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Abstract. – OBJECTIVE: Glycogen Syn-
thase Kinase-3β (GSK-3β) negatively regulates 
Wnt/β-catenin signaling pathway through de-
grading β-catenin protein. It plays an inhibito-
ry role in various tumors, while the influence 
in the pathogenesis of renal carcinoma has not 
been elucidated. MicroRNA-155 (MiR-155) was 
found to be upregulated in renal carcinoma tis-
sue. Bioinformatics analysis revealed the com-
plementary binding site between miR-155 and 3’-
UTR of GSK-3β. This study investigated the in-
fluence of miR-155 in regulating GSK-3β expres-
sion, Wnt/β-catenin signaling pathway activity, 
and renal carcinoma cell proliferation, invasion, 
and apoptosis.

PATIENTS AND METHODS: The targeted reg-
ulatory relationship between miR-155 and GSK-
3β were tested by dual luciferase assay. Renal 
carcinoma tissue and benign renal tissue were 
collected to detect miR-155 and GSK-3β expres-
sions. MiR-155, GSK-3β, and β-catenin levels 
were compared between HK-2 and 786-O cells. 
Renal carcinoma 786-O cells were cultured in vi-
tro and divided into four groups, including miR-
NC, anti-miR-155, pIRES2-blank, and pIRES2-
GSK-3β groups. Cell apoptosis was evaluat-
ed by flow cytometry. Cell invasion was deter-
mined by transwell assay. Cell proliferation was 
assessed by EdU staining. 

RESULTS: MiR-155 targeted regulated GSK-3β 
expression. MiR-155 and β-catenin expressions 
were significantly increased, while GSK-3β lev-
el was significantly declined in renal carcinoma 
tissue compared with benign renal tissue. MiR-
155 and β-catenin expressions were significant-
ly elevated, whereas GSK-3β level was signifi-
cantly downregulated in 786-O cells compared 
with HK-2 cells. Anti-miR-155 or pIRES2-GSK-
3β transfection significantly up-regulated GSK-
3β expression, attenuated β-catenin level, re-
strained cell proliferation and invasion, and en-
hanced cell apoptosis. 

CONCLUSIONS: MiR-155 promoted renal carcino-
ma pathogenesis. Inhibition of miR-155 increased 
GSK-3β expression, attenuated Wnt/β-catenin 

signaling pathway, weakened proliferation and 
invasion, and facilitated apoptosis in renal carci-
noma cells.
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Introduction

Renal cell carcinoma (RCC) is a type of malig-
nant tumor derived from uriniferous tubule epi-
thelial system. Its morbidity accounts for the 12th 
in malignancy and 2nd in urinary tract malignant 
tumor1. RCC is featured as low sensitivity to ra-
diotherapy and chemotherapy, and high postoper-
ative recurrence rate, thus causing severe impact 
on quality of life and health. 

β-catenin is a key protein in Wnt/β-catenin 
signaling pathway that is closely associated with 
tumorigenesis, progression, and metastasis2,3. 
Glycogen synthase kinase-3β (GSK-3β) is a neg-
ative regulator of Wnt/β-catenin signaling path-
way that locates in the upstream of β-catenin. It 
degrades β-catenin through phosphorylation to 
maintain it at relative low level, thus suppressing 
the excessive activation of Wnt/β-catenin signal-
ing pathway. It plays a tumor suppressor role in 
tumorigenesis by promoting cell apoptosis and 
restraining cell proliferation4-6. It was showed 
that GSK-3β expression and downregulation 
mediated Wnt/β-catenin signaling pathway en-
hancement was related to the occurrence, pro-
gression, metastasis, and poor prognosis of thy-
roid cancer7, intestinal cancer8, prostate cancer9, 
and breast cancer10. However, its role in RCC 
has not been clarified. MicroRNA (miRNA) is a 
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type of endogenous single stranded non-coding 
RNA at the length of 22-25 nt. It plays a de-
grading or inhibiting role on mRNA by binding 
with the 3’-UTR, thus participating in multiple 
biological processes, such as cell proliferation, 
differentiation, tissue and embryonic develop-
ment, angiogenesis, and immune response11. The 
role of miRNA abnormity in tumorigenesis and 
development bring more and more attention12,13. 
It was reported that miR-155 markedly increased 
in RCC tumor tissue, indicating that RCC may 
be treated as an oncogene of RCC14,15. Bioin-
formatics analysis revealed the complementary 
binding site between miR-155 and 3’-UTR of 
GSK-3β. This study investigated the influence 
of miR-155 in regulating GSK-3β expression, 
Wnt/β-catenin signaling pathway activity, and 
renal carcinoma cell proliferation, invasion, and 
apoptosis.

Patients and Methods

Clinical Information
A total of 36 cases of RCC patients received 

surgery in our hospital between June 2016 and 
December 2016 were enrolled, including 20 males 
and 16 females with mean age at 56.7 ± 11.9 years 
old. No patients received radiotherapy or chemo-
therapy before surgery. RCC tumor tissue was 
stored at -80°C. The specimens were divided in to 
10 in G1, 15 in G2, and 11 in G3 according to cell 
differentiation degree. There were 22 in stage I-II 
and 14 in stage III-IV according to TNM staging. 
Another 22 cases of renal tissue were obtained 
from benign renal lesion, including 11 males and 
11 females with average age at 57.3 ± 13.1 years 
old. No statistical difference on age and gender 
were observed between two groups. 

Main Reagents and Materials
Human RCC 786-O and normal renal proxi-

mal tubule epithelial cell HK-2 were purchased 
from Shanghai Baili Biotechnology Co., Ltd. 
(Shanghai, China) Roswell Park Memorial In-
stitute (RPMI)-1640 and Dulbecco Minimum 
Essential Medium (DMEM) mediums were ob-
tained from Lonza (Allendale, NJ, USA). Pen-
icillin-streptomycin was derived from Gibco 
(Grand Island, NY, USA). Fetal bovine serum 
(FBS) was got from Gemini Bio Products (West 
Sacramento, CA, USA). Total RNA extraction 
reagent GenElute™ Total RNA Purification 
Kit was bought from Sigma-Aldrich (St. Lou-

is, MO, USA). Real-time PCR reagent Trans-
Script Green One-Step qRT-PCR SuperMix 
was obtained from TransGen (Beijing, China). 
Transfection kit FuGENE6 was purchased from 
Roche Pharma (Basel, Switzerland). MiR-NC, 
miR-155 mimic, and anti-miR-155 were pur-
chased from RiboBio (Guangzhou, China). EdU 
flow cytometry reagent was got from Sigma-Al-
drich (St. Louis, MO, USA). Rabbit anti-human 
GSK-3β and β-catenin antibodies were provided 
by Cell Signaling Technology (Beverly, MA, 
USA). Mouse anti-human Survivin and β-actin 
antibodies were obtained from Active motif 
(Carlsbad, CA, USA). Horse radish peroxidase 
(HRP) conjugated secondary antibody was got 
from Jackson ImmunoResearch (West Grove, 
PA, USA). Dual luciferase reporter gene vec-
tor pMIR and Dual-Luciferase® Reporter Assay 
System were provided by Promega (Madison, 
WI, USA). RIPA lysis was purchased from 
SolarBio (Beijing, China). Bicinchoninic acid 
(BCA) protein quantification reagent was bought 
from Thermo Scientific Pierce (Rockford, IL, 
USA). Over-expression plasmid pIRES2 was 
derived from BioVector (Beijing, China). FITC 
Annexin V/PI cell apoptosis detection kit was 
obtained from Beyotime Biotech. (Shanghai, 
China). Matrigel was purchased from BD Bio-
sciences (San Jose, CA, USA). Transwell cham-
ber was got from Corning (Corning, NY, USA). 

Cell Culture
786-O cells were cultured in Roswell Park

Memorial Institute-1640 (RPMI-1640) medium 
containing 10% fetal bovine serum (FBS) and 
1% penicillin-streptomycin. CCC-HEK-1 cells 
were maintained in Dulbecco’s Modified Eagle 
Medium (DMEM) medium containing 20% FBS 
and 1% penicillin-streptomycin. The cells were 
passaged at 1:4 and used for experiments during 
logarithmic phase.

Dual-Luciferase Reporter Gene Assay
The PCR products containing the full-length 

of GSK-3β gene 3’-UTR or mutant segment were 
cloned to pMIR. Next, it was transformed to 
DH5α competent cells and sequenced to select 
the plasmid with correct sequence. Then, pMIR-
GSK-3β-wt (or pMIR-GSK-3β-mut) was co-trans-
fected to HEK293T cells using FuGENE6 to-
gether with miR-155 mimic (or anti-miR-155, or 
miR-NC). After 48 h incubation, the cells were 
lysed by passive lysis buffer on ice for 20 min and 
detected using Stop&Glo solution. 
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GSK-3β Over-Expression 
Plasmid Construction

The CDS region segment of GSK-3β was am-
plified and recycled after gel electrophoresis. 
Next, it was connected to pIRES2 plasmid after 
double digestion and transformed to bacteria. 
Then, the bacterial strain was amplified and 
sequenced to confirm the correct GSK-3β gene 
segment insertion. It was named as pIRES-GSK-
3β for the following experiments.

Cell Transfection and Grouping
786-O cells were divided into four groups,

including miR-NC, anti-miR-155, pIRES2-
blank, and pIRES2-GSK-3β groups. MiR-NC, 
anti-miR-155, pIRES2-blank, or pIRES2-GSK-
3β at 20 nmol/l and FuGENE6 at 10 μl were 
diluted in serum free medium at room tempera-
ture for 20 min. Then, they were added to the 
cells and incubated for 72 h for the following 
experiments.

Quantitative RT-PCR (qRT-PCR)
Total RNA was extracted using GenElute™ 

Total RNA Purification Kit and adopted for 
PCR reaction by TransScript Green One-Step 
qRT-PCR SuperMix. The reaction system con-
tained 2 μg template RNA, 0.3 μM primers, 10 
μl 2×TransStart Tip Green qPCR SuperMix, 0.4 
μl One-Step RT Enzyme Mix, 0.4 μl Passive 
Reference Dye II, and RNase-free water. The 
PCR reaction was composed of 45°C for 5 min 
and 94°C for 30 s, followed by 40 cycles of 
94°C for 5 s and 60°C for 30 s. Real-time PCR 
was performed on Bio-Rad CFX96 to test the 
relative expression. The primer sequences were 
listed as follows. 

miR-155PF: ′-ACGCTCAGTTAATGCTAATC-
GTGATA-3′, miR-155PR: 5′-ATTCCATGTTGTC-
CACTGTCTCTG-3′; U6PF: 5′-ATTGGAAC-
GATACAGAGAAGATT-3′, U6PR: 5′-GGAAC-
GCTTCACGAATTTG-3′; GSK-3βPF: 5′-GGCAG-
CATGAAAGTTAGCAGA-3′, GSK-3βPR: 5′-GG-
CGACCAGTTCTCCTGAATC-3′; β-cateninPF: 
5′-AAAGCGGCTGTTAGTCACTGG-3′, β-cat-
eninPR: 5′-CGAGTCATTGCATACTGTCCAT-3′; 
β-actinPF: 5′-GAACCCTAAGGCCAAC-3′, β-ac-
tin PR: 5′-TGTCACGCACGATTTCC-3′.

Western Blot
The total protein was extracted by RIPA from 

cells. A total of 50 μg protein was separated by 
10% sodium lauryl sulfate- polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to 

membrane. Next, the membrane was blocked 
by 5% skim milk at room temperature for 60 
min and incubated in primary antibody at 4°C 
overnight (GSK-3β, β-catenin, and β-actin at 
1:3000, 1:3000, and 1:10000, respectively). Then, 
the membrane was incubated in HRP conjugated 
secondary antibody (1:30000) for 60 min after 
washed by PBST for three times. At last, the pro-
tein expression was detected by ECL (enhanced 
chemiluminescence).

Flow Cytometry 
The cells were digested by trypsin and resus-

pended in 100 μl binding buffer. Next, the cells 
were incubated in 5 μl Annexin V-FITC and 5 
μl PI. At last, the cells were tested on Beckman 
CytoFLEX flow cytometry to evaluate cell apop-
tosis. 

EdU Staining
The cells were added with 10 μM EdU solu-

tion for 2 h. After incubated for 72 h, the cells 
were digested and collected. Next, cells were 
washed by phosphate buffered saline (PBS), 
fixed by 4% paraformaldehyde, and penetrated 
by saponin; they were incubated in 500 μl re-
action liquid containing PBS, Catalyst solution, 
6-FAM Azide, and Buffer additive at room
temperature avoid of light for 30 min. Then, the
cells were washed and tested by Beckman Cyto-
FLEX flow cytometry.

Transwell Assay
Matrigel was added to the upper chamber and 

incubated at 37°C for 30 min. A total of 500 μl 
RPMI-1640 medium contained 10% FBS was 
added to the 24-well plate. The 

Transwell chamber paved with 100 μl Matrigel 
was put onto the plate and added with 786-O cells 
resuspended in 200 μl serum-free medium. After 
48 h, the membrane was fixed in methanol and 
stained by 0.1% crystal violet. At last, the mem-
brane was observed under the microscope.

Statistical Analysis
All data analyses were performed on SPSS 

18.0 software (SPSS Inc., Chicago, IL, USA). 
The measurement data were depicted as mean 
± standard deviation and compared by using 
Student’s t-test or ANOVA. Tukey’s post hoc-
test was used for comparing measurement data 
between groups. p < 0.05 was considered as sta-
tistical significance.
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Results

MiR-155 Targeting Inhibited 
GSK-3β Expression

Bioinformatics analysis showed the target-
ed binding site between miR-155 and 3’-UTR 
of GSK-3β mRNA (Figure 1A). Dual lucif-
erase assay revealed that miR-155 mimics or 
anti-miR-155 transfection significantly declined 
or elevated the relative luciferase activity of 
HEK293T cells transfected by pMIR-GSK-3β-
wt (Figure 1B), while they failed to affect the 
relative luciferase activity of HEK293T cells 
transfected by pMIR-GSK-3β-mut, indicating 
the regulatory relationship between miR-155 and 
GSK-3β mRNA.

MiR-155 and GSK-3β Expression in  
RCC Tissue

qRT-PCR demonstrated that GSK-3β mRNA 
significantly declined, while miR-155 level obvi-
ously up-regulated in RCC tissue compared with 
control (Figure 2A). MiR-155 expression elevated 
following TNM staging and pathological grad-
ing (Table I). Western blot revealed that GSK-3β 
protein level markedly decreased in RCC tissue 
compared with control and kept reducing follow-
ing clinical staging (Figure 2B).

MiR-155 Levels Were Increased and 
GSK-3β Levels Were Reduced in 
Renal Carcinoma Cells

qRT-PCR results demonstrated that GSK-3β 
mRNA was apparently declined, whereas miR-
155 and β-catenin mRNA were significantly en-
hanced in renal carcinoma 786-O cells compared 
with HK-2 cells (Figure 3A). Western blot data 
exhibited that GSK-3β protein was attenuated, 
while β-catenin protein was significantly upreg-
ulated in 786-O cells compared with HK-2 cells 
(Figure 3B).

Inhibition of miR-155 Expression 
Attenuated Rcc Cell Proliferation and I
nvasion, and Promoted Cell Apoptosis

Anti-miR-155 or pIRES2-GSK-3β transfection 
was significantly up-regulated GSK-3β expres-
sion, attenuated β-catenin level (Figure 4A), re-
strained cell invasion (Figure 4B) and prolifer-
ation (Figure 4C), and enhanced cell apoptosis 
(Figure 4D).

Figure 1. MiR-155 targeted inhibited GSK-3β expression. 
A, The binding site between miR-155 the 3’-UTR of GSK-3β 
mRNA. B, Dual luciferase assay. *p < 0.05, compared with 
mimic NC. miR-155: microRNA-155, NC: normal control.

Figure 2. MiR-155 and GSK-3β expression in RCC tissue. 
A, qRT-PCR detection of miR-155 and GSK-3β mRNA 
expressions in renal tissue. B, Western blot detection 
of GSK-3β protein expression in renal tissue. miR-155: 
microRNA-155, GSK-3β: glycogen synthase kinase-3β, 
RCC: renal cell carcinoma.
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Discussion

Wnt/β-catenin is a highly conserved signaling 
pathway in evolution that plays an important role 
in regulating cell proliferation, cycle, differentia-
tion, apoptosis, and invasion. Wnt/β-catenin ex-
cessive activation plays a stimulate role in the oc-
currence and development of colorectal cancer16 
and prostate cancer17. β-catenin is a key protein 
in Wnt/β-catenin signaling that mediates signal 
nuclear transfer and activates the pathway16,18. 
Abnormal up-regulation of β-catenin may en-
hance Wnt/β-catenin signaling pathway, which 
is closely associated with various tumors’ oc-
currence, progression, and metastasis2,3. During 
Wnt/β-catenin activation, Wnt can bind with friz-

zled (Frz) receptor and low-density lipoprotein 
receptor related protein 5 and 6 (LRP5/6) on 
the cell membrane, leading to disheveled (Dvl) 
phosphorylation. It further transduces signal to 
GSK-3β to inhibit the phosphorylation-degrad-
ing role of GSK-3β on β-catenin and deactivate 
APC-Axin-GSK-3β complex, resulting in the en-
hancement of β-catenin stability and increase of 
β-catenin level in nucleus. It binds with TCF/LEF 
to promote target gene transcription and expres-
sion19,20. In the negative regulatory mechanism of 
Wnt/β-catenin signaling pathway, GSK-3β can 
form complex with axin and adenomatous pol-
yposis coli (APC) to phosphorylate β-catenin. 
Phosphorylated β-catenin is further degraded by 
β-transducin repeat-containing protein (β-TrCP) 

Table I. MiR-155 expression in RCC tissue with different clinical characteristics. 

	 Group	 Cases	 miR-155 expression	 p-value

Age			   0.215
    ≤ 50 years old	 15	 1.58 ± 0.13	
    > 50 years old	 21	 1.62 ± 0.16	
Gender			   0.359
    Male	 20	 1.63 ± 0.15	
    Female	 16	 1.61 ± 0.18	
Pathological grading			   0.004
    G1	 10	 1.43 ± 0.18	
    G2	 15	 1.57 ± 0.18	
    G3	 11	 1.73 ± 0.21	
Clinical stage			   < 0.001
    I-II	 22	 1.36 ± 0.15	
    III-IV	 14	 1.81 ± 0.18	

Figure 3. MiR-155 increased, while GSK-3β reduced in renal carcinoma cells. A, qRT-PCR detection of miR-155, GSK-
3β, and β-catenin mRNA expressions. B, Western blot detection of GSK-3β and β-catenin protein expressions. *p < 0.05, 
compared with HK-2 cells. miR-155: microRNA-155, GSK-3β: glycogen synthase kinase-3β, qRT-PCR: quantitative RT-PCR.
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mediated ubiquitin/proteasome pathway, thus 
suppressing the activity of Wnt/β-catenin signal-
ing pathway4-6. GSK-3β plays a tumor suppressor 
role in multiple cancers because of its attenuation 
of proliferation acceleration and anti-apoptosis 
mediated by Wnt/β-catenin signaling pathway 
activation. It was showed that GSK-3β down-
regulation mediated Wnt/β-catenin enhancement 
is closely related to a variety of cancers’ occur-
rence, progression, metastasis, and poor prog-
nosis, such as thyroid cancer7, intestinal cancer8, 

prostate cancer9, and breast cancer10. However, its 
role in RCC has not been clarified. It was reported 
that miR-155 markedly increased in RCC tumor 
tissue, indicating that RCC may be treated as an 
oncogene of RCC14,15. Bioinformatics analysis re-
vealed the complementary binding site between 
miR-155 and 3’-UTR of GSK-3β. This study 
investigated the influence of miR-155 in regulat-
ing GSK-3β expression, Wnt/β-catenin signaling 
pathway activity, and renal carcinoma cell prolif-
eration, invasion, and apoptosis.

Figure 4. Inhibition of miR-155 expression attenuated RCC cell proliferation and invasion, and promoted cell apoptosis. 
A, qRT-PCR detection of gene expression. B, Transwell assay detection of cell invasion. C, EdU staining detection of cell 
proliferation. D, Flow cytometry detection of cell apoptosis. *p < 0.05, compared with miR-NC; #p < 0.05, compared with 
pIRES2-blank. miR-155: microRNA-155, RCC: renal cell carcinoma, NC: normal control.
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Dual luciferase assay revealed that miR-155 
mimics or anti-miR-155 transfection significantly 
declined or elevated the relative luciferase activi-
ty of HEK293T cells indicating the regulatory re-
lationship between miR-155 and GSK-3β mRNA. 
GSK-3β was significantly declined, while miR-
155 level was obviously upregulated in RCC tis-
sue compared with control. MiR-155 expression 
elevated following TNM staging and pathological 
grading. GSK-3β apparently declined, whereas 
miR-155, β-catenin, and survivin significantly 
enhanced in renal carcinoma 786-O cells com-
pared with HK-2 cells, suggesting that miR-155 
up-regulation may play a role in reducing GSK-3β 
expression, enhancing Wnt/β-catenin signaling 
pathway activity, and promoting RCC tumorigen-
esis. Gao et al14 reported that miR-155 abnormally 
elevated in RCC tissue compared with normal 
renal tissue and increased following TNM stag-
ing, which was similar with our results. Jung et 
al21 showed that miR-155 increased for 3.2 times 
in RCC tissue compared with adjacent normal 
control. Li et al15 demonstrated that miR-155 in 
RCC tissue was obviously higher than that in pa-
ra-carcinoma tissue. In addition, it was higher in 
RCC tissue with higher TNM stage than with low 
TNM stage. MiR-155 expression was markedly 
higher in RCC cell lines ACHN and KC com-
pared with normal renal cell HK-2, which was 
in accordance with our study15. Similarly, Mer-
hautova et al22 found that miR-155 upregulation 
was related to the decrease of chemo sensitivity 
to sunitinib, presenting as miR-155 expressed 
higher in patients with lower DFS. Neal et al23 ob-
served that miR-155 expression increased in RCC 
tissue. Silva-Santos et al24 revealed that miR-155 
level was higher in RCC tissue than that in nor-
mal renal tissue, and was higher in patients with 
worse survival. White et al25 demonstrated that 
miR-155 significantly elevated in RCC tissue and 
was positively correlated with tumor size. It was 
showed that miR-155 played an oncogene role in 
RCC, which was in accordance with our results. 
Yuan et al26 observed that GSK-3β reduction 
was related to epithelial mesenchymal transition 
(EMT), migration, and invasion enhancement 
of RCC. In this paper, GSK-3β expression re-
duced in RCC tissue and cell line, indicating that 
GSK-3β was related to the pathogenesis of RCC, 
which was similar with Yuan et al findings26. 
Further investigation revealed that anti-miR-155 
or pIRES2-GSK-3β transfection significantly at-
tenuated β-catenin level, restrained cell prolifer-
ation and invasion, and enhanced cell apoptosis. 

Gao et al14 presented that miR-155 promoted 
RCC cell lines ACHN and 786-O cell migration 
and invasion through targeting E2F2 expression. 
Li et al15 observed that downregulation of miR-
155 suppressed ACHN cell proliferation, induced 
cell apoptosis, and restrained cell migration by 
increasing BACH1. Yuan et al26 revealed that 
GSK-3β enhancement obviously inhibited EMT, 
migration, and invasion in RCC. It exhibited 
that both miR-155 and GSK-3β play a role in 
the pathogenesis of RCC. This study revealed 
that inhibition of miR-155 upregulated GSK-3β 
expression, attenuated Wnt/β-catenin activity, 
restrained cell proliferation and invasion, and 
enhanced cell apoptosis. However, the specific 
target gene of miR-155 through Wnt/β-catenin 
signaling pathway in regulating RCC cell prolif-
eration, invasion, and apoptosis is still unclear.

Conclusions

We showed that miR-155 promoted renal 
carcinoma pathogenesis. Inhibition of miR-
155 increased GSK-3β expression, attenuated 
Wnt/β-catenin signaling pathway, weakened pro-
liferation and invasion, and facilitated apoptosis 
in renal carcinoma cells.
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