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Abstract: Background: Mounting evidence has shown that long non-coding RNAs (IncRNAs) play critical regulation
roles in the progression of various cancers. However, the biological role and clinical value of IncRNA FOXD2-AS1 in
papillary thyroid cancer (PTC) remain to be elucidated. Methods: The expression of FOXD2-AS1 in PTC tissues and
cell lines was evaluated by RT-qPCR and in situ hybridization. The association between FOXD2-AS1 expression levels
and clinicopathologic features was analyzed through tissue microarray. The biological function of FOXD2-AS1 in PTC
cells was determined both in vitro through CCK-8, EdU staining, colony formation and cell invasion assays and in
vivo through a xenograft tumor model. Functional and pathway enrichment analysis were also conducted to analyze
the molecular mechanism. Results: FOXD2-AS1 was significantly upregulated in PTC tissues, and high FOXD2-AS1
expression was positively associated with malignant potential factors in PTC patients. In addition, high level of
FOXD2-AS1 expression was an unfavorable independent prognostic biomarker for patients with PTC. Moreover, we
found that knockdown of FOXD2-AS1 could effectively inhibit PTC cell proliferation and invasion in vitro and sup-
press tumor growth of PTC in vivo. Bioinformatics analysis indicated that activation of cell cycle and apoptosis path-
ways might be involved in the oncogenic function of FOXD2-AS1 in PTC. Moreover, we demonstrated that FOXD2-AS1
directly interacted with miR-185-5p as miRNA sponge and overexpression of FOXD2-AS1 partially reversed the sup-
pressive effect of miR-185-5p in TPC cells. Conclusion: Our findings suggest FOXD2-AS1 functions as an oncogene
and promotes the tumor progression and metastasis in PTC, which might serve as a promising prognostic biomarker
and potential therapeutic target for PTC patients.
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Introduction Long non-coding RNAs (IncRNAs) are a class of

linear transcripts with >200 nucleotides and

Thyroid cancer (THCA) represents the most
common endocrine malignancy occurring thy-
roid worldwide, especially in China [1]. The
most common pathological type of thyroid can-
cer is papillary thyroid carcinoma (PTC), ranking
more than 70% diagnosed thyroid cancer
cases. To date, surgery, radiation and chemo-
therapy are the conventional therapeutic strat-
egies for PTC [2]. Though treatments have been
improved dramatically in recent years, high fre-
quencies of recurrence and metastasis greatly
impede the clinical prognosis of PTC patients
and remain the major causes of PTC related
death [3]. Nevertheless, the molecular and
functional mechanisms underlying PTC pro-
gression are not fully understood.

regulate gene expression through multiple regu-
latory mechanisms [4]. Mounting evidence has
shown that IncRNAs participate in diverse bio-
logical processes, including cancer develop-
ment and metastasis [5, 6]. Various IncRNAs
have been identified as cancer-related INcRNAs
in the tumorigenesis [7]. For instance, MALAT1
has been reported to be closely involved in
the progression of multiple cancers [8-11].
HOTAIR exhibits pro-oncogenic function in vari-
ous types of cancers [12]. Multiple IncRNAs,
such as TUG1, PANDAR, SPRY4-IT and CRNDE
are reported to play crucial roles in thyroid can-
cer [13-15].

LncRNA FOXD2-AS1, which locates in the chro-
mosomal region of 1p33, is highly expressed in
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multiple carcinomas and is associated with
poor prognosis of various cancers, including
esophageal squamous cell carcinoma, colorec-
tal cancer, lung cancer and bladder cancer
[16-22]. However, whether IncRNA FOXDA-AS1
is involved in the thyroid cancer progression
remains unclear.

Here, we first demonstrated that FOXD2-AS1
was upregulated in PTC tissues and cell lines.
FOXD2-AS1 knockdown inhibited cell prolifera-
tion and invasion of PTC cells in vitro, as well
as suppressed PTC tumor growth in vivo.
Furthermore, high level of FOXD2-AS1 was
an independent unfavorable prognostic bio-
marker for patients with PTC, which led to
remarkably shorter overall survival (0OS) rates
compared to those in patients with low ex-
pression level of FOXD2-AS1. We revealed that
activation of the cell cycle and apoptosis pa-
thway was involved in the oncogenic func-
tion of FOXD2-AS1 in PTC. Moreover, we dem-
onstrated that FOXD2-AS1 directly interact-
ed with miR-185-5p and FOXD2-AS1/miR-185-
5p axis regulated progression and metastas-
is of PTC. Our findings suggest that IncRNA
FOXD2-AS1 might be served as a novel prog-
nostic biomarker and potential therapeutic tar-
getin PTC.

Materials and methods
PTC specimens and cell lines

PTC specimens and surrounding non-tumo-
rous tissues were obtained from PTC patients
undergoing tumor resection at the department
of thyroid surgery, The Affiliated Cancer Hospital
of Zhengzhou University (Zhengzhou, China). All
patients were informed with consent and com-
pleted follow-up data records. The study was
approved by the research ethics committee of
The Affiliated Cancer Hospital of Zhengzhou
University and conducted in accordance with
the Declaration of Helsinki Principles. Human
PTC cell lines (BHP5-16, CGTH-W3, BCPAP, and
TPC-1) and nonmalignant thyroid cell line Nthy-
ori3-1 was purchased from the Cell Bank of
Shanghai Institute of Cell Biology, and cultured
in RPMI 1640 medium (Gibco, USA) supple-
mented with 10% fetal bovine serum (Clark,
USA), 100 U/ml Penicillin, and 100 mg/ml
Streptomycin at 37°C under 5% CO, in a humid-
ified incubator.

5458

Bioinformatics analysis

The mRNA expression profiles and follow-up
clinical information of thyroid cancer patients
were obtained from public database The
Cancer Genome Atlas (TCGA). The TCGA thyroid
cancer cohort (hereafter referred to as TCGA-
THCA cohort) contained 510 thyroid cancer tis-
sues and 58 surrounding non-tumorous tis-
sues. The raw data was processed and ana-
lyzed by BRB-array tools as described previ-
ously [23, 24].

Quantitative real-time PCR and Western blot
analysis

The Quantitative real-time PCR processes were
carried out on ABI7300 real-time PCR system
(Applied Biosystems, USA) as described previ-
ously [25]. GAPDH was used as internal control
for INcRNA and mRNA, and Ct method (224%)
values were normalized to GAPDH levels.
Western blot analysis was performed as de-
scribed previously [25]. All the original western
blot images were shown in Supplementary

Figure 2.

Tissue microarray construction

160 papillary carcinoma specimens and 90
normal specimens were used for tissue micro-
array (TMA) construction. The process of TMA
construction were performed as described pre-
viously [26].

In situ hybridization

In situ hybridization (ISH) was performed to
detect FOXD2-AS1 expression in tissue micro-
arrays using digoxigenin-labeled sense and
antisense FOXD2-AS1 probes (BOSTER Biolo-
gical, China) as described previously [27].
Briefly, slides were de-paraffined and rehydrat-
ed for 40 min, then FOXD2-AS1 probes were
added for hybridization at 50°C for 1 h. Next,
slides were washed and incubated with an anti-
body against digoxigenin (Roche, Germany) at
4°C overnight. The reaction was terminated by
washing with water for 5 min. FOXD2-AS1 probe
signal was counterstaining using DAB kit
(BOSTER, China).

SiRNA/shRNA transfection

SiRNA or shRNA used to knockdown FOXD2-
AS1 was designed and provided by Hanbio
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company (Shanghai, China). Briefly, cells were
seeded into a 12-well plate at a density of 1 x
10°% cells/well. SIRNA or shRNA transfection
was conducted using LipoFiter (Hanbio, China)
according the manufacturer’'s recommended
process.

Cell proliferation assays

Cell viability was determined using Cell Count-
ing kit-8 (CCK-8) (Dojindo, Japan). Briefly, Thy-
roid cancer cells were seeded into 96-well
plates at a density of 5000 cells/well and then
working reagent (10 ul per well) was added into
each well at indicated time points. Absorbance
at 490 nm was assessed using a microplate
reader (Bio-Rad Laboratories, USA). For the
colony formation assay, dispensed cells were
seeded in 6-well plates and cultured for 15
days. The colonies were fixed and stained with
crystal violet solution, and then calculated
(defined as >50 cells).

5-ethynyl-20-deoxyuridine (EAU) staining assay

Cell division was evaluated using EdU Kit
(RiboBio, China). Cells were seeded into 96-
well plates at a density of 3000 cells/well and
then 50 mM EdU solution was added to the
medium. After 24 h, cells were fixed with 4%
formaldehyde and permeabilized with Triton
X-100. The processed cells were incubated
with EDU reaction cocktail and counterstain-
ed with DAPI. The staining results were record-
ed under a fluorescence microscopy. Five ran-
domly chosen fields were photographed and
the numbers of EdU incorporated cells were
calculated.

Cell invasion assay

Cell invasion was assessed using Matrigel-
coated membranes (BD, USA) in 24-well dishes
follow the manufacturers’ manual. Cells invad-
ed through the membrane filter were fixed and
stained with 0.5% crystal violet and then count-
ed under a microscope.

Luciferase reporter assay

WT or mutated FOXD2-AS1 was cloned into lu-
ciferase reporter vector pGL3-Luc (Promega,
USA). HEK293 cells were transfected with lucif-
erase reporter vectors containing WT or mutat-
ed FOXD2-AS1 sequences, together with miR-
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185-5p mimics or negative control. Relative
luciferase activity was measured 48 h later
using a luciferases assay kit (Promega, USA)
following the manufacturer’s protocol.

Xenograft tumor model

All animal studies were carried out with the
approval of the The Affiliated Cancer Hospital of
Zhengzhou University Animal Care and Use
Committee. Male BALB/c nude mice (5-6 week
old, 18-22 g weight) were obtained from Hunan
SJA Laboratory Animal Company (Changsha,
China) and maintained under a specific patho-
gen-free condition. A total of 1 x 107 viable cells
were injected subcutaneously into the right
flanks of the mice. Tumor sizes were measured
using a vernier caliper every week and tumor
volume was calculated using the formula:
(length x width?)/2. Tumors were also photo-
graphed with an IVIS@ Lumina Il system (Caliper
Life Sciences, USA) every other week. At 5
weeks after implantation, the mice were eutha-
nized and tumors weights were measured.

Statistical analysis

All statistical analyses were conducted using
SPSS version 23.0 software. All in vitro and in
vivo experimental results were expressed as
mean + standard deviation (SD) at least three
independent experiments, and analyzed with
Student’s t-test (two-tailed) and Mann-Whitney
test. The clinicopathological factors differenc-
es between FOXD2-AS1 high or low expression
groups were analyzed via Chi-square test. The
Kaplan-Meier and log-rank test method was
performed to determine survival rate. P values
less than 0.05 were considered to be statisti-
cally significant.

Results

LncRNA FOXD2-AS1 is upregulated and signifi-
cantly correlated with poor prognosis in thyroid
cancer cohort from TCGA dataset

We first examined the expression pattern of
IncRNA FOXD2-AS1 in various types of common
solid cancers based on the results from TCGA
database analysis (Figure 1A). We found that
FOXD2-AS1 was highly expressed in multiple
cancer types including thyroid cancer (Figure
1A and 1B). In addition, FOXD2-AS1 expres-
sion was remarkably higher in thyroid cancer
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Figure 1. LncRNA FOXD2-AS1 is upregulated and significantly correlated with poor prognosis in thyroid cancer cohort
from TCGA dataset. A. Expression levels of FOXD2-AS1 in different types of solid cancers were analyzed based on
TCGA dataset. BLCA, bladder cancer; BRCA, breast cancer; CHOL, cholangiocarcinoma; COAD, colon cancer; ESCA,
esophagus cancer; HNSC, head-Neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, renal cancer;
KIRP, kidney renal papillary cell carcinoma; LIHC, liver cancer; LUAD, lung cancer; LUSC, Lung squamous Cell Carci-
noma; PRAD, prostate adenocarcinoma; READ, rectal cancer; STAD, stomach cancer; THCA, thyroid cancer; UCEC,
uterine Corpus endometrial carcinoma; B. Expression levels of FOXD2-AS1 in THCA and normal control tissues were
analyzed based on TCGA THCA cohort. Data were presented as mean * SD, Student’s t-test, **P<0.01. C. Expres-
sion levels of FOXD2-AS1 in TCGA THCA cohort with different TNM stages were analyzed. Data were presented as
mean + SD, Student’s t-test, **P<0.01. D, E. Correlation analysis between the expression levels of FOXD2-AS1 and
Ki67 or PCNA. F, G. Kaplan-Meier analysis of overall survival (OS) or disease-free survival (DFS) in THCA cohort with
high or low expression levels of FOXD2-AS1. H, I. Kaplan-Meier analysis of OS or DFS in THCA cohort with high or low
expression levels of FOXD2-AS1 at different TNM stages. Survival analysis was evaluated using the Kaplan-Meier
method and assessed using the log-rank test. *P<0.05 and **P<0.01.

patients with advanced TNM stage (llI-IV) in stage I-Il (Figure 1C). Moreover, Pearson corre-
comparison with that in patients with TNM lation analysis showed that FOXD2-AS1 expres-
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Figure 2. LncRNA FOXD2-AS1 is markedly upregulated in PTC and positively associated with aggressive phenotypes
and poor prognosis. A. Representative FOXD2-AS1 ISH staining patterns with diferent scores in PTC tissues. B, C.
Representative photographs of FOXD2-AS1 ISH staining in PTC tissues and normal samples (left) and Distribution
of FOXD2-AS1 ISH staining scores distribution in 160 PTC and adjacent normal tissues from tissue microarray. D-G.
Distribution of FOXD2-AS1 ISH staining scores in PTC tissues based on lymph node metastasis, TNM classification,
tumor size, or multucentric cancer foci. H. Kaplan-Meier survival analysis of the overall survival in 160 PTC patients
with different FOXD2-AS1 expression levels. The clinicopathological factors differences between FOXD2-AS1 high or
low expression groups were analyzed via Chi-square test. Survival analysis was evaluated using the Kaplan-Meier

method and assessed using the log-rank test. *P<0.05 and **P<0.01.

sion was significantly positively associated wi-
th the expression of Ki67 and PCNA, two prolif-
eration markers of neoplasm (Figure 1D and
1E). Kaplan-Meier analysis suggested that high
FOXD2-AS1 expression was associated with
significantly shorter overall survival (OS) and
disease-free survival (DFS) in TCGA-THCA co-
horts (Figure 1F and 1G). Furthermore, advan-
ced TNM stage (stage IlI-IV) patients with high
FOXD2-AS1 expression had shorter OS than
those with low FOXD2-AS1 expression (Figure
1H), while early TNM stage (stage I-Il) and
advanced TNM stage (stages llI-IV) patients
with high FOXD2-AS1 expression had worse
DFS than those with low FOXD2-AS1 expres-
sion (Figure 11), indicating that expression level
of FOXD2-AS1 might be a potential prognostic
biomarker for THCA patients with different TNM
stages.

LncRNA FOXD2-AS1 is markedly upregulated
in PTC and positively associated with aggres-
sive phenotypes and poor prognosis

To further explore FOXD2-AS1 expression in
PTC, we performed in situ hybridization (ISH) to
measure FOXD2-AS1 expression in PTC tissues
and matched adjacent normal tissues in a PTC
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tissue microarray (TMA) containing 160 PTC
and paired normal tissues. As shown in Figure
2A, we scored FOXD2-AS1 expression into four
levels according to the FOXD2-AS1 ISH staining
intensity. We observed that FOXD2-AS1 was
dramatically upregulated in PTC tissues com-
pared with that in non-tumor thyroid tissues
(Figure 2B and 2C). In addition, FOXD2-AS1
expression was remarkably correlated with the
presence of lymph node metastasis (Figure
2D) and TNM stages (Figure 2E), while no sta-
tistically significant relationship were observed
with tumor size (Figure 2F) and multucentric
cancer foci (Figure 2G). Kaplan-Meier analysis
revealed that high-level expression of FOXD2-
AS1 was associated with poor OS (Figure 2H). A
detailed summary of the correlation between
FOXD2-AS1 expression and the clinico-patho-
logical features of PTC patients was listed in
Table 1.

High expression of FOXD2-AS1 is an indepen-
dent adverse prognostic factor in PTC patients

Subsequently, we further evaluated the rela-
tionship between FOXD2-AS1 expression lev-
els and PTC patients’ clinico-pathological fea-
tures. Univariate Cox analysis results indicat-
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Table 1. Clinicopathological characteristics and expression of FOXD2-AS1 in studied PTC patients

FOXD2-AS1 expression

Clinicopathological variables features - - - P-value
Low expression (n = 68) High expression (n = 92)
Age (years) <45 40 (58.8) 64 (69.6) 0.150
>45 28 (41.2) 28 (30.4)
Gender Male 37 (62.5) 56 (67.2) 0.413
Female 31(37.5) 36 (32.7)
Multicentric Cancer Single 35 (67.5) 40 (58.2) 0.316
Foci Multi 33(32.5) 52 (41.8)
TNM stage Stage I 39 (567.3) 35(38.1) 0.015
Stage Ill-IV 29 (42.6) 57 (61.9)
Surgical procedure Subtotal thyroidectomy 36 (52.9) 50 (54.3) 0.859
Thyroidectomy 2(47.1) 42 (45.7)
Tumor size(mm) >5 27 (39.7) 25 (27.1) 0.094
<5 41 (60.3) 67 (72.9)
Lymph metastasis No 45 (66.2) 42 (45.7) 0.009
Yes 23(33.8) 50 (54.3)
Table 2. Univariate and multivariate analyses of overall survival of studied PTC patients
Univariate analysis Multivariate analysis
HR 95% Cl P value HR 95% Cl P value
Univariate and multivariate analysis of overall survival in PTC patients (n = 160)
Age 1.227 0.722-1.648 0.681
Gender 0.829 0.567-1.392 0.371
Multicentric Cancer Foci 1.255 0.911-1.391 0.221
TNM stage 2.497 1.609-3.345 0.002 1.917 1.358-2.492 0.001
Surgical procedure 1.110 1.017-1.754 0.263
Tumor size 1.135 0.983-1.585 0.431
Lymph metastasis 2.653 2.193-3.621 0.000 2.368 2.091-3.475 <0.001
FOXD2-AS1 expression 2.043 1.759-3.012 0.004 1.832 1.673-2.226 0.021

ed that lymph node metastasis, TNM stage,
and FOXD2-AS1 expression were correlated
with the OS (Table 2). In addition, multivariate
analysis using the Cox proportional hazard
model showed that FOXD2-AS1 expression was
an unfavorable independent prognostic bio-
marker for patients with PTC (P = 0.021, Table
2) and TNM stage (P = 0.001, Table 2). These
findings identified that overexpression of FO-
XD2-AS1 was closely associated with poor
prognosis of PTC patients, indicating that FO-
XD2-AS1 might served as a promising prognos-
tic biomarker in PTC.

FOXD2-AS1 knockdown inhibits PTC cell prolif-
eration and invasion in vitro

To investigate the function of FOXD2-AS1 in
PTC, we measured the expression of FOXD2-
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AS1 in various human PTC cell lines. As shown
in Figure 3A, compared with the normal thyroid
cell line Nthy-ori3-1, four different PTC cell lines
(BHP5-16, CGTH-W3, BCPAP, and TPC-1) all had
significant higher FOXD2-AS1 expression.

BCPAP and TPC-1 with relative higher FOXD2-
AS1 expression were used for subsequent
experiments. Fluorescent In Situ Hybridization
(FISH) results showed that FOXD2-AS1 was
mainly located in the cytoplasm (Figure 3B).
BCPAP and TPC-1 cells were transfected with
siRNAs targeting FOXD2-AS1 and the knock-
down efficiency was evaluated by RT-gPCR
(Figure 3C). The most efficient siRNA-2 was
used for the further loss-of-function test
(referred as FOXD2-AS1-siRNA). Cell prolifera-
tion was markedly inhibited in PTC cells trans-
fected with FOXD2-AS1 siRNA (Figure 3D and
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Figure 3. FOXD2-AS1 knockdown inhibits PTC cell proliferation and invasion in vitro. A. The expression levels of
FOXD2-AS1 in normal human thyroid cell line thyroid cell line Nthy-ori3-1 and PTC cell lines (BHP5-16, CGTH-W3,
BCPAP and TPC-1) were analyzed by RT-qPCR. B. Representative micrographs of FISH staining showing FOXD2-AS1
(red) and nuclei stained with DAPI (blue) in BCPAP and TPC-1 cells. Scale bars = 50 ym. C. RT-qPCR analysis of
FOXD2-AS1 expression in BCPAP or TPC-1 cells, or cells transfected with negative control (NC), FOXD2-AS1 siRNA
1/2/3. D. Representative images of PTC cells transfected with NC or FOXD2-AS1-siRNA in 96-well plate. Scale bars
=50 uym. BCPAP or TPC-1 cells were transfected with NC, FOXD2-AS1-siRNA or left untreated (Blank). E. Cell prolif-
eration of BCPAP or TPC-1 cells was assessed by CCK8 assay at indicated time points. F, G. Cell division of BCPAP or
TPC-1 cells was analyzed by EDU staining. Scale bars = 50 ym. H. The colony number of BCPAP or TPC-1 was mea-
sured by colony formation assay and counted under a microscope. I. Cell invasion of BCPAP or TPC-1 was analyzed
by transwell assay. Data are presented as mean + SD; Student’s t-test, *P<0.05 and **P<0.01.

3E). In addition, the proportion of division cells by EdU assay (Figure 3F and 3G). Silencing
after FOXD2-AS1 knockdown was significantly FOXD2-AS1 drastically impeded colony forma-
decreased in BCPAP and TPC-1 cells as shown tion of PTC cells (Figure 3H). Moreover, we
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monitored. A. Tumor growth curves of sh-FOXD2-AS1 and sh-NC groups were determined based on tumor volume
measured every week. B, C. The luciferase activity of PTC tumor in nude mice of sh-FOXD2-As1 or sh-NC group was
recorded using a live imaging system detecting the luciferase signal. D. Tumor weights of tumors from sh-FOXD2-
AS1 and sh-NC groups were analyzed at week 5. E. Relative FOXD2-AS1 expression in tumor tissues of sh-FOXD2-
AS1 or NC group was analyzed by RT-qPCR. F. Representative photographs of H&E and Ki-67 staining of tumor tis-
sues from sh-FOXD2-AS1 or NC group. G. Quantification of relative Ki-67 staining scores in tumor sections from the
sh-FOXD2-AS1 or NC group. Data are presented as mean * SD; Student’s t-test, *P<0.05 and **P<0.01.

observed that downregulation of FOXD2-AS1 suppressed tumorigenesis in sh-FOXD2-AS1
dramatically suppressed invasive ability in PTC group (Figure 4B and 4C). Tumor weights were
cells (Figure 3l). Collectively, our findings indi- markedly decreased in the sh-FOXD2-AS1
cated that FOXD2-AS1 knockdown inhibited group compared with that in control group
PTC cell proliferation and invasion in vitro. (Figure 4D). The FOXD2-AS1 knockdown effi-
ciency was confirmed in tumor tissues from sh-
FOXD2-AS1 knockdown suppresses tumor FOXD2-AS1 group (Figure 4E). IHC analysis
growth in vivo revealed that Ki-67 expression was significant
downregulated in xenograft tumors derived
In light of the effects of FOXD2-AS1 on PTC ce- from sh-FOXD2-AS1 group compared to that in
lls in vitro, we investigated whether FOXD2-AS1 the sh-NC group (Figure 4F and 4G). Taken
knockdown could suppress PTC tumorigenesis together, these results suggest the pro-onco-
in vivo. TPC-1 cells stably knockdown FOXD2- genic role of FOXD2-AS1 in PTC tumorigenesis
AS1 (sh-FOXD2-AS1) or negative control (sh- in vivo.
NC) were subcutaneously implanted into nude
mice and tumor growth was monitored. We Bioinformatics analysis of key pathways regu-
found that nude mice implanted with FOXD2- lated by FOXD2-AS1 in TCGA-THCA cohort
AS1-silenced TPC-1 cells showed a significantly
decreased tumor growth compared that in We further investigated the key genes and
sh-NC control group (Figure 4A). Consistently, pathways regulated by FOXD2-AS1 through
bioluminescent signal assays also revealed functional and pathway enrichment analysis
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Cleaved-Caspase 3 and Cytochrome C) were analyzed by western blot. B. Cell cycle-related genes (CDK2, CDK4,
Cyclin B1 and Cyclin D1) were analyzed by western blot. GAPDH was used as an internal control. Data are presented
as mean * SD; Student’s t-test, *P<0.05 and **P<0.01.

of TCGA-THCA cohort. Differential gene expres- NC control. The results showed that FOXD2-
sion analysis based on the expression levels of AS1 knockdown dramatically inhibited anti-
FOXD2-AS1 was shown in Figure 5A. Cell cycle apoptotic gene Bcl-2 expression while signifi-
and apoptosis pathway were remarkably en- cantly enhanced proapoptotic molecules Bax,
riched in FOXD2-AS1 high expression group Bak, Cleaved Caspase 3, and Cytochrome C
through cluster profile gene ontology (GO) and expression in both TPC-1 and BCPAP cells
Kyoto Encyclopedia of Genes and Genomes (Figure 6A). In addition, silencing FOXD2-AS1
(KEGG) analysis (Figure 5B and 5C). To this end, decreased the expression of cell cycle-related
we speculated that FOXD2-AS1 might regulate genes such as CDK2, Cyclin D2 and Cyclin B1
cell cycle and apoptosis in THCA development. (Figure 6B). Consistently, IHC staining of xeno-
Gene Set Enrichment Analysis (GSEA) further graft tumor tissues from sh-NC or these find-
showed that there were positive significantly ings further confirmed that cell apoptosis and
correlation between the FOXD2-AS1 expression cell cycle process were regulated by FOXD2-
and cell cycle (Figure 5D), DNA replication AS1 during PTC development (Supplementary
(Figure 5E), G2M checkpoint (Figure 5F) and Figure 1).

apoptosis (Figure 5G) gene signatures.
LncRNA FOXD2-AS1 directly interacts with

To further verify whether cell apoptosis and cell miR-185-5p as miRNA sponge

cycle were regulated by FOXD2-AS1, we mea-

sured apoptosis-related key genes and cell- To investigate the underlying mechanism by
cycle-related signature genes in TPC-1 or BC- which FOXD2-AS1 regulates PTC progression
PAP cells transfected with FOXD2-AS1-siRNA or and metastasis, we performed bioinformatics
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Figure 7. FOXD2-AS1 directly interacts with miR-185-5p as miRNA sponge. (A) Diagram of the putative binding sites
of miR-185-5p on FOXD2-AS1 (WT) and the mutated sequences of FOXD2-AS1 (MUT). (B) The expression levels of
miR-185-5p in THCA tissues and normal control tissues were analyzed by qRT-PCR. (C) The expression levels of
miR-185-5p in PTC cell lines (BHP5-16, CGTH-W3, BCPAP and TPC-1) and nonmalignant thyroid cell line Nthy-ori3-1
were analyzed by gRT-PCR. (D, E) HEK293 cells were transfected with negative control (NC), pcDNA3.1-FOXD2-AS1,
miR-185-5p mock, or miR-185-5p mimics and the expression of miR-185-5p (D) or FOXD2A-AS1 (E) was analyzed by
gRT-PCR 48 h later. (F) The WT or mutated FOXD2-AS1 was fused to the luciferase-coding region and co-transfected
into HEK293T cells with miR-185-5p mimics. Relative luciferase activity was determined 48 h after transfection.
(G) Pearson correlation analysis of FOXD2-AS1 expression and miR-185-5p expression in PTC tissues. Data are
presented as mean * SD; Student’s t-test, *P<0.05 and **P<0.01. Pearson analysis was used to calculate the cor-
relation between the expression of FOXD2-AS1 and miR-185-5p.

analysis using DIANA to search for the potential
targets of FOXD2-AS1. As shown in Figure 7A,
miR-185-5p shared complementary binding
sites with FOXD2-AS1. We also confirmed that
the expression of miR-185-5p in THCA tissues
was markedly lower than that in normal control
tissues (Figure 7B). Consistently, the results
showed that PTC cell lines (BHP5-16, CGTH-W3,
BCPAP and TPC-1) had significantly lower miR-
185-5p expression in comparison with that in
nonmalignant thyroid cell line Nthy-ori3-1
(Figure 7C). Previous study has shown that mul-
tiple IncRNAs are known to function as compet-
ing endogenous RNA (ceRNAs) for specific miR-
NAs [28]. While overexpression FOXD2-AS1
significantly inhibited miR-185-5p expression
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(Figure 7D), miR-185-5p mimics dramatically
decreased FOXD2-AS1 expression level (Figure
TE). Luciferase reporter assay was performed
to evaluate the relationship between FOXD2-
AS1 and miR-185-5p. Co-transfection of lucif-
erase reporter vector FOXD2-AS1 WT with miR-
185-5p mimics significantly reduced the lucif-
erase activity compared with that in FOXD2-
AS1 Mut & miR-185-5p group (P<0.001) (Fig-
ure 7F). In contrast, no significant difference
was detected in the relative luciferase activity
between FOXD2-AS1 MUT and FOXD2-AS1 MUT
& miR-185-5p mimics groups (Figure T7F).
Moreover, miR-185-5p expression was nega-
tively correlated with FOXD2-AS1 expression in
PTC tissues (Figure 7G).
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Figure 8. Overexpression of FOXD2-AS1 partially reverses the suppressive effect of miR-185-5p in TPC cells. BCPAP
or TPC-1 cells were transfected with miR-185-5p mock or miR-185-5p mimics, with or without FOXD2-AS1 overex-
pression vector. A. Cell proliferation of BCPAP or TPC-1 was analyzed at indicated time points by CCK-8 kit. B, C.
Colony formation and cell invasion of BCPAP cells were analyzed by colony formation assay and transwell assay,
respectively. D. The protein expression of Cyclin D2, Wnt1, and TGFBR2 in BCPAP cells transfected with miR-185-5p
mock or miR-185-5p mimics, with or without FOXD2-AS1 overexpression vector was analyzed by western blot. Data
are presented as the mean + SD; Using the Student’s t-test for statistical analysis. *P<0.05 and **P<0.01.

Overexpression of FOXD2-AS1 partially re- Discussion
verses the suppressive effect of miR-185-5p in
TPC cells Although surgical resection combined with ra-
diation and chemotherapy greatly improves
To further validate the interaction between the prognosis of patients with PTC in recent
miR-185-5p and FOXD2-AS1, BCPAP or TPC-1 decades, the clinical treatment outcomes of
cells were transfected with miR-185-5p mimics PTC patients with invasive or metastatic dis-
or mock control, with/without FOXD2-AS1 over- eases remains poor [3]. Therefore, exploration
expression vector. Cell proliferation assessed of underlying mechanisms and identifying novel
by CCK-8, colony formation and transwell as- biomarkers are urgently needed for PTC
says showed that while overexpression of miR- treatment.
185-5p suppressed cell proliferation, colony
formation and cell invasion of BCPAP or TPC-1 Increasing evidence has demonstrated that
cells, overexpression of FOXD2-AS1 partially IncRNA plays a crucial role in multiple cancers,
reversed the suppressive effect of miR-185-5p including PTC [7]. For instance, LSINCTS was
in these cells (Figure 8A-C). We also detected upregulated in gastric cancer and could impair
that miR-185-5p overexpression significantly cell growth and induce apoptosis through regu-
inhibited the expression of Cyclin D2, Wnt1 and lating the epithelial-mesenchymal transition
TGFBR2, and overexpression of FOXD2-AS1 pa- (EMT) [29]. In prostate cancer, LncRNA TINCR
rtially restored the expression levels of these was identified as tumor suppressive gene and
proteins (Figure 8D). These results confirmed associated with poor prognosis [30]. In PTC,
the interaction between miR-185-5p and FO- several cancer-related IncRNAs have been
XD2-AS1 cooperatively regulates TPC cells pro- identified, such as HOTAIR, GAS8-AS1, LPAR4,
liferation and invasion. PROX1-AS1 and so on [13, 14, 31-33]. In the
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present study, we focused on a novel cancer-
associated IncRNA, FOXD2-AS1, which was
remarkably upregulated in PTC tissues than
corresponding normal tissues (Figure 1B).
Upregulated FOXD2-AS1 was correlated with
lymph node metastasis and advanced TNM
stage (Table 1 and Figure 1C). Additional,
FOXD2-AS1 could be employed as an indepen-
dent prognostic biomarker for PTC patients
(Table 2). Consistent results about the clinical
value of FOXD2-AS1 were reported in other can-
cers, such as esophageal squamous cell ca-
rcinoma, bladder cancer, lung cancer and
colorectal cancer [16-22]. These findings indi-
cate that FOXD2-AS1 plays a crucial role in PTC
progression and might served as a prognostic
biomarker.

Limitless proliferation is the hallmarks of neo-
plasm. Loss-of-function experiment revealed
that FOXD2-AS1 silencing markedly attenuated
PTC cell proliferation and metastasis in vitro,
and suppressed tumor growth in vivo (Figures 3
and 4). Similar to our founding, Zhu et al. report-
ed that FOXD2-AS1 played a critical role in cell
proliferation through its interaction with miR-
185-5p, regulating EMT and Notch signaling
pathway in colorectal cancer [21, 22]. In blad-
der cancer, FOXD2-AS1 could promote bladder
cancer progression and accelerate the gem-
citabine-resistance [16, 20]. FOXD2-AS1 also
was identified as oncogene in nasopharyngeal
carcinoma, esophageal squamous cell carcino-
ma and lung cancer through promoting tumor
proliferation [17-19]. Taken together, our results
confirm that silencing FOXD2-AS1 in PTC cells
can significantly impede the cell proliferation
abilities and indicate FOXD2-AS1 may be a
potential therapeutic target for PTC.

After illuminating the oncogenic role of FOXD2-
AS1 in PTC, we further explored the underlying
mechanisms of FOXD2-AS1 involved in malig-
nant phenotypes. Through functional and path-
way enrichment analysis, we revealed a posi-
tive correlation between high FOXD2-AS1
expression and cell cycle and apoptosis (Figure
5B and 5C). In addition, FOXD2-AS1 expression
was positively related with cell cycle and apop-
tosis related genes through GSEA analysis
(Figure 5D-G). These data were consistent with
results of EdU assay that showed a suppressed
cell division in FOXD2-AS1 silencing PTC cells
(Figure 3F). The pro-apoptosis roles of INcRNA
have been reported in several other cancers. In
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hepatocellular carcinoma, Chen et al. report-
ed that downregulated IncRNA OGFRP1 could
inhibit cell cycle and apoptosis [34]. Li et al.
observed that LncRNA TUG1 might function as
a tumor suppressor through promoting cell ap-
optosis in glioma [35]. Similar results were ob-
served in many other cancer-related InCRNAs,
such as GAS5, HOTAIR, MALAT1 and PANDAR
[13, 36-38]. Our findings indicate that apopto-
sis may be involved in tumorigenesis and can-
cer progression regulated by FOXD2-AS1,
although other factors could not be excluded
and further experimentation is required.

Previous studies has documented that multiple
IncRNAs are known to function as competing
endogenous RNA (ceRNAs) for specific miRNAs
[28, 39, 40]. We further demonstrated that
FOXD2-AS1 directly interacts with miR-185-5p
as miRNA sponge and overexpression of
FOXD2-AS1 partially reverses the suppressive
effect of miR-185-5p in TPC cells (Figures 7
and 8). The tumor suppressor role of miR-185-
5p has been reported in various cancers includ-
ing non-small cell lung cancer, triple negative
breast cancer and gastric cancer [41-43]. Thus,
our results suggest that IncRNA FOXD2-AS1
functions as a ceRNA and competitively binds
to miR-185-5p in TPC.

Conclusion

In summary, our findings find that IncRNA
FOXD2-AS1 is highly expressed in PTC and
associated with poor prognosis, indicating
FOXD2-AS1 may be a promising prognostic bio-
marker. Further, we identify the FOXD2-AS1/
miR-185-5p axis functions in the regulation of
progression and metastasis in PTC, which
needs further study to reveal its clinic diagnosis
value.
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Supplementary Figure 1. Immunohistochemistry staining of Bcl2, BAX, CDK2, Cyclin D2, Cyclin B1 and CDK4 in
tumor tissues from sh-FOXD2-AS1 or NC group. Data are presented as mean + SD; Student’s t-test, **P<0.01.
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Supplementary Figure 2. Original western blot images for Figures 6A, 6B and 8D.



