DIAETA TECHNOLOGY
DIAETACHIP
Rapid Analysis
of β-cells
and Islets

DIAETASENSOR
New Biosensor
for the
Artificial Pancreas

Diabetes Quality Control and Artificial Pancreas

Diabetes is a major global public health problem: 600 million people will suffer from di

DIAETA technology improves analysis of is

A PIONEERING
DIAETACHIP

Analysis & Quality Control of β-cells and Islets
A major advance
For the first time combination of biology and microelectronics
offers a direct, easy and user-friendly approach to islet cell
activity in physiological settings.

No patch pipettes, no probes, no reporter genes! Together
with an automated and user-adapted analysis, it provides a
versatile Organ-on-Chip approach.

DIAETACHIP provides
¾¾ Rapid quality control of

¾¾ Real-time analysis of

¾¾ Organ-on-chip analysis

• islets before transplantation

• islet α-cells and β-cells

• to replace animal tests

• stem-cell differentiation protocols

• islets and their coupling

• to study drug effects

• stem-cell derived islets

• islets derived from iPSCs *

• to study nutritional effects

Value of DIAETACHIP technology
¾¾ Evaluates single cells & islets
¾¾ Offers user-friendly:
• Automatic & multi-modal analysis
• Non-invasive & long-term analysis
• Analysis of intra-islet coupling
• Repetitive testing of compounds
• Data classification & storage
¾¾ Research phase:
Human Islets on Multi-Electrode Array .
Yellow overlay: glucose-induced slow waves and
action potentials.
Bars: 20 µv, 1 s.

• Functional Analysis
¾¾ Clinically oriented:
• Therapeutic efficacy of a compound
on the micro-organ
* induced Pluripotent Stem Cells
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iabetes by 2035. Around 11 000 people die every day of diabetes and its consequences

slet cells and sensing of the demand for insulin.

TECHNOLOGY!
DIAETASENSOR
Hybrid Biosensor for the Artificial Pancreas
The power of evolution
Half a billion years of evolution have shaped islets and led
to a number of endogenous algorithms to optimize nutrient
homeostasis.

Our approach harvests the results of this longstanding
development and adds an automatic on-line analysis in
real-time, which means a few microseconds!

DIAETASENSOR provides
¾¾ A truly physiological and intelligent sensor for
Continuous Glucose Monitoring (CGM) for diabetic patients
• Use of biological, islet-encoded algorithms
to determine the demand for insulin

BODY STATUS:
HORMONES

• Use of islet-encoded algorithms for early prevention
of hypoglycemia
• Physiological sensor response to glucose , lipids &
certain amino acids
• Capture of hormonal signals such as GLP-1 or adrenaline
that reflect the requirements of the whole organism
(food intake, stress, sport, etc.)

GLUCOSE
LIPIDS

INSULIN

Value of DIAETASENSOR technology
¾¾ Uses latest microelectronic technology
¾¾ Requires only a few dozen islets
¾¾ Provides real-time & online analysis
¾¾ Controls insulin delivery by a truly closed-loop system
¾¾ Takes patient’s food intake, activity and metabolic state
into account

Closed-Loop System:
The interplay between nutrients
(glucose/lipids) and insulin levels is
strongly influenced by hormones
signaling the body's state.
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DIAETACHIP and DIAETASENSOR

Islet

β-cell

micro
electrode
Recording

Signal conditioning
&
processing on chip

100 μm

ISLETS ON MULTI-ELECTRODE ARRAY

ONLINE REAL-TIME PROCESSING ( t < 40 μs )

DIAETA TECHNOLOGY ROADMAP … 2016
Drug Discovery
		
Pre-transplantation Quality Control
			
Stem Cell Differentiation Monitoring
				
Islet Function Phenotyping

AVAILABLE!
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applications
DIAETACHIP
Screening
Quality control
RAW DATA

SLOW POTENTIALS

DIAETASENSOR

ACTION POTENTIALS

Closed-loop
Insulin Pump
BIOLOGICAL
INFORMATION
EXTRACTED
&

Insulin

ANALYZED

…

2017

…. NEXT GENERATION

DIAETASENSOR for TYPE 1 DIABETES
ARTIFICIAL PANCREAS

UNDER DEVELOPMENT
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DIAETACHIP
PERFORMANCES
Islet cells plated on a Multi-Electrode Array (MEA) generate, in response to glucose or other nutrients and hormones, a flow of
charges through ion channels near of the microelectrodes. Two signals are observed: slow potentials (SP) and action potentials
(AP). They reflect single cell behaviour (AP) and physiologically important intra-organ coupling (SP). Electronic components
provide on-line real-time processing of both types of signals, their direct analysis and scoring.

MULTIMODAL
¾¾
¾¾
¾¾
¾¾

Detection of single cell signals (action potentials, AP)
Detection of coordinated micro-organ signalling (slow potentials, SP)
Detection of β-cell activity (SP & AP)
Detection of α-cell activity (AP at low glucose)

FAST
¾¾ Electrical signals of interest are amplified, filtered, extracted
and processed in real time (<40 µs)
¾¾ High temporal resolution by recording in the kHz range
(10 000 samples/second/electrode)
¾¾ Spatial resolution in the µm range using high density arrays

VERSATILE, SHORT & LONG-TERM

PATENTED!

¾¾ Can be coupled directly to cell culture, imaging or microfluidics
¾¾ Use of rodent or human cells/islets
¾¾ Long viability (weeks) and repetitive non-destructive experiments
on the same preparation
¾¾ Observation of long-term drug/nutrient effects and their wash-out

A patent application was filed in January 2010.

EASY TO USE

"Sensor for measuring, the activity of betapancreatic cells or of islet of langherhans,
manufacture and use of such a sensor"
W0 2011/086105 A1

¾¾
¾¾
¾¾
¾¾
¾¾
¾¾

The invention relates to:
hh a sensor including: a microelectrode array and
β-pancreatic cells or islets of Langerhans in culture
on the microelectrode array. The microelectrode
array is designed to measure dynamically,
continuously and in real time, electrical signals
produced by the pancreatic β-cells or the islets of
Langerhans upon physiological activation.
hh the sensor can be used on its own to rapidly
characterize islet preparations or provide readouts for drug tests.
hh devices that can be implanted in the body of a
patient, including an insulin pump for dispensing
a given amount of insulin.
hh a method for manufacturing such device, and the
use of such a sensor.
hh the associated applications.
This patent application is currently under examination
in several countries including Europe, US, Japan,
China, Mexico, South Korea, India, Brazil, Australia
and Canada.
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Only a dozen islets required per MEA
No need of preloading with probes or introduction of reporter genes
Absence of slow potentials below threshold glucose levels (< 4 mM)
Ranking of responses based on glucose concentrations
Calculation of scores representative of islet's activity
All parameters can be reconfigured by the user

PHYSIOLOGICAL, SHORT & LONG-TERM
¾¾ Electrical signatures discriminate between first and second phase
of insulin secretion
¾¾ Long-term oscillation frequency corresponds to known secretory oscillation
¾¾ Concentration dependent response to physiological glucose concentrations
as in humans
¾¾ Detection of hysteresis known to prevent life-threatening hypoglycaemia

SENSITIVE
¾¾ Excellent detection of physiological hormone concentrations, KATP channel
blockers, ion channel blockers, islet uncouplers or activators/inhibitors of the
cAMP system
¾¾ Characterisation of pathological derangements (glucotoxicity, e.g)

SPECIFICATIONS

MAIN PUBLICATIONS

TECHNICAL
¾¾ Biological signals are digitized on 16 bits (10 kHz)
and processed with a precision of 16 bits
¾¾ Processing, display and recording are performed in real-time
(processing latency < 40µs)
¾¾ All 60 MEA channels are processed individually & simultaneously
¾¾ The electronic board for recording and real-time processing
is user-configurable
¾¾ Easy updates and upgrades through a USB connection
¾¾ Live display on a standard VGA output or other external devices
¾¾ Storage capacity amounts to 7 h of raw data and 70 h of processed
data on external card (SDHC)
¾¾ Export time of 10 seconds per hour of recording
¾¾ Stored data include: raw data, AP, SP and burst scatter plots,
AP frequencies and amplitudes, SP frequencies, FOPPs,
averaged AP and SP frequencies, averaged FOPP
¾¾ The DIAETACHIP system is compact
(width x length x height : 12 cm x 29 cm x 6 cm)

Pedraza, E., A. Karajic, M. Raoux, R. Perrier, A. Pirog,
F. Lebreton, S. Arbault, J. Gaitan, S. Renaud,
A. Kuhn, and J. Lang. Guiding pancreatic beta cells
to target electrodes in a whole-cell biosensor for
diabetes. Lab Chip, 2015. 15: p. 3880-90.
Lebreton, F., A. Pirog, I. Belouah, D. Bosco,
T. Berney, P. Meda, Y. Bornat, B. Catargi, S. Renaud,
M. Raoux, and J. Lang. Slow potentials encode intercellular coupling and insulin demand in pancreatic
beta cells. Diabetologia, 2015. 58: p. 1291-9.
Renaud, S., B. Catargi, and J. Lang. Biosensors in
diabetes : how to get the most out of evolution and
transpose it into a signal. IEEE Pulse, 2014. 5: p. 30-4.
Raoux, M., Y. Bornat, A. Quotb, B. Catargi,
S. Renaud, and J. Lang. Non-invasive long-term and
real-time analysis of endocrine cells on micro-electrode arrays. J Physiol, 2012. 590: p. 1085-91.

COMPUTATIONAL
¾¾ All data are computed in real time
¾¾ APs and AP bursts isolation through time-frequency filtering and
time-amplitude discrimination
¾¾ SPs isolation through linear filtering and time-amplitude
discrimination
¾¾ SP amplitude measurements
¾¾ Fraction of plateau phases and their frequency
¾¾ Automatic or manual channel discrimination

DIAETACHIP SET-UP
DIAETACHIP
¾¾ Hardware
¾¾ Software
CATEGORY

BIOLOGICALS AND SET-UP
¾¾ Primary islets or dispersed islet cells or
comparable material
¾¾ Cell culture facility
MICRO-ELECTRODE ARRAYS (MEA)
¾¾ MEAs are available from several manufacturers with
different electrodes (translucent or opaque, different
diameters, different inter-electrode spacing)

MOLECULES
Glucose

3-15 mM
EC50 7.5 mM

Arginine

10 mM

Nutrients
GLP-1
Hormones

Adrenaline
Propranolol

cAMP system

H-89
MDL 12330

¾¾ Compatible with microfluidics

Glibenclamide

INSTRUMENTS
¾¾ Commercial perfusion set-up, thermo-controller and
pre-amplifier
¾¾ Computer with a USB port (Windows XP and above,
Mac OSX and Linux supported)
¾¾ Standard VGA-compatible screen

Ion channels

Islet uncoupler

MOUSE

0.5 pM -10 nM
EC50 5 pM
0.1 nM -5 µM
EC50 2 nM

3-15 mM
EC50 5.5 mM

50 pM
5 µM

4 µM
10 µM
10 µM
100 nM

Nifedipine

25 µM

Iberiotoxin

100 nM

TEA

20 mM

Stromatoxin-1

100 nM

Tetrodotoxin

500 nM

Heptanol-1

3.5 mM

Carbenoxolone

HUMAN

100 nM

3.5 mM

50 µM
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DIAETA Technologies are the result of more than 7 years of expertise and know-how of a multidisciplinary team of
researchers, from the Bordeaux-based CNRS laboratories CBMN (biology), IMS (engineering) and the Bordeaux University
Hospital, in the fields of biology, microelectronics and clinical diabetology.

Four clinical partners are involved in the validation of the DIAETACHIP system to assess the quality of islets used in clinical
settings and increase the success of transplants:
•

Bordeaux University Hospital (PTIB Plateforme Technologique d’Innovation Biomédicale)

•

Geneva University Hospital (Cell Isolation and Transplantation Center)

•

Grenoble Centre d’Investigation Clinique (INSERM and Grenoble University Hospital)

•

Montpellier University Hospital (Laboratory of Cellular Therapy for Diabetes)

R & D contacts:
Sylvie Renaud: sylvie.renaud@ims-bordeaux.fr
Jochen Lang:

jochen.lang@u-bordeaux.fr

Bogdan Catargi: bogdan.catargi@chu-bordeaux.fr

Business contact :
Najia Tamda: n.tamda@ast-innovations.com
		business-development@ast-innovations.com
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Aquitaine Science Transfer (AST) is a private company with corporate capital of 1 million Euros.
Aquitaine Science Transfer is dedicated to the transfer of scientific results from the academic
research of universities in the Aquitaine Region. AST is the appointed agent and exclusive
license-holder for knowledge transfer of research results.

