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ABSTRACT

The immunohistochemical expression of some immunological markers in brain tumors (meningioma and
glioma) of Iraqi patients was investigated. Forty-two brain tumor tissue samples; meningioma (20 cases) and
glioma (22 cases), in addition to 15 control samples were immunohistochemically assessed for Foxp3, T-bet,
GATA-3, MAK387, and Bcl-2 expression. Positive expression of Foxp3 was observed in 37.5% of meningioma
patients, while it was lower in glioma patients (33.3%). For T-bet, most of meningioma and glioma patients (85.7
and 75.1%, respectively) showed a positive expression, which was mainly observed with the score 1+ (64.3 and
56.3%, respectively). GATA-3 showed a positive expression in 31.3% of meningioma patients, while glioma
patients were presented with a lower frequency (23.5%) of positive expression. For MAK387, both meningioma
and glioma patients showed an approximated frequency of positive expression (80.0 and 83.3%, respectively).
The frequency in meningioma patients was confined to score 1+ (80.0%), while in glioma patients, the frequency
was distributed between the three scores, with the highest expression was in score 1+ (49.9%). Finally, both
meningioma and glioma patients showed an approximated frequency of Bcl-2-positive expression at scores 1+
and 2+ (30.0 and 33.3%, respectively). However, in glioma patients, 16.7% of cases were observed to have the
score +3, while none of meningioma cases had such score. The investigated markers may have a role in brain
tumorigenesis, especially T-bet, MAK387 and Bcl-2, which showed an increased percentage of
immunohistochemical expression in meningioma and glioma patients.
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1. INTRODUCTION

Meningiomas and gliomas are common brain tumors of
adults accounting for 36 and 24%, respectively of
primary brain tumors in the United State of America as
estimated by the Central Brain Tumor Registry of the
United States in 2015 [1]. Their etiology is
multifactorial, but it has been established by worldwide
cancer analysis that cancer patient survival is wellcorrelated with a cellular response of the adaptive
immune system [2]. In this regard, three broad
observations that linked the immune system and the
development of brain tumors (BTs) have been
highlighted. First, immunocompromised individuals are
more prone to develop BTs. Second, an opposite
http://crmb.aizeonpublishers.net/content/2017/2/crmb1057-1061.pdf

observation depicted that a decreased risk of BT
development is observed in patients with a history of
autoimmunity. Third, a good prognosis is noticed in
patients with malignant BTs who developed postsurgical local infection [3].
The key immune cells for tumor surveillance are T cells,
in which T regulatory (Treg) cells exert a critical effect,
and an excess of Treg cell activity has been suggested to
prevent the immune system from destroying cancer
cells and enable tumor cells to escape anti-tumor
immunity and facilitate tumorigenesis [4]. These cells
are marked by their expression of Foxp3 (forkhead box
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protein 3), which is a member of the fox protein family,
and it functions as a master regulator (transcription
factor) in the development and function of Treg cells
[5]. In addition, studies have demonstrated that their
ample presence in infiltrates of tumor may risk cancer
patients to a reduced rate of survival [6]. Further
studies have also depicted the expression of Foxp3 in
multiple normal tissues (breast, prostate and ovarian
epithelium), while it is down-regulated in the
corresponding tumor tissues [7]. Conversely,
pancreatic adenocarcinoma, melanoma, hepatocellular
carcinoma, bladder cancer, thyroid carcinoma and
cervical cancer showed an increased expression of
Foxp3, with no expression in the corresponding normal
tissues [8]. These findings suggest either a pro- or antitumorigenic role of this marker.

TNF-α, IFN-γ and MHC class I and II molecules. In
contrast, M2 macrophages express a number of antiinflammatory molecules, such as IL-10 and TGF-β, and
in most tumors, such cells infiltrate the tumor in order
to provide a microenvironment of tumor growth
immunosuppression
[14].
Tumor
associated
macrophage (TAM) has been associated with poor
survival rate in some human cancers, and poor
prognosis in advance stages of cancer, such as breast,
lung, thyroid, and bladder cancers [15]. In contrast,
TAMs have been associated with a high survival rate in
colorectal, stomach, lung and endometrial cancers [16].
Collectively, these results suggest that TAMs can have
either positive or negative effects on tumor growth
depending on the specific tissue type, tumor location,
and tumor stage.

T-bet (T-box protein expressed in T cells) was firstly
described in 2000 in a report examining the effects of
T-bet on the differentiation of T helper (Th)1 cells,
which direct type 1 immune responses and IFN-γ
production in vivo. In addition to IFN-γ regulation, Tbet significantly suppresses the expression of IL-2, and
at the same time modulates IL-2 and Th2 cytokines in
an IFN-γ-independent manner; resulting in Th2 cell
development attenuation [9]. T-bet also plays a role in
inhibiting cancer metastasis by regulating the function
of natural killer (NK) cells, and T-bet expression by NK
cells has been suggested to be essential to protect
against tumor metastasis and important for NKmediated cross-talk between innate and adaptive
immune systems in response to metastatic disease [10].

Bcl-2 (B-cell lymphoma 2) is a protein of Bcl-2 family
that regulates apoptosis, by either inducing (proapoptotic) or inhibiting (anti-apoptotic) it [17]. It is
located in the endoplasmic reticulum, nuclear
membranes and mitochondria, and regulates the
pathway
of
apoptosis
by
controlling
the
permeabilization of the outer mitochondrial membrane
leading to the release of cytochrome C into the
cytoplasm, formation of the apoptosome and an
increase in effector caspase activities; thereby resulting
in apoptosis [18]. Bcl-2 is specifically regarded as a
landmarked anti-apoptotic protein and it is therefore
grouped under oncoproteins [19].

GATA-3 is one of the GATA transcription family. It
exerts a prominent role in promoting and directing
proliferation, development and differentiation of many
types of cells and tissues. Additionally, GATA-3 is a
master regulator for Th2 differentiation and
development, highly expressed in Th2 CD4+ T cell, and
plays a significant role in early development of
thymocytes [11]. GATA-3 has also been shown to
promote the secretion of some cytokines (IL-4, IL-5 and
IL-13) from Th2 cells, and it is also involved in inducing
Th0 differentiation towards Th2 and suppressing the
differentiation towards Th1 cells [12]. Furthermore, it
has been shown that mutations, loss/over expression
or alteration of GATA gene can contribute to the
development of cancer in human [13].
MAK387 is a marker of macrophages, which can be
differentiated into either pro-inflammatory M1
macrophages or anti-inflammatory M2 macrophages.
The former expresses a series of pro-inflammatory
cytokines, and effector molecules, such as IL-12, IL-23,

Based on the aforementioned significance of the
presented markers, the present study was designed to
examine the immunohistochemical expression of
Foxp3, T-bet, GATA-3, MAK387 and Bcl-2 in BTs
(meningioma and glioma) of Iraqi patients.

2. MATERIALS AND METHODS

2.1 Subjects
The study was approved by the ethics committee of
Iraqi Ministry of Health. Forty-two BT tissue samples of
patients were investigated. They were admitted to the
Specialized Surgical Hospital and Neurological Disorder
Hospital in Baghdad for surgical operation to respect
their BT. Based on a clinical evaluation by the
consultant surgeons at the hospital and a
histopathological examination, the patients were
distributed into two clinical groups; meningioma (20
cases) and glioma (22 cases). Control brain tissues
included 15 cadavers (less than 20 hours postmortem)
from Forensic Medical Institution in Baghdad. Age and
gender distribution of investigated cases are given in
table 1.

Table 1: Age and gender distribution of brain tumor patients and controls.
Groups
Patients
(No.= 42)
Controls (No.= 15)

Meningioma
(No.= 20)
Glioma
(No.= 22)

Gender
Males
Females
Males
Females
Males
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Number
6
14
14
8
15

Age Mean ± S.E. (Years)
57.1 ± 2.3
44.1 ± 2.9
40.6 ± 3.8
35.3 ± 5.1
29.1 ± 3.9
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2.2 Methods
The tissues samples were embedded in paraffin for
immunohistochemical examination. The paraffinized
embedded sections of BTs or normal tissues were cut
into 5µm thickness. The sections were applied on
Fisher-brand
positively
charged
slides.
Immunohistochemical staining was performed by the
envision method. The expression of Foxp3, T-bet,
GATA-3, MAK387 and Bcl-2 in tissue samples was
examined, as previously described (20). The primary
antibody was mouse monoclonal anti-human and the
secondary antibody was Novolink polymer detection
system (Leica, United Kingdom). The slide was
examined by a light microscope (40X), and after
comparing the tested sections with negative and
positive control slides, the score of reaction (0, 1+, 2+
and 3+) was assigned according to the laboratory
protocol of King's College Hospital (London). In score
1+, the positive cells (stained) represented 10 - 29% of
total cells. Score 2+ involved 30 - 50% positive cells,
while more than 50% positive cells were grouped
under score 3+. Score 0 was considered for negative
sections.
2.3 Statistical analysis
The expression of each marker was given as a
percentage frequency, and no statistical was carried out
because the expression in control samples was not
detected.

3. RESULTS AND DISCUSSION

The tissue expression of Foxp3, T-bet, GATA- 3,
MAK387 and Bcl-2 were evaluated in brain tumor
patients (meningioma and glioma) and controls

(normal brain). It is worth to mention that the 15 brain
tissue samples of controls (cadavers) showed a
negative immunohistochemical expression of the
investigated markers; therefore their results were not
given.
Positive expression of Foxp3 was observed in 37.5% of
meningioma patients, while it was lower in glioma
patients (33.3%). In terms of scores, glioma patients
with score 1+ represented the highest frequency
(26.7%), and a similar observation was made in
meningioma for scores 1+ and 2+, but the frequency
was lower (18.8 and 18.7% respectively). For T-bet,
most of meningioma and glioma patients (85.7 and
75.1%, respectively) showed a positive expression,
which was mainly observed with the score 1+ (64.3 and
56.3%, respectively). GATA-3 showed a positive
expression in 31.2% of meningioma patients, while
glioma patients were presented with a lower frequency
(23.5%) of a positive expression, and most of the
expression had 1+ score (25.0 and 17.6%, respectively).
In the case of MAK387, both meningioma and glioma
patients showed an approximated frequency of positive
expression (80.0 and 83.3%, respectively). However,
the frequency in meningioma patients was confined to
score 1+ (80.0%), while in glioma patients, the
frequency was distributed between the three scores,
with the highest expression was in score 3+ (49.9%).
Finally, both meningioma and glioma patients showed
an approximated frequency of Bcl-2-positive
expressions at scores 1+ and 2+ (30.0 and 33.3%,
respectively). However, in glioma patients, 16.7% of
cases were observed to have the score 3+, while none
of meningioma cases had such score (Table 2).

Table 2: Percentage frequency of Foxp3, T-bet, GATA-3, MAK387 and Bcl-2 immunohistochemical tissue expression in brain
tumor patients (meningioma and glioma).

Marker

Foxp3
T-bet
GATA-3
MAK387
Bcl-2

Percentage Frequency of Immunohistochemical Expression
Meningioma (No. = 20)
Positive
Score
Negative
Total
1+
2+
3+
37.5
18.8
18.7
0.0
62.5
85.7
64.3
14.3
7.1
14.3
31.2
25.0
6.2
0.0
68.8
80.0
80.0
0.0
0.0
20.0
60.0
30.0
30.0
0.0
40.0

The present study suggests that T lymphocyte play a
key role in anti-tumor immunity, and the two
transcription factors (Foxp3 and GATA-3), and the
other three immunological markers (T-bet, MAK-387
and Bcl-2) may have a role in brain tumor progression
and development. However, Foxp3 and GATA-3 showed
a low expression in both tumor types, and
approximately 30% of the patients were observed to
have a positive expression. Similar findings have also
been presented and a low expression of Foxp3 in low
grade glioma and oligodendroglioma was observed
[21]. However, no Foxp3 accumulation in benign
meningioma and pituitary adenomas has been reported
[22]. In contrast, high level of Foxp3 expression was
http://crmb.aizeonpublishers.net/content/2017/2/crmb1057-1061.pdf

Glioma (No. = 22)
Positive
Score
Total
1+
33.3
26.7
75.1
56.3
23.5
17.6
83.3
16.7
83.3
33.3

Negative
2+
6.6
6.3
5.9
16.7
33.3

3+
0.0
12.5
0.0
49.9
16.7

66.7
24.9
76.5
16.7
16.7

observed in different grades of glioma. Therefore, it
was suggested that the elevation of Foxp3 parallels
tumor grades [23]. Further findings suggest that the
abundance of Foxp3 cells in tumor site is expected to be
associated with unfavorable clinical prognosis, and
many studies reported that increased Treg infiltration
in tumor site predicted reduced survival in cancer
bearing patients [24]. In this regard, Foxp3 has been
described to facilitate tumorigenesis by enabling tumor
cells to escape anti-tumor immunity and inhibits T cell
proliferation [5].
The second transcription factor (GATA-3) of present
study might be the first presentation in BT, but such
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marker has been emerged as a sensitive and relatively
specific immunomarker for other cancers; for instance,
breast and urothelial carcinoma [25]. However, GATA-3
assessment revealed low expression in both tumor
types, and in agreement with such finding, a downregulation of GATA-3 expression was also observed in
cervical cancer during carcinogenesis; whereas,
pancreatic cancer cell lines and primary pancreatic cell
cultures showed high expression of GATA-3 [26].
GATA-3 was also significantly correlated with the
expression of TGF-β in pancreatic cancer cell lines, and
a down-regulation of GATA-3 mRNA upon TGF-β
exposure was noticed, whereas in TGF-β-unresponsive
cell lines persisted at high levels; an observation that
suggests that GATA-3 plays a central role in human
pancreatic cancer. In contrast, GATA-3 showed negative
correlation with TGF-β expression and caused downregulation of GATA-3 mRNA upon TGF-β exposure [27].
The high expression of TGF-β may negatively affect the
expression of GATA-3, which is the master regulator for
Th2 differentiation and development and involved in
initiating and maintaining anti-cancer immune
responses by regulating NK cell generation and
function, Treg cell function, type-2 innate lymphoid
cells generation, as well as tumorigenesis [28].
In addition to GATA- 3, T-bet was also examined for the
first time in BTs, and its expression was distributed for
both tumor types at all scores and the highest score
was 1+. It is an important finding, especially if we
consider that around 70% of patients were positive for
such marker, but no further evidence that supports
such finding; however, there is an evidence based on a
clinical evaluation suggests that increased survival rate
in cancer patients is positively correlated with an
increase in the expression of type 1 effector T cell
genes, especially those of the T-box master
transcription factor regulator; T-bet [33,34]. In
addition, T-bet-deficient mice were reported to have a
higher tumor load compared to wild-type mice [35].
Macrophage is one of immune cells that contribute to
tumor growth and progression. MAK387 is expressed
in macrophages, squamous, transitional epithelia and
some cancers types, and recruited in central nervous
system inflammation [14]. To our knowledge, MAK387
has not been evaluated as a macrophage marker in BT,
and it was highly expressed in meningioma and glioma.
The elevation of MAK387 positive expression was also
detected in other type of cancers. In urothelial bladder
cancer, an over-expression of MAK387 was associated
with poor prognostic survival and a greater risk of
death [29,30]. An association between a high MAK387+
macrophage count and poor outcome has also been
reported in breast cancer, especially high tumor grade
[31].
Finally, given the significant role of Bcl-2 in controlling
cellular immortality that can lead to tumor formation
by blocking apoptosis, we examined the expression of
this protein in both types of BT. In glioma, the study
revealed a high percentage of positive cells (83.3%) for
http://crmb.aizeonpublishers.net/content/2017/2/crmb1057-1061.pdf

Bcl-2. Elevated expression of bcl-2 has also been
demonstrated to have a significant relationship with a
predictive survival in glioma patients, but not with
tumor grade [32]. Bcl-2 overexpression has been
shown to result in a retardation of the apoptotic
process via prevention of cytochrome C release and
caspase activation, and ceramide formation (waxy lipid
molecules in cell membrane) [33]. In addition, an
overexpression of anti-apoptotic members has been
more often found in low-grade than in high-grade
gliomas and repeatedly associated with a more
favorable prognosis [32]. A further study reported that
high-grade glioma showed a high expression of bcl-2,
and the authors proposed that Bcl-2 functions in the
malignant phenotype of glioma cells to enhance
migration and invasion by altering the expression of a
set of metalloproteinases and their inhibitors of human
glioma cells [33]. However, few studies have
investigated the role of Bcl-2 expression in determining
the biologic behavior of meningiomas. In present study,
meningioma tumors showed lower percentage of
positive cells (60%) than in glioma tumors (83.3%), but
similar findings were reported by others. It was found
that Bcl-2 is more common in atypical and malignant
meningiomas than in low-grade tumors. In contrast,
others reported no association between Bcl-2
expression and tumor grade or recurrence, and the
high expression of Bcl-2 in benign meningioma, has
been reported to have predictable value of tumor
recurrence [34,35]. In addition and from the point view
of genetics, a study in Chinese Han population showed
that BCL2-938 single nucleotide polymorphism is
significantly associated with susceptibility to glioma,
and the authors suggested that this polymorphism
might be used as molecular markers for evaluating the
risk of glioma [36].

4. CONCLUSION

The significance of the investigated immunological
markers was presented in meningioma and glioma, and
they are possibly involved in brain tumorigenesis,
especially, T-bet, MAK387 and Bcl-2, but further
investigations are certainly required.
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