FEATURED YOUNG INVESTIGATORS'
RECENT STUDY IN M/CROCIRCULATION *

VASCULAR INWARD RECTIFIER K+ CHANNELS AS EXTERNAL K+
SENSORS IN THE CONTROL OF CEREBRAL BLOOD FLOW

Featuring: Thomas A. Longden and Mark T. Nelson, University of Yermont

In 1980, Furchgott and Zawadzki first demonstrated that
the presence of endothelial cells was required for relax-
ations of rabbit aortic strips to acetylcholine. This seminal
observation spurred a field of inquiry that continues to
this day, focused on identifying the endothelium-derived
hyperpolarizing/relaxing factors that are capable of relaxing
vascular smooth muscle. Today, nitric oxide, prostacyclin,
and potassium (K*) ions are recognized as major players in
endothelial control of smooth muscle contractility.

A similar search for mediators of the ‘neurovascular cou-
pling’ phenomenon in the brain has recently intensified.
Here, the connection between neuronal activity and an in-
crease in cerebral blood flow has been appreciated for a
century and a quarter, but the factor or factors that link
these phenomena have eluded firm identification. The cur-
rent model of neurovascular coupling places the astrocyte
as a signaling intermediary bridging neurons and the cere-
bral vasculature. In particular, astrocytic endfoot process-
es—which completely encase the intracerebral microcir-
culation—are equipped with a similar complement of ion
channels and enzymes to the vascular endothelium, and
appear to perform an analogous role by releasing vasore-
laxant factors onto the nearby parenchymal smooth mus-
cle in response to neuronal activity. However, much like the
‘EDHF field of previous years, the proposed identities of
the released substances—such as nitric oxide, prostaglan-
din E,, epoxyeicosatrienoic acids, and K*—have generated
considerable debate.

Our review paper in Microcirculation' focuses on one po-
tential neurovascular factor, the K* ion, and synergizes re-
search from a number of laboratories spanning a period of
more than half a century.We posit that K*, released from
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neurons and/or the activation of large-2 and intermedi-
ate-conductance® calcium-activated K* channels located
in astrocytic endfeet, is a vital mediator of neurovascular
coupling, capable of rapidly driving profound arteriolar
smooth muscle hyperpolarization and relaxation, lead-
ing to local hyperemia. Elevation of extracellular K* ac-
tivates strong inward rectifier K* (K ) channels located
in the smooth muscle and endothelial cells throughout
the brain’s parenchymal microcirculation. Accordingly, we
explore the molecular and biophysical features of the
K channel, its distribution throughout the microcircu-
lation, and the cellular sites of K* release that facilitate
hyperemia to K*.We also draw on our recent work high-
lighting the exquisite sensitivity of parenchymal arterio-
lar smooth muscle K channels to disruption, which we
previously demonstrated using a rodent model of chronic
stress. The loss of smooth muscle K channel function
can dramatically impair neurovascular coupling, which has
profound implications for the control of cerebral blood
flow and, ultimately, neuronal function.

To match the time course of functional hyperemia, me-
diators of neurovascular coupling must be rapidly gen-
erated and/or released, and must quickly evoke robust
arteriolar dilation to ensure that blood is delivered in a
timely manner. K" is one mediator that fits this profile, but
it cannot solely account for the full hyperemic response
to neuronal activity. Firm identification of the panoply of
factors that enable the neurovascular coupling cascade
awaits future investigation.
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