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An approach for complex cell patterning, using laser printing, is
described allowing essentially any cellular image or pattern to be
rapidly fabricated.
Cellular patterning is used in various guises to control,
modulate or understand the behaviour of cells on surfaces.1
For example, cell shape has been controlled using an anisotropic solid micro-etching procedure that allowed delicate
cellular patterning and analysis of microtubule dynamics;2
the orientation of the division axis of cells has been found to
be correlated to the spatial distribution of adhesive micropatterns of patterned extracellular matrix;3 apoptosis of
endothelial cells can be controlled by varying the size of
adhesive islands micro-patterned on gold surfaces,4 while stem
cell diﬀerentiation can be modulated through a variety of
surface patterning techniques.5,6
The major strategy for cellular patterning involves the
printing of ‘inks’ (for example polyethylene glycol,7 poly-lysine,8
alkanethiols9 or proteins2) into domains which then control
cellular adhesion.10 This generic approach includes the use of
soft elastomeric stamps (with patterns designed in PMDS) and
the transfer of cellular binding materials (e.g. ﬁbronectin) onto
substrates to give highly deﬁned patterns,11 or the use of
photolithography, which through the use of masking generates
the necessary patterns.12 More exotic approaches include
techniques such as dip-pen nanolithography13 which rely on
an AFM tip to deliver cell binding materials to speciﬁc
positions on a surface, while inkjet and contact printers have
also been used to print macromolecules on substrates, which
subsequently direct cell binding.14,15
Heat-transfer printing is a popular technique for printing
images onto a variety of substrates. Recently this method has
been applied to the preparation of microelectronic devices
using an elastomeric stamp to transfer semiconductor materials
onto substrates to form the required microdevice.16 Here we
report a heat-transfer printing approach for fabricating
surfaces, via laser printing, which enables the patterning of
mammalian cells, in any desired conﬁguration on a 2D surface
(e.g. glass or polystyrene) with the ability to print single lines
of cells.
This was achieved by printing at 600 dpi (although higher
resolution printers are now readily available) whatever image
or pattern desired, onto PET (polyethylene terephthalate)
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laser printer transparencies using an oﬃce-based laser printer
(see Fig. 1), with all the patterns printed as mirror images.z
The PET transparencies were placed face down onto the
receiving substrate (typically a microscope glass slide) and
heated at 175 1C for 2 min while ensuring good thermal
contact between the ﬁlm and the glass slide. The PET
ﬁlm was removed to leave behind a patterned slide, which
was annealed for 10 min at 200 1C (Fig. S1 (ESIw) shows
the diﬀerences between the printed images before and after
annealing).
To demonstrate the ﬂexibility of this approach, images
were printed and transferred onto glass slides followed by
incubation with HeLa or mES cells (mouse embryonic stem
cells), and showed that the toner restricted cells to unmasked
areas on the substrate (Fig. 1).
Analysis (Fig. 1C and D) showed cellular attachment and
proliferation only within patterned areas, while the resolution
of the approach allowed single letters (0.8 mm  0.8 mm) to be
clearly ‘‘written in cells’’ with 30 mm features clearly observable
(Fig. 2 and 3).
Thin lines (25 mm) with a thickness of a single cell (Fig. 4A
and B) could also be fabricated allowing single cells to grow

Fig. 1 Cellular patterning via laser printing. (A) A mirror image of a
clock face laser printed using a yellow toner (image 26 mm  26 mm,
600 dpi). (B) Scheme of heat-transfer printing from PET onto a glass
slide. (C) An image of mouse embryonic stem (mES) cells patterned as
a clock face on a glass side. Scale bar: 10 mm. (D) A bright ﬁeld image
of the number ‘6’ from the clock face ‘‘written’’ in mES cells. Scale bar:
1 mm.
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Fig. 2 HeLa cell patterning of the word ‘chem commun’ with
enlarged letters ‘h’ and ‘e’.

Fig. 3 Hela cell patterning on a 2 cm x 5 cm substrate.

and spread along the direction of the masked substrate.
It was also found that the thickness of the polymer line
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printed increased during the heat-transfer process because of
the applied pressure, resulting in narrower lines of cells
(Fig. S2, ESIw).
The approach is highly ﬂexible as shown in Fig. 5 (and
Fig. S3, ESIw), with numerous images printed, ranging from
squares and circles to grids and tiles.
To explain why the toners prevented cell attachment and
proliferation the four color toners (i.e. yellow, magenta, cyan
and black, HP Color LaserJet) were printed onto coverslips
using the heat-transfer printing approach. The surface of the
toner coated coverslips were much more hydrophobic (contact
angle 41001) compared to an untreated coverslip (B631)
(Table S1, ESIw). Attempts to culture cells on the toner coated
coverslips resulted predominantly in dead cells (see ESIw) in
stark contrast to blank coverslips (see Fig. 5). One reason for
this is perhaps due to the observation (by FTIR) that the
toner surface poorly binds protein from the cellular media
(Fig. S4 and S5, ESIw), and the toner coated surface is
essentially cytophobic/toxic.

Fig. 4 High-ﬁdelity cellular patterning. (A) and (B) Bright light and
ﬂuorescent images, respectively, of lines of patterned HeLa cells. Scale
bars: 270 mm. Lines were laser printed onto the PET transparencies
with widths of 35 mm, 85 mm and 350 mm prior to heat-transfer
printing onto glass slides. Scale bars: 270 mm. (C) and (E) Heattransfer printed patterns on glass slides (insets: the laser printed
pattern on PET). Scale bars: 2.5 mm. (D) and (F) Images of HeLa
cells (stained with Hoechst 33 342) growing on patterned glass
surfaces. Scale bars: 2.5 mm.
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z We used an HP Color LaserJet laser printer with the following toners:
black (C9720A), magenta (C9723A), yellow (C9722A) and cyan (C9721A).
Typically the yellow toner was used as this simpliﬁes cellular visualisation.

Fig. 5 HeLa cell attachment and viability on the four toner coated
coverslips and a blank coverslips (control), (n = 3). Cellular viability =
number of live cells/(number of live and dead cells).

In conclusion a heat-transfer printing approach has
been developed for patterning cells on glass slides using a
laser printer to give any desired cellular image, with the
toner directing cells to unmasked glass surfaces. The
resolution of the laser printer allowed thin lines, words
and sophisticated patterns of cells to be generated. The
patterned cells, including mES cells, could be easily detached
from these slides to give free-standing layers of cells
with deﬁned shapes (Fig. S6, ESIw). We believe that this
simple approach, which is accessible to all laboratories,
and which can be enhanced with higher resolution laser
printers, will open up and simplify cellular patterning
approaches, including approaches to controlling stem cell
diﬀerentiation, without having to use sophisticated photolithography-based techniques.
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