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LncRNA AFAP-AS1 promotes anaplastic thyroid cancer progression by sponging 
miR-155-5p through ETS1/ERK pathway
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ABSTRACT
Anaplastic thyroid cancer (ATC) is the most common malignant endocrine tumors which resist to 
majority treatment. Thus, there is impelling need to figure out the mechanism of progress of ATC. 
In this study, we explored the function and mechanism of lncRNA actin filamentin-1 antisense 
RNA (AFAP-AS1) which provided a new biomarker for ATC. Viabilities and apoptosis were tested 
by CCK-8, colony formation and flow cytometry. The interactions between miR-155-5p and AFAP- 
AS1 or ETS1 was detected by luciferase reporter assays. ETS proto-oncogene1/mitogen-activated 
protein kinase1 (ETS1/ERK) pathway was assessed by Western blot. Xenograft models were built to 
confirm the function of AFAP-AS1 in vivo. Firstly, we showed that relative RNA expression of AFAP- 
AS1 in ATC cells was higher than in immortalized thyroid cells. Next, AFAP-AS1 was verified as an 
oncogene in ATC since knock-down of AFAP-AS1 inhibited cell proliferation and accelerated 
apoptosis. In addition, miR-155-5p was negatively regulated by AFAP-AS1. Moreover, AFAP-AS1 
regulated ETS1/ERK pathway by sponging miR-155-5p. Finally, we confirmed knock-down of 
AFAP-AS1 significantly suppressed tumor proliferation in vivo. Our research proved that AFAP- 
AS1 could facilitate progression of thyroid cancer sponging miR-155-5p through ETS1/ERK 
pathway.
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1. Introduction

Thyroid cancer, the most common endocrine 
malignant tumor, became more prevalently in 
recent years, especially among women [1,2]. 
Pathologically, most thyroid cancer deriving 
from follicular epithelium cell divided into papil-
lary thyroid cancer, follicular thyroid cancer and 
anaplastic thyroid cancer. Although patients suf-
fering from papillary thyroid cancer or follicular 
thyroid cancer develop good prognosis, the mor-
tality rate for those who progress to anaplastic 
thyroid cancer is high [3,4]. Ultrasound and 
then fine needle biopsy are used to detect ATC. 
The traditional therapy that contains thyroidect-
omy with hormone and radioiodine treatments 
for ATC does not improve the fatal outcome of 
patients [5]. Although there was study showing 
that ATC patients who received chemotherapy 
combined with radiotherapy improve the survi-
val duration compared to radio-treatment alone. 
These patients still develop to cachexia even-
tually [6]. Moreover, some second-line treat-
ments target to specific gene which induce 
progression of ATC are also used, for instance, 
tyrosine kinase inhibitors, anti-angiogenic drugs 
and multi-kinase inhibitors [7]. However, these 
molecular targeted treatments do not work well 
due to drug resistance. Thus, there is impelling 
need to figure out the mechanism of progress of 
ATC [8].

Long non-coding RNAs (lncRNAs) is a class 
of transcripts which present insufficient protein 
coding capacity ranging from 200 to multiple 
nucleotides in length. It has been demonstrated 
that lncRNAs played an important role in differ-
ent biological activity, such as post transcription 
of gene, cell proliferation and tumor develop-
ment by adsorbing miRNA as sponges [9,10]. 
The lncRNA actin filamentin-1 antisense RNA 
1 (AFAP-AS1) is located on chromosome 4p16.1 
consisting of 6800 nucleotides in length that 
took part in proliferation and differentiation of 
various types of tumor, such as gastric cancer, 
nasopharyngeal carcinoma, non-small cell lung 
cancer, and etc [11–13]. Meanwhile, AFAP-AS1 
can reflect the prognosis as a biomarker in sev-
eral types of cancer including esophageal carci-
noma, breast cancer etc [14]. However, there is 

limited study exploring the function and 
mechanism of AFAP-AS1 in thyroid cancer, 
especially ATC.

MicroRNAs (miRNAs) belonging to a class of 
small non-coding RNA containing 18–25 nucleo-
tides, which completely or partially bind the 
sequence of target genes, inhibit protein translation 
by post-transcription regulation [15,16]. Multiple 
target genes can be regulated by one single 
miRNA, while different miRNAs are able to affect 
the same gene to control protein suppression. It has 
been reported that various miRNAs participated in 
the progression of cancer. For example, Sun Y. et al 
showed that miR-222-3p influenced metastasis of 
prostate cancer [17]. Meanwhile, there was study 
demonstrating that miR-574-3p participated in 
TGF-βpathway and then enhanced the progression 
of colorectal cancer [18]. Recent reports have been 
showed that miR-155-5p also played a crucial role in 
cancer progression [19]. Up to now, it has demon-
strated that miR-155-5p influenced tumor prolifera-
tion and metastasis competing with AFAP-AS1 to 
regulate target gene expression [20].

EST1 is a well-known tumorigenic transcription 
factor which regulates the cytokine and chemokine 
genes in a wide variety of different physiological 
and pathological activity directly [21]. It has been 
reported that ETS1 not only influence mitogen- 
activated protein kinase1 (ERK) expression but 
also its phosphorylation [22,23]. ERK, extracellular 
signal-regulated kinase, affects cell growth by con-
trolling many proteins through its kinase activity 
or transcription factor function. Current 
researches showed that the ERK signal pathway 
played a crucial part in the pathological behavior 
of anaplastic thyroid cancer [24]. Meanwhile, there 
were in vitro and in vivo evidences demonstrating 
that patients who suffered from anaplastic thyroid 
cancer responded to therapy differently because of 
treatment resistance through ERK signal pathway 
[25]. Thus, the function of ERK directly influence 
the prognosis of anaplastic thyroid cancer.

Here in this study, we aim to explore the role 
and function of lncRNA AFAP-AS1 in thyroid 
cancer. Due to its higher expression in tumor 
cells than in immortalized cells, we hypothesized 
that lncRNA AFAP-AS1 might played oncogene 
role in anaplastic thyroid cancer. Subsequently, 
a series of bioinformatic technologies and 
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molecular experiments indicated that lncRNA 
AFAP-AS1 exerted its oncogene function through 
miR-155-5p/ETS1/Erk axis in anaplastic thyroid 
cancer.

2. Methods and materials

2.1. Cells culture

Human immortalized thyroid cell, Nthy-ori-3-1, 
and human anaplastic thyroid cancer cell lines, 
C643, 8305 C and 8505 C were purchased from 
Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences (Shanghai, China). Cells were 
cultured in the RPMI 1640 medium with 10% fetal 
bovine serum, 1 mM pyruvate sodium and 0.5 mM 
non-essential amino acid (Gibco). All cells were 
routinely incubated at 37°C in a humidified 5% 
CO2 condition.

2.2. Cell transfections

Lentivirus encoding AFAP-AS1-shRNA and con-
trol shRNA were designed from HanBio 
Biotechnology Co., Ltd. 8305 C and 8505 C cells 
were transfected at 50% confluence with a final 
lentivirus multiplicity of infection (MOI) of 
10–100 following the instructions of the 
manufacturer.

After cells were grown up to 60% confluence, 
cells were transfected with a small interfering RNA 
targeting ETS1 (si-ETS1; 100 pmol), a small inter-
fering RNA targeting no specific gene (si-ETS1; 
100 pmol), a miR-155-5p mimic (100 pmol), 
a miR-NC (100 pmol), a miR-155-5p inhibitor 
(100 pmol) and miR-inhibitor-NC (100 pmol) by 
using Lipofectamine 3000 (Invitrogen, USA). 
These siRNAs and miRNAs are all from Ribo 
Biotechnology Co., Ltd.

2.3. Cell viabilities

1000–3000 transfected 8305 C cells or 8505 C cells 
were seeded in 96-well plates. After inoculation 
every 24 hours, 10 μL Cell Counting Kit-8 
(CCK8; Beyotime Institute of Biotechnology, 
Shanghai, China) solution was pipetted and cul-
tured for another four hours at 37°C 5% CO2 

incubator. Absorbance was measured at 450 nm 
through a Microplate Reader (Bio-Rad, USA).

2.4. Colony formation assays

1000 cells were seeded into a 6-well plate. After 
one week, the cells were washed with PBS, then 
fixed with methanol and stained with 0.1% crystal 
violet solution. Finally, we counted numbers of 
colony under an inverted microscope. Colonies 
were counted and colony surface area was quanti-
fied using ImageJ.

2.5. Apoptosis assays

Cells were transfected at 50%-60% confluence with 
sh-AFAP-AS1, miR-155-5p mimic and miR-155- 
5p inhibitor. Apoptotic cells were analyzed 
through Annexin V-FITC/PI Kit(Invitrogen, 
USA) according to the manufaturer’s protocol. 
Cells were washed, re-suspended, and stained by 
5 μL of Annexin VFITC and 10 μL of PI. After 
incubation in dark environment for 15 minutes, 
cells were detected through a Flow Cytometer 
(Beckman Coulter, USA).

2.6. qRT-PCR

We extracted total RNA with TRIzol reagent 
(Invitrogen). Next, cDNAs were produced with 
the RNA templates by using a reverse transcription 
kit (Invitrogen). Finally, qRT-PCR analysis was 
performed on a CFX96 Thermal Cycler DiceTM 

real-time PCR system with SYBR Premix Ex Taq 
II (TaKaRa, Dalian, China). GAPDH and U6 were 
used as reference gene, respectively. The sequences 
of primers are listed in Table 1. The relative 

Table 1. The sequences of specific primers.
Gene name Primer sequence (5� to3�)

lncAFAP1-AS1 Forward: 5�-TCGCTCAATGGAGTGACGGCA-3� 
Reverse: 5�-CGGCTGAGACCGCTGAGAACT-3�

miR-155-5p Forward: 5�-GTAACCCGTTGAACCCCATT-3�
Reverse: 5�-CCATCCAATCGGTAGTAGCG-3�

ETS1 Forward: 5�- GAGTCAACCCAGCCTATCCAGA-3� 
Reverse: 5�- GAGCGTCTGATAGGACTCTGTG −3’

GAPDH Forward: 5�-ATCCACGGGAGAGCGACAT-3� 
Reverse: 5�-CAGCTGCTTGTAAAGTGGAC-3’

U6 Forward: 5�-ACAGATCTGTCGGTGTGGCAC-3� 
Reverse: 5�-GGCCCCGGATTATCCGACATTC-3’
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expressions were calculated by using 2−ΔΔCt 

method.

2.7. Fluorescent in situ hybridization (FISH)

Fluorescent in situ hybridization (FISH) assay 
was carried out using Ribo™ Fluorescent in Situ 
Hybridization Kit (RiboBio, Guangzhou, China). 
DAPI stained nucleus, the lncAFAP-AS1 probe 
was labeled with Cy3 and hybridization was per-
formed according to the manufacturer’s instruc-
tions. Briefly, 8305 C and 8505 C cells were 
cultured in 35 mm confocal dishes at 80% den-
sity. The cells were washed with PBS twice, fixed 
(10 min with 4% formaldehyde), and permeabi-
lized with 70% ethanol at room temperature. 
Prior to the hybridization, the cells were incu-
bated with prehybridization solution at 37°C for 
30 min. Cells were then hybridized with the 
probes for AFAP-AS1 probe (0.5 ng/µl) in hybri-
dization solution at 4°C overnight. After hybri-
dization, the cells were washed in washing buffer 
at room temperature for 5 min twice (with the 
addition of DAPI in the second wash) and then 
in PBS twice. The confocal laser-scanning micro-
scope (Leica Microsystems, Wetzlar, Germany) 
was used to detect fluorescence.

2.8. Luciferase reporter assays

LncAFAP-AS1 Wild Type (WT) or LncAFAP-AS1 
mutant type (MUT) and ETS1 3�UTR Wild Type 
(WT) or ETS1 3�UTR mutant type (MUT)were 
inserted into luciferase report gene vectors (pRL- 
TK, Promega). The sequences of constructs were 
confirmed by Sangon Biotech Co., Ltd. Next these 
plasmids were co-transfected with miR-155-5p 
mimic or miR-155-5p inhibitor or miR-NC (miR- 
negative control) or inhibitor-NC (inhibitor- 
negative control) into 8305 C cells for 48 h. The 
relative luciferase activity was assessed using Dual- 
Luciferase Reporter Assay System (Promega). All 
plasmids were made from Genepharma, China.

2.9. Western blotting

Cell and tissue were lysed by RIPA Buffer containing 
protease inhibitors (Beyotime, Shanghai, China). 
Equal amounts of protein were separated by 10% 

sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred to PVDF membrane (Bio- 
Rad, USA). The PVDF membrane with protein was 
blocked into 5% bovine serum albumin (BSA) solu-
tion for 2 hour at room temperature. Next we incu-
bated the PVDF membrane with anti-ETS1 (1:1000, 
abcam, UK), anti-p-ERK (1:1000, abcam, UK), anti- 
t-ERK (1:1000, abcam, UK) and anti-GAPDH 
(1:1000, abcam, UK) overnight at 4°C. Next, we 
incubated the PVDF membrane with goat anti- 
rabbit IgG secondary antibody for 1 hour at room 
temperature. Finally, the immunoblotting signals 
were detected through chemiluminescence system. 
GAPDH was an internal control.

2.10. Animal experiments

A total of 6 × 106 sh-AFAP-AS1 or sh-NC transfected 
8305 C cells were injected into six-week-old female 
nude mice subcutaneously (n = 5 per group). Tumor 
volume was measured by a vernier caliper every 
3 days following the formula: volume = 1/2 × length× 
width2. We conducted animal experiments which 
followed the Ethics Committee of General Hospital 
of Ningxia and the guidelines of the National 
Institutes of Health’s (NIH) ‘Guide for the Care and 
Use of Laboratory Animals’ (8th edition).

2.11. Immunohistochemistry (IHC)

After fixing in 4% formalin for 48 h, the tumor 
xenografts were then embedded in paraffin and 
sectioned at 4-μm. Subsequently, the sections were 
deparaffinized, rehydrated and incubated with anti- 
Ki67 (1:200, Abcam, Cambridge, UK) and anti- 
pERK antibody at 4°C overnight. Then, we added 
biotinylated secondary antibodies to tissues for 1 h 
at room temperature and then visualized with dia-
minobenzidine substrate (Sigma-Aldrich, St Louis, 
MO, USA). Immunohistochemistry (IHC) images 
were taken using an Olympus microscope.

2.12. Statistical analysis

Experiments were performed in triplicates. Data 
analysis was performed through Graphpad Prism 
6.0 (GraphPad, USA). The data were shown as 
mean ± SD. P < .05 considered as statistically 
significant.
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3. Results

In our study, we firstly observed that AFAP-AS1 was 
over-expressed in anaplastic thyroid cancer cells 
compared to immortalized thyroid cells. Then to 
explore the function of AFAP-AS1, we depleted 
AFAP-AS1. The results showed that depletion of 
AFAP-AS1 inhibited proliferation and facilitated 
apoptosis. Next, luciferase report assays demonstrate 
that AFAP-AS1 influenced tumor progress by nega-
tively regulating targeted miR-155-5p. Finally, we 
proved that miR-155-5p controlled Erk phosphory-
lation by binding to classic transcription factor ETS1. 
Thus, AFAP-AS1/miR-155-5p/ETS1/Erk axis was 
demonstrated to influence the progression of ana-
plastic thyroid cancer.

3.1. Expression and location of lncRNA 
AFAP-AS1 in thyroid cancer cells

It has been clarified that AFAP-AS1 was dysregu-
lated in different types of cancer. To elucidate the 
function of AFAP-AS1 in thyroid tumorigenesis, 
we first analyzed the expression of AFAP-AS1 in 
thyroid cancer cells and immortalized thyroid 
cells. As shown in Figure 1(a), the level of AFAP- 
AS1 in thyroid cancer cells 8305 C, 8505 C and 
C643 were over-expressed than immortalized and 
non-tumorigenic thyroid cell Nthy-ori-3-1. Next 
the FISH assays were used to detect the location 
of AFAP-AS1. Our data indicated that AFAP-AS1 
was located mainly in cytoplasm but not nuclear in 
8305 C and 8505 C cells (Figure 1(b)). Therefore, 

we demonstrated that AFAP-AS1 was dysregulated 
in ATC cells and located in cytoplasm.

3.2. Knockdown of AFAP-AS1 suppressed the 
progression thyroid cancer cells

To explore the function of AFAP-AS1 in thyroid 
cancer, shRNAs were used to deplete the expression 
of AFAP-AS1 in 8305 C and 8505 C cells. As shown 
in Figure 2(a), the expression of AFAP-AS1 
decreased after sh-AFAP-AS1 transfection. Then 
we performed CCK8 assays to investigate the effect 
of AFAP-AS1 on cell growth. The results demon-
strated that knockdown of AFAP-AS1 inhibited the 
proliferation of 8305 C and 8505 C (Figure 2(b)). 
The inhibitory effect of AFAP-AS1 on thyroid can-
cer progression was further confirmed by colony 
formation assays. It was shown that the numbers of 
colony in sh-AFAP-AS1 transfected cells were fewer 
than those formed in sh-NC cells (Figure 2(c)). In 
addition, the apoptotic rate increased after trans-
fected with sh-AFAP-AS1 in 8305 C and 8505 C 
cells (Figure 2(d)). Thus, our results proved that 
knockdown of AFAP-AS1 inhibited proliferation 
and enhanced apoptosis in thyroid cancer cells.

3.3. AFAP-AS1 regulate the expression of ETS1 
through sponging miR-155-5p

As is known to us that lncRNA which located in 
cytoplasm exerted its function through sponging 
microRNA, bioinformatic analysis (http://star 
base.sysu.edu.cn/) was used to predict that 

Figure 1. Overexpression of lncRNA AFAP-AS1 in thyroid cancer cells and tissues. (a), RT-qPCR results showed the expression of 
AFAP-AS1 in anaplastic thyroid cancer cell lines 8305 C, 8505 C, C643 and immortalized and non-tumorigenic thyroid cell Nthy-ori 
-3-1. (b), FISH experiments were used to detect the location of AFAP-AS1. DAPI was used to stain nuclear. Cy3 fluorescent dye 
labeled AFAP-AS1. Scale bar = 25 µm. Data are presented as mean±SD. *P < .05, **P < .01.
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AFAP-AS1 could bind to miR-155-5p. Then the 
wild type of AFAP-AS1 plasmid (WT-AFAP- 
AS1) and mutant type of AFAP-AS1 plasmid 
(MUT-AFAP-AS1) were constructed to perform 
luciferase reporter assays (Figure 3(a)). The 
results demonstrated miR-155-5p mimic only 
impaired the luciferase activity of the WT- 
AFAP-AS1, but not MUT-AFAP-AS1 in 8305 C 
cells and 8505 C cells. However, miR-NC had no 
effect on luciferase activity both in WT-AFAP- 
AS1 and MUT-AFAP-AS1 in 8305 C cells and 
8505 C cells (Figure 3(b)). Meanwhile, the bind-
ing effects of miR-155-5p on ETS1 promotor 
was predicted through bioinformatic analysis 
(http://starbase.sysu.edu.cn/). Then wild type of 
3�-UTR-ETS1 plasmid (WT-3�UTR-ETS1) and 
mutant type of 3�-UTR-ETS1 plasmid (MUT- 
3�UTR-ETS1) were constructed to perform luci-
ferase reporter assays (Figure 3(c)). The lucifer-
ase reporter assays were used to confirm that 
miR-155-5p decreased the luciferase activities of 
WT-3�UTR-ETS1while there was no significant 

influence on 8305 C cells and 8505 C cells with 
MUT-3�UTR-ETS1. Next, we further explored 
the relationship between AFAP-AS1 and miR- 
155-5p. Depletion of AFAP-AS1 markedly 
caused an increase in the expressions of miR- 
155-5p in 8305 C and 8505 C cells (Figure 3(e)). 
This data supported that AFAP-AS1 negatively 
regulated the expressions of miR-155-5p. To 
investigate the binding effect between miR-155- 
5p and ETS1, we assessed the RNA and protein 
expression of ETS1 after transfected with miR- 
155-5p mimic or a miR-NC or miR-inhibitor- 
NC (100 pmol) or miR-155-5p-inhibitor. The 
results demonstrated that over-expression of 
miR-155-5p decreased the expression of protein 
and RNA of ETS1, while inhibition of miR-155- 
5p had an inverse effect (figure 3(f and figure 
3g)). In addition, the results showed that knock-
down of AFAP-AS1 reduced the protein expres-
sion of ETS1 (Figure 3(h)). Thus, we proved that 
lncAFAP-AS1 regulate the expression of ETS1 
through sponging miR-155-5p.

Figure 2. Knockdown of AFAP-AS1 suppressed the progression thyroid cancer cells. (a), The RNA expression of AFAP-AS1 after 
lentivirus sh-negative control (sh-NC) or sh-AFAP-AS1 transfected into 8305 C and 8505 C cell. (b), CCK8 experiments examined the 
proliferation rate of 8305 C and 8505 C after sh-NC or sh-AFAP-AS1 transfection. (c), The colony numbers were counted after sh-NC 
or sh-AFAP-AS1 transfected into 8305 C and 8505 C cell. (d), The percentage of apoptotic cells were evaluated by flow cytometry 
after sh-NC or sh-AFAP-AS1 transfected into 8305 C and 8505 C cell. Data are presented as mean±SD. *P < .05, **P < .01.
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Figure 3. AFAP-AS1 regulate the expression of ETS1 through sponging miR-155-5p. (a), The bioinformatic analysis predicted the 
binding site between AFAP-AS1 and miR-155-5p. The mutated sites of AFAP-AS1 were shown. (b), Wild type of AFAP-AS1 plasmid 
(WT) and mutant type of AFAP-AS1 plasmid (MUT) were transfected into 8305 C and 8505 C cells. Then luciferase activity was 
assessed in 8305 C cells after miR-NC or miR-155-5p transfection. (c), The bioinformatic analysis predicted the binding site between 
3�-UTR-ETS1 and miR-155-5p. The mutated sites of 3�UTR-ETS1 were shown. (d), Wild type of 3�-UTR-ETS1 (WT) plasmid or mutant 
type of 3�-UTR-ETS1 (MUT) plasmid were transfected into 8305 C and 8505 C cells. Then luciferase activity was examined after miR- 
NC or miR-155-5p transfection. (e), The expression level of miR-155-5p was assessed in 8305 C and 8505 C cells after sh-NC or sh- 
AFAP-AS1 transfection. U6 as an internal control. (f), The miR-negative control (miR-NC), miR-155-5p mimic (miR-mimic), inhibitor- 
negative control (inhibitor-NC) or miR-155-5p inhibitor (miR-inhibitor) were transfected into 8305 C and 8505 C cells. Then the mRNA 
levels of ETS1 were examined. GAPDH as an internal control. (g), Western blot was used to detect the expression of ETS1 when 
transfected with miR-NC, miR-155-5p mimic, inhibitor-NC or miR-155-5p inhibitor. GAPDH used as internal control. (h), The protein 
levels of ETS1 in 8305 C and 8505 C cells after sh-NC or sh-AFAP-AS1 transfection. GAPDH used as internal control. Data are 
presented as mean±SD. *P < .05.
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Figure 4. AFAP-AS1 exerted its oncogene function through miR-155-5p/ETS1/ERK pathway. 8305 C and 8505 C cells were transfected 
with sh-NC or sh-AFAP-AS1 or sh-AFAP-AS1 and miR-NC or sh-AFAP-AS1 and miR-155-5p inhibitor. (a),The the cell viability was 
detected by CCK-8 assays. (b), The colony numbers were counted. (c), The apoptosis of cells was evaluated by flow cytometry. (d), 
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3.4. AFAP-AS1 exerted its oncogene function 
through miR-155-5p/ETS1/ERK pathway

To confirm AFAP-AS1 play an oncogene role 
through miR-155-5p in thyroid cancer, we used 
rescue experiments that transfected miR-155-5p 
mimic or miR-NC after AFAP-AS1 depletion. As 
shown in Figure 4(a), miR-155-5p inhibitor, but 
not miR-NC, reversed inhibitory effect of AFAP- 
AS1 depletion on cell viability in 8305 C and 
8505 C cells. Meanwhile, colony formation experi-
ments also proved this restoration mentioned 
above (Figure 4(b)). Moreover, there was also an 
attenuation of apoptosis when miR-155-5p inhibi-
tor and sh-AFAP-AS1 transfected into 8305 C and 
8505 C cells together(Figure 4(c)). Previous 
researches showed that the ERK signal pathway 
played an important role in the pathological beha-
vior of anaplastic thyroid cancer. Next, we exam-
ined the protein level of pERK when cells were 
transfected with si-ETS1. The results showed that 
knockdown of ETS1 suppressed ERK phosphory-
lation, but not total ERK expression (Figure 4(d)). 

In addition, ETS1/ERK pathway in 8305 C and 
8505 C cells were evaluated after knockdown of 
AFAP-AS1 to investigate the underlying mechan-
ism. As expected, the western blot results showed 
that ETS1 and pERK declined when cells were 
transfected with sh-AFAP-AS1. Then the rescue 
experiments also performed to prove AFAP-AS1 
regulate ETS1/pERK through miR-155-5p. The 
results showed that miR-155-5p inhibitor reversed 
the decreased protein level of ETS1 and pERK 
when AFAP-AS1 depletion in 8305 C and 8505 C 
cells (Figure 4(e)). Thus, we observed that AFAP- 
AS1 exerted its oncogene function through miR- 
155-5p/ETS1/ERK pathway.

3.5. Knockdown of AFAP-AS1 inhibited 
tumorigenesis of thyroid in vivo

Finally, we evaluated oncogene effect of AFAP- 
AS1 in nude mice by 8305 C tumor xenograft. As 
shown in Figure 5(a–Figure 5c), knockdown of 
AFAP-AS1 significantly reduce the tumor volume 
and weight in contrast to the control group. Then 

The western blot showed the protein levels of ETS1, p-ERK, t-ERK and GAPDH in 8305 C and 8505 C cell after siRNA negative control 
(si-NC) or siRNA-ETS1 (si-ETS1) transfection. (e), Western blot showed the protein levels of ETS1, p-ERK, t-ERK and GAPDH in 8305 C 
and 8505 C cell transfected with sh-NC, sh-AFAP-AS1, sh-AFAP-AS1 and miR-NC or sh-AFAP-AS1 and miR-155-5p inhibitor. Data are 
presented as mean±SD. *P < .05, **P < .01.

Figure5. Knockdown of AFAP-AS1 inhibited tumorigenesis of thyroid in vivo. 8305 C cells were transfected with sh-NC and sh-AFAP- 
AS1 and then were injected into nude mice. (a), Representative images of mice bearing tumors. (b), Tumor volumes were measured 
every three days, and growth curves are shown. (c), Tumor weight were measured. (d), Representative images for Ki67 immunos-
taining of tumor tissues were shown. Scale bar = 200um. (e), Representative images for p-ERK immunostaining of tumor tissues were 
shown. Scale bar = 100um. Data are presented as mean±SD. **P < .01.
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we used immunohistochemical methods to exam-
ine the expression of Ki67 and pERK in tissues. 
The results demonstrated that the percentage of 
Ki67-positive cells strinkingly after AFAP-AS1 
depletion (Figure 5(d)). Meanwhile, we also 
observed there was an attenuation of pERK 
expression after AFAP-AS1 depletion (Figure 5 
(e)). Therefore, we proved that depletion of AFAP- 
AS1 inhibited the progression of anaplastic thyroid 
cancer in vivo.

4. Discussion

As anaplastic thyroid cancer is the most malignant 
type of thyroid cancer, there was compelling need to 
figure out a biomarker to predict its process. 
Previous research indicated that AFAP-AS1 facili-
tated to predict the diagnosis and prognosis of 
patients with cancer as a potential biomarker 
[26,27]. However, the function of AFAP-AS1 in 
ATC remained unknown. In this study, we explored 
the function and mechanism of AFAP-AS1 in ATC. 
It has been reported that AFAP-AS1 participated in 
cell proliferation, dedifferentiation and metastasis of 
several types of cancer including gastric cancer, 
nasopharyngeal carcinoma, non-small cell lung can-
cer [12,13,20]. Consistent with previous study 
showed that AFAP-AS1 exerted oncogene role, our 
study firstly showed that AFAP-AS1 over-expressed 
in ATC cells compared to normal cells. Meanwhile, 
vitro and in vivo experiments were performed to 
prove its oncogene role in anaplastic thyroid cancer. 
When AFAP-AS1 was knocked down, the prolifera-
tion of ATC cell lines and xenograft to nude mice 
were inhibited significantly.

As is known to us, lncRNAs exert its regulatory 
effect mainly by absorbing the target miRNA so this 
miRNA cannot bind to the corresponding gene. 
Therefore, we speculated that AFAP-AS1 partici-
pated in ATC progression through this mechanism. 
Bioinformatical analysis and biological experiments 
were used to hypothesized that AFAP-AS1 bound to 
miR-155-5p. The luciferase activities proved that 
binding effect between AFAP-AS1 and miR-155- 
5p. Meanwhile, knockdown of AFAP-AS1 signifi-
cantly caused an increase in miR-155-5p expressions 
in 8305 C and 8505 C cells. We confirmed that miR- 
155-5p negatively regulated by AFAP-AS1. Previous 
studies showed that controversial results about the 

function of miR-155-5p in thyroid cancer progres-
sion. Rezaei et al. indicated that there was no sig-
nificant difference of miR-155-5p expression 
between thyroid cancer and normal tissues while 
Wylie et al. demonstrated that the expression of 
miR-155-5p in ATC was higher than other carci-
noma [28,29]. Thus, to prove whether AFAP-AS1 
regulate ATC proliferation through miR-155-5p, we 
performed the rescue experiment that added miR- 
155-5p inhibitor when AFAP-AS1 was knocked 
down in ATC. The investigation presented that 
miR-155-5p inhibitor reversed proliferation inhibi-
tion after AFAP-AS1 depletion. These evidences 
indicated that ATC with high AFAP-AS1 expression 
accelerated ATC process because it absorbed miR- 
155-5p as sponge to prevent miR-155-5p post- 
transcriptional modification of target gene.

Then bioinformatics technology was performed 
to screen the downstream target genes of miR-155- 
5p and we selected ETS1 which was controlled by 
several miRNAs. It has been reported that ETS1- 
dependent oncogenic transformation was mediated 
by miR17-92 clusters [30]. Meanwhile, current stu-
dies showed that miR-9 inhibited gastric cancer and 
miR-512-5p impaired non-small cell lung cancer 
proliferation through targeting ETS1 [31]. Similar 
to the research mentioned above, we demonstrated 
that miR-155-5p could regulated ETS1 through post- 
transfection. Over-expressions of miR-155-5p 
decreased the expression of protein levels of ETS1 
while inhibition of miR-155-5p had an inverse effect.

Previous researches showed that as 
a transcription factor, the downstream of ETS1 
were several classic tumor-related genes, such as 
RAS, MET, ERK and etc [21]. It has been reported 
that the ERK signal pathway played a crucial part 
in the pathological behavior of anaplastic thyroid 
cancer and directly influence the prognosis of 
anaplastic thyroid cancer. Unlike the previous 
study showed that ETS1 impact the protein 
expression of ERK [23], we found that ETS1 influ-
ence ERK phosphorylation but not its expression.

From the above data, we drew a conclusion: 
AFAP-AS1 exerted its oncogene function through 
adsorbing miR-155-5p as sponge to regulate ETS1 
which correlated to ERK pathway. However, there 
are still potential mechanisms that need to be dis-
cussed as followings. Several reports showed other 
three mechanisms that lncRNA participated in 
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physiological and pathological process except 
adsorbing microRNA as sponge. Firstly, certain spe-
cific lncRNA recruited chromatin remodeling and 
modification complexes to target sites, altering 
methylation status of DNA, RNA and histone in 
order to control the expression of related genes. In 
this way, it may result in the occurrence of certain 
diseases such as cancer because of loss of expression 
[32]. Secondly, lncRNA acted as ligands and com-
bined with some transcription factors to form com-
plexes that regulate gene expression [33,34]. Thirdly, 
lncRNA also directly participates in the post- 
transcriptional regulation of mRNA, including vari-
able splicing, RNA editing and protein translation. 
Antisense lncRNA is mainly involved in post- 
transcriptional regulation of mRNA, which com-
bines with the complementary region of mRNA 
and affects the recruitment of spliceosome at certain 
splicing sites and controls the process of mRNA 
splicing [35]. Therefore, we speculated that whether 
AFAP-AS1 exerted its oncogene role in ATC 
through these three mechanisms talked above 
needed to be identified in the further experiments.

The novelty of our research is that we initially 
discovered that depletion of AFAP-AS1 could sup-
press ATC progression and explored its molecular 
mechanism. Compared to previous study [13,36], 
we demonstrated AFAP-AS1 negatively regulate 
miR-155-5p but not other miRNAs. We subse-
quently proved that AFAP-AS1 exerted its onco-
gene role through miR-155-5p/ETS1/ERK 
pathway.

5. Conclusion

In this study, we observed that AFAP-AS1 over- 
expressed in anaplastic thyroid cancer cells com-
pared to immortalized thyroid cells. Depletion of 
AFAP-AS1 inhibited proliferation and enhanced 
apoptosis in anaplastic thyroid cancer. 
Subsequently, a series of bioinformatic technol-
ogies and molecular experiments indicated that 
miR-155-5p as the target gene of AFAP-AS1 
influenced tumor progress by regulating the 
classic tumor- related transcription factor ETS1. 
Next, we proved that ETS1 took an important 
part in the progression of anaplastic thyroid 
cancer by controlling Erk phosphorylation. 
Compared to previous study, we initially 

demonstrated that depletion of AFAP-AS1 
inhibited progression of anaplastic thyroid can-
cer through miR-155-5p/ETS1/Erk pathway.

Highlights

(1) Knockdown of AFAP-AS1 suppressed the 
progression of anaplastic thyroid cancer 
cells.

(2) LncAFAP-AS1 regulated the expression of 
ETS1 through sponging miR-155-5p.

(3) LncAFAP-AS1 exerted its oncogene func-
tion through miR-155-5p/ETS1/ERK 
pathway.

(4) Knockdown of AFAP-AS1 inhibited growth 
of xenograft derived from anaplastic thyroid 
cancer in vivo.
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