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Abstract: MicroRNAs (miRNAs) are small, non-coding RNAs that modulate gene expression by negatively regulating 
the stability or translational efficiency of their target mRNAs. The aim of this study was to investigate the expres-
sion of microRNA-145 (miR-145) in human papillary thyroid cancer and its potential function. Quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR) was performed to determine the expression level of miR-145 in 
ten papillary thyroid cancer and adjacent normal specimens. The function of miR-145 overexpression on the prolif-
eration of human TPC1 thyroid cancer cells was conducted by MTT assays and by colony-formation assays. Western 
blot was used to validate the impact of miR-145 on the protein expression of the target gene. Luciferase reporter 
assays were employed to validate a putative target of miR-145. MiR-145 expression was relatively decreased in pap-
illary thyroid cancer specimens compared with adjacent normal tissues (P<0.05). MTT assays and colony-formation 
assays showed that overexpression of miR-145 suppressed TPC1 cell growth. Luciferase assays using a reporter 
carrying a putative miR-145 target site in the 3’ untranslated region of DUSP6 revealed that miR-145 directly targets 
DUSP6. Overexpression of miR-145 led to downregulation of DUSP6 at protein level as assessed by Western blot. 
Targeted knockdown of DUSP6 by siRNA significantly inhibited the proliferation of TPC1 cells. The overexpression of 
miR-145 inhibited TPC1 cellular growth by targeting DUSP6; this finding implies a better understanding of initiation 
and progression of papillary thyroid cancer.
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Introduction

Thyroid cancer was the most common endo-
crine cancer in the USA and in 2010. There 
were 44670 new diagnoses of this disease [1]. 
Thyroid cancer tumors are primarily classified 
into four types and among these four types, 
papillary thyroid cancer (PTC) is the most com-
mon malignant thyroid cancer in countries with 
sufficient iodine diets, comprising up to 80% of 
all thyroid malignancies [2].

MiRNAs are small endogenous non-coding 
RNAs that negatively regulate gene expression 
by degrading mRNAs of target genes or block-
ing their translations [3]. In PTCs, there are an 
increasing amount of evidence suggesting that 
miRNAs are implicated in the carcinogenesis of 
PTCs. For instance, miR-34a targets GAS1 to 

promote cell proliferation and to inhibit apopto-
sis in papillary thyroid carcinoma via PI3K/Akt/
Bad Pathway [4], miR-199a-3p displays tumor 
suppressor function in papillary thyroid carci-
noma [5], and miRNA-101 suppresses migra-
tion and invasion by targeting Rac1 in thyroid 
cancer cells [6].

It was reported that miR-145 suppresses thy-
roid cancer growth and metastasis by targeting 
AKT3 [7]. However, whether miR-145 regulates 
other target genes through a different cell sig-
nalling pathway in papillary thyroid cancer 
remains unknown. In order to explore whether 
miR-145 has another potential target gene, we 
searched several online databases, including 
targetscan, miRanda, miRBase, and miRGen, 
confirmed our premise that DUSP6 mRNA con-
tains miR-145 binding sites.
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The protein encoded by DUSP6 gene is a mem-
ber of the dual specificity protein phosphatase 
subfamily. These phosphatases inactivate their 
target kinases by dephosphorylating both the 
phosphoserine/threonine and phosphotyrosine 
residues. In addition, these phosphatases neg-
atively regulate members of the mitogen-acti-
vated protein (MAP) kinase superfamily (MAPK/
ERK, SAPK/JNK, p38), which are associat- 
ed with cellular proliferation and differentia- 
tion (http://www.ncbi.nlm.nih.gov/gene/1848). 
In different thyroid cancer cell lines, DUSP6  
is highly expressed [8] and in clinical speci-
mens, DUSP6/MKP3 cytoplasmic phosphatase 
is overexpressed in papillary thyroid carcinoma 
[8]. MAP kinase phosphatase enzymes (MKPs) 
belong to the family of dual-specificity phospha-
tases (DUSPs), inactivate different MAPK pro-
teins that include ERK1/2, which take part in 
tumorigenesis, especially in papillary thyroid 
cancer via the MAPK pathway; this is a very 
important signal transduction pathway for PTC 
[9, 10]. In this study, we found overexpression 
of miR-145 inhibited cells’ growth, most likely 
targeting DUSP6. These results come to a con-
clusion that miR-145 may function as a tumor 
suppressor, which implies a better understand-
ing of the initiation and progression of papillary 
thyroid cancer.

Materials and methods

Specimens

From the Department of General Surgery of the 
Shanghai Tenth People’s Hospital (Shanghai, 
China), we collected 10 thyroid papillary cancer 
specimens that were paired with adjacent  
normal thyroid papillary tissues collected. The 
samples were immediately snap-frozen in liquid 
nitrogen. All samples were pathologically con-
firmed as thyroid papillary cancer by trained 
pathologists. No patients received chemother-
apy or radiotherapy prior to surgery. The collec-
tion of the patient specimens were approved  
by Institutional Ethics Committees of Tongji 
University (approval number: SHSY-IEC-pap3.0/ 
13-3).

Immunohistochemistry

Avidin-biotinylated peroxidase complex (ABC) 
immunohistochemistry was performed accord-
ing to the method described [11] as follows: 
4-mm thick sections were cut from paraffin 

blocks of PTC. After deparaffinization and rehy-
dration, we performed heat-induced antigen 
retrieval by autoclave pretreatment (120°C for 
10 min) in citrate buffer solution (pH 6.0) on the 
sections. Endogenous peroxidase activity was 
blocked by immersing the slides in absolute 
methanol solution containing 3% hydrogen per-
oxide (H202) for 10 min. Endogenous biotin 
activity was blocked using an avidin/biotin 
blocking kit purchased from NICHIREI, (Tokyo, 
Japan). Sections were incubated in avidin solu-
tion for 15 min followed a by brief rinse in PBS, 
after which sections were incubated in biotin 
solution for 15 min (all performed at room tem-
perature). Next, sections were treated with 1% 
bovine serum albumin for 30 min to block non-
specific reactions, after which they were incu-
bated with DUSP6 antibody (1:1000 dilution). 
Following incubation, specimens were visual-
ized with an ABC detection kit (Vector labora- 
tory, Burlingame, CA) and a diaminobenzidine 
(DAB) substrate system, according to the 
instructions provided by the manufacturer. All 
reactions were performed using appropriate 
positive and negative controls, and no signifi-
cant staining was observed in the negative  
control sections. Image pro-plus 6.0 software 
was used to analyze integrated optical density 
of positive value (IOD) and the total area of  
the organization (AREA) of each photo (Mean 
Density = IOD/AREA).

Cell lines and transfection

The human papillary cancer cell line TPC1  
and normal thyroid cell line Nthy-ori 3-1 were 
obtained from Chinese Science Institute 
(Shanghai, China). The TPC1 cancer cells and 
Nthy-ori 3-1 normal cells were cultured in RPMI 
1640 medium (Gibco, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (FBS) 
(Gibco, Carlsbad, CA, USA), penicillin (100 U/
mL) and streptomycin (100 µg/mL) (Enpromise, 
China). Cells were incubated at 37°C in a 
humidified chamber supplemented with 5% 
CO2. MiR-145 mimics, control mimics (NC), 
DUSP6 siRNA, and scramble siRNA were che-
mosynthesized by Shanghai Genepharma Co, 
Ltd. (Shanghai, China). The TPC1 cells were cul-
tured to 30% to 40% confluence in 6-well plates 
and were transfected with miR-145 mimics  
or DUSP6 siRNA using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA), in accordance 
with the manufacturer’s instructions. miR- and 
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siRNA-negative control (NC) were used as nega-
tive controls.

Quantitative reverse-transcription polymerase 
chain reaction (qRT-PCR)

For detection of miR-145 expression, primer 
design and qRT-PCR were carried out. miRNA 
was isolated from tissues and cells using the 
miRcute miRNA Isolation kit according to the 
manufacturer's instructions (Tiangen, China). 
The primers for miR-145 were stem-loop RT 
primer:

5’-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCA- 
A-TTGCACTGGATACGACAGGGATT-3’ (stem-loop 
primer). miR-145 forward: 5’-GGTCCAGTTTTCC- 
CAGG-3’; miR-145 reverse: 5’-CAGTGCGTGTCG- 
TGGAGT-3’. The primers for U6 small nuclear 
RNA were RT primer 5’-GTCGTATCCAGTGCAGG- 
GTCCGAGGTGCACTGGATACGACAAAATATGG- 
3’; forward 5’-TGCGGGTGCTCGCTTCGGCAGC-3’ 
and reverse 5’-CCAGTGCAGGGTCCGAGGT-3’.

cDNA was generated by reverse transcription 
using the Prime Script™ RT-PCR kit in accor-
dance with the manufacturer’s instructions 
(Takara, Tokyo, Japan). Real-time PCR was per-
formed on a 7900HT Fast RT-PCR instrument 
(Applied Bio systems, Singapore). The amplifi-
cation procedure was as follows: 5 min at 95°C, 
followed by 40 cycles at 95°C for 30 sec and 
65°C for 45 sec. Each sample was tested in 
triplicate, and the fold-change of mRNA expres-
sion was calculated using the 2-ΔΔCt method 
[12].

Cell proliferation assay

Cell proliferation was determined using an MTT 
assay kit (Sigma, Santa Clara, CA, USA) in 
accordance with the manufacturer’s instruc-
tions. Briefly, cells (1×103 cells/well) that trans-
fected with miR-145, DUSP6 siRNA mimics and 
the corresponding NC mimics were seeded into 
96-well culture plates (BD Biosciences, Franklin 
Lakes, NJ, USA) and incubated overnight at 
37°C in 5% CO2. Cell proliferation was assessed 
at 24, 48, 72 and 96 h following addition of 0.5 
mg/mL MTT (Sigma) solution. After a 4-h incu-
bation, the medium was replaced with 150 µL 
dimethylsulfoxide (DMSO; Sigma) and vortexed 
for 10 min. The optical density (OD) of each well 
was measured using a microplate reader 
(Biotek, Vermont, America) at 490 nm. Each 
experiment was performed in triplicate.

Colony formation assay

MiR-145 mimic, control mimic, DUSP6 siRNA 
and scramble siRNA are the same with MTT 
assay. A full 24 h after transfection, TPC1 cells 
were digested with trypsin and suspended into 
a single cell status. There were 500 cells from 
each group cultured in the 6-well plate for 14 
days. When the colonies were visible by eye, 
the culture was terminated by removing the 
medium and washing cells twice with phos-
phate-buffered saline (PBS). The colonies were 
fixed with 95% ethanol for 10 min, dried and 
stained with 0.1% Crystal Violet solution for 10 
min, and the plate was washed three times with 
water. Colonies less than 2 mm in diameter and 
faintly stained were ignored. Each treatment 
was performed in triplicate.

Dual-luciferase reporter assay

HEK293T cells were seeded in 12-well plates 
(BD, USA) and cultured until the cells reached 
80-90% confluence. The 3’-UTR segments of 
the DUSP6 mRNA sequence containing the  
predicted miR-145 binding sites were amplified 
by PCR in a total volume of 50 µL using the 
PrimerStar kit (Takara, Tokyo, Japan) in accor-
dance with the manufacturer’s instructions. 
The corresponding mutant constructs were  
created by mutating the seed regions of the 
miR-145-binding sites (5’-AACUGGAA-3’ to 5’- 
UUGACCUU-3’). The mutant constructs were 
generated by mutation. The primers used in the 
reaction were (Forward: 5’-AGTAATTCTAGGCG- 
ATCGCTCGAGAAGAAA-3’; Reverse: 5’-GATATTT- 
TATTGCGGCCAGCGGCCGCTAAA-3’). Fragments 
were subcloned into the XhoI site in the 3’-UTR 
of Renilla luciferase of the psiCHECK-2 reporter 
vector. 293T cells were transiently cotransfect-
ed with 0.2 µg psiCHECK-2/DUSP6 3’-UTR or 
psiCHECK-2/DUSP6 3’-UTR mutant reporter 
plasmids and together with 100 nmol/L miR-
145 or miR-NC using Lipofectamine™ 2000 
(Invitrogen), according to the manufacturer’s 
instructions. After 48 h, firefly and Renilla lucif-
erase activities were measured by using a Dual 
Luciferase Assay (Promega, Madison, WI, USA). 
Firefly luciferase values were normalized to 
Renilla, and the ratio of firefly/renilla was 
presented.

Western blot analysis

Cells were lysed in lysis buffer (10 mmol/L Tris-
HCl, pH 7.4, 1% NP-40, 0.1% deoxycholic acid, 
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0.1% SDS, 150 mmol/l NaCl, 1 mM EDTA and 
1% protease inhibitor cocktail) (Sigma). The 
protein concentrations were quantified using a 
BCA protein assay kit (Pierce). Protein (30 µg) 
was separated using 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis and 
transferred to a nitrocellulose membrane 
(Beyotime Institute of Biotechnology, Jiangsu, 
China). The membrane underwent immunoblot-
ting overnight at 4°C with primary antibodies 
against DUSP6 (1:1,000; Abcam, USA) and 
β-tubulin (1:2,000; Cwbio, Jiangsu, China), as 
loading controls. Horseradish peroxidase-con-
jugated secondary antibodies were incubated 
with the membrane for 30 min at 37°C after 3 
washes with TBST. Immunoreactive protein 
bands were detected with an Odyssey Scanning 
system.

Statistical analysis

GraphPad Prism version 6.0 (GraphPad, San 
Diego, CA, USA) was used for all statistical anal-
yses. Data were presented as the means ± 
standard deviation (SD) from at least 3 sepa-
rate experiments. The t-test (two-tailed) was 
used to draw a comparison between groups, 
and the significance level was set at P<0.05.

Results

Expression of miR-145 was lower in papillary 
thyroid cancer specimens than adjacent nor-
mal tissues

The expression levels of miR-145 were mea-
sured by quantitative polymerase chain reac-

tion (qPCR) in 10 thyroid papillary cancer tis-
sues and para-cancer tissues. The results 
showed that the expression of miR-145 was 
lower in thyroid papillary cancer tissues com-
pared with para-cancer tissues (P<0.05) 
(Figure 1).

Expression of DUSP6 was higher in papillary 
thyroid cancer tissues and TPC1 cells

We examined the DUSP6 expression in TPC1 
cancer cells and Nthy-ori 3-1 normal thyroid 
cells at protein level. As shown in Figure 2A, 
expression of DUSP6 is significantly higher in 
TPC1 cells compared with the levels in the 
Nthy-ori 3-1 normal thyroid cells. The immuno-
histochemical staining of PTC samples con-
firmed that DUSP6 expression was higher in 
papillary cancer tissues than in para-cancer tis-
sues (Figure 2B and 2C).

miR-145 suppresses proliferation of TPC1 cells

We transfected TPC1 cells with miR-145 mim-
ics or negative control (NC) mimics to deter-
mine overexpression of miR-145 on TPC1 cell 
proliferation, performed by MTT assays and 
Colony formation assays. Overexpression of 
miR-145, transfected with 100 nM miR-145 
mimics, suppressed significantly proliferation 
of TPC1 cells, compared with the NC group from 
48 h until 96 h, under time-dependent condi-
tions (Figure 3). This was detected by MTT 
assays that optical density (OD) values at 490 
nm. Colony formation assays showed much 
less colony formation in the group transfected 
with 100 nM miR-145 compared with the NC 
group (42±2 miR-145 group vs. 93±3 NC group, 
P<0.05) (Figure 4A and 4B). These results indi-
cated that overexpression of miR-145 sup-
pressed TPC1 cellular proliferation.

MiR-145 targets DUSP6 and regulates its ex-
pression in TPC1 cells by binding the 3’UTR of 
DUSP6

To investigate whether DUSP6 is another poten-
tial targets of miR-145, we searched several 
online databases, including targetscan, miRan-
da, and miRBase. All databases showed that 
miR-145 had a binding site in the 3’-UTR of 
DUSP6 mRNA. To verify miR-145 binding to this 
predicted site, we performed a luciferase 
reporter assay in the 293T cell line. We cloned 
the 3’-UTR of DUSP6 containing the putative 

Figure 1. Expression of miR-145 in papillary thyroid 
cancer: MiR-145 levels are significantly decreased in 
thyroid cancer specimens based on qPCR (P<0.05).
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miR-145 binding site into a luciferase reporter 
construct, in addition to a mutated DUSP6 

3’-UTR (Figure 5A). The results (Figure 5B) 
showed that the luciferase activity significant- 
ly decreased after co-transfection with psi-
CHECK-2/DUSP6 3’-UTR. In addition, miR-145 
mimics control cells, demonstrating that miR-
145 specifically binds to the 3’-UTR of DUSP6 
mRNA. Furthermore, as shown in Figure 5C, 
Western blot analysis indicated that DUSP6 
protein levels were lower in the miR-145-over-
expressing group compared with the NC group.

MiR-145 inhibits the proliferation of papillary 
cancer cells via regulation of DUSP6

DUSP6 is a direct target of miR-145, confirm- 
ed by Dual-luciferase reporter assay. Therefore, 
we supposed that miR-145 suppresses the pro-
liferation of TPC1 cancer cells might be achiev- 
ed by targeting DUSP6. To investigate this, we 
knocked down DUSP6 expression by transfect-
ing 100 nmol/L DUSP6 siRNA (siDUSP6) to 

Figure 2. Expression of DUSP6 in TPC1 cells and in clinical samples: A. The expression of DUSP6 was increased 
in TPC1 thyroid papillary cancer cells by Western blot, compared with Nthy-ori 3-1 normal thyroid cells. B and C. In 
clinical samples, DUSP6 was also highly expressed.

Figure 3. MTT cell proliferation assays: The prolifera-
tion of TPC1 cells transfected with 100 nm miR-145 
mimics was inhibited in a time dependent manner 
compared with the NC group conducted by MTT cell 
proliferation assays.
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TPC1 cells and checked its impact on the 
growth of TPC1 cells. The protein level of DUSP6 
was significantly downregulated in siDUSP6 
treatment group (Figure 6A) and cellular prolif-
eration was significant inhibited, compared 
with control siRNA, conducted by MTT assays 
(Figure 6B) and Colony formation assays (38±3 
siDUSP6 group vs. 85±4 NC group, *P<0.05) 
(Figure 6C and 6D). These results demonstrat-
ed that overexpression of miR-145, at least 
partially by downregulation of DUSP6 expres-
sion, inhibited proliferation of TPC1 thyroid can-
cer cells.

Discussion

The functions of miRNAs have been studying in 
a wide range of physiological processes, espe-
cially in various cancer processes, including 
proliferation, apoptosis, and metastasis [13, 
14]. Papillary thyroid cancer is the most com-
mon type of thyroid cancer and is influenced by 
various miRNAs [15]. In our study, we found 
that miR-145 expression was significantly 
downregulated in papillary thyroid cancer spec-
imens compared with normal tissues. When 
miR-145 was transfected into TPC1 cells, cel-

Figure 4. Colony formation assays: Overexpression of miR-145 inhibited colony formation ability of TPC1 cells. A. 
Colony formation assays showed Crystal Violet staining of the miR-145-transfected group and NC-transfected group. 
B. Graph indicates colony numbers of each experimental transfected group (P<0.05).

Figure 5. DUSP6 is a target of miR-145: miR-145 downregulates DUSP6 expression by binding the 3’-UTR of DUSP6. 
A. The binding site for miR-145 in the 3’-UTR of DUSP6 mRNA. B. The relative luciferase activity (Renilla/firefly) was 
measured in HEK293T cells after co-transfection of the DUSP6 3’-UTR or DUSP6 3’-UTR mutant luciferase construct 
with either miR-145 mimics or miR-NC. C. Western blot analysis was used to detect DUSP6 protein expression levels. 
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lular proliferation was significantly decreased, 
indicating the miR-145 suppresses the growth 
of papillary thyroid cancer cells. In another 
study, transfection of miR-145 inhibits cell 
growth and invasion of pancreatic cancer and 
enhances gemcitabine sensitivity because of 
reduction of HER2, P-AKT, PAK1, and an 
increase in p53 by targeting MUC13 [16]. It has 
been reported that miR-145 is able to inhibit 
cell proliferation and growth activity significant-
ly by reducing mRNA and protein expression 
levels of A disintegrin and metalloproteinase 17 
(ADAM17) in liver cancer cells. This is primarily 
an upstream component for multiple EGFR pro-
ligands that bind with ligands subsequently 
activating MEK/ERK and PI3K/Akt pathways to 
contribute to invasiveness and other malignant 
phenotypes [17]. All of these studies illustrate 
that miR-145 might has multiple function in 
various cancers.

For exploring whether miR-145 has another 
potential target gene, we searched several 
online databases, including targetscan, miRan-

da, miRBase, and miRGen and found that the 
DUSP6 mRNA contained miR-145 binding sites. 
The interaction between miR-145 and DUSP6 
mRNA has not been previously reported. To 
confirm the targeting of DUSP6 by miR-145, the 
luciferase reporter assay was conducted and  
it showed luciferase activity was significantly 
repressed in cells transfected with the con-
struct harboring the miR-145 target sequence 
compared with the mutated control vector. 
Overexpression of miR-145 decreased DUSP6 
protein expression level in TPC1 cells. Further- 
more, silencing DUSP6 expression by siRNA 
resulted in the inhibition of the cellular prolifer-
ation of TPC1 cells. As reported that MAP 
kinase phosphatase enzymes (MKPs), which 
belong to the family of dual-specificity phos-
phatases (DUSPs), inactivate different MAPK 
proteins including ERK1/2, via MAPK pathway, 
so that take part in the tumorigenesis, espe-
cially in papillary thyroid cancer [9, 10]. Our 
study revealed that miR-145 inhibited cellular 
growth in papillary thyroid cancer by targeting 
DUSP6, which may act through a newly deter-

Figure 6. Knockdown of DUSP6 suppresses the proliferation of TPC1 cells: A. DUSP6 siRNA remarkably silenced the 
expression of DUSP6. B-D. MTT assays and Colony formation assays showed that siDUSP6 significantly suppressed 
the cellular proliferation.
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mined and a classical signal pathway-the MAPK 
pathway and may provide additional evidences 
to further prove miR-145 is a potent tumor sup-
pressor gene in papillary thyroid cancer.

Taken together, the expression level of miR-145 
is relatively reduced in thyroid cancer speci-
mens. miR-145 directly silences DUSP6 in thy-
roid cancer cells and regulates DUSP6 expres-
sion, which mechanically accounts for the sup-
pression of cellular proliferation in papillary 
thyroid cancer. All data obtained in this study 
indicate that miR-145 might serve as a tumor 
suppressor gene in the carcinogenesis and 
maintenance of thyroid cancer.
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