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From the pressure of an impending 
deadline to the frustration of sitting in 
traffic, stress is a normal feature of daily 
life. In most cases, the stressors are mild 
and we have both the mental and physical 
resources with which to cope. However, 
chronic exposure to high-stress situations 
is associated with many disease states and 
psychopathologies, and unfortunately, we 
don’t have to look far for real-life exam-
ples of this. Indeed, posttraumatic stress 
disorder affects up to 8% of Americans,1 
and cardiovascular disease is rife in occu-
pations that are characterized by high 
workloads with low controllability.2 For 
example, female healthcare professionals 
who rate their jobs as ‘highly stressful’ 
are 38% more likely to experience heart 
problems compared with those with low-
stress roles.3 The clear interaction between 
stress and disease makes furthering our 
understanding of stress physiology crucial 
for the future prevention and treatment of 
disorders with a stress component.

Recently, we identified a novel effect 
of stress on inwardly-rectifying potassium 
(KIR) channels located on the smooth 
muscle of small brain arterioles.4 These 
‘parenchymal’ arterioles penetrate deep 
into the brain tissue, and dilate in response 
to nearby neuronal activity to deliver a 
surge of blood to the active region. This 
increase in blood flow provides the oxy-
gen and glucose needed to offset increased 
local metabolic demand and importantly, 
failure of this process can lead to neuronal 
dysfunction.

To achieve dilation, signaling mol-
ecules are released from the specialized 

projections of a type of glial cell (known as 
astrocytes, due to their highly branching 
processes which give them a star-shaped 
morphology) that contact the vascular 
smooth muscle. These projections are 
termed ‘astrocytic endfeet’ and the mole-
cules they release act through various par-
allel signaling pathways to hyperpolarize 
the adjacent smooth muscle membrane, 
which ultimately leads to dilation of the 
arteriole and increased blood flow. This 
process is termed ‘neurovascular coupling’. 
KIR channels appear to have an impor-
tant part to play in this phenomenon: 
Potassium (K+) ions are released from the 
astrocytic endfeet in response to neuronal 
activity, and this causes opening of smooth 
muscle KIR2 channels (which are activated 
by a small increases in extracellular K+ and 
membrane potential hyperpolarization.) 
Activation of smooth muscle KIR channels 
rapidly hyperpolarizes the membrane from 
about -35 mV to the new K+ equilibrium 
potential, and this consequently decreases 
intracellular calcium (Ca2+) through clo-
sure of tonically active voltage-gated Ca2+ 
channels. This fall in intracellular Ca2+ 
causes smooth muscle relaxation, thereby 
leading to vasodilation and increased 
blood flow.5 Intriguingly, after we exposed 
rats to a one-week chronic stress para-
digm—in which rats were exposed to one 
stressor each day for 7 days and developed 
an anxiety-like phenotype—we observed 
a decrease in K IR channel expression and a 
marked impairment of smooth muscle K IR 
channel function in parenchymal arteri-
oles from the amygdala, a stress-related 
brain region.6 This loss of K IR channel 
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function resulted in heavily blunted vaso-
dilations during neurovascular coupling, 
which would substantially decrease local 
brain blood flow in vivo. Furthermore, we 
found that blocking glucocorticoid signal-
ing prior to stress had a protective effect 
on neurovascular coupling, implying that 
stress-induced hormonal signaling under-
lies this phenomenon (Fig. 1).4 Thus, our 
results indicate that stress has profound 
effects on the ability of arterioles within 
the brain to dilate, and put the vascular 
smooth muscle K IR channel at center-stage 
as a key control element for arteriolar 
function during stress.

Ultimately these findings could have 
implications for human health. The role 
of stress in a broad range of brain dis-
orders is now widely appreciated. For 
example, a recent study confirmed an 
association between stress throughout 
midlife with the later development of 
Alzheimer’s disease and other forms of 
dementia.7 Intriguingly, many brain dis-
orders also have an important vascular 
component—indeed, it has long been 

known that cerebral blood flow is dis-
turbed in dementia sufferers.8 Our study 
may provide a novel link between these 
two observations: The loss of smooth 
muscle KIR channel function after stress 
might impede the delivery of blood to 
active brain tissue, which could over time 
precipitate neuronal injury, leading to an 
eventual disruption of neuronal function. 
Further work is needed to explore these 
possibilities.

More broadly, converging evidence 
from ongoing studies in one of our labs 
(MTN) has implicated smooth muscle 
KIR channel dysfunction in several fur-
ther disorders in which brain blood flow 
is impaired, which raises the possibility 
that vascular KIR channel disruption is a 
common feature in a range of brain dis-
eases. Therefore, therapeutic strategies 
aimed at preserving or improving vascular 
KIR channel function to maintain or aug-
ment blood flow may be neuroprotective, 
as they may prevent the negative effects of 
neuronal energy demand exceeding sup-
ply. However, the broad expression profile 

of the KIR family lends the potential for 
off-target effects and this has hampered 
past drug-development efforts. An alter-
native to pharmacological approaches is 
to bypass impaired K IR channels entirely, 
and deliver a readily controllable ion chan-
nel or pump to the smooth muscle—for 
example by utilizing DREADD or opto-
genetic technologies—which could then 
be stimulated as required to directly 
hyperpolarize the membrane to produce 
vasorelaxation and increased blood flow. 
The major challenge associated with these 
latter approaches would lie in obtaining 
tight spatiotemporal control over blood 
flow that is limited to a desired region.
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Figure 1. normally (left), neuronally-evoked K+ release from astrocytic endfeet activates KIr chan-
nels on the smooth muscle membrane to cause membrane hyperpolarization, closure of volt-
age-gated Ca2+ channels (VGCCs), and vasorelaxation. After stress (right), increased circulating 
corticosterone (cort) causes downregulation of KIr2.1 gene expression via glucocorticoid recep-
tor (Gr) signaling, leading to fewer functional channels in the membrane and impaired neuronal-
activity evoked vasodilations.


