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Abstract
Background: Interleukin-10 receptor B (IL10RB) is a subunit of the interleukin-10 receptor. As an important
part of the interleukin-10 signaling pathway, IL10RB plays an essential role in the regulation of the
immune response. However, studies of IL10RB in glioma are rare. The present study aimed to investigate
the potential role of IL10RB in glioma.

Methods: 611 glioma samples in TCGA dataset and 310 glioma samples in CGGA dataset were
download and organized, then analyzed the clinical expression characteristics and prognostic value of
IL10RB as well as its correlation with immune cell in�ltration in these samples using R.

Results: IL10RB expression was signi�cantly higher in the glioma tissues than in the normal tissues and
increased in gliomas, especially with malignant phenotype. The Kaplan-Meier survival analysis and Cox
regression analysis indicated that IL10RB was signi�cantly associated with poor prognosis in patients
with glioma and could be used as an independent prognostic marker. Further functional analysis
suggested that IL10RB was involved in immune responses, and high expression of IL10RB in the glioma
tissue resulted in more in�ltrated immune cells, especially macrophages. Moreover, IL10RB was found to
be strongly correlated with marker genes of tumor-associated macrophages (TAMs) and M2
macrophages, but low or even no correlation with marker genes of M1 macrophages. In addition, there
was also a signi�cant association between IL10RB and immune checkpoints that suppress effective
antitumor immune responses.

Conclusions: Our results demonstrated that high expressed IL10RB was associated with the malignant
progression of gliomas and poor prognosis, and it might be involved in the polarization of macrophages
which play a crucial role in the immunosuppressive response of gliomas.

Background
Glioma occurs in neuroectodermal tissue and accounts for 81% of all primary central nervous system
(CNS) malignant tumors according to statistics from the Central Brain Tumor Registry of the United
States (CBTRUS)[1]. Despite the constant improvement in comprehensive therapy including neurosurgical
resection, adjuvant radiotherapy, and temozolomide (TMZ) chemotherapy, patients with gliomas still
have a short median survival time[2, 3] and a 5-year survival rate, which is only 9%-12%[4]. It is tough to
treat glioma because of its several traits including invasive growth, blood-brain barrier, drug resistance, as
well as inherent heterogeneity. However, studies on the anticancer immune responses has made a
breakthrough in the past decades, faciliting the immunotherapy becoming a novel treatment strategy for
tumors[5]. Meanwhile, the discovery of lymphatic system in the CNS has provided a new theoretical basis
and opportunity for the immunotherapy of intracranial tumors[6]. Increasingly immunological studies
have been conducted on glioma in order to Identify immunotherapy targets and explore effective
treatment[7, 8].
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Glioma possesses a complex tumor microenvironment mainly consisting of tumor cells, immune cells,
�broblasts, nearby interstitial tissues, microvessels, and various cytokines and chemokines. It has been
reported that the in�ltrating immune cells such as microglia, tumor-associated macrophages (TAMs),
regulatory T cells (Tregs), dendritic cells (DCs), and myeloid-derived suppressor cells (MDSCs) could
create an immunosuppressive microenvironment to facilitate tumor growth, metastasis, angiogenesis as
well as tumor immune escape[9–11]. As the most abundant immune cells, TAMs, in particular, is served
as a signi�cant regulator in the glioma microenvironment[12]. For instance, TAMs secrete cytokines such
as IL-4, IL-10, and IL-13 to stimulate Th2 immune responses. TAMs can also secrete immunosuppressive
factors TGF-β, IL-10, and prostaglandin E2 (PGE2) under the action of the chemokine CCL22 to recruit
Treg cells, thereby inhibiting the anti-tumor response. Additionally, TAMs express programmed cell death-
ligand1 (PD-L1) to promote T cell apoptosis and participate in immunosuppression[13, 14]. Hence, a
detailed understanding of the immune microenvironment of glioma is essential for developing new
immunotherapeutic strategies.

IL-10 is an anti-in�ammatory and immunosuppressive cytokine, mainly derived from mononuclear /
macrophages and T helper cells. The multiple activities of IL-10 are mediated by speci�c cell surface
receptor complexes. Studies have shown that IL-10 cytokine receptor (IL-10R) is a transmembrane protein
that including IL-10RA and IL-10RB receptor chains. IL-10 binds to IL-10RA with high a�nity and then
binds to IL-10RB with lower a�nity to form an IL10 signal transduction complex[15, 16]. After being
polymerized, the receptor transmembrane molecule can activate JAK1 kinase and Tyk2 kinase which
in�uence thephosphorylation of STAT factors, thereby affecting the transcription of target genes and
exerting various regulatory effects of IL-10[17]. Several pieces of evidence showed that the IL-10 signal
transduction complex could prevent the maturation of DCs and increas the differentiation of
macrophages, resulting in the reduced antigen presentation and enhanced immune suppression. In
addition, IL-10 inhibits the release of cytotoxic cytokine IFN-γ, stimulates the differentiation of ineffective
T cells, and promotes tumor immune escape in TME[18]. Moreover, researchers found that glioma-derived
factors can indirectly increase the expression of PD-L1 in macrophages by enhancing
autocrine/paracrine IL-10 signaling, thereby promoting immunosuppressive effects in the local
microenvironment and systemic circulation[19]. Unfortunately, as an important part of the IL-10 signal
transduction complex, IL10RB has been rarely studied in gliomas. In our study, we managed to conduct a
comprehensive analysis of IL10RB in gliomas based on two independent RNA sequencing databases,
The Cancer Genome Atlas (TCGA) and the Chinese Glioma Genome Atlas (CGGA). We investigated
IL10RB expression patterns and prognostic value in glioma patients and further explored its functional
roles. As shown in the results, IL10RB expression was signi�cantly higher in glioma, compared with
normal tissues, and increased with the tumor grade. Elevated IL10RB associated with poor prognosis of
glioma patients. Furthermore, IL10RB expression showed a positive correlation with tumor in�ltration of
M2 macrophages and predicted the polarization of TAMs in glioma. Collectively, these results allow us to
contribute to current research on the potential role of IL10RB in gliomas.

Methods
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Patients and data collection

611 samples (214 grade II, 237 grade III, and 160 grade IV gliomas, http://cancergenome.nih.gov/) in
TCGA dataset and 310 samples (105 grade II, 67 grade III, and 138 grade IV gliomas,
http://www.cgga.org.cn) in CGGA dataset were analyzed in our study. The clinical and molecular
characteristics of the selected patients are detailed in Table S1.
Statistical analysis

All statistical analyses and graph generation were performed with R software (R version 4.0.3;
https://www.r-project.org/). The protein expression of IL10RB in gliomas and normal tissues by
immunohistochemistry image using The Human Protein Atlas (HPA) (https://www.proteinatlas.org/), a
freely accessible website. A p-value of less than 0.05 was considered statistically signi�cant. The
student's t-test was conducted to compare the differences between two different IL10RB expression
levels. The contribution IL10RB made to survival was revealed by Kaplan-Meier survival analysis and the
log-rank test. Time-dependent receiver operating characteristic (ROC) curve analysis was used to predict
1-, 3- and 5-year overall survival (OS). The univariable and multivariable Cox regression analyses were
applied to evaluate the value of IL10RB in prognosis, and the forest plots were made by the “forestplot”
package. Pearson's correlation analysis was performed to assess the correlation between IL10RB and
other related genes. The immune score and tumor purity were calculated by the ESTIMATE package, and
the immune cell in�ltration in samples was evaluated by CIBERSORT (https://cibersort stanford.edu/).

Results
IL10RB expression increased the malignancy of gliomas

To clarify the characteristics of IL10RB in gliomas, we �rst evaluated the differences of IL10RB
expression levels in the TCGA and CCGA datasets based on tumor grade, isocitrate dehydrogenase (IDH)
mutation status, and 1p/19q coding status. As exhibited in Fig. 1, the analyses for the IL10RB expression
level in the TCGA and CCGA datasets shared a similar conclusion. IL10RB expression increased
signi�cantly along with tumor grade and reached the highest in GBM (glioma grade IV) (Fig. 1A, D). In
both LGG and GBM, IL10RB expression was higher in the IDH wild-type (IDH-wt) group than the IDH
mutant-type (IDH-mut) group (Fig. 1B, C for TGGA, Fig. 1E, F for CCGA). The expression of IL10RB in
different glioma grades was further con�rmed by immunohistochemical staining (Fig. 1G), which also
suggested that the high level of IL10RB expression was associated with malignant progression of
glioma.

Next, in order to have a deeper understanding of the role IL10RB takes in glioma, we further analyzed the
IL10RB expression of four glioma subtypes in the TCGA and CGGA datasets. The results indicated that
the mesenchymal subtype exhibited the strongest expression of IL10RB, successively followed by the
neural, classical, and proneural subtypes in the TCGA dataset (Fig. 2A). Although the analysis results
based on the CGGA dataset are slightly different from TCGA, it still suggests that IL10RB is highly
expressed in mesenchymal subtype gliomas (Fig. 2C). Gliomas were next divided into mesenchymal and
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non-mesenchymal subtype groups for ROC curve analysis, and the area under the curve (AUC) was 0.879
and 0.918 for the TCGA and CGGA cohorts, respectively (Fig. 2B, D), suggesting that IL10RB expression
levels could be highly e�cient in distinguishing mesenchymal subtypes from the rest three subtypes. It’s
becoming apparent that the mesenchymal subtypes have an important role in elevating tumor
malignancy[20]. Altogether, the results demonstrated there was a strong correlation between the
increasing IL10RB expression and glioma malignancy.
High IL10RB expression could be an independent indicator for poor outcomes

Knowing the association between up-regulated IL10RB expression and tumor malignancy, we further
evaluated the contribution of IL10RB expression level made in prognosis. Kaplan-Meier survival analyses
were performed separately for LGG and GBM by applying the median IL10RB expression level as a cut-
off, and the results showed that patients who suffered from either LGG or GBM would have a reduced OS
for the high IL10RB expression (Fig. 3A-D). Next, the speci�city and sensitivity in AUC of IL10RB
expression were compared with age at diagnosis and tumor grade in predicting the overall survival (OS),
and as is showed in Fig. 3E, the IL10RB expression was more predictive than the other two with 1-, 3-, and
5-year OS were 0.733, 0.832, and 0.811 (Fig. 3E).

Furthermore, the univariable and multivariable Cox analyses were conducted to ensure if IL10RB
expression was an independent prognostic biomarker for gliomas. After conducting multivariable Cox
analysis of variables in Fig. 4 and Figure S1, we noticed that the IL10RB expression still tightly regulated
the OS in the CGGA and TCGA data set.

All in all, the results above con�rmed that not only a high expression of IL10RB was positively correlated
with the poor prognosis of patients with gliomas, but also IL10RB itself was an independent, potential
prognostic biomarker.

IL10RB was correlated with immune functions in gliomas
To further explore the effect of IL10RB on gliomas, we used Pearson's correlation analysis to analyze the
genes that are closely related to IL10RB (R ≥ 0.5) in the TGGA and CGGA datasets, respectively. The
genes positively related to IL10RB expression are shown in Fig. 5A and Figure S2. Furthermore, the
positive genes to IL10RB expression Using R packages to perform functional annotation analysis on
these two positively related genomes, we found that these genes are mainly involved in immune
response, in�ammatory response, extracellular organization, leukocyte migration, antigen processing, and
presentation (Fig. 5B). These results indicated that IL10RB is closely related to immune response, and the
over-expression of IL10RB may promote gliomas progression through extracellular matrix organization
and angiogenesis.

IL10RB could predict the polarization of tumor-associated macrophages and was associated with
immunosuppressive phenotype in gliomas

To further investigate the close correlation between IL10RB and immune responses in glioma, we applied
the ESTIMATE algorithm to assess the relationship between IL10RB and immune in�ltration [21]. The
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elevated IL10RB expression levels signi�cantly led to the increased immune scores and the decreased
tumor purity, which was consistent in TGGA and CCGA datasets (Fig. 6A). Next, we evaluated the
abundance of a variety of immune cell types in the TGGA and CCGA datasets by using the CIBERSORT
[22]. A great number of immune cells were correlated with the high IL10RB expression, especially
Macrophages M2 in the TCGA dataset and Macrophages M0 in the CGGA dataset (Fig. 6B). It was likely
that glioma samples with higher IL10RB expression in�ltrated with more macrophages, then this
speculation was con�rmed by Fig. 7A which showed a strong positive correlation between IL10RB and
macrophages in both TCGA and CGGA datasets [23].

TAMs in the glioma microenvironment is consist of in�ltrated peripheral monocytes and resident
microglia in the central nervous system. TAMs can be converted between two phenotypes, M1 and M2, by
multiple cytokines in the glioma microenvironment. In order to explore the relationship between IL10RB
and macrophages for the 2 phenotypes exhibiting opposite effects on tumor progression [24], we further
analyzed the correlation between IL10RB and characteristic marker genes of TAMs, M1, and M2 [25]. As
is showed in Fig. 7B, there was a signi�cant correlation between IL10RB and M2 macrophages rather
than M1 macrophages.

Finally, we analyzed the association of IL10RB expression level with some vital immune checkpoints
which can represent the tumor immune microenvironment and can be used as a potential therapeutic
target. As illustrated in Fig. 7C, IL10RB expression was highly positively correlated to the checkpoints that
suppress the antitumor immune response, including PD-1, PD-L2, T cell immunoglobulin and mucin
domain-3 (TIM-3), lymphocyte activation gene-3 (LAG3), indoleamine 2,3-dioxygenase 1 (IDO1) and
inducible T cell costimulatory (ICOS) [26]. This result suggested that IL10RB may play an important role
in the treatment of immune checkpoint inhibitors.

Discussion
Glioma is the most common primary intracranial tumor and has a high mortality rate[27]. Traditional
surgery combined with radiotherapy and chemotherapy did not signi�cantly improve the prognosis of
glioma patients, making the new clinical therapeutic methods to be urgently needed.

Studies have shown that tumor immune microenvironment plays a vital role in tumorigenesis and
progression, giving rise to the emerging immunotherapy which has achieved marked success in the
clinical treatment of tumors. For instance, cellular immunotherapy as chimeric antigen receptor T cell
therapy (CAR-T) has a signi�cant effect on patients with lymphoma and leukemia [28, 29]. The immune
checkpoint inhibitors, especially monoclonal antibodies against PD-1/PDL-1 and CTLA-4 have been
approved by the FDA for the �rst-line treatment of melanoma [30], non-small-cell lung cancer (NSCLC)
[31], renal cancer [32] as well as head and neck cancer [33].

Additionally, a growing number of immunotherapeutics including peptide vaccines [34], dendritic cell
vaccines [35], immunovirotherapy and cytokine therapy [36] are under clinical investigation for their
safety and e�cacy.



Page 7/20

However, the response rates of many immunotherapy methods for glioma are low due to the special
immune microenvironment of the CNS. To break the limitations of immunotherapy for glioma,
researchers continue to make attempt The failure of the anti-tumor effect with single-agent or single-cell
immunotherapy has prompted the multidisciplinary treatment of glioma and the optimal combination of
all possible treatment methods. It is well known that macrophages are polarized into two subsets, M2
and M1. Among them, M1 macrophages secrete Th1 cytokines, such as IL-6, 8,12, and tumor necrosis
factor (TNF)-α, leading to primarily anti-cancer responses. However, M2 macrophages produce Th2
cytokines such as IL-4, IL-10, and IL-13 to promote the proliferation of Th2 cells and induce immune
tolerance by activation of Treg cells. Reducing recruitment of TAMs into the tumor microenvironment and
fostering repolarization of M2 to M1 phenotype are being studied as new therapeutic strategies.
Moreover, cytokine-based immunomodulators are being developed as adjuvant treatment approaches by
correcting imbalanced immune function, improving immune suppression, and enhancing anti-tumor
immune response [37].

IL10 is a pleiotropic cytokine mainly secreted by antigen-presenting cells such as activated T cells, B cells,
monocytes, and macrophages, which can affect the activities of various cell types in the immune system.
The immunomodulatory function of IL10 is mediated by the transmembrane signal transduction complex
composed of IL10RA and IL10RB. Studies have shown that IL10 is associated with the survival,
proliferation, and anti-apoptotic activity of various cancers such as Burkitt’s lymphoma [38], non-
Hodgkin’s lymphoma [39], and non-small cell lung cancer [40]. Targeting tumors with IL-10 not only
prevents dendritic cell-mediated CD8 + T cell apoptosis, but also signi�cantly improves antitumor effects
in mice with advanced tumors when combined with immune checkpoint blockade (CmAb-(IL10)2) [41].
Drugs related to IL10, such as IL10 fusion protein, polyethylene glycosylated IL10 (pegilodecakin) [42]and
adenovirus are in the clinical research stage, and initially demonstrated good anti-tumor effects [43].
However, with the increasing research of IL-10 in tumor diseases, its role in the occurrence and
development of different tumors has also been controversial. Especially, there are very few studies on
IL10 and its signaling pathways in gliomas. Here, through a preliminary exploration of the database, we
screened the close relationship between IL10RB and glioma, resulting in a comprehensive analysis of the
expression, prognostic value, and function of IL10RB in glioma. According to our results, the high
expression levels of IL10RB showed an association with the malignant phenotype, such as high WHO
Grade, the IDH wildtype status, and mesenchymal subtype in gliomas. Critically, elevated IL10RB
expression predicted signi�cantly worse survival in glioma patients. We found that the high IL10RB
expression was shown positively related to in�ammatory activities and immune responses in whole
gliomas, and glioma tissues with higher IL10RB expression are in�ltrated with more
microglia/macrophages. Further analysis indicated that IL10RB can promote the polarization of TAMs to
protumoral M2 type. Meanwhile, we con�rmed the strong correlation between IL10RB and some
important immune checkpoints as PD-1, PD-L2, T cell immunoglobulin and mucin domain-3 (TIM-3),
lymphocyte activation gene-3 (LAG3), indoleamine 2,3-dioxygenase 1 (IDO1), and inducible T cell
costimulatory (ICOS). For these glioma patients, targeting IL10 and (or) IL10RB may be able to reduce
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immunosuppression through macrophage repolarization and synergistically enhance the therapeutic
effect of immune checkpoint inhibitors.

Taken together, through the comprehensive bioinformatics analysis of IL10RB, we found that IL10RB was
upregulated in high malignant glioma, and was an independent indicator for the clinical prognosis of
glioma patients. Importantly, IL10RB was positively related to the in�ltration of immune cells in the
glioma microenvironment, especially TAMs and could predict the polarization of tumor-associated
macrophages. These �ndings indicated IL10RB is a novel potential target for enhancing the anticancer
therapies, and its value in clinical immunotherapy for glioma patients is worth a further study.

The limitations of this study are several. First, the public data source is a combination of multiple centers,
the lack of partial data and the differences in data collection and treatment methods might directly lead
to the deviation of analysis results.Secondly, performing the in vitro or/and in vivo experiments to verify
our results would also make a difference.

Conclusion
We identi�ed a gene IL-10RB, which acts as an independent unfavorable prognostic marker and predicts
the polarization of tumor-associated macrophages in glioma. IL10RB could be used as a potential target
for immunotherapy of glioma.
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Figure 1

IL10RB expression in different grouping methods of gliomas in TCGA and CGGA datasets. IL10RB
expression based on the glioma grade (A and D). IL10RB expression with different IDH mutation status
and 1p/19q code deletion status in LGG (B and E). IL10RB expression in patients with GBM was strati�ed
based on IDH mutation status (C and F). Immunostaining images of IL10RB in glioma samples based on
glioma grades.
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Figure 2

IL10RB expression according to different glioma subtypes in TCGA and CGGA datasets. IL10RB
expression in four subtypes of glioma (A and C). Evaluating the e�cacy of IL10RB in distinguishing the
mesenchymal subtype from the three other subtypes by using ROC curve analysis (B and D).
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Figure 3

Kaplan-Meier survival analysis of IL10RB expression in glioma. Survival analysis of different IL10RB
expression levels in LGG in the TGGA and CCGA datasets (A and C). Survival analysis of different IL10RB
expression levels in GBM in the TGGA and CCGA datasets (B and D). Time-dependent ROC curve analysis
of the sensitivity and speci�city of IL10RB expression, age at diagnosis, and tumor grade in predicting 1-,
3-, and 5-year OS in the CGGA data set (E).
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Figure 4

Univariable and multivariable Cox analysis of IL10RB expression, age, grade subtype, IDH1/2 mutation
status, 1p/19q codeletion status, MGMT promoter status, radiotherapy in the TCGA dataset.
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Figure 5

Genes positively related (R > 0.5) with IL10RB expression (A), and the BP analysis results show that
IL10RB expression is related to the immune function of gliomas (B) based on the TCGA dataset.

Figure 6

In�ection of high IL10RB expression on the immune environment. The immune score, tumor purity,
stromal score, and ESTIMATE score under different IL10RB expression levels in the CGGA and TCGA
datasets (A). Levels of multiple in�ltrated immune cells under low or high IL10RB expression in the CGGA
and TCGA datasets (B).
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Figure 7

Strong correlation between IL10RB and immunosuppressive microenvironment. IL10RB had a strong
positive correlation with macrophages (A). A positive correlation of IL10RB with TAMs and M2, not M1 in
the TCGA and CGGA dataset (B). A positive correlation between IL10RB and checkpoints inhibiting
immunity in the TCGA and CGGA dataset (C).
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