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Effective motor neuron differentiation of hiPSCs
on a patch made of crosslinked monolayer gelatin
nanofibers†
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Li Wang,a Jian Shi,a Xiaolong Tu,a Vincent Torrec and Yong Chen*abd

Human induced pluripotent stem cells (hiPSCs) are differentiated into mature motor neurons by using a

culture patch made of crosslinked monolayer gelatin nanofibers. Compared to the conventional culture

dish method, the patch method is more effective for culture and differentiation of stem cells, because

cells are supported by a net-like structure made of crosslinked monolayer nanofibers instead of a planar

substrate. The pores of the net-like structure have sizes smaller than those of cells but large enough to

minimize the exogenous cell–material contact and to increase the permeability as well as the efficiency

of cell–cell interactions. As expected, the differentiated hiPSCs showed the up-regulation of the

expression of neuron specific proteins and the signature of matured motor neurons, allowing plug-and-

play with a commercial multi-electrode array for neuron spike recording.

1 Introduction

The in vitro study of neuron functions has great importance
in biomedical research and in understanding information
processing of central and peripheral nervous systems.1,2 Previously,
a large amount of investigations has been reported using
primary neurons from animals,3–6 which are interesting but
the data obtained from animal cells would not be sufficient to
understand the human neural functions. Recent studies showed
advantages of using neurons derived from human pluripotent
stem cells (hPSCs), including both embryonic stem cells (ESCs)
and induced pluripotent stem cells (iPSCs).7–11 Human iPSCs
(hiPSCs) are in particular promising for the development of
more systematic studies of neurons since they are obtained by
reprogramming somatic cells and able to be differentiated into
different types of neurons under standard laboratory conditions.12,13

With hiPSCs, it is now possible to generate specific neurons
carrying precise genetic variants from a patient for disease modeling,
therapy and neural regeneration.7,11,14 However, most of these

studies have been focused on setting new protocols for differ-
entiation of neurons of different types and less attention
has been paid to the methodological development. Indeed,
conventional methods relying on the use of planar culture
dishes, flasks and multi-well plates allowed neuron differentiation,
growth and characterization but they should not be ideal since
they do provide neither the requested cellular microenvironment
nor the desired flexibility for three-dimensional network formation
and electrophysiological monitoring. When stem cells are plated
in a planar dish, they have to adapt to a two-dimensional setting
wherein cells are in contact with exogenous materials, lost the
underneath permeability, and do not have sufficient freedom to
self-organize. Furthermore, when electrophysiological measure-
ments15,16 are requested, planar culture requires laborious
preparation and delicate operations with neurons on such as
multi-electrode arrays (MEAs). Therefore, it is highly desirable
to develop a new culture method which is able to recapitulate
the in vivo setting of extracellular matrix proteins and soluble
factors, and to facilitate robust manipulation of hiPSCs and the
derived neurons.

Based on the results of our previous work for long term culture
of hiPSCs on nanofibrous gelatin substrates,17 we developed a
culture patch method for effective neuron differentiation. Unlike
the conventional dish method, hiPSCs are now differentiated
directly on a net-like structure or a culture patch made of cross-
linked monolayer gelatin nanofibers and poly(ethylene glycol)
diacrylate (PEGDA) honeycomb microframes. The PEGDA frame
was fabricated by soft-lithography and the monolayer nanofibers
were produced by electrospinning. After crosslinking, nanofibers

a Ecole Normale Supérieure-PSL Research University, Département de Chimie,
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acquire a net structure with pore sizes smaller than cells but large
enough for three-dimensional exposure of the differentiating stem
cells to the culture medium and soluble factors. Flat and hemi-
sphere hiPSC colonies were first generated in each of the
honeycomb compartments and then directed to become motor
neuron progenitors. After replating to another patch, mature
motor neurons were obtained and used directly for electro-
physiological measurements using a commercial MEA device,
showing characteristic neuron activities. When the same procedures
were repeated on planar glasses and MEAs, motor neurons
expressed less specific proteins and no spontaneous firing was
observed. Thus, the patch method is advantageous over the
conventional dish method for both motor neuron differentiation
and electrophysiological measurements, providing a novel and
powerful way for neuron based assays for the benefit of plug-
and-play users.

2 Experimental
2.1 Preparation of a patch frame

The patch frame made of PEGDA was fabricated by UV assisted
molding using a polydimethylsiloxane (PDMS) mold. First, a
chromium mask of the honeycomb network of a 500 mm period
and a 50 mm line width was produced using a micro-pattern
generator (mPG 101, Heidelberg Instruments, Germany). Then,
the mask was spin coated with a 50 mm thick photoresist
(AZ40XT, MicroChem, France) and backside exposed to UV
light. After development, the mask with photoresist patterns
was exposed to a vapor of trimethylchlorosilane (TMCS, Sigma,
France) for anti-sticking treatment. A mixture of the PDMS
pre-polymer and the cross-linker (GE RTV 615, GE, France) was
prepared at a ratio of 10 : 1 and poured on the resist layer. After
curing at 80 1C for 2 h, the PDMS layer was peeled off and
placed on a glass slide. The PDMS-glass assembly was placed
in a desiccator for degassing for 15 min. A PEGDA (average
Mn = 250, Sigma, France) solution mixed with 1 v/v% Irgacure
2959 (Sigma, France) as a photo-initiator was prepared and
dropped on glass at the edge of the PDMS mold to fill the cavity
of the PDMS-glass assembly due to micro-aspiration. Then,
a cured honeycomb frame of PEGDA was formed after UV
exposure at 9.1 mW cm�2 for 30 s and peeling-off the PDMS
mold. For easier handling, a 100 mm thick PEGDA ring of
13 mm outer diameter and 9 mm inner diameter was prepared
in a similar manner and then mounted on the honeycomb
frame using pre-cured PEGDA solution as a binder with UV
curing. Finally, the PEGDA honeycomb frame was gently taken
off with the ring using a scalpel.

2.2 Preparation of crosslinked monolayer nanofibers

Gelatin nanofibers were produced by electrospinning using the
same protocol as previously described.17 Briefly, 10 wt% gelatin
powder (G2625, Sigma, France) was dissolved in a mixture of
acetic acid, ethyl acetate and distilled water with a volume ratio
of 21 : 14 : 10 before electrospinning. To collect the electrospun
nanofibers more evenly, the backside of the supporting PEGDA

network was sputtered with 10 nm thick Au to enhance the
attachment of gelatin nanofibers and the PEGDA network.
Then, the PEGDA substrate with a golden surface on top was
taped onto a silicon wafer as a collector. After loading into a
syringe, the gelatin solution was ejected to the collector at a
distance of 10 cm, using a syringe pump (KD Scientific) at
0.2 mL h�1 pumping speed through a stainless steel 23-gauge
needle. The spinneret was connected to the anode of high
potential power supply (TechDempaz, Japan) with a bias voltage
of 11 kV and the collector was connected to the cathode of the
power supply. Afterward, the samples were dried in a vacuum
overnight to eliminate the remaining solvent.

The crosslinking of electrospun gelatin nanofibers was
obtained by soaking the sample in ethanol with 0.2 M 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC,
Sigma, France) and 0.2 M N-hydroxysuccinimide (NHS, Sigma,
France) for 4 h. Then, the samples were rinsed with ethanol
three times and dried in a vacuum overnight to remove the
remaining ethanol, resulting in crosslinked monolayer nano-
fibers on the PEGDA honeycomb frame.

The pore size distribution and porosity of the crosslinked
nanofibers were analyzed using commercial software imageJ.
Three samples under the same conditions were analyzed. For
each of them, no less than three areas at different locations
were used to obtain the average value and the standard deviation
of the porosity.

2.3 hiPSC culture

hiPSCs of the 253G1 cell line were prepared in complete E8
medium with a 1 : 100 diluted vitronectin (Life Technology,
Japan) coated culture dish at 37 1C with 5% CO2 supplementation.
The medium was changed everyday until cells grew to 70–80%
confluence. Cells were harvested with a solution of DPBS with
0.5 mM EDTA (Life Technologies, Japan). To obtain monolayer
and hemisphere hiPSC aggregations, the patch was treated in a
DPBS solution with 1 : 100 and 1 : 500 diluted vitronectin for 1 h
at room temperature, respectively. Then, the patch was placed in a
culture dish for cell seeding. hiPSCs at a cell density of 2 � 105 in
50 mL of E8 medium containing a 10 mM ROCK inhibitor (Y-27632;
Wako Chemicals) were plated on the surface of the patch and the
culture dish was transferred into an incubator for cell attachment
for 1 h. Afterward, 2 mL of fresh E8 medium containing 10 mM
ROCK inhibitor were gently added to the culture dish. Then, the
culture medium was replaced by E8 medium without the ROCK
inhibitor after 2 h and 24 h of incubation for hemisphere and
monolayer hiPSC aggregation, respectively.

2.4 Motor neuron differentiation

Neuroectodermal induction. The induction medium was
prepared with Knockout Serum Replacement (KSR) medium
and N2 medium at different ratios. KSR medium contains 20%
KSR, 2 mM Glutamax, 1% Non-Essential Amino Acid (NEAA),
4 ng mL�1 of basic fibroblast growth factor (bFGF) (all from Life
Technologies) and 0.1 mM b-mercaptoethanol (Sigma, Japan)
in DMEM/F12. N2 medium contains 1% N2 supplement
(Life Technologies, Japan), 2 mM Glutamx and 1% NEAA in
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DMEM/F12. The neuron induction of hiPSCs was done by using
N2/KSR medium at a ratio of 0/100% (days 1–3), 25%/75%
(day 4), 50%/50% (days 5–6), 75%/25% (day 7) and 100%/0
(day 8), respectively, together with 10 mM SB431542 and 0.1 mM
LDN193189 (both from Sigma, Japan) for all days (for dual
inhibition of SMAD signaling).

Motor neuron differentiation. From days 9 to 16, cells were
treated with N2 medium containing 0.1 mM retinoic acid (RA,
Sigma), 0.5 mM purmorphamine (Pur, Sigma) and 20 ng mL�1

of bFGF. The medium was changed every two days.
Motor neuron maturation. At day 17, motor neuron progeni-

tors were digested with 1 mg mL�1 of Dispase (Life Technologies)

and re-suspended in a maturation medium which is composed of a
1 : 1 mixture of N2 medium and B27 medium with a number of
maturation factors. The B27 medium contains neurobasal medium
(Life Technologies), 2% B27 supplement (Life Technologies), and
2 mM Glutamax. The maturation factors include 10 ng mL�1 of
brain-derived neurotrophic factor (BDNF), 10 ng mL�1 of glial-
derived neurotrophic factor (GDNF), 10 ng mL�1 of insulin-like
growth factor 1 (IGF-1) (all from Life Technologies), 1 mM cyclic
adenosine monophosphate (cAMP, Sigma), 0.2 mg mL�1 of ascorbic
acid (AA, Sigma), 0.1 mM RA, and 1 mM Pur. Prior to cell seeding, the
nanofiber patch was treated in a laminin solution (1 : 50 iMatrix511
diluted in PBS, Clontech) at 37 1C overnight, while glass slides and

Fig. 1 (A) Photograph of a culture patch made of crosslinked monolayer gelatin nanofibers on a PEGDA honeycomb microframe; (B) SEM images of the
patch, showing a net structure with pore sizes less than 8 mm; (C) schematic of motor neuron differentiation and maturation; (D) bright field images of
differentiating hiPSCs toward motor neuron progenitors on two types of substrates (culture patch and glass) at days 1, 8 and 16. The shape of initial hiPSC
colonies on the culture patch (day 1) was controlled by ROCK inhibitor treatment. Here, flat and hemisphere colonies were obtained by 24 h and 2 h
ROCK inhibitor treatment, respectively.
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multi-electrode array (MEA, Multichannel, Germany) samples were
first treated in a solution of poly-ornithine (PO, Sigma) at 37 1C for
2 h and then in the laminin solution at 37 1C overnight. After cell
reseeding, the medium was changed every two days.

2.5 Immunocytochemistry

For immunostaining, samples were rinsed with PBS to remove
unattached cells and the remaining cells were fixed with 4%
paraformaldehyde (PFA) diluted in PBS for 15 min. Then, cells
were treated for permeabilization with 0.5% Triton X-100 in
PBS at 4 1C overnight for antigens inside nuclei or 10 min at
room temperature for antigens outside nuclei. Next, cells were
incubated in a blocking solution containing 5% v/v normal goat
serum, 5% v/v normal donkey serum, 3% v/v bovine serum
albumin, and 0.1% v/v Tween 20 in D-PBS overnight at 4 1C to
block out non-specific bindings. Afterward, cells were incu-
bated with primary antibodies, i.e., anti-Pax6 (1 : 100 diluted),
anti-Nestin (1 : 200 diluted), anti-Olig2 (1 : 100 diluted), anti-b
tubulin III (1 : 400 diluted) and anti-HB9 (1 : 100 diluted) in
blocking solution (anti-Pax6, anti-Sox1, anti-Olig2 and anti-HB9
from Abcam, Japan; anti-Nestin and anti-b tubulin III from
Sigma, Japan). After incubation at 4 1C overnight, cells were
treated with secondary antibodies, i.e., Alexa Fluor 488 Donkey
anti-rabbit IgG (1 : 300 diluted) and Alexa Fluor 594 Donkey
anti-mouse IgG (1 : 300 diluted) both from Jackson Immuno-
Research in blocking buffer at room temperature for 1 h.
For nuclei staining, cells were incubated with 300 ng mL�1

of 40-6-diamidino-2-phenylindole (DAPI) for 30 min, and
finally washed three times with PBS. The stained cells were
observed using an inverted optical microscope (Axiovert
200, Zeiss, Germany) equipped with a digital CCD camera
(Evolution QEI, US).

2.6 Quantitative RT-PCR

Total RNAs from derived neurons at day 8 and day 16 were
harvested using an RNeasy Mini Kit (Qiagen, Valencia, CA)
following the manufacturer’s instructions. The RNA concentrations
were determined using a NanoDrop1000 spectrophotometer
(Thermo Fisher). Then RNAs were reverse transcribed using a
RT First Strand Kit (Qiagen). The targeting cDNA was amplified
and quantified using Power SYBR Green PCR MasterMix (Life
Technologies). Briefly, cDNA solution was mixed with Power
SYBR Green PCR MasterMix and applied to the PCR arrays.
For amplification and quantification of cDNA, ‘‘hot start’’ PCRs
were carried out with an initial incubation at 95 1C for 10 min,
followed by 40 cycles of 95 1C for 15 s and then 60 1C for 3 min
using an Applied Biosystems 7300 Real-Time PCR system (Life
Technologies). Data analysis was carried out using Cluster 3.0 in
combination with the TreeView 1.1.5 open-source software. The
following primers were used: Nestin forward, 50-ATC GCT CAG
GTC CTG GAA GG-30 and reverse, 50-AAG CTG AGG GAA GTC
TTG GAG-30; Olig2 forward, 50-GGG CCA CAA GTT AGT TGG AA-30

and reverse, 50-GAG GAA CGG CCA CAG TTC TA-30; GAPDH
(endogenous control) forward, 50-AAC AGC CTC AAG ATC ATC
AGC-30 and reverse, 50-GGT CTC TCT CTT CCT CTT GTG C-30.

2.7 Field potential measurement

The culture patch with differentiated motor neurons was gently
placed on the surface of MEAs to record the field potential (FP)
of motor neurons by using a commercial MEA device and a data
acquisition system (Multi Channel Systems, Germany). For a
better contact of the patch and electrodes, a block of PDMS was
used to gently press the patch against the MEA. For the neurons
reseeded on the MEA, the field potential was recorded directly
using a MEA system. The MEA is made of a 50 � 50 mm glass
substrate with a 1.4 � 1.4 mm matrix of 60 silicon nitride
insulated electrodes (30 mm diameter and 200 mm distance)
imbedded in the center. The MEA chamber was filled with
pre-warmed neuron maturation medium and maintained at
37 1C using a temperature controller. After 15 min of stabilization,
the field potentials of 60 channels were obtained simultaneously
at 20 kHz with 16-bit precision.

3 Results and discussion
3.1 Culture patch description

The culture patch was composed of gelatin nanofibers electro-
spun on a PEGDA microframe (Fig. 1). After crosslinking, the
gelatin nanofibers formed a net-like structure with pore sizes
less than 8 mm (Fig. S1, ESI†) and a porosity of 61.58 � 2.06%,
determined using imageJ. On such a net-like structure, cells
could be cultured with minimum exogenous material contact
and maximum exposure to the culture medium (Fig. 1B). The
PEGDA frame has a honeycomb structure with 500 mm pitch
size and 50 mm bandwidth (Fig. 1B). In addition, a PEGDA ring
with a thickness of 100 mm and an inner and outer diameter of
9 and 13 mm, respectively, was mounted on the frame for easier
handling and manipulation. Furthermore, the culture patch
has a similar material density to that of culture medium,
allowing an off-ground culture using or without using special
handling devices.

3.2 Motor neuron differentiation

Motor neuron differentiation of hiPSCs can be achieved by
using either embryoid bodies (EBs) or monolayer colonies.18,19

We followed previous motor neuron differentiation protocols20–22

but using the two types of colonies on the net-like structure
(Fig. 1C) for a close comparison as well as a comparison with
more conventional differentiation on glass (control).

Fig. 1D shows the bright field images of differentiating cells
at different stages. After the formation of hiPSC hemisphere or
monolayer colonies for 24 h, the hiPSCs were induced into
neuroectodermal cells by inhibition of the dual Smad signaling
pathway,20 using TGF-b inhibitor SB431542 and BMP4 inhibitor
LDN193189. Typical cell morphology changes can be observed
at day 8. Meanwhile, cells started from hemisphere colonies
migrated to the outside area of hemispheres and then con-
nected to the neighboring ones. The results of immunostaining
show that at day 8 most cells became both Pax6 and Nestin
positive which are neuroectodermal specific transcription factor
and common neural progenitor marker, respectively (Fig. 2A),
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Fig. 2 (A) Immunofluorescence images of hiPSC-derived neuron stem cells at day 8 obtained on glass and the culture patch after 24 h (patch monolayer
and glass) and 2 h (patch hemisphere) of Y-27632 treatment, respectively: nuclei stained with DAPI (blue), neuroectodermal cells with Pax6 (green), and
neuron stem cells with Nestin (red); (B) relative mRNA expression of Nestin at day 8 of differentiating hiPSCs toward motor neuron progenitors, showing
more Nestin expression for the cells differentiated on the patch than on glass; (C) immunofluorescence images of hiPSC-derived motor neuron
progenitors at day 16, obtained on glass and the culture patch after 24 h (patch monolayer and glass) and 2 h (patch hemisphere) of Y-27632 treatment,
respectively, showing more Olig2 positive motor neuron progenitors on the patch than on glass: nuclei stained with DAPI (blue), neural microtubules with
b-tubulin III (green) and motor neuron progenitors with Olig2 (red); (D) relative mRNA expression of Olig2 at day 16 of differentiating hiPSCs toward motor
neuron progenitors, showing more Olig2 expression for the cells differentiated from monolayer colonies on the patch than the other two situations.

Fig. 3 Bright field images of motor neurons during maturation after reseeding on three types of substrates (culture patch, MEA and glass) at days 22, 26
and 30, showing the formation cell clusters and even neuron spheres on MEA and glass substrates.
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while little difference could be observed from different groups.
Then the results of q-PCR revealed a higher Nestin expression
level of the cells on nanofibers than on glass, suggesting that the
off-ground culture with crosslinked monolayer nanofibers leads
to a better neuron induction of hiPSCs than conventional
culture (Fig. 2B). After day 8, cells were exposed to soluble
morphogens RA and Pur for motor neuron differentiation. At
day 16, the immunofluorescence images show clearly neuron
specific b-tubulin III positive microtubules and motor neuron
progenitor specific transcription factor Olig2 (Fig. 2C). The
expression of b-tubulin III showed clearly the elongated neurites
with lengths of 100 to 200 mm, while there appeared more Olig2
positive motor neuron progenitors on the patch than on glass.
Compared to the cells started from monolayer hiPSC colonies,
cells differentiated from hemisphere colonies aggregated more
in the center of each honeycomb compartment. However, the
results of q-PCR show a much higher expression level of Olig2
for the cells started from monolayer colonies than those from
hemisphere ones and on glass (Fig. 2D), suggesting that mono-
layer hiPSC colonies on the culture patch could be better
directed to motor neurons.

3.3 Motor neuron maturation

After day 16, motor neuron progenitors derived from monolayer
hiPSCs on the culture patch were digested and reseeded for
maturation on three types of substrates, i.e., pre-coated glass
slide, MEA or culture patch. Fig. 3 shows the morphological
changes of the cells at days 22, 26 and 30 on different culture
supports. In the beginning, single neurons started to adhere
on the substrate and showed neurite extension. Due to cell
proliferation, neuron clusters and even neuron spheres (especially
on the glass slide and the MEA) formed. Then, elongated axons (up
to several hundred micrometers in length) appeared at day 30.
However, significant differences in the cell/cluster morphology
were observed with different culture supports. Apparently, neurons
could not attach well on the MEA and a poor proliferation was
observed. On MEAs and glass neurons often formed large clusters
while they spread on culture patches presumably because of
compartmentation and a lower stiffness of the substrate. Indeed,
neurons are found in the relatively soft tissue of the nervous
system in vivo, and thrived similarly on softer materials in vitro.23,24

Compared to the environment of the nervous system in vivo, glass
and MEAs (glass with titanium-nitride electrodes) are too rigid for

Fig. 4 (A and B) Immunostaining images of motor neurons on glass (A) and on the patch (B) during maturation at day 30: nuclei stained with DAPI (blue),
motor neuron with HB9 (red) and neural microtubules with b-tubulin III (green); (C) bar plot showing the relative numbers of b-tubulin III and HB9
positive cells at day 30 on the patch normalized to the values on glass.
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neuron culture, while the culture patch formed by crosslinked
monolayer gelatin nanofibers provides a culture support more
similar to the in vivo extracellular matrix. Finally, the immunos-
taining images show that at day 30 many neurons become HB9+/b-
tubulin III+ motor neurons on both the glass and the patch (Fig. 4A
and B). Here, HB9 is a motor neuron specific transcription factor
and b-tubulin III is a neural microtubule marker. Again, large
cell clusters were observed on glass due to the same reason as
mentioned above. Cells on glass also showed less HB9 and
b-tubulin III expression with respect to the cells on the patch. By
measuring the fluorescence intensity ratio of HB9/b-tubulin III to
DAPI using imageJ, the HB9/b-tubulin III positive cells on glass
and the patch can be compared quantitatively. Not surprisingly,
the maturation of neurons on the culture patch led to 3.26 and
2.15 fold increases in the numbers (and thus yields) of b-tubulin
III+ and HB9+ cells, respectively, compared to that on glass
(Fig. 4C). Such an increase could be contributed to the favorable
conditions provided by off-ground culture of neurons on a patch.

3.4 Electrophysiological measurement

After day 30, maturing motor neurons on the culture patch were
checked every two days, using a commercially available MEA, to
verify their spontaneous activity (Fig. 5). At day 38, spikes were
detected (Fig. 5C), indicating the maturation of the motor

neurons and the formation of functional neural networks. In
most of the experiments, clear electrical signals, which could be
ascribed to spikes generated by neurons (Fig. 5D–F), were
recorded by a dozen of electrodes over the available 64 of the
MEA (Fig. 5C), presumably because of a bad electrical contact
between neurons and the recording electrodes or the absence
of neurons over the electrode. As can be seen, motor neurons
fired spikes in bursts (Fig. 5E) or in an almost periodic fashion
(Fig. 5D). We also observed extracellular spikes of different
amplitudes from the same electrode (Fig. 5F). By using the
spike sorting tool implemented in the MC_Rack software, these
extracellular spikes could be categorized into two groups, due
probably to the contribution of two neurons (Fig. 5G and H).
Here, spikes of group 1 displayed a negative impulsion of
160–210 mV, while spikes of group 2 showed impulsions of
50–150 mV positive and 50–80 mV negative waveforms. Similar
analyses were performed for other electrodes and we found that
most of them could be attributed to 1 or 2 neurons. In this way
in most of the experiments we monitored the electrical activity
of some dozens of neurons, showing that the culture was healthy
and neurons were generated properly. Occasionally we saw
neurons firing almost in synchrony or with a reproducible
pattern, proving that a functional network of neurons was
formed. The duration of the spikes was about 1 ms, which is

Fig. 5 Electrophysiological measurements of a motor-neuron patch using a commercial MEA device at day 38. (A) Neuron patch in the chamber of a
MEA device filled with medium. (B) Bright field image of a neuron patch on the microelectrodes of MEAs. (C) Overall view of 60-channel recordings,
showing spontaneous neuron activity. (D) Electrical signals detected by electrode 51# for 10 s. (E) Electrical signals detected by electrode 78# for 10 s.
(F) Electrical signals detected on electrode 46# for 10 s. (G) Detailed view of (D) showing two typical types of neuron spikes. (H) Spike sorting results of
electrical signals recorded by electrode 46#.
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typical of neuron firing. For comparison, we also checked
whether the neurons reseeded on the MEA provided similar
electrical signals. We were not able to record any meaningful
signals until day 50, suggesting that either the grown neurons
were not mature enough or there was still no functional neural
network. Therefore, motor neurons could be more easily
matured and more effectively connected each other on a patch
due to the mimic characteristics of the in vivo environment.

4 Conclusions

We fabricated a culture patch for off-ground culture and
differentiation of hiPSCs. The patch was made of crosslinked
monolayer gelatin nanofibers on a biodegradable PEGDA
honeycomb frame to minimize the contact with the exogenous
material and to maximize the accessibility of nutrients to the
cells. Motor neuron progenitors were obtained and they expressed
their characteristic proteins. After reseeding to different types of
culture supports, electrical signals could be recorded at day 38 and
the spontaneous firing of neurons was measured. No firing was
detected for the neurons reseeded on the MEA device until day 50,
indicating the advantage of off-ground culture for neuron network
formation or maturation. Our results also show that the differ-
entiation efficiency of hiPSCs to neurons is higher when started
from flat hiPSC colonies than from hemispheres. The proposed
culture patch can be used for advanced studies of neuronal
differentiation and electrophysiological recordings. Compared
to the more conventional culture dish methods, the use of a culture
patch for neuron studies is more flexible and versatile, allowing
reliable process optimization and a large variety of applications.
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