Original article Folia

Neuropathologica

Secretory meningiomas: immunohistochemical pattern of lectins
and ultrastructure of pseudopsammoma bodies

Anna Taraszewska, Ewa Matyja

Department of Experimental and Clinical Neuropathology, Mossakowski Medical Research Centre, Polish Academy of Sciences,
Warsaw, Poland

Folia Neuropathol 2014; 52 (2): 141-150 DOI: 10.5114/fn.2014.43785

Abstract

Secretory meningioma is an infrequent histological subtype of benign, WHO grade | meningioma, that is character-
ized by focal epithelial and secretory transformation of meningothelial cells. The leading histopathological feature
of neoplastic tissue is the presence of eosinophilic hyaline inclusions, defined as “pseudopsammoma bodies”. These
inclusions are mostly intracytoplasmic, different in size and often multiple. They are stained with periodic acid-Schiff
(PAS) and are immunopositive for epithelial and secretory markers.

The aim of this study was to determine the pattern of lectin bindings and ultrastructural features of secretory menin-
giomas. The examination was performed on 8 cases of secretory meningiomas that occurred in women and were
mostly associated with prominent peritumoural oedema. Histologically, the tumours exhibited numerous eosino-
philic, PAS positive pseudopsammoma bodies. Immunohistochemical studies revealed a strong, ring-like cytokeratin
expression around the pseudopsammoma bodies. The inclusions were CEA and EMA positive but negative for vimen-
tin. The immunolabeling with four lectins (PNA, SBA, Con A and DBA) was studied. The majority of pseudopsammoma
bodies and surrounding tumour cells were strongly labelled with PNA and SBA. Immunolabelling with Con A showed
irregular staining with high intensity in small inclusions. Immunostaining with DBA was seldom positive in inclusions
and negative in the tumour cell cytoplasm. Ultrastructure of pseudopsammoma bodies exhibited advanced hetero-
geneity. The size of inclusions and the content of intracytoplasmic lumina varied greatly. Some pseudopsammoma
bodies seemed to be located extracellularly and lacked the obvious lumina.

Our ultrastructural study and lectin binding pattern support the unique epithelial and secretory transformation of
neoplastic cells connected with their altered glycosylation.
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Introduction to as grade | tumour, according to the 2007 World

Secretory meningioma is an unusual histological Health Organization (WHO) classification of tumours
subtype of meningiomas, characterized by focal epi- of the central nervous system [24]. The incidence
thelial and secretory transformation of meningothe- of this specific variant, reported in various studies,
lial cells. It is a benign, slowly growing lesion, referred  ranged from 1.1% to 4.4% of all meningiomas [7,12,
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22,25,34,38]. Only one study documented a high inci-
dence, accounting for 9.3% [1].

Secretory meningiomas are characterized by the
presence of eosinophilic inclusions [20], which were
originally described as hyaline bodies by Cushing
and Eisenhart in 1938 (2" edition 1962) [8] and later
defined as “pseudopsammoma bodies” by Kepes in
1961 [14]. These inclusions are strongly stained with
periodic acid-Schiff (PAS) and were immunopositive
for some epithelial antigens, including cytokerat-
ins (CKs), epithelial membrane antigens (EMA) and
carcinoembryonic antigen (CEA) [2,5,7,25]. Moreo-
ver, pseudopsammoma bodies exhibit positivity for
various secretory components, as immunoglobulins
[4], a-1l-antitripsin (AT) and a-1-antichymotrypsin
(ACT) [7]. Ultrastructural features of secretory prop-
erties of the neoplastic cells were primarily demon-
strated by Kepes[13]and confirmed by other electron
microscopic findings [3,9,15-17,22]. Subsequently,
the tumour was defined as “secretory meningioma”
in 1986 by Alguacil-Garcia et al. [1]. From a clinical
point of view, secretory meningiomas appear pre-
dominantly in women, with the most frequent loca-
tion at the sphenoid ridge and frontal region. In
comparison with other ordinary meningiomas, they
are often associated with significant peritumoral
oedema [5,12,25,26,36,38,40]. It has been speculat-
ed that some products of pseudopsammoma bodies
might be involved in the development of cerebral
oedema [23,26,36].

The aim of this report was to evaluate the clin-
ico-pathological and ultrastructural features in the
series of secretory meningiomas, including the im-
munohistochemical pattern of the lectin binding
sites in tumour cells and pseudopsammoma bodies.

Table I. Clinico-pathologic data

Material and methods

The study was performed on the surgical archi-
val material from eight patients with postoperative
diagnosis of secretory meningioma. Clinico-patho-
logical characteristics of the patients are summa-
rized in Table |.

All tumour specimens were fixed in 10% buffered
formalin and routinely embedded in paraffin blocks.
Sections were stained with haematoxylin and eosin
(H&E) and periodic acid-Schiff (PAS).

Immunohistochemistry was performed on paraf-
fin-embedded specimens; labelling was carried out
by the avidin-biotin complex (ABC) method, with
3,3’-diaminobenzidine (DAB) as a chromogen. The
following primary antibodies were used: anti-epithe-
lial membrane antigen (EMA), anti-cytokeratin AE1/
AE3 (CK), anti-CD34, anti-vimentin (vim) and anti-
carcinoembryonic antigen (CEA); all reagents were
obtained from Dako. Immunohistochemical staining
of the lectin glycoconjugates was performed with
4 biotinylated lectins, as summarized in Table II:
Peanut agglutinin (PNA), Soybean agglutinin (SBA),
Dolichos biflorus agglutinin (DBA), Concanavalin A
(Con A) (obtained from Vector Laboratories, Burlin-
game, CA, USA). Briefly, the deparaffinized sections
were incubated with lectins in concentration of 10 pg/
mlfor 1 h, and then with the avidin-biotin peroxidase
complex (ABC Kit) and 3’3’diaminobenzidine (DAB,
Dako) reagents and counterstained with haematox-
ylin; details of the used method are presented in our
previous report [33].

For electron microscopy, the small fragments of
paraffin embedded specimens were selected, then
deparaffinized, rinsed in 0.1 phosphate buffer, post-

No. Gender/Age Tumour localization Diameter of Peritumoural  Basic histopathological pattern
tumour (cm) oedema of meningioma

1 Female/51 Frontal convexity 5.0 No data Meningothelial

2 Female/58 No data 2.5 Yes Transitional

3 Female/73 Sphenoid ridge No data No data Meningothelial

4 Female/50 Petrous apex 2.0 Yes Angiomatous

5 Female/67 Sphenoid ridge 3.5 Yes Fibroblastic

6 Female/55 Sphenoid ridge 2.5 Yes Angiomatous

7 Female/58 Temporal basis 33 Yes Meningothelial

8 Female/55 Temporal basis 4.0 No data Meningothelial
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Table II. Characteristics of lectins used for the study

Lectin names Abbreviations

Sugar specificities

Peanut agglutinin PNA f-D-galactose (1-3)N-acetylgalactosamine/Gal(B1-3)GalNAc/
Soybean agglutinin SBA N-acetylgalactosamine (a.1-3)galactose/GalNAc (al1-3)Gal/
Dolichos biflorus agglutinin DBA a-N-acetylgalactosamine/a-GalNAc/
Concanavalin A Con A a-D-mannose and B-D-glucose

fixed in solutions of 2% glutaraldehyde and 1% osmi-
um tetroxide in the same buffer, dehydrated in grad-
ed alcohols and embedded in Epon 812. Ultrathin
sections stained with uranyl acetate and lead citrate
were examined with a JEM-1010 electron microscope
(JEOL, Japan).

Results
Histopathological findings

All meningiomas were characterized by the pres-
ence of eosinophilic and PAS-positive pseudopsam-
moma bodies (Fig. 1A, B) that occurred on the back-
ground of various basic histopathological growth
patterns, assessed as meningothelial, transitional,
fibroblastic or angiomatous type (Table I). Pseu-
dopsammoma bodies exhibited a wide spectrum
of morphology, regarding their size and shape. The
number and distribution of inclusions greatly varied
within the same tumour. The bodies were loose-
ly scattered or collected in groups and exhibited
diverse forms, ranging from minute homogenous and
brightly eosinophilic spheres to huge heterogeneous,
weakly eosinophilic deposits, surrounded by clear
“halo” (Fig. 1A).
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Immunohistochemistry

Immunohistochemical studies revealed a strong
immunoreactivity for CK, limited to the part of the
cytoplasm of tumour cell that bordered the pseu-
dopsammoma bodies. This CK expression usual-
ly displayed the form of a strong ring-like pattern
around pseudopsammoma bodies (Fig. 2A). Immu-
noreactivity for CEA, of varying intensity, was evi-
denced both in the pseudopsammoma bodies and
in the surrounding cytoplasm of neoplastic cells
(Fig. 2B). Pseudopsammoma bodies were also immu-
nopositive for EMA (Fig. 2C) but they were negative
for vimentin, what was in contrast to overall positiv-
ity of tumour cells (Fig. 2D).

Immunohistochemical staining with the lectins
showed that the majority of pseudopsammoma
bodies and surrounding neoplastic cell cytoplasm
were strongly labelled with PNA (Fig. 3A) and SBA
(Fig. 3B), although the individual bodies remained
unstained or were only weakly stained with the both
lectins. Immunolabelling with Con A showed irreg-
ular staining of pseudopsammoma bodies. It was
intense mainly in small bodies and weak in larger
ones, whereas several bodies and the cytoplasm of
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pseudopsammoma bodies. Original magnification (A, B) x200.
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neoplastic cells were unlabelled (Fig. 3C). Immunos-
taining with DBA was rarely positive in pseudopsam-
moma bodies and was negative in the tumour cells
cytoplasm, however, the slight reactivity for DBA was
seen in the nuclei of neoplastic cells (Fig. 3D).

Electron microscopy

Electron microscopic examination revealed the
presence of numerous neoplastic cells, exhibiting
intracytoplasmic lumina filled with microvilli and
aggregations of homogenous or heterogeneous ma-
terial, corresponding to pseudopsammoma bodies
(Fig. 4A, B). The cytoplasm of these cells was charac-
terized by increased electron-density, rich endoplas-
mic reticulum and Golgi complex vesicles and con-
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Fig. 2. Immunohistochemistry of secretory meningioma. A) CK expression with a distinct ring-like pattern
around pseudopsammoma bodies. B) Immunoreactivity for CEA in the pseudopsammoma bodies and in
the cytoplasm of surrounding tumour cells. C) Diffuse EMA immunoexpression in the pseudopsammoma

bodies and in the tumour cells. D) Negative immunostaining for vimentin in the psammoma bodies and
positive in the tumour cells. Original magnification (A-D) x200.

spicuous bundles of tonofilaments, often in the close
connection with intracytoplasmic lumina and micro-
villi (Fig. 4A, B). Furthermore, distinct interdigitations
of cell processes with desmosomes and numerous
microvilli, projecting from the plasmalemma to the
extracellular space, were seen (Fig. 4C, D). The size
of the pseudopsammoma bodies and content of
intracytoplasmic lumina greatly varied. Small lumi-
na usually contained moderately electron dense,
fine filamentous and rather homogenous substance,
similar to those covering the surface of microvilli
(Fig. 4B). Enlarged lumina were filled with polymor-
phic, filamentous or granular electron dense materi-
al, either homogenous or exhibiting a mixture of het-
erogeneous vesicles, membranaceous structures and
dense bodies (Fig. 5A, B). Numerous lumina of dif-
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with lectins. A) Strong PNA immunolabelling in the majority of pseu-
dopsammoma bodies and the cytoplasm of surrounding tumour cells. B) Strong labelling with SBA of pseu-
dopsammoma bodies and the cytoplasm of surrounding cells. C) Irregular staining of pseudopsammoma
bodies with Con A with high intensity in small inclusions. D) Labelling with DBA in some pseudopsammoma
bodies. Slight reactivity in the nuclei of tumour cells. Original magnification (A-B) x200.

ferent size, filled with polymorphic pseudopsammo-
ma bodies, were often seen in the cytoplasm of the
same cell. Some pseudopsammoma bodies seemed
to be located extracellularly and lacked the obvious
lumina. They were associated with numerous micro-
villi, extending into intercellular space (Fig. 5C). Pseu-
dopsammoma bodies were frequently surrounded by
numerous fascicles of tonofilaments (Fig. 5D).

Discussion

All secretory meningiomas in our series showed
focal epithelial and secretory transformation with
accumulation of pseudopsammoma bodies. The
same features have been previously demonstrated
in other reports [13,22,29,35,38]. Pseudopsammo-

Folia Neuropathologica 2014; 52/2

ma bodies are most frequently associated with the
meningothelial pattern of the tumour, however they
might occur also in other histological subtypes of
benign meningiomas, including lipomatous or vacu-
olated component [18,20,21,39]. The secretory men-
ingiomas of the present study, comprised tumours
with the basic growth pattern of the meningothelial
type (4 cases), angiomatous type (2 cases), transi-
tional type (1 case) and fibroblastic type (1 case). The
mechanism, by which the individual neoplastic cells
of any subtype of meningioma might be transformed
into the secretory cells, is unknown. The most char-
acteristic cellular abnormalities, corresponding to
the epithelial and secretory features, consist of the
presence of intracytoplasmic lumina with accumula-
tion of secretory products [6,7,11,19]. Epithelial and
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Fig. 4. Ultrastructural features. A) Tumour cell exhibiting numerous small intracytoplasmic cavities filled
with microvilli (arrows). The cytoplasm of tumour displays increased electron-density, abundant vesicles
and conspicuous bundles of tonofilaments (asterisk). B) Intracytoplasmic lumina containing microvilli
(arrows) and homogenous or fine filamentous material. C) Distinct interdigitation of cell processes with
desmosomes (asterisk) and numerous microvilli (arrows), projecting from the plasmalemma to the extra-
cellular space. D) Multiple intercytoplasmic lumina of different size filled by microvilli and microvesicles and
surrounded by tonofibrils (arrows). Original magnification: A x7500; B x15 000; C-D x12 000.
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Fig. 5. Ultrastructural features. A) Enlarged lumina filled with homogenous, electron dense material and
mixture of microvesicles. B) Multiple, enlarged pseudopsammoma bodies exhibiting high heterogeneity of
their structure. C) Extracellularly located pseudopsammoma bodies associated with numerous microvilli
and lacking the obvious lumen. D) Pseudopsammoma body surrounded by numerous fascicles of tonofila-

ments (asterisk). Original magnification: A x6000; B x2500; C-D x75 000.
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glandular-like differentiation of the cells has been
also indicated with CK, EMA and CEA immunoreac-
tivity in many studies [1,2,25,32,35]. Moreover, our
present study demonstrated the abnormal glycosy!-
ation pattern of secretory meningioma cells.

Considering the morphology of pseudopsam-
moma bodies, it ought to be noted that histochem-
ical and ultrastructural patterns of pseudopsammo-
ma bodies exhibit the striking resemblance to the
inclusions, observed within intracellular lumina in
some epithelial neoplasms, especially in mammary
and gastro-intestinal carcinoma or mesothelioma
[4,13,16]. In epithelial cancer cells, the intracytoplas-
mic lumina appears as spherical cavities with micro-
villi and accumulation of secretion products, and
they are usually surrounded by a filamentous net-
work [27,28]. Various types of intracytoplasmic lumi-
na have been demonstrated in electron microscopic
study of breast carcinoma: type A with many micro-
villi on the luminal surface and abundant secretion
within the lumen; type B with fewer microvilli and
little or abundant secretion, and a third type of large
intracytoplasmic lumina with abundant secretion
and compression of the nucleus [30,31].

The present ultrastructural investigations of sec-
retory meningiomas documented that the pseudo-
psammoma bodies were predominately located with-
in large intracytoplasmic lumina, lined by microvilli.
The same ultrastructural features of pseudopsammo-
ma bodies were also demonstrated in other studies
[3,9,13,16,37]. Less frequently the pseudopsammo-
ma bodies were observed within extracellular space,
filling by numerous projecting microvilli [13,15]. Both
intracellular and extracellular secretory material
might exhibit various forms of homogenous deposits
of moderately electron-dense fine filamentous and
granular substances or polymorphic large inclusions
with a mixture of microvesicles, lamellar structures
and electron dense clumps. These findings indicated
that ultrastructural features of the secretory type of
meningioma differ from the fine structure of other
types of meningothelial tumours [10].

We found also some cells with predominance
of small intracytoplasmic cavities, accompanied by
intraluminal protrusions of microvilli and scanty
secretory material. These features probably repre-
sent an initial stage of secretory activity. Sometimes,
the small lumina coexisted with larger and polymor-
phic pseudopsammoma bodies. These observations
indicate the dynamic secretory process and support
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the suggestion that formation of the large polymor-
phic bodies represent the final stage of accumula-
tion and degradation of secretory products [3,15-
17,22].

The previous histochemical reports showed that
the products of secretion are composed mainly of con-
jugated glycoproteins [9,13,17] and are reminiscent
to the glycoproteinaceous coating seen on the surface
of intestinal and respiratory epithelia [16]. Immuno-
histochemical characteristics of pseudopsammoma
bodies with one lectin were given by Kuratsu et al.
[17]. The authors used only Concanavalin A staining
and postulated that secretory bodies in meningiomas
belong to mucosubstances of class Il and Ill.

In the present study we demonstrated the reac-
tion of the pseudopsammoma bodies and the tumour
cells with four lectins, including glucose and man-
nose binding Con A and three lectins specific to
galactose/N-acetylgalactosamine (GalNAc) glyco-
conjugates with differential binding sites, i.e. PNA,
SBA and DBA. Our results showed that pseudopsam-
moma bodies and surrounding cells presented
a large range of glycan structures. Pseudopsammo-
ma bodies were stained more intensely with PNA and
SBA, moderately with Con A and weakly with DBA,
whereas the cytoplasm of the surrounding neoplas-
tic cells was labelled mostly with PNA and SBA. Very
small secretory granules, probably corresponding to
small intracytoplasmic lumina, were also labelled
with the lectins and visualized especially with Con
A. These findings and our previous study of the lec-
tin binding in various subtypes of meningioma indi-
cated that the pattern of lectin glycoconjugates in
secretory meningioma differs from other variants of
meningothelial tumours [33]. Moreover, the varia-
tions in lectin bindings were demonstrated between
the secretory cells and other neoplastic cells within
the same tumour. Enhanced expression of the lectin
glycoconjugates in the meningioma secretory cells
probably reflects the selective changes in tumour
cell glycosylation, that may be important for their
phenotypic heterogeneity. Expression of CEA, which
is a highly N-glycosylated glycoprotein, is also the
characteristic finding in secretory meningiomas
[1,5,22,36,37]. We demonstrated a similar pattern of
the immunoreactivity for CEA and the binding sites
for PNA in the pseudopsammoma bodies and the
cells surrounding them.

Concluding, the present study documented the
heterogenous ultrastructural and lectin binding pat-
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tern of pseudopsammoma bodies and illustrated the
status of altered glycosylation in the neoplastic cells
of secretory meningiomas.
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