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Abstract Neuroglioma is a complex neuroglial tumor involv-
ing dysregulation of many biological pathways at multiple
levels. Here, we aim to screen differentially expressed
miRNAs (DEMs) as well as the functions and pathways of
their target genes in neuroglioma. miRNA high-throughput
sequencing data were downloaded from The Cancer
Genome Atlas (TCGA), and then the DEMs were subjected
to perform principal component analysis (PCA) based on their
expression values. Following that, Targetscan software was
used to predict the target genes, and enrichment analysis and
pathway annotation of these target genes were done by
DAVID and KEGG, respectively. Finally, survival analysis
between the DEMs and patients’ survival time was done,
and the miRNAs with prediction potential were obtained. A
total of 33 DEMs were obtained, among which 25 miRNAs
were upregulated including hsa-mir-675, hsa-mir-196a-1, and
hsa-mir-196a-2, while eight miRNAs were downregulated in-
cluding hsa-mir-1911, hsa-mir-1264, and hsa-mir-1298. Five
miRNAs with diagnostic and preventive potentials were sig-
nificantly correlated with survival time, including has-mir-
155, has-mir-199b, has-mi-10a, has-mir-1274b, and has-mir-
455. The target genes of miRNA identified in this study
played important roles in tumor signaling pathways, and their
detailed functions could be further studied so as to explore
novel neuroglioma therapies.
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Introduction

Neuroglioma is one of the most common primary brain tu-
mors in adults, which affects more males than females; it is
also one of the main causes of cancer-related death worldwide.
Although great progresses in diagnosis and management of
neuroglioma have been made in recent years, its exact molec-
ular mechanisms remain poorly understood, which limits the
prognosis and therapy. With the aim to study the detailed
molecular mechanism of neuroglioma and develop effective
therapies, it is of great importance to explore and identify new
biological markers.

MicroRNAs (miRNAs) are a class of small non-coding
(18-25 nucleotides), naturally occurred endogenous, noncod-
ing RNA molecules that regulate the translation of messenger
RNAs (mRNAs) by binding to the target mRNAs [1].
miRNAs are thought to play critical regulatory roles in many
physiological processes such as cell proliferation, differentia-
tion, apoptosis, and cell death [1, 2]. Furthermore, the role of
miRNAs has been well elaborated in various human cancers,
and abnormal miRNA expression can disturb various cell sig-
naling pathways during cancer development. The expression
changes of miRNAs have been observed in a variety of human
tumors such as lung cancer [3], breast cancer [4], or glioblas-
toma [5]. The expression differences can not cause carcino-
genesis directly; however, these changes may regulate several
key genes during the process of tumor pathogenesis and play
considerable roles in the prognosis and therapy of tumors.
Take microRNA-21 as an example, which has been reported
overexpressed in neuroglioma. microRNA-21 can target
PDCD#4 at the posttranscriptional level and regulates cell pro-
liferation and invasion, indicating that it may serve as a novel
therapeutic target in neuroglioma [6]. Previous studies have
proved that miRNAs played critical roles in the initiation,
development, invasion, and metastasis of tumors, yet their
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underlying molecular mechanisms still remain poorly under-
stand. It is of great importance to identify new and specific
molecular markers that may contribute to the early diagnosis
or prognosis of neuroglioma.

This study screened differentially expressed miRNAs
(DEMs) in neuroglioma and analyzed the target genes of these
DEMs by DAVID. Through performing survival analysis be-
tween the DEMs and patients’ survival time, we hope to find
miRNAs with prediction potential and explore molecular
markers for early diagnosis and treatment of neuroglioma.

Materials and methods
miRNA microarray data and patient information

The miRNA expression data and the corresponding patients’
medical information were obtained from The Cancer Genome
Atlas (TCGA) database, including a total of 475 samples (381
neuroglioma samples and 94 normal samples). The miRNA
expression data were sequenced by Illumina HiSeq system,
while the standardized miRNA data were level three.

The miRNA data were removed when expression values
were zero. The level three miRNA data consist of a total of
1046 comments for miRNA expression values. The level three
miRNA data had already been standardized between samples
using generalized linear model in R language Limma package
to eliminate the batch effects between samples.

DEMs screening

The DEMs between normal and neuroglioma tissue samples
were screened by SAMR [7] package in R software. LogFC
and p represented the differential expression degree,
while Log2FC indicated the differential expression de-
gree of miRNA between differentially expressed tumor
samples and normal samples. Downregulated and upreg-
ulated miRNAs were expressed as logFC <—1 and
logFC >1, respectively, both with FDR <0.05. Principal com-
ponent analysis method was conducted to distinguish the
DEMs between neuroglioma and normal tissue samples
efficiently.

Survival analysis

All medical information for patients was summarized and
subjected to perform statistical analysis in order to determine
the cutoff value of medical information. The distribution of
survival time and the differences of survival ability under var-
ious diseased states were studied and defined by Kaplan-
Meier and log-rank respectively. Moreover, the relationship
between DEMs and survival time of patients were explored
using Univariate Cox regression model. The original data
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were arranged sequentially as survival days, survival state
(status, death was 1 while survival was 2), cumulative surviv-
al, standard error of the survival rate, cumulative event, and
number remaining of each sample. Eventually, the survival
rates of patients were obtained.

Screening and conformation of the molecular markers
for miRNAs

The expression profiling of miRNAs in training group was
analyzed by Cox regression model with the aim to acquire
survival-related miRNAs (P<0.01) and five miRNAs signifi-
cantly associated with survival (P<0.005). Patients’ survival
abilities could be predicted by a multivariable Cox regression
model constructed based on the five miRNAs. As each
miRNA parameter possessed a Cox regression correlation co-
efficient, thus, every patient had a risk factor. The patients with
higher risk scores exhibited weaker viability comparing to
those with lower risk scores in the light of this model. The
median risk score may be considered, as the boundary was
calculated. The risk score above the boundary was defined as
high risk, while it was low risk below the boundary. The
survival time distribution for each variable was observed by
Kaplan-Meier model, and the significances among various
classifications under the same variable were determined uti-
lizing log-rank detection method.

Analysis of the target genes of five miRNAs

The target genes of the DEMs in Mirtarbase [8] database were
extracted at first, and then GO functional annotation and
KEGG pathways of these target genes were performed by
DAVID software [9]. According to each GO value, a P value
of function enrichment and a corrected P value after multiple
testing (Benjamini correction) would be calculated by DAVID
(the detailed flowcharts are shown in Fig. 1).

Results
Expression differences of miRNAs among various samples

The differences between normal and cancer samples were
observed by principal component analysis and cluster analy-
sis. The normal samples and tumor samples are separated in
Fig. 2. However, there was a normal sample distributed in the
upper right, indicating that an error may occur, so this sample
needed to be removed in the following process.

Differential expression analysis of miRNA

We obtained a total of 33 DEMs between normal and
neuroglioma samples, including 25 upregulated and 8
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Fig. 1 Flowcharts for analyzing
differential miRNAs and their
target genes

Different expression miRNA

downregulated miRNAs. The upregulated miRNAs including
hsa-mir-675, hsa-mir-196a-1, and hsa-mir-196a-2 accounted
for 75.8 % of the total differential miRNAs, while the down-
regulated miRNAs including hsa-mir-1911, hsa-mir-1264,
and hsa-mir-1298 accounted for 24.2 % (Table 1).

Survival analysis

From the medical information of patients in Table 2, we found
that the censoring rate 75.33 % was relatively high, indicating
that there were still many patients alive at the end of the study or
they directly went away. A survival curve was drawn according
to the patients’ survival time (Fig. 3). From Fig. 3, we understood
that although there was a high cutoff value, the medical informa-
tion Table 2 was enough and suitable to predict the biological
targets of miRNAs in the following study.

Kaplan and log-rank methods were taken to verify the re-
lationship between the survival time and various variables
(including age, sex, T stage, R stage, M stage, N stage, and
tumor stage), and the results are demonstrated in Fig. 4.

miRNA Seq level 3

PCA
' Survival analysis

Construct a predictive model

Target gene of miRNA

N

Function analysis Pathway analysis

Significant differences were found between different tumor
status and the overall survival time. Figure 4 demonstrates that
univariate cox regression model could be applied to analyze
the differences between miRNA and survival time of patients
under each different state. The correlation coefficients are
demonstrated in heat map of Fig. 5. The molecular markers
of miRNAs were selected with P<0.1, and there were signif-
icant results at least in two separate categories.

The miRNAs associated with patients’ overall survival in
different tumor status were filtered through univariate survival
analysis (Fig. 5). Five miRNAs including has-mir-155, has-
mir-199b, has-mir-10a, hsa-mir-1274b, and has-mir-455 that
may be considered as biomarkers were selected.

Construction of predictive disease model

Cox multivariate regression model was applied to construct a
mathematical model for miRNA and survival time using data
in training group, the prognosis formula was as follows: prog-
nostic score=(1.15xexpression level of hsa-mir-155)+
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PCA_m iIRNA Table2  Summary of the medical information for neuroglioma patients
o | » Covariates Category Total
w0 - Age, years, no (%) <55 371
>55 104
2 = 1 Gender, no (%) Male 267
. w Female 208
O v
S o | % Vital status Alive 381
! . Dead 94
& tumor_grade Grade 11 229
S s Grade 11T 246
' | b ] Y | | ] supratentorial localization Cerebral_Cortex 130
0 10 20 30 40 50 White Matter 109
Deep_Gray 3
PC1(19%) history_seizures Yes 283
Fig. 2 Principal component analysis of the miRNA expression values. No 165
Principal component analysis was complicated according to the miRNA ~ history_headaches Yes 158
expression differences between normal and cancer samples. The No 275

horizontal axis represented that the first principal component accounted
for 19 %, while the vertical axis represented that the second principal
component accounted for 15 %. The red dots and black spots indicated
cancer samples and normal samples, respectively. From the figure, one
normal sample was distributed on the rop right, and we have removed the
outlier from the following analysis. We could clearly observe that normal
samples gathered on the top left, while cancer samples gathered on the
bottom right, indicating that there were significant differences between
the two samples

(0.58 xexpression level of hsa-mir-199b)-+(0.2 x expression
level of hsa-mir-10a)+(—1.97 xexpression level of hsa-mir-
1274b)+(0.3 xexpression level of hsa-mir-455). Among
which, four miRNAs belonged to risky type, and one
belonged to protective type.

The differences between patients in high-risk and low-risk
groups were analyzed by Log-rank test, and results are shown
in Fig. 6. There were significant differences between high-risk
and low-risk patients in training group, also the same with test
group, indicating that this model was feasible in actual predic-
tion process. The prediction results of miRNA in patients are
displayed in Fig. 7, which showed the expression differences
of miRNA between high-risk and low-risk patients. Moreover,

Table 1  Six significantly differentially expressed miRNAs

Type miRNA ID logFC P value FDR

Upregulated miRNA  hsa-mir-675 3.08 1.51E-108 6.34E-106

hsa-mir-196a-1  2.69 3.73E-90 1.04E-87
hsa-mir-196a-2  2.59 145E-49 2.03E-47
hsa-mir-1911  —6.55 2.55E-162 2.14E-159
Downregulated hsa-mir-1264  —4.27 3.38E-82 7.08E-80
miRNA hsa-mir-1298  —3.15 1.32E-65 2.21E-63
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we could know from the results that the lower the risk coeffi-
cient, the longer the survival time.

Analysis of the target genes for five miRNAs

A total of 4479 target genes were predicted by prediction soft-
ware Targetscan. Then, these target genes were subjected to

Survival

Time

Fig. 3 The overall survival status changes of patients. The survival
curves were drawn according to the patients’ survival time. The
horizontal axis showed survival time, and the vertical axis showed
survival rates; the red crosses on curve were cutoff values. See from the
figure, patients’ viability decreased gradually over time
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Fig. 4 The variations of patients’ survival status in different

respectively. P value of Log rank test was shown in the lower left
classifications. a—f represented the relationships between age, gender, T corner of each figure
stage, R stage, M stage, N stage, tumor stage, and survival time,

conduct GO annotation and KEGG pathway analysis by David. ~ phosphorylation and positive regulation of gene expression,
GO annotation results demonstrated that the main functions of  while the results of KEGG analysis showed that they were main-
these target genes were associated with protein amino acid  ly related to endocytosis and pathways in cancer (Fig. 8).
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Fig. 5 Predictive capabilities of
miRNAs under different tumor
status. The abscissa and the
ordinate showed different tumor
status and different miRNAs
respectively. This heat map
showed the capacity that the 140
differentially expressed miRNAs ﬁ
of tumor affected the survival

under various status. Red
represented strong positive
correlations between miRNA
expression and survival time,
while green represented strong
negative correlations

-C
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hsa-mir-599

Discussion

In this study, we screened a total of 33 differentially expressed
miRNAs between normal and neuroglioma samples. Then, ac-
cording to the medical information of patients, we predicted the
miRNAs that could be considered as molecular targets, and five

A Training set
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Log-rank test
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Time

Fig. 6 Determination of patients’ survival risk by Kaplan-Meier based on
expression levels of five miRNAs. The abscissa showed the survival time,
while the ordinate showed the survival rate. Red and blue represented
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miRNAs including has-mir-155, has-mir-199b, has-mir-10a,
has-mir-1274b, and has-mir-455 were finally selected.

A previous study has reported that some neuronal miRNA
may show context-dependent roles in neurological diseases
through regulating the spatial and temporal expression levels
of protein-coding genes, such as miR199b [10]. miR199b can
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high-risk and low-risk patients, respectively. P value at the lower lefi
corner indicated the differences between two risk groups
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Fig. 7 Analysis of the risk coefficients predicted by the five miRNAs. a
Risk coefficients analysis of training set data, b heat map for expression
levels of five miRNAs in training set, ¢, d the relationship between the

regulate cell proliferation, survival, and death by targeting
hypoxia-inducible factor 1 alpha (HIF-1x) [11, 12]. HIF-1e,
a vital transcription factor which regulates gene expression
mainly in the brain to response to the decreases in oxygen
availability [13, 14], plays an important role in cell regeneration
and survival. In addition, HIF-1« is found to be involved in
some pathophysiologic processes during disease development,

A GO analysis of 5 miRNAs' target
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Fig. 8 GO and KEGG analysis of the target genes of differentially
expressed miRNAs. a GO analysis of the target gene, and b KEGG
analysis of the target gene. The abscissa represented significant degree,
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including neurodegenerative diseases, and tumorigenesis [15,
16]. Several recent studies have proved that HIF-1 is a target
of miR199b, indicating that miR199b may represent a novel
prognostic or therapeutic marker for neuroglioma. Also, it is
reported that overexpression of miR-155 can accelerate the
growth of tumor cell lines in vivo [17]. The upregulation of
mir-155 in several types of cancers like B-cell lymphoma

B KEGG analysis of 5 miRNAs' target
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while the vertical axis represented functional annotation; the greater the
significant degree, the greater correlation between the target gene and
annotation
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combining with its functional studies suggests that it is onco-
genic [18, 19]. Furthermore, a recent study shows that miR-155
has mutator activity [20] and several known target genes of
miR-155 correlate with apoptotic and proliferative response
and contribute to tumor development [21, 22].

In order to further analyze the selected miRNAs and
explore the possible pathogenesis of neuroglioma, the
target genes of these miRNAs were also predicted. A
total of 4479 target genes were obtained. The main
functions of these target genes were associated with
protein amino acid phosphorylation and positive regula-
tion of gene expression, while the major pathways of
these genes were enriched in endocytosis and pathways
in cancer through GO annotation and KEGG analysis.
As we all know, the reversible protein phosphorylation
regulates nearly every aspect of cell life, and phosphor-
ylation or dephosphorylation catalyzed by protein ki-
nases and protein phosphatases, respectively, can modify
the function of a protein in almost every conceivable
way [23]. It is reported that nearly 30 % of the proteins
encoded by the human genome have covalently bound
phosphate; moreover, abnormal phosphorylation is con-
sidered as a cause for various human diseases.
Numerous naturally occurred toxins and tumor pro-
moters exert their effects through targeting particular
protein kinases and phosphatases [24]. Therefore, we
speculated that these target genes may be also consid-
ered as useful targets for neuroglioma. As for the path-
ways these genes enriched in, we take endocytosis as an
example. Endocytosis is regarded as a signaling pathway, trig-
gered by the activation of surface receptors and leading to
their internalization, and targets them for degradation in the
lysosome [25]. Recently, there are studies indicating that en-
docytosis may play a role in cancer [26]. Some connections
between endocytosis and cancer include the following: (1) As
endocytosis is an attenuator of signaling, therefore, it is a
potential candidate as a tumor suppressor pathway; (2) endo-
cytosis is involved in several pathways leading to the activa-
tion of certain receptors of established relevance to cancer,
such as Notch. In other words, these target genes may be
involved in the pathogenesis of neuroglioma and could be
considered as biomarkers for the treatment of neuroglioma.

In summary, we screened differentially expressed
miRNAs between normal and neuroglioma samples in
this study and selected five miRNAs including has-
mir-155, has-mir-199b, has-mir-10a, has-mir-1274b, and
has-mir-455 with potential of predictive ability in
neuroglioma. In addition, we analyzed the target genes
of these five miRNAs, which may provide new insights
into cancer development and find new potential bio-
markers and therapeutic targets. Although further studies are
still needed, the results in this study could help understand the
pathogenesis of neuroglioma.
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