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Abstract. MicroRNAs (miRs) are a group of short, endog-
enous, non‑protein‑coding and single‑stranded RNAs that 
regulate gene expression by binding to the 3'‑untranslated 
region (3'UTR) of mRNAs, which results in their degradation 
or translational repression. The aim of the present study was to 
investigate the expression and function of miR‑335 in human 
papillary thyroid cancer (PTC). Reverse transcription‑quanti-
tative polymerase chain reaction (RT‑qPCR) was performed 
to quantify the relative miR‑335 expression levels in PTC 
tissues and cell lines. The effect of miR‑335 on the prolif
eration, migration and invasion of PTC cells was assessed by 
an MTT assay, and transwell migration and invasion assays, 
respectively. Dual‑luciferase reporter assays were employed to 
explore whether miR‑335 directly targeted the 3'UTR of the 
potential target gene zinc finger E‑box binding homeobox 2 
(ZEB2). RT‑qPCR and western blotting were adopted to assess 
the effect of miR‑335 on the mRNA and protein expression of 
ZEB2. RT‑qPCR revealed that miR‑335 was downregulated 
in PTC tissues and cell lines. The MTT assay and transwell 
migration and invasion assays demonstrated that the overex-
pression of miR‑335 significantly inhibited the proliferation, 
migration and invasion of PTC cells. ZEB2 was identified as 
a direct target of miR‑335 with computational analysis, which 
was confirmed with a dual‑luciferase reporter assay, RT‑qPCR 
and western blotting. The knockdown of ZEB2 significantly 
inhibited the proliferation, migration and invasion of PTC cells, 
indicating that ZEB2 may be a functional target of miR‑335. 
Taken together, these findings suggested that miR‑335 func-
tioned as a tumor suppressor and suppressed the growth and 
metastatic behavior of PTC cells by targeting ZEB2.

Introduction

Thyroid cancer is the most common subtype of endocrine 
malignancy, with 300,000 new cases per year, and ~40,000 
mortalities per year, worldwide (1). The incidence of thyroid 
cancer has increased in recent decades (2). It can be categorized 
into four major histologic groups, including papillary thyroid 
cancer (PTC), follicular thyroid cancer, poorly differentiated 
carcinoma and anaplastic thyroid cancer (3). PTC accounts for 
80‑90% of all thyroid cancer cases (4).

A number of factors have been demonstrated to be 
associated with PTC progression, including genetic factors, 
environmental exposure, epigenetic alteration, nodular disease 
of the thyroid and radiation exposure (5,6). The prognosis of 
PTC patients is associated with their age, tumor size, lymph 
node invasion and distant metastasis  (7). Currently, the 
standard therapeutic treatment for PTC is complete thyroid-
ectomy followed by radioiodine and levothyroxine therapy (8). 
However, ~10% of patients with PTC develop recurrence and 
metastasis, which are associated with poor prognosis (9). Thus, 
it is necessary to characterize the molecular mechanisms of 
PTC initiation and development, and to develop novel, targeted 
therapies for PTC.

The abnormal expression of microRNAs (miRNAs/miRs) 
has been implicated in the pathogenesis of numerous tumor 
types, including PTC (10‑12). miRNAs are a group of short, 
endogenous, non‑protein‑coding and single‑stranded RNA 
molecules 18‑25 nucleotides in length  (13). They function 
as negative regulators for target mRNA expression through 
binding to the 3'‑untranslated region (3'UTR) of mRNAs in a 
base‑pairing manner, resulting in mRNA degradation or trans-
lational repression (14‑17). miRNAs have been demonstrated to 
serve a crucial function in various biological processes, including 
cell growth, cell cycle, development, differentiation, metabolism 
and metastasis (18‑21). The expression of specific miRNAs may 
be upregulated in particular types of cancer and downregulated 
in others; this conflicting observation is predominantly a result 
of differences in the mechanisms of oncogenesis between tumor 
types (22,23). Upregulated miRNAs in cancer act as oncogenes 
by negatively regulating tumor suppressor genes, whereas 
downregulated miRNAs act as tumor suppressors via the 
blockade of oncogenes in tumor progression (24,25). Therefore, 
identifying the targets of miRNAs is essential for understanding 
the functions of miRNAs in cancer.
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In the present study, it was demonstrated that miR‑335 
was significantly downregulated in PTC tissue and cell lines. 
In addition, it was identified that miR‑335 inhibited PTC cell 
growth, migration and invasion in vitro. miR‑335 may act as 
a tumor suppressor in PTC by targeting zinc finger E‑box 
binding homeobox 2 (ZEB2). Taken together, the present study 
revealed a novel perspective on how miR‑335 affects PTC.

Materials and methods

Human tissue specimens and ethics. The present study 
was approved by the research ethics committee of Henan 
Provincial People's Hospital (Zhengzhou, China). Written 
informed consent was obtained from the patients with PTC 
recruited into the study. A total of 59 pairs of human PTC 
tissues and adjacent normal tissues (NATs) were obtained 
from Henan Provincial People's Hospital between June 2013 to 
February 2015. All patients (21 male and 38 female; age range, 
32‑77 years; mean age, 53 years) enrolled in the study had not 
received any preoperative treatments, including radiotherapy, 
chemotherapy and levothyroxine, prior to the thyroidectomy. 
The tissue samples were immediately snap‑frozen in liquid 
nitrogen and stored at ‑80˚C until use.

Cell culture. The human PTC cell lines (TPC‑1, HTH83, K1 
and BCPAP) and normal human thyroid cell line (HT‑ori3) 
were purchased from American Type Culture Collection 
(ATCC; Manassas, VA, USA). Although K1 cells are 
contaminated with GLAG‑66 (26), the resulting phenotypic 
and genotypic differences between K1 and GLAG‑66 cells 
were considered unlikely to affect the outcome of the present 
study. 293T cells, used for the luciferase reporter assay, were 
obtained from the Shanghai Institute of Biochemistry and Cell 
Biology (Shanghai, China). All cell lines were maintained in 
RPMI‑1640 or Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 100 IU/ml 
penicillin and 100 µg/ml streptomycin (all Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), in a humidified 
incubator with 5% CO2 at 37˚C.

miRNA/siRNA transfection. Chemically synthesized miRNA 
mimics and siRNA [miR‑335 mimic, negative control (NC), 
ZEB2 siRNA and siRNA‑ctrl] were acquired from Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China). The miR‑335 mimics 
sequence was 5'‑UCA​AGA​GCA​AUA​ACG​AAA​AAU​GU‑3' 
and the NC sequence was 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT‑3'. The ZEB2 siRNA sequence was 5'‑GGA​CAC​AGG​
UUC​UGA​AAC​AdTd​T‑3' and the siRNA‑ctrl sequence was 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. miRNA and siRNA 
transfection were performed using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from tissues and cell lines using the mirVana 
miRNA Isolation kit (Ambion; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. For miR‑335 
expression, the total RNA was reverse transcribed into cDNA 
by using a TaqMan® MicroRNA Reverse Transcription kit 

(cat. no.,  4366596; Applied Biosystems; Thermo Fisher 
Scientific, Inc.). A TaqMan miRNA assay (cat. no., 4324018; 
Applied Biosystems; Thermo Fisher Scientific, Inc.) was 
used for the quantification of miR‑335; U6 was used as an 
internal control for miR‑335 expression. To determine 
ZEB2 mRNA expression, an M‑MLV Reverse Transcription 
system (Promega Corporation, Madison, WI, USA) was used 
for reverse transcription according to the manufacturer's 
protocol, followed by qPCR with SYBR Green Master mix 
(Takara, Biotechnology Co., Ltd., Dalian, China). The ther-
mocycling 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. The primers were designed as follows: miR‑335, 
5'‑AGC​CGT​CAA​GAG​CAA​TAA​CGA​A‑3' (forward) and 
5'‑GTG​CAG​GGT​CCG​AGG​T‑3' (reverse); U6, 5'‑CTC​GCT​
TCG​GCA​GCA​CA‑3' (forward) and 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3' (reverse); ZEB2, 5'‑AGT​CCT​CCC​CAC​ACG​
TGA​GCC‑3' (forward) and 5'‑TGC​GGT​CTG​GAT​CGT​GGC​
TTC‑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). GADPH was used as an internal 
control for ZEB2 mRNA expression. Each sample was 
analyzed in triplicate. The relative expression of miRNA and 
mRNA was analyzed with the 2‑∆∆Ct method (27).

Cell viability assay. Cell viability was evaluated with an MTT 
assay. Cells were seeded into 96‑well plates at a density of 
3,000 cells per well. Subsequent to incubation overnight, cells 
were transfected with miRNA or siRNA. At a range of time 
points subsequent to transfection (24, 48, 72 and 96 h), MTT 
assays were performed. In brief, 20 µl 5 mg/ml MTT solution 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
added to each well. The plates were incubated at 37˚C for an 
additional 4 h. Subsequently, the medium was removed and 
100 µl dimethyl sulfoxide (Sigma‑Aldrich; Merck KGaA) was 
added to each well to dissolve the purple crystal. The absor-
bance at 490 nm was detected using an ELISA plate reader. 
Each sample was analyzed in triplicate.

Transwell migration and invasion assay. The ability of cells 
to migrate and invade was evaluated with transwell chambers 
(Corning Incorporated, Corning, NY, USA) with an 8‑µm pore 
polycarbonate membrane insert. miRNA or siRNA‑transfected 
cells were treated with trypsin/EDTA solution, washed once 
with serum‑free culture medium and re‑suspended in serum‑free 
culture medium. 5x104 cells in 200 µl serum‑free medium were 
seeded into the upper chamber, and 500 µl medium containing 
20% FBS was added into the lower chamber. A cell invasion 
assay was performed with the same procedure, with the excep-
tion that the transwell chamber membranes were pre‑coated with 
Matrigel (BD Biosciences, San Jose, CA, USA). Subsequent to 
incubation at 37˚C for 48 h, cells that migrated or invaded to 
the bottom surface of the transwell chambers were fixed with 
100% methanol at room temperature for 10 min, stained with 
0.5% crystal violet at room temperature for 10 min and washed 
with PBS three times. Cells on the top surface of the transwell 
chamber were removed with a cotton swab. The migration and 
invasion abilities were quantified by counting the number of 
migrated and invaded cells in five fields per transwell chamber, 
using an inverted microscope (x200 magnification; Olympus 
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Corporation, Tokyo, Japan). Each experiment was repeated 
three times.

Western blotting. Total protein was extracted from cells 
using radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology, Haimen, China) containing protease 
inhibitors. Total protein concentration was detected with a 
Bicinchoninic Acid Protein assay kit (Thermo Fisher Scientific, 
Inc.) following the manufacturer's protocol. Equivalent amounts 
of protein (20 µg per lane) were separated via 10% SDS‑PAGE 
and transferred to a polyvinylidene fluoride membrane (EMD 
Millipore, Billerica, MA, USA) using a semidry transfer system 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). Subsequent 
to blocking with 5% skimmed milk in Tris buffered saline with 
Tween‑20 (TBST) at room temperature for 1 h, the membranes 
were probed with the primary antibodies, including monoclonal 
mouse anti‑human ZEB2 (dilution, 1:500; cat. no., sc‑271984) 
and β‑actin (dilution, 1:500; cat. no.,  sc‑47778; both Santa 
Cruz Biotechnology, Dallas, TX, USA) antibodies, overnight 
at 4˚C. Subsequent to washing with TBST three times, the 
membranes were incubated with a goat anti‑mouse horseradish 
peroxidase‑conjugated secondary antibody (dilution, 1:5,000; 
cat. no., sc‑2005; Santa Cruz Biotechnology) at room tempera-
ture for 2 h, followed by development with ECL Plus reagent 
(Pierce; Thermo Fisher Scientific, Inc.). β‑actin was used as an 
internal control. This assay was repeated three times.

Dual‑luciferase reporter assay. TargetScan (http://www 
.targetscan.org/) was used to predict targets of miR‑335. 
Luciferase reporter plasmids, pGL3‑ZEB2‑3'UTR wild type 
(Wt) and pGL3‑ZEB2‑3'UTR mutant (Mut), were synthe-
sised by Shanghai GenePharma Co., Ltd (Shanghai, China). 
For the luciferase reporter assay, 293T cells were seeded 
into 24‑well plates at a density of 1.5x105 cells per well. 
Following incubation overnight, cells were co‑transfected 
with pGL3‑ZEB2‑3'UTR Wt or pGL3‑ZEB2‑3'UTR, and 
miR‑335 or NC, using Lipofectamine 2000. At 48 h post‑trans-
fection, firefly and Renilla luciferase activity were measured 
using a Dual‑Luciferase Reporter assay system (Promega 
Corporation). The Renilla luciferase activity was measured as 
an internal control for each well. The assay was performed in 
triplicate.

Statistical analysis. Data were expressed as the mean ± standard  
deviation, and compared with a Student's t‑test or one‑way 
analysis of variance using SPSS 17 software (SPSS Inc., 
Chicago, IL, USA). Student‑Newman‑Keuls test was used as 
a post hoc test following ANOVA. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑335 is downregulated in PTC tissues and cell lines. 
In order to confirm the association of miR‑335 with PTC, 
miR‑335 expression levels were investigated in PTC tissue and 
matched NATs. RT‑qPCR analysis revealed that miR‑335 was 
significantly downregulated in PTC tissue compared with the 
matched NATs (Fig. 1A; P<0.05).

In addition, the expression levels of miR‑335 in four PTC 
cell lines and a normal human thyroid cell line, HT‑ori3, were 
also quantified. The results indicated that the miR‑335 expres-
sion levels were reduced in the four PTC cell lines relative 
to the expression in HT‑ori3 (Fig. 1B; P<0.05). These results 
suggested that miR‑335 may serve a role in the development 
of PTC.

miR‑335 is upregulated in HTH83 and K1 cells following trans‑
fection with an miR‑335 mimic. miR‑335 expression was the 
lowest in HTH83 and K1 cells. Therefore, HTT83 and K1 cells 
were selected for functional studies. To explore the function 
of miR‑335 in PTC, an miR‑335 mimic or NC was transfected 
into HTT83 and K1 cells. The transfection efficiency was 
assessed with RT‑qPCR. The result indicated that miR‑335 was 
significantly upregulated in HTH83 and K1 cells following 
transfection with an miR‑335 mimic compared with transfec-
tion with the NC (Fig. 2; P<0.05).

Overexpression of miR‑335 suppresses the proliferation, 
migration and invasion of PTC cells. An MTT assay was 
performed to evaluate the effect of miR‑335 on PTC cell 
proliferation. The induced overexpression of miR‑335 in 
HTH83 and K1 cells resulted in a reduced proliferation rate 
compared with the NC groups (Fig. 3A; P<0.05).

The effect of miR‑335 on cell migration and invasion was 
assessed by using transwell migration and invasion assays. The 

Figure 1. miR‑335 is downregulated in PTC tissues and cell lines. (A) miR‑335 levels were relatively low in PTC tissues compared with adjacent tissue samples, 
based on reverse transcription‑quantitative polymerase chain reaction data. (B) miR‑335 was downregulated in PTC cell lines in comparison to normal human 
thyroid HT‑ori3 cells. *P<0.05 compared with the respective controls. miR, microRNA; PTC, papillary thyroid cancer.
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results indicated that the upregulation of miR‑335 decreased 
the migration (Fig.  3B; P<0.05) and invasion (Fig.  3C; 
P<0.05) abilities of HTH83 and K1 cells. Collectively, the 
data suggested that miR‑335 was a regulator of proliferation, 
migration and invasion in PTC cells.

ZEB2 is a direct target of miR‑335. TargetScan was used 
to predict the direct target genes of miR‑335. As illustrated 
in Fig. 4A, the ZEB2 mRNA 3'UTR contained a predicted 
binding site for miR‑335. To explore whether miR‑335 
directly targeted the 3'UTR of ZEB2, a dual‑luciferase 
reporter assay was performed. The luciferase activity was 
significantly reduced in 293T cells co‑transfected with 
ZEB2‑3'UTR Wt and the miR‑335 mimic compared with the 
cells co‑transfected with ZEB2‑3'UTR Mut and the miR‑335 
mimic (Fig. 4B; P<0.05).

To determine whether there was an effect of miR‑335 
expression on ZEB2 expression, HTH83 and K1 cells trans-
fected with miR‑335 mimics were evaluated with RT‑qPCR and 
western blot. RT‑qPCR analysis indicated that the overexpres-
sion of miR‑335 reduced ZEB2 mRNA levels in HTH83 and 
K1 cells (Fig. 4C; P<0.05). The western blot analysis revealed 
that the expression of ZEB2 protein was downregulated in 
miR‑335 mimic‑transfected HTH83 and K1 cells (Fig. 4D; 
P<0.05). Taken together, the results demonstrated that ZEB2 
is a direct target of miR‑335 in PTC.

miR‑335 inhibits the proliferation, migration and invasion 
of PTC cells via the regulation of ZEB2. ZEB2 was demon-
strated to be a direct target of miR‑335 in PTC. Therefore, 
we hypothesized that miR‑335 may have decreased the 
proliferation, migration and invasion of HTH83 and K1 
cells by the downregulation of ZEB2. To confirm this, ZEB2 
siRNA was used to knockdown ZEB2 expression. Following 
transfection, western blot analysis demonstrated that ZEB2 
was significantly downregulated in HTH83 and K1 cells 
(Fig. 5A; P<0.05). The effect of ZEB2 siRNA on the prolifera-
tion, migration and invasion of PTC cells was also measured. 
The results indicated that ZEB2 siRNA significantly 
suppressed cellular proliferation (Fig. 5B; P<0.05), migration 
(Fig. 5C; P<0.05) and invasion (Fig. 5D; P<0.05) compared 
with negative control siRNA groups. These data suggested 
that the overexpression of miR‑335 inhibited the proliferation, 

migration and invasion of PTC cells at least partially by the 
knockdown of ZEB2 expression.

Discussion

It has previously been demonstrated that alterations in the 
expression of miRNAs occur in a large variety of tumor types 
in humans (28). There may be a connection between the func-
tions of miRNAs and carcinogenesis, which is supported by 
investigations of the expression and functions of miRNAs in 
cancer tissue specimens (29). In the present study, it was iden-
tified that that miR‑335 was significantly downregulated in 
PTC tissues and cell lines compared with matched NATs and 
normal thyroid cells, respectively. Functional studies revealed 
that miR‑335 may have functioned as a tumor suppressor in 
PTC cells, as its expression was associated with the inhibition 
of cell growth, migration and invasion. In addition, ZEB2 was 
identified as a direct target gene of miR‑335 in PTC. These 
results suggest that miRNA‑335 may be a candidate in the 
therapy of patients with PTC.

miR‑335, located at 7q32.2, has also been demonstrated as 
a tumor suppressor in other types of cancer. For example, the 
overexpression of miR‑335 was observed to suppress breast 
cancer cell proliferation, cell cycle progress, colony formation 
and cell invasion through the negative regulation of Paired 
box 6 (30). Xu et al (31) reported that the expression level of 

Figure 3. miR‑335 overexpression inhibits the proliferation, migration and 
invasion of HTH83 and K1 cells. The upregulation of miR‑335 significantly 
inhibited the (A) proliferation, (B) migration and (C) invasion of HTH83 
and K1 cells, as determined by an MTT assay and transwell migration and 
invasion assays, respectively *P<0.05 compared with NC. miR, microRNA; 
NC, negative control.

Figure 2. miR‑335 is upregulated in HTH83 and K1 cells following transfec-
tion with an miR‑335 mimic. *P<0.05 compared with NC. miR, microRNA; 
NC, negative control.
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miR‑335 was relatively low in gastric cancer tissues, and that 
a low miR‑335 expression level was correlated with lymph 
node metastasis, an advanced pT and pN stage, and the inva-
sion of lymphatic vessels. The upregulation of miR‑335 may 
have inhibited gastric  cancer cell invasion and metastasis 
in  vitro and in vivo  by directly targeting SP1, as well as 
acting indirectly through the Bcl‑W‑induced phosphoinositide 
3‑kinase‑Akt‑SP1 pathway  (31).  The reduced expression 
of  miR‑335  was also identified in human prostate cancer 
tissues and cell lines; miR‑335 expression level was associated 
with a high Gleason Score, advanced clinical stage and metas-
tasis in patients with prostate cancer (32). Enforced miR‑335 
expression decreased the growth and metastatic characteristics 
of prostate cancer cells in vitro (32). Sun et al (33) identified 
that miR‑335 was downregulated in more invasive colorectal 
cancer tissues and cell lines. Kaplan‑Meier survival analysis 
suggested that colorectal cancer tumors with a low miR‑335 
expression level were associated with a reduced overall survival 
time. Furthermore, the upregulation of miR‑335 suppressed 
cancer cell migration and invasion in vitro and metastasis 
to the lung and liver in vivo via the inhibition of ZEB2 (33). 
These findings indicated that miR‑335 may serve as a potential 
therapeutic target in the treatment of these cancers.

Studies have also indicated that miR‑335 is upregulated 
in meningioma  (34) and glioma  (35) tumors. The ectopic 
expression of miR‑335 promoted cell growth and prevented 
cell cycle arrest in the G0/G1 phase through directly targeting 
the Rb1 signaling pathway in meningioma (34). Jiang et al (35) 
identified that a relatively high miR‑335 expression level 
was associated with advanced tumor progression in glioma. 
Furthermore, miR‑335 expression was verified for the first 
time as an independent prognostic marker for predicting the 
clinical outcome of patients with glioma (35). These results 
appear to be conflicting, as miR‑335 was demonstrated as an 
oncogene in certain types of cancer and a tumor suppressor in 
others. This contradiction may be explained by the ‘imperfect 
complementarityʼ of the interactions between miRNAs and 
target mRNAs (36).

The identification of cancer‑specific miRNAs and their 
target genes may provide therapeutic targets for PTC. To 
investigate the molecular mechanism of miR‑335 in PTC, 
bioinformatics analysis was performed to predict potential 
target genes. ZEB2 was predicted as a target gene for miR‑335. 
To determine whether miR‑335 directly targets ZEB2, a 
dual‑luciferase reporter assay was performed; it was revealed 
that miR‑335 significantly decreased the luciferase activity 

Figure 4. ZEB2 is a direct target of miR‑335 in PTC. (A) The miR‑335 binding site in the 3'UTR of ZEB2, and the ZEB2‑3'UTR Mut sequence. (B) Luciferase 
activity was detected in 293T cells following co‑transfection with the ZEB2‑3'UTR Wt or ZEB2‑3'UTR Mut with an miR‑335 mimic or NC. (C) Reverse 
transcription‑quantitative polymerase chain reaction was performed to determine ZEB2 mRNA expression levels in HTH83 and K1 cells. (D) Western blotting 
was performed to assess ZEB2 protein expression levels in HTH83 and K1 cells. *P<0.05 compared with NC. ZEB2, zinc finger E‑box binding homeobox 2; 
miR, microRNA; PTC, papillary thyroid cancer; 3'UTR, 3'‑untranslated region; Mut, mutant; Wt, wild‑type; NC, negative control.
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of cells transfected with ZEB2‑3'UTR Wt compared with 
cells transfected with ZEB2‑3'UTR Mut. The upregulation of 
miR‑335 suppressed the mRNA and protein expression levels 
of ZEB2 in PTC cells. The effect of ZEB2 siRNA in PTC 
cells was similar to the effect of miR‑335, which suggested 
that ZEB2 may be a functional target of miR‑335 in PTC.

ZEB2, a member of the zinc finger family, functions as a 
transcriptional repressor of E‑cadherin (37). ZEB2 has been 
identified as upregulated in various types of human cancer, 
including breast, gastric, head and neck, hepatocellular, ovarian 
and non‑small cell lung carcinoma, and glioma (38‑44). ZEB2 
was previously identified as upregulated in PTC cell lines 
compared with normal thyroid cancer cells (45). ZEB2 was 

also previously identified as contributing to thyroid cancer 
migration and invasion (3). In the present study, it was demon-
strated that the downregulation of ZEB2 significantly inhibited 
the growth, migration and invasion of PTC cells. These results 
indicate that ZEB2 may require scrutiny as a potential target 
for the inhibition of PTC growth and metastasis.

In conclusion, miR‑335 was downregulated in PTC tissue 
samples and cell lines compared with matched NATs and 
normal thyroid cells, respectively. The overexpression of 
miR‑335 suppressed the proliferation, migration and invasion 
of PTC cells. Furthermore, ZEB2 may be a functional target of 
miR‑335 in PTC. All the results obtained in the present study 
suggest that miR‑335 may serve as a tumor suppressor gene in 
the tumorigenesis and progression of PTC. The upregulation 
of miR‑335 may be a novel potential therapeutic strategy in the 
treatment of patients with PTC.
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