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Background: As a common primary intracranial tumor, the diagnosis and therapy

of low-grade glioma (LGG) remains a pivotal barrier. Cuproptosis, a new way

induces cell death, has attracted worldwide attention. However, the relationship

between cuproptosis and LGG remains unknown. Our study is all about finding out

if there are any genes related to coproptosis that can be used to predict the

outcome of LGG.

Methods: RNA data and clinical information were selected from Cancer Genome

Atlas (TCGA) datasets and the Genotype-Tissue Expression (GTEx), 5 lncRNAs

(GAS5.AS1, MYLK.AS1, AC142472.1, AC011346.1, AL359643.3) were identified by

Cox univariate and multivariate regression, as well as LASSO Cox regression. In the

training and test sets, a dual validation of the predictive signature comprised of

these 5 lncRNAs was undertaken. The findings demonstrate that the risk model is

able to predict the survival regression of LGG patients and has a good performance

in either the KM curve approach or the ROC curve. GO, GSEA and KEGG were

carried out to explore the possible molecular processes that affecting the

prognosis of LGG. The characteristics of immune microenvironment were

investigated by using CIBERSORT, ESTIMATE and ssGSEA.

Results: We identified five lncRNAs related with cuproptosis that were closely

associated with the prognosis of LGG and used these five lncRNAs to develop a risk

model. Using this risk model, LGG patients were then divided into high-risk and

low-risk groups. The two patient groups had significantly distinct survival

characteristics. Analyses of Gene Ontology (GO) and the Kyoto Encyclopedia of

Genes and Genomes (KEGG) revealed that the differential genes of the two patient

groups were primarily concentrated in neural active ligand-receptor interaction

and cytokine-cytokine receptor interaction. The ssGSEA score determined the

information related to immune infiltration, and the two groups were differentially

expressed in immune subpopulations such as T cells and B cells as well.

Conclusion: Our study discovered 5 cuproptosis-related lncRNAs which

contribute to predicting patients’ survival of LGG and provide ideas for the

exploration of new targets for LGG in the future.
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1 Introduction

According to the classification of the World Health Organization,

gliomas can be divided into I-IV grades based on the malignant

degree of tumor cells, of which grades II-III belong to LGG and grade

IV to glioblastoma (1). Glioblastoma is the most frequent malignant

intracerebral tumor, accounting for about 57% of all gliomas and 48%

of all primary malignant central nervous system tumors (2). Its

prognosis is poor, and the median survival time is less than two

years (3, 4). With better prognosis, the life expectancy of patients with

LGG is often more than 10 years. However, The natural history of

these tumors is marked by frequent recurrences, despite the fact that

the clinical course of the majority of tumors is initially benign (5).

Some patients will ultimately worsen, posing grave risks to human life

and health (4).

Since 2016, the World Health Organization (WHO) has added

molecular characteristics, such as 1p19q co-deletion, ATRX, TP53,

and IDH mutations, in the diagnostic categorization of LGG, offering

a more thorough and accurate diagnosis (6, 7). High frequencies of

epidermal growth factor receptor (EGFR) amplification (8), TERT

promoter mutation (9), and PTEN loss are characteristic in idh wild-

type glioblastomas (10). Because the presence of these distinctions

impacts the prognosis of LGG, the current therapeutic strategy is

deeply influenced by these molecular markers.

Cuproptosis is a unique type of cell death recently discovered (11,

12). Specifically, copper binds directly to the fatty components of the

tricarboxylic acid (TCA) cycle, resulting in the accumulation of

lipoproteins and the subsequent loss of Fe-S cluster proteins,

resulting in protein toxic stress and eventually cell death (13).

Recent studies have showed higher levels of copper in lots of

malignant tumors compared with normal tissues, such as breast

(14), lung (15), colorectal (16), oral (17) and bladder cancers (18).

Change of the copper protein levels may contributes to the growth or

invasion of tumor (19). Its specific mechanism includes stabilizing the

nuclear hypoxia-inducible factor-1 (HIF-1) (19, 20), which provides

help to subsequent angiogenesis, and ultimately leads to tumor

progression and metastasis.

Long non-coding RNA (LncRNA) have a significant role in the

control of gene expression and are also implicated in the regulation of

programmed cell death (PCD), including autophagy, apoptosis,

necrotizing apoptosis, and iron death, which impact the growth of

cancer cells in cancer patients (21). In recent years, the lncRNA-

constructed LGG prognostic model has demonstrated a degree of

success. Shengchao Xu and coworkers developed a model consisting

of 19 hypoxia-related lncRNAs that accurately predicts the prognosis

and treatment response of LGG patients (22). We developed a model

of cuproptosis-related lncRNAs with the purpose of better predicting

patient prognosis. Figure 1 depicts the workflow for this research.
02
2 Materials and methods

2.1 Data and resources

The transcriptome profiles and clinical characteristics of LGG

patients were retrieved from The Cancer Genome Atlas (TCGA,

https://www.tcga.org/) (23), and the transcriptional profiles of normal

brain tissues were collected from the Genotype-Tissue Expression

Project Database (GTEx, https://commonfund.nih.gov/GTEx). The

Counts type data are downloaded from the UCSC xena database

(http://xena.ucsc.edu/) (24). Data from patients without complete

clinical information were excluded from the study.
2.2 Identification of cuproptosis-
related lncRNAs

Firstly, the ‘LIMMA’ package (25) in R language (Version 4.1.0) is

utilized to pre-process. Then, using the limma software, adjust adj.P

values <0.05 and |logFC| > 1 condition, identify lncRNAs with

differential expression. Using “cuproptosis” as the key word, 13

related genes were selected from PubMed (https://pubmed.ncbi.

nlm.nih.gov/). Finally, by the Pearson correlation analysis (26)

(with a Correlation coefficient >0.7 and adjust P values <0.001), the

cuproptosis-related lncRNA is obtained. Protein-Protein Interaction

Networks (PPI, https://cn.string-db.org/) (27) was used to investigate

the interaction between these genes and lncRNAs.
2.3 Construction of a prognostic
cuproptosis-related lncRNA signature

523 LGG patients were randomly selected and divided into

training set and test set, in which the training set accounted for

70% and the test set accounted for 30%. According to their median

lncRNA expression, patients in the training set were separated into

two groups: high and low expressing individuals. When comparing

the median survival times of the two groups of patients, we drew KM

curves to see whether high or low lncRNA expression had an impact

on outcome (28). Univariate COX regression and LASSO regression

were used to the KM-curve-selected lncRNAs. The R packages

‘survminer’ and ‘glmnet’ (29) performed the aforementioned tasks.

We indicated that univariate and lasso Cox regression analyses were

useful in identifying candidate lncRNAs with prognostic significance

and reducing the impact of overfitting. Risk signatures were built after

a preliminary round of multivariate Cox regression analysis. Risk

score=on
1coefi ∗ xi (Coefi indicates the correlation coefficient of each

ferroptosisrelated signature, and X indicates the level of gene
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expression) was the formula used to determine the level of danger.

The median risk score was used to classify the training and testing sets

into high-risk and low-risk groups.
2.5 Independent prognostic value
of the signature

Then, we analyzed the signature’s predictive power by running

univariate and multivariate Cox regressions. The patients’ chances of

survival were also estimated using the risk score’s predictive

nomogram. The R package “survival” was used to calculate risk

scores and determine OS. The model’s accuracy was then assessed

with the use of the ROC (constructed using the ‘survminer’ package)

and Kaplan-Meier curves (generated by the ‘survivalROC’ package).

Dual validation was performed on the training set and the test set to

further assess the model’s prediction ability.
2.6 Enrichment analysis

Differentially expressed genes (DEGs) were identified between

low risk and high risk groups using the limma program in R (with

criteria of FDR< 0.05 and | log2 fold change (FC) | ≥1 or greater).

Among the many analytical tools available for functional annotation,

gene set enrichment analysis (GSEA) stands out as particularly

potent. It may be used to decode the expression profile of the whole

genome and investigate the connections between various cancer-

related, metabolic, transcriptional, and stress-related pathways and

activities. Get the HALLMARK genes set from the MSigDB database

(https://www.gsea-msigdb.org/GSEA/msigdb) (30), and then run a

GSEA analysis using the ‘GSVA’ program (P<0.05 and FDR<0.25) to

compare the high-risk and low-risk groups.
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To compare the DEGs of high-risk and low-risk groups, we used

the R tool ‘ClusterProfiler’ in conjunction with the KEGG and GO

databases (31). And infer its purpose from studies of gene sets. Several

biological activities and pathways are overrepresented in differentially

expressed genes between these two groups; we explore here whether

these could contribute to disparities in survival.
2.7 Landscape of immune cells infiltration

The “gsva” R package was used for single-sample gene set

enrichment analysis (ssGSEA) to assess the immune infiltration

status of LGG patients in various risk categories. Using the

CIBERSORT software (http://cibersort.stanford.edu/), estimate the

cell subgroup abundance by analyzing whole gene expression profiles

(32). Scores are produced using the ESTIMATE algorithm (https://

bioinformatics.mdanderson.org/public-software/estimate/) to

forecast the amount of infiltrating immune and stromal cells, which

serve as the foundation for inferring tumor immunity.
2.8 RNA extraction and rt-PCR

The U251 glioma cell line and human astrocyte cell line NHA

were purchased from Beyotime (Shanghai, China) and cultured in

Dulbecco’s Modified Eagle Medium (DMEM; Gibco, NY, USA)

containing 10% fetal bovine serum (FBS; Gibco, NY, USA),

penicillin (100 units/ml), and streptomycin (100 mg/ml) in a

humidified incubator maintained at 5% CO2 and 37° C. Extracted

total RNA from cell lines by using Universal RNA Extraction Kit

(Takara; Dalian, China). PrimeScript RT-PCR Kit and TB Green were

used for reverse transcription and relative lncRNA expression

assessment, respectively. Primer information is shown in Table 1.
FIGURE 1

The flow chart of data analysis.
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2.9 Statistical analysis

R software version 4.0.4 was used for data analysis. Unpaired

Student’s t test and Wilcoxon test were used to compare data

conforming to normal distribution and non-normal distribution,

respectively. p<0.05 was considered as the threshold for

statistical significance.
3 Results

3.1 Construction of a cuproptosis-related
lncRNAs prognostic model signature

Brain tissues from LGG patients and controls showed differential

expression for 2143 lncRNAs in TCGA (Figures 2A, B). From a search

of PubMed, we know that there are 13 genes involved in cuproptosis-

related genes: DLST, FDX1, LIAS, SLC31A1, LIPT1, ATP7A, DLD,

ATP7B, PDHB, and DBT (33, 34). The chosen genes were used to

create a correlation network map with differential expression

lncRNAs (Figure S1), from which 317 lncRNAs with cuproptosis-

related differential expression were extracted. Further confirming the

usefulness of these lncRNAs, KM curves were generated for 70% of

patients chosen from the TCGA database, and lncRNAs with minor

survival significance were omitted. Finally, 71 lncRNAs were

successfully extracted.

The lncRNAs identified in the preceding phase were subjected to

univariate and lasso regression analysis. In the univariate regression

analysis, 27 lncRNAs were discovered to be substantially related to OS
Frontiers in Oncology 04
(Figure 3A). In addition, LASSO regression analysis of these 27

lncRNAs removed 15 lncRNAs and yielded 12 lncRNAs associated

with cuproptosis (Figures 3B, C). These 12 lncRNAs underwent

multifactorial regression analysis, and a risk model for 5-cuproptosis-

related lncRNAs signature was developed (Figures 3D, E).
3.2 Validation of the prognostic model

Based on the risk scores, we plotted KM curves and time-

dependent ROC curves (Figures 4A–D) for the high-risk and low-

risk groups of patients in the training set and the test set (Figures 4A–

D). As seen in the graph, our model had a high predictive value at 1, 3,

and 5 years for both the training and validation sets (AUC were

greater than 0.75).

Subsequently, a predictive Nomogram was created, by this 5-

cuproptosis-related lncRNA signature (Figures 4E). This line graph

includes clinical characteristics such as age, gender, and grade. The

calibration curve showed that the Nomogram could accurately predict

the overall survival at 1, 3, and 5 years (Figure S2).
3.3 Functional enrichment analysis

GO enrichment and KEGG pathway were carried out to analysis

the possible molecular processes. Results showed that the differential

genes were mainly involved in signal pathways such as neuroreceptor-

ligand interaction, cytokine-cytokine interaction, and tumor

proteoglycan (Figures 5A, B). Subsequently GSEA analysis also

showed that the differential gene pathway was mainly concentrated

in MTORC1 signal pathway and apoptosis, KRAS signal pathway

(Figure 5C; Table S1).
3.4 Immune-related analysis of LGG patients

We employed the CIBERSORT and Estimate method to identify

immune cell infiltration in LGG patients, since the enrichment

analysis revealed that the association between cuproptosis and LGG
BA

FIGURE 2

The screening of differentially expressed lncRNAs lncRNAs. The volcano graph (A) and heatmap (B) showed that 1180 lncRNAs were down-regulated and
that 963 lncRNAs were up-regulated in tissues of LGG compared to normal tissues.
TABLE 1 Primer sequences.

lncRNA Primer

GAS5-AS1
Forward: 5’-TGTGCCCTTTATACCCACTTT-3’
Reverse: 5’-GCCCAACTAGTGATAGGCATTA-3’

MYLK-AS1
Forward: 5’-TTGCAGTGTTCAGCACTGGCAC-3’
Reverse: 5’-ATTCGACGACCAGTGTTTCAGT-3’

GAPDH
Forward: 5’-GGTGTGAACCATGAGAAGTATGA-3’
Reverse: 5’-GAGTCCTTCCACGATACCAAAG-3’
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is mostly reliant on the tumor inflammatory pathway. We used

CIBERSOR and Estimate algorithms to calculate the relative

proportion of 22 immune cells in each LGG patient. The

correlation analysis between risk score and the level of immune cell

infiltration showed that the infiltration degree of many immune cells

was different among subgroups (P< 0.05). The results showed that the

scores of monocytes and M1 macrophages and mast cells decreased in

the high-risk group (Figure 6).
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3.5 rt-PCR was used to verify the expression
of lncRNAs in glioma cell line

Among the 5 lncRNAs, AC142472.1, AC011346.1, and AL359643.3

lacked relevant studies, therefore MYLK.AS1 and GAS5.AS1, which have

been shown to be strongly associated with tumors in prior research, were

chosen. In the U251 cell line, the expressions of GAS5.AS1 andMYLK.AS1

were up-regulated and down-regulated, respectively (Figure 7).
B

C

D E

A

FIGURE 3

Construction of the prognostic cuproptosis-related lncRNAs signature for in the training set. (A) Based on univariate Cox regression analysis, 21 of the 71
cuproptosis-related lncRNAs were screened, as shown by the forest map. (B, C) Lasso regression analysis was used to further screen out 12 lncRNAs
based on 10-fold cross-validation. (D) Forest plot of 12 cuproptosis-related lncRNAs based on Multivariate Cox regression. (E) The riskscore distribution,
OS, and the Heat map of five lncRNAs of patients in the training set.
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4 Discussion

Low-grade gliomas are primary brain tumors that tend to occur in

young people. Common treatments include surgery and

chemotherapy, accompany with good prognosis and long survival

(35). But with our timely treatment, it will seriously affect the quality

of life. Therefore, new approaches to LGG diagnosis and treatment

are urgently needed.

Has a fundamental effect on biological processes (36), copper can

regulates several biological pathways based on external stimulation
Frontiers in Oncology 06
(37). The copper accumulation is closely related to tumor

proliferation and growth, angiogenesis, and metastasis (19, 37).

In this research, by analyzing the clinical data of LGG patients in

TCGA and combining it with coproptosis, we constructed 5

(GAS5.AS1, MYLK.AS1, AC142472.1, AC011346.1, AL359643.3)

cuproptosis-related lncRNAs prognostic models, analyzed and

predicted their clinical prognosis, and found the relationship

between them and tumor immunity.The discriminability and

precision of the developed lncRNA signatures were validated using

Kaplan-Meier survival analysis and area under the curve (AUC). The
B

C D

E

A

FIGURE 4

Verification the prognostic value of risk score. Kaplan-Meier curves of LGGs patients in the TCGA training cohort (A) and testing cohort (B). AUC values
at 1, 3, and 5 years in the TCGA training cohort (C) and testing cohort (D). (E) Nomogram integrating risk score and clinical variables predicts 1-, 3-, and
5-year OS probabilities.
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test set was then used to validate the risk model’s predictive value. The

prognostic model performed well in ROC curve analysis, with auc

values between 0.88 and 0.77. In addition, the risk score was

determined to be an independent risk factor. Thus, the model

demonstrated high clinical predictive value. In addition, the

signature consists of just five lncRNAs, making it more applicable

to clinical applications than previous signatures.

GAS5-AS1 is a down-regulated gene found in glioma tissues and

cells. Its high expression can inhibit the proliferation, migration, and

invasion of glioma cells. The expression of GAS5-AS1 is related to the

tumor grade of glioma and can be used as a new target for the

treatment and prognosis prediction of glioma (38). In glioma tissues

and cells, lncRNA GAS5-AS1 was repressed, whereas miR-106b-5p

was increased. Through the sponge effect, lncRNA GAS5-AS1 may

bind miR-106b-5p, therefore promoting the expression of its target

gene TUSC2 and inhibiting the growth and spread of glioma (38). In

addition, MYLK-AS1 has been found to promote the growth and

invasion of hepatocellular carcinoma cells through EGFR/HER2-

ERK1/2 signal pathway (39), At the same time, it can also target

miR-424-5p/E2F7 axis, activate VEGFR-2 signal pathway, and

promote tumor progression and angiogenesis (39), And promote

the invasion of nephroblastoma (40). Combined with our research, it

may help us to better understand the molecular mechanism of glioma

progression. Our research expands the field and provides a reference

and direction for their application in cuproptosis and LGG.
Frontiers in Oncology 07
Furthermore, based on the 5 lncRNA risk models developed, we

estimated the risk scores of LGG patients in the TCGA database and

categorized them into high-risk and low-risk groups. Then,

Enrichment Analysis was performed. GSEA analysis revealed that

the differences between the high-risk and low-risk groups were

primarily enriched in the mTORC1 signal, the KARS signal, and the

apoptosis. The mTOR pathway is an important regulator of cell

survival or proliferation and plays a central role in regulating many

basic cellular processes from protein synthesis to autophagy (41). It

has been reported that the expression of mTOR pathway is up-

regulated in GBM (42). At the same time, mTOR can promote the

differentiation and expansion of CD4+ FoxP3+ regulatory T cells

and CD8+ memory T cells, and inhibit CD8+ and CD4+ effector T

cells (43, 44). This is consistent with our findings in GSEA, but its

specific mechanism remains to be further studied, which provides a

reference research direction for cuproptosis-related genes to predict

the prognosis of LGG gliomas. Complex signaling cascades

stimulate RAS, which then activates downstream signaling

pathways to regulate a wide variety of cellular functions (45). The

KRAS gene, which is part of the RAS gene family, is tied with glioma

development and progression (46, 47). KRAS influences the

inflammatory milieu of cancer by activating the MAPK and PI3K

signaling pathways, which results in the release of additional IL-6/

IL-8 cytokines and cancer cell proliferation (48, 49). As for

apoptosis, it is inseparable with tumor and almost participates in

the whole process of tumor.
B

C

A

FIGURE 5

Functional analysis of DEGs. (A, B) GO and KEGG pathway enrichment analyses of DEGs in low-risk and high-risk groups. (C) In GSEA, the top 8
pathways or biological processes were sorted by P value.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1087762
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wen et al. 10.3389/fonc.2022.1087762

Frontiers in Oncology 08
Together, these studies support our findings, while there are still

many important questions remain unanswered. The specific

mechanism of coproptosis-related lncRNAs in LGG, and how they

affect tumor development by affecting immunity need more details.

Our data provides a direction and a certain possibility for the

treatment of LGG. But there are still certain limitations. Our sample

was based entirely on public databases with limited clinical evidence.

The prognostic model established in this study needs further

experimental verification.
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B

C

A

FIGURE 6

Immune infiltration analysis of DEGs. (A) Immune cell subpopulations in ssGSEA. (B) Different socres in high- and low-risk group. (C) Immune cell
subpopulations in CIBERSORT. *p < 0.05, **p < 0.01, and ***p < 0.001.
FIGURE 7

Validation of the expression level of GAS5.AS1 and MYLK.AS1 in cell
lines and tissues.
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