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Editorial on the Research Topic
Molecular Advances in Diagnosis and Treatment of CNS Tumors

Recent advances in the field of molecular pathology and the publication of the revised fourth edition
of the WHO Classification of central nervous system (CNS) tumors have significantly reshaped
the approach to both diagnosis and therapy of brain tumors (1). Due to rapid development of
next generation sequencing techniques, molecular-genetic analysis has now become an integral
part of modern surgical neuropathology. Current diagnosis of CNS tumors routinely combines
the results from histologic and immunohistochemical examinations of microscopic slides with the
key DNA/RNA genetic changes identified in the molecular pathology testing. This has led to a
substantial reclassification of various brain and spinal cord tumors, including the introduction
of new neoplastic entities and removal of others. Involvement of key tumor suppressor genes
and oncogenes in brain tumor development has been known for decades, but recent studies have
highlighted many novel genetic variations occurring in adult and pediatric brain tumors. These
emerging discoveries further emphasize the importance of identifying state-of-the-art molecular
signatures for diagnosing CNS malignancy and development of novel targeted therapies. In
particular, understanding the molecular landscapes of pediatric high grade astrocytic tumors and
embryonal tumors, and capitalizing on immunotherapy which may have the power to revolutionize
brain tumor treatment, are a few of the many challenges facing this field today.
This Research Topic entitled “Molecular Advances in Diagnosis and Treatment of CNS Tumors”
includes 22 original research articles and 3 review articles that cover several important themes:
Glioblastoma (GBM) is the most common and devastating primary brain tumor in adults. It
is therefore essential to identify novel and effective biomarkers or risk signatures for GBM patients.
Wang et al. examined differentially expressed genes between GBM and low-grade glioma (LGG)
and selected five genes (DES, RANBP17, CLEC5A, HOXC11, and POSTN) to construct a risk
signature to independently predict the outcome of GBM patients, as well as stratified by radio-
chemotherapy, isocitrate dehydrogenase 1 (IDH1) and O6-methylguanine-DNA methyltransferase
(MGMT) promoter status. Zhang et al. evaluated the expression level of integrin beta 5 (ITGB5)
and the relationship of its elevated expression with glioma progression and poor survival in GBM
patients. It appears ITGB5 plays important regulatory roles in angiogenesis and the immune
response, and is required for invasion and migration of neoplastic cells and endothelial proliferation
in GBM. Zusman et al. discussed how harvesting GBM tissue using traditional surgical approach
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and the automated resection NICO Myriad™ system may impact
the translational research value of the sample. Their study further
supports the need to harvest and analyze multiple specimens
for each tumor, in order to capture the genomic diversity
and maximize the benefits of molecularly-based therapeutics.
Zhang et al. demonstrated that Forkhead Box P2 (FOXP2) was
the target protein of miR-9-5p. In addition, high expression
of miR-9-5p and low expression of FOXP2 were related to
better outcome in GBM patients, whereas down regulated
FOXP2 expression was capable of inhibiting glioma proliferation
through cell cycle arrest. Liu et al. determined the candidate
genes that may function as biomarkers to further distinguish
patients with IDH-wildtype GBM. The investigators developed
a seven-gene-based signature, which allocated each patient to
a risk group (low or high). Subsequent bioinformatics analysis
predicted that the seven-gene signature was involved in the
immune response, inflammatory response, cell adhesion, and
apoptotic process. Marchi et al. attempted to correlate the
biomolecular aspects of MGMT methylation status in relation
to the maximal surgical extent of resection. Interestingly, a
positive prognostic value exists only in case of the presence of
residual tumor tissue. Dent et al. explored whether a multiple
sclerosis drug, Fingolimod would synergize with dimethyl
fumarate and its plasma breakdown product MMF to Kkill
GBM neoplastic cells. Indeed, the data demonstrated that the
above combination produced reactive oxygen species and killed
tumor cells more effectively via death receptor signaling and
autophagy induction. Hu et al. conducted a systematic analysis
of survival-associated alternative splicing event. The nomogram
with age, pharmaceutical and radiation therapy, alternate donor
site, and exon skip signatures provided excellent prognostic
predictive value.

Treatment effectiveness and overall prognosis for glioma
patients depend heavily on the genetic and epigenetic factors
in each individual tumor. Gates et al. discovered that primary
brain tumors are genetically heterogeneous, and the physical
distance within a given glioma positively correlates to genomic
distance in number of genes, copy number variations, and
methylation profiles. They further derived quantitative linear
relationships between physical and genomic distances. Su
et al. showed that yKlotho (also known as LCTL) is highly
expressed in gliomas epigenetically and its expression is
significantly associated with high tumor aggressiveness and
poor outcomes for glioma patients. Mechanistically, LCTL
might play an important immunosuppressive role via FGF
signaling in glioma. Yang et al. performed weighted gene co-
expression network analysis in a large public database of glioma
samples. The derived brown co-expression module and the
biomarker TNFRSF1A were strongly related to glioma grading.
Furthermore upregulated TNFRSF1A was tightly associated
with clinical features. Zhang et al. systematically analyzed the
relationship between methyltransferase-related gene expression
profiles and clinical outcomes in glioma patients and identified a
novel methyltransferase-related risk signature for predicting the
prognosis of gliomas.

Recently non-coding types of RNA have been shown to play
a vital role in glioma tumorigenesis. Jin et al. characterized
a novel non-coding RNA, lipocalin-2-derived circular RNA, in

glioma tumorigenesis. The investigators demonstrated that it
facilitated glioma progression by sponging miR-661 to increase
RAB3D expression. Similarly, Zheng et al. characterized non-
coding competitive RNA networks as alternative therapeutic
targets in the treatment of GBM. Sun et al. explored the
expression profiles and potential relationship between long non-
coding RNAs (IncRNAs) and mRNAs in glioma patients. Both
IncRNAs and mRNAs exhibited dynamic differential expression
profiles, consistent with their roles in critical biological processes
and pathways associated with tumor pathogenesis.

Several manuscripts cover some of the most fascinating
developments in the field. Zhang et al. conducted a meta-
analysis to evaluate the prognostic role of connexin protein Cx43
in glioma. The results showed that Cx43 expression was a clearly
negative factor with tumor grades and beneficial for survival
time, offering evidence that Cx43 is generally a tumor suppressor.
Deng et al. explored the influence of IDH1 mutation on the
immune microenvironment and developed an IDH1-associated
immune prognostic signature to help classify LGG patients into
subgroups with distinct outcomes and immunophenotypes. Liu
et al. discussed the correlations of soluble PD-L1 (sPD-L1) with
clinical features in brain tumors and assessed its diagnostic value
in gliomas. Both serum and CSF sPD-L1 showed significant
value, but serum sPD-L1 rather than blood-based inflammatory
markers had the best diagnostic performance in the diagnosis and
stratification of glioma. In addition, a descending trend in the
level of serum sPD-L1 was observed in postoperative patients.
Hung et al. studied the important question of glioma stem-
like cells contributing to drug resistance and tumor recurrence.
Their study suggests that a sonic hedgehog (Shh) inhibitor could
induce autophagy of CD133+ GSCs through mTOR independent
pathway. Therefore, targeting the Shh signal pathway may
overcome chemoresistance and provide a therapeutic strategy for
patients with malignant gliomas.

Informative Review Articles: Tang et al. reviewed the
advantages and possible limitations of mRNA-based gene therapy
including the in vitro synthesis of mRNA, the feasible methods
for synthetic mRNA delivery and clinical therapeutic prospects
of mRNA-based gene therapy for glioblastoma. Yu et al.
reviewed the regulation of MGMT expression and its role in
chemotherapy, especially in glioma. Targeting MGMT seems to
be a promising approach to overcome chemoresistance. Hu et al.
reviewed the relationship between ferroptosis, a new type of
cell death, and temozolomide (TMZ) resistance. Importantly,
targeted ferroptosis can be used to reverse TMZ resistance.

In summary, management of CNS tumor patients has
undergone a molecular revolution driven by the development
of high throughput molecular techniques. Molecular testing
has become an essential part for the optimal CNS tumor
patient workup. At the current stage, a combination of FISH,
copy number array, NGS panel and genome-wide methylation
profiling can be used to detect molecular alterations in order
to provide the best possible patient care. It is true that
our ability of amassing molecular data currently surpasses
our ability to utilize this information for treatment; however,
it is clear that informative molecular biomarkers will guide
future clinical trials and lead to the development of new
therapeutic strategies.
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Objective: Glioblastoma (GBM) is the most common and fatal primary brain tumor in
adults. It is necessary to identify novel and effective biomarkers or risk signatures for
GBM patients.

Methods: Differentially expressed genes (DEGs) between GBM and low-grade glioma
(LGG) in TCGA samples were screened out and weight correlation network analysis
(WGCNA) was performed to confirm WHO grade-related genes. Five genes were
selected via multivariate Cox proportional hazards regression analysis and were used
to construct a risk signature. A nomogram composed of the risk signhature and clinical
characters (age, radiotherapy, and chemotherapy experience) was established to predict
1, 3, 5-year survival rate for GBM patients.

Results: One hundred ninety-four DEGs in blue gene module were found to be positively
related to WHO grade via WGCNA. Five genes (DES, RANBP17, CLEC5A, HOXC11,
POSTN) were selected to construct a risk signature for GBM via R language. This risk
signature was identified to independently predict the outcome of GBM patients, as
well as stratified by IDH1 status, MGMT promoter status, and radio-chemotherapy. The
nomogram was established which combined the risk signature with clinical factors. The
results of c-index, ROC curve and calibration plot revealed the nomogram showing a
good accuracy for predicting 1, 3, or 5-year survival of GBM patients.

Conclusion: The risk signature with five genes could serve as an independent factor
for predicting the prognosis of patients with GBM. Moreover, the nomogram with the
risk signature and clinical traits proved to perform better for predicting 1, 3, 5-year
survival rate.

Keywords: glioblastoma (GBM), WGCNA, risk signature, nomogram, prognosis

INTRODUCTION

Glioblastoma (GBM) is the most common and aggressive type of primary brain tumor in adult.
Despite comprehensive regimens including maximum surgical resection, radiation therapy and
chemotherapy, the prognosis of GBM is notoriously poor, with a median survival of 14 months
and the 5-year survival rate remaining at ~5% (1). While intervention of these multimodal
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treatments cannot eradicate this devastating disease, therapeutic
resistance and GBM recurrence were inevitable. Although
temozolomide (TMZ) has been proven to prolong the survival
of GBM patients as a first-line chemotherapeutic agent, recent
studies show that an amount of patients with GBM develop
resistance to TMZ during treatment (2), and the recurrence
rate of GBM was up to 90% (3). These awful therapeutic
outcomes were mainly attributed to glioma stem cells (GSCs) and
heterogeneity in GBM (4, 5). Likewise, several new drugs, such as
monoclonal antibody targeting epidermal growth factor receptor
variant III (EGFRVIII), have been proven to show therapeutic
efficiency in some cancers, but not in glioma (6). Since only
30% of GBM cases contain EGFRVIII, this means a majority of
GBM patients fail to benefit from EGFRvIII-targeted therapy
(7, 8). Therefore, it becomes particularly important to search for
novel molecular biomarkers that precisely predict the prognosis
and to choose appropriate individualized treatment strategies for
patients with GBM.

With the progress of genetics and molecular biology, an
increasing number of molecular biomarkers were discovered in
glioma, for instance, IDH mutation, MGMT methylation, TERT
promoter mutation, EGFR and P53 (9). As is known to all,
IDH1/2 mutation and MGMT promoter methylation are two
important biomarkers in glioma. IDH mutation mainly exists
in low grade glioma and secondary GBM, and associates with
prognosis and GBM subtype (10). Moreover, IDH phenotype
was also reported to be potent to form a glioma CpG island
methylator phenotype (G-CIMP) and to be related to genomic
methylation and gene mutation, such as P53 and TERT mutation
(10). MGMT promoter methylation accounts for ~40% of GBM
samples and associates with favorable prognosis of patients
receiving radiotherapy and chemotherapy (11). Interestingly, it
has been observed that IDH-mutated gliomas frequently carry
MGMT promoter methylation and are sensitive to temozolomide
(12). These findings indicate that there are cross talks among
these key molecular biomarkers and a single gene cannot
completely represent the characters of the glioma, as well as
GBM. This may partially explain that GBM patients fail to take
more advantages from some targeted small molecule inhibitors
application (13). Therefore, risk signatures with correlative
biomarkers have been developed, which have shown better
performance in GBM treatment and survival prediction (14, 15).
In this study, we developed a risk signature with five genes
associated with survival of GBM patients. On this basis, a
nomogram including the risk signature and clinical factors was
established and it proved to be effective in predicting the clinical
outcome of patients with GBM.

MATERIALS AND METHODS
Data of Glioma Patients in the Study

Gene expression and survival data of glioma in TCGA were
downloaded from GlioVis (http://gliovis.bioinfo.cnio.es/) (16).
six hundred twenty samples from TCGA GBMLGG (RNA-seq)
were selected for screening differentially expressed genes between
GBM and low-grade glioma (LGG). Five hundred twenty-five

samples from TCGA GBM (HG-UG133A) were used to construct
a clinical survival prediction model and internal validation.

Identification of Differentially Expressed

Genes Between GBM and LGG

Based on 470 lower grade glioma (LGG, World Health
Organization [WHO] grade II and III) (17, 18) and 150 GBM
samples in TCGA GBMLGG dataset, R language (edgeR package,
R version 3.51) was performed to identify differentially expressed
genes (DEGs). Genes with |logy(fold-change)|> 1 and false
discovery rate (FDR) < 0.05 were considered as DEGs for
further analysis.

Weighted Correlation Network Analysis for

Discovering Grade-Related Gene Modules
To select glioma grade-related genes from DEGs, we
performed weight correlation network analysis (WGCNA)
(19). The expression data of DEGs and clinical data (WHO
grade, age, gender, IDH status, survival time, and status)
were imported and analyzed by R package WGCNA. The
genes were classified into several gene modules using an
appropriate soft-thresholding power which was calculated by
the pickSoftThreshold function (20). The minimum gene size
in each module was set as 10. The module eigengenes were
calculated and similar modules were clustered and merged
according to the module dissection threshold. The correlations
between gene modules and clinical traits were calculated and
visualized through a heatmap. In this research, we chose
the module which is positively related to WHO grade for
further study.

Construction and Evaluation of Risk
Signature With Selected Genes

Univariate Cox proportional hazards regression analysis was
applied to assess the relationship between the expression of DEGs
and the overall survival (OS) of patients with GBM in TCGA
GBMLGG (RNA-seq) and HG-UG133A platform, respectively.
Common genes with P < 0.05 were sorted out and presented
as a Venn diagram by R. We then performed multivariate Cox
proportional hazards models and filtered the common genes
by step function in R. A risk score formula was designed
according to the multivariate Cox regression analysis results (18),
as follows:

Risk score = (eXprgenel x Coefgener) + (exprgenez x Coefgenea)

+...0+ (eXPrgenen x Coefgenen)

The patients were divided into low-risk and high-risk
groups according to the median risk score value. KM
survival analysis and time-dependent receiver operating
characteristic (ROC) curve analysis were used to evaluate the
prognostic value.

Bioinformatics Analysis

DEGs between low-risk and high-risk groups with FDR
< 0.05 were filtered by R language (edgeR package) and
used for Gene ontology (GO) and KEGG pathway analysis
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via DAVID website (https://david.ncifcrf.gov/) (21). GO
terms (FDR <0.05) and KEGG pathways (P-value <0.05)
were screened out and visualized via R package ggplot2.
Gene set enrichment analysis (GSEA, http://software.
broadinstitute.org/gsea/index.jsp) were used to confirm the
GO terms and KEGG pathways in the low-risk and high-
risk groups (22). Normalized enrichment score (NES) and
FDR were calculated to verify the statistical difference for
GSEA analysis.

Construction and Evaluation of Clinical

Survival Prediction Model

By combining with clinical data, a nomogram of clinical survival
prediction model was established by using the package of “rms”
in R. Samples from TCGA HG-UGI133A platform were divided
into training cohort (accounting for 70%) and validation cohort
(accounting for 30%) by randomly using R package “caret.” The
inclusion criteria for data extraction in the predictive model
were patients diagnosed with WHO grade IV glioma (GBM).

IDH_status.

FIGURE 1 | Identification of WHO grade-related genes in glioma. (A) Volcano plot showed the distribution of DEGs. (B) Sample clusters showed basic clinical
information of glioma patients. (C) The soft threshold power was calculated and 10 was selected as the power value. (D) Similar modules were merged and four
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