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Abstract: Accumulating evidence has suggested that microRNAs (miRNAs) are involved in multiple processes in 
cancer development and progression by negatively regulating gene expression at posttranscriptional level. Recent 
studies have shown that miR-23a functions as an oncogene in many types cancer, but its role in papillary thyroid 
carcinoma (PTC) remains poorly understood. The aim of this study is to investigate the role and underling molecular 
mechanism of miR-23a in PTC. Here, we demonstrated that miR-23a is frequently upregulated in PTC specimens 
compared with adjacent noncancerous tissues. Function assay showed that restoration of miR-23a in PTC cells 
markedly promoted cell proliferation, migration and invasion, and inhibited PTC apoptosis. Bioinformatics analysis 
showed phosphatase and tensin homolog (PTEN) as a potential target of miR-23a. Data from luciferase reporter as-
says further confirmed that miR-23a directly binds to the 3’UTR of PTEN messenger RNA (mRNA). Furthermore, we 
found that overexpression of miR-23a suppressed PTEN expression at both transcriptional and translational levels 
in PTC cells. We also confirmed that PTEN expression on mRNA level was decreased in PTC tissue, and was inversely 
correlated miR-23a expression in PTC tissue. These findings suggested that miR-23a, acting as an oncogenic regula-
tor by directly targeting PTEN in PTC, is a useful potential treatment target of papillary thyroid carcinoma.
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Introduction

Papillary thyroid cancer (PTC), referred to as a 
differentiated neoplasia, is the most common 
histological type, accounting for approximately 
80%-90% of all thyroid cancers cases [1, 2]. 
Despite highly curable and presenting a 10-year 
survival rate exceeding 90% [3], lymph node 
metastasis, especially in the neck, occurs in 
20-50% of all patients and the overall recur-
rence rates may be as high as 35% [4], since 
clinical and biological behaviors cannot be 
properly predicted. Therefore, there is an urgent 
need for understanding the molecular mecha-
nisms of PTC progression to find novel thera-
peutic strategies for this disease.

MicroRNAs (miRNAs) are a class of small non-
coding RNA molecules that can regulate gene 
expression by binding to specific regions of tar-
get mRNAs, resulting in translational repres-
sion or degradation [5, 6]. In human cancers 
including thyroid cancer, it has been showed 

that miRNAs play crucial roles in the regulation 
of cell proliferation, apoptosis, angiogenesis, 
and metastasis [7, 8]. Therefore, identification 
of novel miRNAs involved in PTC initiation and 
development might contribute to develop strat-
egies for its diagnosis, treatment, and progno-
sis in the future.

ThemiR-23a, located on human chromosome 
19p13.2 [9], has been reported to play critical 
role in cell cycle, proliferation, differentiation, 
hematopoiesis, and cardiac hypertrophy in vari-
ous cell types [10]. A larger number of studies 
have demonstrated that miR-23a is involved in 
the procession of various cancers, including 
lung cancer [11], liver cancer [12], colorectal 
cancer [13], gastric cancer [14] and prostate 
cancer [15]. However, the roles and the mecha-
nisms of miR-23a in PTC poorly understood. 
Therefore, in the current study, we further vali-
dated the differential expression of miR-23a in 
PTC tissue and investigated the function and 
underlying mechanism of miR-23a in PTC.
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Materials and methods

Tissue sample

Twenty paired tissue specimens of human PTC 
and matched normal tissues were obtained 
from at Department of Thyroid Surgery, China-
Japan Union Hospital of Jilin University 
(Changchun, China) from October 2012 to 
October 2014. The matched normal tissues 
were further identified by pathologist for their 
normal origin that they do not have tumor cells. 
All tissue samples were immediately snap-fro-
zen in liquid nitrogen, and stored at -80°C until 
use. Informed consent was obtained from  
all patients. This study was approved by the 
Ethic Committee of Jilin University (Changchun, 
China).

Cell culture 

The human PTC cell line, K1 cells were obtained 
from the Chinese Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China), and 
were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, GIBCO, Carlsbad, CA) supple-
mented with 10% fetal bovine serum (FBS, Life 
Technologies, Inc., Grand Island, NY, USA), 100 
U/ml penicillin and 100 mg/ml streptomycin at 
37°C in a humidified atmosphere containing 
5% CO2.

Real-time quantitative RT-PCR

Total RNAs were isolated from cultured cells 
and clinical samples by TRIzol reagent 
(Invitrogen Life Technologies, USA) according to 
manufacturer’s instructions. The miR-23a and 
PTEN were quantified as previously described, 
respectively [16, 17]. U6 snRNA or GAPDH 
expression was used as an endogenous con-
trol. Relative gene expression levels were cal-
culated using the 2-∆∆Ct method.

Cell transfection

miR-23a mimics (miR-23a), and corresponding 
miRNA negative control (miR-NC), miR-23a 
inhibitors (Anti-miR-23a) and corresponding 
miRNA control (Anti-miR-NC),were brought from 
GenePharma (Shanghai, China), and were tran-
sient transfected into K1 cells using Lipofec- 
tamine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s protocol. 

Transfection efficiencies were determined in 
every experiment at 48 h after transfection.

Cell proliferation assay

Cells were plated in 96-well plates at 1 × 103 
per well in a final volume of 100 μl and cultured 
for 24 h-72 h after transfection, then cell prolif-
eration was determined using the MTT assay 
according to the manufacturer’s protocol. The 
absorbance was detected at 490 nm on a Bio-
Rad iMark Microplate Absorbance Reader (BD 
Biosciences, Mansfield, MA, USA).

Cell apoptosis assay

The cell apoptosis was determined in K1 cells 
transfected with miR-23a or Anti-miR-23a by 
using Annexin V/propidium iodide detection  
kit (Keygene, Nanjing, China) according to the 
manufacturer’s protocol under a FACS Calibur 
flow cytometer (BD Biosciences). The apoptosis 
ratio was calculated using CellQuest software 
(BD Biosciences).

Transwell cell migration and invasion assays

Migration and invasion of K1 cells were mea-
sured using a 24-well Transwell plate (8 μm 
pore size, Corning Costar, USA) at 24 h after 
transfection. For migration assays, 5 × 104 
transfected cells in serum-free DMEM medium 
were placed into the non-coated membrane in 
the top chamber in and the lower chamber was 
filled with 0.6 ml DMEM medium containing 
10% FBS. For invasion assays, the chamber 
inserts were coated with 200 mg/ml BD 
Matrigel (BD Biosciences, San Jose, CA, USA) 
and dried overnight. Then 5 × 104 transfected 
cells in serum-free DMEM medium were placed 
into the top chamber coated with Matrigel and 
the lower chamber was filled with 0.6 ml DMEM 
medium containing 10% FBS. After incubation 
at 37°C for 48 h, cells adhering to the lower 
membrane were stained with 0.1% crystal vio-
let in 20% methanol, imaged under light micro-
scope (200×, Olympus, Tokyo, Japan). The 
stained cells were counted from five random 
fields under microscope.

Luciferase reporter assay

The PTEN 3’UTR fragment containing putative 
binding sites for miR-23a was amplified using 
PCR and inserted into downstream of the lucif-
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erase gene in the pGL3-luciferase reporter 
plasmid (Promega, Madison, WI, USA), named 
as PTEN-3’UTR-WT. The corresponding mutant 
were created by substituting the seed region of 
the miR-23a -binding site, and inserted into 
downstream of the luciferase gene in the pGL3-
luciferase reporter plasmid (Promega, Madison, 
WI, USA), designated PTEN-3’UTR-MUT.

For luciferase activity assay, the 1 × 105 K1 
cells were seeded into 24-well plates and cul-
tured for 24 h, then were co-transfected with 
wild-type (WT) or mutant (Mut) 3’-UTR of PTEN 
and miR-23a or miR-NC. At 48 h after transfec-
tion, the dual luciferase activities were exam-
ined using the Dual-Luciferase Reporter Assay 
System (Promega, WI, USA), according to the 
manufacturer’s instructions.

Western blot

The transfected cells were collected, washed 
and lysed with RIPA buffer (Beyotime, Shanghai, 
China). Total concentrations of protein were 
measured by using the bicinchoninic acid 
protein assay kit (Beyotime). Equivalent 
quantities (40 μg) of protein were separated  
by using 10% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto PVDF membranes (Santa 
Cruz Biotechnology, Inc, USA). The membranes 
were blocked with 5% non-fat milk in Tris 
buffered saline for 2 h at room temperature 
and incubated overnight at 4°C with primary 
antibodies against PTEN (1:1000, Santa Cruz) 

and GAPDH (1:5000, Santa Cruz). The mem- 
branes were washed 3 times in Tris-Tween-20 
and incubated with the corresponding horse- 
radish peroxidase (HRP)-conjugated secondary 
antibody (1:5000, Santa Cruz) for 1 h at room 
temperature. Proteins were visualized with 
chemiluminescence detection (Signagen, Rock- 
ville, MD, USA).

Statistical analysis

All data at least from three independent experi-
ments were expressed as mean ± SD (standard 
deviation). Statistical analysis between two 
samples was performed assessed by two-
tailed Student’s t test. The relationship between 
PTEN and miR-23a expressions was tested 
with two-tailed Pearson’s correlation. P<0.05 
was considered to be statistically significant.

Results

Expression of miR-23a is upregulated in PTC 
tissues 

The expression of miR-23a level in 20 PTC tis-
sues and paired adjacent normal tissues were 
determined by quantitative RT-PCR (qRT-PCR). 
As shown in Figure 1, the expression of miR-
23a in PTC tissues was significantly upregulat-
ed compared with corresponding adjacent nor-
mal tissues (P<0.01).

MiR-23a promoted cell proliferation and inhib-
ited apoptosis of PTC cells 

To unveil the biological effects of miR-23a in 
thyroid carcinoma cells, the PTC-derived cell 
line, K1 cells were transfected with miR-23a or 
anti-miR-23a, then biological function of miR-
23a in the K1 cells were evaluated. QRT-PCR 
analysis confirmed that transfected miR-23a 
mimic caused miR-23a upregulation, while 
transfected anti-miR-23a leaded to miR-23a 
expression downregulation in K1 cells (Figure 
2A). WST-1 assay demonstrated that upre- 
gulation of miR-23a in K1 cells significantly 
increased cell proliferation, while downre- 
gulation of miR-23a in K1 cells significantly 
decreased cell proliferation (Figure 2B). Flow 
cytometer assay demonstrated that upregula-
tion of miR-23a in K1 cells significantly 
decreased cell apoptosis, while downregulation 
of miR-23a in K1 cells significantly induced cell 
apoptosis (Figure 2C).

Figure 1. The expression of miR-23a is upregulated 
in human PTC tissues. Relative levels of miR-23a 
were determined in 20 PTC tissues and matched ad-
jacent normal tissues by quantitative RT-PCR (qRT-
PCR). U6 was used as loading control. *P<0.05, 
**P<0.01 versus normal tissues.
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MiR-23a promoted cell migration and invasion 
of PTC cells

To test whether miR-23a effect on PTC cells 
migration and invasion, cell migration and inva-
sion assays were performed in K1 cells trans-
fected with miR-23a or Anti-miR-23a by tran-
swell assay. It was found that upregulation of 
miR-23a in K1 cells significantly increased cell 
migration (Figure 3A) and invasion (Figure 3B) 
capabilities, while downregulation of miR-23a 
in K1 cells obviously decreased cell migration 
(Figure 3A) and invasion (Figure 3B) 
capabilities.

PTEN is a direct target of miR-23a

Potential targets of miR-23a were predicted 
using bioinformatic databases such as Target- 

Scan, miRanda and PicTar, among targets gene, 
PTEN, a tumor-suppressor gene, was selected 
as a potential target for miR-23a since there 
was a putative miR-23a-binding seed sequence 
within the 3’UTR of PTEN mRNA (Figure 4A). 
Luciferase reporter assay further confirmed 
that overexpression of miR-23a in K1 cells 
decreased the luciferase activity, whereas 
underexpression of miR-23a showed a signifi-
cant increase in luciferase activity (Figure 4B). 
No luciferase activity change was observed 
when the cells were transfected with the Mut 
PTEN reporter plasmids (Figure 4B). In addi-
tion, qRT-PCR and western blot assays demon-
strated that upregulation of miR-23a in K1 cells 
could decrease PTEN expression on mRNA 
level (Figure 4C) and protein level (Figure 4D), 
while underexpression of miR-23a in K1 cells 

Figure 2. MiR-23a inhibits proliferation, and induces apoptosis in PTC cells. (A) QRT-PCR analyzed miR-23a expres-
sion in K1 cells transfected with miR-23a mimic or Anti-miR-23a. (B and C) Cell proliferation (B), and apoptosis 
(C) were determined in K1 cells transfected with miR-23a or Anti-miR-23a. *P<0.05, **P<0.01. versus miR-NC or 
anti-miR-NC.

Figure 3. MiR-23a inhibits migration and invasion of PTC cells. (A and B) Cell migration (A) and invasion (B) were 
determined in K1 cells transfected with miR-23a or Anti-miR-23a by transwell chamber assay. P<0.05, **P<0.01 
versus miR-NC or anti-miR-NC.
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has opposite effect. These results indicate that 
PTEN is a miR-23a target in PTC.

MiR-23a expression is inversely correlated 
with PTEN expression 

Knowing PTEN is a target of miR-23a, the 
expression of PTEN in 20 PTC tissues and 
paired adjacent normal tissues were deter-
mined by qRT-PCR. We found that PTEN mRNA 
expression levels were decreased in PTC tis-
sues compared to matched adjacent normal 
tissues (Figure 5A). In addition, the relationship 
between PTEN and miR-23a expressions was 
tested with two-tailed Pearson’s correlation, 
found that PTEN expression was negatively cor-
related with miR-23a expression in PTC tissues 
(Figure 5B; r=-0.66, P<0.01).

Discussion

Accumulating evidence has suggested that 
aberrant expression of miRNAs involved in PTC 
procession and metastasis [7]. Recently, a 
number of miRNAs have been found to play cru-
cial roles in PTC Initiation and development [8]. 
For example, Guan et al reported that miR-144 
expression was downregulated in thyroid can-
cer and that miR-144 inhibited thyroid cancer 
cell invasion and migration via directly targeting 
ZEB1 and ZEB2 [18]. Ma et al reported that 
miR-34a can significantly promote cell prolifer-
ation and inhibit apoptosis in papillary thyroid 
carcinoma by targeting growth arrest specific1 
(GAS1) via PI3K/Akt/Bad pathway [19]. Chou et 
al found that restoration of miR-146b signifi-
cantly promotes cell migration and invasive-

Figure 4. PTEN is a direct target of miR-23a. (A) The predicted binding sites for miR-23a in the 3’UTR of PTEN and 
the mutations in the binding sites are shown. (B) Relative luciferase activity was determined in K1 cells co-transfec-
tion with wide-type or mutant-type 3’ UTR PTEN reporter plasmids and miR-23a/Anti-miR-23a. Wt: wide-type, Mut: 
mutant-type. (C and D) PTEN mRNA expression level (C) and protein expression level (D) were determined in K1 
cells after transfected with miR-23a or Anti-miR-23a by qRT-PCR and Western blot. GAPDH was used to an internal 
control.
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ness and increases resistance to chemothera-
py-induced apoptosis in papillary thyroid carci-
noma [20]. In the present study, our results 
showed that miR-23a expression was downreg-
ulated in PTC tissues compared to correspond-
ing adjacent normal tissue. Forced overexpres-
sion of human miR-23a in PTC cells could pro-
mote cell proliferation, migration and invasion, 
as well as decreased cell apoptosis. These 
results suggested that miR-137 could act as a 
potential therapeutic target for PTC.

Recent studies have found that miR-23a 
expression is up-regulated in lung cancer [11], 
liver cancer [12], colorectal cancer [13], gastric 
cancer [14] and prostate cancer, which sug-
gested that miR-23a could act as oncogene. On 
the contrary, miR-23a is downregulated and 
plays a suppressive role in acute promyelocytic 
leukemia (APL) [21] and oral squamous cell car-
cinoma (OSCC) [22]. These inconsistent results 
suggested that dysregulation of miR-23a in 
various cancers may be dependent on the cel-
lular microenvironment, details tumor type. 
However, the biological role of miR-23a in PTC 
remains unclear. Here, we investigated the 
expression of miR-23a in 20 PTC sample and 
their paired adjacent normal tissues by qRT-
PCR, and found that miR-23a was significantly 
upregulated in PTC clinical specimens. In addi-
tion, we also found that miR-23a promoted PTC 

cell growth, migration and invasion by targeting 
PTEN. These results suggest that miR-23a acts 
as a potential oncogene in PTC.

Phosphatase and tensin homolog deleted on 
chromosome 10 (PTEN), located on human 
chromosome 10q23.3, has been found to act 
as tumor suppressor gene frequently loss in 
various human cancers, including PTC [23]. It 
has been demonstrated that PTEN plays a sup-
pressive role in cancer cell proliferation, migra-
tion and invasion by blocking the PI3K/Akt 
pathway [24]. Recently, a report showed that 
PTEN was a target gene of miR-23a in osteosar-
coma cell [25]. Consistent with this result, our 
results further confirmed that PTEN was a tar-
get gene of miR-23a in PTC cells. In addition, 
we also showed that PTEN expression on mRNA 
level was upregulated in PTC tissues and its 
expression inversely correlated with miR-23a 
expression. These findings might suggest that 
miR-23 function as a tumor suppressive miRNA 
in PTC at least partly through targeting of PTEN.

In summary, the present study first showed that 
the expression of miR-23a was upregulated in 
PTC tissues, and its overexpression drastically 
promoted cell proliferation, migration and inva-
sion, decreased cell apoptosis. In addition, 
PTEN was confirmed as a target of miR-23a, 
and its expression was negatively correlated 

Figure 5. PTEN expression is inversely correlated with miR-23a expression in PTC tissues. A. PTEN mRNA expres-
sion in 20 cases of PTC tissue and matched normal tissues were determined by qRT-PCR. GAPDH was used as an 
internal control. **P<0.01 versus normal tissues. B. The reverse relationship between PTEN mRNA expression and 
miR-23a expression was determined by Pearson’s correlation.
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with miR-23a expression in PTC tissues. These 
results indicate that miR-23a functions as an 
oncogene in PTC and represents a potential 
therapeutic target for the treatment of PTC.
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