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Tonic GABA Currents in Human
Cortical Interneurons

Martin Field, Istvan P. Lukacs, Emily
Hunter, Richard Stacey, Puneet Plaha,
et al.

(see pages 9702–9719)

GABA acts on extrasynaptic GABAA recep-
tors (GABAARs) to produce tonic currents
in many neurons in the brain. Such cur-
rents contribute to slow oscillations during
sleep and mediate the effects of some anes-
thetics. They may also contribute to post-
partum depression and some forms of
epilepsy. Notably, tonic GABA currents
have different effects in different neuron
types. They sometimes hyperpolarize rest-
ing membrane potential as expected, but
they can also produce shunting inhibition
in the absence of hyperpolarization or even
cause depolarization. A fuller understand-
ing of how tonic GABA currents affect
human neurons will be required before
developing effective therapeutics that mod-
ulate these currents. As a first step, Field et
al. investigated tonic GABA currents in
human cortical layer 1 (L1) interneurons.

Interneurons are highly diverse, with
numerous subtypes defined by morphology,
innervation patterns, electrophysiological
properties, and protein expression. To
determine which subtypes might have tonic
GABA currents, Field et al. first interrogated
a human transcriptome database, asking
whether GABAAR subunits typically found
in extrasynaptic receptors are expressed in
subsets of interneurons defined by gene
expression. This analysis suggested that tonic
GABA currents occur in L1 neurogliaform
cells and in rosehip cells—a type of inter-
neuron so far described only in humans.

Next, the authors measured GABA-
induced currents in L1 interneurons in brain
slices obtained from people undergoing
brain surgery. After clustering neurons
based on electrophysiological properties,
they found that tonic GABA currents tended
to be larger in cells with the properties of
rosehip cells (irregular spiking and a voltage
sag during hyperpolarizing current steps)
than in putative neurogliaform cells. In cells
classified morphologically, however, rosehip
cells did not have significantly larger tonic

GABA currents than other interneuron
types. Instead, a group of neurons with
axons that descended into L2/3 had sig-
nificantly larger GABA currents than
neurogliaform cells. Linear regression
models indicated that both irregular
spiking and having the axonal morphol-
ogy of rosehip or L2/3-innervating cells
were strong predictors of higher tonic
GABA currents across L1 interneurons.

Despite these general trends, the ampli-
tude of tonic GABA currents was highly
variable within subclasses of L1 neurons.
This illustrates the vast heterogeneity
among cortical interneurons and raises
the possibility that tonic GABA currents
are plastic. Future work should examine
this possibility and determine how these
currents affect interneuron output and
circuit function.

A Neuron Controlling the
Sequence of Courtship Behaviors

Nobuaki K. Tanaka, Takashi Hirao,
Hikaru Chida, and Aki Ejima

(see pages 9732–9741)

Many complex behaviors are composed of
simpler behaviors that are performed in a

particular sequence. This is true of many
courtship behaviors, including those of
Drosophila. When a male fruit fly sees and
smells a female, he orients toward her and
taps her with a foreleg. If gustatory recep-
tors on the leg detect particular molecules,
the male extends a wing and vibrates it to
produce a song. When the female slows to
listen to the song, the male licks her genita-
lia. If appropriate gustatory cues are pres-
ent, he will copulate with her. Although
many molecules, receptors, and neural
pathways responsible for producing these
courtship behaviors have been identified,
what dictates their sequencing has been
unclear. Tanaka et al. have begun to address
this question by identifying a neuron
involved in the transition from tapping to
wing extension.

The authors focused on a lateral anten-
nal-lobe-tract projection neuron (lPN4)
because the projection patterns of these
neurons suggest they can integrate olfac-
tory, gustatory, auditory, and visual infor-
mation. Intriguingly, Tanaka et al. found
that the innervation patterns of these neu-
rons are sexually dimorphic. More impor-
tantly, when synaptic output from lPN4s
was blocked, males engaged in less tapping
during courtship, often eliminating this
step and proceeding to the wing extension
step without making physical contact
or receiving visual cues from the female.
Conversely, increasing lPN4 activity
increased tapping and delayed progression
to the wing extension stage of courtship.
Consequently, the number of wing exten-
sions and copulation attempts were reduced
in these flies. Finally, application of a court-
ship-promoting gustatory cue to male
forelimbs reduced lPN4 responses to a
courtship-promoting olfactory cue.

These results suggest that olfactory cues
from female flies activate lPN4 in males,
and this neuron suppresses wing extension.
This ensures that males first engage in tap-
ping the female, which allows them to
detect gustatory cues that inhibit the activity
of lPN4. This inhibition allows wing exten-
sion to proceed. The arrangement likely
reduces the chance that a male will waste
energy courting an inappropriate mate.
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A human interneuron with soma and dendrites (red) in L1
and axon (black) descending to L2/3. Such cells typically
have larger tonic GABA currents than L1 neurogliaform cells.
See Field et al. for details.
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