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Abstract
Lab-On-a-Brane (LOB) represents a class of Lab-On-a-Chip (LOC) integrating flexible, highly gas
permeable and biocompatible thinmembranes (TMs). Herewe demonstrate the potentiality of LOBs
as cell biochips promoting 3D cell growth. The human cancer cellsMCF-7were cultured into standard
multiwells (MWs) and into polydimethylsiloxane (PDMS)MWs, LOCs, and LOBs of different
wettability. Surface treatments based on oxygen plasma and coating deposition have been performed
to produce hydrophilic, hydrophobic, and oleophobic chips. By a comparison between all these chips,
we observed that 3D cell aggregation is favored in LOBs, independent of substrate wettability. This
may be attributed to the TMflexibility and the high oxygen/carbon dioxide permeability. Ultimately,
LOBs seem to combine the advantages of LOCs asmulti-wellmicrofluidic chips to reduce operation
time for cell seeding andmedium refresh, with themechanical/morphological properties of PDMS
TMs. This is convenient in the perspective of applyingmechanical stimuli andmonitoring cell
stiffness, or studying themetabolism ofmolecules permeable to PDMSmembrane in response to
external stimuli with interesting outcomes in cellular biology.

1. Introduction

Membrane-based microfluidics represent a new frontier
of Lab-On-a-Chip (LOC) technology [1–3]. To remark
the peculiar properties of LOCs integrating thin mem-
branes (TMs), a novel acronym has been created to
describe the ‘Laboratory on aMembrane’, or shortly Lab-
On-a-Brane (LOB) [4]. Thematerial of choice for LOBs is
polydimethylsiloxane (PDMS), due to its elasticity, easy
microstructuring by soft lithography, biocompatibility,
gas/small molecule permeability and wide range of
chemical functionalization. Furthermore, thanks to the
optical transparency, PDMS LOBs allow easy and real
timemonitoringof the sample throughmicroscopy.

PDMS TMs of controlled stiffness, porosity, and
wettability can be produced and integrated into LOBs
to be used as valves [5–7], gas sensors [8–10] or bio-
sensors [11, 12].

In the field of two dimensional (2D) cell biochips,
PDMS TMs have been used to monitor cell morph-
ology in response to external stimuli [13], or as a tool
to study cancer cell invasiveness [14], metabolite gen-
eration [15] or to deliver reagents for immunostaining
[16]. On the other hand, the influence of substrate
stiffness on cell activity is subject to a great deal of
research and represents the topic of mechan-
otransduction [17].

Beyond 2D cell cultures, the growth of 3D multi-
cellular spheroids, that better mimic the in vivo tissue
features, have been demonstrated to be advantageous
in PDMS chips compared to standard spheroids cul-
tured in commercial multiwells (MW) in terms of
reduced operation time for cell seeding and medium
refresh [18] and for potential integration with a num-
ber of functions, such as cell sorting, drug screening,
and molecular assays [16]. Furthermore, 3D cell
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cultures represent a fundamental step towards the
development of ‘organs-on-chips’, microfluidic plat-
forms able to mimic continuous perfusion and phy-
siological cell–matrix and cell–cell interactions with
organ-level complexity that have been proposed to fill
the gap between in vitro and in vivo systems for pre-
clinical research [19–23].

The specific microwells for multicellular spheroid
growth have to satisfy precise pre-requisites concern-
ing: (1) chamber shape and volume, (2) low-attach-
ment surface (3) cell to surface ratio, (4) gas
permeability to enableO2 andCO2 exchange [24–30].

Here, a LOBmade up of milliwells andmillifluidic
channels in PDMS is proposed and the parameters
driving the 3D assembly of the cells on the membrane
investigated. In particular, the influence of geometric
constraints (as milliwell volume and cell density), the
stiffness and the wettability of the wells have been
taken into consideration. Although the shape of the
wells is known to influence 3D aggregation, the pro-
duction of concave or conical shape wells was not con-
sidered in this study given to their higher fabrication
costs [25, 30]. Furthermore, the basement of LOB
wells is expected to assume a curved shape after liquid
loading because of themembraneflexibility [10, 31].

MCF-7 cells, a breast cancer line, are used here to
demonstrate the formation of mammospheres and
validate the LOB. Several reports have shown that
moderately hydrophilic surfaces (i.e. contact angle of
40°–50°) promote cell attachment more than hydro-
phobic or very hydrophilic surfaces [32]. Due to its
hydrophobicity, PDMS has been used without any
surface treatment as substrate for spheroid growth
[16], even with the drawback that a high hydro-
phobicity and porosity may allow an unspecific
absorption/adsorption of small molecules [33] and
alter the cell culture conditions. To reduce this unde-
sired effect, some coatings with fluoro-compounds
can be used because of their strongly biofouling prop-
erties [34–36]. To assemble fluorinated coatings on
PDMS, we recently exploited a strategy based on
Fluorolink® F10 (referred in the text as F10) in the pre-
sence of a protein, the hydrophobin HFBII, which acts
as a primer and creates a biocompatible, grafted oleo-
phobic coating [37, 38]. Compared to other deposition
methods of fluorinated coatings on polymers, the
HFBII/F10 self-assembly proceeds rapidly and spon-
taneously from aqueous solution and does not involve
energy-intensive procedures [39]. This makes it sus-
tainable from the economic and environmental view-
points, particularly in the case of fabrication of single-
use disposable chips.

2. Experimental section

MW plates for cell culture containing 24 wells with a
culture area of 1.9 cm2 were purchased from Thermo

Scientific (Denmark). Sylgard-184, a two-part poly
(dimethylsiloxane) (PDMS) elastomer, was purchased
fromDowCorning (USA).

For the TM fabrication, CLEVIOS PH 500 and
toluene were purchased from Heraeus Clevios GmbH
(Germany) and J T Baker (USA) respectively. Dulbec-
co’s Modified Eagle Medium high glucose (DMEM),
fetal bovine serum (FBS), penicillin and streptomycin
were purchased from Sigma Aldrich (Milan, Italy).
The protein HFBII was produced using recombinant
strains of T reesei, purified by RP-HPLC, as described
previously and lyophilized before use [40–42]. F10 was
obtained from Solvay Specialty Polymers (Italy). Milli-
Qwaterwith a resistivity of 18.2 MΩ cmwas used.

2.1. Chip fabrication
The MW-PDMS chips are commercial MWs (18 mm
of diameter and 3.8 ml internal volume), in which a
volume of 400 μl of PDMS pre-polymermixedwith its
curing agent at a ratio of 10:1 was poured. Such a
volume was opportunely chosen in order to obtain a
layer of PDMS with a thickness of about 1 mm. The
polymerization was carried out at room temperature
for 24 h.

The LOC and LOB chips have been fabricated
using a conventional soft lithography process. The
platforms were obtained by casting PDMS pre-poly-
mer and curing agent onto a plastic mold fabricated
via stereolithography [9]. The mold presents the
design of the fluidic channels (1 mm wide, 2 mm
deep, and 5 mm long) and of the chambers for cell
seeding (diameter of 5 mm, 100 μl internal volume).
The polymerization was performed overnight in an
oven at 60 °C, then the PDMS replica was accurately
separated from the mold. Then, smaller wells for cell
growth (internal volume of about 4 μl) have been
obtained by punching a circular area with a diameter
of 1.5 mm on the bottom of the chambers for cell
seeding. The punched wells have been bonded via an
oxygen plasma treatment to a 1 mm thick PDMS
slide for LOC fabrication, and to a thin PDMSmem-
brane (2 μm thick) for LOB fabrication. Membranes
have been prepared by spin coating a solution of
PDMS pre-polymer and curing agent diluted in
toluene. The solution was deposited and poly-
merized at 60 °C overnight onto clean glass sub-
strates covered by a water soluble sacrificial layer of
CLEVIOS PH 500. The chip mold and the PDMS
TMs were both plasma oxidized and put in con-
formal contact. Afterwards the chip-membrane
assembly was put into water while stirring, to trans-
fer the TM to the LOB and remove the glass sub-
strate. Then, washing by pure water was performed
to remove CLEVIOS PH 500 residues on the mem-
brane side that was in contact with the glass
substrate.
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2.2. Chip functionalization
All the MWs, LOCs and LOBs have been plasma
oxidized. LOCpl and LOBpl have been used soon after
plasma treatment, while LOC-PDMS and LOB-PDMS
after 3 d to partially restore their hydrophobicity. After
oxygen plasma treatment, MW-F10, LOC-F10 and
LOB-F10 have been obtained by functionalizing the
chips with HFBII and F10 at a controlled pH of 4,
through the use of 10 mM acetate buffer solution [37].
Initially fewmicroliters of 0.1 mgml−1HFBII solution
have been poured in MW-F10, LOC-F10 and LOB-
F10 respectively. After an incubation of 30 min, the
HFBII solution has been withdrawn from each cham-
ber. Then, three washings with clean buffer solution
were practiced. As following step, the same procedure
was repeated using a 1 mgml−1 solution of F10 and
clean buffer for the three next washing. At the end, the
chambers were rinsed with Milli-Q water and accu-
rately driedwith nitrogen.

2.3. Chip sterilization
The chips have been washed with EtOH 70% and
sterilized PBS. Then they have been treated with UV for
2 h from both front and back sides. Afterwards, an
aliquot of 100 μl of a suspensionwith human cancer cell
line MCF-7 (50×103, 5×103 or 5×102 cells ml−1)
in high glucose DMEM supplemented with 10% FBS,
100 Uml−1 penicillin and 100 μgml−1 streptomycin
was seeded in the chips. Cells seeded have been allowed
to grow for 2–5 d at 37 °C in an atmosphere of 5%CO2.
Optical images of spheroids in the chips have been
acquired using a Nikon microscope (Nikon Eclipse Ti)
equippedwith a fast camera.

2.4. Cell culture
Human cancer cell line MCF-7, were purchased from
the American Type Culture Collection and cultured in
DMEMmedium (4500 mg l−1 glucose) supplemented
with 10% FBS, 100 Uml−1 penicillin and 100 μg ml−1

streptomycin at 37 °C in an atmosphere of 5%CO2.

2.5.MTTassay
An MTT assay was used to determine the cell viability
in different conditions. To this aim, cells were plated at
53×103 cells ml−1 per well in a 24-well plate. After
3 d of growth, the culturemediumwas aspirated; then,
100 ml of DMEM-phenol free medium containing
10 ml of MTT stock solution and 5 mgml−1 of PBS
solution was added to each well. After 1 h of incuba-
tion, the MTT solution was removed and 100 ml of
DMSOwas added to dissolveMTT–formazan crystals.
The absorbance of the converted dye was measured at
a wavelength of 570 nm using an iMark microplate
reader (Bio-Rad, Hercules, CA, USA). The relative cell
viability was expressed as a percentage of the control
MW (MCF-7 cells grown in a commercialMW).

2.6. Live/dead assay
Viability of spheroids was qualitatively analyzed using
a Live/Dead assay kit (Thermo Fisher Scientific, Inc.).
The activity of intracellular esterase induces non-
fluorescent, cell-permeant calcein acetoxymethyl to
becomefluorescent, giving the viable spheroids a green
fluorescence. Ethidium homodimer enters and binds
to nucleic acids only into damaged cell producing a red
fluorescence thus indicating dead cells.

2.7. Contact anglemeasurements
Static Water Contact Angles (WCA) were measured
using the sessile drop method and a CAM 200 (KSV
Instruments Ltd, Finland) instrument. The measure-
ments reported in table 1 correspond to an average of
measurements performed onto many areas of the
samples. The errors as standard deviations from the
mediumvalue are calculated.

For theMWWCAs, a piece with a surface of about
1 cm2 was broken from the MW culture plate. For
MW-PDMS, LOC-PDMS, MW-F10, LOC-F10, and
LOCpl measurements, PDMS slides were opportunely
prepared, treated with oxygen plasma and functiona-
lized with HFBII and F10 solutions [37]. Finally, in the
case of LOBpl, LOB-PDMS and LOB-F10, TMs with a
thickness of 2 μm have been prepared as reported
above for the chips [9]. The F10 coatings on the flat
slides and membranes have been deposited using the
same procedure reported in the ‘chip functionaliza-
tion’ paragraph.

3. Results and discussion

Three different chips (MW, LOC and LOB) with
millichambers of different internal volume and wett-
ability have been assembled. The simplest chip is
represented by a commercial MW, (see figure 1(a)) in
which a PDMS (MW-PDMS) or a PDMS/F10 (MW-
F10) layer was deposited.

Starting from a mold fabricated as reported in [9],
LOCs of different wettabilities have been produced by
functionalizing the surface via oxygen plasma treat-
ment (soon after plasma, LOCpl, and 3 d afterwards,
LOC-PDMS) and by chemical grafting of F10 (LOC-
F10) (figure 1(b)). Finally, LOBs with different wett-
ability, following the same procedure of LOCs (named
LOBpl, LOB-PDMS and LOB-F10, figure 1(c)), have
been prepared.

In table 1 the WCA values of all the chips are
reported. As general consideration, all LOBs appear
more hydrophilic than LOCs because of the different
wettability of the growth chamber basement. It is well
known that PDMS layers of various thicknesses react
to oxygen plasma treatments by exhibiting different
hydrophobic recovery behaviors [10, 24]. Thin PDMS
membranes (which represent the growth chamber
basements in LOBs) preserve hydrophilicity longer
than thick PDMS films (chamber basement of LOCs);

3
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Table 1.Water contact angle (WCA) values of the produced chips.

MW LOC LOB

MW MW-PDMS MW-F10 LOCpl LOC-PDMS LOC-F10 LOBpl LOB-PDMS LOB-F10

WCA (°) 83.8±0.8 67.0±0.7 102.0±3.0 7.4±0.9 67.0±0.7 102.0±3.0 13.2±5.2 39.1±6.3 48.8±0.6
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this influences the reactivity towards chemicals and
affects F10 functionalization in LOC-F10 and LOB-
F10. MW-PDMS and MW-F10 behave like LOCs
since the surfaces of their growth chambers consist of
mm thick PDMS layers.

We performed preliminary experiments to com-
pare cell growth and cell viability in all MW chips
(MW, MW-PDMS and MW-F10), by seeding
53×103 cells in a volume of 1 ml DMEM and allow-
ing their growth for 3 d. In figure 2, phase contrast
images are reported showing that morphology of the

observed cell layer was comparable in all the MW
chips. As expected, no 3D but only 2D growth occur-
red and, in addition, no toxic effect was observed in
none of them as assessed by the MTT assay results
shown in figure 2(b). Moreover, live/dead assays for
cells grown on all MW chips were performed in order
to further confirm theMTT results and better evaluate
the absolute biocompatibility of the F10 coating
(figure 2(a)).

Starting from these data and with the aim to pro-
vide a more manageable system that requires rather

Figure 1. Schemes and pictures of the three chips used for spheroid formation. (a)Polystyrenemultiwells (MWs, internal volume of
3.8 ml), (b)Lab-On-a-Chip (LOC) and (c) Lab-On-a-Brane (LOB)milliwells. LOC and LOB consist of an upper chamber for cell
seeding (diameter=5 mmand internal volume of≈100 μl), and of a bottom chamberwhere cells grow (diameter=1.5 mmand
internal volume of≈4 μl), amedium reservoir andmillifluidic channels. The difference between the LOCs and LOBs is in the
thickness of the polydimethylsiloxane layer (2 μmin LOBs and 1 mm in LOCs) bonded to the bottom chamber (colored in gray in the
scheme to allow easy visualization). Scale bar: 2 cm.

Figure 2. (a)Phase-contrast images (brightfield, BF) and live/dead assays (green, red andmerge channels) ofMCF-7 growth after 3 d
by seeding 53×103 cells ml−1 in polystyrenemultiwells (MW), polydimethylsiloxane-coatedmultiwells (MW-PDMS) and
polydimethylsiloxane/Fluorolink® F10-coatedmultiwells (MW-F10). In live/dead assays, viable cells appear as greenwhile dead cells
as red. (b)ViabilityMTT tests for the three chips.
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simple and low cost fabrication processes, LOCs with
smaller wells and tunable wettabilities have been
designed. The fluidic platform is presented in figure 3.
The LOC design consists of an array of millifluidic
channels connected to sixmilliwells and a lateral reser-
voir located around the millifluidic network to allow
an easy culture medium exchange. Eachmilliwell con-
sists of an upper chamber for cell seeding with a dia-
meter of 5 mm and of a smaller (diameter=1.5 mm)
lower chamber for cell growth with no semi-perme-
able separation barrier between them. The seeding
chamber was designed to guarantee an easy and
homogeneous filling of the growth chamber which is
very small and, in some chips, strongly hydrophobic.
In the seeding chamber cells do not grow in the form
of spheroids, but have the tendency to create amor-
phous 2D clusters (not reported). The lateral reservoir
can host up to 2 ml of medium, a volume large enough
to supply continuous nutrients for the cells in the wells
for several days’ experiments. The fluidic channels
allow medium flow from the reservoir to each well
under a capillary action. During the cell seeding opera-
tion, a volume of 100 μl of cell suspension has been
introduced into each milliwell, then the culture med-
ium was loaded in the reservoir. As final step, the
LOCs/LOBs were placed in a Petri dish in order to
reduce themedium evaporation during incubation.

Three LOCs with hydrophilic, hydrophobic and
oleophobic features have been filled with cells at the
concentration of 50×103 cells ml−1 and their
morphology observed after 3 d of growth. Spheroids
were observed in the case of hydrophobic and oleo-
phobic wells (figures 4(a) and (b)). Occasionally, areas
of 2D growthwere also visible (see insets of figures 4(a)
and (b)). On the other hand, no spheroids were
observed by seeding LOC-PDMS and LOC-F10 with
cells at a lower density (seeding of 5×103 cells ml−1)

(images not shown). It is interesting to note that,
although the shape and the wettability of the LOC
wells were similar to the MW ones, 3D aggregation
seemed to be favored only in LOCs.

As expected, considering the wettability of the
wells, in hydrophilic LOCs no spheroids but only 2D
growthwas observed (see figures 5(a) and (c)).

Finally, starting from the same mold, LOBs with
basalmembranesof differentwettabilities have beenpro-
duced. Beyond being more hydrophobic (as shown in
table 1), LOBs should appear stiffer than LOCs by
roughly one order of magnitude, considering the values
reported in literature for TMs and bulk PDMS [31].
As figures 4(c), (d), 5(b) and (d) show, cells seem to
aggregate and form spheroids in LOBs independently of
the wettability of the substrate. In hydrophobic and
oleophobicwells a cell density of 50×103 cells ml−1was
necessary; at lower cell density (see insets of figures 4(c)
and (d)) no spheroids were visible in LOB-PDMS as well
as in LOB-F10. A lower surface density (5×103 and
5×102 cells ml−1) was enough to observe 3D growth
even if cells were in contact with hydrophilic wells. The
different threshold to form spheroids in LOBs can be
explained considering that the cell seeding density is cal-
culated without taking into consideration the real
amount of cells that penetrate into the wells. Since water
solutions can more easily fill into hydrophilic wells, a
large amount of cells can be present in LOCpl even start-
ing from a more diluted cell suspension. Moreover, less
tendency towards 2D aggregation was also observed in
other areas of LOBs if comparedwithLOCs.

As further experiments, time course studies have
been performed to monitor the process of spheroid
formation and to assess their viability. Figure 6 reports
the main results of this study for LOB-F10 and LOC-
F10, although similar images have been acquired for
LOBpl, LOB-PDMS and LOC-PDMS as well (data not

Figure 3. Layout of themillifluidic platform. (a)Overview showing (1) culturemedium reservoir, (2) loading fluidic channels, (3)
upper chamber for cell seeding and (4) lower chamber for cell growth. (b) Loading of cells suspension solution andmedium in
milliwells and reservoir respectively.
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shown). The growth process was monitored at 2, 3, 4
and 5 d and it was found that very small spheroids are
present already after 2 d of growth becoming larger at
day 3 until reaching a dimension of about 70–100 μm
after 4 d of growth. This dimension appeared to be
kept also at day 5 (figures 6(a) and (b)). According to
the observed trend, we guess that the spheroids could
originate by a combination of cell aggregation and cell
growth as sketched in figure 6(c). Furthermore, at the
4th day of growth, spheroids obtained in LOB-F10 and
LOC-F10 (figure 6), as well as in all other chips (not
shown), were subjected to a live/dead fluorescence
assay that confirmed their viability, thus excluding the
presence of a necrotic coremass (figures 6(a) and (b)).

Regarding the different results observed in LOCs/
LOBs andMWs chips, we believe that the 2D aggrega-
tion in MWs (figure 2) is favored by the low tendency
of cells to interact each other in a large volume. The
drastic reduction of well volume resulted in 3D cell
aggregation for low adhesion LOC-PDMS and LOC-

F10. In highly hydrophilic wells (LOCpl), the cell-sub-
strate interactions seem to overcome the cell–cell
interactions, thus resulting into a 2D growth. It was
reported that cell adhesion on strongly hydrophilic
(WCA<40°) or hydrophobic surfaces (WCA>90°)
is mediated by serum proteins (e.g. albumin) and
influenced by the surface functional groups, their sur-
face density, and the kinds of cells [28, 29]. Albumin
strongly adsorbs and resists replacement by cell adhe-
sive proteins on hydrophobic SAMs. On the other
hand, cells adhere to albumin-pre-adsorbed hydro-
philic SAMs on which albumin displacement with cell
adhesive proteins occurs. This was probably themech-
anism, which explains the presence of spheroids and
2D growth in LOC-PDMS chips (figure 4(a) and inset)
and only 2D growth in LOCpl chips (figures 5(a)
and (c)).

Although with the same final results (see
figures 4(b)), 3D aggregation in LOC-F10 is probably
not mediated by albumin since it does not adsorb on

Figure 4.Phase-contrast images ofMCF-7 grown after 3 d by seeding 50×103 cells ml−1 in (a) a Lab-On-a-Chip in
polydimethylsiloxane (LOC-PDMS) and (b) a Lab-On-a-Chip in polydimethylsiloxane coated by a Fluorolink® F10 layer (LOC-F10).
In the insets: areas of the LOCs showing 2D aggregation. Phase-contrast images ofMCF-7 grown after 3 d by seeding
50×103 cells ml−1 in (c) a Lab-On-a-Brane in polydimethylsiloxane (LOB-PDMS) and (d) a Lab-On-a-Brane in polydimethylsilox-
ane coated by a Fluorolink® F10 layer (LOB-F10). In the insets:MCF-7 growth after 3 d by seeding 5×103 cells ml−1. Scale bar:
100 μm.
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fluorinated surfaces [34–36]. Therefore, F10 oleo-
phobic surface probably inhibits both albumin and
cell protein adhesion.

Considering the low WCAs calculated for LOBs
(see table 1) and the strong influence of the wettability
parameter on cell aggregation, the formation of 3D
assemblies in all LOBswas unexpected.

In a recent work [26], it was reported that insulin-
producing beta cells display excellent viability and tend
to interact with each other forming spheroids if cultured
on hemispherical and sub-hemispherical microwells
coated with Pluronic 123, an anti-adhesive film for cells.
The same cells, grown on a Pluronic 123 coated flat sur-
face, poorly adhere to each other and thus do not form
spheroids, inducing apoptosis in the cell population.

Considering these results, it would be possible that
on flat strongly hydrophilic PDMS surfaces
(WCA<40°), the albumin coating, which first forms
at the solid-liquid interface, is soon replaced by the
protein cell adhesions, and therefore 2D aggregates are
observed. In a hemispherical well, given the presence
of albumin on the surface and the need to adapt cell
morphology to bind on a curved surface, it is likely
that cell-substrate interactions may result weak and
cell–cell interactions are favored with high probability
to form spheroids. In the case of LOBs, even if the

surface is not hemispherical, given the possible defor-
mation of the TMs by the fluid weight [31], a sub-
hemispherical milliwell can be produced and this may
obstacle cell protein anchoring and force cells to
aggregate in the formof spheroids.

Another aspect to consider is the higher perme-
ability of LOBs to oxygen and/or to carbon dioxide. It
was demonstrated that, under the same conditions,
spheroids of mouse insulinoma cell line grow on PDMS
sheets and not on polystyrene honeycomb microwell
sheets as result of the higher oxygen supply,which favors
the aerobic cellular metabolism and indirectly supports
a 3D cellular reorganization [27]. Furthermore, oxygen
permeability could be enhanced by reducing the thick-
ness of the PDMSmembrane as recently reported by Lee
et al [43]. In this work, the authors measured an oxygen
penetration time of about 12 s through the 8 μm thick
PDMS concave microwells, and of about 200 s through
the 1.05mm ones. As final result, an increased viability
and reduced hypoxic regions of pancreatic islet spher-
oids in membrane concave microwells have been
observed [43]. Hence, considering the fast oxygen sup-
ply to MCF-7 in LOBs (due to the 2 μm thick PDMS
basement of the growth chamber), we could speculate
that a different cellular reorganization is promoted

Figure 5.Phase-contrast images ofMCF-7 grown after 3 d in a Lab-On-a-Chip in polydimethylsiloxane treatedwith oxygen plasma
(LOCpl) by seeding (a) 5×103 cells ml−1 and (c) 5×102 cells ml−1. Phase-contrast images ofMCF-7 growth after 3 d in a Lab-On-
a-Brane in polydimethylsiloxane treatedwith oxygen plasma (LOBpl) by seeding (b) 5×103 cells ml−1 and (d) 5×102 cells ml−1.
Scale bar: 100 μm.
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which may drive cells towards 3D aggregation rather
than 2Daggregation.

4. Conclusions

In this work we demonstrate the potentiality of the
LOB approach in promoting 3D cell growth indepen-
dent of the substrates wettability. This result was

attributed to the TMs flexibility and high oxygen/
carbon dioxide permeability. Further studies are
needed to better elucidate themechanismwhich drives
the 3D aggregation as well as the advantages to use
oleophobic coatings to reduce the absorption/adsorp-
tion of small molecules of the cell culture medium. As
improvement of the LOB approach, themodulation of
the dimensions of the growth chamber and the
optimization of cells/surface ratios could be the

Figure 6.Phase-contrast images (brightfield, BF) ofMCF-7 after 2, 3, 4 and 5 d of growth by seeding 50×103 cells ml−1 in (a) a Lab-
On-a-Brane in polydimethylsiloxane coated by Fluorolink® F10 (LOB-F10) and in (b) a Lab-On-a-Chip in polydimethylsiloxane
coated by Fluorolink® F10 (LOC-F10). Live/dead assays at day 4 correspond to green, red andmerge channels. Viable cells appear as
greenwhile dead cells as red. Scale bar: 50 μm. (c) Scheme of the process of the spheroid formation in LOBs. Growth process
monitored at 0 (single cell suspension), 2, 3, 4 and 5 dwith small spheroids after 2 d of growth, larger at 3 day andwith a dimension of
about 100 μmafter 4 and 5 d of growth.
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subject of future study to overcome the difficulties in
controlling the uniformity of the spheroids and to
allow the production of a single spheroid of controlled
size per chamber. However, on the basis of these
results, we believe that LOBs could be useful not only
as multi-well chips to reduce operation time for cell
seeding andmedium refresh, but also to provide a tool
for applying mechanical stimuli, monitor cell stiffness
and study the metabolism of molecules permeable to
PDMS membrane in response to drug treatment with
interesting outcome in cellular biology.
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