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Abstract. Anaplastic thyroid carcinoma (ATC) originates 
from completely undifferentiated cells, and is the most lethal 
type of thyroid‑derived tumor. Numerous microRNAs have 
significant roles in tumorigenesis by targeting relevant genes. 
The role of microRNA 146b (miR‑146b) in ATC remains to 
be elucidated. In order to characterize the role of miR‑146b 
in ATC, overexpression or interference of miR‑146b was 
induced in ATC cell lines, and cell proliferation and migra-
tion were evaluated. The potential targets of miR‑146b 
were searched in the Gene Expression Omnibus database 
for ATC and matched non‑tumor control samples. The 
expression level of potential targets was detected following 
overexpression or interference of miR‑146b in ATC cell 
lines. In the present study, cell proliferation was promoted 
when overexpression of miR‑146b was induced in ATC, 
and inhibited when interference of miR‑146b was induced, 
which indicated that miR‑146b affects the proliferation of 
ATC cells in vitro. In addition, cell migration of ATC was 
also affected by miR‑146b. During the search for potential 
targets of miR‑146b in ATC, p21 (also known as p21Waf1/Cip1 or 
CDKN1A) was noted for its role in cell cycle progression and 
tumor pathogenesis. The expression level of p21 was influ-
enced by the level of miR‑146b, and the results of the present 
study demonstrated that the level of p21 was increased when 
FRO cells were transformed with miR‑146b mimic, and 
p21 was downregulated when FRO cells transformed with 
anti‑miR‑146b. In conclusion, p21 may participate in the 
regulation of ATC cell proliferation by miR‑146b.

Introduction

Thyroid cancers are the most common malignancy of endo-
crine organs (1). There were 62,980 estimated new cases of 
thyroid cancer in the United States in 2014, as well as 1,890 
cancer‑associated mortalities (2). The frequency of ATC is 
increasing, and it currently accounts for 2.5% of all cancers in 
the United States (3). Thyroid cancer has become a particular 
research focus as it encompasses several histopathological 
tumor types with distinct levels of differentiation (4). Thyroid 
carcinomas originate from follicular and parafollicular 
cells (5,6), and are subdivided into well‑differentiated papil-
lary thyroid carcinoma (PTC) and follicular thyroid carcinoma 
(FTC), poorly differentiated carcinoma (PDC), and completely 
undifferentiated anaplastic thyroid carcinoma (ATC) (4). ATC 
is responsible for 1.7% of all thyroid cancer cases, however, is 
the most deadly of the thyroid‑derived tumors, with patients 
demonstrating a median survival time of 5 months and a 20% 
1‑year survival rate (3,7).

MicroRNAs (miRs) are a class of endogenous noncoding 
RNAs, which act as negative regulators of gene expres-
sion (8). Previous studies have indicated that a large number 
of miRs are involved in almost every major cellular function, 
including the process of oncogenesis (8‑10). miRs may play 
roles as tumor suppressors or oncogenes (11). The expression 
profiles of miRs have been characterized in various histo-
pathological types of thyroid cancer, and a series of miRs 
exhibited differential expression patterns (4). A series of miRs 
have significant roles in ATC and their targets have been 
validated, for example, miR‑20a was upregulated in ATC 
and targets LIM domain kinase 1 (12). Additionally, miRs 
were considered as potential diagnostic markers for thyroid 
carcinoma (13,14).

The expression of miR‑146b in various types of thyroid 
carcinoma has been summarized previously  (15,16). Its 
expression was markedly increased in PTC and PDC and 
slightly increased in FTC (15,16); however, expression levels 
were not consistent between various studies that investigated 
expression in ATC. Visone et al  (17) and Braun et al  (18) 
reported no significant change in the expression levels of 
miR‑146b (P<0.05) in ATC. However, Nikiforova et al (4) 
reported that miR‑146b was upregulated in ATC compared 
with hyperplastic nodules, and Fassina et al (19) reported that 
miR‑146b was upregulated in ATC compared with primary 
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thyroid lymphoma and multinodular goiter (19). Therefore, the 
role of miR‑146b in ATC remains to be fully elucidated.

p21 encodes a protein that binds to and inhibits the activity 
of cyclin‑dependent kinase 2 (CDK2) or CDK4 complexes, 
and functions as a regulator of cell cycle progression at 
G1. p21 is the target of tumor suppressor protein p53 or its 
isoform (20,21), and thus functions as a tumor suppressor in 
a variety of types of cancer (22). It has been observed that 
p21 is regulated by a variety of miRs during the promotion 
of progression of the cell cycle or tumor growth, including 
miR‑106b (11), miR‑17 (23), miR‑224 (24) and miR‑663 (25).

In the present study, the effect of miR‑146b on prolifera-
tion was investigated in ATC cells, and the potential targets of 
miR‑146b were searched. It was concluded that miR‑146b may 
influence ATC proliferation through regulation of p21.

Materials and methods

Ethics statement. The present study was approved by The 
Ethics Committee of the First Affiliated Hospital, Medical 
School of Xi'an Jiaotong University (Xi'an, China), and no 
human/animal tissues were used in the present study.

miR profile data collection and analysis. miR profile data of 
ATC and matched non‑tumor controls were collected from the 
Gene Expression Omnibus (GEO) database (www.ncbi.nlm.
nih.gov/gds; GSE29265). During the study, 10 ATC samples 
and 10 patient‑matched non‑tumor samples were utilized for 
additional miR analysis. The comparison of miR profiles 
between 10 ATC and 10 non‑tumor samples was performed 
by studying the fold change and using the Stuent's t‑test 
method on the Limma package on R software version 3.0.3 
(www.r‑project.org). The cutoff for a significantly differen-
tially expressed miR was fold change>2 and P<0.05.

Cell line. The FRO  human anaplastic thyroid cancer cell 
line has been described and authenticated previously (26). 
The FRO cell line was maintained in RPMI‑1640 medium 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 
10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) 
at 37˚C in an atmosphere of 5% CO2.

Cell transfection. FRO cells were seeded at 3x105 cells/wells 
into 6‑well plates and incubated overnight at 37˚C. Transfec-
tion of miR‑146b mimic, the anti‑miR‑146b, inactive control 
cel‑miR‑67 (Dharmacon; GE Healthcare Life Sciences, Chal-
font, UK) or pMIR‑Report vectors (Invitrogen; Thermo Fisher 
Scientific, Inc.) was performed with Lipofectamine 2000® 
transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
using 300 nmol of miR or 1 µg/ml DNA plasmid, respectively. 

Cell proliferation. Cell proliferation assays were performed using 
a Cell Counting Kit‑8 (CCK‑8; Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan). FRO cells were seeded into 24‑well 
plates at 2x105 cells/well. Cells were incubated at 37˚C in 10% 
CCK‑8 reagent, which was diluted in fresh Dulbecco's modified 
Eagle's medium (Thermo Fisher Scientific, Inc.). Cell prolif-
eration was measured by microplate reader scanning at 450 nm 
according to the manufacturer's protocol. Cell proliferation rates 
were determined at 0, 24, 48 and 72 h following transfection.

Migration assays. Cell migration assays were performed 
using a Transwell chamber (Corning Incorporated, Corning, 
NY, USA) with or without Matrigel (Invitrogen; Thermo 
Fisher Scientific, Inc.). In the Transwell assay, FRO cells 24, 
48 or 72 h subsequent to transfection, were trypsinized and 
seeded into chambers at a density of 8x104 cells/well and 
cultured in RPMI‑1640 medium with 2% FBS, while 600 ml 
10% FBS RPMI‑1640 was added to the lower chamber. 
Following incubation at 37˚C in an atmosphere of 5% CO2 
for 24 h, migrated cells were fixed with 100% methanol 
for 30 min. Non‑migrated cells were removed using cotton 
swabs. Subsequently, cells on the bottom surface of the 
membrane were stained by 0.1% crystal violet (Invitrogen; 
Thermo Fisher Scientific, Inc.) for 20  min. Cell images 
were obtained under a phase‑contrast microscope (Olympus 
Corporation, Tokyo, Japan).

Western blotting. FRO  cells were lysed with radioim-
munoprecipitation assay buffer (Thermo Fisher Scientific, 
Inc.) containing a mixture of protease inhibitors from the 
Clean‑Blot™ IP Detection kit (Thermo Fisher Scientific, Inc.) 
for 30 min. The lysates were subsequently centrifuged at 4˚C 
and 8,050 x g for 15 min. The protein concentrations were deter-
mined by bicinchoninic acid protein assay kit (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. The 
proteins were boiled at 95˚C for 5 min and subsequently stored 
at ‑70˚C. A total of 50 µg protein was electrophoresed on 10% 
sodium dodecyl sulfate‑polyacrylamide gels and transferred 
onto polyvinylidene difluoride (PVDF) membranes. Subse-
quently, PVDF membranes were blocked for 1 h in 5% non‑fat 
milk at room temperature. Membranes were probed with rabbit 
anti‑human anti‑p21 primary antibodies (catalog no., ab109199, 
Abcam, Cambridge, MA, USA) at a dilution of 1:100 at 4˚C 
overnight, followed by three washes with Tris‑buffered saline 
and Tween 20 (TBST). Goat anti‑rabbit immunoglobulin G 
horseradish peroxidase‑conjugated secondary antibodies 
(catalog no., ab6721; Abcam) were added at a dilution of 1:2,000, 
and incubated for 1 h at room temperature. Following incuba-
tion, the membranes were washed three times with TBST and 
enhanced chemiluminescence was used for detecting antigens 
on X‑ray film. β‑actin (Immunocreate, LLC, Birmingham, AL, 
USA) was used as a loading control. The fold changes in gene 
expression were calculated by the equation 2‑ΔΔCq (27).

Statistical analysis. Data are presented as the mean ± standard 
deviation. Differences between groups were assessed using the 

Table I. Differentially expressed target genes of 
microRNA‑146b in anaplastic thyroid carcinoma.

Gene	 logFC	 P‑value	 Identification method

p21/CDKN1A	 ‑1.39	 <0.001	 Reporter assay
MMP16	 1.91	 <0.001	 Reporter assay
KLF7	 ‑0.87	 <0.001	 Predicted

CDKN1A, cyclin‑dependent kinase inhibitor 1A; MMP16, matrix 
metalloproteinase‑16; KFL7, Kruppel‑like factor 7. FC, fold change.
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Student's t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference. Statistical analysis was performed 
on R version 3.0.3 (www.r‑project.org).

Results

miR‑146b affects the proliferation and migration of ATC cells 
in  vitro. To investigate the effects of miR‑146b on the 
proliferation of ATC cells, miR‑146b mimic, anti‑miR‑146b 
or inactive cel‑mir‑67 (control) was transfected into the 
FRO  human ATC cell line as previously described  (26). 
The optical density at 450 nm was measured 0, 24, 48 and 
72 h subsequent to transfection as an indicator of active cell 
number. As a result of miR‑146b overexpression following 
transfection of synthetic miR‑146b RNA duplexes, the cell 
proliferation rate increased compared with the control at 24 h 
after transfection, and demonstrated a higher proliferation 

rate at 48 and 72 h (Fig. 1A). Furthermore, FRO cell prolif-
eration was inhibited when miR‑146b was downregulated 
compared with the control (Fig. 1A). Therefore, the results 
of the present study indicated that miR‑146b influenced the 
proliferation of ATC cells.

Furthermore, the migration of FRO cells was investigated 
following transfection with miR‑146b mimic, anti‑miR‑146b 
or inactive cel‑mir‑67. Compared with the negative control, 
the migration of FRO cells was promoted by transfection with 
miR‑146b mimic (Fig. 1B), and inhibited by transfection with 
anti‑miR‑146b (Fig. 1C). Taken together, the results of the 
present study indicate that miR‑146b exhibited a function in 
cell proliferation and migration of ATC cells.

Potential targets of miR‑146b in ATC. In order to investigate 
the potential targets of miR‑146b in ATC, the miR profile data 
of ATC and patient‑matched non‑tumor controls was searched 

Figure 1. Proliferation and migration of the ATC FRO cell line following overexpression or interference of miR‑146b. (A) Growth of the human ATC FRO cell 
line following transfection with miR‑146b mimics, anti‑miR‑146b or inactive control cel‑mir‑67 at 0, 24, 48 and 72 h subsequent to transfection. The prolif-
eration of FRO cells was assessed through the detection of absorbance at 450 nm following a cell counting kit‑8 assay. *P<0.05 compared with the control. 
(B) Representative images of migrated FRO cells 24, 48 and 72 h subsequent to transfection with miR‑146b mimics. (C) Representative images of migrated 
FRO cells 24, 48 and 72 h subsequent to transfection with anti‑miR‑146b. (D) Representative images of migrated FRO cells 24, 48 and 72 h subsequent to 
transfection with inactive control cel‑mir‑67. ATC, anaplastic thyroid carcinoma; miR, microRNA; OD, optical density.
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online in the GEO database (www.ncbi.nlm.nih.gov/gds; 
GSE29265). Comparison of miR profiles in this database was 
performed through fold change and t‑test methods. In total, 
215 differentially‑expressed genes were obtained. Out of these 
identified genes, p21 was focused on as it has been proven to 
be a tumor suppressor targeted by p53 in a variety of types of 
cancer (22). Compared with non‑tumor controls, the expression 
of p21 was significantly downregulated in ATC samples (log 
fold change<‑1; P=0.0039; Table I). Therefore, the hypothesis 
that miR‑146b regulates ATC proliferation through p21 was 
proposed and further investigated.

miR‑146b influences the expression of p21 in the FRO ATC cell 
line. As miR‑146b had an effect on cell proliferation in ATC cells 
and p21 was downregulated in ATC cells, the present study 
aimed to determine whether miR‑146b influenced ATC cell 
proliferation via modulation of p21. The protein expression 
of p21 in FRO cells was investigated using western blotting 
following transfection with miR‑146b mimic, anti‑miR‑146b or 
inactive cel‑mir‑67. The protein level of p21 was downregulated 
24 h subsequent to infection with miR‑146b mimic, and then 
decreased continuously, while 72 h subsequent to infection, 
it was ~30% of that observed in the control (Fig. 2A and B). 
Furthermore, when the FRO  cell line was infected with 
anti‑miR‑146b, the protein level of p21 was upregulated gradu-
ally at 24 and 48, and subsequently increased 3.8‑fold compared 
with the control at 72 h (Fig. 2C and D). Based on the results of 

the present study, it was concluded that miR‑146b may influence 
proliferation of ATC cells via regulation of p21.

Discussion

The role of miR‑146b in ATC remains to be elucidated. In 
order to characterize the role of miR‑146b in ATC, miR‑146b 
was transfected into ATC cell lines and its impact on cell 
proliferation and migration was investigated. In addition, the 
potential mechanisms underling these phenomena were also 
investigated.

In the present study, the role of miR146b in the prolifera-
tion of ACT cells was described, and evidence to support the 
participation of p21 in this process was presented. p21, also 
known as Ras, is a potent cyclin‑dependent kinase inhibitor, 
which has an important role in cancer (28). The mechanism 
in which RasG12V induces the arrest of cell growth serves as 
a fail safe protection from malignant transformation  (29). 
During this process in human mammary epithelial cells, 
p21 was previously shown to be regulated by a series of 
miRs, including miR‑106b, miR‑130b, miR‑302a, miR‑302b, 
miR‑302c, miR‑302d, miR‑512‑3p and miR‑515‑3p, while miR 
146a and miR‑146b demonstrated a relatively weak rescue from 
RasG12V‑induced senescence (30). There is robust evidence that 
p21 is the direct target of miR‑106b during promotion of cell 
cycle progression (11). Though miR‑146b exhibited varying 
seed sequences from miR‑106b, the expression level of p21 

Figure 2. Expression levels of p21 following overexpression or interference of miR‑146b. (A) Expression levels of p21 were examined by western blotting 
following transfection with miR‑146b mimic or inactive control cel‑mir‑67 at 24, 48 and 72 h subsequent to transfection. (B) Expression levels of p21 
were examined by western blotting following transfection with anti‑miR‑146b or inactive control cel‑mir‑67 at 24, 48 and 72 h subsequent to transfection. 
(C) Quantification of expression levels of p21 examined by western blotting following transfection with miR‑146b mimic or inactive control cel‑mir‑67 at 
24, 48 and 72 h subsequent to transfection. *P<0.01. (D) Quantification of expression levels of p21 examined by western blotting following transfection with 
anti‑miR‑146b or inactive control cel‑mir‑67 at 24, 48 and 72 h subsequent to transfection. *P<0.01. β‑actin was used as a loading control. miR, microRNA.
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was observed to be regulated by miR‑146b in ATC cells in the 
present study. Therefore, it may be assumed that there is an 
alternative mechanism that is responsible for the regulation of 
miR‑146b by p21 and its influence on ATC cell proliferation.

In general, the present study revealed that miR‑146b 
promotes ACT cell proliferation and inhibits p21. These find-
ings might improve our understanding on the pathogenesis of 
ACT and provide potential target for future therapies.
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