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Figure 9. Significant cellular component (CC), molecular function (MF) terms and KEGG pathways of the overlapping

genes.

compared with the corresponding normal brain
tissues according to the data from the GEO
microarrays and TCGA database. Moreover, the
ROC curve analysis also revealed that the
expression of miR-10b-5p showed satisfactory
diagnostic sensitivity and specificity, which
made it more able to help in clinical glioma
diagnosis.

GO enrichment analysis helped identify the
enriched GO terms of the target genes. axon
cargo transport, neuron projection, and small
GTPase regulator activity were the most enri-
ched in BP, CC and MF, respectively. In the
KEGG pathway analysis, six significant path-
ways were found: MAPK signaling pathway,
Oocyte meiosis, Neurotrophin signaling path-
way, Axon guidance, Aldosterone-regulated so-
dium reabsorption and mTOR signaling path-
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way. Among which, MAPK signaling pathway,
Oocyte meiosis, Axon guidance and mTOR sig-
naling pathway have been reported to be cor-
related with glioma. For example, MAPK/ERK
signaling pathway blocking has been found by
Li B to be implicated in the inhibition of glioma
[24]. Sun S found that beta polypeptide (P4AHB)
could promote the growth of glioma in vivo
through MAPK signaling pathway [22]. Rega-
rding Oocyte meiosis, it was also found by
Zhou C to be a significant pathway in glioma
[23]. As for Axon guidance, Kunapuli P found
that canonical axon guidance pathway was the
most affected pathway after re-expression of
LGI1 in glioma cells [24]. Plenty of studies have
reported that AKT/mTOR signaling pathway par-
ticipates in the regulation of glioma cell prolif-
eration, migration, and invasion [25-29]. Those
previous researches further support our find-
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Figure 11. Hub genes selected from protein-protein
interaction (PPI) network (degree >4).

ings. MAPK signaling pathway, Oocyte meiosis,
Axon guidance, and mTOR signaling pathway
did exert important function in glioma. For
Neurotrophin signaling pathway and Aldoste-
rone-regulated sodium reabsorption, which
have not been reported to be associated with
glioma, it is still worthy to focus on exploring
their functions in the development of glioma in
the future.

Beyond that, the PPl network analysis helped
verify that the seven hub genes (PHLPP2,
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Figure 10. Protein-protein interaction (PPI) net-
work of the overlapping genes.

MAKP1, RPS6KA2, PRKCE, YWHAG, EPHA4,
and NEDD4L) might be valuable in glioma.
Through gene expression analysis, we identi-
fied hub genes PRKCE and EPHA4 were signifi-
cantly down-regulated in GBM samples. Since
miR-10b-5p was significantly increased in glio-
ma according to our systematic meta-analysis,
the down-regulated hub genes EPHA4 and NE-
DDA4L owned a great chance to act as crucial
target genes of miR-10b-5p. As regards the rest
five hub genes (PHLPP2, MAPK1, RPSG6KA2,
YWHAG, and NEDDA4L), although no statistical
expression difference was observed, there
was a trend that the expression of PHLPP2,
RPS6KA2, YWHAG and NEDD4L was down-reg-
ulated in GBM samples. It still indicated their
possibility of acting as key target genes of
miR-10b-5p in glioma. Here, we focused on
EPHA4 and NEDDAL for detailed discussion.

PRKCE (protein kinase C epsilon) encodes ser-
ine- and threonine-specific protein kinase par-
ticipating in different cellular functions includ-
ing neuron channel activation, apoptosis, heat
shock response, as well as insulin exocytosis.
Over the last few years, PRKCE has been dis-
covered to be implicated in different cancer
events. Wang H found that PRKCE/MDR1 axis
was involved in gallbladder cancer medicine
therapy sensitivity [30]. And PRKCE was also
found to be a target of miR-146a in papillary
thyroid [31]. Besides, PRKCE was an essential
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EPHA4 was found to promo-
te cell proliferation and drug
resistance in multiple myelo-
ma [35]. In lung adenocarci-
noma, EPHA4 exerted inhibi-
tion function in the migration
and invasion [36]. And Sun Y
found that decreased expres-
sion of EPHA4 was correlated
with the advanced TNM sta-
ge, lymph node metastasis,
and worse prognosis of brea-
st cancer [37]. Besides, EP-
HA4 was also reported as a
prognostic factor gastric can-
cer [38]. As regards glioma,
Fukai J revealed EPHA4 was
able to promote cell prolifera-

Figure 12. The expression box plot of PRKCE and EPHAA4. A. The expression
of PRKCE was down-regulated in glioma. B. The expression of EPHA4 was

down-regulated in glioma.

factor for the formation of bone metastasis by
prostate cancer cells [32]. In Caino MC'’s study,
PRKCE was revealed to be indispensable in
NSCLC cell survival, which made it an attractive
therapeutic target for NSCLC [33]. Similarly,
Huang B discovered that overexpression of
PRKCE was correlated with an aggressive phe-
notype of clear cell renal cell carcinoma, which
also made it a promising therapeutic target. In
glioma, knockdown of PRKCE was found to
suppress growth, induce apoptosis and re-
duce invasiveness of human glioma cells [34].
However, up to now, no study has illuminated
the exact interaction between miR-10b-5p and
glioma. Nevertheless, due to PRKCE was influ-
enced after the miR-10b-5p silence in the GEO
datasets we included, and the expression of
PRKCE was negatively correlated with miR-10b-
5p, we could speculate that PRKCE was a prom-
ising target of miR-10b-5p in glioma. The inter-
action between miR-10b-5p and PRKCE might
help explain parts of the potential molecular
mechanisms of glioma.

EPHA4 (EPH receptor A4), belongs to the ep-
hrin receptor subfamily of the protein-tyrosine
kinase family. EPH and EPH-related receptors
are known to participate in mediating develop-
mental events, particularly in the nervous sys-
tem. Recently, EPHA4 was reported to play a
crucial role in various cancers. For instance,
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tion and migration via EphA4-
FGFR1 signaling pathway in
the human glioma U251 cell
line [39]. However, there was
no report about the correla-
tion between EPHA4 and miR-10b-5p. Still,
being similar to PRKCE, the expression of
EPHA4 was negatively correlated with miR-
10b-5p according to the validation through
GBM samples. As a result, EPHA4 was ex-
pected to be a promising target of miR-10b-5p
in glioma, which might help illuminate parts
of the molecular interaction mechanisms of
glioma.

Nevertheless, limitations existed in this study.
All analyses in this paper were performed
computationally, thus need further validation
through experimentation. However, the infor-
mation we produced still provided references
for the research on the molecular mechanisms
of glioma. Similar investigation methods could
also be used to other miRNAs and cancers.

Above all, miR-10b-5p was overexpressed in
glioma and may act as a satisfactory diagnos-
tic target. Key targets of miR-10b-5p including
PHLPP2, MAKP1, RPS6KA2, PRKCE, YWHAG,
EPHA4, and NEDDA4L, especially PRKCE and EP-
HA4 may be of great importance in the regu-
latory molecular mechanisms of glioma. And
pathways such as MAPK signaling pathway,
Oocyte meiosis, Axon guidance and mTOR
signaling pathway may exert crucial function
in the molecular regulation of miR-10b-5p in
glioma.
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Figure 13. The expression box plot of PHLPP2, MAPK1, RPS6KA2, YWHAG and NEDDA4L. A. The expression of PHLPP2 in glioma. B. The expression of MAPK1 in
glioma. C. The expression of RPS6KA2 in glioma. D. The expression of YWHAG in glioma. E. The expression of NEDDA4L in glioma.
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Conclusion

In the current study, up-regulated miR-10b-5p
may become a promising diagnostic marker in
glioma. Moreover, MAPK signaling pathway,
Oocyte meiosis, Axon guidance, mTOR signal-
ing pathway, as well as hub genes PHLPP2,
MAKP1, RPS6KA2, PRKCE, YWHAG, EPHA4
and NEDDA4L), especially PRKCE and EPHA4
may be the indispensable elements to help
illustrate part of the interaction mechanisms
between miR-10b-5p and glioma. The current
findings might shed light on the future theoreti-
cal research and clinical practice.
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Supplementary 1. The 124 overlapping genes intersected from up-regulated genes in the microarray,
down-regulated genes in the TCGA GBM samples, and the predicted target genes.

CYTH1
SEMA4D
PPM1A
FAXC
CAMK2B
KIAAD930
NFAT5
KIF1B
RPSBKA2
MCF2L
TBC1D24
RB1CC1
TRPM3
KLC2
TPPP
JPH1
PNMA3
YPEL2
CACNB3
PAFAH1B1
RAPH1
STRIP2
NT5DC3
ARRB1
DENND5B
PRKCE
PRDM11
ZNF280B
NRIP3
GAS7
SLC38A1
ACSL6
ANK3
ADD2
ELAVL3
TRAPPCGB
GNAL
NDUFAF4
SLC6A15
TRIM2
MAFK
PIPAK2B
PRRC2B
NUAK1
RALGPS1
NEDDAL
EFNA5
YWHAG
FAM102A
MAPK1
SBF1
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CELF2
LRRC8B
ABHD17B
AGAP3
KLF13
T™MTC1
PPARGC1B
TMEMG3A
DUSP7
LDLRAD4
PDPK1
MEGF9
KY
VPS13D
PGP
ASXL3
RAB3B
DDN
SLC45A4
RUSC2
ZMYND11
PLLP
AGAP1
MGEA5
SPTBN1
DOHH
NCAM1
EPHA4
ELAVL2
DLGAP1
OTuB2
CCSER2
KIAAO513
CACNB2
KIF1A
ZFYVE27
KIAA1462
CRTC1
AAK1
SLC16A7
SLCO3A1
KBTBD6
ZBTB7A
NDFIP2
BCAS4
PDzZD8
RASAL2
MMD
PPM1K
FAM126B
GABBR1
VPS53
OSBPL1A
DMRT2
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RAPGEF2
SOBP
TOLLIP
SMIM13
BRWD1
PHLPP2
RTN4R
KCNA2
BTRC
TTBK2
INF2
RIMS3
NTRK3
CLASP2
KLC1
SGSM2
FOXP1
ATE1
GPLD1



