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ABSTRACT

The incidence of papillary thyroid carcinoma (PTC) has increased gradually, but the reasons are not clear, and the
five-year survival rate of late PTC patients is low. Non-coding RNAs were shown to contribute to the progression of
multiple cancer, so we aimed to investigate the effect of long noncoding RNA (IncRNA) FOXN3-AS2 on progression,
as well as the underlying mechanisms. In the present study, we collected normal and cancer tissues of PTC patients,
and found the miR-34a was low expressed in PTC tissues and cells. Upregulation of miR-34a inhibited the
progression of PTC cells. SOX4 was the direct target of miR-34a, and FOXN3-AS2 acted as a sponge of miR-153-3p.
Forced expression of miR-153-3p or inhibition of SOX4 reversed the effect of FOXN3-AS2 on promoting PTC cells’
migration and invasion. The in vivo tumor growth assay showed that FOXN3-AS2 promoted PTC tumorigenesis by
regulating miR-34a/SOX4 axis. In conclusion, FOXN3-AS2 facilitated PTC growth as an oncogene by modulating
miR-34a/S0X4 axis, which provides a new molecular mechanism for clinical treatment of PTC.

INTRODUCTION and invade [7]. Current studies have demonstrated that
PTC is associated with overexpression of special
Thyroid cancer is a common malignant tumor of the miRNAs, such as miR-146b and miR-222 [8]. MiR-34a,
head and neck and endocrine system [1], and papillary a member of miR-34 family, was identified as a p53

thyroid carcinoma (PTC) is the most common type, target in 2007 [9], and extensive research has

accounting for 80% of all thyroid cancer cases [2]. PTC
is more common in high iodine countries [3]. In recent
years, the incidence of PTC has increased gradually, but
the reasons are not clear [4]. Therefore, the exploration
of the potential pathogenesis of PTC will be helpful for
the early diagnosis and treatment of PTC as well as
improving the prognosis of patients.

MicroRNA (miRNA) is the first to be found in non-
coding RNA having a function, which contributes to
post-transcriptional regulation of various genes by
inhibiting the translation or degradation of mMRNA [5].
Therefore, the dysregulation of miRNA is closely
related to multiple diseases, including different types of
cancer [6]. Changes in the expression of many miRNAs
are associated with the ability of cancer to metastasize

demonstrated miR-34a as an essential mediator of p53
functions and a potent tumor suppressor [10]. Recent
study revealed that miR-34a was downregulated in
human pancreatic cancer, and miR-34a might act as a
biomarker for the early diagnosis of pancreatic cancer
[11]. Furthermore, Liu found that miR-34a was
downregulated in thyroid cancer, XIST regulated the
expression of miR-34a through the competitive
endogenous RNAs (ceRNA) mechanism, and ultimately
regulates the proliferation of thyroid cancer cells and
tumor growth [12]. Nevertheless, miR-34a’s function in
PTC has not been validated, and the underlying
mechanism in PTC remains unclear.

Compared miRNAs, our understanding of long
noncoding RNAs (IncRNAs) is still in its infancy, and
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little is known about the diagnostic or prognostic value
of INcRNAs in PTC. Interestingly, the cross-regulatory
network between miRNAs and IncRNAs has recently
been discovered, which provides insights into the
function of these non-coding RNAs and their potential
as therapeutic approaches [13, 14]. Recent studies have
reported the dysregulated expression of several
INcRNAs in PTC. For example, PVT1 regulates the
proliferation of thyroid cancer cells by recruiting EZH2
and TSHR [15]. Therefore, we aimed to further explore
the upstream molecular mechanism by which miR-34a
regulates PTC, and whether IncRNAs are involved in
the progress of PTC by regulating miR-34a activity.

In this study, we found that miR-34a directly targeted
SOX4, thereby inhibiting the development of PTC.
Furthermore, we first identified the IncRNA FOXN3-
AS2, and found that upregulation of FOXN3-AS2
promoted the growth of PTC via miR-34a/SOX4 axis.

RESULTS
Expression of miR-34a in PTC tissues and cell lines

To evaluate the effects of miR-34a in PTC, we firstly
detected miR-34a expression in PTC clinical tissues and
cell lines. As shown in Figure 1A, the mRNA level of
miR-34a was decreased in PTC tissues comparing with
adjacent normal tissues. In addition, we examined miR-
34a expression in PTC cell lines. Compared with
normal thyroid gland cells Nthy-ori 3-1, miR-34a
expressions in PTC cell lines HIM-1 and TCP-1 were
remarkably reduced (Figure 1B). Then, we analyzed the
60-months survival rate of PTC patients. According to
the average expression of miR-34a in 1A, the 40 PTC
patients were divided into low and high miR-34a
expression groups. The patients with low miR-34a
expression had a lower survival rate (Figure 1C). These
data suggested a potential regulatory role of miR-34a in
the pathological process of PTC.

Overexpression of miR-34a suppresses proliferation,
migration and invasion of PTC cells

To further explore the role of miR-34a in PTC, miR-34a
mimics or its negative control (NC) was transfected into
TCP-1 cells. The transfection of miR-34a mimics
significantly increased miR-34a expression (Figure 2A).
Next, we used CCK8 and colony formation assay to
determine cell proliferation. The overexpression of
miR-34a inhibited the proliferated capacity of TCP-1
cells (Figure 2B and 2C). Migration and invasion are
critical to the growth of cancer cells, and we then
detected the migration and invasion of TCP-1 cells upon
miR-34a mimics or NC transfection. The wound healing

results showed miR-34a significantly suppressed cell
migration (Figure 2D). Meanwhile, transwell assay
uncovered a lower invasive ability in miR-34a mimics
transfected TCP-1 cells (Figure 2E).

MiR-34a suppresses PTC progression by targeting
SOX4in PTC cells

SOX4 is abnormally expressed in a variety of tumor
tissues, and is closely related to the occurrence,
development and metastasis of tumors. In our study, we
surprisedly found that there were complementary base
pairs between SOX4 and miR-34a using multiple
databases (Targetscan, miRanda and TarBase) (Figure
3A), which revealed SOX4 might be a potential target
of miR-34a in regulating PTC progression. To test our
hypothesis, we performed luciferase assay and found
that miR-34a mimics significantly decreased luciferase
activity of WT 3'UTR of SOX4 rather than mutant
SOX4 (Figure 3B). Furthermore, miR-34a mimics
inhibited both mRNA and protein level of SOX4, while
miR-34a inhibitor increased SOX4 expression (Figure
3C and 3D). Moreover, we found an obvious increase of
SOX4 protein in PTC tissues and cells (Figure 3E and
3F). Besides, we analyzed the correlation of miR-34a
and SOX4 expression in PTC tissues, which showed
that miR-34a expression was negatively related to
SOX4 level (Figure 3G).

To verify whether miR-34a regulated PTC by targeting
SOX4, we forced expression of SOX4 in TCP-1 cell
(Figure 4A and 4B), and cotransfected miR-34a mimics.
As shown in Figure 4C and 4D, upregulation of SOX4
reversed the inhibitory effect of miR-34a on TCP-1
cells’ proliferation. SOX4 also restored the migrative
and invasive ability (Figure 4E and 4F). These data
indicated that miR-34a inhibited the malignancy of PTC
cells via inhibiting SOX4.

FOXN3-AS2 acts as a sponge of miR-34a

Evidence is mounting that INcRNAs competitively bind
to miRNAs and further inhibit its activity [16]. Thus,
we used Starbase, LncBook and DIANA databases to
identify the IncRNAs with miR-34a biding sites. Our
data revealed that IncRNA FOXN3-AS2 could bind
with miR-34a (Figure 5A). Following luciferase assay
showed that overexpression of miR-34a increased
luciferase activity of WT FOXN3-AS2 but not Mut one
(Figure 5B). In addition, FOXN3-AS2 or si-FOXN3-
AS2 was transfected into TCP-1 cells. FOXN3-AS2
plasmid promoted FOXN3-AS2 level, and si-FOXN3-
AS2 inhibited FOXN3-AS2 expression (Figure 5C).
Meanwhile, FOXN3-AS2 suppressed miR-34a and
increased SOX4 expression, while silencing of
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Figure 1. LncRNA FGD5-AS1 is increased in OC tissue and cells. (A) The expression of miR-34a in PTC tissues (n = 40) and adjacent
normal tissues (n = 40) determined by qRT-PCR ("p < 0.05). (B) gRT-PCR assay analyzed the expression of miR-34a in normal human thyroid
cells (Nthy-ori 3-1) and PTC cell lines (TCP-1 and HIM-1) (*p < 0.05). (C) The 60-months survival rate of PTC patients with high and low miR-34a
expression (“p < 0.05).
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Figure 2. Upregulation of miR-34a inhibits proliferation, migration and invasion in TCP-1 cells. miR-34a mimics and its negative
control (NC) was transfected into TCP-1 cells. (A) The expression of miR-34a was determined by qRT-PCR ("p < 0.05). (B) CKK-8 assay
was used to examine the cell growth at 0, 24, 48 and 72 h ("p < 0.05). (C) Colony formation assay was used to calculated cell
proliferation (*p < 0.05). (D) Wound healing assay was used to detect cell migration (*p < 0.05). (E) Transwell assay was performed to
check cell invasive ability ("p < 0.05).
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FOXN3-AS2 had the opposite effect (Figure 5C). Then,
FOXN3-AS2 plasmid and miR-34a were cotransfected
into TCP-1 cells, which showed that miR-34a abolished
the promoting role of FOXN3-AS2 on SOX4
expression (Figure 5D). These data suggested FOXN3-
AS2 promoted SOX4 expression via inhibiting miR-
34a. What’s more, FOXN3-AS2 was highly expressed
in PTC tissues and cells (Figure 5E and 5F). In addition,
the expression of FOXN3-AS2 expression in PTC
tissues was negatively related to miR-34a expression
(Figure 5G). Together, FOXN3-AS2 promoted SOX4
expression via inhibiting miR-34a.

FOXN3-AS2 promotes proliferation, migration and
invasion via miR-34a/SOX4 axis in PTC cells

To assess the role of FOXN3-AS2, we transfected
FOXN3-AS2 plasmid into TCP-1 cells, and qRT-PCR
assay showed an increase of FOXN3-AS2 level (Figure
6A). Next, we cotransfected miR-34a mimics or si-
SOX4 with FOXN3-AS2 plasmid into TCP-1 cells.
Followed functional experiments showed FOXN3-AS2
promoted proliferation, migration and invasion of TCP-
1 cells, while this facilitated effect was removed by
miR-34a mimics or si-SOX4 (Figure 6B-6E). Taken
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together, FOXN3-AS2 regulated the progression of
PTC via miR-34a/SOX4 axis.

FOXN3-AS2 promotes in vivo tumor growth in the
nude mice

For further explore the function of FOXN3-AS2 in
PTC tumor, we set up xenograft nude mice model. 30
mice were divided into two group randomly, TCP-1
cells stably expressing FOXN3-AS2 or pcDNA3.1
were subcutaneously injected in right lower limb of
the nude mice. The mice with FOXN3-AS2
transfected cells showed a bigger tumor volume, and
tumors grew faster (Figure 7A). The tumors were
isolated at 30 days after injection, FOXN3-AS2
significantly increased tumors weight than that
pcDNAS3.1 (Figure 7B). In addition, we isolated these
tumor tissues and found that the expression of
FOXN3-AS2 was increased in FOXN3-AS2
overexpression mice (Figure 7C). Moreover, FOXN3-
AS2 decreased the mRNA level miR-34a, but
increased SOX4 expression in tumor tissues (Figure
7D and 7E). These data indicated that FOXN3-AS2
accelerated PTC tumorigenesis via modulating miR-
34a/SOX4 axis.
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Figure 3. SOX4 was a direct target of miR-34a. (A) Multiple databases (Targetscan, miRanda and TarBase) identified that the SOX4 had
complementary base pairs with miR-34a. (B) WT and mutant SOX4 luciferase plasmids were transfected into HEK293 cells with miR-34a
mimics or NC. The luciferase activity was measured by dual-luciferase reporter assay system. ("p < 0.05). miR-34a or miR-34a inhibitor or its
NC was transfected into TCP-1 cells. (C) The mRNA level of SOX4 was analyzed by gRT-PCR, (D) and the protein level of SOX4 was tested by
Western blot ("p < 0.05). The protein expression of SOX4 in PTC tissues (E) and cells (F) was detected by Western blot (*p < 0.05). (G) The

correlation analysis of miR-34a and SOX4 expression in PTC tissues.
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DISCUSSION

Among all types of thyroid cancer, PTC accounts for
the highest proportion [17]. Although the prognosis of
early PTC patients is satisfactory, the five-year survival
rate of late PTC patients is low [18]. Therefore, it is
imperative to explore the underlying mechanism of PTC
and identify more effective therapeutic strategies.

MiRNAs are widely found in eukaryotic cells and
perform different biological functions by targeting and
binding different miRNAs [19]. Previous studies have
shown that miRNAs play an important role in the
occurrence and development of various malignant
tumors [20]. For example, miR-146b was significantly
increased in PTC. MiR-146b induced TPC-1 cells to
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enter S phase, and the cells were blocked in the GO
phase, thus promoting the proliferation of cancer cells
[21]. Being a member of the miR-34 family, miR-34a
was identified as a p53 target and acted as tumor
suppressor in multiple cancers [22]. Present study
focused on the role of miR-34a in PTC progression.
miR-34a was significantly lower expressed in PTC
tissues than that in normal thyroid tissues. Meanwhile,
miR-34a was increased in PTC cell line. Differential
expression of miR-34a indicated a potential of miR-34a
in regulating the development of PTC. Thus, we forced
expression of miR-34a in TPC-1 cells, and found
upregulation of miR-34a inhibited cell proliferation,
migration and invasion. Our finding revealed miR-34a
acted as an anti-tumor gene, which was consistent with
the role of miR-34a in pancreatic ductal
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adenocarcinoma and Pituitary adenomas [23, 24].
However, miR-34a has also been reported to be up-
regulated in PTC tissues and cell lines [25-27].
Bonetti et al. found that miR-34a had a dual role in
the control of early progenitor proliferation and
commitment in the mammary gland and in breast
cancer. The separate functions of miR-34a might
result from the multiple upstream regulators [28].
Thus, we speculated that the expression of miR-34a in
PTC were also regulated by multiple upstream
regulators, some factors promoted miR-34a level,
while others inhibited miR-34a expression. The final
expression of miR-34a was determined by the level of
the positive or negative upstream regulators. Factors
such as underlying diseases and living conditions may
influence the level of upstream regulators in PTC
patients, which then induced the opposite expression
of miR-34a.

Studies have shown that miRNAs are involved in the
regulation of various diseases through targeted inhibition
of mMRNA expression. To illustrate the mechanism of

miR-34a in PTC progression, the commonly used
databases predicted the potential target of miR-34a.
Interestingly, we found SOX4 was a direct target of miR-
34a, and miR-34a inhibited SOX4 expression in TPC-1
cells. SOX4 is a family member of SOX transcription
factors [29]. SOX4 takes part in the progress of embryo
development, development of cardiovascular and
immune system [30-32]. In addition, recent studies show
that SOX4 improves tumor growth [33]. Present study
showed a remarkable elevation of SOX4 in PTC tissues
and cells. Meanwhile, overexpression of SOX4 removed
the inhibitory effect of miR-34a on PTC. These data
indicated that miR-34a acted as a tumor suppressor of
PTC by inhibiting SOX4 expression.

LncRNAs are proved to function as a sponge of
mMiRNAs and inhibited their expression and activity in
cancer development, and IncRNAs act as the upstream
regulators [34, 35]. Thus, we searched for a IncRNA
sponged miR-34a to fully uncovered the mechanism of
miR-34a modulating PTC. LncRNA FOXN3-AS2 was
expression by inhibiting miR-34a expression. FOXN3-
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Figure 5. FOXN3-AS2 directly regulates miR-34a and inhibits its expression in PTC. (A) Starbase, LncBook and DIANA databases
used to identify the IncRNAs with miR-34a biding sites. (B) WT and mutant miR-34a luciferase plasmids were transfected into HEK293 cells
with pcDNA3.1 or FOXN3-AS2. The luciferase activity was measured by dual-luciferase reporter assay system ("p < 0.05). (C) FOXN3-AS2 or
si-FOXN3-AS2 or its NC was transfected into TCP-1 cells. The mRNA level of FOXN3-AS2, miR-34a and SOX4 were analyzed by gRT-PCR (*p <
0.05). (D) FOXN3-AS2 and miR-34a were cotransfected into TCP-1 cells, the mRNA level of SOX4 were tested (*p < 0.05). The protein level of
miR-34a in PTC tissues (E) and cells (F) was detected by gRT-PCR ("p < 0.05). (G) The correlation analysis of miR-34a and FOXN3-AS2
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AS2 is the antisense of FOXN3, FOXN3 is involved in
the progression of PTC by inactivating Wnt/B-catenin
pathway [36]. However, there is little study about
FOXN3-AS2 in tumor growth. Present study first found
that FOXN3-AS2 was increased in PTC tissues and
cells, and FOXN3-AS2 promoted SOX4 expression by
sponging miR-34a. The following functional
experiments indicated that FOXN3-AS2 promoted PTC
progression both in vitro and in vivo, and the underlying
mechanism might be regulating miR-34a/SOX4 axis.

At present, the role and mechanism of ncRNAs are
gradually clarified. Differential expression of ncRNAs
may act as potential marker in differentiating thyroid
cancer types, stages and metastases. With the
development of molecular biology, people will have a
deeper understanding of ncRNAs, which will benefit the
diagnosis, treatment and prognosis of PTC.

CONCLUSIONS

In conclusion, our results clarified the INcRNA FOXN3-
AS21 function for the first time, and FOXN3-AS2
promoted the progression of PTC, which was mediated
by miR-34a/SOX4 axis. This study might provide new
understanding and targets for FOXN3-AS2 diagnosis
and treatment.

MATERIALS AND METHODS
Clinical samples

Fresh cancer tissue samples and adjacent normal tissue
samples were taken from 40 PTC patients undergoing
surgical procedures at Jilin Cancer Hospital. All patients
did not receive radiotherapy, chemotherapy, and
immunization before cancer tissue collection, and all
tissues were confirmed by pathological examination.
All of the patients or their guardians provided written
consent, and our experiments were supported by the
Ethics Committee and Institutional Review Board of
Jilin Cancer Hospital.

Cell culture

The cell lines (Nthy-ori 3-1, HIM-1 and TCP-1) were
purchased from the Science Cell Laboratory. Cells were
cultured in RPMI 1640 (GIBCO, USA) supplemented
with 10% fetal bovine serum (Cromwell, USA) and 100
pL/mL penicillin and streptomycin (Sigma-Aldrich,
USA) and placed at 37°C with 5% CO,.

Cell transfection

About 5 x 10° cells per well were seeded in 6-well
plates, 2000 ng small interference RNA (SiRNA) or

negative control of siRNA (si-NC), 2000 ng plasmid
or empty vector (pcDNA3.1), 20 nmol miRNA
mimics or negative control (NC) of miRNA mimics,
and 20 nmol miRNA inhibitor or negative control of
miRNA inhibitor (NC inhibitor) were transfected into
the cells for 48 h using Lipo2000 (Thermo Fisher
Scientific, USA) according to the manufacturer’s
recommendations.

gRT-PCR

The RNA Isolation Kit (Vazyme, China) was used to
extract total RNA from tissues or cells, and the
concentration and quality of the purified RNA were
measured using Nanodrop 2000/2000C spectrophotometer.
RNA was reverse transcribed into cONA template at the
following reaction temperatures: 37°C 15 min, 50°C
5 min, 98°C 5 min, 4°C hold. The cDNA was stored at
—20°C.Then the primers synthesized by Shanghai
Jikegein Company were used for quantitative PCR. The
reaction system of 20 uL was prepared. The reaction
was carried out according to the following steps: pre-
denaturation at 95°C for 15 min, denaturation at 95°C
for 15s and annealing extension at 60°C for 1min for
35-40 cycles. LncRNA FOXN3-AS2 and SOX4 were
standardized by GAPDH, and miR-34a was
standardized by U6. The expression | of FOXN3-AS2
and SOX4 and miR-34a was analyzed by 2-2ACT,

Western blot

The tissues or cells in each group were collected and
treated with RIPA lysate. Then, the protein
concentration was evaluated by BCA kit (Beyotime,
China). And the proteins in loading buffer were
separated by SDS-PAGE and transferred to PVDF
membrane. The membrane carrying proteins was sealed
with blocking fluid, and was incubated with SOX4 (1:
500) and GAPDH (1: 1000) overnight at 4°C. The next
day, HRP-labeled secondary antibody (1: 5000) was
added and incubated at room temperature for 2 h. The
membrane was photographed by ECL exposure and
analyzed the gray value of the target bands. The primary
antibodies were purchased from Abcam, SOX4
(ab80261), and GAPDH (ab8245) was used as an
internal control.

CCKa8 assay

The logarithmic growth phase cells were digested by
trypsin and resuspended in complete medium and
counted. Cells were inoculated in a 96-well plate at a
density of 2500 cells/well and cultured in a cell
incubator. From the second day to the fifth day after
planking, 10 ul CCK-8 reagent (Vazyme, China) was
added 2—4 h before culture termination every day. After
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4 h, the 96-well plate was placed on the oscillator and
oscillated for 5 min. The OD value was detected at
450 nm with a microplate analyzer. The final values of
each group were plotted and the results were analyzed.

Wound healing assay

5 x 10° cells were planted in a 6-well plate, and when
the cells grew to fuse, two vertical parallel lines were
drawn with 10 pL suction heads against the ruler. The
floating cells were washed with PBS and cultured in
serum-free medium for 24 h. Images were taken at
0 and 24 h of cell culture, respectively.

Transwell assay

Cells in logarithmic growth phase were adjusted to 2 x
10° cells/well of medium (without serum) and plated
into the upper chamber insert pre-coated with 1 pg/ul
Matrigel. Lower chamber was added with 500 pL of
medium (with 10% FBS), and then incubate the
chamber at 37°C for 48 h. Then the invading cells were
visualized by the crystal violet and inverted microscope.

Colony formation assay

Cells were seeded into 6-well plates at a density of 100
cells/well and cultured for 14 days. Cells clone were
fixed with 4% paraformaldehyde and stained with 0.1%
Crystal Violet (Sigma-Aldrich. MO, USA) at room
temperature for 15 min. Then cells were rinsed with
distilled water, and the colonies were visualized by
inverted microscope.

Dual luciferase reporter assay

psiCHECK-2 luciferase reporter plasmid was inserted
with the wildtype (WT) 3'UTR of SOX4/FOXN3-AS2
or mutant (Mut) 3'UTR SOX4/FOXN3-AS2 sequences
that contain the putative binding sites of miR-34a. NC
or miR-34a mimics were transfected with reporter
vectors into HEK293 cells. The cells were collected
after 48 h post-transfection and lysed to detect the
luciferase activity (Promega).

In vivo tumor growth assay

Nude mice were purchased from Beijing Charles river.
The TCP-1 cell line stably expressing FOXN3-AS2 or
pcDNA3.1 were constructed by Cyagen Biosciences
(China). The TCP-1 cells (5 x 10°) were subcutaneously
injected in right lower limb of the nude mice. Tumor
size was measured every five days. After 30 days of
cells injection, mice were killed and the tumors were
removed for follow-up study. The animal experimental
procedures were approved by the animal experimental

ethics committee of Jilin Cancer Hospital, and the
experiments were carried out following the Guide for
the Care and Use of Experimental Animals.

Statistical analysis

Significant differences were calculated using two-tailed
t-test through Graphpad 8.0. The P values less than 0.05
were considered significance.
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