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Abstract

Altered tumour cell glycosylation in relation to cellular heterogeneity in human brain tumours remains relatively
unexplored. It has been reported that meningiomas express variability in glycosylation properties; however only
limited meningioma subtypes have been studied with lectins histochemistry.

The aim of this study was to compare the binding pattern of biotinylated lectins in seven subtypes of histologically
benign intracranial meningiomas (meningothelial, transitional, fibroblastic, psammomatous, secretory, microcystic
and angiomatous types). The study was performed on biopsy material of 30 cases of meningiomas with different
lectins: Peanut agglutinin (PNA), Soybean agglutinin (SBA), Dolichos biflorus agglutinin (DBA), Wheat germ
agglutinin (WGA), Cocanavalin A (Con A) and Ulex europaeus agglutinin 1 (UEA-1).

The expression of lectin-binding glycoconjugates exhibited differences between certain subtypes of
meningiomas. WGA with affinity for GIcNAc and neuraminic acid labelled the cells of all meningiomas but most
intensely those of fibroblastic type. Staining with PNA, SBA and DBA, which are GalNAc specific, varied from
negative to strongly positive. Enhanced PNA reactivity reflected mainly cytoarchitectural pattern of tumour
growth, such as syncytial lobules, whorled formations or trabecular arrangements of meningioma cells. DBA
labelled the majority of cellular nuclei. SBA showed binding to psammoma bodies, while pseudopsammoma
bodies were stained with PNA, WGA, Con A, and to a lesser extent with SBA and DBA. The secretory
meningiomas exhibited strong and heterogeneous lectins reactivity within pseudopsammoma bodies whereas
the neoplastic cells were only occasionally stained. The selective reactivity of UEA-1 with endothelial cells
of blood vessels resulted in a specific visualisation of the vascular network in all histological subtypes
of meningiomas. These results documented the heterogeneous glycosylation pattern in different subtypes
of meningiomas and indicate the usefulness of lectins in the evaluation of pluripotential differentiation
of meningioma cells.
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Introduction

Lectins are carbohydrate-binding proteins with
high affinity to different types of carbohydrate
terminal moieties of cellular glycoproteins in plant
and animal tissues [17,41,42]. Endogenous lectins are
implicated in the function of the intercellular
recognition system and play an important role in
a variety of biological processes, including regulation
of cellular growth, differentiation and morpho-
genesis [51]. On the other hand, a multitude of
isolated plant lectins have been found useful in
identification of glycoconjugates by means of lectin
histochemistry [15,27]. Based on the carbohydrate-
binding specificity, biotinylated plant lectins are
widely used as markers of particular mono- and
oligosaccharides and might be used to study the
changes in carbohydrate structures of cellular
glycoproteins and glycolipids in various physiological
and pathological conditions [41,42]. In particular, the
expression of lectin-binding glycoconjugates has
been extensively investigated in the processes of
cellular differentiation and maturation during
development [11,18] and after neoplastic transfor-
mation [15]. It has been known that tumour cells
frequently express a glycosylation pattern different
from those present on their normal counterparts.
Numerous studies have shown that in malignant
epithelial tumours some forms of glycosylation
changes correlated with metastatic properties,
grading and progression of the tumour [7,8,26].
Altered glycosylation pattern of cells has been also
demonstrated in pathological processes in the
central nervous system, including ischaemia [43,44],
Alzheimer’s disease [45] and brain neoplasms
[10,30,39,40]. Studies performed in variable human
[13,47] and experimental gliomas [14] have indicated
that lectins may be useful as markers of neoplastic cell
differentiation rather than of tumour malignancy. The
use of biotinylated lectins for diagnostic or prognostic
purposes is notably limited because of great variation
in the expression of glycoconjugates in tumour cells.
Nevertheless, lectin histochemistry has been consi-
dered to be a valuable method for the study of tumour-
associated alterations of cellular glycosylation and
tumour cell heterogeneity [8,15,41]. Lectin histo-
chemistry in respect of cellular heterogeneity of
human brain tumours remains relatively unexplored.

In this study we examined the expression of
specific lectin-binding glycoconjugates in tumour cells
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of several histologic subtypes of meningiomas. These
tumours are typically benign, slow growing and
characterised by a variety of histomorphological
features [5,21]. The neoplastic cells exhibit a wide range
of differentiation and/or metaplasia [25,31,32,46] and
might produce fibroblastic, epithelial, secretory,
angiomatous, lipomatous, cartilaginous and even bone
elements. The distinct predominance of one of these
components allows the meningiomas to be classified
according to WHO classification into 9 histological
subtypes of | grade malignancy [28].

The meningioma cells display a large amount of
glycoproteins and proteoglycans, which are intrinsic
constituents of the cell cytoplasm, basement
membranes and extracellular matrix and may be
involved in the mechanism of neoplastic cell
transformation [9,12,49]. In previous studies
differences between some histological subtypes of
meningiomas in the expression of both cell surface
carbohydrate-containing molecules [3,4,23,29,37]
and carbohydrate-binding endogenous lectins [2]
were detected. However, only limited meningioma
subtypes were included in the study of lectin
histochemistry.

The aim of this study was to compare the binding
pattern of biotinylated lectins in seven histopa-
thological subtypes of meningiomas of | grade
malignancy, including uncommon secretory, micro-
cystic and angiomatous variants (Table I).

Materials and methods

The study was performed on the archival
material of surgical specimens of intracranial
meningiomas derived from patients operated on in
neurosurgical departments. A series of 30 cases of
histologically benign meningiomas of different
subtypes, diagnosed according to the WHO
guidelines of classification and grading of brain
tumours [28], was included for the study (Table I).

For immunohistochemical staining six biotiny-
lated lectins, obtained from Vector Laboratories
(Burlingame, CA, USA), were used: Peanut agglutinin
(PNA), Soybean agglutinin (SBA), Dolichos biflorus
agglutinin (DBA), Wheat germ agglutinin (WGA),
Cocanavalin A (Con A) and Ulex europaeus
agglutinin | (UEA-1); their specific glycoconjugates
are presented in Table Il Before incubation with
lectins, the deparaffinized sections were washed in
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0.IM phosphate buffered saline (PBS) pH 7.4 and
treated with 0.05M NH4Cl in PBS for 30 min, with
3% H,0, in PBS for 5 min and with 1% bovine serum
albumin in PBS for 20 min. The sections were
incubated with biotinylated lectins, diluted in PBS to
a concentration of 10 pg/ml for 1lh. Then, they
reacted with avidin-biotin peroxidase complex
reagent (ABC Kit) for 1 h and with 0.05%
3'3’diaminobenzidine solution (DAB, Dako) for 10
min. Finally the sections were rinsed in tap water
and distilled water, counterstained with haema-
toxylin and embedded in Permount.

Results

The distribution and intensity of lectin binding
sites revealed distinct differences between
particular examined meningioma subtypes.

Meningiomas of the menigothelial type demon-
strated a relatively weak staining of tumour cells in
syncytial cell arrangements with the majority of
lectins. In some areas, particularly in the central parts
of tumour lobules, intense reactivity of both
cytoplasm and surface membranes was seen with
PNA (Fig. 1). Labelling of tumour tissue was
moderately uniform with WGA and very slight or
negative with Con A. Some areas of slight positive
staining of tumour cells were noted for SBA (Fig. 2)
and DBA. Moreover, DBA often labelled cellular nuclei
and perinuclear cytoplasm of many cells (Fig. 3), and
this pattern was found in every type of examined
meningiomas. Regardless of the meningioma
subtype, binding of SBA to blood-derived leucocytes
and macrophages and vessel walls was also observed
(Fig. 2). In addition, SBA displayed marked reactivity
with the psammomatous bodies, mostly within their
central core (Fig. 4). Staining of the psammomatous
bodies with other lectins was usually negative (Fig. 5).

Table Il. Characteristics of the lectins used for study

Lectin binding pattern in meningiomas

Table I. Histological subtypes of meningiomas

Meningioma subtype No. of cases
Meningothelial 4
Transitional 5
Fibroblastic 3
Psammomatous 2
Secretory 7
Microcystic 4
Angiomatous 5

The neoplastic cells of psammomatous meningio-
mas showed reactivity with the lectins most similar to
those seen in transitional meningiomas.

The transitional type of meningiomas exhibited
enhanced binding of the lectins to neoplastic cells
arranged in whorls, accompanied by weak or
negative immunolabelling in areas of syncytial cell
arrangements. The cell processes and bodies of
closely wrapped cells were strongly stained by PNA
(Fig. 6) and to a smaller extent by SBA, Con A and
DBA (Fig. 5). Labelling with SBA was seen only in
some selected whorls dispersed within unstained or
weakly stained areas of the tumour. WGA showed a
more uniform staining of cell cytoplasm through the
whole tumour tissue with enhanced reactivity of cell
surface membranes in the whorls (Fig. 7).

The fibroblastic meningiomas displayed more
prominent lectin immunolabelling within the bundles
of elongated cells as compared with cells of
meningothelial meningiomas. The cell cytoplasm,
processes and surface membranes reacted intensely
with WGA (Fig. 8) and PNA and to a lesser degree with
Con A and SBA. Reactivity of interfascicular collagen

Lectin names Abbreviations Preferable sugar specificities

Peanut Agglutinin PNA B-D-galactose (1-3)N-acetylgalactosamine/Gal(B1-3)GalNAc/
Soybean Agglutinin SBA N-acetylgalactosamine (al1-3)galactose/GalNAc (a1-3)Gal/
Dolichos Biflorus Aggl. DBA a-N-acetylgalactosamine/a-GalNAc/

Wheat Germ Agglutinin WGA N-acetylglucosamine/GIlcNAc (B1-4)/and neuraminic acid
Concanavalin A ConA a-D-mannose and B-D-glucose

Ulex Europaeus Aggl. 1 UEA-1 a-L-fucose
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Fig. 1. Meningothelial meningioma. Not uniform, Fig. 2. Meningothelial meningioma. Slight, diffuse

weak to intense reaction of tumour cells with staining of tumour cell cytoplasm and strong
PNA. x 200 labelling of blood vessels and blood derived cells

by SBA. x 200
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Fig. 3. Meningothelial meningioma. Cellular Fig. 4. Meningothelial meningioma. SBA binding

nuclei labelled by DBA. x 400 pattern to psammoma bodies. x 200
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Fig. 5. Transitional meningioma. Staining of Fig. 6. Transitional meningioma. Increased
nuclei and moderate reaction of surface binding of PNA to cytoplasm and processes of
membranes and cytoplasm with DBA whereas tumour cells wrapped in whorls. x 200

psammoma bodies are unreactive. x 200
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Fig. 7. Transitional meningioma. Diffuse staining Fig. 8. Fibroblastic meningioma. Intense uniform
with  WGA of tumour cell cytoplasm and reactivity of tumour cell cytoplasm and surface
increased reactivity of surface membranes membranes for WGA. x 200

within whorled formations. x 200
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Fig. 9. Secretory meningioma. Strong binding of Fig. 10. Secretory meningioma. Heterogeneous
PNA to pseudopsammoma bodies within area of staining of pseudopsammoma bodies and

meningioma cells with WGA. x 200
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Fig. 11. Secretory meningioma. Staining of Fig. 12. Microcystic meningioma. Intense
pseudopsammoma bodies with SBA ranging binding reaction for WGA in cell membranes
from positive to negative. x 200 and patchy staining of cytoplasm within

i

microcystic areas. x 400
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was weak with WGA and failed with Con A, whereas
PNA showed diffuse moderate staining of tumour
cells and intercellular collagen. DBA staining was seen
in the collagen fibres and surface membranes.

The secretory meningiomas were characterised
by intense reaction of pseudopsammoma bodies
with PNA, WGA, SBA, DBA and Con A and slight or
negative reactivity of lectins with tumour cell
cytoplasm. Pseudopsammoma bodies exhibited
a heterogeneous pattern of lectin binding. Both large
and small pseudopsammoma bodies were either
unevenly or very strong labelled or were entirely
unstained by the same lectins (Figs. 9-11). Numerous
bodies reacted with PNA (Fig. 9) and Con A, whereas
WGA (Fig. 10) and SBA (Fig. 11) revealed a great
heterogeneity of their immunolabelling. DBA stained
intensely only a few pseudopsammoma bodies.

The microcystic meningiomas exhibited strong
lectin labelling of intracytoplasmic vacuoles and cell
surfaces or cellular processes surrounding the
microcysts (Figs. 12-14). This staining pattern was
most pronounced with WGA (Fig. 12) and PNA
(Fig. 13). It was also distinct with Con A in the
trabecular arrangements of cells (Fig. 14), while with
DBA and SBA it was faint. WGA and SBA also labelled
the luminal surface of blood vessels, often abundant
within the microcystic areas. In contrast, PNA and Con
A (Figs. 13,14) as well as DBA mostly failed to mark the
lumina of blood vessels. The distinction between
vacuolar or microcystic changes and small blood
vessel lumina was difficult in the labelling pattern of
these lectins. For this reason, additional staining with
UEA-1 that specifically labelled endothelia of blood
vessels was applied for evaluation of tumour
vasculature in highly vascularized microcystic and
angiomatous meningiomas. In the microcystic
meningiomas staining with UEA-1 visualised nume-
rous small and larger vessel lumina within the
trabecula of unreactive meningioma cells (Figs. 15, 16).

In the angiomatous meningiomas, UEA-1 intensely
labelled the rich vascular network among unstained
meningioma cells (Fig. 17). The vascular endothelial
cell linings of both thin-walled and thick hyalinized
blood vessels of different size were labelled. A less
distinct vascular pattern was observed with SBA
staining. Other lectins, such as WGA, showed
unspecific, often diffuse staining of tumour tissue,
including both blood vessels and tumour cells. Con A
failed to bind to blood vessel walls.
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Moreover, selective UEA-1 staining of blood vessels
evidenced great variability of tumour vascularization
in particular subtypes of meningiomas (Fig. 18).

Discussion

Alterations of glycosylation are frequently
observed in tumours; however, studies on the
changes of cellular glycosylation in meningiomas are
scarce. In this study, the immunohistochemical
patterns of binding sites for six lectins were
compared and analysed in various histological
subtypes of benign meningiomas.

The lectins used for the study differ in their fine
specificity and affinity for related mono- and
oligosaccharides. Three of them, namely SBA, PNA
and DBA, are classified as galactose/N-acetylga-
lactosamine (GalNAc) specific, but with differential
binding sites [16,17,41]. PNA, which is B-D-galactose
specific, does not bind NAc in its primary site
but combines with the terminal disaccharide
Galpl—>3GalNAc much more strongly than with
galactose, so the combining site of this lectin is an
extended one. SBA binds N-acetylgalactosamine
(NAc) much more strongly than galactose, without
preference for oligosaccharides containing this sugar
residue, and its combining site is most likely small
and open. In contrast to PNA and SBA, binding of DBA
preferentially demonstrated terminal a-GalNAc.
WGA binds to N-acetylglucosamine (GlcNAc) and
N-acetylneuraminic acid (NeuAc) residues and thus
shows affinity to glycoconjugates containing sialic
acid at their terminals. Con A is preferentially specific
for mannose-containing oligosaccharides and UEA-1
is an L-fucose-binding lectin.

This study evidenced some differences in lectin
binding properties between histological subtypes of
meningiomas. Among conventional subtypes of
meningiomas, the fibroblastic type with obvious
mesenchymal features exhibited more intense
reactivity with lectins than transitional and
meningothelial types. Similar results concerning
fibroblastic meningioma were obtained in previous
studies [29,37]. Increased staining for WGA of the cell
cytoplasm, particularly observed in the fibroblastic
type, and also in other meningiomas, might suggest
that meningioma cells appeared to be rich in glucose
residues and glycoconjugates containing sialic acid
terminals. It has been demonstrated that different
organelle-specific proteins are glycosylated with
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Fig. 13. Microcystic meningioma. Strong staining Fig. 14. Microcystic meningioma. Slight to

with PNA of surface cell membranes and moderate staining with Con A of cytoplasm and
cytoplasm surrounding microcystic and vacuolar surface membranes of cells in trabecular
changes. Loss of reactivity in luminal surface of arrangements. x 400

vascular endothelia. x 400
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Fig. 15. Microcystic meningioma. Positive Fig. 16. Microcystic meningioma. Strong labelling

reaction for UEA-1 in endothelia of capillaries by UEA-1 of blood vessels within unstained
and lack of reactivity in meningioma cells. x 400 trabeculae of meningothelial tumour cells. x 200
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Fig. 17. Angiomatous meningioma. High density Fig. 18. Fibroblastic meningioma. Low vascular
of blood vessels labelled by UEA-1. x 100 density seen with UEA-1 staining. x 200
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O-linked GIcNAc residues and that significant
amounts of glycoproteins bearing GlcNAc-terminated
N-linked oligosaccharides are localised in rough and
stripped microsomes and nuclear envelope of normal
mammalian cells [19].

As regards GalNAc binding lectins, their staining
pattern varied from negative to strongly positive
within tumour cells of various types of meningiomas.
For example, the enhanced reactivity with PNA
reflects mainly the specific cytoarchitectural pattern
of tumour growth, including syncytial lobules,
whorled formations or trabecular arrangements of
meningioma cells. The slight staining of many cells of
meningothelial meningioma may be in part due to
their similarities to normal arachnoid cells [49].
Salmon et al. [37] have emphasised the low level of
membrane and cytoplasmic glycans in aneuploid
benign meningiomas as the result of a degenerative
phenomenon linked to tumour ageing. On the other
hand, increased expression of PNA binding sites
within tumour cell cytoplasm was reported for
anaplastic meningioma [29] and in gliomas of high
grade [39].

DBA labelled a minority of tumour cells, regardless
of histological subtypes of meningiomas, but unlike
other lectins it displayed an affinity for cell nuclei. The
reaction to DBA in nuclei and/or the perinuclear area
of meningioma cells has not been previously reported.
It has been evidenced that DBA, which identifies
terminal a-GalNAc [17], shares binding reactivity of
galectin-3 to the A type histoblood group epitope.
In squamous stratified epithelia the expression of
galectin-3-binding sites and also DBA-reactive
glycoligands correlates with increased differentiation
and/or cessation of proliferation [36]. Nuclear
expression of galectin-3 has also been reported in
transitional and benign meningiomas [9], suggesting
similar features of differentiation-dependent glycosy-
lation in meningioma cells.

The presence of GalNAc terminal structures
recognised by SBA was restricted. SBA has been
found to bind with fibrous stroma in meningioma
[23] and selectively labelled blood vessels in human
skeletal muscle [35]. In our study, SBA stained the
blood vessels walls and blood derived cells, the
meningioma cells slightly, and it was the only lectin
that markedly labelled psammomatous bodies.

The glucose and mannose binding lectin Con A
showed relatively weak reactivity with almost all
neoplastic cells in examined meningiomas, probably
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because most glucose- or mannose-containing
oligosaccharides of cellular glycoproteins are
sialylated at their terminals [33]. However, Con A
showed enhanced staining of intracytoplasmic and
surface membranes in cells of microcystic menin-
giomas and moderate to strong staining of
pseudopsammoma bodies in secretory meningiomas.

The secretory meningiomas are characterised by
accumulation of PAS-positive material in the form of
pseudopsammoma bodies, which are usually
located within intracellular cytoplasmic lumens lined
by microvilli. The appearance of microvilli is thought
to represent distinct properties of these tumour
cells, associated with epithelial and glandular-like
differentiation of meningothelial cells as it has been
previously documented by immunohistochemical,
ultrastructural and lectin histochemistry studies
[1,6,22,24]. Positive Con A staining of pseudo-
psammoma bodies in secretory meningiomas was
previously reported [24]. The present study showed
intense reaction of pseudopsammoma bodies also
with other lectins, particularly with PNA, WGA, and
to a lesser extent with SBA and DBA. It should be
noted that secretory meningiomas showed
considerable paucity of lectin binding sites within
tumour cell cytoplasm contrasting with strong and
heterogeneous reactivity of the pseudopsammoma
bodies.

Microcystic meningiomas were characterised by
peculiar microcystic changes within spindle- and
cobweb-shaped tumour cells and often a rich
network of small blood vessels [34]. Abortive tumour
cell differentiation to arachnoidal cells regulating
cerebrospinal fluid circulation between blood vessels
and subarachnoid space has been suggested on the
basis of immunohistochemical and ultrastructural
studies [50]. In this connection obvious enhance-
ment of binding of differential lectins, Con A, PNA
and WGA, to cell surface and vacuole-associated
membranes and to cytoplasm of cells around the
microcystic changes could be interpreted as
abnormal tumour cell activity in production of
membrane glycoproteins.

UEA-1 was a lectin reacting selectively with
vascular endothelial cells and it failed to bind to any
meningeal tumour cells [38,48]. As UEA-1 labels
exclusively endothelial cells, mostly in capillaries
[20], the use of this lectin offers simple assessment
of the tumour vasculature in various histological
subtypes of meningiomas. In particular, UEA-1
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provides clear visualisation of the vascular network
and distinction of meningioma cells from cells
forming vessel lumina in microcystic and angio-
matous meningiomas.

In conclusion, the results of this study indicate
that changes in distribution of lectin-binding glyco-
conjugates in benign meningiomas are associated
with variations of their architectural and histological
pattern. The extent of glycosylation of tumour cell
surface membranes, cytoplasm and intercellular
matrix seems to be important for phenotypic diversity
of neoplastic meningeal cells. The presented lectin
histochemistry shows that use of lectins may
contribute to a better characterisation of the me-
chanisms of pluripotential differentiation of menin-
gioma cells and supports the previous reports
[23,29,37] that meningiomas are heterogeneous in
their glycosylation pattern.
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