
Development of an innervated skin-on-a-chip

Background

Nest Cube

1. Le Bars, D.; Adam, F. In Ann Fr Anesth Reanim; Elsevier Masson: Amsterdam, The Netherlands, 2002; Volume 21, pp. 315–335.
2. Julius, D. Annu. Rev. Cell Dev. Biol. 2013, 29, 355–384
3. Misery L, Ständer S, et al. Forum for the Study of Itch. Acta Derm Venereol. (2017) 97:4–6
4. Talagas M, Lebonvallet N, et a. Protein Cell. (2020) 11(4):239-250.
5. Talagas M, Misery L. Front Med (Lausanne). (2019) 6:108.

References

Conclusions and Perspectives

Contact us*: contact@netri.fr
321 Avenue Jean Jaurès, 

69007 Lyon – France. 
+33 (0)4 87 62 81 18

Thibault Honegger1, Noëlle Remoué1, Alexandre Guichard1, Louise Dubuisson1, Julien Claret1, Jessica Rontard1, Aurélie Batut1, Florian Larramendy1

1NETRI, Lyon, France. thibault.honegger@netri.fr 

Skin is a protective organ that decodes a wide range of tactile, thermal, and noxious stimuli. The perception of sensory stimuli involves various sensory receptors, such as
mechanoreceptors (mechanical stimuli), thermoreceptors (warm or cold temperature), nociceptors (noxious stimuli), and pruriceptors (itching sensations).
The sensory nerve fibers, for whom the cell body is located in the trigeminal or the dorsal root ganglia (DRG), can carry signals from skin sensory receptors toward the appropriate
integration center of the brain via the spinal cord. Besides this afferent sensory information transfer, some stimulated fibers, called peptidergic C-fibers, can produce and release
various neuropeptides, such as substance P and calcitonin-gene-related peptide (CGRP) at the skin level [1], thus provoking vasodilation and neurogenic inflammation [2].

Psoriasis, atopic dermatitis, eczema, wound healing, skin irritation, herpes infection, hyperhidrosis, neuropathy, and skin sensitivity syndrome are conditions involving both skin cells,
i.e., keratinocytes and neurons. Skin sensitivity syndrome, whose prevalence is increasing, is defined as unpleasant sensory perceptions such as burning, stinging, or itching [3], and
involves both skin cells, i.e., keratinocytes, and sensory neurons [4,5]. However, there is still not many effective treatments, partly because of the lack of relevant in vitro model. The
two major limits of the standard co-culture models are:
• they often use rodent neurons cells
• they do not fully recapitulate the anatomical structure, i.e., neuronal cell body compartmentalized from the innervated skin, all the cells being pooled in the same medium

Organs-on-chips (OoCs) are hence considered as particularly relevant to reduce the cost and ethical burden of animal studies. Such models are based both on the relevance of the
cells used and the ability to build precise, yet physiologically relevant, complex architectures.
Here, thanks to a compartmentalized microfluidic device and the control of Human induced pluripotent stem cells (hiPSCs), we developed a human cell model reproducing:
• skin compartment with nerve endings and keratinocytes microenvironment and
• spinal cord compartment with neuronal cell body
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Anatomically, the neuronal cell bodies (somas) are located in the dorsal root ganglia and only axons
projection are in the skin. In the standard method, all cells are pooled in the same medium. In NETRI’s
compartimentalized microfluidic chips, the 3 compartments are connected together with
microchannels, that allow a fluidic isolation and a selective growth of neurites. The fluidic isolation
limits diffusion from one compartment to another, which allows the use of different optimal culture
media for each cell type, the selective application of stimuli (e.g., actives) in a compartment, or the
sampling of the supernatant in a specific compartment.
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Co-culture of Human iPSC-derived sensory neurons and human keratinocytes in NETRI’s device
N: human iPSC-derived sensory neurons, K: human primary keratinocytes, arrows: neurites (which
grow from one channel to the opposite one). The culture was done on a MicroElectrod Array (MEA)
(arrow heads) allowing electrophysiological recording of the neuronal activity.

NETRI first model of innervated skin on chip (under development)

Mono-culture of Human iPSC-
derived sensory neurons and
human keratinocytes in NETRI’s
device.
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 The compartimentalization and the fluidic isolation of NETRI microfluidic devices enables the creation of functional in
vitro models mimicking the innervated skin

 Pathological conditions involving both skin cells and neurons (e.g sensitive skin, irritation, pruritus, psoriasis, atopic
dermatitis, wound…) might be induced in these models

 The applications includes drug efficacy screening, pharmacokinetic studies, skin penetration and drug diffusion, drug–
drug interaction, and toxicological studies (sensitization, irritation, phototoxicity)

 This model is relevant for pharmaceutical and for cosmetical industries because it reduces animal testing by using human
cells in vitro

 The devices are compatible with the standard analytical method
 The combination of NETRI microfluidic devices and MEA technology allows electrical signals recording of neurons
May reduce R&D costs by avoiding animal costs, by reducing the sample size and the duration of the trial
 The better predictability of these models may reduce the risk of clinical study failures (Phases I and II)

Organs-on-chip, an in-vitro model closer to anatomy

NETRI devices are compatible either with standard or innovative readouts
The versatility of the OoC developed by NETRI allows the use of a large variety of readouts:
•Cells and tissues might be visualized by optical, immunofluorescence, or confocal microscopy
•Cells viability using standard methods (MTT, live/dead assay, etc.)
•Real-time follow-up of cell migration
•Collection of supernatant allows the dosage of molecules, mediators, or biomarkers by standard
methods such as ELISA, PCR, etc.

•PDMS suppleness allows slicing and standard histology

Neural activity might also be specifically evaluated:
•Calcium imaging
•Microelectrode array (MEA) which allows a repeated and continuous electrophysiological recording
of functional activity, for which NETRI developed a software to analyse spacio-temporal
communication of the neuronal network

NeoBento™ is the new standard container for all NETRI microfluidic chips which may contain up to 24 
chips. This format was designed to make organs-on-chip accessible to everyone and compatible with 
High Throughput Screening.

This new NeoBento™ format makes NETRI microfluidic 
devices:
• Easy to handle as a typical 96-well plate thanks to its 

standard SBS alignment on 96-well microplates format
• Compatible with liquid handling equipments and imaging 

equipments with equipment specific guidance (e.g Perkin 
Elmer and others, upon request)

• Compatible with routing control imaging (x10, x20,…) 
and high magnification imaging (confocal, x63 with water 
immersion) 

• Continuously oxygenated without expensive, pumping, 
equipment needed

• Maintained in a humid environment for cell culture
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