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Mechanosensing Dendrites

The elegance of 
prickly sensations
Neurons sensing harmful mechanical forces in the larvae of fruit flies 
have a striking architecture of dendrites that are optimized to detect 
pointy objects.

Bibi Nusreen Imambocus AND Peter Soba

How do we distinguish between being 
poked by something benign like a cotton 
swab and a sharp nail that could harm us? 

This is achieved through neurons lying beneath 
our skin called nociceptors which are tuned to 
detect painful, or noxious, stimuli (Basbaum 
et al., 2009). A lot of what is known about noci-
ceptors comes from studying cells called class IV 
dendritic arborization neurons (or cd4a neurons 
for short) in larvae of the fruit fly Drosophila mela-
nogaster (Grueber et al., 2002).

Protruding from the cell body of c4da neurons 
is a mesh of branches known as dendrites, which 
can sense noxious environmental cues (Tracey, 
2017). This includes the ovipositor of parasitic 
wasps, a needle-like structure used to lay eggs 
in live hosts. When the larvae feel the mechanical 
pressure of the ovipositor poking their skin, they 
react by rolling away to escape being punctured 
by the wasp (Figure  1A). However, it is poorly 
understood how these sensory neurons with their 
astounding architecture can capture such poten-
tially life-threatening mechanical forces.

As shown by the famous drawings of the 
neuroscientist Santiago Ramón y Cajal, cells in 
the nervous system come in a range of shapes 

and sizes. One might therefore wonder whether 
the elegant structure of c4da neurons allows them 
to perform their sophisticated mechanosensing 
role. Now, in eLife, Xin Liang and colleagues 
from Tsinghua University – including Zhen Liu and 
Meng-Hua Wu as joint first authors – report that 
c4da dendrites are pressure sensors which are 
shaped and tuned to maximize detection of local 
mechanical forces (Liu et al., 2022).

The team designed and built an experimental 
setup to monitor the activity of c4da neurons in 
semi-intact preparations preserving the ‘skin’ of 
the larvae (containing the epithelial cell layer, 
sensory neurons and muscle cells) as well as their 
nervous system. The c4da neurons were then 
imaged to see how they responded to different 
sized probes that were applied with varying force 
to dendrites that were either close (proximal) to 
the cell body of the neuron (the soma) or were far 
away (distal) from the soma, of the neuron. This 
revealed that c4da dendrites were more sensi-
tive to small probes (30µm), which could even 
be sensed by dendrites outside the local area of 
where the force was applied.

To find out if the dendritic architecture of c4da 
neurons is required for sensing localized forces, 
the team studied larvae lacking the gene for 
cut, a transcription factor that gives the neurons 
their complex structure. The c4da neurons of 
the mutant larvae were less responsive to small 
probes applied to their distal dendrites, and the 
larvae displayed reduced rolling escape behavior.

Using mathematical simulations, Liu et al. 
showed that their probe exerted both a perpen-
dicular pressure at its its tip, and lateral forces up 
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Figure 1. Sensing noxious touch in Drosophila larvae. (A) Schematic of a Drosophila larva with nociceptive 
cells called c4da neurons covering its entire body. The cd4a neurons can sense noxious touch (here provided 
by a small diameter probe) resulting in the larva undergoing a rolling escape response. (B) Schematic side view 
of c4da neurons in the larval body sandwiched between the epidermal cell layer (beige) and the extracellular 
matrix (green). The noxious touch of the probe deforms the body wall including c4da dendrites and generates 
perpendicular and lateral forces (indicated by arrows) (C) The force applied by the probe (yellow-blue color code) 
activates c4da neurons by triggering two mechanosensory channels – Ppk1/Ppk26 (cyan) and Piezo (red) – located 
on its dendrites. Voltage-gated calcium channels (grey) then allow information to reach the soma so they can elicit 
a response in the c4da neuron soma.

to 40µm away (Figure 1B). If neurons can sense 
both these lateral and perpendicular forces, this 
means more of their dendrites will be activated 
by the probe, leading to enhanced neuronal 
sensitivity.

To test this possibility, Liu et al. studied two 
mechanosensitive channels present on the 
membrane of c4da dendrites called Piezo and 
Ppk1/Ppk26 (Kim et al., 2012b; Gorczyca et al., 
2014; Guo et al., 2014; Mauthner et al., 2014). 
Different forces with smaller or larger probes 
were applied to proximal and distal dendritic 
regions of larvae lacking the genes for Piezo 
and/or Ppk1/Ppk26. This revealed that both 
channels contribute to sensing lateral forces. In 
addition, Ppk1/Ppk26 is required for the overall 

mechanosensitivity of c4da neurons, and Piezo 
particularly enhances sensitivity to probes with 
small diameters.

Mechanosensitive channels are crucial for 
sensing the local stimuli applied to dendritic 
branches, but how is this information reaching 
the cell body of the neuron? Liu et al. found 
that voltage-gated calcium channels – which 
when open permit an influx of calcium – play a 
critical role in this process. In their experiments, 
low doses of a drug that inhibits these voltage-
gated calcium channels strongly affected calcium 
responses in the neurons when the mechanical 
stimulus targeted dendrites further away from 
the soma, suggesting decreased information 
flow. Further experiments revealed a specific 
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voltage-gated calcium channel called Ca-α1D is 
required for the mechanosensory signal to reach 
the soma, which also correlated with reduced 
escape behavior in fruit fly larvae that lacked 
Ca-α1D (Figure 1C).

Overall, Liu et al. show that the mechano-
sensing capability of c4da neurons is elegantly 
implemented through its dendritic structure 
as well as mechanosensory and voltage-gated 
calcium channels which maximize responsive-
ness to pointy objects. However, these findings 
bring up other questions. For one, nociceptors 
do not work in isolation; a mechanical force 
applied to a larval body wall or to mammalian 
skin acts on the entire tissue. In larvae, this 
includes an epidermal cell layer and the extra-
cellular matrix sandwiching the mesh of c4da 
dendrites (Figure  1B; Han et  al., 2012; Kim 
et al., 2012a).

Epidermal cells have a concerted influence 
on the mechanosensation and stability of c4da 
neurons (Jiang et  al., 2019). Indeed, Piezo1 is 
present in cells of the mouse epidermis and 
they actively participate in sensing of mechan-
ical stimuli (Mikesell et al., 2022). It is therefore 
possible that Drosophila epidermal cells could 
also aid c4da neurons. Moreover, many noci-
ceptors (including c4da neurons) are polymodal, 
meaning they can detect different noxious stimuli, 
and they can become hypersensitive upon injury 
and inflammation to protect the affected body 
regions from further harm (Basbaum et  al., 
2009; Tracey, 2017). How integration of all these 
diverse roles is optimized by nociceptors and 
their surrounding tissue is certainly an exciting 
area for future studies.
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