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1 Department

We developed the photo-crosslinkable hydrogel-based 3D microfluidic device to culture neural stem cells (NSCs) and tumors. The photo-crosslinkable gelatin methacrylate
(GelMA) polymer was used as a physical barrier in the microfluidic device and collagen
type I gel was employed to culture NSCs in a 3D manner. We demonstrated that the pore
size was inversely proportional to concentrations of GelMA hydrogels, showing the pore
sizes of 5 and 25 w/v% GelMA hydrogels were 34 and 4 m, respectively. It also revealed
that the morphology of pores in 5 w/v% GelMA hydrogels was elliptical shape, whereas we
observed circular-shaped pores in 25 w/v% GelMA hydrogels. To culture NSCs and tumors
in the 3D microfluidic device, we investigated the molecular diffusion properties across
GelMA hydrogels, indicating that 25 w/v% GelMA hydrogels inhibited the molecular diffusion for 6 days in the 3D microfluidic device. In contrast, the chemicals were diffused in
5 w/v% GelMA hydrogels. Finally, we cultured NSCs and tumors in the hydrogel-based 3D
microfluidic device, showing that 53–75% NSCs differentiated into neurons, while tumors
were cultured in the collagen gels. Therefore, this photo-crosslinkable hydrogel-based 3D
microfluidic culture device could be a potentially powerful tool for regenerative tissue
engineering applications.
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1 Introduction
Neural stem cells (NSCs) are of great important cell sources
for studying the neurodegenerative metabolic disease and
spinal cord injury [1]. It has been known that NSCs give rise
to differentiate into three major cell lineages, such as neurons, astrocytes, and oligodendrocytes [2]. In general, NSCs
first differentiate into neurons, following by astrocytes and
oligodendrocytes [3]. NSCs-derived neuronal differentiation
has previously been investigated using extracellular matrix
(ECM)-based hydrogels. For instance, NSCs isolated from
embryonic cortical neuroepithelium were suspended with
collagen type I gels to manipulate neuronal circuit in a 3D
manner [4]. It showed that NSCs encapsulated within collagen gels gave rise to neurons. In contrast, glial fibrillary acidic
protein-positive astrocytes and O4-positive oligodendrocytes
were not observed until 10 days. Electrophysiology analysis
showed that voltage-gated K+ and Na+ ion currents were altered when NSCs differentiated into Tuj1-positive neurons.
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However, it represented that the voltage-gated Na+ ion current was not largely observed in undifferentiated NSCs. It
also observed that NSC-derived neurons encapsulated inside
collagen gels showed the synaptic vesicle recycling. Furthermore, 3D collagen type I gel-hyaluronan matrix has previously
employed to induce NSC-derived neuronal differentiation [5].
It showed that the progenitor cells derived from embryonic
brains were rapidly grown. NSCs cultured for 6 days in the 3D
collagen type I gel-hyaluronan matrix largely gave rise to neurons (70%). In contrast, 14% NSC-derived neurons were
only observed at sixth day on the fibronectin-coated glass.
It demonstrated that a large number of ␤III-tubulin-positive
cells showed mature neuronal differentiation, confirmed by
expression of glutamate, ␥ -aminobutyric acid, and synapsin I.
Hydrogels are of great interest in applications for
implantable materials and regenerative tissues. Hydrogels
containing water contents hold complex polymeric chain
structures in a 3D manner [6, 7]. In particular, hydrogels
(e.g. gelatin, collagen, and hyaluronate) made from natural sources have widely been used as alternative materials
to replace the tissue scaffold because the chemical and mechanical properties of biodegradable hydrogels are similar
to properties of human tissues [8–10]. The hydrogel-based
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3D culture methods have widely been used for stem cellbased tissue engineering applications [11, 12]. In particular,
photo-crosslinkable hydrogels have recently been used to
regulate stem cell differentiation. For instance, copper-free
click chemistry-based cytocompatible hydrogels have been
used for the cell encapsulation and patterning in a spatial manner [13]. It showed that cell-encapsulated hydrogels
were generated from poly(ethylene glycol) tetra-azide and
self-quenched collagenase-sensitive detection peptide using
a bis(cyclooctyne)-functionalized peptide crosslinker. It observed that fibroblast cells were spatially patterned within hydrogels containing Arg-Gly-Asp (RGD) peptides. This method
could be useful for photo-sensitive fabrication of biologically
functionalized hydrogels. The porous photo-crosslinkable
methacrylamide chitosan has been used to induce NSC differentiation [14]. To regulate the porosity, D-mannitol crystals
were mixed with methacrylamide chitosan. It showed that Dmannitol crystals enabled the increase of average pore sizes,
resulting in increasing the oxygen diffusion rate. The growth
of NSCs cultured with porous methacrylamide chitosan was
inversely proportional to the porosity. In contrast, the porous
methacrylamide chitosan scaffolds induced NSC differentiation. The methacrylate-modified hyaluronic acid–based hydrogels have previously used to regulate neural progenitor cell
differentiation [15]. It investigated the effect of methacrylatemodified hyaluronic acid–based hydrogel concentrations on
compressive moduli, showing that compressive moduli were
increased with hydrogel concentrations. The neural progenitor cells were photo-encapsulated within hyaluronic acid
hydrogels for neuronal differentiation. Interestingly, neural
progenitor cells cultured with stiffer hydrogels largely differentiated into glial fibrillary acidic protein-positive astrocytes.
It confirmed that the differentiation of neural progenitor cells
was significantly affected by hydrogel mechanical properties.
The photo-crosslinked RGD-alginate gels have also been used
to direct adipose progenitor cells [16]. The mechanical properties of hydrogels were regulated by adhesion peptide density and Ca2+ concentration. The cells in stiffer hydrogels
were more proliferated than those in compliant hydrogels
and preadipocyte cells cultured within stiff hydrogels largely
secreted vascular endothelial growth factors. It demonstrated
that the adipose-derived differentiation was constrained by
the mechanical rigidity of the hydrogel matrix.
The differentiation of stem cells is significantly affected
by various extracellular microenvironments [17]. To manipulate stem cell fate, various multifunctional microfluidic
devices have recently been developed [18–22]. For instance,
compartmental microfluidic culture device has been developed to induce neuronal differentiation from murine
embryonic stem cells [23]. Embryoid bodies-loaded into
microfluidic culture device were differentiated into neurons
and their axons extended through bridge microchannels,
resulting in forming alignment of axons. The use of the 3D
gel matrix as a scaffold is of significant benefit over traditional
2D cultures because it can mimic in vivo tissue environment.
NSCs have previously been cultured in ECM-based 3D
microfluidic devices [20]. NSCs and ECM hydrogels (e.g.
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collagen type I, Matrigel, and mixture of collagen I and
Matrigel) loaded into the center of the microchannels, while
growth medium containing various growth factors was
placed on side channels. It investigated the effect of three
ECM hydrogels on NSC differentiation in the microfluidic
device. The quantitative real-time PCR analysis showed
that NSCs cultured in 3D Matrigel-based hydrogels highly
differentiated into neurons and oligodendrocytes compared
to those in collagen gels because the laminin was the major
ingredient of Matrigel. In contrast, quantitative real-time
PCR analysis indicated that NSCs cultured in 3D ECM
hydrogels containing Matrigel or collagen were not largely
differentiated into astrocytes. Furthermore, 3D microfluidic
device has been employed for culture of mouse embryonic
stem cells, breast cancer cells, and hepatocytes [24]. The
two-layer compartmentalized microfluidic device embedding semiporous membranes were used to pattern Janus
culture of 3D spheroids. The heterogeneous spheroids were
patterned in microfluidic hydrodynamic device and the
shape of dynamic cellular micropatterning was regulated
by the geometry of microchannels. It demonstrated that
mouse embryonic stem cells were located on the inside of
cell spheroids, whereas breast cancer cells (MDA-MB-231)
or hepatocarcinoma cells (HepG2) were placed on outside
of spheroids, suggesting that the Janus 3D cell spheroids
could enable the control of spatial differentiation on mouse
embryonic stem cells. Although previous 3D microfluidic
devices were used for stem cell-based neuronal differentiation, they did not consider the effect of photo-crosslinkable
hydrogels on molecular diffusions. In this paper, we develop
photo-crosslinkable hydrogel-based 3D microfluidic device,
consisting of five microchambers and four bridge microchannels, for culture of NSCs and tumors. We demonstrated
that 25 w/v% photo-crosslinkable gelatin methacrylate
(GelMA) hydrogels prevented the molecular diffusion from
microchannels and NSCs encapsulated within the collagen
type I gel-loaded microchamber differentiated into Tuj1- or
microtubule-associated protein2 (MAP2)-positive neurons.

2 Materials and methods
2.1 Fabrication of 3D microfluidic culture device
The microchambers and bridge microchannels were fabricated by two-step photolithography methods as previously
described [25]. To fabricate 3D microfluidic culture device,
microchambers and bridge microchannels were designed
by AutoCAD program. To fabricate bridge microchannels,
SU-8 25 photoresist was spin-coated on a silicon wafer
(1000 rpm, 60 s, and 40 m in thickness). To fabricate microchambers, SU-8 100 was subsequently spin-coated on SU8 25 photoresist-patterned substrates (1000 rpm, 60 s, and
250 m in thickness). After development, PDMS precursor solution was molded from the photoresist-patterned silicon wafer and PDMS-based 3D microfluidic culture device
was bonded into glass slides using oxygen plasma treatment
(Femto Science, Korea).
www.electrophoresis-journal.com
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2.2 GelMA hydrogel synthesis

2.6 Immunocytochemistry

The photo-crosslinkable GelMA hydrogels were synthesized
as previously described [26, 27]. Briefly, type A porcine skin
gelatin was stirred at 50°C and PBS (GIBCO, USA) was mixed
until fully dissolved. Methacrylic anhydride was added with
0.5 mL/min rate under stirred conditions for 2 h. The mixture was dialyzed against distilled water using 12–14 kDa
cutoff dialysis tubing for 3–4 days at 40°C to remove salts and
methacrylic acids. The solution was lyophilized for 7 days and
was subsequently stored at −80°C.

The cells were fixed with 4% paraformaldehyde for 15 min
at room temperature after culturing for 6 days in the GelMA
hydrogel-based 3D microfluidic culture device. After washing with PBS, the cells were permeabilized by 1% triton
X-100 in PBS for 30 min at room temperature and were
subsequently blocked by 1% BSA(Sigma) for 1 h. The cells
were immunostained by the primary antibody (anti-Neuronal
Class III ␤-Tubulin (Tuj1; Stem Cell Technology, Canada)
and anti-MAP2 (Millipore, Germany)) overnight. They were
subsequently incubated with secondary antibody Alexa Fluor
488 goat anti-mouse IgG, (Invitrogen, USA) and Alexa fluor
594 phalloidin (Invitrogen) for 6 h at room temperature. The
cell nuclei were also stained by DAPI (0.1 g/mL) for 30 min
at room temperature.

2.3 Scanning electron microscope
The structure of the GelMA hydrogel was analyzed using
a scanning electron microscope (SEM). The swollen hydrogels were frozen and were subsequently lyophilized. The
lyophilized samples were cut and their cross-sections were
coated with platinum using a turbo sputter coater (EMITECH,
K575X). SEM images were acquired at a high voltage of
20 kV. The quantifications of the porosity and aspect ratio
were analyzed by Image J software.

2.4 Culture of NSCs and tumors
The human NSCs (ReN VM cell line) were cultured on a
laminin-coated culture flask with DMEM: Nutrient Mixture
F-12 (DMEM:F12), 2% B27 supplement, 1% L-glutamine,
10 g/mL gentamycin (Invitrogen, Auckland, New Zealand),
and 10 units/mL heparin (Sigma, MO, USA) in an incubator (5% CO2 , 37°C). Accutase was used to detach the cells
adhered to a tissue culture flask. We also cultured human
breast carcinoma cell lines (MCF7). The cells were cultured
with DMEM with 10% fetal bovine serum and 1% penicillin–
streptomycin.

2.5 Loading of GelMA hydrogels and
cell-encapsulated collagen gels
Lyophilized 25 w/v% GelMA hydrogels were mixed into
PBS and 0.5% w/v 2-hydroxy-1-(4-(hydroxyethoxy)phenyl)2-methyl-1-propanone (Irgacure 2959, CIBA Chemicals) as
a photo-initiator at 80°C. Eight microliters of GelMA hydrogel solution injected into the inlet of microchamber
c in the 3D microfluidic culture device (Fig. 1A) and it
was photo-crosslinked by an UV light (360–480 nm wavelength) for 20 s. To culture cells in a 3D manner, 2 ×
106 cells/mL suspension of NSCs and tumors was encapsulated within 2 mg/mL collagen type I gels on an ice. Six
microliters of cell-encapsulated collagen gels injected into
the inlets of microchambers b and d in the 3D microfluidic
culture device (Fig. 1A). The cells were incubated at 37°C for
30 min.
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3 Results and discussion
3.1 Fabrication of GelMA hydrogel-based 3D
microfluidic culture device
We developed the photo-crosslinkable GelMA hydrogel-based
3D microfluidic culture device (Fig. 1). The GelMA hydrogelbased 3D microfluidic device fabricated by two-step photolithography process was consisted of five microchambers
(chambers a–e) and four bridge microchannels (Fig. 1A). The
five microchambers (250 m thickness) were connected with
microgrooved four bridge channels (40 m thickness; Fig.
1B). We made 250-m thick microchambers for polymerization of GelMA hydrogels and cell-encapsulated collagen
type I gels. We also used 40-m thick microgrooved bridge
channels to increase the fluidic resistance. GelMA hydrogels were photo-crosslinked through a mask film via a UV
light in the microchamber c. After photo-polymerization of
GelMA hydrogels, the inlets and outlets of the microchamber c were sealed by hybrid sealing tapes, showing that it
prevented evaporation from solutions in inlets and outlets of
microchamber c. We used the photo-crosslinked GelMA hydrogel in the microchamber c as a physical barrier to inhibit
the molecular diffusion across bridge microchannels. The
cell-encapsulated collagen type I gels loaded into microchambers b and d. The cells were only cultured inside collagen gels
in the microchambers because photo-crosslinkable GelMA
hydrogels might damage the cells due to UV light-mediated
polymerization process. The biocompatibility of GelMA hydrogels was better than other photo-crosslinkable hydrogels
(e.g. polyethylene glycol) because GelMA hydrogels contained
gelatin generated by partial hydrolysis of collagen. Neurons
and glia cells have previously been cultured in the multicompartment microfluidic devices [28]. Axons of central nervous
system neurons were isolated in six satellite multicompartment microchannels. It observed the effect of axon layers on
astrocytes and oligodendrocyte progenitor cells, showing that
axon layers were disrupted by astrocytes, because axons grew
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Figure 1. Photo-crosslinkable
hydrogel-based 3D microfluidic
culture
device.
(A)
Schematic drawing of the
photo-crosslinkable hydrogelbased 3D microfluidic device
containing five microchambers and four bridge microchannels. (B) Schematic
of cross-sectional the photocrosslinkable hydrogel-based
3D microfluidic culture device.
(C) Photograph of photocrosslinkable hydrogel-based
3D microfluidic culture device.

above astrocytes and astrocytes pushed away axons. In contrast, the mature myelin proteins were highly expressed in
oligodendrocyte progenitor cells. Therefore, this multicompartment microfluidic culture device is of great benefit for
regulating axon–glia interactions and high-throughput drug
screenings. Neurons and astrocytes have also been cultured
in the microfluidic device to mimic amyotrophic lateral sclerosis disease [29]. Neural cells were cultured with infected
astrocytes without direct cell–cell contacts in the microfluidic device that could generate cell–cell metabolic gradients.
It demonstrated that the density of neurons cultured with
infected astrocytes was largely decreased. Glutamate gradients were generated in the microfluidic device, showing that
moderate treatment of glutamate did not affect death of neurons. Although these previous microfluidic culture devices
investigated neuron–glia cell interactions, the previous studies did not consider the photo-crosslinkable hydrogel-based
3D microfluidic device for culture of NSCs and tumors.
3.2 Effects of GelMA hydrogel concentrations on the
porosity and diffusion
We observed the effect of GelMA hydrogel concentrations
on the porosity, showing that the pore size was inversely

proportional to GelMA hydrogel concentrations (Fig. 2). SEM
images indicated that the porosity of 25 w/v% GelMA hydrogels showed uniform sizes and shapes compared to 5 w/v%
GelMA hydrogels (Fig. 2A–C). It revealed that the pore size
of 5 w/v% GelMA hydrogels was 34 m, whereas 25 w/v%
GelMA hydrogels showed 4 m porosity (Fig. 3A). We observed that the porosity of 25 w/v% GelMA hydrogels showed
circular shapes (aspect ratio = 1), whereas 5 w/v% GelMA
hydrogels were elliptical shapes (aspect ratio = 1.9, Fig. 3B).
Furthermore, we investigated the effect of GelMA hydrogel
concentrations on the molecular diffusion (Fig. 4). The
fluorescein isothiocyanate (FITC)-dextran (20 kDa) loaded
into the microchamber b and 5–25 w/v% GelMA hydrogels
were photo-patterned in the microchamber c. It showed that
25 w/v% GelMA hydrogels inhibited the molecular diffusion
for 6 days, suggesting 25 w/v% GelMA hydrogel would be
used as a physical barrier in the microchamber c (Fig. 4B).
In contrast, FITC-dextran solutions were diffused across
5–15 w/v% GelMA hydrogel-based microfluidic chambers.
Interestingly, FITC-dextran solutions in the microchamber
b largely diffused into the microchamber d at 1 day, when
5 w/v% GelMA hydrogels (34 m porosity) were used in
the microchamber c. In contrast, FITC-dextran solutions in
chamber b were not diffused into the microchamber d for

Figure 2. SEM images of (A) 5 w/v%,
(B) 15 w/v%, and (C) 25 w/v% photocrosslinkable GelMA hydrogels. Scale
bars are 20 m.
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Figure 3. Effect of GelMA hydrogel concentrations (5–25 w/v%) on (A) pore size
and (B) aspect ratio. The aspect ratio
means the ratio of the length of pores
divided by width of pores (*p < 0.05,
**p < 0.01).
Figure 4. Analysis of the diffusion across
the photo-crosslinkable GelMA hydrogel-loaded 3D microfluidic culture device. (A) The fluorescent image showing
the GelMA hydrogel-loaded microchamber c and collagen type I gel-loadedmicro
chambers b and d. (B) The fluorescent image indicating the green fluorescent dye-loaded microchambers a and
b, 25 w/v% GelMA hydrogel-loaded microchamber c, and red fluorescent dyeloaded microchambers d and e. Analysis of the chemical diffusion across the
GelMA hydrogel-loaded microchamber c
at (C) 1 day and (D) 6 days (*p < 0.05,
**p < 0.01). The FITC-dextran (20 kDa)
solution is loaded into microchamber b.
The fluorescent molecules are diffused
from microchamber b to chamber d.
Scale bars are 1 mm.

6 days, when 25 w/v% GelMA hydrogels (4 m porosity) were
employed in the microchamber c. As a result, we demonstrated that 4 m porosity of 25 w/v% GelMA hydrogels and
210 m thickness gaps between microchambers (250 m in
thickness) and bridge microchannels (40 m in thickness)
inhibited the molecular diffusion. We also modified the
design of our microfluidic device (Fig. 5). Square-shaped four
microchambers (250 m in thickness) were connected by
two bridge microchannels (40 m in thickness). 5–25 w/v%
GelMA hydrogels loaded into two bridge microchannels
to confirm the effect of GelMA hydrogel concentrations
on chemical diffusion. We performed chemical diffusion
experiments for 6 days in the microfluidic device. Similar
to diffusion results (Fig. 4) of the previous design (Fig. 1),
25 w/v% GelMA hydrogels in bridge microchannels inhibited
the chemical diffusion from square-shaped microchambers,
suggesting that four different cell types would be cultured
inside each square-shaped microchamber. The effect of
GelMA hydrogel concentrations on swelling degree has previously been investigated [26]. It demonstrated that the mass
swelling ratio was inversely proportional to GelMA hydrogel
concentrations, indicating that the swelling ratio at 15 w/v%
GelMA hydrogels was 50% decreased compared to 5 w/v%
GelMA hydrogels. It suggested that high concentrations of
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GelMA hydrogels might prevent molecular diffusions.
GelMA hydrogels have previously been used in the bilayer
microfluidic device to regulate the cell–cell interactions [30].
The valvular endothelial cells were cultured on the porous
membrane, while valvular interstitial cells encapsulated
within the GelMA hydrogel were cultured below porous
membrane. GelMA hydrogels showed higher mechanical
stability and physiologically relevant elastic moduli. It demonstrated the effect of shear stress on paracrine interactions between valvular interstitial cells and valvular endothelial cells.
However, these previous studies did not consider the GelMA
hydrogel as a physical barrier in the microfluidic device.

3.3 Culture of NSCs and tumors in the 3D
microfluidic device
Cultures of NSCs and tumors are of great interest in applications for regenerative tissue constructs. NSCs and tumors
were cultured for 6 days on a 2D surface and 3D collagen
gel (Fig. 6). The confocal microscopy images showed that
the morphologies of NSCs and tumors cultured within 3D
collagen gels were different compared to 2D surfaces. We
observed that NSCs and tumors cultured on 2D surfaces were
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Figure 5. The modified design of the
3D microfluidic device. (A) Schematic
drawing of the modified design of the
3D microfluidic device containing four
square-shaped microchambers (Leftup (LU), Right-up (RU), Left-down (LD),
and Right-Down (RD)) and 5–25 w/v%
GelMA hydrogel-loaded eight bridge
microchannels. (B) Photograph of the
modified design of the 3D microfluidic device. (C) Fluorescent images of
the chemical diffusion. (D) Analysis of
the chemical diffusion across 5 and
25 w/v% GelMA hydrogel-loaded
bridge microchannels at sixth day. The
FITC-dextran (20 kDa) was only loaded
into RU microchamber and chemical
diffusion was analyzed in LU, LD, and
RD microchambers.

Figure 6. NSCs and tumors cultured in 2D surfaces and 3D collagen gels. (A) Confocal microscopy image of NSC-derived neurons
cultured for 6 days on 2D surfaces. (B) Confocal microscopy image of tumors cultured for 6 days on 2D surfaces. (C) Confocal microscopy
image of neuronal differentiation from NSCs cultured for 6 days in 3D collagen gels. (D) Confocal microscopy image of tumors cultured
for 6 days in 3D collagen gels. Scale bars are 50 m.

relatively polarized (Fig. 6A), whereas the shape of NSCs
and tumors cultured in 3D collagen gels were round (Fig. 6C
and D). In parallel, we investigated the effect of 3D collagen
gels on the behavior of NSCs and tumors in the 3D microfluidic culture device as shown in Figs. 1 and 7. NSCs and tumors
encapsulated with collagen type I gels were loaded into
the microchambers b and d, respectively. 25 w/v% GelMA
hydrogels loaded into the microchamber c to prevent the
medium diffusion from bridge microchannels. The confocal
microscopy images represented that Tuj1- or MAP2-positive
neurons were highly expressed in the collagen gel-loaded
microchamber b (Fig. 7A, C, E), whereas phalloidin-positive
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tumors were cultured in the collagen gel-loaded microchamber d (Fig. 7B, D, F). The immunocytochemistry analysis
showed that 53–75% NSCs differentiated into Tuj1- or MAP2positive neuronal cells in the hydrogel-based 3D microfluidic
culture device (Fig. 7G). It has been known that stem cell
differentiation could be affected by the fluidic flow [31]. However, we used 25 w/v% GelMA hydrogel as a physical barrier
to prevent chemical diffusion from microchambers. Thus,
the effect of the interstitial fluid on NSC differentiation might
be negligible in the microfluidic device. The interaction
between breast cancer cells and NSCs has previously been
investigated for studying the tumor therapy. For instance,
www.electrophoresis-journal.com
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Figure 7. NSCs and tumors in the hydrogel-based 3D microfluidic culture device of Fig. 1. (A) Confocal microscopy image of neuronal
differentiation from NSCs cultured for 6 days in the hydrogel-based 3D microfluidic culture device. (B) Confocal microscopy image of
tumors cultured for 6 days in the hydrogel-based 3D microfluidic culture device. (C) High-magnification confocal microscopy image of
the white-dotted box in (A). (D) High-magnification confocal microscopy image of the white-dotted box in (B). (E) High-magnification
confocal microscopy image of MAP-2-positive neuronal cells in cultured in microchamber b. (F) High-magnification confocal microscopy
image of phalloidin-positive tumor cells in cultured in microchamber d. (G) Analysis of NSC-derived neuronal differentiation in the
photo-crosslinkable hydrogel-based 3D microfluidic culture device. Scale bars are 50 m.

the human-induced pluripotent stem cell-derived NSCs
have used for gene therapy applications of breast cancer
cells [32, 33]. NSCs were generated from human-induced
pluripotent stem cells. For the tumor gene therapy, the
human-induced pluripotent stem cell-derived NSCs were
transduced by a baculoviral vector with kinase suicide genes.
It demonstrated that NSCs migrated into the mouse breast
tumors and inhibited the metastasis of breast tumors.
Therefore, our 3D microfluidic culture device could also be
useful for regulating the behaviors of NSCs and tumors.

4 Concluding remarks
We developed the photo-crosslinkable hydrogel-based
3D microfluidic device to culture NSCs and tumors. We
observed the effects of photo-crosslinkable GelMA hydrogel
concentrations on the porosity, indicating 25 w/v% GelMA
hydrogels showed the circular-shaped porosity with 4 m
in diameter. We successfully demonstrated that 53–75%
NSCs differentiated into Tuj1- or MAP2-positive neurons,
while tumors were cultured for 6 days in the 3D microfluidic
device, because 25 w/v% GelMA hydrogel was used as a
physical barrier to inhibit the molecular diffusion. Therefore,
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this photo-crosslinkable hydrogel-based 3D microfluidic
culture device could be a potentially powerful tool for
regenerative tissue engineering applications.
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