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Based on clinical and histologic features, differentiating metastatic carcinomas from benign or malignant
meningiomas usually is not difficult. Occasionally, however, in some patients without a clinical history of
carcinoma, malignant meningiomas can morphologically simulate metastatic carcinoma, necessitating an
immunohistochemical study for cytokeratin to make a correct diagnosis. However, the utility of immunohisto-
chemical markers to separate malignant meningioma from metastatic carcinoma has not been investigated. The
immunoperoxidase method with antigen retrieval was used to characterize the expression of three cytokeratins
(AE1/AE3, CAM 5.2, and Pan cytokeratin), EMA, CEA, Ber-EP4, CD 15, and B72.3 in 12 previously diagnosed
malignant meningiomas, 20 benign meningiomas, and 20 metastatic carcinomas. Cytokeratin expression was
detected in 75% of malignant meningiomas, 0% of benign meningiomas, and 100% of metastatic carcinomas.
While epithelial markers of Ber-EP4, CEA, B72.3 and CD-15 were positive in 90, 80, 70 and 65% of the metastatic
carcinoma, respectively, they were negative in all 12 malignant meningioma examined. Vimentin immunor-
eactivity was seen in all benign and malignant meningiomas, and in 20% of metastatic carcinomas. Our results
indicated that cytokeratin is not a reliable immunohistochemical marker to separate a malignant meningioma
from metastatic carcinoma. A panel of epithelial markers including Ber-EP4, CEA, B72.3 and CD-15, and
vimentin may be needed to separate malignant meningioma from metastatic carcinoma. Cytokeratin expression
can be a potential pitfall for confusing a malignant meningioma with a metastatic carcinoma.
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Meningioma is common intracranial neoplasm aris-
ing from the arachnoidal layer covering over the
brain. Women are more commonly affected than
men. Although most meningiomas grow slowly, they
can occasional be difficult to remove due to brain
involvement. Meningioma exhibits a histological
diverse morphologic appearance with many sub-
types described.1–5 In the new WHO brain tumor
classification, meningiomas are categorized into
three grades.2 While most grade I typical meningio-
mas are clinically benign, grade III malignant

meningiomas exhibit an aggressive clinical course
including rapid growth, brain invasion, local recur-
rence, metastasis and poor prognosis.1,5–7 Histologi-
cally, malignant meningiomas are defined by
morphologic features of frank malignancy far be-
yond the abnormalities present in atypical menin-
gioma. These features include obvious malignant
cytomorphology that resemble carcinoma, melano-
ma or sarcoma, or a high mitotic index with more
than 20 mitoses per 10 high-power fields.2 Nuclear
pleomorphism, necrosis, loss of the characteristic
architecture of benign meningioma, increased cellu-
larity and brain parenchyma invasion are usually
present.

Since malignant meningioma can morphologi-
cally simulate metastatic carcinoma, separation of
a malignant meningioma from metastatic carcinoma
is very important due to markedly different treat-
ment options and prognosis. Immunohistochemical
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study for cytokeratin has usually been applied to
confirm or exclude a metastatic carcinoma. While
keratin has been shown to be expressed in different
subtypes of meningiomas,8–13 the diagnostic value of
different cytokeratin expression in separating malig-
nant meningioma from metastatic carcinoma have
not been studied. To characterize the immunophe-
notypic features of the malignant meningiomas and
to assess the diagnostic value of cytokeratin expres-
sion in separating malignant meningiomas from
metastatic carcinomas, we studied the expression
of cytokeratins, epithelial membrane antigen (EMA),
vimentin and other epithelial antigens including
carcinoembryonic antigen (CEA), Ber-Ep4, CD-15
and B72.3 by malignant meningiomas, benign
meningiomas and metastatic carcinomas into the
brain.

Materials and methods

Cases were retrieved from the archives of the
Department of Pathology and Laboratory Medicine
at Allegheny General Hospital from January 1986 to
May 2003. A total of 52 brain neoplasms were
studied. The original hematoxylin–eosin (H&E)-
stained sections as well as a recut from each case
were reviewed to confirm the diagnosis. All tumors
were intracranial. The formalin-fixed paraffin-em-
bedded blocks was selected from each case for
immunohistochemical studies.

We studied 52 cases of brain neoplasms including
20 cases each of benign meningiomas and metastatic
carcinomas, and 12 cases of malignant meningio-
mas. Cases of meningioma and malignant menin-
gioma were classified according to the WHO
classification of tumors of nervous system.2 Immuno-
staining was performed using the avidin–biotin–
peroxidase complex (ABC) method. Sections 5mm
were cut from the paraffin blocks and mounted on
charged slides. The sections were deparaffinized,
rehydrated and treated with 1% hydrogen peroxide
for 10min to block endogenous peroxidase activity.
Sections were then rinsed and incubated with
primary antibodies cytokeratins (CK) (AE1/AE3,
CAM 5.2, and wide spectrum keratin), EMA, CEA,
Ber-EP4, CD 15, and B72.3. The immunostaining was

performed on an automated immunostainer with
appropriate positive and negative controls.

Results

The immunohistochemical findings are summarized
in Table 1 and illustrated in Figures 1a–d. Cyto-
plasmic immunoreactivity of cytokeratin was seen
in malignant meningiomas and metastatic carci-
nomas. For Ber-EP4, membrane rather than the
cytoplasmic staining was counted as positive. For
cytokeratins CAM 5.2, AE1/3 and Pan CK, all 20
metastatic carcinomas were strongly and diffusely
positive. Nine cases (9/12; 75%) of malignant
meningiomas were positive for CAM 5.2, AE1/AE3
and Pan cytokeratin with strong and diffuse posi-
tivity in four cases (33%) and focal positivity in five
cases (42%). No immunoreactivity was detected in
any of the 20 cases of benign meningiomas.

EMA immunoreactivity was observed in benign
(75%, 15/20 cases) and malignant (75%, 9/12 cases)
meningiomas and metastatic adenocarcinoma (80%,
16/20 cases). Strong and diffuse vimentin immunor-
eactivity was seen in all 12 malignant meningiomas
and 20 benign meningiomas. A total of 20%
metastatic carcinomas (5/20) were positive for
vimentin with focal positivity seen in three cases
and more diffuse staining in two cases.

For the epithelial markers, no immunoreactivity
of Ber-EP4, CEA, CD-15 and B72.3 was observed in
any of the 12 malignant meningiomas and 20 benign
meningiomas. Metastatic carcinomas were positive
for Ber-EP4, CEA, B72.3 and CD-15 in 90, 80, 70 and
65%, respectively.

Discussion

Meningiomas are unique brain neoplasms with dual
mesenchymal and epithelial differentiation. While
most meningiomas display mesenchymal morpho-
logic features such as fibrous, lipomatous and
myxoid patterns, epithelial differentiation are de-
monstrated by ultrastructural evidence of desmo-
somes and histologic findings of papillary
formation, clusters of epithelial-like cells, intracel-
lular lumina, and immunoreactive for various

Table 1 Immunohistochemical findings

Cases CK EMA Vimentin Ber-EP4 CEA B72.3 CD 15

Malignant meningiomas (12 cases) 75% 75% 100% 0% 0% 0% 0%
(9/12) (9/12) (12/12) (0/12) (0/12) (0/12) (0/12)

Metastatic carcinoma (20 cases) 100% 80% 20% 90% 80% 70% 65%
(20/20) (16/20) (4/20) (18/20) (16/20) (14/20) (13/20)

Benign meningiomas (20 cases) 0% 75% 100% 0% 0% 0% 0%
(0/20) (15/20) (20/20) (0/20) (0/20) (0/20) (0/20)

Expression of cytokeratin by malignant meningiomas
Y Liu et al

1130

Modern Pathology (2004) 17, 1129–1133



epithelial markers.11,14–19 Although meningioma is a
common neoplasm of the central nervous system,
malignant meningioma is rare. The morphological
features and the immunophenotype of benign
meningioma have been extensively studied. Menin-
gioma has been reported to be immunoreactive for
EMA, vimentin and S-100.8,9,11,18,20–26 Secretory
meningiomas have been shown to be immunoreac-
tive for cytokeratin and usually behave in a more
aggressive clinical course than other benign menin-
giomas.8,11–13,21,27

There are 12 malignant meningiomas evaluated in
this study. While 9/12 cases of malignant expressed
cytokeratin, none of the 20 benign meningioma was
positive. Although, previous studies reported that
the meningeal membrane as well as benign menin-
giomas can express some cytokeratin,9,22,25,28 we did
not detect any cytokeratin immunoreactivity for

Cam 5.2, AE1/AE3 and Pan CK. The reason why
malignant meningiomas can immunohistologically
express cytokeratin is uncertain. Morphologically,
10 cases of malignant meningiomas showed areas of
epithelial differentiation resembling carcinoma.
Two cases had cells with pleomorphic/spindle
configuration simulating metastatic sarcoma. While
both malignant meningioma and metastatic carcino-
ma express EMA, none of the malignant meningio-
ma was positive for markers often expressed by
carcinoma such as CEA, Ber-EP4, B72.3 and CD-15.
Among the epithelial markers that are positive for
metastatic carcinoma, Ber-EP4 and CEA are the most
useful ones with 90 and 80% sensitivity, respec-
tively. Therefore, cytokeratin and EMA immunohis-
tochemical studies cannot be utilized as markers to
distinguish malignant meningioma from metastatic
carcinoma. An immunohistochemical panel that

Figure 1 (a) and (b)—Malignant meningioma stained with H&E. (a) �300; (b) � 600. (c) and (d)—Diffuse and strong cytoplasmic
immunoreactivity of cytokeratin in malignant meningioma. (c) � 300; (d) � 600.
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includes cytokeratins, Ber-EP4, CEA, B72.3 and CD-
15 is needed to separate malignant meningioma
from carcinomas, since all malignant meningiomas
examined in this study were negative for CEA, Ber-
EP4, B72.3 and CD-15.

Although vimentin can be expressed by some
carcinomas, such as renal cell carcinomas, endome-
trial adenocarcinoma, sarcomatoid carcinoma, and
some carcinomas of lung and breast origin,29–33

vimentin can be a useful marker to distinguish
malignant meningioma from metastatic carcinoma.
In our study, strong and diffuse vimentin immuno-
reactivity was seen in all 12 malignant meningiomas
and 20 benign meningiomas, but only 20% (5/20
cases) of metastatic carcinomas with focal positivity
seen in three cases (12%). Therefore, negative
vimentin immunoreactivity can help exclude either
a benign or malignant meningioma.

Secretory meningioma is an uncommon histologic
variant of meningioma characterized by epithelial
differentiation with intracellular lumina containing
PAS-positive eosinophilic material. Cytokeratin
expression in secretory meningioma has been
reported in a number of previous studies.11–13,27,34

Probsr–Cousin reported that 31 cases of secretory
meningiomas expressed epithelial membrane
antigen, cytokeratins, carcinoembryonic antigen,
progesterone receptors and carbohydrate antigen
19-9.12 Assi et al11 studied the immunophenotype
of nine cases of secretory meningioma with
characteristic small gland-like lumina formation
filled with a PAS-positive, diastase-resistant
substance. All nine cases were positive for CK7,
CK8, EMA and CEA, and negative for Ber-EP4,
CD-15 and CK20. They concluded that the different
expression of cytokeratin and negativity for Ber-EP4
and CD15 were useful for the distinction between
secretory meningiomas and metastatic adenocarci-
nomas.

In summary, although cytokeratin expression does
not separate a malignant meningioma from a meta-
static carcinoma, a panel of epithelial markers
including Ber-EP4, CEA, B72.3 and CD15 and
vimentin may be useful in separating malignant
meningioma from metastatic carcinoma. We believe
that cytokeratin expression can be a potential pitfall
for confusing a malignant meningioma with a
metastatic carcinoma.
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