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A B S T R A C T

The primary culture of oligodendrocyte progenitor cells (OPCs) provides an indispensable tool for characterizing 
their biological properties and myelin repair potential. However, the current OPC preparation methods are 
mainly limited to rat tissues, and it remains a substantial challenge for replicating the primary culture from 
mouse tissues to generate large quantities of high-quality OPCs. Here, we describe a protocol to successfully 
establish highly enriched OPC cultures from the cerebral cortex of mice at the age of neonatal 3 days. OPCs were 
isolated and purified from the bed layer of astrocytes by shaking for 6 h at 250 rpm. Using this protocol, mouse 
OPCs can be easily produced in bulk and economically without the need for specific cell-surface antibodies and 
equipment. These mouse OPC cultures were identified by immunocytochemical, immunobloting and RNA-seq 
analysis. Furthermore, they could be expanded in vitro and differentiate into mature oligodendrocytes. We 
propose this method as a viable and affordable protocol to obtain mouse OPC culture, which should significantly 
facilitate studies on OPC lineage progression and their application in myelin-related disease modeling and 
regenerative medicine.

1. Introduction

In the central nervous system (CNS), myelin sheaths wrapping 
around axons are formed by oligodendrocytes. Oligodendrocyte pro
genitor cells (OPCs) are the primary source of oligodendrocytes. They 
contribute to myelination by differentiating into oligodendrocytes in the 
developing and demyelinated brain. Therefore, OPCs are widely 
employed as an ideal in vitro model system to investigate the molecular 
mechanisms underlying oligodendrocyte development or the patho
genic processes behind demyelinating diseases. In addition, they play 
diverse crucial roles in a variety of neurological disorders (Hu et al., 
2023; Li et al., 2022; Ma et al., 2024; Yi et al., 2023; Zhang et al., 2023). 
It is of note that OPC transplantation has provided a promising way for 
treating neural diseases and injuries affecting myelin (Feng et al., 2023; 
Franklin and Ffrench-Constant, 2008; Goldman et al., 2012; Wang et al., 
2013). However, all of these studies require isolating OPCs by rapid and 
reliable methods that provide high yield, pure and viable culture.

At present, protocols available for isolating and purificating primary 
OPCs include immunopanning (Barres et al., 1992; Gard et al., 1995), 
fluorescence-activated cell sorting (FACS) (Behar et al., 1988; Duncan 
et al., 1992; Gard et al., 1995), differential gradient centrifugation 
(Duncan et al., 1992; Goldman et al., 1986; Vitry et al., 2001), genera
tion of OPCs via formation of “oligospheres” (Chen et al., 2007; Zhu 
et al., 2014a) or a shaking method based on differential adherent 
properties of glia (Fulmer and Dreyfus, 2013; McCarthy and de Vellis, 
1980; Szuchet and Yim, 1984). However, these methods of OPC prepa
ration remain to be mainly restricted to rat CNS tissues, and it is very 
challenging to replicate the primary OPC culture from mouse CNS tis
sues. In many in vitro studies, rat OPCs have been used as substitutes to 
complement the genetic studies in transgenic and mutant mouse models 
(Chen et al., 2013; Chew et al., 2011; Liu et al., 2012; Zhu et al., 2014b), 
while attention should be paid to biological heterogeneity among 
different species. For example, OPCs from the mouse optic nerve exhibit 
a pattern of antigen expression different from that of the rat (Fanarraga 
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et al., 1995). Mouse OPCs do not express A2B5 and GD3, classical 
markers for rat OPCs (Fanarraga et al., 1995). In addition, mouse OPCs 
differentiate more readily than rat OPCs in mixed glial cell cultures in 
vitro. Compared with rat OPCs, it’s also relatively hard to separate 
mouse OPCs from the astrocyte by vibration. Of note, mice are consid
ered to be one of the most popular and best experimental animals in 
medical research. Albeit many transgenic and knockout studies on OPCs 
have been carried out in mice, progress in understanding of the biology 
and pathology of OPCs in mouse CNS has long been hindered by lack of 
effective primary OPC culture. Therefore, it is urgently needed to 
develop a simple procedure for isolating workable quantities of primary 
mouse OPCs, which will provide an indispensable tool for better un
derstanding of the physiological and pathological functions of oligo
dendrocyte lineage cells and the myelin repair research.

In this study, we successfully developed a novel protocol to prepare 
highly enriched primary OPCs from neonatal mouse brain tissue. First, 
the optimal age of mouse was identified for OPC culture. The largest 
amount of OPCs was obtained by isolating mixed glial cells from the 
cortex of P3 neonatal mouse. Second, a novel procedure modified from 
the traditional shake-off method was developed to produce highly pu
rified OPCs. When mixed glial cells cultured in flasks grew to conflu
ence, the loosely attached microglia were removed by pre-shaking the 
flasks for approximately 1 h at 180 rpm. Then, the flasks were further 
shaken for 6 h at 250 rpm to isolate and purify OPCs from the bed layer 
of astrocytes. Importantly, these cultured mouse OPCs were identified 
by immunocytochemical, immunobloting and RNA-seq analysis and 
they could be expanded in vitro and differentiate into mature oligo
dendrocytes. This reported method offers a simple, economical, highly 
efficient, and more affordable approach to obtain mouse OPCs, and they 
may be ideal cellular source for various oligodendrocyte studies and 
myelin-related biological applications including disease modeling and 
regenerative medicine.

2. Materials and methods

2.1. Animals

Wild-type C57BL/6J mice were purchased from Shanghai Ling 
Chang Biotech Co., Ltd. Pdgfra-eGFP transgenic mice (B6.129S4- 
Pdgfratm11(EGFP)Sor/J, #007669) were obtained from the Jackson Labo
ratories (Hamilton et al., 2003). All these mice were housed under a 12 h 
light/dark cycle and had ad libitum access to food and water. Both male 
and female neonatal mice were impartially selected, irrespective of sex. 
All experimental procedures and protocols were in strict compliance 
with the recommended National Institutes of Health Guidelines for the 
Care and Use of Laboratory Animals and were approved by the Com
mittee on Ethics of Medicine of Naval Medical University.

2.2. Reagents

Dulbecco’s Modified Eagle’s Medium/Nutrient Mixture F-12 (DF- 
12), fetal bovine serum (FBS), B27, N2 and other materials for cell 
culture were purchased from Gibco. PDL, 0.25 % Trypsin, T3 and 
Hoechst 33,342 were from Sigma-Aldrich. Recombinant human PDGF- 
AA and Non-Essential Amino Acid (NEAA) were obtained from R&D 
systems. The information about the primary antibodies used for immu
nofluorescence are listed in Supplementary Table 1. The corresponding 
secondary antibodies conjugated with Alexa Fluor 488, 555 or 647 dye 
was all from Jackson ImmunoResearch Laboratories.

2.3. Cell isolation and culture

Primary cortical OPCs were prepared from the cerebral cortex of 
mice at the age of neonatal 0–7 days (P0-7). Briefly, the cerebral cor
texes were aseptically dissected and meninges were carefully removed 
after mice were killed by CO2 overdose. The surface of tissues was 

washed several times with phosphate buffered saline (PBS) containing 
100 U/mL penicillin and 100 μg/mL streptomycin to limit contamina
tion. The tissues were was cut into small pieces, digested with trypsin 
(0.25 % trypsin, 37 ◦C, 15 min), and mechanically dissociated into single 
cells. Following filtration through a 100 μm mesh, the cell suspension 
was centrifuged (1000 rpm, 5 min) and resuspended in DF-12 containing 
10 % FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin. Cells were 
plated in PDL-coated tissue flasks at a density of 3–5 × 105 cells/cm2 and 
then cultured at 37 ◦C in 95 % air/5% CO2 incubator. The cell culture 
medium was changed every two days.

After 10 days of culture, when the mixed glial cells had grown to 
confluence, flasks were shaken for 1 h on a rotary shaker (180 rpm) at 
37 ◦C to remove the loosely attached microglia. Then they were changed 
to new medium and shaken for the indicated time at the indicated speed 
to detach the OPCs from the underlying astrocytes. Cell suspensions 
were collected and plated on PDL-coated tissue culture dishes and 
incubated for 30 min to allow OPCs attachment. Finally, culture medium 
was replaced with OPC growth-medium (DF12, 1 % N2, 1 % B27, 1 % 
NEAA, 10 ng/mL FGF2, and 10 ng/mL PDGF-AA) containing 100 U/mL 
penicillin and 100 μg/mL streptomycin (Chen et al., 2007; Dincman 
et al., 2012).

2.4. Immunocytochemical analysis

For immunocytochemistry, cells cultured on coverslips were fixed 
with 4 % paraformaldehyde in phosphate-buffered saline (PBS) for 20 
min at room temperature. Fixed cells were permeabilized with 0.6 % 
Triton X-100 in PBS for 15 min and blocked with 3 % bovine serum 
albumin (BSA) in PBS for 1 h, followed by overnight incubations at 4 ◦C 
with the primary antibodies listed in Supplementary Table 1. Alexa 
Fluor 488, 555 or 647-conjugated corresponding secondary antibodies 
were used for indirect fluorescence. Nuclei were counterstained with 
Hoechst 33,342 (Hst). Images were acquired with a Nikon E600FN mi
croscope or a Leica confocal microscopy and were analyzed using Image- 
Pro Plus software.

2.5. Immunohistochemical analysis

Mouse brains were fixed in cold acetone and 4 % PFA, followed by 
cryoprotection in 20 % sucrose for 3–4 days at 4 ◦C. Tissues were 
sectioned on a cryostat (Leica) set at 25 μm thickness and every fifth 
section was collected. The brain sections were permeabilized with 0.6 % 
Triton X-PBS for 15 min and blocked with 3 % BSA in PBS for an hour at 
room temperature following antigen retrieval in citrate buffer at 95 ◦C 
for 20–25 min. The slices were then immunostained by incubating them 
with primary antibodies (Supplementary Table 1) diluted in the block
ing solution overnight at 4 ◦C, followed by secondary antibodies 
(Jackson ImmunoResearch, 1:200) for indirect fluorescence. Hoechst 
33,342 was used to counterstain the nuclei. The samples were imaged 
using a Nikon E660FN fluorescence microscope or a Leica SP5 confocal 
laser scanning microscope. The photographs were then processed using 
Image-Pro Plus and Adobe Photoshop CS5.

2.6. Quantitative analysis

Quantification of cells was performed using standard procedures for 
histological or cytological analysis as previously described (Sirko et al., 
2013; Su et al., 2010). For all quantification, more than three animals or 
experimental culture batches were examined in each condition. In the 
quantitative analysis in vivo, every 10th serial 25-µm-thick brain coronal 
sections were collected and at least five representative slices per animal 
were used for immunostaining. the Image pro-Plus 6.0 was applied for 
cell counts. All data collection and analyses were performed by in
vestigators blind to the experimental conditions.
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Fig. 1. Immunohistochemical and immunocytochemical analysis of OPCs during the neonatal period. (A and B) Quantitative analysis showed the changes of 
OPC number in brain from P0 to P7. (C and D) Characterization of OPC proliferative activity in the neonatal cerebral cortex. (E-H) Quantitative analysis of OPC 
number and proliferative activity in the cell culture immediately isolated from the neonatal cortex of Pdgfra-eGFP reporter mice. (I and J) After cultured for 10 days 
in vitro, the OPC number in the neonatal Pdgfra-eGFP reporter mouse cortex-derived mixed glial culture was quantitatively analyzed. Data are plotted as the mean ±
SEM (ns, P ≥ 0.05; ***P < 0.001 by one-way ANOVA with Tukey’s post-hoc test). There were four mice in each group. All experiments were performed at least three 
times independently. The scale bars represent 100 µm (A and C) and 50 µm (E, G and I).
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from P3 and P7 mice was markedly higher than that from P0 (Supple
mentary Fig. 1C, Fig. 1 E and F). Of note, although slightly more OPCs 
were obtained from P7 mice than from P3 mice (Supplementary Fig. 1C, 
Fig. 1 E and F), immunostaining with Ki67 showed that P3 mice-derived 
OPCs had higher proliferative activity compared with P7 mice-derived 

OPCs (Fig. 1 G and H). In fact, after cultured for 10 days in vitro, P3 
mice-derived culture produced more GFP-positive OPCs than that 
derived from P7 mice (Fig. 1 I and J). Taken together, all these findings 
suggest that P3 is the optimal age of mouse for OPC culture.

Fig. 3. Effect of different rotating time on the purity and viability of OPCs. (A) Histogram illustrating that the number of harvested cells increased with the 
increasing rotating time. (B-D) Quantitative analysis of the purity of harvested OPCs after different rotating time. (E and F) Quantitative analysis of the viability of 
harvested OPCs after different rotating time. Data are plotted as the mean ± SEM (ns, P ≥ 0.05; *P < 0.05, **P < 0.01 and ***P < 0.001 by one-way ANOVA with 
Tukey’s post-hoc test). All experiments were performed at least three times independently. The scale bars represent 50 µm.
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3.2. Isolation and purification procedure for cultured neonatal mouse 
OPCs

To isolate and purify OPCs, we developed a novel procedure modi
fied from the traditional shake-off method. After cultured in flasks for 

10 days, mixed glial cells obtained from P3 neonatal mouse cortex grew 
to confluence (Fig. 2A). As shown in Fig. 2A, abundant process-bearing 
OPCs appeared on top of the phase-gray bed monolayer of astrocytes. Of 
note, if the mixed glial culture was prepared from P3 neonatal cortex of 
Pdgfra-eGFP reporter mouse, the vast majority of cells on top of 

Fig. 4. Effect of different rotating speed on the purity and viability of OPCs. (A) Histogram illustrating that the number of harvested cells increased with the 
increasing rotating speed. (B-D) Quantitative analysis of the purity of harvested OPCs after different rotating speed. (E and F) Quantitative analysis of the viability of 
harvested OPCs after different rotating speed. Data are plotted as the mean ± SEM (ns, P ≥ 0.05; *P < 0.05, **P < 0.01 and ***P < 0.001 by one-way ANOVA with 
Tukey’s post-hoc test). All experiments were performed at least three times independently. The scale bars represent 50 µm.
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astrocyte monolayer were GFP-positive, suggestive of OPC identity 
(Fig. 2B). By pre-shaking the flasks for approximately 1 h at 180 rpm, the 
loosely attached microglia were removed. Then, the flasks were further 
shaken to isolate OPCs from the bed layer of astrocytes. In order to 
obtain a large number of high-viability and high-purity OPCs, we carried 
out a detailed optimization of the rotating time and speed.

First, the flasks were shaken at 250 rpm for different rotating times, 
including 4, 6, 8, and 10 h (Fig. 3). Fig. 3A showed that the number of 
harvested cells increased with the increase of rotating time and peaked 
after 10-hour shaking. In the harvested cells, however, immunocyto
chemical analysis revealed that the percentage of OLIG2+ and PDGFRα+

cells significantly decreased in 8- and 10-hour groups, suggestive of an 
obvious reduction in the purity of OPCs (Fig. 3 B-D). Of note, there was 
no significant difference in the purity of OPCs between 4- and 6-hour 
groups (Fig. 3 B-D). Importantly, CASPASE-3 immunostaining indi
cated that 10-hour shaking resulted in marked OPC apoptosis compared 
with 4-, 6-, and 8-hour shaking (Fig. 3 E and F). However, no significant 
difference was detected in the apoptosis of OPCs between 4-, 6-, and 8- 
hour groups (Fig. 3 E and F). In addition, by Ki67 immunostaining, we 
observed that different rotating time had no remarkable effects on OPC 
proliferation (Supplementary Fig. 2). Collectively, all these data suggest 
6 h as the optimal rotating time for isolating and purifying OPCs from 
cultured mixed glial cells.

Second, the flasks were shaken for 6 h at different rotating speeds, 
including 210, 230, 250, and 270 rpm (Fig. 4). Fig. 4A showed that the 
number of harvested cells increased with the increase of rotating speed 
and peaked at 270 rpm. In the harvested cells, however, immunocyto
chemical analysis with antibodies against OLIG2 and PDGFRα revealed 
that the purity of OPCs gradually decreased with the increase of rotating 
speed (Fig. 4 B-D). Of note, there was no significant difference in the 
purity of OPCs between 210-, 230- and 250-rpm groups, although it was 
remarkably reduced in the 270-rpm group compared with other three 
groups (Fig. 4 B-D). Moreover, immunocytochemical analysis with 
CASPASE-3 indicated that 270-rpm shaking resulted in marked OPC 
apoptosis compared with 210-, 230-, and 250-rpm shaking (Fig. 4 E and 
F). However, no significant difference was detected in the apoptosis of 
OPCs between 210-, 230-, and 250-rpm groups (Fig. 4 E and F). In 
addition, Ki67 immunostaining revealed that different rotating speeds 
had no remarkable effects on OPC proliferation (Supplementary Fig. 3). 
Together, all these results provide evidence that 250 rpm is the optimal 
rotating speed for isolating and purifying OPCs from cultured mixed 
glial cells.

Therefore, in our study, mouse OPCs were isolated and purified from 
the underlying astrocyte monolayer by shake-off at 250 rpm for 6 h. The 
OPC suspension were collected and spread on a 100 mm non-tissue 

culture-treated Petri dishes. The Petri dishes were then incubated for 
1 h for differential adhesion of contaminating microglia, while OPCs 
would not attach to untreated Petri dishes. In this way, the purity of 
OPCs could be further increased to more than 90 % (Fig. 5). The 
contaminating cells in this culture are mainly astrocytes and microglia 
(data not shown).

3.3. Biological characterization of cultured neonatal mouse OPCs

The OPCs derived from P3 neonatal mouse cortex were cultured in 
OPC medium and their biological characteristics were identified. As 
shown in Fig. 6A, highly enriched primary mouse OPCs were obtained, 
which exhibited typical bipolar or tripolar morphology when plated into 
PDL-coated petri dishes. We next performed RNA sequencing to globally 
analyze the genome-wide transcriptional profiling of the cultured mouse 
OPCs. Compared with astrocytes, gene expression heatmap showed that 
these cells had an OPC-characteristic transcriptional pattern, highly 
expressing OPC markers (such as Nkx2.2, Olig1, Olig2, Sox10, Cspg4, 
and Pdgfra) and oligodendrocyte lineage-related genes (such as Enpp6, 
Mag, Mbp, and Plp1) (Fig. 6B). Mouse OPCs in this culture system was 
further identified by immunocytochemical analyses using antibodies 
against PDGFRα, SOX10, OLIG2, and NG2. Fig. 6C revealed that all these 
OPC-specific markers were detected in the cultured mouse OPCs. The 
protein expression of PDGFRα and OLIG2 was also confirmed by western 
blotting (Fig. 6D). Taken together, all these data provide a series of 
evidences for the OPC identity.

The mouse’s developmental oligodendrogenesis has been exten
sively described with OPC proliferation in the forebrain occurring early 
after birth (Kessaris et al., 2006). In our study, Fig. 1C also showed the 
high OPC proliferation in neonatal mouse brains. In culture, Ki67 
staining revealed that around 26 % of the primary OPCs prepared from 
P3 neonatal moue cortex were Ki67-positive, suggestive of high prolif
erative rate (Fig. 6 F and G). Their expansion would be conducive to the 
production of large numbers of mouse OPCs. In addition, the cultured 
mouse OPCs could be expanded in vitro for at least four passages while 
maintaining their morphological and biological characterization (Fig. 6
E and F). It is interesting to note that the cultured mouse OPCs from 
Passage 4 also retained the proliferation capacity, although it to some 
extent decreased compared with that of OPCs from Passage 1 (Fig. 6 F 
and G). Collectively, these results indicate that mouse OPCs obtained 
from this procedure are expandable.

3.4. Differentiation capacity of cultured neonatal mouse OPCs

After characterization of cultured neonatal mouse OPCs, they were 

Fig. 5. The purity of isolated mouse OPCs was examined using FACS. Pdgfra-eGFP reporter mice were used for the FACS analysis. FACS plots showed the sorting 
gates that were used in hierarchical way for isolation of OPCs, based on cell size (forward scatter, FSC) and granularity (side scatter, SSC) (left layer), discrimination 
of doublets (SSC-Area vs. SSC-Hight; middle layer) and positive selection for eGFP-positive cells (right layer).
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then functionally identified. OPCs are regarded as bipotential O-2A 
progenitor cells that can be induced to differentiate into either astro
cytes or oligodendrocytes (Raff et al., 1983a; Raff et al., 1983b). To 
evaluate the differentiation capacity of OPCs produced using our 
approach, immunocytochemical analysis was performed. When cultured 
in OPC growth-medium containing FGF2, and PDGF-AA, OPCs were 
keep in a proliferating stage. Fig. 7A showed that if the medium were 
switched to DF-12 containing 10 % FBS, NG2-positive OPCs could be 
induced to differentiate into GFAP-positive astrocytes. In addition, the 
OPC cultures were changed to fresh medium lacking mitogenic factors 

(FGF2 and PDGF-AA) and exposure to the differentiating factors T3 (40 
ng/mL) in order to induce oligodendrocyte differentiation. In this me
dium, notably, within 3 days some of the cultured OPCs differentiated 
into cells with a multi-processed morphology typical of immature oli
godendrocytes which further acquired a more complex morphology of 
mature oligodendrocytes by the fifth day (Fig. 7B). Fig. 7 C and D 
revealed that the differentiated cells expressed the specific and defining 
marker of mature oligodendrocytes MBP, an integral protein component 
of the myelin sheath (Huang et al., 2023). This immunocytochemical 
analysis was further corroborated by western blotting assay (Fig. 7E). 

Fig. 6. Biological characters of cultured OPCs from the neonatal mouse cortex. (A) Highly enriched primary mouse OPCs were isolated from mixed glial 
cultures. Phase contrast image showed that cultured cells had typical OPC-like morphologies. (B) Gene expression heatmap showing oligodendrocyte lineage-specific 
markers and transcription factors enriched (red) in the neonatal mouse cortex-derived OPCs. (C) Representative images of immunofluorescent staining of OPC 
markers, including SOX10, PDGFRα, OLIG2, and NG2. (D) Western blotting analysis of OPC marker PDGFRα and OLIG2. (E) Phase contrast image of Passages 1 and 4 
OPCs. (F and G) Quantitative analysis of the proliferation of Passages 1 and 4 OPCs. Data are plotted as the mean ± SEM (*P < 0.05 by Student’s t-test). All ex
periments were performed at least three times independently. The scale bars represent 100 µm (A), 50 µm (C and E), and 25 µm (F). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.).
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These findings indicate that mouse OPCs obtained from this procedure 
have the ability to differentiate into immature oligodendrocytes, which 
then mature into myelin-producing oligodendrocytes.

4. Discussion

OPC culture provides a useful tool for investigating the physiological 
and pathological functions of oligodendrocyte lineage cells and the 
potential for myelin repair. Although the methods of OPC culture from 
rat CNS tissues have well been established, it continues to be a sub
stantial challenge to obtain a sufficient quantity of purified OPCs from 
mouse CNS tissues, which has severely hampered mouse OPC-related 
research. Of note, the phylogenetic proximity between mouse and 
human makes mouse OPC culture a unique and ideal model for their 
biological research. In this study, we successfully developed and char
acterized a novel culture system for OPCs derived from neonatal mouse 
brain (Fig. 8, Supplementary Table 3). Using this reported method, 
highly enriched mouse primary OPCs could be easily produced without 
any special equipment or technique.

While a simple and durable culture technique to produce high-yield 
pure OPCs is essential, existing mouse OPC culture methods have major 
limitations, particularly in their productivity and purification proced
ures. At present, the number of cells provided by existing traditional 
mouse OPC culture protocol is difficult to meet the needs of related 
research. Albeit neural stem cell-or embryonic stem cell-induced direc
tional differentiation can produce sufficent quantity of OPCs (Chen 

et al., 2007; Lu et al., 2015; Monaco et al., 2012; Rodrigues et al., 2017), 
this method usually requires long time and complicated procedures of 
induction with poor reproducibility, which limits its potential applica
tion. OPCs are produced mainly in the developmental stage, but only 
maintains a very low level of cell renewal in adult. In the CNS, OPC 
specialization and production take place at different time points in a 
pulsed manner (Cristobal and Lee, 2022). To obtain high yields of 
cultured OPCs, therefore, the OPC isolation from cerebrum requires a 
careful choice of the age of mice (Pillai and Ross, 1986). Of note, cortical 
VZ-derived OPCs from the third wave produced after birth is estimated 
to account for about 80 % of the OPC population (Bergles and 
Richardson, 2015; Tripathi et al., 2011). Therefore, our mouse OPC 
culture focused on the third wave of OPCs that are generated after birth 
and tried to find a precise time point for preparation of OPC culture. The 
Pdgfra-eGFP reporter line was used for fine-tracing of OPCs. By immu
nohistochemical and immunocytochemical analysis on different ages of 
newborn mice, including P0, P3 and P7, we found that P3 is the optimal 
age to isolate brain tissue for OPC culture when OPCs are highly 
proliferating and mass produced. In fact, preparing mixed glial cells 
from the cortex of P3 neonatal mouse resulted in the highest yields of 
OPC culture.

The shake-off and antigen-specific screening methods are two major 
protocols for isolating and purifying OPCs from primary mixed glial 
cultures. As antigen-specific screening methods, immunopanning 
(Barres et al., 1992; Barres and Raff, 1993), immunomagnetic sorting 
(Diers-Fenger et al., 2001) and fluorescence-activated cell sorting 

Fig. 7. OPCs obtained from the neonatal mouse cortex were capable of spontaneous differentiation. (A) Representative images of immunofluorescent staining 
of NG2 and GFAP showed that OPCs could differentiate into astrocytes. (B) Phase-contrast images highlighting time-course morphological changes during the 
differentiation of OPCs into oligodendrocytes (OLs). (C and D) Immunocytochemical analysis indicated that OPCs differentiated into cells that expressed mature 
oligodendrocyte marker MBP. Data are plotted as the mean ± SEM (*P < 0.05 and ***P < 0.001 by one-way ANOVA with Tukey’s post-hoc test). All experiments 
were performed at least three times independently. (E) Western blotting analysis of OPC differentiation. The scale bars represent 50 µm.
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Fig. 8. Procedures of mouse OPC culture. The preparation of enriched OPC culture from P3 neonatal mouse includes four major steps: dissection of cortices, 
preparing single-cell suspension, plating and culture of mixed glial cells, and isolation and culture of OPCs.
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(FACS) (Behar et al., 1988; Chandross et al., 1999) have been used in 
OPC culture. For example, immunopanning method was originally 
developed by Barres’s group which sorts OPCs negatively with anti- 
Ran2 or Thy1.2 and positively with anti-O1 and/or O4 antibodies 
(Barres et al., 1992; Dugas and Emery, 2013; Emery and Dugas, 2013). 
Although these methods can obtain high-purity OPCs, their re
quirements for large numbers of expensive antibodies and long prepa
ration time hinder high-yield production of OPCs. Shaking off is a 
traditional method that has been widely used for more than 30 years 
(McCarthy and de Vellis, 1980). Unlike antigen-specific screening 
methods, the shake-off method is economical without any specific 
equipment like antibodies or magnet and takes simple procedures. It is 
of note that OPCs are vulnerable cells and the shake-off method may 
result in undesirable mechanical damage to them. Therefore, we carried 
out rigorous experiments to optimize the shaking-related parameters. By 
comparing different rotating times (4, 6, 8, and 10 h) and speeds (210, 
230, 250 and 270 rpm), we found that highly enriched mouse OPCs 
could be obtained from cultured mixed glial cells by shaking off at 250 
rpm for 6 h which did not affect OPC proliferation or result in significant 
apoptosis. Compared to the traditional shaking approach, our improved 
isolation procedure significantly reduced the potential undesirable 
damage to OPCs. In addition, after shake-off the OPC suspension were 
transferred into an uncoated dish and incubated for 1 h for differential 
adhesion of contaminating microglia, which further increased the purity 
of OPCs.

The identity of our cultured mouse OPCs were confirmed at gene, 
protein and cell level. Using this reported method, the cultured cells 
prepared from P3 neonatal mouse cortex exhibited an OPC-like 
morphology, characterised by small and round cell bodies with bipo
lar or tripolar processes. In addition, these primary cultures had an OPC- 
characteristic transcriptional profiling and expressed important OPC 
markers such as PDGFRα, NG2, SOX10, and OLIG2, suggestive of their 
identity of a bona fide OPC. Of note, the cultured mouse OPCs main
tained a high proliferation capacity and could be expanded in vitro for at 
least four passages. Moreover, under certain conditions, OPCs can be 
induced to differentiate into astrocyte or oligodendrocyte. All these re
sults indicate that the cultured mouse OPCs are expandable and 
functional.

In summary, we here developed a culture system to obtain highly 
enriched primary OPCs from the cerebral cortex of neonatal mice, a 
process that took no more than two weeks. These cultures typically 
possess the biochemical and physiological properties of OPCs. The 
simplicity and high yield of our method make it a good choice to obtain 
sufficient quantity of mouse OPC culture that may be an ideal cellular 
source for various oligodendrocyte studies and myelin-related biological 
applications.
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