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Abstract. Thyroid cancer is the most common malignant 
tumor of the endocrine system. It has been reported that 
thymosin β10 (TMSB10) serves a vital role in tumor inva‑
sion and metastasis, and further understanding the role of 
TMSB10 in thyroid cancer may provide new insights into the 
development of novel targeted drugs. Bioinformatics analysis 
suggested that there might exist a regulatory relationship 
between miR‑184 and TMSB10. Therefore, the expression 
of microRNA (miR)‑184 was investigated in the TPC‑1 and 
BCPAP thyroid cancer cell lines and the Nthy‑ori 3‑1 thyroid 
epithelial cell line via reverse transcription‑quantitative PCR. 
The effect of miR‑184 on BCPAP cell proliferation was evalu‑
ated using MTT and colony formation assays. In addition, 
the expression levels of epithelial‑mesenchymal transition 
(EMT)‑associated proteins were examined via western blot 
analysis and immunofluorescence staining. Furthermore, the 
targeting association between miR‑184 and TMSB10 was veri‑
fied using a dual‑luciferase reporter assay. Notably, miR‑184 
overexpression attenuated BCPAP cell proliferation, increased 
the expression level of the epithelial marker E‑cadherin, and 
decreased that of the mesenchymal marker vimentin. These 
effects were reversed in BCPAP cells following TMSB10 
overexpression. The present study revealed that TMSB10 
may be considered as a key mediator in promoting papillary 
thyroid carcinoma (PTC) cell proliferation and EMT, which 
were negatively regulated by miR‑184. Therefore, the findings 
of the present study may provide a novel potential therapeutic 
target for attenuating PTC cell proliferation.

Introduction

Thyroid cancer is the most prevalent malignant tumor of the 
endocrine system (1). Globally, there has been an increase 
by 20% in the age‑standardized incidence rate of thyroid 
cancer, with a minimal alteration in the mortality rates (2,3). 
Understanding the pathogenesis of thyroid cancer is crucial 
for improving and appropriately tailoring diagnostic and 
therapeutic strategies. MicroRNAs (miRNAs/miRs) act by 
blocking mRNA translation or inducing mRNA degrada‑
tion through interactions with complementary sequences 
in the 3'‑untranslated regions (3'‑UTRs) of their target 
mRNA transcripts  (4,5). It has been reported that several 
miRNAs, such as, miR‑214 and miR‑451a, can act upstream 
of different proteins in papillary thyroid carcinoma (PTC), 
thereby regulating PTC cell growth (6‑8). A recent study has 
demonstrated that the differential expression of mRNAs and 
miRNAs was closely associated with metastasis in PTC (9). 
Additionally, another study has revealed that miR‑184 could 
regulate nasopharyngeal cancer cell invasion and epithelial‑
mesenchymal transition (EMT) (10). In addition, a previous 
study has suggested that oxidized miR‑184 was involved 
in facilitating cell apoptosis (11). EMT serves a key role in 
the metastasis and invasion of malignant tumors, whereby 
epithelial cells lose their adhesive ability and acquire the 
migratory ability of mesenchymal cells (12‑14). 

The results of the UALCAN database (http://ualcan.
path.uab.edu/index.html)  (15) revealed that the expression 
level of thymosin β10 (TMSB10) was upregulated in thyroid 
cancer tissues compared with that in normal tissues (data not 
shown). It has been previously demonstrated that the mRNA 
expression level of TMSB10 differed significantly between 
normal thyroid tissues and PTC, with or without lymph node 
metastasis (LNM), and the increased expression level of 
TMSB10 was associated with LNM in PTC (16), suggesting 
that TMSB10 may serve a key role in PTC. Furthermore, 
TMSB10 knockout has been indicated to inhibit the migratory 
and invasive ability of renal carcinoma cells in vitro  (17). 
TMSB10 has also been revealed to be upregulated in breast 
cancer cells and tissues, while TMSB10 silencing attenuates 
the proliferation, invasion and migration of breast cancer cells 
in vitro and in vivo (18). However, the upstream targets and 
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the mechanism underlying the role of TMSB10 in PTC remain 
largely unknown. Therefore, further elucidation of the effects 
of TMSB10 in thyroid cancer may enable the development of 
novel targeted drugs for this type of cancer.

Materials and methods

Cells. The human PTC cell line TPC‑1, the poorly differenti‑
ated thyroid gland carcinoma cell line BCPAP, which has 
been verified by short tandem repeat profiling, and the normal 
thyroid epithelial cell line Nthy‑ori 3‑1 were all purchased 
from American Type Culture Collection. Cells were cultured 
in RPMI‑1640 medium containing penicillin (100  U/ml), 
streptomycin (0.1 mg/ml) and supplemented with 10% FBS 
(both from Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 
5% CO2 incubator. 

Cell transfection. BCPAP cells were harvested using 
trypsin and then seeded into 12‑well plates at a density of 
1x106 cells/well. Cells were transfected with 50 nM miR‑184 
mimics (5'‑UGG​ACG​GAG​AAC​UGA​UAA​GGG​U‑3') or 
negative control (NC) mimics (mimic‑NC; 5'‑UGA​CGG​CAU​
GUG​AUA​GAG​AAG​G‑3'), (Guangzhou RiboBio Co., Ltd.) 
TMSB10 overexpression plasmid (pcDNA‑TMSB10; 0.2 µg; 
Miaoling Biological Technology Co., Ltd.) or pcDNA (empty 
vector, 0.2  µg) using Lipofectamine®  2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) for 24 h at 37˚C, according to 
the manufacturer's instructions. The cells were then used for 
further experiments. 

Reverse transcription‑quantitative (RT‑q)PCR analysis. Total 
RNA was extracted from cells with TRIzol® reagent (Thermo 
Fisher Scientific, Inc.) and cDNA was synthesized using 
a Transcriptor Hi‑Fi cDNA Synthesis kit (Sigma‑Aldrich; 
Merck KGaA). The temperature protocol was 25˚C for 5 min, 
42˚C for 30 min and 85˚C for 5 min. Following PCR ampli‑
fication, RNA was quantitatively analyzed according to the 
instructions of the TaqMan One Step PCR kit (Beijing Solarbio 
Science & Technology Co., Ltd.). The cycling conditions of 
PCR were pre‑denaturation at 95˚C for 2 min, followed by a 
total of 40 cycles of 95˚C for 30 sec, 60˚C for 35 sec, 72˚C for 
1 min. The relative levels of miR‑184 or TMSB10 mRNA were 
calculated using 2‑ΔΔCq method (19). β‑actin and U6 served as 
the internal references for mRNA and miRNA, respectively. 
The primers used for PCR were designed using Primer3 Input 
software (version 0.4.0; https://primer3.ut.ee) and synthesized 
by Sangon Biotech Co., Ltd. The primers used were: miR‑184 
forward: 5'‑TAC​GAC​TAT​GTG​ACC​TGC​CTG‑3', reverse 
5'‑TGG​TTC​AAC​TCT​CCT​TTC​CA‑3'. TMSB10 forward: 
5'‑GAA​ATC​GCC​AGC​TTC​GAT​AAG​G‑3', reverse 5'‑TCA​
ATG​GTC​TCT​TTG​GTC​GGC‑3' U6 forward, 5'‑TGC​TGG​
GGC​TTT​CCG​GCA​GCG​C‑3' and reverse, 5'‑CCC​AGT​GAG​
GTC​CGG​AGG​T‑3'. β‑actin: Forward: 5'‑CTC​GCC​TTT​GCC​
GAT​CC‑3', 5'‑GGG​GTA​CTT​CAG​GGT​GAG​GA‑3'.

MTT assay. BCPAP cells were cultured into a 96‑well plate 
at a cell density of 2x104 cells/well. Following transfection, 
10 µl MTT reagent was added into each well and the cells were 
incubated for an additional 4 h at 37˚C. Subsequently, 150 µl 
DMSO was added to each well and mixed at a low speed on 

a shaking bed to dissolve formazan crystals. The absorbance 
at 570 nm was measured using a microplate reader.

Colony formation assay. BCPAP cells in the logarithmic 
growth phase were cultured in 6‑cm culture dishes at a density 
of 1x103 cells/dish. The culture medium was replaced every 
2 days. Following culture for 2 weeks, the formed colonies 
(>50 cells) visible to the naked eye were observed under a 
microscope and the culture was then terminated. Cells were 
rinsed thrice in D‑Hank's Balanced Salt Solution (D‑HBSS; 
Thermo Scientific, Inc.), fixed in 4% paraformaldehyde for 
20 min at room temperature and stained with 0.1% crystal 
violet solution at room temperature for 20 min. Subsequently, 
the cells were washed again three times with D‑HBSS, and 
then observed in five random fields under a light microscope.

Immunofluorescence (IF) staining. Briefly, BCPAP cells 
in the logarithmic growth phase were seeded into 24‑well 
plates (5x105 cells), fixed in 4% paraformaldehyde at room 
temperature for 10 min, and were subsequently incubated 
with 1% Triton  X‑100 for 10  min at room temperature. 
Following blocking with 2% BSA (Beijing Solarbio Science 
& Technology Co., Ltd.) for 30 min at room temperature, the 
cells were incubated with primary antibodies (anti‑E‑cadherin; 
cat. no. ab231303; 1:500 and anti‑vimentin; cat. no. ab8978; 
1:100; Abcam) at 4˚C overnight. The primary antibodies were 
then discarded, and cells were incubated with corresponding 
secondary antibodies (goat polyclonal secondary antibody 
to rabbit IgG, cat. no. ab150084; goat secondary antibody to 
Mouse IgG; cat. no. ab150117; 1:1,000; Abcam) at 37˚C for 1 h. 
Subsequently, the cells were treated with a DAPI staining solu‑
tion at room temperature in the dark for 10 min, followed by 
washing three times with PBS. Finally, the cells were observed, 
and images were captured under an inverted fluorescence 
microscope (Olympus Corporation, magnification, x200). 

Western blot analysis. Total proteins in each group were 
extracted with a RIPA buffer (Beyotime Institute of 
Biotechnology) and the protein concentration was measured 
using a BCA kit (Beyotime Institute of Biotechnology). The 
protein concentration in each group was adjusted, and protein 
samples (50 µg) were separated via 10% SDS‑PAGE and then 
transferred onto PVDF membranes. Following blocking with 
5% skimmed milk for 2 h at room temperature, the membranes 
were incubated with the appropriate concentration of the 
primary antibody (anti‑E‑cadherin; cat. no. ab231303; 1:500; 
anti‑vimentin, cat. no. ab8978; 1:500; ZEB1; cat. no. ab203829; 
1:500; GAPDH; cat. no. ab8245; 1:1,000; all from Abcam) 
at  4˚C overnight. On the following day, the membranes 
were washed with PBS for 5 min and then incubated with 
the corresponding secondary antibody (goat anti‑mouse 
IgG; cat. no. ab97040; goat anti‑rabbit IgG; cat. no. ab7090; 
1:10,000; Abcam) for 1 h at room temperature. A color‑devel‑
oping solution (Super ECL Detection Reagent kit; Shanghai 
Yeasen Biotechnology Co., Ltd.) was then added, followed 
by exposure in a dark room. Images of protein strips were 
captured using a gel imaging system (Bio‑Rad Laboratories, 
Inc.). The grey value of the protein bands was evaluated with 
ImageJ 1.46r software (National Institutes of Health). GAPDH 
was used as an internal reference. 
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Bioinformatics analysis. StarBase database (http://starbase.
sysu.edu.cn/) was searched for the prediction of relation‑
ship between miR‑184 and TMSB10. The database revealed 
potential binding sites of miR‑184 in the 3'‑UTR of TMSB10.

Dual‑luciferase reporter assay. Transfection experiments 
were carried out using Lipofectamine 2000 according to the 
manufacturer's protocol. Luciferase plasmids (pGL3‑basic; 
Promega Corporation) encompassing wild‑type or mutant 
TMSB10 3'‑UTR were co‑transfected into BCPAP cells with 
miR‑184 mimic or mimic‑NC. At 6 h following transfection, 
the transfection medium was replaced with complete RPMI 
culture medium. Following incubation for 48 h, the luciferase 
activity was determined using Dual‑Glo® Luciferase Assay 
System (Promega Corporation). Finally, the luminescence 
intensity was measured using a microplate reader [Tecan 
(Shanghai) Trading Co., Ltd.]. Renilla luciferase was used to 
be as internal reference.

Statistical analysis. One‑way ANOVA was utilized to 
determine the significance among multiple groups using 
GraphPad Prism software (version 7.0; GraphPad Software, 
Inc.), followed by Tukey's post hoc test. The experimental 
data are presented as the mean ± SD. Each experiment was 
repeated at least three times. P<0.05 was considered to indicate 
a statistically significant difference.

Results

miR‑184 overexpression attenuates BCPAP cell proliferation. 
The expression level of miR‑184 in the thyroid cancer cell 
lines BCPAP and TPC‑1 and in the normal thyroid epithelial 
cell line Nthy‑ori 3‑1 was determined via RT‑qPCR, and 
the results demonstrated that miR‑184 expression was most 
significantly decreased in BCPAP cells (Fig. 1). It has been 
reported that the expression level of miR‑184 was markedly 
downregulated in patients with thyroid cancer compared with 
healthy controls and was positively associated with overall 
survival (20,21). Therefore, the BCPAP cell line was selected 
for the subsequent mechanistic experiments. BCPAP cells 
were transfected with miR‑184 mimics or mimic‑NC. At 48 h 
following transfection, miR‑184 expression was increased in 
cells treated with miR‑184 mimics (Fig. 2A). To evaluate cell 
proliferation, MTT assays were carried out at 24, 48 and 72 h 
after transfection of BCPAP cells with miR‑184 mimics. As 
presented in Fig. 2B, BCPAP cells overexpressing miR‑184 
exhibited reduced proliferative ability compared with cells in 
the mimic‑NC or control groups (cells receiving no treatment. 
(Fig. 2B). Additionally, miR‑184 overexpression reduced the 
colony formation ability of BCPAP cells compared with the 
mimic‑NC and control groups (Fig. 2C).

miR‑184 overexpression suppresses EMT. To further 
characterize the effects of miR‑184 at the molecular level, 
BCPAP cells were transfected with miR‑184 mimics, and the 
expression of the EMT markers E‑cadherin and vimentin was 
detected via IF analysis. The results demonstrated that miR‑184 
overexpression notably increased the expression levels of 
E‑cadherin and decreased those of vimentin compared with 
the mimic‑NC and control groups (Fig. 3A and B). In addition, 

western blot analysis revealed that miR‑184‑overexpressing 
cells displayed significantly increased E‑cadherin and 
decreased vimentin and zinc finger E‑box‑binding homeobox 1 
(ZEB1) expression levels compared with those in the control 
and mimic‑NC groups (Fig. 3C).

miR‑184 directly targets TMSB10 3'‑UTR. The aforemen‑
tioned findings suggested that miR‑184 was downregulated in 
BCPAP cells. Subsequently, the mRNA and protein levels of 
TMSB10 were detected in different thyroid cancer cell lines. 
The results demonstrated that the expression level of TMSB10 
was increased in BCPAP cells compared with Nthy‑ori 3‑1 
normal thyroid epithelial cell line, suggesting a possible 
association between miR‑184 and TMSB10 (Fig. 4A and B). 
Subsequently, it was examined whether the expression of 
TMSB10 could be regulated by miR‑184. Mutations of five 
bases were generated in the potential binding site of miR‑184 
in the TMSB10 3'‑UTR. Co‑transfection of BCPAP cells 
with the wild‑type TMSB10 3'‑UTR luciferase plasmids and 
miR‑184 mimics resulted in decreased luciferase activity 
compared with the mimic‑NC group (Fig. 4C). No signifi‑
cant difference was observed in luciferase activity between 
the cotransfection group of mutant‑type TMSB10 3'‑UTR 
luciferase plasmids and miR‑184 mimics and the mimic‑NC 
group. In addition, miR‑184 mimics notably decreased the 
mRNA and protein expression levels of TMSB10 compared 
with the mimic‑NC or control groups (Fig. 4D and E). Taken 
together, the aforementioned findings suggested that the 
regulation of TMSB10 expression could be partially mediated 
by miR‑184.

miR‑184 regulates the ef fects of TMSB10. RT‑qPCR 
results demonstrated that transfection of BCPAP cells with 
pcDNA‑TMSB10 markedly increased the TMSB10 mRNA 
expression level compared with empty vector or control cells 
(Fig. 5A). To further evaluate the effects of TMSB10 and 
the regulatory mechanism of miR‑184, the cell proliferation 
rate and the expression of EMT‑associated markers was 

Figure 1. Detection of miR‑184 expression levels in normal and cancer thyroid 
cell lines via reverse transcription‑quantitative PCR. The experimental data 
are presented as the mean ± SD. ***P<0.001 vs. Nthy‑ori 3‑1. miR, microRNA.
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Figure 2. miR‑184 overexpression suppresses the proliferation of BCPAP cells. (A) Expression of miR‑184 was upregulated following transfection with 
miR‑184 mimics for 48 h. (B) MTT assay demonstrating BCPAP cell proliferation following transfection of BCPAP cells with miR‑184 mimic or mimic‑NC 
for 24, 48 or 72 h. (C) Colony formation ability was determined using a colony formation assay. The experimental data are presented as the mean ± SD. 
**P<0.01, ***P<0.001. miR, microRNA; NC, negative control. 

Figure 3. miR‑184 overexpression alters the expression of E‑cadherin, vimentin and ZEB1. Immunofluorescence staining of (A) E‑cadherin and (B) vimentin 
after transfection of miR‑184 mimics for 48 h. (C) Expression levels of E‑cadherin, vimentin and ZEB1 were detected by western blot analysis. The experimental 
data are presented as the mean ± SD. Magnification, x200. ***P<0.001. ZEB1, zinc finger E‑box‑binding homeobox 1; miR, microRNA; NC, negative control.
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determined in BCPAP cells overexpressing miR‑184 and 
TMSB10. Of note, TMSB10 overexpression reversed the 
effects of miR‑184 overexpression on cell proliferation, colony 
formation and expression of EMT markers (Fig. 5B‑F). These 
findings collectively indicated that alterations in the expression 
of miR‑184 may result in increased TMSB10 levels in thyroid 
cancer, thereby promoting thyroid cancer cell proliferation and 
EMT. 

Discussion

The present study demonstrated that miR‑184 overexpression 
could markedly reduce TMSB10 expression in BCPAP cells, 
indicating that decreased miR‑184 expression levels may 
contribute to upregulated TMSB10 expression in BCPAP 
cells. It has been previously demonstrated that TMSB10 was 
upregulated in squamous cell carcinoma and its upregulated 
levels were not considered to be due to its hypomethylation 
status; however, this mechanism was not considered as the 

main mechanism underlying TMSB10 upregulation (22). In 
the present study, TMSB10 mediated the effects of miR‑184 on 
thyroid cancer cell proliferation and EMT. TMSB10, which is an 
actin‑sequestering protein belonging to the β‑thymosin family, 
has been associated with LNM in PTC (15). Additionally, it 
has been reported that TMSB10 promotes the malignant 
behavior of breast cancer cells, and is therefore considered to 
be a potential therapeutic target in breast cancer (18).

In breast cancer cells, TMSB10 has been observed to promote 
cell proliferation and invasion via the AKT/FOXO signaling 
pathway (22). In addition, several studies have reported that 
TMSB10 expression is closely associated with disease progres‑
sion and unfavorable prognosis in different types of cancer, such 
as hepatocellular carcinoma and bladder cancer (23,24). EMT 
is an important process involved in normal embryonic develop‑
ment, and is a key factor in tumor invasion and metastasis (25), 
which is characterized by loss of cell adhesion, downregulation 
of E‑cadherin expression and enhanced cell mobility  (26). 
Immunostaining results on the expression of vimentin and 

Figure 4. TMSB10 expression was detected via (A) western blot and (B) reverse transcription‑quantitative PCR analyses in Nthy‑ori 3‑1, BCPAP and TPC‑1 
cells. (C) Luciferase reporter assay was conducted to verify the direct targeting of TMSB10 by miR‑184; the bases in uppercase letters indicate the comple‑
mentary region between TMSB10 and miR‑184. Cell transfection with miR‑184 mimics for 48 h markedly reduced the (D) protein and (E) mRNA expression 
level of TMSB10. The experimental data are presented as the mean ± SD. **P<0.01, ***P<0.001. TMSB10, thymosin β10; miR, microRNA; NC, negative control; 
WT, wild‑type; MUT, mutant.
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E‑cadherin indicated that the expression levels of both proteins 
were closely associated with the size and progression of thyroid 
tumors (27). ZEB1 is a key molecule in EMT, directly binding 
to the E‑box element via its zinc finger domain and suppressing 
the transcription of the CDH1 gene, which encodes E‑cadherin 
protein; ZEB1 has been indicated to promote EMT, invasion 
and metastasis of thyroid cancer cells (28,29). 

In the present study, miR‑184 overexpression in BCPAP 
cells upregulated E‑cadherin expression levels, and downregu‑
lated vimentin and ZEB1 expression levels, suggesting that 
miR‑184 may suppress EMT. Notably, TMSB10 overexpres‑
sion partly restored the effects of miR‑184 overexpression on 
BCPAP cells. An increasing number of studies have focused 
on the regulation of EMT in thyroid cancer, shedding light 
on its pathogenesis, and various signaling pathways have 
been associated with the regulation of EMT  (30‑32). The 
present study highlighted the potential regulatory effect of the 
miR‑184/TMSB10 axis on EMT in thyroid cancer. The regula‑
tory role of the miR‑184/TMSB10 axis in cell proliferation and 
EMT requires further validation in vivo, which is a limitation 

of the present study and a further research direction. To the 
best of our knowledge, the present study is the first to report 
the regulatory role of TMSB10 in human thyroid cancer and 
provide preliminary findings on its underlying mechanism of 
action, thereby indicating a potential novel target for inhibiting 
the proliferation of thyroid cancer cells. 
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