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The translational gap that exists between 
research developed at the bench translating 
into therapies that reach the patient is known 
as the pharmaceutical industry’s “valley of 
death”.1 

There is a myriad of reasons why drugs 
deemed promising in pre-clinical stages fail 
at early clinical phases of development, but 
a lack of efficacy in human patient trials, 
or unexpected toxicity are most common. 
Usually signalling a return to the drawing 
board for drug development scientists and 
a huge waste of financial resources for the 
parent company. 

There is a big impetus among Pharma 
companies to overcome the “valley of death”. 
One way to reduce the size of the valley is to 
fail compounds faster. Across the industry 
assay development scientists are working 
to create more relevant assays and models 
that better recapitulate normal and disease 
phenotypes and replicate key aspects of 
human physiology. By using human cells in 
these assays, such as those derived from 
human induced pluripotent stem cells from 
control and patient samples, scientists 
can hope to better triage therapies before 
moving forward to clinical trials. 

NETRI is a company that designs, 
manufactures and provides such assays in 
the form of innovative Organ-on-Chip (OoC) 
assays. OoCs combine human derived cells 
cultured in microfluidic devices, providing 
relevant models for Biotech and Pharma 
companies. As an innovator in this space, 
NETRI strongly believes there is a bright 
future for Organ-On-Chip technologies.2

Discovery Stems From Here

We spoke with NETRI CEO & Co-Founder, 
Thibault Honegger to find out more about 
their OoC technologies and how they 
are revolutionizing Drug Discovery in the 
neurodegeneration space by combining their 
innovative technologies with human-derived 
neurons. 

Please tell us more 
about the work you do at 
NETRI?  
At NETRI, we’re developing innovative 
technologies for the pharmaceutical 
industry. Our patented OoC technologies 
allow the creation of standardized, human 
and predictive in vitro models.

Our microfluidic devices can be used 
to: anticipate the efficacy of therapies; 
accelerate preclinical research phases, 
such as neurotoxicity testing; or reposition 
existing compounds. All the while reducing 
and optimizing the need for relevant animal 
testing.

The use of human neural circuits coupled to 
multiple cell types opens the way to more 
personalized medicine and faster and more 
relevant diagnostics. Current application 
areas include neurological disorders like 
Parkinson’s Disease, Alzheimer’s Disease 
and other Dementias, Pain Syndrome, as 
well as cosmetics and nutrition applications. 
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“The use of human neural circuits 
coupled to multiple cell types opens the 
way to more personalized medicine and 
faster and more relevant diagnostics.

Thibault Honegger, 
CEO and Co-Founder,
NETRI

What is your mission at NETRI 
and why is it important for you 
to have access to quality stem 
cells? 
Our ambition is to revolutionize the way of performing 
preclinical studies for the pharmaceutical industry by 
creating standardized, human and predictive in vitro 
models.

The objective is to offer ready and easy to use 
microfluidic devices enabling faster outcomes for 
R&D. In addition to the ease of use of our microfluidic 
devices, we want OoCs to be accepted as predictive 
in vitro models by the pharmaceutical industry and 
regulatory affairs. This therefore requires:

1. Robust manufacturing processes, characterized with 
quality controls at each stage to ensure reproducible 
experiments

2. Compatibility of cell culture protocols with our 
microfluidic devices 

3. Utilization of human cells specific to the scientific 
question being asked

4. Correct and repeatable architecture of our 
microfluidic devices thanks to home-made and versatile 
manufacturing process

5. High added value outcomes by being able to analyze 
the function of the cells in vitro
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Why did you choose to work 
with Axol sensory neurons? 
To obtain a relevant human biological model, we 
need cells of human origin that are mature and highly 
differentiated.

Axol’s sensory neurons express the main markers 
involved in proprioception and nociception as quantified 
by cDNA PCR. These data highlight the degree of 
maturation of these cells which also exhibit specific 
electrophysiological responses to different reference 
compounds/stimuli tested, namely capsaicin and heat.

We optimized our cell culture protocols in our 
microfluidic devices and maintained these cells for 27 
days in vitro. The specific morphology of the cells can 
be observed in figure 1. Immunostaining reveals the 
presence of sodium ion channel expression (voltage-
gated sodium ion channel, Nav1.8), receptor tyrosine 
kinases B (TrKB, receptor for BDNF) (Fig. 1). 

Figure 1: Human iPSC-Derived Sensory Neurons in microfluidic devices. (A) Picture of a 3D-Deposition Chamber microfluidic 
device. (B) 10x Immunofluorescence picture at Day 27 stained with Nav1.8 (Green) and PrPH (Red). (C) 10x Immunofluorescence 
picture at Day 27 stained with anti-βIII-Tubulin (Green). Credit: NETRI



To build physiological or pathophysiological organ 
models it is important to combine the proper structure 
of communication together with the right cells.

Our microfluidic devices are unique because they 
combine different features into one single chip. For 
example:

- The 3D deposition chamber enables precise control of 
cell density and homogeneity, control of media change, 
and reduction in shear stress, facilitating optimal 
maturation of human cells3 

- Microchannels can connect chambers for uni- or 
bidirectional neurite growth, while ensuring fluidic 
isolation. The channels also enable co-culture of cells, 
for example sensory neurons with skin cells or motor 
neurons. Fluidic isolation means drug testing can take 

place in specific compartments, whilst the use of a 
miniature device means smaller volumes of drugs need 
to be used (Fig. 2)

- Integrated porous membranes to mimic interfaces 
such as the blood brain barrier and skin, for example

- NeuroBento™ format matching 96-well microplate 
alignment for high-throughput screening and imaging 
on microscopes

- MEA compatibility to continuously record 
electrophysiological signals and whole network dynamics 

- Proprietary algorithms to extract the most 
functional markers from the network. Such as: 
electrophysiological activity, neurite outgrowth 
kinetics, immunofluorescence marker expression 

This modular integration allows us to build real OoC 
that have the capability and flexibility to drive drug 
development forward.
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We also evaluated the level of neural progenitor cells 
with an anti-Nestin antibody (data not shown) and saw 
very few cells, suggesting a full differentiation process 
is possible in our microfluidic devices, like that seen in 
conventional culture. 

Taken together these data have enabled us to generate 
a Standard Operating Protocol for culture and 
maintenance of Axol’s sensory neurons in NETRI’s 
technology. 

Finally, a last important point is the ability for our 
future customers to have access to all the necessary 
information to successfully achieve their goals in 
their projects. This includes transparency in terms 
of cell culture protocols, information on cell marker 
expression, and cellular responses to reference 
compounds. We particularly appreciate the reactivity of 
the technical and commercial departments at Axol, as 
well as their ability to provide large quantities of cells 
on short deadlines compatible with the requirements of 
the pharmaceutical industries.

What challenges for scientists 
can the combination of your 
microfluidic devices and 
Axol stem cells help them 
overcome? 

Figure 2: Human iPSC-Derived Sensory Neurons in triangular 
microfluidic devices. (A) Picture of a triangular microfluidic 
device. (B) 10x Immunofluorescence picture at Day 27 stained 
with anti-βIII-Tubulin (Green) and Substance P (Red). (C) 10x 
Immunofluorescence picture at Day 21 stained with PrPH (Red). 
The white arrow represents the longest extension observed in 
the triangular channel.  (D) Graph of neurites outgrowth kinetics 
obtained with triangular microfluidic devices.4 (Reprinted with 
permission from Maisonneuve et al., 2021).
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“The use of human neural circuits 
coupled with multiple cell types 
opens the way for increasingly 
complex and relevant in vitro models 
to reproduce the complexity of the 
human brain, and humans as a whole 
organism.  

Thibault Honegger, 
CEO and Co-Founder,
NETRI

In the future we hope that OoC will become a standard 
in preclinical testing. Thus, allowing for animal-testing 
free drug registration. On top of this, compounds will be 
tested on human cells to allow for a better prediction of 
efficacy in human beings prior to clinical trials. And our 
hope is that this will improve therapeutic translation.  

At NETRI, we strongly believe that to develop a relevant 
pathophysiological human neuronal in vitro model, 
you need a combination of three things:  biological 
relevance (right human cells for the experiment), the 
proper model (microfluidic devices/architecture/
directionality), and an analytical readout, including 
network electrophysiological assays.

Importantly, adoption of OoC models requires the 
establishment of normalized cell culture conditions and 
validation criteria before utilization.

What are your hopes for the 
future for assay development 
and the use of Organ-on-a-
Chip microfluidic devices in 
combination with IPS cells?

How influential will the 
combination of your 
microfluidic devices with 
iPSCs be for the development 
and translation of therapies? 
The use of human neural circuits coupled with multiple 
cell types opens the way for increasingly complex and 
relevant in vitro models to reproduce the complexity of 
the human brain, and humans as a whole organism. 

With the current pressure placed by authorities such 
as FDA  and EMA  to apply the 3R’s in their research 
practices and to limit animal testing whenever an 
alternative methodology is available, access to quality 
stem-cell is then a key aspect in the success of this new 
innovative translational research technique.

What are the next challenges 
the field needs to overcome for 
your hopes for the future to be 
realized? 
Organ-on-chip is a disruptive innovation that needs to 
be adopted by the end user, as it requires a change in 
the lab routine. 

Trust in the models needs to be gained and this will be 
obtained through partnership with groups in industry.

Moreover, we are focusing our efforts on building user-
friendly devices that don’t require external equipment 
needed to operate our chip, and a full compatibility with 
liquid handling robot thanks to SBS alignment (96-well 
plate format). 
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