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Original Article

Differentiation of neuronal cells from NIH/3T3 fibroblasts

under defined conditions

Zhuo Wang, Eriko Sugano, Hitomi Isago, Teru Hiroi, Makoto Tamai and

Hiroshi Tomita*

Tohoku University Institute for International Advanced Interdisciplinary Research, 4-1 Seiryo-machi, Aoba-ku,

Sendai 980-8575, Japan

We attempted to test whether the differentiated NIH/3T3 fibroblasts could be differentiated into neuronal cells
without any epigenetic modification. First, a neurosphere assay was carried out, and we successfully generated
neurosphere-like cells by floating cultures of NIH/3T3 fibroblasts in neural stem cell medium. These spheres
have the ability to form sub-spheres after three passages, and express the neural progenitor markers Nestin,
Sox2, Pax6, and Musashi-1. Second, after shifting to a differentiating medium and culturing for an additional
8 days, cells in these spheres expressed the neuronal markers f-tubulin and neurofilament 200 and the astro-
cytic marker glial fibrillary acidic protein (GFAP). Finally, after treating the spheres with all-trans retinoic acid and
taurine, the expression of f-tubulin was increased and the staining of photoreceptor markers rhodopsin and
recoverin was observed. The present study shows that NIH/3T3 fibroblasts can generate neurosphere-like, neu-
ron-like, and even photoreceptor-like cells under defined conditions, suggesting that the differentiated non-neu-
ronal cells NIH/3T3 fibroblasts, but not pluripotent cells such as embryonic stem cells or induced pluripotent
stem cells, may have the potential to be transdifferentiated into neuronal cells without adding any epigenetic
modifier. This transdifferentiation may be due to the possible neural progenitor potential of NIH/3T3 fibroblasts

that remains dormant under normal conditions.

Key words: differentiation, neural progenitors, neuron, retinoic acid, taurine.

Introduction

Because of their ability to proliferate infinitely and dif-
ferentiate into cells of all three germ layers, embryonic
stem (ES) cells are regarded as superior potential
donor cells for cell replacement to treat many diseases
(Hoffman & Carpenter 2005; Takahashi & Yamanaka
2006), such as retinitis pigmentosa and age-related
macular degeneration, which are typically character-
ized by the death of photoreceptors (Osakada et al.
2008). Photoreceptor replacement in the form of a
cell-based therapeutic approach may aid in the resto-
ration of vision.

Zhao et al. (2002) demonstrated that ES cell-derived
neural progenitors expressed regulatory factors
needed for retinal differentiation, and that a small sub-
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set of these cells differentiated along the photorecep-
tor lineage in response to retina-specific epigenetic
cues. lkeda et al. (2005) and Osakada et al. (2008)
generated putative photoreceptors and RPE cells from
rodent and primate ES cells by induction with defined
factors.

However, in clinical application, the use of ES cells
involves ethical problems and immune rejection. Jin
et al. (2009) demonstrated partial mesenchymal stem
cells obtained from umbilical cord blood were able to
be differentiated into neuron-like cells or rhodopsin-
positive cells in vitro. Recently, retinal cells have been
generated from mouse- and human-induced pluripo-
tent stem (iPS) cells by introducing four specific factors
Oct3/4, Sox2, Kif4, and c-Myc (Takahashi & Yama-
naka 2006; Hirami et al. 2009; Osakada et al. 2009).

Even though the generation and application of iPS
cells made it possible to treat patients with their own
cell-derived retinal cells, which may resolve the prob-
lem of immune rejection, some questions still remain.
For example, the introduction of viral vectors and onco-
genes c-Myc and KlIf4 into the somatic genome limits
the utility of iPS cells for patient-specific therapy
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(Yamanaka 2007, 2009; Zhou ef al, 2009). Further-
more, the generation of an IPS cell line takes consider-
able time (approximately 6 months) and is labor
intensive so it can not be generated rapidly (Holden &
Vogel 2008).

In the previous studies, most investigators have used
undifferentiated cells, such as ES cells, ES cell-derived
neural progenitors, bone marrow stromal cells, or iPS
cells, as the cell source (Sanchez-Ramos et al. 2000;
Woodbury et al. 2000; Zhao et al. 2002; lkeda et al.
2005; Klassen & Reubinoff 2008; Osakada et al. 2008;
Jin etal. 2009). Zhang etal (2010) showed that
NIH/3T3 fibroblasts, which are already committed to a
specific differentiation destiny, were able to be induced
to express neuronal markers, but these cells have to
be reprogrammed by adding epigenetic modifiers to
make epigenetic modification.

NIH/3T3 fibroblasts, derived from an embryo of the
NIH/Swiss mouse, are generally adherently cultured in
Dulbecco’'s modified Eagle’'s medium (DMEM) supple-
mented with 10% bovine calf serum, which is the
normal culture condition for most investigators. In the
present study, we cultured NIH/3T3 cells in a com-
pletely different microenvironment to establish whether
this cell line could be induced into neuronal cells with-
out adding any epigenetic modifier and to be further
induced into retinal photoreceptor-like cells simply by
adding taurine and retinoic acid (RA), and we also
characterized the mechanism involved.

Materials and methods

Cufture of NIH/3T3 fibroblasts

NIH/3T3 fibroblasts were kindly provided by the Cell
Resource Center for Biomedical Research, Tohoku
University, Japan as a frozen stock. Cells were adher-
ently cultured in DMEM with 10% newborn calf serum
(NCS), 1x GlutaMax, and 1x Antibiotic-Antimycotic
(Invitrogen/Gibco) on normal tissue culture dishes
(uncoated) at 37°C, 5% CO,, which is referred to as
normal conditions (NC).

Generation of neurosphere-like cells (Neurosphere
assay)

Neurosphere assays were carried out according to
previous studies (Das et al. 2006; Brewer & Torricelli
2007) with minimal modifications. Briefly, NIH/3T3
fibroblasts were cultured in suspension in NG or neural
stem cell medium (NSCm) on 2.0% agarose-coated
dishes at a density of 1 x 10° cells/mL for 5-7 days to
detect the ability of these cells to form spheres. NSCm
was serum-free and composed of DMEM/F-12, 1x

© 2011 The Authors

GlutaMax, 1x Antibiotic-Antimycotic, 1x B27 supple-
ment (without vitamin A: Cat. No. 12587), 1x N2 sup-
plement, 20 ng/mL bFGF (basic fibroblast growth
factor), and 20 ng/mL EGF (epidermal growth factor).
All reagents were obtained from Invitrogen/Gibco.
Adherent NIH/3T3 fibroblasts cultured in NC on nor-
mal tissue culture dishes were used as a control.

Passage of neurosphere-like cells

After 5-7 days of cultivation, spheres were trypsinized
into single cells and resuspended in NSCm. The sus-
pension was plated onto a new 2.0% agarose-coated
dish and cultured for another 5-7 days to test the abil-
ity of these cells to form secondary spheres.

To examing the proliferative ability and expression of
neural progenitor markers of NIH/3T3-derived spheres,
after 7 days of floating cultivation for the second pas-
sage, the spheres were exposed to 10 pmol/L BrdU
(Sigma) to tag the dividing cells and plated onto poly-
D-lysine-coated 8-well culture slides (BD Biosciences)
for the final 48 h (Das et al. 2006). Immunocytochem-
istry was carried out for double staining analysis of
the neural progenitor markers Nestin, Sox2, Paxg,
Musashi-1 (Msi1), and BrdU. RNA was isolated from
NIH/3T3 cells cultured in different conditions, and real-
time polymerase chain reaction (PCR) were performed
to compare the expression of neural progenitor mark-
ers Nestin and Sox2.

Differentiation of neuron- and glia-like cells

For the differentiating culture, NSCm-cultured spheres
were trypsinized into single cells and resuspended in
differentiating medium {DM), then plated onto poly-D-
lysine-coated 8-well culture slides and cultured for an
additional 8 days. In DM, EGF and B-27 supplement
{(without RA Cat. No0.12587) were replaced by 1%
serum and standard B-27 supplement (including retinyl
acetate: Cat. No. 17504). In addition, brain-derived
neurotrophic factor (BDNF: 10 ng/mL) was added to
promote the differentiation into neuronal cells, and cili-
ary neurotrophic factor (CNTF: 20 ng/mL} was added
for glial cell differentiation (Yang et al. 2005; Das et al.
2006; Chen et al. 2007; Chojnacki & Weiss 2008; Mat-
suda et al. 2009). Immunocytochemistry was carried
out to stain the markers of neurons (f-tubulin and neu-
rofilament 200 [NF200]), astrocytes (glial fibrillary acidic
protein [GFAP]), and oligodendrocytes (O4).

Induction of retinal photoreceptor-like cells

For the induction of retinal photoreceptor-like cells,
NIH/3T3-derived neuron-like cells were trypsinized and
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resuspended in an induction medium (IM), which
is composed of DMEM/F-12 supplemented with
1% NCS, 1x Antibiotic-Antimycotic, 1x Glutamax,
10 ng/mL BDNF and the inducing agent taurine
(50 pmol/L) plus RA (10 umol/L), then plated onto
poly-D-lysine-coated 8-well culture slides to culture for
an additional 8 days (Das et al. 2006; Osakada et al.
2008). Cells were fixed and immunocytochemistry was
performed by staining the retinal photoreceptor mark-
ers rhodopsin and recoverin.

Real-time PCR

Real-time PCR was performed as previously described
(Sugano et al. 2003). Total RNA was isolated from cul-
tured cells using Trizol (Sigma). cDNA synthesis was
carried out using the First-Strand cDNA Synthesis kit
(GE Healthcare). SYBR Premix Ex Taq (Perfect Real
Time; Takara) was used for PCR reactions. Specific
transcripts were amplified on a Smart Cycler (Takara)
for 3540 cycles. The expression level of each gene
was calculated by normalizing it with the glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) gene
(TagMan Rodent GAPDH Control Reagents; Applied
Biosystemns). The primers used in the experiment are
shown in Table 1.

Immunocytochernical analysis

Immunocytochemistry was performed by staining cell-
specific markers as previously described (Sugano et al.
2005; Das et al. 2006). Briefly, cells were fixed with
4% paraformaldehyde for 10 min at room temperature.
After permeabilization with 0.3% Triton X-100 in phos-
phate-buffered saline (PBS) for 10 min, slides were
incubated in 1% bovine serum albumin (BSA) and 5%
blocking serum for 30 min at room temperature. Pri-
mary antibodies were added and incubated overnight
at 4°C. The list of antibodies and their dilution are
given in Table 2. Slides were washed and incubated
with the secondary antibodies conjugated to Alexa
Fluor 594 (red) or Alexa Fluor 488 {green) (Invitrogen-
Molecular Probes) in the dark for 30 min at room
temperature. A negative control was performed by
replacing the primary antibody with normal IgG. For
staining of nuclei, cells were covered with Vectashield

medium including  4’6’-diamidino-2-phenylindole
dihydrochloride (DAPI) (Vector Laboratories Inc.). Fluo-
rescence was excited and labeled cells were imaged
with a fluorescence microscope (Axiovert4Q; Zeiss,
Germany).

Protein extraction and western blotting

Western blotting analysis was performed as previously
described (Takahashi & Yamanaka 2006). Briefly, the
NIH/3T3 cells were lysed with RIPA buffer supple-
mented with cocktail (Roche), and cell lysates (50 pg)
were separated by electrophoresis on Mini-PROTEAN
TGX gel (BIO-RAD) and transferred to an immuno-blot
PVDF membrane (BIO-RAD). Antibodies used were
Sox2, Nestin ( 1:200, shown in Table 2), anti-rabbit and
anti-mouse IgG (H&L) AP conjugate (1: 7500, Promega).

Statistical analysis

The data of real-time PCR analysis are expressed as
mean + SD. Significance between groups was ana-
lyzed by one-way analysis of variance (anova) with
GraphPad Prism 4.0 software {San Diego). Values of
P < 0.05 were considered statistically significant.

Results

NIH/3T3 fibroblasts can form neurosphere-like cells in
defined conditions

First, we carried out a neurosphere assay on floating
NIH/3T3 cells cultured in two different proliferating
media: NSCm and NC. When NIH/3T3 cells were cul-
tured in suspension for 2-5 days, NIH/3T3 cells
formed spheres (Fig. 1B,C), which displayed classic
features of neurospheres, in both proliferating media.
There was no apparent difference in morphology
between NC- and NSCm-cultured spheres for the first
2-3 days of culture. All NSCm-cultured spheres had
a regular and round shape with bright borders on
the edge of spheres (Fig. 1B). However, after 4-5 days
of culture, the diameter of NC-cultured spheres did
not increase, and some of these spheres showed an
iregular and unhealthy appearance with dark or indis-
tinct borders (Fig. 1C), which was assumed to be

Table 1. Sequences of primers used in real-time polymerase chain reaction (PCR)

Primer sequence (5’-3")

Product Annealing temp. GeneBank accession
Gene F R (bp} °C) number
Nestin  AGACAGTGAGGCAGATGAGT ATGAGAGGTCAGAGTCATGG 224 55 NM_016701
Sox2t TAGAGCTAGACTCCGGGCGATGA TTGCCTTAAACAAGACCACGAAA 296 60 NM_011443

tPrimers of Sox2 were from Takahashi & Yamanaka (20086).

© 2011 The Authors
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Table 2. List of antibodies used to stain different target cells

Z. Wang et al.

Antibody Species Dilution Company and catalog no. Target cells
Nestin Mouse 1:500 Millipore-Chemicon:MAB353 Neural progenitors
Sox2 Rabbit 1:100 Santa Cruz Biotechnology, Inc: sc-20088 Neural progenitors
Msit Rabbit 1:100 Sigma-Aldrich: M3571 Neural progenitors
Pax6 Rabbit 1:100 Santa Cruz Biotechnology, Inc: sc-32766 Neural progenitors
BrdU Mouse 1:100 Santa Cruz Biotechnology, Inc: sc-32323 Proliferating cells
B-tubulin Mouse 1:500 Sigma: T5076 Neurons

NF200 Mouse 1:100 Sigma: NO142 Neurons

GFAP Goat 1:100 Santa Cruz Biotechnology, Inc: sc-6171 Astrocytes

04 Mouse 1:100 Chemicon Interational, Inc.: MAB345 Oligodendrocytes
Rhodopsin Mouse 1:100 Millipore-Chemicon: MAB5316 Photoreceptors
Recoverin Goat 1:100 Santa Cruz Biotechnology, Inc: sc-20353 Photoreceptors

BrdU, 5-Bromo-2’-deoxyuridine; GFAP, glial fibrillary acicic protein; Msi1, Musashi homologue 1; NF200, neurofilament 200 kDa; O4,

oligodendrocyte marker O4; Pax8, paired box protein 6; Sox2, SRY (sex determining region Y)-box containing gene 2.

]
200 ym

Fig. 1. Generation and passage of NIH/3T3-derived neurosphere-like cells. NIH/3T3 fibroblasts were adherently cultured in normal
condition (NC) on normal (uncoated) dishes (A). Spheres were generated after culturing in neural stem cell medium (NSCm) (B) or NC
(C) on 2% agarose-coated dishes for 5 days. Generation of the secondary spheres were carried out by culturing in NSCm (D-F) or NC
(G-)) for 0, 3, and 5 days. The NSCm-cultured secondary spheres were observed on day 3 (E) after passaging, and the diameter had

doubled by day 5 (F). NC-cultured spheres formed very small secondary spheres, and the diameter was unchanged after 3-5 days of

culture (H and 1).

surrounded by many dying cells caused by the lack of
necessary growth factors.

Second, we tested the ability of NIH/3T3-derived
spheres to generate secondary spheres. After dissoci-
ating into single cells and culturing for 3-7 days, the
secondary spheres were quickly formed (on days 3-5)
in NSCm, and the sphere size was dependent on

© 2011 The Authors

culture time with defined cell density (Fig. 1D-F). These
cells could generate sub-spheres for an extended
period of three passages (more passages were
untested). However, NC-cultured spheres formed only
very small secondary spheres on days 3-5 after
passaging (Fig. 1G-l), and tertiary spheres were diffi-
cult to generate.
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NIH/3T3-derived spheres express neural progenitor
markers

Third, we performed immunocytochemistry to stain the
neural progenitor markers Nestin, Sox2, Pax8, and
Msi1 for NSCm-cultured NIH/3T3-derived spheres,
and the results showed that these cells expressed
neural progenitor markers (Fig. 2E-T). Some of these
spheres co-expressed Nestin and Sox2 (Fig. 2J-1),
suggesting that some cells expressed multiple neural
progenitor markers. Double staining for Sox2, Pax8,
and Msi1 with BrdU indicated that these spheres were
composed of dividing cells that entered the cell cycle
(Fig. 2N-P,R,T).

To compare the neural progenitor potential of
NIH/3T3 cells cultured in different conditions, the
expression of neural progenitor markers Sox2 and
Nestin were examined by real-time PCR. Sox2
(Fig. 2V) and Nestin (Fig. 2W) were significantly upreg-
ulated in NSCm-cultured spheres compared with
adherent NIH/3T3 fibroblasts or NC-cultured spheres.
Moreover, the expression of Nestin and Sox2 were
also observed from NSCm-cultured spheres by wes-
tern blotting (Fig. 2X).

NIH/3T3-derived spheres have the potential to
differentiate into neuronai cells

Subsequently, we tested whether NIH/3T3-derived
spheres can be differentiating into neuronal cells. After
transferring to the DM, these spheres were cultured
for another 8 days. Immunocytochemical results
showed that these cells expressed the neuronal mark-
ers f-tubulin (Fig. 3D) and NF200 (Fig. 3H) and the
astrocytic marker GFAP (Fig. 3K), although expression
of GFAP was very low. However, these cells did not
express the oligodendrocyte marker O4 (data not
shown).

NIH/3T3-derived spheres can be induced to express
retinal photoreceptor markers

Finally, to determine the ability of NIH/3T3 cells to dif-
ferentiate along neural lineage, we treated NIH/3T3-
derived neuron-like cells with taurine and RA, both of
which show effective promotion of neuron induction.
After treatment with these chemicals, expression of
the neuronal marker B-tubulin (Fig. 4E) was greatly
enhanced, and expression of photoreceptor markers
rhodopsin (Fig. 4,K.M) and recoverin (Fig. 4L,M) was
also induced. Double staining results showed that
some cells co-expressed recoverin and rhodospin
(Fig. 4K-M); however, the expression of recoverin was
very low (Fig. 4L—N). Real-time PCR analysis showed

that neural progenitor markers Sox2 and Nestin were
significantly downregulated during the differentiation
and induction of neuron- and photoreceptor-like cells
{Fig. 40,P).

Discussion

Many studies have shown that the undifferentiated
cells, such as ES cells, ES-derived neural stem cells
{NSCs), bone marrow stromal cells or iPS cells have
the ability to be differentiated along the neuronal line-
age (Sanchez-Ramos et al 2000; Woodbury et al.
2000; Zhao et al. 2002; lkeda et al. 2005; Takahashi &
Yamanaka 2006; Osakada et al. 2008, 2009; Hirami
et al. 2009; Jin et al. 2009) and could be potential tar-
gets for the replacement therapy for retinal degenera-
tion diseases. However, the ability of differentiated
cells to be transdifferentiated into neuronal cells has
not been widely investigated. Zhang etal (2010)
showed that the NIH/3T3 fibroblasts were able to be
induced to express neuronal markers after the epige-
netic modification by adding epigenetic modifiers, but
the question of whether the differentiated cells could
be transdifferentiated into neuronal cells without add-
ing any epigenetic modifier and the mechanism
involved still remain to be characterized.

Cur study showed that NIH/3T3 fibroblasts were
able to form spheres composed of dividing cells in
suspension culture in the presence of EGF, bFGF and
B27 supplement (without vitamin A), which are condi-
tions suitable for the proliferation of neural progenitors.
These spheres were able to be serially passaged to
form more sub-spheres, and these cells were incorpo-
rated with BrdU, indicating their ability to self-renew.
NSCm-cultured spheres express neural progenitor
markers Nestin, Sox2, Pax6 and Msi1, indicating that
these cells may have the potential to proliferate toward
neural progenitor lineage. NIH/3T3-derived spheres
was able to be differentiated into both neuronal and
astrocytic cell types by removing EGF and B27 sup-
plement (without vitamin A) from the medium and
substituting them with serum, standard B-27 supple-
ment and BDNF or CNTF, and also have the potential
to be induced into photoreceptor-like cells. Taken
together, these results suggested that NIH/
3T3-derived neurosphere-like cells can undergo self-
renewal and differentiation into neuron-like cells
without any epigenetic modification, which are proper-
ties of neural progenitors, suggesting the possible
neuronal lineage of NIH/3T3 fibroblasts.

To test whether the NIH/3T3-derived spheres
obtained were neurospheres or neural progenitors,
three functional attributes that define neural progeni-
tors {or neural stem cells) must be exhibited. The first

© 2011 The Authors

Journal compilation @ 2011 Japanese Saciety of Developmental Biologists



362 Z. Wang et a.

/Nestin/

\ o B A}
L, (Vs - W )
5 = NC b Sox2 P | .E
: = NSCm 2 © I 3 Adherent in NSCm
H 5 =
£ % = > = S
3 B 2 o & .
: % s Em — t Nestin > 200-220 kDa
3 ,‘% 3 i 3
s ket s @
g i . : = Sox2 34 kDa
< o\
& Sox2  Nestin  Paxé Ml pae w Ll

Fig. 2. Neural stem cell medium (NSCm)-cultured NIH/3T3-derived neurosphere-like cells expressed neural progenitor markers. NC-
cultured NIH/3T3 fibroblasts did not express any neural progenitor marker (B-D). Single and double staining of Sox2 (E, F, J and L) and
Nestin (G, H, K and L) demonstrated that these spheres co-expressed multiple neural progenitor markers. Some spheres were positively
stained with BrdU and Sox2 (N-P), Pax-6 (R), Msii (T), indicating their proliferative property. Phase contrast images of NIH/3T3 cells
cultured in NC (A) and NSCm (I, M, Q and S) were also shown. The percentage of positive cells is presented in the graph (U). Real-time
PCR analysis of Sox2 (V) and Nestin (W) were performed for NIH/3T3 cells adherent in NC, floating in NC or NSCm. The columns
represent the relative expression level of Sox2 or Nestin in spheres compared with those of adherent NIH/3T3 fibroblasts. Western
blotting analysis of Sox2 and Nestin in NC- and NSCm-cultured NIH/3T3 cells were shown in X. The symbols * and ** represent
P < 0.05 and P < 0.01, respectively.
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Fig. 3. Differentiation of neural stem cell medium (NSCm)-cultured NIH/3T3-derived neurosphere-like cells into neuron- and astrocyte-
like cells. When shifted to DM, these cells expressed markers corresponding to neurons (§-tubulin [D] and NF200 [H]) and astrocytes
(glial fibrillary acidic protein [GFAP] [K]). NIH/3T3 fibroblasts cultured in normal conditions (NC) were used as a control (A, B, E, F, and |).
Phase contrast images of NIH/3T3 cells cultured in NC (A and E) and DM (C, G and J) were also shown. The percentage of positive

cells expressing neuronal or glial markers is presented in the graph (L).

property is self-renewal wherein cells from spheres
proliferate and make identical copies of themselves.
The second is multipotency, wherein the spheres are
able to generate all three main cell lineages of the
mammalian central nervous system (CNS), neurons,
astrocytes, and oligodendrocytes. The third is the abil-
ity to generate tissues. The generation of a neuro-
sphere even from a particular region of the CNS does
not necessarily denote to be neural progenitors unless
there is supporting in vivo evidence (Chojnacki & Weiss
2008; Ahmed 2009). This neurosphere protocol has
been used in a number of studies to examine the
properties of various progenitors (Chaichana et al.
2006; Das et al. 2006; Jensen & Parmar 2006; Mar-
shall et al. 2006; Chojnacki & Weiss 2008).

In the present study, we demonstrated the self-
renewal property of NIH/3T3-derived spheres, and we
also showed the potential of these cells to differentiate
along two basic CNS lineages, neurons and astro-
cytes; however, we failed to show the expression of
the oligodendrocyte marker O4.

These results predicted two possibilities. One is that
these NIH/3T3-derived spheres are not neural progen-
itors, but only some NIH/3T3 cells with changes in
morphology and properties. Because the growth of

cells in vivo and in vitro are tightly regulated by their
microenvironments (Hegde et al. 2007), NIH/3T3 fibro-
blasts are likely to survive in NSCm, display classic
morphology of neurospheres and respond to growth
factor exposure in a similar manner that was exhibited
by neural progenitors. For example, the markers of
neural progenitors were upregulated and some cells
had the potential to differentiate toward neural lineage.
However, most of these cells still preserved the prop-
erty of NIH/3T3 fibroblasts, and could not be differenti-
ated into all three main types of CNS lineages.

The other possibility is that these NIH/3T3-derived
spheres may be immature neural progenitors. These
spheres could proliferate, express markers of neural
progenitors and generate neuron and astrocyte mark-
ers. The reason why these spheres did not express
the oligodendrocyte marker O4 may be due to the lack
of some growth factor(s) in the differentiating medium
or the shortage of culture period, which may be critical
for the generation of oligodendrocyte progenitors or
oligodendrocytes. The cytokine CNTF alone might not
be sufficient for the generation of oligodendrocytes,
further investigations are needed to detect whether
oligodendrocytes can be generated by adding other
candidate factor(s), for example, platelet-derived
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