
Abstract. Background/Aim: Malignant rhabdoid tumor
(MRT) is a rare, aggressive neoplasm found in young
children, caused by inactivation of a single gene, SNF5
(INI1, SMARCB1). MRT cases with multifocal tumors at
diagnosis are categorized as synchronous MRT, often with a
germline mutation of SNF5. The aim of this study was to
establish new models useful in clarifying the biological basis
of synchronous MRT. Materials and Methods: We established
two novel MRT cell lines, designated as KP-MRT-KS and

KP-MRT-KSa, derived from different lesions and at a
different time from a synchronous multifocal 7-month-old
female MRT patient. Results: Both cells showed typical
morphology of MRT, with a compound genomic mutation in
exons 2 and 5 of the SNF5 gene. The exon 2 mutation was
found in the germline. Conclusion: These cell lines could
serve as powerful tools for unveiling the molecular
mechanism of refractory synchronous MRT.

Malignant rhabdoid tumor (MRT) is a rare and aggressive
neoplasm encountered in neonates and young children. In
1978, it was initially described as an unfavorable histological
type of renal tumor, a variant of Wilms tumor (1), and
subsequently these kidney tumors with characteristic cells
showing prominent large nuclei and eosinophilic cytoplasmic
inclusion bodies, were re-categorized as malignant rhabdoid
tumor of the kidney (2). Soon afterwards, MRT was reported
to be a tumor that can arise from any anatomical site (3-5)
including CNS that was also called as an atypical teratoid
rhabdoid tumor (AT/RT) (6). Although gradual improvement
of the clinical outcome has been achieved through extensive
clinical trials using various combinatorial chemo- and/or
radio-therapies (7), the 5-year overall survival (OS) still
remains as low as approximately 50% (4, 5, 8, 9).
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Bi-allelic inactivation of the SNF5 (SMARCB1, BAF47,
and INI1) gene, that encodes a component of the SWI/SNF
chromatin remodeling complex on chromosome 22q11.2, has
reportedly been found (10, 11) in nearly 100% of MRT and
AT/RT cases. Importantly, SNF5 abnormality in MRT
appears to be the single most important mutation, and
approximately 30% of children diagnosed with MRT and/or
AT/RT exhibit heterogeneous germline inactivation of the
SNF5 gene (12). Recently, loss-of-function mutations of the
BRG-1 (SMARCA4) gene, which encodes another subunit of
the SWI/SNF complex, have been reported in ~5 % of
AT/RT and MRT cases without SNF5 mutation (13) as well
as in familial rhabdoid patients (14, 15). 

Bonnin et al. have reported the synchronous occurrence
of renal and CNS tumors in six MRT cases (16), followed
by occasional reports of similar multifocal MRT cases (8,
11, 17). Those who carry a germline mutation in either
SNF5 or BRG-1 tend to be at greater risks of developing
single or multifocal rhabdoid tumors. This inherited
condition is known as the rhabdoid tumor predisposition
syndrome (RTPS) (18-20). However, synchronous or
metachronous multifocal cases of rhabdoid tumors are so
scarce that details of the underlying mechanisms for the
differential tumorigenesis among multiple primary sites
remain unclear.

It was recently reported that ATRTs can be subdivided by
unsupervised cluster analyses using methylation arrays into
three epigenetically distinct subgroups, based on their
genome-DNA methylation patterns: i) ATRT- tyrosinase
(TYR), ii) -sonic hedgehog (SHH) and iii) -
Myelocytomatosis (MYC) subgroups (21-23). Pinto et al.
have performed DNA-methylation profiling on their
metachronous RT cases and reported that the CNS tumor
cells often show methylation profiles distinct from those in
extra-CNS tumor cells of the same patient (23). Data
obtained by means of DNA methylation profiling are
expected to further contribute to new valuable insights for
a more profound understanding of molecular mechanisms
of ATRTs and extra-CNS MRTs (9).

Cell lines established from tumors generally serve as
powerful tools for further characterization of the biological
properties of a specific tumor type. As for MRT and AT/RT,
around 20 lines worldwide have so far been reported (24-28),
including the KP-MRT-NS (29), KP-MRT-HS( 30), KP-
MRT-YM (31), and the KP-MRT-RY (32) cell line
established by us. Although these cell lines are being used
by many researchers to explore their pathogenesis, no cell
lines have been established from multiple sites from one
multifocal rhabdoid tumor patient.

Here, we report a case of a 7-month-old female with
synchronous malignant rhabdoid tumor. We also describe and
characterize two MRT cell lines newly established from two
sites of this patient using genetic and epigenetic analyses. 

Materials and Methods

Patient. A 7-month-old female, who had no family history of
neoplasms, was referred to our hospital with the complaints of left
upper limb paralysis and Horner’s syndrome on the left side of her
face. Magnetic resonance imaging (MRI) and computed tomography
(CT) scanning showed multi-focal tumors: a tumor of the neck that
had invaded the spinal canal on C6/7 and C7/Th1 (Figure 1A), a
cerebellar vermis tumor without meningeal metastasis (Figure 1B),
and at least two tumors in the left apical pulmonary region (Figure
1C). Biopsied specimens of the neck tumor were examined, and
histopathologic analysis established that the tumor cells were round
with eccentrically placed nuclei with vesicular chromatin staining,
prominent nucleoli, and typical eosinophilic intracytoplasmic
inclusion bodies (Figure 1D and E). Immunohistochemical
examination showed that the cells stained positive for vimentin,
epithelial membrane antigen, smooth muscle actin, cytokeratin 8
(Figure 1F), and cytokeratin AE1/AE3, and negatively for desmin,
S100, GFAP and SNF5 (Figure 1G). On the basis of these findings,
the histological diagnosis of the specimen was malignant rhabdoid
tumor (MRT), and the patient was diagnosed as having synchronous
malignant rhabdoid tumor with both a CNS lesion (ATRT) and
extra-CNS lesions (eMRT).

The initial treatment consisted of three courses of combination
chemotherapy with intrathecal methotrexate. The patient also
received radiation therapy to the CNS lesion followed by another
course of radiation to the neck lesion between the 2nd and 3rd
chemotherapy course. These combination therapies had been
effective for the neck tumor, CNS lesion and the lung masses,
however, the patient developed hydrocephalus without evidence of
CNS fluid metastasis. To control the hydrocephalus, she underwent
ventriculoperitoneal (VP) shunt surgery, followed by a 4th course
of the chemotherapy, after which brain MRI showed new
disseminated tumors in and around the cerebellum and midbrain.
Although we changed the chemotherapy regimen and continued the
chemotherapy and intrathecal treatment, the CNS tumor rapidly
regrew. Her tumor then progressed intraperitoneally accompanied
by ascites, and the patient died 10 months after diagnosis.

Cell culture and cell lines. A tumor sample for cell culture was
obtained from the neck mass at initial biopsy and a sample of ascitic
fluid was obtained after death. Two cell lines were successfully
established, one from the neck tumor and one from the ascites fluid,
and they were named KP-MRT-KS and KP-MRT-KSa, respectively.
Cells were cultured in RPMI 1640 (Wako, Osaka, Japan) containing
penicillin (100 U/ml), streptomycin (100 μg/ml) (Gibco, Thermo
Fisher Scientific, Waltham, MA, USA), and 10% FBS (Gibco,
Thermo Fisher Scientific), at 37°C and 5% CO2 in a humidified
atmosphere. Four MRT cell lines, TTC549, TTC642, A204 and
G401 were kindly provided by Dr Bernard E Weissman (33) form
the University of North Carolina at Chapel Hil, USAl. The HeLa
cell line was obtained from the Riken Cell Bank (Tsukuba, Japan).

Western blot analysis. Cells were scraped into NP40 buffer [50
mmol/l Tris (pH 8.0) (Sigma Aldrich, St. Louis, MO, USA), 150
mmol/l NaCl (Wako), 1% NP40 (Sigma Aldrich), 0.1% SDS
(Sigma Aldrich), 0.5% sodium deoxycholate (Sigma Aldrich), 2
mmol/L EDTA (pH 8.0) (Sigma Aldrich), 1x protease inhibitor
cocktail (25955-11, Nakalai Tesque, Kyoto, Japan), 20 mmol/l
sodium fluoride (Sigma Aldrich), and 0.2 mmol/l sodium
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Figure 1. Imaging examination and histopathological findings of the patient prior to treatment. A) Cervical magnetic resonance imaging (MRI)
[Gadolinium (Gd) enhanced T1), B) Cranial MRI (Gd enhanced T1), C) Lung computed tomography scan findings. Arrows indicate tumor lesions.
D) Hematoxylin and eosin (HE) staining of the biopsied clinical tissues (200×). E) Higher magnifications of the sections in D (400×). F)
Immunohistochemical staining of cytokeratin 8 and G) SNF5 (brown color; 200×).



orthovanadate (Sigma Aldrich)], and incubated for 30 minutes on
ice. Thirty μg of protein was separated by electrophoresis on 10%
SDS-polyacrylamide gels and electro-transferred onto
nitrocellulose membranes (GE Healthcare, Chicago, IL, USA).
Proteins were analyzed by western blotting using anti SNF5
(1:1,000, 612110, BD Biosciences, San Jose, CA, USA), anti-β-
actin (1:2,000, PM053, MBL, Nagoya, Japan), and 1:2,000
horseradish peroxidase-conjugated anti-rabbit or anti-mouse IgG
(GE Healthcare). Individual proteins were detected using ECL
chemiluminescence reagent (GE Healthcare) and ImageQuant LAS
500 (GE Healthcare).

Cytogenetic analyses. Cytogenetic analyses were performed with a
short-term culture method (SRL, Inc., Tokyo, Japan). Briefly,
mechanically dispersed cells from the tumor or cell lines were
cultured for 16 h with 0.06 μg/ml Colcemid (WAKO) to arrest cell
division at metaphase, followed by hypotonic treatment in 0.075 M
KCl for 25 min. The cells were then fixed with methanol-acetic acid
(3:1, v/v). The karyotype was analyzed by conventional G-banding.

Histological examination of biopsied specimens. Four μm sections
made from formalin-fixed, paraffin-embedded tumor samples or cell
blocks were stained with hematoxylin and eosin. For
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Figure 2. Structure and histopathological findings of KP-MRT-KS and KP-MRT-KSa cell lines. A) Images obtained with inverted microscopy showing
spindle-shaped cells with processes and flat cells. HE and immunohistochemical staining for SNF5 on constructed cell blocks. (B) Western blotting
analysis of SNF5 and β-actin expression in indicated cell lines. 



immunohistochemical analysis of clinical samples we used the
automated Ventana Benchmark Ultra platform (Roche, Basel,
Switzerland) as described previously (34). The sections were
immuno-stained with i) vimentin (1:400, M7020, DAKO Denmark
A/S, Glostrup, Denmark), ii) epithelial membrane antigen (1:200,
M0613, DAKO), iii) smooth muscle actin (1:2,000, A2547, Sigma-
Aldrich, St. Louis, MO, USA), iv) cytokeratin 8 (1:100, NCL-L-
CK8-TS1, Leica Biosystems Inc., Lincolnshire, IL, USA), v)
cytokeratin AE1/AE3 (1:100, NCL-L-AE1/AE3, Leica Biosystems),
vi) desmin (1:100, M0760, DAKO), vii) S100 (1:2,000, Z0311,
DAKO), viii) GFAP (1:2,000, N1506, DAKO), or ix) SNF5
(1:2,000, ab58209, Abcam, Cambridge, UK). Written informed
consent for use of clinical samples for research was obtained from
the patient’s parents according to the protocol approved by the
institutional review board of Kyoto Prefectural University of
Medicine in accordance with the Declaration of Helsinki.

DNA extraction and sequencing analysis; DNA methylation
profiling by 850k array. Cells were suspended in an aliquot of
Tris/EDTA/NaCl buffer (10 mM Tris pH8.0, 10 mM EDTA pH 8.0
and 100 mM NaCl) with 0.5% SDS (Sigma Aldrich) and
proteinase K (Sigma Aldrich), and incubated at 55˚C for 3 h, after
which the genomic DNA was isolated using a phenol extraction
protocol. Briefly, equal volume of Tris-EDTA buffered phenol
(WAKO) was added and the mixture was spun down at 14000 rpm
for 1 minute. The upper aqueous layer containing DNA was
transferred to new tube and mixed with equal volume of
chloroform. The mixture was centrifuged at 14000 rpm for 1
minute. Then, DNA contained in the aqueous layer was isolated
after ethanol precipitation. Sanger sequencing of the genomic
DNA was performed with the aid of the BigDye Terminator v1.1
Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA)
and the ABI PRISM 3500 Sequence Detection System (Applied
Biosystems). The primer sequences   used for sequencing SNF5  
gene    exons were kindly provided by Dr Jaclyn A. Biegel
(Children’s Hospital Los Angeles) (11). DNA methylation patterns
of cell lines were assessed using Illumina Human Methylation850
Bead Chip arrays at the Genomics and Proteomics Core Facility
of the German Cancer Research Center (DKFZ), according to the
manufacturer’s instructions. Methylation analysis and
unsupervised hierarchical subgrouping was carried out as
described previously (21).

Reverse transcription-PCR and single allele analysis. Total RNA was
isolated from cultured cells and lymphocytes using the ISOGEN Kit
(Nippon Gene, Tokyo, Japan). Single stranded cDNA synthesis from
20 μg of template RNA with Oligo-dT (20) was performed using the
SuperScript IV First-Strand Synthesis System according to the
manufacturer’s instructions (18091050, Thermo Fisher Scientific). For
RT-PCR amplification of cDNA, which corresponds to 1 μg RNA,
AmpliTaq Gold 360 polymerase (Thermo Fisher Scientific) was used
according to the manufacturer’s instructions. A pair of primers to
amplify full-length SNF5/INI cDNA were designed according to the
procedure described by Biegel et al. (11): INI1CD1 Forward: 5’-
CTGAGCAAGACCTTCGGGCAG-3’; and INI1CD1 Reverse: 5’-
GATGGCTGGCACAAACGTCAG-3’. The PCR products obtained
with the INI1CD1 primer set were inserted into a T-vector (pRC 2.1
Vector, K2020, Thermo Fisher Scientific) according to the
manufacturer’s instructions. DH5α competent E. coli cells were
subsequently transformed with the ligated vector that contains the
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Figure 3. Genetic findings of KP-MRT-KS and KP-MRT-KSa cell lines.
Representative karyotype of the two MRT cell lines, using G-banding. A)
The karyotype of the tumor sample biopsied from the neck tumor: 46,XX,
B) The karyotype of KP-MRT-KS: 93,XXXX,i(1)(q10),+2,-
4,+del(5)(q?),ins(5;?)(q13;?),-20,+mar1, C) The karyotype of KP-MRT-
KSa: 46,XX,add(11)(p15),?t(12;17)(q24.1;q24),ins(17;?)(q11.2;?),+mar1. 



PCR products. Plasmid DNAs were then extracted from each single
transformed colony and sequenced so that SNF5 coding sequences
per single allele could be differentially analyzed.

Growth curves of the cell lines in vitro. The in vitro growth rates of
the cell lines were assessed as previously described (35). Briefly,
cells (5×104) were plated in the RPMI1640 containing 10% FBS in
triplicate and placed into 24-well cell dishes. Cells were harvested
by trypsinization every 24 h and counted using a hemocytometer.
In Brief, cell suspension was placed between the hemocytometer
and cover glass, and the cell number was counted by use of an
inverted microscope. 

In vivo growth assay. Six-week old female athymic mice (BALB/c,
nu/nu) were injected subcutaneously at the dorsal area with aliquots
of 200 μl (1×106 cells/site) of the cell suspension. The mice were
monitored daily for signs of distress and measured for tumor
development. Tumor diameters were serially measured with calipers,
and tumor volumes were calculated using the formula: π/6 × (larger
diameter) × (smaller diameter)2 (36). This experimental procedure was
approved by the Committee for Animal Research, Kyoto Prefectural
University of Medicine. After the tumors grew sufficiently, the mice
were euthanized and their xenografts were histologically examined.

Results

Establishment of the KP-MRT-KS and KP-MRT-KSa cell
lines. KP-MRT-KS and KP-MRT-KSa cells had a round or
spindle-shaped appearance and grew in an adherent mono-
layer, as previously described for several human MRT cell
lines (Figure 2A) (27, 29, 33). The cell cultures were
maintained for more than 50 passages over a 3-year period,
suggesting that they have attained immortality as cell lines.
We performed histological examinations using cell blocks
constructed from these two cell lines. The cells were small
and round with vesicular nuclei, prominent nucleoli, and a
typical eosinophilic cytoplasmic inclusion body observed in
both cell lines (Figure 2A). Furthermore, both cell lines were
immunohistochemically positive for vimentin and cytokeratin
AE1/AE3 and negative for S100 or GFAP. These findings
show that the characteristics of both cell lines are consistent
with those of tumor cells from the primary cervical MRT
tumor specimens (Figure 1E). We also found that SNF5 was
not expressed in cell block specimens from KP-MRT-KS and
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Figure 4. Chromatograms of DNA sequencing indicating alterations of the SNF5 gene for both KP-MRT-KS and KP-MRT-KSa cell lines. The
mutation in exon 2 (c.157 C>T) and the duplication in exon 5 (c.551_569dup19) were observed in both KP-MRT-KS and KP-MRT-KSa cell lines.
A) C→T transition resulted in a nonsense mutation at codon 157 (p.Arg53X). B) Duplication of 19 bp resulted in a frameshift mutation
(p.Arg190ProfsX27), causing the introduction of a premature stop codon. 



KP-MRT-KSa cell lines (Figure 2A). As expected, Western
blot analysis showed the SNF5 protein was absent from these
two cell lines as well as from the four comparative MRT cell
lines, in comparison with the SNF5-positive HeLa cell line
(Figure 2B). These results indicate that the KP-MRT-KS and
KP-MRT-KSa cell lines retained their characteristics as MRT
cells manifested in the original tumor.

Loss of SNF5 expression and its gene alternations in cell lines.
Next, we analyzed the mechanism of the loss of SNF5
expression. We first used cytogenetic G-banding analysis to
analyze the karyotypes of the KP-MRT-KS and KP-MRT-KSa
cell lines as well as of the original tumor sample biopsied from
the neck tumor. The original tumor cells from the neck lesion
showed a normal female karyotype, 46, XX (Figure 3A). In
contrast, as shown in Figure 3B, KP-MRT-KS cell line showed
93, XXXX, i(1)(q10), +2, -4, +del(5)(q?), ins(5;?)(q13;?), -20,
+mar1, indicating it was a hypo-tetraploid karyotype. Also, the
KP-MRT-KSa cell line showed 46, XX, add(11)(p15),
t(12;17)(q24;1;q24), ins(17;?)(q11.2;?), indicating it was a
diploid karyotype with a few chromosomal abnormalities
(Figure 3C). Both cell lines as well as the primary tumor cells
showed, as determined by microscopic examination, that there
were no alterations of chromosome 22 where the SNF5 gene
localizes.

We then evaluated the SNF5 gene status by direct
sequencing of the genomic DNA of each of the
corresponding exons of SNF5. A mutation in exon 2 (c.157
C>T) and a duplication in exon 5 (c.551_569dup19) were
observed in both the KP-MRT-KS and KP-MRT-KSa cell
lines. The C→T transition had resulted in a nonsense
mutation at codon 157 (p.Arg53X) (Figure 4A). The
duplication of 19 bp had caused a frameshift mutation
(p.Arg190ProfsX27), resulting in a premature stop codon
(Figure 4B).

Importantly, these mutations in SNF5 exons existed on
different alleles. PCR products, amplified from cDNA
reverse-transcribed from mRNA of either of the two cell
lines and with a primer set encompassing from exon 1 to
exon 6 (INI1CD1), had either the mutation in exon 2 or the
duplication in exon 5 in a mutually exclusive fashion. 

We confirmed that the primary neck tumor cells carried
the same compound mutation in exons 2 and 5 for both
SNF5 alleles in their genomic DNA, while only the exon 2
mutation was present, and not the exon 5 duplication, in the
genomic DNA samples extracted from the patient’s white
blood cells. Additional examination of family members was
not possible because their consent could not be obtained.
Considering the fact that no other family members had
developed MRT or other pediatric tumors, we postulate that
the patient had been suffering from synchronous tumors in
multiple sites, as a case of RTPS with a de novo germline
mutation in exon 2.

DNA methylation profiling of cell lines. To determine the
molecular subgroups of these cell lines, we used the Illumina
Infinium Human 850K bead array for an unsupervised
hierarchical clustering analysis of genome-wide DNA
methylation. The resulting findings demonstrated that these
cell lines could be classified as an MYC subgroup (Figure
5A). This result was further substantiated by a t-distributed
stochastic neighbor embedding (tSNE)based analysis,
(Figure 5B), suggesting that these cell lines had originated
from the same cell population.

In vitro and in vivo characterization of cell lines using a
xenograft model. We further examined whether these cell
lines show different growth properties in culture. Figure 6A
shows similar growth rates for their proliferation in culture
with doubling time of approximately 48 h for both cell lines. 

We next assessed the ability of each cell line to form
tumors in immunocompromised mice after subcutaneous
inoculation. As shown in the right panel of Figure 6B, on day
7 after injection two of the four mice that had 1×106 KP-
MRT-KSa cells injected showed a single subcutaneous mass.
Four weeks after injection, these two xenograft masses had
grown exponentially, and 98 days after injection, the
xenografted mice were sacrificed, followed by resection of
the tumors (Figure 6C). On the other hand, none of the four
mice that had 1×106 KP-MRT-KS cells injected had
developed tumors even by day 28 after injection (Figure 6B,
left panel). We therefore injected an additional 4×106 KP-
MRT-KS cells on the site opposite to the previous injection
site. Although two of these four mice developed small
palpable masses, these were transient and eventually
disappeared. Since no tumors developed in any of the four
mice injected with KP-MRT-KS cells, these cells showed a
difference with KP-MRT-KSa cells (Figure 6B, left panel). 
Histological examination revealed that the tumors derived
from the KP-MRT-KSa cell line contained small round cells
with a typical eosinophilic intracytoplasmic inclusion body
with negative SNF5 stain, a finding which resembled that for
the original tumor (Figure 6C). 

Discussion

As a result of the study presented here, we could establish a
pair of MRT cell lines, KP-MRT-KS and KP-MRT-KSa, that
were derived from two different sites of a synchronous MRT
patient suffering from RTPS, displaying similar histological
and genetic findings to the characteristic features of the
tumor cells from which the cell lines were derived. 

The definition of RTPS specifies the presence of multiple
Rhabdoid tumors and molecular identification of a germline
heterozygous pathogenic variant allele, either SNF5 or
SMARCA4 (Brg-1) (13). Thus, it has been indicated that
significant genes for tumor development exist not only in
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somatic mutatiosn but also in germline mutations (37). In our
patient, a point-mutation in exon 2 of the SNF5 gene (c.157
C>T) was identified as a germline mutation. On the other
hand, a duplication in exon 5 of the SNF5 gene
(c.551_569dup19) had arisen in tumor cell as an additional
somatic mutation during the first step in tumor initiation.
Taken together, our case is compatible with RTPS with
synchronous tumors having a de novo germline mutation in
exon 2 in multiple sites. 

The presence of the non-sense nucleotide substitution
c.157 C>T in exon 2 has been previously reported in two
cases of RTPS (19, 32) in another tumor cell line, KP-MRT-
RY, derived from the patient. Eaton et al. have also reported
genomic duplication, c.548_566dup19 and c.553_565dup13
(19), which generate a premature stop codon that is similar
to the c.551_569dup19 of the present case. Although it is
possible that there are hot spots for mutations in the SNF5
gene, which may feature a geographical distribution, the
exact frequencies and variations of SNF5 gene alterations
have not yet reported in any Japanese studies. Further
examinations are, thus, needed to clarify those points with
regard to Japanese patients. 

As for the question where the relapsed disseminating
CNS lesions occurred in our patient, DNA methylation
profiling analysis and precise genotyping provided the
answer. Pinto et al. have demonstrated that the DNA

methylation signature of the genomic DNA differs between
CNS and extra-CNS lesions in most cases of synchronous
or metachronous multifocal MRT tumors, even if these
carry the same SNF5 alteration (23). In our case, the KP-
MRT-KSa cells from ascites, containing relapsed CNS
tumor cells and KP-MRT-KS cells from the neck tumor,
showed similar DNA methylation and gene expression
patterns. From this point of view, the relapsed CNS lesions
may have originated as a result of metastasis from the MRT
neck tumor after treatment, although the possibility remains
that the former lesion was derived from the initial
cerebellum lesion. Nevertheless, the important point is that
these two cell lines also had the same compound gene
alteration, thus, providing further evidence that these two
cell populations originated from a single cell. These
findings show that DNA methylation profiling analysis
should serve as a useful tool not only for detecting MRT
subgroups but also for investigating the pathogenesis of
synchronous MRT patients. Elucidation of the mechanisms
through which epigenetic aberrations develop due to SNF5
loss could lead us to a more profound understanding of
MRT tumorigenesis.

Although KP-MRT-KS and KP-MRT-KSa cells have a
similar epigenetic background, as evidenced by the DNA
methylation results, and share the same compound genetic
alteration at the SNF5 loci, their tumorigenic capability in
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Figure 5. Identification by means of unsupervised cluster analyses of three distinct molecular subgroups of atypical teratoid rhabdoid tumor (ATRT).
A) Unsupervised hierarchical clustering of ATRT methylation profiles. Both cell lines could be classified as an ATRT-MYC subgroup. B) A t-
distributed stochastic neighbor embedding (tSNE)based analysis revealed that both cell lines were displayed at almost the same position.
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Figure 6. Cell growth characteristics and tumorigenicity of KP-MRT-KS and KP-MRT-KSa cell lines in vitro and in vivo. (A) Cell growth in vitro.
Both cell lines showed similar growth rates (proliferation) in culture. B) Xenograft model. Tumors developed in two of the four mice injected with
KP-MRT-KSa cells, but no tumor developed in any of the mice with KP-MRT-KS cells. (C) Two representative athymic mice with subcutaneous
tumor inoculated with KP-MRT-KSa cells. D) Histopatological findings of the KSa1 tumor. Left column shows H&E staining (top row: 200×, bottom
row: 400×) and right column shows images of the KSa1 tumor with SNF5 immunostaining (top row: H&E, bottom row: SNF5; brown colour). 



vivo showed sharp differences. It is possible that KP-MRT-
KSa cells, which were obtained at the end of the clinical
course, may have undergone additional mutations that may
have contributed to their survival and/or growth potential to
resist anti-tumoral agents or irradiation. Further examination
of the genomic differences between KP-MRT-KS and KP-
MRT-KSa cells can thus be expected to lead to a more
detailed understanding of the mechanisms of resistance to
chemotherapy and radiation therapy. 

In conclusion, this is the first report describing the
establishment of a pair of cell lines from a synchronous MRT
patient with RTPS. Now that MRT cell lines with their
distinct epigenetic signature are becoming available,
including the two cell lines described in this report, these
will surely contribute to further elucidation of the
tumorigenesis mechanism in relation to the epigenetic
control of this aggressive and dismal pediatric tumor.
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