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Abstract. The expression and function of microRNA‑7 
(miR‑7) has been studied in a variety of different cancer types. 
However, to date, no studies have investigated the expression 
of miR‑7 in human thyroid cancer. In the present study, the 
expression levels and biological function of miR‑7 were inves-
tigated in human thyroid cancer, with the aim of evaluating 
whether it may serve as a therapeutic biomarker. The expres-
sion levels of miR‑7 in human thyroid cancer tissues, matched, 
adjacent normal tissues, normal thyroid tissues and human 
thyroid cancer cell lines were determined using RT‑qPCR and 
western blot analysis. To explore the functional role of miR‑7 
in human thyroid cancer cell lines, MTT assays, cell migration 
and invasion assays were employed. TargetScan software iden-
tified p21 activated kinase‑1 (PAK1) as a putative interacting 
partner of miR‑7. Therefore, functional assays were performed 
to explore the effects of endogenous PAK1 in thyroid cancer. 
In the present study, miR‑7 was significantly downregulated in 
thyroid cancer tissues and cells compared with normal thyroid 
tissue samples. A correlation between miR‑7 expression and 
thyroid tumor stage was also observed. Ectopic expression of 
miR‑7 was found to suppress the proliferation, migration and 
invasion of thyroid cancer cells in vitro. Dual‑luciferase reporter 
assays demonstrated that PAK1 was a direct target of miR‑7 
in vitro. RT‑qPCR and western blot analysis demonstrated that 
miR‑7 negatively regulates PAK1 protein expression but has 
no effect on PAK1 mRNA expression. Knockdown of PAK1 
expression markedly suppressed thyroid cancer cell prolifera-
tion, migration and invasion. These results suggest that miR‑7 
functions as a tumor suppressor by targeting PAK1 directly 

and may therefore present a novel therapeutic target for the 
treatment of thyroid cancer.

Introduction

Thyroid cancer, derived from the thyroid follicular cells, is 
the most common malignancy of the endocrine system (1). 
The incidence of thyroid cancer over the last three decades 
has increased in the USA, typically due to improved detection 
of sub‑clinical tumors (2). There are four major histological 
types including papillary thyroid carcinoma (PTC), follicular 
thyroid carcinoma (FTC), poorly differentiated carcinoma 
and undifferentiated anaplastic carcinoma (ATC) (3). PTC 
is the most common type of thyroid cancer and accounts 
for ~80% of cases  (4). The prognosis of PTC is related to 
patient age, tumor size and histological parameters including 
extra‑capsular extension, extra‑thyroidal extension, lymph 
node invasion, distant metastases and histological variant (5). 
The majority of PTC cases demonstrate a good prognosis; 
however, in a few cases it can recur, transform or metastasize, 
which can lead to disease‑related mortality (6). Metastasis of 
thyroid tumors often confers a poor prognosis and is the major 
cause of mortality (7). Therefore, the identification of factors 
associated with metastasis, is important for the development of 
novel targeted therapies for thyroid cancer treatment.

In thyroid cancer, abnormal microRNA (miRNA) expres-
sion has been observed in PTC (8‑10), FTC (11) and ATC (12) 
tumor subtypes. miRNAs belong to a group of endogenous, 
non‑protein‑coding, single‑stranded, small RNAs that are 
20‑24 nucleotides in length (13). Previous studies have demon-
strated that miRNAs are involved in major physiological and 
pathological cellular pathways including cell growth, differen-
tiation, cell cycle, apoptosis, migration and invasion (14). In the 
majority of cases, miRNAs function to prohibit the expression 
of specific genes by interacting preferentially and base‑pairing 
with the 3'‑untranslated region (UTR) of targeted mRNA 
sequences, which results in mRNA cleavage and repression of 
translation (15). miRNAs can be divided into onco‑miRNAs 
and tumor‑suppressive miRNAs. Onco‑miRNAs are upregu-
lated in human cancer and function to promote cell proliferation 
and inhibit apoptosis, whereas tumor‑suppressive miRNAs are 
downregulated in human cancer and can prevent cancer devel-
opment (16‑18). Of particular note, miRNAs have received 
widespread attention as a potential targeted therapy  (19). 
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Therefore, the use of miRNA sequences for the diagnosis, 
treatment and prognosis of cancer could be beneficial.

In the present study, the expression and molecular func-
tion of miR‑7 in human thyroid cancer was investigated. The 
results presented in this study reveal that miR‑7 is down-
regulated in human thyroid cancer tissues and cells. miR‑7 
expression levels were also observed to be associated with 
thyroid cancer tumor stage. In addition, ectopic expression 
of miR‑7 suppressed thyroid cancer cell proliferation, migra-
tion and invasion. Moreover, p21‑activated kinase 1 (PAK1) 
was identified as a novel miR‑7 target. Silencing of PAK1 
in thyroid tumor cell lines was observed to confer a similar 
phenotypic effect on cell growth, migration and invasion as 
ectopic expression of miR‑7. Ultimately, these results suggest 
that miR‑7 may function as a tumor suppressor by regulating 
cell growth, migration and invasion via direct targeting of 
PAK1, and should therefore be investigated as a novel putative 
target for the treatment of thyroid cancer.

Materials and methods

Clinical specimens. A total of 32 human PTC tissue pairs, 
matched normal adjacent tissues (NATs) and six normal thyroid 
tissue samples, were collected from Tianjin Medical University 
Cancer Institute and Hospital (Tianjin, China). This study 
was approved by Tianjin Medical University Cancer Institute 
and Hospital's Protection of Human Subjects Committee and 
written informed consent was also obtained from all patients 
with thyroid cancer. Patients included in the present study had 
not received chemotherapy or radiotherapy prior to surgery. 
Tissue samples were immediately snap frozen in liquid nitrogen 
following surgery and stored at ‑80˚C until required.

Cell culture and transfection. Human PTC cell lines, TPC‑1 
and HTH83, were purchased from the Shanghai Institute of 
Biochemistry and Cell Biology (Shanghai, China). Cell lines 
were maintained in Dulbecco's modified Eagle's medium 
(DMEM) with 10% (v/v) fetal bovine serum (FBS), 100 IU/ml 
penicillin and 100 µg/ml streptomycin (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) in a humidified 5% (v/v) 
CO2 cell incubator at 37˚C.

Mature miR‑7 mimics, negative controls (NC), PAK1 small 
interfering RNA (siRNA), NC siRNA and luciferase reporter 
plasmids were synthesized and obtained from Shanghai 
GenePharma Co., Ltd., (Shanghai, China). Cells were seeded 
onto a 6‑well plate and cultured in complete DMEM without 
antibiotics. Transfections and co‑transfections were performed 
when cells had reached 30‑40% confluence using Lipo-
fectamine 2,000 (Invitrogen; Thermo Fisher Scientific, Inc., 
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from human PTC tissues, NATs, normal thyroid tissue 
samples, TPC‑1 cells and HTH83 cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. For detection of miR‑7 expression, 
reverse transcription was performed using the M‑MLV Reverse 
Transcription system (Promega Corporation, Madison, WI, 

USA). Following, reverse transcription, qPCR was performed 
using SYBR green I mix (Takara Biotechnology Co., Ltd., 
Dalian, China) according to the manufacturer's instructions. 
Each sample was analyzed in triplicate. U6 small nuclear RNA 
(snRNA) and glyceraldehyde 3‑phosphate dehydrogenase 
(GADPH) were used as internal controls. All primers were 
obtained from Guangzhou RiboBio Co., Ltd. (Guangzhou, 
China). Gene expression was quantified using the 2‑ΔΔCq 
method.

MTT assay. Analysis of cell growth was achieved using 
the MTT assay. At 24 h following transfection, cells were 
seeded on 96‑well plates at 3,000 cells/well. The MTT assay 
was performed at 24, 48, 72 and 96 h. Briefly, 20 µl MTT 
(5 mg/ml; Sigma‑Aldrich, St. Louis, MO, USA) was added 
into each sample. The 96‑well plates were then incubated 
at 37˚C for 4  h. Cell culture medium was subsequently 
removed and formazan precipitates were dissolved in 200 µl 
dimethylsulfoxide. A microplate reader (Model 550; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) was used to read 
the absorbance at 490  nm for each sample. Suppression 
rate was calculated using the following formula: Suppres-
sion rate = (1‑A490miR‑7/A490NC) x100%. Experiments were 
performed in triplicate.

Cell migration and invasion assay. In vitro cell migration and 
invasion assays were performed using Transwell® chambers 
(Corning, Inc., Corning, NY, USA). For the migration assay, 
4x104 transfected cells cultured in 200 µl DMEM without FBS, 
were added into the top chamber. For the invasion assay, 4x104 

transfected cells in 200 µl DMEM without FBS were placed 
into the top chamber coated with Matrigel (BD Biosciences, 
Franklin Lakes, CA, USA). For both assays, 500 µl DMEM 
containing 20% FBS was then added to the lower chamber as a 
chemo‑attractant. Following 24 h incubation, cells were fixed 
with 100% methanol (Beyotime Institute of Biotechnology, 
Haimen, China) and stained with 0.5% crystal violet (Beyo-
time Institute of Biotechnology). Cells that had not migrated or 
invaded through the 8‑µm pores, were removed carefully with 
a cotton swab. For every sample, five fields (magnification, 
x200) were imaged at random using an inverted microscope 
(Olympus Corporation, Tokyo, Japan). Experiments were 
performed in triplicate.

Targeting of miR‑7. TargetScan (http://www.targetscan.org) 
software program was used to search for miR‑7 target genes.

Western blot analysis. Goat anti‑human PAK1 (sc‑31685) and 
mouse anti‑human GADPH primary antibodies (sc‑166574) 
were obtained from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA). At 72 h following transfection, cells were washed 
with phosphate‑buffered saline (PBS) and lysed in radioim-
munoprecipitation assay (RIPA) lysis buffer (Beyotime 
Institute of Biotechnology). Equal quantities of protein were 
separated using 10% sodium dodecyl sulphate‑polyacrylamide 
gel electrophoresis and electroblotted onto polyvinylidene 
fluoride membranes (EMD Millipore, Billerica, MA, USA). 
Membranes were blocked in PBS containing 0.1% Tween® 

20 (Beyotime Institute of Biotechnology) and 5% non‑fat dry 
milk. The membranes were then probed with PAK1 (1:1,000) 
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or GADPH (1:1,000) primary antibody for an overnight incuba-
tion at 4˚C. Corresponding secondary antibodies (sc‑2354 for 
PAK1; sc‑2005 for GADPH; Santa Cruz Biotechnology, Inc.) 
were then added followed by incubation at 1:1,000 dilution 
in Tris‑buffered saline with Tween® 20. Protein bands were 
detected using enhanced chemiluminescence solution (Pierce 
Biotechnology, Inc., Rockford, IL, USA) and band intensities 
were quantified using the FluorChem imaging system (alpha 
innotec, GmbH, Kasendorf, DE).

Dual‑luciferase reporter assay. Dual‑luciferase reporter 
assays were performed to determine whether PAK1 was a 
direct target of miR‑7. For miRNA target validation, cells were 
transfected with miR‑7 mimics or NC, and co‑transfected with 
PGL3‑PAKl‑3'‑UTR wild‑type (wt) or PGL3‑PAKl‑3'‑UTR 
mutant (mut) in three independent experiments. At 48  h 
following transfection, firefly and Renilla luciferase activities 
were detected with the Dual‑Luciferase Reporter assay system 
(Promega Corporation). Renilla luciferase activity was used as 
an internal control.

Statistical analysis. Data were presented as the mean ± stan-
dard deviation. and analyzed using SPSS software (version 
17.0; SPSS, Inc., Chicago, IL, USA). Differences were consid-
ered significant if P‑values were <0.05.

Results

PTC tissues and cell lines express lower levels of miR‑7 
compared with normal thyroid tissues. The expression of 
miR‑7 in PTC tissues, matched NATs, normal thyroid tissues 
and PTC cell lines was determined using RT‑qPCR. As shown 
in Fig. 1A, miR‑7 was significantly downregulated in PTC 
tissues when compared with matched NATs (P=0.015) and 
normal thyroid tissues (P=0.007). Downregulation of miR‑7 
was also observed in TPC‑1 and HTH83 cells compared 
with normal thyroid tissues ((P=0.010 for TPC‑1; P=0.012 
for HTH83). These results suggest that miR‑7 may play 
tumor‑suppressive role in PTC.

Association between miR‑7 expression and thyroid tumor 
stage. In order to investigate an association between miR‑7 
expression and thyroid tumor stage, statistical analysis was 
performed. Patients with thyroid cancer were divided into 
early‑stage (T1 and T2) and advanced‑stage (T3 and T4) 
groups. The expression levels of miR‑7 in early‑stage (P=0.025; 
Fig. 2A) and advanced‑stage (P=0.005; Fig. 2B) groups were 
significantly lower than NATs and normal thyroid tissues. In 
addition, miR‑7 expression in the advanced‑stage group was 
significantly downregulated compared with the early‑stage 
group (P=0.034; Fig. 2C). These results suggest that lower 
levels of miR‑7 expression are associated with increased 
thyroid tumor stage.

miR‑7 suppresses TPC‑1 and HTH83 cell proliferation. To 
investigate the role of miR‑7 in TPC‑1 and HTH83 cells, 
miR‑7 and NC miRNA mimics were transfected into TPC‑1 
and HTH83 cells. At 48 h following transfection, total cell 
RNA was extracted and RT‑qPCR was performed to analyze 
the expression of miR‑7. As shown in Fig. 3A, miR‑7 was 

significantly upregulated in TPC‑1 and HTH83 cells trans-
fected with miR‑7 mimics compared with controls (P=0.001).

The MTT assay was selected to investigate the effect of 
miR‑7 on cell proliferation. As shown in Fig. 3, upregulation 
of miR‑7 significantly inhibited cell proliferation of TPC‑1 
(P=0.018) and HTH83 (P=0.031) cells when compared with 
controls. This provides further support to the hypothesis that 
miR‑7 functions as a tumor suppressor in human thyroid 
cancer.

miR‑7 suppresses TPC‑1 and HTH83 cell migration and inva‑
sion. The next aim of the study was to investigate the role of 
miR‑7 on TPC‑1 and HTH83 cell migration and invasion. As 
shown in Fig. 4A and B, miR‑7‑transfected TPC‑1 and HTH83 
cells demonstrated a significant reduction in cell migration 
(P=0.034 and P=0.029, respectively) and invasion (P=0.021 and 
P=0.028, respectively) compared with NC‑transfected cells.

PAK1 is a direct target of miR‑7 in vitro. In order to inves-
tigate the potential mechanism by which miR‑7 regulates 
thyroid cancer cell growth, migration and invasion the online 
TargetScan software program was used to search for miR‑7 
target genes. As shown in Fig. 5A, PAK1 was predicted to be a 
direct target of miR‑7.

Dual‑luciferase reporter assays were performed to confirm 
whether PAK1 was a direct biological target of miR‑7. As shown 
in Fig. 5B, miR‑7 significantly inhibited PGL3‑PAKl‑3'‑UTR 
wt but not PGL3‑PAKl‑3'‑UTR mut luciferase activity in 
TPC‑1 and HTH83 cells (P=0.022 and P=0.026, respectively). 
These results indicate that PAK1 is a direct target of miR‑7 
in vitro.

miR‑7 negatively regulates PAK1 expression at a post‑tran‑
scriptional level. To investigate an association between 
miR‑7 and PAK1 at the mRNA and protein levels, miR‑7 or 
NC miRNA mimics were transfected into TPC‑1 and HTH83 
cells. PAK1 mRNA levels were measured using RT‑qPCR 
and protein expression was determined using western blot 
analysis. As shown in Fig. 6A, PAK1 mRNA levels were not 
significantly altered following transfection with miR‑7 mimics 
(P=0.715 and P=0.812, respectively). However, western blot 
analysis revealed that the expression of PAK1 was signifi-
cantly downregulated in TPC‑1 and HTH83 cells transfected 
with miR‑7 mimics compared with controls (Fig. 6B, P=0.020 
and P=0.028, respectively). These results suggest that miR‑7 
regulates PAK1 expression at the post‑transcriptional level.

PAK1 is implicated in the effects of miR‑7 on TPC‑1 and 
HTH83 cell growth migration and invasion. To determine 
whether PAK1 functions as a critical mediator of miR‑7 in 
TPC‑1 and HTH83 cell growth, migration and invasion, these 
cells were transfected with PAK1 siRNA and NC siRNA 
to silence PAK1 expression. At 72 h following transfection, 
western blot analysis demonstrated that PAK1 was down-
regulated in TPC‑1 and HTH83 cells transfected with PAK1 
siRNA compared with controls (Fig. 7A, P=0.031 and P=0.027, 
respectively).

As shown in Fig. 7B, treatment of TPC‑1 and HTH83 
cells with PAK1 siRNA significantly inhibited cell growth 
compared with controls (P=0.014 and P=0.029, respectively). 
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In addition, migration and invasion assays revealed that 
PAK1 siRNA markedly suppressed TPC‑1 and HTH83 cells 
migration (P=0.037 and P=0.023, respectively) and invasion 
(P=0.039 and P=0.016, respectively) compared with controls. 
These results demonstrate that reduced PAK1 expression 
confers a similar phenotype as increased miR‑7 expression 
in TPC‑1 and HTH83 cells. Due to the putative interaction 
between miR‑7 and PAK1, it is possible that miR‑7 regulates 
tumor cell growth, migration and invasion through direct 
targeting of PAK1.

Discussion

Over the last decade, accumulating evidence suggests that aber-
rant miRNA expression is a common feature of malignancy, 

including thyroid cancer (20‑22). miR‑7 is an intronic miRNA 
sequence located in the first intron of hnRNPK and PGSF1 
genes on human chromosomes 9 and 19, respectively (23). An 
increasing number of studies have demonstrated that miR‑7 
is downregulated in multiple human tumor types including 
breast cancer  (24), hepatocellular carcinoma (HCC)  (25), 
cervical cancer (26) and colorectal cancer (27). However, to 
date, no study has investigated the expression of miR‑7 in 
thyroid cancer. In the present study, miR‑7 was observed to be 
significantly downregulated in human PTC tissues and PTC 
cell lines. The expression level of miR‑7 was also found to be 
associated with thyroid tumor stage. This suggests that miR‑7 
may play an important role in thyroid cancer progression.

Previous studies have shown that miR‑7 may function as 
a tumor suppressor in multiple tumor types (23‑26,28,29,31). 

Figure 1. miR‑7 is expressed at low levels in PTC tissues and cell lines. (A) miR‑7 expression in PTC tissues was significantly lower than matched NATs 
and normal thyroid tissues. (B) miR‑7 was downregulated in TPC‑1 and HTH83 cell lines compared with normal thyroid tissues.*P<0.05 vs. controls. miR‑7, 
microRNA‑7; PTC, papillary thyroid cancer; NAT, normal adjacent tissue.

Figure 2. miR‑7 expression is associated with thyroid tumor stage. (A) The expression of miR‑7 in early stage thyroid tumors was significantly downregulated 
compared with NATs and normal thyroid tissues. (B) The expression of miR‑7 in advanced stage tumors was lower compared with NATs and normal thyroid 
tissues. (C) miR‑7 expression in advanced stage tumors was downregulated when compared with early stage tumors. *P<0.05 vs. controls. miR‑7, microRNA‑7; 
NAT, normal adjacent tissue.RETRACTED
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miR‑7 was found to be significantly downregulated in human 
cervical cancer, and ectopic expression of miR‑7 was observed 
to inhibit cell metastasis and invasion by targeting focal 
adhesion kinase (FAK) (26). In human breast cancer cells, 
miR‑7 decreased cell proliferation, migration, invasion and 

induced apoptosis through targeting proteasome activator 
subunit 3 and FAK (24,28). Lee et al (23) also observed that 
miR‑7 increased the radiosensitivity of breast cancer cells 
with activated epidermal growth factor receptor‑associated 
signaling. In human HCC, miR‑7 suppressed cell growth, 
motility and caused cell cycle arrest in G1 through targeting 
the phosphoinositide 3‑kinase (PI3K)/Akt pathway and cyclin 
E1 (CCNE1) (25,29). Previous studies also demonstrated that 
miR‑7 inhibits glioma cells growth, glucose metabolism, 
migration, invasion and tumorigenesis by targeting focal adhe-
sion kinase, insulin‑like growth factor 1, eukaryotic translation 
initiation factor 5A, annexin A4, PI3K/ATK and Raf/MEK/
ERK pathways (30‑33). These results suggest that miR‑7 plays 
an important tumor suppressive role in these cancer types, and 
may therefore serve as a potential therapeutic target for the 
treatment of these cancers.

To date, numerous studies have provided evidence to 
suggest that miR‑7 functions as a tumor suppressor; however, 
others have reported that miR‑7 may play an oncogenic role in 
certain tumor types (34). miR‑7 expression was observed to 
be upregulated in lung cancer compared with NATs, and was 
negatively correlated with disease‑free survival. Moreover, 
miR‑7 promoted cell growth and tumor formation by targeting 
the ERF tumor suppressor (35). Consistent with these results, 
miR‑7 was observed to be upregulated in renal cell carcinoma, 
and downregulation of miR‑7 decreased cell growth, migration 
and induced apoptosis (36). These conflicting observations 

Figure 3. miR‑7 expression inhibits thyroid cancer cell growth. (A) miR‑7 
was upregulated in TPC‑1 and HTH83 cell lines following transfection with 
miR‑7 or NC mimics. (B) miR‑7 significantly suppresses TPC‑1 and HTH83 
cell growth as determined using the MTT assay. *P<0.05 vs. controls. miR‑7, 
microRNA‑7; NC, negative control. 

Figure 4. miR‑7 expression inhibits thyroid cancer cell migration and inva-
sion. (A) miR‑7 significantly suppresses the migration of TPC‑1 and HTH83 
cells. (B) miR‑7 significantly inhibits TPC‑1 and HTH83 cell invasion. Cell 
migration and invasion assays were performed using Transwell® chambers 
(stain, crystal violet; magnification, x200). *P<0.05 vs. controls. miR‑7, 
microRNA‑7. 

Figure 5. PAK1 is a direct target of miR‑7 in  vitro. (A)  TargetScan 
results demonstrating that PAK1 contains a miR‑7 seed match at position 
294‑317 of the PAK1 3'‑UTR. (B) Dual‑luciferase reporter assay revealed 
that miR‑7 significantly inhibits the PGL3‑PAK1‑3'‑UTR wt but not the 
PGL3‑PAK1‑3'‑UTR mut luciferase activity in TPC‑1 and HTH83 cells. 
*P<0.05 vs. controls. PAK1, p21‑activated kinase 1; miR‑7, microRNA‑7; 
UTR, untranslated region; wt, wild‑type; mut, mutant.
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suggest that miR‑7 has a tumor and tissue‑specific expression 
pattern and function. In the present study, we demonstrate 
that miR‑7 inhibits thyroid cancer cell proliferation, migration 
and invasion, which provides additional information about the 
functional role of miR‑7 in human cancer.

Identification of miR‑7 target genes is important for under-
standing its role in tumorigenesis and tumor progression. It 
is also important for developing novel targeted therapies. In 
the present study, an important functional link between miR‑7 
and PAK1 was identified in thyroid cancer. The TargetScan 
online software tool predicted that PAK1 was a direct target 
gene of miR‑7. Using a dual‑luciferase reporter assay, we 
then confirmed that miR‑7 targets the PAK1 3'‑UTR directly 
in vitro. RT‑qPCR and western blot analysis revealed that 
miR‑7 does not affect PAK1 mRNA stability, but decreases 
PAK1 expression at the post‑transcriptional level. Knockdown 
of PAK1 also significantly inhibited thyroid cancer cell prolif-
eration, migration and invasion. PAK1 was therefore thought 
to be involved in miR‑7‑induced effects in TPC‑1 and HTH83 
cells. These results suggest that miR‑7 may play a tumor 
suppressive role in thyroid cancer initiation and progression 
by targeting PAK1 directly.

In 1994, Manser et al  (37) discovered PAKs during a 
screen for novel proteins that interact with small rho‑like G 

proteins. PAKs have a common molecular weight of 21 kDa, 
and are known collectively as p21 proteins. In humans and 
other mammals, PAKs are a class of non‑receptor serine/
threonine kinases with six known isoforms (PAK 1‑6) (38). 
Based on their sequences and functional similarities, PAKs 
have been classified into two groups: Group I (PAK1, PAK2 
and PAK3) and group II (PAK4, PAK5 and PAK6) (39). PAKs 
have been observed to play important roles in physiological 
processes including motility, survival, mitosis, transcription 
and translation (40,41). PAK1 has been demonstrated to be a 
key regulator of cancer‑related signaling pathways (39). An 
increasing number of studies have also identified an associa-
tion between PAK1 expression and tumor progression, which 
suggests that PAK1 may be a promising diagnostic and thera-
peutic target for cancers (42‑46). In thyroid cancer, PAK1 

Figure 6. miR‑7 negatively regulates PAK1 expression at the post‑transcrip-
tional level. (A) No difference in PAK1 mRNA levels were observed between 
TPC‑1 and HTH83 cells transfected with miR‑7 and NC mimic miRNAs. 
(B) TPC‑1 and HTH83 cells transfected with miR‑7 mimics exhibited signifi-
cantly decreased PAK1 protein expression compared with NC cells. *P<0.05 
vs. controls. miR‑7, microRNA‑7; PAK1, p21‑activated kinase, NC, negative 
control. 

Figure 7. Effects of PAK1 in TPC‑1 and HTH83 cells. (A) Western blot 
analysis revealed that PAK1 protein expression was downregulated in TPC‑1 
and HTH83 cells transfected with PAK1 siRNA. (B) TPC‑1 and HTH83 cells 
transfected with PAK1 siRNA exhibited significantly decreased cell prolif-
eration compared with cells transfected with NC siRNA. (C) PAK1 siRNA 
significantly inhibited TPC‑1 and HTH83 cell migration. (D) Inhibition of 
PAK1 significantly suppressed TPC‑1 and HTH83 cell invasion. *P<0.05 vs. 
controls. PAK1, p21‑activated kinase; siRNA, small‑interfering RNA; NC, 
negative control. RETRACTED
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has been observed to be upregulated in the invasive fronts of 
human thyroid cancer tissues. Moreover, functional studies 
have revealed that PAK1 is involved in cell migration and 
metastasis (47,48). Therefore, PAK1 may represent a novel 
anti‑cancer target for the treatment of thyroid cancer and 
requires further investigation. In the present study, we identi-
fied miR‑7 as a negative regulator of PAK1 expression, which 
functions to decrease thyroid cancer cell growth, migration 
and invasion. Therefore, the use of miR‑7 as a target of PAK1 
in thyroid cancer treatment, should be investigated in future 
studies.

In conclusion, the results of the present study indicate that 
miR‑7 is downregulated in thyroid cancer tissue samples and 
cell lines compared with normal thyroid tissue samples. An 
association between miR‑7 and tumor stage was also identi-
fied. The results presented provide evidence to suggest that 
miR‑7 inhibits thyroid cancer cell proliferation, migration 
and invasion via the direct targeting of PAK1. miR‑7 should 
therefore be investigated as a potential target for the treatment 
of thyroid cancer. Further studies will be required to deter-
mine the efficacy of miR‑7 as an anti‑cancer target for thyroid 
cancer treatment.
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