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Summary. The results of a histochemical study of biopsies of 30 meningiomas are reported.
The study includes the demonstration of oxidative and hydrolytic enzymes, lipids and glyco-
gen and examines the relationship between the histological and histochemical characteristics
of the structural elements of the various types of meningiomas and of their malignant varieties.
The data obtained are compared with those of other workers which often present conflicting
findings. The possibilities offered by the histochemical methods of investigation are discussed
with regard to the problems of histogenesis, the signs of malignancy, the processes of hyalinosis
and destruction, the vascular involvement and the role of the mast cells.
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The histological features of meningiomas have been known for a long time.
Recent research has been directed towards clarification of the histogenesis of
these tumours, their comparative characteristics, their proclivity to recidivism
towards a further refinement of the criteria of malignancy, investigations of the
mechanisms of calcification, hyaline and mucoid degeneration, etc. The newer
morphological methods of study including histochemical methods, offer additional
approaches to the solution of these problems.

The aim of this study was to arrive at a more comprehensive histochemical
characterization of the various histological types of meningioma and their structu-
ral elements and to compare the results of the study with the existing data in the
literature many of which seem to us controversial.

Material and Methods

The material studied consisted of 30 meningiomas extirpated at operation. Depending
on the methods applied the material was used fresh or fixed in a chilled solution of 49/, formol-
calcium, Rossmann’s fixative or Carnoy’s solution.

The following methods were used: Histological methods: hematoxylin-eosin, van Gieson,
Gomori (for reticular fibres), toluidine-blue, Bismarck brown. Histochemical methods for identi-
fication of: oxidoreductases—succinic dehydrogenase (SDH) (Nachlas et al., 1957), isocitric—
(IDH), malic—(MDH), glutamic—(GDH), glycerophosphate—NAD/GIDH (NAD), f-oxi-
butyrate—(8-OBDH), lactic—(LDH) dehydrogenases (Hess ef al., 1958), glycerophosphate
dehydrogenase with menadion/GIDH(M)/ (Kultas, 1964), glucoso-6-phosphate dehydrogenase
(G-6-PDH) (Wegmann and Gerzeli, 1961), NAD- and NADP-diaphorases (NADH-D, NADPH-
D) (Novikoff, 1963); hydrolases—alkaline phosphatase (ALP-ase) (Burstone, 1965), acid
phosphatase (AcP-ase) (Barka and Anderson, 1962), non-specific esterase (NEs-ase) (Davis and
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Ornstein, 1959), §-glucuronidase (§-glu-ase) (Hayashi ef al., 1964), N-acetyl-g-glucosaminidase
(N-acetyl-f-glu-ase) (Hayashi, 1965), adenosinetriphosphatase (ATP-ase) (Padykula and
Herman, 1955; in Pearse, 1962), phosphorylase (Guha and Wegmann, 1960); glycogen (Shaba-
dash, 1949), lipids (Sudan III and Sudan black) (Romeis, 1954).

Results

1. Oxidoreductases

The character, distribution and intensity of the reactions depend to some
extent on the histological structure of the meningioma. The diformazan granules
fill out the cellular bodies and the processes. The highest level of activity is
found in the whorls, and especially in those consisting of fewer cells (Fig.1A).
Generally speaking, the reactions for oxidative enzymes are more intensive in the
meningothelial structures than in the fibroblastic ones. If some degree of hyalinazi-
tion is present, the reaction of these cells is weaker and the granules are coarser. In
the psammoma bodies in various stages of hyalinization and calcification there are
usually some cells with processes which show a marked and very intense fine-
granular reaction for oxidoreductases (Fig.1B). Xanthomatous cells, occupying
large areas in some meningiomas, are represented by a few course granules in the
form of a ring at the periphery of the cell. The picture of the oxidative enzymes in
angioblastic meningiomas is more variable, depending on the extent of representa-
tion of vascular and meningothelial elements and the morphological alterations
of vascular walls and dystrophy. In two biopsies the H.-E.-picture was to some
extent reminiscent of the haemangiopericyte type of angioblastic meningioma
recently reviewed in detail by Pitkethly ef al. (1970). The pattern of oxidoreducta-
ses was similar to that of the meningothelial structures. However, in spite of the
large number of mitosis, no cellular histochemical polymorphism was found
(Fig.2) as is usual with malighant meningiomas.

The histochemical picture of reactions for oxidoreductases in malignant
meningiomas is characterized by variability between areas and between individual
tumour cells, especially in the large bi- and polynuclear cells and syncytial struc-
tures of bizarre appearance {Fig.3A).

In the zone of infiltration of malignant meningiomas into the adjacent cerebral
substance the reactions in the tumour cells are very intense. There is an increased
number of large monstrous cells and cellular bizarre syneytial structures.

The perivascular lymphocyte clusters manifested themselves only with a ring
of diformazan granules around the nuclei in all reactions for oxidative enzymes.

Regardless of the histological type of the meningioma, the reaction for SDH is
weaker in comparison with the other two dehydrogenases of the Krebs cycle. The
reaction for NADPH.-D is weaker than that for NADH-D although no difference is
found in the character and distribution of the reaction products. The reaction for
G6PDH. is comparatively weak.

The oxidative enzymes reactions in the blood vessels of the meningiomas
show considerable variability, conditioned by the increased activity and histo-
chemical polymorphism in the proliferation endothelium (Fig. 3 B) or by the gradual
diminishing activity in cases of hyalinization and sclerosis.

In areas of destruction the reaction produet is in coarse granules, few in quantity.
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Fig.1. A NAD-diaphorase (x 80). Big cells with a very intense reaction in the whorls. Activity
decreases in sites of hyalinization (indicated by arrow). Detail (< 160). B Succinic dehydro-
genase (X 160). Cells with intense reaction in the psammoma bodies

2. Hydrolytic Enzymes

ALP-ase. In 22 of the meningiomas irrespective of histological type and anapla-
stic signs, we found positive reaction for alkaline phosphatase in the parenchyma.
The reaction was uniform among the cells and delineated well the peripheries of
the cell bodies in the meningothelial structures, especially those near the stroma,
and the cell processes in the fibroblastic type. Higher activity was found in the
whorls and in their periphery. The cells in the peritheliomatous structures of the
haemangiopericyte type of angioblastic meningioma and the vessels localized in the
centres of the these structures lacked ALP-ase activity.

With advance hyalinization and calcification the reaction becomes weaker
and limited to peripheral concentric circles. In completely calcified psammoma
bodies there is no activity.
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Fig.2. A haemangiopericyte type of angioblastic meningioma. NAD-diaphorase ( X 80)

In most meningiomas the reaction for ALP-ase in the vessels is extremely
variable: from intense to negative. There is a tendency toward an inverse relation-
ship between the intensity of the reaction in the parenchyma and the vessels.
This is demonstrable even in different areas of one and the same preparation.
Tumour cells surrounding negative vessels frequently show a higher activity.

Lysosome enzymes (AcP-ase, NEs-ase, f-glu-ase, N-acetyl-8-glu-ase). The
character and intensity of reactions are contingent upon the type of meningioma
and upon the lysosome enzyme studied. In the fibroblastic type it is moderate and
comparatively uniform. In meningothelial meningiomas the reaction is again
finely-granular but more varied, regardless of its intensity. The reaction is more
intense with AcP-ase and NEs-ase than f-glu-ase and N-acetyl-$-glu-ase. (Fig.4 A).
Some small, spindle-shaped cells possessing a very intense finely-granular NEs-ase
reaction are particularly prominent, especially in the meningothelial areas
The whorls have a somewhat higher activity than the surrounding tumour cells.
The character of the reaction is the same. The psammoma bodies in initial stages
of development possess some concentric-located cells with very intense reactions.
The wholly hyalinized and calcified psammoma bodies have no activity. In
meningiomas, rich in psammoma bodies, the cells lying immediately next to the
latter form a zone of intense NEs-ase reaction which is wider than the analogous
zone with AcP-ase.

In malignant meningiomas the intensity of the reaction varies in the individual
cells, especially the AcP-ase reaction, as was pointed out for the oxidoreductases.
The haemangiopericyte type of angioblastic meningioma had an intense AcP-
ase reaction and a uniform moderate NEs-ase reaction. There are no cells possess-
ing a very intense NEs-ase reaction as in the other histological types (Fig.4B).
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Fig.3. A NAD-diaphorase (x80). Malignant meningioma. Marked polymorphism: big poly-
nuclear cells and bizarre syncytial structures with intense reaction; B lactic dehydrogenase
(X 160); big endothelial cells with a very intense reaction

The zanthomatous cells showed a fairly intense granular reaction, in the form of
clusters, at certain places.

The perivascular lymphocyte clusters have no activity.

In the vascular endothelium the reaction is weak and diffuse. It is more intense
in proliferating vessels. In hyalinized vessels some large endothelial cells retain
their high activity.

In areas of destruction the reaction is intense and coarsely-granular, both in
tumour cells and in the vessels.

ATP-ase. The parenchyma of meningothelial, fibroblastic and psammoma
meningiomas shows moderate or intense reaction. The reaction product is fairly
evenly distributed and its intensity varies little, except in cells lying closer to the
stroma and having slightly higher activity. The reaction in the whorls, particularly
the small ones, is more intense. Psammoma bodies in intial stages of hyalinization
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Fig.4. A N-acetyl-f-glucosaminidase. Scattered cells with processes and intense finely granular

reaction (X 80). B A haemangiopericyte type of angioblastic meningioma. A very intense

AcP-ase reaction in the cells around blood vessels. Additional methyl green staining for nuclei
(% 32)

have a more intense ATP-ase reaction in comparison with the other tumour
cells. Completely calcified bodies show no reaction. In the peritheliomatous
structures of the haemangiopericyte type of angioblastic meningioma the reaction
was uniformly weak. The centrally located vessels had a weaker reaction than the
interstitial tissue. Xanthomatous cells have only single granules at the periphery of
the cell body. In malignant meningiomas activity increases in areas of polymor-
phism.

The reaction in the vessels is uneven, regardless of the size of the vessels
(Fig.5).

3. Glycogen and Phosphorylase

The reactions for the identification of glycogen and phosphorylase show
almost identical pictures. The parenchyma of the various meningiomas exhibits
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Fig.5. Adenosinetriphosphatase. Varying reaction in the vessels, regardless of their size { x 80)

an intense granular PAS.positive reaction. The fibroblastic areas have a more
uniform and slightly more intense reaction. In meningothelial areas some lobules
and especially the whorls, rich in glycogen are found along with lobules of weak
reaction. Phosphorylase is more evenly distributed. With advanced hyalinization
the granular reaction for glycogen and phosphorylase decreases while the diffuse
PAS-positive reaction increases (the latter resists «-amylase). Malignant meningio-
mas contain a large and variable amount of glycogen and show a tendency for
more intense reactions in sites with fibroblastic structure.

4. Lipids

The staining for lipids with Sudan IIT and Sudan black demonstrates limited
foci of destruction in which the cells are loaded with sudanophil substance. Rarely,
in the centres of whorles with some hyalinization may be seen cells containing large
lipid granules. The xanthomatous cells are loaded with large lipid granules or
globules. There is a gradual transition from small cells with short processes and
fine granules to cells without processes with round enlarged bodies and large lipid
granules.

Mast cells were found in all types of meningiomas, including malignant ones and
the haemangiopericyte type of angioblastic meningioma. Mast cells are found
usually around the vessels and occasionally in lobules of connective tissue. In
areas containing whorls and psammoma bodies the number of mast cells in the
stroma is large but they are found within the whorls and psammoma bodies in
exceptional cases only. There are mast cells with rounded outlines, without
processes and with pale granules. Granules may also be seen outside the cell
bodies.
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Discussion

Our data suggest certain differences in the oxidative enzyme activity of
meningothelial and fibroblastic areas in the meningiomas differing from other
reports which stress that the reaction in both area is uniform (Osske and Jénisch,
1967; Viale and Andreussi, 1965).

Our results of a more intense reaction for NADH-diaphorase than for NADPH.-
diaphorase are in agreement with the report of Viale and Andreussi (1965) and
Udvarhelyi ¢f ol. (1962), but disagree with Schiffer ef al. {1964) who found low
levels of activity of both diaphorases in meningiomas.

Our findings suggest that the proliferation of the vascular endothelium,
especially in angioblastic and malignant meningioma, is associated with very high
oxidoreductase activity.

The literature on hydrolytic enzymes (Bingas, 1966; Fabiani ef al., 1967;
Feigin and Wolf, 1959; Hanefeld, 1966; Lehrer, 1962; Nasu, 1964; Osske and
Janisch, 1967; Schiffer ef al., 1964, 1968, 1969) is confusing. Most of the discre-
pancies are related to the activity of the ATP-ase which is one of the most widely
studied enzymes in meningiomas, due to its role in the processes of calcification,
anaplasia and vascular permeability. Our study failed to demonstrate a clear-cut
distribution of meningiomas into three groups, on the basis of the localization of
AlP-ase, as has been suggested by Nasu (1964) and later by Osske and Jénisch
(1967). We believe that an inverse relationship exists between the intensity of the
reaction in the parenchyma and the vessels. Taking into account Meier-Ruge’s
theory (1966) about the participation of the AlP-ase in the processes of active
transport in the vascular wall, our finding may be indicative of some general and
contrasting patterns of change in the metabolism of the parenchyma and the
vessels. This finding is not limited to a special group of meningiomas, as Osske and
Jéanisch insist.

The histological types of meningioma vary in their AlP-ase activity only to a
certain degree. In spite of what has been reported in the literature however, in
some areas of meningioblastomas we found high activity. We agree with Feigin
and Wolf (1959) and Osske and Jéanisch (1967), who, contrary to Nasu (1964),
hold that no relationship exists between intensity of the AlP-ase activity and
malignancy in meningiomas. Our data support the suggestion that the AlP-ase in
meningiomas is related to the process of calcification.

Some discrepancies exist in the literature concerning the AcP-ase and NEs-ase
activity in meningjomas (Bingas, 1966; Osske and Jénisch, 1967). Regarding the
character and localization of the reaction in the individual cellular elements of the
meningiomas, our findings are similar to those of Fabiani ef al. (1967).

The number of scattered cells with a more intense NEs-ase reaction is greater
than that of scattered cells with high AcP-ase activity. These cells were characteris-
tic of our preparations as well, but we could not find their analogues with reactions
for oxidoreductases. Contrary to Takao et al. (1965) we found an increased AcP-ase
activity in malignant meningiomas.

The authors who have studied the AcP-ase and NEs-ase activity in meningio-
mas give no characteristics of the angioblastic type. We should note the increased
activity of the proliferating vascular endothelium. Very intense reactions are also
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observed in the parenchyma of the haemangiopericyte type of angioblastic menin-
gioma.

In comparison with the other lysosome enzymes investigated, the -glucuronid-
ase activity is weaker in the tumour parenchyma. Our findings in the haemangio-
pericyte type of angioblastic meningioma are similar to Hanefeld’s (1966) data on
the mesodermal angioblastoma where §-glucuronidase is well represented.

Our results on the N-acetyl-g-glucosaminidase activity cannot be discussed
comparatively, as we were unable to find literature data on this enzyme in cerebral
tumours.

The histochemical picture of the whorls and psammoma bodies merits special
attention. In our study, the whorls showed the most intensive reaction for all
oxidative enzymes, some hydrolases, glycogen and phosphorylase. In the course
of the formation of psammoma bodies the activity of these enzymes decreases,
together with a changing localization and character of the reaction product.
However, some cells continue to exhibit a high activity for a long time. These
latter cells are probably identical to what Napolitano ef al. (1964) have described as
persisting cytoplasmatic residues among the homogenous and laminar masses of
well-formed psammoma bodies. However, it is difficult to explain why these
dying cellular elements have more intensive oxidoreductase reaction than the
remaining parenchyma. It is not clear whether this is the effect of some compen-
satory function or of damaged lipoprotein membranes which facilitate the entry
of substrates.

Although meningiomas are generally regarded as relatively benign tumours,
the question of malignancy in them has aroused considerable interest in recent
years, in association with their radical removal, tendency to recidivism and effects
of radiotherapy (Crompton and Gautier-Smith, 1970; Earle and Richany, 1969;
Tytus et al., 1967).

This raises the question of the histochemical characteristics of malignant
meningiomas. Data on the enzyme activity in these are scarce (Takao et al., 1965;
Viale and Andreussi, 1965). Our results show that the most general characteristics
of these tumours is their histochemical polymorphism demonstrable both in
areas and individual cells. It is much more apparent in histochemical preparations
than with .- E.-staining. On the on hand, polymorphism is associated with higher
incidence of regressive tissue and cellular changes in malignant growths, as has been
emphasized by Schiffer et al. (1969). On the other hand, however, in areas with
apparent anaplasia the oxidative enzyme activity is increased mostly in the large
polynuclear cells and in the bizarre syncytial structures. The reactions for lyso-
some enzymes and lipids show no regressive changes in them.

The histochemical characteristics of the individual cellular elements in the
meningiomas bear upon the important but undecided problem of the origin of
these components (Penfield, 1957; Wolman, 1952; Kernohan, 1941; Courville,
1950; Crompton and Gautier-Smith, 1970). Modern morphological methods such as
tissue cultures and electron microscopy (Napolitano et al., 1964; Cervés-Navarro
and Vasquez, 1969) give more and more evidence for the identical fine structure
of tumour cells, regardless of the cellular type and the histological differences be-
tween the various types of meningiomas. Our results support this, both with
regard to oxidative and hydrolytic enzymes, because the observed differences
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between meningothelial and fibroblastic structures are not essential. These differ-
ences pertain above all to the intensity of reactions and may be indicative of
varying degrees of functional and structural differentiation in one and the same
cellular type. '

The question of the presence and role of the mast cells in the meningiomas and
tumours in general has not been solved. Their incidence, distribution and function
in meningiomas are discussed in detail by Schiffer ef al. (1968) and Olsson and Sjo-
strand (1969). Our results are in agreement with some of their data.

There are, however, some differences in localization. Schiffer ¢f al. (1968) found
a proportion of the mast cells in the centres of hyalinized and calcified whorls and
attribute this to the process of calcification. We failed to find such a localization
although we studied meningiomas at various stages of psarmamoma bodies forma-
tion. There are hypotheses and some evidence of a participation of mast cells in
many and different processes (Combs ef al., 1965; Kon, 1964; Olsson and Sjo-
strand, 1969; Fischer and Fischer, 1965; Sawicki, 1967). It seems that the function
of mast cells in meningiomas should not be regarded as related to calcification
only.

We suppose that they are nonspecific reaction of the stroma with tumour
growth. Our considerations were that mast cells may are found in all histological
types of meningiomas despite the existing calcification, the features of rapid
growth and malignancy.
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