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The atypical teratoid/rhabdoid tumor, primary to the central nervous system, is a highly malignant and
aggressive neoplasm of infancy and childhood. Although having distinct biological features and clinical
outcomes, it is frequently misdiagnosed as primitive neuroectodermal tumor/medulloblastoma. To further
distinguish the underlying pathogenesis and to identify biological markers for clinical use, an atypical teratoid/
rhabdoid tumor-derived cell line was established and its gene expression pattern analyzed in comparison to the
human astrocyte SVG12 cell line and the human DAOY medulloblastoma cell line using a complementary DNA
microarray method. The osteopontin gene was found specifically upregulated in atypical teratoid/rhabdoid
tumor cells. This specificity was confirmed by immunohistochemistry in pathological sections of tissues from
atypical teratoid/rhabdoid tumor patients. Even though the role of osteopontin in the cytopathogenesis of
atypical teratoid/rhabdoid tumor still needs to be determined, our data support that overexpressed osteopontin
is a potential diagnostic marker for atypical teratoid/rhabdoid tumor.
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The atypical teratoid/rhabdoid tumor (AT/RT),
primary to the central nervous system, is a highly
malignant tumor occurring in patients most com-
monly under 3 years of age, and often fatal within
1 year after diagnosis.1–3 Histologically, AT/RT
consists of a unique combination of rhabdoid cells
as well as neuroepithelial, peripheral epithelial and
mesenchymal elements.1–3 In the past, the majority
of AT/RT was misclassified as primitive neuroecto-
dermal tumor/medulloblastoma at supratentorial
sites because of similarities in radiological and
histological features of these two tumors.1,2 The

immunophenotypic diversity of AT/RTcould also be
easily mistaken for germ cell tumors.4

Although controversial, cytogenetic study is cur-
rently used to differentiate between brain tumors
(including AT/RTs). Previous studies have demon-
strated 17p loss in 25–50% medulloblastomas, but
not in AT/RT.5,6 Rorke et al further found that the
chromosomal abnormality identified in a subset of
AT/RT is monosomy or contains a deletion of
chromosome 22.7 Recent studies reported that a
CNS rhaboid tumor with an unbalanced 9;22
translocation leads to loss of 22q11.8 Subsequently,
hSNF5/INI1 gene was identified on 22q11.2 as a
potential tumor suppressor gene responsible for
the oncogenesis of AT/RT.9 In addition, some
studies also detect rearrangement of chromosomes
6 and 11 and a reciprocal translocations on
(12;22)(q24.3;q11.2-12).10,11 Thus, there remains
inconsistencies in AT/RT-associated somatically
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acquired chromosome abnormalities and questions
regarding the histogenesis and biological determi-
nants of malignancy in AT/RT.

Because AT/RT is still a rather unfamiliar patho-
logical entity, investigation of its underlying patho-
genesis and identification of potential markers for
diagnosis are urgently needed. In this study, micro-
array assays and real-time RT-PCR were used to
clarify the distinct gene expression profile of an AT/
RT-derived cell line. We found that the expression of
the osteopontin (OPN) gene was specifically upre-
gulated in AT/RT cells. The increased protein
expression in the clinical specimens of AT/RT was
confirmed by immunohistochemistry. These find-
ings provide valuable information about OPN as a
potential diagnostic marker for AT/RT.

Materials and methods

Tumor Cell Culture

This research follows the tenets of the Declaration of
Helsinki and has been reviewed by Institutional
Review Committee at Taipei Veterans General
Hospital. All samples were obtained after patients
gave their informed consent. The human astrocyte
cell line (SVG12) and DAOY metastatic medullo-
blastoma cell line (HTB-186) were obtained from
American Type Culture Collection (ATCC Manassas,
VA, USA). The AT/RT tissue was dissected into
2–3mm segments and digested by collagenase A
(Liberase, Roche, Indianapolis, IN, USA). The
suspended cells were washed with phosphate-
buffered saline (PBS, pH 7.2) and treated with
0.025% trypsin-EDTA (GIBCO, Grand Island, NY,
USA) in Hank’s balanced salt solution (Sigma, St
Louis, MO, USA) for 15min at 371C, and then
passed through a 30-mm mesh nylon screen. The
filtrate was centrifuged (800 g, 5min) and the
resulting cell pellet was resuspended and seeded
into a T75 flask (Corning, Corning, NY, USA).
Cultures were grown in DMEM (Biosource, Camar-
illo, CA, USA) containing 10% heat-inactivated fetal
bovine serum, 2mM glutamine, penicillin (100U/
ml) and streptomycin (100 mg/ml). The cells were
incubated at 371C in an atmosphere of 5% CO2.
Within 5 days, cultures were nearly confluent and
were passaged 1:4.

Comparative Genomic Hybridization (CGH)

The CGH procedure was as previously described.12

Metaphase spreads from normal human lympho-
cytes were prepared using standard protocols.
Briefly, the slides were aged for 2–3 days before
denaturation at 721C in 70% spectrum red forma-
mide/2� saline sodium citrate (SSC), followed by
dehydration in a graded series of ethanol. The slides
were treated with proteinase K (Sigma, USA) at a
concentration of 0.1 mg/ml in 20mM Tris (pH 7.5)/

2mM CaCl2 before hybridization. Nick-translated,
spectrum red-labeled tumor DNA and spectrum
green-labeled normal DNA were co-precipitated
with excess unlabeled human Cot-1 DNA (Gib-
coBRL, Grand Island, NY, USA), denatured, and
hybridized to the normal metaphase slide prepara-
tions. In all, 10–12 images were captured and
analyzed by a Cytovision workstation. The threshold
indicated that gain and loss were to be set at 1.2 and
0.8, respectively.

Microarray Gene Expression Analysis

The total RNA was extracted from AT/RT, astrocyte
SVG-12, and Daoy medulloblastoma cells using
Trizol reagent (Life Technologies, Bethesda, MD,
USA) and the Qiagen Rneasy (Qiagen, Valencia, CA,
USA) column for purification. The total RNA
was reverse-transcribed with Superscript II Rnase
H-reverse transcriptase (Gibco BRL) to generate Cy3-
and Cy5-labeled (Amersham Biosciences Co., Piscat-
away, NJ, USA) cDNA probes for control and treated
samples, respectively. The labeled probes were
hybridized to a cDNA microarray containing 7500
immobilized cDNA fragments. Fluorescence inten-
sities of Cy3 and Cy5 targets were measured and
scanned separately using GenePix 4000B Array
Scanner (Axon Instruments, Burlingame, CA,
USA). Data analysis was performed using GenePix
Pro 3.0.5.56 (Axon Instruments, USA) and Gene-
Spring V5.1 (Silicon Genetics Corp., Redwood City,
CA, USA). Microarray data normalization was
performed as described.13 The results were normal-
ized for the labeling and detection efficiencies of the
two fluorescent dyes, then used to determine
differential gene expression between AT/RT and
astrocyte SVG-12, and between AT/RT and Daoy
medulloblastoma cells.

Real-Time RT-PCR

Relative quantitation by real-time RT-PCR was
performed using SYBR-green detection of PCR
products in real time using the LightCycler (Roche
Molecular Systems, Alameda, CA, USA). Quantifi-
cation in the unknown samples was performed by
the LightCycler Relative Quantification Software
version 3.3 (Roche Molecular Systems). Briefly, total
RNA (1 mg) of each sample was reverse transcribed
in 20 ml using 0.5 mg of oligo dT and 200U Super-
script II RT (Invitrogen, Carlsbad, CA, USA).
Amplification was carried out in a total volume of
20ml containing 0.5 mM of each primer, 4mM MgCl2,
2ml LightCyclerTM-FastStart DNA Master SYBR
green I (Roche Diagnostics GmbH, Mannheim,
Germany) and 2ml of 1:10 diluted cDNA. In each
experiment, the human b2-microglobulin (B2M)
housekeeping gene was amplified as a reference
standard. B2M primers were as follows: B2Mf,
50-CTCGCGCTACTCTCTCTTTCTG-30 (nt 41–62,
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GenBank Accession no. NM_004048), and B2Mr, 50-
GCTTACATGTCTCGATCCCACTT-30 (nt 375–353).
Other target gene primers were as follows: Osteo-
pontin(f), 50-TGAGAGC AATGAGCATTCCGATG-30

(nt 822–844, GenBank Accession no. J04765), Osteo-
pontin(r), 50-CAGGGAGTTTCCATGA AGCCAC-30

(nt 1196–1175). MMP2(f), 50-GATCTTCTTCTT
CAAGGACCGG-30 (nt 1741–1762, GenBank Acces-
sion no. NM_004530), MMP2(r), 50-TTGGGAAA
GCCAGGATCCAT-30 (nt 2100–2081). Decorin(f),
50-AGCTGAAGGAATTGCCAGAA-30 (nt 460–479,
GenBank Accession no. BC005322), Decorin(r),
50-TGGTGCCCAGTTCTATGACA-30 (nt 591–572).
Lumican(f), 50-CCACAACAACCTGACAGAGT-30(nt
513–532, GenBank Accession no. NM_002345),
Lumican(r), 50-CAAGTTGATTGACCTCCAGG-30 (nt
1000–981). PDGFRA(f), 50-GTCTACGAGATCATGG
TGAAATGC-30 (nt 3167–3190, GenBank Accession
no. NM_006206_), PDGFRA(r), 50-AATGGCACTCT
CTTCAGAGGTCT G-30 (nt 3546–3521). Calponin
1(CNN1)(f), 50-CATGACTGCC TACGGCACGA-30 (nt
786–805, GenBank Accession no. NM_201277),
CNN1 (r), 50-GCCTCCTCCT GGTAGTAAGGG-30 (nt
1166–1146). IGF2(f), 50-GACACCCTCCAGTTCGTCT
GTG-30 (nt 667–688, GenBank Accession no.
NM_000612), IGF2(r), 50-GGTAGAGCAATCAGGGG
ACGGTG-30 (nt 1043–1015). FGFR1(f), 50-ATGGCA
CCCGAGGCATTATT-30 (nt 2725–2744, GenBank
Accession no. NM_000604), FGFR1(r), 50-GGCTCAT
GAGAGAAGACGGAAT-30 (nt 3125–3104). Reac-
tions were prepared in duplicate and heated to
951C for 10min followed by 40 cycles of denatura-
tion at 951C for 10 s, annealing at 551C for 5 s, and
extension at 721C for 20 s. All PCR reactions were
performed in duplicate. Standard curves (cycle
threshold values vs template concentration) were
prepared for each target gene and for the endogen-
ous reference (human b2-microglobulin) in each
sample. The relative fold of differential expression
was the ratio of the normalized value of each sample
(AT/RT and Daoy medulloblastoma cell) to the
normalized values of the controls (astrocyte
SVG12 cell). To confirm the specificity of the PCR
reaction, PCR products were electrophoresed in a
1.2% agrose gel.

Immunohistochemistry

Immunohistochemical staining was performed on
AT/RT, DAOY medulloblastoma cell lines as well as
AT/RT and medulloblastoma tissue specimens. The
4mm paraffin sections of four AT/RT and six
medulloblastoma were deparaffinized in xylene,
rehydrated in a series of graded alcohols, and
immunostained with antibodies against vimentin
(ChemMate, DAKO, Glostrup, Denmark), epithelial
membrane antigen (ChemMate, DAKO), neuron-
specific enolase (ChemMate, DAKO), glial fibrillary
acidic protein (ChemMate, DAKO), S-100 protein
(ChemMate, DAKO), smooth muscle antigen (Chem-

Mate, DAKO), synatophysin (ChemMate, DAKO)
and osteopontin (10A16; Immuno-Biological Labo-
ratories, Gumma, Japan) Immunoreactive signals
were detected with a mixture of biotinylated IgG
antibody and peroxidase-conjugated streptavidin
(LSAB2 system, DAKO).

Results

To elucidate the histogenesis and biology of AT/RT,
we established an in vitro AT/RT cell line that was
derived from a confirmed case of AT/RT (Figure 1a).
The features of AT/RT-derived cells included the
presence of large, pale, bland cells designated as
‘rhabdoid’ cells (Figure 1b). Rapidly dividing rhab-
doid tumor cells dominated the culture (Figure 1b).
The results of immunohistochemistry for this cell
line were consistent with the diagnosis of AT/RT (ie,
vimentin (VIM; Figure 1c), neuron-specific enolase
(NSE; Figure 1d), smooth muscle actin (SMA; Figure
1e), cytokeratin (CK; Figure 1f), glial fibrillary acidic
protein (GFAP; Figure 1g), epithelial membrane
antigen (EMA; Figure 1h), and synatophysin (SYN;
Figure 1i) were all positive). This strain of AT/RT
cells could be passed stably for more than 25
passages without loss of growth, viability, or
morphological and immunochemical features of
the parental tumor, as indicated by the continued
presence of the serial tumor markers that we
identified in our previous study.3 To determine the
cloning efficiency in soft agar, cells from the 25th
passage were plated at 103 cells/ml. The plating
efficiency was 58.4% in dish and 40.1% in soft agar
after 2 weeks of culture (Figure 1j). Cell-doubling
time of AT/RT cells was 21.3 h, which was estimated
from an in vitro growth curve of AT/RT. To further
investigate the in vivo tumorigenic potential, 106 of
the AT/RT cells were injected into the right
subcutaneous flank of SCID mice. After 2–4 weeks
of implantation, the growth of solid tumor was
observed. Histologically, infiltrations of compact
rhabdoid–like, large round cells with vesicular
nuclei and prominent nucleoli were found in these
transplanted tumors (Figure 1k). Electron micro-
scopy showed that the tumor cell had open
chromatin and prominent nucleolus and perinuc-
lear intermediate filaments (Figure 1l).

We next analyzed the chromosomal abnormality
in this AT/RT cell line. The results of Giemsa
banding revealed that these AT/RT cells were
aneuploid. CGH was used to determine the copy
number karyotype, and the results showed gains of
chromosome regions 1p11p32, 1q21q32; 2p11p21,
2q11q21, 2q24q37; 3p21p26; 4q25; 5p14, 5q14,
5q23, 5q33q35; 6q15, 6q22; 7p11p22, 7q11q22;
8p12, 8p22, 8p23, 8q13q24; 10p11p13, 10q11q21;
11p12p15; 12p11, 12q11q24; 13q14q21, 13q31q32;
16q23; 20p12p13, 20q11q13; 21q11.2q22 and
losses of chromosome regions 1p36.3; 2p24p25;
3p12; 6p23p25; 13q21q22, 13q32q34; 14q11q13,

Increased osteopontin gene in AT/RT
C-L Kao et al

771

Modern Pathology (2005) 18, 769–778



14q22q32; 15q11q21; 18q11q23; 22q11.2q13 (Figure
2). These data are consistent with CGH results for
the parental tumor.

Next, we analyzed the expression pattern of 7500
genes in AT/RT cells using cDNA microarray. DAOY
medulloblastoma and astrocyte SVG12 cells were

Figure 1 Establishment and characterization of an in vitro AT/RT-derived cell line. (a) Histological survey of a human AT/RT specimen.
Magnification: � 200. (b) In vitro cultivation for AT/RT-derived cell from the same patient. Magnification: � 400 (c–i)
Immunohistochemical studies demonstrated positive immunoreactivity for VIM (C), NSE (D), SMA (E), CK (F), GFAP (G), EMA (H),
and SYN (1I). Magnification: �400. (j) AT/RT cells formed colonies in soft agar after 2 weeks of culture. Magnification: �100. (k)
Histology of transplanted AT/RT cells in SCID mice. Magnification: � 100. (l) Electron microscopy revealed tumor cells with prominent
nuclei and bundles of intermediate filaments (bar: 2 mm).
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compared to AT/RT cells. Experiments were re-
peated three times. On the basis of differences in the
mean expression intensity values for each gene, a
total of 114 genes significantly differed in their
expression levels among astrocyte SVG-12, Daoy
medulloblastoma and AT/RT cells by at least two-
fold (^two-fold) in upregulation and 1/2-fold (%0.5-
fold) in downregulation (Po0.01) when compiled
with the hierarchical clustering method (Figure 3).

Of the 114 genes, the expression of 22 genes (FGFR1,
DCN, ZNF3, PTS, LUM, COL1A2, CUL4B, CRABP2,
MMP2, COL11A1, LMO4, CNN1, TNFSF7, SERINA3,
DLK1, SPP1(OPN), PLA2R1, PDGFRA, HSPG2,
TPM2, MX1, and PCOLCE) was upregulated (^five-
fold) in AT/RT cells relative to astrocyte SVG12
cells, and 16 genes (CAV1, SPP1(OPN), MMP2,
COL1A2, DCN, S100A10, LUM, SNCAIP, LMO4,
COL6A1, ALDH2, ERG1, CAMK2G, CNN1, CDH11,

Figure 1 Continued.
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and INA) was upregulated (^five-fold) in AT/RT
cells relative to DAOY medulloblastoma cells. The
expression of 24 genes (FCGR2A, GSTA2, GPX1,
PLAUR, LAMB1, GLRX, CDC42EP3, SGCD, SSB,
PVALB, ZNF35, PKP2, BNC, ARHE, ENG, GNAI1,
ADPRT, VCAM1, CCL7, TM4SF5, RASA1, CCNI,
PTPRC, and THBD) in AT/RT cells was down-
regulated relative to both astrocyte and medullo-
blastoma cell lines (Figure 3).

To further validate the microarray analysis find-
ings of increased AT/RT-related genes expression,
we performed real-time RT-PCR analyses to examine
the mRNA level of eight target genes including OPN,
metalloprotease-2 (MMP-2), lumican (LUM), decorin
(DCN), platelet-derived growth factor receptor a
(PDGFRA), caplonin 1 (CNN1), insulin growth factor

2 (IGF2), and fibroblast growth factor receptor 1
(FGFR1) in astrocyte SVG12 cells, DAOY medullo-
blastoma cells, and AT/RT cells (Figure 4). In
agreement with our microarray analysis findings,
AT/RT cells, but not the other two cells, showed
significantly higher expression levels of all
genes tested except for IGF2 (Figure 4). The
expression ratio of lumican was highest in both
AT/RT and DAOY medulloblastoma cells (37.1
and 24.9, respectively). Of note, the only OPN ratio
less than 1.0 was found in DAOY medulloblastoma
cells. The AT/RT OPN expression level was more
than 32-fold higher than the expression in medullo-
blastoma cells (8.8/0.27), which was the most
profound difference among the eight target genes
(Figure 4).

Figure 2 Ratio profile of chromosomal imbalance regions identified by CGH in AT/RT-derived cell line. The averaged ratio profile of
CGH. The bar on the right of the chromosome idiogram indicates gain of chromosomal materials in AT/RT cells, and the bar to the left
indicates loss of chromosomal materials in AT/RT cells.

Figure 3 Differential expression of genes in AT/RT cell vs astrocyte SVG12 cell and AT/RT cell vs DAOY medulloblastoma cell.
Hierarchical clustering analysis of 114 genes selected from 7500 genes set, showing upregulated (^two-fold; red color) or downregulated
(%0.5-fold; green color) expression profiles in AT/RTcell compared with astrocyte SVG12 cell and DAOYmedulloblastoma cell. The data
are represented as log ratio of the mean calculated from three replicates expression values provided by GeneSpring and J-Express
software.
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To investigate the expression of OPN in clinical
samples of AT/RT patients, immunohistochemistry
assays were performed. Consistent with the results

of in vitro AT/RT cells, we observed increased
expressions of OPN protein in four AT/RT patients
(Figure 5a). The immunohistochemistry survey also
confirmed that the expression of OPN was strongly
enhanced in tumor lesions and especially in
rhabdoid-type cells of AT/RT specimens (Figure
5b). In contrast, only weakly positive signals were
detected in six medulloblastoma patients (Figure 5c
and d).

Discussion

In the present study, we successfully established an
ATRT-derived cell line that could be passaged for
more than 25 generations without loss of growth,
viability, or AT/RT markers typical of its parental
tumor counterpart. Further evidence for the malig-
nant nature of this AT/RT-derived cell line is its
rapid doubling time, high cloning efficiency in soft
agar (Figure 1j), and ability to form solid tumors in
SCID mice (Figure 1k). Chromosome analysis of the
AT/RT cell line showed deletion of 22.q11, consis-
tent with previous cytogenetic reports of AT/RT.8,9

Figure 4 Relative quantitation of gene expression levels in AT/RT
cell, astrocyte SVG12 cell and DAOY medulloblastoma cell by
real-time RT-PCR. Comparison of the gene expressions of OPN
(SPP1), MMP2, LUM, DCN, PDGFRA, CNN1, IGF2, and FGFR1.
The relative ratio of differential expression in AT/RT and DAOY
medulloblastoma cell was normalized to the ratio of astrocyte
SVG12 cell.

Figure 5 Immunolocalization of OPN in AT/RT tissues. (a, b) The increased expressions of OPN protein in AT/RT patients (a) and strong
enhancement in the tumor cells (b). Weakly positive signals were seen in medulloblastoma tissues (c,d). Magnification: � 400.
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Chromosome regions 3p12, 6p23p25, 13q21q22,
13q32q34, 14q11q13, 14q22q32, 15q11q21, and
8q11q23 were also found deleted (Figure 2). Micro-
array assays further revealed that the OPN gene was
upregulated by at least five-fold in AT/RT cells
relative to both astrocyte SVG12 and DAOY medul-
loblastoma cells (Figure 3). The results of real-time
RT-PCR also demonstrated that the expression level
of the OPN gene was significantly higher in AT/RT
cells than in astrocyte SVG12 (nine-fold) and DAOY
medulloblastoma (32-fold) cells (Figure 4). Over-
expression of OPN was further confirmed in the
pathological sections of AT/RT patients as compared
with medulloblastoma specimens.

OPN, a bone matrix glycoprotein, is thought to
function as a modulator for bone resorption and
remodeling.14 The mechanisms of OPN in the
progression of malignancy may possibly involve
binding of integrin via integrin-mediated signaling
or inducing the activities of metalloproteinase
(MMP family) members,14,15 both of which are
believed to be responsible for adhesion and migra-
tion of cancers. Recent clinical reports have demon-
strated that OPN is associated with decreased
survival times in several metastatic neoplasms
including breast cancer, prostate cancer, gastric
cancer, colon cancer, head neck squamous carcino-
ma, hepatocellular carcinoma, and ovary cancer.16,17

Our data showed that the expression of OPN RNA
and protein was high in AT/RT cells and clinical
tissues of AT/RT patients, but not in patients with
medulloblastoma. Previous studies have pointed out
that the expression level of OPN differed signifi-
cantly between individual astocytoma tissues and
appeared to correlate with their malignancy grade
and invasive potential.18 In a recent study, osteo-
pontin was also found to promote the attachment of
malignant astrocytoma cells to become more metas-
tasized and invasive.19 On the basis of our in vitro
and in vivo observations, the high expression of
OPN in AT/RT may be associated with tumor cell
invasion and dissemination, which may lead to the
unique clinical character of the disease and poor
outcome of AT/RT patients.

In addition to the OPN gene, PDGFRA, FGFR1,
and MMP-2 genes were found differentially ex-
pressed among AT/RT, astrocyte SVG12, and DAOY
medulloblastoma cells. We noted that the expres-
sion level of PDGFRA was higher in AT/RT cells
than in the astrocyte and medulloblastoma cell lines
(Figures 3 and 4). Recent studies showed that
overexpressed PDGFRA and the RAS/MAPK signal-
ing pathways played important roles in medullo-
blastoma metastasis.20 FGFR1 signaling was
important for the earliest stage of tumor establish-
ment, and FGFR1 promoted in vivo tumor prolifera-
tion and activated extracellular signal-regulated
kinase through transcriptionally upregulated
OPN.21 A recent study also revealed that OPN
stimulated tumor growth and activation of pro-
MMP2 through NFkB-mediated induction of mem-

brane type 1 MMP in melanoma.22 In our study, the
results of real-time RT-PCR confirmed that the genes
for PDGFRA, MMP2, and FGFR1 were highly
expressed in AT/RT (Figures 3 and 4), implying a
role of the corresponding proteins in tumor metas-
tasis. The upexpression of several other genes was
also shown in AT/RT cells by cDNA microarray
analysis (Figure 3). These include tumor prolifera-
tion and cancer-related genes EPHB4, COL5A2,
COl2A1, PA26, JUNB, PTS, EMP3, ERG1, MAPK7,
PLA2R1, HSPG2, DCN, IGF2, and ALCAM, as well as
the myogenesis gene markers—calponin 1 (CNN1),
tropomyosin 2 (TPM2), myosin light polypeptide 9
(MYL9), and actin gamma 2 (ACTG2).23–27 These
findings are compatible with the pathological
features of our AT/RT cells in which the marker of
smooth muscle actin (SMA) showed positive im-
munoreactivity (Figure 1h). Furthermore, the ex-
pression of ZNF35, THRB, and RASA1 genes was
significantly lower in AT/RT cells than in astrocyte
and medulloblastoma cell lines (Figure 3). These
genes are of particular interest because the ZNF35
and THRB genes, functioning as tumor suppressor
genes, were found mutated in cervical, lung, breast
and renal cell cancers.28 RASA1, a positional
candidate gene with a mutation for capillary mal-
formation-arteriovenous malformation,29 might be
involved in the aggressive behavior of AT/RT tumor.
Thus, these downregulated genes should be scruti-
nized in future studies of AT/RT pathogenesis.

In sum, this small-scaled study has demonstrated
the overexpression of OPN in AT/RT in comparison
to both in vitro and in vivomedulloblastoma. Known
medulloblastoma cell lines show some variations in
their biological characteristics, and the present
study only compared AT/RT cells with DAOY
medulloblastoma cell line. To evaluate the signifi-
cance of OPN in AT/RT, a larger number of AT/RT
and medulloblastoma tissue immunostaining is
required. However, despite the small sample size,
this investigation suggests the potential value of
OPN as a biomarker for diagnosis of AT/RT. In the
future, a larger number of tumor cases can be
incorporated to provide more conclusive evidence.
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