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Abstract
PANX2 forms large-pore channels mediating ATP release in response to physiological and patho-
logical stimuli. Although PANX2 shows involvements in glioma genesis, the underlying mechanism
remains unclear. PANX2 mRNA expression was analyzed via Oncomine and was confirmed via
Gene Expression Profiling Interactive Analysis (GEPIA). The influence of PANX2 on overall sur-
vival (OS) of glioma was evaluated using LinkedOmics and further assessed through Cox regres-
sion analysis. The correlated genes with PANX2 acquired from LinkedOmics were validated
through GEPIA and cBioPortal. Protein-protein interaction (PPI) of these genes was then obtained
using Search Tool for the Retrieval of Interacting Genes (STRING) and Cytoscape with MCODE
plug-in. All the PANX2-related genes underwent Gene Ontology (GO) enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analyses. The correlation between PANX2
and cancer immune infiltrates was evaluated via Tumor Immune Estimation Resource (TIMER). A
higher expression of PANX2 only revealed a better OS in brain low grade glioma (LGG). PANX2-
related genes in LGG functionally enriched in neuroactive ligand-receptor interaction, synaptic
vesicle cycle, and calcium signaling. The hub genes from highest module of PPI were mainly linked
to chemical synaptic transmission, plasma membrane, neuropeptide, and the pathway of

Corresponding authors:

ZhiYi He, Department of Neurology, The First Hospital of China Medical University, No 155, Nanjing Street,

Heping District, Shenyang, Liaoning, 110001, China.

Email: zhiyihe1983@sohu.com

XiaoXue Xu, Department of Neurology, The First Hospital of China Medical University, No 155, Nanjing

Street, Heping District, Shenyang, Liaoning, 110001, China.

Email: xiaoxue80cn@sina.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/)

which permits non-commercial use, reproduction and distribution of the work without further permission provided the original

work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/00368504211011836
journals.sagepub.com/home/sci


neuroactive ligand-receptor interaction. Besides, PANX2 expression was negatively associated
with infiltrating levels of macrophage, dendritic cells, and CD4+ T cells. This study demonstrated
that PANX2 likely participated in LGG pathogenesis by affecting multiple molecular pathways and
immune-related processes. PANX2 was associated with LGG prognosis and might become a pro-
mising therapeutic target of LGG.
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Introduction

Pannexins (Panxs) have similar topological structure and share common gating
mechanisms with classical gap junctions: connexins (Cxs).1–3 Panxs form large-pore
channels which mediate ATP release in response to a variety of physiological and
pathological stimuli.4,5 Panx channels also permit the passage of small molecules or
metabolites up to \1 kDa, delivering signals in a paracrine or endocrine fashion
through targeting cell surface receptors.6,7 So far, there are three subtypes in human
Panx family, namely PANX1, PANX2, and PANX3. PANX1 is ubiquitously
expressed in most mammalian cells and many organs of human body, including
brain, heart, and skeletal muscle.8 PANX2 is a brain-specific channel, which is
mainly enriched in neurons of the central nervous system with different expression
in postnatal neural progenitor cells and mature neurons.9,10 PANX3 is located in
osteoblasts, chondrocytes, and keratinocyte, serving an important role in cell prolif-
eration and differentiation.11,12 All members of Panx family have been tightly
linked to multiple diseases, particularly in cancers.13

A growing body of publications elucidate that Panxs are involved in cancer pro-
gression. The up-regulated PANX1 promoted migration and invasion in I-10 testi-
cular cancer cells.14 Blocking channel function with PANX1 inhibitors remarkedly
decreased cell growth and migration in melanoma cell lines.15 Besides, chemother-
apy using a pan-caspase inhibitor: benzyloxycarbonyl-VAD, might activate
PANX1 channel to regulate interaction between dying tumor cells and leuko-
cytes.16 On the other hand, PANX2 is proposed to function as a potential tumor
suppressor, especially in brain and hepatocellular carcinomas.17,18 Down-regulated
PANX2 has been linked to human gliomas. In clear cell renal cell carcinomas
(CCRCCs), PANX2 and FAM83H might be participate in tumor development in
a co-operative manner.19 In terms of PANX3, a significantly reduced protein level
was reported in human basal and squamous cell carcinomas compared with normal
human facial skin, indicating its potential role in skin cancer and osteosarcomas.20

Despite numerous evidences demonstrating the involvements of Panxs in vari-
ous tumors, the underlying mechanism remains unknown, especially in gliomas. In
present study, we are trying to address this issue through bioinformatic approach.
In recent years, the public cancer datasets provide favorable tools in oncological
researches, allowing to conduct integrated bioinformatic analyses to expand our
knowledge of Panxs in tumorigenesis and uncover the functional cellular networks.
Hence, we first employed several databases, such as Oncomine to gain a general
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idea regarding the expression pattern of different Panx isoforms in multiple can-
cers. Then PANX2 which was closely associated with brain low grade gliomas
(LGG) became our focus. Subsequent analyses were carried out to reveal its role in
glioma genesis and clinical prognosis. Finally, considering Panxs have been well
reported to be critical in inflammation,21,22 we investigated the potential relation-
ship between PANX2 and tumor-infiltrating immune cells in LGG microenviron-
ment as well. Our findings represent a novel area for bridging our current gaps in
knowledge with respect to the function of PANX2 in LGG.

Methods

Oncomine database

Oncomine datasets (https://www.oncomine.org/) provides robust, peer-reviewed
analysis methods, and a powerful set of analysis functions that compute gene
expression signatures, clusters, and gene-set modules, automatically extracting bio-
logical insights from the data. We used Oncomine datasets to analyze the mRNA
expression of PANX family (PANX1, PANX2, and PANX3) in different cancers.
Clinical tumor samples were compared with that in normal controls. The thresh-
olds of p value and fold change were defined as 0.05 and 1.5, respectively.

CCLE database

Cancer Cell Line Encyclopedia (CCLE, https://www.broadinstitute.org/ccle) pro-
vides public access to genomic data, analysis, and visualization for more than 1000
cell lines.23 Herein, only PANX2 in glioma cell lines was assessed by the CCLE
dataset and visualized through GENE-E (https://software.broadinstitute.org/
GENE-E/download.html) in order to gain the knowledge regarding expression of
this molecule.

GEPIA

The expression of PANX2 in glioblastomas (GBM) and LGG compared to normal
tissue was tested by Gene Expression Profiling Interactive Analysis (GEPIA, http://
gepia.cancer-pku.cn), which is an interactive web tool for analyzing the RNA sequen-
cing expression data of 9736 tumors and 8587 normal samples from the Cancer
Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) projects.24

LinkedOmics database

LinkedOmics (http://www.linkedomics.orglogin.php) is publicly available portal
that includes multi-omics data from all 32 TCGA cancer types.25 This online tool
provides a unique platform for biologists and clinicians to access, analyze and com-
pare cancer multi-omics data within and across tumor types. PANX2-related genes
in LGG were acquired from this database with the selection of Pearson correlation
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test and the top three positive and negative PANX2-related genes were both con-
firmed by GEPIA. The survival analyses of these two brain tumors correlated to
PANX2 expression were primarily estimated by this tool as well.

COX regression analysis and receiver operating characteristic (ROC) curve

RNA expression data and clinical information of 509 LGG patients were download
from the TCGA database (https://portal.gdc. cancer.gov/). The clinical features
used in the analyses included gender, age (.60/�60), tumor type, tumor grade, and
radiation treatment. After data preprocessing, univariate and multivariate Cox
regression were performed through package ‘‘survival’’ of ‘‘R’’ to further demon-
strate the association between PANX2 expression and patient survival. p\ 0.05
was considered as significance. The sensitivity and specificity of the PANX2 prog-
nostic model to predict clinical outcome were evaluated by calculating the area
under curve (AUC) of the ROC curve in the R package of ‘‘pROC.’’

CBioPortal

The cBioPortal for Cancer Genomics (http://cbioportal.org) provides an open web
resource for exploring, visualizing, and analyzing multidimensional cancer geno-
mics and clinical data. The public instance of this platform hosts more than 200
cancer genomics studies, including all of the data from TCGA.26 Through this web
tool, we verified the correlations between PANX2 and PANX2-related genes in
LGG.

GO enrichment and KEGG pathway analyses of PANX2-related genes in LGG

To gain more insights concerning PANX2 function in the context of LGG, some of
the PANX2-related genes obtained from LinkedOmics were chosen as key genes
and further carried out GO enrichment and KEGG pathway analyses by using an
online tool: Database for Annotation, Visualization and Integration Discovery
(DAVID, https://david.ncifcrf.gov). |Pearson correlation|˜ 0.45 and p-value� 0.01
were set as the cut-off criteria. The top 15 records of GO analysis and KEGG path-
ways for hub genes were visualized by ‘‘Ggplot2’’ package and ‘‘ClusterProfiler’’
package, respectively.

Construction of protein-protein interaction (PPI) network

PPI network of PANX2-related key genes was evaluated through the online search
tool-STRING website (Search Tool for the Retrieval of Interacting Genes, https://
string-db.org). The plug-in Molecular Complex Detection (MCODE) of Cytoscape
was employed to check the modules and to visualize the protein interactions. The
criteria of selection were as follows: degree cutoff=2, max. depth=100, k-core=
2, and node score cutoff=0.2. The hub genes of highest module were re-analyzed
with GO enrichment and KEGG pathway.
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Timer

Tumor Immune Estimation Resource (TIMER, https://cistrome.shinyapps.io/
timer/) is a comprehensive resource for systematical analysis of immune infiltrates
across diverse cancer types, which allows users to input function-specific para-
meters, with resulting figures dynamically displayed to conveniently access the
tumor immunological, clinical, and genomic features.27,28 Gene module was
employed to analyze the correlation of PANX2 expression with the abundance of
immune infiltrates in LGG, including B cells, CD4+ T cells, CD8+ T cells, neu-
trophils, macrophages, and dendritic cells. Moreover, correlations between PANX2
expression and gene markers of various tumor-infiltrating immune cells were test
via Correlation modules. These markers included: CD19, CD79A (B cells); CD8A,
CD8B (CD8+ T cells); CD3D, CD3E (T cells general); NOS2, IRF5, PTGS2
(Macrophages M1); CD163, VSIG4, MS4A4A (Macrophages M2); EACAM8,
ITGAM, CCR7 (neutrophils) and HLA-DBP1, HLA-DQB1, HLA-DRA (dendri-
tic cells). The Spearman’s correlation and the estimated statistical significance were
presented in the diagram and all the gene expression levels were displayed with log2
RSEM.

Statistical analysis

Correlation between two groups was determined using Pearson correlation coeffi-
cient analysis. p\ 0.01 was considered to indicate a statistically significant value
except for special instruction.

Results

The mRNA expression of Panx family in diverse types of tumors

We first employed Oncomine databases to gain an overall understanding of Panx
family in multiple kinds of cancers. Figure 1(a) to (c) showed that PANX1 was up-
regulated in breast cancer, esophageal cancer, head and neck cancer, and sarcoma;
Less PANX2 was observed in brain and CNS cancer, esophageal cancer, breast
cancer, and lymphoma; The altered expression of PANX3 only presented in pros-
tate cancer. As listed in Table 1, in terms of brain and CNS cancer, increased
PANX1 expression was discovered in dataset of Liang Brain,29 in which PANX1
was overexpressed in oligoastrocytoma patients with a fold change of 1.682. In
Bredel Brain 2 dataset,30 PANX1 had a fold change of 2.443 in anaplastic oligo-
dendroglioma patients, a fold change of 2.020 in oligodendroglioma patients and a
fold change of 2.405 in glioblastoma patients. In French Brain dataset,31 enhanced
PANX1 was also discovered with a fold change of 2.069 in anaplastic oligodendro-
glioma patients and a fold change of 1.887 in anaplastic oligoastrocytoma patients.
PANX2 levels were down-regulated in datasets below: Bredel Brain 2 dataset
showed that PANX2 had a fold change of 26.018 in anaplastic oligodendroglioma
patients, a fold change of 26.021 in glioblastoma patients, a fold change of 24.866
in anaplastic oligoastrocytoma patients, and a fold change of 25.237 in
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oligodendroglioma patients. Data from Sun Brain32 indicated PANX2 was low-
expressed with a fold change of 23.240 in patients of diffuse astrocytoma.
However, there was no obvious change of PANX3 based on Oncomine database.
Given that the altered PANX2 was involved in brain and CNS cancer with more
significance, this molecule turned into our focus for the subsequent analyses.

The confirmation of decreased PANX2 in gliomas

We next confirmed the mRNA expression of PANX2 in GBM and LGG through
GEPIA. PANX2 was both significantly decreased in these two brain tumors com-
pared to normal tissues (Figure 2(a)–(e)). Additionally, via capitalizing CCLE, we
found that PANX2 was down-regulated in several cell lines of glioma, especially in
KNS60, KNS81, and KNS42 (Figure 2(f)).

The prognostic value of PANX2 in GBM and LGG

To assess the influence of PANX2 expression on clinical prognosis in GBM and
LGG, we preliminarily investigated the value of overall survival using

Figure 1. The transcriptional expression of Pannexin family in different types of tumors from
Oncomine database. The arrow indicates that decreased PANX2 are mainly discovered in
tissues of brain and CNS cancers. (a) PANX1 expression in various cancers; (b) PANX2
expression in various cancers; (c) PANX3 expression in various cancers.
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LinkedOmics. It is noteworthy that higher PANX2 was associated with better OS
in LGG only (Figure 3(b)). As for GBM, lower PANX2 was likely to be related to
better OS, but with no significance according to our threshold (Figure 3(a)).

Figure 2. The expression of PANX2 in gliomas tissues and cell lines: (a) the expression of
PANX2 in pan-cancer. Down-regulated PANX2 is discovered in GBM and LGG compared to
normal tissues, (b) PANX2 expression in GBM, (c) PANX2 expression in LGG, (d) the boxplot
of PANX2 expression in GBM, (e) the boxplot of PANX2 expression in LGG, and (f) the
expression of PANX2 in glioma cell lines assessed by CCLE.

8 Science Progress



Univariate COX regression analysis also showed that PANX2 expression pattern
had a significant association with LGG OS, whereas multivariate Cox analysis
identified that PANX2 could become an independent prognosis factor for LGG
(Table 2). However, ROC curves revealed the prognosis significance of PANX2
with AUC of 0.605, suggesting that the prognostic value of PANX2 might be lim-
ited (Figure 3(c)).

PANX2-related genes in LGG

Then, the analysis concentrating on PANX2-related genes was carried out through
LinkedOmics. A total of 1619 genes were identified as PANX2-related genes based
on our criteria mentioned above, including 1357 positively correlated genes and 262
negatively correlated genes. Partial genes were presented in Figure 4(a) and (b) and
the entire list was in Supplemental Table 1. Panx2 was positively associated with
PNMAL2 (PNMA8B), KCNN1, KCNH3, SOHLH1, NCRNA00087, etc. and was

Table 2. Univariate and multivariate Cox regression analyses of LGG prognostic factors.

Characteristic Univariate Cox Multivariate Cox

Hazard
ratio

95% CI p-Value Hazard
ratio

95% CI p-Value

PANX2 2.32 1.50–3.58 1.6e24 2.43 1.17–5.06 0.017
Gender 1.09 0.73–1.65 0.67 – – –
Age 5.78 3.47–9.61 1.57e211 5.30 2.36–11.94 5.45e25

Tumor type 40.32. 5.61–289.8 2.4e24 12.54 1.70–92.33 0.013
Tumor grade 3.47 2.20–5.48 8.35e28 3.55 1.59–9.51 0.003
Radiation treatment 2.07 1.07–4.01 0.03 0.87 0.40–1.92 0.74

Figure 3. The prognostic values of PANX2 in gliomas: (a) the prognostic value of mRNA level
of PANX2 in GBM, analyzed by LinkedOmic, (b) the prognostic value of mRNA level of PANX2
in LGG, analyzed by LinkedOmic, and (c) the ROC curve of PANX2.
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negatively associated with ACTL6A, MRPL42, C12orf11 (INTS13, ASUN),
ZNF561, RBBP8, etc. We also verified top three genes with most significance using
GEPIA dataset (Figure 4(c)–(h)) and cBIOportal database (Figure 5(a)–(f)). Then,
a functional enrichment analysis of these PANX2-related genes revealed that they
were mainly involved in signal transduction, plasma membrane, and ATP binding
as well as pathways of neuroactive ligand-receptor interaction, calcium signaling,

Figure 4. PANX2-related genes in LGG: (a) genes which are positively related with PANX2,
(b) genes which are negatively related with PANX2, and (c–h) the confirmations of top PANX2-
related genes by GEPIA.
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and cAMP signal (Supplemental Tables 2 and 3). In the PPI network of PANX2-
related genes shown in Figure 6(a), the highest module was composed of 39 nodes
and 741 interactive edges and the hub genes from this module were enriched in
chemical synaptic transmission, G-protein coupled receptor activity and plasma
membrane as well as pathways of neuroactive ligand-receptor interaction, glutama-
tergic synapse, and cAMP signaling pathway (Figure 6(b)–(e), Supplemental Tables
4 and 5).

Figure 5. The confirmations of top PANX2-related genes: (a–f) the genes which had positive
and negative associations with PANX2 were further validated by cBioPortal.
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PANX2 may correlated with immune infiltration in LGG

Given the well-documented roles of Panx family in inflammation, we wondered
whether PANX2 would be related to immune infiltration levels in LGG. The find-
ings from TIMER demonstrated that PANX2 expression had significant negative

Figure 6. GO, KEGG, and PPI analyses of hub genes: (a) the highest module from PPI analysis
composed by hub genes, (b–d) the top 15 terms of GO categories of biological process (BP),
cellular component (CC) and molecular function MF, respectively, and (e) KEGG pathway
analysis of hub genes.
The size of each spot represents the gene number, while the color represents the p-value. p-Value \0.01

was considered significantly.
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correlations with various immune cells, especially with macrophage (partial.
Cor=20.372, p=5.81e217), dendritic cell (partial. Cor=20.319, p=1.05e212),
and CD4+ T cell (partial. Cor=20.301, p=2.09e211) (Figure 7(a)). As shown
in Figure 7(b) to (s), the assessment of correlations between gene markers of differ-
ent immune cells and PANX2 expression discovered that PANX2 was negatively
associated with CD19 and CD79A (gene markers of B cells), CD8A (gene marker
of CD8+ T cells), CD3D and CD3E (gene markers of general T cells), NOS2,
IRF5, and PTGS2 (gene markers of macrophage M1), CD163, VSIG4, and
MS4A4A (gene markers of macrophage M2), CCR7 (gene marker of neutrophil),
HLA-DPB1, HLA-DQB1, and HLA-DRA (gene markers of dendritic cells).33

Therefore, these information implied that PANX2 might play a fundamental role
in the LGG immune microenvironment.

Discussion

The ectopic expressions of Panxs have been reported in many human diseases,
ranging from infectious disorders to cancers. Panxs are vital to cell behaviors regu-
lation, including cell proliferation, differentiation and migration. Hence, the dys-
function of Panxs probably contributes to the loss of control in cell growth, which
facilitates carcinogenesis. However, there is still a huge knowledge gap as to the
role of Panx in tumor. As far as we know, the present study is the first report focus-
ing on how Panxs member (PANX2) might be involved in glioma occurrence
through bioinformatics analysis using public databases. Herein, our findings indi-
cated the transcriptional expression pattern of Panx isoforms in multiple types of
neoplasms. The over-expression of PANX1 was prevalent in tumors compare to
normal tissues with the exception of leukemia and prostate cancer. Most reports of
increased PANX1 were from breast cancers, in which this change was frequently
considered as a tumor-promoting effect. Bioinformatic and lab work both con-
firmed excess PANX1 was associated with metastasis via influencing the shift
toward the phenotype of epithelial-to-mesenchymal in breast cancer patients.34 The
mutation of PANX1 discovered in metastatic breast cancer cell lines likely favored
tumor cell survival during extravasation.35 Intriguingly, the absence of PANX1 in
rat C6 gliomas led to tumorigenesis, implying its potential anti-tumor activity.36

On the other hand, the decreased expression of PANX2 was observed in tumors
compare to normal tissues with the exception of breast cancer and lung cancer. A
down-regulation of human PANX2 transcripts was discovered via Affymetrix chip
analysis, particularly in GBM.17 The trend in C6 glioma cells was consistent with
decreased PANX2 in other human glioma cell lines, whereas over-expressed
PANX2 tagged green fluorescent protein (GFP) significantly inhibited tumor
growth in nude mice compared to controls.37 The observation in hepatocellular
carcinomas (HCC) also supported PANX2 as a tumor suppressor.18 Moreover, the
study concerning PANX3 in oncogenesis is still limited. Less PANX3 was previ-
ously discovered in human keratinocyte-derived basal cell carcinomas and squa-
mous cell carcinomas,20 which was not in line with what we found in prostate
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cancer from Oncomine datasets.38 All these findings suggested complicated roles of
Panx isoforms in different types of cancers, which is surely worth to gain more
attention.

We next focused on PANX2 and gliomas in the subsequent analyses. Based on
criteria from World Health Organization (WHO), gliomas are classified on scale of
I to IV, including LGG (WHO grade II), such as astrocytoma and oligodendro-
glioma, and high-grade gliomas (HGG, WHO grade III and IV), such as
GBM.39,40 In present study, we assessed the prognostic values of PANX2 in LGG
and GBM through GEPIA, and further discovered that PANX2 could become a
relative independent factor for clinical outcomes predictions in LGG. It has been
demonstrated that PANX2 level was associated with post diagnosis survival for
patients of glial tumors based on another brain cancer gene expression database
REMBRANDT.17 However, our analysis discovered that higher PANX2 could
only predict better OS in LGG, but not in GBM. Considered that less PANX2 was
found in HGG than in LGG,41 we speculated that the roles of PANX2 might be
various in different grades of gliomas. To clarify the mechanism of PANX2 in
LGG, we further mined the correlated genes of PANX2 and carried out GO func-
tional analysis. The abnormal PANX2 might cause dysfunctions of these genes
and trigger cascades with respect to signal transduction, plasma membrane and
ATP binding, promoting glioma progression or metastasis. Albeit lack of evidence
regarding the direct interplay of PANX2 and PANX1 in oncogenesis, PANX2 was
demonstrated to form membrane-bound vesicles and to be recruited by PANX1
for eliciting its activity in a plasma membrane channel-independent fashion.42,43

We also noticed that multiple PANX2-related genes highly enriched in ‘‘calcium
signaling’’ in KEGG pathway analysis. Acting as a critical second messenger, cal-
cium is involved in quiescence, maintenance, proliferation, and migration in glioma
cells, while the ionotropic ATP-gated P2X7 receptor, a well-known PANX1 inter-
actor, plays a fundamental role in this process.44,45 Therefore, whether PANX2 is
involved in lower grade glioma genesis through the crosstalk with PANX1 and
P2X7 receptor should be taken into account for at least a component of the
mechanism. Moreover, PPI network and module analysis found that the hub genes
were chiefly associated with chemical synaptic transmissions and neuropeptide
binding. Serving as a regulator of chemical synaptic transmission, genes encoding
metabotropic glutamate receptors (mGluRs) became novel oncogenes of gliomas.46

Additionally, neuropeptide has been recognized as emerging molecular targets for
glioma therapy.47 Taken together, keep monitoring these molecular pathways may
be of great importance in clarifying PANX2’s role in LGG occurrence and
progression.

The microenvironment orchestrated by carcinomas and adjacent cells is essential
to tumor formation and development, with at least 25% of cancers associated with
it.48 Infiltrated inflammatory immune cells are part of this complex ecosystems,
whereas chronic inflammation is frequently considered as one of the critical hall-
marks of cancer.49 As an ATP release channels, the involvement of Panxs in regu-
lating inflammation has been identified in multiple literatures.50–52 In multiple cell
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types of neurological system, including macrophages, microglia, neurons and
astrocytes, PANX1 was well reported to activate inflammasomes.53–56 Hence, we
hypothesized that as a Panx family member, PANX2 might be associated with
tumor-infiltrated cells in LGG. Based on our analysis, PANX2 expression had sig-
nificant negative correlation with various immune cells, particularly macrophage.
Gene markers of pro-inflammatory macrophages M1, such as NOS2, PTGS2 and
IRF5 showed relatively weaker correlations with PANX2 expression compared to
alternatively-activated immunoregulatory M2 macrophage markers, such as
CD163, VSIG4, and MS4A4A, while M2 macrophages are frequently predicted to
be pro-tumoral instead of anti-tumoral.57 These results disclosed the potential reg-
ulating role of PANX2 in polarization of tumor-associated macrophages (TAM).
Moreover, the decreased PANX2 might led to the enhanced number of several
types of immune cells in the preliminary phase of LGG to eliminate cancer cells.
Nevertheless, the survival cells which were able to escape the immunological recog-
nitions would inversely favor tumor progression, namely ‘‘immune evasion.’’ Apart
from the findings mentioned above, the limitation of the current project is that all
data analyzed were retrieved from online databases. Thereby experimental valida-
tions are necessary to further investigate the potential mechanisms of PANX2 in
LGG occurrence in the future researches using animal models or cell lines.

Conclusions

The present study provided a thorough understanding of the Panx family expres-
sion in distinct cancers and shed light on the importance of PANX2 in LGG. We
discovered that PANX2-related genes in the context of LGG were highly enriched
in several pathways, such as calcium signaling. Synaptic transmission and neuro-
peptide signaling were both highlighted in PANX2 function. Besides, PANX2 likely
played a critical role in immune cell infiltration in LGG microenvironments, imply-
ing new perspectives for exploring the underlying mechanism of LGG formation.
In summary, this work makes important contributions to the understanding of the
cellular roles of PANX2 in LGG and suggests that PANX2 might be a potential
therapeutic target of LGG.
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