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out, this concept may help explain the intrigu-
ing observation that those brain sites prone to 
accumulating extracellular Aβ deposits with age 
and in Alzheimer disease overlap with regions of 
so-called ‘default activity,’ that is, cortical areas 
that have high basal rates of metabolic activity (as 
determined by functional magnetic resonance 
imaging and positron emission tomography) 
when an individual is not performing a specific 
mental task (for example, ‘daydreaming’)5.

The innovative approach of Cirrito et al. 
could now allow one to address experimentally 
whether specific mental activity (for example, 
during recall of a complex learned task) leads 
to less “default activity” and thus decreased Aβ 
release. A positive result might help explain 
impressions in the lay and even medical com-
munities that persistently engaging in mental 
activity can help stave off Alzheimer disease–type 
cognitive loss. One could also use this technique 
to see whether rote motor (or sensory) activity 
not requiring special cognitive effort does not 
elevate Aβ levels in the corresponding primary 
cortices, regions that are known to be relatively 
spared from deposition of Aβ in aged humans. 
Another interesting question is whether several 
other protein substrates processed sequentially 
by the β- and γ-secretases (for example, the β2 
subunit of the voltage-gated sodium channel)6 
yield stable Aβ-like peptides whose release is also 
enhanced by some forms of neuronal activity. 
A general mechanism for the neural regulation 
of heretofore unrecognized small hydrophobic 
peptides could emerge. Based on the results 
of Kamenetz et al., decreased neuronal activ-
ity might be expected to increase local levels of 
APPs-α and the related p3 peptide, as well as the 
analogous products of other substrates under-
going sequential α- and γ-secretase processing. 
However, earlier work suggested that electrical 
depolarization of neurons increases rather than 
decreases APPs-α release7.

Perhaps most important for current and 
future patients with Alzheimer disease is the 
concept that exploiting in vivo brain micro-
dialysis to measure interstitial levels of Aβ 
peptides in APP mouse models could provide 
powerful preclinical discrimination among 
various different agents intended to decrease 
the production or enhance the clearance of 
Aβ8. The use of alternative in vivo methods in 
humans9 could bring quantitative brain moni-
toring of Aβ-lowering therapeutics to clinical 
trial patients themselves.
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The author’s perspective
Since publication of this work, we have been exploring whether physiological changes 
in neuronal and synaptic activity dynamically alter levels of amyloid-β (Aβ) in the 
brain, as well as the cellular mechanisms underlying these effects. In addition, we are 
assessing the acute effects of a variety of neurotransmitter and neurotransmitter receptor 
modulators on brain Aβ levels. Our published and unpublished data continue to show 
that synaptic activity has an important role in regulating extracellular levels of Aβ. 
Since publication of this paper along with work from the lab of Roberto Malinow, other 
groups are increasingly beginning to explore the role that a variety of neuronal activity 
modulators have on levels of Aβ. It may be, for example, that a variety of compounds that 
were thought to have only symptomatic effects on cognition may also modulate disease 
by affecting metabolism of Aβ. 

I think it is noteworthy that the location of Aβ deposition in humans overlaps with 
areas of the brain that seem to be the most synaptically active when an individual is not 
performing a specific mental task, the so-called ‘default network.’ Our work suggests that 
the reason these regions are vulnerable to developing Aβ deposition and Alzheimer disease 
pathology is that, averaged over the course of a lifetime, they are the most synaptically 
active areas of the brain. Perhaps one of several reasons that education and other 
cognitive activity is protective against Alzheimer disease is that they result in less activity 
in these otherwise vulnerable brain regions. This is a hypothesis that can be tested. 
Although the Aβ microdialysis technique was challenging to develop, particularly 
in combination with in vivo electrophysiology, John Cirrito in my lab has now taught other 
lab members and other labs this method, and it is proving to be an incredibly useful 
technique to begin to unravel a variety of key questions in the field of Aβ metabolism.

David M. Holtzman, Washington University School of Medicine
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