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Background: Brain tumours are the most common solid tumour in children and are a cause of mortality in 
adults. Most cases of brain tumour-related death are attributed to glioblastoma (GBM), with an elevated rate 
for high-grade glioma (HGG). Showing strong heterogeneity, the lesion location, molecule expression and 
type of HGG differ between adults and children. However, with regard to pathogenesis, brain tumours are 
expected to have the same underlying molecular processes. 
Methods: In this study, we obtained data from the Gene Expression Omnibus (GEO) database to analyse 
molecular expression in HGG between adults and children. The same and different mutations were 
identified in these groups, and the genes involved were compared using Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis. Molecular analysis revealed the same trend of differences between 
children and adults, which was verified in The Cancer Genome Atlas (TCGA). 
Results: A total of 12 microarrays including 455 HGG patients were screened. Through a rigorous 
intersecting process, we identified miR-10a, miR-10b, and miR-139 as having common differences, as well as 
6 target genes, such as CDK6, SOX4 and VEGFA, etc. And 12 long noncoding RNAs (lncRNAs). 
Conclusions: We identified that these key molecules are involved in development and progression of 
HGG between adults and children. The findings provide a comprehensive description of the similarities 
in advanced diseases between adults and children and molecular diagnostic directions for precision small-
molecule medicine to treat HGG in different age populations.
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Introduction

Glioma is a solid tumour with a high incidence rate. 
Furthermore, high-grade glioma (HGG) is considered 
to be one of the most malignant gliomas due to its 
strong degree of differentiation, invasion and migration. 

HGG exhibits much heterogeneity (1) between adults 
and children, as reflected in many aspects. For example, 
tumours in children involve the entire brain, including the 
cerebellum, brainstem, and diencephalon, whereas more 
than 75% of adults are mostly affected in the supratentorial  
compartment (2). Regarding treatment, surgery with 
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radiotherapy and chemotherapy is the standard treatment 
for HGG patients. Diagnosis methods mainly depend 
on imaging techniques, including computed tomography 
(CT), perfusion magnetic resonance imaging, radioisotope 
scanning (γ-ray brain imaging), ultrasound cerebrospinal 
fluid (CSF) examination and postoperative pathological 
analysis of craniotomy. Despite the heterogeneity in HGG, 
finding clear differences between adults and children for 
treatment and diagnostics is difficult (3). Moreover, the 
special location of the tumour makes surgery and diagnosis 
inconvenient. Overall, differentially expressed factors in 
children and adults have profound significance in clinical 
applications for HGG. In this study, we focused on common 
molecules expressed in HGG between children and adults.

MicroRNAs comprise a family of small non-coding 
RNA molecules of 18–25 nucleotides that participate in 
post-transcriptional gene regulation. Much data show that 
miRNA signatures can refine glioblastoma classification, 
differentiate GBM subclasses, as well as provide regulatory 
links regarding disrupted signalling pathways (4). It has 
been shown that miRNAs are integrally involved in the 
development and progression of HGG. Indeed, they are 
essential regulators of many key pathways, such as Wnt 
signalling, and they have been implicated in tumour 
pathogenesis. Because miRNAs have been shown to play 
crucial roles in HGG progression, invasion, tumour growth, 
and therapy responses, it is very likely that some miRNAs 
may be useful biomarkers for patients with brain tumours. 
Long non-coding RNA (lncRNA) is a type of RNA more 
than 200 nucleotides in length that does not have the ability 
to a encode protein. The functions of lncRNAs include 
chromatin remodelling, transcriptional control, and post-
transcriptional processing. Abnormal expression of lncRNAs 
is related to the progression of glioma, and their role in 
cancer is usually achieved via the regulation of miRNA. 
For example, upregulation of lncRNA HOXA-AS3 (5)  
promotes tumour progression of glioma and predicts a poor 
prognosis. By inhibiting miR-29a, lncRNA H19 regulates 
the angiogenesis of gliomas and the biological behaviour of 
endothelial cells associated with gliomas. High expression 
of LINC00152 is associated with tumour grade and poor 
prognosis in patients with HGG (6). These findings 
highlight the important role of lncRNAs in gliomas and 
may provide a potential therapeutic target for HGG. 
Additionally, differential expression of some molecules in 
GBM fields, such as IDH1 and MGMT, has been observed, 

with significant mutations in adults with HGG but not 
in children. Histone H3 is frequently mutated in children 
with HGG but rarely in adults with HGG (7,8). Studies 
have also reported that expression of EZH2 (9), WEE1 (10) 
and other genes is significantly higher in both adults and 
children with HGG. All of the above studies support that 
in HGG, various mutations may be unique and/or shared 
between adults and children.

Based on this clinical phenomenon, we comprehensively 
analysed the molecular expression similarities and differences 
between the two populations from the perspective of 
bioinformatics. Although there are some reports on 
differences between adult and paediatric gliomas, there is 
no systematic summary and analysis of molecular expression 
occurring in HGG or the possible significance of differences 
between adults and children (11), including differences in 
genes, miRNAs and lncRNAs. Moreover, differences in 
the clinical diagnosis and treatment (12) have not yet been 
considered, and expression differences between adults and 
children and the possible significance of these differences 
in HGG diagnosis have not been clearly explained in detail. 
In this study, we analysed and integrated sequencing data 
obtained from the Gene Expression Omnibus (GEO) 
database, prepared a detailed list and found differences in 
miRNAs and genes between adults and children, as well as the 
differences in lncRNAs among adults. Ultimately, 14 genes, 2 
miRNAs, and lncRNAs that were upregulated and 17 genes, 
8 miRNAs, and 8 lncRNAs that were downregulated were 
found to be involved in the same changes between adults 
and children. Different genes and miRNAs between adults 
and children were independently analysed; we examined the 
independent biological processes in which they are involved 
and the significance of differences. These hallmark findings 
extend our knowledge of HGG in children and adults. Here, 
we discuss possible roles in tumour biology and the current 
understanding of how these findings may translate into new 
diagnostic approaches.

Methods

Microarray analysis

Three types of chips, including gene, miRNA, and lncRNA 
chips, were used. Microarray data were analysed using 
GEO2R software (https://www.ncbi.nlm.nih.gov/geo/
geo2r/). Set the two groups as HGG group and normal 
group, put the corresponding samples into the group 

http://www.ncbi.nlm.nih.gov/geo/geo2r/)
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for comparison analysis, For all experimental groups, 
differential expression was identified by a significance level 
of P<0.05 or |logFC| ≥2. For details, see Table 1.

Functional enrichment analysis

Gene function annotation was performed using Database 
for Annotation, Visualization and Integrated Discovery v.6.8 
(DAVID v.6.8) to complement Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway and Gene Ontology 
(GO) analyses. GO analysis was limited to biological process 
terms; organization and visualization were achieved using 
the ClueGO and CluePedia plugin of the Cytoscape (v.3.5.1) 
platform. GO terms were connected based on overlap of 
shared genes and grouped by functional similarity.

LncRNA-microRNA-gene interaction network

To further elucidate correlations between genes, microRNA 
and lncRNA, potential interaction analyses were conducted. 
We obtained chips data from the GEO database and target 
genes from online software miRSystem (http://mirsystem.
cgm.ntu.edu.tw/index.php), a database that integrates seven 
well-known miRNA target gene prediction programs: 
DIANA, miRanda, miRBridge, PicTar, PITA, rna22, and 
TargetScan. the prediction condition use Hit=3. We also 
obtained target lncRNAs from DIANA-LncBase V.2 (http://
carolina.imis.athena-innovation.gr/diana_tools/web/index.
php?r=lncbasev2%2Findex). Finally, we used Cytoscape 
to visualize relationships among genes, microRNAs and 
lncRNAs. To further elucidate correlations between genes, 

microRNAs and lncRNAs, maps were drawn network 
construction and analysis with Cytoscape. Information 
on protein-protein interactions (PPIs) was derived from 
Search Tool for the Retrieval of Interacting Genes/Proteins 
(https://string-db.org/). Only experimentally validated 
interactions with a score ≥0.4 were used.

Data download from TCGA and survival analysis in R

We utilized TCGA data for verification and R for data 
analysis. Log in to the TCGA database (https://www.
cancer.gov/about-nci/organization/ccg/research/structural-
genomics/tcga) online website, enter the “Launch Data 
Portal” interface, and download the four files “MANIFEST, 
Cart, metadata, clinical”. Using the CMD command under 
the windows system download the “MANIFEST” file or use 
download software gdc-transfer tool, download the mRNA 
and miRNA expression profile data of 517 samples of 
GBM. From TCGA download the original transcript files 
and clinical information files containing genes. Then, Perl 
script was used to analyse the original data. Next download 
the R package “edgeR” at website https://bioconductor.
org/biocLite.R. The “edge R” package was employed to 
standardize expression data; clinical data. Use the perl script 
to parse out the sample survival time information in the 
“clinical” file. In the R system, use the “hash” package to 
integrate the survival time with the expression data to form 
the basic data for survival analysis. Then use the R package 
“survival” to get a PDF file of the survival curve. The 
clinical survival time was related to the expression value, and 
P<0.05 was considered statistically significant.

Table 1 Chips data source information

Adults (samples age =18–89) Children (samples age =0–18)

mRNA mRNA

GSE2223 (31 HGG + 4 normal) GSE26576 (2 HGG + 2 normal)

GSE4290 (77 HGG + 23 normal) GSE86574 (12 HGG + 2 normal)

GSE66354 (7 HGG + 13 normal)

GSE68848 (132 HGG + 24 normal)

miRNA miRNA

GSE25632 (78 HGG + 5 normal) GSE25632 (4 HGG + 5 normal)

GSE61710 (4 HGG + 1 normal) GSE42657 (5 HGG + 7 normal)

GSE63319 (11 HGG + 4 normal)

HGG, high-grade glioma.

http://mirsystem.cgm.ntu.edu.tw/index.php),
http://mirsystem.cgm.ntu.edu.tw/index.php),
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Hub genes and miRNAs expression differences in cancerous 
and paracancerous tissues 

We obtained data from TCGA, use the perl script to 
integrate all the data in one file and convert the gene name 
in the form of TCGA to the ensembl website (http://asia.
ensembl.org/index.html). The  conventional gene name 
form in the downloaded “Homo_sapiens.GRCh38.93.
chr.gtf.gz” file. Under the R system, “edgeR” was used to 
decompose the mRNA/miRNA files with differential up/
down regulation and a corrected expression profile file 
“normalizeExp”. The “normalizeExp” file is a file necessary 
for our analysis of expression differences and survival curve 
statistics. After identifying hub genes, scatter graphs were 
generated using Graphpad Prism7.

Statistical analysis 

Statistical analysis of the data was performed using 
GraphPad Prism 7.0 software. Data are presented as the 
mean ± SEM. Statistical comparisons among multiple 
groups were performed using ANOVA with the Holms-
Sidak post hoc test; P<0.05 was considered statistically 
significant. Differences between two groups were assessed 
using Student’s t-test. Hub gene validation was performed 
using the t-test.

Results 

Chip analyses 

We screened 6 mRNA chips, including those for adults 
and children, as well as 5 miRNA chips and 1 lncRNA chip 
under certain conditions. Then take intersection which 
classified according to the up-down regulation of the 
expression. The classified miRNAs that were upregulated 
based on adult-to-child differences were used to predict 
target genes and then intersected with downregulated genes 
in the chips, and vice versa. The downregulated genes 
were used to cross-validate the target genes predicted by 
upregulated miRNAs in children and adults. These genes 
were then evaluated by GO, KEGG, and PPI network 
analyses, and hub genes were obtained. the most statistically 
significant core genes as well as miRNAs were verified in 
TCGA. The lncRNAs predicted by the most upregulated 
miRNAs were compared with downregulated lncRNAs 
in the lncRNA chip. Conversely, lncRNAs predicted by 
downregulated core miRNAs were compared with the 
lncRNAs upregulated in the lncRNA chip (see the flow 

Figure 1).

Differential analysis of mRNA and miRNA expression 
profiles between adults and children

We used the GEO2R tool in the GEO database to screen for 
differentially expressed genes and miRNAs between HGG 
and normal tissues (Table 1). After screening these chips, we 
found 5,287 genes and 20 miRNAs that were differentially 
expressed in adults; 6,022 genes and 47 miRNAs were 
differentially expressed in children. We used a heatmap 
to visualize miRNA expression in adults (Figure 2A) and 
then intersected all the miRNA chips data from adults 
which were classified according to logFC value is positive 
or negative. The resut shows 7 upregulated miRNAs and 
13 downregulated miRNAs (Figure 2B). The results from 
the adult chips showed that 228 upregulated genes and 627 
downregulated genes. Similarly, we visualized miRNAs in 
children using heatmap (Figure 2C). And the results from 
the chips for children revealed 268 upregulated genes and 
458 downregulated genes (Figure 2D) and 9 upregulated 
miRNAs and 38 downregulated miRNAs (Tables 2-4).

Prediction of miRNA target genes and relationships with 
genes on the chips

According to the competing endogenous RNA (ceRNA) 
hypothesis, we predicted the target genes of differential 
miRNAs using the online software miRSystem. First, 
we obtained intersecting elements using the upregulated 
miRNAs to predict target genes with downregulated genes 
based on chip data. We also used downregulated miRNAs 
to predict target genes with upregulated genes from the 
complete intersecting chip data. This method was applied 
equally to adults and children for data processing. The 
intersection of the data for the adults and children was used 
to obtain the intersection again. Next, we used co-up- or 
co-downregulated microRNAs based on the data for both 
the adults and children to predict target genes. Finally, to 
obtain genes involved in HGG in both adults and children, 
we took the second and third times of the intersection. The 
same approach was used to identify individual components 
for adults and children with HGG. Eventually, we obtained 
miRNAs and their target genes that were differentially 
expressed according to chip data for both adults and 
children, miRNAs with their target genes that were 
differentially expressed only according to the adult data, and 
the target genes of miRNAs with child-specific differences. 
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It is worth noting that these target genes were all 
present in mRNA chips that we previously screened. 
There were 22 common terms between the upregulated 
miRNAs and predicted genes and the downregulated 
genes from the microarray. Correspondingly, there were 
13 common terms between the downregulated miRNAs 
and predicted genes and the upregulated expression genes 
from the microarray (Figure 3A). We obtained 5 upregulated 
and 6 downregulated miRNAs and 26 upregulated and 
68 downregulated independent adult networks (Figure 3B) 
and one independent child network (Figure 3C). Details are 
shown in Tables 2-4. 

Enrichment analysis of biological processes for the three 
groups

Through a complex process of identifying intersections, 
we obtained common differences for 21 genes, including 
13 upregulated and 8 downregulated genes, between 
adults and children. This step was repeated, and we found 
children-specific differences in 111 genes (41 upregulated 
and 70 downregulated) and adult-specific differences in 
94 genes (26 upregulated and 68 downregulated). We 
sorted and grouped these genes based on expression values 
(plus or minus) with the plug-in ClueGO+CluePedia in 
Cytoscape 3.5.1 for biological process analysis. The results 

Figure 1 The entire data processing and analysis flow chart. We screened genes and miRNAs that differed between adults and children, and 
then differentiated them by up-regulation. Then we predicted the genes by differential miRNAs, and then interpret the predicted genes and 
the differential genes in the chip, and then proceeded to them. KEGG, PPI, and survival analysis; find the hub gene through these processes, 
and then use the core miRNA to predict the lncRNA and then intersect with the difference lncRNA in the chip, and finally form a visual 
network diagram. KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein interaction.
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showed the co-upregulated genes to be mainly associated 
with axon extension, positive regulation of cell migration 
related to neovascularization, positive regulation of cell 
attachment and assembly, positive regulation of cell 
matrix adhesion, and regulation of retinal ganglion cell 
axon induction. The common downregulated genes were 
mainly concentrated in regulation of neuronal action 
potential, cardiac action potential regulation and cell 
reaction to magnesium ions (Figure 4A,B). The child-

specific upregulated genes are related to active regulation 
of ossification, response to transformed growth factors, 
regulation of osteoblast differentiation, embryonic limb 
morphology, and transformation of growth factor receptor 
signalling pathways. 

The child-specific downregulated genes are mainly 
involved in regulating synaptic assembly, activating JUN 
kinase activity, positive regulation of neuron death, and 
synaptic vesicular circulation (Figure 4C,D). The adult-

Figure 2 Differential miRNA and mRNA expression. (A) Shows the difference of miRNA expression in the adult chips. Green shows a 
miRNA negative expression, while the red indicates expression positive difference. (B) Intersection of up-regulated and down-regulated 
mRNA chips in adults. such as, we get 7 up-regulated miRNAs and 13 down-regulated miRNAs. (C) Shows the difference of miRNA 
expression in the children chips. (D) Intersection of up-regulated and down-regulated genes of children. *, if the two arms of a miRNA 
precursor can be processed to generate miRNA respectively, according to the results of cloning experiments, add “*” to the miRNA with 
lower expression level, such as miR-21*.
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specific upregulated genes are mainly involved in negative 
regulation of endothelial cell migration, positive 
regulation of mesenchymal cell proliferation and positive 
regulation of smooth signalling pathway. The adult-specific 
downregulated genes are associated with in adenosine cell 
activation of the G protein-coupled receptor signalling 
pathway, social behaviour, regulation of synaptic plasticity 
and dendritic spine morphology (Figure 4E,F).

PPI and KEGG pathway enrichment analyses for the three 
groups

Based on the prediction results, HGG differs between 
adults and children. Downregulated genes are mainly 
involved in the neuroactive ligand-receptor interaction, 
cocaine addiction, and nicotine addiction. The main genes 
that are predicted to participate in neuroactive ligand-
receptor interactions are GABRB2, GRIN3A, and GRM3. 
The cocaine addiction pathway is mainly regulated by 
GABRB2, GRM3 and GABRB2, and GRIN3A is enriched 
in the nicotine addiction pathway. These co-upregulated 
genes are mainly regulated by CDK6, SOX4 and VEGFA, 
which play a role in the pathway “microRNAs in cancer 
(Figure 5A). The co-downregulated genes regulated by 

highly expressed miRNAs in adult HGG are related to 
the synapse, synapse part and cell junction. Representative 
genes are ATP2B1, BAIAP2, BDNF, and CBLN4. We also 
found co-upregulated genes enriched in adult HGG to be 
CD44, COL1A1, COL1A2, COL3A1, FN1, and HOXD10, 
which participate in the ECM-receptor interaction, focal 
adhesion, protein digestion and absorption, proteoglycans 
in cancer, platelet activation and the PI3K-Akt signalling 
pathway. And pathway “microRNAs in cancer” was found 
for adult HGG, involving three genes: CD44, HOXD10 
and KIF23. This result is different from the above pathway 
“microRNAs in cancer” (Figure 5B). The particular genes 
regulated by low-expressed miRNAs among paediatric 
HGG are mainly involved in the synaptic vesicle cycle 
pathway, including SNAP25, SYT1, and UNC13C. One 
finding that attracted our attention was that CCND2, 
LIMD1, TEAD1, TGFB2, and WNT5A associated with 
highly expressed genes mediating Hippo signalling were 
only identified in paediatric HGG (Figure 5C).

Validation of hub genes in both children and adults in The 
Cancer Genome Atlas (TCGA) database

We verified in the TCGA database the genes identified by 

Table 3 The details intersection of adults independent miRNAs predicted target genes and chip genes 

Up-regulated genes Down-regulated genes

FZD7, ANXA2, FN1, NAMPT, MEOX2, EMP1, ADAM12, 
TGIF1, COL3A1, HOXA10, KIF23, COL1A1, LMNB1, 
HOXD10, LOX, KLHDC8A, SP100, FANCI, PRRX1, 
COL1A2, FAM46A, SHOX2, CD44, CHI3L1, SLAMF8, 
SYTL4

BCL11A, MAPK10, CASKIN1, GABRG2, VSNL1, RGS7BP, CNKSR2, SLC17A7, 
FGF13, ELAVL4, ELAVL2, CHGA, GNAI1, HOOK1, KCNJ3, LDB2, ATP2B1, 
SHANK2, KIAA2022, L1CAM, CCDC85A, NEGR1, NMNAT2, NRXN3, PSD3, 
RASGEF1A, RGS4, RIMS1, SAMD12, SCN2A, SEPT3, SPHKAP, GLS, SV2B, 
BDNF, CBLN4, FAM19A1, FBXL16, NCDN, SNCB, ADCY1, CNTNAP2, PAK3, 
LRRC7, NAP1L5, BAIAP2, PPP1R16B, PTPRT, STXBP5, SYNGR1, GABRA4, 
ZMAT4, ZNF365, GPR26, OPCML, RSPO2, DOCK3, HLF, SYT9, TRHDE, 
DLGAP2, DOC2A, ZNF385B, CECR6, NRXN1, PAK1, SLC8A2, ATRNL1

Table 4 The details intersection of children independent miRNAs predicted target genes and chip genes 

Up-regulated genes Down-regulated genes

QSER1, OLIG2, DUSP6, FJX1, CDCA7L, CCND2, LFNG, 
TIMP3, MELK, COL4A1, PRTG, WDHD1, GLDC, TGFB2, 
EML4, PTX3, POSTN, ANTXR2, WNT5A, KLHL7, GLIS3, 
PXN, LIMD1, GNB4, HMGB2, WHSC1, FBN2, GLI3, 
AMMECR1, SALL3, SMAD5, CHST9, LSM5, CALD1, 
TTK, TEAD1, PHLDA1, ZNF367, PTPN9, TSC22D1, 
KLF12

MAP3K9, SNAP25, ERBB4, LMTK2, CPEB1, CYLD, CAMTA1, PEX5L, 
NR3C2, NME7, FSTL5, HTR2C, MAP4, MAP7, MAPRE3, MFSD6, NRSN1, 
EPB41L1, EIF4E3, PTPRD, SLC12A5, SLC35F3, RIMBP2, NKAIN2, PAQR8, 
KIF5C, CDS1, CDK5R1, SYT1, ESRRG, WNK1, EFR3A, MAP3K5, AAK1, 
SNPH, RAPGEF5, EPHA7, DOCK9, MAGI1, MAPRE2, NCAM1, GRM5, CBX7, 
CALN1, PIP5K1B, KIAA0513, LGI1, ATP8A1, SH3BGRL2, MAP1A, SYT13, 
UBASH3B, UNC13C, NELL1, ADCYAP1, ANKS1B, FRMPD4, ITSN1, LINGO2, 
PCSK2, RIMS2, SNCA, TTBK2, GLS2, LDB3, PLCXD3, SLC13A3, MAP2K4, 
ARHGAP20, CYP26B1
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Figure 3 The relationships of miRNAs and genes in three groups. (A) The relationship between miRNAs with up-regulated expression both 
in adults and children and genes with down-regulated expression both in adults and children. Orange indicates up-regulated expression and 
down-regulated expression in gray. (B) The relationship between only in adults up-regulated miRNAs and down-regulated genes, pink is 
up-regulated expression; green is down-regulated expression. (C) The relationship between only in children’s glioma up-regulated miRNAs 
and down-regulated genes separately, red indicates up-regulated expression and blue indicates down-regulated expression. Round represents 
genes, square represents miRNAs. Analysis of biological processes involved in the three broad groups.
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Figure 4 Hub genes intersection and functional enrichment analysis. (A,B) Analysis of the GO biological processes involved in the co-up (and 
down)-regulated genes between adults and children. (C,D) GO biological processes involving independently up (and down)-regulated genes 
in adults. (E,F) Visualization of GO biological processes involving independently up (and down)-regulated genes in children. GO, Gene 
Ontology.
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Figure 5 Hub genes of intersection KEGG analysis in three group. (A) KEGG pathway analysis in the co-up (and down)-regulated genes 
between adults and children. (B) KEGG pathway analysis in the up (and down)-regulated genes in adults. (C) KEGG pathway analysis in the 
up (and down)-regulated genes in children. KEGG, Kyoto Encyclopedia of Genes and Genomes.
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gene enrichment results of the KEGG pathway analysis 
for both adults and children. The Perl script language was 
used to group the core genes and miRNAs into survival 
curve and integrat ion of  express ion prof i le  data . 
After validation by TCGA, we identified a total of 3 to 
present statistically significant miRNAs with the support 
of large-sample data. We obtained 2 increased miRNAs, 
miR-10a and miR-10b, and only 1 miRNA, miR-139, to be 
decreases (Figure 6A). Next, we used the expression data 
downloaded from TCGA to plot the differences between 
the expression levels of the three miRNAs in the disease 
group and the normal group, presenting a statistically 
significant pattern of differences that matched our screening 
results (Figure 6B). Similarly, we performed survival and 
differential expression analyses of key genes. Consistent 
with the trend of a shorter survival time with lower 
expression, comparison with normal samples revealed 
three downregulated genes: GABRB2, GRM3, and 
GRIN3A (Figure 6C,D). In contrast, consistent with the 
trend of a shorter survival time with higher expression, 
comparison with normal samples revealed three genes 
upregulated i n  glioma: CDK6, SOX4, and VEGFA. 
VEGFA is recognized as crucial for angiogenesis in a variety 
of tumours (13,14) (Figure 6E,F). These findings provide a 
new understanding of the commonalities between adults 
and children with regard to HGG.

LncRNA-miRNA-mRNA network between adults and 
children

We analysed the chip GSE104267 with GEO2R under the 
conditions P<0.05 and |logFC| ≥1 and used differentially 
expressed key miRNAs common t o  both adults and 
children to predict target lncRNAs through the DIANA 
TOOL LncBase Predicted v.2. We obtained intersection 
prediction results and chip differences for lncRNAs. The 
network diagram consisted of the following:  miR-10a, 
miR-10b, and miR-139 were identified as core miRNAs; 
the target lncRNAs included 9 downregulated (SNHG15, 
THTPA, SNHG10, SNHG14, SNHG22, LINC01006, 
MAG12-AS3, ACO13354.2,  SLNFL1-AS1) and 4 
upregulated (AC005154.6, LINC00271, LINC00969, 
LINC-PINT) lncRNAs.  Here,  we return to  the 
intersection in the third step of the target genes predicted 
by miRNA and the differentially expressed genes in chips, 
which genes are predicted from the core miRNA.  T he 
genes included 7 downregulated (SOVP, ANK3, MYT1L, 
GABRB2, GRM3, HCN1, KCNA1) and 3 upregulated 

(CDK6, CA12, NRP1) genes. These molecules are very 
likely to be differentially expressed during the occurrence 
and development of high-level gliomas in adults and 
children based on our series of analyses. In this way we 
extended the possible molecules to complete the construction 
of the network. These molecules will play an important role 
in the diagnosis of glioma or in the differentiation of glioma 
between adults and children (Figure 7).

Discussion

HGGs comprise 15% to 20% of all childhood tumours 
of the central nervous system (CNS), and 70% to 90% 
of patients die within 2 years of diagnosis (15). As there 
are a  limited number of effective methods to treat HGG, 
it is essential to explore the underlying molecular 
mechanism of HGG. Furthermore,  an improved 
understanding of paediatric HGG is essential to identify 
relevant therapeutic targets. The incidence rates (16), 
detailed anatomic location, and pathologic spectrum of 
gliomas differ between children and adults, suggesting that 
the representation of progenitor and mature cell types, 
as well as the microenvironment, within the developing 
brain may influence the disease process. Nonetheless, 
the same disease occurs in both populations, and 
there must be some common aspects with regard to 
pathogenicity and anatomical location. As such, the 
two g r o u p s  should not be analysed separately. In the 
present study, we examined both separately and together 
the two cohorts and summarized the miRNA-mRNA-
lncRNA network based on expression patterns to identify 
differential molecules with the same trend in both children 
and adults with HGG, offering a broad perspective for 
HGG patients. miR-10a and miR-10b, members of the 
miR-10 family, are located on the long arm of human 
chromosome 17. These two molecules are well known 
in many species to play important regulatory roles in the 
developmental process of the HOX gene cluster (17). The 
miR-10 family has received increasing attention because of 
its high degree of conservation in evolution and structure . 
To date, hundreds of reports have confirmed that these 
two miRNAs can induce cancer cell proliferation in the 
development of malignant cancer (18,19) and participate 
in classic cancer pathways, such as PI3K/AKT/Wnt/
β-catenin/mTOR signalling (20), in combination with 
target genes such as HOXD10, HOXB1, HOXB3 or 
noncoding RNA (17). Because this family of miRNAs is 
stable in the blood, it is often used as a biomarker for 
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Figure 6 Hub miRNAs and genes expression and survival validated by TCGA. (A) For the survival analysis of miRNA with common 
differences in adults and pediatric gliomas, red dots represent overexpression of miRNA in gliomas, and blue short-line represent low 
expression in tumors. (B) The difference in miRNA expression in figure A compared with that in normal tissues, red represents up-
regulation and blue represents down-regulation. (C,D) Represents the survival analysis and differential expression of those down-regulated 
target genes. (E,F) Represents the survival analysis and differential expression of those down-regulated target genes. The statistical ** means 
P<0.05, *** means P<0.01, and **** means P<0.001. TCGA, The Cancer Genome Atlas.
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the diagnosis and prognosis of several diseases, including 
cervical cancer (21), gastric cancer (22), colorectal cancer, 
breast cancer, acute myeloid and leukaemia, among others. 
However, this family has less frequently been discussed in 
glioblastoma. However, their involvement in the induction 
of cancer cell proliferation in glioblastoma is a fact (23), 
and other studies have demonstrated their involvement 
in brain damage, ischaemia, endocrine functions and other 
nervous system functions. Therefore, the miR-10 family 
has high potential to serve as a diagnostic marker for 
HGG. 

m i R - 1 0 a ,  w h i c h  i s  l o c a t e d  a t  1 7 q 2 1 . 3 2 , 
upstream of HOXB4, adopts a hairpin of 28 bases 
(-UACCCUGUAGAUCCGAAUUUGUG-).  This 
sequence shows consistency in a variety of mammals (17). 
Genome-wide profiling and identification of differentially 
expressed miRNAs between glioblastoma and normal neural 
stem cells has revealed significantly high expression of 
miR-10a in miRNAs (23). The same results were also found 
in a study on microRNAs in glioblastoma multiforme by 
Karsy et al. (24). Based on miRNA expression profiles of 
brain tumours from paediatric patients of different ages, 
this high expression appeared only in HGG. miR-10a 
exhibits moderate to weak expression in low-grade gliomas 
(LGGs), which provides fairly consistent evidence for our 
network. Nonetheless, miR-10a can drive downstream 
target gene expression to promote the development of 
cancer. The low EphA8 expression reported in HGG is 
caused by the binding of miR-10a to the 3’-untranslated 
region (UTR) of EphA8, resulting in increased 

expression of E-cadherin and induction of the epithelial-
mesenchymal transition (EMT) to increase HGG invasion 
and migration (25). In addition, miR-10a can bind to 
the lncRNA ZFAS1 to induce the development of renal 
cancer (26). This reason for cancer promotion in a variety 
of cancers is most likely due to the fact that miR-10a 
can stimulate global protein translation during amino acid 
starvation by binding to the 5’UTR region of mRNA 
encoding ribosomal proteins. miR-10a promotes cell 
proliferation in humans  and also inhibits proliferation 
and induces apoptosis in ovarian granulosa cells. Acting 
as a sponge, miR-10a targets the circular RNA (circRNA) 
ITCH t o  repress the proliferation of human epithelial 
ovarian cancer cells and promote apoptosis (27).

T h e  c o n s e r v e d  m i R N A  m i R - 1 0 b 
(-UACCCUGUAGAACCGAAUUUGUG-) differs from 
miR-10a by only a change from one uracil to adenine (14).  
It is located upstream in promoter P2 of the gene 
HOXD4. Pre-miR-10b is the result of the cleavage of 
HOXD4 by the Drosha enzyme (28). It has been reported 
to be an important biomarker for the survival, staging 
treatment, and prognosis of more than a dozen malignant 
tumours, providing a large amount of information for 
patients with metastatic cancer. Our research was based 
on similarities between children and adults, a n d  we 
noted that Iacomino et al. found that children with early 
obesity exhibit statistically significant downregulation of 
miR-10b (29). We sought to determine whether this affects 
the sensitivity of miR-10b as a diagnostic marker for HGG 
in children, In another study we found negative answer 

Figure 7 lncRNA-miRNA-mRNA network visualization. As the picture shows, red represents up-regulation of molecular expression 
compared with the control group, green and purple represents down-regulation, circle represents genes, square represents miRNAs part, 
and diamond represents lncRNAs.
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based on 120 patients indicated that expression of miR-10b 
in HGG was much higher than that in LGG (30,31). Many 
studies on miR-10b have focused on changes occurring 
in drug resistance during treatment of tumours (32), 
providing information on the growth state of cancerous 
tissues. Cancer cells that have developed resistance are 
more capable of growth and have a strong ability to 
invade and migrate, resulting in changes in miR-10b 
levels. Similar to miR-10a, miR-10b also binds to target 
genes or noncoding RNAs to regulate EMT in a variety of 
tumours (33), yet miR-10b is more capable of inducing 
gene methylation in tumours as well as regulation. 
Indeed, miR-10b has been extensively studied and shown 
to regulate glioma cancer stem cells and proliferation. 
Analysis of miR-10b expression in human glioma and 
glioma cell lines revealed correlations with increasing 
glioma grade and tumour multifocality identified on 
magnetic resonance imaging (34). Therefore, we consider 
that miR-10b can be used for HGG diagnosis in children 
and adults.

miR-139 (-GTGTCTCCAGTGTGGCTCGGAG
GCTGGAGA-) is a miRNA frequently associated with 
the initiation and development of tumours in peripheral 
blood; it is located on human chromosome11q13.4. A 
large number of reports have found a significant negative 
correlation between miR-139 and tumours (35,36). The 
latest study showed that 325 samples in the C h i n e s e  
G l i o m a  G e n o m e  A t l a s  database exhibited 
increased expression of the RELB proto-oncogene (37); 
miR-139-3p and miR-139-5p expression was negatively 
correlated with RELB, consistent with our analysis of 
miR-139-3p. Many reports have also shown that miR-
139-3p acts as a marker (38) for liver cancer, glioma, 
and osteosarcoma and also a marker for the diagnosis or 
prognosis of ovarian cancer, demonstrating that miR-
139-3p has properties of a marker. Furthermore, some 
studies have confirmed that miR-139-3p is involved in 
the inhibition of glioblastoma growth and migration by 
targeting MDA-9/NIN1/RPNI2 (39,40) in glioblastoma, 
and other reports have shown that downregulation of 
miR-139-3p by the regulation of the lncRNA TP73-
AS1 enhances in glioblastoma (41). The circRNA hsa_
circ_0000592 i n t e r a c t s  with miR-139-3p in gastric 
cancer (42), and their b inding is involved in the 
biological process of tumour development. Catanzaro 
et al. found that miR-139-5p regulates the proliferation 
of supratentorial LGGs via the PI3K/AKT/mTORC1 
signalling pathway, confirming the role of miR-139 in 

childhood gliomas (43). Overall, miR-139 may be used 
as a biomarker to distinguish HGG between children and 
adults.

In similar studies (44), the detailed information of the 
chips in the GEO database to find the tumor or disease-
related chips we want to study, and perform a preliminary 
screening through the GEO 2R. According to the theory 
that the miRNA can play a sponge adsorption role in the 
website, the expression of the miRNA and the gene are 
reversely intersected, and the core genes in the result are 
analyzed by GO/KEGG/PPI analysis. Database verification 
through a larger number of databases, such as TCGA/
Oncomine/CGGA, or experimental verification, is one 
of the mainstream methods for biomarker screening of 
markers. With the development of bioinformatics and the 
enrichment of databases, there will be new computing 
methods or online computing websites for researchers 
to richer algorithms to find HGG markers. In addition, 
according to research by Medarova et al. (45). A non-
invasive imaging method is used to provide excellent 
information magnetic resonance imaging (MRI) from 
deep tissue in the body. Contrast agents have been found 
to have two functions through MRI, enabling bimodal 
preclinical imaging for cancer diagnosis. In addition, it 
can also be used as a treatment platform. This can be 
achieved by functionalizing the use of therapeutic materials 
superparamagnetic iron oxide nanoparticles to build a 
multifunctional contrast agent based on bimodal imaging 
and therapeutic capabilities, which can provide information 
about disease conditions and regulate oncogenes through 
bimodal non-invasive imaging Contrast agents (miRNA 
and/or mRNA) may have a significant impact on cancer. 
The synthesis and application of oligonucleotide-
functionalized therapeutic magnetic nanoparticles have 
verified tumor uptake of contrast agents by non-invasive 
MRI and in vivo fluorescence imaging. The therapeutic 
oligonucleotide component can be a double-stranded 
siRNA molecule for silencing mRNA causing disease, or it 
can be an antisense oligonucleotide to inhibit miRNA over-
expressed in cancer-tumor. This study provides a promising 
premise for the diagnosis and treatment for HGG of our 
screened markers. 

Conclusions 

Although gliomas have been analysed numerous times and 
there are many differences in the molecular expression 
of gliomas between children and adults, our study is the 
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first to explore common molecular expression profiles 
in HGG between children and adults. The miRNA-
mRNA-lncRNA network may be useful for the diagnosis, 
treatment and prognosis of HGG. We performed a large 
number of G E O  database analyses and found data 
and opinions supporting our theory in TCGA’s large 
sample database and individual research reports. Our 
reliable network provides a possible direction for further 
exploration of potential coding/noncoding RNA biomarkers 
in HGG. However, the true sensitivity and specificity of 
these molecules as potential markers of HGG remain 
to be verified. With the continuous improvements in 
bioinformatics, we present a reminder that common 
circRNAs in children and adults should be addressed, 
which will be the direction of our next efforts.
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