
Abstract. Malignant rhabdoid tumor (MRT) is considered to
display multi-phenotypic characteristics but the true origin of
this tumor remains unknown. In recent years, the concept of
the cancer stem cell (CSC) has drawn great attention. In the
present study we investigated six MRT cell lines (TM87-16,
STM91-01, TTC642, TTC549, YAM-RTK-1 and TTC1240),
for CD133, nestin and Musashi-1 (Msi-1), which are
considered to be CSC as well as neural stem cell (NSC)
markers, using assays for cell viability and apoptosis, reverse
transcriptional polymerase chain reaction (RT-PCR), semi-
quantitative PCR and Western blot analysis before and after
differentiation-induction with N-(4-hydroxyphenyl)
retinamid (4-HPR). Before differentiation-induction with
4-HPR, CD133 was detected in three MRT cell lines, nestin
in three cell lines and Msi-1 in five cell lines. In TTC549 after
differentiation-induction with 4-HPR, nestin and Msi-1 were
down-regulated in a time-dependent manner. Similar down-
regulation of Msi-1 was recognized in YAM-RTK-1. In
STM91-01, CD133 was gradually down-regulated and Msi-1
was down-regulated after a transient increase. Results from our
study indicated that 4-HPR might be effective in some MRTs.
Expression of NSC markers showed that some MRTs contain
a subpopulation of NSC and down-regulation of NSC markers
in MRT cells provides supportive evidence that many MRTs
could be considered of neuroectodermal origin.

Introduction

Malignant rhabdoid tumor (MRT) was first described in the
kidney as a rare variant of Wilms' tumor with rhabdomyo-
sarcomatoid features. Due to its high potential for metastasis,

MRT has an extremely poor prognosis (1). Primary MRT
also has been described in the central nervous system (CNS),
paravertebral regions, pelvis, liver, orbit and ovary as well as
the kidney (2-7). A characteristic feature of MRT cells is the
presence of large cytoplasmic eosinophilic inclusions (8,9).
In the brain, the tumors may present as a mixture of rhabdoid,
primitive neuroectodermal, mesenchymal and/or epithelial
elements, an entity referred to as atypical teratoid/rhabdoid
tumors (10,11).

The phenotypic diversity of MRT cells has been reported,
but the histological origin of MRT still remains unclear.
Various cellular origins of MRT, such as neuroectodermal
(8,9,12), neural (13-15), epithelial (16), histiocytic (17) or
myogenic (18), have been proposed. Despite the variability
observed in tumor location and histology, most rhabdoid
tumors share a similar genetic origin and are characterized
by the presence of mutations in the hSNF5/INI1 gene on
chromosome band 22q11.2 (19-21). Approximately 70% of
primary tumors carry mutations and/or deletions in both copies
of the hSNF5/INI1 gene, whereas an additional 20 to 25% of
tumors have reduced expression at the RNA or protein level,
indicating that loss-of-function of the INI1 protein is a central
event in the development of MRT (19).

The concept of the CSC arose from the observation of
striking similarities between the self-renewal mechanisms of
stem cells and cancer cells (22,23). Since normal somatic stem
cells must self-renew and maintain a relative balance between
self-renewal and cellular differentiation, cancer stem cells can
be contextualized as a disease of un-regulated self-renewal
(22). In recent years, the concept of CSC involvement in
tumorigenesis has attracted the attention of many researchers.
Previous studies have shown that NSC acting as CSC is
recognized in CNS (24-29). In the present study, we examined
the expression of NSC markers such as CD133, nestin and
Msi-1 before and after 4-HPR induced differentiation in MRT
cell lines to elucidate the cytological characteristics of MRT
cells that are considered to derive from neuroectodermal origin
(8,9,12).

Materials and methods

Cell culture and differentiation. The MRT cell lines used
in this study (TM87-16, STM91-01, TTC642, TTC549 and
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TTC1240) were provided by Dr Hiroyuki Shimada and
Dr Timothy J. Triche (Childrens Hospital Los Angeles, CA,
USA). The MRT cell line YAM-RTK1 was provided by Dr
Kanji Sugita (Yamanashi University, Kofu, Japan). Diagnosis
of these MRT cell lines was based on the presence of a large
eosinophilic cytoplasmic inclusion by light microscopy and it
was recently reported that these cell lines have homozygous
deletion (TM87-16, STM91-01, TTC549, YAM-RTK1) or
point mutations (TTC642, TTC1240) of the hSNF5/INI1
gene. Clinical data of the patients relevant to the establishment
of the tumor-derived cell lines are summarized in Table I.
Rhabdomyosarcoma cell line RMS-01, Ewing's sarcoma cell
line ES-O-02, neuroblastoma cell line NB-01 and acute
myeloid leukemia (AML) cell line AML-01 were established
from primary tumors in our laboratory. The MRT and other
cell lines used in this study were isolated from the 16th
through 23rd passages. Tumorigenesis of these cell lines was
confirmed by injection into nude mice (data not shown). At
37˚C in a humidified incubator with 5% CO2, the cells were
cultured in RPMI-1640 (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS) (ICN
Biomedicals, Inc., Aurora, OH, USA) and 1% Antibiotic-
Antimycotic Stabilized (Sigma, St. Louis, MO, USA). 4-
HPR (Sigma), also known as fenretinide, is a synthetic
derivative of all-trans retinoic acid (ATRA) and is less toxic
and substantially less teratogenic than ATRA (30). The
compounds were dissolved in absolute ethanol at a
concentration of 10 mM and stored at -20˚C. To induce
differentiation, cells were treated with 4-HPR for 2 to 8
consecutive days. The cell lines were analyzed for expression
of CSC marker mRNAs and proteins before and after
differentiation-induction with 4-HPR.

Cell viability assay. To investigate the effect of 4-HPR, cell
viability was determined by Cell Counting Kit-8 (Dojindo
Laboratories, Kumamoto, Japan) to count living cells by
combining 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
(2,4-disulfophenyl)-2H-tetrazolium (WST-8) and 1-methoxy-
phenazine methosulfate (1-methoxy-PMS). Briefly, MRT
cells were seeded into 96-well plates at an initial density of
5,000 cells/well in 100 μl medium and cultured in the presence
of various concentrations (1, 3 or 10 μM) of 4-HPR. After
incubation with 4-HPR, 10 μl of the kit reagent was added and
incubated for 3 h at 37˚C. Cell viability was obtained by
scanning with a microplate reader at 450 nm.

Apoptosis assay. For exclusion of apoptosis with 4-HPR,
genomic DNA with an exposure of 3 μM 4-HPR was
extracted using a Suicide-Track™ DNA ladder isolation kit
(Calbiochem, San Diego, CA, USA). Fragmented DNA was
resolved on 1.5% agarose gels (Nakalai Tesque, Kyoto, Japan)
visualized by 0.2 mg/ml ethidium bromide (EtBr; Nippon
Gene, Tokyo, Japan) staining and examined under ultraviolet
light.

RNA preparation and RT-PCR. Total RNA from each cell
line was extracted using a Fast-Pure RNA Kit (Takara Bio
Inc., Otsu, Japan) according to the manufacturer's instructions.
RNA concentrations of each sample were measured using a
spectrophotometer (SmartSpec Plus; Bio-Rad, Hercules, CA,

USA). After adjusting the amounts of template RNAs, first-
strand complimentary DNAs (cDNAs) were prepared by
reverse transcription of total RNAs with Oligo dT primer using
PrimeScript® RT-PCR kit (Takara Bio Inc.).

PCR primers and conditions. To adjust the amount of
transcribed cDNAs, glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was selected as an internal control. All
primer sequences are shown in Table II. All primers were
designed with Primer 3 after sequence information was
obtained from NCBI GenBank. The primary amplification of
the specimen was performed in a final reaction volume of
50 μl. The reaction mixture contained 2.5 μl of cDNA as
template, 0.5 μM each of the forward and reverse primers,
200 μM of deoxynucleoside triphosphate mixture (dNTP,
Takara Bio Inc.), 10X Ex Taq buffer (Takara Bio Inc.), 1.25 U
Takara EX Taq™ HS (Takara Bio Inc.) and distilled water. All
PCR amplifications were carried out using 2720 Thermal
Cycler (Applied Biosystems, Carlsbad, CA, USA) for 30 cycles
under the following conditions: denaturing at 94˚C for 30 sec,
annealing at different temperatures (see Table II) for 30 sec and
extension at 72˚C for 60 sec.

PCR product sequencing. These PCR products were then
purified using an illustra GFX PCR Purification kit (GE
Healthcare, Buckinghamshire, UK) and were directly
sequenced on both strands using an ABI Prism Big Dye
Terminator v 1.1 Cycle Sequencing Kit (Applied Biosystems)
and ABI PRISM 310 Genetic Analyzer 310 (Applied
Biosystems).

Semi-quantitative PCR. Analyses were routinely performed
with fixed quantities of target templates and three different
quantities of competitor templates. Aliquots of the PCR (10 μl)
were electrophoresed in 1.5% agarose gels containing 0.2 mg/
ml EtBr. The amount of DNA in each band was determined
by quantifying the fluorescent intensity with AIC Epi-Light
UV FA1100 (Aisin Cosmos R&D, Tokyo, Japan) and the
accompanying software program of Luminous Imager (Aisin
Cosmos). The density of each band representing amplified
product from sample and competitor was measured. The ratios
of the densities (sample/competitor) were calculated and
normalized relative to GAPDH.

Homogenate preparation. Cell suspension with 1 μM
aminobenzamide and 20 μM phenylmethanesulfonyl fluoride
was sonicated three times for 10 sec by an Astrason ultrasonic
processor XL with the pulsar dial 4-5 (Misonix, Inc.,
Farmingdale, NY, USA). A half volume of 4.4 mM digitonin
solution of the sonicated homogenate was added to the
homogenate and the mixture was incubated for 30 min at 0˚C.
Protein content was measured with a BCA protein assay kit
(Pierce Chemical, Rockford, IL, USA).

Western blot analysis. Six MRT cell lines were examined by
Western blot analysis for expression of CD133, nestin and
Msi-1. The protein samples were subjected to 7.5 or 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred onto polyvinylidine difluoride (PDVF)
membranes (Bio-Rad Laboratories). The membrane was
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incubated for 4 h in blocking solution, 1 h in a solution of
mouse anti-CD133/1 mAb (W6B3C1; Miltenyi Biotec Inc.,
Auburn, CA, USA), mouse anti-nestin mAb (MAB5326;
Chemicon, Temecula, CA, USA), or mouse anti-Msi-1 mAb
(MAB2628; R&D Systems, Inc., Minneapolis, MN, USA)
and 40 min in a solution of horseradish-peroxidase-conjugated
secondary antibody. The detection solution was then added,
the membrane was exposed to film for 5 min and the protein
was visualized by ECL Plus Western blotting detection system
(GE Healthcare).

Results

Cell viability assay. To analyze the toxicity of 4-HPR, MRT
cell lines were cultured for 48-96 h with various concentrations
of 4-HPR. Cell viability decreased slightly after 48 h
incubation with 1 μM 4-HPR in the four cell lines TM87-16,
TTC642, TTC549 and YAM-RTK-1, while the MRT cell
lines STM91-01 and TTC1240 were resistant to 96 h exposure
of 1 μM 4-HPR (Fig. 1). After incubation with 3 μM 4-HPR,
it was notable in TTC549 and YAM-RTK-1, though all MRT
cell lines except TTC1240 showed a decrease in cell viability.
Cell viability with 10 μM 4-HPR was significantly decreased
in all MRT cell lines. For further experiments, a dose of 3 μM
4-HPR was considered to be appropriate to induce the cellular
differentiation.

Apoptosis assay. Low concentrations of 4-HPR tend to induce
neuronal cell differentiation (31), while high concentrations
of 4-HPR induce apoptosis or necrosis (32). To assess that the

decrease in cell viability in TTC549 and YAM-RTK-1 was
not due to 3 μM 4-HPR induced apoptosis, an apoptosis assay
was investigated. Apoptosis was not detected in either cell line
with 24 or 48 h exposure of 3 μM 4-HPR (Fig. 2). Other MRT
cell lines showed similar results.

Light microscopy. TTC549 cells showed a round morphology
before differentiation-induction (Fig. 3A) and demonstrated
the production of elongated cytoplasmic processes after
differentiation-induction with 3 μM 4-HPR (Fig. 3B). Though
STM91-01 cells also showed a round appearance before
differentiation-induction such as TTC549 (Fig. 3C), only mild
epithelial changes were observed after differentiation-induction
with 3 μM 4-HPR (Fig. 3D). Other MRT cell lines showed no
significant morphological changes after differentiation-
induction with 3 μM 4-HPR.

mRNA for NSC markers before 4-HPR treatment. CD133
mRNA was detected strongly in STM91-01 and weakly in
TM87-16 and TTC1240 before treatment with 4-HPR (Fig. 4).
Nestin mRNA expression was observed in STM91-01,
TTC549 and TTC1240 (Fig. 4). Msi-1 mRNA was expressed
in all MRT cell lines except TTC642 (Fig. 4).

Competitive RT-PCR of NSC markers before and after
differentiation-induction with 4-HPR. TTC549 expressed
nestin and Msi-1 mRNA before differentiation-induction
with 4-HPR. Nestin and Msi-1 mRNA expression were down-
regulated in a time-dependent manner after differentiation-
induction with 3 μM 4-HPR (Fig. 5A). Though the
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Table I. Malignant rhabdoid tumor cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Age (month) Gender Primary site Outcome Origin of cell line hSNF5/INI1 gene
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TM87-16 21 M Retroperitoneal Died Pleural effusion Homozygous deletion
STM91-01 8 M Left kidney Died Lung metastasis Partial deletion
TTC642 5 F Neck mass Died Primary site Nonsense mutation
TTC549 6 F Hepatic mass Died Primary site Homozygous deletion
YAM-RTK-1 7 M Left kidney Died Ascites Partial deletion
TTC1240 9 F Right kidney Died Brain tumor Nonsense mutation
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Primer sequences in the present study.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Primer (5'-3') forward/reverse Annealing temperature (˚C) Product (bp)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CD133 CTGGGGCTGCTGTTTATTATTCTG 58 336

ACGCCTTGTCCTTGGTAGTGTTG

Nestin ACTGGAGTCTGTGGAAGTGA 64 683
TCAGCTCCCGCAGCAGACTCACC

Musashi-1 CACGTTTGAGAGTGAGGACA 61 275
GGAATTCGGGGAACTGGTAG

GAPDH GCCAAAAGGGTCATCATCTCTG 55 348
CATGCCAGTGAGCTTCCCGT

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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morphological change was not remarkable by microscopic
examination, Msi-1 mRNA expression in YAM-RTK-1
slightly decreased after differentiation-induction with 3 μM
4-HPR (Fig. 5B). Interestingly, Msi-1 mRNA expression in
STM91-01 was increased temporarily with the peak level at
96 h and decreased afterwards, while CD133 mRNA

expression decreased gradually in a time-dependent manner
and nestin mRNA expression had no obvious change (Fig. 5C).
In other MRT cell lines, CSC markers did not change signifi-
cantly before and after differentiation-induction with 4-HPR.
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Figure 1. Cell viability assay of malignant rhabdoid tumor (MRT) cell lines cultured for 48-96 h with various concentrations of N-(4-hydroxyphenyl)
retinamid (4-HPR). Diamonds represent the cell viability for differentiation-induction with 1 μM 4-HPR, squares for differentiation-induction with 3 μM 4-HPR,
and triangles for differentiation-induction with 10 μM 4-HPR.

Figure 2. Apoptosis assay in malignant rhabdoid tumor (MRT) cell lines rules
out that the decrease of cell viability in TTC549 and YAM-RTK-1 is not due
to 3 μM N-(4-hydroxyphenyl) retinamid (4-HPR) induced apoptosis.
Apoptosis was not detected in either cell line with 24 or 48 h exposure of 3
μM 4-HPR.

Figure 3. Light microscopic findings in malignant rhabdoid tumor (MRT)
cells. (A) TTC549 cells showed a round morphology before differentiation-
induction with N-(4-hydroxyphenyl) retinamid (4-HPR). (B) After
differentiation-induction with 4-HPR, TTC549 cells demonstrated the
production of elongated cytoplasmic processes. (C) STM91-01 cells showed
a round appearance before differentiation-induction with 4-HPR. (D) After
differentiation-induction with 4-HPR, only mild epithelial changes were
observed in STM91-01 cells.
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Western blotting before and after differentiation-induction
with 4-HPR. Western blot analysis on CD133 demonstrated
the presence of CD133 protein in TM87-16 and STM91-01,

but CD133 protein could not be detected in TTC1240
(Fig. 6A). Western blot analysis of nestin and Msi-1 before
differentiation-induction almost correlated with the RT-PCR
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Figure 4. Results of expression of various neural stem cell markers in malignant rhabdoid tumor (MRT) and other cell lines using reverse transcriptional
polymerase chain reaction (RT-PCR). CD133 mRNA was detected in three MRT cell lines (i.e. TM87-16, STM91-01 and TTC1240), RMS-01, ES-2-OT and
AML-01. Nestin mRNA expression was observed in three MRT cell lines (i.e. STM91-01, TTC549 and TTC1240), RMS-01 and NB-01. Musashi-1 (Msi-1)
mRNA was expressed in all MRT cell lines except TTC642. Msi-1 mRNA was also expressed in other cell lines (i.e. RMS-01, NB-01 and AML-01). Lane 1,
TM87-16; lane 2, STM91-01; lane 3, TTC642; lane 4, TTC549; lane 5, YAM-RTK-1; lane 6, TTC1240; lane 7, RMS-01; lane 8, ES-2-OT; lane 9, NB-01; lane 10,
AML-01.

Figure 5. Competitive polymerase chain reaction (PCR) of cancer stem cell (CSC) markers before and after differentiation induction with N-(4-hydroxyphenyl)
retinamid (4-HPR). (A) Nestin and Musashi-1 (Msi-1) mRNA expression was down-regulated in a time-dependent manner after differentiation induction with
3 μM 4-HPR. **P<0.005, relative expression of nestin and Msi-1 mRNA on 0  vs. 48 h treated with 3 μM 4-HPR. (B) Msi-1 mRNA expression in YAM-RTK-1
has slightly decreased after differentiation induction with 3 μM 4-HPR. *P<0.05, relative expression of Msi-1 mRNA on 0 vs. 48 h treated with 3 μM 4-HPR.
(C) In STM91-01, Msi-1 mRNA expression was increased temporarily with the peak level at 96 h and decreased afterwards, while CD133 mRNA expression
decreased gradually in a time-dependent manner and nestin mRNA expression had no obvious change. **P<0.005, relative expression of CD133 mRNA on 0 vs.
192 h treated with 3 μM 4-HPR and relative expression of Msi-1 mRNA on 0 vs. 96 or 192 h treated with 3 μM 4-HPR.
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findings (Fig. 6B and C). In TTC549 after differentiation
induction with 3 μM 4-HPR, nestin and Msi-1 proteins were
down-regulated as was the competitive PCR (Fig. 6D). Similar
findings were recognized in YAM-RTK-1 and STM91-01
(Fig. 6E and F).

Discussion

MRT is commonly known for its highly aggressive biology
and resistance to chemotherapy and radiation. The concept of
the CSC arose from the observation of striking similarities
between the self-renewal mechanism of stem cells and cancer
cells (22,23). Initially, this hypothesis was proven by the
existence of a population of cells with the phenotype
CD34+CD38- in AML (33). Later, the presence of CSC was
confirmed in neoplasms including brain tumors (24,25),
neuroblastoma (34), breast cancer (35), prostate cancer (36),
colon cancer (37) and pancreatic cancer (38). MRT has been
reported to have characteristics of multi-phenotypic diversity
and some MRTs, in our previous research, demonstrated a
neuroectodermal phenotype (9,12). Herein we describe
studies using human MRT cell lines suggesting they contain
subpopulations of CSC which also have characteristics
similar to NSC.

Cancers result from maturation arrest, resulting in
continued proliferation of cells and a failure of cells to
differentiate and die (39). Retinoids are well known to play a
crucial role in cellular and tissue differentiation owing to their

capability to activate and/or repress specific genes and
consequently, to suppress tumor promotion and modify some
properties of fully transformed malignant cells (40). Although
4-HPR is not considered to be toxic to normal mature cells
(41), cell viability assay suggested that 4-HPR has an influence
on cellular differentiation mechanisms of several MRT cell
lines in vitro. The mechanism of action of 4-HPR is not yet
completely understood, but it has been shown that 4-HPR may
exert inhibitory effects by a receptor-dependent and non-
dependent manner (42-44). Binding of retinoids to the nuclear-
receptors leads to the regulation of several cellular processes,
including growth, differentiation and apoptosis (45). A unique
feature of 4-HPR is its ability to inhibit cell growth and
proliferation through the induction of apoptosis rather than
differentiation. However, our results by light microscopy and
apoptosis assay indicated that 4-HPR induces cell differen-
tiation in MRT cell lines, but not apoptosis.

Before differentiation-induction with 4-HPR, NSC markers
were expressed in various MRT cell lines. We considered that
down-regulation of NSC markers such as CD133, nestin and
Msi-1 by differentiation induction with 4-HPR indicates the
possibility that these markers may exhibit characteristics of
CSC as well as NSC.

CD133 a five-transmembrane domain glycoprotein
originally found on hematopoietic stem and progenitor cells
deriving from human fetal liver, bone marrow and cord blood
(46,47). The function of CD133 has not been established, but
it may participate in the regulation of membrane topology

OKUNO et al:  NEURAL STEM CELL MARKERS IN MRT490

Figure 6. Western blotting before and after differentiation induction with N-(4-hydroxyphenyl) retinamid (4-HPR). (A) CD133 protein in TM87-16 and
STM91-01 was detected, but CD133 protein could not be detected in TTC1240. (B) Nestin and (C) Musashi-1 (Msi-1) protein before differentiation induction with
4-HPR correlated with the RT-PCR findings. (D) In TTC549 after differentiation-induction with 3 μM 4-HPR, nestin and Msi-1 proteins were down-regulated
such as the competitive PCR finding. (E and F) In YAM-RTK-1 and STM91-01, similar findings were recognized.
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(48). Recent data revealed that CD133 is highly expressed in
CSC populations (24,25,34-38) and high CD133 expression in
STM91-01 was confirmed in our study. By the differentiation
induction with 4-HPR, CD133 mRNA expression was
gradually decreased. Although STM91-01 was established
from a pulmonary metastasis of a renal MRT and the
expression of CD133 is not limited to stem cells but observed
in kidney proximal tubules (49), we hypothesized that CD133
expression in STM91-01 indicates the existence of an NSC
population that may have characteristics of CSC.

Nestin is an intermediate filament protein typical for neural
precursor cells and has been extensively used as a marker for
NSC (50,51). Nestin has been detected in brain tumors such
as pilocytic astrocytomas and malignant gliomas including
glioblastoma multiforme (27,28,52,53). Our results showed
that STM91-01, TTC549 and TTC1240 expressed nestin,
which was detected by RT-PCR and Western blotting. These
data support the possibility that these cell lines have an NSC
phenotype. Moreover, in TTC549, the decrease in cell viability
and down-regulation of nestin expression by differentiation
induction with 4-HPR indicated that NSC in TTC549 may
share the characteristics of CSC. In STM91-01, nestin was not
down-regulated after differentiation induction with 4-HPR. It
was reported that STM91-01 expressed megsin, which is a
marker for mesangial cells (54). It was considered that nestin
expression is also observed in podocytes of adult human
kidney as well as stem cells (55).

Msi-1 is an RNA binding protein which is preferentially
expressed in stem-cells, functions as a translational repressor
(56-58), and is widely used as a molecular marker to identify
stem cells in embryos and adult tissues (26-29). In our study,
Msi-1 was expressed in five MRT cell lines except TTC642,
which originated from a neck mass. These data also support
the possibility that these cell lines have an NSC phenotype.
After differentiation induction with 4-HPR, Msi-1 was down-
regulated or transiently up-regulated and then down-regulated.
These phenomena indicate cellular differentiation in TTC549
and YAM-RTK-1 and or quite limited cellular differentiation
in STM91-01. The significance of Msi-1 expression in MRT
cell lines still remains unclear, but Msi-1 has been reported to
be expressed in NSC, mostly in CNS or peripheral nervous
system tumors. Like nestin, it was considered that MRT cell
lines expressing Msi-1 may also show the characteristics of
CSC.

Expression of NSC markers showed that some MRTs
contain a subpopulation of NSC and down-regulation of NSC
markers indicated that NSC in some MRTs may share
characteristics with CSC. According to these results, expression
of NSC markers in MRT cells provides supportive evidence
that many MRTs are considered to be of neuroectodermal
origin.
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