High-Content Assay for Morphological Characterization of Neuronal
Development in 3D Matrix Using Human IPSC-Derived Neuronal Cultures
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INTRODUCTION

Developmentof more complex, biologicallyrelevant, and predictive cellbased
assaydor compoundscreeningis one of the main challengesn drug discovery
Therelis an increasinginterest in usingthree-dimensional(3D) culturesfor assay
development and translational biology 3D cultures are believed to have the
advantageof closelyrecapitulatingaspectsof the human tissuesincluding the
architecture, cell organization, cellcell and cellmatrix interactions, and more
physiologicallyelevantdiffusioncharacteristics

Hydrogelsare widelyusedasan artificial extracellulamatrixto grow neuralcellsin
a 3D environment Thefully synthetichydrogelsnvere developedpre-castedin a 96-
well plate featuring an in-depth surfacedensitygradientpromoting the infiltration
In 3D of cells depositedon the hydrogel surface (3DProSee® hydrogels) This
platform offershighsimplicityof useandhighcompatibilityto automation

Humaninducedpluripotent stem cells(iPSCilerivedneuronsare increasinglyused
for the developmentof physiologicakell models their human origin, prolonged

viability in culture and availability high volumes makes them advantageous

comparedo primarycellandanimalmodelsfor neurosciencapplications

GOAL

The focus of the present study was to develop a highthroughput 3D neurite
outgrowth assayusingiPS&lerivedneuronsdevelopingn the hydrogelmatrix, with
the long term goal of establishing automationrcompatible 3D models for
neurodegenerativandneurotoxicologyscreens

METHODS

A ImageXpre€Micro Confocal HiglEontent
ImagingSystem
U Equippedvith Widefield and Confocal
(60mm pinhole) Optics
A MetaXpres8HighContent Image Acquisition
and AnalysiSoftware

ASSADEVELOPMENT

A Cellsusedfor the assaywere CNSIU™ (AxiogenesidG),aniPS@erivedcell mix
comprisedof neurons(glutamatergicdopaminergicand GABAergicaswell as
astrocytes

A 3DProSee® 96-well plate provided by EcticaTechnologiesThe plate contains
pre-castedfully syntheticPEGasedhydrogels Thehydrogelfeature an in-depth
surface density gradient promoting the infiltration in 3D of neurites and
establishmentof a 3D network Thishydrogelplatform offers high simplicity of
useandhighcompatibilityto automation(Simoneet al. andZhanget al.).

A CNSAU cellswere culturedfor up to 14 daysin 3DProSeedhydrogel Cellswere
plated at 40,000 neurons/well,in 200> [media Seedinglensitycanbe varied
Medium compositionincluded50:50 mix of neurobasaimedia+ DMEM/HA.2 +
supplementgAxiogenesidG)

A Cellswere settled first on the surfaceof hydrogelsand then penetratedinside
the hydrogel Neuriteoutgrowth startedto form ~24h after platingandextended
over 14 daysin culture. Formationof neurite networkswasmonitoredovertime
usingtransmittedlight andconfocalimaging

For the end-point measurementscells were fixed using 4% formaldehyde,then
permeabilizedvith 0.01%of Triton X-100 and stainedusingfluorophoreconjugated
antibodiesagainstTudl neuronalmarker,plusHoechsinuclearstain

1. Simonda.R. et alBiomaterSci., 3:58%91, 2015.
2. ZhandN. & Milleret V., SLAS Discovery, accepted, 2017.
3. Sirenkeet al., Assay and Drug Dev Technologiesl2(®$3647

P —

£
=
£
5
e
o
o

t

Neur

S 30,000 -

RESULT®&henotypicAnalysisof 3D Cultures

Highcontent imagingand analysiswere usedfor evaluationof neuronalnetworks We
optimized cell culture and staining,and also developedconfocalimagingand analysis
protocols for assessingnorphologyand viability of neuronsin 3D matrix A seriesof
Imageswere acquiredat different planesalongthe focalaxis(Z-stack)usinglmageXpress
Micro ConfocalHigh-Content ImagingSystem(Molecular Devices,Sunnyvale CA),with
10X or 4X objectives A stack of 11-33 planesseparatedby 5-10 um was acquired,
coveringapproximatelyl 00-300 pum in depth. All individualimageswere savedand used
for 3D analysisaswell as2D projection(MaximumProjectionor BestFocus)mages

Confocal Images, Z-stack, 30 um apart

Figurel. CNSIU cellswere seededon 3DProSeednd imagedat 14 daysin confocalmode
Nuclelare stainedwith Hoechst(red) andtubulin ¢Tud1 (green) Fourpanelsrepresentdifferent
focalplanesin the gel Neuritenetworksextendseverahundredmicrometersnto the hydrogel

Automaticquantitative analysisvasdone using2 methods analysisof projectionimage
(2D) or 3D analysis 2D maximum projection imageswere analyzedusing a neurite
outgrowth algorithm Phenotypicread-outs includedquantitative characterizatiorof the
extent and complexityof neural networksby multiplexedread-outs includingmeasuring
neurite outgrowth, number of processesand branches,as well as cell number and
viability Analysi®f projectionimageis fasterandallowsa goodquantitation
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Figure2. CNSIU cellswere seededon 3DProSeedt different seedingdensities(5,000-80,000
cells/gel) Cellswere kept in culture for 14 daysand imagingwas performedusinglmageXpress
Micro Confocabystem Imagingn 3D (Zstackingwasperformedand maximumprojectionswere
used for analysis Analysisallowed to automaticallymeasurecell number, neurite outgrowth
(length of neurites),as well as the number of processesand branches Top panel represents
transmittedlight projectionimagesand overlayinganalysisnasksfor neuronaldetection Graphs
demonstrate dependenciesof various measurementsfrom the number of plated neurons
Averagedrom triplicatewells

Analysissoftwareallowscombiningobjectsfrom different planesand 3D visualizatiorof
cellsand networks CustomModule wasusedto defined ¥ A &fds oliEgwth and cell
nuclel Objectswere first found in each plane and then connectedin 3D spaceusing
a O2 v PyDestiy | (i Gukation 3D analysistypically takes longer, but allows better
resolutionandquantitationof objectsin the volume(includingoverlappingobjects)
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Figure3. Left 3D visualizationof cells and networksin hydrogelby MetaXpresssoftware 3D
visualizatiorshowscell nuclei(pseudocolorefiland Tudl positiveneuritesand cell bodies(red).
Middle: Analysisnasksfor & ¥ A a&fingHig the individualplane 3D analysisvasperformedto
define the number of fibers (neurites) per well, total volume of fibers (neurites),number of
branching points, and number of cells (nuclei) Graphs demonstrate dependencies of
measurement$rom the numberof platedneurons(triplicates.

Neurotoxicity Assayin 3D Hydrogels

Phenotypic readouts included guantitative characterization of the extent and
complexity of neural networks by multiplexed readouts. We evaluated assay
reproduciblility, characterized multiple measurements, and tested a series of
compoundghat are knownneurotoxicants Two methodsfor analysisvere compared
analysisof projection imagesusing standard neurite outgrowth algorithm and 3D
analysisisingcustommoduledefiningfibers,branchesandnuclel
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Figure4. At 72h postseedingthree compoundswith known neurotoxic effect were
addedto the neuronalculturesat different concentrationgangingfrom 0 to 10 uM.
Toppanel Inhibitory effect of compoundon neuronaldevelopment Cellswere stained
andimagedasdescribedabove

Upper graph 2D compressedmages(maximumprojections)were usedfor analysis
The neurite outgrowth, number of cells, processesand brancheswere measured
Concentratiorresponsecurvesare shownfor neurite outgrowth: methylmercury(red,
IG,, 5nM), dieldrin (blue, IG, 170nM), and rotenone (green, IG, 220nM). The IG,,
valueswere comparablewith 3D analysis(Lower Graph)and results were obtained
usingstandard2D neuronalcellcultures(Sirenkcet al).

Lowergraph Resultsof 3D analysisThenumber of neurites(fibers),volumeof fibers
(neurites),branchingpoints, and total cell numberswere measured Concentration
responsecurvesshownfor total volume of neurites(nmm3): methyl mercury(red, IG,
2nM), dieldrin(blue,IG,170nM), androtenone(green,|G,, 750nM).

Summary

Using3DProSeed hydrogelsfor 3D culture of iPS@erived CNSAU™ neural
cellsand confocalhigh-content imaging,we have developeda guantitative
hightthroughput assay which enables assessmentof the viability and
morphologicathangesn 3D neuronalcultures

Higherresolutionand multi-parametricanalysisallowsneurite and singlecell
countingand statisticallycharacterizesieurite developmentand branchingin
3D. 2D and 3D analysisenable characterizationof neuronal networks and
providequantitativemeasurementshat canbe usedto definelG,, valuesand
comparetoxicitiesof variouscompounds
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