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Description

[0001] The presentinvention refers to a device for measuring impedance in organotypic tissue as defined in the claims.
The present invention also refers to the use of the device according to the present invention for measuring impedance
in organotypic tissue.

[0002] Furthermore,the presentinvention relatesto a methodforanalyzing the effect of test compounds on pathological
and non-pathological organotypic tissue by measuring the impedance of the organotypic tissue, wherein the organotypic
tissue is cultured in a culture medium during the time of the analysis and the impedance of the organotypic tissue is
measured at least once before and at least once after treating the organotypic tissue with the test compound or the
impedance of the organotypic tissue treated with the test compound is compared to a non-treated organotypic tissue,
wherein the impedance is measured using at least one electrode at each of two opposing sides of the organotypic tissue,
and the electrodes are contacted with the culture medium or the tissue during measuring the impedance, characterized
in that the device of the present invention is used.

BACKGROUND OF THE INVENTION

[0003] Aprime exampleforneurological degenerationsisrepresented by Alzheimer’'s disease (AD). AD is a devastating
dementia affecting approximately 4 million people in Europe. It progressively destroys a person’s memorty, ability to
learn, to reason, make judgements, communicate, and carry out daily activities. Up to date, there is no effective treatment
orcure for Alzheimer's disease. On average, a person dies 8 years after the first symptoms arise. Patients are commonly
treated with acetylcholinesterase inhibitors and/or NMDA-receptorantagonists. These drugs show modest clinical benefit
in mild to moderate cases of Alzheimer. They are only efficient for up to 12 months, as their beneficial effects fade.
Nevertheless, the market value for these drugs amounted to $ 4 billion in 2005 and is expected to rise to approximately
$ 6 billions by 2010. More importantly, the National Institute on Aging estimated that medical care costs for the 4.5 million
Alzheimer patients in USA amounted to $ 100 billion annually, rising to $160 billions by 2010. As the number of Alzheimer
patients is expected to quadruplicate within the next 40 years, the increase in care costs may exceed the ability of health
systems to absorb these costs. Therefore, the efficient and fast development of Alzheimer drugs is not only eagetrly
anticipated by patients and the pharmaceutical industry, but it is a necessity for all industrialized countries. The Alzheimer
association estimated that a treatment that would efficiently delay the onset of AD for 5 years could save $ 50 billion
annually in the US.

[0004] Given the complex pathological mechanisms, drug development programs for neurodegenerative diseases
such as Alzheimer’'s disease (AD), Parkinson’s disease, Multiple Sclerosis (MS), bovine spongiform encephalopathy
(BSE), Creutzfeldt Jacob disease (CJD), and various retinal degenerations predominantly depend mainly on whole
animal models which are very expensive, laborious, and time consuming. Analyses of drug effects or pathological
mechanisms are predominately performed by cell-destructive procedures like immunocytochemical, molecularbiological,
and/or proteinchemical methods.

[0005] But also non-destructive and labelling free measuring principles like impedance spectroscopy are known.
Changes in impedance can be caused by alterations of intracellular or extracellular processes that have been induced
by e.g. transformation of non-pathological into pathological form. Although a large number of transgenic animal models,
exvivo cultures, or cell lines for neurodegenerative diseases have been established, up to now, impedance spectroscopy
has not been usedforthe analysis of organotypic tissues e.g. tissues related to neuronal degenerations. In most instances
impedance-based screening has been carried out on monolayer cultures, which have the disadvantage that they do not
take into account the three-dimensional geometry of the in vivo situation.

[0006] Since impedance spectroscopy is a non-invasive method, long-term measurements can be realized without
influencing cellular behaviour. Hence, the cellular read out reflects real time conditions without disturbing effects due to
complex and long lasting physical procedures. The latter methods are well suited to study a broad range of biological
and medical problems, however, in many cases the real cellular information dropped away since e.g. staining artefacts
make it difficult or completely impossible to interpret the extracted cellular data. In principle, tracing of biological processes
in living cells can be performed with modem labelling techniques, but hold the risk to falsify data due to the positioning
of foreign substance within the cell itself.

[0007] Impedance spectroscopy - also known as cellular dielectric spectroscopy (CDS) or electric impedance spec-
troscopy (EIS) - can be used to measure frequency dependent alterations of passive electrical properties of single cells
by applying defined alternate currents and/or voltages.

[0008] The bio-impedance of single cells can be measured with a working electrode and a counter electrode. Different
cellular parameters such as the capacitance and resistance of the cell membranes as well as intracellular membranes
of organelles, the resistance of the extracellular medium and intrinsic cytoplasm, the extracellular matrix and the contact
between cell and electrode contribute to the overall cellular impedance. To analyze alterations of impedance of living
cells, an alternate voltage is applied to a biological sample. Depending on the dielectric properties of sub-cellular com-
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partments and molecules the applied current can flow from an active working electrode through the cells whereby the
remaining current is collected by a counter electrode. Depending on the frequency of the applied voltage, alterations of
certain cellular compartments can be identified.

[0009] Inthiscontextitis possible to discriminate cellular behaviour according to their dispersions which can be divided
in a-, B-, and y-dispersion. The a- dispersion ranges from 1 Hz to 1 kHz and results from counter ions, glycocalyx, and
fromionchannels, whereasthe -dispersion (1 kHz-100 MHz) is due to the cytoplasm membrane, intracellular membranes
(organelles), cytosol and proteins. Additionally, the y-dispersion (100 MHz-100GHz) is defined by the dielectric properties
of free and bound water, relaxation of charged subgroups, and partially by protein-protein interactions. In particular, the
frequency dependent measurement of manifold cellular alterations of both electrical and non-electrical active cells under
non-destructive real-time conditions point out the infinite possibilities of this technique.

[0010] A commonly used impedance recording method is the so-called electric cell-substrate impedance sensing
(ECIS) introduced by Giaever and Keese (Giaever, |., and Keese, C. R. Monitoring fibroblast behavior in tissue culture
with an applied electric field. Proc Natl Acad Sci U S A. 1984; 81 (12):3761-3764; US Patent No. 5,178,096). For ECIS,
cells have to grow on a small gold electrode implemented on the bottom of a culture dish. If an alternate voltage is
applied between a small working electrode, attached cells, and a large counter electrode, an increased impedance can
be observed at a given time and single frequencies. ECIS has been further optimized for automated, non-invasive, real-
time, and high throughput analysis (WO 2007/015878; WO 2006/104839; WO 2005/077104; WO2004/010103; Wegener
et al. Impedance analysis of epithelial and endothelial cell monolayers cultured on gold surfaces. J Biochem Biophys
Methods. 1998; 32(3):151-170; Clambrone et al. S. Cellular dielectric spectroscopy: a powerful new approach to label-
free cellular analysis. J Biomal Screen. 2004:9(6):467-480). These impedance-based multi-well devices have been used
for recording of healthy, non-pathological adherent cells (monolayer cultures) for detecting cell attachment, detachment,
migration, cell-substrate interaction, blood-brain-barrier function, chemotaxis, toxicology, proliferation, ligand-receptor-
interaction, and apoptosis after application of test substances. In each of these cases cells were cultured as monolayer
and analyzed by impedance spectroscopy. However, measuring the impedance in monolayer cultures does not provide
data referring to the three-dimensional structure of living tissue.

[0011] There are also several approaches using impedance-based sensors for use in living systems. Heroux and
Bourdages have published an article entitled "Monitoring living tissues by electrical impedance spectroscopy” (Ann
Biomed Eng. 1994 May-Jun;22(3):328-37). The article refers to the development of an electrical impedance spectroscopy
(EIS) probe for monitoring cellular changes in living animals. This probe comprises two slender (0.17 mm) electrodes
connected to two miniature coaxial cables and fixed at a distance of 5 mm from each other using an insulating plate.
Forimpedimetric analysis the probe was directly implanted in living animals for monitoring different tissues (brain cortex,
liver, kidney, spleen, and muscle). Impedance recording was performed after pentobarbital-induced respiratory and
cardiac arrest However, the above described assays using living animals are not suitable for long term impedance
measurements and do not provide an automated screening method for drug candidates for the treatment of specific
diseases.

[0012] WO 2006/047299 discloses an organotypic slice assay that can be used to study neurodegenerative diseases.
Theinvention includes the generation of brain slice cultures and their possible analysis by HPLC, ELISA, MALDI, SELEX,
gene arrays, orimmunochemical assays. The invention also describes electrophysiological recordings of action potentials
by means of whole-cell voltage- and current clamp technique. However, WO 20061047299 does not disclose a method
or device for measuring impedance in organotypic tissue.

[0013] Sinceimpedance-based recordings of organotypic cultures have notbeen possible so far, a device and method
for simple, fast, cost effective, non-destructive, and labelling-free measurement of cellular parameters of pathological
and non-pathological tissues especially obtained from different parts of the central nervous system of individual (animal
or human being) is desired.

[0014] Rothermel et al. (2006) BioTechniques Vol. 41, No. 4, 445-450 describes Real-time measurement of PMA-
induced cellular alterations by microelectrode array-based impedance spectroscopy.

[0015] US 6,927,049 82 discloses methods for determining information about cell viability and other characteristics
relating to cell membrane permeability.

[0016] US2007/0212773 A1 describes an electrical signal measuring device that can measure electrical characteristics
of cells in culture.

[0017] EP 1205541 A1 describes methods for the long-term cultivation of neuronal slices on semipermeable mem-
branes.

[0018] The methods and devices for measuring impedance in organotypic tissue as defined in the claims overcome
at least some of the problems of the prior art.

SUMMARY OF THE INVENTION

[0019] The present invention relates to a device 38 as defined in the claims. Preferably, the device 38 comprises at
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least 2, further preferred at least 10, further preferred at least 50, even further preferred at least 100 and most preferred
at least 200 recording chambers 29. Preferably, the bottom chamber 31 is adapted to contain or receive liquid culture
medium. Preferably, the liquid permeable membrane 28 comprises an opening 33 for handling liquid so that the culture
medium 32 (for culturing the organotypic tissue 35) can be filled into the bottom chamber 31.

[0020] In the device 38, the top electrode(s) 34 in the top chamber 30 is/are movable in at least two directions so it/
they can be contacted with or removed from the organotypic tissue 35 or the culture medium 32.

[0021] The electrodes 26 and 34 of the device may be interconnected by at least one multiplexer 3 and an impedance/
gain-phase analyzer system 2.

[0022] The liquid permeable membrane 28 may extend trough all the recording chambers 29.

[0023] The bottom electrode(s) 26 may be supported on a substrate 25 at the bottom of the recording chamber 29.
[0024] The electrodes 26 and 34 may be individually addressable.

[0025] The recording chambers 29 may be connected to an automated liquid handling system.

[0026] The liquid handling system may provide a humidified atmosphere in the recording chamber 29 or the liquid
handling system is placed in an CO, incubator.

[0027] The device 38 may, comprise a bottomless multiwell frame 9 with 1 -1000 wells, wherein each well defines
one recording chamber 29.

[0028] The device 38 may comprise a lid 36 which contains an implemented multiplexer board 8.

[0029] The bottom electrodes 26 may be connected to connection pads 22 via conductors, wherein the conductors
are isolated from each other by a passivation layer comprising silicon nitrite, silicon oxide, polyimide, or viscose polymers.
[0030] The number of bottom electrodes 26 in the recording chamber may be from 1 to 256, further preferred 2 to
256, further preferred 4 to 256, further preferred 20 to 256 and most preferred 56 to 256.

[0031] The present invention also relates to the use of the above defined device 38 for measuring impedance in
organotypic tissue 35.

[0032] The impedance of the organotypic tissue 35 may be detected before, during and after transformation of non-
pathological organotypic tissue 35 into pathological tissue 35.

[0033] The presentinvention also relates to a method for analyzing pathological mechanisms as defined in the claims
by measuring the impedance in organotypic tissue during the transformation of non-pathological organotypic tissue into
pathological tissue, wherein the transformation of the non-pathological organotypic tissue into pathological tissue is
preferably carried out by introducing mutant genes by means of bacterial or viral vectors, knock out of genes related to
specific diseases, or treatment with chemical agents. The genes encoding proteins are preferably relevant for a neuro-
degenerative disease, preferably AD. The organotypic tissues can be obtained from prenatal (embryonic), postnatal and
adult animals.

[0034] The organotypic tissue may represent a slice culture or explant culture derived from any mammal, vertebrate
andinvertebrate species of embryonic, neonatal, postnatal, and adult individuals. Further preferred, organotypic neuronal
slice cultures (derived from any part of the brain or retina) are used as organotypic tissues.

[0035] The pathological organotypic cultures may be are obtained from prenatal (embryonic), postnatal and adult
animals by transforming the non-pathological cultures in pathological cultures by knock out of genes related to any
neurodegenerative disease, preferably AD, by RNA interference techniques.

[0036] The present invention further relates to a method for analyzing the effect of test compounds on organotypic
tissue by measuring the impedance of the organotypic tissue, comprising (i) culturing the organotypic tissue in a culture
medium during the time of the analysis; (ii) contacting the organotypic tissue with the test compound; (iii) optionally
measuring the impedance of the organotypic tissue prior to step (iii); (iv) measuring the impedance of the organotypic
tissue at least once after step (iii), wherein

- theimpedance is measured using at least one electrode at each of two opposing sides of the organotypic tissue, and
- the electrodes are contacted with the culture medium or the tissue during measuring the impedance.

[0037] The time span between the first impedance measurement before treating the organotypic tissue with the test
compound and the last measurement of the organotypic tissue treated with the test compound may be least 1 week,
further preferred at least 2 weeks and even further preferred at least 4 weeks.

[0038] The impedance measurements of the organotypic tissue may be continuously performed.

[0039] The organotypic tissue may represent a slice culture or explant culture derived from any mammal, vertebrate
and invertebrate species of embryonic, neonatal, postnatal, and adult individuals.

[0040] The pathological organotypic tissue may be obtained by transformation of non-pathological organotypic tissue
into pathological tissue. Preferably, the transformation of non-pathological organotypic tissue 35 into pathological tissue
35is carried out by introducing mutant genes by means of bacterial or viral vectors, knock out of genes related to specific
diseases, or treatment with chemical agents.

[0041] The pathological organotypic tissue may be generated by using stem cells carrying relevant mutations or



10

15

20

25

30

35

40

45

50

55

EP 2 103 933 B1

mutations relevant for the onset and progression of any neurodegenerative disease, preferably AD.

[0042] The impedance of the organotypic tissue 35 may be measured before, during and after transformation of the
non-pathological organotypic tissue 35 into pathological tissue 35 and before, during and after treating the organotypic
tissue with the test compound.

[0043] The organotypic tissue used for measuring The organotypic tissue used for measuring impedance may be non-
pathological tissue and is treated with test compounds to test the toxicity of the test compounds).

[0044] measuring impedance according to the invention is performed by transient direct electrode contact impedance
recording (TDECIR).

[0045] The organotypic tissue may be obtained from transgenic animals carrying mutation inducing properties of
neurogenerative diseases selected from the group consisting of Alzheimer’s disease, Parkinson’s disease, Huntigton’s
disease, amyothrophic lateral sclerosis, prion diseases, Pick’s disease, fronto-temporal dementia, progressive nuclear
palsy, corticobasal degeneration, multiple system atrophy, mild-cognitive impairment, ischemic stroke, multiple sclerosis,
motor neuron diseases, nerve injury and repair, age related macular degenerations, rod-cone dystrophy, cone-rod
dystrophy, retinitis pigmentosa, glaucoma, and other retina associated degenerations. Preferably, the pathological or-
ganotypic cultures are obtained directly from transgenic animals carrying relevant mutations or mutation relevant for
onset and progression of any neurodegenerative disease, preferably Alzheimers diseases, Parkinson’s disease, Huntig-
ton’s disease, amyothrophic lateral sclerosis, prion diseases, Pick’s disease, fronto-temporal dementia, progressive
nuclear palsy, corticobasal degeneration, multiple system atrophy, mild-cognitive impairment, ischemic stroke, muttiple
sclerosis, motor neuron diseases, nerve injury and repair, age related macular degenerations, rod-cone dystrophy, cone-
rod dystrophy, retinitis pigmentosa, glaucoma, and other retina associated degenerations.

[0046] The measuring of the impedance may be carried out by recording of frequency dependent impedance magni-
tudes and phase angles before and after application of test compounds at multiple frequencies (1 Hz -100 MHz).
[0047] The impedance is measured by using a device according to the present invention.

[0048] The device and method according to the present invention is suitable for measuring impedance in pathological
or non-pathological organotypic tissue, wherein the three-dimensional structure of the tissue provides valuable informa-
tion with respect to pathological mechanisms in the living beings or the effect of test compounds on living beings. The
present invention provides a simple, fast, cost effective, non-destructive, and labelling-free measurement of cellular
parameters of pathological and non-pathological tissues especially obtained from different parts of the brain. The use
oftissue instead of only monolayers of cells allows to obtain data which reflectthe three-dimensional structure of the tissue.
[0049] The device according to the present invention advantageously allows to use standard multiwell formats, which
helps to decrease the costs for the manufacturing of the device. Furthermore, automated liquid handling systems and
incubators can be used.

[0050] Furthermore,the device and method accordingto the presentinvention is suitable for screening drug candidates
or toxic compounds. The device and method can furthermore be used to analyze the effect of drug candidates on
pathological and non-pathological organotypic tissue. The treatment of non-pathological tissue with the drug candidates
allows to determine unwanted side effects and thereby effectively improves the drug development and drug safety
process.

[0051] Themethodand device accordingtothe present invention allow the detection of cellular alterations by measuring
impedance in organotypic tissue. The obtained impedance data are e.g. impedance magnitude and impedance phase
which in turn can be used to calculate the real part of the complex impedance. Alterations of these parameters may
provide information about the cellular status before and after application of a drug or a toxic compound or between
pathological and non-pathological cultures.

DETAILED DESCRIPTION OF THE INVENTION
Device for measuring impedance

[0052] The device for measuring impedance in organotypic tissue comprises at least one recording chamber. Prefer-
ably, the device comprises at least 2, more preferably at least 6, more preferably at least 48 and most preferably at least
86 recording chambers. In the following, the expression "recording chambers” is used, wherein it is understood that
devices with only one recording chamber are also included in the present invention. The recording chambers contain
the organotypic tissue(s) which is/are subjected to the impedance measurement. The recording chambers furthermore
contain a liquid permeable membrane, which spatially divides the recording chambers into a top chamber and a bottom
chamber. The liquid permeable membrane mechanically supports the positioning and growth of the organotypic tissues.
At least one bottom electrode is contained in the bottom chamber of the recording chamber and at least one top electrode
is contained in the top chamber of the recording chamber. The organotypic tissue can be cultured in the recording
chamber, which may contain a culture medium at least in the bottom chamber, and, depending on the method for
measuring impedance (described in detail below) the culture medium can also be contained in the top chamber.
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Bottom electrodes

[0053] Duringmeasuringimpedance, the bottom electrode(s)is/are in directcontact with the culture medium orpossess
an additional layer which is in direct contact with the culture medium. The additional layer can be a polymer coating.
Preferably, the bottom electrode(s) are in direct contact with the culture medium. Inthe following, we referto the expression
"bottom electrodes”, wherein it is understood that also a recording chamber with only one bottom electrode can be used.
The bottom electrodes are preferably connected to connection pads using conductors and the connection pads are
preferably connected to a multiplexer.

[0054] Thebottomelectrodes canbe made of any material having the necessary electric conductivity. Suitable materials
for electrode based impedance measurements are known in the art. Preferably, the bottom electrode is made of gold,
platinum, indium tin oxide ITO, silver, copper, iridium or alloys thereof. Depending on the used material, the thickness
of the bottom electrodes is preferably between 10 nm and 1000 um, further preferred between 50 nm and 100 pm, and
most preferred between 100 nm and10 pm.

[0055] The bottom electrodes are attached to the bottom of the recording chambers, wherein the recording chambers
are preferably defined by a multiwell plate or multiwell frame. The bottom electrodes can be deposited on the bottom of
the recording chambers by means of semiconductor technology. Electrodes can be sputtered onto silicon oxide, poly-
ethylen (PE), glass, or comparable substrates. Figure 8B shows the use of a multiwell frame which is placed on a
substrate which forms the bottom of the multiwell frame. The multiwell frame can be glued, screwed, soldered, melted,
clipped, or fitted to the substrate in order to provide a sealing which is liquid tight.

[0056] Preferably, universal microelectrode arrays are used. Those arrays consist of 384 single substrate-integrated
microelectrodes arranged in a 24 x 16 format on the bottom plate of the device. Based on the arrangement of electrodes,
the bottom plate represents an all-purpose device for all known multiwell formats. This means, the number of electrodes
perwellincreases with the size of the well. For instance, a single well of a 6-well plate consists of 64 individual addressable
electrodes, whereas a single well of a 384 well comprises only one electrode at the bottom. However, if necessary the
electrode size can be adapted to the appropriate well size. In this case, a single well of an 6-well plate can consist of
only one large electrode and not of 64 individual electrodes.

[0057] The bottom electrodes and conductors are electrically isolated from each other by a passivation layer 27. This
passivation may consists of silicon nitrite, silicon oxide, polyimide, or viscose polymers such as SU-8 (Allresist GmbH,
15344 Strausberg, Germany). The thickness of the passivation depends on the used material and preferably ranges
from 100 nm to a 20 millimeters. Preferably, the bottom area of the recording chamber covered by one ore more electrodes
ranges from 20 - 100 %. The electrodes can have any possible geometrical form such as round, squared, ring-like, etc.

Top electrodes

[0058] The top etectrode(s) is/are located in the top chamber(s) of the recording chamber(s). In the following we refer
to the expression "top electrodes”, wherein it is understood that also recording chambers with only one top electrode
can be used. The top electrodes can be made of the same materials as the bottom electrodes and preferably consist of
gold or platinum. During measuring the impedance, the top electrodes are in direct contact with the organotypic tissue
or the culture medium. The top electrodes can be of any shape suitable for measuring impedance. A skilled person is
able to choose a suitable shape for the top electrodes. Preferably, the top electrode has a stamp-like shape or a pin-
like shape, further preferred a stamp-like shape. Most preferably, every recording chamber contains only one top elec-
trode.

[0059] In addition, the top electrodes are movable in at least two directions so that they can be contacted with or
removed from the organotypic tissue or the culture medium. Further preferred, the top electrodes are movable perpen-
dicular to the liquid permeable membrane. In forward direction, the electrode can be positioned directly on the surface
of the tissue or in the case of a small pin-like or needle-like electrode the top electrode can directly penetrate into the
tissue. The close contact between tissue and top electrode is sufficient for the generation of an approptriate impedance
circuit. After impedance measurement, the top electrode can be removed in the reversed direction to provide the upper
surface of the tissue with oxygen, carbon dioxide and nitrogen. Positioning of the top electrode can be performed manually
orautomated by means of computer-assisted stepping motor. Destruction of tissue can be prevented by sensors detecting
the pressure acting on the tissues. Alternatively, the exact position of the top electrode can be adjusted by measuring
and analyzing the impedance or conductivity during moving the electrode towards the tissue. The changes of conductivity
and impedance provide information about the intensity of the contact that has been generated between top electrode
and tissue.

[0060] Thetop electrodes canbefixedtothe device by any suitable means. Preferably, the top electrodes are integrated
in a lid which covers the recording chamber(s).
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Ground electrodes

[0061] The recording chamber(s) can additionally comprise ground electrodes in the bottom chamber. In this case,
the bottom electrodes can be separated by ground electrodes to minimise parasitic interferences (increasing signal-to-
noise ratio). The ground electrodes are connected via conductors to a ground pad. The ground electrodes are preferably
stripe-shaped. Preferably, the ground electrodes are connected to a multiplexer.

Electrode setup

[0062] The electrodes (top, bottom, ground) are preferably individually or simultaneously, further preferred individually
addressable. The top, bottom and additional ground electrodes are connected to the measuring devices via conductors.
The electrodes and conductors are preferably made of gold, platinum, indium tin oxide, silver, cupper, iridium or alloys
thereof (which are suited for electrode based impedance measurements). The conductors can be isolated by silicon
nitrite, polyimide or others materials. Preferably, the electrodes and conductors are additionally connected to a multiplexer
and an impedance/gain-phase analyzer system. Preferably, the electrodes have alength of 1 mm to 20 mm. Preferably,
the electrodes have a stamp-, pin-, needle-, or spike-like shape geometric structures. It is also preferred that the number
of electrodes of an individual well is between 1 to 256, further preferred between 10 to 256, even further preferred
between 30 to 256, and most preferred between 60 to 256.

[0063] The electrodes (top, bottom) can be electrically linked via connection pads to the impedance equipment (e.g.
multiplexer, impedance/ gain-phase analyzer). The ground electrodes are preferably linked via ground pads to the
impedance equipment. For measuring impedance changes of organotypic tissues an alternate electrical current or
voltage at single or multiple frequencies are applied at least to one pair of electrodes which includes a top and bottom
electrode.

[0064] The height (thickness) of the electrodes is preferably between 50 nm and 1000 pm, and the diameter or width
of electrodes is preferably between 10 pm and 10 mm. Also preferred is that the electrodes comprise interdigital elec-
trodes. The electrode to electrode distance in the device is preferably at least 100 um. The electrode area covering the
bottom surface of an individual recording chamber is preferably between 5 and 90 %.

[0065] The conductive elements (electrodes, conductors, connection/ ground pads etc.) are preferably isolated from
each other by a passivation layer preferably comprising silicon nitrite, silicon oxide, polyimide, viscose polymers such
as SU-8, or any non-conducting materials suitable for passivation. Methods for isolation of conductive elements are well
known in the art.

Liquid permeable membrane

[0066] The liquid pemmeable membrane is biocompatible and mechanically supports the positioning and the growth
of the organotypic tissue which is cultured in the recording chamber. The liquid permeable membrane can consist of
any material that is compatible to cells or tissues without affecting cellular physiology. Preferably, the liquid permeable
membrane consists of polyethylen, polycarbonate, aluminium oxide, nitrocellulose, mixed cellulose esters, hydrophilic
PTFE (polytetrafluorethene), polyethylennaphtalate, teflon, regenerated cellulose, cellulose acetate, nylon, silicon, pol-
yethersulfone.

[0067] The liquid permeable membrane is located in the recording chamber and divides the recording chamber into
the top chamber and the bottom chamber. Preferably, the borders of the liquid permeable membrane are connected to
the recording chamberin orderto be mechanically stable. For gas and medium exchange, the liquid permeable membrane
preferably contains pores. The pore sizes preferably range between 0.02 and 200 pm, further preferred between 0.02
and 100 um, and most preferred between 0.02 and 10 pm. Additionally, the membrane can possess at least one opening,
which allows to e.g. exchange the culture medium in the bottom chamber and to add test compounds into the culture
medium of the bottom chamber. Preferably, the opening has a diameter of 100 um to 10 mm and is suitable for handling
liquids. Ifthe recording chambercomprises alid, it is preferred thatthe lid also possesses such an opening (microchannel)
in order to allow to add or remove liquids even if the lid is closed. Preferably, the handling of liquids is carried out by an
automated liquid handling system. It is also preferred that the liquid permeable membrane is situated to each recording
chamber by cell culture membrane inserts.

[0068] The pores allow the adequate diffusion and supply of the organotypic tissue with nutrients that are added into
the culture medium which is at least in contact with the bottom side of the membrane. The membrane can be integrated
between the top electrode(s) and the bottom electrode(s) at any horizontal position within the recording chamber.
[0069] In a preferred embediment the liquid permeable membrane is suitable to induce pathological conditions in the
organotypic tissue, which is in a non-pathological condition before culturing on the liquid permeable membrane. In order
to induce pathological conditions, the liquid permeable membrane can be structured by photoactive lithography, soft
lithography, laser ablation, printing, stamping, sputtering and chemical coupling of amino acids, peptides, proteins,
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enzymes, nucleic acids, carbohydrates, inorganic agents, organic agents, biological active molecules, pesticides, bac-
terias, fungis, yeasts, mycoplasms, body fluids etc and any combination of these test compounds which can be directly
coupled or attached to the membrane. To improve the attachment of the ex vivo tissues the surface of the membrane
can also be coated. Preferred coatings are fibronectin, collagen, laminin, polylysine, arginine, ornithine, but similar
substances can be used for an improved adherence or to induce pathological effects.

Substrate

[0070] The recording chambers can additionally comprise a substrate onto which the electrode(s), connection pads
etc. of the bottom chamber can be deposited. The resulting substrate with the electrodes, conductors and connection
pads deposited thereon can then be used as the bottom of the recording chambers or the multiwell array, respectively.
The substrate can be made of glass, quartz glass, borsilicate glass, silicon, ceramic, polymer, polyimide, polypropylene,
polystyrole, polyester, polycarbonate or any other material suited for sputtering electrodes and conductors. The thickness
of the substrate depends on the matetrial used for its preparation. If glass is used as substrate the thickness can vary
from less than a millimetre to several millimetres. In case the substrate is a polymer, it can be used as a thin foil of a
few 100 microns whereon electrodes can be deposited. The electrodes, conductors, and connection/ ground pads are
preferably integrated in the bottom substrate. Additionally, the substrate can comprise a thin foil on its sutface to protect
the electrical setup.

Lid

[0071] The device according to the present invention can additionally further comprise a lid which covers each or all
of the re cording chambers, preferably, one lid can cover all the recording chambers. The top electrode or a plurality of
top electrodes can be integrated in the lid, wherein the top electrodes are preferably movable as described above.
Suitable lids can be fabricated by computer numerical control (CNC) based milling of biocompatible plastic or by plastic
injection moulding and subsequent integration of electrodes by Microsystems Technology.

[0072] As described above, the lid preferably comprises an opening (microchannel) which allows to exchange culture
medium or to add compounds to the culture medium in the bottom chamber, even if the lid is closed. The openingin the
lid is preferably between 0.5 mm and 10 mm.

Impedance/ gain-phase analyzer

[0073] The device accordingtothe invention can comprise a commercial or custom impedance analyzer system. Such
devices are well known in the art. HP4284, Hewlett Packard (USA); Solartron 1260A, Solartron Analyticals (UK); Agilent
4294A, Agilent Technologies Deutschland GmbH (Germany); IviumStat Analyser, IVIUM Technologies (The Nether-
lands).

[0074] Additionally, the impedance/ gain-phase analyzer is connected to a computer to evaluate the obtained data.

Multiplexer

[0075] Additionally, the device can be connected to a multiplexer, which itself is preferably connectedto an impedance/
gain-phase analyzer. The multiplexer is a device that performs multiplexing, which means that it selects one or more of
many signals obtained from the electrodes of the device and outputs that signals in a suitable manner which have to be
analyzed by the impedance/ gain-phase analyzer (figure 2).

[0076] Itis further preferred that the multiplexer is a multiplexer board and is integrated in the lid of the device. Suitable
devices include, e.g., Multiplexer NI-SCXI-1153, Nationallnstruments (USA); Electrodemultiplexing Systems, ADG731,
ADG725 from Analog Devices (USA).

Incubator and liquid handling system

[0077] Torealise a high reproducibility for high content or high throughput screening, especially for testing compounds
(drug or toxic compounds) the device may combined with an automated liquid handling system that also provides a
humidified atmosphere (e.g. 37°C, 5% CO,, 95 % air). Alternatively, the liquid handling system can be placed directly
in a CO,-incubator. Suitable Liquid Handling and Robotic systems are, e.g.: Freedom EVO®, TECAN Trading AG
(Swizerland); Biomek FX Systems, Biomek®Assay Workstation, Beckman Coulter, (Germany); Biorobot 8000, Qiagen
(Germany).
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Muitiwell format

[0078] Although the recording chambers and the device according to the present invention can be individually man-
ufactured by skilled personto contain the above described means, the device preferably comprises commercially available
multiwell plates orbottomless multiwell frames. It is even further preferredto use standard footprint multiwell plate formats
according to the Society of biomolecular screening (SBS).

[0079] Preferably, the device according to the present invention comprises a standard bottomless multiwell frame,
wherein each well defines one recording chamber. According to this, a single 384 well plate comprises 384 recording
chambers, a 192 plate consists of 192 recording chambers etc. Further preferred is the use of a bottomless multiwell
frame with a plurality of wells, wherein the number of wells preferably ranges between 1 and 1000, further preferred
between 6 and 384, further preferred between 86 and 384. Preferably, the device according to the present invention
comprises a bottomless 6 to 384 standard multiwell frame. Figure 3 discloses the use of a multiwell frame which is
positioned on a substrate (preferably made of glass), which forms the bottom of the multiwell frame. The substrate and
other means of the device are described in detail above. Preferably, the wells of the multiwell plates or multiwell frames
have a diameter or width of 2 mm - 35 mm and a height of 5 mm - 30 mm.

[0080] The liquid- permeable membrane can be situated at any position in the bottomless multiwell frame. Preferably,
the liquid permeable membrane covers all recording chambers of the complete bottomless multiwell frames at any
position between the opposite ends of the bottom-less multiwell frame. For example, the liquid permeable membrane
can be integrated horizontally in between to halves of the multiwell plate.

[0081] Depending on the used multiwell format, a different number of microelectrodes can be integrated in the top
and bottom chamber. Each recording chamber contains at least one top electrode, at least one bottom electrode and
can additionally contain at least one ground electrode. Accordingly, each recording chamber comprises at least two
electrodes (top and bottom electrodes) e.g. per well of a 384 multiwell plate (384 x 2 electrodes, see figure 4). The
recording chamber can also contain eight microelectrodes per well of a 96 multiwell plate (96 x 8 electrodes), or 16
microelectrodes per well of a 48 multiwell plate (48 x 8 electrodes), or 32 microelectrodes per well on a 24 multiwell
plate (24 x 32 electrodes), or 64 microelectrodes per well of a 12 multiwell plate (12 x 64 electrodes), and 128 microe-
lectrodes per well of a 6 multiwell plate (6 x 128 electrodes). Alternatively, the electrode sizes can be adapted to the
appropriate well size. This means, one large top electrode and one large bottom electrode per well of the multiwell plate
(6 -384 well).

[0082] The electrodes of the multiwell plate can be interconnected by at least one multiplexer that controls either the
top electrodes or the bottom electrodes, but it is also possible to multiplex both top and bottom electrodes at once.
Furthermore, the ground electrodes are also connected (via conductors and ground pad) to the multiplexer and the
computer (shown in figure 2).

[0083] The liquid permeable membrane can extend through all the recording chambers. Preferably, the liquid perme-
able membrane is placed on top of the multiwell frame which itself is placed on the substrate. The resulting chambers
between the substrate and the liquid permeable membrane are the bottom chambers. The top chamber can be provided
by using an additional multiwell frame which is placed on top of the liquid permeable membrane and defines the top
chambers (see e.g. figure 4). The impedance measurement of organotypic tissues is described in detail below.

Organotypic tissue

[0084] The organotypic tissue which can be used for measuring impedance according to the method and/ or device
of the present invention can be non-pathological or pathological organotypic tissue. According to the invention, patho-
logical organotypic tissue can either be directly derived from individuals suffering from the concerned disease (preferably
neurodegenerative diseases) or can be derived from transgenic animals.

[0085] Neurodegenerative diseases or disorders according to the present invention comprise Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis, prion diseases, Pick’s disease, fronto-temporal
dementia, progressive nuclear palsy, corticobasal degeneration, cerebro-vascular dementia, multiple system atrophy,
and mild-cognitive impairment. Further conditions involving neurodegenerative processes are, for instance, ischemic
stroke, age-related macular degeneration, narcolepsy, motor neuron diseases, nerve injury and repair, and multiple
sclerosis.

[0086] Preferably, the neurodegenerative disease is selected from the group consisting of Alzheimer's disease, Par-
kinson’s disease, multiple sclerosis, amyotrophic lateral sclerosis, huntington’s disease, tauopathies and prion diseases.
Most preferably, the neurodegenerative disease is Alzheimer's disease.

[0087] Additionally, non-pathological organotypic tissue can be used for the method or device according to the inven-
tion. Such organotypic tissue can then be transformed into a pathological form, preferably during the measurment or
the effect of test compounds (e.g. toxic effects) on non-pathological organotypic tissue can be analyzed. The transfor-
mation of non-pathological into pathological organotypic tissue is described in detail below. Organotypic cultures or
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explant cultures are preferably generated by using healthy (non-pathological) or pathological neurodegenerative model
organisms of Alzheimer’s disease, Parkinson’s disease, Huntigton’s disease amyothrophic lateral sclerosis, prion dis-
eases, Pick’s disease, fronto-temporal dementia, progressive nuclear palsy, corticobasal degeneration, multiple system
atrophy, mild-cognitive impairment, ischemic stroke, multiple sclerosis, motor neuron diseases, nerve injury and repair,
age related macular degenerations, rod-cone dystrophy, cone-rod dystrophy, retinitis pigmentosa, glaucoma, and other
retina associated degenerations, preferably AD.

[0088] In a preferred embodiment organotypic tissues can be generated and used for impedance measurements by
stem cell-based tissue engineering.

[0089] The organotypic tissue preferably represents a slice culture or explant culture derived from any mammal (in-
cluding primates and humans), vertebrate and invertebrate species of embryonic, neonatal, postnatal, and adult indi-
viduals. The mammal used as a tissue source can be a wild-type mammal or can be a mammal that has been altered
genetically to contain and express an introduced gene. For example, the animal may be a transgenic animal, such as
a transgenic mouse, that has been altered to express neural production of the #-amytoid precursor protein (Quon et al.
(1991) Nature 35:598-607; Higgins et al. (1995) Proc Natl Acad Sci USA 92:4402-44086). In that embodiment, the animal
willpreferably be altered to express a f-amyloid precursor protein that is derived or based on human B-amyloid sequences.
In one embodiment, the mammal used as a tissue source is a transgenic mammal that has been altered genetically to
express tau protein or a variant thereof.

[0090] The mammal used as a tissue source can be of any age. In one embodiment, the mammalian tissue source
will be a necnatal mammal. The mammal used as tissue source may have an age of about 1 to about 20 days, preferably
of about 3 to about 15 days, more preferably of about 5 to about 12 days, still more preferably of about 7 to about 10
days, most preferably of about 8 to about 9 days.

[0091] Avariety of donortissues can be used for preparing slice or explant cultures. Dissection of organotypic neuronal
slice cultures can be performed from any part of the brain or retina. Organotypic tissues of the retina can be cultured
either as slice cultures orin toto, whereas brain tissues are usually generated as slices cultures. The terms "slice culture”
or"organotypictissue" or"ex vivo tissue" refers to sections of livingtissue that can be cutin different orientations (anterior-
posterior, dorsal-ventral, or nasal-temporal) and thickness. The term "explant" desctribes a living tissue or a piece of it
that retains the original thickness and cellular morphology. For example, retinal explants can be obtained from different
regions, which include the dorsal, ventral, nasal, or temporal part of the retina.

[0092] As used herein, the term "brain slice culture" means "organotypic brain slice culture” and refers to sections or
explants of brain tissue which are maintained in culture. A skilled person can readily employ known methods for preparing
organotypic brain slice cultures. Organotypic brain slice cultures can be derived from sections of the whole brain tissue
or from explants obtained from specific regions of the brain. Any region can be used to generate an organotypic brain
slice culture. However, the preferred source of the organotypic brain slice culture is explants obtained from specific
regions of the brain, preferably the hippocampus region. Most preferably, the brain slice contains pyramidal neurons.
Neuronal organotypic tissue can also be obtained from retina explants, wherein small retinal pieces can be used either
from central or peripheral parts of the retina.

[0093] Any mammal can be used as a tissue source for the explant that is used to generate the organotypic tissue
(preferably organotypic brain or retina slice culture) as long as the animal can serve as a tissue source and the organotypic
slice culture can be established and maintained for a pericd sufficient to conduct the present methods. Such mammals
include, but are not Iimited to rats, mice, guinea pigs, monkeys and rabbits. Usually, the mammal is a non-human
mammal. The method of the invention may further comprise the step of obtaining an organotypic tissue from the mammal,
or providing an organotypic tissue culture. The method may further comprise the step of culturing or cultivating the
organotypic tissue prior to the impedance measurement.

[0094] The organotypic tissues can be cultured on biocompatible liquid permeable membranes, which are integrated
horizontally in between to halves of the multiwell plate. In another embodiment, the organotypic culture can be pre-
cultured on acommon membrane insert of a culture dish, which may subsequently transferred to the recording chamber
for impedance measurement.

[0095] Methods for the generation of slice or explant cultures have been reported in a number of previous studies
(Forsteretal., Hippocampal slice cultures, BioValley Monogr. Basel, Karger, 2005, 1:1-11, Eds. Poindron, Piguet, Férster;
Hofmann et al., Organotypic cultures of the rat retina, BioValley Monogr. Basel, Karger, 2005, 1:58-73, Eds. Poindron,
Piguet, Férster Li et al.,, 1993, Neuroscience 52(4):799-813; Stoppini et al., 1991, J Neurosci Methods 37:173-182;
Gahwiler, 1988, Trends Neurosci 11:484-490; Seil (1979) Review in Neuroscience 4:105-177) and are well-suited for
maintaining organotypic tissues on the said membrane of the said recording chamber (Figure 1 and 5).

[0096] The preparation of organotypic tissue for use in the present invention is described in the following. The brain
and retina are isolated as fast as possible and preferably transferred into physiological dissection media (e.g. MEM
buffered with 10 mM Tris pH 7,2 for brain tissue and HEPES buffered F12 nutrient mix for retinal explants) supplemented
with antibiotics. Suitable culture medium for impedance measurements are known in the art. The choice of culture
medium and culture conditions depends on the intended use, the source of tissue, and the length of time before the
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section is used in the present method. Examples of culture media include, but is not limited to 25% horse serum, 50%
minimum essential media, 25% Hank’s media, supplemented with antibiotic and L-glutamine. Examples of culture con-
dition include, but are not limited to, 37° C, 5% CO2.

[0097] Cultures can be maintained for up to 8 weeks, under ideal conditions. However, organotypic brain slice cultures
are preferably used after they have stabilized following the trauma of transfer to culture, but before onset of decline. In
general, it is preferable to use the slice cultures from about 1 week to about 4 weeks after they have been generated.

[0098] Subsequently, brain and retina are cut into small pieces. Small regions are separated from the tissue as slices
or explants such that the surface to volume ratio allows exchange between the center of the tissue and the media. A
variety of procedures can be employed to section or divide the brain tissues. For example, sectioning devices can be
employed. The size/thickness of the tissue section will be based primarily on the tissue source and the method used for
sectioning/division. For example, preferred segments are from about 200 to about 600 pm, preferably from about 300
to about 500 pm, most preferably from about 350 wm to about 450 pm in diameter and are made using a tissue chopper,
razorblade, orother appropriate sectioning/microtome blade. Retinal slices can be cutinto slices of 100-400 pmthickness.
Brain slices, small retinal pieces or slices are transferred to the said membranes. The recording chamber of the multiwell
plate is filled with culture medium up to the bottom line of the tissue slices or explants.

[0099] Although different culture media can be used, the preferred media for brain slices consists of 50 % minimum
essential media, 25 % Hank’s media, and 25 % horse serum whereas retinal explants can be maintained in DMEM
containing 10 % foetal calve serum. Both media are supplemented with L-glutamine and antibiotics. Depending on the
type of tissue and experimental strategy other culture media can be used. If medium is exchanged every two days e.g.
brain slices can be maintained for up to 8 and retinal explants for up to 6 weeks in a humidified atmosphere (95% air,
5% CO, and 37°C). In each case, it is necessary to maintain the tissue within an air-liquid interface, which means that
the organotypic tissues are not covered by medium but are supplied with culture medium from the bottom chamber. At
least one slice or explant can be cultured on the membrane. In another embodiment multiple slices or explants can be
cultured on a singlemembrane. In another preferred embodiment forimpedance measurements co-culturing experiments
can be performed by culturing slices or explants from different parts of the brain or from at least two different tissue
sources (e.g. retina and brain or retina, brain and pigmented epithelium). In each of these cases the organotypic tissue
or tissues pieces cover a membrane area ranging from 1 % - 100 %.

Transformation of non-pathological into pathological organotypic tissue

[0100] Transformation of non-pathological into pathological organotypic tissue can be achieved by: (i) introducing
mutant genes by means of bacterial or viral vectors, wherein these genes may encode proteins that are relevant for the
development of the concerned diseases (relevant proteins for the development of AD are e.g. tau, APP, secretases);
(i) knock out of genes related to the concerned disesases (preferably AD) by RNA interference techniques; (iii) by any
chemical agentsthat are capable to induce specific pathological mechanisms of the above described diseases (preferably
AD). For example pathological mechanisms of AD can be induced by tau-hyperphosphorylation using ocadaic acid.
[0101] The methods (i) and (ii) require to introduce polynucleotides into the organotypic tissue and the cells thereof
respectively. This is commonly achieved by transfection or transduction methods known in the art. The methods for
transforming non-pathological organotypic tissue using the tau protein and APP are described in detail below.

Transfection and transduction

[0102] As used herein, the term "transduction” is used to describe the delivery and introduction of polynucleotide to
eukaryotic cells using viral mediated delivery systems, such as, adenoviral, AAV, retroviral, or plasmid delivery gene
transfer methods. These methods are known to those of skill in the art, with the exact compositions and execution being
apparent in light of the present disclosure.

[0103] As used herein, the term "transfection" is used to describe the delivery and introduction of polynucleotide to a
cell using non-viral mediated means, these methods include, e.g. calcium phosphate- or dextran sulfate-mediated trans-
fection; electroporation; glass projectile targeting; and the like. These methods are known to those of skill in the art, with
the exact compositions and execution being apparent in light of the present disclosure.

[0104] Preferably the transfection or transduction is transient. This generally refers to transient expression of the DNA
construct introduced into the cells. The expression of the tau protein or the variant thereof usually peaks at around day
7-8 post transfection or transduction.

[0105] Transfection or transduction is preferably performed about 3 days to about 10 days, preferably about 4 days
to about 6 days after the organotypic tissue culture has been prepared. It is further preferred that the impedance of the
organotypic tissue is measured during the transfection or transduction.

[0106] A "vector" is a replicon, such as plasmid, phage, cosmid, or virus to which another polynucleotide segment
may be operably inserted so as to bring about the replication or expression of the segment. The vector may particularly
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be a plasmid, a cosmid, a virus or a bacteriophage used conventionally in genetic engineering that comprise a polynu-
cleotide encoding e.g. tau protein or a variant thereof. Expression vectors derived from viruses such as retroviruses,
vaccinia virus, adeno-associated virus, herpes viruses, or bovine papilloma virus, may be used for delivery of the poly-
nucleotide or vector into the cells of the organotypic tissue. Methods which are well known to those skilled in the art can
be usedto construct recombinant viral vectors; see, for example, the techniques described in Sambrook et al., "Molecular
Cloning, A Laboratory Manual, 2nd ed. 1989, CSH Press, Cold Spring Harbor, N.Y. and Ausubel et al., Current Protocols
in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y. (1989). Alternatively, the polynucleotides
and vectors described herein can be reconstituted into liposomes for delivery to target cells. The vectors containing the
polynucleotide described herein can be transferred into the host cell by well-known techniques, which vary depending
on the type of cellular host. Preferably, the vector is a viral vector, more preferably it is a herpes simplex virus vector or
a lentiviral vector. Vectors suitable for transfection of organotypic tissue cultures like brain slice cultures are described,
e.g. in Lilley & Coffin (2003) and Lilley et al. (2001).

[0107] Thetemm "recombinant” means, for example, thata polynucleotide sequence is made by an attificial combination
of two otherwise separated segments of sequence, e.g., by chemical synthesis or by the manipulation of isolated poly-
nuclectides by genetic engineering techniques.

[0108] The term "polynucleotide” generally refers to any polyribonucleotide or polydeoxyribonucleotide that may be
unmodified RNA or DNA or modified RNA or DNA. The polynucleotide may be single- or double-stranded DNA, single
or double-stranded RNA. As used herein, the term "polynucleotide” also includes DNAs or RNAs. It will be appreciated
that a variety of modifications may be made to DNA and RNA that serve many useful purposes known to those of skill
in the art. The term "polynucleotide” as it is employed herein embraces such chemically, enzymatically or metabolically
modified forms of polynucleotides, as well as the chemical forms of DNA and RNA characteristic of viruses and cells,
including, for example, simple and complex cells.

[0109] The organotypic tissue, e.g. a brain slice is usually transfected or transduced by contacting the tissue with the
vector. Preferably, the transfection or transduction is performed in a manner such that pyramidal neurons are transfected
ortransduced. In addition, it is preferred to minimize vector consumption. For that purpose, a microdroplet is e.g. placed
roughly onto the CA1 region of each individual slice. The microdroplet has a volume of from about 0.04 pl to about 0.2
wl, preferably of from about 0.05 pl to about 0.15 pl, more preferably of from about 0.06 pl to about 0.1 ul, even more
preferably of from about 0.07 pl to about 0.09 ul, most preferably of about 0.08 l. The microdroplet may be applied
using a syringe, e.g. a 1 pl syringe, such as a 1 ul Hamilton syringe. This embodiment is preferably used for viral
transduction of hippocampal slice cultures. It may be used, however, also for transfection or transduction of slices from
other brain regions, e.g. cortex or midbrain or slices from retina explants.

Transformation of non-pathological organotypic tissue using APP

[0110] In aspecific embodiment, the transformation of non-pathological into pathological organotypictissue comprises
the step of contacting said organotypic tissue, e.g. a brain slice with fi-amyloid precursor protein (P-APP) or a fragment
or derivative or variant thereof. In another embodiment, the method further comprises the step of transfecting or trans-
ducing said at least one organotypic tissue with a recombinant vector comprising a polynucleotide encoding -amyloid
precursor protein or a fragment or derivative or variant thereof. The preferred fragment is the B-amyloid peptide ABy_45.
The B-amyloid peptide is derived from a larger Type | membrane spanning protein, B-APP, which has several alternatively
spliced transcripts. The amino acid sequence of B-APP and AB,_,, are described in. Kang J. et al., 1987;: Knauer M.F
et al., 1992; Homo sapiens APP (Gen-ID): NM 201414.

[0111] Theterm "fragment” as used herein is meant to comprise e.g. an alternatively spliced, or truncated, or ctherwise
cleaved transcription product or translation product. The term "derivative” as used herein refers to a mutant, or an RNA-
edited, or a chemically modified, or otherwise altered transcription product, or to a mutant, or chemically modified, or
otherwise altered translation product. For instance, a "derivative" may be generated by processes such as altered
phosphotylation, or glycosylation, or, acetylation, or lipidation, or by altered signal peptide cleavage or other types of
maturation cleavage. These processes may occur post-translationally.

Transformation of non-pathological organotypic tissue using tau protein

[0112] The tau protein is preferably human tau protein. The amino acid sequence of wild type human tau protein is
shown in SEQ ID NO:1. (Homo sapiens microtubule-associated protein tau (MAPT): NM 016834/NP_058518). The term
"variant" as used herein refers to any polypeptide or protein, in reference to polypeptides and proteins disclosed in the
present invention, in which one or more amino acids are added and/or substituted and/cr deleted and/or inserted at the
N-terminus, and/or the C-terminus, and/or within the native amino acid sequences of the native polypeptides or proteins
of the present invention. Furthermore, the term "variant” includes any shorter or longer version of a polypeptide or protein.
Variants comprise proteins and polypeptides which can be isolated from nature or be produced by recombinant and/or
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synthetic means. Native proteins or polypeptides refer to naturally-occurring truncated or secreted forms, naturally
occurring variant forms (e.g. splice-variants) and naturally occurring allelic variants. The terms "variant" and "isoform"
are used interchangeably herein. In one embodiment the tau protein or variant thereof according to the present application
is capable of causing degeneration of dendrites and/or axons upon transduction of organotypic tissue e.g. brain slices
with a vector comprising DNA encoding said tau protein.

[0113] Various isoforms of tau protein have been described. Known tau isoforms are summarized in Mandelkow &
Mandelkow (1998) or Sergeant et al. (2005) Biochimica et Biophysica Acta 1739:179-197. The amino acid sequences
of these tau variants/mutants and the nucleotide sequences encoding them are incorporated herein by reference. Pre-
ferred tau variants in accordance with this invention are tau mutants causing frontotemporal dementia and parkinsonism
linked to chromosome 17 (FTDP-17). The most preferred tau variant in accordance with this invention has the mutation
P301L which has been described to result in motor and behavioural deficits in transgenic mice, with age- and gene-
dose-dependent development of NFTs. The amino acid sequence of the ON4R isoform of human tau harbouring the
P301 L mutation comprises the amino acid sequence as shown in SEQ ID NO:3 (amino acid sequence P301 L mutant:
275 VQIINKKLDLSNVQSKCGSKDNIKHVLGGGS 305). The numbering of amino acids in the human tau sequences as
used herein refers to the tau isoform having 441 amino acids which is shown in SEQ ID NO:2.

[0114] c¢cDNA sequences encoding tau proteins are known inthe art (e.g. Gen-ID NMO16834). The skilled person can
therefore easily manipulate the DNA by known techniques to provide polynucleotides that encode the desired tau protein
or variant thereof.

Treatment of organotypic tissue with test compounds

[0115] The method and device according to the present invention can be used for measuring intra- and extracellular
physiological parameters and their alterations due to application of test compounds to the organotypic tissue explants.
The impedance of the organotypic tissue can be analyzed during the treatment of the organotypic tissue with the test
compounds or the impedance of the treated organotypic tissue can be compared with untreated organotypic tissues.
[0116] As used herein, the term "test compound” refers to any compound that is used for treating the organotypic
tissue. The test compound can be a drug candidate and the effect of the drug candidate on pathological organotypic
tissue (for e.g. determining the pharmaceutical activity of the test compound) or non-pathological organotypic tissue (for
e.g. determining side effects of the test compound) is analyzed. Furthermore, the test compound can be a potential toxic
compound and the effect of the test compound on non-pathological tissue is analyzed.

[0117] Testcompounds (especially drug candidates) that are assayed in the above method can be randomly selected
or rationally selected or designed. As used herein, a test compound is said to be randomly selected when the test
compound is chosen randomly without considering the structure of other identified active test compounds. An example
of randomly selected test compounds is the use a chemical library, a peptide combinatorial library, a growth broth of an
organism, or a plant extract.

[0118] As used herein, a test compound (especially a drug candidate) is said to be rationally selected or designed
when the test compound is chosen on a nonrandom basis. Rational selection can be based on the target of action or
the structure of previously identified active test compounds. Specifically, test compounds can be rationally selected or
rationally designed by utilizing the structure of test compounds that are presently being investigate for use in treating
Alzheimer’s disease.

[0119] The test compounds (especially drug candidates) are preferably: peptides, small molecules, and vitamin de-
rivatives, as well as carbohydrates. The test compounds may be amino acids, viruses, nucleic acids, enzymes, natural
or synthetic peptides or protein complexes, or fusion proteins, carbohydrates, biological active molecules, etc. They may
also be antibodies, organic or inorganic molecules or compositions, drugs and any combinations of any of said agents
above. They may be used for testing, for diagnostic or for therapeutic purposes. A skilled artisan can readily recognize
that there is no limit as to the structural nature of the test compounds to be used in accordance with the present invention.
[0120] The potential toxic test compounds are preferably amino acids, peptides, proteins, enzymes, nucleic acids,
carbohydrates, inorganic agents, organic agents, biological active molecules, quantum dots, nano-partticles, pesticides,
bacterias, fungis, yeasts, mycoplasms, body fluids etc. and any combination of these test compounds. Potential toxic
substance are e.g. inorganic agents, organic agents, pesticides, bacterias, fungis, yeasts, mycoplasms, amino acids,
peptides, proteins, enzymes, nucleic acids, carbohydrates, biological active molecules, quantum dots, nano-patticles,
body fluids etc and any combination of these test compounds.

[0121] Atthe commencement of an expetiment, an organotypic tissue is typically transferred onto the liquid permeable
membrane of the recording chamber of the device. The culture medium can either be present before the organotypic
tissue is transferred to the recording chamber or the medium can be added after the organotypic tissue has been
transferred to the recording chamber. Preferably, the transformation of the organotypic tissue or the treatment of the
organotypic tissue with a test compound is carried out at culture day 3 or later, when the tissues are strongly attached
to the liquid permeable membrane and the trauma of preparation has healed.
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[0122] The transformation and treatment of the organotypic tissue can be carried out by adding the necessary sub-
stances to the media or the tissue. In general, atest compound or any other necessary substances will be first dissclved
in appropriate vehicle, such as, but not limited to, DMSO, water, physiological saline, or media, to make a stock solution
and then diluted into the media. A vehicle control test may be included when the present invention is used.

[0123] Preferably, a range of doses of test compounds (e.g. drug candidate or potential toxic compound) is tested.
The range tested initially may be informed by prior knowledge of the effects of the test compound or closely related
substances on purified proteins, cells in culture, or toxicity in other test systems. In the absence of such knowledge, the
dose range is preferably from about 1 nM to about 100 wM. A skilled artisan can readily develop a testing range for any
particular test compound or series of test compounds.

[0124] The test compound (e.g. drug candidate or potential toxic compound) is typically applied to the pathological
organotypic tissue (obtained from individuals suffering from the concerned disease or transgenic animals or derived by
transformation of non-pathological into pathological organotypic tissue) or to non-pathological tissue for about 4 hours
to about 21 days, preferably from about 1 day to about 7 days. In the case of long term application, fresh medium
containing the test compound can be applied periodically; more frequently if rapid loss of test compound due to chemical
conversion or to metabolism is suspected.

[0125] Application of test compounds and medium exchange can be carried out manually or by an automated liquid
handling system. For this purpose the lid of the multiwell plate can be transiently removed or liquid can be applied or
exchanged through small microchannels integrated in the lid and membrane. The latter is needed for replacing medium
or adding the test compound to the reservoir at the bottom side of the liquid permeable membrane.

Measuring impedance

[0126] In afirststep organotypictissuesis generated as described herein. Preferably the organotypictissue is obtained
from brain slices or retinal explants, further preferred from brain slices, more preferred from the hippocampus. The
organotypic tissue(s) is/ are transferred onto the liquid permeable membrane(s) in the recording chamber(s). The orga-
notypic tissues can be pathological or non-pathological as described above. In the following, we will use the expression
"organotypictissues”, wherein itis understood that also only one organotypictissue canbe usedformeasuringimpedance.
Organotypic tissue cultures are maintained on top of the biocompatible liquid permeable membranes of the recording
chambers. The organotypic tissues are then cultured in the recording chambers according to well-known methods and
e.g. described in example 1. Preferably, first impedance measurements are performed at culture day 3 or later, when
the tissues are strongly attached to the liquid permeable membrane and the trauma of preparation has healed.

[0127] In an optional second step, the non-pathological (healthy) organotypic tissue is transferred into pathological
tissue in different ways as described herein. The second step is not necessary if either pathological tissue is directly
used, or if non-pathological tissue is treated with test compounds.

[0128] In an optional third step, application of test compounds to the organotypic tissues can be performed.

[0129] Impedance recording is carried out according to transient direct electrode contact recording (TDECIR) whereby
the top electrode is movable and can be directly placed onto the organotypic tissue during impedance measurement
(figure 5-G to 5-). After recording the electrode can be traced back and re-positioned for subsequent and continuous
recording.

[0130] TDECIR is a preferred method since it ensures air exchange on the upper surface of the biological sample
which in turn is essential for maintaining viability and morphology of the organotypic tissues.

[0131] Monitoring of impedance changes at multiple frequencies can be carried out for preferably up to 8 weeks. In
this way, alteration in intracellular compartments, extracellular compartments, cell membranes, proliferation, apoptosis,
differentiation, migration, phosphotrylation, dephosphorylation, formation and dissolving of tangle and plaque can be
monitored. All experiments may be performed at least in triplicate to carry out appropriate statistical analysis. To calculate
the E50 value of the test substance various concentrations can be applied to the organotypic tissues.

[0132] Cellular parameters of the organotypic tissue (pathological or non-pathological, optionally treated with test
compounds) are detected by recording of frequency dependent impedance magnitudes and phase angles. Subsequent
and continuous impedance recordings at a single frequency or multiple frequencies provide valuable information about
cellular properties. For measuring impedance changes in organotypic tissues, an alternate electrical current or voltage
(1 mV - 100 mV) at a frequency range of 1 Hz to 100 MHz are applied to the said electrodes. Cellular parameters can
be detected by recording the frequency-dependent changes in resistance and reactance of organotypic tissues located
between at least one pair of electrodes (top and bottom electrodes). Impedance changes can be analyzed by measuring
the resistant, reactance, capacitive reactance, inductive reactance and any value that can be calculated by using a
combination of these parameters.

[0133] Changes in impedance can be caused by alterations of intracellular or extracellular processes that have been
induced by application of test compounds, transformation of non-pathological into pathological form etc. or by deprivation
of essential components of the culture medium and reducing atmosphere.
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[0134] When recording impedance, preferably the impedance magnitude, phase angle, and normalized impedance
are plotted againstthe frequency andtime (e.g. x-axis=time; y-axis= impedance magnitude (or phase angle, or normalized
impedance); z-axis=frequency). The impedance measurements on pathological and non-pathological organotypic cul-
tures can be continuously performed.

[0135] In order to minimize time consuming controlling of all individual electrodes, the alternate current or voltage is
preferably applied to all bottom electrodes. If a multiwell format is used, preferably each of the 6 - 384 top electrodes
(depending on the used multiwell format) can be individually multiplexed for impedance recording. The time needed for
the impedance measurement can be reduced further by using a multi sinus input signal that allows parallel impedance
measurement at different frequencies and that can be selected for the analysis of distinct cellular parameters.

[0136] Furthermore, the bottom electrodes are separated by a stripe-shaped ground electrode to minimize parasitic
interferences (increasing signal-to-noise ratio) as described above. The microelectrode-based multi site recording of up
to 384 electrodes can be realized by 2- or 4-point measurements. To enable a fast and precise data read out, the
alternating current is applied simultaneously to all bottom electrodes (or subsequently), whereby the data read out is
achieved by multiplexing individually controllable top electrodes (may be integrated in the lid of the multiwell plate). The
impedance recording is performed in a frequency range of 1 Hz to 100 MHz with a maximal amplitude of the alternating
current of 1to 100 mV to prevent non-linear effects andto reduce thermal interferences. Cellular parameters are detected
by the recording of the frequency dependent impedance magnitude and phase angle. Both values can be normalized
to control experiments and provide information about intra- and extracellular modifications.

[0137] Preferably, the bottom electrodes (for reference) have a stable and fixed electrode potential whereas the top
electrodes (for measuring) are individually or simultaneously addressable via the multiplexer. In an alternative approach
the substrate integrated electrodes at the bottom of the recording chamber can serve as measuring electrodes by using
an multiplexer, wherein the top electrodes in the top chamber can act as reference electrodes.

Method for analyzing impedance during transformation of organotypic tissue

[0138] Based on the non-invasive and labelling-free measuring principle of impedance spectroscopy continuous and
repeated recordings of the same tissue sample before, during and after disease- (pathology) inducing substances can
be performed. The preparation of organotypic tissue and the transformation of the non-pathological form into the path-
ological form during culturing of the organotypic tissue in the recording chamber is described above.

[0139] Inone embodiment of the invention, the transformation of non-pathological into pathological organotypic tissue
can be analyzed by measuring the impedance of the organotypic tissue before, during and after the transformation of
the organotypic tissue, preferably by using the device according to the present invention.

[0140] The onset and progression of pathological mechanisms on organotypic tissus can be analyzed by continuous
measurement of impedance or by measuring impedance in time intervals (e.g. every 2 hours).

[0141] After induction of pathological processes, impedance measurements over several weeks may provide valuable
information about cellular alteration that are directly associated with diseases like AD. Occurring alterations in impedance
amplitude and phase angle at various time points can be related to the initial cellular situation and thereby provide
information about cellular parameters involved in the etiology of the diseases.

[0142] Inone preferred embodiment, the basic pathological mechanisms afterinduction of neurodegenerative disease
(preferably AD) relevant mechanisms on hippocampal slice cultures are analyzed. However, organotypic cultures can
be generated from any other part of the brain or retina. Moreover, organotypic tissue cultures can be produced from
prenatal (embryonic), postnatal and adult animals of non-vertebrate, vertebrate, mammalian, including primate species
and human.

Method for analyzing the effect of test compounds on organotypic tissue

[0143] The method according to the present invention can be used to analyze the effect of test compounds on orga-
notypic tissue. In order to screen drug candidates, the impedance of the pathological organotypic tissue is preferably
measured before, during and after treatment of the tissue with the test compounds. In this embodiment of the invention,
the pathological organotypic tissue can be obtained by any method as described herein. It is also possible to analyze
the effect of a drug candidate on non-pathological tissue.

[0144] Furthermore, the method according to the present invention can be used to analyze the effect of potential toxic
compounds on non-pathological tissue. In this case, non-pathological organotypic tissue is treated with the test com-
pounds and the impedance of the tissue is preferably measured before, during and after this treatment. According to all
methods of the present invention, it is also possible to compare the impedance of the treated organotypic tissue with
another non treated organotypic tissue.

[0145] After isolation of pathological or non-pathological slice or explant cultures and cultivation on biocompatible
liquid permeable membranes of the recording chambers, a positive or negative effect of the test compounds is identified
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by alterations of the impedance spectra. The impedance of the organotypic tissue can be measured before, during and
after application of test compounds (preferably up to 8 weeks) or by comparing treated with non-treated cultures. As
described above, the impedance can be measured continuously or at selected different time points for data read out.
Subsequent and continuous impedance recordings at multiple frequencies (1 Hz - 100 MHz) provide valuable information
about the efficiency and safety (side effects) of the test compounds.

[0146] Pathological organotypic tissues (pathological slice or explant cultures) for impedance measurement can be
obtained directly from transgenetic animals carrying mutations relevant for any neurodegenerative disease (e.g. Par-
kinson’s disease, Huntigton’s disease amyothrophic lateral sclerosis, prion diseases, Pick’s disease, fronto-temporal
dementia, progressive nuclear palsy, cotticobasal degeneration, multiple system atrophy, mild-cognitive impairment,
ischemic stroke, multiple sclerosis, motor neuron diseases, nerve injury and repair, age related macular degenerations,
rod-cone dystrophy, cone-rod dystrophy, retinitis pigmentosa, glaucoma, and other retina associated degenerations),
preferably AD. After isolation from transgenetic animals, pathological slice or explant cultures can be cultured and
maintained within the recording chambers.

[0147] In an alternative embodiment of the invention, general toxicity of substances can be analyzed by using non-
neuronal organotypic tissues derived from any part of the individual.

[0148] Byusingalready existing pathological animal modelsfor organotypic cultures, identification and characterization
of test compounds can be directly performed without previous transformation of non-pathological into pathological or-
ganotypic tissues.

[0149] Preferably, test compounds include drugs, liquids, water, amino acids, peptides, proteins, enzymes, nucleic
acids, carbohydrates, inorganic agents, organic agents, biological active molecules, quantum dots, nano-particles, pes-
ticides, bacterias, fungis, yeasts, mycoplasms, body fluids and any combination of them. In one embodiment, food and
environmental compounds are analyzed with respect to their effect on cellular changes by impedance measurement.
The invention is preferably used to screen substances for neurotoxicity. Any potential harmful substance or substances
with a strong suspicion (substances derived from environmental or indoor pollution) can be monitored by applying these
substances to the non-pathological organotypic tissues. Toxicity can be analyzed by measuring the impedance changes
before, during and after application or by comparing treated with non-treated organotypic cultures. Subsequent and
continuous impedance recordings atmultiple frequencies (1 Hz - 100 MHz) can provide valuable information about toxicity.
[0150] The preferred organotypic tissues for determining toxic effects of test compounds may be obtained from liver,
heart, spleen, gut, pancreas, kidney, skin, skeleton muscle and any other organ or tissue.

[0151] The method according to the invention is also suitable for identifying test compounds that counteract to different
pathological mechanisms related to neurodegenerative diseases such as Parkinson’s disease, Huntigton’s disease
amyothrophic lateral sclerosis, prion diseases, Pick’s disease, fronto-temporal dementia, progressive nuclear palsy,
corticobasal degeneration, multiple system atrophy, mild-cognitive impairment, ischemic stroke, multiple sclerosis, motor
neuron diseases, nerve injury and repair, age related macular degenerations, rod-cone dystrophy, cone-rod dystrophy,
retinitis pigmentosa, glaucoma, and other retina associated degenerations), preferably to Alzheimer disease (AD).

Description of the figures:
[0152]

Figure 1 is a schematic representation of a single recording chamber 29. The recording chamber 29 comprises a
substrate 25, a bottom electrode 26, a passivation layer 27, a (biocompatible) liquid permeable membrane 28, a
top chamber 30, a bottom chamber 31, a culture medium 32, an opening 33 in the liquid permeable membrane 28,
a top electrode 34, an organotypic tissue 35, a lid 36, and a microchannel 37 in the lid 36.

Figure 2 describes a measuring setup that can be used to measure impedance of organotypic tissues 35. Figure
2 shows the device 38, which is connected to a multiplexer 3, an impedancelgain-phase analyzer 2, and a computer
1. The device 38 comprises a CO,-incubator 4, a multiwell frame 5 and biclogical samples (organotypic tissues 35).

Figure 3 depictsthe assembly of a multiwell plate 9forimpedance recording of organotypictissues 35. The electrodes
and the liquid permeable membrane are not shown. The multiwell frame 5 comprises wells (not shown) and together
with the glass substrate 25 defines the recording chambers 29 (not shown). On top of the multiwell frame 5 is a lid
36, which contains an implemented multiplexer board 8. The substrate 25 comprises connection pads 22.

Figure 4 illustrates aschematical desctiption of a 384 wells multiwell frame 5 with an (biocompatible) liquid permeable
membrane 28 for cultivation of organotypic tissues 35. The liquid permeable membrane 28 extends over all recording
chambers 29. Each recording chamber 29 contains a top electrode 34, a top chamber 30, a bottom chamber 31,
ground electrode 18 and bottom electrodes 26. The substrate 25 (e.g. made of glass) represents the bottom of all
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recording chambers 29. The substrate 25 comprises a passivation layer 27, connection pads 22 (which are connected
to the bottom electrodes 26), and ground pads 11 (which are connected to the ground electrodes 18). On top of the
recording chambers 29 is a lid-integrated multiplexer board 8.

Figures 5-A to 5-1 describe different procedures for handling of organotypic tissues and impedance measurements.

Figure 6-A to 6- illustrate organotypic hippocampal slice cultures that have been obtained from 8-9 day old rats
and subsequently cultured on a biocompatible membrane in a 6 well recording chamber. The figures show: organ-
otypic slice cultures exposed to repeated medium overflow for 15 minutes (6-A, 6-D, 6-G) or 30 minutes (6-B, 6-E,
6-F); viability tested by diamino fluorescein diacetat (6-D, 6-E, 6-F); apoptosis tested by propidium iodide staining
(6-G, 6-H, 6-1); control cultures which were not covered with medium (6-C, 6-F, 6-1); and cultures transiently covered
with medium (6-A to 6-H).

Figure 7A and 7B show retinal explants isolated from 10-day old chicken embryos that were cultured for 10 days
on a membrane of a 6-well recording chamber (figure 7-A). An in vivo retina of embryonic stage 20 is shown in figure
7-8. Abbreviations: ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform
layer; GCL, ganglion cell layer.

Figure 8A and 8B illustrate a substrate 25 for the evaluation of the optimal size of the bottom electrodes 26 for the
impedance-based multiwell method. Bottom electrodes 26 (made of gold) of different sizes are sputtered onto a
borosilicate glass substrate 25 (figure 8-A). For evaluation of the bottom electrodes 26, a 384 multiwell frame 5
(defining the recording chambers 29) was glued onto the substrate 25 (figure 8-B).

Figures 9A and 9B depict the impedance of the bottom electrodes 26 with respect to the size of the electrodes 26.
A 6 x 6 frame with dimensions of a 384 multiwell plate was glued onto the glass substrate and filled with 80 pl
phosphate buffered saline (PBS). The impedance was recorded in a frequency range of 100 Hz to 10 MHz.

Figure 10 illustrates the impedance of (biocompatible) liquid permeable membranes suited for cultivation of orga-
notypic tissues. The impedance amplitude was recorded in a frequency range of 100 Hz to 10 MHz. The impedance
spectra of an aluminiumoxyd membrane from TPP Switzerland (pore size 0.02 pm) and a PICM 03050 membrane
from Millipore (pore size 0.4) is shown. Impedance measurement without membrane.

Figure 11 shows the measuring of impedance caused by tau-hyperphosporylation of hippocampal slices as de-
scribed in example 2.

Detailed description of the figures:

[0153] Figure 1 is a schematic representation of a single recording chamber 29. The recording chamber 29 comprises
a substrate 25 onto which the bottom electrode 26 and conductors (not shown) are spotted. On top of the substrate 25
is a passivation layer 27. The (biocompatible) liquid permeable membrane 28 divides the recording chamber 29 into a
top chamber 30 and a bottom chamber 31. During the expetiment, at least the bottom chamber 31 contains a culture
medium 32. The culture medium 32 is in contact at least with parts of the organotypic tissue 35, which is cultured on the
liquid permeable membrane 28. The lid 36 prevents evaporation of the medium and serves as device for fixing the
flexible top electrode 34 and conductor board (not shown). The latter may acts as basis for the multiplexer board (not
shown). The lid has at least one microchannel 37 of 0.5 mm to 1 cm diameter and the liquid permeable membrane 28
has an opening 33 to fill or to exchange medium, and to apply test substances or any other necessary substances.
Medium exchange and application of test compounds can be performed manually or by an automated liquid handling
system that is integrated in a CO, incubator.

[0154] Figure 2 shows a schematic representation of the invention comprising a computer 1, an impedance/gain-
phase analyzer 2, a multiplexer 3, a CO, incubator 4, and a multiwell frame 5 containing the biclogical samples 35. The
computer 1 includes software tools for controlling the impedance/gain-phase analyzer 2, the multiplexer 3 and for ac-
quisition and analyses of impedance data. The impedance analyzer 2 is connected to the electrodes (not shown) via a
multiplexer 3. The multiplexer 3 is needed for applying an alternate currents or voltages simultaneously or individually
to the electrodes of the multiwell format. For measuring impedance changes of organotypic tissues 35 an alternate
electrical current or voltage (1 mV - 100 mV) at a frequency range of 1 Hz to 100 MHz are applied to the said electrodes.
Cellular parameters can be detected by recording the changes in resistance and reactance of tissues located between
at least one pair of electrodes. To achieve stable and reproducible impedance recordings the tissues are preferentially
cultured and maintained in a CO, incubator in a humidified atmosphere of 5% CO,, 95 % air and 37°C. For certain
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tissues or to induce pathological (e.g. ischemic) conditions culture parameters can be varied (0-50 % O,, 0-50 % CO,,
33-42°C). Within the CO, incubator an automated liquid handling system can be implemented.

[0155] Figure 3 illustrates a multiwell format comprising a lid 36 that may contain an implemented multiplexer board
8, a multiwell frame 9 that can consist of different formats (6-, 12-, 24-, 48-, 96-, 192-, 384- wells), a substrate 25 with
integrated electrodes and conductors that can be linked via connection pads 22 placed at the periphery of 25. The
electrodes, conductors and connection pads 22 are integrated in the substrate 25. The connection pads 22 allow to
connect the electrodes to the multiplexer, computer etc.

[0156] Figure 4 illustrates a more detailed schematic representation of a multiwell device according to the invention.
Herein, the tissue sample 35 can be cultured and maintained on a biocompatible membrane 28 of e.g. a 6-, 12-, 24-,
48-, 96-, 192-, or 384-wells plate. The impedance changes are measured between or among at least one top electrode
34 positioned in the top chamber 30 and at least one bottom electrode 26 that is implemented in the bottom chamber
31 of each recording chamber 29. The stripe-shaped ground electrode 18 is localized in between the bottom electrodes
26 and is suited to minimise parasitic interferences (increasing signal-to-noise ratio). The substrate 25 also contains
conductors 19. wherein means 26, 18 and 19 can be sputtered onto the substrate 25 (e.g. made from glass). Isolation
of 26, 18, and 19 can be achieved by using an approptiate passivation layer 27. An external connection pad 22 and a
ground pad 11 provide contactto the impedance/gain-phase analyzer. Inthis case, the bottom electrode 26 (for reference)
has a stable and fix electrode potential whereas the top electrodes 34 (for measuring) are individually or simultaneously
addressable via the lid-integrated multiplexer board 8. In an alternative approach the substrate integrated electrodes 26
at the bottom of the multiwell plate can serve as measuring electrodes by using an external multiplexer, whereas the
top electrodes 34 in the top chamber 30 can act as reference electrodes.

[0157] Figures 5-A to 5-1 show the three different ways for measuring impedance using the method and/or the device
according to the present invention. Figures 5-Ato 5-C show the transient indirect electrode contact impedance recording
(TIECIR). For TIECIR, tissues are cultured in the presence of a small volume of medium (bottom side of tissue has
contact to the medium). During impedance measurements the recording chamber is transiently filled with medium to
cover the top electrode and to guarantee the completion of the impedance circuit. Thereafter, the excess of medium is
removed up to the original medium level. This procedure can be performed several times without influencing viability
and morphology.

[0158] Figures 5-D to 5-F depict the permanent indirect electrode contact impedance recording (PIECIR). PIECIR is
comparable with TIECIR. However, for PIECIR the medium is not removed and remains within the recording chamber
for several days. This methed is well-suited to induce a pathological situation since neuronal ex vivo tissues such as
brain slices or retinal explants show an ischemic behaviour if they are losing contact to the air phase.

[0159] Figures 5-G to 5-1 show the transient direct electrode contact impedance recording (TDECIR). For TDECIR,
the top electrode is movable and can be directly placed onto the ex vivo tissue during impedance measurement. After
recording, the electrode can be traced back to provide the upper tissue surface with air. In a new cycle the measuring
electrode can be placed again onto the tissue and impedance recordings can be performed again. The process can be
repeated at least 10 times a day without influencing the quality of the tissue. The contact time between electrode and
tissue during impedance measurement may not exceed 60 minutes. In this manner, the tissue can be monitored for 6
- 8 weeks.

[0160] Figure 6 illustrates organotypic hippocampal slice cultures that have been obtained from 8-9 day old rats and
subsequently cultured on a biocompatible liquid permeable membrane. After 7 days in vitro, organotypic slice cultures
were exposed to repeated medium overflow for 15 minutes (6-A, 6-D, 6-G) or 30 minutes (6-B, 6-E, 6-F) to simulate
conditions that can be found during TIECIR, PIECIR, and TDECIR (compare Figure 5). The procedure was carried out
over a period of four days. Thereafter, viability was tested by diamino fluorescein diacetat (6-D, 6-E, 6-F), while cell
death was analyzed by propidium iodide (6-G, 6-H, 6-1). Comparison of control cultures (6-C, 6-F, 6-I) with cultures that
were not covered with medium (6-A to 6-H) showed no significant changes in viability and cell death. This means, that
all three procedures needed for TIECIR, PIECIR, and TDECIR) are well-suited for culturing and recording of organotypic
tissues.

[0161] Forthe generation of retinal explant cultures, we used retina of 10-day old chicken embryos. The retina was
placed either in toto or in pieces on the top of a polycarbonate membrane (3 um pore size). The culture period can be
extended up to 6 weeks. The medium is exclusively localized in the bottom compartment and was changed every two
days. Similar to hippocampal slice cultures retinal explants showed no increase in cell death.

[0162] Figure 7A and 7B show retinal explants isolated from 10 day old chicken embryos that have been cultured
for 10 days on a membrane of a 6-well recording chamber. The retinal explants were harvested, fixed and cut into 20
pm thick sections with a cryotome. To visualise the quality of the morphology and lamination of retinal layers, sections
were stained with cytox green, which specifically stains cell nuclei (figure 7A, 7B). By comparison of 20 days old orga-
notypic cultures (figure 7A) with in vivo retina of embryonic stage 20 (figure 7B), we found no significant differences.
[0163] Figure 8A and 8B illustrate the evaluation of the optimal electrode size for the impedance-based multi-well
assay. Borosilicate glasses were used as substrate (figure 8A) for fabrication of the sensor chip.
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[0164] Figure 9A and 9B depict the impedance of the bottom electrodes 26 with respect to the size of the electrodes
26. To determine the electrode impedance in respect to the electrode size, a 6 x 6 frame of a 384 well plate was glued
onto the glass substrate (figure 9B) and filled with 80 ul phosphate buffered saline (PBS). The impedance was recorded
in a frequency range of 100 Hz to 10 MHz by applying a voltage of 10 mV across the substrate integrated electrode and
a top electrode that has been dipped from the top into the PBS. As expected the impedance magnitude decreased as
the diameter of the electrodes increased.

[0165] Figure 10 illustrates the impedance of membranes within the recording chamber. The impedance was recorded
in afrequency range of 100 Hz to 1 MHz by applying a voltage current of 10 mV across the substrate integrated electrode
and a top electrode that has been dipped from the top into the PBS. Two membranes of different materials and pore
sizes were tested. The impedance spectra of an aluminiumoxyd membrane from TPP Switzerland (pore size 0.02 pm)
and a PICM 03050 membrane from Millipore (pore size 0.4) is shown in Figure 10. Both types of membranes have
similar impedance magnitudes. Surprisingly, impedance measurements that were cartied out only in PBS (without
membranes) were slightly lower than those performed with membranes.

[0166] Figure 11 shows the measuring of impedance caused by tau-hyperphosporylation of hippocampal slices as
described in example 2. Six to eight hippocampal slices of 400 pwm thickness were placed on aluminiumoxyd membranes
(0.02 pm pore size) of a 6-well recording chamber.

Example 1 - Preparation of a substrate with Integrated electrodes

[0167] Borosilicate glasses were used as substrate (figure 8A) for fabrication of the sensor chip. The substrates were
washed thoroughly with a lint free cotton wool tip subsequently in water, acetone, propanol and water followed by
incubation in a solution of 96 % sulphuric acid in 30 % hydrogen peroxide and two wash steps in a water bath cascade.
The substrate was centrifuged and dried on a hot plate. Substrate coating was performed by centrifugation. For this
purpose 500 p.l of positive photo resist was applied inthe centre of the substrate. The subsequent centrifugation dispersed
the lacquer equally over the substrate yielding layer of a thickness of 3 um. The positive photo resist coat was dried for
a minimum of 5 minutes on a hot plate. By means of a chrome mask the brim of the substrate radiated by UV-light for
10 seconds. Next the substrate was put into developer to remove the lacquer, followed by a washing step in a water
bath cascade and centrifugation. The pattern for the electrodes and interconnects was removed from the lacquer coat
with another chrome mask repeating the steps before and drying on a hot plate. The substrate was sputtered with a 100
nm thick layer of gold to deposit electrodes and interconnects. Next the substrate was placed in acetone and rinsed in
water to remove the polymerized positive-photo resist, getting a substrate with gold electrodes and interconnects. The
substrate was dried with a stream of N2 and placed on a hot plate. The passivation was performed to isolate the
interconnects andembedthe electrodes. Therefore, 1 mlof SU-8 was appliedin the centre of the substrate and centrifuged
to dispense the lacquer to 1.5 um thick film followed by drying on a hot plate. With a folia mask covering the electrodes,
the passivation-layer was radiated with UV-light for 20 seconds. Then the substrate was incubated on a hot plate for 1
minutes at 60 °C, 1 minutes 95 °C and put into beaker with photo-developer for 1 minutes. The chip was washed in
propanol to remove all traces above the electrodes of the negative photo resist layer. Finally, the chip was dried under
a stream of nitrogen and evaluated microscopically. Gold electrodes electrodes have diameters of 100, 300, 600, 900,
1200, and 1500 pm while interconnects have a width of 10 um. The resulting substrate can be used as the bottom of
the multiwell frame.

Example 2 - Induction of pathological tau-hyperphosphorytation and Impedance measurement

[0168] The impedance changes caused by tau-hyperphosporylation (Figure 11) of hippocampal slices that were
prepared from 8-9 day old rats were measured using the device according to the present invention. Six to eight hippoc-
ampal slices of 400 pm thickness were places on a aluminiumoxyd membrane (0.02 um pore size) of a 6-swell recording
chamber and cultured for 7 days in 50 % minimum essential media, 25 % Hank’s media, and 25 % horse serum
supplemented with L-glutamine and antibiotics. Impedance recordingwas performed by using a Agilent4294A impedance
analyser (Agilent Technologies Deutschland GmbH, Germany) in combination with amultiplexer (NI-SCXI-1153, National
Instruments, USA).

[0169] 24 hours before impedance measurement was carried out, medium replaced by fresh culture medium. The
impedance was recorded in a frequency range of 100 Hz to 1 MHz by applying a voltage of 10 mV across a large top
electrode and 60 substrate integrated bottom electrodes of 30 pwm in diameter.

[0170] For measuring hippocampal slice cultures, the TIECIR method was used. Organotypic slice cultures were
transiently covered with medium during impedance measurement, which usually takes less than 30 seconds for a single
bottom electrode. If all 60 substrate integrated electrodes were used for recording, the complete measurement takes
approximately 20 min for a frequency range of 100 Hz to 1 MHz (with 5 measuring points per frequency). For better
illustration, the impedance spectra in Figure 11 shows only three frequencies that were recorded over 16 hours by
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TIECIR with a single top and bottom electrode. The normalized impedance (normalized against non-covered membrane)
of hippocampal slice cultures was stable for 9 hours. After application of 1 wM ocadaic acid, which induces tau-hyper-
phosphorylation, impedance was significantly dropped down to 10 % and remained small within the next seven hours.
For repeated impedance measurements by TIECIR the complete medium was exchange and fresh ocadaic acid has
been applied.
SEQUENCE LISTING
[0171]

<110> KeyNeurotek Pharmaceuticals AG

<120> Device and method for measuring impedance in organotypic tissues

<130> KeyNeurotek

<160> 3

<170> PatentIn version 3.3

<210> 1

<211> 383

<212> PRT

<213> homo sapiens

<400> 1
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Met Ala Glu Pro Arg GIn Glu Phe Glu val Met Glu Asp His Ala Gly

1 5 10 15

Thr Tyr Gly Leu Gly Asp Arg Lys Asp GIn Gly Gly Tyr Thr Met His
20 25 30

Gln Asp g}n Glu Gly Asp Thr ﬁgp Ala Gly Leu Lys g}u Ser Pro Leu

GIn ;gr Pro Thr Glu Asp (s;;y ser Glu Glu Pro g;l’y ser Glu Thr Ser
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Claims

1. Device (38) for measuring impedance in organotypic tissue (35) comprising at least one recording chamber (29)
with a liquid permeable membrane (28) supporting the organotypic tissue (35), at least one bottom electrode (26)

and at least one top electrode (34),

- the liquid permeable membrane (28) divides the recording chamber (29) into a top chamber (30) and a bottom

chamber (31), wherein

- the bottom electrode(s) (26) is/are located in the bottom chamber (31) and the top electrode(s) (34) is/are

located in the top chamber (30), wherein

- the organotypic tissue (35) is located between the bottom electrode(s) (26) and the top electrode(s)(34),

characterised in that

- the top electrode(s) (34) in the top chamber (30) is/are movable in at |least two directions so itthey can be

contacted with or removed from the organotypic tissue (35) or the culture medium (32), and wherein
- the organotypic tissue (35) can be cultured in the recording chamber.

2. The device (38) according to claim 1, characterized in that the electrodes (26,34) are interconnected by at least

one multiplexer (3) and an impedance/gain-phase analyzer system (2)
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The device (38) according to any of the preceding claims, characterized in that the liquid permeable membrane
(28) extends through all the recording chambers (29).

The device (38) according to any of the preceding claims, characterized in that the bottom electrode(s) (26) are
supported on a substrate (25) at the bottom of the recording chamber (29).

The device (38) according to any of the preceding claims, characterized in that the electrodes (26, 34) are indi-
vidually addressable.

The device (38) according to any of the preceding claims, characterized in that the recording chamber (29) is
connected to an automated liquid handling system.

The device (38) according to claim 6, characterized in that the liquid handling system can provide a humidified
atmosphere in the recording chamber (29) or the liquid handling system is placed in an CO, incubator.

The device (38) According to any of the preceding claims, further comprising a bottomless multiwell frame (9) with
1 - 1000 wells, wherein each well defines one recording chamber (29).

The device (38) according to any of the preceding claims, characterized in that the device (38) comprises a lid
(36) which contains an implemented multiplexer board (8).

The device (38) according to any of the preceding claims, characterized in that the bottom electrodes (26) are
connected to connection pads (22) via conductors, wherein the conductors are isolated from each other by a pas-
sivation layer comprising silicon nitrite, silicon oxide, polyimide, or viscose polymers.

The device (38) according to any of the preceding claims, characterized in that the number of bottom electrodes
(26) in the recording chamber is 4 to 256.

The device (38) according to any of the preceding claims, characterized in that the liquid permeable membrane
(28) contains pores.

Use of a device (38) according to any of claims 1-12 for measuring impedance in organotypic tissue (35).

The use according to claim 13, characterized in that the organotypic tissue is transformed into pathological tissue,
and the impedance of the organotypic tissue (35) is detected before and after transformation of non-pathological
organotypic tissue (35) into pathological tissue (35).

The use according to claim 14, characterized in that the transformation of non-pathological organotypic tissue
(35) into pathological tissue (35) is carried out by

i) introducing mutant genes by means of bacterial or viral vectors,
i) knock out of genes related to specific diseases, or
i) treatment with chemical agents.

The use according to any of claims -13-15, characterized in that the organotypic tissue represents a slice culture
orexplant culture derived from any mammal, vertebrate and invertebrate species of embryonic, neonatal, postnatal,
and adult individuals.

Method for analyzing the effect of test compounds on organotypic tissue by measuring the impedance of the orga-
notypic tissue, comprising

i) culturing the organotypic tissue in a culture medium during the time of the analysis;
i) contacting the organotypic tissue with the test compound,;

i) optionally measuring the impedance of the organotypic tissue prior to step (ii);
iv) measuring the impedance of the organotypic tissue at least once after step (ii), wherein

o~~~

- the impedance is measured using at least one electrode at each of two opposing sides of the organotypic
tissue,
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- the electrodes are contacted with the culture medium or the tissue during measuring the impedance, and
the impedance is measured by using a device according to any of claims 1 - 12.

The method according to claim 17, characterized in that the time span between the first impedance measurement
prior to contacting the organotypic tissue with the test compound and the last measurement of the organotypic tissue
treated with the test compound is at least 1 week.

The method according to claim 17 or 18, characterized in that the impedance measurements of the organotypic
tissue are performed continuously.

The method according to any of claims 17 - 19, characterized in that the organotypic tissue is the organotypic
tissue as defined in claim 16.

The method according to any of claims 17-20, characterized in that the organotypic tissue is transformed into
pathological tissue by one of the steps defined in claim 15.

The method according to claim 21, characterized in that the impedance of the organotypic tissue (35) is measured
prior to and after transformation of the non-pathological organotypic tissue (35) into pathological tissue (35) as well
as prior to and after contacting the organotypic tissue with the test compound.

The method according to any of claims 17-19, characterized in that the organotypic tissue used for measuring
impedance is a non-pathological tissue and is treated with test compounds to test the toxicity of the test compounds.

The method according to any of claim 17 - 23, characterized in that the recording is performed by transient indirect
electrode contact impedance recording (TIECIR), permanent indirect electrode contact impedance recording
(PIECIR) or transient direct electrode contact impedance recording (TDECIR).

The method according to any of claims 17 - 20, characterized in that the organotypic tissue is obtained from
transgenic animals carrying mutation inducing propetrties of neurodegenerative diseases selected from the group
consisting of Alzheimer’s disease, Parkinson’s disease, Huntigton’s disease, amyothrophic lateral sclerosis, prion
diseases, Pick’s disease, fronto-temporal dementia, progressive nuclear palsy, corticobasal degeneration, multiple
system atrophy, mild-cognitive impairment, ischemic stroke, multiple sclerosis, motor neuron diseases, nerve injury
and repair, age related macular degenerations, rod-cone dystrophy, cone-rod dystrophy, retinitis pigmentosa, glau-
coma, and other retina associated degenerations.

The method according to any of claims 17 - 25, characterized in that the measuring of the impedance is carried
out by recording of frequency dependent impedance magnitudes and phase angles before and after application of
test compounds at multiple frequencies (1 Hz- 100 MHz).

Patentanspriiche

1.

2,

Vorrichtung (38) zur Messung der Impedanz in organtypischem Gewebe (35), umfassend mindestens eine Aufnah-
mekammer (29) mit einer flussigkeitspermeablen Membran (28), welche das organtypische Gewebe (35) tragt,
mindestens eine untere Elektrode (26) und mindestens eine obere Elekirode (34), wobei

- die flussigkeitspermeable Membran (28) die Aufnahmekammer (29) in eine obere Kammer (30) und eine
untere Kammer (31) teilt, wobei

- die untere(n) Elektrode(n) (26) in der unteren Kammer (31) angeordnet ist/sind und die obere(n) Elektrode(n)
(34) in der oberen Kammer (30) angeordnet ist/sind, wobei

- das organtypische Gewebe (35) zwischen der/den unteren Elektrode(n) (26) und der/den oberen Elektrode
(n) (34) angeordnet ist, dadurch gekennzeichnet, dass

- die obere(n) Elektrode(n) (34) in der oberen Kammer (30) in mindestens zwei Richtungen beweglich ist/sind,
so dass sie mit dem organtypischen Gewebe (35) oder dem Kulturmedium (32) kontaktiert oder daraus entfernt
werden kann/kdnnen, und wobei

- das organtypische Gewebe (35) in der Aufnahmekammer kultiviert werden kann.

Vorrichtung (38) nach Anspruch 1, dadurch gekennzeichnet, dass die Elektroden (26, 34) durch mindestens einen
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Multiplexer (3) und ein Impedanz/Gain-Phase-Analysesystem (2) miteinander verbunden sind.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass sich die fllissig-
keitspermeable Membran (28) durch alle Aufnahmekammern (29) erstreckt.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die untere(n) Elek-
trode(n) (26) auf einem Substrat (25) am Boden der Aufnahmekammer (29) getragen wird/werden.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Elektroden (26,
34) einzeln ansprechbar sind.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Aufnahmekam-
mer (29) mit einem automatisierten Fliissigkeitshandhabungssystem verbunden ist.

Vorrichtung (38) nach Anspruch 6, dadurch gekennzeichnet, dass das Flissigkeitshandhabungssystem eine
Feuchtatmosphére in der Aufnahmekammer (29) bereitstellen kann oder das Flissigkeitshandhabungssystem in
einem CO,-Inkubator platziert ist.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, ferner umfassend einen bodenlosen Mehrlochrahmen
(9) mit 1 - 1000 Léchern, wobei jedes Loch eine Aufnahmekammer (29) definiert.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Vorrichtung
(38) einen Deckel (36) umfasst, der eine implementierte Multiplexerplatine (8) enthélt.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die unteren Elek-
troden (26) Uber elektrische Leiter mit den Anschlussplatten (22) verbunden sind, wobei die elektrischen Leiter durch
eine Passivierungsschicht, umfassend Siliciumnitrit, Siliciumoxid, Polyimid oder viskose Polymere, voneinander
isoliert sind.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Anzahl der
unteren Elektroden (26) in der Aufnahmekammer 4 bis 256 betrégt.

Vorrichtung (38) nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die fliissigkeitsper-
meable Membran (28) Poren enthélt.

Verwendung einer Vorrichtung (38) nach einem der Anspriiche 1 - 12 zur Messung der Impedanz in organtypischem
Gewebe (35).

Verwendung nach Anspruch 13, dadurch gekennzeichnet, dass das organtypische Gewebe in pathologisches
Gewebe umgewandelt wird und die Impedanz des organtypischen Gewebes (35) vor und nach der Umwandlung
von nicht-pathologischem organtypischem Gewebe (35) in pathologisches Gewebe (35) detektiert wird.

Verwendung nach Anspruch 14, dadurch gekennzeichnet, dass die Umwandlung von nicht-pathologischem or-
gantypischem Gewebe (35) in pathologisches Gewebe (35) mittels

i) Einfilhrung von Mutantengenen mittels bakterieller oder viraler Vektoren,

i) Knockout von Genen, die mit spezifischen Krankheiten in Verbindung stehen, oder
i) Behandlung mit Chemikalien

durchgeflihrt wird.

Verwendung nach einem der Anspriiche 13 - 15, dadurch gekennzeichnet, dass das organtypische Gewebe eine
Slicekultur oder Explantatkultur aufweist, die von irgendeinem Séuger, einer Wirbel- und wirbellosen Spezies em-

bryonaler, neonataler, postnataler und erwachsener Individuen stammt.

Verfahren zur Analyse der Wirkung von Testverbindungen auf organtypisches Gewebe durch Messen der Impedanz
des organtypischen Gewebes, umfassend

(i) das Kultivieren des organtypischen Gewebes in einem Kulturmedium wéhrend der Analyse;
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(i) das Kontaktieren des organtypischen Gewebes mit der Testverbindung;
(ii)) gegebenenfalls das Messen der Impedanz des organtypischen Gewebes vor Schritt (ii);
(iv) das Messen der Impedanz des organtypischen Gewebes mindestens einmal nach Schritt (ii), wobei

- die Impedanz unter Verwendung von mindestens einer Elektrode an jeder derbeiden gegeniiberliegenden
Seiten des organtypischen Gewebes gemessen wird,

- die Elektroden wéhrend der Messung der Impedanz mit dem Kulturmedium oder dem Gewebe kontaktiert
werden und

- die Impedanz unter Verwendung einer Vorrichtung nach einem der Anspriiche 1 - 12 gemessen wird.

Verfahren nach Anspruch 17, dadurch gekennzeichnet, dass die Zeitspanne zwischen der ersten Impedanzmes-
sung vor der Kontaktierung des organtypischen Gewebes mit der Testverbindung und der letzten Messung des
organtypischen Gewebes, das mit der Testverbindung behandelt worden ist, mindestens 1 Woche betragt.

Verfahren nach Anspruch 17 oder 18, dadurch gekennzeichnet, dass die Impedanzmessungen des organtypi-
schen Gewebes kontinuierlich durchgefilhrt werden.

Verfahren nach einem der Anspriiche 17 - 19, dadurch gekennzeichnet, dass das organtypische Gewebe das in
Anspruch 16 definierte organtypische Gewebe ist.

Verfahren nach einem der Anspriiche 17 - 20, dadurch gekennzeichnet, dass das organtypische Gewebe durch
einen der in Anspruch 15 definierten Schritte in pathologisches Gewebe umgewandelt wird.

Verfahren nach Anspruch 21, dadurch gekennzeichnet, dass die Impedanz des organtypischen Gewebes (35)
vor und nach der Umwandlung des nicht-pathologischen organtypischen Gewebes (35) in pathologisches Gewebe
(35) sowie vor und nach der Kontaktierung des organtypischen Gewebes mit der Testverbindung gemessen wird.

Verfahren nach einem der Anspriiche 17 - 19, dadurch gekennzeichnet, dass das organtypische Gewebe, das
zur Messung der Impedanz verwendet wird, ein nicht-pathologisches Gewebe ist und zum Testen der Toxizitat der
Testverbindungen mit den Testverbindungen behandelt wird.

Verfahren nach einem der Ansprliche 17 - 23, dadurch gekennzeichnet, dass das Auf zeichnen durch voriiber-
gehende indirekte Elektrodenkontaktimpedanzaufzeichnung (TIECIR), permanente indirekte Elektrodenkontaktim-
pedanzaufzeichnung (PIECIR) oder vorlibergehende direkte Elektrodenkontaktimpedanzaufzeichnung (TDECIR)
durchgeflihrt wird.

Verfahren nach einem der Anspriiche 17 - 20, dadurch gekennzeichnet, dass das organtypische Gewebe von
transgenen Tieren erhalten wird, die eine Mutation induzierende Eigenschaften neurodegenerativer Erkrankungen
tragen, ausgewahlt aus der Gruppe, bestehend aus der Alzheimer-Krankheit, der Parkinson-Krankheit, der Hun-
tington-Krankheit, amyotropher Lateralsklerose, der Prionenkrankheit, der Pick’schen Krankheit, frontotemporaler
Demenz, progressiver nuklearer L&hmung, kortikobasaler Degeneration, multipler Systematrophie, leichter Wahr-
nehmungsbeeintrachtigung, ischdmischem Anfall, multipler Sklerose, der Motoneuronenerkrankung, Nervenverlet-
zung und -reparatur, altersbedingten Makuladegenerationen, Zapfen-Stabchen-Dystrophie, St&bchen-Zapfen-Dys-
trophie, Retinitis pigmentosa, Glaukom und anderen Retina-assozlerten Degenerationen.

Verfahren nach einem der Anspriiche 17 - 25, dadurch gekennzeichnet, dass das Messen der Impedanz durch
Aufzeichnen der frequenzabhéngigen Impedanzmagnituden und Phasenwinkel vor und nach der Applikation der
Testverbindungen bei mehreren Frequenzen (1 Hz - 100 MHz) durchgefiihrt wird.

Revendications

Dispositif (38) pour mesurer impédance dans un tissu organotypique (35) comprenant au moins une chambre
d’enregistrement (29) dotée d’'une membrane perméable aux liquides (28) supportant le tissu organotypique (35),
d’au moins une électrode inférieure (26) et d’au moins une électrode supérieure (34),

- la membrane perméable aux liquides (28) séparant la chambre d’enregistrement (29) en une chambre supé-
rieure (30) et une chambre inférieure (31), ou
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- la ou les électrodes inférieures (26) sont placées dans la chambre inférieure (31) et la ou les électrodes
supérieures (34) sont placées dans la chambre supétrieure (30), ou

-le tissu organotypique (35) est placé entre la ou les électrodes inférieures (26) etla ou les électrodes supérieures
(84), caractérisé en ce que

- la ou les électrodes supérieures (34) dans la chambre supérieure (30) peuvent étre déplacées dans au moins
deux directions de sorte que celle-ci ou celles-ci puissent &tre mises en contact avec le tissu organotypique
(35) ou avec le milieu de culture (32), ou en étre écartées, et ol

- le tissu organotypique (35) peut &tre mis en culture dans la chambre d’enregistrement.

Dispositif (38) selon la revendication 1, caractérisé en ce que les électrodes (26, 34) sont reliées entre elles par
au moins un multiplexeur (3) et un systéme analyseur d’impédance/gain-phase (2).

Dispositif (38) selon 'une quelconque des revendications précédentes, caractérisé en ce que la membrane per-
méable aux liquides (28) s’étend & travers toute les chambres d’enregistrement (29).

Dispositif (38) selon 'une quelconque des revendications précédentes, caractérisé en ce que la ou les électrodes
inférieures (26) sont supportées sur un substrat (25) dans la partie inférieure de la chambre d’enregistrement (29).

Dispositif (38) selon 'une quelconque des revendications précédentes, caractérisé en ce que les électrodes (26,
34) sont adressables de maniére individuelle.

Dispositif (38) selon I'une quelconque des revendications précédentes, caractérisé en ce que la chambre d’enre-
gistrement (29) est reliée a un systéme automatisé de manipulation de liquides.

Dispositif (38) selon la revendication 6, caractérisé en ce que le systéme de manipulation de liquides peut fournir
une atmosphére humidifiée dans la chambre d’enregistrement (29) ou en ce que le systéme de manipulation de
liquides est placé dans un incubateur a CO,.

Dispositif (38) selon 'une quelconque des revendications précédentes, comprenant en outre un cadre & plusieurs
puits sans partie inférieure (9) contenant 1 a 1000 puits, dans lequel chaque puits définit une chambre d’enregis-
trement (29).

Dispositif (38) selon 'une quelconque des revendications précédentes, caractérisé en ce que le dispositif (38)
comprend un couvercle (36) qui contient une carte de multiplexeur implémentée (8).

Dispositif (38) selon I'une quelconque des revendications précédentes, caractérisé en ce que les électrodes infé-
rieures (26) sont connectées aux plots de connexion (22) via des conducteurs, dans lequel les conducteurs sont
isolés I'un de l'autre par une couche de passivation comprenant du nitrite de silicium, de I'oxyde de silicium, du
polyimide ou des polyméres de viscose.

Dispositif (38) selon I'une quelconque des revendications précédentes, caractérisé en ce que le nombre d’élec-
trodes inférieures (26) dans la chambre d’enregistrement est de 4 a 256.

Dispositif (38) selon 'une quelconque des revendications précédentes, caractérisé en ce que la membrane per-
méable aux liquides (28) contient des pores.

Utilisation d’'un dispositif (38) selon 'une quelconque des revendications 1 a 12 pour mesurer une impédance dans
un tissu organotypique (35).

Utilisation selon la revendication 13, caractérisée en ce que le tissu organotypique est transformé en un tissu
pathologique, et en ce que Iimpédance du tissu organotypique (35) est détectée avant et aprés la transformation

du tissu organotypique non pathologique (35) en tissu pathologique (35).

Utilisation selon la revendication 14, caractérisée en ce que la transformation d’un tissu organotypique non pa-
thologique (35) en un tissu pathologique (35) est effectuée selon les étapes suivantes :

i) lintroduction de génes mutants au moyen de vecteurs bactériens ou viraux,
ii) linactivation de génes associés a des maladies spécifiques, ou
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iii) application d’un traitement & base d’agents chimiques.

Utilisation selon Fune quelconque des revendications 13 a 15, caractérisée en ce que le tissu organotypique
représente une culture surcoupes ou une culture d’explant dérivée de n'importe quelle espéce mammifére, vertébrée
et invertébrée d'individus aux stades embryonnaire, néonatal, postnatal et adulte.

Procédé pour analyser I'effet de composés d’essai sur un tissu organotypique en mesurant 'impédance du tissu
organotypique, comprenant les étapes suivantes :

i) la mise en culture du tissu organotypique dans un milieu de culture pendant la durée de 'analyse ;
i) la mise en contact du tissu organotypique avec le composé d’essai ;

i) éventuellement, la mesure de I'impédance du tissu organotypique avant I'étape (ii) ;
iv) la mesure de I'impédance du tissu organotypique au moins une fois aprés I'étape (ii), dans lequel

o

- 'impédance est mesurée en utilisant au moins une électrode sur chacun des deux cbtés opposés du tissu
organotypique,

- les électrodes sont mises en contact avec le milieu de culture ou avec le tissu au cours de la mesure
d’impédance, et

- l'impédance est mesurée en utilisant un dispositif selon 'une quelconque des revendications 1 & 12.

Procédé selon la revendication 17, caractérisé en ce que le laps de temps écoulé entre la premiére mesure
d’impédance avant la mise en contact du tissu organotypique avec le composé d’essai et la derniére mesure du
tissu organotypique traité avec le composé d’essai, est d’au moins 1 semaine.

Procédé selon la revendication 17 ou 18, caractérisé en ce que les mesures d'impédance du tissu organotypique
sont effectuées de maniére continue.

Procédé selon 'une quelcongue des revendications 17 a 19, caractérisé en ce que le tissu organotypique est le
tissu organotypique tel que défini dans la revendication 16.

Procédé selon I'une quelconque des revendications 17 a 20, caractérisé en ce que le tissu organotypique est
transformé en tissu pathologique par le biais de 'une des étapes définies dans la revendication 15.

Procédé selon la revendication 21, caractérisé en ce que I'impédance du tissu organotypique (35) est mesurée
avant et aprés la transformation du tissu organotypique non pathologique (35) en tissu pathologique (35), de méme
gu'avant et aprés la mise en contact du tissu organotypique avec le composé d’essai.

Procédé selon I'une quelconque des revendications 17 & 19, caractérisé en ce que le tissu organotypique utilisé
pour mesurer 'impédance est un tissu non pathologique et est traité avec des composés d’essai dans le but de
tester la toxicité des composés d’essal.

Procédé selon I'une quelconque des revendications 17 a 23, caractérisé en ce que 'enregistrement est effectué
sous forme d’enregistrement d'impédance par contact indirect transitoire des électrodes (TIECIR), d’enregistrement
d’impédance par contact indirect permanent des électrodes (PIECIR) ou d’enregistrement d'impédance par contact
direct transitoire des électrodes (TDECIR).

Procédé selon I'une quelconque des revendications 17 a 20, caractérisé en ce que le tissu organotypique est
obtenu a partir d’animaux transgéniques portant une mutation induisant des propriétés de maladies neurodégéné-
ratives choisies dans le groupe constitués de la maladie d’Alzheimer, de la maladie de Parkinson, de la maladie de
Huntington, de la sclérose latérale amyotrophique, de maladies & prions, de la maladie de Pick, de la démence
fronto-temporelle, de la paralysie nucléaire progressive, de la dégénérescence cortico-basale, de I'atrophie multi-
systématisée, d'une altération cognitive légére, d'un ictus ischémique, de la sclérose en plaques, de maladies du
motoneurone, de la lésion et de la réparation nerveuse, de dégénérescences maculaires liées a 'age, d’une dys-
trophie & cdnes prédominants, d’une dystrophie a batonnets prédominants, d’une rétinite pigmentaire, du glaucome
et d’autres dégénérescences associées a la rétine.

Procédé selon 'une quelconque des revendications 17 a 25, caractérisé en ce que la mesure de 'impédance est
effectuée en enregistrant les amplitudes d’'impédances dépendantes de la fréquence et les angles de phase, avant
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et aprés I'application de composés d’essai, a de multiples fréquences (1 Hz a 100 MHz).
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Figure 2
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