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Mammalian dorsal root ganglia (DRG) contain a diverse

collection of sensory neuronal subtypes specialized to

detect different sensory stimuli. Most of these cells

respond to mechanical stimulation of some sort, be they

proprioceptors detecting body movements, receptors for

gentle touch or nociceptors activated by painful levels of

pressure, and yet the proteins that detect mechanical

stimuli remain unknown. In this issue of The EMBO

Journal, Gary Lewin and colleagues give insights into

the developmental acquisition of mechanosensitivity by

different classes of sensory neurons and in doing so, they

offer a new approach for determining the molecular basis

of this sensory modality.

Until recently, it seemed that unravelling the molecular

basis of mammalian touch sensation would be straightfor-

ward. Marty Chalfie’s group had characterized a multi-pro-

tein mechanotransduction complex in Caenorhabditis elegans

touch-sensing neurons (Chalfie, 2009) and homologues of the

crucial players in this ensemble had been found in mamma-

lian sensory neurons. Most compellingly, a group of ion

channels related to the channel at the heart of the nematode

complex, the acid-sensing ion channels (ASICs), was shown

to be richly expressed in the DRG. Two subunits, ASIC3

and ASIC1B, are selectively expressed by sensory neurons.

However, despite the early promising results (Price et al,

2000), as studies of ASICs and mechanotransduction accu-

mulated, it became apparent that these channels are not

essential components of the mammalian mechanosensory

apparatus. Subsequently, much attention was paid to the

TRP channel family, given their established roles in

Drosophila mechanotransduction and reports that some

mammalian TRP channels are modulated by membrane

stretch (Christensen and Corey, 2007). However, a new

study by Lechner et al (2009) has defined the developmental

acquisition of mechanosensitivity by DRG neurons and, by

the use of a new mRNA expression screen, concluded that we

almost certainly need to move beyond ASICs and TRP

channels in our search for the elusive force-transducing ion

channels of this system.

Studying somatosensory transduction is confounded by

the inaccessibility of the nerve endings, embedded in

peripheral tissues, where this process naturally occurs.

Consequently, researchers use cultured DRG neurons as a

model, in which receptor proteins expressed at peripheral

terminals in vivo are found on the cell body. Compression of

the somatic membrane using a mechanical probe generates a

cationic current in sensory neurons (McCarter et al, 1999).

Different classes of DRG neurons show currents with distinc-

tive physiological and pharmacological properties consistent

with the neurons’ specific functions; for example, presump-

tive touch receptors show larger currents with lower

activation thresholds than do damage-sensing neurons

(nociceptors) (Drew et al, 2004, 2007). Supported by studies

on neurites in vitro (Hu and Lewin, 2006), this model system

has become a focus in attempts to define the molecular

mechanisms involved in mechanosensation.

Neurogenesis in mouse DRG occurs in two waves; the first

wave (at E10–11) gives rise to low-threshold mechano-

receptors, neurons that express TrkB and TrkC neurotrophin

receptors, and the second (between E11–13) to a variety of

cell types, characterized by TrkA expression, including noci-

ceptors. Developing neurons first undergo a phase of neurite

outgrowth, innervating the spinal dorsal horn and the per-

iphery (where they are sensitive to target-derived signalling

molecules), before a period of functional maturation. To

characterize maturating DRG neurons, Lechner et al extracted

these cells from developing mice at daily intervals from E11.5

until the day they were born and recorded the currents

activated by mechanical stimulation of their somata. These

experiments showed that the acquisition of mechanosensi-

tivity occurs in three distinct waves. The first happens at

E13.5 in the early-born low-threshold mechanoreceptors

(defined by the presence of TrkB and TrkC) when they

begin to generate rapidly adapting mechanogated currents.

In the second wave, a population of nociceptive neurons

begins to express rapidly adapting currents at E15.5, and

in the final wave, at birth another population of (possibly

overlapping) nociceptors appears, which generates slowly

adapting currents in response to mechanical stimulation

(see Figure 9 in Lechner et al (2009)).

The first two waves occur as the respective peripheral

axons of neurons innervate their targets, which led the

authors to ask whether a target-released factor induces the

expression of mechanically gated channels. Interestingly,

acquisition of mechanosensitivity by low-threshold mechan-

oreceptors is independent of the TrkC ligand, neurotrophin 3,

and probably represents a genetically programmed matura-

tional event. Conversely, in nociceptors, nerve growth

factor (NGF) exposure, acting through TrkA, is crucial

for the appearance of mechanically activated currents.

Furthermore, NGF can also prematurely induce such currents

in younger nociceptors that are yet to fully extend their

processes. Consistent with earlier findings, high levels of

NGF in culture increased mechanosensitivity (Di Castro
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et al, 2006), shown here to be because of the additional

expression of an intermediately adapting mechanically acti-

vated current, and NGF sensitivity is maintained in early

postnatal neurons. Whether the final wave of persistent

current acquisition is because of the ongoing maturation of

those neurons or is dependent on a separate secreted factor

remains to be determined.

The second part of the paper takes the newly established

delineation of mechanosensitivity maturation and uses it to

screen for the underlying ion channels. Assuming that the

mRNA expression of the transducing channel begins concur-

rently with the appearance of the functional channel (i.e.

translational repression is not occurring at early time points),

the authors reason that a screen of mRNAs that are absent

(or rare) at E11.5 but abundant at E13.5 and in adult DRG will

reveal a shortlist of candidate mechanotransduction genes,

whose function could then be assessed.

In this study, the screen was limited to members of the

mammalian DEG/ENaC (including the ASICs) and TRP ion-

channel families, albeit all 43 members were assessed. The

authors found the expression of a small number of these

channels was temporally regulated in the anticipated way

but, none of them represented outstanding candidates. ASIC2

and ASIC3 subunits were upregulated at the appropriate time

but, consistent with results in adult DRG neurons (Drew et al,

2004), currents were normal in embryonic neurons

lacking these genes. TRPC4 expression emerged along with

mechanosensitivity in low-threshold mechanoreceptors, but

mice lacking this gene have no striking sensory phenotype

(Freichel et al, 2005) and its function in DRG might relate

to neurite outgrowth (Wu et al, 2008). No known stretch-

modulated TRP channels were expressed consistently

along with the expression of mechanosensation. Overall,

these results argue strongly for moving beyond DEG/ENaC

and TRP channels in the pursuit of mechanotransduction

channels, just as the auditory hair-cell field has done.

The screen developed has rich potential if extended to

include other ion channels or genome-wide microarray

analysis, and similar investigation of gene induction

by NGF could show nociceptor-specific mechanosensitive

channels.

Our knowledge about mechanosensation in lower organ-

isms has grown rapidly, but many exciting questions remain

open for mammalian systems (Chalfie, 2009). In the DRG,

does each subtype of sensory neuron express a single trans-

ducing channel, deletion of which will result in a strikingly

strong phenotype, say a mouse insensitive to mechanical pain

or one with entirely uncoordinated movement? Or is there a

cache of related channels broadly expressed and capable of

partially compensating for one another? Are the DRG sensory

channels related to those that function in hearing and bal-

ance? And is there a malignant dysregulation of mechano-

gated ion channels in certain pain conditions? Lechner et al

have presented an elegant characterization of the somato-

sensory system in development and have provided a poten-

tially useful new tool in answering these questions.

References

Chalfie M (2009) Neurosensory mechanotransduction. Nat Rev Mol
Cell Biol 10: 44–52

Christensen AP, Corey DP (2007) TRP channels in mechanosensa-
tion: direct or indirect activation? Nat Rev Neurosci 8:
510–521

Di Castro A, Drew LJ, Wood JN, Cesare P (2006) Modulation of
sensory neuron mechanotransduction by PKC- and nerve
growth factor-dependent pathways. Proc Natl Acad Sci USA 103:
4699–4704

Drew LJ, Rohrer DK, Price MP, Blaver KE, Cockayne DA, Cesare P,
Wood JN (2004) Acid-sensing ion channels ASIC2 and ASIC3 do
not contribute to mechanically activated currents in mammalian
sensory neurones. J Physiol 56: 691–710

Drew LJ, Rugiero F, Cesare P, Gale JE, Abrahamsen B, Bowden S,
Heinzmann S, Robinson M, Brust A, Colless B, Lewis RJ, Wood
JN (2007) High-threshold mechanosensitive ion channels blocked
by a novel conopeptide mediate pressure-evoked pain. PLoS ONE
2: e515

Freichel M, Vennekens R, Olausson J, Stolz S, Philipp SE,
Weissgerber P, Flockerzi V (2005) Functional role of TRPC
proteins in native systems: implications from knockout and
knock-down studies. J Physiol 567: 59–66

Hu J, Lewin GR (2006) Mechanosensitive currents in the neurites of
cultured mouse sensory neurones. J Physiol 577: 815–828

Lechner SG, Frenzel H, Wang R, Lewin GR (2009) Developmental
waves of mechanosensitivity acquisition in sensory neuron sub-
types during embryonic development. EMBO J 28: 1479–1491

McCarter GC, Reichling DB, Levine JD (1999) Mechanical transduc-
tion by rat dorsal root ganglion neurons in vitro. Neurosci Lett
273: 179–182

Price MP, Lewin GR, McIlwrath SL, Cheng C, Xie J, Heppenstall PA,
Stucky CL, Mannsfeldt AG, Brennan TJ, Drummond HA, Qiao J,
Benson CJ, Tarr DE, Hrstka RF, Yang B, Williamson RA, Welsh MJ
(2000) The mammalian sodium channel BNC1 is required for
normal touch sensation. Nature 407: 1007–1011

Wu D, Huang W, Richardson PM, Priestley JV, Liu M (2008) TRPC4
in rat dorsal root ganglion neurons is increased after nerve
injury and is necessary for neurite outgrowth. J Biol Chem 283:
416–426

EMBO
open

This is an open-access article distributed
under the terms of the Creative Commons
Attribution License, which permits distri-

bution, and reproduction in any medium, provided the original
author and source are credited. This license does not permit
commercial exploitation or the creation of derivative works
without specific permission.

The EMBO Journal is published by Nature Publishing
Group on behalf of European Molecular Biology

Organization. This article is licensed under a Creative Commons
Attribution-Noncommercial-No Derivative Works 3.0 Licence.
[http://creativecommons.org/licenses/by-nc-nd/3.0]

DRG and mechanosensitivity
LJ Drew

&2009 European Molecular Biology Organization The EMBO Journal VOL 28 | NO 10 | 2009 1379


	How do we feelquest
	References




