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Upregulation of FTX expression is associated with a poor
prognosis and contributes to the progression of thyroid cancer
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Abstract. The dysregulated expression of long non-coding
RNA FTX transcript X inactive specific transcript regulator
(FTX) has been reported to be involved in the tumorigenesis
of multiple cancer types. However, to the best our knowl-
edge, its function and clinical value in thyroid cancer remain
unclear. The present study aimed to determine the potential
role of FTX in the development and progression of thyroid
cancer. Reverse transcription-quantitative PCR analysis
revealed that the expression levels of FTX were upregulated
in thyroid cancer tissues and cell lines compared with those
in normal tissues and cell lines, respectively. Survival analysis
demonstrated that patients with upregulated FTX expression
had a lower survival rate. Functional experiments revealed
that the knockdown of FTX inhibited proliferation, cell cycle
progression, migration and invasion, and induced apoptosis
in thyroid cancer cells, while FTX overexpression acceler-
ated proliferation, migration and invasion, and alleviated
apoptosis in thyroid cancer cells. In addition, FTX knockdown
significantly inhibited tumor growth in vivo. Furthermore, in
thyroid cancer cells, FTX was identified to positively regulate
the expression levels of TGF-f1, which is known to play an
important regulatory role in tumor metastasis. In conclusion,
the findings of the present study suggested that FTX may
accelerate thyroid cancer progression via regulation of cellular
activities, including cell proliferation, migration, invasion and
apoptosis. Thus, FTX may represent a potential biomarker for
the diagnosis, treatment and prognosis of thyroid cancer.

Introduction
Thyroid cancer is a leading cause of mortality among endocrine

tumors (1). In total, ~562,000 individuals were diagnosed with
thyroid cancer worldwide in 2018 (2). Although significant

Correspondence to: Dr Huimin Jiang, Department of Hematology,
Anhui No. 2 Provincial People's Hospital, 1868 Dangshan Road,
North Second Ring, Hefei, Anhui 230041, P.R. China

E-mail: huimin_j@126.com

Key words: FTX transcript X inactive specific transcript regulator,
thyroid cancer

advances have been made in the therapeutic strategies used to
improve the long-term survival of patients with thyroid cancer,
~20% of patients with thyroid cancer experience recurrence and
distant metastasis within 10 years (3,4). Since thyroid cancer
usually progresses slowly, it has no obvious different clinical
manifestations from benign thyroid diseases, which often
leads to misdiagnosis and untimely treatment (5). Nowadays,
increasing numbers of molecular biomarkers have been identi-
fied as diagnostic and therapeutic biomarkers in cancer, which
can improve the early detection of cancer and decreased the
mortality rate (6,7). For example, mircroRNA-203 (miR-203)
promoted estrogen receptor-positive breast cancer growth
and stemness, and may be used a therapeutic target for breast
cancer (8). In addition, overexpression of c-Fos enhanced tumor
growth in vivo and the stemness in head and neck squamous
cell carcinoma (HNSCC) cells, and this may hold potential
as a cancer stem-like cell-directed therapeutic approach
to improve HNSCC treatment (9). Therefore, it remains an
urgent requirement to determine novel sensitive and specific
biomarkers for the diagnosis, clinical treatment and prognosis
of thyroid cancer.

Long non-coding RNAs (IncRNAs) are >200 nucleotides
in length and lack protein coding ability. It has been widely
reported that the dysregulated expression of IncRNA is asso-
ciated with multiple biological functions and participates in
the development of multiple cancer types, including thyroid
cancer. For instance, a previous study reported that the
upregulated expression levels of IncRNA X inactive specific
transcript (XIST) accelerated cell proliferation and tumor
growth in thyroid cancer (10). The overexpression of IncRNA
metastasis-associated lung adenocarcinoma transcript 1
contributed to the angiogenic process of thyroid cancer via
the regulation of fibroblast growth factor 2 secretion (11).
Furthermore, IncRNA n340790 promoted thyroid cancer
tumorigenesis by modulating miR-1254 expression (12).
Thus, to determine potential novel therapeutic treatments for
thyroid cancer, it remains important to identify novel tumor-
associated IncRNAs and to determine their biological role and
mechanisms of action.

The IncRNA FTX transcript XIST regulator (FTX),
located in the XIST gene locus, has been reported to act as a
tumor promoter in various types of cancer, including glioma,
lung adenocarcinoma, colorectal cancer, osteosarcoma and
gastric cancer, where it was found to be closely associated with
a poor prognosis (13-17). In addition, the expression levels of
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FTX were found to be significantly upregulated in sporadic
medullary thyroid cancer (18). However, to the best of our
knowledge, the clinical characteristics, biological functions
and underlying mechanism of FTX in thyroid cancer have yet
to be determined.

The current study aimed to determine the expression levels
of FTX in thyroid cancer and to elucidate the biological func-
tions of FTX in thyroid cancer cell proliferation, migration,
invasion and apoptosis. The results of the present study provide
novel evidence of the potential role of FTX in the development
and progression of thyroid cancer, which may provide a novel
insight into future therapeutic directions for patients with
thyroid cancer.

Materials and methods

Patient studies. A total of 58 thyroid cancer and adjacent
normal tissues (3 cm away from the tumor) were obtained from
patients (mean age, 51 years; age range, 41-62 years) during
surgery at The Anhui No. 2 Provincial People's Hospital (Hefei,
China) between March 2015 and January 2017. All patients
enrolled in the present study had not received radiotherapy
or chemotherapy prior to surgery. All samples were stored
in liquid nitrogen before use. Each patient provided written
informed consent prior to participation in the study. The
patient experimental protocols were approved by The Ethical
Committee of Anhui No. 2 Provincial People's Hospital.

Cell lines and culture. Thyroid cancer cell lines (FTC-236,
SW-1736 and 8305C) and a normal human thyroid epithelial
cell line (Nthy-ori3-1) were purchased from The Cell Bank of
Type Culture Collection of The Chinese Academy of Sciences,
and tested for mycoplasma and authenticated by STR profiling.
Cells were cultured in DMEM supplemented with 10% FBS
(both Gibco; Thermo Fisher Scientific, Inc.), and maintained at
37°C in a humidified atmosphere containing 5% CO,.

Cell transfection. Short hairpin (sh)RNAs targeting FTX
(shRNAI1, 5'-GCUGAUCUGUGAGCUAGCUCU-3",
shRNA2, 5-GUGAGCUUGUACUGUUACAUC-3'; and
shRNA3, 5-GGCUUGUUCUGCUAGAUCUGU-3"), and
negative control (NC) scrambled shRNA (shNC; 5'-UGUGAG
AUGCAGCCUCUAC-3") were inserted into pGPU6/Neo
plasmids (Shanghai GenePharma Co., Ltd.). pcDNA3.1-FTX
(0oe-FTX) and control pcDNA (vector) were also purchased
from Shanghai GenePharma Co., Ltd.. Cells were transfected
with 10 nM plasmids using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). The transfection efficiency
was analyzed using reverse transcription-quantitative PCR
(RT-gPCR) after 48 h of transfection.

RT-qPCR. Total RNA was extracted from tissues, thyroid
cancer cell lines (FTC-236, SW-1736 and 8305C) and a normal
human thyroid epithelial cell line (Nthy-ori3-1) using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA
was reverse transcribed into cDNA using a PrimeScript RT
reagent kit (Takara Bio, Inc.) according to the manufacturer's
instructions. gPCR was subsequently performed using SYBR®
Premix Ex Taq™ reagent (Takara Bio, Inc.). The following
primer sequences were used for the qPCR: FTX forward,

5-GTGTCTCTCTCTCTCTCTCTCTT-3' and reverse, 5'-CCT
CTTCAGCAGTAGCATAGTT-3"; TGF-f1 forward, 5-GGA
CATCAACGGGTTCACTA-3' and reverse, 5'-GCCATGAGA
AGCAGGAAAG-3"; and GAPDH forward, 5-ATTCCATGG
CACCGTCAAGGCTGA-3' and reverse, 5S-TTCTCCATG
GTGGTGAAGACGCCA-3'". The thermocycling conditions
were as follows: Pre-denaturation at 95°C for 1 min, followed
by 40 cycles of 95°C for 15 sec, 60°C for 30 sec and 72°C for
30 sec. The expression levels were quantified using the 2-44¢4
method (19) and normalized to GAPDH expression levels.

Cell counting kit-8 (CCK-8) assay. Cell proliferation was
examined using a Cell Counting kit-8 (CCK-8) assay (Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. The transfected cells were seeded into 96-well plates at a
density of 1x10* cells/well and cultured at 37°C with 5% CO,
for 0, 24, 48 or 72 h. Following the incubation, 10 x1 CCK-8
reagent (Dojindo Molecular Laboratories, Inc.) was added/well.
The absorbance of each well was measured at a wavelength of
450 nm using a microplate reader (Olympus Corporation).

Cell migration and invasion assays. Transwell chambers
(8.0-um pore size; EMD Millipore) precoated with Matrigel
(invasion) or without Matrigel (migration) were used. A total
of 5x10* transfected cells were plated into the upper chambers
of Transwell plates in serum-free DMEM (Gibco; Thermo
Fisher Scientific, Inc.), while DMEM supplemented with 20%
FBS (Gibco; Thermo Fisher Scientific, Inc.) was added into
the lower chambers. Following 24 h of incubation, cells were
fixed with 4% paraformaldehyde for 20 min at room tempera-
ture and stained with 0.1% crystal violet for 20 min at room
temperature. The migratory and invasive cells were counted in
five randomly selected fields of view using a light microscope
(magnification, x200; Zeiss GmbH). All experiments were
performed 3 times.

TUNEL assay. A TUNEL assay was used to analyze cell
apoptosis. Briefly, cells were fixed with 4% paraformaldehyde
for 1 h at 4°C and permeabilized with 0.1% Triton X-100
following treatment. TUNEL assay solution (Invitrogen;
Thermo Fisher Scientific, Inc.) was subsequently incubated
with the cells for 1 h at 37°C. Next, the TUNEL-stained
cells were counterstained with DAPI (2 yg/ml; Beyotime
Institute of Biotechnology) under antifade mounting medium
for 15 min at room temperature. Images were acquired from
five randomly selected fields of view using a fluorescence
microscope (magnification, x200). TUNEL-positive cells were
counted using a cell counter (BD Biosciences).

Cell cycle distribution assay. A total of 1x10* transfected
FTC-236 and 8305C cells were fixed with 75% ethanol at 4°C
for 12 h and washed with PBS twice. Cells were subsequently
resuspended in staining buffer containing 450 ul PI and 50 pl
RNaseA in the dark for 30 min at room temperature. Cell cycle
distribution was analyzed using a FACSCalibur flow cytom-
eter (BD Biosciences). Cell cycle analysis was conducted using
ModFit 2.0 software (BD Biosciences).

Xenograft tumor model. A total of 6 male nude mice (age,
4-6 weeks; weight, ~20 g) were obtained for the xenograft
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Figure 1. FTX expression is elevated in thyroid cancer tissues and cell lines, and high FTX expression is associated with an undesirable prognosis. (A) FTX
expression was detected in 58 thyroid cancer tissues and matched adjacent normal tissues. (B) The relative FTX expression in thyroid cancer cell lines
(FTC-236, SW-1736 and 8305C) and a normal human thyroid epithelial cell line (Nthy-ori3-1) was determined by reverse transcription-quantitative PCR.
(C) Survival plot of thyroid cancer patients with high or low FTX expression, as analyzed by the Kaplan-Maier method. "P<0.05. FTX, FTX transcript X

inactive specific transcript regulator.

assays. The mice were maintained under specific pathogen-free
conditions, with free access to water and food, at a room
temperature of 26-28°C, humidity of 60+10% and under a 12-h
light/dark cycle. A total of 100 ul PBS containing FTC-236
cells (5x109) transfected with shNC or shRNA1 was injected
into the back of each mouse. The volume of the xenograft
tumors was measured every 7 days. After 28 days, all mice
were euthanized by cervical dislocation after deep anesthesia
with isoflurane (2% for induction and maintenance; Baxter
Healthcare Corporation), and the xenograft tumors were
excised and weighed. The tumor volume was calculated using
the following formula: V=1/2 x L x W2, The maximum tumor
diameter was 15 mm. Animal experimental protocols were
approved by the Animal Welfare Committee of Anhui No. 2
Provincial People's Hospital, and all experimental procedures
were performed according to the guidelines from the National
Institutes of Health.

Immunohistochemistry (IHC). The tissue expression of TGF-f31
was evaluated via ITHC based on the intensity and the propor-
tion of positively stained cells, as previously described (19).
Tumor tissues were fixed with 10% paraformaldehyde at room
temperature for 12 h, embedded in paraffin, and sliced into
4-um thick sections. Sections were blocked with immunol
staining blocking buffer (cat. no. P0102; Beyotime Institute
of Biotechnology) at room temperature for 1 h and then
incubated with primary antibody against TGF-f1 (1:1,000;
cat. no. ab215715; Abcam) overnight at 4°C, followed by incu-
bation with secondary antibody (1:2,000; cat. no. ab205718;
Abcam) at room temperature for 20 min. The sections were
stained with 3,3'-diaminobenzidine and counterstained with
hematoxylin for 5 min at room temperature. Images were
captured under a light microscope (Olympus Corporation;
magnification, x200).

Western blotting. Total protein was extracted from thyroid
cancer cells (TC-236 and 8305C) using RIPA lysis buffer
(Beyotime Institute of Biotechnology) at 48 h post transfec-
tion. Protein concentrations were determined using a BCA
protein assay kit (Beyotime Institute of Biotechnology). The

protein (10 pug/lane) was quantified and separated on a 10%
gel via SDS-PAGE. The separated proteins were subsequently
transferred onto polyvinylidene fluoride membranes (Bio-Rad
Laboratories, Inc.) and blocked with 5% skimmed milk for
2 h at room temperature. The membranes were then incubated
with the following primary antibodies overnight at 4°C:
Anti-Bcl-2 (1:1,000; cat. no. ab32124), anti-Bax (1:1,000; cat.
no. ab32503), anti-TGF-p1 (1:1,000; cat. no. ab215715) and
anti-GAPDH (1:1,000; cat. no. ab8245) (all Abcam). Following
the primary antibody incubation, the membranes were incu-
bated with horseradish peroxidase-conjugated secondary
antibody (1:1,000; cat. nos. ab205719 and ab205718; Abcam)
for 1 h at room temperature. Protein bands were visualized
using an ECL reagent (Cytiva).

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 6.0 (GraphPad Software, Inc.). Data are
presented as the mean + SD of three independent experiments.
A ? test was used to determine the association between the
expression levels of FTX and the clinicopathological features of
the patients. Statistical differences between thyroid cancer and
adjacent normal tissues were analyzed using a paired Student's
t-test, while the differences between experiment and control
groups were analyzed using an unpaired Student's t-test. A
one-way ANOVA followed by Tukey's post hoc test was used
to determine statistical differences among multiple groups.
The overall survival rate was analyzed using the Kaplan-Meier
method and a log-rank test. The patients were divided into
high and low expression groups based on the mean value of
FTX expression in patients with thyroid cancer. P<0.05 was
considered to indicate a statistically significant difference.

Results

FTX expression levels are upregulated in thyroid cancer
tissues and cell lines, and upregulated FTX expression is
associated with an unfavorable prognosis. To determine the
biological functions of FTX, the expression levels of FTX were
analyzed in thyroid cancer and adjacent normal tissues using
RT-gPCR. As shown in Fig. 1A, FTX expression levels were
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significantly upregulated in thyroid cancer tissues compared
with those in adjacent normal tissues. Similarly, the expres-
sion levels of FTX were significantly upregulated in thyroid
cancer cell lines (FTC-236; differentiated thyroid carcinoma,
SW-1736; anaplastic thyroid carcinoma, and 8305C; anaplastic
thyroid carcinoma) compared with those in the normal human
thyroid epithelial cell line, Nthy-ori3-1. FTC-236 and 8305C
cell lines were chosen for use in subsequent experiments,
as FTX expression levels were the highest in these two cell
lines (Fig. 1B). To determine the association between FTX
expression levels and the prognosis of patients with thyroid
cancer, Kaplan-Meier analysis was performed. As shown in
Fig. 1C, patients with thyroid cancer and high FTX expression
levels exhibited a lower overall survival rate compared with
those patients with low expression levels. In addition, FTX
expression levels were associated with the clinical stage and
Ilymph node metastasis, but not with sex, age, pathological
type or tumor size (Table I). These results suggested that FTX
expression levels may be upregulated in thyroid cancer and
associated with a poor prognosis in patients with this disease.

Knockdown of FTX inhibits proliferation and migration,
and induces apoptosis in thyroid cancer cells. To determine
the biological functions of FTX in thyroid cancer cells, FTX
expression levels were knocked down in FTC-236 and 8305C
cells using three shRNAs. Due to the greatest knockdown
efficiency, shRNA1 and shRNA3 were selected for use in
subsequent experiments (Fig. 2A). The proliferation rates
of FTC-236 and 8305C cells transfected with shRNA1 and
shRNA3 were analyzed using a CCK-8 assay; the results
revealed that FTX knockdown significantly decreased cell
proliferation in the thyroid cancer cells (Fig. 2B). In addi-
tion, the results of the Transwell assays demonstrated that the
knockdown of FTX attenuated the migratory and invasive
abilities of the thyroid cancer cells (Fig. 2C and D). Moreover,
according to the results of the TUNEL assay, FTX knock-
down also alleviated the apoptosis of the thyroid cancer cells
(Fig. 2E). Western blot analysis revealed that the knockdown
of FTX upregulated the protein expression levels of Bax and
downregulated Bcl-2 expression levels in the thyroid cancer
cells (Fig. 2F). In addition, flow cytometric analysis found that
FTX knockdown initiated cell cycle arrest in the G,/G, phase
(Fig. 2G). These data indicated that FTX knockdown may
repress the progression of thyroid cancer.

Overexpression of FTX accelerates proliferation, migration
and invasion, and alleviates apoptosis in thyroid cancer cells.
The effect of the overexpression of FTX on thyroid cancer cells
was investigated by transfecting FTC-236 and 8305C cells with
vector or oe-FTX, and the transfection efficiency was verified
using RT-qPCR (Fig. 3A). The results of the cell proliferation
assay showed that FTX overexpression promoted the prolifera-
tion of the thyroid cancer cells (Fig. 3B). In addition, the results
of the Transwell assays demonstrated that the overexpression
of FTX expression markedly enhanced the migration and inva-
sion of the thyroid cancer cells (Fig. 3C and D). Furthermore,
the overexpression of FTX attenuated the apoptosis of thyroid
cancer cells (Fig. 3E). In addition, the overexpression of
FTX also significantly increased cell proliferation, migra-
tion and invasion, but inhibited the apoptosis of Nthy-ori3-1

Table I. Clinical characteristics and FTX expression of patients
with thyroid cancer.

FTX expression

Variable Low,n High,n P-value
All cases 23 35
Age, years
<50 12 17 >0.05
>50 11 18
Sex
Male 10 15 >0.05
Female 13 20
Pathological type
Papillary adenocarcinoma 9 11 >0.05
Follicular adenocarcinoma 14 24
Lymph node metastasis
Yes 18 23 <0.05
No 5 12
Tumor size, cm
<3 11 16 >0.05
>3 12 19
Tumor stage
/11 13 10 <0.05
/v 10 25

FTX, FTX transcript X inactive specific transcript regulator.

cells (Fig. 3F-I). These results indicated that the overexpres-
sion of FTX may promote the proliferation, migration and
invasion, but attenuate the apoptosis of thyroid cancer cells.

Knockdown of FTX represses thyroid cancer growth in vivo.
Due to the observed inhibitory effect of FTX knockdown on
thyroid cancer cell proliferation, the effect of FTX knock-
down on tumor growth in vivo was further analyzed using
xenograft models. The data indicated that xenograft tumors
derived from FTC-236 cells stably transfected with shRNA1
grew significantly more slowly compared with those of the
shNC group (Fig. 4A), and the tumor volume and weight were
markedly decreased in the sShRNA1 group compared with the
shNC group (Fig. 4B and C). These findings suggested that
the knockdown of FTX may suppress the growth of thyroid
cancer in vivo.

FTX positively regulates TGF-f31 expression levels in thyroid
cancer cells. It was previously reported that the TGF-f§
signaling pathway played an important role in promoting
tumor metastasis (20,21). Moreover, IHC showed that the
expression of TGF-f1 in thyroid cancer tissues was higher
compared with that in adjacent normal tissues (Fig. 5A).
Therefore, in the present study, it was hypothesized that
FTX may promote the development of thyroid cancer by
modulating TGF-B1 expression. To validate this hypothesis,
the expression levels of TGF-p1 in FTC-236 and 8305C cells
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Figure 2. FTX depletion inhibits proliferative and metastatic capacities, and induces apoptosis of thyroid cancer cells. FTC-236 and 8305C cells were trans-
fected with shNC, shRNAI, shRNA2 and shRNA3, respectively. (A) The transfection efficacy of shNC, shRNAI, shRNA2 and shRNA3 was detected by
reverse transcription-quantitative PCR. (B) Proliferation of FTC-236 and 8305C cells was measured by CCK-8 assay at 0, 24,48 and 72 h. (C and D) Transwell
assay exhibited the migration and invasion of FTC-236 and 8305C cells (magnification, x200). (E) Apoptosis of FTC-236 and 8305C cells was analyzed by
TUNEL assay (magnification, x200). (F) Protein expression levels of Bax and Bcl-2 in thyroid cancer cells transfected with sh-NC or shRNA1 were detected by
western blot analysis. (G) The cell cycle of transfected FTC-236 and 8305C cells was assessed by flow cytometry analysis. 'P<0.05 vs. shNC. FTX, FTX tran-
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transfected with shNC or shRNA1 were analyzed. As shown that the knockdown of FTX downregulated the expression
in Fig. 5B and C, RT-qPCR and western blot analysis revealed  levels of TGF-f1. These results suggested that FTX may
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Figure 5. FTX positively regulates TGF-B1 level in thyroid cancer cells. FTC-236 and 8305C cells were transfected with shNC and shRNAI, respectively.
(A) THC showed that the expression of TGF-f1 in thyroid cancer tissues and adjacent normal tissues (scale bar, 15 ym). (B and C) Reverse transcription-quan-
titative PCR and western blot analysis showed the level of TGF-31 expression in FTC-236 and 8305C cells transfected with shNC and shRNA1, respectively.
(D) Schematic diagram of proposed mechanism. "P<0.05. FTX, FTX transcript X inactive specific transcript regulator; sh, short hairpin; NC, negative control.

positively regulate TGF-p1 expression levels in thyroid cancer
cells (Fig. 5D).

Discussion

Although significant advances have been made in the
screening, diagnosis and treatment of thyroid cancer, the
majority of patients with thyroid cancer have an undesirable
prognosis. Numerous previous studies have attempted to
further understand the underlying molecular mechanisms of
thyroid cancer; however, to the best of our knowledge, the
pathogenesis of thyroid cancer remains unclear.

The dysregulated expression of IncRNAs has been
reported to be involved in multiple cellular activities, including
oncogenesis (22,23). In addition, a large number of IncRNAs
have been recognized as potential sensitive biomarkers for
thyroid cancer in the clinic. For example, IncRNA ST binding
factor 2-antisense RNA 1 (AS1) accelerated the growth of
papillary thyroid cancer by modulating the miR-431-5p/
CDK14 axis (24). The overexpression of opa interacting
protein 5-AS1 promoted thyroid cancer progression and
predicted an unfavorable prognosis (25). In addition, IncRNA
aspartyl-tRNA synthetase 1-AS1 contributed to thyroid cancer
development by interacting with miR-129 (26). Therefore, it
is has been widely suggested that IncRNAs may function as
biomarkers for thyroid cancer diagnosis and prognosis, and
may represent novel targets for thyroid cancer treatment.

FTX has been reported to play a role in various types of
cancer. In lung adenocarcinoma, the expression levels of FTX
were upregulated and promoted the progression of the cell
lines (27). In addition, FTX targeted miR-342-3p in glioma to
accelerate tumor growth and metastasis (28). Another previous

study reported that the knockdown of FTX suppressed the
progression of renal cell carcinoma (29). Moreover, FTX
overexpression promoted tumorigenesis in osteosarcoma by
targeting the miR-214-5p/SOX4 signaling axis (30). Recently,
Luzén-Toro et al (18) reported that FTX was significantly
upregulated in sporadic medullary thyroid cancer. The find-
ings of the present study revealed that the expression levels of
FTX were upregulated in thyroid cancer tissues and cells, and
high FTX expression was associated with lymph node metas-
tasis and clinical stage. Moreover, the upregulated expression
levels of FTX favored a poor prognosis in patients with
thyroid cancer and serum FTX had a relatively high diagnostic
value. Results of the functional analysis demonstrated that
the knockdown of FTX significantly inhibited proliferation,
invasion, migration and cell cycle progression, and induced
apoptosis in thyroid cancer cells. In addition, the suppressive
effects of FTX knockdown on thyroid cancer progression were
also confirmed using an in vivo xenograft tumor assay. These
results indicated that FTX may promote the progression of
thyroid cancer and may represent a novel biomarker for the
treatment and prognosis of thyroid cancer.

An increasing number of studies have reported that
TGF-p1 contributes to the progression of various cancer types,
including thyroid cancer. For example, forkhead box D3-AS1
promoted the aggressive biological behaviors of thyroid cancer
by activating the TGF-B1/Smads signaling pathway (31). In
addition, miR-483 targeted par-3 family cell polarity factor to
enhance TGF-f1-induced migration and invasion in thyroid
cancer cells (32). To determine whether FTX exerted its
biological functions by regulating TGF-f1 in the present study,
RT-qPCR and western blotting were performed; the results
revealed that the knockdown of FTX downregulated the
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expression levels of TGF-f1. These data indicated that FTX
may regulate thyroid cancer progression via TGF-f1.

However, there are several limitations to the present
study. First, the study only investigated the effect of FTX on
thyroid cancer. Therefore, the downstream targets or signaling
pathways of FTX should be further investigated in future
studies. Second, only a small number of mice were used for the
in vivo studies. Therefore, an increased number of mice should
be used in the in vivo xenograft model studies in the future to
improve the reliability of the experiments.

In conclusion, the findings of the present study suggested
that FTX may exert an important role in thyroid cancer
progression; therefore, FTX may represent a novel biomarker
for the diagnosis, treatment and prognosis of thyroid cancer.
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