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Digital microfluidics has emerged as a promising platform for cell culture, offering precise control over
droplet-based microenvironments while enabling automation and miniaturization. This review examines
the integration of DMF with various cell culture substrates, including hydrogels and synthetic polymers, and
evaluates their advantages and limitations for supporting cellular growth, adhesion, and viability. The
influence of AC and DC actuation modes on droplet handling, as well as their effects on cell behavior, are
also discussed. | elaborate how DMF systems can be designed to deliver and modulate physical and
biochemical stimuli, such as shear stress, temperature, and gradients of signaling molecules, to better
mimic in vivo conditions and study cell behavior in dynamic environments. Next, | highlight the
incorporation of analytical tools and sorting techniques in DMF-based cell culture and explore its potential
applications in organ-on-chip systems. While DMF presents unique opportunities for cell-based research,
challenges such as material compatibility, cell viability, and system stability remain. This review provides a
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1. Introduction

Digital microfluidics (DMFs) is widely used in various
applications in different fields ranging from environmental
monitoring to inkjet printing." In analytical chemistry, DMF
facilitates automated assays or basic synthesis, reduces the
consumption of reagents, and improves reproducibility.’ In
electronics manufacturing, DMF is used for the production of
flexible circuits and micro-strips.* Such a broad versatility
stems from DMF's ability to precisely process droplets in an
automated manner. This versatility and potential can also be
applied to biomedical engineering, especially in areas such as
cell culturing, drug screening, antibody production, and
point-of-care diagnosis, where precise microenvironment
control and automation are also required. In the last decade,
DMF has emerged as a functional and transformative tool for
biological assays and is emerging further to expand its
applications in cell culturing in order to boost the progress in
biomedical engineering research.

DMF is a liquid handling method that uses arrays of
microelectrodes  to  manage  sub-microscale liquid
manipulation semi-automatically and precisely, one drop at a
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critical assessment of current developments and future directions for DMF in cell culture applications.

time. Without the dead volumes of reagents, pumps, or
actual microchannels, highly controlled and customizable
conditions can be manipulated because of the ability to
control individual droplets. It is important as it makes
experiments more precise, which improves reproducibility
and makes it easier to draw solid scientific results.’
Furthermore, in recent years, several biosensors have been
integrated into DMF systems, increasing the role of DMF in
biomedical and cell culture research.” Such an integration is
intended to guide the workflow from cell culture to sorting
and analysis, providing a comprehensive approach that
encompasses all aspects of cellular behavior study (Table 1).
In terms of cell culture experiments, DMF has various
advantages over typical enclosed microfluidic chips (Fig. 1).
One key advantage is the capacity to pinpoint and
manipulate specific chemicals and cells. This feature
eliminates the possibility of cross-contamination between the
sterile and cell-seeded sides, as well as between old and new
generations of cells, maintaining the integrity of experiments
while such experiments can be performed using Al
conveniently due to the typical computer-controlled droplet
manipulation in DMF devices.® Furthermore, DMF enhances
passive media exchange, reducing cell disruption and
facilitating optimum cell adhesion to the surface.”® Next, the
use of sub-microliter volume droplets reduce reagent use
while matching the scale of an experiment to the size of cells,
allowing for precise and efficient cell handling. This property
makes DMF an invaluable tool for studying smaller cell
populations, and for examining cell heterogeneity within
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Table 1 Comparison between advantages and disadvantages of the available research models for cell culturing
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Research model

Advantages

Disadvantages

Traditional 2D cell
culture

3D cell culture (e.g.,
spheroids, organoids)
Microfluidic chips

Simple, cost-effective, well-established

Better mimics in vivo conditions, improved cell
signaling
Precise control over microenvironment, enables

real-time monitoring

DMF

Automated handling, low reagent consumption,

scalable, enables high-throughput screening

Animal models

Digital microfluidic
platform

Droplet manipulation

Physiological relevance, whole-organism interactions

Open and closed formats

Lacks physiological relevance, limited cell-cell

interactions

More complex, higher costs, variability in results

Requires complex connections, specific equipment such

as pumps, valves, complex fabrication

So far limited adoption in biology, requires expertise in

microfabrication and programming

differences

Closed formatcell culture

Ethical concerns, high costs, time-consuming, species

Open formatcell culture

- Adaptation to different cell
culture environments

- Minimization of adverse
effects on cellviability and
function

- Minimizes evaporation and
contamination

- 3D matrix (natural, synthetic
polymers) can be used to
support cell culture

- Easyaccess for
manipulation and imaging

- Requires humidity control
to prevent evaporation

e

Programmable liquid handling

Miniaturizationdown to nL
at low voltages

Compatibility with optical
imaging and biosensors

- Precise control of cell

- The use of expensive
reagents at reduced

culture media and reagents

- Integration with machine
learning and Al

- Automationin cell culturing

- Precisionin repetitive steps

- High-throughput screening
in limited space

- Multiplexed experiments for
parallel cell culture studies

- Real-time monitoring of
cell differentiation and
growth

- Insitu cellresponse and

volumes
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Fig. 1 Basic functions and opportunities offered by the DMF platforms and their associated application areas with specific focus on cell culturing.

populations.”® Lastly, it has just been shown that DMF
systems can successfully carry out long-term
investigations that last up to 60 days, which is the time frame
needed for several organ-on-chip models, such as liver
cultures and immunology studies.™*

Apart from the benefits, DMF platforms have a number of
drawbacks that should be properly taken into account when
performing cell culture studies. First, when the platform is
operated, the magnetic field created inside the droplets is a
cause for concern. The magnetic flux density in 2-4 pL
droplets ranges between -5 ppm and -7 ppm may affect
certain sensitive cell types, possibly altering their behaviour,
even while no electric field leaks into the droplets.’* Second,
despite the proven capacity of DMF platforms to perform up
to 60 days cell culture, the applications of these systems are
needed to be expanded to organ-on-chip models, such as
liver cultures.'™*'* Thirdly, there is a risk of droplet
evaporation and leakage, which are particularly problematic
when imaging live cultures placed on top of DMF devices.
Fourth, a typical restriction is the maximum number of cells
that each droplet can support. Cells must usually be pooled
for measurements including qPCR, ELISA, and western
blotting, which may not be practical because each droplet

culture
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can only accommodate 500-1000 cells at once. Finally,
biofouling of the upper surface of the DMF devices reduces
the long-term utility."> These challenges, particularly the
need for longer-term functionality, compatibility with higher
cell loads, and more physiologically relevant conditions,
underscore the motivation to integrate organ-on-chip
strategies with DMF platforms. Such integration could help
address key limitations while leveraging DMF's strengths in
automation, miniaturization, and multiplexing, thereby
advancing its application in complex, tissue-mimetic studies.

This comprehensive review covers a wide range of topics
and emphasizes the benefits and limitations of using DMF
systems in cell culture studies. I initially focus on how cell
culture experiments are set up and designed inside DMF
devices, taking into account how to integrate them with other
materials such as hydrogels as cell culture scaffolds, as well
as polymers and other materials as dielectric layers. Next, I
explore the application of physical and biological stimuli, as
well as the utilization of AC and DC modes in DMF. I also
discuss integrated analytic tools, cell sorting techniques, and
the emerging applications of DMF in organ-on-chip research.
Lastly, I discuss current trends and challenges in this rapidly
evolving field.

This journal is © The Royal Society of Chemistry 2025
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2. Operations

2.1. Minimal requirements in device configuration

In cell culture studies, DMF provides a controlled
microenvironment for handling cells, nutrients, and
reagents with minimal waste and automation-friendly
operation. Designing DMF chips suitable for cell culture
requires careful consideration of materials and engineering
principles to ensure compatibility with live cells, stable
imaging conditions, and efficient droplet actuation. DMF
platforms exist in various formats, including printed circuit
boards (PCB), thin-film transistor (TFT)-based chips, and
active-matrix designs. These architectures differ in their
actuation  mechanisms, resolution, scalability, and
integration potential. PCB-based platforms are cost-effective
but often limited in cell culturing applications due to the
humidity intolerance of the built-in materials. TFT and
active-matrix systems allow for individually addressable
electrodes, offering higher spatial resolution and
multiplexing, which are advantageous for complex,
parallelized cell-based assays and long-term monitoring.
These systems typically require more complex fabrication
and control schemes and remain less accessible for
research labs. In contrast, passive glass-based chips with
patterned metal electrodes, the focus of this section, offer
an accessible and reproducible platform with sufficient
optical transparency and chemical compatibility for
biological assays. Their straightforward fabrication and
compatibility with standard microscopy setups make them
particularly useful for cell culture applications, including
droplet-based seeding, stimulation, and in situ analysis.

Top plate

Ground electrode (ITO layer)
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Below, I discuss the structural components of
conventional passive glass DMF chips, material choices,
construction materials, their role in supporting cell culture,
and the challenges associated with biofouling during long-
term cell experiments (Fig. 2).

2.1.1. Traditional approaches in the fabrication of
dielectric and top layers of a DMF chip for cell culture.
Typically, DMF chips are structured on top of glass for cell
culture studies, given the stability of glass under humidity
and warm temperature conditions when compared to more
traditional substrates such as printed circuit boards. Glass
also allows for a clear optical path for bright field and
fluorescence microscopy. Glass layer houses an array of
actuation electrodes often made of a combination of
chromium and gold layers, which are coated by a dielectric
or insulating layer. Typical materials used as dielectrics
include SU-8, PDMS, parylene C, and silicon nitride."*™"® The
final layer is typically hydrophobic coating, which can be
Teflon AF, FluoroPel or Cytop next to alternative coatings."®"®
Such a layer is required to reduce the contact angle of the
droplet and helps with reducing the actuation voltage.
Actuation electrodes are connected to an often-continuous
ground electrode made of indium tin oxide (ITO), which is a
transparent and conductive material. It is often deposited on
top of the glass substrate via dedicated equipment. The
connection is made using conductive copper spacers that
also define the distance between two plates, therefore the
droplet volume to be contained by each electrode. The top
plate helps control the evaporation of the droplets and allows
for the application of optical monitoring techniques
conveniently.

Actuation electrodes

o Reduces droplet
evaporation; supports cell
adhesion and imaging

° Provides a continuous
electrical ground; allows for
opticalimaging

0 Facilitates droplet
movementvia
electrowetting on dielectric

(EWOD)
Needs hydrophilic A More fragile compared to
treatment for cell solid electrode layers A Requires a dielectric
attachment coating for insulation
Copper spacers

Defines droplet volume and
maintains plate distance

Glass substrate

Provides a stable platform
under humidity and

temperature conditions p
Allows for opticalimaging

,’/ ,’Hydrophilic windows .

Hydrophobic coating

o Reduces droplet adhesion
and assists in droplet
movement

A Susceptible to biofouling
reducing efficiency over
. time

’

Dielectric layer(s) /;

° Insulates actuation
electrodes and reduces
actuation voltage

surfaces

A Must be biocompatible and
stable in culture conditions

windows

0 Facilitates cell adhesion by
exposing cells to treated

A Requires manual
scratching or precise
alignment for bottom

Biofouling control

0 Prevents protein
accumulation that disrupts
droplet movement

A Requires optimization of
surfactant concentration
and materials

Fig. 2 A summary of minimal requirements in a digital microfluidic device for cell culturing.

This journal is © The Royal Society of Chemistry 2025
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Except for certain types of suspension cells (e.g:, blood
cells, microglia, and macrophages), most mammalian cells
necessitate a suitable surface for adhesion and proliferation.
Often, cells are cultured on the top plate, which is less
complex by design. The culturing is performed by flipping
the DMF device in the incubator. By locally removing the ITO
and hydrophobic layers, users can easily create hydrophilic
windows to settle the cells contained in the droplets. It is
possible to coat the surface of the glass within the window
with cell adhesion proteins so cells can attach. Opening a
window at the bottom plate is also possible yet somewhat
more labour intensive due to the alignment of the layers
involved. In this way, DMF chips are usually flipped around
to enable imaging as the ITO layer is transparent. An
alternative of this is to open electrode-free visualization spots
at the bottom layer during the electrode design step. As
another alternative approach, previous studies have shown
that the bottom electrodes can also be fabricated using ITO
to enable a fully transparent chip.’® The configuration is
advantageous in terms of droplet visibility and imaging, yet it
should be noted that ITO is more fragile when compared to
the solid electrode layers.

2.1.2. New approaches in the fabrication of dielectric layer
in DMF chips for cell culture. Polymers and other materials
have been explored as substrates as dielectric materials in
DMF platforms for mammalian cell culturing. The main
motivation is to reduce the capacitance generated by the
application of electric fields, which, along with magnetic
fields and capacitance effects, can influence cell behavior.**
Despite these materials not being in direct contact with cells
due to the hydrophobic coating, they can still be used to
create topographies and sections, which may bring them into
contact with cells. The common ones are silicon dioxide,
graphene oxide, SU-8, and PDMS apart from the commonly
used parylene C (Fig. 3). Silicon dioxide has been widely

Fabricati h Cross section of
abrication approaches a typical DMF platform
;! Top plate

® Cleaning via solvents and (Glass substrate)

oxygen plasma i
® ITO coating via chemical |

vapor deposition (CVD) (ITO layer)

Cell culture &
droplet area

]

I

]

]

]

|

|

I

Top electrode :

I

|

@ Assembly of layers and :
droplet introduction i
|

@ Layer by layer deposition
of dielectric layer(s) L ———

® Metal layer deposition via
sputter coating and lift-off
of sacrificial layer

® Sacrificial layer
(photoresist) coating via
photolithography J
@ Cleaning via solvents and
oxygen plasma j|

Bottom electrode
(Cr/Au layers)

Bottom plate

! ) Su-8
4

- hydrophobic
(Glass substrate) Lo--
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utilized due to its biocompatibility, optical transparency, and
ease of surface modification for cell adhesion. Parylene C
dominates the use cases in DMF systems because it is a
conformal and chemically resistant polymer, which is being
used with a wide range of cell types.*”> Next, PDMS has been
integrated into DMF systems as it is well-known for good
optical clarity, biocompatibility, and adjustable stiffness
ranging from 800 kPa to 10 MPa. These features complement
the real-time microscopic monitoring compatible DMF
systems to track cellular activities. Ahmadi et al. automated
single-cell droplet-DMF platform by utilizing a PDMS
construct to compartmentalize hybridoma and antigen-
presenting cells for increasing the throughput screening for
monoclonal antibody discovery.*°

Interestingly, silicon-derived substrates, such as silicon
dioxide (SiO,), have been shown to be non-cytotoxic,*” yet its
use in cell studies remains limited. Graphene oxide is
another relatively less used material that has been
incorporated into DMF platforms, despite having unique
properties such as high surface area, strong electrical
connectivity, tuneable wettability, and biocompatibility.
Graphene oxide-modified DMF has been used for culturing
breast cancer cells and detecting soluble PD-L1 at
concentrations as low as 1 pg mL™" via the electrochemical
sensor atrrays for automated, high-sensitivity detection.*®
Finally, the mechanical and chemical resilience of the epoxy-
based polymer SU-8 has led to its widespread application in
DMF devices despite its relatively low dielectric strength.
However, SU-8 by itself does not offer the proper extracellular
matrix required to create microsystems for biological uses.

2.1.3. Troubleshooting of the biofouling problem in DMF
chips for cell culture. DMF chips allow for droplet operations
involving mixing, merging, splitting, combining and
transporting when sequence of preprogrammed voltages
applied along the electrode array. The working mechanism is

Material  Advantages Disadvantages
" Biocompatible, opticall e . e
Silicon - 'p v Limited mechanical flexibility,
. transparent, easily surface- hvdrophilic
Dioxide modifiable for cell adhesion Bl
High electrical conductivity, Potential cytotoxicity at high
Graphene 4 _
Oxid tunable surface properties, concentrations, complex
xide

biocompatible
High chemical and mechanical
resilience, stable in harsh

synthesis

Requires surface modification

. . to support cell adhesion
chemical environments

Absorbs hydrophobic

Optically transparent,
molecules, can cause

PDMS biocompatible, tunable L
) unwanted droplet spreading in
stiffness
DMF
R " Requires specialized
Chemically resistant, prevents . .
Parylene C deposition techniques,

dielectric breakdown in DMF

Fig. 3 Cross section of a typical passive glass DMF platform (middle) including the layer composition. General fabrication workflow including
example approaches are listed on the left, and a comparison between advantages and disadvantages of the commonly used dielectric materials in

DMF platforms for cell culturing are shown on the right.
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based on electrowetting on dielectric (EWOD) and has been
comprehensively explained previously.’®*" By versatile
droplet  actuation  operations, gradients, different
concentration of cell culture components can be prepared
easily. Yet, proteins exist in almost all culture media types.
Proteins can immobilize onto the hydrophobic layer via
hydrophobic reactions*® and this process is known as
biofouling. Biofouling greatly interrupts the droplet actuation
by increasing the contact angle of the droplets, thus the
electrodes become unusable quickly. To eliminate this effect,
the droplets have been either used in core-shell format -
where droplets are covered by a thin layer of oil phase, or
surfactants such as pluronic have been mixed with the
droplets to fight against the contact angle decrease. Recent
developments in DMF device fabrication attempted to solve
this problem via different strategies including the use of
different pluronic and tetronic additives,”> and the
application of slippery liquid infused porous surface (SLIPS)
surface.*

2.1.4. Increasing the throughput in DMF devices. DMF
devices are gaining momentum in cell culture research
despite longstanding challenges regarding the throughput of
the experiments. Several studies have demonstrated
innovative solutions that enable DMF devices in both low-
and high-throughput settings. In low-throughput systems
using regular electrode arrays, the number of addressable
electrodes typically remains around 100, often in the range of
16 to 64. For example, Huang et al. demonstrated an EWOD-
powered digital microfluidic platform with 30 electrodes that
enable dynamic single-droplet culture of mammalian
embryos in a microfluidic environment—mimicking in vivo
conditions to significantly improve cleavage to blastocyst
rates and yield live births.>® This is a good example of careful
environmental and surface engineering, leading to extension
of DMF usability in cell biology. Similarly, Lant et al
employed a 19-electrode DMF device to miniaturize and
semi-automate cell line optimization for monoclonal
antibody production by performing viability, pH, and
antibody titter assays in 6-8 uL droplets**—suitable for short-
term assays but still far from a replacement for Petri dishes
or perfusion systems.

In contrast, high-throughput DMF platforms—typically
based on active-matrix architectures—feature significantly
higher electrode densities, often around 1000 individually
addressable units. Azam Shaik et al. reported an active-matrix
DMF device with 324 electrodes integrated using TFT
technology, which enabled infinitely reconfigurable, high-
parallelism droplet routing for cell transport and mixing.*’
Building on this flexible droplet control, the same system can
be employed to isolate, lyse, and sample single cells, enabling
integrated analysis of cellular metabolites directly on-chip.
Another notable example is the work by Zhai et al., who
incorporated on-chip 3D microstructures forms semi-closed
microwells that achieve ~20% single-cell capture across 900
electrodes while using low-evaporation oil and surfactant to
reduce actuation voltage to 36 V—enabling gentle, long-term

This journal is © The Royal Society of Chemistry 2025
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culture and reliable on-chip drug sensitivity testing
comparable to 96-well plates.”® This is an important step to
parallelize single-cell capture and long-term culture with
improved chip durability, cell viability, and assay reliability
while slashing reagent consumption.

Together, these studies underscore the evolving
capabilities of DMF for cell culture: regular low-electrode-
count devices are being refined for specialized tasks such as
single-cell assays or differentiation protocols, while high-
electrode-count active-matrix systems push toward scalable,
high-content biological screening. Despite remaining
limitations, especially for long-term or high-density cultures,
the field is transitioning rapidly due to innovations in
materials, device integration, and environmental control. As
such, the number and configuration of electrodes—ranging
from a few dozen in low-throughput to thousands in active-
matrix designs—play a central role in shaping the operational
scope and biological applicability of DMF-based culture
platforms.

2.2. Cell culturing

Adherent cells are the cornerstone of organ-on-chip systems
because their interactions with the extracellular matrix (ECM)
and neighbouring cells drive the very functions these
platforms aim to replicate—barrier integrity,
mechanotransduction, and multicellular signalling. By
anchoring onto ECM-coated substrates, cells polarize, form
tight junctions, and generate the traction forces necessary for
realistic tissue mechanics. Maintaining these adhesive
phenotypes over time is therefore essential because loss of
adhesion not only impairs viability but also disrupts the
spatial patterning and function of engineered microtissues.
For this reason, I focus on the adherent cell cultures in DMF
chips in this review.

DMF chips excel in single-droplet control with each
droplet containing from 100 nL to a few pL that can be
independently actuated, merged, split, or dispensed. As a
result, DMF chips can minimize reagent consumption and
virtually eliminate cross-contamination. Yet, translating this
precision into a stable platform for long-term adherent
cultures requires balancing fluidic components with surface
integrity. Biologically, adherent cells demand constant
humidity, nutrient replenishment, and mechanical support.
Covering droplets with an inert oil overlay or housing the
chip in a humidified enclosure can prevent evaporation,
while scheduled droplet exchanges supply fresh media. But
these techniques alone cannot safeguard the long-term
performance of DMF chips.

At the material level, repeated electrowetting cycles and
protein adsorption progressively degrade the hydrophobic
dielectric layers. Proteins and lipids bind to fluoropolymer
coatings, increasing  contact-angle  hysteresis  and
necessitating ever-higher voltages for droplet movement. To
counteract this, surface chemistry as well as dielectric layers
can be altered. Structurally, multilayer dielectrics—such as

Lab Chip, 2025, 25, 3297-3313 | 3301
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the reinforced two-layer stack demonstrated in the 60-day
DMF chip''—enhance breakdown strength and reduce
leakage currents, enabling low-voltage operation (<50 V)
compatible with sensitive cell types such as macrophages.
Beyond coatings, incorporating inline pH, oxygen, and
metabolite sensors directly into the DMF footprint not only
eliminates complex tubing but also provides real-time
feedback to dynamically adjust actuation protocols. Finally,
pairing these advances with modular organoid chambers—
pre-patterned with collagen or fibrin gels—allows three-
dimensional tissue constructs to be cultured under DMF
control, bridging the gap between droplet manipulation and
true organ-level function.

By weaving these material innovations, fluidic
architectures, and sensing modalities into the DMF chips,
the long-term, high-density adherent cultures required for
organ-on-chip applications can be achieved—ultimately
creating a unified system that leverages the automation and
multiplexing of DMF for studying complex biological
processes.

2.2.1. DMF chips in 2D and 3D adherent cell cultures.
DMF chips allow for both 2D and 3D adherent cell culture
formats. To enable cell culturing in any format, the
hydrophobic layer used on the bottom or top surface needs
to be modified either by removing it or by coating it with
proteins such as arginylglycylaspartic acid (RGD) peptide,
ECM proteins, fibronectin or laminin; or hydrogels such as
agarose or collagen.> This can be done typically by
incubating the chip surface with cell culture media or
phosphate buffered saline (PBS) solution overnight.

2D culturing format. The initial cell lines selected were
commercially available immortal cell lines, which were later
followed by primary cell lines. The first complete cell culture
handling was achieved in 2D format in 2010 by Barbulovic-
Nad et al.,*® where ECM proteins were deposited at bottom
plate on the hydrophobic surface of DMF for a full cycle of
cell seeding, culture medium refreshing, cell detachment and
reseeding of CHO-K1 and HeLa cells. Although done
successfully, irregular attachment and detachment of ECM
proteins led to a low reproducibility rate. Following this,
more reproducible cultures were ensured by lifting off
geometrically designed patterns on the top plate, leaving the
bare glass accessible for the droplets as discussed earlier. In
this way, consistent monoculture of each MDCK and HeLa
cell lines was demonstrated by Eydelnant et al®' This was
followed by 2D co-culture by Srigunapalan et al. where three
types of primary aortic cells were co-cultured for 7 days and
also analysed by fluorescent immunostaining.*> 2D adherent
cell culture format has continued to grow after these first
demonstrations. Recent co-culture applications involve drug
screening on the co-culture of MCF-10A and MDA-MB-231
breast cancer cell lines using cisplatin and epirubicin.*
Although not co-culture, cell differentiation has been also
explored in DMF chips. Yu et al. differentiated SH-SY-5Y cells
into neurons and explored time- and concentration-
dependent dopamine homeostasis.** Zhai et al. introduced a
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jetting bar functioning as a drug dispensing unit which can
dispense satellite droplets of two different drugs taken up by
MDA-MB-231 and MCF-10A cells.*® Here, precise control over
droplet ejection position and volume was achieved using a
narrow electrode, known as a jetting bar, which concentrates
the high-voltage AC actuation to a localized area. When the
electric field intensity rapidly exceeds the contact angle
saturation threshold, the excess energy causes the emission
of satellite droplets. These picolitre-sized droplets are
dispensed onto the jetting bar and subsequently collected by
a larger droplet passing over it. By repeating this process,
droplet volumes ranging from 5 picolitres to 20 nanolitres
can be generated.

3D cell culturing format. 3D cell culturing format found
wide use in DMF chips which paved the way to more
physiologically relevant cell microenvironment. The first 3D
format has been applied by Fiddes et al., where agarose
hydrogel discs were utilized to create 3D microenvironment
for NIH-3 T3 cells. The system allowed the exchange of
culture medium both actively and passively as the hydrogel
discs while it did not change their location during the
droplet actuation thanks to the use of the hydrophobic
windows.*® Bender et al. applied 3D format structured in a
hanging droplet, where fibroblasts spheroids were grown in
collagen matrix.*” Another inspiring use of 3D hydrogel
scaffold has been proposed for cell invasion assay, where
MDA-MB-231 cells were sent through a collagen t