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Abstract. Thyroid cancer is the most prevalent malignant 
tumor of the endocrine organs and accounts for one third 
of all head and neck tumors. Dysregulation of microRNAs 
is well‑known to contribute to the development of various 
cancers, including papillary thyroid carcinoma (PTC), which 
accounts for 80‑90% of all thyroid cancer cases. The present 
study aimed to investigate the expression, functional roles of 
microRNA‑150 (miR‑150) and its direct target gene in PTC. 
miR‑150 expression in PTC tissues and cell lines was analyzed 
by reverse transcription‑quantitative polymerase chain reac-
tion (RT‑qPCR). After transfection with miR‑150 mimics, cell 
proliferation, migration and invasion was analyzed by MTT 
and Transwell assays, respectively. Bioinformatics analysis 
was performed to investigate the potential target genes of 
miR‑150, which were then confirmed by luciferase reporter 
assay, RT‑qPCR and western blotting. Functional assays 
were also applied to investigate the effects of endogenous 
Rho‑associated protein kinase 1 (ROCK1) in PTC. miR‑150 
was demonstrated to be significantly downregulated in PTC 
tissues and cell lines. In addition, reduced miR‑150 expression 
was obviously correlated with TNM stage and lymph node 
metastasis in PTC patients. Restoration of miR‑150 expression 
significantly inhibited PTC cell proliferation, migration and 
invasion in vitro. Furthermore, ROCK1 was identified as a 
direct target gene of miR‑150. Therefore, ROCK1 knockdown 
may serve tumor suppressive functions in PTC, induced by 
miR‑150 overexpression. In conclusion, miR‑150 overexpres-
sion in PTC may inhibit growth and metastasis of PTC cells. 
miR‑150/ROCK1‑based targeted therapy may be a potential 
strategy for the treatment of PTC.

Introduction

Thyroid cancer is the most prevalent malignant tumors of 
the endocrine organs and accounts for one third of all head 
and neck tumors. In the past several decades, the morbidity 
and mortality of thyroid cancer has increased dramatically 
worldwide (1,2). It is estimated that, in 2016, there would be 
64,300 new cases and 1,980 mortalities due to thyroid cancer 
in the United States (2). It is commonly accepted that genetic 
factors, environmental exposure, epigenetic alteration, nodular 
disease of the thyroid and family history serve important roles 
in thyroid cancer initiation and progression  (3,4). Thyroid 
cancer can be classified into three pathology subtypes, 
including papillary thyroid carcinoma (PTC), follicular 
thyroid carcinoma and anaplastic thyroid carcinoma (5). PTC 
is the most common type of thyroid cancer and accounts for 
80‑90% of all thyroid cancer cases  (6). The vast majority 
of patients with PTC have a good prognosis (7). However, 
patients with local invasion or distant metastases tend to have 
a poor prognosis, mainly due to the poor response to standard 
treatments (8,9). Therefore, it is of great significance to eluci-
date the critical molecular mechanisms of PTC progression, 
in order to investigate efficient therapeutic targets for patients 
with this disease.

MicroRNAs (miRNAs/miRs) are a group of short, 
single strand, non‑coding and naturally existing RNAs of 
~18‑23 nucleotides in length (10). They maintain control of 
gene expression at the transcriptional and post‑transcriptional 
level, through binding to the 3'‑untranslated region (UTR) of 
their target genes, resulting in gene degradation or translation 
inhibition (11). Increasing studies have demonstrated that the 
expression levels of miRNAs are significantly dysregulated 
between tumor and healthy tissues, and function as oncogenes 
or tumor suppressor genes (12,13). By affecting gene regulation, 
miRNAs are involved in cancer carcinogenesis and progres-
sion through regulation of a great deal of physiological and 
pathological processes, including the cell cycle, and cellular 
proliferation, invasion, migration, metastasis, differentiation 
and apoptosis (14‑16). For instance, in non‑small cell lung 
cancer, miR‑361‑3p inhibited cell growth, proliferation, colony 
formation, invasion and migration in vitro, and suppressed 
proliferation and metastasis in vivo via negative regulation 

MicroRNA-150 targets Rho-associated protein kinase 1  
to inhibit cell proliferation, migration and invasion  

in papillary thyroid carcinoma
LIXIA CHENG1,  RUIXIU ZHOU2,  MIN CHEN1,  LINAN FENG1  and  HONGYAN LI1

1Department of Endocrine, Weifang People's Hospital; 2Department of Endocrine, Gaomi People's Hospital, 
Weifang Medical University, Weifang, Shandong 261000, P.R. China

Received May 22, 2016;  Accepted April 6, 2017

DOI: 10.3892/mmr.2017.6842

Correspondence to: Professor Hongyan Li, Department of 
Endocrine, Weifang People's Hospital, Weifang Medical University, 
151 Guangwen Road, Weifang, Shandong 261000, P.R. China
E‑mail: hongyan_li151@163.com

Key words: microRNA‑150, papillary thyroid carcinoma, growth, 
metastasis, Rho‑associated protein kinase 1



CHENG et al:  miR-150 IN PTC2218

of SH2B adaptor protein 1 (17). miR‑14b‑5p was upregulated 
in PTC, and restoration of miR‑146b‑5p enhanced cellular 
migration and invasion via blockade of mothers of decapen-
taplegic 4 (18).

The present study investigated the expression and roles 
of miR‑150 in PTC. It was demonstrated that miR‑150 can 
directly target Rho‑associated protein kinase 1 (ROCK1) and 
downregulate ROCK1 expression, thereby inhibiting PTC cell 
growth and metastasis. These results were a useful addition to 
the current understanding of the molecular mechanism of PTC 
progression.

Materials and methods

Tissue samples. PTC tissues and adjacent healthy thyroid 
tissues were collected from 45 PTC patients (male, 18; female, 
27; age <55 years, 15; age ≥55 years, 30) at Weifang People's 
Hospital (Weifang, China) from 2010 to 2014. None of these 
PTC patients had received any preoperative treatment. All 
tissue samples were immediately snap‑frozen in liquid 
nitrogen, and stored at ‑80˚C. This study was approved by the 
Ethics Committee of Weifang People's Hospital, and informed 
consent was also obtained from these patients.

Cell lines, culture conditions and transfection. The TPC‑1, 
BCPAP, CGTH‑W3 and HTH83 PTC‑derived thyroid cell 
lines and the HT‑ori3 healthy human thyroid cell line were 
purchased from American Type Culture Collection (Manassas, 
VA, USA), and maintained in RPMI‑1640 or Dulbecco's modi-
fied Eagle's medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS) and 1% antibiotics (all purchased from 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), at 
37˚C in 5% CO2.

Chemically synthesized miR‑150 and negative control 
(NC) mimics, and ROCK1 and NC small interfering RNA 
(siRNA) were obtained from Guangzhou RiboBio Co., Ltd. 
(Guangzhou, China). The ROCK1 siRNA sequence was 
5'‑GGG​UAA​CUC​AUC​UGG​UAA​ATT‑3' and the NC siRNA 
sequence was 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. 
Transfection of the cells with miRNA mimics or siRNA was 
carried out with Lipofectamine™ 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) following the manufacturer's protocol.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was isolated 
from tissues or cells using the miRNeasy Mini kit (Qiagen 
GmbH, Hilden, Germany) following the manufacturer's 
protocol. Concentration of total RNA was determined using 
the NanoDrop 2000 (Thermo Fisher Scientific, Inc.). miR‑150 
expression levels were measured using an All‑in‑One™ 
miRNA qRT‑PCR Detection kit (GeneCopoeia, Inc., Rockville, 
MD, USA). For detection of ROCK1 mRNA expression levels, 
cDNA was synthesized with a PrimeScript™ RT reagent kit 
(Takara Bio, Inc., Otsu, Japan) and subjected to qPCR with a 
SYBR‑Green PCR Master mix (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The thermocycling conditions for qPCR 
were as follows: 95˚C for 10 min, followed by 40 cycles of 
95˚C for 15 sec and 60˚C for 1 min. U6 and GADPH served as 
internal controls for miR‑150 and ROCK1 mRNA expression 
levels, respectively. The primers were designed as follows: 

miR‑150, 5'‑GCT​CTC​CCA​ACC​CTT​GT‑3' (forward) and 
5'‑TGC​GTG​TCG​TGG​AGT​C‑3' (reverse); U6, 5'‑GCT​TCG​
GCA​GCA​CAT​ATA​CTA​AAA​T‑3' (forward) and 5'‑CGC​TTC​
ACG​AAT​TTG​CGT​GTC​AT‑3' (reverse); ROCK1, 5'‑AGG​
AAG​GCG​GAC​ATA​TTG​ATC​CCT‑3' (forward) and 5'‑AGA​
CGA​TAG​TTG​GGT​CCC​GGC‑3' (reverse); and GAPDH, 
5'‑CGG​AGT​CAA​CGG​ATT​TGG​TCG​TAT‑3' (forward) and 
5'‑AGC​CTT​CTC​CAT​GGT​GGT​GAA​GAC‑3' (reverse). Each 
sample was analyzed in triplicate. The relative expression 
of miR‑150 and ROCK1 was calculated using the 2−ΔΔCq 

method (19).

3‑(4,5‑Dimethylthiazole‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) assay. Cell proliferation capacity was evaluated 
by MTT assay (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany). Transfected cells were collected, counted and plated 
into 96‑well plates at a density of 2,000 cells per well. After 
incubation for 24, 48, 72 and 96 h, MTT assay was performed. 
Briefly, 20 µl MTT solution (5 mg/ml) was added to each well 
of the 96‑well plates, and cells were then incubated at 37˚C 
for additional 4 h. The culture medium was removed carefully 
and 150 µl dimethyl sulfoxide was added to each well. After 
incubation at 37˚C for 30 min, the absorbance at 490 nm was 
detected using an automatic multi‑well spectrophotometer 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). Each sample 
was performed in triplicate.

Transwell assay. The migration and invasion capacities 
of cells were assessed by Transwell assay using Transwell 
chambers (Corning Incorporated, Corning, NY, USA) and 
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA)‑coated 
Transwell chambers, respectively. Transfected cells were 
harvested, counted, re‑suspended and 5x104 cells in 200 ml 
FBS‑free culture medium were plated into the upper chamber. 
A total of 500 µl culture medium supplemented with 20% 
FBS was added into the lower chamber. After incubation for 
24 h at 37˚C in 5% CO2, the cells remaining on the surface 
membranes of upper chamber were removed carefully, while 
cells on the lower surface were fixed with 100% methanol 
(Beyotime Institute of Biotechnology, Haimen, China), stained 
with 0.5% crystal violet (Beyotime Institute of Biotechnology), 
washed with PBS (Gibco; Thermo Fisher Scientific, Inc.), and 
imaged under an inverted microscope (Olympus Corporation, 
Tokyo, Japan).

Western blotting. Transfected cells were collected, washed 
with PBS and lysed in radioimmunoprecipitation assay lysis 
buffer (Beyotime Institute of Biotechnology). Following 
cell lysis, the lysates were centrifuged at 4˚C for 10 min at 
24,000 x g and the supernatants were obtained for analysis of 
the protein concentration. The concentration of total protein 
was determined using a Bicinchoninic Acid protein assay kit 
(Pierce Biotechnology; Thermo Fisher Scientific, Inc.). Equal 
amounts of protein were separated by 10% SDS‑PAGE and 
electrophoretically transferred onto polyvinylidene fluoride 
membranes (EMD Millipore, Billerica, MA, USA). After 
blocking with 5% skim milk in TBS with Tween‑20 (TBST), 
the membranes were incubated with primary antibodies at 
4˚C overnight. The primary antibodies used in the present 
study were: Mouse anti‑human monoclonal ROCK1 (cat. 



MOLECULAR MEDICINE REPORTS  16:  2217-2224,  2017 2219

no. sc‑365628; 1:1,000 dilution; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) and mouse anti‑human monoclonal β‑actin 
(cat. no. sc‑47778; 1:1,000 dilution; Santa Cruz Biotechnology, 
Inc.). Membranes were subsequently washed with TBST three 
times and incubated with a goat anti‑mouse horseradish perox-
idase‑conjugated IgG secondary antibody (1:2,000 dilution; 
Santa Cruz Biotechnology, Inc.) at room temperature for 1 h, 
followed by developing with Enhanced Chemiluminescence 
Plus reagents (Pierce; Thermo Fisher Scientific, Inc.). β‑actin 
served as an internal control for ROCK1 expression.

Luciferase reporter assay. To identify how miR‑150 exerts its 
tumor suppressive roles in PTC, its target genes were investigated 
using TargetScan (www.targetscan.org) and miRanda (www.
microrna.org). The entire human ROCK1 3'‑UTR harboring 
miR‑150 target sequence and the seed‑sequence mutated version 
were synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, 
China). For the luciferase reporter assay, cells were seeded into 
24‑well plates (3x105 cells/well) and transfected with miR‑150 
mimics or NCs, together with psiCHECK2‑ROCK1‑3'‑UTR 
wild‑type (Wt) or psiCHECK2‑ROCK1‑3'‑UTR mutant (Mut) 
using Lipofectamine 2000, according to the manufacturer's 
protocol. After incubation for 48 h at 37˚C in 5% CO2, cells 
were harvested, and firefly and Renilla luciferase activities 
were detected using a Dual‑Luciferase Reporter Assay system 
(Promega, Corporation, Madison, WI, USA). The assay was 
performed in duplicate in three independent experiments.

Statistical analysis. Data are expressed as the mean ± standard 
deviation, and were analyzed using SPSS 15.0 software (SPSS, 
Inc., Chicago, IL, USA). A paired Student's t‑test or one‑way 
analysis of variance, followed by a Student‑Newman‑Keuls 
multiple comparison test, were performed for analysis. 
Correlations were analyzed using the Chi‑squared test. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑150 is downregulated in PTC tissues and cell lines. To 
investigate the roles of miR‑150 in human PTC, its expres-
sion levels in PTC tissues and adjacent normal thyroid tissues 
were examined. As presented in Fig. 1A, miR‑150 levels were 
significantly reduced in PTC tissues compared with adjacent 
normal thyroid tissues (P<0.05). miR‑150 expression in the 
TPC‑1, BCPAP, CGTH‑W3 and HTH83 PTC cell lines, and in 
the HT‑ori3 healthy human thyroid cell line. Compared with 
HT‑ori3, miR‑150 was markedly downregulated in all the PTC 
cell lines, but expression levels varied between them (Fig. 1B; 
P<0.05). These findings suggested that downregulation of 
miR‑150 may be involved in PTC.

Correlation between clinicopathological features and miR‑150 
expression levels in PTC patients. To investigate whether 
miR‑150 expression levels were correlated with clinicopatho-
logical features in PTC cases, the Chi‑squared test was used. 
As presented in Table I, analysis revealed that reduced miR‑150 
expression was significantly negatively correlated with TNM 
stage (P=0.001) and lymph node metastasis (P=0.015), which 
are both indicators of poor prognosis. However, there was 
no significant correlation between miR‑150 expression and 

other clinicopathological factors, including age (P=0.714), sex 
(P=0.057) and tumor size (P=0.094).

Suppression of PTC cell proliferation, migration and invasion 
by miR‑150. To investigate the potential effect of miR‑150 
on PTC, miR‑150 mimics were transfected into TPC‑1 and 
HTH83 cells, and overexpression of miR‑150 in these cells 
was confirmed by RT‑qPCR (Fig. 2; P<0.05).

MTT assay was performed to evaluate the effect of 
miR‑150 on PTC cell proliferation. The results of the MTT 
assay revealed that cell proliferation was significantly 
suppressed in miR‑150‑transfected TPC‑1 and HTH83 cells in 
comparison with the NC groups (Fig. 3; P<0.05). Next, the role 
of miR‑150 in regulating PTC cell migration and invasion was 
investigated. As demonstrated by Transwell assay, increased 
expression of miR‑150 reduced the migration and invasiveness 
of TPC‑1 and HTH83 cells (Fig. 4; P<0.05). Taken together, 
these results suggested that miR‑150 has a tumor suppressor 
function in PTC cells.

miR‑150 decreases ROCK1 expression by directly 
binding to its 3'‑UTR. To identify how miR‑150 exerts 
its tumor suppressive roles in PTC, its target genes 
were investigated using TargetScan and miRanda. The 
analysis predicted that ROCK1 may be a potential target 
of miR‑150 (Fig.  5A). Following this, whether ROCK1 
was a direct and specific target of miR‑150 was validated 
using a luciferase reporter assay. TPC‑1 and HTH83 
cells were transfected with psiCHECK2‑ROCK1‑3'‑UTR 

Table I. Correlation between miR‑150 expression levels 
and clinicopathological features in papillary thyroid cancer 
patients.

	 miR‑150 
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 N	 Low 	 High	 P‑value

Sex				    0.714
  Male	 18	   9	   9	
  Female	 27	 15	 12	
Age				    0.057
  <55 years	 15	 11	   4	
  ≥55 years	 30	 13	 17	
Tumor size (cm)				    0.094
  <3 cm	 24	 10	 14	
  ≥3 cm	 21	 14	   7	
TNM stage				    0.001
  T1‑T2	 32	 12	 20	
  T3‑T4	 13	 12	   1	
Lymph node metastasis 				    0.015
  No	 33	 14	 19	
  Yes	 12	 10	   2	

TNM, tumor node metastasis.
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Wt or psiCHECK2‑ROCK1‑3'‑UTR Mut, together 
with miR‑150 mimics or NCs. The results demon-
st ra t ed  t ha t  m i R‑150 dec reased  t he  luc i fe rase 
activities of psiCHECK2‑ROCK1‑3'‑UTR Wt, but not 
psiCHECK2‑ROCK1‑3'‑UTR Mut in both TPC‑1 and HTH83 
cells (Fig. 5B; P<0.05). Additionally, ectopic miR‑150 expres-
sion decreased ROCK1 mRNA (Fig. 5C; P<0.05) and protein 
(Fig. 5D; P<0.05) expression levels in TPC‑1 and HTH83 
cells. Taken together, these results demonstrated that ROCK1 
was directly and negatively regulated by miR‑150 in PTC.

ROCK1 suppresses cell proliferation, migration and inva‑
sion of PTC cells. ROCK1 was identified as a direct target of 
miR‑150. Therefore, it was hypothesized that the tumor suppres-
sive roles induced by miR‑150 overexpression in PTC cells 
may be achieved by regulation of ROCK1. To investigate this, 
TPC‑1 and HTH83 cells were transfected with ROCK1 siRNA 
or NC siRNA, and downregulation of ROCK1 in these cells 
was determined by RT‑qPCR (Fig. 6A; P<0.05) and western 
blot analysis (Fig. 6B; P<0.05). MTT assay revealed that down-
regulation of ROCK1 significantly inhibited TPC‑1 and HTH83 

Figure 3. miR‑150 inhibits cell proliferation in papillary thyroid cancer. Cell proliferation was evaluated in TPC‑1 and HTH83 cells after transfection with 
miR‑150 mimics or NCs by MTT assay. Data are presented as the mean ± standard deviation. *P<0.05 vs. NC. NC, negative control; miR, microRNA.

Figure 1. miR‑150 expression is downregulated in PTC tissues and cell lines. Reverse transcription‑quantitative polymerase chain reaction analysis of miR‑150 
expression in (A) PTC tissues and adjacent normal thyroid tissues (control) and (B) PTC cell lines, and the HT‑ori3 healthy human cell line (control). Data are 
presented as the mean ± standard deviation. *P<0.05 vs. control. PTC, papillary thyroid cancer; miR, microRNA.

Figure 2. Validation of miR‑150 overexpression. Expression of miR‑150 was determined by reverse transcription‑quantitative polymerase chain reaction in 
TPC‑1 and HTH83 cells transfected with miR‑150 mimics or NCs. Data are presented as the mean ± standard deviation. *P<0.05. NC, negative control; miR, 
microRNA, PTC, papillary thyroid cancer.
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cell proliferation at 72 and 96 h compared with the NC siRNA 
group (Fig. 6C; P<0.05). Transwell assay was performed to 
evaluate the migration and invasiveness of TPC‑1 and HTH83 

cells transfected with ROCK1 or NC siRNA. The results 
demonstrated that ROCK1 knockdown suppressed migration 
and invasion in TPC‑1 and HTH83 cells (Fig. 6D; P<0.05). 

Figure 4. miR‑150 inhibits cell migration and invasion in papillary thyroid cancer. Transwell assay was performed in TPC‑1 and HTH83 cells after transfection 
with miR‑150 mimics or NC. Data are presented as the mean ± standard deviation. *P<0.05 vs. NC. NC, negative control; miR, microRNA.

Figure 5. ROCK1 is a direct target of miR‑150 in papillary thyroid cancer. (A) Predicted consequential pairing of the target 3'‑UTR region of ROCK1 
(Wt and Mut) and miR‑150 sequence. (B) Luciferase reporter assay of TPC‑1 and HTH83 cells transfected with psiCHECK2‑ROCK1‑3'‑UTR Wt or 
psiCHECK2‑ROCK1‑3'‑UTR Mut, along with miR‑150 mimics or NC. ROCK1 (C) mRNA and (D) protein expression levels, as assessed by reverse transcrip-
tion‑quantitative polymerase chain reaction and western blot analysis, respectively, in TPC‑1 and HTH83 cells transfected with miR‑150 mimics or NC. Data 
are presented as the mean ± standard deviation. *P<0.05 vs. NC in same group. NC, negative control; miR, microRNA; Wt, wild‑type; Mut, mutant; UTR, 
untranslated region; ROCK1, Rho‑associated protein kinase 1.
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These findings indicated that miR‑150 inhibits cell growth and 
metastasis of PTC via negative regulation of ROCK1.

Discussion

In the present study, miR‑150 was demonstrated to serve tumor 
suppressive roles in inhibiting the growth and metastasis of 
PTC cells. Firstly, RT‑qPCR analysis revealed that miR‑150 
expression levels were reduced in PTC tissues and cell lines 
compared with adjacent healthy thyroid tissues and a healthy 
human thyroid cell line, respectively.

In addition, reduced miR‑150 expression was obviously 
correlated with TNM stage and lymph node metastasis in PTC 
patients. Functional analysis revealed that overexpression of 
miR‑150 inhibited cell proliferation, migration and invasion in 
PTC. Notably, ROCK1 was validated as a direct target gene of 
miR‑150 in PTC. ROCK1 knockdown may mimic the tumor 
suppressive functions induced by miR‑150 overexpression in 
PTC. All these findings demonstrated that miR‑150 serves 
substantial roles in PTC inhibition and may serve as a thera-
peutic target in patients with PTC.

Altered miR‑150 expression has been identified in 
various kinds of human cancer. miR‑150 was reported 

to be downregulated in pancreatic cancer  (20), osteo-
sarcoma  (21), esophageal squamous cell carcinoma  (22), 
colorectal cancer  (23), hepatocellular carcinoma  (24,25), 
ovarian cancer (26) and malignant lymphoma (27). However, 
upregulation of miR‑150 was also identified in prostate (28), 
cervical  (29), non‑small cell lung  (30), breast  (31) and 
gastric cancer (32). These conflicting studies indicated that 
expression levels of miR‑150 in human cancers have tissue 
specificity.

Expression levels of miR‑150 in caners have been reported 
to be correlated with clinicopathological features and prog-
nosis. For example, in non‑small cell lung cancer, miR‑150 
levels were significantly increased compared with matched 
non‑cancerous tissues. miR‑150 expression was obviously 
associated with lymph node metastasis, distant metastasis 
and clinical TNM stage in non‑small cell lung cancer. 
Kaplan‑Meier analysis revealed that the cumulative 5‑year 
overall survival rate was 40.8% in the high expression group, 
and 69.2% in the low expression group (33). In prostate cancer, 
miR‑150 was also upregulated, and high miR‑150 expression 
was correlated with tumor recurrence and metastasis. Prostate 
cancer patients with high miR‑150 expression had signifi-
cantly poorer overall and disease‑free survival compared 

Figure 6. ROCK1 knockdown inhibited cell proliferation, migration and invasion in PTC. ROCK1 (A) mRNA and (B) protein expression levels, as assessed by 
reverse transcription‑quantitative polymerase chain reaction and western blot analysis, respectively, in TPC‑1 and HTH83 cells transfected with ROCK1 or NC 
siRNA. (C) Cell proliferation was assessed by MTT assay. (D) Transwell assay results. Data are presented as the mean ± standard deviation. *P<0.05 vs. NC in 
same group. NC, negative control; miR, microRNA; siRNA, small interfering RNA; ROCK1, Rho‑associated protein kinase 1.
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with those with low miR‑150 expression. Multivariate Cox 
regression analysis revealed that the expression of miR‑150 
was an independent prognostic predictor for prostate cancer 
patients (28). Jin et al (26) reported that expression level of 
miR‑150 was reduced in epithelial ovarian cancer, and low 
miR‑150 expression was associated with aggressive clini-
copathological factors of epithelial ovarian cancer patients, 
including high clinical stage and pathological grade, and 
shorter overall and progression‑free survivals. More impor-
tantly, the multivariate analysis validated that miR‑150 
expression was an independent prognostic biomarker in 
epithelial ovarian cancer. Combined with the findings of the 
present study, miR‑150 may be a useful prognosis marker in 
human cancers.

Accumulated evidences have demonstrated that 
deregulated expression of miR‑150 contributes to cancer 
initiation and progression. Srivastava et  al  (20) reported 
that miR‑150 repressed pancreatic cancer cell growth and 
malignant behavior via directly targeting MUC4. A study 
by Huang et al (31) revealed that upregulation of miR‑150 
enhanced proliferation and clonogenicity, and decreased 
apoptosis in breast cancer cells via blockade of PX27. 
It also has been demonstrated that miR‑150 targets C‑C 
motif chemokine 20 and C‑C chemokine receptor type 6 to 
inhibit invasion and metastasis of advanced cutaneous T‑cell 
lymphoma  (34). In non‑small cell lung cancer, miR‑150 
knockdown inhibited cell proliferation and induced apoptosis 
by directly targeting brassinosteroid insensitive 1‑associated 
receptor kinase 1 in vitro (30). Furthermore, in colorectal 
cancer, enforced miR‑150 expression inhibited cell prolifera-
tion and motility, and improved cell apoptosis and G1 arrest 
via negative regulation of c‑Myb and mucin‑4 (35,36).

However, the biological roles and underling molecular 
mechanisms of miR‑150 in PTC remain largely unknown. 
The present study demonstrated that miR‑150 functioned as 
a tumor suppressor in PTC cells, via inhibiting tumor cell 
proliferation, migration and invasion.

To investigate the molecular mechanisms underlying 
miR‑150‑mediated inhibition of proliferation, migration and 
invasion in PTC, ROCK1 was selected for further study as it 
was predicted by TargetScan and miRanda to be a potential 
direct target of miR‑150. ROCK1, located at chromosome 
18 (18q11.1)  (37), has been identified to be upregulated in 
various types of human cancers. Previous studies have demon-
strated that ROCK1 is correlated with cancer progression, 
metastasis and poor prognosis (38‑40). In the present study, 
an important molecular association between miR‑150 and 
ROCK1 was revealed. Luciferase reporter assays, RT‑qPCR 
and western blot analysis demonstrated that miR‑150 could 
directly target the 3'‑UTR of ROCK1, and thereby decrease 
ROCK1 expression at both mRNA and protein levels. ROCK1 
knockdown was demonstrated to result in miR‑150‑induced 
inhibition of PTC cell proliferation, migration and invasion, 
demonstrating that ROCK1 serves as a functionally relevant 
target of miR‑150 in PTC.

In conclusion, miR‑150 served as a tumor suppressor of 
PTC cells by inhibiting growth and metastasis, partially 
by regulating the expression of the downstream target gene 
ROCK1. These findings suggested that miR‑150 may be an 
effective therapeutic target for the treatment of PTC.
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