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MicroRNA-873 inhibits the progression
of thyroid cancer by directly targeting ZEB1
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Abstract. Recent evidence has revealed that certain
microRNAs (miRNAs) are dysregulated in thyroid cancer
(TC), which has been associated with the pathogenesis and
development of TC. Therefore, improved understanding of
the detailed roles of miRNAs that are aberrantly expressed in
TC may aid the development of valuable therapeutic methods
for the management of patients with this malignancy. In this
study, miRNA-873-5p (miR-873) expression in TC tissues and
cell lines was detected by reverse-transcription quantitative
polymerase chain reaction (RT-qPCR). MTT and cell invasion
assays were performed to investigate the effects of miR-873
overexpression on TC cell proliferation and invasion in vitro.
Bioinformatics analysis, luciferase reporter assay, RT-qPCR
and western blot analysis were employed to evaluate whether
zinc finger E-box-binding homeobox 1 (ZEBI) is a direct
target of miR-873 in TC cells. The present study reported
that miR-873 was weakly expressed in human TC tissues and
cell lines. Functionally, miR-873 overexpression suppressed
TC cell proliferation and invasion in vitro. Mechanistically,
ZEBI1 was predicted to be a putative target of miR-873.
In addition, miR-873 was proposed to directly bind to the
3'-untranslated region of ZEBI and decrease its expression in
TC cells at the mRNA and protein levels. Furthermore, ZEB1
expression was significantly upregulated in TC tissues and
negatively correlated with miR-873 expression. Furthermore,
ZEBI restoration partially reversed the suppressive effects of
miR-873 overexpression on TC cell proliferation and inva-
sion. These results demonstrated that miR-873 may serve
tumour-suppressive roles in the progression of TC, and its
suppressive effects could be mediated by the inhibition of
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ZEBI. Therefore, miR-873 may be a valuable therapeutic
target in the management of patients with TC.

Introduction

Thyroid cancer (TC) is one of the most common types of
endocrine tumour with a rapidly increasing morbidity rate
in the last several decades (1). Based on its histology, TC can
be divided into four subtypes, including papillary, follicular,
medullary and anaplastic TCs (2). Papillary TC is the most
common subtype of thyroid cancer and accounts for ~85-90%
of all TC cases (3). Surgical resection together with radioiodine
and thyroid-stimulating hormone inhibition therapy remains
as the main treatment for patients with TC (4). The majority
of TC patients exhibit satisfactory treatment outcomes;
however, the prognosis of TC patients with local recurrence
or distant metastasis is markedly poor (5,6). Unfortunately,
the mechanisms underlying the relapse and metastasis of TC
remain largely unknown. Therefore, understanding of the
mechanisms of the initiation and progression of TC may aid
the development of effective therapeutic strategies to improve
the prognosis of TC patients at an advanced stage.
MicroRNAs (miRNAs/miRs) are an abundant class of 18-25
nucleotide-long, single-stranded RNA molecules that serve a
critical role in tumourigenesis and tumour development (7).
These molecules can modulate gene expression by promoting
mRNA cleavage and/or inducing translational suppression
by completely or partially complementary binding to the
3'-untranslated regions (3'-UTRs) of their target genes (8). At
present, >2,000 miRNAs have been identified in the human
genome, and these miRNAs have been proposed to regulate
the expression of >30% of all protein-coding genes (9). An
increasing number of studies have reported that the expres-
sion of miRNAs is altered in almost all types of human
malignancy, such as TC (10), hepatocellular carcinoma (11),
breast cancer (12) and gastric cancer (13). The dysregulation of
miRNAs is involved in the oncogenesis of TC, and regulates
numerous pathological behaviours, such as cellular growth,
cycle, apoptosis, metastasis and epithelial-mesenchymal
transition (14-16). Considering their important roles in TC,
miRNAs may be considered as potential novel diagnostic and
therapeutic biomarkers for treating patients with this disease.
miR-873-5p (miR-873) is dysregulated and serves crucial
roles in the pathogenesis and progression of various human
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cancer types (17-20); however, the expression, roles and
molecular mechanism of miR-873 in TC remain unknown.
Therefore, the present study aimed to determine the expression
profile of miR-873 in TC tissues and cell lines, examine
the roles of miR-873 in TC progression and determine the
mechanism underlying the action of miR-873 in TC cells.
The present study revealed that miR-873 is downregulated in
TC, and inhibits TC cell proliferation and invasion by directly
targeting zinc finger E-box-binding homeobox 1 (ZEB1),
suggesting that this miRNA may be a potential therapeutic
agent for the treatment of patients with this malignancy.

Materials and methods

Patients and tissue samples. In total, 35 pairs of tissue
samples, each comprising TC and adjacent normal tissues,
were obtained from patients (16 males, 19 females; age range,
28-63 years) who received surgery at the China-Japan Union
Hospital of Jilin University between May 2016 and April 2017.
All 35 cases were pathologically diagnosed as TC. The TC
tissue samples were classified according to the World Health
Organization standards (21). Of note, 24 of the 35 cases
were classified as low-grade (T1 and T2), and 11 cases were
classified as high-grade (T3 and T4); 9 of the 35 TC patients
were diagnosed with lymph node metastasis. After resec-
tion, all tissue specimens were immediately frozen in liquid
nitrogen and then stored at -80°C. None of the TC patients
had been treated with any preoperative treatment, including
chemotherapy, radiotherapy or thyroid-stimulating hormone
inhibition therapy before surgery. The present study was
approved by the medical ethics committee of the China-Japan
Union Hospital of Jilin University. In addition, written consent
was obtained from all participants.

Cell lines and culture conditions. One normal human thyroid
cell line (HT-ori3) and two human TC cell lines (TPC-1 and
HTHS83) were purchased from the American Type Culture
Collection (Manassas, VA, USA). All cell lines were cultured
in Dulbecco's Modified Eagle's medium (DMEM) containing
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin
mixture (all Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), and grown at 37°C in a 5% CO, humidified
incubator.

Transient transfection. miR-873 mimics and corresponding
negative control mimics (miR-NC) were purchased from
Shanghai GenePharma, Co., Ltd. (Shanghai, China). The
miR-873 mimics sequence was 5'-GCAGGAACUUGUGAG
UCUCCU-3' and the miR-NC sequence was 5'-UUCUCC
GAACGUGUCACGUTT-3'. ZEBIl-overexpressing plasmid
pcDNA3.1-ZEB1 and empty plasmid pcDNA3.1 were chemi-
cally produced by Chinese Academy of Sciences (Changchun,
China). These miRNA mimics (100 pmol) and plasmids
(4 ug) were transfected into cells using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocols. Cotransfection of miRNA
mimics (100 pmol) and plasmid (2 ug) were performed using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). Reverse transcription-quantitative PCR (RT-qPCR)
analysis and MTT assay were performed at 48 h and 24 h
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post-transfection. Cell invasion assay was performed 48 h
after transfection. Cells were collected 72 h after transfection
to perform western blot analysis.

RT-gPCR analysis. Total RNA of the tissue samples or cells
was isolated using TRIzol® (Thermo Fisher Scientific, Inc.) in
accordance with the manufacturer's protocol. For the detection
of miR-873 expression, total RNA was reverse transcribed into
complementary DNA (cDNA) using the TagMan MicroRNA
Reverse Transcription Kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
The expression levels of miR-873 were determined using the
TagMan MicroRNA PCR kit (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The thermocycling conditions were as
follows: One cycle at 50°C for 2 min and at 95°C for 10 min,
followed by 40 cycles of denaturation at 95°C for 15 sec, and
annealing/extension at 60°C for 60 sec. For the quantification
of ZEB1 mRNA expression levels, cDNA was synthesized
from total RNA using the PrimeScript RT Reagent Kit (Takara
Biotechnology Co., Ltd., Dalian, China). ZEB1 mRNA expres-
sion was assessed by PCR amplification using the SYBR
Premix Ex Taq™ Kit (Takara Biotechnology Co., Ltd.). The
thermocycling conditions were as follows: Initial denaturation
at 95°C for 5 min, followed by 40 cycles of 95°C for 30 sec
and 65°C for 45 sec. All reaction was performed using the
Applied Biosystems 7500 real-time PCR system (Thermo
Fisher Scientific, Inc.) and repeated three times. U6 small
nuclear RNA and GAPDH were used for the normalization of
miR-873 and ZEB1 mRNA expression, respectively. Relative
gene expression was analysed using the 2-22““method (22). The
primers were designed as follows: miR-873 forward, 5-GCA
GGAACUUGUGAGUCUCCU-3' and reverse, 5'-AGGAGA
CUCACAAGUUCCUGC-3" U6 forward, 5'"-TTCACGAAT
TTGCGTGTCAT-3' and reverse, 5'-CGCTTCACGAATTTG
CGTGTCAT-3'; ZEBI1 forward, 5-AAGTGGCGGTAGATG
GTA-3' and reverse, 5S"“-TTGTAGCGACTGGATTTT-3'"; and
GAPDH forward, 5-CCCCTTCATTGACCTCAACT-3' and
reverse, 5S'-ATGAGTCCTTCCACGATACC-3..

MTT assay. At 24 h following transfection, cells were seeded
into 96-well plates at a concentration of 3x10° cells/well.
Analysis of cell proliferation was performed using an MTT
assay at four time points: 0, 24, 48 and 72 h after inocula-
tion. In total, 20 pl of MTT solution (5 mg/ml; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) was added into each well
and incubated at 37°C under 5% CO, for another 4 h. The
culture medium was discarded, and 100 ul of dimethyl sulf-
oxide (Sigma-Aldrich; Merck KGaA) was added into each well
to dissolve the formazan precipitates. Finally, the absorbance
was detected at a wavelength of 490 nm using a microplate
reader (BioTek Instruments, Inc., Winooski, VT, USA).

Cell invasion assay. Transwell chambers (8-ym pore size)
coated with Matrigel (BD Biosciences, Franklin Lakes, NY,
USA) were used to investigate cell invasion. Transfected cells
were harvested, suspended in FBS-free DMEM and seeded at
a concentration of 1x10° cells/well into the upper chambers.
The lower chambers were coated with 500 ul of DMEM
containing 20% FBS (Gibco; Thermo Fisher Scientific, Inc.)
to serve as a chemo-attractant. The chambers were incubated
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at 37°C in a 5% CO, humidified incubator for 24 h. At the
end of the incubation, non-invaded cells were gently removed
using a cotton swab. The invaded cells were fixed with 100%
methanol at room temperature for 20 min and stained with
0.1% crystal violet at room temperature for 20 min (both
from Beyotime Institute of Biotechnology, Haimen, China).
The invasive ability of cells was determined by counting the
number of invaded cells under an inverted light microscope
(IX83; magnification, x200; Olympus Corporation, Tokyo,
Japan) in five independent visual fields each chamber.

Bioinformatics analysis. TargetScan (version 7.2; release,
March 2018; http://www.targetscan.org/vert_72/) and
microRNA (release, August 2010; http:/www.microrna.org/
microrna/home.do) were used to predict the putative targets
of miR-873.

Luciferase reporter assay. The wild-type (Wt) and mutant
(Mut) 3'-UTRs of ZEB1 were chemically synthesised
by Shanghai GenePharma Co., Ltd., and cloned into the
pmirGLO luciferase reporter vector (Promega Corporation,
Madison, WI, USA), to form the pmirGLO-ZEBI1-3'-UTR
Wt and pmirGLO-ZEBI1-3'-UTR Mut vectors, respectively.
Cells were inoculated into 24-well plates with an initial
density of 1x10° cells/well, and the cells were co-transfected
with pmirGLO-ZEB1-3'-UTR Wt or pmirGLO-ZEB1-3'-UTR
Mut, and miR-NC or miR-873 using Lipofectamine 2000, in
accordance with the manufacturer's instructions. After 48 h
post-transfection, cells were assayed using the Dual-Luciferase®
Reporter Assay System (Promega Corporation). Firefly
luciferase activity was normalized to that of Renilla.

Protein extraction and western blot analysis. Cells or tissue
samples were lysed in radioimmunoprecipitation assay lysis
and extraction buffer (Thermo Fisher Scientific,Inc.) for 30 min
on ice to obtain protein. The concentration of total protein
was determined using a BCA Protein Assay Kit (Beyotime
Institute of Biotechnology). Equal amounts of protein (30 pg)
was separated by 10% SDS-PAGE and transferred onto poly-
vinylidene fluoride membranes (EMD Millipore, Billerica,
MA, USA) followed by blocking in 5% nonfat milk diluted at
room temperature for 2 h in Tris-buffered saline containing
0.1% Tween-20 (TBST). Afterwards, the membranes were
incubated overnight at 4°C with primary antibodies against
ZEBI (ab181451; 1:1,000 dilution, Abcam, Cambridge, UK)
or GAPDH (ab110305; 1:1,000 dilution, Abcam). On the
following day, the membranes were washed with TBST and
probed with goat anti-mouse horseradish-peroxidase-conju-
gated secondary antibody (ab6789; 1:5,000 dilution, Abcam)
at room temperature for 2 h. The protein signals were visual-
ized using Pierce™ ECL Western Blotting Substrate (Pierce;
Thermo Fisher Scientific, Inc.). GAPDH was used as an
internal control. Quantity One software (version 4.62; Bio-Rad
Laboratories, Inc.) was used for densitometry.

Statistical analysis. Each assay was repeated at least three
times. All data were analyzed using SPPS version 19.0 (IBM
Corp., Armonk, NY, USA). The expression of miR-873
and ZEB1 mRNA in TC was presented as box plots, and a
Mann-Whitney U test was used to analyze these data. The
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Figure 1. miR-873 is downregulated in TC tissues and cell lines. (A) Relative
expression of miR-873 was analysed in 35 pairs of TC and adjacent normal
tissues using RT-gPCR (n=35). "P<0.05. (B) miR-873 expression was deter-
mined in one normal human thyroid cell line (HT-ori3) and two human TC
cell lines (TPC-1 and HTH83) using RT-qPCR. "P<0.05 vs. HT-ori3. miR,
microRNA; TC, thyroid cancer; RT-qPCR, reverse transcription-quantitative
polymerase chain reaction.

top of the box indicated the upper quartile, while the bottom
presented the lower quartile. The central line in the box
indicated the median. In addition, the whiskers indicated the
minimum and maximum data. All other data were expressed
as the mean =+ standard deviation, and differences between
groups were evaluated using a two-tailed Student's t-test or
one-way ANOVA. A Tukey's test was applied as the post hoc
test following ANOVA. Spearman's correlation analysis was
conducted to determine the association between miR-873 and
ZEB1 mRNA expression in TC tissues. P<0.05 was considered
to indicate a statistically significant difference.

Results

miR-873 is downregulated in human TC tissues and cell
lines. RT-qPCR analysis was performed to detect miR-873
expression in 35 pairs of TC and adjacent normal tissues. The
results of RT-qPCR analysis showed that miR-873 was down-
regulated in TC tissues compared with in adjacent normal
tissues (P<0.05; Fig. 1A). To further validate this observation,
the expression of miR-873 was investigated in a normal human
thyroid cell line (HT-ori3) and two human TC cell lines
(TPC-1, and HTHS3). Consistently, the expression levels of
miR-873 were significantly decreased in the TC cell lines than
in HT-ori3 cells (P<0.05; Fig. 1B). These findings suggested
that miR-873 was downregulated in TC tissues and cell lines.

miR-873 inhibits the proliferation and invasion of TC cells.
To determine the roles of miR-873 in TC, TPC-1 and HTHS83
cells were transfected with miR-873 mimics or miR-NC.
miR-873 expression was significantly upregulated in TPC-1
and HTH83 cells following transfection with miR-873 mimics,
as confirmed by RT-qPCR analysis (P<0.05; Fig. 2A). To
examine the effects of miR-873 on cellular proliferation, MTT
assays were conducted to detect the proliferation of TPC-1 and
HTHS3 cells after overexpressing miR-873. Cell proliferation
was significantly reduced in miR-873 mimics-transfected
TPC-1 and HTHS3 cells at 48 and 72 h relative to that of cells
transfected with miR-NC (P<0.05; Fig. 2B). Additionally,
the invasive abilities of TPC-1 and HTH83 cells transfected
with miR-873 mimics or miR-NC were determined via a
cell invasion assay. The results demonstrated that miR-873
overexpression significantly reduced the invasion of TPC-1
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Figure 2. miR-873 overexpression restricts the proliferation and invasion of TPC-1 and HTH83 cells. miR-873 mimics or miR-NC was transfected into TPC-1
and HTHS3 cells. (A) At 48 h post-transfection, transfected cells were subjected to RT-qPCR analysis for the detection of miR-873 expression. "P<0.05 vs.
miR-NC. (B) An MTT assay was performed to measure cell proliferation at various time points. "P<0.05 vs. miR-NC. (C) At 48 h post-transfection, cell inva-
sion was evaluated with a cell invasion assay (magnification, x200). "P<0.05 vs. miR-NC. miR, microRNA; NC, negative control.

and HTHS3 cells compared with the control group (P<0.05;
Fig. 2C). Collectively, the results indicated that miR-873 may
serve inhibitory roles in the progression of TC.

miR-873 decreases ZEBI expression in TC cells by binding to
its 3'-UTR. To understand the mechanisms by which miR-873
inhibited TC cell proliferation and invasion in the present
study, bioinformatics analysis was conducted to predict the
candidate targets of miR-873. ZEBI was predicted as a major
putative target of miR-873 (Fig. 3A) and was closely associ-
ated with the formation and progression of TC (23). Therefore,
ZEBI1 was selected for further experimental confirmation. To
clarify whether miR-873 could bind to the 3'-UTR of ZEBI,
luciferase reporter plasmids were constructed and transfected
into TPC-1 and HTHS3 cells, together with miR-873 mimics
or miR-NC. The results of the luciferase reporter assay indi-
cated that upregulation of miR-873 significantly decreased the
luciferase activities of the plasmid carrying Wt ZEB1 3'-UTR
in TPC-1 and HTHS3 cells compared with the corresponding
miR-NC group (P<0.05); however, the luciferase activity of
the plasmid harbouring Mut ZEB1 3'-UTR was markedly
unaffected (Fig. 3B). To further investigate the regulatory
effects of miR-873 on endogenous ZEB1 expression in TC
cells, TPC-1 and HTHS3 cells were transfected with miR-873
mimics or miR-NC. The expression of ZEB1 mRNA and
protein levels were then determined. RT-qPCR and western
blot analysis showed that miR-873 upregulation significantly
suppressed ZEBI1 expression in TPC-1 and HTHS83 cells at
the mRNA (P<0.05; Fig. 3C) and protein (P<0.05; Fig. 3D)
levels compared with the control. Collectively, these results
suggested that ZEBI may be a direct target gene of miR-873
in TC cells.

ZEBI exhibits an inverse correlation with miR-873 expression
in TC tissues. To further investigate the correlation between
miR-873 and ZEBI1 in TC, we detected ZEB1 expression

in 35 pairs of TC and adjacent normal tissues. Our results
showed that the expression of ZEB1 was upregulated in
TC tissues compared with in adjacent normal tissues at the
mRNA (P<0.05; Fig. 4A) and protein levels (Fig. 4B). Then,
the correlation between miR-873 and ZEB1 mRNA levels was
evaluated using Spearman's correlation analysis. An inverse
correlation between miR-873 and ZEB1 mRNA levels was
observed in TC tissues (r=-0.5275, P=0.0011]; Fig. 4C).

Restoration of ZEBI expression rescues the inhibitory effects
of miR-873 on cell proliferation and invasion in TC. To
investigate whether the inhibitory effects of miR-873 on TC
cell proliferation and invasion were mediated by ZEBI, we
restored ZEB1 expression in miR-873-overexpressing TPC-1
and HTHS3 cells via co-transfection with ZEB1 overexpres-
sion plasmid pcDNA3.1-ZEB1 (P<0.05; Fig. 5A). Functional
assays revealed that restoration of ZEBI expression could
rescue the suppressive effects of miR-873 overexpression
on the proliferation (P<0.05; Fig. 5B) and invasion (P<0.05;
Fig. 5C) of TPC-1 and HTHS3 cells. These results suggested
that miR-873 may exert its tumour-suppressing roles in TC at
least partly by suppressing ZEBI.

Discussion

Previous studies have reported that certain miRNAs are
dysregulated in TC, which is linked with the pathogen-
esis and development of TC (24-26). Therefore, improved
understanding of the detailed roles of miRNAs that are aber-
rantly expressed in TC may aid the development of valuable
therapeutic methods for the management of patients with this
malignancy. The present study demonstrated that miR-873
expression was reduced in both TC tissues and cell lines.
Ectopic miR-873 expression inhibited cell proliferation and
invasion in TC. In addition, ZEB1 was identified as a direct
target gene of miR-873 in TC. Furthermore, ZEB1 was
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Figure 3. miR-873 directly targets ZEB1 in TPC-1 and HTHS83 cells. (A) Predicted Wt binding sites for miR-873 within the 3'-UTR of ZEB1. The mutant
binding sequences were also presented. (B) Luciferase reporter plasmids containing the Wt or Mut miR-873 binding sequences in the 3'-UTR of ZEB1 were
constructed and transfected into TPC-1 and HTHS3 cells along with miR-873 mimics or miR-NC. Luciferase activities were detected at 48 h post-transfection.
“P<0.05 vs. miR-NC. The levels of ZEB1 (C) mRNA and (D) protein were determined in TPC-1 and HTHS3 cells transfected with miR-873 mimics or miR-NC
using reverse transcription-quantitative polymerase chain reaction and western blot analysis, respectively. ‘P<0.05 vs. miR-NC. Hsa, homo sapiens; miR,
microRNA; Mut, mutant; NC, negative control; Wt, wild-type; ZEBI, zinc finger E-box-binding homeobox 1.

upregulated in TC tissues, and negatively correlated with the
expression of miR-873. Additionally, the resumption of ZEB1
expression rescued TC cells from the tumour-suppressive
effects of miR-873 on cell proliferation and invasion. These
results suggested that miR-873 may serve as a potential
therapeutic target for treating patients with TC.

miR-873 was reported to be aberrantly expressed in
several types of human cancer. For example, this miRNA was
downregulated in colorectal cancer tissues and cell lines (17).
Decreased miR-873 expression has been associated with the

tumour stage of patients with colorectal cancer. In addition,
patients with this disease and low miR-873 expression levels
exhibited reduced overall survival rates than those with high
expression levels (17). miR-873 was determined to be downreg-
ulated in gastric cancer tissues and cell lines (19,20). Reduced
miR-873 expression strongly correlated with the levels of serum
o fetal protein, tumour size and, tumour-node-metastasis stage
of patients with gastric cancer (20). miR-873 downregulation
was also reported in breast cancer (18), glioblastoma (27)
and ovarian cancer (28); however, miR-873 was upregulated
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in lung adenocarcinoma tissues and cell lines (29). These
conflicting findings indicate the potential tissue specificity of
miR-873 expression in human malignancies, and that miR-873
may serve as a biomarker for the diagnosis and prognosis of
these human specific cancer types.

miR-873 exhibits tumour-suppressive effects in numerous
types of human cancer. For instance, miR-873 suppresses
the proliferation of colorectal cancer cells in vitro (17).
Cui et al (18) reported that miR-873 overexpression inhibits
breast cancer cell proliferation in vitro and tumour growth
in vivo. Cao et al (19) and Chen et al (20) revealed that
resumption of miR-873 expression suppresses cell viability,
promotes cell apoptosis and induces cell cycle arrest in gastric
cancer. Wang et al (27) revealed that miR-873 overexpression
attenuates cell growth and metastasis of glioblastoma in vitro.
Additionally, Wu et al (28) found that miR-873 overexpres-
sion increases the chemosensitivity of ovarian cancer cells to
cisplatin and paclitaxel by enhancing the inhibitory effects
of these drugs on tumour growth. Nevertheless, miR-873
serves oncogenic roles in lung adenocarcinoma by affecting
cell proliferation and migration in vitro (29). These findings
demonstrated that miR-873 exhibits tissue-specific effects
on the biological roles involved in tumourigenesis. These
contradictory results may be explained by the imperfect
complementarity of the interactions between miRNAs and
target genes (30). These findings also suggested that miR-873
may be considered as a potential therapeutic target for the
management of these specific types of tumour.

Direct targets of miR-873 have been previously validated,
including tumour necrosis factor receptor-associated factor
5 (17) and transforming growth factor-f activated kinase
1 (17) in colorectal cancer, cyclin-dependent kinase 3 (18) in
breast cancer, glioma-associated oncogene (19) and C-X-C
motif ligand 1 (20) in gastric cancer, insulin-like growth factor
2 mRNA-binding protein 1 in glioblastoma (27), ATP-binding
cassette sub-family B member 1 (28) in ovarian cancer and SRC
kinase signaling inhibitor 1 (29) in lung cancer. ZEBI, located
on the short arm of human chromosome 10 (31), has been
reported as a direct and functional target of miR-873 in TC. It
is a member of the zinc finger family and is highly expressed
in various human cancers, such as cervical cancer (32), lung
cancer (33), hepatocellular carcinoma (34), gastric cancer (35)
and glioma (36). ZEBI is also upregulated in TC and was
strongly associated with tumour-node-metastasis stage, lymph
node metastasis and distant metastasis (23). ZEBI inhibition
suppressed the proliferation, migration and invasion of TC
cells (23). In the present study, we revealed that miR-873 may
inhibit TC progression by downregulating ZEBI1 expression.
Thus, the inhibition of ZEBI via miR-873 may be an effective
therapeutic strategy to treat patients with TC.

Overall, miR-873 was downregulated in TC tissues and cell
lines. In addition, overexpression of miR-873 may have attenu-
ated TC cell proliferation and invasion by directly targeting
ZEBI. Our experimental results suggested that this miRNA
may be a promising therapeutic target for the treatment of TC
patients; however, the association between miR-873, ZEBI1
and the clinical characteristics of patients with TC requires
further investigation. In addition, experiments, including
colony formation and wound healing assays, and in vivo xeno-
graft experiments should be performed to explore the roles of
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miR-873 in the progression of TC. These are limitations of our
study, which we aim to resolve in future.
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