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Summary
In this application note, the differential impact of the chemical and structural components of the Extracellular
Matrix (ECM) was investigated and compared to the structure and organization of HeLa cells. Morphology
was assessed for cells cultured on micropatterned Fibronectin (FN) protein arrays formed on nanotopo-
graphical features. Through this approach, the delineation of the role and importance of each of these extra-
cellular cues in directing cell organization was accomplished. Spatial patterning of ECM proteins has been
repeatedly demonstrated to closely control cell and tissue shape and intracellular organization[1, 2, 3, 4, 5].
When FN patterns are formed in the presence of nanoscale physical features, cells will preferentially align
to the orientation of the mechanical cues, while the specific transmembrane proteins that involved in cell
adhesion will organize based on the FN patterns.

Introduction
Cells use structural and chemical cues from their environment to drive a number of important processes.
Studies show that the extracellular matrix (ECM) plays a critical role in the differentiation, development,
and function of various cell types. In response to this, cell biologists and bioengineers have developed new
tools — primarily adapted from the microelectronics industry — to better understand the role that these
cues play in controlling and directing cell function and signaling. It has been demonstrated that nanoscale
topographical features in the local environment of the cell can influence processes such as morphology,
alignment, adhesion, migration, proliferation, and cytoskeleton organization. Additionally, factors such as
size, orientation, geometry, and physicochemical properties of the cell microenvironment all contribute to
biological function.

Attempts to replicate the geometric structure of the ECM have been accomplished using a variety of tech-
niques. Early strategies utilized mechanical damage or scoring the surfaces of cell culture plates to in-
duce cell and tissue alignment[6]. More sophisticated techniques involved the use of oriented electrospun
fibers[7, 8, 9] and direct microcontact printing of ECM proteins. These techniques trade complexity, repro-
ducibility, and precision with ease-of-use and practicality. While some of these techniques offer highly
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precise ECM proteins patterning down to a few nanometers, they often rely on complex micro – and nanofab-
rication techniques that require the use of expensive equipment in a cleanroom laboratory. Furthermore, the
complexity and prolonged timeline of these approaches makes experimental iteration difficult and even eco-
nomically unfeasible for many researchers.

Findings

aźŮǨǌŕ Ȣə Üßn¬¹ ǿŕǌǔĩǠźƐŕ ƙĩǔƍƐŕǔǔ ǉŵƦǠƦǉĩǠǠŕǌƛźƛŮɗ ɧ ɨ
Üßn¬¹ ǔȆǔǠŕƙ źƛǔǠĩƐƐŕŎ Ʀƛ ĩƛ źƛǿŕǌǠŕŎ ƙźŇǌƦǔŇƦǉŕɘ ĩƛŎ
ŇƦƙǉƐŕƙŕƛǠĩǌȆ ǉǌƦŎǨŇǠǔ ŎŕǿŕƐƦǉŕŎ ņȆ ƐǿŖƦƐŕɘ Ü¢ÜÜ ĩƛŎ
¢I¹® ßA¹ɗ ɧ9ɨ  ŕȆ ǔǠŕǉǔ Ʀŭ Ǡŵŕ ƙźŇǌƦǉĩǠǠŕǌƛźƛŮ ǉǌƦŇŕǔǔ
ǨǔźƛŮ Üßn¬¹ ƦǉǠźŇĩƐ ǔȆǔǠŕƙɘ ¢I¹® ßA¹ ǔƦŭǠȀĩǌŕ ĩƛŎ Ǡŵŕ
Ü¢ÜÜ ǉŵƦǠƦɭźƛźǠźĩǠƦǌɘ ŭƦƐƐƦȀŕŎ ņȆ ŇŕƐƐ ǔŕŕŎźƛŮɗ

Recent innovations in UV-sensitive chemistry and mi-
croscopy have enabled a new method which combines
the high-precision and reproducibility of lithography tech-
niques with the ease-of-use and accessibility of mi-
croscopy approaches to control the geometrical organiza-
tion of ECM proteins. Based on the LIMAP technology[10],
the PRIMO maskless photopatterning system (Fig.1A)
from Alvéole (Paris, France) enables researchers to design
and fabricate new ECM proteins geometries (micropat-
terns) in a matter of minutes using a bench-top, optical-
microscopy based instrument. Under the control of the
LEONARDO software, PRIMO allows one to project any
UV images (l=375 nm) through the objective of an in-
vertedmicroscope onto the substrate of interest. The com-
bined action of the structured light and a photoactivatable
reagent (PLPP) degrades the anti-fouling coating (Fig.1B,
top right) allowing for the biomolecule of interest to be ad-
sorbed specifically where UV light was projected (Fig.1B,
bottom left) and the subsequent cell adhesion.

In addition to controlling the spatial pattern of the ECM,
the physical shape of the cell’s microenvironment plays
an important role in directing cell and tissue organiza-
tion. Many of the previously reported approaches are in-
compatible with other techniques like optical microscopy. NanoSurface Plates from Curi Bio (Seattle, USA)
provides a precise nanotopography while maintaining compatibility with standard laboratory techniques
(Fig.2A). The nanopatterned culture surface topography (Fig.2B) closely mimics the fibrillar structure of the
ECM (Fig.2C). As adherent cells attach to the surface, small membrane invaginations in the scale of a focal
adhesion form on the grooved surface (Fig.2D). This structural patterning drives higher-order cytoskeletal
and tissue structure similar to what is seen is native tissue but is typically absent in cells grown on traditional
glass and plastic cultureware, (Fig.2E) promoting the development of more physiologically relevant structural
and functional phenotypes[11].
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aźŮǨǌŕ ȣə çǠǌǨŇǠǨǌĩƐ źƙǉĩŇǠ Ʀŭ ƛĩƛƦǠƦǉƦŮǌĩǉŵźŇĩƐ ǉĩǠǠŕǌƛŕŎ ǔǨņǔǠǌĩǠŕǔɗ ɧ ɨ ôŵŕ ȪȧɭȀŕƐƐ ǉƐĩǠŕ ŭŕĩǠǨǌŕǔ ĩ ŮƐĩǔǔ ņƦǠǠƦƙ ȀźǠŵ
ƛĩƛƦǉĩǠǠŕǌƛŕŎ ǔǨǌŭĩŇŕ ǠƦǉƦŮǌĩǉŵȆɗ ɧ9ɨ çŇĩƛƛźƛŮ IƐŕŇǠǌƦƛ ¬źŇǌƦǔŇƦǉȆ źƙĩŮŕ Ʀŭ Ǡŵŕ ŇǨƐǠǨǌŕ ǔǨǌŭĩŇŕ ǔŵƦȀǔ Ǡŵŕ ŵźŮŵƐȆǉǌŕŇźǔŕ ĩƛŎ
ĩŇŇǨǌĩǠŕ ƛĩƛƦǔŇĩƐŕ ŭŕĩǠǨǌŕǔ ǠŵĩǠ ĩǌŕ ǨǔŕŎ ǠƦ ƙźƙźŇ Ǡŵŕ ƛĩǠźǿŕ ŕȅǠǌĩŇŕƐƐǨƐĩǌ ƙĩǠǌźȅɗ ɧ:ɨ ôŵŕ ĩƐźŮƛŕŎ ĩǌŇŵźǠŕŇǠǨǌŕ Ʀŭ Ǡŵŕ ǨƛŎŕǌƐȆźƛŮ
ƙĩǠǌźȅ Ʀŭ Ǡŵŕ ƛĩǠźǿŕ ƙȆƦŇĩǌŎźǨƙɗ ɧAɨ çƙĩƐƐ ƙŕƙņǌĩƛŕ źƛǿĩŮźƛĩǠźƦƛǔ źƛ Ǡŵŕ ǔŇĩƐŕ Ʀŭ ŭƦŇĩƐ ĩŎŵŕǔźƦƛǔ ŭƦǌƙ Ʀƛ Ǡŵŕ ŮǌƦƦǿŕŎ ǔǨǌŭĩŇŕ
ŭƦƐƐƦȀźƛŮ ŇŕƐƐ ĩŎŵŕǔźƦƛ Ʀƛ Ǡŵŕ ǔǨņǔǠǌĩǠŕɗ ɧIɨ iŕĩǌǠ ŇŕƐƐǔ ŇǨƐǠǨǌŕŎ Ʀƛ ®ĩƛƦçǨǌŭĩŇŕ ÜƐĩǠŕǔ ŎŕƙƦƛǔǠǌĩǠŕ ŕƛŵĩƛŇŕŎ ǔǠǌǨŇǠǨǌĩƐ ĩƛŎ ǉŵŕɭ
ƛƦǠȆǉźŇ ŎŕǿŕƐƦǉƙŕƛǠɗ

To assess the relative effects of ECM protein micropatterning and nanopatterned structural surfaces on cell
orientation, stripes of Cy3-conjugated FN were micropatterned with the PRIMO system onto NanoSurface
Plates. Protein stripes were arrayed both along and perpendicular to the direction of the nanotopography
(Fig. 3). In the absence of structural cues, cells cultured on FN patterns preferentially oriented along the length
of the ECM stripe and were constrained to areas of patterned proteins with little to no growth on ‘bare’ areas
between ECM-coated areas. Similarly, cells grown on nanopatterned surfaces aligned along the length of the
groove pattern. In this experiment, both techniques (ECM protein micropatterning and surface nanopattern-
ing) were combined and their relative contributions to cellular organization were measured.

HeLa cells were seeded onto these specially-prepared surfaces and allowed to adhere for 3 hours. After
incubation, cells were fixed in 4% paraformaldehyde with a permeabilizing agent. Actin cytoskeleton was
visualized using a fluorescently taggedphalloidin. Focal adhesionswere stained using anti-integrin-b1staining
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