Recapitulating the Architecture of Cells of Interest Using Cell-Derived, Biomimetic Patterning
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Statement of Purpose

Micropatterns that regulateell shape ospreading have
providedmuchinsight intotensionmediaed control over
cell fate. All of the patternsimplemented have been
derived from Bnple shapes (circles, squares, triangles,
etc.). Although these simpleatternsallow for control
over cellular tensionthey do not provide a means to
recapitulate the cellular architecture tension statef a
specificcell of interest (COIl). To addreshs limitation

we developed Imag€uided Laser Scanning
Lithography (IGLSL) to fabicate cell-derived,
biomimetic pattera. Two pattern configurationsvere
derived from each COI: one consisted otantinuous
patternderived fromeachCOI's morphology(insets in
Fig. 1eh) and the other a discontinuoesnfiguration
composed ofmany subcellularsized patterns derived
from an image oéachCOl’s adhesionginsets in Fig. ki

). Cells cultured orboth pattern configurationdisplayed

an architecture (morphology, adhesive state, cytoskeletal
organiation, and nuclear properties) that quantitatively
recapitulatedthe COls thatdefined the patternsSlight
modifications to pattern design allowed for suppression of
userchosengspecific actinstress fibers and modulation of
adhesion site dynamics. Thiapproach to patterning
provides a strategyto decouple the influences of
cytoskeletal  structure, adhesion dynamics, and
intracellular tension on mechanotransductigmocesses
andpotentiallythe ability torecapitulatehe adhesion site
signaling statendphenotypeof userchosenCOls

Methods

Human umbilical vein endothelial cells (HUVECSs) were
cultured on fibronectin (FN) functionalizedglass
coverslips for 16 hr, fixed, immunolabeleahd imaged.
Four COls were choseand their adhesion sitegred in
Fig. 1a-d) or morphologywere usedo create adhesion
(insets in Fig. itl) or morphologyderived(insets in Fig.
leh) patterrs. The COl images wereprocessedin
MATLAB to approximate thénage features asraosaic

of quadrilaterals The quadrilateral coordinates were
exported as an overlay filem define regions of interest
where an oligo(ethyleneglycol) (OEG) terminated seif
assembled monayer was thermally desorbed from a
platinum coated glass coverslip by raster scanning a 532
nm laser focused through a 63X(NA1.4) oil immersion
objective operating at ~8.08 nJ/gimmsing a Zeiss 5Live
confocal microscop&® The patterned surfaces were
functionalizedwith FN and HUVECs werecultured on
the surfaces for 16 hfixed, fluorescently immunolabled
and imaged.

Results
Implementing a multhetric hierarchical clustering
analysis v demonstrate thaiUVECSs cultured on both

cell-derived pattern configurations formedxh cellular
architecture (morphology, adhesive state, cytoskeletal
organkation, and nuclear propertief)at quantitatively
recapitulatedthe COlused to definghe patternsWhile
both patternconfigurations induce similaarchitectures
the adhesiowmerived patternallowed for direct control
over adhesionsite placement and growind inducd a
more static adhesive statdgth an average adhesiite
lifetime of 26 min comparedo only 13 min forcells on
morphologyderived patternas determined viime-lapse
imaging of GFPtalin. Additionally, since IGLSL utilizes
digital, virtual masks rather than physical masters
required for most patterning tedgneswe demonstrate
the ability to suppresthe formation of specific, user
chosen actinstress fibers usingon the fly pattern
modifications
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Fig. 1. Recapitulating the Cellular Architecture of COls
Using Cdl-Derived, Biomimetic Patterns. (a-d) COls were
immunolabeled for vinculin(red) and actin (green) anc
counterstaind with DAPI (blue). (eh) Cells cultured ol
patterns derived from the morphology (i-I) adhesion sites
COls adopt a cellular architecture ttmaimicked the COlstha
defined the patternged) Insets display the pattern. The nun
in the top right of each image indicates the numtifecells
imaged and overlaid to create tteverage c€llimage.

Conclusions

We demonstrated the ability tabricatehigh resolution,
singlecell biomimetic patterns derived from the
morphologyor adhesion sites of usehosen COls and
that ability to induce cells to adopt an architecture that
guantitatively resembled the COI that defined the
patterns. This approach to patternowuld potentially be
used to recapitulate the adhesion site tension and
signaling state of COls in order to control cell phepety
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