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ABSTRACT

AIM: To assess the clinicopathological and prognostic significance of Tim-3, an immune checkpoint molecule, and Rel-B, an NF-κB 
subunit, in grade 4 diffuse glioma samples and their relationship with each other.    
MATERIAL and METHODS: The demographic, radiologic, treatment, and prognostic data of patients diagnosed with grade 4 
diffuse glioma between 2016 and 2019 were reviewed and recorded. Tim-3 and Rel-B were applied to the paraffin-embedded 
tissues by immunohistochemistry method. Tim-3 expression was grouped as immunoreactivity density score (IDS) (Low, High) and 
expression percentage (<12%, >12%), while Rel-B expression was divided into positive and negative groups.  
RESULTS: Ninety-nine grade 4 diffuse glioma samples were detected, 8 of which were IDH-1 positive. Tim-3 was expressed only 
in immune cells around and inside the tumoral tissue, and expression was detected only in tumoral cells with Rel-B. Tim-3 IDS was 
found at lower levels (median 31.8) in IDH-1 positive cases and higher (median 158) in IDH-1 negative ones (p=0.020). A significant 
correlation was found between the Tim-3 IDS high group and Rel-B positivity (p=0.007).
In the IDH-1 negative cohort, the univariate analysis revealed higher Tim-3 expression percentage and higher IDS were associated 
with better overall survival (OS) (p=0.041 and p=0.042 respectively) and progression-free survival (PFS) (p=0.023 and p=0.029 
respectively), while in the multivariate analysis higher Tim-3 expression percentage was found to be an independent predictor 
for better OS (p=0.008) and PFS (p=0.022). Rel-B positive cases exhibited longer OS and PFS but the result was not statistically 
significant (p>0.05).  
CONCLUSION: Tim-3 can be a good prognostic predictor and treatment candidate, especially in patients with IDH-1 negative 
grade 4 diffuse gliomas however, further studies with more cases are needed for Rel-B. The significant relationship between Tim-3 
and Rel-B expressions supported the interaction between NF-κB and immune checkpoint pathways.
KEYWORDS: Glioblastoma, Grade 4 diffuse glioma, Immune checkpoint molecule, T-Cell immunoglobulin and mucin domain-
containing protein 3, Transcription factor Rel-B, Isocitrate dehydrogenase, Mutant/Wild

ABBREVIATIONS: Tim-3: T-Cell Immunoglobulin and Mucin Domain-Containing Protein 3, Rel-B: Transcription Factor Rel-B,              
NF-κB: Nuclear Factor kappa B, IDS: Immunoreactivity density score, OS: Overall survival, PFS: Progression-free survival, TIIC: 
Tumor-infiltrating immune cells, WHO: World Health Organization, HGG: High-Grade Glioma
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█   INTRODUCTION 

Grade 4 diffuse gliomas are highly malignant astrocytic 
neoplasms with limited resectability, aggressive pro-
gression, and poor prognosis, with a 1-year overall 

survival (OS) rate of 76.3%, even in those with IDH mutations 
(WHO grade 4 IDH-mutant astrocytomas) (16,21). In WHO 
grade 4 IDH wild-type glioblastomas, this rate drops to 53.7 
(21). Several clinical trials have been conducted over the last 
few decades to investigate this issue and extend these short 
survival times, but only limited therapeutic success has been 
achieved (2). The immune microenvironment in tumors, which 
has recently received more attention, is also thought to play a 
critical role in the efficacy of glioblastoma immunotherapy (4). 
Immunotherapy can change the clinical course of glioblasto-
ma patients who are most likely to benefit from immunother-
apy and determine the best treatment regimens to improve 
outcomes (2).

T-cell immunoglobulin and mucin domain-containing protein 
3 (Tim-3) is a member of the Tim immunoregulatory protein 
family that was discovered in 2002 (17). Although it was initially 
identified as a molecule expressed by interferon-γ-producing 
CD4+ and CD8+ T cells, it has since been demonstrated 
to be represented by a variety of other cell types, including 
regulatory T cells (Treg), myeloid cells, natural killer cells, and 
mast cells (36). Tim-3 is an immune checkpoint molecule that, 
like other immune checkpoint molecules (PD-1, Lag-3, and 
CTLA-4), is involved in the pathogenesis of many autoimmune 
and viral diseases by depleting T cells and acting as a 
negative regulator of T-cell response (12). Although previous 
studies have focused on its role in the pathogenesis of viral 
and autoimmune diseases, it has recently received increased 
attention due to its clinical and prognostic significance in various 
solid and myeloid neoplasms (22,23,27,33). Furthermore, RT-
qPCR analysis in clinical glioblastoma samples revealed that 
Tim-3 expression is significantly higher than that of other 
well-known immune checkpoint molecules (11). However, 
immunohistochemical (IHC) studies of human glial neoplasms 
are uncommon, and their prognostic significance, particularly 
in high-grade tumors, is unknown (31,40).

NF-κB is a dimeric DNA binding complex comprising various 
combinations of five family members, including p50, p52, 
Rel-A, Rel-B, and c-Rel, that play important roles in biological 
processes (32). By inducing epithelial–mesenchymal transi-
tion, NF-κB promotes cancer initiation, tumor cell prolifera-
tion, antiapoptotic effect, invasion, angiogenesis, treatment 
resistance, and distant metastasis (32,38). While the canonical 
NF-κB signaling pathway, which is mediated by Rel-A-con-
taining dimers, has been shown to play an important role in 
regulating cancer invasion and progression, the noncanonical 
NF-κB signaling pathway, which is mediated by Rel-B-con-
taining dimers, has only recently been investigated (28, 39). 
Few studies have examined Rel-B’s role and prognostic value 
in solid tumors (10,24,30,44), and there have been few reports 
of Rel-B expression in glial neoplasms (14,28,35,39). A recent 
study indicates that the interaction of Tim-3 and NF-κB is im-
portant in the pathogenesis of glioblastomas, and breaking 
this interaction via antibodies is promising in terms of potential 
treatment candidacy (11).

This study aimed to assess the prognostic values of Rel-B 
and Tim-3 IHC expressions in human grade 4 diffuse glioma 
samples and their correlation with IDH status, each other, and 
histopathological features.

█   MATERIAL and METHODS
Case Selection and Histopathological Assessment

Following approval from the institutional ethics committee 
(decision date: 14.07.2020, decision number: 40), the 
pathology archives for all cases of grade 4 diffuse glioma 
biopsied and resected at the Faculty of Medicine, Eskişehir 
Osmangazi University Hospital between 2016 and 2019 were 
reviewed. The study included patient files containing clinical 
information and sufficient formalin-fixed paraffin-embedded 
tissue for IHC. Histological findings, IDH status, and 
accompanying components, if any, were recorded on H&E 
slides were re-examined by two pathologists (EY, FY). Based 
on the WHO Classification of Tumors of the Central Nervous 
System revised in 2022, the histological findings, IDH status, 
and accompanying component (s), if any, were recorded.

IHC Staining and Evaluation

Immunohistochemical staining was performed on 4-m-thick 
sections of paraffin blocks. Tim-3 and Rel-B IHC staining was 
conducted using previously described standard techniques 
(25,40), with the staining procedures recommended in the 
datasets for each marker being considered. A DAKO Omnis 
automatic IHC stainer (DAKO Omnis Denmark) was used for 
IDH-1 (R132H [H09]), Tim-3 (anti-Tim-3 antibody [BLR033F]–
BSA free, monoclonal, 1/300 dilution), and Rel-B (anti-Rel-B 
antibody [EP613Y], monoclonal, 1/200 dilution) staining. IDH-
1 staining was used in cases that could not be evaluated 
due to technical reasons and those that were used before 
the period of routine use. In positive cases, the absence 
of combined whole-arm deletions of 1p and 19q was also 
genetically confirmed.

Cytoplasmic immunoreactivity in tumor cells was considered 
positive for IDH-1, and positive control was a tissue sample 
from an astrocytoma with previously confirmed mutation 
status. Tim-3 membranous and cytoplasmic immunoreactivity 
and Rel-B cytoplasmic immunoreactivity were considered 
positive. For both markers, tonsil tissue was used as a 
positive control. Tim-3 expression in the immune cells (tumor-
infiltrating immune cells [TIICs]) was calculated by counting 
and averaging the five high power fields (HPF, x400, diameter: 
0.55 mm) that were similar to those used in previous studies 
in hotspot and nonnecrotic areas of tumoral tissue (18). The 
intensity of staining was scored as 0 = negative, 1 = mild, 2 = 
moderate, and 3 = strong (Figure 1A–C). The immunoreactivity 
density score (IDS) was calculated by multiplying the mean 
values and staining intensity scores. Tim-3 IDS were classified 
as 0 = absent, 1 = ≥ 1 – 149, 2 = ≥ 150 – 300, and 3 = ≥ 300. 
Then, “0, 1” was considered a low expression, and “2, 3” was 
considered a high expression. Furthermore, the extent of Tim-
3 expression in tissue was scored as a percentage between 
0 and 100. The cases were then classified as ≤12% or >12% 
based on the 12% value determined by receiver-operating 
characteristic (ROC) analysis.
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Cytoplasmic (25) and ≥1% immunoreactivity in tumor cells 
were considered positive for Rel-B, with the degree of 
immunoreactivity specified in percentages. The staining 
intensity was graded as 0 = negative, 1 = mild, 2 = moderate, 
and 3 = strong (Figure 1D–F). The Rel-B immunoreactivity 
score (IRS) was calculated by multiplying the percentage by 
the staining intensity.

Statistical Analysis

The Shapiro–Wilk test of normality test was used to determine 
the distribution pattern of the variables. Distribution 
characteristics represented data as mean ± standard deviation 
or median (minimum–maximum or 95% confidence interval). 
The Chi-square (Pearson, continuity of correction, or Fisher’s 
exact) test was used to analyze categorical variables. The 
Mann–Whitney U test was used to determine the difference 
between the two groups, and the Spearman’s rank correlation 
n test was used to determine the correlation between Tim-3 
and Rel-B expressions.

The OS was calculated using the time between the operation 
date and the date of death or the survival status determined at 
the most recent follow-up. Progression-free survival (PFS) time 
was determined based on the interval between the operation 
date and the date the progression was detected radiologically 
or the survival status at the last follow-up. Patients who died 
within the first month (n=9) were excluded from the survival 
analysis due to the effects of complications that could have 
occurred as a result of the operation. To determine the 
relationship between Tim-3 and Rel-B expression and survival, 
survival analyses were performed on the whole cohort (n=90) 
and the IDH-1 negative cohort (n=82) due to the potential 
effect of IDH mutation on immune expression. Kaplan–Meier 

survival analysis was used to determine the distribution of 
OS and PFS over time, and p values were calculated using 
the log-rank test. Univariate and multivariate analyses in the 
Cox proportional hazard model were used to demonstrate 
the effect of independent variables on survival. A value of 
p<0.05 was considered statistically significant in multivariate 
analysis. ROC analysis was used to determine the optimal 
cut-off predicting survival of the extent of Tim-3 expression, 
and the ≤12% was found to be the best predictor of survival 
(sensitivity: 46.1%, specificity: 100%, area under the curve 
[AUC-ROC]: 0.755, 0.648–0.844; p=0.0008).

Statistical analyses were performed in the Department of 
Biostatistics using IBM SPSS Statistics (Version 23.0; IBM 
Corp., New York, USA) software, and the ROC curve was 
obtained from Medcalc software (version 13.3.0.0, 2014).

█   RESULTS
Patient Characteristics

There were 99 patients in this study: 54 (54.5%) males and 
45 (45.5%) females (male/female = 1.2). The patient’s ages 
ranged from 15 to 83 (mean, 58.7 ± 12.6), with 7 (7.07%) 
having previously diagnosed low-graded glial neoplasia. Table 
I shows the other clinicopathological characteristics.

Immunohistochemical findings

IDH-1 was positive in eight (8.1%) patients (3 frontal, 3 temporal, 
1 parietal, and 1 occipital). IDH-1 was found in six (85.7%) of 
7 patients with a history of low-grade glial neoplasia. The two 
remaining patients (2.1%) had no history of low-grade glial 
neoplasia. Tumor cells and nonneoplastic glial tissue did not 

Figure 1: Weak (A, x200), moderate (B, x400), and strong (C, x400) expression of Tim-3 by TIICs. Weak (D, x400), moderate (E, x400), 
and strong (F, x400) expression of Rel-B by tumor cells.

A B C

D E F
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Rel-B was found to be positive in 26 (26.3%) of the patients, 
and there was no statistically significant correlation between 
clinicopathological parameters and Rel-B expression (p>0.05). 
Table II summarizes the relationship between Tim-3 and Rel-B 
expression and clinicopathological parameters. Chi-square 
analysis revealed a significant relationship (p=0.007) between 
Tim-3 IDS (low–high) and Rel-B positivity. The Spearman 
correlation test showed a positive relationship between Tim-
3 IDS and Rel-B IRS (r=0.284, p=0.004) but no significant 
relationship with Tim-3 expression percentage (p=0.138).

express Tim-3, but the expression was observed in immune 
cells around and inside the tumoral tissue (TIIC). The Tim-3 
IDS was found at lower levels (median, 31.8; range, 5.8–226)] 
in IDH-1-positive cases and higher levels (median, 158; range, 
0.6–461.4)] in IDH-1 negative cases (p=0.020). There was no 
significant correlation between Tim-3 IDS (low–high) and other 
clinicopathological parameters (p>0.05). Tim-3 expression in 
tissue ranged from 1% to 90% (median, 15). Tim-3 expression 
was lower in IDH1-positive cases (median, 5) and higher in 
IDH1-negative cases (median, 15), but the difference was not 
statistically significant (p=0.082). There was no significant 
correlation (p>0.005) between the percentage of Tim-3 
expression and clinicopathological parameters.

Table I: Clinicopathological Parameters

Parameters Number (%)

Gender

Male 54 (54.5)

Female 45 (45.5)

Age, mean 58.7±12.6

≤58 49 (49.5)

>58 50 (50.5)

Surgical procedure

Total 25 (25.3)

Subtotal 59 (59.6)

Incisional 13 (13.1)

NK 2 (2)

Lesion diameter, mean 5.3±1.8

<5 cm 41 (41.4)

≥5 cm 37 (37.4)

NK 21 (21.2)

Localization

Frontal 23 (23.3)

Perietal 18 (18.2)

Temporal 33 (33.3)

Occipital 11 (11.1)

Basal ganglion 6 (6.1)

Corpus callosum 3 (3)

Cerebellum 2 (2)

Insular cortex 1 (1)

Pons 1 (1)

NK 1 (1)

Parameters Number (%)

IDH-1 Mutation

Positive 8 (8.1)

Negative 91 (91.9)

OG component

Yes 18 (18.2)

No 81 (81.8)

Multiplicity

Solitary 75 (75.7)

Multiple 8 (8.1)

NK 16 (16.2)

CT 

Yes 43 (43.4)

No 56 (56.6)

RT

Yes 52 (52.5)

No 47 (47.5)

OS, median 5 (0-75) months

≤5 ay 54 (54.5)

>5 ay 45 (45.5)

PFS, median 4 (0-47) months

≤4 ay 56 (56.6)

>4 ay 43 (43.4)

Life status at last follow-up

Exitus 91 (91.9)

Alive 8 (8.1)

NK: Not known, OG: Oligodendroglioma, CT: Chemotherapy,                   
RT: Radiotherapy, OS: Overall survival, PFS: Progression-free survival.
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Table II: The Relationship Between Tim-3 and Rel-B Expressions with Clinicopathological Parameters

Tim-3 Percentage Tim-3 IDS Rel-B 

Parameters ≤12% >12% p-value Low High p-value (-) (+) p-value

Total (n=99) (%) 43 (43.4) 56 (56.6) 51 (51.5) 48 (48.5) 73 (73.7) 26 (26.3)

Gender 1.000 0.594 0.440

Male 23 (42.6) 31 (57.4) 26 (48.1) 28 (51.9) 42 (77.8) 12 (22.2)

Female 20 (44.4) 25 (55.6) 25 (55.6) 20 (44.4) 31 (68.9) 14 (31.1)

Age (mean 58.7±12.6) 0.930 0.613 1.000

≤58 22 (44.9 27 (55.1) 27 (55.1) 22 (44.9) 36 (73.5) 13 (26.5

58 21 (42.0) 29 (58.0) 24 (48.0) 26 (52.0) 37 (74.0) 13 (26.0)

Surgical procedure 0.684 0.587 0.781

Total 11 (44.0) 14 (56.0) 13 (52.0) 12 (48.0) 17 (68.0) 8 (32.0)

Subtotal 24 (40.7) 35 (59.3) 32 (54.2) 27 (45.8) 44 (74.6) 15 (25.4)

Incisional 7 (53.8) 6 (46.2) 5 (38.5) 8 (61.5 10 (76.9) 3 (23.1

NK 1 (50.0) 1 (50.0) 1 (50.0) 1 (50.0) 2 (100.0) 0 (0.0)

Lesion diameter (mean 5.3±1.8) 0.543 0.633 0.329

<5 cm 15 (36.6) 26 (63.4) 20 (48.8) 21 (51.2) 27 (65.9) 14 (34.1)

≥5 cm 17 (45.9) 20 (54.1) 21 (56.8) 16 (43.2) 29 (78.4) 8 (21.6

NK 11 (52.4) 10 (47.6) 10 (47.6) 11 (52.4) 17 (81.0) 4 (19.0)

Localization 0.140 0.088 0.300

Frontal 14 (60.9) 9 (39.1) 15 (65.2) 8 (34.8) 18 (78.3) 5 (21.7)

Parietal 8 (44.4) 10 (55.6) 6 (33.3) 12 (66.7) 13 (72.2) 5 (27.8)

Temporal 12 (36.4) 21 (63.6) 15 (45.5) 18 (54.5) 23 (69.7) 10 (30.3)

Occipital 2 (18.2) 9 (81.8) 5 (45.5) 6 (54.5) 6 (54.5) 5 (45.5)

Others 7 (53.8) 6 (46.2) 10 (76.9) 3 (23.1) 12 (92.3 1 (7.7

NK 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0) 1 (100.0) 0 (0.0)

IDH-1 mutation 0.289 0.060 0.677

Positive        5 (62.5) 3 (37.5) 7 (87.5) 1 (12.5) 7 (87.5) 1 (12.5)

Negative 38 (41.8) 53 (58.2) 44 (48.4) 47 (51.6) 66 (72.5) 25 (27.5)

OG component 0.867 0.687 0.774

Yes 7 (38.9) 11 (61.1) 8 (44.4) 10 (55.6) 14 (77.8) 4 (27.2)

No 36 (44.4) 45 (55.6) 43 (53.1) 38 (46.9) 59 (72.8) 22 (27.2)

Multiplicity 0.458 0.714 0.1000

Solitary 33 (44.0) 42 (56.0) 38 (50.7) 37 (49.3) 54 (72.0) 21 (28.0)

Multiple 2 (25.0) 6 (75.0) 5 (62.5) 3 (37.5) 6 (75.0 2 (25.0)

NK 8 (50.0) 8 (50.0) 8 (50.0) 8 (50.0) 13 (81.3) 3 (18.8)

IDS: Immune reactivity dencity score, NK: Not known, OG: Oligodendroglioma.
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multiplicity (p=0.020), and Tim-3 percentage (p=0.022; Table 
V).

█   DISCUSSION
High-grade gliomas (HGGs) are the most common malignant 
brain tumors (20), and treatment is not curative even today, 
with radiotherapy and adjuvant chemotherapy following sur-
gical resection remaining the standard treatment protocols. 
However, despite their limited use and therapy success, sev-
eral clinical trials and alternative treatment approaches have 
recently been investigated (1,2). Although various factors can 
contribute to this situation, the immunosuppressive tumor mi-
croenvironment is believed to be the primary reason for the 
failure of many immunotherapy clinical trials (26). Tumor-as-
sociated local and systemic immunosuppression is gaining 
attention due to recent findings that HGGs induce tumor-infil-
trating lymphocyte (TIL) energy, activate immunosuppressive 
regulatory T cells (Treg), and activate immune checkpoints 
(13). Furthermore, immune checkpoint pathways allow many 
solid tumors, including HGGs, to evade the immune response 
(11,26).

Tim-3 is expressed more in many solid tumors, including gli-
omas, than in non-tumoral tissues (6,8,11,22,23,43). Further-
more, expression levels in gliomas increase with WHO glioma 
grade (15,29). However, no expression was found in nonneo-
plastic glial parenchyma, and no expression was found in neo-
plastic tissues in this study. Expression was found primarily in 
cells with microglia/macrophage morphology in TIIC and sur-
rounding tumoral tissue. Furthermore, Tim-3 expression and 

Survival Results

At the last follow-up, eight (8.1%) patients were alive, and 91 
(91.9%) died, with OS ranging from 0 to 75 (median, 5) months 
and PFS ranging from 0 to 47 (median, 4) months. The average 
patient age at diagnosis was 58.78 ± 12.6 yr, ranging from 15 
to 83 yr. Patients below ≤58 yr had a median survival time of 9 
months, whereas those over the age of >58 yr had a survival 
time of 5 months. The age factor was strongly associated with 
OS (p=0.001) but not with PFS (p=0.184). IDH-1 positivity was 
observed in younger patients (median age of positive patients: 
49 yr, median age of negative patients: 62 yr, p=0.008) and 
associated with longer OS and PFS (p=0.022 and p=0.033, 
respectively). Table III summarizes the clinical characteristics 
of the patients and the relationship between OS and PFS.

In the whole cohort (n=90), there was no correlation between 
survival and Tim-3 percentage, Tim-3 IDS, or Rel-B positivity 
(n=90, p>0.05). Longer OS and PFS were found in patients 
with a Tim-3 percentage >12% (p=0.028 and p=0.013, 
respectively; Figure 2A, B) and high Tim-3 IDS (p=0.029 and 
p=0.017, respectively; Figure 2C, D). Rel-B-positive patients 
had longer OS and PFS than negative patients, but the 
results were not statistically significant (p=0.338 and p=0.195, 
respectively; Figure 2E, F). The associations of Tim-3 and 
Rel-B expressions with OS and PFS in the whole cohort and 
the IDH-1-negative cohort are shown in Table IV.

Age (p=0.024), CT (p<0.001), multiplicity (p=0.003), and 
Tim-3 percentage (p=0.008) were found to be independent 
factors affecting OS in the IDH-1 negative cohort (n=82). PFS 
was affected by three independent factors: RT (p=0.036), 

Figure 2: The relationship between (A, B) Tim-3 expression percentage (≤12% or >12%), (C, D) Tim-3 IDS (low or high), and (E, F) Rel-B 
expression (positive or negative) and OS and PFS in the IDH-1 negative cohort

A C E

B D F
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Table III: Relationship Between OS and PFS with Clinicopathological Parameters

Parametres Number (%) Median OS 
(95% CI) p-value Median PFS 

(95% CI) p-value

Total 90 (100.0)
Gender 0.321 0.382

Male 49 (54.4) 6 (3.9- 8.0) 5 (3.3-6.6)
Female 41 (45.6) 5 (2.9- 7.0) 3 (1.7-4.2)

Age (mean 58.7±12.6) 0.001 0.184
≤58 46 (51.1) 9 (6.3-11.6) 5 (1.1-8.8)
>58 44 (48.9) 5 (3.9-6.0) 4 (2.9-5.0)

Surgical procedure 0.681 0.922
Total 22 (24.5) 5 (1.3-8.6) 5 (2.2-7.7)
Subtotal 55 (61.1) 5 (2.2-7.7) 4 (2.6-5.3)
Incisional 11 (12.2) 6 (4.0-7.9) 5 (3.4-6.5)
NK 2 (2.2) 2 2

Lesion diameter (mean 5.3±1.8) 0.628 0.259
≤5 cm 38 (42.2) 5 (2.5-7.4) 3 (1.7-4.2)
>5 cm 35 (38.9) 7 (5.1-8.8) 6 (3.7-8.2)
NK 17 (18.9) 5 (2.3-7.6) 3 (0.5-5.4)

Localization 0.559 0.431
Frontal 21 (23.3) 5 (2.0-7.9) 3 (1.2-4.7)
Parietal 17 (18.9) 5 (2.3-7.6) 3 (0.5-5.4)
Temporal 30 (33.4) 7 (2.9-11.0) 5 (2.9-7.0)
Occipital 10 (11.1) 6 (1.3-10.6) 4 (0.0-8.1)
Other 11 (12.2) 4 (0.7-7.2) 4 (1.9-6.0)
NK 1 (1.1) 3 3

IDH-1 0.022 0.033
Positive 8 (8.9) 10 (0.0-36.1) 7 (4.2-9.7)
Negative 82 (91.1) 5 (3.5-6.4) 4 (3.0-4.9)

OG component 0.785 0.949
Yes 18 (20.0) 7 (1.4-12.5) 5 (3.6-6.3)
No 72 (80.0) 5 (3.3-6.6) 4 (2.6-5.3)

Multiplicity 0.081 0.081
Solitary 70 (77.8) 6 (3.9-8.0) 5 (3.8-6.1)
Multiple 7 (7.8) 6 (0.0-16.2) 2 (0.7-3.2)
NK 13 (14.4) 4 (1.8-6.1) 2 (1.8-4.1)

CT <0.001 0.037
Yes 42 (46.7) 10 (7.2-12.7) 6 (3.4-8.5)
No 48 (53.3) 4 (2.5-5.4) 3 (1.0-4.9)

RT <0.001 0.016
Yes 50 (55.6) 9 (7.0-10.9) 5 (2.4-7.5)
No 40 (44.4) 3 (0.5-5.4) 2 (1.1-2.8)

OS: Overall survival, PFS: Progression-free survival, CI: Confidence interval, OG: Oligodendroglioma, CT: Chemotherapy, RT: Radiotherapy.
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Table IV: Relationship Between Tim-3 and Rel-B Expressions and OS and PFS

Whole Cohort (n=90)
OS Tim-3 Percentage Tim-3 IDS Rel-B 

≤12% >12% p-value Low High p-value (-) (+) p-value
Total 40 50 49 41 66 24
OS (median, 95% CI) 5 (3.9-6.0) 7 (4.7-9.2) 0.427 5 (4.0-5.9) 7 (3.8-10.1) 0.281 5 (3.1-6.8) 8 (4.1-11.8) 0.326
PFS (median, 95% CI) 4 (2.9-5.0) 5 (2.5-7.4) 0.236 4 (2.6-5.3) 5 (2.0-7.9) 0.166 4 (2.9-5.0) 5 (2.9-7.0) 0.467

IDH-1 (-) Cohort (n=82)
PFS Tim-3 Percentage Tim-3 IDS Rel-B 

≤12% >12% p-value Low High p-value (-) (+) p-value
Total 35 47 42 40 59 23
OS (median, 95% CI) 5 (3.8-6.1) 7 (4.7-9.2) 0.028 5 (3.8-6.1) 7 (2.3-11.6) 0.029 4 (2.4-5.5) 8 (4.5-11.4) 0.338
PFS (median, 95% CI) 4 (2.8-5.1) 5 (2.4-7.5) 0.013 3 (1.8-4.1) 5 (2.0-7.9) 0.017 3 (2.0-3.9) 5 (2.6-7.3) 0.195
IDS: Immune reactivity density score, OS: Overall survival, PFS: Progression-free survival, CI: Confidence interval.

Table V: Univariate and Multivariate Analyses of Clinicopathologic Parameters for OS and PFS in the IDH-1 Negative Cohort

OS Univariate Cox Analysis Backward Stepwise (Wald) Multivariate 
Cox Analysis

Parameters B HR 95% CI p-value B HR 95% CI p-value
Age (≤58 vs >58) -0.597 0.551 0.345-0.879 0.012 -0.610 0.543 0.320-0.922 0.024
CT (no vs yes) -0.934 0.393 0.245-0.631 <0.001 1.006 2.736 1.596-4.690 <0.001
RT (no vs yes) -0.969 0.380 0.237-0.608 <0.001
Multiplicity (solitary vs multiple) 0.571 1.770 0.792-3.955 0.164 -1.304 0.271 0.113-0.651 0.003

Tim-3 percentage (≤12% vs 
>12%) -0.480 0.619 0.390-0.981 0.041 0.722 2.059 1.205-3.517 0.008

Tim-3 IDS (low vs high) -0.482 0.617 0.388-0.982 0.042
Rel- B (negative vs positive) -0.229 0.795 0.483-1.310 0.368

PFS Univariate Cox Analysis Backward Stepwise (Wald) Multivariate 
Cox Analysis

Parameters B HR 95% CI p-value B HR 95% CI p-value
Age (≤58 vs >58) -0.136 0.873 0.554-1.375 0.558
CT (no vs yes) 0.468 1.596 1.007-2.531 0.047
RT (no vs yes) 0.559 1.749 1.106-2.765 0.017 0,556 1.744 1.036-2.935 0.036
Multiplicity (solitary vs multiple) -0.575 0.563 0.253-1.254 0.160 -1,011 0.364 0.155-0.852 0.020

Tim-3 percentage (≤12% vs 
>12%) 0.549 1.731 1.080-2.775 0.023 0,634 1.885 1.096-3.241 0.022

Tim-3 IDS (low vs high) 0.527 1.694 1.055-2.720 0.029
Rel- B (negative vs positive) 0.306 1.357 0.823-2.238 0.231
IDS: Immune reactivity density score, OS: Overall survival, PFS: Progression-free survival, CT: Chemotherapy, RT: Radiotherapy, CI: Confidence 
interval, HR: Hazard ratio.
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Tim-3’s association with a favorable prognosis could be due 
to strong immune recognition, which complicates tumor 
escape (5,45). Tim-3 serves similar functions in tissues, and 
its targeting or silencing has identical effects. As a result, it is 
emphasized in many studies where high Tim-3 expression is 
associated with good (5,34,37) and poor (22,23) prognoses that 
Tim-3 can be a potential treatment candidate. In this context, 
the high expression of immune checkpoint molecules in IDH 
wild-type gliomas due to DNA hypomethylation suggests that 
immune checkpoint inhibitors may be beneficial in IDH wild-
type gliomas that are unresponsive to standard therapy (19). 
When an anti-Tim-3 antibody is combined with an anti-PD-1 
antibody in an animal model, 100% survival (100th day after 
implantation) is achieved with stereotactic radiosurgery (13). 
To investigate this synergistic effect, a phase I clinical trial in 
patients with recurrent HGGs was launched (NCT03961971).

It has been proposed that Rel-B expression in neural 
precursor cells during mammalian development is consistent 
with the possibility that increased Rel-B activity plays a role 
in the pathogenesis of central nervous system cancers (14). 
Emerging evidence suggests that Rel-B is more expressed 
in IDH wild-type gliomas, which supports the expression of 
mesenchymal genes in glial tumors, and is associated with 
pathological grade progression and that Rel-B suppression 
inhibits glioma cell migration and invasion (14,28,39). Rel-B 
is expressed more in neoplastic tissues than in nonneoplastic 
tissues, and high expression levels in many solid tumors 
(10,24,25,30,44), including gliomas (14,39), have been 
associated with poor prognosis. Only one study has found that 
increased expression is associated with a better prognosis (9).

In this study, expression was only found in neoplastic tissue, 
not nonneoplastic glial parenchyma. This finding is consistent 
with molecular studies, which found higher Rel-B expression 
in glioblastoma samples than in non-malignant glial tissue 
(35). We found a higher expression of Rel-B in IDH-1-negative 
samples, similar to Tim-3 and previous studies (39), but the 
result was not statistically significant (p=0.288). Despite 
its relationship with neoplastic processes and its proclivity 
overexpressed in IDH wild-type gliomas, there was no 
significant relationship with survival time in the whole or IDH-
1 negative cohorts. Even if it is not found to be significantly 
associated with a good prognosis, the fact that high expression 
of Tim-3 is observed in patients with longer survival and the 
significant relationship between them and Tim-3 expression 
supports the expression-enhancing relationship between NF-
κB (Rel-B) and immune checkpoint (Tim-3). Zeng et al. found 
that PD-1, PD-L1, Tim-3, and B7-H3 expression levels were 
positively correlated with Rel-B expression, thus supporting 
this hypothesis (39).

A recent study found that NF-κB regulates the expression 
of transcriptional and posttranslational immune checkpoint 
mediators, allowing tumors to evade the immune system (3). 
On the other hand, overexpression of Tim-3 in breast cancer 
activates the NF-κB/STAT3 pathway and its downstream 
genes and increases paclitaxel chemoresistance (7). Guo et 
al. also reported that using an IL6R inhibitor (Tocilizumab) to 
block the Tim-3/IL6 signaling pathway, which occurs through 

IDS were higher in IDH-1-negative samples and lower in pos-
itive samples (p=0.082 and p=0.020, respectively). According 
to a recent study, Tim-3 expression is mainly detected in cells 
with microglia/macrophage morphology, and Tim-3-positive 
tumor cells account for 0.10% of the total cell population (31).

Several studies have also shown that Tim-3 checkpoint-re-
lated immune responses are more common in IDH-wild-type 
gliomas, and the Tim-3-positive cell population is significant-
ly lower in IDH-mutant tumors than in IDH-wild-type tumors 
(15, 31). This case could refer to the 2-hydroxyglutarate mol-
ecule formed in IDH-mutant tumors, which suppresses gene 
expression by increasing DNA methylation (19,31). These 
characteristics also manifested in masking the association 
between high expression and a favorable prognosis, which is 
one of our study’s most important findings.

There are conflicting findings regarding the impact of Tim-3 
expression on prognosis in tumor cells or immune cells. Tim-
3 expression levels in tumor cells that are positive or high 
have been linked to a better to a poor prognosis (22,23,33). 
Alternatively, it has been linked to a better prognosis, possibly 
due to the activation of immune responses against tumor 
cells (34). Furthermore, Tim-3-positive TILs in esophageal 
squamous cell carcinoma are an independent risk factor 
for RFS and OS (42); conversely, Tim-3+ intraepithelial TILs 
in early breast cancer patients were associated with better 
cancer-specific survival (5).

A growing body of research has found that high expression 
of Tim-3 in glial neoplasms is associated with poor progno-
sis (11,15,29) and drug resistance (41). This property stems 
from its expression in neoplastic cells and its role in the tu-
mor microenvironment. Tim-3/Gal-9 induces NLRC4 inflam-
masome formation and activation; the expression levels of 
these molecules increase with glioma grade, and this relation-
ship correlates with poor survival, according to Sim et al. (29). 
Another study found that Tim-3 not only regulates the malig-
nant behavior of glioma cells but also plays a role in inducing 
macrophage migration and the transition to anti-inflammatory/
protumorigenic phenotypes via Tim-3/IL6 signaling by activat-
ing NF-κB, one of the primary regulators of IL6 (11). Zhang 
et al. (41) found that methylation of the MGMT promoter in 
tumor tissue and lower Tim-3 expression in mesenchymal im-
mune cells were associated with improved survival. However, 
while Tim-3 expression in the mesenchymal immune cells of 
HGG samples was comparable with our findings, they did not 
investigate the effect of Tim-3 expression alone on survival. 
IDH status is not considered in studies investigating the effect 
of Tim-3 expression on prognosis in HGGs, and its prognos-
tic impact in IDH wild-type tumors has not been extensive-
ly examined (15,40). As a result, we also performed survival 
analyses on the IDH-1-negative cohort. While there was no 
relationship between Tim-3 expression and OS and PFS in 
the whole cohort, in the IDH-1-negative cohort, an expression 
percentage of >12% and a high IDS were associated with bet-
ter OS (p=0.028 and p=0.029, respectively) and PFS (p=0.013 
and p=0.017, respectively). Furthermore, the extent of Tim-3 
expression (>12%) was found to be an independent predictor 
of improved OS (HR: 2.059, p=0.008) and PFS (HR: 1.885, 
p=0.022).
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NF-κB induction by Tim-3, preventing the effects of this 
pathway and suppressing glioma tumorigenicity in vivo may 
provide a new therapeutic strategy (11).

█   CONCLUSION
This study revealed novel information about the clinicopatho-
logical significance of NF-κB and immune checkpoint mech-
anisms, particularly Rel-B and Tim-3, in grade 4 diffuse glio-
mas. This is the first study to emphasize the role of the Rel-B 
domain in Tim-3 molecule interaction with the NF-κB tran-
scription factor. Furthermore, it is the first scientific publica-
tion to report that Tim-3 expression correlates with improved 
survival and that Rel-B expression is found in patients who live 
longer. Confirming these findings with larger and more com-
prehensive patient series will provide more accurate prognos-
tic prediction and potential treatment options, particularly for 
patients with high-grade gliomas.
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