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Summary. Immunohistochemical analysis of inflam- 
matory cell density and infiltrate subpopulations in 42 
meningiomas was performed. Evaluation of in- 
filtrating cell density was carried out by cell counting. 
Meningothelial and fibroblastic meningiomas con- 
tained an average of 3% mononuclear cells; the few 
lymphocytes were localized ~in the perivascular spaces. 
In subtypes with cellular atypies and recurrent tumors, 
the inflammatory cells increased up to 9%. We found 
small mononuclear cell clusters in the tumor 
parenchyma in addition to the perivascular infiltrates. 
Marked degrees of infiltration were found in 
anaplastic meningiomas (average 13.5 % of total cells). 
The lymphocytic infiltrates were localized in multi- 
layered perivascular cuffings and intraparenchymal 
cell clusters. The composition of the infiltrates, i.e., 
predominantly a mixed staining of cytotoxic/sup- 
pressor and helper cell phenotypes, did not vary in the 
different subtypes. We conclude: (1) that inflamma- 
tory infiltration is more frequent and denser in malig- 
nant than in benign meningiomas; and (2) that the 
tumor defense mechanisms in meningiomas are me- 
diated particularly by T cell mediated immunity. 
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Since the turn of the century, histopathological investi- 
gations have demonstrated leukocyte infiltration of 
tumors. Their prognostic significance, however, has 
not yet been fully clarified. Many authors described 
the occurrence of mononuclear infiltrates in brain 
tumors [3, 4, 6, 7, 16, 19, 23, 28, 32, 33, 36]; and most 
of them suggested that mononuclear cell infiltration 
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had a defensive connotation and that lymphocytes 
were important in the host-mediated immunoreaction 
to neoplasm in the CNS. 

A host-mediated immune response to brain tumors 
includes many interrelated humoral and cellular 
events that are affected by the subpopulations of 
mononuclear cells. Subtyping of these immunocompe- 
tent cells is necessary to clarify the role of lymphocyte 
subsets in this immunological reaction of the host. 

After appropriate antibodies against mononuclear 
cells became available, several authors defined lym- 

phocyte  subsets in gliomas [9, 14, 18, 26, 29-31]. 
These immunohistochemical methods allowed defi- 
nition of the subsets within the tumors, which, in turn, 
served to elucidate the role of the mononuclear cells 
in tumor surveillance. 

To the best of our knowledge, only a few reports 
on inflammatory reactions in brain tumors other than 
gliomas have been published. Our study is based on 
the observation of infiltrating lymphocytes in meningi- 
omas, primarily anaplastic meningiomas. This obser- 
vation of large numbers of lymphocytes in anaplastic 
meningiomas and scattered lymphocytes in benign 
meningiomas, perhaps occasionally referred to as 
"pycnotic" cells, is still unclarified. These inflamma- 
tory infiltrates have not been analyzed extensively. 

Our study examined 42 meningiomas using mono- 
clonal antibodies against lymphocytic surface antigens 
to determine the density of infiltrating lymphocytes and 
the role of different immunocompetent cell subpopu- 
lafions in the host-tumor interaction. 

Methods 

Over a 15-month period, unselected surgical biopsies ofmeningi- 
omas for which snap-frozen specimens were available, were in- 
vestigated for the presence of mononuclear infiltrating cells. 

The various meningioma subtypes are presented in Table 2. 
Cryostat sections, 6 Itm thick, from snap-frozen tumor speci- 
mens were prefixed for 10 rain in acetone and for 30 rain in 
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Figs. 1 - 3 .  Avidin-biotin-peroxidase complex staining method 
on paraffin sections with leukocyte common antigen 

Fig. 1. In meningothelial and fibroblastic meningiomas few 
lymphocytic infiltrates were located in the perivascular inter- 
stitial tissue (a) or were scattered throughout the tumor (b). a, b 
x 250 

Table 1. Density of inflammatory cells in the meningioma sub- 
types, defined by a monoclonal antibody against the leukocyte 
common antigen (LC) 

Histopathological No. of % LC- 
diagnosis of the cases positive 
meningiomas cells" 

%Range 

Meningothelial 11 3 1 .9-  3.5 
With atypies 4 8 5.1 - 10.7 
Recurrent meningothelial 2 5 4 .9 -  5.~ 
Fibroblastic 5 3 2 .0 -  3.6 
Fibroblastic with atypies 3 9 7.8-11.4 
Recurrent fibroblastic 2 5.5 5 .2 -  5.9 
Transitional-type 5 8.5 6.0-12.1 
Anaplastic 5 1 3 . 5  8.4-16.9 
Angioblastic 5 7.5 7.1 - 10.6 

a The number of LC-positive cells is expressed as a percentage 
of the total cells present within a representative area of the tumor 

chloroform at room temperature. The formalin-fixed, paraffin- 
embedded specimens were cut into 5-gm sections and dewaxed 
in xylene. The monoclonal antibodies used for incubations are 
given in Table 2. All antibodies were applied to cryostat sections 
and leukocyte common antigen (LC), human T cell, human B 
cell and Leu-7 antibodies were also applied to paraffin sections. 

The avidin-biotin-complex reaction (ABC), as modified by 
Hsu et al. [12], and the alkaline phosphatase-antialkaline phos- 
phatase method (APAAP), as modified by Cordell et al. [8], were 
used. As control for nonspecific staining the primary antibody 
was omitted. Frozen material from normal human rectal mucosa 
and submucosa served as positive controls. 

The percentage of LC-positive cells was determined by count- 
ing 5000 to 6000 cells at a magnification of x 160 in a represen- 
tative area of each biopsy. Comparison of the proportion of 
positive cells in the paraffin sections with that obtained in frozen 
sections showed the percentage to be identical. The specimens 
were examined for intratumoral, peritumoral, perivascular, and 
diffuse mononuclear infiltrates; localization and percentage of 
labelled cells were recorded. 

Results 

Meningo the l i a l  and  f ib rob las t i c  m e n i n g i o m a s  con ta in  
on ly  scan ty  inf i l t ra t ing  lymphocytes .  Specimens  with  
increased  cel lu lar i ty  or  focal  p l e o m o r p h i s m  and  the 
g r o u p  o f  r ecur ren t  m e n i n g i o m a s  s h o w e d  a m o d e r a t e  
n u m b e r  o f  inf i l t ra t ing  cells. The  highest  l ymphocy t e  
dens i ty  was f o u n d  in the anap las t i c  m e n i n g i o m a s  
(Table 1). 

The  few lymphocy t i c  inf i l t ra tes  in men ingo the l i a l  
and  f ib rob las t i c  m e n i n g i o m a s  were~ p r e d o m i n a n t l y  
local ized in the in ters t i t ia l  t issue s u r r o u n d i n g  t u m o r  
vessels (Fig.  1 a). On ly  single LC-pos i t ive  cells were 
f o u n d  in  a reas  wi th  c o m p a c t  t u m o r  f o r m a t i o n  or  be-  
tween the para l le l  and  in ter lac ing  bundles  o f  t u m o r  
cells (Fig.  1 b). In  the recur ren t  m e n i n g i o m a s  and  the 
m e n i n g i o m a s  wi th  a typ ica l  cells, scanty  l ymphocy t i c  
inf i l t ra tes  were seen in the pe r ivascu la r  spaces.  M o r e -  
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Fig. 2. a In meningiomas with atypic cells mononuclear  cell 
clusters were seen in addition to scattered lymphocytes, b A 
small mononuclear  cell cluster in a meningioma with cellular 
atypies and mitosis, a x 250, b x 410 

Table 2. Monoctonal  antibodies: subpopulations of leukocytes, 
which are particularly recognized by the mentioned antibodies 
and source 

Antibody Subpopulations 

LC a 
Human T cell" 
Human B cell a 
OKT8 b 
Leu-3a c 
Leu-M5 ~ 
Leu-7 c 
Leu-llb ~ 
Leu-12 c 

Leukocyte common antigen 
T lymphocytes (clone UCHL 1) 
B lymphocytes (clone 4KB5) 
Cytotoxic/suppressor T lymphocytes 
Helper/inducer T lymphocytes 
Monocytes 
Natural killer cells 
Natural killer cells 
B cells 

Dakopatts,  Hamburg 
b Ortho Diagnostics, Neckargemiind 
c Becton Dickinson 

over, we found small mononuclear  cell clusters in- 
filtrating the tumor parenchyma (Fig. 2a, b). The 
number of  infiltrating lymphocytic cells was higher in 
transitional-type meningiomas than in meningothelial 
and fibroblastic meningiomas. The numerous lympho- 
cytic infiltrates in anaplastic meningiomas consisted, 
for the most part, of  multilayered perivascular cuffs as 
well as large and small intraparenchymal cell clusters; 
diffuse infiltration by small lymphocytes; however, 

Fig. 3. An anaplastic meningioma with lymphocytes, forming 
perivascular cuffings, large and small intraparenchymal cell clus- 
ters. Single lymphocytes were frequent, x 160 

was also a common finding (Fig. 3). The density of  the 
infiltration varied in different areas of  these tumors, 
increasing slightly in the border zone around areas of  
necrosis. Mononuclear  cells were diffusely distributed 
in the angioblastic meningiomas. 

The correlation between the density of  infiltrating 
cells in the different histological meningioma subtypes 
and the proliferative potential of these tumors [24] is 
statistically significant, with the exception of angio- 
blastic meningiomas, which have a relatively higher 
proport ion of  infiltrating cells, i.e., a lower prolifer- 
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Fig. 4a, b. Serial frozen sections, a T helper lymphocytes (anti- 
body Leu-3a); b suppressor-cytotoxic T lymphocytes (antibody 
OKT8 ). The infiltrates consisted mainly of T lymphocytes with 
a mixed T helper/cytotoxic population. Alkaline phosphatase 
antialkaline phosphatase, a, b x 250 

Table 3. Comparison of the density of inflammatory cells in the 
meningioma subtypes with the proliferation rate of these tumors 

Histopathological Number % of LC- Prolif- 
diagnosis of the of cases positive eration 
meningiomas cells" rate b 

Meningothelial 
and fibroblastic 16 3.0 2.4 

With cellular atypies 
and recurrent 11 8.5 8.6 

Transitional-type 5 8.5 7.7 
Anaplastic 5 13.5 14.1 
Angioblastic 5 7.5 3.5 

a The number of LC-positive cells is expressed as a percentage 
of the total cells present within a representative area of the tumor 
b The percentage of proliferating cells (defined with the mono- 
clonal antibody Ki 67 Dianova, Hamburg) was determined by 
counting 200 to 500 cells in a representative area of the tumor 
[24] 

ation rate compared to the other subtypes (Table 3). 
For  statistical analysis we used the H-test of  Kruskal 
and Wallis and the U-test of Wilcoxon, Mann and 
Whitney. 

The observed infiltrates consisted predominantly 
of  T lymphocytes with a mixed helper/cytotoxic T cell 

population (Fig. 4a, b). Only a small proport ion of B 
cells, monocytes and natural killer (NK) cells was 
present (15% or less of  total infiltrating cell popu- 
lation). A specific pattern of  the infiltrates, e.g., con- 
centric distribution of  cytotoxic T cells and T helper 
cells, was not detectable. The composition of  the infil- 
trates did not vary in the different meningioma sub- 
types. 

Discussion 

Since lymphoid cellular infiltrates in brain tumors 
were described in the literature, the role of  mononu- 
clear cells in CNS tumors has been discussed and 
investigated [5, 7, 14, 21, 35-37] .  All these exper- 
iments were performed almost exclusively on glial 
tumors. Only von Hanwehr [9] examined 14 surgical 
specimens of  brain tumors, including 5 meningiomas, 
for the presence of T cells. We have determined the 
density of  infiltrating lymphocytes and the different 
subpopulation of  these mononuclear cells in 42 men- 
ingiomas. 

In our study, the highest proport ion of  infiltrating 
cells was found in the anaplastic meningiomas, fol- 
lowed by meningiomas with cellular atypies. These 
observations are similar to those reported by Brooks et 
al. [6] and von Hanwehr [9] in gliomas. These authors 
demonstrated that inflammatory infiltration is more 
frequent and denser in malignant gliomas than in gli- 
omas grade I - I I  WHO. von Hanwehr [9] found the 
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highest proport ion of mononuclear  infiltrating cells in 
anaplastic meningiomas and one fibroblastic meningi- 
oma. 

In the literature [11, 13, 17, 27, 29, 34], one group 
of meningiomas is distinguished by the presence of  
very large numbers of  lymphocytes, especially stimu- 
lated B lymphocytes. These cells may be present in 
such large numbers that they overshadow the underly- 
ing meningothelial islands. These lesions have been 
variously considered as true meningiomas, inflamma- 
tory masses with nests of  trapped hyperplastic menin- 
gothelial cells, or aggregates of  epithelioid histiocytes. 
No member of  this special group of  plasma cell-in- 
filtrated tumor masses was present in our biopsies. 

Our investigation of  lymphocyte subsets showed 
that the tumor defense mechanism in meningiomas is 
mediated particularly by T cell-dependent immunity. 
N K  cells seem not to play a major role in the immune 
response to meningiomas. The absolute numbers of  
N K  cells can be still smaller in reality than the percent- 
age of  reacting cells with the antibody Leu-i  1 (CD 16 
antigen) and Leu-7 (HNK-1 glycoepitope), because 
some investigators could also demonstrate the CD 16 
antigen on cells of  the mononuclear  phagocyte system 
[1, 10] or the HNK-1 glycoepitope on various cell 
types including lymphocytic cells [1, 20, 22]. 

Other authors [9, 14, 31] defined T lymphocyte 
subsets in gliomas and found variable numbers of  
infiltrating T cells. Our previous study of  infiltrate 
composition revealed only quantitative differences, 
the dominant  cell population in gliomas, carcinoma 
metastases, and craniopharyngeomas, however, were 
T lymphocytes [31]. The usual evaluation of  the helper/ 
cytotoxic T-cell ratio should be considered with atten- 
tion: the two major subsets of  T cells identified by 
antibodies to CD4 (for example antibody Leu-3a) and 
CD8 (for example antibody OKT8) are commonly 
called the helper/inducer and suppressor/cytotoxic 
subsets. But this is a simplification because CD4 + 
cytotoxic cells or CD4 + monocytes and macrophages 
have frequently been detected. Therefore, the CD4/ 
CD8 ratio can be falsified and this can perhaps explain 
the contradictory results in the various investigations 
[2, 9, 22, 31]. Mork  et al. [18] found the predominant 
cell population in a small series of  gliomas to be mac- 
rophages. Rossi et al. [26] described both macrophages 
and T lymphocytes in malignant gliomas. The determi- 
nation of  macrophages is problematical, because 
although the peripheral blood monocytes are a rela- 
tively homogeneous population, tissue macrophages 
and related dendritic cells are extremely heterogeneous 
in phenotype [2, 15, 22]. Thus, the most useful markers 
are probably those which identify all monocytes/  
macrophages and distinguish them from other cell 
types, but such a marker does not  exist to the best of  

our knowledge. The available antibodies recognize 
peripheral blood monocytes or different stages of  de- 
velopment of  macrophages. Therefore, the recog- 
nition of  the percentage of  the actual macrophages in 
a tumor is dependent on the used antibody. 

We presume that several factors are responsible 
for the variations we observed in the intensity of  the 
immunological defense mechanism, such as: a vari- 
ously pronounced alteration of  antigenic determinants 
on the surface of  tumor cells; the occurrence of  
neoantigens in the meningioma subtypes; and a pos- 
sibly variable expression of  major histocompatibility 
complex (MHC) antigens of  the tumor and endothelial 
cells, which are necessary for an activation of  T lym- 
phocytes [25]. Analysis of  MH C expression of  tumor 
cells should provide new insights into the defense 
mechanisms of brain tumors. 
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