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Abstract
Epithelioid glioblastoma is among the rarest variants of glioblastoma and is not formally
recognized in the World Health Organization classification; it is composed of monotonous,
discohesive sheets of small, round cells with eccentric nuclei and eosinophilic cytoplasm
devoid of cytoplasmic stellate processes, showing the retention of nuclear staining of INI-1
protein. Here, we report a case involving a 22-year-old man with a right occipital lobe
tumor, which comprised mainly epithelioid tumor cells with a small area of diffusely
infiltrating less atypical astrocytoma cells showing a lower cell density. Array comparative
genomic hybridization separately performed for each histologically distinct component
demonstrated eight shared copy number alterations (CNAs) and three CNAs observed only
in epithelioid cells; one of the latter was a homozygous deletion of a tumor suppressor gene,
LSAMP, at 3q13.31. BRAF V600E mutation was observed both in epithelioid tumor cells
and in diffusely infiltrating less atypical astrocytoma cells. Our findings suggest that the
regional loss of LSAMP led to the aggressive nature of epithelioid cells in the present case
of epithelioid glioblastoma.

INTRODUCTION
Glioblastoma, the highest-grade tumor in the spectrum of diffusely
infiltrating astrocytic neoplasms, is morphologically heterogeneous
and harbors a great variety of genetic alterations. Various histologi-
cal subtypes are recognized, including giant cell, gemistocytic,
small cell and granular cell forms (13).

Epithelioid glioblastoma is among the rarest variants of glioblas-
toma, and is not formally recognized in the World Health Organi-
zation (WHO) classification of the central nervous system (CNS)
tumors (13–15). Epithelioid glioblastomas are composed of
monotonous, patternless sheets of small, round cells with laterally
positioned nuclei and eosinophilic cytoplasm (15). Although
epithelioid glioblastomas share similar histological features with
rhabdoid glioblastomas, and these terms have been used inter-
changeably in previously published reports (2, 10, 18, 21, 28),
Kleinschmidt-DeMasters et al proposed that polyphenotypic
immunohistochemical expression and focal loss of INI-1 protein
in the rhabdoid areas should differentiate rhabdoid glioblastomas
from epithelioid glioblastomas (13). Clinically, epithelioid gliobla-

stomas tend to occur in the first three decades of life, and the
prognosis seems to be poorer than in ordinary glioblastomas (4, 14).

BRAF V600E mutation has been found commonly in certain
CNS tumors, including pleomorphic xanthoastrocytomas (PXA)
(60%), PXA with anaplastic features (60%), gangliogliomas
(20%–60%), and extracerebellar pilocytic astrocytomas (20%) (6,
8, 16, 31). Recently, BRAF V600E mutation was also found in
epithelioid glioblastomas at the relatively high frequency of 54%
(7/13 cases) (14).

In the same series of epithelioid glioblastoma reported by
Kleinschmidt-DeMasters et al, except for a single case of second-
ary epithelioid glioblastoma with IDH1 mutation, a molecular
signature of the common type of secondary glioblastomas, which
progressed from oligoastrocytoma WHO grade II, the others were
clinically primary/de novo epithelioid glioblastomas and none of
them were positive for IDH1 mutation (14). However, original
imaging reports of some primary cases with BRAF V600E muta-
tion suggested preexisting low-grade or long-standing tumors,
despite the fact that possible precursor lesions could not be iden-
tified in the resected specimens (14).
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In this report, we present a case of primary epithelioid glioblas-
toma with small areas either of diffusely infiltrating less atypical
astrocytoma cells with a lower cell density or spindle cells. We
investigated genetic associations among the histologically distinct
tumor cells, performing molecular and cytogenetic analyses sepa-
rately for each component.

MATERIALS AND METHODS

Case history

A 22-year-old man presented with headache. Magnetic resonance
imaging (MRI) showed subcortical hemorrhage in the right occipi-
tal lobe, and the patient was treated with conservative manage-
ment. The first follow-up MRI at 4 months showed enlargement of
the hematoma without clear evidence of a tumor; however, the
second follow-up MRI at 6 months disclosed a heterogenously
enhanced mass with hemorrhagic components and prominent sur-
rounding edema in the right occipital lobe (Figure 1). A subtotal
resection of the mass was then performed. After establishing a
diagnosis, extended focal radiotherapy and chemotherapy with
temozolomide and interferon-beta were delivered. From 5 months
after surgery, local recurrence, extensive dissemination in the
intracranial and spinal subarachnoid space, and metastases to ver-
tebral bodies, the right thoracic wall, right lung and liver were
found consecutively. Palliative radiotherapy was appropriately
administered, and the patient was still alive 24 months after the
diagnosis. This study was approved by the Ethics Committee of
Gunma University.

Conventional histological analysis

Tumor sections were fixed with 10% formalin and embedded in
paraffin. Three-micrometer-thick tissue sections were cut and
stained with hematoxylin and eosin (H&E). Some sections were
double-stained with H&E and periodic acid-methenamine silver.
Immunohistochemical staining was performed on formalin-fixed,
paraffin-embedded sections. Four primary antibodies directed
against the following antigens were applied: glial fibrillary acidic

protein (GFAP) (1:5000) (24), Olig2 (1:5000) (37), vimentin (V9;
1:200; Dako, Glostrup, Denmark), cytokeratin (CAM5.2; 1:5; BD
Bioscience, San Jose, CA, USA), BAF47/INI1 (BAF47; 1:100;
BD Bioscience) and Ki-67 (MIB-1; 1:100; Dako). For coloration,
a commercially available biotin-streptavidin immunoperoxidase
kit (Histofine, Nichirei, Tokyo, Japan) and diaminobenzidine were
employed.

DNA extraction

DNA was extracted from paraffin-embedded sections separately
from an area with epithelioid tumor cells, an area of less atypical
astrocytoma cells with a lower cell density and a spindle cell area,
as previously described (12, 26).

Array comparative genomic
hybridization (CGH)

Array CGH analysis was carried out using a 4 × 180 K CGH
oligonucleotide microarray (AgilentTechnologies, Santa Clara,
CA, USA), as described previously (12, 26). The log2 ratio of
<−1.0 at the region of interest was considered to represent
homozygous deletion, and a value of −1.0 to −0.2 was considered
to represent heterozygous deletion (32).

Differential polymerase chain reaction (PCR)

A search for homozygous deletion in intron 3 of the LSAMP gene
was carried out employing differential PCR, as previously reported
(29), using two primer sets (fragments #1 and #2) located in intron
3 of the LSAMP gene with the CF gene sequence as a reference
(33). The primer sequences were as follows: 5′-AAC AGG CCG
TGA ATA AAC ACA-3′ (sense) and 5′-ACC AAA TGC GGA
TGA ATA GAG A-3′ (antisense) for fragment #1 (PCR product,
110 bp), and 5′-CAA TGG ATA GGC AAA ATC AGG A-3′
(sense) and 5′-TTC AAG CCT TGT TGC TTG CTT-3′ (antisense)
for fragment #2 (PCR product, 105 bp). The mean signal ratio of
fragments #1 and #2 to CF of normal DNA (14 non-tumoral
tissues from healthy individuals) was 0.96 and 0.98, with standard

A. B. C.

Figure 1. Magnetic resonance imaging. A. Axial T2-weighted images demonstrated a heterogenous mass with high-low signal intensity measuring
50 mm in the right occipital lobe. Prominent peritumoral edema and midline shift were seen. B. On axial T1-weighted images, heterogenous high
signal intensity suggesting a hemorrhagic component was seen. C. Axial gadolinium-enhanced T1-weighted images showed homogeneous
enhancement with strong ring-like enhancement.
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variations of 0.16 and 0.10, respectively. Samples with a ratio of
≤0.2 were considered to show homozygous deletion (23).

Fluorescence in situ hybridization
(FISH) analysis

Dual-probe hybridization using an intermittent microwave irradia-
tion method was applied to paraffin-embedded, 4-μm-thick tissue
sections, as described previously (36). A 4q34.3–4q35.1 probe
was prepared from a bacterial artificial chromosome (BAC)
clone, RP11-713O21, labeled with ENZO Orange-dUTP (Abbott
Molecular Inc., Des Plaines, IL, USA), and a 4p15.2 probe was
prepared from a BAC clone RP11–758 M15 labeled with ENZO
Green-dUTP (Abbott Molecular Inc.).

Reverse transcription (RT)-differential PCR

An RNeasy FFPE kit (Qiagen, Hilden, Germany) was used to
isolate total RNA from paraffin-embedded sections, separately
from an area with epithelioid tumor cells and from an area of
diffusely infiltrating less atypical astrocytoma cells with a lower
cell density. First-strand cDNA was synthesized from total RNA
using the SuperScript VILO cDNA Synthesis Kit (Life Technolo-
gies Carlsbad, CA, USA). Then, differential PCR was performed
as previously reported (11), using a primer set covering exon
boundary 3–4 of the LSAMP mRNA with the GAPDH mRNA
sequence as a reference (20). The primer sequences were as
follows: 5′-CCT GAA CCT GTT ATC ACC TGG A-3′ (sense) and
5′-GAC CTC GTT GGC AGC TTT G-3′ (antisense) for LSAMP
(PCR product, 135 bp). Human brain-derived BioBank cDNA
(PrimerDesign, Southampton, UK) was used as a normal control.

Direct DNA sequencing for BRAF and
IDH1/2 mutations

Genomic DNA separately extracted from an area with epithelioid
tumor cells and a small area of diffusely infiltrating less atypical
astrocytoma cells with a lower cell density was amplified by PCR
using primers for exon 15 of the BRAF gene and exon 4 of the
IDH1 and IDH2 genes. The primer sequences were previously
reported (1, 31, 34). PCR products were sequenced on a 3130xl
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA)
with the Big Dye Terminator v.1.1 Cycle Sequencing Kit (Applied
Biosystems) following standard procedures.

RESULTS

Pathological findings

On histopathologic examination, the tumor was composed mainly
of discohesive sheets of medium-sized, uniform cells with round
cytoplasmic contours and eosinophilic cytoplasm devoid of cyto-
plasmic stellate processes (Fig 2A,B). The nuclei were large,
mostly eccentric, and variable in shape: round, ovoid, reniform,
crescent or ring-like (Figure 2B). The cells often had less defined
hyalinized cytoplasmic inclusions, some of which contained fine
basophilic granules (Figure 2B). Small cytoplasmic vacuoles were
also found in some tumor cells. Multiple mitotic figures were
found. Interspersed neuropil was absent (Figure 2B). Prominent

hemorrhage and extensive coagulative necrosis were seen
(Figure 2C left). Microvascular proliferation was absent. Tumor-
cell invasion into the vascular wall was observed (Figure 2C right).
These characteristics are consistent with the descriptions of
epithelioid glioblastoma by Kleinschmidt-DeMasters et al (13,
14). These epithelioid tumor cells accounted for more than 90% of
the tumor tissue.

In addition, a small area of the tumor displayed the proliferation
of well-differentiated neoplastic fibrillary astrocytes in the back-
ground of a loosely structured matrix (Figure 2D,E). Histological
features of pilocytic astrocytoma or pleomorphic xanthoastrocy-
toma, such as bipolar piloid processes, a microcystic structure,
cellular pleomorphism, Rosenthal fibers or eosinophilic granular
bodies, were not obvious. Mitotic figures were absent.

Furthermore, another small part of the tumor extending within
the subarachnoid space showed spindle-shaped cells (Figure 2F).
These cells had discernible nucleoli, and three mitoses were
detected in 10 high-power fields.

GFAP immunoreactivity was identified in a limited number
of epithelioid cells (Figure 3A), but was diffusely obserbed in
less atypical astrocytoma cells (Figure 3B). The cytoplasm of
epithelioid cells showed diffuse and strong staining with vimentin
(Figure 3C). Nuclear Olig2 staining was noted only in a small
number of epithelioid cells (Figure 3D). Cytoplasmic immunos-
taining of cytokeratin CAM5.2 was not identified in epithelioid
cells (Figure 3E). The retention of nuclear staining of INI-1 was
observed throughout the specimen (Figure 3F). MIB-1 labeling
indexes of epithelioid tumor cells, less atypical astrocytoma cells
with a lower cell density, and spindle tumor cells were 22.6%, 2.4%
and 8.3%, respectively.

Array CGH

Array CGH showed 11 copy number alterations (CNAs). Eight
CNAs were detected in all three histological areas analyzed
(Table 1), while the others (a homozygous deletion in LSAMP, a
heterozygous deletion in ODZ3, and a heterozygous deletion in
LRP1B) were found only in epithelioid tumor cells (Figure 4A–C).
The homozygous deletion in LSAMP was in intron 3, and its size
was 43 kb.

Validation of array CGH data

Differential PCR was carried out to assess the homozygous dele-
tion in intron 3 of the LSAMP gene, which was detected by array
CGH, in epithelioid tumor cells and diffusely infiltrating less
atypical astrocytoma cells using two primer sets (fragments #1 and
#2), and the deletion was confirmed in epithelioid tumor cells
(Figure 4A).

FISH analysis was carried out to assess the heterozygous dele-
tion in ODZ3, which was detected by array CGH, in epithelioid
tumor cells and less atypical astrocytoma cells, and the deletion
was revealed only in epithelioid tumor cells (Figure 4B).

LSAMP mRNA expression

RT-differential PCR detected LSAMP mRNA expression in a small
area of diffusely infiltrating less atypical astrocytoma cells (28%
reduction compared with normal control), but the expression was
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below the detection limit in an area with epithelioid tumor cells
(Figure 4A).

BRAF and IDH1/2 mutations

The heterozygous BRAF V600E mutation was found both in an
area with epithelioid tumor cells and in a small area of diffusely
infiltrating less atypical astrocytoma cells (Figure 5). No mutation
in exon 4 of IDH1 and IDH2 was observed in either area analyzed
(data not shown).

DISCUSSION
In the current study, array CGH was performed separately for
epithelioid tumor cells, which accounted for the majority of the
tumor, a small area of diffusely infiltrating less atypical astrocy-
toma cells with a lower cell density, and a spindle cell area in a
single case of epithelioid glioblastoma. The results demonstrated
that 8 of 11 CNAs were identical in all tumor areas analyzed
(Table 1, Figure 4D). Among 3 CNAs specific to epithelioid tumor
cells, we focused on the only homozygously deleted gene, that is,
LSAMP at 3q13.31. Deletion of LSAMP has been reported to be

involved in tumorgenesis (5, 17, 27, 35). The LSAMP gene has
been established as a tumor suppressor gene, which was frequently
deleted, down-regulated or epigenetically silenced in osteosar-
coma and renal cell carcinoma (5, 17, 27, 35). Recent data from
The Cancer Genome Atlas, analyzing 578 samples of glioblas-
toma, showed infrequent single gene deletion involving LSAMP
(3). In the present report, a homozygous deletion of LSAMP found
in epithelioid cells was detected in an intron, but was shown to
lead to a loss of LSAMP mRNA expression (Figure 4A). Taken
together, the possibility cannot be ruled out that the regional loss of
LSAMP led to the aggressive nature of epithelioid cells in the
present case. Moreover, whether or not the inactivation of LSAMP
is a frequent event in this rare type of glioblastoma needs to be
further investigated. The other hemizygously deleted genes, ODZ3
and LRP1B were also reported to be potent tumor supressor genes
(7, 19, 22, 25), and their biological significance in tumorigenesis
requires further investigation as well.

Along with PXA, gangliogliomas and extracerebellar pilocytic
astrocytomas, frequent BRAF V600E mutation was also reported
in epithelioid glioblastomas (14). In the present case, BRAF
V600E mutation was observed not only in an area with epithelioid
tumor cells, but also in an area of less atypical astrocytoma cells

A. B.

C. D.

E. F.

Figure 2. Microscopic appearance. A. The
tumor was composed mainly of discohesive
sheets of medium-sized uniform cells.
B. The tumor cells had rounded cytoplasmic
contours and eosinophilic cytoplasm. The
nuclei were large and mostly eccentric, and
variable in shape: round, ovoid, reniform,
crescent or ring-like. The cells often had
hyalinized cytoplasmic inclusions, some of
which contained fine basophilic granules.
C. Hemorrhage and coagulative necrosis
(left). Tumor-cell invasion into the vascular
wall demonstrated by staining with both
hematoxylin and eosin and periodic acid-
methenamine silver (right). D, E. A small
area of the tumor displayed the proliferation
of well-differentiated neoplastic fibrillary
astrocytes. F. A small part of the tumor
extending within the subarachnoid space
showed spindle-shaped cells. Original
magnification: ×100 (C left), ×200
(A, C right, D, F), ×400 (B, E).
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with a lower cell density (Figure 5), which may mean that the
acquisition of the BRAF mutation occurred at tumor initiation.
Concurrent BRAF V600E mutation and CDKN2A homozygous
deletion have been found in a subset of diffuse astrocytomas
without IDH1/2 mutations in children and young adults (9, 30).

This combination of alterations, which was observed in the present
case (Table 1, Figure 4D), has also been detected in astrocytic
tumors of higher malignancy grades in the same age category (30).

The present case showed extensive systemic spread including
dissemination in the intracranial and spinal subarachnoid space,

C.

A. B.

D.

E. F.

Figure 3. Immunohistochemistry. Glial
fibrillary acidic protein immunoreactivity was
identified in a limited number of epithelioid
cells (A), but was diffusely observed in less
atypical astrocytoma cells (B). C. Diffuse and
strong vimentin staining was seen in the
cytoplasm of epithelioid cells. D. Nuclear
Olig2 staining was found only in a small
number of epithelioid cells. E. Cytoplasmic
immunostaining of CAM5.2 was not
identified in epithelioid cells. F. Retention of
nuclear staining of INI-1 was observed in
epthelioid tumor cells. Original magnification:
×200 (D, E, F), ×400 (A, B, C).

Table 1. Abberations common to all histological areas analyzed by array comparative genomic hybridazation.

Chromosomal
location

Loc. Start* Loc. Stop* Length
(Kb)

Aberration** Gene names

3q26.1 162514534 162619141 104.6 Deletion (−1.849218)
4q13.2 69392545 69462438 69.9 Deletion (−1.831354) UGT2B17, UGT2B15
6p22.1 29854870 29896710 41.8 Deletion (−1.236831) HLA-H, HCG2P7, HCG4P6
8p11.22 39237438 39345479 108.0 Amplification (0.671442) ADAM5P, ADAM3A
9p21.3 21944037 22176231 232.2 Deletion (−1.62978) C9orf53, CDKN2A, CDKN2BAS, CDKN2B
15q11.1–q11.2 20575646 21933378 1357.7 Amplification (0.937772) GOLGA6L6, GOLGA8C, BCL8, POTEB, NF1P1, LOC646214
20p12.1 14903016 15015311 112.3 Deletion (−0.880196) MACROD2
22q11.23 24347959 24390254 42.3 Deletion (−1.449985) LOC391322, GSTT1, GSTTP2

Loc. = location on chromosame.
*Genome mapping based on genome build hg19.
**The numbers in parentheses are the average log2 ratio of each aberration.
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LSAMP

Chromosome 3

115593958-115637113
log2 ratio: –2.0 (–3.7 to –1.9) 

Epithelioid tumor cell

Diffusely infiltrating 
less atypical astrocytoma cell

Spindle tumor cell

Ep DA
#1 #2

#1

#2

Ep DA

LSAMP 

CF

Differential  PCR

A.

RT-differential  PCR
Ep DA nc

LSAMP 

GAPDH

0.11 1.200.05 1.13

Chromosome 4

182902844-183503896
log2 ratio: –0.6 (–1.2 to –0.3)

ODZ3

RP11-713O21
RP11-758M15

Ep DA

FISH analysis

B.

Figure 4. Three aberrations found only
in epithelioid tumor cells (A–C) and one
example of aberrations detected in all
histological areas (D) by array CGH. A. A
homozygous deletion in intron 3 of the
LSAMP. The deletion was validated by
differential PCR using two primer sets
(fragments #1 and #2) located in the deleted
part shown by array CGH. Numbers below
each band of differential PCR indicate the
ratio of amplification of the target compared
with the CF reference gene. RT-differential
PCR showed LSAMP mRNA expression in
diffusely infiltrating less atypical astrocytoma
cells but not in epithelioid tumor cells. #1,
2 = fragments #1, 2. B. A heterozygous
deletion in ODZ3. The deletion was validated
by FISH analysis. BAC clones used for the
target (RP11-713O21; 4q34.3–4q35.1) and
reference (RP11–758 M15; 4p15.2) probes
are indicated with red and green bars,
respectively. C. A heterozygous deletion
in LRP1B. D. A homozygous deletion in
CDKN2A/2B. Abbreviations: BAC = bacterial
artificial chromosome; CGH = comparative
genomic hybridization; DA = diffusely
infiltrating less atypical astrocytoma cells;
Ep = epithelioid tumor cells; FISH =
fluorescence in situ hybridization; nc =
normal control; PCR = polymerase chain
reaction; RT = reverse transcription.
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and metastases to vertebral bodies, the right thoracic wall, right
lung and liver. Some epithelioid glioblastomas have reported to
show cerebrospinal fluid dissemination and/or disease progression
at sites outside the CNS: peritoneal tumor deposites and multiple
liver metastases (4, 14, 15). These behaviors are not typical of
conventional glioblastomas (13), but seem not to be infrequent in
epithelioid glioblastomas.

In conclusion, our results suggest that the regional loss of
LSAMP led to the aggressive nature of epithelioid cells in the
present case of epithelioid glioblastoma. Large cohorts will have to
be tested to explore additional pathobiologic and prognostic
differences associated with epithelioid glioblastomas.
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