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MicroRNA‑770 affects proliferation 
and cell cycle transition by directly targeting 
CDK8 in glioma
Jun‑feng Zhang1,2†, Jian‑shui Zhang3†, Zhao‑hua Zhao2, Peng‑bo Yang3, Sheng‑feng Ji3, Nan Li4, Qin‑dong Shi5, 
Jing Tan5, Xi Xu1,2*, Cang‑bao Xu1* and Ling‑yu Zhao6*

Abstract 

Background:  MicroRNAs play crucial roles in tumorigenesis and tumor progression. miR-770 has been reported to 
be downregulated in several cancers and affects cancer cell proliferation, apoptosis, metastasis and drug resistance. 
However, the role and underlying molecular mechanism of miR-770 in human glioma remain unknown and need to 
be further elucidated.

Methods:  The expression of miR-770 in glioma tissues and cell lines was measured by quantitative real-time PCR 
(qRT-PCR) to explore the association of miR-770 expression with clinicopathological characteristics. The expression 
of CDK8 was detected by qRT-PCR and Western blotting in glioma tissues. A target prediction program and a dual-
luciferase reporter assay were used to confirm that CDK8 is a target gene of miR-770. MTT and cell counting assays 
were used to assess the effect of miR-770 on glioma cell proliferation. The cell cycle distribution and apoptosis were 
examined by flow cytometry. CDK8 siRNA and overexpression were used to further confirm the function of the target 
gene.

Results:  We demonstrated that miR-770 expression was downregulated in human glioma tissues and cell lines. The 
overexpression of miR-770 inhibited glioma cell proliferation and cell cycle G1-S transition and induced apoptosis. The 
inhibition of miR-770 facilitated cell proliferation and G1-S transition and suppressed apoptosis. miR-770 expression 
was inversely correlated with CDK8 expression in glioma tissues. CDK8 was confirmed to be a direct target of miR-770 
by using a luciferase reporter assay. The overexpression of miR-770 decreased CDK8 expression at both the mRNA and 
protein levels, and the suppression of miR-770 increased CDK8 expression. Importantly, CDK8 silencing recapitulated 
the cellular and molecular effects observed upon miR-770 overexpression, and CDK8 overexpression eliminated the 
effects of miR-770 overexpression on glioma cells. Moreover, both exogenous expression of miR-770 and silencing of 
CDK8 resulted in suppression of the Wnt/β-catenin signaling pathway.
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Background
As the most common malignant primary tumors of the 
central nervous system, gliomas have high morbidity and 
mortality [1] and account for more than 70% of brain 
tumors [2, 3]. The incidence of glioma increased from 5.9 
of 100, 000 people in 1973 to 6.61 of 100, 000 people in 
2016, possibly as a consequence of improved radiological 
diagnosis [4]. Tremendous progress has been achieved 
in diagnosis and stratification of prognostication. Little 
progress has been achieved in treatment etc. Unfortu-
nately, the five-year overall survival of glioma patients in 
advanced stages remains poor [5]. Therefore, it is critical 
to uncover the molecular mechanisms underlying glioma 
development and progression, and classification such 
as IDH status, ATRX/TERT, 1p/19q codeletion, histone 
gene mutations, which could reveal novel biomarkers and 
support the development of therapeutic strategies for 
patients with glioma.

MicroRNAs (miRNAs) are a family of single-stranded, 
endogenous, small noncoding RNA molecules of approx-
imately 20 nucleotides [6] that act as key regulators of 
gene expression by binding to the 3′-untranslated regions 
(3′-UTR) of target mRNAs [7–9]. miRNAs can regulate 
gene expression by repressing translation or accelerating 
the degradation of mRNA [10]. By modulating different 
target genes, miRNAs play vital roles in diverse biological 
processes, such as tumor angiogenesis, cell proliferation, 
differentiation, stress responses, apoptosis, adhesion, glu-
cose uptake, metastasis and resistance to cancer chemo-
therapy [11–15]. miRNAs can downregulate multiple 
target genes, including oncogenes and tumor suppres-
sors; thus, some miRNAs function as tumor suppressors, 
and others function as oncogenes [16]. Accumulating 
evidence has shown that the dysregulation of miRNAs 
plays an important role in glioma progression. Recently, 
several studies have shown that miR-770 is clinically sig-
nificant and plays a crucial role in carcinogenesis and 
cancer progression in a variety of cancers, such as breast 
cancer, non-small cell lung  cancer, ovarian  cancer and 
hepatocellular carcinoma [17–19]. Nevertheless, the role 
and molecular mechanism of miR-770 in human glioma 
development remain unknown and need to be further 
elucidated.

In this study, we found that the expression of miR-
770 was significantly downregulated in glioma tissues 
and correlated with clinicopathological characteristics, 

such as miR-770 expression decreasing in IDH-mutated 
groups of glioma compared with IDH-wildtype. In addi-
tion, our results showed that cyclin-dependent kinase 8 
(CDK8) was overexpressed in glioma tissues. We pre-
dicted that miR-770 could target CDK8 by using bioin-
formatics software (RegRNA). Furthermore, miR-770 
potently inhibited human glioma cell proliferation and 
induced G1-S cell cycle arrest and cell apoptosis. More 
importantly, for the first time, we provided evidence that 
CDK8 is a direct functional target of miR-770. Our find-
ings suggest that miR-770 may be a novel therapeutic tar-
get in glioma therapy.

Methods
Clinical samples and cell lines
Sixty-three glioma tissues and paired adjacent normal 
tissues were obtained from patients who were diagnosed 
in the Department of Neurosurgery, First Affiliated Hos-
pital, Xi’an Jiaotong University, China. We obtained 
informed consent from each patient before specimen col-
lection. The tissues were immediately frozen and stored 
at − 80  °C. Clinicopathological features were confirmed 
by a neuropathologist according to the WHO 2016 cri-
teria. Isocitrate dehydrogenase (IDH)-1 mutation status 
was assessed by immunohistochemistry (IHC). When 
IHC results for IDH1 were negative, we tested for IDH1 
mutations using the hot-spot technique. The codeletion 
of 1p/19q was evaluated by fluorescence in situ hybridi-
zation. The experiments were approved by the Ethics 
Committee of Xi’an Jiaotong University Health Science 
Center. Human glioma cell lines (IDH Mutation: SNB19; 
IDH wild type: LN229, U87, U251) and primary normal 
human astrocytes (NHAs) were purchased from the Cell 
Bank (Shanghai, China). These cells were maintained in 
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, 
Grand Island, NY, USA) supplemented with 10% fetal 
bovine serum (Gibco), penicillin (100 U/mL), and strep-
tomycin (100  μg/mL) and were incubated at 37  °C in a 
humidified atmosphere of 5% CO2 and 95% air.

Isolation of total RNA and quantitative real‑time PCR 
(qRT‑PCR)
Total RNA was extracted from human glioma tissues and 
cell lines with TRIzol reagent (Thermo Fisher Scientific, 
Waltham, MA, USA). The SYBR Premix Ex Taq II Kit 
(Takara, China) was used to measure miR-770 expression 

Conclusions:  Our study demonstrates that miR-770 inhibits glioma cell proliferation and G1-S transition and induces 
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and cyclin-dependent kinase (CDK) mRNA expression. 
qRT-PCR was performed by using the iCycler iQ Mul-
ticolor qRT-PCR System (Bio-Rad, USA). The data were 
normalized to RNU6B (U6) or β-actin gene expression. 
The primer sequences were as follows: miR-770 reverse-
transcribed primer, 5′-GTC​GTA​TCC​AGT​GCG​TGT​
CGT​GGA​GTC​GGC​AAT​TGC​ACT​GGA​TAC​GAC​AGG​
GCC​A-3′; miR-770 forward, 5′-ATC​CAG​TGC​GTG​
TCGTG-3′; miR-770 reverse, 5′-TGC​TTC​CAG​TAC​CAC​
GTG​TC-3′; U6 reverse-transcribed primer, 5′-CGC​TTC​
ACG​AAT​TTG​CGT​GTCAT-3′; U6 forward, 5′-GCT​TCG​
GCA​GCA​CAT​ATA​CTA​AAA​T-3′; U6 reverse, 5′-CGC​
TTC​ACG​AAT​TTG​CGT​GTCAT-3′; CDK8 forward, 
5′-GCC​GGT​TGT​CAA​ATC​CCT​TAC-3′; CDK8 reverse, 
5′-TGT​GAC​TGC​TGT​CTT​GAT​TCCCT-3′; β-actin for-
ward, 5′-TGG​CAC​CCA​GCA​CAA​TGA​A-3′; and β-actin 
reverse, 5′-CTA​AGT​CAT​AGT​CCG​CCT​AGA​AGC​A-3′.

Expression vector construction
The Hsa-miR-770 precursor expression vector (named 
miR-770) and the control empty vector (named control) 
were constructed with synthetic oligonucleotides and 
incorporated into the pcDNA6.2-GW/EmGFPmiR plas-
mid according to the manufacturer’s instructions. Full-
length human CDK8 complementary DNA was cloned 
into the pCMV2-GV146 vector. Transfection was per-
formed using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s instructions.

Dual‑luciferase assay
The binding site for miR-770 in the 3′-UTR of CDK8 
was constructed with synthetic oligonucleotides (Beijing 
AuGCT DNA-SYN Biotechnology, China) and cloned 
into the pmirGLO Dual-Luciferase expression vector 
(named CDK8-WT). The mutated 3′-UTR sequences of 
CDK8 were also cloned and named CDK8-MT. The pre-
miR-770 expression vector and the WT or MT reporter 
plasmids were cotransfected into HEK293T cells. The 
cells were harvested 24  h after transfection. The Dual-
Luciferase Assay System (Promega, Madison, USA) was 
used to detect reporter activity according to the manu-
facturer’s protocol.

Anti‑miR‑770/CDK8 siRNA synthesis and transfection
Interfering RNA oligonucleotides served as miR-770 
inhibitors (named anti-miR-770) and were synthesized by 
Gene Pharma (Shanghai, China). The sequence of anti-
miR-770 was 5′-UGG​CCC​UGA​CAC​GUG​GUA​CUGGA-
3′. Scramble siRNA was used as a control (named 
anti-miR-Control), and the sequence was 5′-CAG​UAC​
UUU​UGU​GUA​GUA​CAA-3′. The inhibitors were trans-
fected into human glioma U251 cells with Lipofectamine 
2000. Small interfering RNA (siRNA) was used to silence 

the human CDK8 gene. CDK8 siRNA (CDK8: sc-29267, 
Santa Cruz) and negative control siRNA (NC-siRNA: 
sc-37007, Santa Cruz) were transfected using Lipo-
fectamine 2000 and diluted to a concentration of 50 nM 
for use in future experiments in U251 cells.

MTT assay
Human glioma U251 cells (5000 cells/well in 200  μL of 
DMEM medium) were seeded into three 96-well plates 
(5-parallel wells/group) and cultured for 24 h. Then, the 
cells were treated with control, miR-770, anti-miR-Con-
trol, anti-miR-770, NC-siRNA (50  nM), CDK8 siRNA 
(50  nM), vector control and the CDK8 overexpression 
vector for 24, 48 and 72 h, respectively. Cell viability was 
detected with the MTT assay on a Versamax microplate 
reader (Molecular Devices, Sunnyvale, CA, USA) at a 
wavelength of 492 nm.

Cell counting assay
To measure cell proliferation, 2.5 × 105 cells were plated 
in 60-mm-diameter plates and cultured for 24  h. U251 
cells were treated separately with control, miR-770, anti-
miR-Control, anti-miR-770, NC-siRNA (50  nM), CDK8 
siRNA (50  nM), vector control and the CDK8 overex-
pression vector. The number of cells was calculated at 24, 
48 and 72 h after treatment with a Countess automated 
cell counter (Life Technologies Corp., Carlsbad, USA).

Cell cycle analysis
The U251 cells were cultured in 6-well plates and treated 
for 48 h. Then, the cells were harvested and fixed in 70% 
ice-cold ethanol at 4  °C. The fixed cells were washed in 
PBS and stained with 50  μg/mL propidium iodide con-
taining 50  μg/mL RNase A (DNase-free) for 15  min at 
room temperature. Next, the cells were subjected to flu-
orescence-activated cell sorting (BD Biosciences, USA). 
Different cell cycle populations were analyzed by using 
ModFit software.

Apoptosis assay
U251 cells were seeded into 6-well plates and treated 
for 48  h. We examined cell apoptosis with an Annexin-
V FITC Apoptosis Detection Kit (Invitrogen, USA) 
according to the manufacturer’s instructions. Apoptotic 
cells were measured by using a flow cytometer (BD Bio-
sciences, USA). ModFit software was used to analyze 
apoptotic changes.

Western blotting
We performed Western blotting according to stand-
ard methods. Briefly, tissue samples and glioma cells 
were lysed using lysis buffer (Wolsen, China) and cen-
trifuged at 12,000g at 4  °C. The protein concentration 
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was examined with the bicinchoninic acid (BCA) 
assay. The total protein was separated via 10% SDS-
PAGE and electrophoretically transferred onto PVDF 
membranes (Invitrogen, Carlsbad, CA, USA). The 
membranes were incubated for 1  h in blocking solu-
tion containing 5% nonfat dry milk and then incu-
bated with primary antibodies overnight at 4  °C. The 
primary antibodies were as follows: mouse polyclonal 
anti-CDK8 (1:1000, Cell Signaling Technology, USA), 
rabbit monoclonal anti-β-catenin (1:1000, Santa Cruz, 
CA, USA), mouse monoclonal anti-cyclin D1 (1:1000, 
Santa Cruz, CA, USA), and mouse monoclonal anti-β-
actin (1:5000, Santa Cruz, CA, USA). The blots were 
developed with an ECL chemiluminescence kit (Pierce, 
Rockford, IL, USA). The blots were scanned, and the 
band densities were analyzed using PDQuest software.

Statistical analysis
All experiments were performed at least 3 times inde-
pendently. All data were analyzed using SPSS 20.0 
software (Abbott Laboratories, Chicago, IL). The sta-
tistical significance of differences between groups was 
analyzed with one-way ANOVA or Student’s t-test. A 
Chi square test was employed to analyze the relation-
ships between miR-770 expression and clinicopatho-
logic characteristics. Correlation analysis between 
miR-770 and CDK8 in glioma tissues was performed 
using Pearson’s correlation analysis. The data are 
presented as the mean ± standard error mean (SEM) 
from 3 independent experiments. Values of p < 0.05 
were considered to indicate statistically significant 
differences.

Results
miR‑770 is significantly downregulated in human glioma 
tissues and cell lines
To analyze the expression status of miR-770 in human 
glioma tissues, we performed qRT-PCR to examine miR-
770 expression in clinical samples (63 glioma tissues and 
adjacent normal tissues) and glioma cell lines. The qRT-
PCR assays showed that miR-770 expression was remark-
ably  lower in glioma tissues than in adjacent normal 
tissues (Fig.  1a; p < 0.01). Subsequently, we investigated 
the correlations between miR-770 expression and the 
clinicopathological characteristics of glioma patients. As 
shown in Table 1, low miR-770 expression was associated 
with an advanced WHO pathological grade of glioma 
(p < 0.001), IDH1 mutation (p < 0.001) and a high KPS 
score (p < 0.001). However, miR-770 expression was not 
associated with gender, age, 1p/19q codeletion or tumor 
size. Furthermore, miR-770 expression was significantly 
lower in glioma cell lines (SNB19, LN229, U87 and U251) 
than in NHA cells (Fig. 1b; p < 0.01). These results indi-
cated that miR-770 might be an effective biomarker for 
the diagnosis and detection of glioma.

miR‑770 inhibits U251 glioma cell proliferation, prohibits 
cell cycle transition and exacerbates apoptosis
To investigate the role of miR-770 in human glioma, 
U251 cells were transfected with the miR-770 precursor 
expression vector, a control empty vector, miR-770 anti-
sense oligonucleotides, or the negative control. miR-770 
expression was detected by qRT-PCR after transfection. 
miR-770 expression was significantly increased in cells 
transfected with the miR-770 vector compared to that in 
cells transfected with the control vector (p < 0.01); how-
ever, there were no prominent differences between the 
anti-miR-770 group and the anti-miR-Control group 

Fig. 1  miR-770 is downregulated in glioma tissues and cell lines. a miR-770 expression was remarkably decreased in glioma tissues compared with 
that in adjacent normal tissues. b MiR-770 expression was significantly reduced in glioma cell lines (SNB19, LN229, U87 and U251) compared with 
that in normal human astrocyte (NHA) cells. *p < 0.01
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(Fig. 2a, b). An MTT assay revealed that miR-770 overex-
pression remarkably suppressed the proliferation of U251 
cells at 48 and 72  h after transfection (Fig.  2c; p < 0.01), 
while anti-miR-770 promoted cell growth at 48 and 72 h 
after transfection (Fig. 2d; p < 0.01). A similar trend was 
observed in the cell counting assay. miR-770 overex-
pression inhibited cell proliferation, but anti-miR-770 
promoted cell growth (Fig.  2e, f; p < 0.01). Because cell 
cycle is involved in the regulation of cell proliferation, 
we measured this processe using a flow cytometer. The 
results showed that miR-770 overexpression resulted in a 
remarkable accumulation of the G0/G1 phase population 

and a reduction of the S and G2/M phase populations in 
U251 cells (Fig.  2g; p < 0.01); reduction of miR-770 sig-
nificantly decreased the G0/G1 phase population and 
increased the S and G2/M phase populations (Fig.  2h; 
p < 0.01). Evaluation of cell apoptosis confirmed that the 
ratio of early-apoptotic to late-apoptotic cells was clearly 
increased when miR-770 was overexpressed (Fig.  2i; 
p < 0.01) and remarkably decreased when anti-miR-770 
was transfected (Fig.  2j; p < 0.01). These results demon-
strated that miR-770 reduced glioma cell proliferation 
and induced G1-S cell cycle arrest and apoptosis.

CDK8 is a target gene of miR‑770
A bioinformatic database (RegRNA) was used to con-
firm a large number of possible target genes of miR-770. 
CDK8 was selected from these candidates for further 
study. We found that there was a binding site for miR-
770 in the 3′-UTR of the CDK8 mRNA ranging from 
1399 to 1422 bp (Fig. 3a). To determine whether miR-770 
directly targets CDK8, a dual-luciferase reporter sys-
tem containing the WT and MT 3′-UTR of CDK8 was 
used. HEK293T cells were cotransfected with reporter 
plasmids and pre-miR-770 or the pmirGLO empty vec-
tor (control). Pre-miR-770/WT-CDK8-UTR-transfected 
cells showed a remarkable reduction in luciferase activity 
(p < 0.01), and pre-miR-770/MT-CDK8-UTR-transfected 
cells failed to exhibit reduced relative luciferase activ-
ity (Fig. 3b), suggesting that miR-770 directly targets the 
3′-UTR of CDK8. Next, we measured CDK8 expression 
at the mRNA and protein levels. Our results showed that 
the expression of CDK8 was significantly upregulated 
at both the mRNA and protein levels in glioma tissues 
compared to that in adjacent normal tissues (Fig.  3c, d; 
p< 0.01). The effect of miR-770 on CDK8 was assessed 
based on the data obtained from qRT-PCR. A significant 
negative correlation was identified between CDK8 and 
miR-770 (Fig. 3e; n = 63, r = − 0.5638, p < 0.001, Pearson’s 
correlation).

miR‑770 suppresses glioma cell growth and induces 
G1‑S arrest through the β‑catenin signaling pathway 
by targeting CDK8
miR-770 overexpression significantly decreased the 
mRNA expression of CDK8 in U251 cells, while 

Table 1  The correlation between  miR-770 expression 
and clinicopathological characteristics in glioma patients

Nod no deletion, Cod codeletion

Characteristics All patients miR-770 expression P value

High 
(n = 11)

Low (n = 52)

Gender 0.697

 Male 39 7 32

 Female 24 4 20

Age (years) 0.735

 ≥ 50 35 6 29

 < 50 28 5 23

WHO grade < 0.001

 I + II 23 8 15

 III + IV 40 3 37

IDH1 < 0.001

 Mutation 29 (Nod:13; 
Cod:16)

2 27

 Wild type 34 (Nod:28; 
Cod:6)

9 25

1p/19q 0.053

 No deletion 41 6 35

 Codeletion 22 5 17

Tumor size (cm) 0.163

 ≥ 5 36 5 31

 < 5 27 6 21

KPS score < 0.001

 < 80 29 8 21

 ≥ 80 34 3 31

Fig. 2  miR-770 inhibits human glioma U251 cell proliferation and induces G1-S cell cycle arrest and apoptosis. a miR-770 expression was 
detected in U251 cells after miR-770 overexpression. b miR-770 expression was examined in U251 cells after anti-miR-770 treatment. c miR-770 
overexpression decreased cell activity at 48 and 72 h after transfection. d Anti-miR-770 increased cell activity at 48 and 72 h after transfection. 
e miR-770 overexpression suppressed glioma cell proliferation. f Anti-miR-770 promoted glioma cell growth. g The histogram represents the 
proportion of cells in the G0/G1, S and G2/M phases after miR-770 overexpression. h The ratio of cells in the G0/G1, S and G2/M phases after 
anti-miR-770 transfection. i The data revealed the ratios of early and late apoptosis after miR-770 overexpression. j The data showed the proportions 
of early apoptosis and late apoptosis after anti-miR-770 transfection. *p < 0.01, n = 3

(See figure on next page.)
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anti-miR-770 remarkably increased CDK8 mRNA 
expression (Fig.  4a, b; p< 0.001). A similar trend was 
observed for protein levels (Fig.  4c, d). To further 
investigate the latent molecular mechanisms of miR-
770-regulated cell proliferation and cell cycle transition, 
we examined the protein levels of the related Wnt/β-
catenin signaling pathway and the G1 regulator cyclin 
D1 by using Western blot analysis. Our results showed 
that miR-770 overexpression downregulated β-catenin 
and cyclin D1 protein expression levels in U251 cells 
(Fig. 4c). In contrast, anti-miR-770 upregulated β-catenin 
and cyclin D1 protein expression (Fig. 4d). These results 
demonstrated that miR-770 could modulate glioma cell 
proliferation and the cell cycle through regulating the 
Wnt/β-catenin signaling pathway.

Silencing of CDK8 restrains glioma cell proliferation
Since miR-770 regulated cell proliferation, the cell cycle 
and apoptosis in glioma cells, CDK8 was validated as a 
direct target of miR-770, therefore, CDK8 was knocked 
down in glioma cells by RNA interference to validate its 
involvement in the  tumor suppressor functions of miR-
770. Silencing of CDK8 significantly decreased cell activ-
ity at 48 and 72 h after transfection (Fig. 5a; p< 0.01). A 
cell counting assay also revealed that silencing of CDK8 
remarkably inhibited U251 cell proliferation (Fig.  5b; 

p< 0.01). Silencing of CDK8 increased the G0/G1 phase 
population and reduced the S and G2/M phase popula-
tions in U251 cells (Fig. 5c; p< 0.01). Furthermore, silenc-
ing of CDK8 induced apoptosis in U251 cells (Fig.  5d; 
p< 0.01). Next, we analyzed the knockdown efficiency 
of CDK8 siRNA at the mRNA and protein levels. Our 
results showed that CDK8 mRNA expression was specifi-
cally knocked down in U251 cells by the siRNA (Fig. 5e; 
p< 0.01). The protein expression of CDK8 decreased sig-
nificantly in the siRNA group compared with that in the 
NC-siRNA group, and β-catenin and cyclin D1 protein 
expression levels were also reduced (Fig. 5f ). These find-
ings were similar to those obtained after miR-770 overex-
pression, indicating a similar effect of CDK8 knockdown 
and miR-770 overexpression.

Overexpression of CDK8 eliminated the effects of miR‑770 
on U251 glioma cells
To further confirm that miR-770 performed a tumor sup-
pressor function via CDK8, we constructed a CDK8 over-
expression vector, which was cotransfected with miR-770 
into U251 cells. After cotransfection with the miR-770 
and CDK8 vectors, we found that the overexpression of 
CDK8 counterbalanced the tumor suppressor effect of 
miR-770 in glioma cells during cell proliferation (Fig. 6a, 
b). The effect of CDK8 overexpression on cell cycle 

Fig. 3  miR-770 directly targets the CDK8 gene. a Bioinformatics predicted interactions of miR-770 and its binding sites in the 3′-UTR of CDK8. 
b Luciferase activity was examined by the dual-luciferase assay. c CDK8 mRNA expression in human glioma tissues. d CDK8 protein levels were 
measured by Western blotting. e miR-770 and CDK8 levels were inversely correlated. The 2−ΔΔCt values of miR-770 and CDK8 were subjected to a 
Pearson correlation analysis (n = 63, r = − 0.5638, p < 0.001, Pearson’s correlation). *p < 0.01
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progression was examined by flow cytometry. The results 
showed that overexpression of CDK8 induced U251 cells 
to re-enter the S and G2/M phases (Fig.  6c). Further-
more, CDK8 overexpression eliminated the impact of 
miR-770 on U251 cell apoptosis (Fig.  6d). Overexpres-
sion of CDK8 in U251 cells rescued the reduced CDK8 
mRNA expression levels induced by miR-770 (Fig.  6e). 
Further analysis revealed that compared with miR-770 
overexpression, the overexpression of CDK8 upregu-
lated CDK8, β-catenin and cyclin D1 protein expression 
(Fig. 6f ). These findings further demonstrated that miR-
770 plays a tumor suppressor role through the Wnt/β-
catenin signaling pathway by targeting CDK8.

Discussion
In recent decades, emerging evidence has demonstrated 
that miRNAs are actively involved in the pathogenesis 
of cancers [20]. Many miRNAs have been identified by 
microarray screening in gliomas [21–23]. In addition, 
miRNAs have been found to be key regulators of gli-
oma cell proliferation, differentiation, apoptosis, metas-
tasis, invasion and epithelial-mesenchymal transition 
[24–27]. Due to the crucial roles of miRNAs in glioma, 
miRNAs have been proposed as prospective biomarkers 

and therapeutic targets of glioma [28]. Although the 
clinical significance of miRNAs has been well character-
ized in glioma, the roles and the underlying molecular 
mechanisms of dysregulated miRNAs remain unknown. 
Therefore, identifying miRNAs and elucidating their bio-
logical functions in glioma will help identify novel targets 
for diagnosis and therapy. Recent papers reported the 
downregulation of miR-770 in non-small cell lung cancer 
and gastric cardia adenocarcinoma [18, 29]. It has been 
reported that miR-770  can  suppress the chemo-resist-
ance and metastasis of triple-negative breast cancer via 
direct targeting of STMN1 [17]. miR-770 functions as an 
anti-oncogene and promotes chemosensitivity in ovar-
ian cancer by downregulating ERCC2 [30]. Moreover, 
miR-770  inhibited tumorigenesis and EMT by targeting 
JMJD6 and regulating the WNT/β-catenin pathway in 
non-small cell lung cancer [18]. However, the exact func-
tions and mechanisms of miR-770 during tumorigenesis 
in human glioma remain unclear. In the present study, we 
found that miR-770 expression was dramatically down-
regulated in both glioma tissues and cell lines. The clin-
icopathological significance of miR-770 expression was 
also analyzed. The results revealed that low miR-770 lev-
els were significantly associated with WHO pathological 

Fig. 4  miR-770 regulates the Wnt/β-catenin signaling pathway in human glioma cells by targeting CDK8. a CDK8 mRNA was determined in U251 
cells after miR-770 overexpression. b CDK8 mRNA was examined in U251 cells after anti-miR-770 treatment. c miR-770 overexpression inhibited the 
expression of the CDK8, β-catenin and cyclin D1 proteins in U251 cells. d Anti-miR-770 promoted CDK8, β-catenin and cyclin D1 protein expression. 
*p < 0.001
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grade, IDH1 status and KPS score in glioma patients. 
Interestingly, miR-770 expression decreased in IDH-
mutated groups of glioma compared with IDH-wildtype, 
suggesting that miR-770 may play an importance role 
in glioma diagnosis. The experiment demonstrated that 
miR-770 remarkably inhibited glioma cell growth by 
inducing G1-S phase arrest and promoting cell apopto-
sis. Our findings suggest that miR-770 plays a key role in 
glioma development and progression.

Furthermore, our miR-770 target analysis identified 
CDK8 as a direct target of miR-770. CDKs play crucial 
roles in regulating cell proliferation and differentiation 
in eukaryotes [31, 32]. The dysregulation of CDKs and 
their regulatory partners (cyclins) disrupts cell pro-
liferation, differentiation and apoptosis, resulting in 

abnormal development, tumorigenesis, etc. There are 
21 CDK family members in mammals [33]. Previous 
studies have shown the roles of several CDKs, such as 
CDK1, CDK2, CDK4 and CDK6, in regulating cell pro-
liferation and contributing to tumorigenesis [34]. CDK8 
is a serine-threonine protein kinase that is localized to 
the nucleus and controls gene expression by interact-
ing with the transcriptional machinery and regulating 
RNAPII activity [35]. In this study, we found that CDK8 
was overexpressed in glioma compared with the level 
in normal tissues, which revealed an inverse correla-
tion between CDK8 mRNA expression and miR-770 
expression in glioma tissues. These findings implied 
that miR-770 might affect the progression of glioma by 
targeting CDK8. Further bioinformatic analysis showed 

Fig. 5  CDK8 siRNA suppresses the proliferation of human glioma U251 cells. a CDK8 siRNA decreased the activity of U251 cells at 48 and 72 h. b 
CDK8 siRNA inhibited U251 cell proliferation. c Flow cytometric analysis showed the percentage of U251 cells in the G0/G1, S and G2/M phases. 
G0/G1 phase cells increased after CDK8 siRNA treatment, and S and G2/M phase cells were reduced. d The data showed the percentage of early 
and late apoptosis after CDK8 siRNA treatment. e The knockdown efficiency of CDK8 siRNA in U251 cells. f CDK8, β-catenin and cyclin D1 protein 
expression was examined after CDK8 siRNA treatment. *p < 0.01, n = 3
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that there was an miR-770-binding site at 1399–1422 nt 
of the CDK8 3′-UTR. The dual-luciferase reporter assay 
demonstrated that miR-770 directly targeted CDK8 by 
recognizing the 3′-UTR of CDK8 mRNA and inhib-
ited CDK8 translation. CDK8 has been shown to be 
involved in tumorigenesis and development. Evidence 
has demonstrated that CDK8 plays an oncogenic role 
in cancers, by stimulating epithelial-to-mesenchymal 
transition in pancreatic cancer [36], facilitating migra-
tion and invasion in prostate cancer [37], and promot-
ing proliferation and metastasis in breast cancer [38], 
melanoma and colorectal cancers [33, 39]. The results 
also demonstrated that knockdown of CDK8 sup-
pressed glioma cell proliferation by inducing G1-S 
phase arrest and cell apoptosis. Moreover, we found 
that the overexpression of CDK8 counterbalanced the 
tumor suppressor effect of miR-770 in glioma cells. 

These results further verify that miR-770 functions 
as a tumor suppressor in glioma by inhibiting CDK8 
expression.

CDK8 is essential for β-catenin-dependent oncogen-
esis and progression in all kinds of cancers [39–41]. On 
the one hand, CDK8 can directly regulate β-catenin-
activated transcription. For example, the β-catenin 
transcriptional program can be stimulated by a media-
tor complex, which includes CDK8, MED12, MED13 
and its cyclin cofactor cyclin C [42, 43]. On the other 
hand, it has been demonstrated that CDK8 can directly 
phosphorylate E2F1 at S375 and then block the inhibi-
tory effect of E2F1 on β-catenin transcription [44, 45]. 
The Wnt/β-catenin pathway is a conserved signal-
ing pathway that is crucial for initiating and regulat-
ing a diverse range of biological processes, including 
embryogenesis, carcinogenesis, cell growth, apoptosis, 

Fig. 6  CDK8 overexpression rescues miR-770-induced cellular phenotypes in glioma cells. a U251 cell activity was measured after cotransfection 
with CDK8 and miR-770 vectors. b U251 cell proliferation was examined after cotransfection with CDK8 and miR-770 vectors. c Cell cycle was 
determined in U251 cells at 48 h. d Apoptosis was detected in U251 cells at 48 h. e CDK8 overexpression rescued CDK8 mRNA expression levels 
reduced by miR-770. f CDK8, β-catenin and cyclin D1 protein expression was examined after cotransfection with CDK8 and miR-770 vectors. 
*p < 0.01, compared with the vector control group; #p < 0.01, compared with the miR-770 overexpression group. n = 3
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and cell polarity [46–48]. For example, activation of 
the Wnt/β-catenin signaling pathway may facilitate the 
proliferation of embryonic, intestinal, skin, and neural 
stem cells, inducing the self-renewal and differentiation 
of stem-like cells [49–51]. The Wnt/β-catenin down-
stream regulator cyclin D1 is a crucial transcriptional 
factor in the G0/G1 phase [52]. Cyclin D1-CDK4/6 pro-
tein kinase complexes can regulate the cellular progres-
sion from G0/G1 phase to S phase [53]. It was reported 
that cyclin D1 is involved in human tumorigenesis. The 
results demonstrated that miR-770 overexpression and 
CDK8 siRNA could inhibit the expression of cyclin D1 
and induce G1-S phase arrest by suppressing the Wnt/
β-catenin signaling pathway. In contrast, anti-miR-770 
increased the expression of cyclin D1 and drove more 
cells into the S and G2/M phases through activating the 
Wnt/β-catenin signaling pathway. Furthermore, CDK8 
overexpression eliminated the effects of miR-770 over-
expression on glioma cells. Our findings suggest that 
miR-770 inhibits G1-S phase transition through inhibi-
tion of the Wnt/β-catenin signaling pathway by target-
ing CDK8.

The growth rate of cancer tissues is determined by cell 
proliferation and cell apoptosis. An imbalance of apop-
tosis-related proteins may induce the dysregulation of 
apoptosis, which leads to oncogenesis and tumor devel-
opment. Previous studies found that CDK8 prevented 
apoptosis in pancreatic, melanoma and colorectal can-
cers [33, 36]. We provide evidence that miR-770 induces 
glioma cell apoptosis through targeting CDK8.

Conclusions
In summary, our study demonstrates that miR-770 func-
tions as a tumor suppressor gene in glioma. We found 
that miR-770 is downregulated and associated with the 
clinicopathologic characteristics of glioma patients. miR-
770 inhibits glioma cell proliferation and induces apop-
tosis through suppression of the Wnt/β-catenin signaling 
pathway by targeting CDK8. These findings suggest that 
miR-770 plays a significant role in glioma progression 
and may serve as a potential novel target for glioma 
therapy.
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