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Abstract

Chordoid gliomas are rare, slow-growing neoplasms of the anterior third ventricle. We
reported a case of chordoid glioma in a 41-year-old man with obstructive hydrocephalus.
Histologically, the tumor consisted of polygonal epithelioid cells admixed with elongated
cells in a myxoid stroma. A prominent lymphoplasmacytic infiltrate was present. The tumor
cells expressed glial fibrillary acidic protein (GFAP), epithelial membrane antigen (EMA),
vimentin, CD31, CD34, epidermal growth factor receptor (EGFR) and S100 but were
negative for pankeratin and E-cadherin. The percentage of Ki67 positive cells was approxi-
mately 3%. Weak p53 immunoreactivity was seen in less than 10% of the cells. Array
comparative genomic hybridization performed on this case, as well as on four other archived
cases, showed losses at several loci. Fluorescence in situ hybridization (FISH) confirmed
consistent genetic alterations at 9p21 and 11q13. These are the fifth through ninth reported
cases of chordoid gliomas with molecular characterization suggesting a distinct genetic
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INTRODUCTION

Chordoid glioma is a newly defined neoplasm of the third ven-
tricle, officially named in 1998 by Brat et al (4), but probably first
described by Wanschitz ef al as a third ventricular meningioma
with glial fibrillary acidic protein (GFAP) expression (38). Over
40 cases have been described in the literature. Chordoid gliomas
generally appear to be slow-growing, solid, contrast-enhancing
tumors arising in the anterior third ventricle of middle-aged
adults; only rarely have they been reported as cystic or aggressive
(2, 19). Cases may also arise in other parts of the ventricular
system or even extraventricularly, although this is controversial
(12, 17). One case involved a collision tumor between chordoid
glioma and a Rathke’s cleft cyst (34). Histologically, the tumor
consists of epithelioid cells arranged in cords and clusters
admixed with spindle cells in a myxoid stroma. Lymphoplasma-
cytic infiltrates and Russell bodies are common, as well as reac-
tive gliosis and Rosenthal fibers in the adjacent brain parenchyma
(4, 22, 29, 37). The prognosis of this tumor is worse than the
relatively benign histology and slow growth would suggest,
because of the difficulty in resecting it fully without compromis-
ing critical adjacent structures such as the hypothalamus (20, 25).
Thus, when it was included in the 2000 World Health Organiza-
tion (WHO) classification as a “neuroepithelial tumor of uncer-
tain origin,” it was assigned grade II, and this has remained
unchanged in the 2007 version (4, 22).
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origin from other gliomas.

Since then, ultrastructural studies showing apical microvilli,
abnormal cilia, hemidesmosome-like structures and cytoplasmic
zonation have suggested an ependymal origin for chordoid glioma.
Possibilities include the ependymal cells of the subcommissural
organ and the tanycytes lining the anterior third ventricle (6, 7, 17,
23, 24, 28, 33). One case reportedly showed an expression profile
similar to that of the subcommissural organ and papillary tumor of
the pineal region (8). However, not all ultrastructural studies have
found microvilli or hemidesmosome-like structures (31, 35), and
several studies support an origin for chordoid glioma in the lamina
terminalis of the anterior third ventricle (3, 10, 11, 14, 21).

Genetic studies have been limited because, in part, of the rarity of
this neoplasm. In addition to the aforementioned expression array
profile on one case (8), conventional comparative genomic hybrid-
ization (CGH) of four chordoid gliomas detected no chromosomal
imbalances. Moreover, there were no abnormalities of TP53,
CDKN24, EGFR, CDK4 or MDM2, all of which are important in
astrocytoma pathogenesis (29). These results suggested a novel
genetic origin compared with astrocytomas. In the current study, we
reported a case of chordoid glioma in a 41-year-old male, with
clinical, radiologic, histologic and immunohistochemical character-
ization. Array comparative genomic hybridization (aCGH),
fluorescence in situ hybridization (FISH) and 7P53 sequencing
were performed on this case and four others. The results sug-
gested novel genetic alterations involving potentially important
genes.
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MATERIALS AND METHODS

Immunohistochemical studies were performed on 4 um-thick
sections obtained from paraffin-embedded material. The primary
antibodies, including manufacturer, clone and dilution, were as
follows: vimentin (prediluted, V9, Ventana, Tucson, AZ, USA);
epithelial membrane antigen (EMA) (prediluted, E29, Cell
Marque, Rocklin, CA, USA); GFAP (polyclonal, 1:1000, Dako,
Carpinteria, CA, USA); S100 (polyclonal, 1:500, Dako); CD34
(prediluted, QBend10, Ventana); p53 (1:100, DO-7, Dako); Ki67
(1:100, M7240, MIB-1, Dako); CD31 (1:25, M0823, JC/70A,
Dako); synaptophysin (polyclonal, prediluted, 760-2668, Cell
Marque); chromogranin (prediluted, 760-2519, LIK2H]10,
Ventana); EGFR (prediluted, 790-2988, 3C6, Ventana); pankeratin
cocktail (1:1000, cytokeratin AE1/AE3 M3515, AE1/AE3, Dako;
1:80, Cam5.2 349205, Cam5.2, Becton-Dickinson, Franklin
Lakes, NJ, USA; 1:2000, polyclonal, wide-spectrum screening
cytokeratin, Z0622, Dako); E-cadherin (1:25, M3612, NCH-38,
Dako); CD45/leukocyte common antigen (LCA) (prediluted, 760-
2515, RP2/18, Ventana); and CD138 (1:100, M7228, MI15, Dako).
The antibody labeling was performed using the avidin—biotin
complex method and visualized using a horseradish peroxidase
enzyme label and 2’-diaminobenzamide [(DAB) Dako] as the sub-
strate chromogen (brown) for all antibodies except S100, which
was visualized using an alkaline phosphatase enzyme label with
Fast Red (Dako) as the substrate chromogen.

Histochemical staining

Reticulin, mucicarmine and Periodic Acid-Schiff with diastase
(PASD) stains were performed on 4-um-thick sections obtained
from paraffin-embedded material. For reticulin, the slides were
sequentially treated with 0.5% potassium permanganate, 2% potas-
sium metabisulfite, 2% ferric ammonium sulfate, ammonical silver
solution, 20% formalin, gold chloride, 2% potassium metabisulfite
and 2% sodium thiosulfate. Mucicarmine stains were performed
with Harris hematoxylin followed by working mucicarmine and
metanil yellow. For PAS with diastase, the slides were placed in
preheated diastase digestion solution followed by sequential treat-
ment with 0.5% periodic acid, Schiff’s reagent, 0.55% potassium
metabisulfite and Harris hematoxylin.

aCGH

Gene gains and losses were detected by commercially available
genomic DNA microarray kit GenoSensor™ Array 300 (Abbott
Molecular, Des Plaines, IL, USA), which contains triplicate of
287 target clone DNAs (P1 or bacterial artificial chromosome
(BAC) clones) representing oncogenes and tumor suppressor
genes. A complete list of clones can be obtained from http://
WWW.Vysis.com.

A target tissue was microdissected from ten 4 pum-thick
unstained histologic sections under direct visualization using a
stereoscopic microscope. Genomic DNA was extracted by protein-
ase K digestion and DNEasy DNA extraction column (Qiagen,
Valencia, CA, USA). The DNA concentration was quantified using
a fluorospectrometer (Nanodrop, Wilmington, DE, USA). DNA
quality was assured on 2% agarose gel.
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DNA labeling and hybridization were performed according to
the manufacturer’s instructions. In brief, tumor and reference DNA
were labeled by random priming reaction (Random Priming Reac-
tion Kit, Vysis, Inc., Downers Grove, IL, USA) with Cy3-dCTp
and Cy5-dCTP (Perkin Elmer Life Sciences Inc., Boston, MA,
USA), respectively. Labeled tumor and reference DNA were mixed
with Microarray Hybridization Buffer (Vysis, Inc.) containing
Cot-1 DNA, followed by denaturation at 80°C for 10 minutes,
followed by 1-h incubation at 37°C. Thirty microliters of hybridiza-
tion mixture was transferred onto the GenoSensor™ Array 300
microarray template (Abbott Molecular). Hybridization was
carried out for 7 days at 37°C. Posthybridization washes were
performed using a washing solution (2XSSC/50% formamide)
at 40°C (3 x 10 minutes), followed by 1XSSC (4 X 5 minutes)
and a 1- to 2-s rinse in distilled water. Hybridized DNA was
counterstained with 4’-6-diamidino-2-phenylindole (DAPI) IV
solution (Vysis, Inc.).

The hybridized microarray slides were analyzed using the
GenoSensor Reader System (Abbott Molecular). Cy3/Cy5 ratios
were automatically determined for each target. The normalized
ratios of the test DNA copy number relative to the normal reference
DNA copy number were calculated. According to the manufac-
turer’s instructions and our own validation using normal DNA vs.
normal reference DNA, the cutoff fluorescence ratio between
normal and aberrant DNA copy numbers was at mean 1.00 = 2
standard deviations. Fluorescence ratios =1.2 were considered to
be DNA sequence copy number gain. Fluorescence ratios =0.80
were considered to be DNA sequence copy number losses.

FISH

Two loci were selected for validation by FISH analysis on formalin-
fixed, paraffin-embedded histologic sections. Formalin-fixed,
paraffin-embedded sections were mounted and serially sectioned at
5 um intervals. Hematoxylin and eosin (H&E) sections were used
by the pathologist to determine the area of the tissue to be targeted
for analysis. FISH slides were deparaffinized in xylene twice for 10
minutes, dehydrated twice with 100% ethanol and then pretreated
using the Vysis Paraffin Pretreatment Kit. The slides were digested
for 18 minutes in protease solution (0.5 mg/mL) at 37°C. FISH was
performed using probes for 9p21 and 11q13 (Abbott Molecular).
For ploidy control, centromeric enumeration probes were used for
chromosomes 7 (CEP7), 9 (CEP9) and 11 (CEP11). In addition,
EGFR (7p12) FISH was performed on the index case as part of the
institution-specific workup of all gliomas. The target slide and probe
were codenatured at 95°C for 8 minutes and incubated overnight at
37°C in a humidified chamber. Posthybridization washes were per-
formed using 2XSSC/0.3% Igepal (Sigma, St. Louis, MO, USA) at
72°C for 2 minutes. The slides were air-dried in the dark and
counterstained with DAPI (Vysis, Inc.). Analysis was performed
using a Nikon Optiphot-2 (Nikon, Inc., Melville, NY, USA) and
Quips Genetic Workstation equipped with Chroma Technology
filter set with single band excitors for SpectrumOrange, fluorescein
isothiocyanate (FITC), DAPI (UV 360 nm) (Vysis, Inc.). Only indi-
vidual and well-delineated cells were scored. Overlapping cells
were excluded from the analysis. Approximately 60 cells were
analyzed in the targeted region per case. Each tumor was assessed by
the average and the maximum numbers of copies of gene per cell and
the average ratio of gene to chromosome copy numbers. Amplifica-
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Figure 1. Radiographic appearance of
chordoid glioma. CT without contrast showed a
large mostly homogeneous mass with
punctate calcification arising in the third
ventricle, causing obstructive hydrocephalus
(A). MRI showed a 4.0 x 4.0 x 4.2 cm mass
weakly hyperintense on T1 (B) that enhanced
with contrast (C). The tumor obliterated the
suprasellar cistern and had some mass effect
and edema as seen by T2 (D) and fluid
attenuation inversion recovery (FLAIR, E).

tion was defined as a ratio of gene signals to chromosome cen-
tromere signals of =2.0. Deletion was defined if one or both 9p21
and 11q13 signals were lost in at least 20% of nuclei. These cutoff
points were derived using non-neoplastic autopsy brain tissue as
controls.

P53 sequencing

Genomic DNA was extracted from formalin-fixed, paraffin-
embedded thick sections (10 um) using standard kit-based tech-
niques. Intronic primers were used to amplify the coding regions
and intron/exon boundaries of exons 4—11 using polymerase chain
reaction (PCR). The primers used for PCR contain universal M13
primer sequences (forward and reverse on each PCR pair) at
their 5" ends. After amplification, the size and quality of PCR
products were checked by capillary gel electrophoresis. Reactions
with single bands of the appropriate size were treated with an
exonuclease/phosphatase mixture (ExoSap-IT USB Corporation,
Cleveland, OH, USA). Sequencing was performed using primers
that are complementary to the M13 PCR primer tails and the
Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA). Sequencing products were purified and
resolved on an ABI 3130xl Genetic Analyzer (Applied Biosys-
tems). Analysis was performed using the accompanying ABI data
collection and analysis software suite.

CASE HISTORY

The index case (case #1, University of Pittsburgh) was a 41-year-
old male whose cognitive status steadily deteriorated over the
course of a month, ultimately progressing to stupor and obtunda-
tion. A head computerized tomography (CT) scan without contrast
showed a large mostly homogeneous mass with punctate calcifica-
tion occupying the third ventricle, causing obstructive hydroceph-
alus (Figure 1A). Magnetic resonance imaging (MRI) showed a
4.0 X 4.0 x 4.2 cm mass with focal hemorrhage and enhancement
with contrast. The tumor obliterated the suprasellar cistern and
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demonstrated mass effect on the adjacent brain, leading to dis-
placement and edema (Figure 1B—E). Based on the location and the
radiologic characteristics, the differential diagnosis was included,
but was not restricted to, meningioma, oligodendroglioma and
neurocytoma.

Intraoperatively, the tumor was visualized through the markedly
distended foramen of Monro. The tumor was soft, tan-gray, semi-
translucent, moderately vascular and focally calcified, with a well-
defined capsule that did not adhere preferentially to any surround-
ing parenchymal structures. Grossly, the tumor was completely
resected.

The patient’s postoperative course was complicated by panhy-
popituitarism with adrenal insufficiency, diabetes mellitus,
hypothyroidism and diabetes insipidus, as well as hyperthermia,
hypernatremia, brain edema and pneumonia. He required a ven-
triculoperitoneal shunt 2 weeks after the original resection because
of persistent noncommunicating hydrocephalus. The patient was
eventually stabilized and discharged.

Cases #2—4 were from Emory University, and case #5 was from
Duke University. Case #2 was a 36-year-old male who developed
headaches, nausea and blurred vision. MRI showed a midline mass
in the third ventricle compressing the optic chiasm (not shown).
Case #3 was a 36-year-old female with progressive visual symp-
toms for 6 months. CT and MRI revealed a 3.0-cm mass in the third
ventricle that homogeneously enhanced and displaced the optic
chiasm inferiorly (not shown). Case #4 was a 50-year-old female
with increasing lethargy, urinary incontinence and ataxia. CT
showed a third ventricular contrast-enhancing mass and hydro-
cephalus (not shown). Case #5 was a 72-year-old male who had
syncopal episodes and cognitive difficulties, but no visual alter-
ations. CT scan showed a homogeneously enhancing tumor
over the posterior sella without calcifications (not shown). Up
to 9 months after the tumor was resected, the patient had diffi-
culties with panhypopituitarism, including diabetes insipidus, but
at 2 years after resection the patient’s condition had improved
markedly, with only slight residual enhancement on follow-up
MRI.
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RESULTS

Histology

The intraoperative squash preparation showed a biphasic neo-
plasm. Some areas contained clumps of cells with abundant pink
cytoplasm and long fibrillary processes in a myxoid background
(Figure 2A,B). Other areas displayed cohesive clusters of epithe-
lioid cells with eosinophilic cytoplasm and shorter delicate pro-
cesses without a myxoid background (Figure 2C,D). Both types of
cells had medium-sized nuclei with uniform chromatin and one to
two small nucleoli. No mitoses, necrosis or bizarre cellular atypia
was observed. The specimen was identified as a neoplasm, with
definitive diagnosis deferred to the permanent sections.

The permanent sections confirmed the biphasic nature of this
neoplasm. Regions of epithelioid cells were interspersed with
cords of spindled cells in a myxoid stroma (Figure 3A,B,E). There
were multiple areas with brisk lymphoplasmacytic infiltrates
and Russell bodies (Figure 3C,D,F). Adjacent brain tissue showed
reactive gliosis and Rosenthal fibers (Figure 3G). The calcified
area described radiographically was also observed histologically
(Figure 3H). No whorls, rosettes, perivascular pseudorosettes,
psammoma bodies, mitoses, endothelial proliferation or necrosis
was seen.

Immunohistochemistry and special stains

The tumor was positive for GFAP in both the chordoid and epithe-
lioid regions (Figure 4A, compare with Figure 3B). Both regions
were also strongly positive for vimentin (Figure 4B). EMA, S100,
CD34 and synaptophysin were present in scattered areas of the
epithelioid cells (Figure 4C—F). The proliferation index of this
tumor, based on the percentage of tumor cells positive for the cell
cycle marker Ki67, was 3% (Figure 4G). EGFR expression was
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Figure 2. Intraoperative preparation of
chordoid glioma. The intraoperative smears on
case 1 showed a biphasic neoplasm. Some
areas contained clumps of cells with abundant
pink cytoplasm and long fibrillar processes in a
myxoid background (A & B). Other areas had
cohesive clusters of epithelioid cells with
abundant eosinophilic cytoplasm and shorter
delicate processes without a myxoid
background (C & D). Both types of cells had
medium-sized nuclei with 1-2 small nucleoli.
No mitoses, necrosis, or bizarre cellular atypia
were observed.

stronger in the chordoid regions than the epithelioid regions
(Figure 4H), and only about 10% of cells were weakly positive
for p53 (Figure 4I). The tumor was negative for chromogranin,
pankeratin and E-cadherin; LCA and CD138 were negative in
tumor cells but highlighted the lymphoplasmacellular infiltrate
(not shown). Bundles of reticulin fibers surrounded clusters of
epithelioid cells (Figure 4]). The myxoid background contained
mucopolysaccharides but not mucin (Figure 4K,L).

The diagnosis of this neoplasm, based on the location, histology
and immunohistochemistry, was a chordoid glioma of the third
ventricle.

Histology of additional cases

Cases #2—4 were diagnosed at Emory University by one of the
authors (D.J.B.). Case #5 was diagnosed at Duke University by one
of the authors (R.E.M.). Diagnoses on all five cases were confirmed
(C.H. and C.T.C.) prior to molecular analysis, and all showed
characteristic cords and clusters of epithelioid and spindly tumor
cells in a myxoid stroma with lymphoplasmacellular infiltrate
(Figure SA-D). All cases were positive for GFAP. Case #2 was
positive for S-100 and was weakly positive for EMA and cytokera-
tin (AE1/3). Case #3 was positive for S-100 and was negative for
EMA and cytokeratin (AE1/3). Case #4 was positive for vimentin
and S-100, and was negative for EMA. Case #5 was negative for
EMA. The tumors in cases #2 and 3 were focally positive for
synaptophysin, while cases #4 and 5 were negative (not shown).

Molecular studies

aCGH was performed on DNA extracted from formalin-fixed,
paraffin-embedded tissue in this case and the four other archived
cases. aCGH failed in one case from 1988. In two of the four
remaining cases, however, losses were generally more common than
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Figure 3. Chordoid glioma histology. The
permanent sections on case 1 confirmed the
biphasic nature of this neoplasm. Regions of
epithelioid cells were interspersed with cords
of spindle cells in a myxoid stroma (A, B, and
E). There were multiple areas with brisk
lymphoplasmacytic infiltrates and Russell
bodies (C, D, and F). Adjacent nonneoplastic
brain tissue showed abundant Rosenthal fibers
(G). The calcified area described
radiographically was also seen histologically
(H). No whorls, rosettes, perivascular
pseudorosettes, psammoma bodies, mitoses,
endothelial proliferation, or necrosis were
seen.

gains, and loss at 11q13 was common to both of those cases (Table 1
and Figure 6). Gains were found in three of the four cases, including
one with an apparent gain from 11q13.5to 11q14 (Table 1).

FISH analysis using probes to the EGFR gene and the centromere
of chromosome 7 (CEP7) in this case showed no EGFR amplifica-
tion. None of the 61 cells analyzed had chromosome 7 hyperploidy
(not shown). In contrast, FISH probing 9p21 and 11q13 found
consistent losses at both loci in all five tumors studied (Table 2). Of
note, case #4 in which aCGH failed was successfully studied
using FISH. The losses were mostly in the form of monosomy on
chromosomes 9 and 11, ranging from approximately 20% to 50%.

Brain Pathology 19 (2009) 439-448
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Sequencing of 7P53 exons 4—11 in cases #1, 2, 4 and 5 showed
no mutations (not shown). Insufficient material was available to
sequence 7P53 in case #3.

DISCUSSION

The term “chordoid glioma” was originally developed to identify a
third ventricular tumor that had histologic similarities to chordo-
mas but expressed the glial marker GFAP (4). Since then, the
protein expression and ultrastructure of this tumor have been char-
acterized more fully. In this paper, we described a case of chordoid
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Figure 4. Immunohistochemical and histochemical profile of chordoid
glioma. Case 1 tumor cells were positive for GFAP (A) and vimentin (B),
and showed focal positivity for EMA (C), S100 (D), CD34 (E), and synap-
tophysin (F). Ki67 proliferation index was low at ~3% (G). Some areas of
the tumor expressed EGFR (H). It did not show a clonal pattern of p53

glioma arising in a 41-year-old man. This particular tumor featured
the most common radiologic characteristics of chordoid gliomas,
with anterior third ventricular location, homogeneity, isointensity
and contrast enhancement (13, 27, 36). It also had calcifications
as described recently in another case (16). Histologically, the
tumor displayed all the key components of chordoid gliomas,
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immunoreactivity (I). The tumor had an extensive reticulin network (J)
and stroma with some mucopolysaccharides but no mucin (K and L).
Abbreviations: GFAP = glial fibrillary acidic protein; EMA = epithelial
membrane antigen; EGFR = epidermal growth factor receptor; PASD =
Periodic Acid-Schiff with diastase.

including epithelioid cells arranged in clusters and cords, muci-
nous matrix, lymphoplasmacellular infiltrate with Russell bodies,
Rosenthal fibers in adjacent brain and a lack of mitoses, endothelial
proliferation or necrosis (4, 29, 37).

The immunohistochemical profile of this tumor is also gener-
ally consistent with what has been reported in chordoid gliomas,
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Figure 5. Histology of cases 2-5. Both the
cases from Emory University (cases #2-4,
panels A-C, respectively) and Duke University
(case #b, panel D) showed morphologic
characteristics of chordoid gliomas, including
cords and nests of epithelioid to spindly tumor
cells in a variable amount of myxoid matrix.
Lymphoplasmacellular infiltrates were present
in all cases.

featuring strong diffuse GFAP and vimentin expression with focal
EMA, CD34 and S100 positivity (24). At 3%, the Ki67 prolifera-
tion index was within the range reported for most chordoid
gliomas, again confirming the clinical impression of low growth
rate. Of note, synaptophysin was strongly, but focally, expressed
in this index tumor (Figure 4F) as well as in two of the four
additional cases, which is the first time this has been reported in a
chordoid glioma (20, 24). E-cadherin expression was not found
in this tumor, unlike one case previously reported (33). Of
interest, the regions of the tumor that did not express the
cell adhesion molecules CD31 and CD34 are also the areas
that were strongest for GFAP. These cells were more glia-like,
with elongated morphology and longer fibrillary processes. The

Table 1. aCGH on the primary case and four cases from other institu-
tions. aCGH was performed as described in Materials and Methods. A
small number of gains and losses were identified in three of the five
cases, including copy number alterations at 11q13.

Array comparative genomic hybridization (aCGH)

Case # Losses Gains
1 2q14 11913 22q11.23
2033-g34 11922.3
9p11.2 13914
9p21 17921
2 1p36 18p11.32
11p15.5
11913
3 None None
4 Failed Failed
5 None 11p156.5
11q13.5-q14
15026.1

Brain Pathology 19 (2009) 439-448
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cells that expressed CD31, CD34 and EMA showed a more epi-
thelioid appearance and weaker GFAP staining.

Some of the classic genetic abnormalities seen in gliomas,
including trisomy 7 or EGFR amplification, were not seen in the
case described clinically in this report, nor were there any 7P53
mutations in any of the cases studied. These results are in concor-
dance with those published previously (29). Moreover, although
the 22q loss characteristic of many ependymomas (9) was not seen
in these chordoid gliomas, losses in chromosome 9 have been
described in clear cell ependymomas and supratentorial ependy-
momas (18, 30, 32). In another study of chordoid glioma genetics,
Reifenberger ef al (29) detected no imbalances in four tumors
using conventional CGH, which has an approximate resolution of
10 Mb. aCGH, in contrast, can detect gains and losses of as little as
1 Mb or lower (26). This could account for some of the discrepan-
cies between these two studies. What is more difficult to reconcile
is monosomy of chromosome 9 and 11 in the current study of five
cases, as such large losses should be detectable by conventional
CGH if present in a sufficient percentage of cells. Given the
unavoidably small numbers of cases in each study, this may simply
indicate variation in the degree of monosomy observed in
individual cases.

Regarding some apparent incongruities between the FISH and
aCGH results (Figure 6 and Tables 1 and 2), although FISH is an
accepted method for verifying aCGH results, there can be differ-
ences between the techniques and the data generated from each
method. In brief, aCGH is a summation of the DNA copy number
from thousands of tumor cells and is thus susceptible to “dilution”
by admixed non-neoplastic tissue, while FISH probes individual
cells and each cell is independently scored. Thus, while 25%—-30%
of tumor cells in case #1 had monosomy of chromosomes 9 and 11
by FISH, this prevalence of monosomy may not have been suffi-
cient to cause unequivocal widespread loss of those chromosomes
when studied using aCGH, particularly as formalin-fixed,
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Figure 6. Molecular characterization of chordoid glioma. Array CGH on
case 1 (A) showed multiple loci of losses (red vertical lines) as well as a
few gains (green vertical lines). Only those loci that were determined to
be statistically significant are shown in Table 1. FISH showed both dele-
tions and losses at 9p21 (B) and 11g13 (C). In panels B and C, centro-
meric enumeration probes for chromosomes 9 (B) and 11 (C) are red,
v‘vhi\e probes for 9p21 (B) and 1113 (C) are green.

<

paraffin-embedded tissues inevitably generate more signal “noise”
compared with fresh-frozen tissue (26). Moreover, losses detected
Yy by aCGH could be caused by mutations that impair hybridization to
Monosomy ' the chip. Another possibility is that some gains seen on aCGH are
= false-positive because they are adjacent to areas of loss, thereby
altering the data analysis algorithms. FISH has a known degree
of monosomy in paraffin-embedded tissue such that monosomy
is only considered significant if it is present in more than 20% of
the cells—a cutoff that is exceeded by most of the cases in this
analysis.
I A full assessment of all the genes on both 9p21 and 11q13 with
Monosomy . regard to tumorigenesis is beyond the scope of this study. However,
it is notable that the INK4A/ARF locus on 9p21 encodes p16™K4,
which induces cell cycle arrest in G1 phase. The alternative splice
product p14/p19**F induces G1 and G2 arrest by stabilizing p33.
Gliomas, particularly high-grade gliomas, often show loss of this
region (15). The 11q13 region contains MENI, which encodes
menin and is either mutated or deleted in multiple endocrine
neoplasia 1, an autosomal recessive disease characterized by neo-
plasms of endocrine organs, for example, parathyroid adenomas,
gastrinomas and carcinoid tumors, as well as nonendocrine tumors
like angiofibromas and meningiomas (1). The function of menin is
not yet known, but the pattern of inheritance would suggest some
sort of tumor suppressor action.

Despite the low-grade appearance of chordoid gliomas, its loca-
tion and frequent adherence to the hypothalamus make gross total
resection difficult, which is unfortunate given that the chief prog-
nostic variable in these tumors appears to be whether the tumor
is completely resected (4, 5, 20, 27). It can be impossible to
adequately resect the tumor while avoiding postoperative sequelae,
most notably diabetes insipidus and panhypopituitarism. In the
current case, a full resection was grossly achieved, but the patient
developed diabetes insipidus and panhypopituitarism requiring
desmopressin, levothyroxine and hydrocortisone replacement
therapy.

Table 2. FISH on 9p21 and 11913 in chordoid
glioma. All four chordoid glioma cases probed
Case # Probe Gain Amp Hyper Loss Del Mono at the 9p21 and 11913 loci (see Materials and
Methods) showed consistent losses. Total

Fluorescence in situ hybridization (FISH)

1 9p21 10.0% 6.7% 3.3% 35.0% 5.0% 31.7% . e o
gain = amplification + hyperploidy; total
11913 15.0% 15.0% 0.0% 33.3% 8.3% 25.0% . L
loss = deletion + monosomy. Abbreviations:
2 9p21 10.6% 6.10% 4.50% 54.5% 16.7% 39.4% e .
Amp = amplification; Hyper = hyperploidy;
11913 5.0% 5.0% 0.0% 31.7% 8.3% 25.0% o
Del = deletion; Mono = monosomy.
3 9p21 1.7% 8.30% 3.0% 55.0% 8.3% 46.7%
11913 0.0% 0.00% 0.0% 31.7% 13.3% 18.3%
4 9p21 6.7% 5.0% 1.7% 41.7% 8.3% 33.3%
11913 7.9% 7.9% 0.0% 42.9% 4.8% 39.7%
5 9p21 20.0% 8.3% 11.7% 43.3% 5% 38.3%
11913 15.0% 15.0% 0% 40.0% 10% 30.0%
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In summary, chordoid gliomas are rare, slow-growing tumors of
the third ventricle whose prognosis is dependent on whether total
resection in a challenging anatomic location is possible. The tumor
immunohistochemical profile includes GFAP, vimentin and CD34
positivity, among others. While calcifications and CD31 expression
are also less commonly observed in chordoid gliomas, the presence
of synaptophysin in three of our five cases suggests that larger
specimens may contain focal reactivity. The tumor does not exhibit
classic glioma molecular genetic patterns, but may have alterations
at key loci including 9p21 and 11q13. Further research into poten-
tial molecular markers is warranted, as a better understanding of
chordoid glioma tumorigenesis may yield insight toward adjuvant
therapies when resection is not possible.
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