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Abstract microRNAs (miRNAs) are a class of small
non-coding RNAs, approximately 21-25 nucleotides in
length. Recently, some researchers have demonstrated that
plasma miRNAs are sensitive and specific biomarkers of
various cancers. Using quantitative real-time PCR, the
expression levels of miR-454-3p were compared between
pre-operative plasmas from 70 glioma patients and 70
healthy controls, and between these pre-operative and post-
operative plasmas. Kaplan—Meier analysis was used to
evaluate the association of miR-454-3p with prognosis of
glioma patients. The expression levels of miR-454-3p in
plasma in glioma patients were significantly higher than
that from healthy controls. The expression levels of miR-
454-3p were higher in high grade gliomas than in low
grade gliomas. The AUC of the expression of miR-454-3p
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in plasma for glioma diagnosis was 0.9063. The expression
levels of miR-454-3p in the post-operative plasmas were
significantly downregulated when compared to the pre-
operative plasmas. Moreover, the prognosis of glioma with
high miR-454-3p expression was significantly worse
compared with that of glioma with low miR-454-3p
expression. Our results suggested that plasma miR-454-3p
could be a novel potential diagnostic biomarker for glioma.
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Introduction

Gliomas are the most common primary malignant brain
tumors, which comprise approximately one-third of
intrinsic neoplasms of the central nervous system in both
adults and children [1]. It is a type of aggressive tumor with
a tendency to invade the surrounding brain tissue. The
patients diagnosed with glioblastoma multiforme (GBM, a
grade IV glioma) remain poor prognosis despite imple-
mentation of intensive therapeutic strategies and clinical
efforts [2]. To date, the diagnosis of glioma before clinical
treatment is mainly by computer tomography and nuclear
magnetic resonance imaging. However, they are expensive
and difficult to spread. Therefore, it is an urgent need to
find new approaches to early diagnose glioma and monitor
disease progress.

MicroRNAs (miRNAs) are a class of highly conserved,
single-stranded, small non-coding RNA molecules, which
are known as endogenous regulators of post-transcriptional
gene expression regulating expression through translational
repression and messenger RNA cleavage [3, 4]. Through
this mechanism of post-transcriptional gene regulation,
miRNAs play crucial regulatory roles in a wide range of
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biological processes, including cellular proliferation and
differentiation, migration, apoptosis, development and
metabolism, and their altered expression contributes to the
pathogenesis of many human diseases, including cancers
[5-7]. For example, Hou et al. [8] found that miR-205 was
a potential prognostic indicator for human glioma. Inter-
estingly, more and more researchers have found that cir-
culating miRNAs in plasma or serum could be used as
potential biomarkers for detection, identification, and
classification of cancers and other diseases [9, 10]. Roth
et al. [11] demonstrated that specific miRNAs in peripheral
blood may be suitable biomarkers for glioblastoma. Wang
et al. [12] found that miR-21-5p, miR-128-3p and miR-
342-3p were significantly altered in the plasma of glioma
patients and were predictive for the diagnosis of glioma.
Ilhan-Mutlu et al. reported that plasma miR-21-5p may be
a useful biomarker to be associated with glioblastoma
development in individual cases [13, 14]. However, the
expression pattern of miR-454-3p in glioma plasma and its
association with clinicopathologic characteristics have not
been reported yet. The primary aim of the study was to
investigate the potential of miR-454-3p in plasma as a
diagnostic biomarker of glioma patients, and the relation-
ship of miR-454-3p with glioma clinicopathologic char-
acteristics and prognosis of patients.

Materials and methods
Clinical samples

The study was approved by Research Ethics Committee of
The Second Affiliated Hospital of Soochow University and
the Research Ethics Committee of The Third Affiliated
Hospital of Soochow University. All clinical samples
described here were gained from patients who had given
informed consent and stored in the hospital database.
Plasma samples were collected from 70 patients with
confirmed glioma before and 14 days after surgery at
Department of Neurosurgery, The Second Affiliated Hos-
pital of Soochow University from September 2010 to
December 2013. Plasmas from 70 healthy individuals were
collected as normal controls. The detailed characteristics of
these patients are shown in Table 1. In the validation set,
plasma samples were collected from 30 glioma patients
before surgery and from 30 healthy individuals at The
Third Affiliated Hospital of Soochow University from June
2012 to June 2014. EDTA blood samples were collected
from cases and control individuals and processed for
plasma within 2 h of collection. To avoid contamination
with epithelial cells from the initial skin puncture the first
blood tube collected during phlebotomy was not processed
for plasma. The blood samples were obtained and
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Table 1 Demographic and clinical features of the glioma patients
and healthy controls

Variable Glioma (n = 70) Control (n = 70) p value
No. % No. %
Average age 472 £5.6 484 £ 3.0 0.792°
(years)
Age (years)
<49 34 48.6 35 48.6 0.8658°
>49 36 514 35 514
Gender
Male 36 50.0 35 50.0 0.8658°
Female 34 50.0 35 50.0
WHO grade
Grade | 8 11.4
Grade 11 15 214
Grade 11T 25 35.7
Grade 1V 22 31.5
Follow-up
Alive 45
Dead 25
Mean survival 42.6 £9.5

time (months)

4 Student ¢ test
® Two-sided A2 test

centrifuged for 10 min at 1,500g within 2 h after collec-
tion, and the supernatant was removed to RNase-free tubes
and further centrifuged for 10 min at 12,000g and 4 °C to
remove cells and debris. Plasma was stored at —80 °C until
further processing.

miRNAs isolation and quantitative reverse-
transcriptase polymerase chain reaction (QRT-PCR)

Total RNA was extracted from 400 pl plasma with the
miRNeasy Mini Kit (Qiagen), in accordance with the
manufacturer’s instructions. The RNA quality and con-
centration were assessed using a NanoDrop ND1000
Spectrophotometer (ThermoFisher Scientific, Waltham,
Mass).

Plasma RNA containing miRNA was polyadenylated by
poly(A) polymerase and reverse transcribed to cDNA using
TagMan MicroRNA Reserve Transcription Kit and Tag-
Man MicroRNA Primer (Applied Biosystem, Austin, TX)
according to the manufacturer’s instructions. Real-time
gPCR was performed using TapMan MicroRNA Assays,
TagMan 2x Universal PCR Master Mix and No AmpErase
UNG (Applied Biosystem) in ABI PRISM 7500 Real-time
PCR system (Applied Biosystems). The amplification
profile was: 95 °C 10 min, followed by 40 cycles of 95 °C
for 15 s and 60 °C for 60 s. Due to the lack of a consensus
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housekeeping miRNA for qRT-PCR analysis of plasma
miRNA, we selected a normalization method utilizing the
comparison of the miRNA concentration to the volume, as
was described in previous report [15]. After the reactions
were completed, the threshold cycle (Ct) values were
determined using the default threshold settings. Each
sample was run in triplicates for analysis. The relative
amount of miR-454-3p was calculated based on the equa-
tion Z_ACt, in which ACt = Ct miR-454-3p — Ct cel-miR-39-

Statistical analysis

The significance of plasma miRNA level was determined
by Mann—Whitney test, Wilcoxon test and y° test where
appropriate using the SPSS software (version 13.0) and
Graphpad Prism (version 5.0). Receiver operating charac-
teristic (ROC) curve and area under the ROC curve (AUC)
were established for discriminating patients with glioma.
Cut-off value of the expression of miR-454-3p was set by
Youden index from ROC curves, which is determined at
the top left point on the ROC curve when the difference is
maximal between sensitivity and 1-specificity. p values of
two sided less than 0.05 was considered statistically
significant.

Results
Patient characteristics

Clinicopathological characteristics of 70 patients with gli-
oma and 70 healthy controls were summarized in Table 1.
There were no significant differences of gender and age
between glioma patients and healthy controls.

The expression levels of miR-454-3p in plasma

The expression levels of miR-454-3p in plasma in 70 gli-
oma patients were significantly higher than that from
healthy controls (p < 0.0001) (Fig. 1a). Furthermore, to
determine whether miR-454-3p could specifically and
sensitively discriminate glioma patients from healthy
controls, ROC curves were constructed. The ROC curves
analysis showed that at the optimal cut-off, plasma miR-
454-3p had a 99.05 % sensitivity and a 82.86 % specificity
and the area under the ROC curve (AUC) was 0.9063
[95 % confidence interval (CI): 0.8487-0.9639)] (Fig. 1b).
Furthermore, the relationship between the plasma levels of
miR-454-3p and histopathological grade of glioma was
also studied. The plasma levels of miR-454-3p were
stratified using three types of clinicopathological parame-
ters (gender, age and WHO grade). miR-454-3p was not
differentially expressed when the clinical samples were

stratified by age or gender. However, the plasma levels of
miR-454-3p were significantly higher in high grade (WHO
grade III and IV) than in low grade (WHO grade I and II)
samples (p = 0.013, Fig. Ic). Furthermore, we tested
another 60 plasma samples (30 gliomas and 30 controls)
from the Third Affiliated Hospital of Soochow University
to confirm the expression of miR-454-3p in glioma plasma.
As shown in Supplementary Fig. 1, the expression levels of
miR-454-3p in plasma in 30 glioma patients were signifi-
cantly higher than that from healthy controls (p < 0.0001).

The change of miR-454-3p in plasma samples
of glioma patients after operation

Subsequently, the plasma levels of miR-454-3p were ana-
lyzed in paired pre- and post-operative plasma samples
from the patients who underwent surgical removal of the
tumors. It was found that the expression levels of miR-454-
3p in the post-operative plasmas were significantly down-
regulated when compared to the pre-operative plasmas
(p = 0.0015, Fig. 2).

Correlation between the expression levels of
miR-454-3p and the survival of glioma patients

We next investigated the correlation between the expres-
sion levels of miR-454-3p and the survival outcome using
the prospective follow-up data collected from the 70 gli-
oma patients. The expression levels of miR-454-3p were
first stratified by the median value; then, the survival out-
come of patients with high miR-454-3p expression levels
(>median) was compared with those exhibiting low miR-
454-3p expression levels (<median), as determined by the
Kaplan—Meier survival analysis. We observed a poorer,
marginally significant survival rate in glioma patients who
expressed high levels of miR-454-3p (p = 0.040, Fig. 3).

Discussion

Gliomas are the most common primary tumors of the
central nervous system. Despite multimodal treatment
options, the overall prognosis for most patients is poor, in
particular in the case of GBM. Currently available com-
bined therapies offer only limited benefits for patients with
glioma. It is imperative to develop novel therapeutic
approaches for the diagnosis and prognosis of glioma. In
the present study, our results showed that miR-454-3p was
upregulated in plasma samples of human glioma before
surgery compared to healthy controls. ROC analysis dem-
onstrated the high sensitivity and specificity of miR-454-3p
for glioma diagnosis. The expression levels of miR-454-3p
were higher in high grade than in low grade gliomas which

@ Springer



312

Neurol Sci (2015) 36:309-313

100
A 30004 p<0.0001 B o C 30001 p=0.013
- /// -
—_— . 804 e —_ .
d o d "
4
€ 2000 T s0d v € 20001
4
5 z - 5
= = Vi =
E -a /’ E -o:"
= S 40 e - —#—
S @ , S O
g 1000 @ e S 1000
7
38 20- S 3
/,/
0 T T 0 A T T T T 0 T T
Control Glioma 0 20 40 60 80 100 Low grade High grade

100% - Specificity%

Fig. 1 The expression levels of miR-454-3p in plasma from healthy
controls and glioma patients. a The expression levels of plasma miR-
454-3p in glioma patients and in healthy controls. b The ROC curve
reflecting the ability of the plasma levels of miR-454-3p to
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Fig. 2 The expression levels of miR-454-3p in pre-operative and
post-operative plasmas samples from glioma patients
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Fig. 3 The relationship between the plasma miR-454-3p expression
levels and the survival time of the glioma patients following tumor
resection

suggested that the upregulation of miR-454-3p in glioma
plasma was associated with advanced clinical stages of
glioma. Furthermore, the expression levels of miR-454-3p
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differentiate the glioma patients from the controls. ¢ The expression
levels of plasma miR-454-3p in low grade and high grade glioma
patients

were significantly downregulated after surgery. Finally,
high expression levels of miR-454-3p were correlated with
poor prognosis indicating the prognostic value of miR-454-
3p for glioma patients. Thus, these findings suggested that
miR-454-3p in plasma could be a potential circulating
diagnostic and prognostic marker for glioma.

miRNAs are known to play crucial roles as oncogenes or
tumor suppressors, and their deregulation is involved in
multiple processes including cell proliferation, apoptosis,
cell-cycle regulation and invasion in various diseases [3,
6]. miR-454-3p is differentially expressed in different
diseases. miR-454-3p was downregulated in esophageal
cancer [16]. miR-454-3p was increased in cirrhotic livers
and had a significant negative correlation with hepatic
CYP3A activity [17]. Plasma miR-454-3p was upregulated
in myotonic dystrophy type 1 patients [18]. Serum miR-
454-3p is downregulated in diastolic dysfunction [19]. In
this study, the upregulation of plasma miR-454-3p level
was found in the glioma. It indicates that upregulation of
miR-454-3p level in plasma is an early affair and may have
some roles of carcinogenesis for glioma. However, the
mechanism of miR-454-3p in glioma carcinogenesis still
needs to be determined. It has been reported that miR-454-
3p could inhibit the activation of hepatic stellate cells by
directly targeting Smad4 [20]. Smad proteins are phos-
phorylated and activated by transmembrane serine—threo-
nine receptor kinases in response to TGF-beta signaling
and are subject to complex regulation by post-translational
modifications. Mutations or deletions in these genes have
been shown to be involved in many cancers. There have
been no direct reports about the role of miR-454-3p in
glioma progression, thus its molecular and biological
function, pathways to the target genes, and regulation
mechanism need further studies.

The discovery that circulating miRNAs can serve as
potential cancer biomarkers could overcome the problem
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of collecting tissue samples through invasive procedures
such as biopsy or surgery. Serum samples are easily
acquired in a relatively non-invasive manner, and isolated
miRNAs are readily detected by qRT-PCR. Therefore, this
technique would allow the comprehensive analysis of dis-
eases in a less invasive manner and in an early stage.
However, the mechanism of origin of extracellular miR-
NAs remains to be fully elucidated. It is widely believed
that miRNAs released from damaged cells or circulating
cells lead to increased plasma miRNA expressions [21].
The exact reason for plasma miR-454-3p levels increase in
glioma is not clear. We suspect that (1) blood brain barrier
(BBB) may be partly destroyed in patients with glioma; (2)
exosomes or some other complexes may carry miR-454-3p
out of BBB by unknown mechanisms. It has been shown
that cell to cell communication can be mediated by exo-
somes containing miRNAs [22]. Recent data showed that
miRNAs in extracellular vesicles facilitate communication
between tumor cells and endothelial cells, and endothelial
cells and smooth muscle cells, suggesting that cancer-
related circulating miRNAs may be functional in the sim-
ilar pattern [23].

In summary, our results suggest that miR-454-3p levels
in plasma may serve as a potential non-invasive biomarker
for the diagnosis and prognosis of glioma.
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