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Abstract Öz 
Purpose: Most meningiomas can be treated by surgical 
resection. However, depending on the location of the 
lesion, incomplete resection or high-grade meningiomas 
may have a poor prognosis. The new methods such as 
immunotherapy may improve our options for effective, 
patient-specific treatment of meningiomas. We aim to 
contribute to the development of new personalized 
treatment strategies by investigating the status of Gal-9 in 
meningiomas. 
Materials and Methods: Four hundred two cases 
diagnosed in our laboratory between 2007 and 2020 were 
used for the study. New blocks of multiple tissues were 
prepared for immunohistochemistry using the tissue 
microarray method. Immunohistochemical staining of 
Gal-9 antibody was evaluated using the H-score method. 
Results: Of the 402 cases studied, 289 were female and 
113 were male. Two hundred and seventy-one (67.4%) 
cases were WHO grade 1; 121 (30.1%) were grade 2 and 
10 (2.5%) were grade 3. A high H-score was observed in 
grade 1 and 2 tumors (H-score: 93.38 and 93.91) and a low 
H-score in grade 3 tumors (H-score: 59.40). There was no 
significant correlation between brain invasion and Gal-9 
expression. No significant correlation was found between 
Gal-9 expression and minor criteria used in tumor grading. 
Conclusion: A statistically significant difference was 
found between Gal-9 H-score and tumor grade. Gal-9 had 
a lower H-score in high-grade meningiomas and its 
expression level decreased. Therefore, Gal-9 with different 
expression levels can be used as a prognostic and 
predictive biomarker as well as an important molecule for 
treatment. 

Amaç: Meningiom vakalarının çoğu cerrahi rezeksiyonla 
tedavi edilebilir. Ancak lezyonun lokalizasyonuna bağlı 
olarak tam çıkarılamayan veya yüksek dereceli 
meningiomların prognozu kötü olabilir. İmmünoterapi 
gibi yeni yöntemler, meningiomun hastaya özel, etkili 
tedavisine yönelik kapasitemizi artırabilir. Bu çalışmayla 
meningiomlarda Gal-9'un durumunu araştırarak kişiye özel 
yeni tedavi seçeneklerinin geliştirilmesine katkıda 
bulunmayı amaçlıyoruz. 
Gereç ve Yöntem: Çalışmada 2007-2020 yılları arasında 
laboratuvarımızda tanısı konulan 402 olgu kullanıldı. 
İmmünhistokimya için doku mikroarray yöntemiyle birden 
fazla doku içeren yeni bloklar hazırlandı. Gal-9 
antikorunun immünohistokimyasal boyanması H skoru 
yöntemi ile değerlendirildi. 
Bulgular: Çalışmaya alınan 402 olgunun 289'u kadın, 
113'ü erkekti. İki yüz yetmiş bir (%67,4) vaka WHO derece 
1 idi; 121'i (%30,1) derece 2, 10'u (%2,5) derece 3 idi. 
Derece 1 ve 2 tümörlerde yüksek H skoru (sırasıyla 93,38 - 
93,91), derece 3 tümörlerde ise düşük H skoru (59,40) 
gözlendi. Beyin invazyonu ile Gal-9 ekspresyonu arasında 
anlamlı bir ilişki yoktu. Gal-9 ekspresyonu ile tümör 
derecelendirmesinde kullanılan minör kriterler arasında 
anlamlı bir korelasyon bulunamadı. 
Sonuç: Gal-9 H skoru ile tümör derecesi arasında 
istatistiksel olarak anlamlı fark gözlendi. Gal-9, yüksek 
dereceli meningiomlarda daha düşük bir H skoru gösterdi 
ve ekspresyon seviyeleri azaldı. Bu nedenle farklı 
ekspresyon seviyelerine sahip Gal-9, prognostik ve 
prediktif bir biyobelirteç olarak kullanılabileceği gibi tedavi 
için de önemli bir molekül olarak kullanılabileceği 
öngörülebilir. 
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INTRODUCTION 

Meningiomas are the most common primary tumors 
of the brain1. They occur in middle-aged adults and 
affect more women than men. Some cases of 
meningiomas are treated surgically. However, high-
grade meningiomas are particularly grow rapidly and 
often recur despite treatment, leading to a poor 
prognosis2,3. 

It is necessary to determine the subtypes of 
meningiomas and tumor grade according to the 
WHO in order to develop disease management and 
new targeted therapies2. Subjective histological 
examinations used to determine tumor grade in 
meningiomas may prevent accurate diagnosis in some 
cases. Misclassification and the inability to accurately 
determine the risk of recurrence can also prevent 
optimal treatment2. Therefore, tumor grading is very 
important. In 2021, some changes were made to the 
tumor grading of meningiomas. Tumor grading has 
been expanded to include molecular changes4. 

Complete removal of the tumor is the most effective 
method of treating meningiomas5. Depending on the 
location of the lesion, however, adjuvant 
radiotherapy is given in addition to surgical treatment 
in the event of incomplete resection in order to 
reduce recurrence and mortality in grade 2 and 3 
meningiomas. Chemotherapy has no effect on 
meningiomas6. 

The new methods, such as immunotherapy, which is 
used for some other tumors, may expand our options 
for effective therapy, especially person-specific 
therapy. Studying immune cells in the tumor not only 
helps in diagnosis, but also in identifying biomarkers 
of tumor progression, understanding response to 
treatment or sensitivity of targeted therapeutics2. 

Immune checkpoint molecules (ICMs) are cell 
membrane proteins that regulate the immune 
response. Immune checkpoints are activated when 
these molecules on the surface of immune cells 
recognize and bind to partner molecules on tumor 
cells (Figure 1). The binding of checkpoint proteins 
and partner proteins can prevent the immune system 
from killing the tumor. Immune checkpoint 
inhibitors (ICI) block this mechanism7,8. 

 
Figure 1. Immune checkpoint molecules. 

Galectin-9 (Gal-9) was originally defined as a ligand 
for T cell immunoglobulin and mucin domain-
containing molecule 3 (TIM -3)9,10. It regulates cell 
aggregation and adhesion. It also regulates apoptosis 
of tumour cells. Gal-9 plays an important role in the 
development of the adaptive immune system. 
Binding of Gal-9 to TIM -3 leads to apoptosis of T 
cells and negative regulation of the T cell response11. 
Gal-9 also binds to other immunomodulatory 
molecules9,12. Gal-9 also promotes the differentiation 
of regulatory T cells (Tregs) by binding to 
differentiation cluster 44 (CD44) and by binding to 
death receptor 3 to promote the expansion of 
Tregs9,13,14. 

Gal-9 specifically interacts with Tim-3 to induce 
apoptosis of CD8+ T cells15. Unlike other galectin 
members, it causes suppression of excessive 
immunity and inflammation10,16. It is a novel 
biomarker involved in both stimulation and 
inhibition of tumour growth depending on its 
interaction with receptors on T cells or tumour 
cells17. In addition, its concentration-dependent 
effects are also different. Gal-9 induces apoptosis of 
activated T cells at higher concentrations. On the 
other hand, at lower concentrations, it increases 
cytokine production by activated T cells18. 

Gal-9 stimulates apoptosis of malignant cells in many 
tumors, especially in hematological malignancies, 
gastrointestinal tumors and melanomas19. Gal-9 is 
highly expressed in some tumors such as oral, 
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pancreatic and colon cancer. On the other hand, it is 
expressed at low levels in breast, liver, lung, prostate, 
kidney cancer and melanoma20,21. Loss of Gal-9 in 
many solid tumors leads to tumor progression and an 
increased propensity for metastasis22. 

By investigating the Gal-9 expression status in 
meningiomas, we aim to contribute to the 
development of new personalized treatment 
methods. The aim of the study is to uncover the 
relationship between Gal-9 expression and the grade 
and prognosis of meningiomas and to determine the 
predictive value for a possible immunotherapeutic 
treatment.  

MATERIALS AND METHODS 

Study design and sample 
This study is a retrospective study. The study was 
conducted in the Department of Pathology at 
Karadeniz Technical University. Our aim was to 
investigate the status of galectin-9 antibody in 
meningiomas.  

Four hundred and two meningioma cases diagnosed 
in our laboratory between 2007 and 2020 were 
included in the study. All cases were re-evaluated by 
two neuropathologists and included in this study after 
the morphologic findings were confirmed. The 
clinical and radiologic data were obtained using the 
data processing unit of our hospital. The sample size 
was calculated using Openepi version 3.01. The total 
sample size was 370, with a confidence interval of 95, 
a power of 80%, a type 1 error margin of 0.05, a 
hazard ratio of 0.54 and a ratio of unexposed to 
exposed of 1.3. 

Ethical approval was obtained from the Karadeniz 
Technical University Rectorate KTU Faculty of 
Medicine Scientific Research Ethics Committee 
Chairmanship with decision No. 2 dated 14.12.2020. 

Preparation of the paraffin blocks 
New blocks containing more than one tissue were 
prepared from the tumor-containing paraffin blocks 
of the cases using the tissue microarray method. For 
this purpose, 3 mm of tissue was taken from each 
block using a skin biopsy device, and new blocks 
containing tumor tissue from 9 cases were prepared. 
Sections were taken from these blocks for 
immunohistochemical staining. 

Immunohistochemical antibody and 
staining 
Immunohistochemical staining with Gal-9 antibody 
was performed using Ventana's BenchMark Ultra 
automatic staining device. The anti-Gal-9 100UL 
antibody (Abcam) was prepared at a dilution of 
1/100. The slides stained with the antibody were 
analyzed using an Olympus BX51 light microscope. 

Immunohistochemical evaluation 
Gal-9 was scored using the H-score method. 
Cytoplasmic and nuclear membrane staining was 
evaluated. For the H-score method, each slide was 
examined by dividing it into four quadrants and the 
staining intensity and percentage of all slides were 
evaluated. The staining intensity was scored semi-
quantitatively as 0 (no immunoreactivity), 1+ (weak 
immunoreactivity), 2++ (moderate 
immunoreactivity), 3+++ (strong immunoreactivity). 
The percentage of staining is the ratio between the 
number of stained cells and the total number of cells 
in the same area. By applying the H-score formula (3 
x 3 percentage of positive cells + 2 x 2 percentage of 
positive cells + 1 x 1 percentage of positive cells + 0 
x percentage of unstained cells), 4 separate H-scores 
(between 0 and 300) were determined for each case 
and the average was taken23,24,25. 

Statistical analysis 
The statistical programme IBM SPSS Statistics for 
Windows Version 23.0 was used. Descriptive 
statistics of the evaluation results; numbers and 
percentages for categorical variables, mean, standard 
deviation, minimum and maximum for numerical 
variables. Kolmogorov-Smirnov or Shapiro-Wilk 
tests were used to test the agreement of the measured 
data with the normal distribution.  

The T-test in independent groups was used for the 
measured variables that conformed to the normal 
distribution, and the Mann Whitney U-test or 
Kruskall Wallis analysis of variance was used for the 
measured variables that did not conform to the 
normal distribution.  

The Dunn test and Bonferroni correction were 
performed on the Kruskal-Wallis test and post-hoc 
analysis. The Spearman correlation test was used for 
the data that did not correspond to the normal 
distribution in the correlation analysis of the 
measurement data. The chi-square test was used to 
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analyse the categorical data. All statistical analyses 
were performed in two ways. A significance value of 
p<0.05 was accepted for all statistical analyses. 

RESULTS 

Of the 402 cases in the study, 289 were female and 
113 were male. 271 (67.4%) cases were WHO grade 
1, 121 (30.1%) were grade 2 and 10 (2.5%) were grade 
3. Brain invasion was observed in 28 (7.0%) cases. 
336 (83.6%) were located in the supratentorium, 43 

(10.7%) in the spinal cord and 23 (5.7%) in the 
posterior fossa. The distribution of cases by tumour 
type and grade is shown in Table 1. Hypercellularity 
was present in 40 (10%) cases, small nuclei in 57 
(14.2%), macronucleoli in 11 (2.7%), pattern loss in 
31 (7.7%), and spontaneous necrosis in 37 (9.2%) 
cases. Brain invasion was observed in a total of 28 
(7.0%) cases. Lymphocytes were easily detected at 
10x magnification in 300 of the cases, and in the 
remaining 102 cases they were found at 40x 
magnification. 

Table 1. Distribution of cases according to histological type and tumor grade 
Histological grade Histological type Number of cases % 
Grade 1 Transitional 85 21.1 

Fibrous 74 18.4 
Meningothelial 68 16.9 
Angiomatous 18 4.5 

Psammomatous 17 4.2 
Secretory 7 1.7 

Microcystic 4 1.0 
Metaplastic 3 0.7 

Grade 2 Atypical 116 28.9 
Grade 3 Anaplastic 10 2.5 
Total   402 100.0 

 

The comparison of Gal-9 expression with tumor 
grade and morphological parameters was performed 
by H-score. The Gal-9 expressions in different grades 
of meningiomas are shown in Figure 2. The cases 

were first compared according to the mean H-score 
(Table 2). A statistically significant difference was 
found between Gal-9 H-score and tumor grade (p-
value 0.042). 

 
Figure 2. Galectin-9 x 400 (a:Grade 1, b:Grade 2, c: Grade 3). 

 
There was no significant correlation between brain 
invasion and Gal-9 expression (p-value 0.395). No 
significant correlation was found between the minor 
criteria used in tumor grading (small nucleus, 
hypercellularity, macronucleolus, spontaneous 

necrosis, pattern loss) and Gal-9 expression (Table 2). 
There was no statistically significant correlation 
between Gal-9 and tumor diameter, age and gender 
of patients (p-values 0.602 - 0.099 - 0.548, 
respectively). 
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Table 2. Comparison of the mean H score of Galectin-9 with tumor grade and morphological parameters 

Parameter Number 
of cases 

Galectin-9 H score 

Mean Standard 
deviation Median Percentile 

25 
Percentile 

75 
p 

value 

Hypercellularity* 
No 362 92.36 42.64 95 70 117 

0.548 Yes 40 95.75 38.18 99 81.5 110 
Small nucleus* 
 

No 345 92.99 44.20 95 70 120 
0.640 

Yes 57 90.89 27.10 94 72 105 

Macronukleolus* 
No 391 92.13 41.43 95 70 115 

0.154 
Yes 11 113.00 62.91 120 60 177 

Pattern loss* 
No 371 92.28 42.43 98 81 124 

0.387 
Yes 31 97.65 39.37 95 70 115 

Spontaneous 
Necrosis* 

No 365 93.03 42.37 95 70 114 
0.847 

Yes 37 89.38 40.69 100 60 120 

Brain invasion* 
No 374 93.37 42.56 95 70 118 

0.395 
Yes 28 83.71 36.22 99 57.5 108 

Grade** 
Grade1a 271 93.38 43.68 95 70 120 

0.042 Grade2a 121 93.91 38.23 96 70 115 
Grade3b 10 59.40 35.72 62.50 27 90 

a,bThere is a significant difference between the different letters for the tumor grade.; *Mann-Whitney U Test.; ** Dunn Test and Bonferroni 
correction were performed in Kruskal-Wallis Test and Post hoc analysis. 

 
DISCUSSION 
High-grade or subtotally resected meningiomas have 
a relatively high recurrence rate. However, there are 
few biomarkers for follow-up, treatment decision and 
progression of meningiomas. There are studies in the 
literature that show that monitoring changes in Gal-
9 levels and using them as biomarkers in clinical 
practice will be an important tool for monitoring 
disease activity and facilitating personalized treatment 
decisions3. 

In the study by Jafari et al, Gal-9 was shown to induce 
apoptosis in ovarian cancer cells26. In the study by 
Nobumoto et al., Gal-9 was shown to prevent 
metastasis of melanoma and colon cancer in mouse 
models by suppressing extravasation and adhesion of 
circulating tumor cells27. There are studies showing 
that Gal-9 increases antitumor immunity and 
prolongs survival in mouse models28,29. 

There is no study in the literature on Gal-9 in 
meningiomas. However, there are studies on other 
solid tumors and gliomas. In the study by Liu et al. 
the expression of Gal-9 was significantly low in 
normal brain, while increased expression was found 
in gliomas. In this study, Gal-9 expression correlated 
with glioma grade and was significantly increased in 
high-grade gliomas (grade 4) compared to low-grade 

gliomas (grade 2-3). In addition to Gal-9, the 
expression of TIM-3 is also increased11. 

It has been reported in the literature that as Gal-9 
expression decreases in many solid tumors, tumor 
progression and its propensity to metastasize 
increase22. In our study, a high H-score was observed 
in grade 1 and 2 tumors and a low H-score in grade 3 
tumors. In meningiomas, high Gal-9 expression was 
observed in grade 1 and 2 tumors and low expression 
in grade 3 tumors. In contrast to gliomas, Gal-9 
expression decreased with increasing tumor grade11. 
The result of our study, the decrease in Gal-9 
expression (low H-score) in high-grade meningiomas, 
is consistent with the literature. 

On the other hand, the study by Zhou et al. reported 
that high Gal-9 expression was associated with longer 
survival and good prognosis in hepatocellular, 
colorectal, gastric and non-small cell lung cancers. 
High expression of Gal-9 has also been associated 
with lower tumor invasion depth and earlier tumor 
staging30. In our study, high Gal-9 expression was 
found in low-grade meningiomas. Loss of Gal-9 
expression in many solid tumors such as breast, liver, 
lung, prostate, kidney cancer and melanoma indicates 
tumor progression and increased propensity to 
metastasis20,21,30. Our study suggests that low Gal-9 
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expression in grade 3 meningiomas is associated with 
poor prognosis. 

The expression and function of Gal-9 varies 
considerably in different types of cancer. Detection 
of Gal-9 expression in a tumor provides clues for 
treatment and prognosis. It can be predicted that 
tumors in which high Gal-9 expression is associated 
with poor prognosis and high severity may benefit 
from targeted Gal-9 therapy18. For tumors in which 
low Gal-9 expression is associated with poor 
prognosis and high severity, induction of Gal-9 
expression may support tumor treatment18.  

Induction of Gal-9 expression in meningiomas with 
low Gal-9 expression, as in our study, may be 
beneficial for treatment. In addition, low Gal-9 
expression can be used as a non-invasive biomarker 
that can be easily measured by 
immunohistochemistry along with other parameters 
as an indicator of high-grade and aggressive course in 
meningiomas. 

The study has several limitations. It was a 
retrospective study involving a single center. The 
second limitation of the study is the small diameter of 
the tumor tissue in which the immunohistochemical 
examination was performed (3 mm in diameter). 
Despite these limitations, the results of our study 
shed new light on the treatment of meningiomas. 

In our study, Gal-9 showed a lower H-score and 
expression level in high-grade meningiomas. These 
results suggest that Gal-9, an immune checkpoint 
molecule with different expression levels, can be used 
as a prognostic and predictive biomarker and may 
also be an important tool for treatment. 

In conclusion, understanding the status of immune 
checkpoint molecules, accurate grading, careful 
selection of patients for appropriate treatment, and 
increasing clinical experience with immune 
checkpoint blockers may lead to the discovery of 
effective treatments for patients with aggressive 
meningiomas. In addition, clinical trials can be 
conducted in selected suitable patients with an 
immunotherapeutic agent that may be developed in 
the future. 
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