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Abstract: MicroRNA-145-5p downregulation has been shown to play important roles in the oncogenesis and pro-
gression of many cancer types including glioblastoma (GBM). However, the potential role of serum miR-145-5p in
the diagnosis and prognosis of glioblastoma (GBM) remains poorly known. This study was designed to explore the
clinical significance of serum miR-145-5p in patients with GBM. Quantitative reverse transcription polymerase chain
reaction (QRT-PCR) was carried out to measure the serum levels of miR-145-5p in 117 GBM patients, 52 grade I/II
glioma patients and 50 healthy volunteers. The associations between serum miR-145-5p level and the clinical vari-
ables as well as prognosis were analyzed. The bioinformatic analysis of the downstream targets of miR-145-5p was
also performed. Compared to grade I/Il glioma patients and healthy controls, serum miR-145-5p levels were signifi-
cantly decreased in GBM patients. In addition, the receiver operating characteristic (ROC) analysis demonstrated
that serum miR-145-5p might be a reliable diagnostic marker of GBM with an AUC of 0.895, combing with 84.6%
sensitivity and 78.0% specificity. Low serum miR-145-5p level had significant correlation with aggressive clinico-
pathological parameters. Moreover, the Kaplan-Meier curve revealed that patients in the high serum miR-145-5p
group survived significantly longer than those in the low serum miR-145-5p group. Multivariate analysis confirmed
that serum miR-145-5p expression was an independent prognostic indicator for overall survival. The bioinformatic
analysis revealed that many downstream genes and pathways that miR-145-5p regulated were closely associated
with the initiation and development of cancer. Taken together, decreased serum miR-145-5p is a promising diag-
nostic and prognostic biomarker for GBM.
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Introduction late the expression of multiple target genes at
the post-transcriptional level by binding to their
3’-untranslated regions (3’ UTR) [5, 6]. Growing

evidence has shown miRNAs play important

Glioblastoma (GBM) is an extremely aggressive
form of glioma, which is the most frequent type

of primary brain tumor in human adults [1, 2].
Though great efforts have been made to im-
prove the clinical outcome of GBM by adopting
multimodal therapy over the past decades,
patients with GBM still experience poor progno-
sis with a median survival of only 12-14 months
[3, 4]. One of the main reasons is the lack of
specific and reliable biomarkers in clinical prac-
tice. Therefore, identifying easily accessible
and effective biomarkers for this disease are
urgently needed to improve the diagnosis and
the prognosis of GBM patients.

MicroRNAs (miRNAs) are single-stranded, non-
coding regulatory RNA molecules that modu-

roles in diverse cellular biological processes
including, but not limited to, cell proliferation,
differentiation, migration and apoptosis [7, 8].
miRNAs are abnormally expressed in different
human cancers and might function as onco-
genes or tumor suppressors [9]. Up to now, sev-
eral circulating miRNAs have been found to be
dysregulated in the serum or plasma of GBM
patients. For instance, serum miR-137 level
was significantly decreased in patients with
GBM and was negatively associated with
aggressive clinical parameters [10]. Similarly,
Wang et al revealed reduced serum miR-485-
3p predicted an unfavorable prognosis and was
an independent prognostic factor for GBM [11].
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Table 1. Serum miR-145-5p expression and clinicopatho-

logic parameters of 117 GBM patients

patients were presented in Table 1.
OS was measured from the day of

Clinical variables No. of Low High

cases miR-145-5p miR-145-5p

diagnosis until death from any cause
P or last follow up. The study was

Age

<50 39 17 22

>50 78 47 31
Sex

Men 85 46 39

Women 32 18 14
KPS

<70 24 8 16

>70 93 56 37
IDH1 mutation

Wild type 78 49 29

Mutated 39 15 24
Extent of resection

Total 86 40 46

Partial 31 24 7
Radioresistance

Yes 38 26 12

No 79 38 41

0.0878 approved by Ethics Committee of the

Second Hospital of Lanzhou Uni-
versity, and written informed consent
was collected from all patients.

0.8364

Blood collection and quantitative
reverse transcription polymerase

0.0183 chain reaction (QRT-PCR)

Blood (7 ml) was withdrawn from all
participants and collected in EDTA-K2

0.0126 tubes. Blood samples were separat-
ed by centrifugation at 3000 g for 10
min, and then centrifuged at 12000
0.0030 rpm for 5 min. The supernatant was

transferred to RNase/DNase free
tubes and stored at -80°C until use.

0.0387 Total RNA was isolated from the

blood samples using a mirVana
PARIS isolation kit (Ambion, Austin,

miR-145-5p had been shown to play a tumor
suppressive role in many cancer types, such as
GBM [12], non-small cell lung cancer [13, 14],
gastric cancer [15, 16], prostate cancer [17,
18], melanoma [19], esophageal squamous
cell carcinoma [20], renal cell carcinoma [21].
However, the clinical significance of serum miR-
145-5p in GBM had not yet been investigated.
In this study, serum miR-145-5p levels in GBM
patients were detected, then the associations
between serum miR-145-5p and clinical vari-
ables and as well as prognosis were subse-
quently analyzed.

Materials and methods
Study population

A total of 117 cases with GBM, comprising 85
men and 32 women, were enrolled in this study.
Moreover, 52 subjects diagnosed with a low-
grade glioma (I/Il) and 50 healthy volunteers
were recruited as the control groups, respec-
tively. Of all the GBM patients, 86 patients
received total resection while 31 patients
received partial resection. Ninety-nine cases
(84.6%) died during the follow-up period, with a
median overall survival (OS) duration of 15.84
months. Details of clinical characteristics of the
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Texas, USA), 25 fmol/ml of synthe-
sized cel-miR-39 (Qiagen, Hilden,
Germany) was spiked in after adding the dena-
turing solution to the blood samples before
RNA extraction. The quantity and concentration
of RNA were spectrophotometrically assessed
by measuring absorbance at A260/280.
Quantitative RT-PCR was run on a LightCycler
480 Il System (Roche Diagnostics GmbH,
Mannheim, Germany) using SYBR Green PCR
Mix (Takara, Dalian, China). Triplicates were
performed for all qRT-PCR reactions. The rela-
tive serum miR-145-5p levels were calculated
by the comparative 222t method using cel-
miR-39 level for normalization.

Statistical analysis

All statistical analyses were implemented using
MedCalc V15.2 (MedCalc Software, Ostend,
Belgium). Statistical comparison between gro-
ups was performed with Kruskal-Wallis test.
Chi-square analysis was conducted to compare
the distinction of categorical variables. Re-
ceiver-operating characteristic (ROC) curves
were derived and area under the curve (AUC)
analysis was performed to assess the diagnos-
tic feasibility of serum miR-145-5p. Multivariate
logistic analysis for the correlation with the risk
of OS was tested for serum miR-145-5p expres-
sion and several clinical parameters. Survival
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Relative serum miR-145-5p level
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Figure 1. Relative levels of serum miR-145-5p in
GBM patients, grade I/Il glioma patients and healthy
controls.

curves were constructed using the Kaplan-
Meier method, and differences were estimated
using the log-rank test. For the bioinformatic
analysis, the targeted gene of miR-145-5p was
obtained miRWalk2.0. Gene Ontology and
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses were per-
formed using the Database for Annotation,
Visualization and Integrated Discovery (DAVID)
database. STRING online database and Cy-
toscape software (Version 3.7.0, Institute of
Systems Biology, Seattle, WA, USA) were used
for the protein-protein interaction (PPI) analy-
sis. Differences were considered statistically
significant at the level of P<0.05.

Results

Downregulation of serum miR-145-5p in GBM
patients

We first detected the levels of serum miR-145-
5p in all the participants using qRT-PCR. As
shown in Figure 1, serum miR-145-5p levels in
GBM patients were greatly lower than those in
patients with grade I/1l gliomas and the control
group (P=0.008). Furthermore, the levels of
miR-145-5p were significantly higher in healthy
controls compared to patients with grade I/II
glioma (P=0.022).

Subsequently, ROC analysis revealed that ser-
um miR-145-5p could distinguish GBM patients
from grade I/1l glioma patients. The AUC of
serum miR-145-5p was 0.825, and the sensi-
tivity and specificity were 76.1% and 76.9%,
respectively (Figure 2A). Moreover, the ROC
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curve data showed an increased AUC value of
0.895, with a sensitivity of 84.6% and a speci-
ficity of 78.0%, indicating serum miR-145-5p
could effectively discriminate GBM patients
from healthy controls (Figure 2B).

Relationship between serum miR-145-5p and
clinicopathologic features of GBM patients

To analyze the role of serum miR-145-5p in the
progression of GBM, its correlation with clinico-
pathologic data of GBM patients was evaluat-
ed. The clinical variables included age, sex,
Karnofsky performance status (KPS), isocitrate
dehydrogenase 1 (IDH1) mutation, extent of
resection and raidoresistance. We divided all
cases into low (below the median, n=64) and
high (above the median, n=53) serum miR-145-
Bp expression groups based on the median
value of serum miR-145-5p levels. The results
demonstrated that reduced serum miR-145-5p
expression was closely associated with KPS
(P=0.0183), IDH1 mutation (P=0.0126), extent
of resection (P=0.0030) and raidoresistance
(P=0.0387). Conversely, no significant relation-
ship was observed between serum miR-145-5p
expression and age, sex (both P>0.05) (Table
1).

Prognostic value of serum miR-145-5p in GBM
patients

Kaplan-Meier survival analysis was performed
to evaluate the relationship between serum
miR-145-5p level and OS of GBM patients.
GBM patients in the high serum miR-145-5p
group had prolonged OS in comparison with
those in low serum miR-145-5p group (Figure
3A, P<0.0001). For the patients with total
resection, patients in low serum miR-145-5p
group had worse OS (Figure 3B, P<0.0001).
Likewise, for the patients with partial resection,
those with higher serum miR-145-5p expres-
sion had significantly longer OS than those with
the lower serum miR-145-5p expression (Figure
3C, P=0.0008).

Multivariate Cox regression analysis was used
to determine the influence of serum miR-145-
5p levels and clinical parameters (KPS, IDH1
mutation, extent of resection) on patient sur-
vival. KPS (risk ratio =3.84; 95% Cl, 1.25-6.58;
P=0.017), IDH1 mutation (risk ratio =4.15; 95%
Cl, 1.46-6.97; P=0.012), extent of resection
(risk ratio =5.21; 95% CI, 1.81-8.94; P=0.003)
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Figure 2. A. ROC curve of serum miR-145-5p in distinguishing GBM patients
and grade /1l glioma patients. B. ROC curve of serum miR-145-5p in distin-

guishing GBM patients and healthy controls.
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Table 2. Multivariate analysis of the prognostic
values of factors on OS in GBM
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Figure 3. A. Kaplan-Meier survival
curves for GBM patients according
to serum miR-145-5p level. B. Ka-
plan-Meier survival curves for GBM
patients with total resection accord-
ing to serum miR-145-5p level. C.
Kaplan-Meier survival curves for
GBM patients with partial resection
according to serum miR-145-5p

- Risk 95% Cl
Characteristics .
Ratio Lower Upper
KPS 3.84 125 6.58 0.017
IDH1 mutation 415 1.46 6.97 0.012
Extent of resection 5.21 1.81 8.94 0.003
Serum miR-145-5p 4.72 1.67 8.05 0.008

Cl, Confidence Interval.

and serum miR-145-5p expression (risk ratio
=4.72; 95% Cl, 1.67-8.05; P=0.008) were inde-
pendent prognostic factors for OS (Table 2).

Bioinformatic analysis
Our results revealed that GO: 0045944 ~posi-

tive regulation of transcription from RNA poly-
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P o 0005737~cytoplasm, GO: 00-

01726~ruffle, GO: 0071141~
SMAD protein complex, GO:
0005913~cell-cell adherens
junction, GO: 0005634~nu-
cleus and GO: 0070062~ex-
tracellular exosome were the
top ten enriched cellular co-
mponent (Figure 4B). GO:
0003700~transcription factor
activity, sequencespecific DNA
binding, GO: 0005515~prote-
in binding, GO: 0043565~
sequence-specific DNA binding, GO: 0004672~
protein kinase activity, GO: 0019899~enzyme
binding, GO: 0098641~cadherin binding in-
volved in cell-cell adhesion, GO: 0046934~ph-
osphatidylinositol-4,5-bisphosphate  3-kinase
activity, GO: 0004713~protein tyrosine kinase
activity, GO: 0031435~mitogen-activated pro-
tein kinase kinase kinase binding and GO:
0005178~integrin binding were the top ten
enriched molecular function (Figure 4C). For
the KEGG pathway analysis, bladder cancer,
proteoglycans in cancer, pathways in cancer,
pancreatic cancer, FoxO signaling pathway,
ErbB signaling pathway, signaling pathways
regulating pluripotency of stem cells, PI3K-Akt
signaling pathway, MicroRNAs in cancer and
TGF-beta signaling pathway were the top
enriched pathways (Figure 4D). In addition,
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Figure 4. GO and KEGG analysis of the downstream genes of miR-145-5p.
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Figure 5. The downstream targeted genes regulated by miR-145-5p (A); The central nodes of PPl network (B).

Figure 5A revealed the downstream genes of
miR-145-5p. Downregulation of miR-145-5p
(green color) might result in upregulation of
many targeted genes (red color). PPl analysis
revealed the central nodes of the gene network
that miR-145-5p regulated (Figure 5B).

Discussion

In our study, we demonstrated that serum miR-
145-5p levels were decreased in GBM patients
compared to patients with grade I/Il gliomas as
well as healthy controls. ROC curve analysis
showed that serum miR-145-5p could well
identify GBM patients from grade I/1l glioma
patients and healthy controls with a relative
high AUC value. Moreover, downregulation of
serum miR-145-5p was strongly correlated with
KPS, IDH1 mutation, extent of resection and
radioresistance. Also, patients in high serum
miR-145-5p group had longer OS than those in
low serum miR-145-5p group. Furthermore,
serum miR-145-5p was identified as an inde-
pendent prognostic indicator for GBM patients.
The bioinformatic analysis revealed that many
downstream genes and pathways that miR-
145-5p regulated were closely associated with
the initiation and development of cancer. These
results suggested that low serum miR-145-5p
might serve as a promising biomarker for the
diagnosis and prognosis of GBM. Consistent
with our results, Zhao et al showed reduced
serum miR-145-5p levels were strongly corre-
lated with shorter 2-year overall survival and
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disease-free survival, as well as a poor GBM
prognosis [12].

The findings of this study also were in line with
those from previous studies on different types
of cancer. For instance, miR-145-5p expression
was markedly decreased in non-small cell lung
cancer (NSCLC) tissues compared with that in
normal tissues, and downregulation of miR-
145-5p was associated with lymph node
metastasis [13]. Similarly, Chang et al showed
miR-145-5p overexpression greatly inhibited
epithelial-mesenchymal transition (EMT) by tar-
geting mitogen-activated protein kinase kinase
kinase 1 (MAP3K1), MAP3K1 upregulation
reversed the anti-tumorigenic effect in NSCLC
cells [14]. In gastric cancer (GC), miR-145-5p
levels were significantly decreased in primary
GC tissues. miR-145-5p overexpression mark-
edly decreased GC cell invasion and EMT via
targeting zinc-finger E-box binding homeobox 2
(ZEB2) and N-cadherin. Moreover, low miR-
145-5p expression was found to be strongly
correlated with worse clinical variables and
shortened survival time [15, 16]. Also, Ozem
and colleagues demonstrated that upregula-
tion of miR-145-5p dramatically inhibited cell
proliferation, suppressed cell migration and
induced cell apoptosis of prostate cancer (PCa),
and SOX2 was identified as its downstream tar-
get [17]. Xu et al revealed miR-145-5p expres-
sion was reduced both in PCa tissues and
cells, restoration of miR-145-5p restrained the
carcinogenesis by silencing Fascin-1 expres-
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sion [18]. In melanoma, Liu et al reported
enhanced miR-145-5p expression caused the
inhibition of cell proliferation, migration, and
stimulation of cell apoptosis in vitro, as well as
the repression of tumorigenesis in xenograft
models [19]. In esophageal squamous cell car-
cinoma (ESCC), in vitro evidence showed miR-
145-5p overexpression significantly inhibited
tumorigenic effects of cancer cells and decre-
ased the expressions of cell cycle genes by
downregulating the Sp1/NF-kB signaling path-
way [20]. Moreover, Liep et al revealed co-
overexpression of miR-145-5p and miR-141-3p
greatly reduced cell migration and invasion of
renal cell carcinoma [21].

However, our study still had several limitations.
Firstly, the sample size was relatively small.
Further research with a larger cohort of patients
is needed to validate our findings. Secondly,
this miRNA was only measured in blood sam-
ples and not in comparison with the expression
in tissue specimens. Finally, the molecular
mechanism underlying the role of miR-145-5p
in GBM needs further exploration.

In summary, we found that serum miR-145-5p
levels were reduced in GBM patients and asso-
ciated with aggressive clinicopathological vari-
ables. More importantly, low serum miR-145-
5p could well distinguish GBM from healthy
volunteers and predict shorter survival time.
Based on these findings, serum miR-145-5p
might serve as a noninvasive biomarker for
early detection and prognostic prediction of
GBM.
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