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Introduction Numerousefforts havebeendeployedto developsimple,cost-effectiveand tunablematerialsthat canreplicatein vitro the high structural
andmolecularcomplexityof the naturalECMandits pathologicalpresentation(for example,tumor-associatedcollagensignatures,Am. J. Pathol. 2011).

Aim Engineernaturalcell-derivedmatrices(CDM)astunable3DECMmodelin microfluidicchip.
Methods SacrificialNIH3T3 fibroblastsare seededat high confluenceon top of PDMSguidingtemplates(arraysof micrometricridges)to engineerCDM
growth (figureAandB). FiberrecognitionalgorithmCT-FIREisemployedto measuresinglefiber metricanddistribution.
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A. Cell derived matrix production

B. Engineering CDM
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D. CDM as 3D biomimetic niche

D. On the left, Neuroblastoma cell line
interacting with CDMs. Cells display several
morphologies characteristic of 3D
environments,comparedto the right, depicting
cells spreadon 2D surfacesof fibronectin (flat
FN). Fibronectin in green, F-actin in red and
nucleiin blu. Scalebars: 10µm, 5 µm, 50µm.

A. NIH3T3 fibroblastsare depositedon micro-structuredPDMS
stampsto align their cytoskeletonand guideeCDMdeposition.
On the left, response of fibroblasts to different lines
arrangements. Nucleiin blu, F-actin in green,Fibronectinin red.
On the right, comparisonof alignment calculatedby CT-Fire,
representedadmean± sem, N=6, p<0.05. Scale20µm.

A. From left, PDMSmicropatterns of
lines and sawtooth geometries; cells in
culture following the patterns; a 3D
reconstructedAFMscanof micrometric
ridges; characterization of
decellularization efficacy. First step
consists of treatment with alkaline-
surfactantbuffer andsecondof DNaseI
incubation. On the right, eCDM
collagenous structure obtained with
SHG microscopy and in multicolor,
fibers recognized by the image
processing tool CT-Fire. Scale bars
respectively: 20µm, 200µm,100µm.

ConclusionsWe proposean approachabletechniqueto obtain in vitro ECMmodelsof complexcomposition,high biomimicryand tunable
geometry,which elicit a native-like responsein cultured target cells. Furthermore,we showthat eCDMprovidea platform readyfor a wide
varietyof microscopytechniquesfocusedon cell-ECMinteraction,overcomingissuesof conventional3Dmodels.

SHSY5Y on 3T3 CDM
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In parallel,we developeda microfluidicapproach(figureC)usinga syringepumpwhichallowsto minimizeinter-uservariability,control the
shearstressto preservethe eCDMfibers and limit the drawbacksof conventionalculture systemson the exploitationof CDM. A simple
commercialmicroscopyslideequippedwith singleor multiple microfluidicchannelsis employedto produceCDMon chip. After culture for
8 days,a mild alcalinebuffer (Nat. Prot. 2017) is perfusedat 1 dyn/cm2 for 1 min and incubatedfor 1 min, followed by extensivewashing
with PBS.

ResultsWe apply engineeringapproachesto control cell derivedmatrices(namedengineeredcell-derivedmatrix, eCDM)depositionas
aligned,orderedand randomfibers (figureB),mimickingnativepathophysiologicalstroma. Controlleddecellularizationon chip generates
cell free structuresrich in collagenand fibronectin (figureA and C). Usingmultiphoton excitation,we alsocharacterizeeCDMcollagenous
structure without prior fixation or labelling by secondharmonic generation microscopy(SHG). Finally, the liberated matrices can be
repopulatedwith targetcells(figureD),whichareaccessibleto a wide rangeof microscopyassaysdueto eCDMthicknessof 10± 0.95µm.

Fibronectin Fibrils Alignment (CTFIRE)

C. CDM decellularization  on chip

C. On the left, commercial
microfluidicset-up, employed
for the experiments (Ibidi).
On the right, immunostaining
and DICimagesshowing the
process. Confocal laser
scanning microscopy images
are obtained as maximum
projection of 20 z-stacks(10
µm). Scalebar50µm.
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SHSY5Y on flat FN
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