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Abstract. Low-grade gliomas (LGGs) are associated with 
neurological disability. The present study used microRNA 
(miRNA) expression profiles to identify risk miRNAs for 
potential prognosis of cerebral LGGs. miRNA expression 
profiles and clinical data from 408 patients with cerebral 
LGGs were obtained from the Cancer Genome Atlas data-
base. Risk miRNAs were identified by plotting Kaplan‑Meier 
curves and Cox proportional hazard regression analysis 
with the survival and KMsurv packages in R. A regulatory 
network of miRNA-targets was constructed, followed by 
gene ontology (GO) function and Kyoto Encyclopedia of 
Genes and Genomes pathway enrichment analysis using 
the Database for Annotation, Visualization and Integrated 
Discovery. A protein-protein interaction (PPI) network of 
miRNA targets was built using Search Tool for the Retrieval 
of Interacting Genes software, and sub‑pathway identification 
was performed using the iSubpathwayMiner package in R. In 
total, 39 miRNAs had significant effect on survival curves. 
Following the Cox analysis and construction of miRNA-targets 
regulatory network, hsa‑miRNA (miR)‑326 was identified to 
regulate 397 target genes. Additionally, targets of miR-326 
were primarily enriched in the GO terms of cell proliferation, 
epithelial growth factor receptor and nerve growth factor 
signaling pathways. Additionally, son of sevenless homolog 1 
(SOS1), neuroblastoma RAS viral oncogene homolog (NRAS), 
vitamin D receptor (VDR) and mothers against decapen-
taplegic family member 3 (SMAD3) were most enriched in the 
PPI network. Targets of miR-326 were primarily enriched in 
sub-pathways including sphingolipid metabolism and arachi-
donic acid metabolism, in which sphingomyelin synthase 

1 (SGMS1) and hematopoietic prostaglandin D synthase 
(HPGDS) were screened out. Hsa‑miR‑326 was identified as 
a risk miRNA for prognosis and may improve the outcome 
prediction of patients with cerebral LGG. This miRNA may 
regulate cancer cell proliferation by targeting SOS1, NRAS, 
VDR, SMAD3, SGMS1 and HPGDS.

Introduction

Cerebral low-grade gliomas (LGGs) are associated with 
neurological disability and present a challenge to neurosur-
geons and neuro-oncologists (1). Although they are a relatively 
slow-growing brain tumor, LGGs have complex clinical mani-
festations (1). LGG frequently occur in Caucasians, particularly 
males and typically affect young patients. Therefore, scientific 
and clinical advances are required. However, predictive 
markers for diagnosis and prognosis of cerebral LGG are rare 
and mortality is high.

Clinical outcomes may be improved by identification of 
potential molecular biomarkers of LGG. Candidate therapeutic 
biomarkers have been identified by high‑throughput technolo-
gies. The identification of microRNAs (miRNAs) has revealed 
novel insights into diagnosis and prognosis of cancers (2,3). 
miRNAs are a class of small, non-coding RNAs which have 
roles in cell apoptosis, differentiation, proliferation and 
stress responses (4,5). Previous studies have determined that 
alteration of miRNA expression level is associated with devel-
opment and prognosis of human cancers, including pancreatic, 
breast, non-small cell lung and ovarian cancer (6-9). For 
example, miRNA-26a is overexpressed in high-grade glioma 
and directly targets phosphatase and tensin homolog which 
suppresses protein kinase B (Akt) signaling (10). miRNA 
(miR)‑221 has been identified to be upregulated in glioblastoma 
and directly targets the tumor suppressor p27 (11). Conversely, 
downregulated miR‑7 has been identified to reduce prolifera-
tion and invasiveness in cultured glioma cells by targeting the 
epidermal growth factor receptor (12). Additionally, miR-205 
has been identified as a potential prognostic indicator for 
human glioma (13). A previous study has demonstrated that 
miR-221/222 may be a predictive marker for increased cell 
invasion and poor prognosis in glioma (14). However, miRNA 
biomarkers for tumorigenesis and prognosis of LGG have not 
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been determined and candidate therapeutic targets remain to 
be identified.

The present study aimed to gain further insight into the 
clinical outcome of LGG by miRNA profile analysis. miRNA 
expression and clinical data of LGGs from the Cancer Genome 
Atlas (TCGA) database was downloaded, followed by identifica-
tion of risk miRNAs using survival and Cox proportional hazard 
regression analysis. Functional annotation and protein-protein 
interaction (PPI) network construction of targets of miRNAs 
were performed. Additionally, sub-pathways were mined for 
further investigation of the function of risk miRNAs.

Materials and methods

Data collection. Clinical data and miRNA expression profiles 
were obtained from the TCGA database (http://cancergenome.
nih.gov/) based on the platform of BCGSC_IlluminaHiSeq_
miRNASeq. On the 11 August, 2014, there were 529 miRNA 
expression profiles and 411 clinical data from patients with 
cerebral LGGs, 408 of which contained associated miRNA 
expression profiles.

Survival analysis. The reads per kilobase of exon model per 
million mapped (RPKM) value which estimated the expression 
value for each gene was calculated to detect present miRNAs. 
In order to analyze the association between a queried miRNA 
and survival, the patients were grouped according to the median 
expression of the selected miRNA (or upper or lower quartile). 
In order to identify the genomic factors associated with survival, 
patient survival Kaplan‑Meier (KM) curves were plotted using 
the survival (15) and KMsurv (16) packages in R and differences 
between curves were evaluated by two-sided log-rank test.

Cox proportional hazard regression analysis. To identify 
prognosis-associated miRNAs, the joint effect of variables 
with a significant P-value were examined using the Cox 
proportional hazard regression model which was built with 
the aforementioned two packages. P<0.05 was considered to 
indicate a statistically significant difference.

Regulatory network construction of miRNA‑targets. In order 
to predict target genes of risk miRNA, which were selected 
from the miRNecords (17) and MiRWalk (18) databases, or 
recorded in at least 3 databases of the following databases: 
miRanda (19), MirTarget2 (20), PicTar (21), PITA (22) and 
TargetScan (23). A regulatory network of miRNA targets 
was constructed using the combined databases and visualized 
using Cytoscape software version 2.8 (24).

Functional annotation of miRNA target genes. In order to anno-
tate functions of miRNA targets, GO (Gene Ontology) (25) 
function in biological process, cellular components, molecular 
function and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway (26) enrichment analysis were performed 
using Database for Annotation, Visualization, and Integrated 
Discovery (DAVID) (27). P<0.05 was considered to indicate a 
statistically significant difference.

PPI network construction for miRNA targets. In order to 
determine the interaction of miRNA targets, a PPI network 

was built using STRING software version 9.1 (28) and visu-
alized with Cytoscape for protein-protein pairs, where the 
combined score was >0.4.

Sub‑pathway analysis for miRNA targets. In order to iden-
tify the risk disease-associated sub-pathway of miRNA 
targets, the present study used a k-clique concept from the 
SubpathwayMiner package in R (29). P was calculated using 
a hypergeometric distribution and P<0.05 was considered to 
indicate a statistically significant difference.

Results

Results of survival analysis. The median miRNA intensity 
value of the 408 patients was used as the cut-off point in the 
KM curve analysis. A total of 39 miRNAs were obtained, 
which significantly affected survival in the KM curve (data not 
shown). From the survival analysis, patients with high expres-
sion of these 39 miRNAs had reduced survival compared with 
patients with low expression.

Risk miRNA for cerebral LGG prognosis. The cerebral 
LGGs risks were estimated as a hazard ratio (HR) and 95% 
confidence intervals (CI) using the Cox proportional hazard 
regression model. In the Cox proportional hazard regression 
analysis, 3 miRNAs including has-miR-1287, has-miR-326 
and has-miR-1275 were considered as risk miRNAs for cere-
bral LGGs prognosis (Table I).

Regulatory network of risk miRNA‑targets. In order to investi-
gate regulatory function of risk miRNAs, a regulatory network 
for miRNA-target genes was constructed (Fig. 1). However, 
no predicted target genes were identified for has‑miR‑1275. 
The present study predicted 13 and 397 targets regulated by 
hsa-miR-1287 and hsa-miR-326, respectively. In the network, 
there were 410 links and 412 nodes. In the network, son of 
sevenless homolog 1 (SOS1), neuroblastoma RAS viral (v-ras) 
oncogene homolog (NRAS), and vitamin D (1,25-dihydroxyvi-
tamin D3) receptor (VDR) were targets of miR-326.

Functional enrichment analysis of miRNA targets. In order to 
determine the regulatory functions of has-miR-326, GO func-
tion and pathway enrichment analysis were performed for the 
target genes. The top 5 GO terms and pathways are presented 
in Table II. The findings revealed that targets of miR-326 
were significantly enriched in various functions, including 
neuron development, neuron differentiation and regulation 
of cell proliferation. Additionally, targets of miR-326 were 
significantly enriched in cancer pathways, and the epithelial 
growth factor receptor (EGFR) and nerve growth factor (NGF) 
signaling pathways.

PPI interaction network. A PPI network was constructed 
to predict novel interactions for targets of has-miR-326. It 
was determined that 203 proteins shared 262 links (Fig. 2). 
According to the degree of targets, the top 10 proteins were 
with highest degree (Table III) were SOS1, NRAS, VDR and 
mothers against decapentaplegic family member 3 (SMAD3). 
Along with the combined score, the top five protein pairs 
were polypyrimidine tract binding protein 1-small nuclear 
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ribonucleoprotein polypeptide A (PTBP1-SNRPA; 0.999), 
PH domain and leucine rich repeat protein phosphatase 1-2 
(PHLPP1-PHLPP2; 0.992), microtubule-associated protein 
1B-netrin 1 (MAP1B-NTN1; 0.985), ubiquilin 4-ataxin 
1 (UBQLN4-ATXN1; 0.983) and talin 1-integrin, α 5 
(TLN1-ITGA5; 0.982).

Identification of risk sub‑pathway. In order to determine 
the association between the enriched pathways of miR-326 
targets and cerebral LGGs, risk sub‑pathways were identified 
for targets of miR-326 (Table IV). A total of 4 sub-pathways 
were obtained, involving 8 targets of miR-326. Sphingomyelin 

synthase 1 (SGMS1), serine palmitoyltransferase, long chain 
base subunit 3 (SPTLC3) and sphingosine-1-phosphate 
lyase 1 (SGPL1) were significantly enriched in the sphin-
golipid metabolism pathway. Hematopoietic prostaglandin 
D synthase (HPGDS) and prostaglandin I2 (prostacyclin) 
synthase (PTGIS) were involved in the arachidonic acid 
metabolism. adenosylhomocysteinase-like 2 (AHCYL2) 
and gamma-glutamyltransferase 7 (GGT7) were primarily 
involved in the selenoamino acid metabolism. Additionally, 
aldehyde dehydrogenase 1 family, member A2 (ALDH1A2) 
was significantly enriched in the retinol metabolism 
sub-pathway.

Table I. Identification of risk microRNAs in patients with cerebral low‑grade glioma using Cox proportional hazard regression 
analysis.

Name β HR P Lower CI  Upper CI

hsa-miR-1287 0.016169188 1.016300616 1.69446x10-7 1.010161075 1.022477472
hsa-miR-326 -0.008757427 0.991280808 0.005923248 0.985117424 0.997482752
hsa-miR-1275 -0.193926634 0.823718335 0.035076194 0.687784787 0.986517742

β, coefficient in Cox regression model; HR, hazard ratio; P adjusted by likelihood ratio test; CI, 95% confidence intervals; miR, miRNA.

Figure 1. Regulatory network of miRNA-targets. Red triangles represent miRNA and blue rectangles represent targets of miRNA. miRNA, microRNA.
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Discussion

Abnormal miRNA expression and alterations are frequently 
associated with progression and prognosis of cancers (2,3). 

Specific miRNAs may be classified as tumor suppressors or 
oncogenes. However, a further analysis of their functions in 
LGGs is necessary. In the present study, three risk miRNAs, 
including has‑miR‑326 were identified by means of survival 

Table II. Functional annotation of hsa-miR-326 targets.

A, Biological processes

Term Function Count P-value

GO:0048666 Neuron development 20 1.10x10-4

GO:0030182 Neuron differentiation 22 4.20x10-4

GO:0042127 Regulation of cell proliferation 32 6.13x10-4

GO:0045197 Establishment or maintenance of epithelial 4 7.15x10-4

 cell apical/basal polarity
GO:0044057 Regulation of system process 17 9.04x10-4

B, Cellular components

Term Function Count P-value

GO:0044459 Plasma membrane part 72 3.26x10-5

GO:0005886 Plasma membrane 107 7.61x10-5

GO:0005911 Cell-cell junction 12 1.82x10-3

GO:0031965 Nuclear membrane 7 3.72x10-3

GO:0030054 Cell junction 21 4.78x10-3

C, Molecular function

Term Function Count P-value

GO:0019904 Protein domain specific binding 18 1.00x10-3

GO:0003707 Steroid hormone receptor activity 6 4.20x10-3

GO:0004879 Ligand-dependent nuclear receptor activity 6 8.61x10-3

GO:0016247 Channel regulator activity 6 9.24x10-3

GO:0005249 Voltage-gated potassium channel activity 7 2.24x10-2

D, KEGG pathways

Term Function Count P-value

hsa05200 Pathways in cancer 19 5.37x10-4

hsa04360 Axon guidance 10 3.02x10-3

hsa04720 Long-term potentiation 7 4.86x10-3

hsa05211 Renal cell carcinoma 7 5.60x10-3

hsa05223 Non-small cell lung cancer 6 8.18x10-3

E, REACTOME pathways

Term Function Count P-value

REACT_9417 Signaling by epidermal growth factor receptor 6 4.27x10-3

REACT_11061 Signaling by nerve growth factor 11 6.89x10-3

GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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analysis and Cox proportional hazard regression model. 
Additionally, the PPI network revealed that SOS1, NRAS, 
VDR and SMAD3 were with a higher degree. Additionally, 
8 target genes of miR-326 including SGMS1, SPTLC2, 
HPGDS and PTGIS were significantly enriched in metabolic 
sub-pathways.

Hsa-miR-326 has been downregulated in gliomas by 
suppression of the Notch signaling pathway, and is in turn 
inhibited by Notch (30). The Notch signaling pathway is a 
candidate pathway which may contribute to glioma progres-
sion (31). Additionally, miR-326 may be a potential tumor 
suppressor in glioma cells, and transfection of miR-326 into 
glioma cells may reduce tumorigenicity (30). As one grade of 
glioma, LGGs may be affected by miR-326. From the results 
of survival analysis, patients with high expression of miR-326 
had reduced survival compared with those with low expression 
of it. Accordingly, miR-326 may suppress some oncogenes and 

Table III. Degree of the top 10 targets of miR-326 in the 
protein-protein interaction network.

Gene Degree

SOS1 11
NRAS 10
VDR 9
SMAD3 9
ATXN1 9
THRB 8
PRKCA 8
KRAS 8
HDAC3 8
EDA 8

Figure 2. Protein-protein interaction network of hsa-miR-326 targets. Blue rectangles represent targets of miR-326 and lines represent the interaction between 
miR targets. The extent of thickness of edges is in proportion to the combined score of proteins. miR, microRNA.
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lead to tumor development. Targets of miR-326 were regulated, 
including SOS1, NRAS, VDR, SMAD3 and SGMS1.

SOS1, as a dual guanine nucleotide exchange factor for Ras 
and Rac1, may convert inactive Ras-guanosine diphosphate 
into active Ras-guanosine triphosphate in various cells (32). 
Additionally, Ras was stimulated by EGFR and its close rela-
tive, erb-b2 receptor tyrosine kinase 2 (33). EGFR signaling has 
been determined to be involved in cell survival, tumorigenesis 
and metastasis (34). Notably, EGFR is one of the targets of 
several therapeutic agents in colorectal and non-small-cell 
lung cancers (34). Additionally, NGF may stimulate SOS1 
and activate Ras signaling to exert various functions in cell 
proliferation (35). A previous study indicated that NGF may 
lead to proliferation and migration of endothelial cells and had 
a vital role in angiogenesis associated with tumors and cardio-
vascular diseases (35). NRAS, a member of the Ras family, is 
widely expressed in several cell types. Therefore, activation of 
NRAS may be stimulated by SOS1 and be involved in EGFR 
and NGF signaling. Consistent with a previous study (35), in 
the present study, SOS1 and NRAS were enriched in the EGFR 
and NGF signaling pathway. Furthermore, NRAS participated 
in cell proliferation in GO function analysis. Therefore, SOS1 
and NRAS may regulate cell proliferation and angiogenesis via 
the EGFR and NGF signaling pathway in LGGs.

VDR is a transcription factor expressed in the brain (36) 
and mediates the effects of 1,25(OH)2D3. The vitamin D 
metabolite 1,25(OH)2D3 has been demonstrated to protect 
against cancer by inducing apoptosis and inhibiting cell 
proliferation and angiogenesis (37). SMAD3, the effector of 
transforming growth factor β (TGF-β), may directly bind 
Akt and inhibit TGF-β-induced apoptosis (38). SMAD3 may 
additionally interact with phosphatase and tensin homologue, 
which is a tumor suppressor in glioblastomas, to downregulate 
TGF-β signaling and decrease TGF-β-mediated tumor inva-
sion (39). Consistent with this, the function annotation in the 
presents study revealed that VDR and SMAD3 were signifi-
cantly enriched in the cell proliferation GO term. Therefore, 
it is possible that targets of miR-326, VDR and SMAD3 may 
regulate tumor cell proliferation in LGGs to increase tumor 
growth and invasion.

SGMS1, a sphingomyelin synthase, may produce sphin-
gomyelin in the Golgi apparatus. The sphingomyelin levels 
have been previously reported to reduce the variety of tumor 
cells and reduce sphingomyelin by negatively regulating 
SGMS1 induction of cell proliferation of cancer cells (40). A 
previous study has reported that sphingolipids metabolism 
may influence cell cycle progression and cell migration (41). 
Additionally, ceramide and sphingosine-1-phosphate, two 
major sphingolipid metabolites, have been determined to be 

involved in process of apoptosis, cell proliferation and differ-
entiation (42). Therefore, the miR-326 target SGMS1 may 
regulate cerebral LGG cell proliferation and apoptosis via the 
sphingolipids metabolism signaling pathway.

HPGDS, a prostaglandin D (PGD) synthase, catalyzes 
the synthesis of PDG2 from endogenous arachidonic acid. 
Additionally, arachidonic acid may be metabolized by cyclo-
oxygenases (COX), cytochrome P450 and lipoxygenases 
(LOX) (43). Previous studies have revealed that COX and LOX 
inhibition induces apoptosis in several tumor cells (44-46). 
These were consistent with the current finding that HPGDS 
was primarily enriched in the arachidonic acid metabolism 
signaling pathway. Accordingly, HPGDS may regulate LGG 
cell apoptosis via this pathway.

In conclusion, the present study determined that 
hsa-miR-326 may be a potential risk miRNA for diagnosis and 
prognosis of LGG. Hsa-miR-326 may regulate cell prolifera-
tion and apoptosis of cancer cells by targeting certain genes 
including SOS1, NRAS, VDR, SMAD3, SGMS1 and HPGDS. 
However, further empirical investigations are required to 
confirm these findings.
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