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Abstract: Objective: To evaluate the relationship between the subtype of cells/cellular constituents (the density 
of T lymphocyte subsets, B lymphocyte, macrophages, and FOXP3 positive cells in 93 patients with meningioma, 
WHO grades I and II) in the tumor microenvironment and clinicopathological parameters (gender, age, tumor loca-
tion, size, recurrence and pathological type) of meningioma. Methods: Immunohistochemical demonstrations of 
CD20 and CD4 lymphocytes, CD68, and FOXP3 expression were performed. In order to assess the densities of 
CD4, CD20, CD68 and FOXP3 positive cells in 93 meningioma patients, the results were derived from independent 
reviews by two pathologists. Chi-square test was used for independent samples. Results: There were no relation-
ships between the CD4+, CD68+ cell subsets and patients’ age, sex, tumor size, grade and the recurrence of tumor. 
However, patients with recurrence had a significantly higher density of CD20+ B cells compared to patients with no 
recurrence (P = 0.003). For the Foxp3+ cell subset, results showed us that more female patients had high density 
of Foxp3+ cells compared with male patients, while the opposite results were observed in the low density group (P 
= 0.009). Furthermore, the density of Foxp3+ cells was significantly correlated with the tumor size (P = 0.004) and 
the pathological types (P = 0.004). Conclusion: Results in this study demonstrate that higher CD20+ B cell density 
in the tumor is associated with lower tumor recurrence and the density of Foxp3+ cells is significantly correlated 
with the patients’ sex, tumor size and the pathological types. The results also suggest that understanding of the 
cellular constituents of tumors and the tumor microenvironment may help investigate the tumor pathogenesis and 
immunotherapies in meningioma.
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Introduction 

Meningiomas are neoplasms thought to derive 
from arachnoidal cap cells in the meningeal 
coverings of the spinal cord and brain. They are 
the most common benign intracranial tumors 
that can cause significant morbidity and in rare 
cases death [1, 2], but the cellular constituents 
which may be ablated or reprogrammed in the 
tumor aberrant microenvironment are complex-
es. Established tumors are complex masses 
that contain not only neoplastic cells but also 
nontransformed cellular elements such as 
myeloid-derived suppressor cells, alternatively 
activated macrophages, dendritic cells and the 
full gamut of immune cells which has been con-
fired dysregulated and functionally impaired 

[3]. The role of the tumor microenvironment in 
meningioma has attracted little attention. In 
this study, we investigated the possible func-
tional roles of CD4, CD20, CD68 and FOXP3 in 
meningioma to evaluate the relationship 
between the subtype of cells in the tumor micro-
environment and parameters in meningioma. 
And to understand of the cellular constituents 
of tumors and the tumor microenvironment may 
help guide the cancer immunotherapies in 
meningioma.

Materials and methods

Clinical specimens

A total of 93 patients who underwent surgery at 
Chinese PLA General Hospital for histologically 
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confirmed meningioma during 2010-2012 were 
selected in this study. The study was carried 
out with pre-approval from the Hospital’s 
Ethical Research Committee and all enrolled 
patients provided written informed consent for 
tissue donation and analysis, and for publica-
tion of findings. There were totally 30 men and 
63 women, whose ages range from 27 to 94 
years (median: 49 years). Clinicopathological 
characteristics in our study are presented in 
Table 1.

Immunohistochemistry

Immunohistochemical staining was done on 
4-μm thick formalin-fixed, paraffin-embedded 
tissue sections. Briefly, slides were deparaf-
finized and pretreated with 1 mmol/L EDTA (pH 
8.0) and heat-mediated antigen retrieval solu-
tion in a steam pressure cooker. All further st- 
eps were done at room temperature in a hydrat-
ed chamber. Endogenous peroxidase activity 
was quenched with 3% Hydrogen Peroxide for 
30 min, and slides were preincubated in goat 
serum. Staining for CD4 antibody (1:50; Abc- 
am), CD20 antibody (1:200; Abcam), CD68 anti-
body (1:100; Dako), and FOXP3 antibody (1:50; 

Density of the infiltrated cell subsets

The high or low densities of CD4, CD20, CD68 
and FOXP3 positive cells in 93 meningioma 
patients were assessed by the independent 
reviews of two pathologists.

Statistical analysis

The SPSS software (version 12.0, SPSS, IL, 
USA) and GraphPad Prism Software, (version 
5.0, San Diego, CA, USA) were used for statisti-
cal analysis. Pearson’s Chi-square test was 
used.

Results

Distribution of cell subsets in tumor tissues

The cell subsets including CD4+, CD20+, CD68+ 
and Foxp3+ cells were detected in the meningi-
oma tissues by IHC. Results showed that 
patients could apparently be divided into two 
groups with high or low infiltrating CD4+, CD20+, 
CD68+ and Foxp3+ cells subsets (Figure 1). 
However, in contrast to CD68+ and Foxp3+ cells 
subsets, there were fewer CD20, a B cell mark-
er, positive cells in the tumor tissues (Figure 1).

Iimmunohistochemical results in meningioma

Immunohistochemistry with CD34, epithelial 
membrane antigen (EMA), Ki-67, PR, S-100 and 
vimentin was performed in 93 cases, including 
totally 30 men (32.3%) and 63 women (67.6%) 
with a median age of 49 years (range, 27-94 
years). Using the WHO grade, 89 and 4 patients 

Table 1. Age, sex, size, recurrence and location of meningioma in 93 
patients

Age Age

Parameter <60  
(N = 75)

≥60  
(N = 18)

<60  
(N = 75)

≥60  
(N = 18)

Sex Tumor location
    Male 28 2     Brain 41 11
    Female 47 16     Frontal sinus 6 0
Size     Skull base 5 2
    Giant 11 1     Cerebellum 5 2
    Large 36 7     Cerebellopontine angle 6 2
    Small 28 10     Sphenoid ridge 3 0
Recurrence     Sellar region 5 1
    Yes 5 1     Gradenigo 3 0
    No 68 19     Orbital 1 0

Table 2. Primary antibodies showing clone 
and supplier, with optimized dilution used for 
this study
Antigen Clone Dilution Supplier
CD4 BC/1F6 1:50 Abcam
CD20 EP459Y 1:200 Abcam
CD68 PG-M1 1:100 Dako
FOXP3 Abcam 22510 1:50 Abcam

Abcam) antigen were pe- 
rformed by using primary 
antibodies and dilutions 
shown in Table 2. Antib- 
odies were applied over-
night. The slides were th- 
en washed in PBS and 
detected with the use of 
an EnVision + DAB Syst- 
em (Dako). Background 
staining was performed 
with Mayers hematoxylin 
and sections then dehy-
drated through ascendi- 
ng alcohols to xylene and 
mounted. PBS was used 
as negative control.
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had grade I and II tumor respectively. The result 
revealed that EMA and vimentin staining were 
with the majority positive, the percentage were 
83.87% and 82.80% respectively. The tumor 
cells stained CD34 positive in the tumor cells of 
only 29 cases (31.18%), and the Ki-67 positive 
was 67 cases in grade I and 4 cases in grade II 
(totally 78.49%). Progestin Receptors (PR) 
staining were positivity in 72 cases (77.42%) 
and S-100 positivity in 22 cases (23.65%) 
(Table 3).

Clinical implications of lymphocyte subset den-
sity in tumor tissues

According to the independent histopathologic 
reviews of two pathologists, the CD4+, CD20+, 

CD68+ and Foxp3+ cell subsets were divided 
into low and high groups. Statistic analysis 
demonstrated that there were no relationships 
between the CD4+, CD68+ cell subsets and 
patients’ age, sex, tumor size, grade and the 
recurrence of tumor. However, patients with 
recurrence had a significantly higher density of 
CD20+ B cells compared to patients with no 
recurrence (P = 0.003). But no other significant 
correlations between the clinical parameters 
and CD20+ B cell subset in the tumor tissues 
were observed. For the Foxp3+ cell subset, 
results showed us that more female patients 
had high density of Foxp3+ cells compared with 
male patients, while the opposite results were 
observed in the low density group (P = 0.009). 
Furthermore, the density of Foxp3+ cells is sig-

Figure 1. CD4+ T lymphocyte subset, CD20+ B lymphocyte, CD68+ macrophages, and FOXP3+ cells in tumor tissues. 
Immunohistochemistry was performed by using the anti-CD4, anti-CD20, anti-CD68 and anti-Foxp3 antibodies, 
respectively. The low density and high density cells in the tumor tissues were shown.
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nificantly correlation with the tumor size (P = 
0.004) and the pathological types (P = 0.004) 
(Table 4).

Discussion

The peak incidence of meningioma is in middle-
aged patients, and the female: male ratio is 
approximately 2:1 [4]. This study presents 93 
meningiomas classified according to the latest 
WHO classification of 2007. In our studies, the 
ages of patients are from 27 to 94 and the mid-
dle age is 52. We also confirmed the higher fre-
quency of meningiomas in females compared 
to males, and the female: male ratio is approxi-
mately 2:1. As all we know, meningiomas may 
occur anywhere in the central nervous system, 
however some predilections do exist, and our 
data from Table 1 support the ideas that the 
brain is the most tumor location in meningio-
mas [5].

The recurrence rates in each tumor grade were 
differences. In meningiomas, reported recur-
rence rates of grade I, II, and III are 7-25%, 
29-52%, 50-94%, respectively [6]. But in our 
studies, we just had the grade I and grade II 
meningiomas patients (showed in Table 1), we 
didn’t statistic analysis recurrence rates in the 
difference grade. But the result showed us the 
recurrence rate was relatively high in the 
patients older than 60 years (6.8%) compared 
to the patients younger than 60 years (5%) in 
meningiomas.

In clinical practice, however, the diagnosis of 
meningiomas is based on light microscopy of 

types, immunohistochemical staining is helping 
in diagnosis and differential diagnose of menin-
ginoma. In our studies, we analyzed 93 patients 
with meningiomas including histological typing 
and grade and immunohistochemistry pheno-
type. Six kinds of meningioma histological sub-
types were observed in this study. The histo-
logical grade was as follows: grade I in 89 
cases, grade II in 4 cases. The immunohisto-
chemical marking was performed in 93 cases, 
and the result revealed CD34 positivity in 29 
(31.18%) cases, EMA positivity in 78 (83.87%) 
cases, Ki-67 positivity in 73 (78.49%) cases, 
PR positivity in 72 (77.42%) cases, S-100 posi-
tivity in 22 (23.65%) cases and vimentin posi-
tivity in 77 (82.80%) cases (Table 3). From the 
all meningioma histological subset markers, 
the EMA, vimentim and Ki-67 had high positive 
rates, those results were in accordance with 
the many other researchers [7, 8]. Therefore, 
EMA is the key marker for the diagnosis of 
meningioma, while both vimentim and Ki-67 
can be adjective indices for the degree of the 
risk [9, 10].

The immunologic constituents were extremely 
important to tumor microenvironment, and the 
cellular constituents of a tumor can include 
immune cells that are normally found in sec-
ondary lymphoid organs. More and more stud-
ies have provided clear evidence of in filtrating 
lymphocytes, natural killer (NK) cells, macro-
phages, dendritic cells (DC), eosinophils, mast 
cells, and immature myeloid cells or myeloid-
derived suppressor cells (MDSC) in both murine 
and human tumors [11-13]. Using immunohis-
tochemistry (IHC) to evaluate the presence of T 

Table 3. Immunohistochemical results in meningioma of different sub-
type
Grade n CD34 EMA Ki-67 PR S-100 Vimentin
WHO grade I
    Transitional 30 8 28 25 28 9 26
    Fibrous 24 6 20 22 12 7 22
    Meningothelial 15 1 12 9 12 2 13
    Psammomatous 8 4 8 5 6 1 4
    Angiomatous 7 6 1 5 5 1 6
    Secretory 5 2 5 3 5 0 4
WHO grade II
    Atypical 4 2 4 4 4 2 2
    Total 93 29 78 73 72 22 77
    Positive rate 31.18% 83.87% 78.49% 77.42% 23.65% 82.80%

routinely stained haem- 
atoxylin-eosin sections 
with criteria given by 
World Health Organi- 
zation (WHO). This clas-
sification scheme pro-
vides guidelines for 
tumor grading and sub-
types [6]. Owing to 
pathological morpho-
logical and organiza-
tion types diversity in 
meningiomas, with the 
aim to investigate the 
frequency of various 
histopathological feat- 
ures and different sub-



Tumor microenvironment and clinicopathological parameters in meningioma

6977 Int J Clin Exp Pathol 2014;7(10):6973-6979

cells in tumor biopsies and their potential 
impact on prognosis have been studied for 
decades, and early data suggested that a brisk 
infiltration of T cells in primary melanoma 
lesions was a positive prognostic factor [14, 
15]. More recently similar data have been 
found in other cancers including ovarian can-
cer, renal cell carcinoma (RCC) , bladder can-
cer, and several other solid cancers [16-19].

In a recent meta-analysis including studies in 
which clinical significance of tumor infiltrating 
lymphocytes (TIL) were studied in solid tumors 
(CD3, CD4, CD8, FoxP3 and rations between 
these), the presence of CD3, CD8, as well as a 
high CD8/FoxP3 ration had a positive effect on 
survival. In addition, the assessment of TIL 
density and distribution was shown to indepen-
dently predict sentinel lymph node status and 
survival in patients with melanoma [20]. More 
recently, studies showed that the transcription 
factor fork-head box P3 (Foxp3) is critical for 

the development of the functional characteris-
tics of T regulatory cells (Tregs). We now have 
an abundance of data from studies in mice and 
humans that show an increase in the frequency 
of Tregs both in the periphery and within tumors 
from cancers of different histology, including 
melanomas, lung cancers, esophageal can-
cers, breast cancers, ovarian cancers, gastric 
cancers, colorectal cancers, and lymphomas 
[21-23]. Furthermore, researchers had con-
firmed that Tregs have the ability to suppress 
proliferation, cytokine production, and cytolytic 
activity of CD4+ and CD8+ T cells by mecha-
nisms involving cell-to-cell contact and the 
release of cytokines such as TGF-b, and Tregs 
can also induce an immunosuppressive pheno-
type in other cell types such as macrophages 
[24, 25]. More importantly, Treg depletion leads 
to tumor regression in vivo, suggesting that the 
presence of Tregs suppresses effective immune 
response to tumor [26-28]. To assess the rela-
tionships between the Foxp3+ Tregs and the 

Table 4. Correlations between the expression of CD4, CD20, CD68 and FOXp3 in meningioma and 
clinicopathologic parameters in 93 patients 

Parameter
CD4+

P value
CD20+

P value
CD68+

P value
Foxp3+

P valueLow 
Group

High 
Group

Low 
Group

High 
Group

Low 
Group

High 
Group

Low 
Group

High 
Group

Age, y

    <60 61 14 0.592 68 7 0.632 40 35 0.128 22 53 0.073

    ≥60 13 5 15 3 6 12 1 17

Recurrence

    No 78 9 0.147 84 3 0.003 59 28 0.654 40 47 0.33

    Yes 4 2 3 3 3 3 1 5

Sex

    Male 21 9 0.114 25 5 0.362 13 17 0.553 13 17 0.009

    Female 53 10 58 5 33 30 10 53

Tumor size, cm

    ≥7 cm 11 1 0.219 12 0 0.613 4 8 0.331 0 12 0.004

    ≥4.5-7 cm 33 10 40 3 22 21 19 24

    <4.5 cm 34 4 35 3 22 16 8 30

Grade

    WHO Grade I 69 20 0.574 80 9 1 51 38 0.854 26 63 0.481

        Transitional 22 8 0.573 26 4 0.354 16 14 0.083 8 22 0.004

        Fibrous 20 4 23 1 10 14 2 22

        Meningothelial 10 5 13 2 8 7 8 7

        Psammomatous 7 1 8 0 6 2 1 7

        Angiomatous 5 2 5 2 6 1 3 4

        Secretory 5 0 5 0 5 0 4 1

    WHO grade II

        Atypical 4 0 4 0 3 1 0 4
NOTE: CD4, CD20, CD68 and FOXp3 cells were classified as high density and low density groups based on the independent histopathologic reviews of two pathologists. 
Data were analyzed by Pearson’s Chi-square test analysis.
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parameters of meningioma patients. We can 
see more percentage female patients had high 
density of Foxp3+ cells compared with male 
patients, while the opposite results were 
observed in the low density group. Furthermore, 
the density of Foxp3+ cells is significantly cor-
relation with the tumor size and the pathologi-
cal types (Table 4).

However, considering the complex composition 
of the immune system, the role of tumor-infil-
trating B cells has directed increasing attention 
to ovarian cancer, lung cancer, breast cancer 
and cervical cancer. B cells in the tumor site 
have many functions, for example it can be 
served as APCs to facilitate the persistence of 
CD8+ T cells for long periods, enhance T cell 
responses by producing Abs, produce cyto-
kines to promote the organization of local lym-
phoid structure and change the ratio of Th1, 
Th2 cells [29, 30]. The result in our study 
showed that the density of infiltrating B cells is 
significance with the tumor recurrence rate. 
That is patients with higher recurrence had a 
significantly higher density of CD20+ B cells 
compared to patients with no recurrence (Table 
4). This result will be very helpful for the diagno-
sis, prognosis, and design of more effective 
immunotherapies for meningioma.

Macrophages, one of those stromal cells, which 
are marked by the expression of CD11b and 
F4/80 in mice and CD11b, CD14, CD33, and 
CD68 in humans play a crucial role in immune 
evasion within tumors and they are also have 
the inherent ability to present antigen to T lym-
phocytes and provide costimulatory support 
under the right environment. This ability to cul-
tivate an adaptive immune response is per-
turbed within the tumor microenvironment and 
likely plays a role in the shutdown of T-cell-
mediated immunity [31-33]. But from our study, 
the macrophages have no relationships with 
the parameters in meningioma.

So in our studies, we aimed to identify microen-
vironment biomarkers (CD4, CD20, CD68 and 
FOXP3) and parameters (gender, age, tumor 
location, size, recurrence and pathological 
type) of meningioma to understand of the cel-
lular constituents of tumors and the tumor 
microenvironment may help guide the cancer 
immunotherapies in meningioma. This under-
standing of the cellular constituents of the 
tumor microenvironment has helped guide the 

design of powerful T-cell therapies that are 
capable of causing the regression of large 
tumor burdens and recurrence.
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