
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Corresponding author:
Qinghuai Li
Department of Thyroid 
and Breast Surgery
the Second Hospital 
of Hebei Medical 
University
215 Hepingxi Road
Shijiazhuang 050000
Hebei, China
Email:  
qinghuai.li@yandex.com

Department of Thyroid and Breast Surgery, the Second Hospital of Hebei Medical 
University, Shijiazhuang, Hebei, China

Submitted: 1 April 2019; Accepted: 25 October 2019
Online publication: 25 November 2019

Arch Med Sci 2023; 19 (6): 1869–1878
DOI: https://doi.org/10.5114/aoms.2019.89982
Copyright © 2019 Termedia & Banach

Downregulation of long noncoding RNA CASC15 
inhibits progression, migration and invasion of 
papillary thyroid cancer

Xiaoyu Li, Wei Shen, Linlei Zhang, Suyuan Zhao, Bo Wang, Shanshan Zhang, Qinghuai Li

A b s t r a c t

Introduction: Thyroid cancers are the most common malignancy of the en-
docrine system. Increasing evidence has suggested potential roles for can-
cer susceptibility candidate 15 (CASC15) in thyroid cancer. Papillary thyroid 
cancer (PTC) accounts for 80% of thyroid cancer, posing a  great threat to 
public health. The present study aims to investigate the potential roles of 
CASC15 in PTC. 
Material and methods: PTC tissues were obtained from patients diagnosed 
with PTC at the Second Hospital of Hebei Medical University from Octo-
ber 2016 to January 2018. qRT-PCR was performed to examine the mRNA 
levels of CASC15, Bcl-2/BAX, E-cadherin, caspase-3, and PI3K/AKT. Western 
blotting was applied to determine the protein levels of PI3K/AKT, CASC15, 
E-cadherin, BAX, Bcl-2 and caspase-3. CCK-8 assays were used to determine 
the viability of BCPAP and K1 cancer cells. Wound healing and transwell 
assays were conducted to evaluate the migration and invasion abilities of 
BCPAP and K1 cells. 
Results: The results showed that CASC15 was upregulated in thyroid can-
cer tissues. Moreover, CASC15 in BCPAP and K1 was decreased by CASC15  
siRNA. The progression, migration and invasion of BCPAP cells were signifi-
cantly decreased after transfection with CASC15 siRNA, which was consis-
tent with that in K1 cells. Furthermore, CASC15 siRNA treatment decreased 
the level of Bcl-2, and PI3K/AKT, and increased the expression of E-cadherin, 
BAX, and caspase-3. 
Conclusions: Downregulated CASC15 inhibited the proliferation, migration 
and invasion of thyroid cancer. Therefore, CASC15 may be an oncogene in 
thyroid cancer and may serve as a target marker for the treatment of thyroid 
cancer.

Key words: papillary thyroid cancer, cancer susceptibility candidate 15, 
progression.

Introduction

Thyroid cancers are the most common malignancy of the endocrine 
system [1]. Globally, nearly 1% of all patients with newly diagnosed ma-
lignancies suffer from thyroid cancers [2]. As a subtype, papillary thyroid 
cancer (PTC) accounts for 80% of all thyroid cancers [3]. Even though 
great advances have been made in the treatment of thyroid cancer, mor-
tality has been increasing in recent years due to it commonly being diag-
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nosed at advanced stages [4]. Meanwhile, differ-
entiation and distant metastasis of thyroid cancer 
may contribute to poor prognosis [5]. Therefore, 
novel therapeutic approaches and individual treat-
ment strategies are needed [5, 6]. Consequently, 
there is an urgent need to explore the underly-
ing mechanisms and develop a novel therapeutic 
strategy for thyroid cancer.

Long noncoding RNAs (lncRNAs) are a series of 
noncoding RNAs over 200 nucleotides in length 
[7]. It has been demonstrated that lncRNAs regu-
late gene expression and the eukaryotic genome 
in general [8]. Studies also have shown that ln-
cRNAs play an important role in biological pro-
cesses, including proliferation, apoptosis, metas-
tasis, migration and invasion via regulating gene 
expression, transcription, or translation of mRNA 
[9, 10]. Increasing evidence has indicated the po-
tential for lncRNAs in the treatment of human tu-
mors, especially PTC, and revealed that lncRNAs 
act as modulators in various tumors [11, 12]. H19 
suppresses the cell viability, migration, and inva-
sion of thyroid cancer via regulating Bcl-2/BAX, 
caspase-3, and PI3K/AKT [13]. MCM3AP-AS1 con-
tributes to the proliferation and invasion of PTC 
via E-cadherin pathways [14, 15]. BISPR regulates 
the proliferation and apoptosis of PTC cells by reg-
ulating miR-21-5p/Bcl-2 [16]. Overexpression of 
cancer susceptibility candidate 15 (CASC15) pro-
motes the proliferation of cervical cancer [17]. 

CASC15, which is located on chromosome 
6p22.3, is characterized by high activity in cancer 
[18]. A previous study reported that CASC15 pro-
motes the proliferation and migration of neuro-
blastoma cells [19]. However, upregulated CASC15 
induces the proliferation and metastasis of colon 

cancer cells [20]. Moreover, CASC15 contributes to 
epithelial to mesenchymal transition and inhibits 
the apoptosis of hepatocellular carcinoma cells 
[21]. Therefore, the roles of CASC15 in the devel-
opment of cancer are controversial and elusive. 
Moreover, the potential roles of CASC15 in PTC 
have not been elucidated. 

In the present study, we investigated the po-
tential roles of CASC15 in PTC, the effects of 
CASC15 on the cell behavior of PTC cells, and the 
mechanisms driving these activities. This may pro-
vide a novel strategy for the treatment of thyroid 
cancer. 

Material and methods

Tissues and samples

Thirty PTC tissues and adjacent normal tissues 
were collected from PTC patients who were en-
rolled in the present study and were hospitalized 
at the Second Hospital of Hebei Medical Universi-
ty from October 2016 to January 2018. None of the 
PTC patients received chemotherapy or radiother-
apy prior to this study. All tissues were immediate-
ly stored at –80°C in liquid nitrogen until use. The 
study was approved and overseen by the Ethics 
Committee of the Second Hospital of Hebei Med-
ical University. Meanwhile, informed consent was 
obtained from all patients before the study. The 
clinical characteristics of the patients are listed in 
Table I.

Cell culture

Papillary thyroid cancer cell lines BCPAP and K1 
and  immortal thyroid cell line Nthy-ori3-1 were 
purchased from the Institute of Biochemistry and 

Table I. Expression of CASC15 and clinical characteristics

Factors Case CASC15 (mean) P-value

Gender: 0.691

Male 23 10.952 ±2.340

Female 7 9.167 ±2.112

Age [years]: 0.996

< 60 19 10.465 ±2.564

≥ 60 11 10.483 ±2.331

Histological grade: 0.044

Well-moderately differentiated 16 9.106 ±1.134

Poorly differentiated 14 12.856 ±1.395

Metastasis: 0.034

No 20 9.112 ±1.324

Yes 10 13.692 ±1.164
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Cell Biology of the Chinese Academy of Sciences 
(Shanghai, China). Cells were cultured in RPMI-
1640 medium containing 10% fetal bovine serum 
(FBS, Wisent, Canada) and 1% penicillin/strepto-
mycin (Invitrogen, USA) at 37°C in an atmosphere 
humidified with 5% CO

2.

Transfection

Cells were transfected with CASC15 siRNAs and 
the negative control siRNA (GenePharma, Shang-
hai, China) with Lipofectamine  2000  (Invitrogen, 
USA) according to the manufacturer’s instructions. 
At 48 h after transfection, cells were used for the 
following functional assays.

CCK-8 assay 

Cell counting kit-8 (CCK-8) assays (Beyo-
time, Shanghai, China) were used to examine 
the viability of PTC cells. Cells at the logarithmic 
growth phase were plated into 96-well plates  
(2 × 104 cells/well). Then, the cells were incubated 
at 37°C in 5% CO

2 for 0, 12, 24, and 48 h. Then, 
the cells were treated with 10 µl of CCK-8 solution 
and cultured for another 2 h. The absorbance rate 
at 450 nm was then measured with a microplate 
reader (Bio-Rad Laboratories, Inc., Hercules, USA). 
Each experiment was performed in triplicate.

qRT-PCR

Total RNA was extracted from tissues or cells 
with TRIzol (Invitrogen, USA). RNA (1 µg) was re-
verse transcribed into cDNA using a Prime-Script 
RT kit (Takara, Japan) according to the manufac-
turer’s instructions. A  SYBR Green PCR Kit (Ta-
kara, Japan) was applied to measure the mRNA 
levels with an ABI 7500 System. The PCRs were 

performed under the following conditions: 95°C 
for 30 s, followed by 40 cycles of 95°C for 5 s and 
60°C for 30 s. The relative mRNA levels of the tar-
get genes were determined with the 2–∆∆Ct method 
[22]. GAPDH served as an internal control. Each 
experiment was performed in triplicate. The se-
quences of the primers used are listed in Table II.

Western blot analysis 

Total protein was isolated from cells using 
RIPA lysis buffer (Beyotime, China). The concen-
tration of the protein was determined with a BCA 
kit (Beyotime, China). Equal amounts of protein  
(30 µg) were separated on a 10% acrylamide gel 
via SDS-PAGE. Then, the protein was transferred 
to polyvinylidene fluoride membranes (PVDF, Bey-
otime, China). Later, the protein was blocked with 
5% skimmed milk at 37°C for 30 min. After this, 
the membranes were incubated with the follow-
ing primary antibodies at 4°C overnight: anti-Bcl-2 
(ab32124, 1 : 1000, Abcam, USA), -E-cadherin 
(ab15148, 1 : 500, Abcam, USA), -AKT (ab81283, 
1 : 5000, Abcam, USA), -PI3K (ab32089, 1 : 1000, 
Abcam, USA), and -GAPDH (ab181602, 1 : 10000, 
Abcam, USA). The next day, the membranes were 
incubated with a  second anti-rabbit antibody 
(ab6721, 1 : 10000, Abcam, USA). The positive sig-
nals were determined with electrochemilumines-
cence (Thermo Fisher Scientific, Inc., USA), and the 
bands were captured with ChemImager 5500 V2.03 
software (Alpha Innotech, CA) and analyzed with 
ImageJ software 1.47 (National Institute of Health, 
USA). GAPDH was used as an internal control. 

Wound healing assay

After 48 h of transfection, cells (3 × 105 cells/
well) were seeded into 24-well plates. A  scratch 

Table II. Oligonucleotide primers used for PCR

Name Primer sequence

CASC15 Forward   5′-GCTGTCGACGAAGGAACTGAT-3′
Reverse   5′-GTCCAAGTCAAAAGTCTCATCCAAGA-3′

E-cadherin Forward   5′-AAAGGCCCATTTCCTAAAAACCT-3′
Reverse   5′-TGCGTTCTCTATCCAGAGGCT-3′

PI3K Forward   5′-GAAATCTCCTGGGATGTGTCGT-3′
Reverse   5′-ATCTGGTGGCTCTCGGAGTAA-3′ 

AKT Forward   5′-GATGGAGGCCAGGGTACAAA-3′
Reverse   5′-GCAGCGACACCACAAAAATGA-3′

Bax Forward   5′-CACCAGCTCTGAACAGATCATGA-3′
Reverse   5′-TCAGCCCATCTTCTTCCAGATGT-3′

Bcl-2 Forward   5′-CACCCCTGGCATCTTCTCCTT-3′
Reverse   5′-AGCGTCTTCAGAGACAGCCAG-3′

Caspase 3 Forward   5′-AACTGGACTGTGGCATTGAG-3′
Reverse   5′-ACAAAGCGACTGGATGAACC-3′

GAPDH Forward   5′-GGAGCGAGATCCCTCCAAAAT-3′
Reverse   5′-GGCTGTTGTCATACTTCTCATGG-3′
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was made with a  sterile pipette (200 µl) on the 
bottom of the plate. Twenty-four h later, the cells 
were washed with PBS and then incubated with 
DMEM at 37°C. Subsequently, the migration of 
cells was calculated with an inverted microscope 
(200× magnification, Olympus, Tokyo, Japan). Each 
experiment was conducted in triplicate.

Transwell assay

Transwell chambers containing 100 µl of se-
rum-free medium were coated with Matrigel (BD 
Biosciences, USA) at 37°C for 30 min. Cells (~2 × 
105 cells/chamber) were harvested at 48 h after 
transfection and washed with PBS. Then, the lower 
chamber was incubated with 500 µl of serum-con-
taining medium at 37°C for 12 h. The cells were 
fixed by the addition of 4% paraformaldehyde to 
the lower chamber; then, the cells were stained 
with 0.1% crystal violet for 30 min. Subsequently, 
the invaded cells were visualized with a Nikon light 
microscope (200× magnification, Nikon, Japan).

Statistical analysis

All data were analyzed with SPSS 19.0 (IBM 
Corporation, USA) and expressed as the mean ± 
SD. Student’s t test was performed to evaluate 
the difference between two groups. ANOVA was 
applied to analyze differences among multiple 
groups. Each independent experiment was per-
formed three times. P < 0.05 was considered sta-
tistically significant.

Results

Expression of CASC15 in PTC tissues and 
cells, and the correlation between CASC15 
and clinical characteristics

qRT-PCR was performed to determine the 
mRNA level of CASC15 in PTC tissues and cells. As 

shown in Figure 1 A, the mRNA level of CASC15 in 
PTC tissues was significantly higher than it was 
in adjacent normal tissues. Meanwhile, we exam-
ined the expression of CASC15 in PTC cell lines. 
qRT-PCR was performed to determine the mRNA 
level of CASC15. The expression of CASC15 was 
significantly increased in PTC cells (BCPAP and K1 
cells) compared with Nthy-ori3-1 cells (Figure 1 B). 
As shown in Table I, the expression of CASC15 was 
significantly associated with grade (0.044) and 
lymphatic metastasis (0.034), while there was no 
significant difference between the expression of 
CASC15 and the age (0.996) or gender (0.691) of 
PTC patients. These results showed that CASC15 
may be distinctively upregulated in thyroid cancer, 
suggesting that it might play unique roles in the 
progression of PTC.

CASC15 siRNA significantly decreased the 
expression of CASC15

Cells were transfected with CASC15 siRNA and 
a  negative control. The results showed that the 
expression of CASC15 in BCPAP cells treated with 
a CASC15 siRNA was significantly decreased com-
pared with the expression in cells treated with the 
negative control siRNA, while there was no signif-
icant difference between the negative group and 
the control group (Figure 2 A). The expression of 
CASC15 in K1 cells mirrored the expression pat-
tern in BCPAP cells (Figure 2 B).

Downregulated CASC15 inhibited the 
viability of PTC cells

CCK-8 assays were performed to assess the 
proliferation of PTC cells. As shown in Figure 3 A, 
the proliferation of BCPAP cells was significant-
ly decreased after treatment with the CASC15  
siRNA. The difference between the control group 
and the NC group was not statistically significant. 

Figure 1. CASC15 was upregulated in PTC tissues and cells. A – Expression of CASC15 was significantly upregulated 
in PTC tissues compared with adjacent normal tissues. B – Expression of CASC15 was significantly increased in 
BCPAP and K1 cells

**P < 0.01 vs. adjacent normal tissues. ##P < 0.01 vs. Nthy-ori 3-1. PTC – papillary thyroid cancer; CASC15 – cancer susceptibility 
candidate 15.
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The BCPAP results were in line with those from K1 
cells (Figure 3 B).

Downregulated CASC15 suppressed the 
migration of PTC cells

A wound healing assay was conducted to as-
sess the migration of PTC cells. The migration of 
PTC cells treated with the CASC15 siRNA was sig-
nificantly inhibited, while there was no significant 
difference between the control group and the NC 
group (Figures 4 A–D). 

Downregulated CASC15 repressed the 
invasion of PTC cells

We also analyzed the invasion ability of PTC 
cells after treatment with the CASC15 siRNA, 
as shown in Figures 5 A–D. The results showed 
that the invasion rate of the cells treated with 
the CASC15 siRNA was significantly lower than 
it was in the NC group. The difference between 

the control group and the NC group was not sig-
nificant.

CASC15 regulated the mRNA levels  
of Bcl-2/BAX, E-cadherin, caspase-3,  
and PI3K/AKT 

qRT-PCR experiments were performed to exam-
ine the mRNA levels of Bcl-2/BAX, E-cadherin, and 
caspase-3. The results showed that downregulated 
CASC15 significantly decreased the mRNA levels of 
Bcl-2 and PI3K/AKT and increased the mRNA levels 
of BAX, E-cadherin and caspase-3 (Figure 6 A–L).

CASC15 regulated the protein levels  
of PI3K/AKT, Bcl-2/BAX, E-cadherin,  
and caspase-3

Western blot experiments were performed to 
determine the protein levels of PI3K/AKT Bcl-2/
BAX, E-cadherin, and caspase-3. As shown in 
Figures 7 A and B, the protein level of PI3K/AKT 
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Figure 2. CASC15 siRNA significantly decreased the expression of CASC15. A – After treatment with CASC15 siRNA, 
expression of CASC15 was significantly downregulated in BCPAP cells. B – Expression of CASC15 in K1 cells was 
significantly decreased after transfection with CASC15 siRNA

**P < 0.01 vs. NC group. NC – negative control, CASC15 – cancer susceptibility candidate 15.

Figure 3. Downregulated CASC15 inhibited viability of PTC cells. A – Viability of BCPAP cells was significantly de-
creased after treatment with CASC15 siRNA. B – Viability of K1 cells was significantly decreased after treatment 
with CASC15 siRNA

**P < 0.01 vs. NC group. NC – negative control, CASC15 – cancer susceptibility candidate 15.
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Figure 4. Downregulated CASC15 suppressed migration of PTC cells. A, B – Downregulation of CASC15 significantly 
inhibited migration of BCPAP cells. C, D – Downregulation of CASC15 significantly inhibited migration of K1 cells

**P < 0.01 vs. NC group. NC – negative control, CASC15 – cancer susceptibility candidate 15.
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Figure 5. Downregulated CASC15 repressed invasion of PTC cells. A, B – Downregulation of CASC15 significantly 
inhibited BCPAP cell invasion. C, D – Downregulation of CASC15 significantly inhibited invasion of K1 cells

**P < 0.01 vs. NC group. NC – negative control, CASC15 – cancer susceptibility candidate 15.
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showed no significant difference between the 
groups, and the protein level of Bcl-2 was signifi-
cantly decreased in BCPAP and K1 cells following 
treatment with the CASC15 siRNA; however, Bax, 
E-cadherin and caspase-3 were significantly in-
creased after the treatment. There was no signifi-
cant difference between the control group and the 
NC group. 

Discussion

Papillary thyroid carcinoma ranks as the most 
common malignancy seen in clinical practice. 
Various factors complicate PTC therapy. Past de-
cades have witnessed advances in research on 
the molecular mechanisms directing pathogen-

esis. Zara-Lopes et al. demonstrated that MTH-
FR, MTR, RFC1 and CβS are involved in the pro-
gression of PTC [22]. In recent years, increasing 
attention has focused on the potential roles of 
lncRNAs in cancer development and progression. 
Dysregulated lncRNAs in PTC have been verified; 
however, the biological function and underlying 
mechanisms of many PTC-associated lncRNAs 
remain largely unknown. In this study, we found 
that CASC15 was upregulated in PTC tissues 
and cells. Moreover, the abnormally expressed 
CASC15 was significantly correlated with tumor 
grade and lymphatic metastasis. These results 
showed that CASC15 may act as an oncogene 
in PTC. However, the underlying mechanisms re-
main unclear.
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Figure 6. Cont. G–L – Downregulation of CASC15 significantly decreased mRNA levels of Bcl-2 and PI3K/AKT, and 
increased mRNA levels of E-cadherin and caspase-3 in K1 cells

**P < 0.01 vs. NC group. NC – negative control, CASC15 – cancer susceptibility candidate 15.
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Previous studies revealed that lncRNAs play 
crucial roles in regulating the tumor processes 
of PTC, such as proliferation, apoptosis, migra-
tion and invasion [11–15]. However, the roles of 
CASC15 in cancer are controversial and elusive. 
CASC15 acts as an oncogene in breast cancer as 
well as a tumor suppressor in neuroblastoma [18, 
23]. To further elucidate the underlying mecha-
nisms of CASC15 in PTC, we investigated the po-
tential effects of CASC15 on the cell proliferation, 
migration and invasion of PTC cells. lncRNAs are 
involved in the tumorigenesis and development 
of PTC via regulation of proliferation, apoptosis, 
migration and invasion [24, 25]. Downregulation 
of the lncRNA PVT1 suppresses the proliferation 
of PTC cells and blocks the cell cycle at the G0/G1  

stage [26]. Upregulated MEG3 inhibits the migra-
tion and invasion of PTC cells [27]. In the present 
study, the results showed that downregulated 
CASC15 inhibited the proliferation, migration and 
invasion of PTC cells, which further demonstrat-
ed that CASC15 is an oncogene in PTC and that 
knockdown of CASC15 may play a  positive role 
in regulating the migration and invasion of PTC 
cells. These results are consistent with those re-
ported in a study by Yu et al., which revealed that 
CASC15 acts as an oncogene and contributes to 
the progression of breast cancer cells [23]. Howev-
er, the underlying molecular mechanisms remain 
unknown.

The PI3K/AKT pathway plays an important role 
in cell proliferation, EMT, the cell cycle, and apop-
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tosis in PTC [13]. BCL-2 plays a vital role in onco-
genesis in cancer [28]. Caspase-3 plays an import-
ant role in the progression of cancers. Activation 
of E-cadherin is associated with the migration 
and invasion of PTC [29]. Furthermore, CASC15 
regulates the proliferation, apoptosis, migration 
and invasion of gastric cancer and hepatocellular 
carcinoma via BCL-2/BAX, caspase-3, and E-cad-
herin [30, 31]. In the present study, knockdown 
of CASC15 suppressed the expression of Bcl-2 
and increased the expression of caspase-3 and 
E-cadherin. These results showed that the reg-
ulatory roles of CASC15 in the PI3K/AKT, BCL-2/
BAX, caspase-3 and E-cadherin pathways may 
inhibit the progression of PTC, which suggested 
that downregulated CASC15 inhibited the prolifer-
ation, migration and invasion of PTC cells.

While this study is the first to elucidate the 
potential roles of CASC15 in PTC, it is limited by 
the number of patients and lack of in vivo assays. 
CASC15 may regulate the BCL-2/BAX, caspase-3 
and E-cadherin pathways via sponging micro-
RNA(s). This requires further study.

In conclusion, CASC15 was upregulated in PTC 
tissues and cells. CASC15 may regulate the pro-

liferation and invasion of PTC cells through the 
PI3K/AKT, caspase-3 and E-cadherin pathways. 
These insights may provide a  novel strategy for 
the treatment of PTC.
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