Engineering cell derived matrices production in microfluidic chip

Almici E-4, Sierra Agudelo 32, Montero 1, Alcaraz J-34 Samitier J.%°

L nstitute for Bioengineering of Catalonia (IBEC), Barcelona Institute of Science and Technolog{p&pksTjient of Electronics and Biomedical
Engineering, University of Barcelona, Barcelona, Sphinit of Biophysics and Bioengineering, Department of Biomedicine, School of Medicine
and Health Sciences, University of Barcelona, Barcelona, S@aintro ddnvestigaciorBiomédicaen Red deEnfermedadefespiratorias
(CIBERES), Instituto 8eludCarlos I, Madrid, SpainlNetworking Biomedical Research Center on Bioengineering, Biomaterials and

Nanomedicine (CIBEBBN), Madrid, Spain.

Introduction Numerousefforts have beendeployedto developsimple,costeffective and tunable materialsthat canreplicatein vitro the high structural

and molecularcomplexityof the natural ECMand its pathologicalpresentation(for example tumor-associateatollagensignaturesAm. J Pathol 2011).

Aim Engineematural cellderivedmatrices(CDM)astunable 3D ECMmodelin microfluidicchip.
Methods SacrificiaNIH3T3 fibroblastsare seededat high confluenceon top of PDMSguidingtemplates(arraysof micrometricridges)to engineerCDM

growth (figure AandB). Fiberrecognitionalgorithm C FFIREs employedto measuresinglefiber metric anddistribution.

A. Cell derived matrix production
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In parallel,we developeda microfluidicapproach(figure C)usinga syringepump which allowsto minimizeinter-uservariability,control the
shearstressto preservethe eCDMfibers and limit the drawbacksof conventionalculture systemson the exploitation of CDM A simple
commercialmicroscopyslide equippedwith singleor multiple microfluidicchannelas employedto produceCDMon chip. After culture for
8 days,a mild alcalinebuffer (Nat. Prot 2017) is perfusedat 1 dyr/cm? for 1 min and incubatedfor 1 min, followed by extensivewashing
with PBS

ResultsWe apply engineeringapproacheso control cell derived matrices(namedengineeredcellderived matrix, eCDM)depositionas
aligned,ordered and randomfibers (figure B), mimickingnative pathophysiologicastroma Controlleddecellularizationon chip generates
cell free structuresrich in collagenand fioronectin (figure A and C) Usingmultiphoton excitation,we alsocharacterizeeCDMcollagenous
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B. Engineering CDM
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A. NIH3T3 fibroblastsare depositedon micro-structuredPDMS
stampsto aligntheir cytoskeletonand guideeCDMdeposition

On the left, response of fibroblasts to different lines
arrangementsNucleiin blu, Factinin green,Fibronectinin red.

On the right, comparisonof alignment calculatedby CFFire,
representedad meant sem N=6, p<0.05. Scale20 um.

structure without prior fixation or labelling by secondharmonic generation microscopy(SHG) Finally, the liberated matrices can be
repopulatedwith target cells(figureD),whichare accessibléo awide rangeof microscopyassaysiueto eCDMthicknessof 10+ 0.95 um.
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D. CDM as 3D biomimetic niche
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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) Fibronectinin green, Factin in red and
nucleiin blu. Scaldars 10 um, 5 um, 50 pum.

ConclusionaNe proposean approachablgechniqueto obtain in vitro ECMmodelsof complexcomposition,high biomimicryand tunable
geometry,which elicit a native-like responsen culturedtarget cells Furthermore,we showthat eCDMprovide a platform readyfor a wide
variety of microscopytechniquesfocusedon cellFECMinteraction,overcomingssuesof conventional3D models
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