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Microarray analysis of aberrant microRNA expression
patterns in spinal cord gliomas of different grades
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Abstract. MicroRNAs (miRNAs) are involved in the develop-
ment of several types of tumor; however, their role in spinal
gliomas remains unknown. The present study aimed to iden-
tify potentially novel spinal cord gliomas (SCG)-associated
miRNAs and to characterize their roles in the development and
progression of SCG. miRNA expression levels in low-grade
SCG (classed as stage I-II SCG based on the World Health
Organization grading system), high-grade SCG (classed as
stage IV SCG based on the World Health Organization grading
system) and 5 control cases were measured using a miRNA
expression microarray. Subsequently, blood samples from
the spinal cord of patients with differing grades of SCG were
screened for differentially expressed miRNAs (DEmiRNAs).
Compared with the control group, 7 upregulated and 36 down-
regulated miRNAs were identified in the low-grade SCG group

Correspondence to: Professor Guang-Jian Jiang, School of
Traditional Chinese Medicine, Beijing University of Chinese
Medicine, 11 Bei San Huan Dong Lu, Beijing 100029, P.R. China
E-mail: guangjianjiang@sina.com

Dr Tao Fan, Department of Neurosurgery, Sanbo Brain Hospital,
Capital Medical University, 50 Yikesong Road, Beijing 100093,
P.R. China

E-mail: fant@ccmu.edu.cn

“Contributed equally

Abbreviations: miRNA, microRNA; SCG, spinal cord gliomas;
GBM, glioblastoma; DEmiRNAs, differentially expressed miRNAs;
DEgenes, differentially expressed genes; GO, gene ontology; BP,
biological processes; KEGG, Kyoto Encyclopedia of Genes and
Genomes; CDK®, cyclin-dependent kinase 6; FC, Fold change

Key words: spinal
biomarkers, miR-1246

cord gliomas, circulating microRNA,

and a total of 70 upregulated and 20 downregulated miRNAs
were identified in the high-grade SCG group (P<0.05, fold
change >2). Gene Ontology analysis revealed that the regu-
lation of cellular metabolic processes, negative regulation
of biological processes and axon guidance were primarily
involved. Moreover, pathway analysis showed that the target
genes of DEmiRNAs were enriched in tumor-related signaling
pathways, such as the MAPK and Wnt signaling pathway. The
results suggest that DEmiRNAs in peripheral blood may serve
as novel target markers with high specificity and sensitivity for
the diagnosis of SCG.

Introduction

The World Health Organization (WHO) classifies human
spinal cord gliomas (SCGs) into four different grades (I-IV),
according to the increase in malignancy (1). Low-grade SCGs
(classed as WHO stage I-II) have a tendency for local recur-
rence and may trend towards the development of high-grade
SCG (classed as WHO stage 1V) (2). Post-surgery, patients
with low-grade SCG usually exhibit recurrence of tumors
within months or years, whereas patients with high-grade
SCG, also known as glioblastoma, have a median survival
period of only 1 year (3,4). Therefore, studies exploring the
mechanism underlying occurrence and progression of SCG
may assist in improving our understanding of the biological
behavior of SCG and thus result in improved treatment
strategies.

MicroRNAs (miRNAs/miRs) are a class of endogenous
non-coding small RNAs (~22 nucleotides in length) which
negatively regulate target genes at the post-transcriptional
level by incomplete binding to the target gene (5,6). miRNAs,
which are hypothesized to serve as targets for tumor therapy,
can promote cell proliferation, inhibit apoptosis, promote
angiogenesis and serve a regulatory role in tumor pathogen-
esis (7-9). Furthermore, miRNAs may be involved in tumor
resistance and may be a valuable diagnostic and prognostic
factor for patients with SCG (10).
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To the best of our knowledge, the expression of miRNAs in
SCG has not been extensively studied, particularly regarding
miRNAs which may be implicated in the development of
SCG. The present study used miRNA microarrays to detect
differentially expressed (DE)miRNAs in the blood of patients
with different grades of SCG. The identification of novel
DEmiRNAs may provide novel insights into the progression
and treatment of SCG.

Materials and methods

Study patients and blood samples. The present study was
approved and supervised by The Ethics Committees of
Beijing University of Chinese Medicine (Beijing, China) and
Sanbo Brain Hospital, Capital Medical University (Beijing,
China). Written informed consent was obtained from all
patients prior to the study start. According to the WHO
(2016) (1) classification of neurological tumors, a total of
10 patients with SCG who underwent surgical treatment at
Sanbo Brain Hospital, without preoperative chemotherapy
or radiotherapy were recruited between February 2016 to
December 2016, and blood samples were collected from
low-grade or high-grade SCG cases. In addition, blood was
collected from five patients with benign tumors as a control.
Arterial blood was stored in liquid nitrogen immediately
after extraction.

Microarray determination. Total miRNAs were labeled and
hybridized according to the manufacturers' protocol (Qiagen
China Co., Ltd.). The slides were scanned using the Axon
GenePix 4000B microarray scanner (Molecular Devices, LLC.).
The scanned images were imported into GenePix Pro
version 6.0 (Molecular Devices, LLC.) for grid alignment
and data extraction. After median normalization, significant
DEmiRNAs between the two groups were identified based on
the fold change (FC) values and P-value.

Reverse transcription quantitative (RT-q)PCR. Total RNA
was extracted as previously described (11). Total RNA was
extracted from the blood of patients with SCG and control
patients using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific Inc.). The RNA quantity and quality were determined
using a NanoDrop spectrophotometer (ND-1000, NanoDrop
Technologies; Thermo Fisher Scientific, Inc.). Total RNA
was reverse transcribed into cDNA using the cDNA Reverse
Transcription kit (Invitrogen; Thermo Fisher Scientific Inc.),
with 2 ug total RNA. qPCR was subsequently performed using
SYBR Premix ExTaq and the MX3000 instrument (Kangchen
BioTech Co., Ltd.), according to the manufacturer's protocol.
RT-gPCR was performed using a 7500 Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.), accord-
ingly to the manufacturer's protocol. The sequences of the
primers used are presented in Table I. mRNA expression levels
were quantified using the 22244 method (11) and normalized
to the internal reference gene U6.

Differential miRNA target gene prediction. MirDB (version 5;
http://www.mirdb.org) and TargetScan (version 7.1;
http://www.targetscan.org) databases were used to predict and
analyze the target genes of the abnormally expressed miRNAs.

The final results from the prediction utilized the overlapping
regions of the gene obtained between the two databases.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analyses. The GO data-
base (http://geneontology.org) includes molecular function,
cellular component and biological processes as the three
categories to stratify function. GO analysis was used to
obtain the significantly enriched GO articles and corre-
sponding genes in order to deduce the biological functions of
DEmiRNAs in SCG.

Using the KEGG database (https://www.kegg.jp), the
pathways most associated with the DEmiRNAs were
determined.

Statistical analysis. SPSS software (version 20.0; IBM, Corp.)
was used for statistical analysis. The results are expressed as
the mean + standard error of the mean. Unpaired Student's
t-test was used to calculate the P-value between the normalized
signals of the two sets of samples and the standardized signal
values were used to calculate the FC (FC>2, P<0.05). A Fisher's
exact test was used to identify which pathways and GO entries
were significantly associated with the DEmiRNAs. P<0.05 was
considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 10 patients with SCG,
consisting of five patients with high-grade SCG and five patients
with low-grade SCG were recruited. Blood samples were
collected and staged according to the WHO (2016) classifica-
tion of neurological tumors. Basic information on the patients,
including age, sex and tumor location are presented in Table II.

DEmiRNAs in the blood of patients with SCG. Compared
with the normal group, there were 156 upregulated miRNAs
and 84 downregulated miRNAs (FC>2) in the low-grade
SCG group (Table SI). Among these, seven upregulated
miRNAs and 36 downregulated miRNAs were statistically
significant (P<0.05; Tables III and IV). In the high-grade
group, 251 upregulated miRNAs and 35 downregulated
miRNAs were identified (FC>2). Of these, 70 upregulated
and 20 downregulated miRNAs were statistically significant
(P<0.05, FC>2; Table SII). The number of DEmiRNASs in the
high-grade group was higher compared with the low-grade
SCG group, in terms of the expression profiles of miRNAs
in the blood of the tumor patients (Fig. 1A). The top 10 most
upregulated and downregulated genes are listed in Tables V
and VL.

To validate the results of the microarray analysis, two
DEmiRNAs were randomly chosen for RT-qPCR; miR-3189-3p
was upregulated in both the low-grade and the high-grade
group and miR-4527 was upregulated in the high-grade group.
The results obtained from RT-qPCR were consistent with those
of the microarray analysis and showed statistical significance
(P<0.05; Fig. 2). All of the data on dysregulated expression of
the DEmiRNAs identified are presented in Tables SI and SII.

Target prediction for the DEmiRNAs in the low-grade
and high-grade groups. The top 18 and 20 miRNAs in the
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Table I. miRNA and mRNA primers for quantitative PCR analysis.

Primer Sequence
U6
Forward 5'-GCTTCGGCAGCACATATACTAAAAT-3'
Reverse 5'-CGCTTCACGAATTTGCGTGTCAT-3'
hsa-miR-3189-3p
Forward 5'-CCGCGCCCTTGGGTCTGATG-3'
Reverse 5'-ATCCAGTGCAGGGTCCGAGG-3'
miRNA specific primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTACCC
hsa-miR-4527
Forward 5'-AGCCGCGTGGTCTGCAAACACAT-3'
Reverse 5'-ATCCAGTGCAGGGTCCGAGG-3'
miRNA specific primer GTCGTATCCGCAGGGTCCGAGGTATTCGCACTGGATACGACACAGTC

miR, microRNA.

Table II. Clinical characteristics of the patients.

Patient no. Age, years Sex Tumor pathology classification Tumor grade Tumor location
25343 28 Female Glioblastoma, NOS v T10-L1
26600 15 Male Glioblastoma, NOS v C5-7
26600(2) 17 Male Glioblastoma, NOS 1A% T1-5
28553 14 Female Glioblastoma, NOS v T1-8
28378 11 Male Glioblastoma, NOS v T9-12
26051 48 Male Astrocytoma, NOS II C1-3
506353 47 Female Astrocytoma, NOS 1I T5-7
511691 45 Female Astrocytoma, NOS 1I C6-T1
27110 17 Male Hair cell astrocytoma I T1-2
503550 13 Male Hair cell astrocytoma I T1-4

1 38 Female Arnold-chiari deformity Control Craniotomy

2 36 Male Atlantoaxial dislocation Control C1-3

3 25 Female Atlantoaxial dislocation Control CI1-3

4 19 Female Hemifacial spasm Control Craniotomy

5 13 Male Trauma Control T1-3

C, cervical; L, lumbar; T, thoracic; NOS, not otherwise specified.

Table III. Upregulated miRNAs in the blood of patients with low grade spinal cord glioma.

Patient ID miRNA Fold change P-value
168870 hsa-miR-1246 2.1296 0.0002°¢
46808 hsa-miR-4485-3p 14.7751 0.0013°
168558 hsa-miR-5585-3p 2.5819 0.0072°
168568 hsa-miR-1290 2.1757 0.0078°
147701 hsa-miR-491-3p 3.1754 0.0111*
46221 hsa-miR-519d-3p 2.1241 0.0304*
148377 hsa-miR-3653-3p 2.2735 0.0446*

"P<0.05, *P<0.01, °P<0.001. miR, microRNA.
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Table I'V. Top 10 downregulated miRNAs in blood of patients with low grade spinal cord glioma.

Patient ID miRNA Fold change P-value®
146159 hsv1-miR-H4-3p 0.1415 0.0237
147707 hsa-miR-3154 0.1485 0.0130
147796 hsa-miR-4327 0.1643 0.0375
11004 hsa-miR-203a-3p 0.2281 0.0138
148278 hsa-miR-138-2-3p 0.2355 0.0128
146163 hsa-miR-224-3p 0.2454 0.0375
46567 hsa-miR-3176 0.2456 0.0248
147627 hsa-miR-4294 0.2740 0.0199
169013 hsa-miR-5195-5p 0.2849 0.0245
168684 hsa-miR-5010-5p 0.2985 0.0248

2All P<0.05. miR, microRNA.
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Figure 1. DEmiRNAs in arterial blood between the high-grade and low-grade SCG groups compared with the control group. Hierarchical clustering analysis of
the differentially expressed miRNAs in the serum of patients with (A) high-grade or (B) low-grade SCG. FC>2; P<0.05; n=5. Expression values are expressed in
different colors, red for upregulated expression and green for downregulated expression. Volcano plots constructed using the FC and P-values for patients with
(C) low-grade and (D) high-grade SCG. The vertical line corresponds to a 2-fold up or downregulation of expression in the serum of both groups and the hori-
zontal line represents the P-value. Red points represent DEmiRNAs with statistical significance whereas black points represent DEmiRNAs with no statistical
significance. DEmiRNAs, differentially expressed microRNAs; SCG, spinal cord glioma; FC, fold change; I_II_B, low grade SCG; IV_B SCG, high grade.

low-grade and high-grade groups, respectively, were selected
for prediction of their target genes, based on the FC values
for the DEmiRNAs. A total of 348 and 728 target genes
for the upregulated and downregulated miRNAs, respec-
tively in the low-grade group were identified (Table SIII).

In addition, 772 and 1,731 target genes were predicted
for the upregulated and downregulated miRNAs, respec-
tively, in the high-grade group (Table SIV). The network
diagram of the 4 downregulated miRNAs associated with
spinal glioma development, and their target genes from the
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Table V. Top 10 upregulated miRNAs in blood of patients with high grade glioma.

Patient ID miRNA Fold change P-value®
169006 hsa-miR-4527 14.7266 0.0274*
169029 hsa-miR-4471 6.8163 0.0107*
42551 hsa-miR-122-3p 6.0684 0.0207*
169249 hsa-miR-4482-5p 54977 0.0413*
42941 hsa-miR-218-1-3p 5.3011 0.0396*
168860 hsa-miR-4766-5p 5.1045 0.0381*
146157 hsv1-miR-H4-5p 4.5925 0.0274*
169223 hsa-miR-4680-3p 44346 0.0256*
46808 hsa-miR-4485-3p 43325 0.0254*
169369 hsa-miR-4490 4.1875 0.0058°
P<0.05,°P<0.001. miR, microRNA.

Table VI. Top 10 downregulated miRNAs in blood of patients with high grade glioma.

Patient ID miRNA Fold change P-value®
147195 hsa-miR-18a-5p 0.2722 0.0249*
42956 hsa-miR-545-5p 0.2765 0.0123*
147334 hsa-miR-3613-5p 0.2877 0.0152*
11053 hsa-miR-32-5p 0.3543 0.0472*
147845 hsa-miR-3173-3p 0.3550 0.0015°
145968 hsa-let-7d-5p 0.3723 0.0014°
147817 hsa-miR-3196 0.3755 0.0450*
148620 hsa-miR-454-3p 0.3825 0.0108*
42932 hsa-miR-920 0.3947 0.0000¢
17752 hsa-let-7f-5p 0.4082 0.0415*

2P<0.05, "P<0.01, °P<0.001. miR, microRNA.
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Figure 2. Validation of the microarray data using RT-qPCR. Comparison
of the results from RT-qPCR and microarray analysis for miR-3189-3p and
miR-4527. The results obtained from these two methods were consistent.
n=6. RT-qPCR, reverse transcription quantitative PCR; miR, microRNA;
SCG, spinal cord glioma.

low-grade (hsa-miR-3154, hsa-miR-4327, hsa-miR-203a-3p
and hsa-miR-138-2-3p) and high-grade (hsa-miR-18a-5p,

hsa-miR-545-5p, hsa-miR-3613-5p and hsa-miR-32-5p)
blood sample groups are presented in Figs. 3 and 4,
respectively.

GO analysis of the DEmiRNAs in the low-grade and high-grade
groups. GO analysis of the differentially expressed genes was
performed. The results of the low-grade group showed that the
coding genes adjacent to the downregulated miRNAs were
primarily involved in the ‘negative regulation of biological
process’ and ‘positive regulation of intracellular transport’, and
the upregulated miRNAs were primarily enriched in ‘axon
guidance’ and ‘neuron projection guidance’. In addition, the
most enriched GO targets for the high-grade group were ‘regu-
lation of cellular metabolic process’ (downregulated) and ‘axon
development’ (upregulated) (Figs. 5 and 6; Tables SV and SVI).

Pathway analysis of the DEmiRNAs in the low-grade and
high-grade groups. Based on the KEGG database, the
significance levels of the differentially expressed gene path-
ways were analyzed. Results showed that the downregulated
miRNAs in the low-grade group were primarily involved
in the ‘FoxO signaling pathway’, and the upregulated genes
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Figure 3. Differentially expressed miRNA-mRNA networks of hsa-miR-3154, hsa-miR-4327, hsa-miR-203a-3p and hsa-miR-138-2-3p in patients with low
grade spinal cord glioma. Square red nodes and round blue nodes represent downregulated miRNAs and mRNAs, respectively, and edges between two nodes

represents an association. miR, microRNA.

were primarily involved in ‘Osteoclast differentiation” and
the “Wnt signaling pathway’. Furthermore, the differentially
expressed genes in the high-grade group were primarily
involved in the ‘circadian rhythm’, ‘Longevity regulating
pathway’, ‘mTOR signaling pathway’ and ‘Signaling path-
ways regulating pluripotency of stem cells’ (Fig. 7). The
top 10 pathways in which the DEmiRNAs were involved in
are listed in descending order of the enrichment factors in
Fig. 7.

Similarities between identified DEmiRNAs in the low-grade
and high-grade groups. To examine the differences in miRNA
expression between the low-grade and high-grade groups,
the DEmiRNA data for both groups were compared, and
DEmiRNAs that were present in both groups were selected.

A total of 27 upregulated miRNAs were present in the blood
samples of both groups. Among these, the expression levels of
12 DEmiRNAs were higher in the low-grade group compared
with the high-grade group, whereas the other 15 DEmiRNAs
were more highly expressed in the high-grade group compared
with the low-grade group (P<0.05; Table VII).

Discussion

SCG is a tumor of the central nervous system with a relatively
low incidence, accounting for 10% of all types of tumor of the
entire spinal canal, with an annual incidence of ~0.22/100,000
in the USA (12). SCG occurrence and development are thought
to be the result of the combined influence of genetic and envi-
ronmental factors that are regulated by multiple genes. With
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Figure 4. Differentially expressed miRNA-mRNA network of hsa-miR-18a-5p, hsa-miR-545-5p, hsa-miR-3613-5p and hsa-miR-32-5p in patients with
high-grade spinal cord glioblastoma. The square, red nodes and the round, blue nodes represent the downregulated miRNAs and mRNAs, respectively, and

edges between two nodes represent a potential link. miR, microRNA.

developments in the fields of tumor molecular biology and
molecular genetics, multiple molecular changes, including
abnormal expression and mutations in miRNAs, have been
discovered (13,14). These genetic changes may improve early
diagnosis of cancer and typing and prognosis of patients.
Therefore, the search for novel, sensitive and specific biomarkers
associated with development of SCG are important for early
diagnosis, prognostic evaluation and clinical treatment.

At present, a number of studies have focused on the role
and abnormal expression of miRNAs in the progression of
glioma, but there are fewer studies investigating specific
miRNA expression profiles (15,16). The expression of miRNAs
in peripheral blood has been associated with different types
of tumor and tissue specificity, which has allowed them to
be used as a diagnostic criterion (17). In the present study,
miRNA microarray technology was used to compare the
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Figure 5. Top 10 enriched GO terms for the DEmiRNAs in the serum samples of patients with low-grade spinal cord glioblastoma. (A) Upregulated and
(B) downregulated DEmiRNAs. The abscissa represents the GO term, from left to right, for the biological process, cellular component and molecular function.
The ordinate indicates the GO term. GO, Gene Ontology; miRNA, microRNA; DEmiRNAs, differentially expressed miRNAs.
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DE, differentially expressed; SCG, spinal cord glioma.

expression of miRNAs in the blood of patients with SCG with
patients with a benign tumor. The miRNA expression profiles
for the different grades of SCG were screened to identify
differentially expressed miRNAs which may serve a role in
the development of SCG, and thus may serve as biomarkers for
specific stages of SCG.

In the present study, 43 and 90 miRNAs were abnormally
expressed in the low-grade and high-grade groups, respec-
tively, compared with the matched control group. Certain
miRNAs were not abnormally expressed in the low-grade
group, but were abnormally expressed in the high-grade group,
and these miRNAs may be closely associated with malignant
progression of SCG and may serve as useful biomarkers to
aid in diagnosis and prognosis of patients. Additionally, whilst
the majority of the abnormally expressed miRNAs identi-
fied in the low-grade and high-grade groups were different,

27 DEmiRNAs were observed in both groups. Therefore, it
is hypothesized that these miRNAs may be involved in the
pathogenesis of SCG and their specific mechanism of action
will be the focus of future studies.

As an mRNA may be regulated by multiple miRNAs, and
one miRNA may regulate multiple mRNAs (18), differentially
expressed miRNAs from the low-grade and high-grade groups
were selected to construct the miRNA-mRNA networks,
enabling further investigation of potential associations at the
mRNA and protein levels. Pathway knowledge can provide
disease marker information crucial for diagnosis, drug choice
and patient treatment (19). The GO and KEGG analysis of the
target genes revealed that the target genes of these miRNAs
were enriched in processes and signaling pathways associ-
ated with the nervous system and tumors. KEGG signaling
pathway analysis revealed a number of target genes enriched
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Table VII. Co-expression of differentially expressed miRNAs between blood samples from patients with low-grade or high-grade

spinal glioma.

Patient ID miRNA Low grade, FC High grade, FC
42530 hsa-let-7a-2-3p 3.250.967 2.010.692
42551 hsa-miR-122-3p 5.070.068 6.068.409
46633 hsa-miR-1267 2.778.844 3.180.956
46363 hsa-miR-1272 2.277.376 2.086.202
148536 hsa-miR-1-5p 2.235.554 3.068.592
146165 hsa-miR-1973 2.203.796 2.687.838
148338 hsa-miR-3064-3p 3.556.303 3.537.826
147651 hsa-miR-3123 4.102.231 3.878.089
11058 hsa-miR-325 4.038.391 2.888.924
11083 hsa-miR-371a-3p 2.065.478 3.602.984
168768 hsa-miR-4423-5p 22.859 2.520.848
169029 hsa-miR-4471 1.165.354 6.816.256
169247 hsa-miR-4477a 8.457.066 3.624.097
168801 hsa-miR-4477b 8.578.137 3.521.554
46808 hsa-miR-4485-3p 1.477.512 4.332.511
169369 hsa-miR-4490 5.428.902 418.754
168917 hsa-miR-4511 214971 2.591.108
29379 hsa-miR-452-5p 2.131.956 3.120.335
169223 hsa-miR-4680-3p 5.799.037 443464
169335 hsa-miR-4699-5p 2.611.289 325914
168910 hsa-miR-4735-5p 2.191.187 2.564.797
169048 hsa-miR-4736 2.331.175 2.060.894
168860 hsa-miR-4766-5p 4.579.327 5.104.469
169154 hsa-miR-4803 2.315.542 2.705.104
168896 hsa-miR-548a0-3p 2.169.132 2.038.673
17626 hsa-miR-575 2.654.789 2.269.628
33407 hsa-miR-626 3.676.464 3.089.695

FC, fold change; miR, microRNA.

in tumor-related signaling pathways, such as the FoxO, MAPK
and Wnt signaling pathways. Abnormal activation of the
Whnt signaling pathway is a ubiquitous change observed in
numerous different types of cancer, including gliomas, and it
affects the proliferation and invasion of glioma cells (20,21).
Abnormalities in the MAPK signaling pathway serves a role
in the invasion and metastasis of glioma cells and in the main-
tenance of biological processes, such as the dryness of glioma
stem cells (22-25).

The DEmiRNAs investigated in the present study, some
of which have been reported in previous studies, regulate
the expression of protein-coding genes and affect several
biological functions, serving a role in the occurrence and
development of diseases. Studies have shown that miR-1246
may be involved in the development of autoimmune diseases
and acts as a transfer messenger that leads to DNA damage
by directly inhibiting the ligase 4 gene (26,27). The plasma
expression levels of miR-1246 has been used as a diagnostic
biomarker forhepatocellular carcinoma (28,29),and miR-1246
regulates the progression of breast and prostate cancer,
highlighting the potential of miR-1246 in miRNA-based

therapies (30,31). In the present study, the expression levels
of hsa-miR-1246 were significantly higher in the low-grade
group compared with the control group, demonstrating that
hsa-miR-1246 expression levels are dysregulated in SCG and
therefore highlighting hsa-miR-1246 as a potential target for
treatment of SCG.

Several abnormally expressed miRNA molecules identi-
fied in the present study have not been reported in previous
studies. In the present study, it was shown that miR-4680 was
abnormally expressed in SCG, with high expression levels in
both the low-grade and high-grade groups for the first time,
to the best of our knowledge. Using TargetScan version 7.1,
137 potential target genes associated with miR-4680 were
identified. A total of 348 target genes, based on miR-4680 were
associated with gliomas, such as cyclin-dependent kinase 6
(CDKG6) which is involved in survival of glioma cells (32).
Following small interfering RNA mediated downregulation of
CDKG6 expression levels, tumor cells were arrested in the G1/S
phase and cell proliferation was inhibited (32). These newly
discovered and aberrantly expressed miRNAs may provide
insight into the mechanisms underlying the development
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of SCG, and their role in SCG progression requires further
investigation.

In conclusion, the present study compared DEmiRNAs
in low-grade and high-grade groups with the control group
and identified several miRNAs which may serve a role in the
progression of SCG. These identified miRNAs may serve as
novel biomarkers or molecular targets for clinical diagnosis
and treatment of patients with SCG.
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