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What is known on this subject? 
Immune checkpoint molecules (ICM) regulate the 
immune system’s response to different antigens.

What this study adds? 
The relationship between meningiomas of different 
histopathological grades and ICM levels.

ABSTRACT

Objective: Meningiomas are the most common primary intracranial tumors in adults that 
account for 36% of primary tumors. Treatment options other than surgery and radiotherapy are 
necessary for meningioma. Immune checkpoint molecules (ICM) are modulators that regulate 
the proper response of the immune system. Lymphocyte activation gene-3 (LAG-3), T-cell 
immunoglobulin and mucin domain containing-3 (TIM-3), and the cluster of differentiation 
38 (CD38) are known ICMs. This study hypothesized the relationship between meningiomas of 
different histopathological grades and the levels of these three ICMs. Additionally, the therapeutic 
potential of these molecules was investigated.

Material and Methods: This study re-evaluated 25 specimens diagnosed as meningioma. 
Tissues are classified according to LAG-3, TIM-3, and CD38 levels. Age, gender, surgery date, tumor 
type, and subtype, histopathologically malignant grade, radiological tumor size, and presence of 
edema were recorded in all patients. All data were statistically compared.

Results: This study included the specimens of 25 patients, of whom 9 were males and 16 were 
females. LAG-3 and CD38 levels were significantly higher in tumors bigger than 6 cm.

Conclusion: This study is the first to investigate LAG-3, TIM-3, and CD38 levels in meningiomas 
and found a significant correlation between LAG-3 levels and meningioma size. No significant 
correlation was found with other data. However, the number of patients in our study was 
insufficient. Therefore, larger patient groups may yield more significant results.
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Introduction

Meningiomas are the most common primary intracranial 
tumors in adults that account for 36% of primary tumors (1). It 
is classified as grade 1, 2, and 3 according to histopathological 
features (2,3). Surgical resection is usually adequate in grade 
1 meningiomas. However, the mean progression-free survival 
is 7 years in grade 2 tumors (atypical meningioma) and <3 
years in grade 3 tumors (malignant meningioma). Of all 
meningiomas, 25-30% are grade 2 and 3% are grade 3 (3). 
Adjuvant radiotherapy is applied in these meningiomas; 
however, recurrence is often unavoidable (4), and treatment 
options other than surgery and radiotherapy are limited (5). 
Therefore, new and effective treatment methods are required.

Recently, the potential of immune checkpoint molecules 
(ICM) has been remarkable in meningioma treatment (2). ICM 
regulates the immune system’s proper response to different 
antigens. The T-cell response is inhibited or stimulated by 
different molecules. Thus, the response of T-cells is regulated 
by a secondary signal after antigen recognition (6). Cancer 
cells use this way to evade the immune system. Tumors 
suppress the immune response by stimulating inhibitory ICMs 
and creating immune tolerance. Therefore, ICM modulation 
is considered a target in cancer immunotherapy for tumor 
activity suppression. These molecules include lymphocyte 
activation gene-3 (LAG-3), T-cell immunoglobulin and mucin 
domain containing-3 (TIM-3), and the cluster of differentiation 
38 (CD38) (7). This study mainly hypothesized the relationship 
between meningiomas of different histopathological grades 
and the levels of these three ICMs. Additionally, the therapeutic 
potential of these molecules was investigated.

Material and Methods

This study was prospectively conducted after the approval 
decision of University of Health Sciences Turkey, Bakırköy 
Dr. Sadi Konuk Training and Research Hospital Local Ethics 
Committee, dated 08.01.2018 and numbered 2018-01-07.

Tissue samples obtained from patients who were operated 
on for brain tumors in our center were used. The samples 
were fixed in paraffin. Patients with an adequate amount of 
stored tumor tissue that are histopathologically diagnosed 
as meningioma, with all ages and genders, who were on 
operated for the first time for the tumor, and did not receive 
chemotherapy or radiotherapy for the operated tumor were 
included in the study. Patients with different or suspicious 
tumor diagnoses were excluded from the study. Age, gender, 
surgery date, tumor type and subtype, histopathologically 

malignancy grade, radiological tumor size (8), and presence of 
edema were recorded in all patients.

Histopathological Examination

This study used meningioma tissue specimens that are 
obtained from a single center. Formalin-fixed and paraffin-
embedded sections (4 μm) from the samples were used for 
immunohistochemistry (IHC) staining. Paraffin-embedded 
tissue sections were baked in a drying oven at 60°C for 1 h. Heat-
mediated antigen retrieval was performed on LAG-3 slides. 
All slides were labeled and placed in a Benchmark XT system 
(Ventana Medical Systems, Tucson, AZ). Histopathological 
sections of typical and atypical meningiomas are in Figures 1A 
and B (Figure 1). After the slides had been treated with standard 
cell conditioning 1 solution for 60 min, primary antibody 
cell signaling LAG-3 [DANVERS MA-USA CST 15372S (KLON 
D2G40) 1/100, cell signaling TIM-3 KLONd5d5r (DANVERS MA 
-USA CST 45208S) 1/200, and CD38 cellmarque clone (SP149) 
ROCKLIN -CA-USA 1/100 dilution was applied, and the slides 
were incubated at 37°C for 1 h. An ultra view universal DAB 
detection and amplification kit (ROCHE, Ventana Tuscon 
Medical Systems] was used. Slides were counterstained with 
hematoxylin for 4 min and post counterstained with a bluing 
agent for 4 min. Slides were washed and then dehydrated 
in 70-100% reagent alcohol baths and then in xylene baths 
before coverslip application. The human normal tonsil was 
used as the positive control for LAG-3.

Histopathological Analysis

All IHC results were independently reviewed by a 
pathologist who was blinded from the clinical data. It was 
expressed in the cytoplasm of the lymphocytes with brown 

Figure 1A. Grade 1 meningothelial meningioma consisting of 
atypical meningothelial cells forming whorl structures (HEX100)
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color. The number of lymphocytes was calculated in the 
microscope’s field of vision on hematoxylin-stained sections, 
as described. Five randomly especial perivascular space-
selected high-power fields (400×) were averaged in each case 
to calculate the positive cell percentage. LAG-3, TIM-3, and 
CD38 tumor-infiltrating lymphocytes (TILs) were evaluated in 
a tumor. The infiltrating intensity of TILs was assessed with 
a semiquantitative score from 1+ to 3+, with a score of 1+ 
that indicate a low TIL percentage (1-3 cell), 2+ a moderate 
percentage (3-6 cell), and 3+ a marked increased percentage (6 
cell up) (Table 1) (9). The TILs were composed of mononuclear 
cells, including lymphocytes, macrophages, and plasma cells 
(Figure 2, 3, 4).

Statistical Analysis

Parametric tests were used without normality tests due 
to compliance with the Central Limit Theorem (10). Data 
analyses used mean and standard deviation, minimum and 
maximum values of features, and frequency and percentage 
values to define the categorical variables. The chi-square 
test statistic was used to evaluate the relationship between 
categorical descriptive statistics in meningioma LAG-3, TIM-
3, and CD38 parameters. The statistical significance level of 
data was taken as p<0.05. The www.e-picos.com New York 

software and MedCalc statistical package program were used 
for data evaluation.

Results

This study included specimens of 25 patients, of whom 
9 were males and 16 were females. According to the lesion 
location, six were frontal, six were occipital, six were parietal, 
and seven were in the temporal lobe. No significant difference 
was found between the location and LAG-3, TIM-3, and CD38 
levels. According to histopathological tumor subtypes, four 
atypical, 5 fibrosis, five transitional, 4 meningeal, and seven 
anaplastic types were determined. No significant difference 
was found between meningioma subtypes and LAG-3, TIM-

Table 1. Grading criteria according to LAG-3, TIM-3, CD38 
levels

Grade 1 
(low)

Grade 2 
(moderate)

Grade 3 
(increase)

TILs 1-3 4-6 6+
LAG-3: Lymphocyte activation gene-3, TIM-3: T-cell immunoglobulin and 
mucin domain containing-3, CD38: Cluster of  differentiation 38, TILs: 
Tumor-infiltrating lymphocytes

Figure 2A. LAG-3 grade 1, sparse cell collection (LAG-3X400)

LAG-3: Lymphocyte activation gene-3

Figure 2B. LAG-3 grade 3 in the hotspot area (LAG-3X400)

LAG-3: Lymphocyte activation gene-3Figure 1B. Grade 2 atypical meningioma with atypical mitoses 
(HEX200)
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3, and CD38 levels. The number of specimens according to 
tumor size revealed that ten were <3 cm, 9 were 3-6 cm, and 
6 were >6 cm. LAG-3 and CD38 levels were significantly higher 
in tumors that are >6 cm in size (p<0.01). No significant 
difference was found between parenchymal invasion, bone 
invasion, and edema severity, and LAG-3, TIM-3, and CD38 
levels. All findings are summarized in Table 2, 3, 4.

Discussion

Meningiomas are the most common primary intracranial 
tumors in adults (1). Treatment options are limited without 
surgery and radiotherapy (5). Therefore, studies are conducted 
for new and alternative treatments (2). Recently, a lot of 

work has been conducted on therapies that target the ICM. 
The cell types from which the meningioma originates are 
different from other cancers; however, the mechanisms for 
the immune system response are similar. This mechanism is 
regulated by ICMs, such as LAG-3, TIM-3, and CD38 (11).

ICM regulates the immune system’s response to various 
antigens. The T-cell response is inhibited or stimulated by 
these molecules (6). Cancer cells use this method to avoid 
the immune response and suppress the immune response 
by activating inhibitory ICMs. Therefore, suppression of these 
molecules can be used in cancer immunotherapy (7).

Some of the ICM molecules are LAG-3, TIM-3, and CD38 
(7). No study in the literature has examined the relationship 
between meningiomas and these ICMs. However, few studies 

Figure 3A. TIM-3 grade 1, few sparse cell aggregates (TIM-3X400)

TIM-3: T-cell immunoglobulin and mucin domain containing-3

Figure 3B. Perivascular TIM-3 grade 3 in lymphocyte-rich 
meningioma tissue (TIM-3X400)

TIM-3: T-cell immunoglobulin and mucin domain containing-3

Figure 4A. CD38 grade 1 cells (CD38X400)

CD38: Cluster of differentiation 38

Figure 4B. CD38 grade 3 cells (CD38X400)

CD38: Cluster of differentiation 38
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have examined the relationship between Programmed 

death-ligand 1 (PDL1) and PDL2 of ICMs and meningiomas 

(2,12,13,14). Han et al. (2) reported that as the grade of 

meningiomas increased, PDL1 levels also increased with 

a negative effect on survival. Wang et al. (14) revealed that 

immunotherapy is more effective if PDL1 is inhibited in 

neurofibromatosis-related meningiomas. Proctor et al. (12) 

reported that PDL2 expression is higher in meningiomas 
compared to the normal cerebral cortex.

TIM-3 is a cell surface protein expressed from Th1 cells and 
suppresses the immune response by connecting to galectin-9 
in T-cells (15). Models with solid tumors, such as melanoma, 
breast cancer, and colon cancers, showed an increased 
programmed cell death protein 1 level, which is a sign of T-cell 
reduction in tumor-infiltrating cells. These findings suggest 
that TIM-3 suppresses tumor death through the immune 

Table 2. Relationship between LAG-3 level and variables

n=25 LAG-3

p value1
n=10
n (%)

2
n=10
n (%)

3
n=5
n (%)

Gender

Female 8 (80) 7 (70) 4 (80)
0.85

Male 2 (20) 3 (30) 1 (20)

Localization

Frontal 2 (20) 2 (20) 2 (20)

0.63
Occipital 3 (30) 1 (10) 2 (40)

Parietal 2 (20) 3 (30) 1 (20)

Temporal 3 (30) 4 (40) -

Pathological subtype

Atypical 1 (10) 1 (10) 2 (40)

0.5

Fibrosis 3 (30) 2 (20) -

Transitional 2 (20) 1 (10) 2 (40)

Meningeal 1 (10) 3 (30) -

Malignant 3 (30) 3 (30) 1 (20)

Size

1 (<3 cm) 10 (100) - -

<0.001*2 (3-6 cm) - 8 (80) 1 (20)

3 (>6 cm) - 2 (20) 4 (80)

Parenchymal invasion

None 6 (60) 7 (70) 3 (60)
0.88

Yes 4 (40) 3 (30) 2 (40)

Bone invasion

None 8 (80) 8 (80) 4 (80)
1

Yes 2 (20) 2 (20) 1 (20)

Degree of edema

1- Minimal 3 (30) 2 (20) -

0.65
2- Smaller than 
tumor size

3 (30) 5 (50) 3 (60)

3- More than 
tumor size

4 (40) 3 (30) 2 (40)

*The relationship between LAG-3 status and size is statistically significant 
(p<0.05). **Chi-square test statistics were used to evaluate the relationship 
between categorical variables. Considering the relationship between LAG-3 
status and variables. LAG-3: Lymphocyte activation gene-3

Table 3. Relationship between TIM-3 level and variables

n=25         TIM-3

p value
1
n=19
n (%)

2
n=6
n (%)

Gender

Female 14 (73.7) 5 (83.3)
0.63

Male 5 (26.3) 1 (16.7)

Localization

Frontal 4 (21.1) 2 (33.3)

0.77
Occipital 5 (26.3) 1 (16.7)

Parietal 4 (21.1) 2 (33.3)

Temporal 6 (31.6) 1 (16.7)

Pathological subtype

Atypical 4 (21.1) -

0.72

Fibrosis 4 (21.1) 1 (16.7)

Transitional 3 (15.8) 2 (33.3)

Meningeal 3 (15.8) 1 (16.7)

Malignant 5 (26.3) 2 (33.3)

Size

1 (<3 cm) 9 (47.4) 1 (16.7)
0.192 (3-6 cm) 7 (36.8) 2 (33.3)

3 (>6 cm) 3 (15.8) 3 (50)

Parenchymal invasion

None 12 (63.2) 4 (66.7)
0.88

Yes 7 (36.8) 2 (33.3)

Bone invasion

None 16 (84.2) 4 (66.7)
0.35

Yes 3 (15.8) 2 (33.3)

Degree of edema

1- Minimal 4 (21.1) 1 (16.7)

0.942- Smaller than tumor size 8 (42.1) 3 (50)

3- More than tumor size 7 (36.8) 2 (33.3)

**Chi-square test statistics were used to evaluate the relationship between 
categorical variables. Considering the relationship between TIM-3 Status 
and variables, there was no statistical significance (p>0.05). TIM-3: T-cell 
immunoglobulin and mucin domain containing-3
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system by causing T-cell depletion, and the tumor relieved 
of the immune system. Therefore, TIM-3 may be a potential 
immune marker for cancer treatment. Galectins are previously 
reported to be associated with poor prognosis and metastasis 
in many cancer types (16). Recent studies with galectin 9 have 
shown its role as the main T-cell activity regulator, and T-cell 
activation is suppressed with galectin 9 infusion (17,18). Liu 

et al. (19) investigated the relationship of galectin 9 with the 
TIM-3 pathway and brain tumors. This study examined the 
lymphocytes in peripheral blood samples of patients with 
glioma and those normal and detected significantly increased 
galectin 9 and TIM-3 activity in the peripheral blood by TIL 
compared to the control group. No study has reported about 
TIM-3 level in meningiomas. Our study used IHC staining to 
evaluate TIM-3 expression in meningiomas and compared 
tumor histopathological grade, size, degree of edema, 
localization, parenchymal invasion, and bone invasion. No 
statistically significant difference was found between the 
TIM-3 level and these features. The small number of patients 
both prevented homogeneous distribution and affected the 
statistical results.

LAG-3 is also a membrane protein that is expressed 
on T-cells and inhibits T-cells by connecting to major 
histocompatibility complex class II receptors (20). Additionally, 
LAG-3 downregulates the immune system by regulating the 
regulatory T-cell functions (21). LAG-3 expression has been 
shown to increase tumor growth in many cancer types. 
Therefore, the LAG-3 protein in TILs is seen as a potential 
target in cancer therapy in the future (19). Our study evaluated 
LAG-3 expression in meningiomas using IHC staining and 
compared tumor histopathological grade, size, degree 
of edema, localization, parenchymal invasion, and bone 
invasion. No statistically significant difference was found 
between these features compared with the LAG-3 level, except 
for the tumor size. LAG-3 level was statistically higher in big-
sized meningiomas.

CD38 is a type 2 membrane protein that regulates microglial 
activation (22,23) and many functions such as calcium 
mechanism, autophagy, and tumorigenesis (24). It catalyzes 
the synthesis of cyclic adenosine diphosphate-ribose, which 
increases intracellular calcium and kills stimulated cells by 
activating microglial cells (24). The literature reports no study 
that investigated the relationship between meningiomas and 
CD38. However, a study that investigated the relationship 
between CD38 levels and gliomas was conducted by Blacher 
et al. (24) and reported that approximately 30% of the 
glioma cell mass is formed by microglia and macrophage 
infiltration. In addition to its beneficial effects on microglial 
invasion, it also has harmful effects (24). Evidence showed 
that tumor-associated microglia and macrophages facilitate 
tumor invasion and progression (25,26,27,28,29). Therefore, 
CD38 inhibition is thought to decelerate glioma progression. 
Blacher et al. (24) reported that rhein tri-potassium salt 
(K-rhein), which provides microglial inhibition due to CD38 

Table 4. Relationship between CD38 level and variables

n=25 CD38
p value1

n=19
n (%)

2
n=5
n (%)

3
n=1
n (%)

Gender

Female 15 (78.9) 4 (80) -
0.19

Male 4 (21.1) 1 (20) 1 (100)

Localization

Frontal 5 (26.3) 1 (20) -

0.48
Occipital 6 (31.6) - -

Parietal 4 (21.1) 2 (40) -

Temporal 4 (21.1) 2 (40) 1 (100)

Pathological subtype

Atypical 3 (15.8) 1 (20) -

0.29

Fibrosis 5 (26.3) - -

Transitional 4 (21.1) 1 (20) -

Meningeal 3 (15.8) - 1 (100)

Malignant 4 (21.1) 3 (60) -

Size

1 (<3 cm) 8 (42.1) 2 (40) -

0.04*2 (3-6 cm) 9 (47.4) - -

3 (>6 cm) 2 (10.5) 3 (60) 1 (100)

Parenchymal invasion

None 14 (73.7) 1 (20) 1 (100)
0.06

Yes 5 (26.3) 4 (80) -

Bone invasion

None 15 (78.9) 4 (80) 1 (100)
0.88

Yes 4 (21.1) 1 (20) -

Degree of edema

1- Minimal 5 (26.3) - -

0.16
2- Smaller than 
tumor size

9 (47.4) 1 (20) 1 (100)

3- More than 
tumor size

5 (26.3) 4 (80) -

**Chi-square test statistics were used to evaluate the relationship between 
categorical variables. Considering the relationship between LAG-3 status and 
variables, *The relationship between LAG-3 status and size is statistically 
significant (p<0.05). CD38: Cluster of  differentiation 38, LAG-3: Lymphocyte 
activation gene-3
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inhibition, slows glioblastoma progression. According to this, 
CD38 inhibition may reduce high-grade meningiomas, but 
the evidence is insufficient. Our study evaluated the CD38 
expression in meningiomas using IHC staining and compared 
tumor histopathological grade, size, degree of edema, 
localization, parenchymal invasion, and bone invasion. No 
statistically significant difference was found between these 
features compared with CD38 level, except for the tumor size. 
CD38 level was statistically higher in big-sized meningiomas.

Conclusion

In conclusion, this study is the first to investigate LAG-3, 
TIM-3, and CD38 levels in meningiomas. Our study revealed a 
significant correlation between LAG-3 level and meningioma 
sizes. No significant correlation was found with other data. 
However, the number of patients in our study was insufficient. 
Therefore, larger patient groups may yield more significant 
results.
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