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Low MiR-149 expression is associated with unfavorable
prognosis and enhanced Akt/mTOR signaling in glioma
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Abstract: microRNAs (miRs) play critical roles in the progression of glioma. Previous in vitro studies have described
the anti-tumor role of miR-149 in cancer cells including glioma. In this study, we aimed to investigate whether
miR-149 is associated with the prognosis of glioma patients. A total of 163 glioma patients who underwent tumor
resection were included in our follow-up study. We found that the miR-149 expression was significantly lower in
tumor tissues compared with that in normal tissues (P<0.05). Kaplan-Meier and analysis showed that the miR-149
expression status was significantly associated with the survival duration (logrank test, P<0.001), and multivariate
Cox regression revealed that patients with low miR-149 expression were exposed to a 1.825 fold higher death risk
(HR=1.825, 95% CI=1.031-3.229, P=0.039) compared with those with high miR-149 expression. Further study
showed that Akt/mTOR signaling was hyperactive in low miR-149 expressing tissues. Our study thus demonstrates
that miR-149 expression in glioma tissues is critically associated with the prognosis of patients, suggesting its potential clinical significance.
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Introduction
Glioma, as the one of the most common malignancies in central nervous system, is characterized by high invasiveness, early recurrence
and poor prognosis [1]. Despite the recently
achieved advances in cancer diagnosis and
treatment, the dismal survivalrate of high grade
glioma still represents one of the major challenges in clinical practice. The unmet demand
for the early prediction of prognosis, which
might guide the therapeutic strategy for glioma,
has underlined the importance of developing
new diagnostic and prognostic approaches.
In recent years, microRNAs, a class of non-coding short single RNA strands, have emerged as
key regulators of carcinogenesis and tumor progression [2-5]. Multiple microRNAs have exhibited their potency in governing the critical biological processes of tumor cells such as proliferation, apoptosis and differentiation by posttranscriptionally repressing their target genes
[6]. The biology of glioma is also controlled by a
microRNA network without exception [5, 7-9], a
large spectrum of microRNAs in glioma has

been extensively investigated; for example,
miR-10 and miR-16 have been shown to control
glioma cell migration and invasion through regulating the epithelial-mesenchymal transition
process [10, 11], and several miRs have been
shown to be associated with the prognosis of
glioma [12-14]. Among the miRs that play pivotal roles in the pathophysiology of glioma, miR149 is believed to act as a versatile tumor-suppressionmiRand is downregulatedin several
cancer types [15-17]. Recent studies have
addressed its anti-proliferation role by targeting
FOXM1 [15]; and importantly, it has been
reported to inhibit the invasiveness of glioma
cell through blockade of AKT1 signaling [18].
Although these studies have implied its potential values in the diagnosis and treatment of
glioma, the clinical evidence of this microRNA is
still lacking and remain to be identified; more
importantly, elucidating its distinct expression
profilein glioma patients may broaden our
knowledge on the potentialrole of microRNAs in
the emerging field of biomarker screen.
In the present study, we launched a follow-up
study on 113 patients to examine whether mir-
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RNA isolation and miR-149 quantification
The RNA was isolated using Trizol Reagent
(Invitrogen) according to the instructions provided by the manufacturer. To assess the levels
of miR-149 in each group, we utilized a TaqMan
based quantitative PCR method. The TaqMan
PCR assay kits were purchased from Applied
Biosystems. The expression of U6 was used as
an internal control to adjust miR-149 expression. And the relative expression of miR-149
was determined by the 2-ΔΔCt method.
Western blot

Figure 1. The differential expression of miR-149 in
normal brain tissues and glioma tissues *P<0.05
n=26 for nomal tissue and n=163 for glioma tissue.

149 is associated with the clinical outcome of
glioma patients. Our pilot data revealed its
prognostic function in glioma patients.
Patients, materials and methods
Study subjects
We enrolled 163 glioma patients who underwent tumor resection from January 2005 to
December 2012 in Tianjin Medical University
General Hospital. Among these patients, 88
patients (mean age: 56.6±8.7 years) were male
and 75 (mean age: 55.2±8.4 years) were
female. Fresh tumor specimens were stored in
-80°C. All the patients’ diagnoses were confirmed based on the histopathological examination. The histological grade was determined
according to the criteria formulated by the
World Health Organization in 2007. The patients
were followed-up every 3 months, and the follow-up was ended on December 31st 2014. 26
normal brain tissue samples were collected
from the surgical waste from other surgeries
and used as controls. We obtained a writing
consent from each patient, and this study was
approved by the Ethics Committee of Tianjin
Medical University General Hospital.
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Tissues were homogenized with RIPA lysis buffer and were subsequently subjected to electrophoresis, followed by transferring onto a NC
membrane. Primary antibodies were all purchased from Cell Signaling Technology Inc.
(Beverly, MA, USA). The bands were visualized
by an ECL detection kit (P0018, Beyotime,
Shanghai China). The band density was determined by ImageJ software (version 1.44, NIH).
Statistical analysis
The data in this study were analyzed by
SPSS 19.0 software package, Wilcoxon-MannWhitney test was used to compare the difference of miR-149 expression between glioma
tumor samples and normal brain samples. The
patient population was dichotomized according
to miR-149 expression level. Patients who had
a 0.5-fold or above miR-149 expression than
the mean expression of control group were categorized as high miR-149 expression, otherwise categorized as low miR-149 expression.
Chi square test was performed to examine the
association between miR-149 expression status and clinical-pathological characteristics.
Survival analysis was performed by KaplanMeier estimator, comparison of the overall survival between two groups was performed by
logrank test. Multivariate Cox regression analysis was also used to determine the hazard
ratio of each covariate. A two tailed probability
less than 0.05 was considered statistically
significant.
Results
MiR-149 is down-regulated in gliomatissue
We first compared the miR-149 expression profile in normal brain tissues and glioma tissues.
Int J Clin Exp Pathol 2015;8(9):11178-11184
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Table 1. Association between miR-149 expression and
clinical characteristics
Clinical characteristics

N

Sex
Male
88
Female
75
Age (years)
≤60
106
>60
57
Tumor location
Parenchyma
104
Ventricle
59
Tumor size
≤3 cm
84
>3 cm
79
WHO grade*
I+II
80
III+IV
83
Karnofsky score*
≤80
94
>80
69
Resection range
Total resection
93
Local resection
70
Adjuvant therapy
Chemotherapy only
100
Radiotherapy and chemotherapy 63
Recurrence time*
≤3 months
97
>3 months
66
Survival duration*
<15 months
81
≥15 months
82

miR-149 expression
Low
High
57
46

31
29

68
35

38
22

68
39

36
20

52
51

32
28

36
67

44
16

88
15

6
54

55
48

38
22

63
40

37
23

68
33

29
33

71
32

*P<0.05, performed by χ2 test.

As shown in Figure 1, miR-149 level was found
to be significantly higher in normal brain tissues than that in glioma tissues (P<0.05).
Association between miR-149 expression and
clinical characteristics
To examine the possible association between
miR-149 expression and clinical characteristcs, we first divided the patients into highexpression group and low-expression group
based one the criteria described above. 103
patients were identified as low expression, and
60 patients were identified as high expression.
We studied the association between miR-149
11180

expression and general clinical characteristics in the study cohort. As presented in Table 1, miR-149 expression was
not associated with age, sex, tumor location, tumor size, resection range and
adjuvant therapy. By contrast, association between miR-149 expression and
WHO grade, Karnofsky score, recurrence
time or survival duration was observed.
MiR-149 correlates with the survival of
glioma patients
To investigate whether miR-149 expression is correlated with the survival of glioma patients, we performed KaplanMeier survival analysis. All the cases
were followed-up after surgery, and 7
patients lost follow-up due to the changes of their telephone number. As presented in Figure 2, patients with high
expression of miR-149 exhibited greater
overall survival than those with low miR149 expression. Moreover, multivariate
Cox regression analysis showed that the
adjusted hazard ratio of miR-149 low
expression was 1.825 (Table 2). Taken
together, these data suggested that low
expression of miR-149 is associated
with a more aggressive type of glioma.
MiR-149 is associated with Akt/mTOR
signaling in glioma patients

Previous in vitro study has demonstrated that miR-149 targets Akt. To test the
potential role of miR-149 in regulating
10
Akt/mTOR signaling in the clinical set50
ting, we assayed the protein level of the
Akt/mTOR axis. As shown in Figure 3A,
both the phosphorylated and total AKT
level were lower in high miR-149 expressing tissues, consequently, mTOR, the downstream
effector of AKT, was less phosphorylated.
Correlation analysis confirmed the association
between miR-149 expression and mTOR signaling, which suggested that the upregulatedAkt/
mTOR might mediate the unfavorable effect of
low miR-149 expression on prognosis of glioma
patients (Figure 3B).
Discussion
In the current follow-up study, we evaluated the
prognostic value of miR-149 in glioma patients.
Our data showed that the differential expresInt J Clin Exp Pathol 2015;8(9):11178-11184
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facetregulatory network of the pathogenesis
of this cancer type. For
example, a recent study shows that miR-218
functions as a tumor
suppressor by affecting
a series of critical
biological processes of
glioma including cell
invasion, migration, proFigure 2. Survival
liferation and the mainof gliomapatients
with different miRtenance of cancer cell
149 expression ststemness [20]. Particuatuses.
larly, growing numbers
of studies have revealed their potential clinical values, circulating
miR-128 has been identified as a diagnostic
marker [21], and miR218 has also been
reported to show prognostic significance [22].
Table 2. Multivariate Cox regression analysis of risk factors associated
Although these studies
with overall survival of glioma patients
revealed the pivotal
Clinical characteristics
Adjusted HR
95% CI
P
role of microRNA in glioAge (>60)
1.369
0.958-1.956
0.085
ma biology, whether
Sex (Male)
1.096
0.783-1.535
0.593
other microRNAs are
Tumor size (>3 cm)
0.779
0.541-1.121
0.179
also implicated in this
WHO grade (III+IV)
1.475
1.010-2.154
0.044
issue is still to be
Karnofsky score (<80)
1.899
1.093-3.267
0.023
explored. Moreover, givResection range (≤3 cm)
1.050
0.743-1.484
0.780
en the broad effects of
microRNAs are exhibitAdjuvant therapy (Chemotherapy only)
1.255
0.845-1.863
0.261
ing, it is reasonable to
miR-149 expression (Low)
1.825
1.031-3.229
0.039
speculate that a large
number of previously
sion of miR-149 in glioma tissues and normal
uncharacterized microRNAs may show macro
tissues, Kaplan-Meier survival analysis and Cox
effects in glioma patients.
regression analysis together showed that
Accumulating evidences have unraveled the
patients with low expression of miR-149 have a
role of miR-149 in cancer development, it is
worse clinical outcome, which confirmed our
believed that this microRNA probably acts as a
hypothesis that miR-149 might play a favorable
nodal point to control the apoptotic program. To
role in the survival of glioma patients. Therefore,
date, a number of target genes have been
our study demonstrates that miR-149 expresvalidatedsuch as PUMAand FOXM1 [15, 23].
sion might be an independent indicator of progAlthough most of the studies on miR-149 was
nosis of patients with glioma.
conducted in other cancers withfew studies in
MicroRNAs have been recognized as indispensthe setting of central nervous system, a recent
able regulators of normal cell function. Aberrant
in vitro study suggesting blockade of AKT1 by
microRNA expression has been found in severmiR-149 in glioma cell has implicated its posal diseases including glioma [19]. Several
sible involvement in clinical samples [18].
microRNAs have been implicated in the multiIntriguingly, She X et al. described enhanced
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Figure 3. A. The representative western blot image of Akt/mTOR axis in low and
high miR-149 expressing glioma tissues. B. Correlation between mTOR phosphorylation and miR-149 expression.

chemo sensitivity against temozolomide in miR149 overexpressed glioma cell [24]. Our study,
which deciphered the association between low
miR-149 expression and poor prognosis, corroborates these in vitro findings. Although the
overall miR-149 expression status of the principal cohort is low in our study, it is interesting to
find out that a small proportion of these
patients still presented high level of miR-149,
which is comparable to that in normal tissues.
Recent study by Ding et al. highlighted the crucial role of polymorphism within pre-miR-149 in
its maturation, in their study, lower levels
of miR-149 production was observed in
rs71428439 pre-miR-149 expressing HEK293
cells [23]. More importantly, several studies
also reported the association between miR149 polymorphisms and cancer susceptibility
or prognosis [25-27]. Therefore, it is conceivable that pre-miR-149 polymorphism at least
partly account for its lowered expression level
in glioma patients. Whether miR-149 polymorphisms are associated with glioma progression
is expected to be an interesting topic awaiting
to be uncovered.
AKT/mTOR signaling plays a central role in gliomacell proliferation. Considering that AKT1
has already been identified as the target of
miR-149 in glioma cells, our finding could be
expected to reinforce these in vitromechanistic
studies. Importantly, the association between
miR-149 and AKT/mTOR signaling in the clinical
sample may represent the possible mechanism
that drives the unfavorable clinical outcome of
low miR-149 expression. However, it should be
noted that miR-149 was also described to be
related with myocardium infarction [28, 29],
and functional tests revealed its anti-apoptotic
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action in myocardium [23],
which is contrary to the
reports in cancers. This discrepancy may be explained
by the reprogrammed signaling network in cancer
cells. Due to the several
mutations occurring in proapoptotic genes in cancer
cells, the overall effect of
miR-149 may be deathprone, making it as a potential tumor suppressor
in glioma.

The current prognostic model is largely dependent upon the WHO histological grading and
immunohistochemistry analysis. However, histological examinations are often subjective and
call for rich clinical diagnostic experience of
pathologists, and the false positive of immunohistochemistry also limits its diagnostic power.
The application of microRNA in the clinical practice would be expected to meet the needs of
clinical practitioner. MicroRNA detection in the
paraffin section by the RNA in situ method
might represents a more reliable diagnostic
approach. Moreover, as several circulating
microRNAs are emerging as the biomarkers for
cancer diagnosis, investigating whether circulating miR-149 level correlates with its expression in tumor site should represent a more convenient alternative to assess the prognosis of
patients. Identifying miR-149 as a prognostic
marker enables the quantitative evaluation of
the death risk at early diagnosis, which might
be helpful to tailoring individualized treatment.
To go further, concerning that we have identified low miR-149 expression is associated with
poorer prognosis, it might be an effective therapeutic approach to complement miR-149 in low
expression patients.
In summary, although our study population is
relatively small, we demonstrate the aberrant
miR-149 expression in glioma patients for the
first time; more importantly, the expression status is significantly associated with the survival
duration of patients. In the future, large scale
studies and more detailed experimental studies are still needed to confirm the prognostic
significance and the mechanism of miR-149 in
glioma.
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