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Abstract. In order to examine the inhibitory effects of 
microRNA (miR)‑26b‑5p on thyroid cancer (TC), the clini-
copathological features and pathological tissues of 67 patients 
were collected. The expression levels of miR‑26b‑5p were 
detected in TC and paracarcinoma tissues by quantitative poly-
merase chain reaction, and the association between miR‑26b‑5p 
expression and the clinicopathological features of the patients 
was analyzed using t‑test or one‑way analysis of variance. In 
addition, B‑CPAP TC cells were infected with a lentivirus 
to induce miR‑26b‑5p overexpression and proliferation was 
detected by Cell Counting kit‑8. Subsequently, migration and 
invasion were detected by Transwell and Matrigel assays, 
respectively, and the molecular mechanism of action was 
investigated by western blotting. The results demonstrated that 
the expression levels of miR‑26b‑5p were significantly lower 
in TC tissues compared with paracarcinoma tissues (P<0.01), 
and miR‑26b‑5p was associated with lymph node metastasis 
(P<0.05). In addition, overexpression of miR‑26b‑5p inhibited 
the proliferation, invasion and migration of B‑CPAP cells. 
Western blot analysis demonstrated that the protein expres-
sion levels of phosphorylated glycogen synthase kinase‑3β 
(pGsk‑3β) were decreased, and the expression of β‑catenin was 
decreased in B‑CPAP cells overexpressing miR‑26b‑5p. These 
results demonstrated that miR‑26b‑5p may exert antitumor 

activity. In addition, at the molecular level, these effects may 
be associated with the Gsk‑3β/β‑catenin pathway.

Introduction

Thyroid cancer (TC) is the most common type of endocrine 
malignancy (1); ~90% of thyroid cancer cases are of poorly 
differentiated poorly differentiated thyroid carcinoma, the 
prevalence of which is increasing (2‑4). Following treatment 
with specific methods, including surgery, radioactive iodine 
and thyroid‑stimulating hormone inhibition, the majority of 
patients exhibit an improvement. However, there remains a 
risk of tumor recurrence and metastasis (5‑7). Therefore, it is 
necessary to understand the occurrence and development of 
TC, in order to identify specific effective targets for diagnosis 
and treatment.

MicroRNAs (miRNAs/miRs) are non‑coding single‑​
stranded small molecule RNAs that exert their biological 
function by inhibiting the transcription and translation of 
target genes, via binding to the 3' non‑coding region of the 
target mRNA (8,9). Previous studies have demonstrated that 
miRNAs are closely associated with the occurrence and 
development of numerous tumors, including ovarian cancer, 
liver cancer, stomach cancer and breast cancer  (10‑13). 
Therefore, miRNAs have attracted increasing attention in 
tumor research.

Previous studies have reported that differentially expressed 
miRNAs in the tissues of patients with TC may be screened 
by gene chip technology (14,15). These findings indicated 
that, in the tissues of patients with TC, the expression levels of 
miR‑26b‑5p are significantly lower compared with in normal 
tissues; in addition, it was revealed that miR‑26b‑5p may 
be associated with the occurrence and development of TC. 
Therefore, it was be hypothesized that miR‑26b‑5p may be a 
clinically relevant target for the treatment of TC.

However, the molecular mechanism underlying the anti‑TC 
effect of miR‑26b‑5p remains unclear. A previous study using 
TargetScan predicted that the target gene for miR‑26b‑5p is 
glycogen synthase kinase‑3β (Gsk‑3β) (16). It is well docu-
mented that the Gsk‑3β/β‑catenin pathway serves an important 
role in the development of TC (17,18).

In the present study, the expression levels of miR‑26b‑5p 
were detected in the tissues of patients with TC, and the 
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association between miR‑26b‑5p and clinicopathological 
features was examined. Additionally, the inhibitory effect of 
miR‑26b‑5p on B‑CPAP TC cells and its mechanism based on 
the Gsk‑3β/β‑catenin pathway were investigated. The results 
suggested that miR‑26b‑5p was downregulated in TC tissues 
and that miR‑26b‑5p expression may be associated with lymph 
node metastasis. In addition, miR‑26b‑5p was able to inhibit 
the proliferation, migration and invasion of TC, which may be 
associated with the Gsk‑3β/β‑catenin pathway.

Materials and methods

Chemicals and materials. A total of 67 patients with TC 
undergoing surgical treatment at the Provincial Hospital of 
Shandong University were enrolled between February 2017 
and September 2017. TC and corresponding paracarcinoma 
tissues were collected. TC was confirmed by pathological 
diagnosis and written informed consent was obtained from 
all patients. The 67  samples were collected and stored in 
liquid nitrogen until further use. The samples were collected 
from 17 men and 50 women, with an average age of 45 years 
(age range, 18‑75 years).

RNAiso reagent, Prime Script 1st Strand cDNA Synthesis 
kit for reverse transcription (RT) and SYBR Premix Ex Taq 
for quantitative PCR (qPCR) were purchased from Takara 
Bio, Inc. Fetal bovine serum  (FBS) and RPMI‑1640 
medium were purchased from Thermo  Fisher Scientific, 
Inc. The Cell Counting Kit‑8 (CCK‑8) was purchased from 
Dojindo. Anti‑GAPDH (cat.  no.  sc‑32233), anti‑Gsk‑3β 
(cat.  no.  sc‑71186), anti‑phosphorylated  (p) GSK‑3β 
(cat. no. sc‑81495) and anti‑β‑catenin (cat. no. sc‑65480) were 
purchased from Santa Cruz Biotechnology, Inc. The lentiviral 
vectors were purchased from GeneChem, Inc. The Dual‑Glo™ 
Luciferase Assay System and Lipofectamine  2000 were 
purchased from Promega Corporation.

Detection of miR‑26b‑5p expression. The expression levels of 
miR‑26b‑5p were detected in tissues from patients with TC 
by RT‑qPCR, using the aforementioned materials. Total RNA 
was extracted from fresh frozen tissue using the RNAiso RNA 
extraction kit, according to the manufacturer's protocol, and 
total RNA concentration and purity were determined using 
a UV spectrophotometer. The primers were synthesized by 
Takara Bio, Inc. The miR‑26b‑5p primers were designed 
based on the sequence 5'‑UCA​AGU​AAU​UCA​GGA​UA 
G​GU‑3. U6 was used as an internal reference gene and its primer 
sequences were as follows: Forward 5'‑GGA​ACG​ATA​CAG​
AGA​AGA​TTA​GC‑3'; and reverse 5'‑TGG​AAC​GCT​TCA​CGA​
ATT​TGC​G‑3'. cDNA synthesis was conducted using an RT kit 
in a 10 µl volume, according to the manufacturer's protocol. 
The RT temperature protocol was as follows: 37˚C for 1 h and 
85˚C for 5 min. qPCR was performed on a Roche LightCycler 
480 II instrument (Roche Molecular Diagnostics) as follows: 
denaturation (95˚C, 30 sec), PCR reaction for 45 cycles (95˚C 
for 5 sec, 60˚C for 30 sec), melting (95˚C for 5 sec, 60˚C for 
1 min), cooling (50˚C, 30 sec). The final experimental data 
were standardized to the internal standard U6 and were 
analyzed using the 2‑∆∆Cq method (19): ΔCq=CqmiRNA‑Cqinternal 

reference, ΔΔCq=ΔCqSample‑ΔCqMax. The maximum value of all 
data (ΔCqMax) was used to normalize and correct the samples.

Cell culture. The B‑CPAP cell line was donated by Professor 
Kennichi Kakudo (The Human Pathology Laboratory of 
Wakayama Medical University (Wakayama, Japan)  (20) 
and the 293 cell line was purchased from GeneChem, Inc. 
The B‑CPAP cell line was verified using the short‑tandem 
repeat  (STR) profiling. Briefly, DNA was extracted using 
Axygen genomic extraction kit and amplified using 20‑STR 
amplification scheme (Shanghai Zhong Qiao Xin Zhou 
Biotechnology Co., Ltd.). The test of STR loci and sex gene 
Amelogenin was performed using an ABI 3730XL analyzer 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The cells 
were cultured in RPMI‑1640 (B‑CPAP) or Dulbecco's modi-
fied Eagle's medium (Sigma‑Aldrich; Merck KGaA) growth 
medium supplemented with 10% FBS, 100 U/ml penicillin and 
100 µg/ml streptomycin at 37˚C in a thermostatic incubator 
containing 5% CO2. All experiments were performed on cells 
in the logarithmic growth phase.

Cell infection. miR‑26b‑5p mimics on a lentiviral vector 
were designed and synthesized by Shanghai GeneChem Co., 
Ltd., based on the following sequence: 5'‑UUC​AAG​UAA​
UUC​AGG​AUA​GGU‑3'. Once the cells reached 80% conflu-
ence in 96‑well plates, B‑CPAP cells were infected with a 
miR‑26b‑5p‑overexpressing lentivirus or an empty vector at 
a multiplicity of infection value of 50. After 12 h, the virus 
solution was aspirated and replaced with fresh medium. The 
fluorescence efficiency was observed after 48‑72 h, and the 
infection efficiency was detected by RT‑qPCR, and stably 
overexpressing cells and negative control (NC) were selected 
for subsequent experiments.

CCK‑8 cell viability assay. Following digestion of 
miR‑26b‑5p‑overexpressing cells and negative control cells 
with trypsin, the cells were adjusted to 5,000 cells/well and 
seeded in 96‑well plates at 37˚C in an incubator containing 
5% CO2 saturated humidity. Cells were cultured for 24, 48, 72 
and 96 h, and viability was detected using the CCK‑8 assay. 
Briefly, 10 µl CCK‑8 and 90 µl fresh medium were added 
to each well. After 90 min at 37˚C, optical density values 
were determined at 450 nm using a microplate reader. The 
experiment was repeated at least three times.

Cell migration assay. Cell migration was detected using 
a Transwell assay. miR‑26b‑5p‑overexpressing B‑CPAP 
cells and negative control B‑CPAP cells were re‑suspended 
(1x105 cells/ml) in RPMI‑1640 medium, and a 200 µl cell 
suspension was added to the upper chamber of Transwell plates. 
In addition, 600 µl complete medium containing 5% FBS was 
added to the lower chamber. After culturing for 18 h, the cells 
in the lower chamber were washed twice with PBS, fixed with 
95% ethanol at 37˚C for 15 min, and stained with hematoxylin 
at 37˚C for 10 min. The cells were then washed three times 
with water, air‑dried and observed using light microscopy 
(magnification, x200).

Cell invasion assay. Cell invasion was detected using a 
Matrigel assay. Matrigel was thawed at 4˚C overnight and thor-
oughly mixed with serum‑free medium to obtain a 1:7 ratio on 
ice. Briefly, 70 µl diluted Matrigel was added to the Transwell 
plates and incubated at 37˚C for 30 min, in order to polymerize 
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the Matrigel. miR‑26b‑5p‑overexpressing B‑CPAP cells and 
NC B‑CPAP cells were re‑suspended (1x105  cells/ml) in 
RPMI‑1640 medium. Briefly, a 200 µl cell suspension was 
added to the upper chamber and 600 µl complete medium 
containing 10% FBS was added to the lower chamber. After 
culturing for 18 h, the chamber was washed twice with PBS and 
the cells in the lower chamber were fixed with 95% ethanol at 
37˚C for 15 min. The cells were then stained with hematoxylin 
at 37˚C for 10 min and the chamber was washed with water 
three times. After natural air‑drying, the chamber membranes 
were sealed with slides, and observed under an inverted 
light‑transmitting microscope (magnification, x200). In total, 
five fields were randomly selected to count the number of cells.

Dual‑luciferase enzyme assay. TargetScan (release no. 3.1; 
Whitehead Institute for Biomedical Research) was used to 
predict target genes of miR‑26b‑5p. The results revealed 
Gsk‑3β to be a potential target, and this was verified via a 
dual‑luciferase enzyme assay. Briefly, 293 cells (at a density of 
4x105 cells/ml) were seeded in 24‑well plates and cultured for 
24 h. The luciferase reporter plasmids containing wild‑type 
or mutant 3'‑untranslated regions (UTRs) of Gsk‑3β (Promega 
Corporation) were transfected into cells alongside miR‑26b‑5p 
mimics using Lipofectamine  2000 (transfection of 1  µg 
plasmid) at 37˚C. After ~48 h incubation at 37˚C, firefly and 
Renilla luciferase activities were assessed. Normalized rela-
tive light units represent firefly luciferase activity/Renilla 
luciferase activity.

Western blot analysis. The protein expression levels of Gsk‑3β, 
p‑Gsk‑3β and β‑catenin in both miR‑26b‑5p‑overexpressing 
and NC B‑CPAP cells were detected via western blotting. 
Cellular proteins were extracted by using RIPA (Beijing 
Solarbio Science and Technology Co., Ltd.) containing phos-
phorylase inhibitors, and protein quantification was performed 
using a bicinchoninic acid kit. Subsequently, equal amounts 
of proteins (30 µg) were separated using 10% SDS‑PAGE, 
and were transferred to polyvinylidene difluoride membranes 
(EMD Millipore), which were blocked with 5% milk at 37˚C 
for 1 h. The membranes were then incubated overnight at 4˚C 
with the following primary polyclonal antibodies: anti‑GAPDH 
(1:1,000), anti‑Gsk‑3β (1:1,000), anti‑p‑GSK‑3β (1:1,000) and 
anti‑β‑catenin (1:1,000). Membranes were then incubated 
with a horseradish peroxidase‑conjugated goat anti‑rabbit 
secondary antibody (cat. no. abs20002; Absin Bioscience, Inc.; 
1:5,000) at 37˚C for 1 h. The membranes were imaged using 
enhanced chemiluminescence (ProteinSimple) and analyzed 
using Photoshop  6.0 (Adobe Systems, Inc.) and protein 
expression was normalized to GAPDH (dilution, 1:1,000).

Statistical analysis. All experiment was repeated at least 
3 times, and data were analyzed using SPSS 22.0 statistical 
software (IBM Corp.), and a receiver operating characteristic 
(ROC) curve was analyzed and drawn using Prism 7 (GraphPad 
Software, Inc.). Measurement results are expressed as the 
mean  ±  standard deviation. Student's t‑test was used to 
compare two groups, whereas Spearman's correlation analysis 
was used to analyze the correlation between tumor stage and 
miR‑26b‑5p expression. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Association between miR‑26b‑5p expression and clinicopath‑
ological features in TC. As shown in Table I, no significant 
differences in miR‑26b‑5p expression levels were identified 
between patients of different ages and sexes, nor was it 
associated with tumor size. In addition, Spearman's correla-
tion analysis identified no significant correlation between 
miR‑26b‑5p expression and Tumor‑Node‑Metastasis (TNM) 
stage (21). The relative expression levels of miR‑26b‑5p in TC 
tissues (5.18±2.92) were lower compared with in paracarci-
noma tissues (7.15±2.99) in the 67 patients (P<0.05; Table I). 
Additionally, the expression levels of miR‑26b‑5p were 
significantly lower in patients with lymph node metastasis 
compared with in patients without lymph node metastasis 
(P<0.05).

As presented in Fig. 1, the area under the curve value was 
0.7287 (95% confidence interval: 0.6422‑0.8152; specificity 
value: 65.67%; sensitivity value: 76.12%), which suggested that 
miR‑26b‑5p has high specificity and sensitivity in the clinical 
diagnosis of TC.

miR‑26b‑5p overexpression inhibits B‑CPAP cell proliferation. 
Successful cell transfection was confirmed using RT‑qPCR 

Table I. Expression levels of miR‑26b‑5p in patients with 
thyroid cancer.

		E  xpression	
		  of miR‑26b‑5p
Parameters	C ases	 (mean ± SD)	 P‑value

Sex			   0.439
  Male	 17	 4.70±2.48	
  Female	 50	 5.34±3.06	
Age (years)			   0.473
  ≥45 	 37	 5.41±3.56	
  <45 	 30	 4.89±3.20	
Tumor size (cm)			   0.916
  ≥1	 48	 5.20±3.03	
  <1	 19	 5.12±2.72	
Lymph node metastasis 			   0.015
  Yes	 39	 4.45±1.92	
  No	 28	 6.19±3.72	
TNM stagea			   0.473
  I	 35	 4.37±0.80	
  II	 13	 3.87±0.80	
  III	 19	 4.60±0.49	
Tissue			   <0.001
  Cancer	 67	 5.18±2.92	
  Normal	 67	 7.15±2.99	

aAs determined using The 7th Edition of the AJCC Cancer 
Staging Manual and the Future of TNM  (21). AJCC, American 
Joint Committee on Cancer; miR‑26b‑56p, microRNA‑26b‑5p; 
SD, standard deviation; TNM, Tumor‑Node‑Metastasis.
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(Fig. 2A); no significant difference was detected in the expres-
sion levels of miR‑26b‑5p between the blank control group 
and the empty vector control group (P>0.05). Conversely, the 
expression levels of miR‑26b‑5p were significantly increased 
in the miR‑26b‑5p‑overexpressing cells compared with in 
the blank control and empty vector control groups (P<0.05). 
Furthermore, after 24 h, cell proliferation was reduced in 
the miR‑26b‑5p overexpression group compared with in the 
control group, thus suggesting that miR‑26b‑5p inhibited 
B‑CPAP cell proliferation (P<0.05; Fig. 2B).

miR‑26b‑5p overexpression inhibits B‑CPAP cell migration 
and invasion. The results of the migration and invasion assays 
are presented in Fig. 3. Briefly, the number of migratory and 
invasive B‑CPAP cells in the control group was 216±5.6 and 
216.3±7.5, respectively. However, the number of migratory 
and invasive B‑CPAP cells was decreased in the miR‑26b‑5p 
overexpression group compared with in the control group, to 
106.7±3.5 and 61±3.5, respectively (P<0.001). These results 
suggested that miR‑26b‑5p overexpression inhibited the 
migration and invasion of B‑CPAP cells.

miR‑26b‑5p directly targets Gsk‑3β. TargetScan was used to 
predict target genes of miR‑26b‑5p; Gsk‑3β was predicted as 
a target gene, since the 3'‑UTR of Gsk‑3β contains numerous 
binding sites for miR‑26b‑5p (Fig. 4A). As presented in Fig. 4B, 
the luciferase reporter assay demonstrated that miR‑26b‑5p 
significantly inhibited the luciferase activity in the wild‑type 
Gsk‑3β group in vitro. Conversely, mutations in the binding 
site restored luciferase activity.

miR‑26b‑5p downregulates the protein expression levels of 
pGsk‑3β and β‑catenin in B‑CPAP cells. The results of western 
blotting are presented in Fig. 5. In the control group, β‑catenin 
was highly expressed, whereas, in the miR‑26b‑5p overexpres-
sion group, the protein expression levels of β‑catenin were 
significantly decreased (P<0.01). In addition, pGsk‑3β in the 
miR‑26b‑5p overexpression group was decreased compared 
with in the control group (P<0.01). These results indicated that 
miR‑26b‑5p may exert antitumor activity by downregulating 
the expression of β‑catenin and pGsk‑3β proteins in B‑CPAP 
cells.

Figure 2. miR‑26b‑5p overexpression inhibits BCPAP cell proliferation. 
(A) Relative expression levels of miR‑26b‑5p in BCPAP cells. (B) Cell 
Counting Kit‑8 assay was used to detect proliferation of cells with or 
without miR‑26b‑5p overexpression. *P<0.05 and **P<0.01. miR‑26b‑5p, 
microRNA‑26b‑5p; ns, not significant; OD, optical density.

Figure 3. miR‑26b‑5p overexpression inhibits migration and invasion of 
B‑CPAP cells. (A) Transwell and Matrigel assays were conducted to detect 
migration and invasion of B‑CPAP cells with or without miR‑26b‑5p 
overexpression (magnification, x200). (B) Number of migratory and inva-
sive B‑CPAP cells with or without miR‑26b‑5p overexpression. **P<0.01. 
miR‑26b‑5p, microRNA‑26b‑5p.

Figure 1. Receiver operating characteristic curve analysis of microRNA‑​26b‑5p 
between thyroid carcinoma tissues and paracarcinoma tissues.



Molecular Medicine REPORTS  20:  1196-1202,  20191200

Discussion

miRNAs may bind to specific target genes, and are involved 
in the regulation of tumor growth, differentiation, apop-
tosis and other processes  (22,23). Numerous miRNAs 
have been reported to be involved in the development of 
thyroid cancer, including miR‑21, miR‑338‑3p, miR‑221 and 
miR‑146b‑5p (24‑27). Liu et al (28) revealed that miR‑363‑3p 
inhibits the proliferation, migration and invasion of TC by 
downregulating the expression of the target gene phospha-
tidylinositol‑4,5‑​biphosphate 3‑kinase catalytic subunit α. 
Zhang et al  (29) suggested that miR‑146a may inhibit the 
expression of target gene protein kinase Cε, and upregulated 
miR‑146a expression promotes the apoptosis of TC cells. 
In addition, Yin et al (30) demonstrated that miR‑195 may 
inhibit the proliferation and migration of B‑CPAP and K1 TC 
cells by downregulating the expression of target genes cyclin 
D1 and fibroblast growth factor 2. Cheng et al (31) observed 
that overexpression of miR‑150 inhibits the proliferation and 
invasion of tumor cells, and proposed that its target gene is 
Rho‑associated coiled‑coil containing protein kinase 1. These 
results suggested that certain miRNAs are expressed at low 

levels in the majority of tumors and under physiological 
conditions, and may serve a role in inhibiting tumor prolifera-
tion and migration. Therefore, the overexpression of miRNAs 
may provide a novel strategy for the clinical treatment and 
diagnosis of thyroid cancer.

In the present study, the expression levels of miR‑26b‑5p 
were significantly downregulated in TC compared with in 
adjacent tissues. This result suggested that detecting the expres-
sion levels of miR‑26b‑5p may be used to distinguish cancer 
from normal thyroid tissue. In addition, the present results 
demonstrated that pre‑operative detection of miR‑26b‑5p 
expression levels combined with biopsy results may be helpful 
in the diagnosis of TC. There was no significant association 
between miR‑26b‑5p expression and the sex, age, tumor size 
and TNM stage of patients; however, the expression levels of 
miR‑26b‑5p were significantly higher in TC tissues without 
lymph node metastasis compared with in tissues with lymph 
node metastasis.

To further examine the biological role of miR‑26b‑5p in TC, 
miR‑26b‑5p was overexpressed in the TC cell line B‑CPAP. 
Cytological experiments demonstrated that miR‑26b‑5p over-
expression may inhibit the proliferation, migration and invasion 

Figure 5. miR‑26b‑5p downregulates the protein expression levels of pGsk‑3β and β‑catenin in BCPAP cells. (A) Protein expression levels of Gsk‑3β, pGsk‑3β 
and β‑catenin. (B) Relative expression levels of Gsk‑3β, pGsk‑3β and β‑catenin. **P<0.01. Gsk‑3β, glycogen synthase kinase‑3β; miR‑26b‑5p, microRNA‑26b‑5p; 
ns, not significant; p, phosphorylated.

Figure 4. Gsk‑3β is a target gene of miR‑26b‑5p. (A) Comparison between miR‑26b‑5p and 3'‑UTR of Gsk‑3β; red indicates the complementary site. 
(B) Dual‑luciferase reporter assay; miR‑26b inhibited the luciferase activity of WT Gsk‑3β, whereas it had no effect on Mut Gsk‑3β. *P<0.05. Gsk‑3β, glycogen 
synthase kinase‑3β; miR‑26b‑5p, microRNA‑26b‑5p; Mut, mutant; NC, negative control; WT, wild‑type.

https://www.spandidos-publications.com/10.3892/mmr.2019.10315
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of B‑CPAP cells, thus suggesting that miR‑26b‑5p may serve 
a negative regulatory role in the development of TC, which is 
consistent with previous studies. For example, Wu et al (16) 
reported that miR‑26b‑5p is downregulated in lung cancer, 
and overexpression of miR‑26b‑5p promotes tumor prolifera-
tion and inhibits apoptosis. Kato et al (32) demonstrated that 
miR‑26a/b inhibits prostate cancer migration and invasion by 
regulating La‑related protein 1. Kozubek et al (33) revealed 
that miR‑26b‑5p expression is downregulated in melanoma, 
which may affect the progression of melanoma by regulating 
the mitogen‑activated protein kinase pathway.

However, the molecular mechanism underlying the inhibi-
tory effects of miR‑26b‑5p on TC remains unclear. TargetScan 
was used to predict the target gene of miR‑26b‑5p; Gsk‑3β was 
identified as a potential target gene. The dual‑luciferase enzyme 
assay confirmed that Gsk‑3β may be a target of miR‑26b‑5p. 
Gsk‑3β is an evolutionarily conserved serine/threonine kinase, 
which acts on numerous signaling proteins, structural proteins 
and transcription factors to regulate cell differentiation, prolif-
eration, survival and apoptosis (34). Phosphorylation at different 
sites can regulate the activity of Gsk‑3β: Phosphorylation at 
the 9th serine can inhibit the activity of Gsk‑3β, and tyrosine 
phosphorylation at position 216 can enhance its activity (35). 
Gsk‑3β substrates are widely involved in various physiological 
cell processes, and Gsk‑3β serves a tumor‑suppressing role 
in numerous types of cancer. Farago et al (36) demonstrated 
that following inhibition of Gsk‑3β activity, the Wnt pathway 
is activated to promote breast cancer cell proliferation. 
Jiang et al  (37) demonstrated that the expression levels of 
pGsk‑3βSer9 are increased in lung cancer tissues, and that the 
expression levels of pGsk‑3βSer9 are negatively correlated with 
lung cancer prognosis. Gsk‑3β is a key kinase that determines 
the phosphorylation of β‑catenin. An increase in Gsk‑3β 
activity may promote the phosphorylation of β‑catenin, which 
is degraded by the proteasome, resulting in antitumor effects. 
The anticancer effect of Gsk‑3β is associated with obstruc-
tion of the Wnt signaling pathway, which is important for 
cell proliferation, differentiation and apoptosis (38). Further 
studies have demonstrated that the Wnt signaling pathway is 
involved in cell migration and invasion, and its regulation is 
associated with matrix metalloproteinase‑7 (39), C‑X‑C motif 
chemokine receptor 4b and 7b (40). In the present study, the 
results demonstrated that the protein expression levels of 
pGsk‑3βSer9 and β‑catenin were significantly decreased in the 
miR‑26b‑5p overexpression group compared with in the empty 
vector group, so decreased phosphorylation could increase 
its activation. These findings suggested that miR‑26b‑5p 
may inhibit the proliferation, migration and invasion of 
B‑CPAP cells via the Gsk‑3β/β‑catenin pathway. Lv et al (41) 
demonstrated that miR‑26a is consistently downregulated in 
TC specimens, whereas the upregulation of miR‑26a in TC 
cells lines induces G2 phase cell cycle arrest by targeting and 
downregulating CDC28 protein kinase regulatory subunit 2 
(CKS2), further research indicated that the negative regulatory 
effects are related to the CKS2 downstream genes cyclin A, 
Bcl2 like 1 and AKT. Lin et al (42) demonstrated that CKS2 
regulates AKT and Gsk‑3β phosphorylation. The present study 
suggested that miR‑26b‑5p may directly regulate Gsk‑3β; this 
may be associated with the mechanism underlying the effects 
of miR‑26.

In conclusion, the present results suggested that 
miR‑26b‑5p was downregulated in TC tissues and was asso-
ciated with lymph node metastasis. In addition, miR‑26b‑5p 
overexpression was able to inhibit the proliferation, migration 
and invasion of TC cells; these effects may be associated with 
the Gsk‑3β/β‑catenin pathway. The present results further 
demonstrated that miR‑26b‑5p may provide a novel basis for 
the auxiliary diagnosis of TC, providing better individualized 
treatment. However, the mechanism by which miR‑26b‑5p is 
involved in tumorigenesis and development remains unclear 
and requires further study.
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