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Mechanism of Efferent Inhibition in Cochlear Hair Cell
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Efferent neurons release acetylcholine to inhibit sensory hair cells of the inner ear. The a9a10
nicotinic acetylcholine receptor (nAChR) mediates efferent inhibition of hair cell function
within the auditory sensory organ. Gating of the nAChR triggers inward calcium current, and
leads to activation of calcium dependent, small-conductance potassium (SK) potassium chan-
nels to hyperpolarize the hair cell. Through SK channels, large potassium outflow occurred,
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and outer hair cell was hyperpolarized. Thus, amplification of sound and sensitivity of hearing
was reduced or modulated by efferent inhibition. In efferent system, main calcium providers to
SK channel are nAChR and synaptic cistern, which contribution to efferent inhibition is differ-
ent between avian and mammalian species. Calcium permeation is more effective in nAChRs
of mammalian cochlea than avian cochlea, and mammalian calcium permeability of nAChRs
is about 3 times more than avian hair cell. Thus, nAChRs is a main component of efferent in-
hibition in mammalian cochlear hair cell system.
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Fig. 1. Efferent system in the cochlea. Lateral olivocochlear (LOC) efferent to inner hair cell (IHC), medial olivocochlear (MOC) efferent
to outer hair cell (OHC)(A). MOC efferent neurons release acetylcholine (ACh) to inhibit sensory hair cells of the inner ear. As implied by
their voltage-dependence, calcium entry through the nicotinic ACh receptor (nAChR) triggers calcium-dependent potassium current to
hyperpolarize hair cells. Auditory hair cells are inhibited by ACh binding to nAChR, leading to calcium influx and activation of calcium de-
pendent, small-conductance potassium (SK) channels that hyperpolarize the membrane (B).
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Fig. 2. Calcium influx through nicotinic acetylcholine receptor (nAChR) induced inward currents (negative wave in IV curve), and brief de-
polarization (circle) was observed just before big hyperpolarization. Activation of calcium dependent, small-conductance potassium (SK)
channels induced potassium outflow to make outward current (positive wave in IV curve). Thus, efferent inhibition is mediated by coupling
action of both nAChRs and SK channel, which is calcium entry through nAChRs and subsequent activation of SK channel (A). Efferent
synapses between outer hair cell (OHC) and efferent neuron terminal. Subsynaptic cistern (arrow) in hair cells is always found in close
apposition to the efferent synaptic endings and may serve as a synaptic calcium store. SK channel (red) immunohistochemical staining
was observed in lower level of OHC, otherwise actin (green) was observed in the top of OHC, which on stereocilia was located (B).
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Fig. 3. IV curve of efferent inhibition. Efferent inhibition is mediated by coupling action of both nicotinic acetylcholine receptor (hAAChR)
and small-conductance potassium (SK) channels, which is calcium entry through nAChR and subsequent potassium outflow of SK
channel (A). To measure current through the cationic NnAChR only, without contaminating SK current, we used a pipette solution con-
taining 1,2-bis(o-aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid and apamin to further minimize calcium-activated SK currents. IV
curve shows that nAChR is a calcium ion channel directly activating closely associated SK channels. Adapted from Im GJ et al. (2011)(B).
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Fig. 4. Calcium-induced calcium release from calcium stores. A one second long puff of acetylcholine (ACh) produced a prolonged out-
ward current with prominent fluctuations (circle) in =60 mV. Such transient currents may reflect pulsatile release of stored calcium from
subsynaptic cistern (A). Seconds-long application of ACh hyperpolarized a hair cell. Note slow fluctuations (circle) during recovery (B).
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