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Rhabdoid tumor is characterized by rhabdoid cells and shows complete loss of SMARCB1/INI1 protein expression.
In existing classifications, the diagnostic synonyms vary depending on the anatomic site: rhabdoid tumors in the
central nervous system or extra-central nervous system are, respectively, classified as atypical teratoid/rhabdoid
tumor or malignant rhabdoid tumor. In this study, we analyzed the histological, immunohistochemical, microRNA,
and clinicopathological statuses of tumors initially diagnosed as malignant rhabdoid tumor (n=33), atypical
teratoid/rhabdoid tumor (n=11), and pediatric undifferentiated/unclassified sarcoma (n=8) with complete loss of
SMARCB1/INI1 expression, and considered the possibility of their histological reclassification. Our analysis
indicated that the tumors could be histologically reclassified into three groups: conventional-type tumors
resembling malignant rhabdoid tumor, atypical teratoid/rhabdoid-type tumors resembling atypical teratoid/
rhabdoid tumor, and small cell-type tumors resembling malignant lymphoma. The reclassified conventional type
was composed of 27 malignant rhabdoid tumors and 9 atypical teratoid/rhabdoid tumors (36 cases). The atypical
teratoid/rhabdoid type consisted of six malignant rhabdoid tumors, two atypical teratoid/rhabdoid tumors, and two
undifferentiated/unclassified sarcomas (10 cases). The six cases of small cell type were made up of six
undifferentiated/unclassified sarcomas. All of the available tumor specimens were positive for vimentin and
epithelial marker (EMA, CAM5.2, or AE1/AE3). MicroRNA profiles were not significantly different between the
conventional- and small cell-type tumors (Pearson's correlation coefficient: 0.888300 or 0.891388). There was no
significant difference in overall survival between atypical teratoid/rhabdoid tumor and malignant rhabdoid tumor
(P=0.16). In addition, there were no significant differences in survival between any of the reclassified
combinations. In conclusion, we could classify eight tumors initially diagnosed as undifferentiated/unclassified
sarcomas into two cases of atypical teratoid/rhabdoid type and six cases of small cell type. We suggest that
reclassification of malignant rhabdoid tumors into three groups according to their histologic features rather than
the traditional classification by sites of origin would be favorable for their histopathological diagnosis.
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The ATP-dependent SWI/SNF complex represents a
novel link between chromatin remodeling and tumor
suppression, as recurrent mutations in subunits of
the complex have now been identified in various
cancers.1 SMRRCB1/INI1 is one of the evolutionarily
conserved core subunits in this complex and is
ubiquitously expressed in the nuclei of all normal
cells.2 Disruption of SMARCB1/INI1 expression in
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mice results in early embryonic lethality: SMARCB1/
INI1-null embryos die between 3.5 and 5.5 days
postcoitum.3 Loss of SMARCB1/INI1 protein expres-
sion has recently been identified in a variety of tumors,
and growing evidence indicates that this complex
including SMARCB1/INI1 has widespread roles in
tumor suppression.1,2

Malignant rhabdoid tumor was originally described
in 1978 as a rhabdomyosarcomatoid variant of Wilms’
tumor; malignant rhabdoid tumor was the first
reported SMARCB1/INI1-deficient tumor, and is repre-
sentative of the others discovered thereafter.4 Follow-
ing the discovery of malignant rhabdoid tumor, a
complete loss of SMARCB1/INI1 protein expression
was observed in pediatric neoplasms such as atypical
teratoid/rhabdoid tumor, some unclassified sarcomas,
and about half of pediatric myoepithelial carcino-
mas.2,5–7 Recently, a rare variant of malignant rhabdoid
tumor (SMARCB1/INI1-positive/SMARCA4/BRG1-
negative) was also reported.8 These tumors are known
to have common histological and immunohistochem-
ical features such as the appearance of rhabdoid cells,
which are characterized by the existence of a large
eosinophilic inclusion within the cytoplasm, eccentric
nuclei and prominent nucleoli, and coimmunoexpres-
sion of epithelial and non-epithelial markers.2,5–7

In the present study, we analyzed the histological,
immunohistochemical, microRNA, and clinico-
pathological status in tumors initially diagnosed as
malignant rhabdoid tumor, atypical teratoid/rhab-
doid tumor, and pediatric undifferentiated/unclassi-
fied sarcoma with complete loss of SMARCB1/INI1
expression. Moreover, we proposed the possibility of
histological reclassification of these tumors, empha-
sizing their morphological features.

Materials and methods

Patients

The present cases of malignant rhabdoid tumor,
atypical teratoid/rhabdoid tumor, and pediatric
undifferentiated/unclassified sarcoma with complete
loss of SMARCB1/INI1 expression were selected

from among more than 20 000 cases of bone, soft-
tissue, and pediatric tumors registered in the
Department of Anatomic Pathology, Graduate School
of Medical Sciences, Kyushu University, Fukuoka,
Japan between 1975 and 2015. The primary mono-
clonal antibody used in the case selection was
BAF47, an antibody to the SMARCB1/INI1 gene
product (clone 25; 1:250; 20-min microwave; BD
Transduction Laboratories, San Diego, CA). Conse-
quently, formalin-fixed, paraffin-embedded speci-
mens of 33 malignant rhabdoid tumors, 11 atypical
teratoid/rhabdoid tumors, and 8 pediatric undiffer-
entiated/unclassified sarcomas (no staining of
SMARCB1/INI1 in tumor nuclei) (Supplementary
Table and Table 1) were available. These samples
had been obtained from open biopsy specimens or
surgically resected tumors. Case 1 and 2 of Table 1
were previously reported by Hachitanda et al.9 and
Tanaka and co-workers,10 respectively. In all cases,
the diagnosis was based on light microscopic
examination with hematoxylin and eosin (HE) stain-
ing according to the most recent World Health
Organization classification.5,11,12 Each sample was
prepared from a different patient.

MicroRNA microarray analysis was performed in
six frozen tumor samples (five malignant rhabdoid
tumors; one pediatric undifferentiated/unclassified
small round cell sarcoma, case 5 of Table 1) and
three frozen samples of surrounding non-tumorous
skeletal muscle that were collected from patients
with various types of sarcoma as controls.

Immunohistochemistry

Immunohistochemical staining using the universal
immunoperoxidase polymer method (Envision Kit;
Dako-Japan, Tokyo, Japan) or streptavidin–biotin–
peroxidase method (Histofine; Nichirei, Tokyo,
Japan) was performed for all available cases. For-
malin-fixed, paraffin-embedded tissue was sectioned
at 3 μm. Antigen retrieval was carried out by boiling
the slides with 10mM sodium citrate (pH 6.0) or
Target Retrieval Solution (DAKO, Carpinteria, CA).
The primary antibodies and staining conditions

Table 1 Summary of undifferentiated/unclassified SMARCB1/INI1-deficient tumor

Case Age Sex Site Follow-up
Reclassified
type

Rhabdoid
cell Cytoplasm

Myxoid
matrix

Metaplastic
element

Spindle-
shaped cell Additional statement

1 0 day M Liver 4 days DOD AT/R + + − − − Glandular structure
2 0 day M Temple 7 months DOD AT/R + + − + + Glandular structure,

squamoid cell nest
3 5 months F Retroperitoneum 1-month DOD Small cell − A few − − −
4 9 months M Buttock 2 months DOD Small cell − A few − − −
5 1 year F Pelvic cavity 15 months TRD Small cell − − − − − No residual tumor at

the time of death
6 3 years F Pelvic cavity 8 months DOD Small cell − − − − −
7 4 years M Retroperitoneum 80 months NED Small cell − − − − −
8 7 years F Urinary bladder not available Small cell − A few − − −

Abbreviations: AT/R, atypical teratoid/rhabdoid; DOD, dead of disease; F, female; M, male; NED, no evidence of disease; TRD, treatment-
related death.
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are summarized in Table 2. Immunoreactivity was
graded semiquantitatively as follows: 0, no staining;
1+, o5% of tumor cells reactive; 2+, 5–25% of
tumor cells reactive; 3+, 26–50% of tumor cells
reactive; and 4+, 450% of tumor cells reactive.
Appropriate controls were used throughout.

MicroRNA Array

Total RNAs, including microRNAs, were extracted
from frozen samples using an miRNeasy Mini Kit
(Qiagen Japan, Tokyo, Japan) according to the
manufacturer’s instructions.

MicroRNA array analysis was conducted in the
same way as described previously.13,14 Extracted
total RNA was labeled with Hy5 using a miRCURY
LNA Array miR Labeling Kit (Exiqon, Vedbaek,
Denmark). Labeled RNAs were hybridized onto
3D-Gene Human miRNA Oligo chips containing
837 antisense probes printed in duplicate spots
(Toray, Kamakura, Japan). The annotation and oligo-
nucleotide sequences of the probes were designed to

correspond to those in the miRBase miRNA database
(http://microrna.sanger.ac.uk/sequences/). The chips
were stringently washed, and fluorescent signals were
scanned with a ScanArray Lite Scanner (Perkin-
Elmer, Waltham, MA) and analyzed using GenePix
Pro version 5.0 (Molecular Devices, Sunnyvale, CA).
The raw data for each spot were normalized by
substituting the mean intensity of the background
signal, which was determined from the signal
intensities of all the blank spots with 95% confidence
intervals. Measurements of both duplicate spots with
signal intensities 42 s.d. of the background signal
intensity were considered to be valid. The relative
expression level of a given miRNA was calculated by
comparing the signal intensities of the averaged valid
spots with their mean value throughout the micro-
array experiments after normalization by their median
values adjusted equivalently.

Results

Histological Findings

The pediatric SMARCB1/INI1-deficient tumors in
the present study, which consisted of malignant
rhabdoid tumor, atypical teratoid/rhabdoid tumor,
and undifferentiated/unclassified sarcoma, could be
classified into three groups based on their histology:
conventional type, atypical teratoid/rhabdoid type,
and small cell type. The reclassified histological
definitions are summarized in Table 3.

The first type, into which 36 of the present cases
were classified (10 of the 14 cases of malignant
rhabdoid tumor of the kidney; 17 of the 19 cases of
extrarenal malignant rhabdoid tumor; and 9 of the
11 cases of atypical teratoid/rhabdoid tumor)
resembled conventional malignant rhabdoid tumor.
This conventional type showed a proliferation
of epithelioid tumor cells having large, vesicular,
and oval-to-polygonal nuclei, prominent nucleoli,
and scant-to-abundant eosinophilic cytoplasms,

Table 2 Primary antibodies used in this study

Antigen Clone Source Dilution Antigen retrieval time

Vimentin V9 Dako Cytomation, Carpinteria, CA Prediluted None
EMA E29 Dako Cytomation, Carpinteria, CA 1:400 None
CAM5.2 CAM5.2 Becton-Dickinson, Mountain view, CA 1:20 Trypsin, 37℃, 30 min
AE1/AE3 AE1/AE3 Dako Cytomation, Carpinteria, CA 1:1000 Citrate buffer, 99℃, 30 min
Desmin D33 Dako Cytomation, Carpinteria, CA 1:100 None
α-SMA 1A4 Sigma Chemicals, St Louis, MO 1:5000 None
p63 4A4 Santa Cruz Biotechnology, Dallas, TX 1:100 Citrate buffer, 99℃, 20 min
S-100 protein Polyclonal Dako Cytomation, Carpinteria, CA 1:400 Trypsin, 37℃, 30 min
NSE Polyclonal Nichirei Biosciences, Tokyo, Japan Prediluted None
GFAP GA5 Millipore, Temecula, CA 1:200 Citrate buffer, 99℃, 20 min
ERG 9FY BioCareMedical, Concord, CA 1:100 Target Retrieval Solution, 99℃, 20 min
SALL4 6E3 Abnova, Taipei, Taiwan 1:1000 Citrate buffer, 99℃, 20 min
Glypican-3 1G12 BioMosaics, Burlington, VT 1:200 Target Retrieval Solution, 99℃, 20 min
CD34 QBEnd/10 Leica Microsystems, Tokyo, Japan 1:50 Trypsin, 37℃, 30 min
β-Catenin 14/β-catenin BD Biosciences, Bedford, MA 1:200 Citrate buffer+Tween, 99℃, 15 min

Table 3 Histological definition of reclassified malignant
rhabdoid tumor

Conventional type
Frequent rhabdoid cells
(some cases have only a small number of typical rhabdoid cells)
Undifferentiated small round cell with scant cytoplasm
Sheet or solid trabecular arrangement

Atypical teratoid/rhabdoid type
Above conventional feature
Basophilic or mucopolysaccharide-rich myxoid matrix
Mesenchymal differentiation (spindle-shaped cell)
Epithelial differentiation (papillary, adenomatous, ribbon, or
cord structures)

Small cell type
Rhabdoid cell (− )
Small round cells with scant cytoplasm
Sheet arrangement
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arranged in sheets or in solid trabecular or solid
alveolar patterns (Figures 1a and b). Rhabdoid cells
with globoid and hyaline cytoplasmic inclusion and
eccentric nuclei were focally-to-frequently recog-
nized. Tumor necrosis, atypical mitotic figures, and
hemorrhage were also seen. Six cases contained a
myxoid matrix (Figure 1c). Lobulated or multi-
nodular architecture, granulomatous appearance,
metaplastic elements, abundant hyalinized or chon-
dromyxoid matrix, or paracholdoma-like vacuolated
cytoplasm were not evident.

The second type, into which 10 cases were
classified (4 of the 14 cases of malignant rhabdoid
tumor of the kidney; 2 of the 19 cases of extrarenal
malignant rhabdoid tumor; 2 of the 11 cases of
atypical teratoid/rhabdoid tumor; and 2 of the 8
cases of undifferentiated/unclassified sarcoma)
resembled atypical teratoid/rhabdoid tumor with
mesenchymal or epithelial features. This atypical
teratoid/rhabdoid type showed a proliferation of

epithelioid tumor cells having large, vesicular, and
oval-to-polygonal nuclei, prominent nucleoli, ;and
scant-to-abundant eosinophilic cytoplasm, arranged
in sheets or in solid trabecular or solid alveolar
patterns, accompanied by rhabdoid cells. The major-
ity of tumors of this type showed tumor necrosis,
atypical mitotic figures, and hemorrhage. Spindle-
shaped tumor cell components were also recognized
in 9 of the 10 atypical teratoid/rhabdoid-type cases
(Figure 2a). Two cases of undifferentiated/unclassi-
fied sarcoma showed epithelial-like components
arranged in rosette, pseudoglandular, or cord pat-
terns (Figure 2b). One case of undifferentiated/
unclassified sarcoma showed squamoid cell nests
(Figure 2c). Two cases contained a myxoid matrix.
Lobulated or multinodular architecture, granuloma-
tous appearance, and parachordoma-like vacuolated
cytoplasm were not evident.

The third type, into which six cases were classified
(six of the eight undifferentiated/unclassified

Figure 1 Conventional-type tumors. Rhabdoid cells were arranged in a sheet (a, 2-year-old female, back) or alveolar (b, 2-year-old male,
kidney pattern). A small nested pattern with focal myxoid matrix was also observed (c, 1-month-old male, thigh).
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sarcoma cases), were malignant lymphoma-like
small round cell tumors without rhabdoid cells.
This small cell type showed a proliferation of
uniform small round tumor cells having hyperchro-
matic nuclei, prominent nucleoli, and scant cyto-
plasms arranged in sheets (Figure 3). The majority of
tumors of this type showed tumor necrosis, atypical
mitotic figures, and hemorrhage. Rhabdoid cells,
lobulated or multinodular architecture, granuloma-
tous appearance, metaplastic elements, and abun-
dant hyalinized or chondromyxoid matrix were not
evident.

Immunohistochemical Findings

The results of the immunohistochemical analysis
are summarized in Tables 4a and b. All of the

available tumor specimens were positive for vimen-
tin and epithelial marker (EMA, CAM5.2, or
AE1/AE3) (Figures 4a–c). In particular, epithelial-
like components of atypical teratoid/rhabdoid type
were diffusely and strongly positive for these
epithelial markers, but not in the globular pattern
of staining typical of malignant rhabdoid tumor.
Positivity for α-SMA was observed in 63% of
conventional-type and 67% of atypical teratoid/
rhabdoid-type tumors, but in only 25% of small
cell-type tumors. Only two cases were positive for
desmin. Three of the 30 (10%) reclassified cases
were positive for ERG, but positivity for SALL4 and
GPC3 was seen in only 19 of the 31 (58%) and 22 of
the 37 (59%) reclassified cases, respectively. Twelve
of the 38 (32%) reclassified cases showed CD34
immunoexpression (Figure 4d).

Figure 2 Atypical teratoid/rhabdoid-type tumors. Spindle-shaped cells were arranged in a fascicular pattern (a, 1-year-old female,
kidney). Epithelioid cells were arranged in tubular or glandular structures (b, newborn male, liver). Squamoid cells having abundant clear-
to-eosinophilic cytoplasms and sharp cell boundaries arranged in a nested pattern were observed (c, newborn male, temple).

Modern Pathology (2016) 29, 1232–1242
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MicroRNA Array Analysis

Five of the cases of malignant rhabdoid tumor and
one case of pediatric undifferentiated/unclassified
small round cell sarcoma (Table 1, case 5) were
reclassified as conventional- and small cell-type
tumors, respectively.

An unsupervised hierarchical clustering based on
the relative expression of microRNAs with valid
duplicate spots showed distinctive expression pro-
files for tumor samples and non-tumorous skeletal
muscle samples (Pearson's correlation coefficient,
0.795641). However, the microRNA profiles in
the MRTs (reclassified conventional-type) and pedia-
tric undifferentiated/unclassified small round cell
sarcoma (reclassified small cell-type) were inter-
mingled (Pearson's correlation coefficient, 0.888300
or 0.891388) (Figure 5).

Follow-up

Follow-up data were available in 37 malignant
rhabdoid tumor cases (kidney, 11 cases; soft tissue
and liver, 15 cases; central nervous system, 11 cases)
and 7 undifferentiated/unclassified sarcoma cases
with a mean follow-up duration of 26 months (range
1–204 months). The overall survival rate was
not significantly different between initially diag-
nosed atypical teratoid/rhabdoid tumor of the central
nervous system and malignant rhabdoid tumor of the
extra-central nervous system (P=0.16) (Figure 6a).
There were also no statistically significant differ-
ences in any of the reclassified combinations (con-
ventional type vs atypical teratoid/rhabdoid type,
P=0.73; conventional type vs small cell type,
P=0.58; atypical teratoid/rhabdoid type vs small
cell type, P=0.74) (Figure 6b).

Discussion

Malignant rhabdoid tumor has been shown to occur
in a wide variety of extrarenal sites and in the central
nervous system.15 The first example affecting the
central nervous system was simply called rhabdoid
tumor.5 These tumors were named atypical teratoid/
rhabdoid tumor when they occurred in the central
nervous system to call attention to the disparate
combination of rhabdoid, primitive neuroepithelial,
epithelial, and mesenchymal components.5,16,17
However, in our present study we found six cases
of extra-central nervous system malignant rhabdoid
tumor with atypical teratoid/rhabdoid tumor-like
features and nine cases of central nervous system
atypical teratoid/rhabdoid tumor with conven-
tional malignant rhabdoid tumor-like features. In
addition, two cases of extra-central nervous system
undifferentiated/unclassified sarcoma with mas-
sively epithelial and mesenchymal components were
recognized. Although epithelial and mesenchymal
features such as glandular pattern or sarcomatoid
spindle-shaped tumor cells are not included under
the category of extrarenal rhabdoid tumor in the
World Health Organization classification of bone and
soft-tissue tumors, this current study shows that
these features can actually be seen in extrarenal
malignant rhabdoid tumor.12

As for the immunohistochemical profile and
prognosis, there were no significant differences
between the two existing classifications: rhabdoid
tumor of the extra-central nervous system (malignant
rhabdoid tumor) and rhabdoid tumor of the central
nervous system (atypical teratoid/rhabdoid tumor).
In our reclassified criteria as well, no statistically
significant differences in prognosis were found.
However, immunoreactivity for cytokeratins
(CAM5.2 and AE1/AE3), smooth muscle marker
(α-SMA) or neural marker (S-100 protein) was more
frequent in the conventional or atypical teratoid/
rhabdoid type than in the small cell type. The small
cell type may be a more poorly differentiated form
compared with the conventional type and atypical
teratoid/rhabdoid type, and our present data sug-
gested the present criteria based on histological
features. Therefore, it seemed desirable that rhab-
doid tumor be reclassified according to histological
characteristics rather than the anatomic sites of
occurrence.

With respect to the differential diagnosis, the
histological features of malignant rhabdoid tumor
particularly resemble those of epithelioid sarcoma,
especially proximal-type epithelioid sarcoma. At
present, immunoreactivity for CD34 is generally
accepted as a differential marker; approximately half
of all epithelioid sarcoma cases are positive for
CD34, whereas malignant rhabdoid tumor cases
scarcely reveal immunoreactivity for this
marker.18–23 In the present study, CD34 immunor-
eactivity was found in 12 of the 38 rhabdoid tumor
cases (31%), and the previously reported

Figure 3 Small cell-type tumors. Uniform small rounded cells
with scant cytoplasm were arranged in a sheet pattern (4-year-old
male, retroperitoneum).
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Table 4a Immunohistochemical summary of initially diagnosed as malignant rhabdoid tumor (kidney and extrarenal region) and atypical teratoid/rhabdoid tumor (central nervous
system)

Vimentin EMA CAM5.2 AE1/AE3 Desmin α-SMA p63 S-100 NSE GFAP ERG SALL4 GPC3 CD34 β-Catenin

Kidney
Positive extent 14/14, 100% 11/13, 85% 11/14, 79% 7/13, 54% 0/12, 0% 8/12, 67% 2/12, 17% 7/10, 70% 10/10, 100% 7/10, 70% 0/10, 0% 8/10, 80% 4/10, 40% 5/10, 50% 10/10, 100%
4+ 13 2 0 0 0 2 0 0 3 2 0 0 0 0 4
3+ 1 4 1 0 0 0 0 0 2 0 0 3 1 1 3
2+ 0 3 4 1 0 3 2 3 5 4 0 3 2 3 2
1+ 0 2 6 6 0 3 0 4 0 1 0 2 1 1 1
0 0 2 3 6 12 4 10 3 0 3 10 2 6 5 0

Extrarenal region (soft tissue and liver)
Positive extent 18/18, 100% 17/18, 94% 17/19, 89% 18/19, 95% 2/16, 13% 11/17, 65% 1/10, 10% 8/17, 47% 6/8, 75% 4/9, 44% 1/9, 11% 5/10, 50% 12/15, 80% 4/15, 27% 10/11, 91%
4+ 16 6 5 4 0 3 0 2 5 0 1 1 3 1 6
3+ 1 2 3 3 0 2 0 1 0 3 0 1 1 0 1
2+ 0 3 2 4 1 2 0 4 0 1 0 2 4 2 1
1+ 1 6 6 7 1 4 1 1 1 0 0 1 4 1 2
0 0 1 2 1 14 6 9 9 2 5 8 5 3 11 1

Central nervous system
Positive extent 11/11, 100% 10/11, 91% 11/11, 100% 9/11, 82% 0/10, 0% 3/5, 60% 2/5, 40% 1/6, 17% 5/5, 100% 3/8, 38% 1/5, 20% 2/5, 40% 3/5, 60% 1/5, 20% 5/5, 100%
4+ 9 3 4 4 0 0 1 0 3 1 0 1 1 0 4
3+ 1 4 3 0 0 1 0 1 2 0 0 0 0 0 0
2+ 0 2 0 1 0 2 0 0 0 1 1 1 2 0 0
1+ 1 1 4 4 0 0 1 0 0 1 0 0 0 1 1
0 0 1 0 2 10 2 3 5 0 5 4 3 2 4 0

Abbreviation: SMA, smooth muscle actin.

Table 4b Immunohistochemical summary of reclassified malignant rhabdoid tumor

Vimentin EMA CAM5.2 AE1/AE3 Desmin α-SMA p63 S-100 NSE GFAP ERG SALL4 GPC3 CD34 β-Catenin

Conventional type
Positive extent 36/36, 100% 31/34, 91% 32/36, 89% 31/36, 86% 2/31, 6% 17/27, 63% 5/20, 25% 14/27, 52% 17/19, 63% 11/23, 48% 1/19, 5% 13/20, 65% 16/24, 67% 9/24, 38% 20/21, 95%
4+ 32 8 8 7 0 4 1 2 9 2 0 2 2 1 11
3+ 2 9 5 3 0 3 0 2 2 3 0 3 2 1 3
2+ 0 7 5 5 1 6 2 6 5 4 1 5 8 5 3
1+ 2 7 15 16 1 4 2 4 1 2 0 3 4 2 3
0 0 3 3 5 29 10 15 13 2 12 18 7 8 15 1

Atypical teratoid/rhabdoid type
Positive extent 9/9, 100% 9/10, 90% 8/10, 80% 5/9, 56% 0/9, 0% 6/9, 67% 1/9, 11% 3/8, 38% 6/6, 100% 4/7, 57% 2/6, 33% 3/6, 50% 4/8, 50% 3/8, 38% 10/10, 100%
4+ 7 4 2 1 0 1 0 0 3 1 2 0 2 0 3
3+ 1 1 2 2 0 0 0 1 2 0 0 2 1 0 1
2+ 1 2 2 1 0 1 0 1 1 3 0 1 0 0 2
1+ 0 2 2 1 0 4 1 1 0 0 0 0 1 3 1
0 0 1 2 4 9 3 8 5 0 3 4 3 4 5 0

Small cell type
Positive extent 6/6, 100% 5/6, 83% 3/6, 50% 3/6, 50% 0/6, 0% 1/4, 25% 0/5, 0% 1/6, 17% 3/4, 75% 1/4, 25% 0/5, 0% 3/5, 60% 2/5, 40% 0/6, 0% 5/5, 100%
4+ 2 0 0 0 0 0 0 1 2 0 0 2 1 0 1
3+ 1 2 0 0 0 0 0 0 1 0 0 0 1 0 1
2+ 0 1 1 0 0 0 0 0 0 1 0 0 0 0 3
1+ 3 2 2 3 0 1 0 0 0 0 0 1 0 0 0
0 0 1 3 3 6 3 5 5 1 3 5 2 3 6 0

Abbreviation: SMA, smooth muscle actin.
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immunoreactive ratio was 60%.23 Therefore, CD34
may not be useful as a differential diagnostic marker.
On the other hand, the immunoreactive ratios for
ERG, SALL4, or GPC3 in the current reclassified
rhabdoid tumor cases, including our previously
reported cases, were 10%, 61%, and 59%, respec-
tively. In the previously reported proximal-type
epithelioid sarcoma cases, ERG, SALL4, or GPC3
immunoexpression was found in 25%, 0–25%, or
5% of cases, respectively.22,23 Combined evaluations
of the immunoreactivities for ERG, SALL4, and GPC3
may thus be a useful diagnostic tool to distinguish
rhabdoid tumor from proximal-type epithelioid
sarcoma.

Undifferentiated/unclassified sarcoma is defined
as a sarcoma with no identifiable line of differentia-
tion when analyzed by presently available
technology.11 These tumors show various histologic
features and the diagnosis is one of exclusion after

application of close morphological observation and
judicious use of ancillary techniques. In the present
study, eight cases of pediatric undifferentiated/
unclassified sarcoma were found to have complete
loss of SMARCB1/INI1 expression, and could be
classified into two categories, atypical teratoid/
rhabdoid type and small cell type, based on their
histological features.

We performed microRNA array analysis to confirm
the correspondence between the small cell-type
tumors and malignant rhabdoid tumor. MicroRNAs
exert multiple biological functions by negatively
regulating the expression of their target genes
involved in development, differentiation, apoptosis,
and cell proliferation, and it is suggested that
knowledge of microRNA expression profiles in
cancer may have substantial value for diagnostic
and prognostic determinations.14,24–26 In our current
study, the microRNA profiles in the malignant

Figure 4 The cytoplasms of tumor cells in the conventional-type category were positive for vimentin (a, 2-year-old male, kidney), CAM5.2
(c, 4-month-old male, liver) and CD34 (d, 5-month-old female, kidney). Focal vimentin immunoreactivity is evident in the nuclear
periphery of small cell-type tumor cells (b, 4-year-old male, retroperitoneum).
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rhabdoid tumor group (histologically conventional
type) and undifferentiated/unclassified small round
cell tumors with complete loss of SMARCB1/INI1
protein expression were intermingled. Further, the
overall survival of the patients with small cell-type
tumors was in the same range as the survival of
patients classified into the conventional-type and
atypical teratoid/rhabdoid-type groups. Therefore, it
was suggested that the small cell-type classification
may be considered a morphological variant of the
definition of malignant rhabdoid tumor. However,
some malignant rhabdoid tumor cases demonstrate
predominant proliferation of undifferentiated small
round cells with only a small number of typical
rhabdoid cells.12 In particular, limited biopsies may
fail to sample rhabdoid cells. Thus, in the case of
diagnosing tumors of small cell type, detailed
histological and immunohistochemical examina-
tions are necessary.

In the previous report, there were five cases of
pediatric small round cell tumor with loss of
SMARCB1/INI1 protein expression resembling our

cases of small cell type.7 One of the five cases did not
have rhabdoid cells with intracytoplasmic inclusions
at diagnosis, but did display rhabdoid cells at
definitive surgery following chemotherapy.7 There-
fore, it seems that these cases may be on the same
spectrum as malignant rhabdoid tumor, although the
outcomes were certainly more favorable than those
for malignant rhabdoid tumor: two of these patients
are alive and well after more than 15 years and the
remaining three cases are alive and well but with o2
years of follow-up.7 In our present study, one patient
with small cell-type tumor has been alive with no
evidence of disease for 80 months, and another case
died of causes related to treatment after 15 months,
carrying no residual tumor at the time of death.
However, the remaining three patients with small
cell-type tumor died of disease within 8 months.
There were no statistically significant differences in
prognosis between the small cell-type group and the

Figure 5 Global microRNA expression and unsupervised hier-
archical clustering of malignant rhabdoid tumor (MRT), undiffer-
entiated/unclassified small cell sarcoma (US), and non-tumorous
skeletal muscle (NSM). US and MRT have very close microRNA
profiles (Pearson’s correlation coefficient, 0.888300 or 0.891388).

Figure 6 Overall survival curves of patients with the existing
classifications (a, malignant rhabdoid tumor vs atypical teratoid/
rhabdoid tumor) and patients assigned to our three reclassified
groups (b, conventional-, atypical teratoid/rhabdoid- and small
cell-type tumors). There were no statistically significant differ-
ences among any of the combinations.
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other groups (conventional-type and atypical tera-
toid/rhabdoid-type).

In summary, we analyzed clinicopathological
features in cases of malignant rhabdoid tumor,
atypical teratoid/rhabdoid tumor, and pediatric
undifferentiated/unclassified sarcoma with complete
loss of SMARCB1/INI1 expression, and reclassified
them into three groups according to their histological
features: conventional-, atypical teratoid/rhabdoid-,
and small cell-type tumors. Malignant rhabdoid
tumor (rhabdoid tumors in the extra-central nervous
system) with teratoid features and atypical teratoid/
rhabdoid tumor (rhabdoid tumor in the central
nervous system) without teratoid features cases were
identified. We were able to demonstrate a very close
lineage between the cases of pediatric undifferen-
tiated/unclassified sarcoma with complete loss of
SMARCB1/INI1 protein expression and the two
rhabdoid tumor (malignant rhabdoid tumor and
atypical teratoid/rhabdoid tumor) groups. We sug-
gest that reclassification of malignant rhabdoid
tumor into three groups according to histologic
features rather than the traditional classification by
sites of organ would be favorable for their histo-
pathological diagnosis.
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