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Abstract: The use of in vitro oligodendrocyte differentiation for transplantation of stem cells 

to treat demyelinating diseases is an important consideration. In this study, we investigated the 

effects of serum on glia and oligodendrocyte differentiation from human mesenchymal stem 

cells (KP-hMSCs). We found that serum deprivation resulted in a reversible downregulation 

of glial- and oligodendrocyte-specific markers. Serum stimulated expression of oligodendro-

cyte markers, such as galactocerebroside, as well as Notch1 and JAK1 transcripts. Inhibition 

of Notch1 activation by the Notch inhibitor, MG132, led to enhanced expression of a serum-

stimulated oligodendrocyte marker. This marker was undetectable in serum-deprived KP-hMSCs 

treated with MG132, suggesting that inhibition of Notch1 function is additive to serum-stimulated 

oligodendrocyte differentiation. Furthermore, a dominant-negative mutant RBP-J protein also 

inhibited Notch1 function and led to upregulation of oligodendrocyte-specific markers. Our 

results demonstrate that serum-stimulated oligodendrocyte differentiation is enhanced by the 

inhibition of Notch1-associated functions.

Keywords: mesenchymal stem cells, glia and oligodendrocyte differentiation, Notch1 signaling, 

serum deprivation

Introduction
In the vertebrate central nervous system, axons are sheathed with myelin, the dendritic 

process of an oligodendrocyte. Demyelinating diseases, such as multiple sclerosis, result 

from damage to myelin.1 Demyelinated axons may undergo remyelination, but only 

some of them regain normal structure and function.2 For most disorders, remyelination 

eventually fails, resulting in progressive demyelination, axonal damage, and persistent 

neurologic deficits. Immunosuppressive and immunomodulating treatments can relieve 

symptoms, but have only mild efficacy in the prevention of long-term disability.3

Stem cells are defined as precursor cells with the potential for self-renewal and 

the ability to generate progeny cells of different lineages. They are considered a 

source of myelinogenic cells due to their ability to provide an apparently unlimited 

cell supply for transplantation and to give rise to homogenous populations of myeli-

nogenic phenotypes.4 Bone marrow stromal cells, or human mesenchymal stem cells 

(KP-hMSCs), have the ability to differentiate into a variety of mesenchymal cells 

such as osteocytes, adipocytes, and chondrocytes.5 As multipotent progenitor cells, 

they are also an attractive source of cells for use in therapeutic applications for neural 

regeneration, and regulation of their differentiation to specific neural cell types is a 

field of primary interest.6,7 In order to apply KP-hMSCs in demyelinating diseases to 

enhance remyelination in the central nervous system efficiently, KP-hMSCs should 
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be directed to undergo oligodendrocyte differentiation before 

transplantation.

Galactocerebroside (Gal-C) and its sulfated derivative, 

sulfatide, are widely abundant in the vertebrate myelin sheath.8 

Deficiency of Gal-C activity causes human disorders, such 

as inherited globoid cell leukodystrophy, which leads to oli-

godendrocyte death and subsequent demyelination.9 In vitro 

culture of cerebellar progenitor cells in serum-free medium 

promotes oligodendrocyte differentiation.10 The inhibitory 

effect of serum on oligodendrocyte differentiation has also 

been observed in the newborn rodent brain and spinal cord.11 

In contrast, Schwann cells proliferated but neither ensheathed 

nor myelinated axons in serum-free medium, while  myelination 

and Gal-C expression were promoted when the cultures were 

switched to complete medium (serum plus ascorbic acid).12 

The controversial effects of serum on Gal-C expression and oli-

godendrocyte differentiation imply that additional factors may 

be required to enhance  serum-stimulated differentiation.

The role of Notch signaling in oligodendrocyte differen-

tiation has been extensively investigated in several stem cell 

and progenitor cell models. For example, oligodendrocyte 

differentiation in the rat optic nerve can be inhibited by the 

activation of the Notch pathway.13 In contrast, inhibition of 

gamma-secretase of the Notch signaling pathway promotes 

oligodendrocyte differentiation in mice with multiple 

sclerosis, significantly reducing axonal damage through 

remyelination.14 However, several lines of evidence  suggest 

that F3/contactin-activated Notch signaling enhances 

 oligodendrocyte maturation in rat oligodendrocyte precursor 

cells15 and human KP-hMSCs.16 Therefore, the effects of 

Notch signaling in oligodendrocyte differentiation remain 

to be elucidated.

Induced differentiation of human KP-hMSCs into oligo-

dendrocytes in vitro has been previously described.6,17 In this 

study, we further demonstrate the importance of serum in 

oligodendrocyte differentiation using human KP-hMSCs as a 

model. We found that inhibition of Notch1 activity enhanced 

oligodendrocyte differentiation in the presence of serum. In 

vitro differentiated stem cells may have a therapeutic role in 

demyelinating disorders.

Materials and methods
Cell cultures and reagents
The human mesenchymal stem cell (MSC) line has been 

described previously and was originally derived from the 

bone marrow of a 61-year-old female donor. This line has 

been transfected with a plasmid containing the type 16 human 

papilloma virus proteins, E6/E7.18 KP-hMSCs were grown in 

DMEM-LG (Gibco, Grand Island, NY) supplemented with 

10% fetal bovine serum (selected lots), 100 U/mL  penicillin, 

10 µg/mL streptomycin, and 0.25 µg/mL amphotericin 

B at 37°C with 5% CO
2
. The medium was changed twice a 

week, and cells were subcultured 1:4 to 1:5 weekly. Based 

on the results of flow cytometry, these cells express CD29 

(β1 integrin), CD44 (hyaluronan receptor), CD90 (Thy-1), 

CD105 (endoglin), SH2, and SH3 (human MSC markers).18 

These cells maintain the potential to differentiate into mes-

enchymal and nonmesenchymal tissue even after more than 

100 population doublings. The reagents used for cell treat-

ment included JAK1 inhibitor (Merck KGaA, Darmstadt, 

Germany), MG132, 4′,6-diamidino-2-phenylindole (DAPI; 

Calbiochem, San Diego, CA), and lactacystin (Sigma, 

St Louis, MO).

real-time polymerase chain  
reaction analysis
Total RNA was extracted from the cell pellet with Trizol 

(Life Technologies, Bethesda, MD) according to the manu-

facturer’s specifications. cDNA was synthesized from total 

RNA using M-MLV reverse transcriptase, and polymerase 

chain reaction (PCR) was performed using Taq DNA poly-

merase recombinant (Invitrogen, Carlsbad, CA). The reaction 

products were electrophoresed on a 1.2% agarose gel and 

visualized using ethidium bromide with the housekeeping 

gene, β-actin, as a control. The primer sequences for real-time 

(RT)-PCR of different genes were listed in Table 1.

Western blot analysis
The cells were washed with phosphate-buffered saline (PBS) 

and lysed with 0.2 mL lysis buffer (20 mM Tris-HCl pH 7.5, 

150 mM NaCl, 1 mM Na
2
EDTA, 1 mM EGTA, 1% Triton 

X-100, 2.5 mM sodium pyrophosphate, 1 mM b-glycerophos-

phate, 1 mM Na
3
VO

4
, 1 mg/mL leupeptin) for 10 minutes 

on ice. Protein levels were determined using the BCA assay 

(Pierce, Rockford, IL). After heating for five minutes at 

95°C in sample buffer, equal aliquots of the cell lysates were 

run on 10% or 5% sodium dodecyl sulfate-polyacrylamide 

gel. Proteins were transferred to polyvinylidene fluoride 

membranes, blocked, probed with antibodies, and detected 

with the enhanced chemiluminescence system (PerkinElmer 

Instruments. Waltham, MA). The antibodies, α-nestin (mono-

clonal, MAB353, 1:1000 dilution), α-neu-N (monoclonal, 

MAB377, 1:1000 dilution), α-GFAP (monoclonal, MAB360, 

1:1000 dilution), α-Gal-C (MAB342, 1:500 dilution), α-MBP 

(monoclonal, MAB382, 1:1000 dilution), α-rabbit IgG 

(HRP-conjugated, AP132P, 1:5000 dilution), and α-mouse 

IgG (HRP-conjugated, AP124P, 1:5000 dilution ) were all 

purchased from Chemicon (Millipore, Billerica, MA).
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Table 1 The primer sets used for amplification of studied genes by real-time polymerase chain reaction

Target gene Primer sets Sequence Amplified size 
(base pairs)

β-actin F gCACTCTTCCAgCCTTCCTTCC 515
r TCACCTTCACCgTTCCAgTTTTT

gal-C F TAAgggTCATTTCgCCTCTg 456
r gTTAgCAgCAAggCTTCgAg

MBP-1 F CTCCgTgACCgAgTCTCTTC 256
r gCCAAggggTTTCTgAAgTT

PDgF-rα F gAAgCTgTCAACCTgCATgA 187
r CTTCCTTAgCACggATCAgC

ng-2 F ggAggAAgAggACgTgTTAgT 271
r TTggCCTTCAgTCTACgg

Jak-1 F ATTTCTTgAAggAATTTAACAACAAgAC 664
r CACCTCAgCACgTACATCCCCTC

notch1 F gAATCCAACCCTTgTgTCAAC 161
r gCAACgTCgTCAATACACgTg

notch2 F CgCTgCATTgACCTggTCAAT 232
r TACATgTTgCACCCTTgCgA

notch3 F ggCATTgCTAgCTTCTCgTgT 241
r CATAACggTTgATgCCATCAC

Jagged1 F ATCTgTCCACCTggCTATgCA 418
r ATTTgCCTCCCgACTgACTCTT

Delta1 F CCTgATgACCTCgCAACAgAA 310
r CATgCTgCTCATCACATCCAg

Delta4 F ACCACTTCggCCACTATgTgT 274
r TCTTggTCACAAAACAggCCT

Olig-1 F CCgAgCAAggAAAgCATTTCgAAC 907
r CCCggTACTCCTgCgTgTT

Olig-2 F TCTTCCTCCTTTCTTggCgg 342
r TCggCAgTTTTgggTTATTCC

Sox-10 F AgCCCAggTgAAgACAgAgA 602
r CCTCATCTTTCAgTgTgggTg
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Immunofluorescence analysis
Immunofluorescence analysis was used to examine the neural 

characteristics of the human MSC culture. Cells were washed 

briefly in PBS, fixed with 4% paraformaldehyde (in PBS) 

for 10 minutes, permeabilized with 0.1% Triton X-100 in 

PBS for 10 minutes, and treated with 5% fetal calf serum 

in PBS for 30 minutes; all at room temperature. They were 

then  incubated with primary antibody overnight at 4°C, 

washed three times in PBS, then incubated for one hour 

with fluorescein-conjugated secondary antibody. DAPI was 

used for nuclear staining. The samples were mounted with 

mounting medium after the staining procedures have been 

completed.

DnA delivery methods
Wild-type and dominant negative (DN) mutant RBP-J plas-

mids19 were a gift from the Riken BioResource Center DNA 

Bank with permission from Dr. T Honjo (Riken, Kyoto, Japan). 

For the transfection of cells with plasmids, Nucleofector® 

technology (AMAXA Biosystems, Cologne, Germany) was 

used as described previously.20 Each nucleofection sample 

contained 2 µg DNA, 4 × 105 cells, and 100 µL Human MSC 

Nucleofector Solution. The transfection was carried out under 

program C-17 of the Nucleofector device, as recommended 

by the manufacturer. The efficiency of transfection, as evalu-

ated by the expression of green fluorescence protein in cells 

transfected with pmaxGFP vector®, was 50%–70%.

Statistical analysis
Three independent experiments were conducted to measure 

statistical differences between the control and experimental 

groups. Statistical differences were determined using the 

Student’s t-test, and significance was set at P , 0.05.

Results
Serum deprivation induces loss of glial 
markers in KP-hMSCs and C6 cells
We previously demonstrated that KP-hMSCs are able to 

express neuronal and glial markers under normal growth 

conditions, and deprivation of serum in defined neuronal 
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induction medium containing isobutyl 1-methyl xanthine-

induced neurite outgrowth and neuronal differentiation, 

with an increase in expression of neuronal markers, such 

as Neu-N and Tuj-1.6 Because KP-hMSCs can differenti-

ate into either glial or neural cells, we investigated whether 

serum deprivation influences the expression of glial mark-

ers by seeding 1 × 106 cells in either serum-free or serum-

containing medium for 24 hours. Western blot analysis 

showed that serum deprivation caused an apparent decrease 

in glial markers, including glial fibrillary acidic protein and 

Gal-C, but they were significantly increased after serum 

stimulation ( Figure 1A). However, expression of the Neu-N 

neuronal marker and nestin precursor marker did not change 

in serum-free medium, suggesting that deprivation of serum 

alone without an induction stimulus was not sufficient to 

enhance neuronal differentiation (Figure 1A). These immu-

noblot results were also quantified by densitometric analysis, 

by which each marker examined was normalized by actin 

( Figure 1B). The effects of serum on the expression of Gal-C 

and glial fibrillary acidic protein were further examined by 

immunofluorescence staining, which showed that these glial 

markers were unable to be expressed in cells without serum 

stimulation (Figure 1C). Also, 10% serum stimulation was 

sufficient to induce the expression of the glial markers, Gal-C 

and glial fibrillary acidic protein, while 20% serum treatment 

slightly enhanced this effect. This phenomenon was further 

observed in the C6 rat glial cell line in which the expressions 

of glial fibrillary acidic protein and Gal-C were induced 

by adding 5% fetal bovine serum and 15% horse serum 

( Figure 1D).21 These results suggest that serum is essential 

for the upregulation of glial markers in both KP-hMSCs and 

C6 glial cells for subsequent cell differentiation.

Serum deprivation-induced loss  
of glial markers is reversible
We next tested whether serum deprivation-induced loss 

of glial markers is reversible. We found that loss of the 

Gal-C marker in serum-deprived KP-hMSCs was rescued 

with the addition of fetal bovine serum (5% and 10%) for 

up to five days (Figure 2A). Immunofluorescence staining 

confirmed that glial fibrillary acidic protein also recovered 

under these conditions (Figure 2B). We next compared the 

expression of oligodendrocyte markers for different stages of 

 differentiation. KP-hMSCs were cultured in serum-deprived 

medium, then supplemented with 10% fetal bovine serum for 

48 hours. The mRNA levels for the markers expressed in these 

A)
SF

Actin

GFAP

GFAP

Gal-C

Actin

GFAP

Gal-C

Gal-C

Nestin

Neu-N

GFAP

T
es

t 
p

ro
te

in
 m

ar
ke

rs
/a

ct
in

Gal-C Nestin Neu-N

FBS

FBS

SF

SF

10% FBS 20% FBS

0.9 *

*

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

FBS+HS SF

B)

C) D)

Figure 1 Serum induces the upregulation of markers for glial differentiation.  A) Western 
blot analysis for comparison of glial and neuronal markers in human mesenchymal stem 
cells cultured with or without 10% FBS. B) Densitometric measurement of Western 
blot protein bands (*P , 0.05). C) Immunofluorescence staining of Gal-C and GFAP 
expression in human mesenchymal stem cells cultured in different concentration of 
FBS. D) effects of serum deprivation on C6 rat glial cells expressing gFAP and gal-C 
proteins.
Abbreviations: SF, serum-free medium; FBS, fetal bovine serum; hS, 5% horse serum; 
GFAP, glial fibrillary acidic protein; Gal-C, galactocerebroside.

Days

10

0

0

2

5

2

10

2

5

5

10

5

FBS (%)

Gal-C

SF

SFCC)

B)

A)

SF+FBS

SF+FBS

Actin

β-actin

Gal-C

MBP-1

PDGF-Rα

NG-2

Figure 2 recovery of glial markers by serum supplementation in serum-deprived 
human mesenchymal stem cells. A) Western blot analysis detecting the expression of 
gal-C in human mesenchymal stem cells that were cultured in serum-free medium for 
two days and then supplemented with FBS. B) Immunofluorescence staining of glial 
fibrillary acidic protein expression in human mesenchymal stem cells cultured in either 
SF for two days or thereafter supplemented with 10% FBS for an additional two days 
(SF + FBS). C) Semiquantitative real-time polymerase chain reaction detecting mrnA 
levels of glial and oligodendrocyte markers using the above experimental conditions. 
C is a control that was continuously cultured in FBS-supplemented medium.
Abbreviations: FBS, fetal bovine serum; SF, serum-free medium; gal-C, galacto-
cerebroside; MBP, myelin basic protein.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Stem Cells and Cloning:  Advances and Applications 2010:3 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

169

notch1 inhibition

two conditions were compared. The markers (PDGF-Rα) for 

 progenitor and pro- oligodendrocyte cells was not change 

under either condition, while NG-2 was not repressed under 

serum deprivation but was upregulated after the addition of 

serum (Figure 2C). NG-2 has been reported to be expressed in 

both progenitors and nonmyelinating  oliogodendrocytes,22,23 

and is not influenced by serum deprivation as reported for 

OLN-93  oligodendrocytes.24 Also, the addition of serum 

rescued the decrease in Gal-C and myelin basic protein 

markers for myelinating  oligodendrocytes ( Figure 2C). These 

results suggest that serum  deprivation causing loss of glial 

and oligodendrocyte  markers is reversible.

inhibition of notch signaling  
enhances serum-stimulated  
oligodendrocyte differentiation
Stimulation of MSC differentiation by serum is accompa-

nied by activation of various signaling pathways. As shown 

in Figure 3A, semiquantitative RT-PCR showed that mRNA 

levels of JAK1 and Notch1 were downregulated in response 

to serum deprivation. In contrast, Notch2 and Notch3 

were unchanged and upregulated, respectively. Generally, 

the Notch signaling pathway seemed upregulated in the 

presence of serum, as demonstrated by the upregulation 

of Jagged1 and Delta1/4 in KP-hMSCs treated with 20% 

fetal bovine serum (Figure 3A). To understand better the 

role of the JAK and Notch signaling pathways in serum-

induced expression of Gal-C markers for oligodendrocyte 

differentiation, cells in serum-containing medium were 

treated with JAK1 inhibitor and the Notch1-specific inhibi-

tor, MG132. The Western blot data showed that MG132 

repressed cleavage of the Notch1 intracellular domain, 

and induced an apparent upregulation of Gal-C compared 

with the vehicle control and JAK1 inhibitor (Figure 3B). 

To exclude the possibility of MG132 proteasome inhibition 

activity influencing Gal-C expression, a control experiment 

was conducted using the proteasome-specific inhibitor, 

lactacystin. The results showed that Gal-C expression was 

only induced by MG132 but not by lactacystin, suggesting 

that inhibition of Notch signaling is important for serum-

stimulated Gal-C expression in KP-hMSCs (Figure 3C). We 

further analyzed the effects of Notch1 inhibition on gene 

expression of transcription factors required for differentia-

tion of oligodendrocytes in KP-hMSCs. As demonstrated by 

semiquantitative RT-PCR, inhibition of Notch1 by MG132, 

but not lactacystin, in the presence of serum led to the 

induction of Olig-1, Olig-2, and Sox10 gene expression in 

KP-hMSCs (Figure 3D). The effects of Notch1  inhibition 

by MG132 on the  differentiation of  oligodendrocyte were 

also demonstrated using matrigel-coated culture dishes. 

KP-hMSCs were transfected with green fluorescence pro-

tein for detection of extended processes after cells were 

treated with MG132 (Figure 3E). Furthermore, an increase 

in the myelin basic protein-1 oligodendrocyte marker was 

detected in KP-hMSCs (Figure 3F). The cells have been 

transfected with green fluorescence protein and stained 

with DAPI for localization of upregulated myelin basic 

protein-1 and cell nucleus, respectively. These data suggest 

that inhibition of Notch1 expression, at least in part, can 

enhance the serum-stimulated oligodendrocyte differentia-

tion of KP-hMSCs.

Upregulation of oligodendrocyte  
markers and transcriptional factors  
by dominant-negative rBP-J notch-
targeting transcription mediator
To elucidate further the role of the Notch signaling pathway 

on MSC oligodendrocyte differentiation, cells were trans-

fected with a DN mutated RBP-J cDNA. The DN mutated 

RBP-J cDNA contains an insertion of oligonucleotide link-

ers between 218Arg and 227Arg to interfere with Notch 

function.19 KP-hMSCs transfected with DN mutated RBP-J 

or treated with MG132 had increased Gal-C protein levels 

compared with cells transfected with wild-type RBP-J cDNA 

(Figure 4A). We also noticed that cells treated with MG132 

under serum deprivation could not induce Gal-C expression 

(Figure 4A), indicating that inhibition of Notch signaling 

is an additive factor in serum-stimulated oligodendrocyte 

differentiation. Similarly, cells transfected with mutated 

RBP-J had increased Olig-1, Olig-2, Sox10, and myelin 

basic protein mRNA levels in the presence of serum, while 

cells transfected with wild-type RBP-J suppressed serum-

induced expression of Olig-1, Olig-2, Sox10, and myelin 

basic protein mRNAs (Figure 4B). Taken together, these 

data suggest that chemical or molecular Notch inhibition 

can enhance serum-stimulated oligodendrocyte differentia-

tion in vitro.

Discussion
To develop therapeutic applications, it is important to inves-

tigate the mechanisms involved in determining the fate of 

stem or progenitor cells. Based on previous knowledge 

of the signaling pathways regulating neural differentiation 

of KP-hMSCs,6 we tested the relationship between the 

effects of serum and Notch signaling activity on regulation 
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of  oligodendrocyte differentiation. It has been reported that 

Schwann cells important for insulation of the peripheral 

 nervous system can only express Gal-C and myelination in the 

presence of serum in vitro.12 Moreover, a recent report shows 

that human bone marrow-derived MSC can  differentiate into 

Schwann-like cells in complete medium.25 Our current data 

support the importance of serum in  expression of markers 

for glial and oligodendrocyte  differentiation from human 

KP-hMSCs in vitro. Because glia and oligodendrocytes are 

important for  myelination of the central nervous system, it 
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suggests that human KP-hMSCs are one of the stem cell 

sources for regenerating functional glial and Schwann cells 

for neural  transplantation. We conclude that serum is required 

for glial-like differentiation from human KP-hMSCs, at least 

in vitro.

Our data indicate that serum can induce the expression 

of Notch1 in vitro. It appears that Notch1 provides negative 

feedback inhibition of the effects of serum on oligodendro-

cyte differentiation because inhibition of Notch1 activity 

enhances serum-induced differentiation. We also examined 

the expression of Notch2 and Notch3 in response to serum 

stimulation, and we found that Notch3 exhibits an opposite 

expressive pattern to that of Notch1 mRNA. Given that 

Notch3 is structurally and functionally different from both 

Notch1 and Notch2, it is possible that Notch3 and Notch1 may 

behave differently in response to serum  stimulation.26 

Whether Notch3 is also important for  serum-stimulated 

 oligodendrocyte  differentiation remains to be investigated. 

To our knowledge, this is the first report delineating the 

function of serum stimulation and Notch1 regulating the 

oligodendrocyte differentiation of KP-hMSCs.

Although Notch signaling is known to inhibit growth 

and differentiation of neighboring cells laterally, its role in 

vertebrate neural development is still unclear. This may be 

due to a poor understanding of the diverse fates of neural cell 

lineages. However, several spinal cord developmental  models 

illustrate single types of neurons produced from distinct 

precursor subdomains that align at the dorsoventral axis.27–29 

The literature shows that each precursor population produces 

various cell types. For example, motor neuron progenitor 

precursors produce oligodendrocytes and motoneurons.30,31 

Analysis of transgenically marked lineages shows that Olig2+ 

motor neuron progenitor cells also give rise to astrocytes 

and ependymal cells.32 Thus, vertebrate neural precursors 

can give rise to various cell types, raising the possibility 

that, as in insects, Notch functions to diversify the fates of 

differentiating cells that have a common origin.

Wang et al have described the role of the Notch signaling 

pathway in oligodendrocyte differentiation.13 They showed 

that developing and mature oligodendrocytes express the 

Notch1 receptor and that retinal ganglion cell expression 

of Jagged, which is distributed along the axon, decreases 

developmentally in a manner that correlates with optic nerve 

myelination. They also demonstrated that oligodendrocyte 

precursor cell differentiation in vitro is potentially inhibited 

by Notch signaling, suggesting that Notch-Jagged interac-

tions play an inhibitory role in regulating the timing of 

central nervous system myelination. Recently, Genoud et al 

supported this conclusion in vivo using the Cre/Lox approach 

to eliminate Notch signaling selectively from oligodendrocyte 

precursor cells, which resulted in ectopic and premature 

oligodendrocyte differentiation.33 Moreover, it has been 

demonstrated that heterozygous deletion of the Notch1 gene 

leads to increased myelination in mice.34 Our current data 

are consistent with previous reports that the Notch signaling 

pathway plays an inhibitory role in oligodendrocyte differ-

entiation. Recently, the Notch signaling pathway has been 

demonstrated to have an important role in the development 

of a variety of glial cell types, including Müller glia, radial 

glia, astrocytes, and Schwann cells, which are the myelinat-

ing cells of the peripheral nervous system.35 Furthermore, 

Notch signaling may also be required for oligodendrocyte 

precursor cell specification. Notably, neurospheres derived 

from mouse embryos with a null allele of the Delta-like Notch 

ligand produce fewer oligodendrocyte precursor cells, and 

this deficiency can be rescued by reintroducing the Jagged 

FBS (%) 0 0 20 20 20
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− − − Wild DN

0 0 20 20 20

− + + − −

− − − Wild DN
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Transfection

Actin

Gal-C

FBS (%)
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Transfection

β-actin

Olig-1

Sox-10
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Figure 4 inhibition of notch activity by mutant rBP-J protein enhances the serum-
stimulated expression of oligodendrocyte markers. A) Western blot analysis for 
comparison of gal-C expression in human mesenchymal stem cells transfected with 
wild-type or the Dn mutant form of rBP-J cDnA. B) Semiquantitative real-time 
polymerase chain reaction detecting the mrnA levels of other oligodendrocyte 
markers. Mg132 (24 hours of treatment) was unable to induce these markers under 
serum-free conditions. 
Abbreviations: gal-C, galactocerebroside; Dn, dominate negative; FBS, fetal 
bovine serum; MBP, myelin basic protein.
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gene.36 Moreover, oligodendrocyte precursor cells are not 

detectable in the spinal cord of zebra fish embryos with 

defective Delta, while the conditional expression of consti-

tutively active Notch promotes the generation of excessive 

oligodendrocyte precursor cells in the spinal cord.37 Thus, 

it appears that Notch signaling plays an important role in 

oligodendrocyte precursor cell generation.

We used both Notch inhibitor MG132 and mutant DN 

RBP-J cDNA transfection to demonstrate the effects of 

Notch1 inhibition on oligodendrocyte differentiation. It is 

important to use mutant RBP-J for a parallel experiment 

because MG132 is toxic to cells and may cause nonspe-

cific responses. For example, MG132 has been reported to 

repress β-actin gene transcription,38 and this gene was used 

as a loading and internal control in this study. Although we 

have overexpressed mutant DN RBP-J cDNA in KP-hMSCs 

to inhibit Notch1, the phenomenon of oligodendrocyte dif-

ferentiation may be limited by transfection efficiency. The 

transfection efficiency of KP-hMSCs was around 50%–70%, 

suggesting that a portion of cells would not be altered after 

cells were transiently transfected with DN RBP-J cDNA. 

Also, it is difficult to quantify the extent of Notch1  inhibition 

and the resulting cell differentiation by this mutant construct. 

To  confirm directly the association between Notch1  inhibition 

and oligodendrocyte differentiation, viral-mediated siRNA 

targeting on RBP-J and Notch1 would be important alterna-

tives for this research purpose.

In summary, our results demonstrate that serum deprivation 

in cultured KP-hMSCs leads to reduced expression of glial and 

oligodendrocyte markers. These effects are reversible with the 

addition of serum. Additionally, the serum-mediated stimula-

tion of MSC oligodendrocyte differentiation is enhanced by 

Notch1 inhibition. Therefore, our data suggest the optimal cul-

ture conditions for differentiation of oligodendrocytes in vitro 

include the addition of serum, and this may increase the efficacy 

of differentiation via downregulation of Notch activity. These 

findings may be beneficial to MSC-based in vitro differentiation 

of oligodendrocytes intended for therapeutic purposes.
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