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Case Report

A Case of Chordoid Meningioma with Allelic Loss of 1p36

Takahiro Fukupa!, Takao Arar?, Takashi Nikaipo®, Tatsuhiro Joki?, Satoshi IKEUCHI?,
Masataka KaTto?, Makio Kawakamr?, and Toshiaki ABE?

! Division of Neurvopathology, Department of Neuroscience, Research Center for Medical Sciences,

The Jiker University School of Medicine
2Department of Neurosurgery, The Jikei University School of Medicine
2Department of Pathology, The Jikei University School of Medicine
*Department of Pathology, Clinical Service, The Jikei University School of Medicine

ABSTRACT

The unbalanced translocation der(1)t(1 ; 3)(p12-13 ; q11) with losses of 1p12-13-pter and 3qll-
pter has been reported in three cases of chordoid meningioma. Thus far, only a few attempts have
been made to analyze this rare variant of meningioma cytogenetically. We report a case of
chordoid meningioma in a 68-year-old man. He presented with a large mass in the midline of the
base of the frontal skull without surrounding edema and had experienced poor vision with visual
field defects and anosmia for 6 months. We investigated the meningioma with fluorescence in situ
hybridization and found that the lesion was solid and well-delineated, with low signal intensity on
T,-weighted sequences and high signal intensity on T,- and proton density-weighted sequences.
The tumor showed marked enhancement following gadolinium administration. Histologic exami-
nation revealed a tumor composed of trabeculae of eosinophilic vacuolated cells embedded in a
myxoid matrix with a focally typical meningiomatous pattern. Electron microscopy revealed
intercellular desmosomal junctions and complex cytoplasmic interdigitation. Tumor cells were
immunoreactive for vimentin, epithelial membrane antigen, the progesterone receptor, p27, p53, and
the epidermal growth factor receptor. Cytogenetic analysis revealed the deletion of 1p36, but not
of 125, the 3p telomere, the 3q telomere, 10q23, alpha satellite DNA of chromosome 10, the 14q
telomere, 19p13, 19q13, 22q11.2, or 22q13. Chromosome 1p36 is a candidate recurrence-associated

genomic region in chordoid meningioma. (Jikeikai Med J 2006 ; 53 : 37-44)
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INTRODUCTION

Chordoid meningioma, first reported in 1980 by
Connors!® and given its present name in 1988 by Kepes
et al.?, is a comparatively new subtype of meningioma.
In their small series of young patients (6 to 19 years
old), chordoid meningioma was associated with mi-

crocytic anemia or dysgammaglobulinemia (Cast-

leman’s syndrome) or both. Couce et al, however,
have shown that chordoid meningioma occurs mostly
in adults, lacks sex predilection, and has no systemic
manifestations®. Although chordoid meningioma
accounts for only 0.59 of all meningiomas, it has a
On the

basis of its clinical behavior, chordoid meningioma is

high recurrence rate (429 in one series)®.

classified as World Health Organization grade II*.
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The present case study describes the cytogenetic
analysis of a chordoid meningioma using fluorescence
in situ hybridization (FISH) and illustrates its
cytologic, histopathologic, ultrastructural, and im-
munohistochemical features.

CASE REPORT

A 68-year-old man complained of visual distur-
bances lasting 6 months and was referred to our unit
after magnetic resonance (MR) revealed an intra-
cranial mass lesion. Physical examination revealed
visual acuity of 20/2000 in the left eye and 20/25 in the
right eye, superior hemianopsia in the left eye, and
anosmia. Results of hematologic examination, in-
cluding hemoglobin and immunoglobulin, were nor-
mal. MR revealed a large, extrinsic mass (6X6X4
cm), extending superiorly to indent both frontal lobes,
in the midline of the base of the frontal skull, without
surrounding edema. The lesion was solid and well-
delineated, with low signal intensity on T,-weighted
sequences and high signal intensity on T,-weighted
and proton density-weighted sequences. The lesion
showed marked enhancement following gadolinium
administration (Fig.1). The tumor was supplied by
the bilateral ethmoidal arteries and the left maxillary

artery. No bone lesion was found.

Fig.1. Brain MR images

A large extrinsic mass (6X6X4 cm), extending
superiorly to indent both frontal lobes, was locat-
ed in the midline of the base of the frontal skull
without surrounding edema. The lesion was
solid and well-delineated, with low signal inten-
sity on T,-weighted sequences and high signal
intensity on T,- and proton density-weighted
sequences. It showed marked enhancement fol-
lowing gadolinium administration.
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The tumor was resected via a bilateral frontal
and left frontotemporal approach. With the attach-
ment on the dura of cribriform plate, a well-circum-
scribed, soft, tan-pink, gelatinous mass was debulked
and excised (Simpson Grade II). The patient’s pos-
toperative course was uneventful, and visual acuity
improved in both eyes. No radiation therapy was

administered.

METHODS

Tumor tissue obtained at surgery was fixed in
1096 buffered formalin and embedded in paraffin.
Sections were stained with hematoxylin-eosin (H &
E), periodic acid-Schiff (PAS), Alcian blue, and silver
impregnation for reticulin fibers. Immunohisto-
chemical studies were performed with monoclonal and
polyclonal antibodies against vimentin, epithelial
membrane antigen (EMA ; E29; dilution 1:200;
DAKO, Glostrup, Denmark), the progesterone rece-
ptor (PR; 1A6; dilution 1:800; Novocastra, New-
castle upon Tyne, UK), cytokeratin (CAM5.2; BD
Biosciences, San Jose, CA, USA), S-100 (dilution 1:
800 ; DAKO), glial fibrillary acidic protein (GFAP;
dilution 1:3000; DAKO), carcinoembryonic antigen
(CEA ; II-7; dilution 1:50; DAKO), CD31 (JC/70A ;
dilution 1:50; DAKO), CD34 (Myl0 ; dilution 1:50;
BD Biosciences), factor VIII (dilution 1:1000;
DAKO), collagen type I (dilution 1:20; Southern
Biotechnology Associates, Birmingham, AL, USA),
collagen type II (dilution 1:20, Southern Biotech-
nology Associates), collagen type III (dilution 1 : 100,
Southern Biotechnology Associates), collagen type IV,
laminin (CIV22; dilution 1:100, DAKO), p53 (DO-7,
dilution 1:50, Novocastra), p27 (1B4 ; dilution 1:20;
Novocastra), bcl2 (124 ; dilution 1:40; DAKO), and
the epidermal growth factor receptor (EGFR ; EGFR.
113 ; dilution 1:10; Novocastra).
glutinin-1 (UEA1) lectin (E.Y. Laboratories, San
Mateo, CA, USA) was also used for histochemical
studies.

Ulex europeus ag-

The cell proliferative index was calculated
according to the percentage of nuclei immunoreactive
with the anti-human Ki-67 antibody (MIB-1 ; dilution
1:500; Zymed Laboratories, San Francisco, CA,

USA) in 500 consecutive cells. FISH analysis was
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performed with 1p36/1g25, the 3p telomere/3q
telomere, PTEN (10q23)/CEP10, the 14q telomere,
19q13/19p13, and TUPLEL (22q11.2)/ARSA (22q13)
dual-color DNA probes (Vysis, Inc., Downers Grove,
IL, USA).
were evaluated.

For each sample, 500 interphase nuclei
(If more than 80% of the nuclei
showed two green and two red signals, the case was
regarded as “normal” ; one green or red signal was
associated with deletion, and three green or red spots
were regarded as duplication.) Specimens obtained
from intraoperative touch smear cytology were
stained with the

Papanicolaou method. Several
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small fragments were also fixed with 39 glutaralde-
hyde and embedded in epoxy resin for ultrastructural
study.

PaTHoLOGICAL FINDINGS

Microscopic examination showed that the tumor
was composed of trabeculae of spindle-shaped and
polygonal cells with an eosinophilic cytoplasm (Fig.
2d) and round or oval nuclei with a thin, smooth
margin and delicate chromatin (Fig. 2f). Some cells

had a physaliferous appearance. The tumor cells

Fig. 2. Microscopic findings

(a) Cordlike arrangement of tumor cells embedded in abundant myxoid matrix (H & E). (b) A classic
transitional meningioma pattern with lobular and fascicular arrangements merged at the borders (H & E).
(c) Perivascular whorl formation (H & E). (d) Spindle-shaped and polygonal tumor cells with eosinophilic
cytoplasm (H & E). (e) Alcian blue-positive mucinous matrices among the tumor cells. (f) Adhesive
pseudosyncytial plates composed of medium-sized cells with indistinct cytoplasmic borders on touch smear

cytology (Papanicolaou stain)
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were embedded in an abundant myxoid matrix, which
was basophilic on H & E staining (Fig. 2a), pink with
the PAS reaction, and bright blue on Alcian blue
staining at pH 2 (Fig. 2e), which is the histochemical
pattern of acid mucin. Cytoplasmic vacuolization
also exhibited the same staining pattern of the myxoid
matrix. There were many small, adhesive
pseudosyncytial plates composed of medium-sized
cells with indistinct cytoplasmic borders in touch
Whorl formation (Fig. 2c)

and calcification were evident in some areas. No

smear cytology (Fig. 2f).

sizable lymphoplasmocytic infiltrate was found. In
less than 39§ of tumor specimens, a classic transitional
meningioma pattern with lobular and fascicular
arrangements merging at the borders with very exten-
sive chordoid areas was observed (Fig. 2b).
Ultrastructural study demonstrated cohesive,
often polygonal cells, featuring uniform, round-to-
oval nuclei with delicate chromatin, as well as moder-
ate quantities of cytoplasm containing abundant
rough endoplasmic reticulum, mitochondria, and inter-
mediate filaments. Basement membranes surround-
ing the cytoplasmic membrane were observed in some
areas. Intercellular desmosomal junctions and com-
plex cytoplasmic interdigitation were seen (Fig.3).
Weibel-Palade bodies were not observed.

Immunohistochemical studies of the surgically

Fig. 3. Electron microscopic findings
Intercellular desmosomal junctions and complex
cytoplasmic interdigitation were seen.
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resected specimen showed strong, diffuse positivity
for vimentin (Fig. 4a), EMA (Fig. 4b), PR (Fig. 4c), and
p27 (Fig. 4g) in areas with the chordoid and classic
patterns. Some tumor cells expressed p53 (Fig. 4e)
and EGFR (Fig. 4f). However, staining was consis-
tently negative for CAMb5.2 (Fig. 4d), S-100, GFAP,
CEA, CD31, CD34, factor VIII, collagen type I, col-
lagen type II, collagen type III, collagen type IV,
laminin, and bcl2. The MIBI positivity rate (Fig. 4h)
was 7% to 149 (mean, 109).

Cytogenetic analysis revealed the deletion of
1p36, but not of 1g25, the 3p telomere, the 3q telomere,
10923, alpha satellite DNA of chromosome 10, the 14q
telomere, 19p13, 19q13, 22q11.2, or 22q13 (Fig. 5).

DiscussioNn

Most chordoid meningiomas (889%) are large and
supratentorial®. The frontoparietal convexities and
the parasagittal and falcotentorial regions are com-
mon sites of origin®*®. A large hypointense-to-
isointense, dural-based, uniformly enhancing mass
and moderate-to-marked adjacent white matter
edema are common features on T,-weighted MR
sequences™. As in the present report, two previous
reports have described chordoid meningiomas as
showing high signal

intensity in T,-weighted

sequences™®. Although the authors of these reports
have speculated high-intensity intralesional signals
reflect, in part, lymphoplasmacytic infiltration, this is
not a plausible explanation in the present case.
Cytologic touch smears are a highly reliable
diagnostic method for chordoid meningioma’®!' and
show a pattern of abundant, closely knit plates inside
which cellular limits are not visible, with some soli-
tary, rounded cells. Nuclei are homogeneous and
display a delicate chromatin pattern with a few con-
spicuous nucleoli and occasional intranuclear inclu-
sions. The background is a fairly abundant, meta-
chromatic, mucofibrillar matrix that does not appear
between the cells inside the plates. Histologic studies
show clustering or cords of eosinophilic, vacuolated
(chordoid) cells in a myxoid matrix ; thus, the his-
tologic appearance of chordoid meningioma may

mimic that of chordoma. Typical physaliphorous
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tumor cells, however, are absent in chordoid menin-

giomas.

to 1009% Periumoral and
intratumoral lymphoplasmacellular infiltrates, often
showing follicles and germinal centers with a predomi-

Mucin-rich chordoid elements occupy 109§
of the tumor area®
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nance of T-lymphocytes over B-cells, may be promi-
nent in some cases of chordoid meningiomas, particu-
larly those in young patients, and may cause systemic
manifestations of Castleman’s syndrome? Ultras-

tructurally, intercellular des-

meningiomas have

Fig. 4. Immunohistochemical findings

Positive cytoplasmic staining for vimentin (a) and EGFR (f).
Positive nuclear staining for PR (c), p53 (e), p27 (g), and MIBI (h).

Positive membranous staining for EMA (b).
Negative staining for CAM5.2 (d).
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Fig.5. FISH analysis
Tumor cells showing the deletion of 1p36 (orange)
and a normal number of 1q25 (green).

mosomal junctions, intermediate filaments, and com-
plex interdigitating cell processes, which at times may
be difficult to appreciate in the chordoid variant®.
Almost all tumor cells exhibit positive immunostain-
ing for vimentin, EMA, and PR, but are negative
staining for GFAP, S100, cytokeratins, CD34, CD57
(Leu7), and CEA®%12,
and EMA in the absence of prominent cytokeratin

Immunostaining for vimentin

expression facilitates the differential diagnosis. In
meningioma, MIB1 labeling indices higher than 59 to
1094 suggest a greater likelihood of recurrence®.

chondroid chor-

Microscopically, chordoma??,

doma’, myxoid chondrosarocoma (chordoid sar-
coma)'™¢ epithelioid hemangioendothelioma'?, metas-
tatic mucinous carcinoma'®, and chordoid glioma?®
and ultrastructural

require immunohistochemical

examinations for their differentiation. The present
case showed some chordoma-like features with
lobules of vacuolated cells and physaliferous-like cells
in a myxoid stroma. There were, however, small
meningothelial elements in other parts of the tumor
that aided the diagnosis of chordoid meningioma.
This diagnosis was further supported by the immuno-
reactivity for vimentin, EMA, and PR and the ultra-
structural findings of cytoplasmic interdigitations,
desmosomes, and intermediate filaments, which are
characteristic of meningioma. Immunohisto-
chemically, chordomas are characterized by S-100
protein and cytokeratins'®, chondroid chordoma by S-
100 protein’*, myxoid chondrosarcoma by cytoplasmic

positivity for vimentin, synaptophysin, S-100, and

Vol. 53, No.1

EMA15, epithelioid hemangioendothelioma by CD31,
CD34, factor VIII, and Ulex ecuropeus lectin'’, metas-
tatic mucinous carcinoma by cytokeratin'®, and chor-
doid glioma by GFAP19.

A large study of meningiomas has revealed that
overexpression of pb3 protein correlates with the
MIB-1 proliferative index?°, histologic malignancy?!,
and recurrence??’. In another study, however, no rela-
tionship between p53 expression and prognosis was
found®.

universal cyclin-dependent kinase inhibitor, also dif-

Suggested roles of nuclear protein p21, a
fer between studies. Amatya et al. have reported a
negative correlation of the proliferative index with
On the other
hand, Korshunov et al. have found no correlation of

the histological grade of meningioma?*.

p27 with various histologic and clinical outcomes?®.
EGFR seems to be highly expressed in meningiomas,
but its clinical significance has not been established?®.
Thus, the roles of p53, EGFR, and p21 in meningiomas,
especially chordoid meningioma, remain unclear.
Unbalanced translocation der(1)t(1; 3)(p12-13;
qll) with losses of 1pl2-13-pter and 3qll-pter has
been reported in three cases of this rare variant
meningioma by using chromosome microdissection
and reverse FISH??. In this case, FISH analysis
revealed deletion of 1p36, but not of 1q25, the 3p
telomere, the 3q telomere, 10q23, alpha satellite DNA
of chromosome 10, the 14q telomere, 19pl3, 19ql13,
22ql11.2, or 22ql3. Deletion of 1p, mainly in the
regions 1p36, 1p35-p32, and 1p22-pl3, is the most
frequent progression-associated chromosomal aberra-
tion in meningiomas and is strongly correlated with
tumor recurrence®®*°. The results of the present case
and previously reported cases?”?! indicate that chro-
mosome 1p36 is a candidate recurrence-associated
genomic region in chordoid meningioma. Atypical
and anaplastic meningiomas often show allelic losses
of chromosomal arms 1p, 6q, 9q, 10q, 14q, 17p, and 18q
and gains of 1q, 9q, 12q, 15q, 17q, and 20q, suggesting
the presence of progression-associated genes at these
loci***®, Thus far, only a few attempts have been
made to analyze chordoid meningioma cytogenetical-
ly. Therefore, further studies are required to demon-
strate the clear significance of genetic factors for
meningioma biology and clinical outcome.
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