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Few reported cases of gliosarcomas or glioblastomas with epithelial-like areas exist. Most cases were originally
diagnosed as metastatic carcinoma. Focal expression of glial fibrillary acidic protein has helped characterize
these tumors as having a glial origin. We report a case of gliosarcoma with multifocal, extensive areas of well-
differentiated carcinoma; demonstrating squamous and glandular differentiation. The expression of glial
fibrillary acidic protein and epithelial phenotype were mutually exclusive. We performed extensive
immunohistochemical analyses and comparative genotypic analysis using microdissection to secure
representative glial and epithelial components. Loss of heterozygosity was analyzed with a panel of 12
polymorphic microsatellite markers designed to indicate allelic loss and situated in proximity to known tumor
suppressor genes located on chromosomes 1p, 9p, 10q, 17p and 19q. We found comparable patterns of
acquired allelic loss between the glial and carcinomatous components, strongly supporting the monoclonal
origin of this neoplasm. This case represents an extreme form of phenotypic divergence in a malignant glioma,
and constitutes a difficult diagnostic challenge. This heterogeneity reflects the potential for a range of
phenotypic expression in malignant gliomas that needs to be recognized. We suggest microdissection
genotyping as a molecular technique to better characterize these tumors.
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Glioblastoma multiforme (glioblastoma) is the most
common malignant brain tumor in adults compris-
ing 12–15% of adult intracranial neoplasms and
50–60% of astrocytic neoplasms.1 This tumor can
have heterogeneous cellular composition including
small, lipidized, undifferentiated, granular, giant
cells, and bipolar fusiform cells, hence the name
glioblastoma multiforme. Gliosarcomas are defined
as glioblastoma variants with a biphasic tissue
pattern of glial and mesenchymal differentiation,
and they are reported to share significant clinical
and genetic similarities.2 The sarcomatous areas
commonly resemble fibrosarcoma, but may show a
variety of lines of mesenchymal differentiation,
such as bone and cartilage3 or muscle.4,5 Rare reports
have noted distinctive epithelial histology within

glioblastoma or gliosarcomas displaying squamoid
or glandular appearances with negative immunohis-
tochemical staining for glial fibrillary acidic protein
(GFAP) and positivity for cytokeratin expression.6–10

These unusual cases can pose not only diagnostic
dilemmas, but clinical management issues as to
whether these distinctive areas represent metastasis
from an extracranial tumor, as has been described,11

or a primary manifestation of the high-grade astro-
cytic neoplasm. Oh and Prayson12 has suggested the
use of GFAP and CAM 5.2 immunostains in order to
differentiate metastatic carcinoma from glioblasto-
ma.

Primary and secondary glioblastoma derived from
differentiated astrocytes or precursor cells follow
distinctly different molecular genetic pathways.
Epidermal growth factor receptor (EGFR) and
MDM2 (mouse double minute 2; p53 binding and
inactivation protein) amplification and overexpres-
sion are a feature early in the evolution of approxi-
mately one-half of primary glioblastomas, while p53
mutations, overexpression and amplification of
platelet-derived growth factor receptor alpha
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(PDGFR-a), and loss of heterozygosity for 19q are
early features of secondary glioblastoma.13–16 Glio-
sarcomas have a distinct genetic profile, similar to
glioblastomas except for the amplification of
EGFR,17 and recent studies suggest that amplifica-
tion of genes on proximal 12q could facilitate the
development of a sarcomatous genotype.18 To date,
little is known about the molecular genetics of
epithelial elements seen in conjunction with glio-
blastoma or gliosarcomas. A recent study reports the
same pattern of TP53 mutations in astrocytic areas
and in areas of epithelial differentiation.19 This same
finding had been originally described for glial and
mesenchymal areas in gliosarcomas.20 We report
here the histologic and genotypic analysis of a
gliosarcoma with an extensive carcinomatous com-
ponent.

Case report

A 66-year-old Caucasian man developed chronic
headaches unresponsive to over-the-counter analge-
sics approximately 1 month prior to presentation.
Concomitant symptoms included forgetfulness, con-
fusion, and sporadic vomiting. A magnetic reso-
nance image of the brain revealed a 6� 5� 4.5 cm
solid, multicystic, and multilobulated right frontal
lobe mass involving the genu of the corpus callosum
and septum pellucidum with associated surround-
ing vasogenic edema with contrast enhancement
and midline shift (Figure 1). The differential
diagnoses based on the radiologic findings included
a high-grade glioma, lymphoma, or metastases. A
metastatic work-up was negative. The patient under-
went a right craniotomy and resection of the right
frontal mass.

Materials and methods

Histology

Sections of tumor material submitted were fixed in
10% buffered formalin overnight, processed and
sectioned by routine histologic techniques after
paraffin embedding. Sections were then stained
with hematoxylin and eosin.

Immunophenotypic Characterization

Immunohistochemical analyses were performed on
the formalin-fixed, paraffin-embedded tissue. Pri-
mary antibodies were directed against the following

antigens: thyroid transcription factor (TTF), cytoker-
atin 7 (CK7), cytokeratin 20 (CK20), cytokeratin
AE1/3, (Ki-67) proliferation index, p53 tumor
suppressor protein, GFAP, all muscle actin
(HHF35), Melan A, alpha fetoprotein (AFP), beta
human chorionic gonadotropin (b-HCG) (all anti-
bodies from DakoCytomation California, Inc., Car-
pinteria, CA, USA), placental alkaline phosphatase
(PLAP) (Biogenex, Biogenex, San Ramon, CA, USA),
synaptophysin (Ventana, Ventana Medical Systems,
Inc., Tucson, AZ, USA), and CAM 5.2 (Becton,
Dickinson and Company, San Jose, CA, USA). All
immunostaining was performed on Dako or Ventana
automated immunostainers. Mucicarmine stain was
performed according to Mayer’s method.

Microdissection Genotyping

Microdissection genotyping was performed on serial
4mm thick histologic sections. Using the original
hematoxylin–eosin-stained section as a guide, five
separate targets were microdissected from each
unstained slide using a hand-held scalpel under
stereomicroscopic observation (Olympus SZ-40

Figure 1 Contrast-enhanced MRI showing a 6.4 cm partially
cystic and solid mass in the right frontal lobe involving the genu
of the corpus callosum with subfalcine herniation. Enhancement
of some central solid areas with peripheral enhancement of the
cystic region is seen.

Figure 2 Medium power view of the craniotomy specimen demonstrating highly cellular astrocytic neoplasm with pleomorphic
astrocytes, multinucleated cells, and gemistocytes (a) with large areas of tumor necrosis adjacent to viable tumor (inset a). High power
shows numerous mitoses and endothelial proliferation (b). Focal areas within the tumor were composed of atypical spindle cells within a
collagenous stroma component (c) with occasional atypical mitotic figures (inset c). Some areas showed atypical cells within a distinctly
chondroid matrix (arrows, d). GFAP stain highlights astrocytic component but not epithelial or sarcoma-like regions (medium power, e).
At high power some carcinomatous areas exhibited squamoid appearing cells with keratin pearl formation and individual cell
keratinization (f), focally trabecular and papillary growth patterns (g) and vague rosette formation (inset, g). Gland formation with
intraluminal and intracellular mucin was seen by mucicarmine stain (arrows, h).
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stereomicroscope, Olympus USA, Inc. Melville, NY,
USA). Samples were taken from areas demonstrating
gliosarcoma, carcinoma, and areas with a mix of
tumor and non-neoplastic tissue. Aliquots of each
microdissected sample were PCR amplified as
previously described.21 Each sample was aliquoted
into 15 separate PCR reactions for individual
polymorphic microsatellites situated at five genomic
regions in proximity to known tumor suppressor
genes known or highly suspected to undergo

deletional damage in gliomas. The specific
markers used with corresponding cytogenetic
localization and GenBank accession information
were 1p34:MYCL[M19720], 1p36:D1S407[L18040],
1p22:D1S1172[L17654], 1p36:D1S1193 [L30480],
9p21:D9S251[L18726], 9p23:D9S254[L18050], 10q23:
D10S520[L16357], 10q23:D10S1173[L30341], 17p13:
D17S974[G07961], 17p13:D17S1289[G09615], 19q:
D19S400[L16430], 19q:D19S559[L30499]. PCR ampli-
fication was designed to generate an amplicon less

Figure 3 Carcinomatous areas stained strongly and diffusely positive for CAM 5.2 (a) and for CK7 (inset, a). Glial (b) and carcinomatous
areas (inset, b) demonstrated staining for p53. Proliferation marker, (Ki-67), revealed numerous positive nuclei within glial elements (c)
and more than 50% positivity within carcinoma areas (inset, c).

Table 1 Mutational profiling of right frontal lobe tumor

Tissue LMYC.5NT D1s407 D1s1172 D1s1193 D9s251 D9s254 D10s520 D10s1173 D17s974 D17s1289 D19s400 D19s559

Mixed NO LOH NI NO LOH NO LOH NO LOH NO LOH NI LOH H LOH H NI NO LOH F
Mixed NO LOH NI NO LOH LOH H LOH H NO LOH NI LOH H LOH H NI NO LOH F
GS LOH L NI NO LOH LOH H LOH H NO LOH NI LOH H LOH H NI F F
CT NO LOH NI NO LOH LOH H LOH H LOH H NI LOH H LOH H NI NO LOH NO LOH
CT LOH L NI NO LOH NO LOH LOH H NO LOH NI LOH H LOH H NI NO LOH NO LOH

Mixed, tumor and non-neoplastic tissue; GS, gliosarcoma; CT, carcinomatous tumor; LOH H, loss of heterozygosity, high; LOH L, loss of
heterozygosity, low; NO LOH, no loss of heterozygosity; NI, noninformative; F, failed PCR.
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than 200 bp long using synthetic oligonucleotide
primers flanking each microsatellite. Oligonucleo-
tide primers were created with 50 fluorescent
moieties (FAM, HEX, NED) suitable for fragment
analysis. The PCR products were analyzed by
capillary electrophoresis according to the manufac-
turer’s instructions (ABI 3100, Applied Biosystems,
Foster City, CA, USA). Allele peak heights and
lengths were used to define the presence or absence
of allelic imbalance for a given sample. Non-
neoplastic microdissected tissue samples were first
evaluated for informative status with respect to
individual alleles. When a particular microsatellite
marker in a normal tissue sample manifested only a
single peak, the patient was designated as non-
informative for that marker. For informative subjects
with respect to a specific marker, alleles were
assessed as being in balance when the ratio of the
individual allele peaks fell within the range of 0.66–
1.50. Values beyond this range were classified as
being allelic imbalance within the following two
categories. Low-level allelic imbalance was said to
exist when the microsatellite allelic peak height
ratios fell into the range 0.50–0.66 or 1.50–2.00.
High-level allelic imbalance was present when the
allele ratios fell below 0.50 or above 2.00.

Results

Morphologic and Immunophenotypic
Characterization

The craniotomy specimen consisted of multiple
fragments of pale, tan and focally hemorrhagic soft
tissue 2.5� 1.5� 1 cm in aggregate. The tumor was
composed of malignant appearing glial cells demon-
strating highly pleomorphic astrocytic nuclei, occa-
sional multinucleated cells, and gemistocytes
(Figure 2a) with large areas of necrosis adjacent to
viable tumor (Figure 2a, inset). Mitotic figures and
endothelial proliferation were easily identified
(Figure 2b). Distinct areas of the tumor were
composed of atypical spindled cells within a dense
collagenous stroma (Figure 2c) with occasional
atypical mitotic cells (arrow, inset, Figure 2c).
Reticulin stain (not shown) of sarcoma-like areas
shows numerous tightly packed interlacing fibers
around atypical spindle cells. Other areas had
chondroblastic-like cells (Figure 2d) with some bi-
and multinucleated forms set in a chondroid matrix
(arrows, Figure 2d). Sarcoma-like areas were seen
encroaching and surrounding glial and epithelial
areas. GFAP staining highlighted the astrocytic
component of the neoplasm while not staining
epithelial or sarcomatous elements (Figure 2e).
Nests of atypical squamoid cells with focal indivi-
dual cell keratinization and keratin pearls were
interspersed but separate and distinct from the
malignant glial cells (Figure 2f). The carcinomatous
portion demonstrated focally trabecular and papil-
lary growth patterns (Figure 2g). Vague ‘rosette’ like

structures could be visualized in some of the
carcinomatous areas showing a trabecular growth
pattern (inset, Figure 2g) while other areas demon-
strated glandular formation with mucin production
(arrows, Figure 2h Distinct perivascular pseudor-
osetting, however, was not seen. Numerous mitoses
were also seen within the carcinomatous areas. The
malignant glial component was diffusely and
strongly positive for GFAP. Some areas showed a
more gradual transition from the malignant glial
component to the more poorly differentiated carci-
nomatous areas best demonstrated on GFAP stain-
ing. Areas showing epithelial and glandular
differentiation showed strong, diffuse staining for
low molecular weight cytokeratin (CAM5.2) (Figure
3a) and cytokeratin 7 (CK7) (inset, Figure 3a), with
focal positivity for cytokeratin 20 (CK20) (not
shown). Tumor suppressor protein, p53, staining of
the glial component demonstrated moderately nu-
merous positive cells (Figure 3b) while epithelial
carcinomatous elements showed an even greater
number of positive cells (inset, Figure 3b). (Ki-67)
proliferation index was approximately 30% within
the malignant glial cells (Figure 3c) and o50%
within the carcinomatous areas (inset, Figure 3c).
Both tumor elements stained negatively for Melan
A, PLAP, HHF35, b-HCG, AFP, and TTF.

Genotyping Results

Results of microdissection genotyping are shown in
Table 1. The tumor was microdissected at sites
corresponding to gliosarcomatous and carcinoma-
tous morphology. Microdissected tissue correspond-
ing to a composite of non-neoplastic cellular
elements and tumor was used to establish micro-
satellite marker informativeness. The presence of
potentially mutated alleles in the latter did not
interfere with determination of marker informative-
ness. A total of nine informative microsatellite
markers were defined from the total panel of 12
markers. Using these informative markers the glio-
matous regions of the tumor manifested five allelic
loss alterations. All of these mutated markers as well
as the specific alleles affected by loss were shown to
be present in the mixed gliomatous and non-
neoplastic growth areas. Three of the markers were
concordantly affected in all microdissected tissue
samples. This established the monoclonal character
of the morphologically heterogeneous tumor in this
instance.

Discussion

Gliosarcomas are rare biphasic neoplasms of the
central nervous system composed of glioblastoma
admixed with a sarcomatous component. Several
studies agree with the fact that gliosarcomas and
glioblastoma cannot be distinguished clinically.2,22

Rarely, gliosarcomas with focal epithelial features
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have been described.6–8 The interpretation of these
lesions as variants of glioblastoma have been based
on partial expression of GFAP in the epithelial areas
as well as no evidence of another primary tumor. To
our knowledge, only the study of Mueller et al 19

investigated clonality in these tumors by studying
the patterns of TP53 mutation in different areas of
the tumor. The spreading of metastasis into cranial
tumors has been reported.11 Therefore, the possibi-
lity of a collision tumor in these situations has to be
considered and carefully evaluated. The case pre-
sented here is an extreme form of phenotype
divergence in a malignant glioma and constitutes a
difficult diagnostic challenge, given the fact that at
least half of the tumor is composed of carcinoma-
like areas. In fact, most of the reported cases of
glioblastoma with epithelial differentiation, were
originally diagnosed as metastatic tumors. This
heterogeneity reflects the potential for a range of
phenotypic expression in malignant gliomas that
needs to be recognized.

During embryonic development, conversions from
epithelium to mesenchyme, and vice versa, occur
normally, being all part of the morphogenetic
process and tissue remodeling.23 Indeed, there is
evidence that this change occurs in human diseases,
including the development of carcinosarcomas.24

Carcinosarcomas are malignant tumors having a
mixture of carcinoma and sarcoma containing
differentiated mesenchymal elements such as malig-
nant cartilage, bone and muscle.25,26 Recent data
confirm that most, but not all, carcinosarcomas are
monoclonal,27–29 and that the carcinomatous ele-
ment is the driving force and the sarcomatous
component is derived from the carcinoma or from
a stem cell that undergoes divergent differentiation.
It is however important to differentiate these cases
from true collision tumors, since the prognosis will
vary.

The relatedness between the morphologically
distinct tumor growth patterns was evaluated in
this case by a system of microdissection genotyping
combining precise tissue microdissection followed
by mutational profiling. This approach provides
information not only on the status of allelic loss to a
particular marker, but also which specific allele is
affected by deletion when evidence for this change
is present. As such it provides a detailed fingerprint
with which to compare different regions of neoplas-
tic growth from the standpoint of an acquired profile
of allelic loss damage. The greater the degree of
concordance of an allelic loss profile, the stronger
the evidence is provided that the two neoplastic
regions are closer to each other in tumorigenesis. In
this case, the gliomatous growth pattern of tumor
manifested five allelic loss alterations. Notably, all
five of these specific allelic losses including the
unique allele affected by deletion was demonstrable
in the carcinomatous growth areas. This provides
compelling evidence to support the contention that
this is one neoplasm with divergent growth rather

than independent primary tumors that secondarily
have collided in location.

A limitation in this case study was the lack of
completely non-neoplastic tissue as a control for
mutational profiling. Surgical neuropathology is
especially challenging in this regard since it is often
the case that careful attention is paid during surgery
to avoid the removal of histologically normal
appearing brain parenchyma. This was the case in
this patient. However, the issue was addressed by
microdissection of peritumoral tissue representing a
mixture of non-neoplastic and neoplastic cellular
elements. This approach provided samples with
sufficient non-neoplastic DNA upon which to
definitely establish microsatellite marker informa-
tiveness.

In summary, we present the unique case of a
gliosarcoma with a morphologically extensive carci-
nomatous component. We suggest microdissection
genotyping as the technique of choice for character-
izing these difficult diagnostic dilemmas.
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