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Introduction

Brain tumors are comprised of a rare but diverse group 
of malignancies leading to a substantial cancer death 
(Butowski, 2015). The World Health Organization (WHO) 
Classification of Tumors of the Central Nervous System 
defined a classification and grading system according 
to molecular parameters and histological features of 
tumors (Louis et al., 2016). Glioblastoma, astrocytoma, 
meningioma, and pituitary adenoma are among the 
common and important subtypes of brain tumors (Ricard 
et al., 2012). Brain tumors are classified from grade I to 
IV. Grade I and II are low-grade, and grades III and IV are 
high-grade brain tumors (Barnholtz-Sloan et al., 2018). 
The components of the immune system, particularly 
cytokines, play critical roles in cancer progression and/
or cancer protection (Gonzalez et al., 2018). Since the 
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brain is an immune-privileged organ, the function of the 
immune system in brain tumors is unique (Tomaszewski 
et al., 2019). Therefore, there is a growing interest in 
discovering the exact role of immune system components 
in brain tumors (Albulescu et al., 2013; Mostofa et al., 
2017; Yeo et al., 2021). Dysregulation of some cytokines, 
including IL-6, TNF-α, IL-1β, IL-10, IL-8, and IL-2, was 
shown in sera of patients with glioblastoma (Albulescu 
et al., 2013). Cytokines of the IL-1 family possess a 
broad range of functionality, from pro-inflammatory to 
anti-inflammatory. In this regard, interleukin-37 (IL-37), 
as a new member of IL-1 family, has anti-inflammatory 
properties, while IL-18 is considered as a strong pro-
inflammatory cytokine (Su and Tao, 2021; Vecchié et 
al., 2021). Since IL-37 shares sequence homology with 
IL-18, it exerts its biological functions via binding to the 
α-subunit of the IL-18 receptor (IL-18Rα) or IL-18 binding 
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protein (IL-18BP) (Su and Tao, 2021). Interaction of IL-37 
with IL-18BP increases the affinity of IL-18BP for binding 
to IL-18. These interactions lead to the suppression of 
IL-18 pro-inflammatory functions (Cavalli and Dinarello, 
2018; Su and Tao, 2021). Investigations regarding the 
role of IL-37 in tumors are limited. IL-37 was reported 
to inhibit tumor growth in non-small lung cancer, renal 
cell carcinoma, colon cancer, and cervical cancer. At the 
same time, elevated levels of IL-37 may persuade tumor 
progression and unfavorable prognosis in ovarian and 
gastric cancers (Jiang et al., 2015; Wang et al., 2015; Mora 
et al., 2016; Huo et al., 2017; Yan et al., 2017; Jiang et 
al., 2018; Zhang et al., 2019). However, whether IL-37 
is involved in the protection and/or the progression of 
brain tumors remains to be clarified. More recently, it was 
shown that the expression of IL-37 was higher in tumor 
tissue of patients with glioma compared to normal tissue. 
Moreover, there was a negative relationship between the 
expression of IL-37 and tumor grade in these patients 
(Liu et al., 2021). IL-18BP is a natural antagonist of IL-
18. Interaction of IL-37 with IL-18BP has an essential 
role in the anti-inflammatory function of IL-37 (Cavalli 
and Dinarello, 2018). It has been reported that IL-18BP 
is produced from prostate cancer cells and prostate cell 
lines, and it might be employed as a tumor marker and 
even a therapeutic target in prostate cancer (Fujita et al., 
2011). However, the role of IL-18BP has not yet been 
investigated in brain tumors. Since function of IL-37 
depends on its interaction with IL-18BP; our study aimed 
to investigate both IL-37 and IL-18BP in sera of patients 
with brain tumors and explore their relationship with the 
pathological characteristics of the patients. 

Materials and Methods

Study subjects
This case-control study consisted of 60 patients with 

different types and grades of brain tumors (32 males and 
28 females, mean age 48.08 ±13.38 years, ranging from 
21-75 years) and 30 healthy individuals (16 males and 
14 females, mean age 49.93±12.48 years, ranging from 
20-75 years). The diagnosis was confirmed by both the 
clinician and the pathologist at Chamran hospital, Shiraz 
University of Medical Sciences, Shiraz, Iran. Patients were 
excluded if they had a history of tumors of other organs, 
immune disorders, and infectious diseases during the 
previous month. The sample collection was accomplished 
before any medical intervention, including surgery, 
chemotherapy, or radiotherapy. Of 60 patients, 40 patients 
(66.7%) were histologically low-grade and 20 patients 
(33.3%) were high- grade. High-grade brain tumors 
consisted of glioblastoma grade IV (25%), anaplastic 
astrocytoma grade III (3.3%), anaplastic meningioma type 
III (1.7%), anaplastic ependymoma type III (1.7%) and 
medulloblastoma type IV (1.7%). Low-grade brain tumors 
were comprised of meningioma type I (26.6%), pituitary 
adenoma (25%), and astrocytoma grade II (15%). The 
pathological characteristics of patients are summarized in 
Table 1. Healthy individuals were considered the control 
group. They had no family history of cancers, immune 
disorders, infectious diseases, and no anti-inflammatory 

drug administration within the month before the study. 
Written informed consent was obtained from each 

participant. The ethics local committee approved the study 
at Jahrom University of Medical Sciences, Jahrom, Iran 
(IR.JUMS.REC.1398.107).

Cytokine Measurements
Five mL of peripheral blood was obtained from 

each patient. To collect the serum, blood samples were 
centrifuged at 2,500 × g for 10 minutes at 4°C. The 
serum samples were stored at -80°C for further analysis. 
To measure IL-37 and IL-18BP in serum, enzyme-linked 
immunosorbent assay (ELISA) kits (SHANGHAI 
CRYSTAL DAY BIOTECH CO., LTD) were used. The 
IL-37 and IL-18BP ELISA kits had an assay range of 7 
to 400 pg/mL and 5 to 2000 pg/mL, respectively. The 
sensitivity of kits was 4.5 pg/mL for IL-37 pg/mL and 
2.43 pg/mL for IL-18BP.

Statistical Analysis
All statistical analyses were performed using the SPSS 

software (version 11.5). The normal distribution of data 
was determined using the Kolmogorov–Smirnov test. The 
serum levels of IL-37 and IL-18BP between the patients 
and control groups and their association with tumor grade 
and tumor subtypes were compared using non-parametric 
tests, including Mann–Whitney U and Kruskal–Wallis H. 
Spearman’s correlation was used to study the correlations 
between serum IL-37 and IL-18BP levels and age. All of 
the values were given as the mean± SEM and median. A p 
value ≤0.05 was considered to be statistically significant.

Results

IL-37 and IL-18BP Serum Levels in Patients and Controls
As shown in Table 2, serum levels of IL-37 were 

significantly higher in patients with brain tumor in 
comparison to controls (P=<0.001). There was also a 
significant increase in IL-18BP serum levels in the patients 
compared to the control groups (P=0.002). Moreover, a 
significant increase in serum levels of IL-37 was found in 
both the patients with low-grade and high-grade tumors in 
comparison to controls (P=<0.001 for both comparisons). 
The same results were observed for IL18BP serum levels, 
which were significantly higher in both the patients with 
low-grade and high-grade tumors compared to controls 
(P=0.006 and P=0.008, respectively). However, there 
was no statically significant difference in serum levels of 
IL-37 and IL-18BP between patients with low-grade and 
high-grade tumors (P=0.24 and P=0.61, respectively). 
Statistical analysis also indicated no significant difference 
in IL-37 and IL-18BP serum levels between male and 
female patients.

IL-37 and IL-18BP serum Levels in different pathological 
types of tumors

Our results indicated that the serum levels of IL-
37 and IL-18BP were approximately similar among 
all studied subtypes (P≥0.05). Among comparisons, 
IL-37 and IL-18BP serum levels were higher in 
patients with astrocytoma grade II than patients with 



Asian Pacific Journal of Cancer Prevention, Vol 23 2853

DOI:10.31557/APJCP.2022.23.8.2851
IL-37 and IL-18BP in Brain Tumors

increase in serum levels of IL37 and IL-18BP than those 
in healthy subjects. Interestingly, our results showed 
a significant positive correlation between IL-37 and 
IL-18BP serum levels in brain tumors. 

IL-37 serum levels were significantly higher in 
patients with gastric, ovarian, and bladder cancers, and its 
overexpression was associated with unfavorable outcomes 
and tumor progression (Huo et al., 2017; Zhang et al., 
2019; Haghshenas et al., 2021). In contrast, serum levels of 
IL-37 were shown to be decreased in renal cell carcinoma. 
Moreover, IL-37 expression was negatively associated 
with disease progression in this cancer (Jiang et al., 2015).  

Limited studies investigated serum levels of IL-18BP 
in patients with cancer. However, it has been found that 
IL-18BP levels in urine and serum might be positively 
related to Gleason score and tumor status in prostate 
cancer. Additionally, IL18BP may facilitate tumor scape 
from immune surveillance in prostate cancer (Fujita et 
al., 2011). Interaction of IL-18 with IL-18BP inhibits the 
binding of IL-18 to its receptor, therefore restricts the pro-
inflammatory effects of this cytokine. IL-37 can also bind 
to IL-18BP. Interaction of IL-18BP with IL-37 increases 
its affinity for binding to IL-18 (Cavalli and Dinarello, 
2018; Su and Tao, 2021). Thus, IL-37 can suppress 
pro-inflammatory responses by restricting IL-18 functions. 
As the primary function, IL-18 strongly stimulates the 
secretion of IFN-γ by natural killer cells (NK cells) and 
Th1 cells (Esmailbeig and Ghaderi, 2017).

On the other hand, IL-18 has a predominant role in 
priming the human NK cells. In cooperation with dendritic 
cells (DCs), it can promote the recruitment of cytotoxic 
CD8+ T cells (CTL) into the tumor microenvironment 
(Wong et al., 2013; Fabbi et al., 2015). NK cells and CTLs 
are the essential components of the immune system in 
antitumor responses (Ohtani et al., 2014; Peterson and 
Barry, 2020). The simultaneous increase in IL-37 and 
IL-18BP in both high-grade and low-grade tumors and 
the significant positive correlation between IL-37 and 
IL-18BP serum levels in brain tumors could dampen anti-
tumor immune responses in brain tumors, consequently 
leading to tumor development and progression. IL-37 is 
highly expressed in regulatory T cells (Tregs), showing 
that IL-37 levels are positively associated with Foxp3 

glioblastoma grade IV; however, the differences were not 
statistically significant (P=0.09 and P=0.35, respectively). 
Additionally, the statistical analysis revealed no 
significant differences in IL-37 and IL-18BP between 
meningioma type I or pituitary adenoma compared to 
glioblastoma grade IV (P>0.05). Moreover, the same 
results regarding IL-37 and IL-18BP serum levels were 
observed in comparisons between astrocytoma grade II, 
meningioma type I, and pituitary adenoma as low-grade 
tumors (P>0.05). However, compared to patients with 
meningioma type I, patients with astrocytoma grade 
II indicated an increasing tendency in IL-18BP serum 
levels (P=0.05). Since brain tumors can be intra-axial 
(e.g., glioblastoma, astrocytoma, ependymoma, and 
medulloblastoma) or extra-axial (e.g., meningioma and 
pituitary adenoma), we then compared IL-37 and IL-18BP 
serum levels in these two groups. Our results indicated no 
significant difference in IL-37 and IL-18BP serum levels 
between intra-axial and extra-axial brain tumors (P=0.90 
and P= 0.11). The data are summarized in Table 3.

Correlation Analysis between IL-37, IL-18BP, Age, and 
Tumor Size

Spearman’s Rho analysis revealed a significant 
positive correlation between IL-37 and IL-18BP serum 
levels in all brain tumors (n=60, R=0.42, P=0.001) and 
patients with low-grade tumors (n=40, R=0.38, P=0.02). 
The statistical analysis indicated a near-significant 
correlation between IL-37 and IL-18BP serum levels in 
patients with high-grade tumors (n=20, R=0.43, P=0.057). 
However, no significant correlation was found between 
the IL-37 or IL-18BP serum levels and the age and tumor 
size in brain tumors, patients with low-grade tumors, and 
patients with high-grade tumors. 

Discussion

In the current study, serum levels of IL-37 and 
IL-18BP were investigated between patients with brain 
tumors and healthy individuals. IL-37 and IL-18BP were 
significantly higher in patients with a brain tumor than 
in healthy controls. Moreover, both the patients with 
high-grade and low-grade tumors indicated a significant 

Characteristic Classification Frequency Percent
Gender Male 32 53.3

Female 28 46.7
Histological tumor type Glioblastoma grade IV 15 25.0

Anaplastic astrocytomas grade III 2 3.3
Anaplastic meningiomas type III 1 1.7
Anaplastic ependymomas type III 1 1.7
Medulloblastomas type IV 1 1.7
Meningioma type I 16 26.6
Pituitary adenoma 15 25.0
Astrocytoma grade II 9 15.0

Brain tumor grade High grade 20 33.3
Low grade 40 66.7

Table 1. The Pathological Characterization of Patients with Brain Tumors



Mohammad Reza Haghshenas et al

Asian Pacific Journal of Cancer Prevention, Vol 232854

Serum
 concentration (pg/m

L)
P value (2tailed)

Protein 
investigation

Statistics
B

rain tum
ors 

(n=60)
H

igh grade
brain tum

ors
(n=20)

Low
-grade 

brain tum
ors

(n=40)

Intra-axial 
brain tum

ors
Extra-axial 

brain tum
ors

H
ealthy 

control 
subjects
(n=30)

C
om

parison 
betw

een
brain 

tum
ors and 

controls

The global 
p-value for 
com

parison 
betw

een 
three groups

C
om

parison 
betw

een
H

igh grade 
and low

-
grade tum

ors

C
om

parison 
betw

een
high-grade 
tum

ors and 
controls

C
om

parison 
betw

een
Low

-grade 
tum

ors and 
controls

C
om

parison 
betw

een intra-
axial and 

extra-axial 
brain tum

ors

IL-37
M

ean± SEM
123.79±7.39

125.25±18.01
123.06±6.69

131.28±14.93
117.23±4.69

40.40±3.90
<0.001

<0.001
0.24

<0.001
<0.001

0.9

M
edian

109.02
104.44

113.88
111.11

108.33
35.03

M
inim

um
46.25

46.25
65.69

46.25
85.14

6.67

M
axim

um
362.08

362.08
322.08

362.08
189.31

99.95

M
ean± SEM

495.79±34.51
556.75±87.82

465.31±27.45
564.18±68.92

435.94±19.60
378.24±39.59

0.002
0.007

0.61
0.008

0.006
0.11

IL-18B
P

M
edian

426.37
428.87

426.37
443.25

408.25
362

M
inim

um
180.75

293.25
180.75

293.25
180.75

2.5

M
axim

um
1895.75

1895.75
1302

1895.75
718.25

1119.5

P-values less than 0.05 are considered a significant level.

Table 2. IL-37 and IL-18 B
P Serum

 Levels in Patients w
ith B

rain Tum
ors and C

ontrol G
roup

Protein investigation
Serum

 concentration (pg/m
L)

Statistics
G

lioblastom
a grade IV

 (n=15)
M

eningiom
a type I (n=16)

Pituitary adenom
a (n=15)

A
strocytom

a grade II (n=9)
IL-37

M
ean± SEM

118.50±18.77
115.55±5.27

119.04±8.47
143.10±24.57

M
edian

102.91
110.83

105.97
115.97

M
inim

um
68.19

90.69
85.14

65.69
M

axim
um

362.08
165.69

189.31
322.08

M
ean± SEM

497.91±69.67
405.20±23.74

470.75±31.75
563.11±97.50

IL-18B
P

M
edian

425.75
406.37

428.25
465.75

M
inim

um
293.25

180.75
349.5

384.5
M

axim
um

1423.25
630.75

718.25
1302

Tum
or types com

prised of 2 patients or less, are not included in com
parisons. P-values in all com

parisons w
ere 0.05 or m

ore than 0.05.

Table 3. IL-37 and IL-18 B
P Serum

 Levels in D
ifferent Tum

or Types of B
rain Tum

ors



Asian Pacific Journal of Cancer Prevention, Vol 23 2855

DOI:10.31557/APJCP.2022.23.8.2851
IL-37 and IL-18BP in Brain Tumors

expression and immunosuppressive function of Tregs 
(Shuai et al., 2015; Osborne et al., 2019). Accordingly, 
IL-37 could down-regulate both innate and adaptive 
immunity and may consequently modulate antitumor 
responses in various types of disorders, as reported in 
melanoma (Osborne et al., 2019). In addition to the effect 
on Tregs, IL-37 can also suppress the immune responses 
through down-regulation of DCs activity (Nold et al., 
2010). Therefore, IL-37 could be considered as a novel 
marker for tumor-induced immunosuppression, and 
thereby IL-37 targeting might be serves as a therapeutic 
tool in certain cancers such as brain tumors. However, it 
has been shown that IL-37 could play a protective role 
in several cancers. It was indicated that IL-37 inhibits 
tumor progression in non-small cell lung cancer and 
colorectal cancer through suppression of the IL-6/STAT-3 
signaling pathway and β-catenin, respectively (Yan et al., 
2017; Jiang et al., 2018). Dual role of IL-37 in cancer can 
be explained by different cell types, depending on their 
milieu, context, and differentiation state, among others 
(Abulkhir et al., 2017). 

In continue, we also investigated the association 
of IL-37 and IL-18BP serum levels with pathological 
characteristics of patients. Our study showed that serum 
levels of IL-37 and IL-18BP in low-grade brain tumors 
were approximately similar to those in high-grade 
brain tumors. Additionally, our results indicated that 
although IL-37 and IL-18BP serum levels were higher in 
astrocytoma grade II than in glioblastoma grade IV, the 
differences were not statistically significant. Accordingly, 
the same results were also observed in serum levels of 
IL-37 and IL-18BP between meningioma type I, pituitary 
adenoma, and glioblastoma grade IV. On the other hand, 
our result indicated that serum levels of IL-37 and IL-
18BP were not different between high-grade and low-
grade brain tumors or different subtypes of brain tumors, 
and thereby, they may have the same functions in all types 
of brain tumors. 

In conclusion, our results show the simultaneous 
increase in IL-37 and IL-18BP in both high-grade and 
low-grade tumors and a significant positive correlation 
between IL-37 and IL-18BP serum levels in brain tumors. 
The interaction between IL-37 and IL18BP may lead to 
tumor growth by inhibiting antitumor immune responses. 
However, more studies in a larger population are needed 
to precisely define the role of IL-37 and IL-18BP in low- 
and high-grade brain tumors.
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