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A B S T R A C T   

Primary glioblastoma(pGBM) is the most malignant tumor of the central nervous system. 
Radiotherapy, chemotherapy and surgical treatment have little effect on the survival of pGBM 
patients. The prognosis is often poorly once the tumor recurs. It is urgent to develop new ther-
apies for patients. In recent years, studies have been clarified that miRNA have a powerful 
regulating effect on the genes. However, the main group of miRNAs in regulating long-term 
survival specific related genes of pGBM is still unclear. Given that the survival period of most 
glioma patients is relatively short, studying long-term survival patients with pGBM is of great 
value for this disease. Our study aim to identify key miRNAs with long-term survival related genes 
present in pGBM and uncover their potential mechanisms. The gene expression profiles of 
GSE53733, GSE15824, GSE30563, GSE50161 were obtained from the Gene Expression Omnibus 
database. Firstly, samples were divided into 3 groups according to its survival time and each 
group compare to the normal control group. Then we obtained differential expression genes 
(DEGs) with a long-term survival specific (LTSDEGs) and a short-term survival specific DEGs 
(STSDEGs). Next, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analysis were conducted with LTSDEGs and STSDEGs together. Moreover, we used the UALCAN 
database to verify LTSDEGs and STSDEGs, and obtained long-term verified survival specific DEGs 
(LTVSDEGs) and short-term verified survival specific DEGs(STVSDEGs). Finally, we established 
the predicted key miRNAs-LTVSDEGs interaction network. The protein expressions of the top 4 
LTVSDEGs were verified in the HPA database with immunohistochemical staining. In total, we 
found 260 genes changed in LTSDEGs and 822 genes changed in STSDEGs. GO and KEGG results 
shown that the major changes are focused on tumor metabolism. 9 LTVSDEGs and 18 STVSDEGs 
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were verified in UALCAN database. As for protein expression verification in top 4 LTVSDEGs, 
ZNF630, BLVRB and RPA3 were verified, while TPBG was not detected. We obtained 59 key 
miRNA from the predicted key miRNAs-LTVSDEGs interaction network. 25 key miRNAs were 
verified using GSE90603. Finally, we constructed the key miRNAs-LTVSDEGs network using a 
Sankey diagram, including 25 miRNAs and 7 LTVSDEGs. In conclusion, our study shows that 
there is a close relationship between metabolic changes and survival in pGBM. Besides, we 
established a key miRNAs-LTVSDEGs network for pGBM, which could be the key path in pro-
longing the life of pGBM patients.   

1. Introduction 

Glioma is the most common type of tumor in the central nervous system [1]. pGBM is one of the most malignant type of glioma [2, 
3]. The frequently-used methods of clinical treatment include radiotherapy, chemotherapy and surgical treatment [2,3]. Despite 
current clinical interventions, including radiotherapy, chemotherapy, and surgery, failing to substantially enhance patient survival 
rates, the disease remains a substantial societal and healthcare burden, with approximately 77,000 new diagnoses reported annually in 
the United States and Europe [2–5]. Unfortunately, the five-year survival rate for patients with pGBM is dismally low at < 3% [6,7]. 
While numerous studies have explored the relationship between microRNAs (miRNAs) and functional genes in pGBM, the identifi-
cation of a significant miRNA network linked to survival-related genes, particularly in the context of long-term survival, remains 
elusive [8–11]. Fortunately, advancements in gene microarray technology and the establishment of comprehensive network databases 
have facilitated the collection and analysis of extensive clinical data. Leveraging these resources, our present study aims to extract 
valuable information from diverse microarray datasets through bioinformatics analysis. The ultimate goal is to unveil a pivotal miRNA 
network influencing survival-related genes in pGBM. This research seeks to offer novel targets and strategies for the clinical treatment 
of pGBM. The overall analysis process of this project is shown in Fig. 1. 

2. Materials and methods 

2.1. Microarray data 

GSE53733, GSE15824, GSE30563 and GSE50161 were sourced from the GEO database(www.ncbi.nlm.nih.gov/geo/). All datasets 
were based on the Affymetrix GPL570 platform (Affymetrix Human Genome U133 Plus 2.0 Array). In total, 18 normal control samples 
obtained from GSE15824 (3 samples), GSE30563 (13 samples) and GSE50161 (2 samples), while 70 pGBM samples selected from 
GSE53733.The detail information is shown in Table S1. Based on data from the population of GBM patients, long-term survival is 
uncommon, and the median overall survival (OS) remains less than 12 months. Only a small percentage (3–5%) of GBM patients 
survive for more than 36 months. Therefore, pGBM samples in our study were divided into three groups: short-term survival group (ST; 
OS ≤ 12 months), intermediate survival group (IT; 12 months < OS < 36 months), and long-term survival group (LT; OS ≥ 36 months). 
Our grouping criteria are consistent with previous studies. pGBM samples included 16 ST samples, 31 IT samples, and 23 LT samples. 

2.2. Data quality control 

The “Affy” R package was employed for gene microarray quality control [12]. RNA degradation plots were generated using R to 
assess the uniformity and quality of the RNA extraction. A uniform curve with minimal error indicated good RNA quality, providing a 
solid foundation for the subsequent merging of the four datasets. 

2.3. Identification of DEGs 

Differentially expressed genes (DEGs) between 70 pGBM samples and 18 normal control samples were conducted by using “limma” 
R package [13]. The Affy package [12]and Robust Multichip Average [14]algorithm were applied to identify DEGs. We identified the 
long-term survival differentially expressed genes (LTDEGs) by comparing the LT group with the normal group. Similarly, the inter-
mediate survival differentially expressed genes (ISDEGs) were obtained by comparing the IS group with the normal group, and the 
short-term survival differentially expressed genes (STDEGs) were identified by comparing the ST group with the normal group. P <
0.05 and |Fold Change(FC)|> 2 were considered statistically significant. Heatmaps of top 10 regulated DEGs of each comparative 
group were generated using Morpheus online software (Morpheus, https://software.broadinstitute.org/morpheus). 

2.4. Venn diagram analysis for the DEGs 

A Venn diagram was generated using three previous DEGs results (LTDEGs, ITSDEGs, and STDEGs). Online tool “calculate and draw 
custom Venn diagrams” was utilized for drawing the diagram (http://bioinformatics.psb.ugent.be/webtools/Venn/). Among the venn 
diagram, we determined long-term survival specific differentially expressed genes (LTSDEGs) by excluding all overlapping genes from 
the LTDEGs. Similarly, the intermediate survival specific differentially expressed genes (ITSDEGs) were identified by excluding all 
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overlapping genes from the ITDEGs, and the short-term survival specific differentially expressed genes (STSDEGs) were obtained by 
excluding all overlapping genes from the STDEGs. 

2.5. GO and pathway enrichment analyses 

Gene Ontology (GO) analysis, a widely recognized method for annotating genes and gene products, was employed to identify 
characteristic biological attributes of transcriptome data or high-throughput genome [15,16]. The Kyoto Encyclopedia of Genes and 
Genomes (KEGG) (http://www.genome.jp/) database, a well-known resource for the systematic analysis of gene functions in bio-
logical pathways, was also utilized [17]. The gene lists of LTSDEGs and STSDEGs were together mapped to the relevant biological 
annotation using the DAVID online database (https://david.ncifcrf.gov/) [18,19]. DAVID is an easy online tool for gene functional 
analysis, offering the functionality to perform simultaneous GO and KEGG analysis. P < 0.05 was set as the threshold to indicate a 
statistically significant difference. 

Fig. 1. A flow chart displaying the screening process in this study. DEGs, differentially expressed genes; LTSDEGs, long-term survival specific 
differentially expressed genes; STSDEGs, short-term survival specific differentially expressed genes ; LTVSDEGs; long-term verified survival specific 
differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes. 
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Fig. 2. Data quality control of Microarray data.(A) The RNA degradation plot of 18 normal samples from GSE15824, GSE30563 and GSE50161; (B) 
The RNA degradation plot of 70 pGBM samples from GSE53733; (C) The RNA degradation plot of 18 normal and 70 pGBM samples. 
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2.6. Verification of survival related genes 

The LTSDEGs and the STSDEGs were put together into the UALCAN online database(http://ualcan.path.uab.edu) [20] to verify the 
authenticity of genes, and obtained long-term verified survival specific differentially expressed genes (LTVSDEGs) and short-term 
verified survival specific differentially expressed genes (STVSDEGs). All survival curves were conducted using the UALCAN data-
base. The UALCAN database contains data on 31 types of cancer. The algorithm construction of UALCAN was based on the TCGA level 
3 RNA-seq database. The LTSDEGs and STSDEGs were uploaded to explore their expression and prognostic value in GBM using the 
UALCAN database. Genes with insufficient data were automatically eliminated. P < 0.05 was considered to indicate a statistically 
significant difference. 

2.7. Verification of top 4 LTVSDEGs protein expression 

We use immunohistochemical staining database HPA (www.proteinatlas.org) [21]to verify the top 4 LTVSDEGs protein expression 
in human high-grade glioma. We compared the expression of each protein in both normal brain tissue and tumor tissue. 

2.8. Establishment of the predicted key miRNAs-LTVSDEGs interaction network 

Our miRNA network analysis was performed using the online microRNA database miRWalk (http://mirwalk.umm.uni-heidelberg. 
de/) [22]. The miRWalk database is a project of the Medical Research Center, a core scientific facility of the Medical Faculty Mannheim 
of the University of Heidelberg. Cytoscape software (version 3.4) [23] was used to conduct network visualization graphic analysis. We 
applied a filter to identify a significant LTVSDEGs-miRNAs network according to the degree between LTVSDEGs and their related 
miRNAs. The standard of node degree threshold was set between 7 and infinity, inclusive, ensuring that the threshold degree was 
higher than the lowest degree of LTVSDEGs. Subsequently, we excluded all LTVSDEGs from the selected nodes, establishing a 
miRNA-LTVSDEGs interaction network. 

2.9. Validation of the key miRNAs and construction of the key miRNAs-LTVSDEGs network 

The differential expression of the biomarkers was further confirmed in the testing dataset GSE90603 from the GEO database. The 
“limma” R package was applied to identify the DEGs between patients with pGBM and normal group. The “limma”, “pheatmap” and 
“ggplot2” R packages were used to create volcano plots, heatmaps and boxplot, respectively. The thresholds were |logFC| >0.263 (| 
FC| > 1.2) and P < 0.05. ROC curves of training and testing cohorts were computed and visualized by the “pROC” R package. P < 0.05 
was considered statistically significant. The validated key miRNAs-LTVSDEGs interaction network was displayed with Sankey diagram 
function by the “gglluvial” R packages. 

3. Results 

3.1. Microarray chip quality control 

The 70 pGBM samples (including LT, IT, and ST groups) were all extracted from GSE53733 and the 18 normal samples were 
obtained from the GSE15824, GSE30563 and GSE50161. Affy package in R software was utilized to perform quality control on all CEL 
files. The RNA degradation plot showed a good consistency in the slope of the line, signifying successful merging of the pGBM groups 
and the normal group (Fig. 2A–C). Additionally, all samples exhibited a lower numerical value at the 5’ end (Fig. 2A–C). 

3.2. Identification of DEGs 

By using limma package of the R software, three comparations were conducted between the LT group and the normal group, the ST 
group and the normal group, and the IT group and the normal group. The thresholds were |logFC| >2 and P < 0.05. Then, 5035 
LTDEGs, 5840 ITDEGs and 5698 STDEGs were identified, and the detail information was displayed in Table 1. Heatmaps of three group 
of top 10 regulated DEGs were generated using Morpheus online software. The results were shown in Fig. 3A–C. 

3.3. Venn diagram of three comparative groups 

Venn diagram of three comparative groups showed 3987 genes change in common. There were 260 LTSDEGs genes, 822 ITDEGs 

Table 1 
DEGs between tumor groups and normal group.  

Group Up-regulated genes Down-regulated genes Total account 

Long-term vs normal 2187 2848 5035 
Intermediate-term vs normal 3107 2733 5840 
Short-term vs normal 2099 3599 5698  
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and 740 STDEGs in the venn diagram (Fig. 4). Genes that were up-regulated and down-regulated in specific long-term survival group 
(LTSDEGs) and specific short-term survival group (STSDEGs) were counted separately. The results are displayed in Table .2. 

3.4. GO term enrichment analysis 

The online software DAVID was used to conduct GO categories and KEGG pathways analysis. All LTSDEGs and STSDEGs were 
together mapped to the database, and the figures were generated using ggplot2 package of R software. GO analysis indicated that the 
LTSDEGs and STSDEGs were significantly enriched in biological processes (BP), molecular function(MF) and cell components(CC). Top 
10 GO items of each category were shown according to the gene counts. The GO enriched in BP, including cellular respiration, res-
piratory electron transport chain and electron transport chain (Fig. 5A). In addition, with regards to CC, GO were enriched in mito-
chondrial membrane, mitochondrial envelope and mitochondrial inner membrane (Fig. 5B). As for MF, GO were enriched in structural 
constituent of ribosome, 4 iron, 4 sulfur cluster binding and hydrogen ion transmembrane transporter activity (Fig. 5C). 

3.5. KEGG pathway analysis 

All LTSDEGs and STSDEGs were together enriched pathways in KEGG database. A total of 12 pathways were enriched, with a P 
value cutoff of <0.05 set as a statistically significant threshold. The top 3 pathways of analysis identified were Huntington’s disease, 
Oxidative phosphorylation and Metabolic pathways. Results are displayed in full in Table .3. 

3.6. Verification of survival related genes by UALCAN database 

We upload all LTSDEGs and STSDEGs to the UALCAN to verify survival related genes. After analyzing gene expression level and its 
effect on the survival curve,we identified 9 genes in the LTVSDEGs and 18 genes in the STVSDEGs. Results are displayed in full in 
Table .4. Top 4 genes of each group were shown in Fig. 6A–D and Fig. 7A–D, based on their P values. 

3.7. Verification of top 4 LTVSDEGs by HPA database 

The expression of Top 4 LTVSDEGs were verified in the HPA http://www.proteinatlas.orgonline database. We compared the in-
tensity of immunohistochemical staining between normal tissue and tumor tissue. ZNF630, BLVRB and RPA3 were verified, while 
TPBG was not detected. Results were displayed in Fig. 8A–D. 

3.8. Establishment of the predicted key miRNAs-LTVSDEGs interaction network 

Through the analysis of Cytoscape software, we obtained 59 key miRNAs in total. Results were shown in Table .5. The entire 
miRNAs-LTVSDEGs interaction network was displayed in figs1 and the key miRNAs-LTVSDEGs interaction network was displayed in 
Fig. 9. 

Fig. 3. Heatmaps of top 10 regulated DEGs of each comparison group. red: up-regulation; blue: down-regulation. The value of expression intensity 
is based on the gene expression level analysis by R software. (A) Comparison of long-term survival tumor group with normal control group. (B) 
Comparison of intermediate-term survival tumor group with normal control group. (C)Comparison of short-term survival tumor group with normal 
control group. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 4. Venn diagram of three comparative groups(LTDEGs, ITSDEGs, and STDEGs). Long-term survival specific differentially expressed genes 
(LTSDEGs) by excluding all overlapping genes from the LTDEGs. Similarly, the intermediate survival specific differentially expressed genes (ITS-
DEGs) were identified by excluding all overlapping genes from the ITDEGs, and the short-term survival specific differentially expressed genes 
(STSDEGs) were obtained by excluding all overlapping genes from the STDEGs. 
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3.9. Validation of the key miRNAs and construction of the key miRNAs-LTVSDEGs network 

To verify the expression of the key miRNAs, we plotted the overall miRNA expression levels of the GSE90603 via volcano map and 
heatmap (Fig. 10A–B). The boxplot showed the statistical significance level of these miRNAs(Fig. 10C–D). Compared with Control 
group, 25 miRNAs exhibited abnormal expression in GBM. Among them, hsa-miR-6512-3p, hsa-miR-6817-3p, hsa-miR-6833-3p, hsa- 
miR-6809-3p, hsa-miR-6829-3p were up-regulated in GBM, while hsa-miR-7107-5p, hsa-miR-1910-3p, hsa-miR-198, hsa-miR-4446- 
3p, hsa-miR-6894-5p, hsa-miR-6893-5p, hsa-miR-6794-5p, hsa-miR-6891-5p, hsa-miR-197-5p, hsa-miR-6795-5p, hsa-miR-6797-5p, 
hsa-miR-3154, hsa-miR-936, hsa-miR-6747-5p, hsa-miR-504-5p, hsa-miR-6127, hsa-miR-6804-5p, hsa-miR-4657, hsa-miR-3934-5p, 
hsa-miR-4713-3p were down-regulated (Fig. 10C–D). The ROC curve was used to measure predictive utility, and it was discovered 
that these 25 miRNAs all had a remarkable distinguishing efficiency with a high AUC values (Fig. 11). 

Based on these 25 miRNAs and the predicted key miRNAs-LTVSDEGs interaction network, we finally constructed the key miRNAs- 
LTVSDEGs network by using Sankey diagram, including 25 miRNAs and 7 LTVSDEGs (Fig. 12). 

Table 2 
Statistics of specific DEGs of long-term survival group and short-term survival group of Venn diagram.  

Group Up-regulated genes Down-regulated genes Total account 

Specific Long-term survival group 76 184 260 
Specific Short-term survival group 149 676 822  

Fig. 5. Top 10 GO analysis of LTSDEGs and STSDEGs together with GBM. (A)Biological processes; (B)Cell components; (C) Molecular function.  
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Table 3 
KEGG pathway analysis of LTSDEGs and STSDEGs.  

Pathway 
ID 

Name Gene 
count 

% P value Genes 

hsa05016 Huntington’s disease 24 2.26 1.18E- 
04 

NDUFB4, CREB3, SLC25A5, NDUFA9, NDUFA7, COX8A, CYCS, COX4I1, NDUFC1, 
SOD1, VDAC2, POLR2C, DCTN4, COX6C, NDUFA11, PPIF, SDHB, EP300, GNAQ, 
ATP5C1, COX6B1, CREB3L4, PLCB1, NDUFS1 

hsa00190 Oxidative phosphorylation 19 1.79 1.40E- 
04 

NDUFB4, COX10, NDUFA9, ATP6AP1, NDUFA7, COX8A, COX4I1, NDUFC1, 
ATP6V1G1, COX6C, NDUFA11, ATP6V1C1, SDHB, ATP6V1E2, ATP5C1, COX6B1, 
ATP6V0A1, ATP5I, NDUFS1 

hsa01100 Metabolic pathways 90 8.49 2.48E- 
04 

IMPA1, GNPDA2, NT5C3B, HMGCR, COX10, ATP6AP1, SAT2, SYNJ1, LSS, PMVK, 
PDHB, CKB, GOT2, MTHFD2, ST3GAL5, ENOPH1, PDHA1, PLCB1, PTDSS1, ATP5I, 
AGPAT2, NDUFS1, MINPP1, PIK3C2B, POLE, CYCS, COX4I1, NDUFC1, PFKM, 
MAN1A1, LPIN1, NDUFA11, COQ6, COX6C, ATP6V1C1, MAN2A2, NME5, GLUL, 
ADO, SQLE, ATP5C1, PLA2G7, AOC3, NDUFB4, GCNT2, MVD, ENPP1, GLUD2, 
ST8SIA1, UPP1, UROS, ATP6V1G1, POLR2C, HADHB, GCH1, DCT, MUT, DGKB, 
PLA2G12A, COX6B1, ALDH4A1, GALE, UGT8, GALNT12, GAD1, DNMT3A, 
POLR3F, NOS1, MOCS2, ST6GAL2, MSMO1, POLR3H, NDUFA9, MAOA, MGAT4C, 
NDUFA7, COX8A, MCAT, EPHX2, FDPS, IDH3B, AMPD2, AMPD3, TST, SDHB, 
ATP6V1E2, ATP6V0A1, DPM3, GAMT, IDI1 

hsa05010 Alzheimer’s disease 19 1.79 0.0024 BID, NDUFB4, NOS1, NDUFA9, NDUFA7, COX8A, CYCS, COX4I1, BAD, NDUFC1, 
COX6C, NDUFA11, SDHB, GNAQ, RYR3, ATP5C1, COX6B1, PLCB1, NDUFS1 

hsa05012 Parkinson’s disease 16 1.51 0.0060 NDUFB4, NDUFA9, SLC25A5, NDUFA7, COX8A, CYCS, COX4I1, NDUFC1, VDAC2, 
COX6C, NDUFA11, PPIF, SDHB, ATP5C1, COX6B1, NDUFS1 

hsa05014 Amyotrophic lateral 
sclerosis (ALS) 

8 0.75 0.0132 BID, SLC1A2, NOS1, GRIA2, MAPK12, CYCS, BAD, SOD1 

hsa04932 Non-alcoholic fatty liver 
disease (NAFLD) 

15 1.42 0.0228 BID, NDUFB4, NDUFA9, NDUFA7, CYCS, COX8A, COX4I1, NDUFC1, DDIT3, 
COX6C, NDUFA11, SDHB, COX6B1, NDUFS1, PIK3R1 

hsa03050 Proteasome 7 0.66 0.239 PSMB10, PSMA1, PSMD14, PSMC6, PSMB6, PSMD12, PSMD8 
hsa00900 Terpenoid backbone 

biosynthesis 
5 0.47 0.0240 MVD, HMGCR, FDPS, PMVK, IDI1 

hsa04728 Dopaminergic synapse 13 1.23 0.0311 CREB3, MAOA, PPP2R5D, GRIA4, GNAQ, MAPK12, GRIA2, GNG10, CREB3L4, 
PPP2R5E, GNB3, PPP2R2B, PLCB1 

hsa00330 Arginine and proline 
metabolism 

7 0.66 0.0416 GOT2, NOS1, MAOA, SAT2, ALDH4A1, GAMT, CKB 

hsa01130 Biosynthesis of antibiotics 18 1.70 0.0447 MSMO1, MVD, HMGCR, FDPS, IDH3B, LSS, PFKM, AMPD2, AMPD3, PDHB, 
HADHB, GOT2, NME5, SDHB, SQLE, PLA2G7, PDHA1, IDI1  

Table 4 
Survival related genes of LTVSDEGs and STVSDEGs.  

Group Gene Name p value 

LTVSDEG BLVRB 0.028 
LTVSDEG FAM110C 0.047 
LTVSDEG FOSB 0.03 
LTVSDEG MGST1 0.041 
LTVSDEG RPA3 0.0093 
LTVSDEG SLC2A3 0.047 
LTVSDEG TPBG 0.0017 
LTVSDEG ULBP2 0.029 
LTVSDEG ZNF630 0.027 
STVSDEG ASCC1 0.022 
STVSDEG ATP1F1 0.015 
STVSDEG BAALC 0.025 
STVSDEG BBS10 0.0035 
STVSDEG CDC5L 0.049 
STVSDEG CHRNB2 0.049 
STVSDEG EP300 0.014 
STVSDEG FER1L4 0.0083 
STVSDEG GLUD2 0.013 
STVSDEG KCNT2 0.016 
STVSDEG MFF 0.034 
STVSDEG PFN2 0.04 
STVSDEG PPM1L 0.042 
STVSDEG RNF115 0.041 
STVSDEG RPL30 0.0047 
STVSDEG SF3A1 0.015 
STVSDEG ZNF708 0.012 
STVSDEG ZNRF3 0.037  
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4. Discussion 

GBM exhibits a high degree of heterogeneity, and variations in gene expressions play a crucial role in influencing the survival of 
GBM patients. In clinical practice, the vast majority of patients have a short survival time, and only a very small number of patients can 
observe long-term survival. Therefore, conducting research on GBM patients with long-term survival is of great clinical importance and 
scientific significance. In our study, we obtained a specific expression gene sets for long-term survival patients by analyzing the gene 
transcriptome expression database of clinical long-term survival patients. In recent years, research on miRNA has grown rapidly. The 
relationship between miRNA and tumors is constantly expounded. Some miRNAs have the potential to serve as diagnostic biomarkers, 
while others directly act on key genes involved in the disease [24,25]. Additionally, studies indicatedthat different ethnicities may 
exhibit differential expression of miRNAs in breast cancer [26]. The role of miRNAs in the disease, particularly in tumors, cannot be 
overlooked. In scientific research practice, there are an excessive number of miRNAs that can affect the specific expression of genes in 
long-term survival GBM patients, and it is imperative to pay attention to the network of key miRNA interactions. Constructing this 
network helps us gain a deeper understanding of the interfering mechanism of miRNA in GBM at the level of important gene sets such 
as LTVSDEGs. This process can identify new targets and miRNA target networks for intervention in GBM. 

Current research highlights the crucial role of miRNAs in various aspects of GBM, including growth, cell proliferation, cell cycle 
regulation, apoptosis, invasion, glioma stem cell behavior, angiogenesis, reversal of temozolomide resistance, and their potential as 
biomarkers for GBM diagnosis and treatment [27–29]. Despite the rapid development of medical technology in recent years, there is no 
obvious improvement in the overall survival of the GBM patient. At the same time, there are no research focus on the key 
miRNAs-LTVSDEGs network so far. Our study not only identified the key LTVSDEGs but also unveiled a key miRNAs-LTVSDEGs 
network in GBM. The miRNAs within this network may hold the key to influencing critical factors in the survival of cancer pa-
tients. This exploration of the miRNA-gene interaction network provides a novel perspective and opens avenues for further research to 
better understand the intricate mechanisms underlying the survival dynamics of glioblastoma patients. 

More concretely, we obtained predicted a key miRNAs-LTVSDEGs network, including 9 key LTVSDEGs and 59 key miRNAs. Also, 
we obtained 18 STVSDEGs at the same time. We use 2 type of databases to verify our results. Firstly, we used microarray data analysis 
to filter the specific gene in LT patients and ST patients. Then, we used RNA-seq based database to verify the data and filter out 3 genes 

Fig. 6. Top 4 genes related to survival of LTVSDEGs. (A)TPBG; (B)ZNF630; (C)BLVRB; (D)RPA3.  
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in LT patients and 19 genes in ST patiens. Finally, protein expression database was used to verify top 4 LTVSDEGs both in clinical 
normal tissue and tumor tissue. It is worth noting that in our verification, RPA3, ZNF630 and BLVRB was verified, but TPBG was not 
detected. Considering the limited number of samples in the database and RNA-seq data, we acknowledge that the possibility of 
verification is very large when data are abundant enough in the clinical staining database. 

On the other hand, we have made a summary of previous studies. A published study shown that polymorphisms in RPA3, com-
binating with previous reaserches, were associated with glioma developing in Chinese population [30]. Besides, there have been no 
studies focusing on TPBG, ZNF630 and BLVRB with GBM. Moreover, all LTSDEGs and STSDEGs were together conducted GO and 
KEGG analysis. Results showed that cellular respiration, respiratory electron transport chain, and electron transport chain were the 
most biological processes, while mitochondrial membrane, mitochondrial envelope and mitochondrial inner membrane were the most 
cell components biological processes. Molecular function mainly focused on structural constituent of ribosome, 4 iron, 4 sulfur cluster 
binding and hydrogen ion transmembrane transporter activity. The KEGG results showed that the process of diseasewas mainly 
concentrated on Huntington’s disease, Oxidative phosphorylation and Metabolic pathways. These findings not only inform us about 
the concentration of differences in tumors related to metabolic changes but also establish a significant connection with Huntington’s 
disease. As is well-known, Huntington’s disease is also a metabolic diseases of the central nervous system. The abnormality of nerve 
metabolism in Huntington’s disease may have same gene alternation with pGBM patient. For example, research demonstrated that 
mitochondrial SIRT3 was involved in neurodegenerative brain disorders including Huntington’s disease, and it also played an 
important role in glycolytic metabolism of GBM cells [31,32]. 

Finally, We obtained 59 key miRNA in key miRNAs-LTVSDEGs interaction network and conducted in-depth validation of this result 
using the GSE90603 dataset. Among the 25 miRNAs identified, which showed abnormal expression and good AUC value in GBM, and 
we further constructed the key miRNAs-LTVSDEGs network, including 25 miRNAs and 7 LTVSDEGs. This result indicated that these 25 
miRNAs are reliable. The expression levels of these miRNAs are highly correlated with the occurrence and development of diseases, 
especially the survival period of patients, possibly by affecting the expression levels of LTVSDEGs genes to enable patients to have a 
longer or shorter survival. Therefore, our analysis shown that the changes in the expression levels of these 25 miRNAs are strongly 
correlated with the occurrence and development of tumors, which names miR-6512-3p, miR-6817-3p, miR-6833-3p, miR-6809-3p, 
miR-6829-3p, miR-7107-5p, miR-1910-3p, miR-198, miR-4446-3p, miR-6894-5p, miR-6893-5p, miR-6794-5p, miR-6891-5p, miR- 
197-5p, miR-6795-5p, miR-6797-5p, miR-3154, miR-936, miR-6747-5p, miR-504-5p, miR-6127, miR-6804-5p, miR-4657, miR-3934- 

Fig. 7. Top 4 genes related to survival of STVSDEGs. (A) BBS10; (B)RPL30; (C)FER1L4; (D)ZNF708.  
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Fig. 8. Protein verification by Immunohistochemical staining. Image from The Human Protein Atlas(http://www.proteinatlas.org) (A)TPBG 
(https://www.proteinatlas.org/ENSG00000146242-TPBG/tissue/cerebral+cortex#img;https://www.proteinatlas.org/ENSG00000146242- 
TPBG/pathology/glioma#img); (B)ZNF630(https://www.proteinatlas.org/ENSG00000221994-ZNF630/tissue/cerebral+cortex#img;https:// 
www.proteinatlas.org/ENSG00000221994-ZNF630/pathology/glioma#img); (C) BLVRB(https://www.proteinatlas.org/ENSG00000090013- 
BLVRB/tissue/cerebral+cortex#img;https://www.proteinatlas.org/ENSG00000090013-BLVRB/pathology/glioma#img); (D)RPA3(https:// 
www.proteinatlas.org/ENSG00000106399-RPA3/tissue/cerebral+cortex#img;https://www.proteinatlas.org/ENSG00000106399-RPA3/ 
pathology/glioma#img). 

Table 5 
Key miRNAs in predicted miRNAs-LTVSDEGs interaction network.  

name Neighborhood Connectivity Number of Directed Edges 

hsa-miR-1910-3p 345.75 10 
hsa-miR-6826-3p 300.75 7 
hsa-miR-6127 388.67 15 
hsa-miR-936 389.75 9 
hsa-miR-3124-3p 439.50 10 
hsa-miR-6512-3p 694.00 7 
hsa-miR-6809-3p 262.50 7 
hsa-miR-4688 328.00 9 
hsa-miR-4446-3p 431.33 7 
hsa-miR-656-5p 447.33 8 
hsa-miR-4433a-3p 337.75 8 
hsa-miR-6891-5p 375.50 7 
hsa-miR-92a-2-5p 455.50 9 
hsa-miR-3934-5p 337.75 7 
hsa-miR-378g 381.75 9 
hsa-miR-7703 439.50 10 
hsa-miR-6747-5p 455.50 7 
hsa-miR-198 377.75 9 
hsa-miR-6804-5p 312.00 8 
hsa-miR-105-3p 439.50 7 
hsa-miR-6740-3p 365.33 11 
hsa-miR-197-5p 345.75 9 
hsa-miR-504-5p 463.50 7 
hsa-let-7b-3p 439.50 7 
hsa-miR-6829-3p 312.67 8 
hsa-miR-6794-5p 375.50 7 
hsa-miR-6817-3p 439.50 7 
hsa-miR-3154 288.25 7 
hsa-miR-6866-3p 455.50 8 
hsa-miR-6807-5p 439.50 10 
hsa-miR-6852-3p 201.00 7 
hsa-miR-6803-3p 312.67 9 
hsa-miR-6797-5p 388.67 8 
hsa-miR-6777-3p 376.50 7 
hsa-miR-4326 370.67 7 
hsa-miR-937-3p 431.33 9 
hsa-miR-6795-5p 439.50 8 
hsa-miR-6750-3p 439.50 10 
hsa-miR-6790-3p 439.50 7 
hsa-miR-5088-3p 439.50 8 
hsa-miR-7107-5p 447.33 7 
hsa-miR-6772-3p 439.50 8 
hsa-miR-6893-5p 230.50 9 
hsa-miR-4754 463.50 7 
hsa-miR-6748-3p 431.33 9 
hsa-miR-6894-5p 375.50 8 
hsa-miR-5010-3p 439.50 7 
hsa-miR-4725-5p 270.00 8 
hsa-miR-4713-3p 328.00 8 
hsa-miR-4732-5p 439.50 7 
hsa-miR-6849-3p 370.67 7 
hsa-miR-4667-3p 431.33 8 
hsa-miR-6728-3p 431.33 7 
hsa-miR-6841-3p 285.25 8 
hsa-miR-4657 388.67 8 
hsa-miR-3605-5p 455.50 7 
hsa-miR-6838-3p 381.33 13 
hsa-miR-6511a-3p 431.33 7 
hsa-miR-6833-3p 370.67 8  
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Fig. 9. The predicted key miRNAs-LTVSDEGs interaction network.  

L. Zhou et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e28439

15

5p, miR-4713-3p. Then, we retrieved the relationship between 25 key miRNA and cancer in the pubmed database. It is speculated that 
it also has a similar role in GBM and is worth further exploration since a series of studies have confirmed that these miRNAs have a 
significant impact on the occurrence and development of tumors. These studies are listed as follows: miR-6512-3p has ability as a 
sponge with genes such as CYTOR, SNHG7 and HOTTIP [33–35]. miR-6817-3p stabilizes Wnt2B through the mechanism of ceRNA 
combined with AC104041.1, thereby exerting anticancer effects [36]; miR-6833-3p regulates the tumorigenesis effect of colorectal 
through the LINC-ROR/miR-6833-3p/SMC4 axis [37]; miR-6809-3p, miR-6829-3p, and miR-6804-5p are one of the miRs targeting 
overexpressed genes in lung cancer [38]; miR-7107-5p and miR-6891-5p are one of the markers identified in endoscopic chol-
angiopancreatography for the treatment of bile in malignant biliary strictures [39]; miR-1910-3p in exosomes activates NF-kB pathway 
through MTMR3 to promote proliferation, metastasis and autophagy in breast cancer [40]; The miR198-CUL4B pathway mediates 
circMFN2 induced glycolysis in ovarian cancer and has sensitization effect in gemcitabine treatment of pancreatic cancer [41,42]; 
miR-4446-3p was found in the serum of colon adenocarcinoma patients and has diagnostic value [43]; miR-6894-5p promotes gastric 
cancer progression through the activation of circAFF2 [44]; miR-6794-5p participates in constructing a large-scale microRNA map 
detection model for esophageal squamous cell carcinoma [45]; miR-197-5p adsorbed by circ0125803 in glioblastoma can lead to 
tumor progression and it increases the anticancer cytotoxicity of HT1080 fibrosarcoma cells mediated by doxorubicin by reducing drug 
efflux [46,47]; miR-6795-5p is an important component of LINC01013-miR-6795-5p-FMNL3 axis regulation of liver cancer stem cell 
characteristics [48]; miR-3154 is one of the potential prognostic biomarkers for cervical cancer and it is one of the potential prognostic 
biomarkers for cervical cancer [49,50]; miR-936 mediates cell proliferation and invasion in glioma through the miR-936/ERBB4 axis 

Fig. 10. Validation of the key miRNAs. (A-B)Volcano plot of the differentially expressed miRNAs in the GSE90603 testing dataset; (C) Heatmap of 
the differentially expressed miRNAs in the GSE90603 testing dataset; (C–D) Boxplot and heatmap of the expression of key miRNAs in the GSE90603 
testing dataset. 
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and it mediate the acquisition of non androgen dependent prostate cancer metastasis phenotype when it lossed. It also targeting GPR78 
to regulate chemotherapy resistance in non-small cell lung cancer [51]; Down regulation of lincRNA DSCR9 delays breast cancer 
progression by regulating microRNA-504-5p-dependent G-protein-coupled receptor 65 [52]; The content of miR-6127 significantly 
increased in extracellular vesicles of metastatic colorectal cancer cell lines intervened by rapamycin [53]; EWI-2, located on the cell 

Fig. 11. ROC curve analysis of the 25 key miRNAs. A-Y ROC curve analysis of hsa-miR-6512-3p(A), hsa-miR-6817-3p(B), hsa-miR-6833-3p(C), hsa- 
miR-6809-3p(D), hsa-miR-6829-3p(E), hsa-miR-7107-5p(F), hsa-miR-1910-3p(G), hsa-miR-198(H), hsa-miR-4446-3p(I), hsa-miR-6894-5p(J), hsa- 
miR-6893-5p(K), hsa-miR-6794-5p(L), hsa-miR-6891-5p(M), hsa-miR-197-5p(N), hsa-miR-6795-5p(O), hsa-miR-6797-5p(P), hsa-miR-3154(Q), 
hsa-miR-936(R), hsa-miR-6747-5p(S), hsa-miR-504-5p(T), hsa-miR-6127(U), hsa-miR-6804-5p(V), hsa-miR-4657(W), hsa-miR-3934-5p(X) and 
hsa-miR-4713-3p(Y). 
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membrane and extracellular vesicles of miR-3934-5p, is a key molecule that regulates the distribution of miR-3934-5p and has the 
function of inhibiting prostate cancer cell metastasis [54]. In addition, miR-4713-3p is the most important miR that affects the 
expression of EPHX3 gene in head and neck squamous cell carcinoma, often leading to poor prognosis and tumor immune infiltration 
[55]. 

However, The complexity of the central nervous system and the presence of physiological disorders pose a significant scientific 
challenge in traditional drug delivery methods [56].Delivering miRNAs as mimetics or antagonists for GBM treatment is challenging 
due to their polyanionic properties, moderate in vivo stability, reduced absorption, adverse pharmacokinetic characteristics, high 
sensitivity to serum nucleases, rapid renal clearance, non-specific biological distribution, and limited ability to cross cell membranes, 
including the blood-brain barrier (BBB). Therefore, appropriate delivery systems are needed to address the aforementioned challenges 
to ensure appropriate features and promising results. Therefore, it is crucial to seek an effective and biocompatible delivery system that 
promotes nucleic acid penetration into specific areas of the brain without degradation [57].At present, the solution to this problem is to 
nanocrystallize drug formulations. For example, Liu et al. [58] developed polymeric nanoparticles to coload anti-miR-21 and miR-124 
mimics into the brain to efficiently treat GBM. Another study used solid lipid nanoparticles to deliver anti-miR-21 and pemetrexed for 
treating GBM therapy [59]. Teplyuk et al. [60] using the convection-enhanced delivery (CED) technique for the sustained release of 
anti miR-10b-containing nanoparticles for two weeks, via intracranial osmotic pumps and it mitigated the growth and development of 
GBM without observing any toxicity. 

There are several limitations to the current study. Firstly, gender, age, and others pathological factors of patients were not included 
in this study, which might be incorporated in future research. Moreover, our present study was based on bioinformatics analysis, and 
though we employed external datasets for validation, additional in vivo and in vitro research would be necessary to confirm the 
regulatory relationships in the key miRNAs-LTVSDEGs network of pGBM. 

Fig. 12. Sankey diagram displaying the key miRNAs-LTVSDEGs interaction network. Each rectangle represents a miRNA or mRNA, and the 
connection degree is visualized based on the size of the rectangle. 
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5. Conclusion 

Combine microarray database analysis with RNA-seq database verification of the our study provides a comprehensive analysis of 
survival related DEGs that may be involved in the progress of pGBM. The key miRNAs-LTVSDEGs interaction network provides a set of 
important miRNA targets for future investigation into the molecular mechanisms and prognostic biomarkers involved in pGBM. With 
the development of research, more functions of miRNA in pGBM will be clarified and it may be the key node to lengthens the quality of 
life and survival time. 
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