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The alerting expression of microRNA-411 predicts clinical prognosis and 
regulates tumor progression of glioblastoma
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ABSTRACT
Glioblastoma is a malignant intracranial tumor with indispensable growth. Identification of 
biomarkers associated with the progression of tumors could benefit the clinical therapy of and 
improve patient’s survival. miR-411 has been reported to play a role in other cancers, while its 
function in glioblastoma has been explored in the present study. The expression of miR-411 was 
evaluated in glioblastoma tissues (collected from 108 glioblastoma patients) and cells by poly-
merase chain reaction. The clinical significance of miR-411 was estimated with a series of statistical 
analyses. The biological function of miR-411 in the cellular processes of glioblastoma was assessed 
by cell counting kit 8 and Transwell assay. The expression of miR-411 was significantly reduced in 
glioblastoma, which was associated with the Karnofsky Performance Score (KPS) and Isocitrate 
dehydrogenase 1 (IDH1) status of patients. miR-411 was identified as an independent prognostic 
indicator that correlated with the poor prognosis of patients. miR-411 suppressed the growth, 
migration, and invasion of glioblastoma cells via modulating signal transducer and activator of 
transcription 3 (STAT3). miR-411 participated in the development of glioblastoma and function as 
a prognostic biomarker. miR-411 functions as a tumor suppressor, which provides a novel poten-
tial therapeutic target for glioblastoma.
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Introduction

Glioblastoma is a kind of aggressive and lethal 
brain tumor in humans [1,2]. Surgical resection, 
adjuvant radiotherapy, and chemotherapy are the 
major treatments of glioblastoma [3]. Although 
the therapeutic strategy of glioblastoma has been 
improved remarkably, glioblastoma is still incur-
able because of the resistance to conventional 
treatments and postoperative metastasis and 
relapse [4,5]. The survival of patients is therefore 
unsatisfactory. Tumor progression is 
a complicated process involving various mechan-
isms and molecules. Recently, the identification of 
functional molecules that participate in tumor pro-
gression has attracted special attention, which 
could help improve the treatment efficiency and 
clinical prognosis.

The functions of microRNAs (miRNAs) have 
been widely reported in various human cancers, 
especially miRNAs with abnormal expression. 

miRNAs are short non-coding RNAs with 
a length of 18–25 nt. Previously, miRNAs have 
been evidenced to regulate the growth, differentia-
tion, migration, and invasion of various cells. 
These cellular processes are also crucial factors 
for the development of tumors. In glioblastoma, 
several miRNAs were identified as potential bio-
markers for disease onset and progression, such as 
miR-589-3p, miR-758-5p, and miR-185 [4,6,7]. 
miR-411 was also revealed to be a functional 
miRNA with altered expression in various cancers. 
For example, in gastric cancer and bladder cancer, 
miR-411 was illustrated to inhibit the disease 
development, while the promoted effect was 
found in the differentiation of osteoblast [8–10]. 
The dysregulation of miR-411 was also found in 
glioblastoma, but its function and clinical signifi-
cance remain unknown [11].

The abnormal expression of miR-411 in glioblas-
toma implies its potential of acting as a biomarker in 
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glioblastoma. The expression level of miRNAs was 
different in dissimilar cancers. The downregulation 
of miR-411 has been observed in renal cell carci-
noma and breast cancer [12,13], and the upregula-
tion was observed in lung cancer [14,15]. Therefore, 
the expression of miR-411 in glioblastoma needs to 
be validated. The aim of this study is to disclose the 
clinical significance and biological function of miR- 
411 in the development of glioblastoma.

Materials and methods

Patients and samples

The patient enrollment was conducted from 2012 
to 2014, and this study had obtained approval 
from the Ethics Committee of the First Affiliated 
Hospital of Xiamen University (Approval 
NO. 20,111,222-17, 22 December 2011). One hun-
dred and eight patients diagnosed with glioblas-
toma and underwent surgery were included in this 
study. The participants had never received any 
chemotherapy or radiotherapy before surgical 
treatment and signed informed consent. All 
patients were followed up for 5 years to summarize 
their survival information. Paired glioblastoma tis-
sues and normal tissues were collected during sur-
gery and frozen in liquid nitrogen for the 
following analyses.

Cell incubation and cell transfection

U343, T98, A172, and LN229 cells were used as the 
typical glioblastoma cell lines, and the NHA cells 
were selected as the normal consultation cell lines. 
All cells were purchased from ATCC and main-
tained in the DMEM culture medium with 10% 
FBS (Sigma Aldrich). Cell culture was performed 
in a cell culture flask at 37°C with 5% CO2 [16].

Cells were transfected with miR-411 mimic, 
miR-411 inhibitor, or negative controls when 
they arrived the logarithmic growth phase with 
the employment of Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s 
instructions [17]. Transfected cells were available 
for the following experiments after 48 h of cell 
transfection.

RT-qPCR

Collected tissues and treated cells were lysed to extract 
total RNA with TRIzol reagent. cDNA was generated 
from RNA with the help of reverse transcriptase 
(TaqMan MicroRNA RT Kit, Applied Biosystems). 
Then, cDNA was used for the quantification of miR- 
411 with the SYBR Green Master kit (Qiagen). The 
relative expression of miR-411 (primer sequences: 
forward 5ʹ-CCATGUAUGUAACACGGUCCAC-3ʹ 
and reverse: 5ʹ-GGUUAGUGGACCGGTCACC-3ʹ) 
was calculated with the 2−ΔΔct method with U6 as the 
reference gene [18,19].

Dual-luciferase reporter experiment

The wild-type and mutant-type STAT3 vectors 
were established by cloning binding sites or 
mutant sites into the pmirGLO plasmid. The co- 
transfection of established vectors and miR-411 
mimic, miR-411 inhibitor, or negative controls 
was conducted with the Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s 
instructions. The luciferase activity of STAT3 was 
detected with the Dual-luciferase Reporter Assay 
System with the normalization to Renilla [20].

In vitro cell experiments

Treated cells were seeded into 96-well plates and 
supplied with a complete culture medium. The 
seeded plates were incubated in an incubator at 
37°C for a certain period of time. CCK8 reagent 
was added to each well, and the incubation was 
continued for 2 h. The absorbance at 450 nm was 
detected by a microplate reader to evaluate cell 
growth [17].

For the assessment of cell migration and inva-
sion, treated cells were seeded into the upper 
chamber of 24-well transwell plates (BD 
Bioscience). The upper chamber was precoated 
with Matrigel (Corning) before the invasion 
assay. The seeded cells were supplied with 
a serum-free medium, and the bottom chamber 
was filled with a complete medium with FBS as 
the chemoattractant. The migration and invasion 
assay was conducted at 37°C for 24 h, then the 
migrated and invaded cells were stained with 
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crystal violet and analyzed with an optical micro-
scope (Olympus) [17].

Statistical analysis

All data were obtained from independent triplicate 
experiments and expressed as a mean value ± SD. 
Data were analyzed using the SPSS 20.0 software. 
The difference between the two groups was esti-
mated by Student’s t-test, and one-way ANOVA 
was used to evaluate the differences among multi-
ple groups. The clinical significance of miR-411 
was assessed with the Chi-square test, Kaplan– 
Meier analysis, and Cox regression analysis. The 
results were considered to be statistically signifi-
cant when P < 0.05.

Results

miR-411 was speculated to play a role in the pro-
gression of glioblastoma. The expression of miR- 
411 was evaluated in glioblastoma tissues and cells. 
The specific role of miR-411 in glioblastoma was 
estimated with a series of statistical analyses and 
in vitro cell experiments.

The downregulation of miR-411 in glioblastoma 
tissues and cells

In glioblastoma tissues, miR-411 was dramatically 
reduced in comparison with normal tissues 
(P < 0.001, Figure 1a). Furthermore, in glioblas-
toma cells, the expression levels of miR-411 were 
much lower than that in normal cells, and the 
difference was significant (P < 0.001, Figure 1b). 

Moreover, due to the relatively high sensitivity of 
A172 and LN229 cells to miR-411 downregulation, 
these two cells were applied in the following cell 
experiments.

The clinical significance of miR-411 in 
glioblastoma

Recruited patients were divided into two groups 
based on the mean value of the miR-411 expres-
sion in glioblastoma tissues. Patients in the low 
miR-411 expression group showed a lower 
Karnofsky Performance Score (KPS) and a wild 
type of IDH1. The significant association of miR- 
411 expression with the KPS (P = 0.018) and IDH1 
(P = 0.019) status was demonstrated with the help 
of the Chi-square test (Table 1).

Additionally, the results of Kaplan–Meier ana-
lysis showed that patients in the low miR-411 
expression group possessed a shorter lifetime 
than patients in the high miR-411 expression 
group (Log-rank P = 0.014, Figure 2). The Cox 
regression analysis also identified miR-411 as an 
independent prognostic biomarker with the HR 
value of 3.910 (95% CI = 1.598–9.564, P = 0.003) 
together with KPS (HR value = 3.078, 95% 
CI = 1.050–9.027, P = 0.041) and IDH1 status 
(HR value = 3.021, 95% CI = 1.324–6.892, 
P = 0.009) of patients (Table 2).

The biological function of miR-411 in 
glioblastoma cells

A172 and LN229 cells were transfected with miR- 
411 mimic, which significantly enhanced the 

Figure 1. miR-411 was downregulated in glioblastoma tissues (a) and cells (b) compared with normal tissues and normal cells. 
***P < 0.001.
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expression level of miR-411 (P < 0.001, Figure 3a). 
Meanwhile, these two cells were also transfected 
with miR-411 inhibitor, which suppressed the 
expression of miR-411 (P < 0.001, Figure 3a). 

The proliferation capacity of A172 and LN229 
cells with miR-411 overexpression was dramati-
cally poorer than that of untransfected cells and 
negative controls, whereas cells with miR-411 
knockdown showed a much stronger proliferation 
ability (P < 0.05, P < 0.01, Figure 3b).

Moreover, the regulatory effect of miR-411 was 
also observed in the migration and invasion of 
glioblastoma cells. In the presence of miR-411 
overexpression, the number of migrated cells 
plummeted, which surged in the presence of 
miR-411 silencing (P < 0.001, Figure 4a). 
Similarly, the invasion of A172 and LN229 cells 
was also inhibited by the miR-411 upregulation 
and enhanced by the downregulation of miR-411, 
which is significant relative to the untransfected 
cells and negative controls (P < 0.01, P < 0.001, 
Figure 4b).

The potential mechanism underlying the function 
of miR-411

In the STAT3 wild-type vector that contains the 
binding sites between miR-411 and STAT3 
(Figure 5a), the luciferase activity was significantly 
suppressed by the overexpression of miR-411, 
which was dramatically enhanced by its silencing 
(P < 0.001, Figure 5b), whereas the luciferase 
activity of the STAT3 mutant-type vector was not 
affected by the expression of miR-411 (P > 0.05, 
Figure 5b).

Discussion

Identification of novel molecules participating in 
the progression of glioblastoma and possessing the 
ability to regulate cell processes is of great interest 

Table 1. Clinicopathological features associated with miR-411 
expression in glioblastoma patients.

Total number (108)

miR-411 expression

P ValueLow (55) High (53)

Age (years) 0.568
≤ 50 52 25 27
>50 56 30 26
Gender 0.583
Male 66 35 31
Female 42 21 22
KPS 0.018
≤80 71 42 29
>80 37 13 24
IDH1 0.019
Mutation 39 14 25
Wild type 69 41 28
Surgery 0.443
Total resection 53 25 28
Partial resection 55 30 25
Tumor size (cm) 0.181
≤5 50 22 28
>5 58 33 28
Family history 0.450
Negative 49 23 26
Positive 59 32 27

The IDH1 mutation was analyzed by PCR; The KPS (Karnofsky 
Performance Score) was evaluated according to the widely accepted 
criteria. 

Figure 2. Patients with low miR-411 expression showed shorter 
survival than patients with high miR-411 expression. Log-rank 
P = 0.014.

Table 2. Prognostic factors for the overall survival of glioblas-
toma patients by multivariate Cox regression analysis.

95% CI HR Value P value

miR-411 1.598–9.564 3.910 0.003
Age 0.63–2.860 1.349 0.436
Gender 0.473–2.411 1.068 0.874
KPS 1.050–9.027 3.078 0.041
IDH1 1.324–6.892 3.021 0.009
Surgery 0.581–2.550 1.214 0.603
Tumor size 0.773–3.593 1.667 0.192
Family history 0.761–3.741 1.688 0.198

KPS: Karnofsky Performance Score. 
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in cancer research. In previous studies, the func-
tion of miRNAs has been widely investigated. For 
example, miR-1238 was reported to play a vital 
role in the treatment of glioblastoma as the fact 
that miR-1238 mediated the chemoresistance of 
glioblastoma and CAV1/EGFR was revealed to be 
the direct target during its functioning [21]. miR- 
449-5p was disclosed as a downregulated miRNA 
in glioblastoma and was also identified as a tumor 
suppressor that retarded the occurrence of glio-
blastoma [22]. Herein, the role of miR-411 in 
glioblastoma is studied.

The dysregulation of miR-411 was previously 
found in the expression profile of differentially 
expressed miRNAs in glioblastoma compared 
with non-tumor brain tissues by Skalsky et al. 
[11]. Due to the fact that the expression of 
miRNAs varies from sample to sample, the expres-
sion levels of miR-411 were validated in glioblas-
toma tissues and cells, and a significant 

downregulation was observed. The downregula-
tion of miR-411 was correlated with the low KPS 
and wild type of IDH1 of patients. KPS is an 
important factor in the assessment of patient’s 
clinical status and is associated with the develop-
ment of glioblastoma [23]. KPS is also routinely 
used as a prognostic indicator to estimate the 
functional independence of tumor patients perio-
peratively [24]. IDH1 was also identified as 
a favorable prognostic factor for glioblastoma. 
The clinical significance of IDH1 was first illu-
strated by Yan et al., that the mutation of IDH1 
indicated a better outcome [25]. The close associa-
tion between miR-411 and KPS and IDH1 of 
patients in the present study implies the potential 
involvement of miR-411 in the progression and 
prognosis of glioblastoma. Additionally, consistent 
with previous studies, miR-411, as well as KPS and 
IDH1, was revealed to function as an independent 
prognostic indicator for glioblastoma.

Figure 3. Effect of miR-411 on cell proliferation. a. The expression of miR-411 in A172 and LN229 cells was suppressed by the 
transfection of miR-411 inhibitor and enhanced by the transfection of miR-411 mimic. b. The overexpression of miR-411 significantly 
inhibited the proliferation of A172 and LN229 cells, which was promoted by the knockdown of miR-411. *P < 0.05, **P < 0.01, 
***P < 0.001.
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miR-411 was also indicated to be involved in 
the development of many other cancers and reg-
ulate various major cellular processes. For 
instance, the downregulation of miR-411 was 
found in renal cell carcinoma, which showed 
a significantly inhibitory effect on cell growth 
and migration and induced effect on cell apoptosis 

[12]. Otherwise, a significant upregulation of miR- 
411 was found in hepatocellular carcinoma, which 
promoted the proliferation and anchorage- 
independent growth of hepatocellular carcinoma 
cells via suppressing ITCH, a putative tumor sup-
pressor [26,27]. miR-411 was reported to mediate 
the regulatory effect of lncRNA PSMA3-AS1 and 

Figure 4. Effect of miR-411 on cell migration and invasion. a. The migration of A172 and LN229 cells was boosted by the 
downregulation of miR-411 and suppressed by the upregulation of miR-411. b. The invasion of A172 and LN229 cells was facilitated 
by miR-411 overexpression and inhibited by miR-411 knockdown. **P < 0.01, ***P < 0.001.
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lncRNA ECONEXIN in glioma [28,29]. However, 
studies focused on the specific function of miR- 
411 lacked. In the present study, the downregula-
tion of miR-411 was found to promote cell prolif-
eration, migration, and invasion of glioblastoma, 
while its overexpression showed opposite effects. 
These results indicated the tumor suppressor role 
of miR-411 in glioblastoma.

Moreover, the mechanism underlying the 
function of miR-411 could benefit the clinical 
application of miR-411 prognostic biomarker 
and tumor suppressor function. Numerous mole-
cules have been confirmed as targets of miR-411 
during its biological effect on various tumor pro-
gressions. Previously, the interaction between 
miR-411 and STAT3 has been demonstrated to 
be the mechanism underlying the tumor suppres-
sor role of miR-411 in cervical cancer [30]. 
STAT3 was also identified as the direct target of 
many other tumor suppressors of glioblastoma, 
and STAT3 has also been indicated to be upre-
gulated in glioblastoma [31–33]. Here, the inter-
action between miR-411 and STAT3 was 
validated with a dual-luciferase reporter assay. 
miR-411 could modulate the luciferase activity 
of STAT3, which was speculated to be the mole-
cular mechanism during miR-411 regulating glio-
blastoma progression.Though the present study 
provides direct evidence to verify the functional 
role of miR-411 in glioblastoma, there are still 
some minor limitations. The relatively small sam-
ple size limited the clinical results to some 
degree. Among clinicopathological features of 
patients, except for KPS and IDH1, other 

characteristics are also crucial factors associated 
with the development of glioblastoma. However, 
no significant relationship was found between 
miR-411 and those features, which might be 
a result of the limited sample size.

Conclusion

The downregulation of miR-411 in glioblastoma 
was correlated with the disease development and 
clinical outcome of patients. miR-411 serves as 
a tumor suppressor, which might be a novel ther-
apeutic target of glioblastoma.
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