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Glioma is the most lethal primary brain tumor with a poor prognosis and high recurrence rate.
Enormous efforts have beenmade to find therapeutic targets for gliomas. In the current study,
we identified m5C-related lncRNAs through Pearson correlation analysis by the criteria |R|
>0.5 and p<0.001 in TCGA LGG and CGGA325 datasets. We then established an eight-
lncRNA m5C-related prognostic signature (m5C LPS) through lasso cox regression analysis
and multivariate analysis. The performance of the signature was confirmed in the CGGA325
dataset and evaluated in differential subgroups divided by relevant clinicopathological
characteristics. Patients were then divided into high and low risk groups using risk scores
calculated with the signature. Next, we performed GO, KEGG and gene set enrichment
analysis (GSEA) and identified the m5C LPS to be related with glioma microenvironment,
immune response, EMT, cell cycle, and hypoxia. Correlation of the risk groups with immune
cell infiltration, somatic mutation, and CNVs was then explored. Responses to immuno- and
chemotherapies in different risk groups were evaluated using submap and pRRophetic R
packages respectively. The high-risk group was more sensitive to anti-CTLA4 therapy and to
compounds including Temozolomide, Bleomycin, Cisplatin, Cyclopamine, A.443654 (Akt
inhibitor), AZD6482 (PI3K inhibitor), GDC0941(PI3K inhibitor), and metformin. We present for
the first time a m5C-related lncRNA signature for lower grade glioma patient prognosis and
therapy response prediction with validated performance, providing a promising target for
future research.

Keywords: lower grade glioma, 5-methylcytosine, lncRNA, tumor microenvironment, prognosis
INTRODUCTION

Glioma is the most common type of primary malignant tumor in the central nervous system with a poor
prognosis and a high recurrence rate. Lower grade glioma (LGG) refers to a subtype of glioma with
WHO grade II or III that presents a less invasive nature and generally better prognosis. Even with
surgical resection, chemotherapy and radiotherapy, a large portion of this heterogeneous group of
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tumors will evolve into high grade glioblastomas. Efforts have been
made in developing novel treatment strategies and effective
biomarkers for individualized glioma therapy (1). Current
biomarkers for disease stratification and individualized treatment
include IDH1 mutation, 1p/19q codeletion, MGMT promoter
methylation, TP53 and TERT promoter mutation.

RNA modifications regulate multiple cellular processes under
biological and pathological conditions. 5-methylcytosine (m5C) is
one of themodes of RNAmodificationmainly accumulating in the
vicinityof the3’UTR,5’UTR, andnear thebinding siteofArgonaute
(2). It confers conserved, tissue-specific and dynamic
transcriptional regulation effects including structural stability and
metabolism of RNA, tRNA recognition, and stress response (3).
m5C modifications are catalyzed by the NSUN family proteins
including NSUN1-7 and DNA methyltransferase homologue
DNMT2 (4), DNMT1, DNMT3A, and DNMT3B. The m5C RNA
methyltransferases display different cellular functions. NSUN1 and
NSUN5 modify cytoplasmic ribosomal RNAs; NSUN2, NSUN6
and DNMT2 methylate cytoplasmic transfer RNAs; NSUN3 and
NSUN4 install m5C in mitochondrial RNAs (5). Aly/REF export
factor ALYREF is reported to be a m5C binding protein facilitating
the export of m5C modified mRNAs (6). Depletion of this ‘reader’
protein leads to retention of m5C methylated mRNAs. Another
reader of m5Cmodifications is YBX1 whichmaintains the stability
of targetmRNA(7).Aberrantm5CRNAmodification is implicated
in multiple diseases including cancer (8). Bioinformatics analyses
have implicated m5C regulators in prognosis for lung
adenocarcinoma (9), hepatocellular carcinoma (10), glioma (7),
and others.

Long non-coding RNAs (lncRNAs) are a subgroup of RNAs with
over 200 nucleotides that exert non-coding functions. LncRNAs are
ideal potential biomarkers for their specificity of expression in
different tissues. Furthermore, lncRNAs exert tumorigenic or
metastatic effects through different mechanisms including epigenetic
modification, post-transcriptional modification, RNA decay or
scaffold, and cis-regulation (11). Dysregulation of lncRNAs has
been reported to play important roles in glioma genesis. The
expression of lncRNAs such as H19, HOXA11-AS, MALAT1, and
CRNDE are positively correlated with glioma. MEG3 is highly
expressed in normal brain tissue while downregulated in glioma
(12). HOXA11-AS is a cell cycle-related lncRNA and a biomarker for
glioma prognosis. MALAT1 is reported to be glioma suppressive
through attenuating ERK/MAPK-mediated growth and MMP2
mediated invasiveness (13). An NSUN2 methylated lncRNA, NMR,
is highly expressed in esophageal squamous cell carcinoma and
promotes tumor cell migration and invasion (14). NSUN2 is also
reported to target lncRNAH19 and increase its stability throughm5C
modification. The m5C-modified lncRNAH19 can then be bound to
an oncoprotein leading to Myc accumulation, thus exerting
oncogenic effects (15). However, there are few studies on the
relationship of m5C-related lncRNAs and glioma.

In the current study, we identified eight m5C-related lncRNAs
using Pearson correlation analysis and established a m5C related
lncRNAprognostic signature (m5C LPS). Performance of them5C
LPS was confirmed in the CGGA325 dataset and evaluated in
subgroups divided by several clinicopathological characteristics.
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Patients were then divided into high and low risk groups using risk
scores calculatedwith the signature.WeperformedGO,KEGGand
gene set enrichment analysis (GSEA) and found that m5C related
lncRNAs were related with glioma microenvironment, immune
response, EMT, cell cycle, and hypoxia. Correlations of the risk
groups with immune cell infiltration, somatic mutation, and copy
number variations (CNV)were then explored.Deletions onChr 9p,
10, 13q and 14q and amplifications on Chr 7, 19, 20 were observed
mainly in the high-risk group. CDKN2B, PTEN, EGFR, and IGF2R
showed higher CNV rates in the high-risk group. Responses to
immunological therapies and chemotherapeutics in different risk
groups were evaluated. The high-risk group was found to be more
responsive to anti-CTLA4 therapy and to Temozolomide,
Bleomycin, Cisplatin, Cyclopamine, A.443654 (Akt inhibitor),
AZD6482 (PI3K inhibitor), GDC0941(PI3K inhibitor),
and metformin.
MATERIALS AND METHODS

Data Acquisition and Preparation
Transcriptome profiling data of LGGwere downloaded fromUCSC
Xena website (http://xena.ucsc.edu) as a training set. Corresponding
clinical data were also retrieved. CGGA325 expression and clinical
information data were downloaded from the CGGAwebsite (http://
www.cgga.org.cn). Somatic mutation and copy number variations
(CNVs) data were obtained from the TCGA website (https://portal.
gdc.cancer.gov/). Somatic mutation data was analyzed using the
‘maftools’ R package. Significant copy number variations were
detected with GISTIC 2.0 from GenePattern website (https://
www.genepattern.org/). Inclusion criteria: TCGA-LGG cases with
complete clinical information, corresponding somatic mutation and
CNV data were included in the study. CGGA325 data of WHO
grade II and III glioma patients with complete clinical information
were filtered for use.

Identification of m5C-Related lncRNAs
LGG transcription data was annotated using Genome Reference
Consortium Human Build 38 (GRCh38) to identify lncRNAs and
protein coding genes in the TCGA LGG dataset. Regulators of m5C
were acquired in previous literature which included NSUN1-7,
DNMT1, DNMT2, TRDMT1, DNMT3A, DNMT3B, TET1,
TET2, TET3, ALYREF, and YBX1. Next, we performed pearson
correlation analysis in the TCGA LGG dataset to identify m5c
related lncRNAs by the criteria |R|>0.5 and p<0.001. Univariate cox
regression analysis was then performed to acquire m5c-related
lncRNAs significantly related to patient prognosis (p<0.05). An
identical procedure was performed in LGG samples of CGGA325
dataset and m5C related lncRNAs in the CGGA325 dataset were
acquired. Finally prognostic m5C-related lncRNAs were obtained
through intersecting results acquired from the TCGA and
CGGA datasets.

Construction of the Prognostic Signature
Lasso regression analysis and multivariate cox regression analysis
were utilized to construct a risk score signature in the TCGA dataset
March 2022 | Volume 12 | Article 814742
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following the formula: Risk score = Sn
i=1 (coef i ∗ expi) with coefi and

expi representing survival correlation regression coefficient and
expression value of each lncRNA, respectively. Risk score was then
calculated for each patient in the training set. Themedian value of risk
scores was set as the cutoff to divide the training set into high and low
risk groups. Survival analysis was performed and time dependent
receiver operating characteristic (ROC) curves were plotted to
evaluate the prognostic ability of the signature. Identical analyses
were performed in the validation set to verify the signature
prognostic value.

Multivariate Cox regression was then performed to establish a
nomogram with the m5C-related lncRNAs risk score and clinical
features including age, sex, and WHO grade. A calibration plot
and concordance index (C-index) were utilized to examine the
predictive accuracy of the nomogram using R package ‘rms’.
ROC curves and the area under curve (AUC) were also evaluated
with R package ‘timeROC’ to review the prognostic ability of
the nomogram.

Functional Analyses
In order to explore differential gene pathways between the high and
low risk groups defined by the m5C LPS, Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were performed using the ‘clusterProfiler’ R
package with BH adjusted p value <0.01. Gene set enrichment
analysis was performed with 1000 permutations, p value < 0.05 and
false discovery rate < 0.25 using the GSEA 4.1.0 software
downloaded from the Broad Institute website (http://software.
broadinstitute.org/gsea/).

Estimation of Immune Infiltration, Somatic
Mutation, CNVs and Prediction of
Therapy Response
CIBERSORTx was used to estimate the abundance of 22 types of
immune cells in the tumor mass (16). CNVs of the high and low
risk groups were analyzed with the GISTIC 2.0 module on
GenePattern website. The SubMap module on GenePattern
website was utilized to evaluate response to immune checkpoint
inhibitors of the two risk groups in the TCGA LGG dataset (17,
18) with default parameters.

Sample Collection
We collected 27 LGG samples from the Department of
Neurosurgery, Xiangya Hospital, Central South University. The
current study was approved by the Ethics Committee of Xiangya
Hospital (No. 201703478). All participants provided informed
consent and approval.

RNA Extraction and rt-qPCR Analysis
Total RNA was extracted using TRIzol Reagent according to
manufacturer’s instructions. RevertAid First Strand cDNA
Synthesis Kit (ThermoFisher)was used in reverse transcription
reaction. ChamQ Universal SYBR qPCR Master Mix (Vazyme,
China) and StepOne Real-time PCR systems (Applied
Biosystems) were used for rt-qPCR reaction. The experimental
condition was set as: 95°C 60s, 95°C 15s, and 60°C 30s for 40
cycles. Reactions were repeated in triplicate for each sample.
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Expression levels were calculated using 2-DDCt method. Primer
sequences are listed in Supplementary Table S1.

Statistical Analysis
Statistical analysis was performed using R software (version 4.0.0).
Univariate and multivariate Cox proportional hazards models and
lasso regression were used to determine significant prognostic
lncRNAs. The Kaplan–Meier curve was used for comparison of
overall survival of different subgroups. ROC curve was used to
evaluate the predictive efficiency of the m5C-LPS. GSEA 4.1.0
software was used for functional annotation. The rt- qPCR results
were analyzed with Student’s t-test. A p < 0.05 was considered
statistically significant.
RESULTS

Construction of m5c-Related lncRNAs
Signature in LGG Patients
A study flowchart is shown in Figure 1A. Gene expression data
of 504 LGG samples with complete clinical information was
retrieved from TCGA database. We performed Pearson
correlation analysis by the criteria |R|>0.5 and p<0.001
acquiring 1121 m5C-related lncRNAs. We then utilized
univariate regression analysis (p<0.05) and acquired 607
prognostic m5c-related lncRNAs. Gene expression and clinical
data of 172 LGG samples was retrieved from the CGGA325
dataset (Table 1). Pearson correlation analysis (|R|>0.5, p<0.001)
and univariate regression analysis (p<0.05) yielded 271
prognostic m5C-related lncRNAs. Examining the results from
analyses of TCGA and CGGA datasets, 138 common m5C-
related prognostic lncRNAs were retrieved. We utilized LASSO
Cox regression analysis to filter out prognostic m5C-related
lncRNAs yielding 18 lncRNAs (Figures 1B, C). We applied
multivariate regression analysis to the 18 m5C-related prognostic
lncRNAs and constructed a m5C-related LPS consisted of eight
lncRNAs (Table 2). A heatmap of the correlations between the
eight lncRNAs and m5C regulators was plotted (Figure 1D).

Evaluation and Validation of the m5C-
Related lncRNAs Prognostic Signature
Risk scores of patients in the TCGA dataset were calculated
according to the m5C LPS. Patients were divided into high and
low risk groups by the median of risk scores. Survival analysis
using Kaplan-Meier curves revealed longer overall survival time
in the low-risk group (Figure 2A). Distribution of risk scores and
survival status was plotted in Figure 2B, indicating poorer
survival in high-risk patients. We then utilized ROC curves to
evaluate the prognostic ability of the m5C LPS. One-, three-, and
five-year AUC was 0.873, 0.865, and 0.772, respectively
(Figure 2C), indicating a promising prognostic ability for
m5C LPS.

Validation of the m5C LPS was conducted in CGGA325
dataset from which we extracted data of 172 LGG patients. We
calculated risk scores with the m5C LPS and divided patients into
high and low risk groups in the aforementioned manner.
March 2022 | Volume 12 | Article 814742
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Consistently, survival analysis showed significantly longer OS in
the low-risk group than the high-risk group (Figures 2D, E).
Moreover, one-, three-, and five-year AUC being 0.781, 0.825,
0.782 respectively proved the m5C LPS had a robust prognostic
ability in the CGGA dataset (Figure 2F). We further validated
expressions of the eight lncRNAs in 27 LGG samples collected
from the Department of Neurosurgery, Xiangya Hospital of
Central South University (Supplementary Figure 2). LncRNAs
AC091878.1 and RP11-108L7.15 identified as protective factors
in the m5C LPS were found to be significantly higher in WHO
Grade II tumors while LINC00632 and PAXIP.AS1 presented
significantly higher expression in WHO Grade III gliomas.

Correlation of m5C-Related lncRNAs and
Clinicopathological Features
We sought to explore correlation of the m5C LPS with
clinicopathological features. MGMT methylation, 1p/19q
Frontiers in Oncology | www.frontiersin.org 4
codeletion, IDH status, and WHO grade were significantly
different between the high and low risk groups (Figure 3A).
Correlation of OS with expression of each lncRNA in the m5C
LPS was also investigated through Kaplan-Meier curves
(Figure 3B). Patients were divided into high and low
expression groups according to the expression of each
lncRNA. Overall survival was significantly longer in the low
expression group for lncRNAs PAXIP1-AS2, RP11-303E16.2,
RP11-157J24.2, RP11-108L7.15, while with lncRNAs
AC091878.1, LNC00632, RP11-158M2.3, and CTD-2377O17.1
the overall survival was significantly longer in the high
expression group, indicating their protective roles in glioma.
We then investigated the differential expression of each lncRNA
in subgroups divided by WHO grade, IDH mutation, 1p19q
codeletion, and MGMT methylation status (Figure 3C).
Expression of RP11-108L7.15 was only significantly different
between WHO grade II and III with no significant difference
TABLE 1 | Clinical characteristics of cases in TCGA, CGGA and collected glioma samples.

TCGA LGG (n = 504) LGG cases in CGGA325 (n = 172) Clinical samples (n = 27)

Cases Percentage Cases Percentage Cases Percentage

Age ≥40 267 53.0% 84 48.8% 19 70.4%
<40 237 47.0% 88 51.2 8 29.6%

Gender Female 280 55.6% 66 38.4% 12 44.4%
Male 224 54.4% 106 61.6% 15 55.6%

WHO II 245 48.6% 98 57.0% 13 48.1%
Grade III 259 51.4% 74 43.0% 14 51.9%
IDH mutation Mutant 407 80.8% 127 73.8% 7 25.9%

Wildtype 97 19.2% 44 25.6% 6 22.2%
NA 1 14

1p19q codeletion Codeletion 163 32.3% 55 32.0% – –

Non-codeletion 341 67.7% 115 66.9%
NA 2

MGMT-nip methylation Methylated 416 82.5% 85 49.4% 9 33.3%
Non-methylated 88 17.5% 71 41.3% 4 14.8%
NA 6 15
March 202
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FIGURE 1 | Construction of the m5C related lncRNAs prognostic signature. (A) Study flow chart. (B, C) Lasso regression analysis for m5C LPS construction.
(D) Heatmap of the correlations of m5C-related lncRNAs and m5C regulators.
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between IDH, 1p/19q codeletion or MGMT methylation
subgroups. Expression of RP11-158M2.3 was significantly
different between WHO grade, IDH and MGMT methylation
subgroups. Significant differences were also observed in the
expression of CTD-2377O17.1 between WHO grade, IDH and
1p19q codeletion subgroups. The other lncRNAs from the m5C
LPS all showed significant differences in subgroups of WHO
grade, IDH, 1p19q codeletion and MGMT methylation,
indicating their differential roles in gliomas.

We also investigated the distribution of m5C LPS risk scores
between different clinicopathological subgroups (Figures 4A–F).
Risk score was significantly higher in the following subgroups
namely, IDH wild type, WHO grade III, 1p19q non-codeletion,
MGMT promoter unmethylated, and age > 40. Survival analysis
was also performed in each subgroup via KM curve and proved
the m5C LPS had robust prognostic ability in each subgroup of
different clinicopathological characteristics (Figures 4G–L).
Frontiers in Oncology | www.frontiersin.org 5
Construction of the Nomogram
Univariate and multivariate analyses were used to investigate the
prognostic value of the m5C LPS (Figure 5A). In univariate
analysis, a hazard ratio (HR) of 1.12 (CI: 1.1-1.15) with p value
<0.01 indicated that the m5C LPS risk score is a prognostic
indicator. In multivariate analysis, the risk score presented an
HR of 1.07 (CI: 1.05-1.1) with a p value <0.01 indicating the risk
score to be a prognostic indicator independent of age, grade and
MGMT status. An ROC curve was implemented to evaluate the
specificity and sensitivity of prognostic indicators and
manifested a higher AUC for the risk score than other
clinicopathological features (Figure 5B). We then constructed
a nomogram with the m5C LPS risk score and other
clinicopathological features (Figure 5D). A C-index of 0.823
and conformity in nomogram-predicted and actual 1, 3, 5-year
OS of patients (Figure 5C) indicated a promising
prognostic ability.
A B

D E F

C

FIGURE 2 | Prognostic performance of the m5C-related lncRNAs signature. (A, D) Kaplan-Meier curve showing a better overall survival in low-risk group than the
high-risk group in the TCGA and CGGA datasets. (B, E) Risk score distribution of patients based on m5C-related lncRNAs signature and survival status in the TCGA
and CGGA datasets. (C, F) Receiver operating characteristic (ROC) curves showing performance of the signature in predicting 1/3/5-year overall survival in the
TCGA and CGGA datasets.
TABLE 2 | The eight prognostic m5C-related lncRNAs.

coef exp(coef) se(coef) z p

AC091878.1 -1.3674 0.2548 0.3093 -4.421 9.84e-06
LINC00632 0.5022 1.6523 0.2221 2.261 0.02377
PAXIP1-AS2 0.7085 2.0310 0.1832 3.866 0.00011
RP11-157J24.2 0.3221 1.3801 0.1211 2.660 0.00782
RP11-158M2.3 -0.4040 0.6676 0.1013 -3.988 6.67e-05
RP11-303E16.2 0.7230 2.0605 0.1684 4.294 1.76e-05
RP11-108L7.15 -0.8362 0.4334 0.3211 -2.604 0.00922
CTD-2377O17.1 -0.6980 0.4976 0.2523 -2.767 0.00566
Marc
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C

FIGURE 3 | Differential expression of lncRNAs constituting the m5C LPS. (A) Heatmaps showing m5C-related lncRNAs expression and clinicopathological features
in the TCGA and CGGA datasets. (B) Kaplan-Meier curves showing the overall survival of patients grouped by expression of each m5C-related lncRNA in the TCGA
dataset. (C) Differential expression of the eight m5C-related lncRNAs in WHO grade, IDH, 1p/19q codeletion, and MGMT promoter methylation subgroups. *p<0.5,
**p<0.01, ***p<0.001, ****p<0.0001, ns, no significance.
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Functional Annotation of Low and High-
Risk Groups
We performed GO, KEGG and GSEA analyses to identify
pathways activated in the high-risk group. Th1, Th2 and Th17
cell differentiation, ECM-receptor interaction pathways were
enriched in the high-risk group. GO showed extracellular
matrix organization, epithelial to mesenchymal transition
(EMT), and interferon gamma mediated signaling pathway
were enriched in the high-risk group. GSEA analysis identified
glycolysis, epithelial to mesenchymal transition (EMT),
inflammatory response, interferon gamma response, PI3K-
AKT-mTOR signaling, IL6-JAK-STAT3 signaling, IL2-STAT3
signaling, E2F targets, interferon alpha response, G2M
checkpoint, and hypoxia were positively correlated with high-
Frontiers in Oncology | www.frontiersin.org 7
risk group (Figures 6A–C). The analyses indicated m5C related
lncRNAs were possibly related with the glioma tumor
microenvironment, immune response, EMT, cell cycle,
and hypoxia.

Correlation of m5C-Related lncRNAs With
the Glioma Tumor Microenvironment and
Response to Immunotherapies
We next investigated the correlation of m5C related lncRNAs
with glioma immune infiltration using CIBERSORTx. An overall
high proportion of M2 macrophages, monocytes, CD4 memory
T cells, activated and resting mast cells in LGG is shown in
Figure 7A. Monocytes, memory B cells, activated mast cells and
naïve CD4 T cells presented a significantly higher proportion in
A B D E F

G IH

J K L

C

FIGURE 4 | Correlation and prognostic performance of the m5C LPS. (A–F) Different risk scores between patients grouped by clinicopathological features including
IDH mutation status, 1p/19q codeletion status, MGMT methylation status, WHO grade, age and gender. (G–L) Kaplan-Meier curves showing stable performance of
the signature in differential subgroups of LGG patients including age, WHO grade, and IDH status. ****p<0.0001, ns, no significance.
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the low-risk group (p<0.05) while M1 macrophages, CD8 T cells,
resting mast cells, activated and resting CD4 memory T cells
manifested a higher infiltration in the high-risk group (p<0.05).
A positive correlation with the risk score was found in infiltration
Frontiers in Oncology | www.frontiersin.org 8
of M1macrophages, CD8 T cells, and resting CD4 T cells, while a
negative correlation was identified in infiltration of CD4 naïve T
cells, monocytes, and activated mast cells (Figure 7B). HLA
family proteins were also found to be significantly higher in the
A

B

D

C

FIGURE 5 | Verification of the m5C LPS and construction of the nomogram. (A) Forest plots showing the results of univariate and multivariate Cox regression analyses on
the prognostic performance of the risk score and clinicopathological features. (B) ROC curves showing prediction performance of the risk score and clinicopathological
features. (C) Calibration curve of the nomogram for 1,3,5-year OS. (D) Construction of the nomogram using risk score and clinicopathological features.
March 2022 | Volume 12 | Article 814742

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhou et al. m5C-Related lncRNAs in LGG
high-risk group (Figure 7C). Immune checkpoint proteins
including LAG3, CTLA4, HAVCR2, PDCD1, and CD274 also
showed significantly higher expression in the high-risk group
than in low-risk group (Figure 7D).

Research indicates therapeutic effects for anti-PD1 and anti-
CTLA4 therapies in glioma (19). We therefore explored possible
correlations of the m5C LPS with anti-PD1 and anti-CTLA4
Frontiers in Oncology | www.frontiersin.org 9
therapies using a subclass mapping algorithm (20). We
compared the expression matrix of high and low risk groups to
that of a melanoma dataset in which patients underwent
anti-PD1 and anti-CTLA4 therapies (17). High risk group
patients were generally more responsive to anti-CTLA4
(nominal p value = 0.012) and anti-PD1 therapies (nominal
p value = 0.14) (Figure 7E).
A

B

C

FIGURE 6 | Functional annotation of risk groups identified through the m5C LPS. (A) KEGG pathway enrichment analysis between high and low risk groups.
(B) Dotplot of GO biological processes. (C) GSEA analysis showing pathways enriched in the high-risk group.
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A
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FIGURE 7 | Correlation of the risk score with immune cell infiltration and prediction of responses to immune checkpoint inhibitors. (A) Estimated proportion of 22
tumor infiltrating immune cells in high and low risk groups. (B) Correlation of risk score with proportion of six tumor-infiltrating immune cell types. (C) The expression
levels of HLA family genes in low- and high-risk groups in TCGA database. (D) The expression levels of CD274 (PD-L1), CTLA4, HAVCR2, LAG3, and PDCD1 (PD1)
in low- and high-risk groups in TCGA database. (E) Sensibility of patient responses to PD1 and CTLA4 inhibitors in different risk groups. *p<0.5, **p<0.01, ***p<0.001,
****p<0.0001, ns, no significance.
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Differential Somatic Mutations and Copy
Number Variations in Different Risk
Groups
The 2016 WHO classification of CNS tumors incorporated
molecular characteristics including somatic mutations and
copy number variations (CNVs) with histological features for a
summed-up diagnosis. We analyzed the somatic mutations and
CNVs in the current study and explored their relationship with
the m5C LPS risk groups. We compared the top differentially
mutated genes in the high and low risk groups. IDH1, CIC, and
FUBP1 had higher mutation rates in the low-risk group while
EGFR, NF1 and PTEN showed higher mutation rates in the
high-risk group (Figures 8A, B). We also investigated
cooccurrence and mutually exclusive genes in the risk groups.
EGFR, PTEN and NF1 showed mutual exclusivity with IDH1,
TP53 and ATRX in the high-risk group. Cooccurrence was
observed in CIC with IDH1, PTEN with EGFR and NF1, and
FUBP1 with NF1 and CIC in the high-risk group (Figure 8C).
We also performed GISTIC2 to identify driver CNVs in different
risk groups (18). The high-risk group presented an overall higher
rate of copy number amplification and deletion with the
exception that deletion on 1p and 19q was observed
predominantly in the low-risk group. Deletions on Chr 9p, 10,
13q and 14q and amplifications on Chr 7, 19, 20 were observed
mainly in the high-risk group (Figure 8D). Distribution of CNVs
in different genes between the two risk groups were also analyzed
(Figure 8E). CDKN2B, PTEN, CDK6, EGFR, PRKCH, and
IGF2R showed higher CNV rates in the high-risk group while
CDKN2C and PDGFC showed higher CNV rates in the low-
risk group.

m5C-Related LPS in Prediction of
Chemotherapeutics Response
Temozolomide has been the first line treatment after surgery for
gliomas for some time (21). However, with vast differences in
response to temozolomide in patients, researchers have been
investigating novel chemotherapeutics for glioma (22, 23). In
light of the aforementioned findings in enriched pathways and
CNVs in the m5C LPS high risk group, we used the ‘pRRophetic’
package to predict response of patients to chemotherapeutics in
different risk groups. We selected Temozolomide, Bleomycin,
Cisplatin, Cyclopamine, A.443654 (Akt inhibitor), AZD6482
(PI3K inhibitor), GDC0941(PI3K inhibitor), and metformin to
analyze levels of response in different risk groups. Results
revealed a lower estimated IC50 in the high-risk group for the
chosen drugs (Figure 9).
DISCUSSION

Unlike the neurons that are terminally differentiated cells,
astrocytes still retain the ability to self-renew and proliferate,
which can potentially transform to cancer cells under
pathological conditions. This may be attributed to the different
effects of abnormal activation of intracellular pathways in
Frontiers in Oncology | www.frontiersin.org 11
neurons and glial cells in the brain (24). Previous studies
indicated that the most common histological type of primary
CNS tumor is glioma, which is derived from glial cells of
astrocytic, oligodendroglia and ependymal origin, with an
annual incidence of 5-6/100,000 individuals worldwide (25,
26). Our previous study presented a novel integrated system
for glioma individualized therapeutics modeling and screening
(27). Studies have also reported predictive models of tumor
prognosis and therapeutics using bioinformatics methods (9, 22).

In the current study we identified the m5C-related LPS
containing eight lncRNAs, two of which have been reported in
the literature. LINC00632 was reported to be associated with
several tumors including multiple myeloma cell drug
resistance (28), and melanoma invasion and metastasis (29).
PAXIP1-AS2 is involved in endometrial cancer development
(30). Univariate and multivariate Cox regression analyses with
other clinicopathological factors confirmed the risk score to be
an independent prognostic factor for LGG patients. The
robust predictive performance of the m5C LPS was also
confirmed via ROC curves in differential clinicopathological
subgroups. Many studies have implicated plasma/serum
lncRNAs with tumor initiation and diagnosis (31, 32). The
current study is the first to construct a m5C-related lncRNA
signature in lower grade glioma. The m5C LPS presented a
good prognostic ability with one-, three-, and five- year AUC
being 0.873, 0.865, and 0.772 respectively compared to
existing signatures with AUC ranging from 0.741 to 0.901
(Supplementary Table 2) (33–36). The m5C LPS also
correlated significantly with immune cell infiltration, tumor
mutation, and copy number variation. The m5C LPS could be
utilized in diagnosis, drug response and prognosis prediction
of lower grade glioma.

LncRNAs have been reported to participate in tumor
initiation and progression through reprogramming tumor
microenvironment. LINC00665 was reported to affect the
infiltration of macrophages and DCs, suppress Tregs, and
prevent T cell exhaustion. LncRNA TCL6 is related to tumor
infiltrating lymphocytes and immune checkpoint molecules
including PD1, PDL1 and CTLA4. Multiple lncRNAs are
reported to regulate macrophage polarization and their
protein secretion (37). The current study identified T cell
differentiation, interferon gamma and alpha signaling
pathways to be enriched in the high-risk group. M1
macrophages, CD8 T cells, resting mast cells, activated and
resting CD4 memory T cells were found to be highly infiltrated
in the high-risk group. Infiltration of M1 macrophages, CD8 T
cells and resting CD4 T cells was found to be positively
correlated with the risk score while infiltration of CD4 naïve
T cells, monocytes and activated mast cells was negatively
correlated with the risk score. Differential infiltration of
various immune cells in the two risk groups may be the result
of the overall difference between m5C LPS high and low risk
groups or the direct effect of m5C lncRNAs differential
expression. HLA proteins play important roles in antitumor
immunity through maintaining CTL antigen presentation and
modulating NK cell function. We thus evaluated the expression
March 2022 | Volume 12 | Article 814742
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FIGURE 8 | Somatic mutation and CNVs in different risk groups. (A) Seven significantly different mutated driver genes between high and low risk groups. (B) Forest
plot of differentially mutated genes between high and low risk groups. (C) Heatmap of mutually exclusive and co-occurrent mutated genes in high and low risk
groups. (D) Distribution of copy number variations in high and low risk groups. (E) Differential CNVs of genes in high and low risk groups.
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of HLA proteins in different risk groups. Expression of HLA
and immune checkpoint proteins was significantly higher in the
high-risk group. Response to immune checkpoint inhibitors in
both risk groups was explored using a subclass mapping
algorithm. The high-risk group was found to be more
responsive to anti-CTLA4 therapy. The mechanism of
correlation between m5C lncRNAs and immune infiltration/
response are to be further explored.

We also evaluated somatic mutation, CNVs, and response to
chemotherapeutic agents in different risk groups. IDH1, CIC,
NIPBL, and FUBP1 showed significantly higher mutation rates
in the low-risk group while EGFR, NF1, and PTEN showed
higher mutation rates in the high-risk group. Deletion on 1p and
19q was observed predominantly in the low-risk group. These
results conform to reports of better prognosis in patients with
IDH1 mutation or 1p19q codeletion. In predicting
chemotherapeutics response, we investigated agents including
Akt inhibitor A.443654, PI3K inhibitor AZD6482 and GDC0941
targeting pathways indicated in GSEA analysis. Results showed
that cases in the high-risk group were more responsive to the
drugs. Mechanism of the correlation between m5C LPS and
therapeutics response needs further research. Still, in vitro
validation of drug response experiments is needed to confirm
the predictions.

In summary, we report a lncRNA signature that may
contribute to stratification of LGG patients in their prognosis
and response to immune- and chemotherapies. There are
limitations to the current study including a restricted number
of cases in the validation set, lack of further in vitro and in vivo
studies into the correlations of m5C related lncRNAs with tumor
immune microenvironment, somatic mutation and CNVs.
However, the m5C-related lncRNA prognostic signature
should stimulate further laboratory research into the specific
lncRNAs from which it is composed, as well as potential
biomarker research using patient-derived tumor or
serum samples.
Frontiers in Oncology | www.frontiersin.org 13
DATA AVAILABILITY STATEMENT

Thedatasetspresented in this studycanbe foundinonlinerepositories.
Thenames of the repository/repositories and accessionnumber(s) can
be found in the article/Supplementary Material.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of Xiangya Hospital, Central
South University. The patients/participants provided their
written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

CL and LZ conceived and designed the study. HSZ, MM, ZW,
and HZ performed the data mining and statistical analyses. HSZ
drafted the initial manuscript. LZ, CL, and LY made critical
comments and revision for the initial manuscript. All authors
reviewed and approved the final manuscript.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.814742/
full#supplementary-material

Supplementary Figure 1 | Realtime-qPCR validation of relative expression of the
eight lncRNAs of m5C-related LPS in 27 LGG samples.

Supplementary Figure 2 | Relative expression of m5C LPS lncRNAs in IDH wild
type and IDH mutant samples.

Supplementary Figure 3 | Relative expression of m5C LPS lncRNAs in MGMT
promoter methylated and unmethylated samples.
FIGURE 9 | Predicted response of patients in TCGA dataset to chemotherapeutic agents in different risk groups.
March 2022 | Volume 12 | Article 814742

https://www.frontiersin.org/articles/10.3389/fonc.2022.814742/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.814742/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhou et al. m5C-Related lncRNAs in LGG
REFERENCES

1. Xu S, Tang L, Li X, Fan F, Liu Z. Immunotherapy for Glioma: Current
Management and Future Application. Cancer Lett (2020) 476:1–12. doi:
10.1016/j.canlet.2020.02.002

2. Squires JE, Patel HR, Nousch M, Sibbritt T, Humphreys DT, Parker BJ, et al.
Widespread Occurrence of 5-Methylcytosine in Human Coding and Non-
Coding RNA.Nucleic Acids Res (2012) 40(11):5023–33. doi: 10.1093/nar/gks144

3. Zhao BS, Roundtree IA, He C. Post-Transcriptional Gene Regulation by
mRNAModifications. Nat Rev Mol Cell Biol (2017) 18(1):31–42. doi: 10.1038/
nrm.2016.132

4. Shi H, Chai P, Jia R, Fan X. Novel Insight Into the Regulatory Roles of Diverse
RNA Modifications: Re-Defining the Bridge Between Transcription and
Translation. Mol Cancer (2020) 19(1):78. doi: 10.1186/s12943-020-01194-6

5. Bohnsack KE, Hobartner C, Bohnsack MT. Eukaryotic 5-Methylcytosine (M
(5)C) RNAMethyltransferases: Mechanisms, Cellular Functions, and Links to
Disease. Genes (Basel) (2019) 10(2):102. doi: 10.3390/genes10020102

6. Yang X, Yang Y, Sun BF, Chen TS, Xu JW, Lai WY, et al. 5-Methylcytosine
Promotes mRNA Export - NSUN2 as the Methyltransferase and ALYREF as
an M(5)C Reader. Cell Res (2017) 27(5):606–25. doi: 10.1038/cr.2017.55

7. Wang P, Wu M, Tu Z, Tao C, Hu Q, Li K. Identification of RNA: 5-
Methylcytosine Methyltransferases-Related Signature for Predicting Prognosis
in Glioma. Front Oncol (2020) 10:1119. doi: 10.3389/fonc.2020.01119

8. Chen X, Li A, Sun BF, Yang Y, Han YN, Yuan X, et al. 5-Methylcytosine
Promotes Pathogenesis of Bladder Cancer Through Stabilizing mRNAs. Nat
Cell Biol (2019) 21(8):978–90. doi: 10.1038/s41556-019-0361-y

9. Pan J, Huang Z, XuY.M5c-Related lncRNAs Predict Overall Survival of Patients
and Regulate the Tumor ImmuneMicroenvironment in LungAdenocarcinoma.
Front Cell Dev Biol (2021) 9:671821. doi: 10.3389/fcell.2021.671821

10. He Y, Yu X, Li J, Zhang Q, Zheng Q, Guo W. Role of M5c-Related Regulatory
Genes in the Diagnosis and Prognosis of Hepatocellular Carcinoma. Am J
Transl Res (2020) 12(3):912–22.

11. Rinn JL. lncRNAs: Linking RNA to Chromatin. Cold Spring Harb Perspect Biol
(2014) 6(8):a018614. doi: 10.1101/cshperspect.a018614

12. Bhan A, Soleimani M, Mandal SS. Long Noncoding RNA and Cancer: A New
Paradigm. Cancer Res (2017) 77(15):3965–81. doi: 10.1158/0008-5472.CAN-
16-2634

13. Han Y, Wu Z, Wu T, Huang Y, Cheng Z, Li X, et al. Tumor-Suppressive
Function of Long Noncoding RNA MALAT1 in Glioma Cells by
Downregulation of MMP2 and Inactivation of ERK/MAPK Signaling. Cell
Death Dis (2016) 7:e2123. doi: 10.1038/cddis.2015.407

14. Li Y, Li J, Luo M, Zhou C, Shi X, Yang W, et al. Novel Long Noncoding RNA
NMR Promotes Tumor Progression via NSUN2 and BPTF in Esophageal
Squamous Cell Carcinoma. Cancer Lett (2018) 430:57–66. doi: 10.1016/
j.canlet.2018.05.013

15. Sun Z, Xue S, Zhang M, Xu H, Hu X, Chen S, et al. Aberrant NSUN2-
Mediated M(5)C Modification of H19 lncRNA Is Associated With Poor
Differentiation of Hepatocellular Carcinoma. Oncogene (2020) 39(45):6906–
19. doi: 10.1038/s41388-020-01475-w

16. Newman AM, Steen CB, Liu CL, Gentles AJ, Chaudhuri AA, Scherer F, et al.
Determining Cell Type Abundance and Expression From Bulk Tissues With
Digital Cytometry. Nat Biotechnol (2019) 37(7):773–82. doi: 10.1038/s41587-
019-0114-2

17. RohW, Chen P-L, Reuben A, Spencer CN, Prieto PA, Miller JP, et al. Integrated
MolecularAnalysis of TumorBiopsies on SequentialCTLA-4 andPD-1Blockade
Reveals Markers of Response and Resistance. Sci Trans Med (2017) 9(379):
eaah3560. doi: 10.1126/scitranslmed.aah3560

18. Mermel CH, Schumacher SE, Hill B, Meyerson ML, Beroukhim R, Getz G.
GISTIC2.0 Facilitates Sensitive and Confident Localization of the Targets of
Focal Somatic Copy-Number Alteration in Human Cancers. Genome Biol
(2011) 12(41):R41. doi: 10.1186/gb-2011-12-4-r41

19. Reardon DA, Gokhale PC, Klein SR, Ligon KL, Rodig SJ, Ramkissoon SH,
et al. Glioblastoma Eradication Following Immune Checkpoint Blockade in an
Orthotopic, Immunocompetent Model. Cancer Immunol Res (2016) 4(2):124–
35. doi: 10.1158/2326-6066.CIR-15-0151

20. Hoshida Y, Brunet JP, Tamayo P, Golub TR, Mesirov JP. Subclass Mapping:
Identifying Common Subtypes in Independent Disease Data Sets. PloS One
(2007) 2(11):e1195. doi: 10.1371/journal.pone.0001195
Frontiers in Oncology | www.frontiersin.org 14
21. Omuro A, DeAngelis LM. Glioblastoma and Other Malignant Gliomas: A
Clinical Review. JAMA (2013) 310(17):1842–50. doi: 10.1001/
jama.2013.280319

22. Tian R, Li Y, Liu Q, Shu M. Identification and Validation of an Immune-
Associated RNA-Binding Proteins Signature to Predict Clinical Outcomes and
Therapeutic Responses in Glioma Patients. Cancers (Basel) (2021) 13(7):1730.
doi: 10.3390/cancers13071730

23. Zhang XN, Yang KD, Chen C, He ZC, Wang QH, Feng H, et al. Pericytes
Augment Glioblastoma Cell Resistance to Temozolomide Through CCL5-
CCR5 Paracrine Signaling. Cell Res (2021) 31(10):1072–87. doi: 10.1038/
s41422-021-00528-3

24. Morris LG, Veeriah S, Chan TA. Genetic Determinants at the Interface of
Cancer and Neurodegenerative Disease. Oncogene (2010) 29(24):3453–64.
doi: 10.1038/onc.2010.127

25. Jiang T, Nam DH, Ram Z, Poon WS, Wang J, Boldbaatar D, et al. Clinical
Practice Guidelines for the Management of Adult Diffuse Gliomas. Cancer
Lett (2021) 499:60–72. doi: 10.1016/j.canlet.2020.10.050

26. Luo C, Xu S, Dai G, Xiao Z, Chen L, Liu Z, et al. Tumor Treating Fields for
High-Grade Gliomas. BioMed Pharmacother (2020) 127:110193. doi: 10.1016/
j.biopha.2020.110193

27. Zhang L, Liu F, Weygant N, Zhang J, Hu P, Qin Z, et al. A Novel Integrated
System Using Patient-Derived Glioma Cerebral Organoids and Xenografts for
Disease Modeling and Drug Screening. Cancer Lett (2021) 500:87–97. doi:
10.1016/j.canlet.2020.12.013

28. Jakobsen T, Dahl M, Dimopoulos K, Grønbæk K, Kjems J, Kristensen LS.
Genome-Wide Circular RNA Expression Patterns Reflect Resistance to
Immunomodulatory Drugs in Multiple Myeloma Cells. Cancers (Basel)
(2021) 13(3):365. doi: 10.3390/cancers13030365

29. Hanniford D, Ulloa-Morales A, Karz A, Berzoti-Coelho MG, Moubarak RS,
Sánchez-Sendra B, et al. Epigenetic Silencing of CDR1as Drives IGF2BP3-
Mediated Melanoma Invasion and Metastasis. Cancer Cell (2020) 37(1):55–70
e15. doi: 10.1016/j.ccell.2019.12.007

30. Swain U, Friedlander G, Sehrawat U, Sarusi-Portuguez A, Rotkopf R, Ebert C,
et al. TENT4A Non-Canonical Poly(A) Polymerase Regulates DNA-Damage
Tolerance via Multiple Pathways That Are Mutated in Endometrial Cancer.
Int J Mol Sci (2021) 22(13):6957. doi: 10.3390/ijms22136957

31. HuW, Liu C, Bi ZY, Zhou Q, Zhang H, Li LL, et al. Comprehensive Landscape
of Extracellular Vesicle-Derived RNAs in Cancer Initiation, Progression,
Metastasis and Cancer Immunology. Mol Cancer (2020) 19(1):102. doi:
10.1186/s12943-020-01199-1

32. Liao Y, Zhang B, Zhang T, Zhang Y, Wang F. LncRNA GATA6-AS Promotes
Cancer Cell Proliferation and Inhibits Apoptosis in Glioma by
Downregulating lncRNA Tug1. Cancer Biother Radiopharm (2019) 34
(10):660–5. doi: 10.1089/cbr.2019.2830

33. Wang C, Qiu J, Chen S, Li Y, Hu H, Cai Y, et al. Prognostic Model and
Nomogram Construction Based on Autophagy Signatures in Lower Grade
Glioma. J Cell Physiol (2021) 236(1):235–48. doi: 10.1002/jcp.29837

34. Lin W, Wu S, Chen X, Ye Y, Weng Y, Pan Y, et al. Characterization of
Hypoxia Signature to Evaluate the Tumor Immune Microenvironment and
Predict Prognosis in Glioma Groups. Front Oncol (2020) 10:796. doi: 10.3389/
fonc.2020.00796

35. Xu J, Liu F, Li Y, Shen L. A 1p/19q Codeletion-Associated Immune Signature
for Predicting Lower Grade Glioma Prognosis. Cell Mol Neurobiol (2020). doi:
10.1007/s10571-020-00959-3

36. Yu H, Zhang D, Lian M. Identification of an Epigenetic Prognostic Signature
for Patients With Lower-Grade Gliomas. CNS Neurosci Ther (2021) 27
(4):470–83. doi: 10.1111/cns.13587

37. Zhang Y, Liu Q, Liao Q. Long Noncoding RNA: A Dazzling Dancer in Tumor
Immune Microenvironment. J Exp Clin Cancer Res (2020) 39(1):231. doi:
10.1186/s13046-020-01727-3

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
March 2022 | Volume 12 | Article 814742

https://doi.org/10.1016/j.canlet.2020.02.002
https://doi.org/10.1093/nar/gks144
https://doi.org/10.1038/nrm.2016.132
https://doi.org/10.1038/nrm.2016.132
https://doi.org/10.1186/s12943-020-01194-6
https://doi.org/10.3390/genes10020102
https://doi.org/10.1038/cr.2017.55
https://doi.org/10.3389/fonc.2020.01119
https://doi.org/10.1038/s41556-019-0361-y
https://doi.org/10.3389/fcell.2021.671821
https://doi.org/10.1101/cshperspect.a018614
https://doi.org/10.1158/0008-5472.CAN-16-2634
https://doi.org/10.1158/0008-5472.CAN-16-2634
https://doi.org/10.1038/cddis.2015.407
https://doi.org/10.1016/j.canlet.2018.05.013
https://doi.org/10.1016/j.canlet.2018.05.013
https://doi.org/10.1038/s41388-020-01475-w
https://doi.org/10.1038/s41587-019-0114-2
https://doi.org/10.1038/s41587-019-0114-2
https://doi.org/10.1126/scitranslmed.aah3560
https://doi.org/10.1186/gb-2011-12-4-r41
https://doi.org/10.1158/2326-6066.CIR-15-0151
https://doi.org/10.1371/journal.pone.0001195
https://doi.org/10.1001/jama.2013.280319
https://doi.org/10.1001/jama.2013.280319
https://doi.org/10.3390/cancers13071730
https://doi.org/10.1038/s41422-021-00528-3
https://doi.org/10.1038/s41422-021-00528-3
https://doi.org/10.1038/onc.2010.127
https://doi.org/10.1016/j.canlet.2020.10.050
https://doi.org/10.1016/j.biopha.2020.110193
https://doi.org/10.1016/j.biopha.2020.110193
https://doi.org/10.1016/j.canlet.2020.12.013
https://doi.org/10.3390/cancers13030365
https://doi.org/10.1016/j.ccell.2019.12.007
https://doi.org/10.3390/ijms22136957
https://doi.org/10.1186/s12943-020-01199-1
https://doi.org/10.1089/cbr.2019.2830
https://doi.org/10.1002/jcp.29837
https://doi.org/10.3389/fonc.2020.00796
https://doi.org/10.3389/fonc.2020.00796
https://doi.org/10.1007/s10571-020-00959-3
https://doi.org/10.1111/cns.13587
https://doi.org/10.1186/s13046-020-01727-3
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhou et al. m5C-Related lncRNAs in LGG
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhou, Meng, Wang, Zhang, Yang, Li and Zhang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
Frontiers in Oncology | www.frontiersin.org 15
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
March 2022 | Volume 12 | Article 814742

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Role of m5C-Related lncRNAs in Predicting Overall Prognosis and Regulating the Lower Grade Glioma Microenvironment
	Introduction
	Materials and Methods
	Data Acquisition and Preparation
	Identification of m5C-Related lncRNAs
	Construction of the Prognostic Signature
	Functional Analyses
	Estimation of Immune Infiltration, Somatic Mutation, CNVs and Prediction of Therapy Response
	Sample Collection
	RNA Extraction and rt-qPCR Analysis
	Statistical Analysis

	Results
	Construction of m5c-Related lncRNAs Signature in LGG Patients
	Evaluation and Validation of the m5C-Related lncRNAs Prognostic Signature
	Correlation of m5C-Related lncRNAs and Clinicopathological Features
	Construction of the Nomogram
	Functional Annotation of Low and High-Risk Groups
	Correlation of m5C-Related lncRNAs With the Glioma Tumor Microenvironment and Response to Immunotherapies
	Differential Somatic Mutations and Copy Number Variations in Different Risk Groups
	m5C-Related LPS in Prediction of Chemotherapeutics Response

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


