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Introduction
The organ of Corti of mammals bears one row of inner hair
cells (IHC) and three rows of outer hair cells (OHCs). While
IHCs are the genuine sensory cells that transform sound-
induced mechanical stimuli into graded transmitter release
that excites the primary auditory neurons OHCs function as
local cochlear amplifiers. With their unique electromotility
they feed energy into the cochlear partition and thus lower
the threshold for IHC excitation. IHCs receive 10-20 afferent
dendrites of type I spiral ganglion neurons whereas OHC are
contacted by only a few type II afferent fibres of unknown
function. In contrast, OHCs receive massive efferent
inhibitory input whereas in the mature IHCs there is no
direct efferent innervation. Here, the afferent fibres
innervating the IHCs are contacted by various efferent fibres
that exert a modulatory function on the afferent signals.
Given the different functions of inner and outer hair cells
one would not be surprised to find that both types of cells
utilize different ion channels. However, over the last few
years it became evident that IHCs and OHCs have many ion
channels in common but use them for different purposes.

The mechanoelectrical transducer channel
Electromechanical transduction is common to both, IHCs
and OHCs. The mechanolectrical transducer channel (MET)
is assumed to be localized in the stereocilia which are
connected by the tip links. Sound-induced oscillations of the
basilar and tectorial membrane (OHCs) and the endolymph
(for IHCs) lead to deflection of the sterocilia with maximum
amplitudes of about 200 nm. The current view is that
deflection in the excitatory direction towards the tallest
stereocilium stretches the tip links and pulls the MET
channels open whereas movement in the opposite direction
leads to closure of the MET channels. As the tip links have
spring-like properties they are under some tension even at
the resting position which makes them very sensitive to
mechanical input. MET currents so far have been measured
in OHCs only1,2. They show recitification i.e. large cationic
inward currents are elicited upon deflection in the positive
direction but no current flows when deflecting sterecilia in
the inhibitory direction. At rest, about 5-10 % of all MET
channels are open.

The molecule(s) underlying the MET channel complex have
been searched for since decades, and only recently an
important component has been identified: a member of the
transient receptor potential ion channel family - TRPA1 -
has been localized in the stereocilia of mammalian hair
cells3. TRPs form a very diverse group  and serve
transduction in a variety of sensory modalities4. Functional
disruption of TRPA1 in both zebrafish and mouse hair cells

greatly diminished transduction3. Though TRPA1 may be
the proper transduction channel many questions remain such
as (1) what molecular components link it to the tip links, the
actin cytoskeleton, and the adaptation machinery and (2)
how can this channel gate in the 100 kHz range?

Further ion channels in IHCs
Upon MET channel opening, K+ and Ca2+ flow into the IHC
and depolarize it which opens voltage-activated conduc-
tances. Fast voltage-activated Ca2+  channels provide the
trigger for transmitter release through Ca2+ influx. More than
90 % of the IHC Ca2+ currents flow through class D L-type
Ca2+ (Cav1.3) channels as has been shown using Cav1.3
knockout mice5. These channels open around –65 mV, close
to the resting membrane potential of IHCs5. They show the
fastest activation for a voltage-gated Ca2+ channel known so
far and exhibit little inactivation. The maximum current is
elicited around –25 mV which leads to the conclusion that
the IHC receptor potential should not reach voltages more
positive than that because then Ca2+  influx would no longer
be a monotonic function of voltage. The particular properties
of the Cav1.3 channels in IHCs makes them ideally suited for
very rapid and faithful transmitter release even at very small
depolarizations and under sustained sound exposure.

The dominating repolarizing current in IHCs is IK,f, a fast K+

current that appears just at the onset of hearing of the mouse
(P12) und shuts off the spontaneous spike activity of the
neonatal IHC6,7. IK,f flows through large conductance, Ca2+-
and voltage-activated (BK) K+ channels. In contrast to lower
vertebrate hair cells that are electrically tuned by using
tonotopic gradients of BK conductances and their time
constants, no such gradients are present for BK channels in
mammals. Even more important, BK currents are practically
not affected by Ca2+  influx through Cav1.3 channels8. The
IHC BK currents behave like a voltage-activated
conductance with a very negative voltage of activation
(around –60 mV). Its activation kinetics is very fast, leading
to a fast repolarization of the IHC and reducing the
membrane time constant8. Due to its large conductance it
enables the IHC to deal with a large range of stimuli by
„compressing“ the response to the input current.

A much smaller, linopirdine-sensitive K+ current component
(IK,n) was detected recently and identified as a KCNQ4-
mediated current7,9. IHC KCNQ4 channels are essentially
open at the resting potential (-65 to –70 mV) thus defining
the membrane time constant and the input resistance of the
IHC at rest. A human mutation in the KCNQ4 gene was
found to underlie DFNA2, a nonsyndromic dominant
progressive hearing loss10.
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A third K+ current that contributes to repolarization is IK,s,
the slowly activating K+ current6,7. It is assumed to play a
role in sustained and intense sound exposure where it
activates slowly and does not fully deactivate from cycle to
cycle (at low frequencies) or is activated by the high DC
component of Vm (at high frequencies). IK,s is most likely
mediated by at least two Kv channels7, but their molecular
identity is unknown.

Further ion channels in OHCs
Mechanoelectrical transduction leads to depolarisation of Vm

that triggers lengthening of the OHC due the voltage-driven
conformational changes of the motor molecule prestin11

located in the lateral OHC membrane. The prestin-based
cycle-by-cycle electromotility works up to frequencies of at
least 70 kHz12. Prestin belongs to the anion transporter
family SLC26A though in evolution it has probably lost the
ability to transport anions13. Very recently, a contribution of
stereocilia and MET channels to electromotiliy has been
proposed14, but more evidence is needed to confirm the
postulated mechanism.

In the negative half-wave of stimulation, the membrane
potential needs to repolarize and the OHC needs to relax to
its original length. Repolarization is brought about by the K+

current IK,n that is carried by KCNQ4 channels10,15. About
50 % of the KCNQ4 channels are open at the resting
potential, leading to an immediate current flow and a very
fast voltage response. On the other hand, this conductance
renders the OHCs quite insensitive to MET currents.

Small Ca2+ currents have been recorded from mature mouse
OHCs and Cav1.3 mRNA has been detected by RT-PCR and
in-situ hybridization suggesting that OHCs are capable of
exocytosis and afferent transmission16,17. Afferent signalling
of OHCs may play a role in a feedback loop to precisely
control efferent inhibition. This inhibition is mediated by a
unique synapse consisting of an ionotropic acteylcholine
receptor of α9/α10 subunits18,19 and SK2 channels20. Once
acteylcholine is released from the large efferent boutons onto
the OHC it causes Ca2+ influx through the AChR which is
very Ca2+-permeable21. The Ca2+ influx opens Ca2+-activated
SK2 channels that are closely colocalized, and the resulting
efflux of K+ reduces the excitability of the OHC. The close
colocalization makes this unusual synapse as fast as a
GABA-A inhibitory synapse20. Interestingly, BK channels
are also present at the contact site of the efferent boutons to
the OHCs22. So far, there is no evidence that they contribute
to efferent inhibition. A recently generated BK α subunit
knockout mouse showed normal hearing thresholds between
4 and 8 weeks of age followed by a high-frequency hearing
loss and OHC degeneration indicating that BK channels are
vital for high-frequency-processing OHCs22.
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