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Oligodendrocytes are generated from oligodendrocyte precursor cells (OPCs). Mechanisms of OPC differen-
tiation have been extensively examined with two-dimensional cell culture systems. However, these cellular
events may be more accurately represented using a three-dimensional (3D) model. In this study, we report the
development of a novel 3D OPC culture system using gels composed of a mixture of collagen and hyaluronan,
wherein cultured rat primary OPCs can proliferate and differentiate into oligodendrocytes. Our data show that
the gel concentration and cell-seeding density are critical factors for the numbers of OPCs and oligodendrocytes
in our 3D culture system. In addition, Notch signaling, which supports cell-to-cell communication, may also be
important for OPC function in our system because a Notch inhibitor DAPT suppressed OPC proliferation and
differentiation. Taken together, cultured rat OPCs can grow in collagen-/hyaluronan-based gels, and our novel
3D OPC culture system may offer a useful platform for examining the mechanisms of OPC function in vitro.
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Introduction

Oligodendrocyte precursor cells (OPCs) comprise
the primary source of oligodendrocytes that form myelin

sheaths around axons in the central nervous system. Proper
regulation of OPC-to-oligodendrocyte differentiation is nec-
essary to maintain a healthy oligodendrocyte population for
effective axon ensheathing. Mechanisms of OPC differentia-
tion have been extensively examined with in vitro cell culture
models in two-dimensional (2D) culture systems. However,
these cellular events may be more accurately represented in
three-dimensional (3D) conditions. Therefore, 3D OPC culture
systems need to be developed to understand OPC function
more precisely.

Compared to 2D culture conditions, a 3D system offers
more opportunities to model the physical parameters that
determine cell–cell interactions. In a 3D system, each cell
can interact with a larger number of neighboring cells, and
possibly with multiple cells simultaneously. Cell–cell in-
teraction is of paramount importance in the regulation of
cell proliferation and differentiation in the central nervous
system [1]. For example, in 3D culture conditions using

biomaterial-based gels, a specific vessel structure can arise
from the cell–cell interaction of cultured endothelial cells
through self-organization [2]. In addition, some pathogenic
processes of specific protein accumulation can also be en-
hanced in 3D conditions [3]. Therefore, the cell–cell contact
in 3D culture systems could shed new light on the processes
that maintain cellular function and survival.

Thus far, however, there have been no reports in the lit-
erature in which OPC function in vitro is examined using 3D
conditions in biomaterial-based gels. Hence, we aimed to
develop a novel 3D culture platform to observe the prolif-
eration and differentiation of OPCs in vitro. In this study, we
used collagen-/hyaluronan-mixed gels as a scaffolding bio-
material for OPC cultures. Seeded OPCs were viable in the
gel and successfully differentiated into oligodendrocytes
over time. Our novel 3D OPC culture system offers a useful
platform for examining the mechanisms of OPC function.

Materials and Methods

All experiments were performed following institutionally
approved protocols by Massachusetts General Hospital
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Subcommittee on Research Animal Care, and in accordance
with the National Institutes of Health Guide for the Care and
Use of Laboratory Animals.

OPC isolation

Primary cortical OPCs were prepared for experiments ac-
cording to our previous work [4,5]. Briefly, primary mixed glial
cells were obtained from the brains of postnatal day 1 Sprague-
Dawley (SD) rats and cultured in Dulbecco’s modified Eagle’s
medium (DMEM; ThermoFisher, #11965) containing 20% fetal
bovine serum. Ten days later, the flasks were shaken for 1 h on
an orbital shaker (218 rpm) at 37�C to remove microglia. They
were then changed to a new medium and shaken overnight
(*20 h). The medium was collected and plated on noncoated
tissue culture dishes for 1 h at 37�C to remove contaminating
astrocytes and microglia. Finally, the nonadherent cells in the
culture media were used as OPCs in this study.

3D culture of OPC

The Hystem�-C (#GS1005, ESI-BIO) reagent kit, which
contains Gelin-S�, Gycosil�, and Extralink�, was used to
construct the 3D hydrogel. The suitability of this hydrogel is
based, in part, on prior work, which demonstrated that CD44,
the receptor for hyaluronan, is required for the migration of
transplanted OPCs in a rat model of spinal cord injury [6].
Experiments from another group have also demonstrated that
many cell types bind to denatured collagen type I (i.e., col-
lagen) through tripeptide arg-gly-asp (RGD) sites [7], and
differentiated OPCs formed significantly more myelinated
nanofiber segments when collagen was incorporated into the
fibrous substrate in which they were growing [8]. For this
study, isolated OPCs described above were mixed with a gel
mixture containing Gelin-S (Thiol-modified collagen),
Gycosil (Thiol-modified hyaluronan), and Extralink (Thiol-
reactive PEGDA crosslinker) (in a ratio of 2:2:1). The
viscosity of gels was altered according to manufacturer’s
protocol. Standard condition of gel viscosity was defined as a
mixture of 1:12 (gel to culture medium). The gel mixture
containing isolated OPCs was then passaged onto the well of
12-well culture plates (CELLSTAR, greiner bio-one: 1 mL
culture medium per well) after vortexing. The cell density of
standard conditions was 3,600 cells/mL. For the first 3 days,
cells were maintained in the proliferation medium. Then, the
cell culture medium was removed, and the differentiation
medium was added to the culture wells to initiate OPC dif-
ferentiation into mature oligodendrocytes. The proliferation
media consisted of Neurobasal medium (#21103, Thermo-
Fisher) containing 1% penicillin/streptomycin (#10378,
ThermoFisher), 2 mM glutamine (#25030, ThermoFisher),
2% B27 supplement (#17504, ThermoFisher), 10 ng/mL ba-
sic fibroblast growth factor (FGF) (#100-18, Peprotech), and
10 ng/mL platelet-derived growth factor-AA (PDGF-AA)
(#100-13, Peprotech). The differentiation media consisted of
DMEM containing 1% penicillin/streptomycin, 2% B27
supplement, 10 ng/mL ciliary neurotrophic factor (CNTF)
(#450-50, Peprotech), and 15 nM T3 (#T6397, Sigma).

Immunocytochemistry

On day 1, 3, or 10 after passage, cells were fixed using
4% PFA for 15 min. After being washed thrice in phosphate-

buffered saline (PBS) containing 0.1% Triton X-100, they
were incubated with 1% bovine serum albumin in PBS for
1 h. Cells were immunostained with primary antibodies of
anti-platelet-derived growth factor receptor a (PDGF-Ra)
(OPC marker; 1:100; R&D, #AF1062), anti-glutathione-S-
transferase (GST)-pi (oligodendrocyte marker; 1:200; MBL,
#312), and GFAP (astrocyte marker; 1:200; Invitrogen, #18-
0063). For counting the cell number, Z-stacked images were
randomly captured and cell counting was performed in a
double-blinded manner by megascopic counting of labeled
cells from at least three wells of each condition. For 3D
reconstruction imaging on OPC culture, Z-stack imaging
was performed with a 20 · objective using the corresponding
lasers. Briefly, the procedure was to set up 1 mm step size
and then consecutive cross-sectional images (XYZ) were
acquired from top to bottom of appropriate images. After
acquisition, 3D reconstruction and display of cubic imaging
were constructed by 3D Olympus Fluoview software.

Quantitative real-time reverse transcription-PCR

RNA of cultured cells in our 3D culture system was isolated
with the RNeasy Plus Mini kit (QIAGEN, Hilden, Germany),
and first-strand cDNA was synthesized with PrimeScript RT
reagent (Takara-Clonetech). Quantitative real-time reverse
transcription-PCR (QRT-PCR) was performed using SYBR
Premix Ex TaqII (Takara-Clonetech) and analyzed with Fast
real-time system 7500 (Applied Biosystems). We used shuttle
polymerase chain reaction protocol (95�C, 30 s, repeat 1 for
initial denaturation and 95�C, 3 s and 60�C, 30 s, repeat >40 for
cycling). We measured the volume of synthesized RNA using
Nanodrop (Thermo) and confirmed the validity of GAPDH as
housekeeping gene, which is stably expressed in OPC cultures
[9]. We prepared a series of fourfold dilution for relative standard
curve and checked the functional quality of each primer by
validating the standard curves in every run. Then, we quantified
the expression level of target gene relative to GAPDH as refer-
ence gene. Expression levels were measured relative to GAPDH
as internal control. The sequences of primers used in this study
are as follows; 5¢-TCCAGTATGACTCTACCCACG-3¢ for rat
GAPDH forward; 5¢-CACGACATACTCAGCACCAG-3¢ for
rat GAPDH reverse; 5¢-TGTGGACTCTGACAACGCGTAC
AT-3¢ for rat PDGF-Ra forward; 5¢-ATCTCTGTTCATCCAG
GCCACCTT-3¢ for rat PDGF-Ra reverse; 5¢-TTGACTCCATC
GGGCGCTTCTTTA-3¢ for rat MBP forward; 5¢-TTCATCTT
GGGTCCTCTGCGACTT-3¢ for rat MBP reverse; 5¢-GAGAT
GATGGAGCTCAATGACC-3¢ for rat GFAP forward; and 5¢-
CTGGATCTCCTCCTCCAGCGA-3¢ for rat GFAP reverse.

Cellular viability assay

Cellular viability was quantified at 3 days after cell pas-
sage by a standard measurement of lactate dehydrogenase
(LDH) using the LDH assay kit (#11644793001, Roche).

Gel permeability assay

OPCs were passaged onto transwells coated with a gel mix-
ture of gel with different concentrations (12 mm diameter,
3.0mm pore size polycarbonate filter, Corning). Fluorescein
isothiocyanate-labeled dextran (molecular weight, 40,000; Sig-
ma, FD40) was added to the upper chamber. After 24-h incu-
bation, 100mL of culture media from the lower compartment
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was collected and measured for fluorescence (excitation 488 nm,
emission 516 nm) using a spectrophotometer.

Statistical analysis

Statistical significance was evaluated using the unpaired
t-test (or Welch’s t-test if the normality of distribution was
not assumed) to compare differences between the two
groups and a one-way ANOVA followed by Tukey’s hon-
estly significant difference test for multiple comparisons.
Data are expressed as mean – standard deviation. A P-value
of <0.05 was considered statistically significant.

Results

OPCs proliferate and differentiate
into oligodendrocytes in 3D gels

To develop the 3D OPC culture system, we selected
collagen/hyaluronan gels as scaffolding biomaterial, which
is easy to handle and does not contain any growth factors.
The absence of growth factors is important because the
process of OPC proliferation/differentiation would be af-
fected by these regulatory proteins. In this study, OPCs were
collected by shaking mixed glial cultures derived from
neonatal rat cortex. Our previous reports confirmed that in
the standard 2D culture system, those cultured OPCs from
rat neonatal cortex showed several OPC marker proteins,
including PDGF-Ra, and differentiated into mature oligo-
dendrocytes over time [10,11]. In this study, we maintained
OPC cultures in the standard OPC proliferation medium
during the first 3 days after cell seeding, after which the
culture medium was switched to the differentiation medium.
Immunostaining analysis showed that compared to day 1,
the number of PDGF-Ra-positive OPCs is higher on day 3
(Fig. 1a, b, Supplementary Fig. S1, and Supplementary
Video S1; Supplementary Data are available online at
www.liebertpub.com/scd), suggesting that OPCs success-
fully proliferated in the 3D conditions. On the other hand,

FIG. 1. Cultured OPCs proliferate and
differentiate into oligodendrocyte in three-
dimensional (3D) gels: (a) representative im-
age for PDGF-Ra staining of cells on day 1
(left) and day 3 (right). Scale bar: 100mm. (b)
Cell numbers for PDGF-Ra-positive cells on
day 1 and day 3. *P < 0.01 of N = 5, mean –
SD. (c, d) mRNA levels of PDGF-Ra (c) and
MBP (d) on day 3 and 10. *P < 0.01 of N = 4,
mean – SD. Please see Supplementary Fig. S1
and Supplementary Video S1 for 3D images of
our OPC culture. OPC, oligodendrocyte pre-
cursor cell; PDGF-Ra, platelet-derived growth
factor receptor a; SD, standard deviation. Color
images available online at www.liebertpub
.com/scd

FIG. 2. Minor conversion from OPCs to astrocytes in 3D
culture system: (a) representative image for GFAP staining
of cells on day 3 (left) and day 10 (right). Scale bar: 100mm.
Cell numbers for GFAP-positive cells on day 3 and 10.
*P < 0.01 of N = 5, mean – SD. (b) mRNA levels of GFAP
on day 1, 3, and 10. *P < 0.01 of N = 4, mean – SD. Color
images available online at www.liebertpub.com/scd
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the level of PDGF-Ra mRNA dramatically dropped after a
7-day period of differentiation (e.g., from day 3 to 10;
Fig. 1c), after which time, a high level of MBP mRNA was
seen (Fig. 1d). Notably, during the 7-day differentiation
period, a small, but detectable number of GFAP-positive
astrocytes appeared (Fig. 2a–c), indicating that our 3D OPC
culture system may mimic the minor OPC-to-astrocyte
conversion observed in vivo [12,13].

Gel concentration and cell-seeding density
are critical factors for OPC function

To optimize the culture conditions for OPCs in the 3D
culture system, we next changed the gel concentration and/or
cell-seeding density. The gel concentration was modulated by
changing the ratio of gel to medium. In our study, we prepared
four conditions of gel concentration—control conditions (x1
gel concentration: e.g., the ratio to culture media was 1:12,
according to the manufacture’s protocol suggested), x2 gel
concentration, x4 gel concentration, and x6 gel concentration.
The LDH assay showed that cells in higher gel concentration
(e.g., higher gel viscosity) exhibited worse cellular conditions
(Fig. 3a). Concomitantly, the numbers of OPCs on day 3 and
oligodendrocytes on day 10 in the higher gel concentration
conditions were lower than the ones in the control conditions
(Fig. 3b, c), indicating that the increase of gel concentration/
viscosity may reduce OPC differentiation as well as OPC
survival. Consequently, the number of GFAP-positive astro-
cytes was similarly decreased due to the decreased number of
OPCs (Fig. 4). However, the gel thickness of our 3D culture
system was not significantly altered by changing the gel
concentration: x1 gel concentration: 153 – 66mm thickness

and x4 gel concentration: 168 – 57mm. In addition, the per-
meability of FITC-dextran (40 kDa) for the hydrogel was
similar between the x1 and x4 gel concentration conditions
(Supplementary Fig. S2), indicating that, regardless of gel
concentration, cells would receive sufficient nutrients from
culture media in our 3D culture system.

We also compared OPC function between the control seeding
cell number (3,600 cells/well in 1 mL) and the lower seeding cell
number (900 cells/well in 1 mL) conditions. On day 3, the wells
with lower seeding cell number (e.g., 1/4· seeding cell number)
had higher values of LDH release compared to the control
condition (e.g., 1· seeding cell number) (Fig. 5a). The lower
seeding cell number was associated with a slightly lower OPC
number during the first 3 days after cell seeding in the gel
(Fig. 5b; but there was no significant difference between the two
groups). On the contrary, OPC differentiation into oligoden-
drocytes (Fig. 5c) and minor conversion into astrocytes (Fig. 5d)
were robustly and significantly suppressed with a lower seeding
cell number. However, even with lower seeding cell number,
reducing the gel concentration and viscosity promoted the cell
survival and differentiation (Supplementary Fig. S3), supporting
the idea that the gel concentration and cell-seeding density are
both critical factors for OPC survival and differentiation in our
3D culture system.

Notch signaling is involved in OPC function
in 3D culture system

Finally, we examined the role of Notch signaling in our
3D OPC culture system since Notch-mediated signaling
supports cell-to-cell communication, which coordinates cell
fate during brain development [14,15]. We inhibited Notch

FIG. 3. Oligodendrocyte lineage cells in
low porosity gels: (a) LDH assay showed that
cells in the lower porosity gels showed higher
LDH release amount on day 3. *P < 0.01 of
N = 4, mean – SD. (b) PDGF-Ra staining on
day 3. The lower porosity conditions showed
less number of PDGF-Ra-positive cells on
day 3. *P < 0.01 of N = 5, mean – SD. Scale
bar: 100 mm. (c) GST-pi staining on day 10.
The lower porosity conditions showed less
number of GST-pi-positive cells on day 10.
*P < 0.01 of N = 4–5, mean – SD. Scale bar:
100mm. GST, glutathione-S-transferase; LDH,
lactate dehydrogenase. Color images available
online at www.liebertpub.com/scd
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signaling in OPCs by adding the well-validated Notch in-
hibitor DAPT [16]. DAPT did not change the cell viability
of OPCs (Fig. 6a), but decreased the number of OPCs on
day 3 (Fig. 6b) and oligodendrocytes on day 10 (Fig. 6c),
and slightly suppressed the minor conversion into astrocytes
(Fig. 6d). Taken together, these data may suggest that cell–
cell interaction in the gel is an important mechanism for
promoting OPC proliferation and differentiation.

Discussion

OPCs are important cells in generating oligodendrocytes
during development. Furthermore, even in adult brain, OPCs
are widely distributed, comprising *5% of all brain cells
[17–19]. OPCs in adult brain are quiescent, but after brain
damage, those residual OPCs rapidly proliferate and dif-
ferentiate into mature oligodendrocytes to restore myelin
sheaths [20–22]. Although the processes for OPC-to-
oligodendrocyte differentiation are relatively well defined in
cell culture models [1], intracellular or intercellular
mechanisms, which regulate OPC differentiation, still re-
main to be elucidated. One potential issue is that most in
vitro studies assessing OPC function have used 2D culture
systems, which may not be able to model the cellular in-
teractions that occur in three dimensions in the brain. In
this study, we developed a novel 3D culture system,
wherein OPCs proliferated and differentiated into mature

FIG. 5. Comparative design: high-density
or low-density conditions in hydrogel. (a)
Lower numbers of cell-seeding conditions
showed higher percentage of LDH release
on day 3. *P < 0.01 of N = 4, mean – SD. (b)
PDGF-Ra staining on day 3. The lower
numbers of cell-seeding conditions did not
affect the OPC proliferation over the first
3 days after cell seeding. N = 6, mean – SD.
Scale bar: 100mm. (c) GST-pi staining on
day 10. The lower numbers of cell-seeding
conditions suppressed the differentiation of
OPCs into oligodendrocytes. *P < 0.01 of
N = 6, mean – SD. Scale bar: 100 mm. (d)
GFAP staining at day 10. The lower num-
bers of cell-seeding conditions also sup-
pressed the minor conversion of OPCs to
astrocytes. *P < 0.01 of N = 5, mean – SD.
Scale bar: 100mm. Color images available
online at www.liebertpub.com/scd

FIG. 4. Astrocytes in low porosity gels: GFAP staining on
day 10. The lower porosity conditions showed less number
of GFAP-positive cells on day 10. *P < 0.01 of N = 5,
mean – SD. Scale bar: 100 mm. Color images available on-
line at www.liebertpub.com/scd
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oligodendrocytes, enabling the study of OPC function in 3D
conditions. As far as we know, there was no report that de-
scribes OPC cultures in a 3D condition, except for a related
report by Mei et al. [23]. The study described the use of a
screening platform with a micropillar system for assessing
myelination by preparing OPC cultures on a nonbiomaterial
pseudo-axonal substrate. On the micropillars, OPCs survived
and differentiated into oligodendrocytes, while wrapping
around the micropillars in a 3D manner. This study provides
additional new insights into the research field of 3D OPC cul-
ture systems; we maintained OPC cultures in biomaterial-based
gels and the cells successfully proliferated and differentiated in
the gel. Our system maintains OPC cultures in biomaterial-
based gels, which allow OPC access to neighboring cells in all
(360�) directions. Therefore, our 3D OPC culture system offers
a unique approach for examining the regulatory mechanisms
for OPC function in conditions that more closely approximate
the in vivo situation than 2D culture systems.

Another important finding of this study is that the OPC-to-
astrocyte conversion in our 3D OPC culture system mirrors
that observed in vivo. Historically, OPCs from rat optic
nerves have been identified as bipotential oligodendrocyte–
type-2 astrocyte progenitor cells (so called O-2A cells) that
differentiate not only into oligodendrocytes but also into as-
trocytes [24]. Studies of fate-mapping analysis of OPCs using
NG2-creER transgenic mice showed that NG2-positive OPCs
undergo robust conversion into astrocytes prenatally, a pro-
cess that ceases shortly after birth [12,13]. Other studies in-

dicate that cell–cell contact may regulate OPC cell division
and the ability to differentiate along restricted lineages during
development [1]. Because the regulatory mechanisms of cell
fate of OPCs are still mostly unknown, our new 3D OPC
culture system can be a new tool to investigate the mecha-
nisms of OPC differentiation in vitro.

Our study may also contain one important clinical im-
plication for cell-based therapy. Stem cell therapy is now
expected as an effective approach for several central ner-
vous system (CNS) diseases, including stroke [25–27]. Also
importantly, OPCs are now proposed as a new source for
cell-based therapy. In fact, recent preclinical studies re-
ported that transplanted OPCs could improve remyelination
in animal models of demyelination [28–32]. These studies
prepared OPCs from immature stem cells (e.g., embryonic
stem cells, neural stem cells, or induced pluripotent stem
cells) in vitro and then transplanted the cells after collecting
them in liquid. Importantly, the collagen/hyaluronan gels that
we used in this study can be transplanted to rodent/human
bodies. Therefore, our 3D OPC cultures may be another ap-
proach to prepare OPCs for cell transplantation in CNS dis-
ease patients.

Taken together, we have developed a novel 3D OPC culture
system, wherein seeded OPCs can proliferate and differentiate
into mature oligodendrocytes. Nevertheless, there are some
important caveats and limitations that need to be carefully
assessed in future studies. First, we did not investigate why
increasing gel concentration (e.g., gel viscosity) and reducing

FIG. 6. Notch signaling in OPCs: (a) a
Notch inhibitor DAPT (1mM) did not induce
overt cell death in OPCs in the 3D culture.
N = 4, mean – SD. (b–d) However, DAPT
treatment reduced the OPC proliferation
during the first 3 days after cell seeding (b),
the OPC differentiation into oligodendrocyte
between day 3 and 10 (c), and the minor
conversion of OPCs to astrocytes (d).
*P < 0.01 of N = 5–6, mean – SD. Scale bar:
100 mm. Color images available online at
www.liebertpub.com/scd
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seeding cell number suppressed OPC proliferation and differ-
entiation in our 3D culture system. These changes may de-
crease the accessibility to neighboring cells in the gels because
(i) increases in gel concentration/viscosity would reduce the
cell motility in gels and (ii) reducing seeding cell number
would lower the chance for seeding cells to interact with
neighboring cells, which both may impede cell–cell interaction
in the culture conditions. In general, cell–cell interaction is
critical for maintaining proper cellular function, including cell
proliferation and differentiation [33–35]. Indeed, this study
demonstrated that Notch signaling plays important roles in
supporting OPC function in our 3D system. Therefore, in fu-
ture studies, it would be needed to investigate how gel con-
centration and/or seeding cell density affect the cell–cell
interaction in the 3D OPC culture system. Second, we only
focused on the role of Notch signaling as a mechanism for
cell–cell contact in our 3D OPC cultures. However, other cell
surface proteins and secreted factors also mediate trophic
coupling between cells in the 3D gel. To understand the
mechanisms of cell–cell interactions in OPC cultures more
thoroughly, we need to carefully dissect the factors that me-
diate intercellular interactions. Third, this study assessed the
number of OPCs/oligodendrocytes to investigate the function
of OPC proliferation/differentiation in our 3D culture system.
However, our 3D system will require further investigations on
the cell functionality and maturation, or cell–cell interaction, to
fully appreciate the applications of our model when charac-
terizing cell behavior and fate. Therefore, in future studies,
more assays of OPC function (e.g., BrdU labeling to assess
OPC proliferation/differentiation) and oligodendrocyte func-
tion (e.g., myelin synthesis) are warranted to dissect the
mechanisms of oligodendrocyte lineage cells. Fourth, we as-
sumed that increases in gel viscosity (by increasing the ratio of
hyaluronan to media) suppressed OPC proliferation and dif-
ferentiation by physically suppressing OPC movement toward
neighboring OPCs. However, hyaluronan could chemically
inhibit OPC maturation through Toll-like receptor 2 pathways
under some conditions [36]. Therefore, understanding how gel
components chemically affect OPC function would be im-
portant for improving our newly developed 3D culture system.
Fifth, although cell cultures in 3D system may display different
characteristics in their cellular function compared to the ones
in 2D system [37], this study did not directly compare OPC
function in 3D versus 2D culture conditions. Our preliminary
experiment suggests that some differences may exist in DAPT-
mediated effects for OPC maturation between 2D and 3D
conditions (data not shown). Therefore, the wide application of
our new culture system will require a careful comparison with
conventional ones to further reveal the advantages and disad-
vantages of utilizing 2D and 3D culture paradigms. And fi-
nally, we cultured OPCs in collagen and hyaluronan gels
because collagen/hyaluronan gels can be used as a material for
cell-based therapies, such as stem cell transplantation, which is
now expected to be a potentially effective approach for several
CNS diseases. Therefore, in future studies, it may be worth-
while testing whether a coculture system of OPCs with other
brain cells, such as neurons, can be developed in the 3D col-
lagen and hyaluronan gel.

In summary, we report on the successful development of
a novel 3D culture system for OPCs. In the 3D gels, OPCs
proliferate and differentiate into oligodendrocytes with a
minor conversion into astrocytes, which mirrors the phe-

nomena in vivo. This 3D OPC culture system provides a
new in vitro approach for the analysis of OPC function.
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