conducted in young animals (6 –10
weeks of age), and it is known that ZnT3 mediates age-related
Alzheimer’s disease (AD)-like �-amyloid (A�) neuropathology
in transgenic mice (Lee et al., 2002; Stoltenberg et al., 2007).
Therefore, we hypothesized that ZnT3 KO animals may express a
cognitive phenotype that only emerges with aging.

Materials and Methods
Animal tissues. ZnT3 KO and wild-type (WT) animals were housed in the
animal facility at The Mental Health Research Institute. All animal ex-
perimentation was approved by the Howard Florey Animal Ethics Com-
mittee and conformed to the Code of Practice established by the National
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Health and Medical Research Council of Aus-
tralia for the Care and Use of Animals for Sci-
entific Purposes, Seventh Edition (2004).

Animals were culled at 3 and 6 months of age.
The group sizes and gender split are as reported in
the main text. Before culling, animals were tested
for spatial memory and visual ability in the Mor-
ris water maze. On completion of behavioral
studies, animals were anesthetized (pentobarbi-
tal, intraperitoneal injection) and transcardially
perfused with ice-cold PBS. Brains were removed
and hemisected; right hemispheres were further
microdissected and frozen on dry ice, whereas left
hemispheres were snap-frozen in ice-cold iso-
pentane for histological analysis or fixed for Golgi
staining. A separate cohort of animal tissues were
used for the assessment of age-related changes in
ZnT3 protein. These animals were normal
(B6C3) mice killed at 1.9 and 8.7 months of age.

Human tissues. A cohort of human brain tis-
sue was obtained from the National Neural
Tissue Resource Centre, National Neuro-
science Facility (Victoria, Australia). All the
human cases used were classified as healthy
controls based on histopathological examina-
tion and clinical data.

Behavioral studies. We used the Morris water
maze to assess spatial learning and memory, as
previously reported (Adlard et al., 2008).
Briefly, after nonspatial pretraining, animals
were subjected to 6 consecutive days of place
discrimination training, with four trials per day
(random quadrant entry; maximum 90 s per
trial), followed by a probe trial (one 90 s free
swim without the escape platform present)
24 h later to assess retention of the task. After
the probe trial, animals were subject to a visible
platform task, in which the escape platform
was raised above the water line and the time
taken to reach the platform assessed on two
consecutive trials done in separate quadrants
of the pool. Data were analyzed using the Etho-
Vision automated tracking system. There were
no changes in swimming speed between groups
(all age-matched) that would account for the be-
havioral differences.

We also assessed motor function using an
accelerating rotarod, measuring the time on
the rod, the total distance traveled, and the as-
sociated maximal speed reached. Three consecutive trials were per-
formed (maximum time of 5 min; speed increases every 8 s). A separate
cohort of 6-month-old ZnT3 KO and WT animals (n � 8/group) were
used for these experiments.

Metal analyses. Lyophilized hippocampal homogenates were digested
in concentrated high purity nitric acid (Aristar; BDH) overnight at room
temperature, and then at 90°C for 20 min. Samples were diluted with 1%
nitric acid, and measurements were made using a Varian UltraMass in-
ductively coupled plasma mass spectroscopy (ICPMS) instrument under
operating conditions suitable for routine multielement analysis, as pre-
viously described (Maynard et al., 2006). The instrument was calibrated
using blank, 10, 50, and 100 ppb of a certified multielement ICPMS standard
solution (ICP-MS-CAl2-1; AccuStandard) for Mn, Fe, Cu, and Zn in 1%
nitric acid. Results were normalized to tissue wet weight before analysis.

Biochemical analyses. Western blot was used for quantification. Indi-
vidual hippocampi were weighed and homogenized in 15 vol of ice-cold
PBS containing protease inhibitors (Complete Protease Inhibitor Cock-
tail Tablets; Roche Applied Science) and phosphatase inhibitors (Phos-
phatase Inhibitor Cocktail 1 and 2; Sigma-Aldrich). Samples were
sonicated (Branson Sonifier 450) on ice at a 40% duty cycle. Protein

concentration was estimated using the Pierce BCA protein assay. Ho-
mogenates were stored at �80°C until required. Samples were then pre-
pared for PAGE by the addition of 4� NuPAGE LDS Sample Buffer
(Invitrogen) and 10� NuPAGE Sample Reducing Agent (Invitrogen) (to
a final 1� concentration). Samples were heated to 70°C for 10 min,
loaded onto NuPage Novex 4 –12% Bis-Tris gels (Invitrogen), and run at
130 V for 90 min. Gels were transferred to nitrocellulose using the iBlot
Gel Transfer Device (Invitrogen) set to program 3. Membranes were
heated for 5 min in PBS, blocked in Tris-buffered saline and Tween-20
(TBST) containing 5% skim milk powder, and then incubated with pri-
mary antibody overnight at 4°C. Blots were rinsed in TBST and incu-
bated in secondary antibody (1 h; room temperature), followed by
additional rinsing, development with ECL reagent, and imaging using a
Fujifilm Luminescent Image Analyser LAS-3000 and Image Reader LAS-
3000 software package (Fujifilm).

For the assessment of age-related changes in ZnT3 protein levels in
mice, the only difference to the above protocol was that a whole hemi-
sphere (without cerebellum) was homogenized for subsequent biochem-
ical assessment. Similarly, ZnT3 protein levels in human cases were
assessed in the same way but assessed in Brodmann’s area 8/9.

Figure 1. Morris water maze assessment of ZnT3 KO mice. a, Learning trials for 3-month-old WT (C57�129Sv background
strain for the ZnT3 KOs; 6 males, 6 females) and ZnT3 KO mice (4 males, 6 females). ZnT3 KOs performed better than WTs on the task,
driven by differences on trial days 1–3, but maximal performance was not different between the two genotypes. b, Probe trial for
3-month-old mice, showing no significant difference between genotypes. c, Learning trials for 6-month-old WT (8 males, 4
females) and ZnT3 KO mice (8 males, 8 females). ZnT3 KO mice performed significantly worse than age-matched WT overall ( p �
0.0001), with the performance of the ZnT3 KO mice separating from WT on the last 4 trial days (days 3– 6, respectively; p �0.0003;
p � 0.001; p � 0.0002; p � 0.003, compared with WT). d, Probe trial for 6-month-old WT and ZnT3 KO animals, showing that
ZnT3 KO mice are significantly impaired in their retention of the task, compared with WT animals ( p � 0.0001). e, Quadrant
analysis, showing that 6-month-old WT animals have a significant preference for the correct northwest quadrant and a diminished
preference for both the southeast and southwest quadrants, whereas the age-matched ZnT3 KO animals show equal preference for
all four quadrants, indicating a lack of learning/memory. The asterisks (*) represent means that are different from age-matched
WT means. *p � 0.05; **p � 0.01; ***p � 0.001.
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For all Western blot analyses, data were normalized to GAPDH (glyc-
eraldehyde 3-phosphate dehydrogenase) as a loading control.

Statistical analysis. Data were analyzed using JMP, version 5.0.1a
(SAS), and R, version 2.9.0 (2009-04-17) (R Development Core Team,
2009). For statistical comparisons of water maze data, repeated-measures
ANOVA were conducted, followed by independent one-way ANOVAs
for each interday comparison between groups (as was also done for other
two-sample comparisons in this study).

Results
ZnT3 KO animals display an age-dependent
cognitive phenotype
We assessed 3- and 6-month-old ZnT3 KO mice (supplemental
Fig. S1, available at www.jneurosci.org as supplemental material)
in the Morris water maze (Morris, 1984), a behavioral task that
has been used to quantify memory defects in AD mouse models
(Adlard et al., 2008). Three-month-old ZnT3 KO mice were not
impaired in learning (Fig. 1a) or recall (Fig. 1b) performance on
this task compared with WT controls, consistent with previous
findings in 6- to 10-week-old ZnT3 KO mice (Cole et al., 2001).
In fact, the ZnT3 KO animals actually performed significantly
better on the first 3 trial days, suggesting that they learned the task
faster than the WTs. However, there was no difference in the
maximum performance on this task or in the recall of the task.
This enhanced performance in the KO animals may be reflected
by some of the biochemical differences observed in the hip-
pocampus of these animals (see below).

In contrast, 6-month-old ZnT3 KO animals exhibited a
marked impairment in learning ( p � 0.0001) (Fig. 1c) and mem-
ory ( p � 0.0001) (Fig. 1d,e), compared with age-matched WT
controls. In addition, 6-month-old ZnT3 KO animals were sig-
nificantly impaired in learning this task compared with 3-month-
old ZnT3 KOs ( p � 0.0005), whereas the learning curves for the
WT animals were not significantly different between age groups
(supplemental Fig. S2, available at www.jneurosci.org as supple-
mental material).

The swim speed comparisons and the quadrant analysis data
suggest that there are no deficits in neuromuscular strength or
exploratory locomotion in the KO mice. To explore the possibil-
ity that ZnT3 KO mice develop other age-related changes that
cause poor water maze performance, we examined both visual
ability and motor coordination. There were no differences be-
tween 6-month-old WT and KO mice in ability to find a visible
platform (WT, 19.3 � 4 s; KO, 21.0 � 5.3; p � 0.8). Also, there
were no differences in motor function detected on the accelerat-
ing rotarod, for total time on the rod (WT, 0.38 � 0.08 s; KO,
0.32 � 0.13 s; p � 0.68), average speed obtained (WT, 7.88 �
0.57; KO, 6.63 � 0.98; p � 0.29), or total distance traveled (WT,
500.0 � 115.8 cm; KO, 341.0 � 174.9 cm; p � 0.46).

Aged ZnT3 KO animals have biochemical and anatomical
alterations in the brain associated with the cognitive
phenotype
We explored possible neurochemical changes underlying the
cognitive phenotype. There was a marked 23% decline ( p �
0.0001) in hippocampal zinc between 3 and 6 months of age in
the normal mice (Fig. 2a). Compared with age-matched WT
mice, ZnT3 KO animals had significantly decreased hippocampal
zinc levels at both 3 (�39%; p � 0.0001) and 6 (�32%; p �
0.0001) months of age, consistent with the loss of the synaptic
vesicular Zn 2� pool (Palmiter et al., 1996; Cole et al., 1999; Lee et
al., 2002; Linkous et al., 2008). However, there was also a 15%
decline ( p � 0.0001) in ZnT3 KO hippocampal zinc from 3 to 6

Table 1. Levels of brain neuronal and synaptic proteins in ZnT3 KO mice compared
with normal background strain

ZnT3 KO

3 months 6 months

Presynaptic
SNAP-25 76.5 � 9.5 53.7 � 3.3**
Synaptotagmin I 79.6 � 6 123 � 12.5
Synaptophysin 94.6 � 2.4 142.4 � 18*

Postsynaptic
Spinophilin 90 � 11.7 114 � 7.9
PSD-95 87.8 � 4.9 62.7 � 5.7**

Cell support
TrkB 105.4 � 18 78 � 4.8**
Pro-BDNF 54 � 5*** 70.8 � 2.8*
BDNF 99 � 8 86.7 � 4.8
DCX ND 69 � 4.5***

Glutamate receptors
AMPAR 120 � 8* 66 � 6.5**
NMDAR1 115 � 19.7 83.2 � 13
NMDAR2a 20.5 � 4.5** 36.3 � 6***
NMDAR2b ND 50.9 � 9.8*

Values are mean (�SEM) Western blot densities normalized to 100% of age-matched WT means. For antibody
details, see supplemental Table S1 (available at www.jneurosci.org as supplemental material). DCX, Doublecortin;
ND, not detected.

The asterisks represent means that are different from age-matched WT means. *p � 0.05; **p � 0.01;
***p � 0.001.

Figure 2. Hippocampal metal analysis of ZnT3 KO mice. a, Hippocampal zinc levels were
assayed using inductively coupled plasma mass spectrometry in 3- and 6-month-old mice,
showing that aging in both the WT and ZnT3 KO mice causes a significant decline. There is a
significant additional zinc deficit in the ZnT3 KO animals at both ages. b, Zn levels were normal-
ized to the Cu levels for each individual sample, showing that there is a significant drop in the
Zn/Cu ratio with aging in WT and ZnT3 KO animals. The asterisks (*) represent means that are
different from age-matched WT means, and delta (�) represents a difference between 3- and
6-month-old ZnT3 KO mice. *** , ���p � 0.001.
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months of age (Fig. 2a), indicating that
the age-dependent loss of hippocampal
zinc is not exclusively from the vesicular
pool. We suspected that the decline in
hippocampal zinc with age, exaggerated in
the ZnT3 KO animals, might adversely
impact signaling cascades involved in
learning and memory. Therefore, we as-
sayed synaptic and plasticity-related pro-
teins that may be affected by synaptic
Zn 2� (Table 1).

Although some changes were evident
at 3 months of age, the most pronounced
biochemical differences between ZnT3
KO and WT were observed at 6 months of
age, where presynaptic SNAP25 (�46%;
p � 0.008) and postsynaptic PSD95
(�37%; p � 0.002) were markedly de-
creased. We also found elevated presynap-
tic synaptophysin (�42%; p � 0.03),
although no change in synaptotagmin,
suggesting possible compensation for def-
icits in synaptic exocytosis. PSD95 tethers
ionotropic glutamate receptors, NMDA
and AMPA, which are involved in learn-
ing and memory. We found marked re-
ductions in AMPAR (�34%; p � 0.003),
NMDAR2a (�64%; p � 0.001), and
NMDAR2b (�49%; p � 0.02) and un-
changed levels of NMDAR1, supporting
glutamatergic dysfunction as contribut-
ing to cognitive deficits observed at
this age.

In addition, there was a small (�6%;
p � 0.04) decrease in total dendritic
spines per neuron in 6-month-old ZnT3

Figure 3. Decline of brain ZnT3 levels in murine and human aging. a, Cerebral ZnT3 levels over age assayed by Western
blot in normal mice (B6C3 strain; n � 8 per group; 50% male; average ages: young, 1.9 months; old, 8.7 months), demonstrating a

4

significant decline in ZnT3 with age (ANOVA, p � 0.0026).
b, ZnT3 levels in BA8/9 of normal humans (n � 16 males, 8 fe-
males; age range, 48 –91 years; average age � SD, 73 � 11
years). The linear regression line is shown (r 2 � 0.47; p �
0.00019), demonstrating a significant age-related decline in
ZnT3. c, ZnT3 levels in BA8/9 are further decreased (�36%;
ANOVA, p � 0.0001) in AD (n � 4 males, 5 females; 81 � 9
years) compared with the healthy controls (n � 8 males, 6
females; 73 � 13 years). d, ZnT3-associated decline in synap-
tic zinc in age and Alzheimer’s disease. This diagrammatic
model shows a zinc-containing glutamatergic synapse in
health, aging, and disease. In health, ZnT3 loads Zn 2� into
vesicles, whereupon it is transported and released at the syn-
apse. After release, Zn 2� can interact with postsynaptic tar-
gets such as NMDA receptors (NR2B subunit shown here). With
aging, or after the genetic ablation of ZnT3, the loss of ZnT3
inhibits Zn 2� delivery and leads to a decline in NR2B and other
postsynaptic targets involved in learning and memory (see
text). In AD, there is a profound impairment of synaptic Zn 2�

reaching its postsynaptic targets because there is both an ac-
centuated drop in ZnT3 levels as well as entrapment of extra-
cellular Zn 2� by A� oligomers. Loss of transsynaptic Zn 2�

signaling leads to decreased expression of select postsynaptic
targets such as NR2B and cognitive decline. The asterisks (*)
represent means that are different from age-matched WT
means. **p � 0.01; ***p � 0.001.
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KO animals (supplemental Fig. S3, available at www.jneurosci.
org as supplemental material). Although there was no discernible
change in the spine marker, spinophilin, there were other bio-
chemical deficiencies consistent with decreased trophic support:
decreased pro-BDNF (�30%; p � 0.02), TrkB (�22%; p �
0.002), and the surrogate marker of neurogenesis, doublecortin
(�31%; p � 0.0001) (Table 1). Extracellular Zn 2� increases the
secretion and conversion of pro-BDNF/BDNF (Hwang et al.,
2005) and, in the absence of neurotrophic ligands, can transacti-
vate TrkB by postsynaptic entry through NMDA receptors
(Huang et al., 2008). Thus, our findings are consistent with
ZnT3-associated presynaptic Zn 2� being used to activate TrkB,
an essential component of hippocampal long-term potentiation.

Some neurochemical changes were also observed in cogni-
tively unimpaired 3-month-old ZnT3 KO hippocampi (Table 1),
including deficits in pro-BDNF (�46%; p � 0.0001) and
NMDAR2a (�79.5%; p � 0.002). There was also an elevation in
AMPAR (�20%; p � 0.05), which may represent a compensatory
mechanism that accounts for their lack of a cognitive phenotype
at this age.

ZnT3 levels decrease with age in both murine and human
cortical tissue
To assess the potential relevance of ZnT3 to age-related cog-
nitive disorders, we measured changes in brain ZnT3 levels
with aging. Normal mice (B6C3) exhibited a 	50% decrease
in ZnT3 ( p � 0.0026) between 1.9 and 8.7 months of age (Fig.
3a). This decrease was recapitulated in humans, in which there
was a significant decline ( p � 0.0002) in cortical ZnT3 levels
from age 48 to 91 in healthy people (Fig. 3b). ZnT3 levels
decreased even further in AD cortex (Fig. 3c). Therefore, syn-
aptic Zn 2� release may be decreased in aging and more so in
AD, which, our animal data indicate, could contribute to cog-
nitive loss. So ZnT3 knock-out mice may model an important
aspect of the synaptic pathology of AD.

Discussion
This is the first report of a cognitive phenotype resulting from the
ablation of ZnT3 and demonstrates that vesicular Zn 2� is a re-
quirement for normal memory function in adulthood. From
these findings, we propose that Zn 2� is needed to sustain synap-
tic health during aging through modulation of metabotropic and
other postsynaptic targets. In the mouse brain, ZnT3 expression
and the presence of synaptic vesicular Zn 2� commence in late
embryonic development and increase until weaning (Valente and
Auladell, 2002). Here, we find that with aging hippocampal zinc
and ZnT3 decline for uncertain reasons, possibly related to the
need for energy to sustain zinc levels in the brain (Melov et al.,
2007). We hypothesize that, in the absence of ZnT3, this drop in
hippocampal zinc becomes critical earlier (perhaps reaching a
biologically relevant minimal zinc threshold), causing an ex-
aggerated cognitive aging phenotype. This would be consis-
tent with the decrease in NR2B and TrkB that we observed
since the levels of these proteins are modulated by zinc (Kim et
al., 2002; Chowanadisai et al., 2005; Huang et al., 2008). Our
current findings are also consistent with reports of cognitive
impairment caused by nutritional zinc deficiency in both hu-
mans and animals (Keller et al., 2001; Stoecker et al., 2009;
Tahmasebi Boroujeni et al., 2009).

The Zn 2� released by ZnT3 is also known to mediate paren-
chymal and cerebrovascular amyloid formation in Tg2576 amy-
loid precursor protein (APP) transgenic (Tg) mice (Lee et al.,
2002; Friedlich et al., 2004; Stoltenberg et al., 2007). Furthermore,

recent data have shown that the attraction of A� oligomers to
Zn 2� emanating from the glutamatergic synapse occludes the
NR2B NMDA receptor (Deshpande et al., 2009). Although
Tg2576 mice display cognitive impairments across various be-
havioral tasks (Chapman et al., 1999; Westerman et al., 2002), the
previous reports on the ablation of ZnT3 relieving amyloid pa-
thology did not test cognition (Lee et al., 2002; Friedlich et al.,
2004). Our findings show that genetic ablation of ZnT3 may
actually generate a phenocopy for the synaptic and memory def-
icits present in the cognitively impaired APP Tg mouse model for
AD. This notion would be paradoxical if �-amyloid accumula-
tion were the sole cause of neurotoxicity in this model. Instead,
we propose a mechanism where �-amyloid pathology could
cause cognitive impairment by trapping synaptic zinc rather than
through direct toxicity. In AD and APP Tg mice, Zn 2� accumu-
lates in extracellular parenchymal amyloid (Lovell et al., 1998;
Lee et al., 1999). We hypothesize that the trapping of Zn 2� by
amyloid might generate neurophysiological sequelae similar
to ZnT3 ablation (Fig. 3d). Consistent with this notion, we
found that ZnT3 levels fall in aging and fall further in AD (Fig.
3a– c). Therefore, the transsynaptic movement of Zn 2� may
be severely compromised in AD both by the lack of ZnT3
expression and by being sequestered in amyloid. Thus, suffi-
cient Zn 2� fails to reach its postsynaptic targets, further exac-
erbating cognitive decline (Fig. 3d). This conclusion is also
consistent with those of Deshpande et al. (2009), who postu-
lated that the sequestration of zinc in oligomeric A�–Zn com-
plexes may lead to a reduction in zinc availability at the
synapse, resulting in a loss of zinc modulatory activity and
leading to cognitive deficits in AD.

Our findings support therapeutic strategies for age-related
cognitive decline that sustain intracellular zinc in the cortex by
facilitating its reuptake from the extracellular compartment. This
proposed mechanism may explain the rapid recovery of cognitive
performance in APP transgenic mice treated with zinc iono-
phores, CQ (clioquinol) and PBT2 (Adlard et al., 2008), and may
underlie their potential therapeutic benefits in AD (Ritchie et al.,
2003; Lannfelt et al., 2008) and age-related cognitive decline.

Note added in proof. Our results of decreased ZnT3 in AD are
consistent with a decrease in ZnT3 mRNA recently reported
(Beyer et al., 2009).
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