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Abstract. Thyroid carcinoma (THCA) is a common type 
of endocrine system cancer and its current clinical treat‑
ment method is surgical resection. Long non‑coding RNAs 
(lncRNAs) have been revealed to serve important roles in a 
variety of complex human diseases. Therefore, determining 
the association between lncRNAs and diseases may provide 
novel insight into disease‑related lncRNAs, with the aim of 
improving disease treatments and diagnoses. Long intergenic 
non‑protein coding RNA 1816 (LINC01816) was identified to be 
associated with the survival of patients with colorectal cancer 
using the IDHI‑MIRW method. The present study aimed to 
investigate the role and molecular mechanism of LINC01816 
in THCA. Analysis of datasets from The Cancer Genome 
Atlas database revealed that the upregulation of LINC01816 
expression levels was associated with a variety of cancer types. 
Reverse transcription‑quantitative PCR analysis demonstrated 
that compared with the normal thyroid tissues, the expression 
levels of LINC01816 were upregulated in THCA tissues. The 
results of wound healing and Transwell assays, and western 
blotting demonstrated that the overexpression of LINC01816 
could strengthen the invasive and migratory abilities of THCA 
cells and enhance epithelial‑mesenchymal transition progres‑
sion. Analysis using the starBase website and dual‑luciferase 
reporter assays identified that microRNA (miR)‑34c‑5p was 
a target of LINC01816. The overexpression of miR‑34c‑5p 
could inhibit the invasive and migratory abilities of THCA 

cells, in addition to inhibiting the cellular retinoic acid 
binding protein 2 (CRABP2) overexpression‑induced effects 
on invasion, migration and EMT processes. In conclusion, the 
findings of the present study indicated that LINC01816 may 
be capable of sponging miR‑34c‑5p to upregulate CRABP2 
expression levels, which subsequently promoted the invasion, 
migration and EMT of THCA cells. Therefore, targeting 
the LINC01816/miR‑34c‑5p/CRABP2 pathway may be an 
effective therapeutic approach for patients with THCA.

Introduction

Thyroid carcinoma (THCA) is the most common type of 
endocrine system malignancy and accounts for ~1% of all 
malignancies (1). The incidence of THCA has continued to 
increase worldwide over the past few decades (2,3), espe‑
cially in women in China and the United States (4,5). THCA 
originates from thyroid follicular or parafollicular cells and is 
usually classified into differentiated THCA (follicular THCA 
and papillary THCA), medullary THCA and undifferentiated 
THCA (6). The majority of THCAs exhibit relatively low 
levels of malignancy, except for undifferentiated THCA (7, 8). 
Most patients with differentiated THCA have a favorable prog‑
nosis and rarely exhibit signs of distant metastasis. Only 1‑3% 
of THCAs are classified as undifferentiated THCAs (7,8); 
however, the mortality rate of undifferentiated THCA is 
14‑50% and the average survival time of patients with undif‑
ferentiated THCA is 3‑5 months (8). The current prognosis of 
patients with undifferentiated THCA is poor due to the rapid 
onset and aggressiveness of the tumor, and the occurrence of 
widespread pelvic metastasis (9). Thus, further studies inves‑
tigating the molecular mechanisms of invasion and metastasis 
in undifferentiated THCA are urgently required.

Only 1‑2% of the human genome transcript encodes 
proteins, whereas >75% is transcribed into non‑coding RNA 
(ncRNA) (10). There are numerous types of ncRNA, including 
long ncRNAs (lncRNAs), which are >200 nucleotides in 
length, and microRNAs (miRNAs/miRs) (11). Both lncRNAs 
and miRNAs have been reported to be involved in the inva‑
sion and metastasis of tumor cells. For instance, the lncRNA 
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colorectal neoplasia differentially expressed was discovered to 
promote glioma cell growth and invasion through the mTOR 
signaling pathway (12). The lncRNA, H19, a host gene of 
miR‑675, was revealed to generate mature miR‑675‑3p and 
miR‑675‑5p, which were subsequently demonstrated to be 
involved in tumor metastasis (13). On the other hand, miRNAs, 
which are 20‑25 nucleotides in length, regulate the expression 
of specific target genes that have roles in numerous biological 
processes, such as tumor progression and survival (14‑17). 
Previous studies have reported that miRNAs regulated 
proliferation and invasion in THCA. For instance, Dong et al 
revealed that the knockdown of miR‑363‑3p expression in 
papillary THCA inhibited tumor progression by targeting 
NIN1 (RPN12) binding protein 1 homolog (18); and miR‑219 
was revealed to inhibit cell viability and metastasis in papil‑
lary THCA by targeting EYA transcriptional coactivator and 
phosphatase 2 (19). miRNAs have also been revealed to play 
crucial roles in numerous tumor processes. Previous evidence 
suggested that miR‑34c‑5p expression was closely associated 
with a poor prognosis and unfavorable clinicopathological 
parameters (20,21). Shen et al indicated that the lncRNA 
KCNQ1 opposite strand/antisense transcript 1 sponged 
miR‑34c‑5p to promote osteosarcoma growth via aldolase, 
fructose‑bisphosphate A‑enhanced aerobic glycolysis (22). 
Numerous other studies have revealed that miR‑34c‑5p was 
closely related to the development of numerous types of human 
malignant cancer (23‑25). 

The functions of lncRNAs and miRNAs do not occur in 
isolation. In fact, it has been well established that a regulatory 
network composed of lncRNAs and miRNAs has an enhanced 
effect on the regulation of cellular processes (26). miRNAs 
often inhibit protein translation through binding to the 
3'‑untranslated region (UTR) of target mRNAs, and lncRNAs 
can sponge miRNAs and repress this process (27). It has been 
reported that lncRNA CCDC144NL antisense RNA 1 sponged 
miR‑143‑3p and regulated mitogen‑activated protein kinase 
kinase kinase 7 by acting as a competing endogenous RNA 
(ceRNA) in gastric cancer (28).

In general, treatment strategies for cancer are divided into 
three major categories: Surgical resection, chemotherapy and 
radiotherapy (29). Surgical resection is the primary treatment 
option recommended for non‑metastatic tumors. Metastatic 
cancers are treated with combined therapies; however, these 
therapeutic regimens are often insufficient to effectively 
treat metastatic tumors currently (30). Therefore, there is an 
urgent requirement to develop effective and novel approaches 
for the treatment of cancer. Muhammad et al previously 
reported that bitter melon extract inhibited breast cancer 
growth in a preclinical model by inducing autophagic cell 
death (31). Cholesterol depletion by methyl‑β‑cyclodextrin 
was demonstrated to increase tamoxifen‑induced cell death 
by enhancing its uptake in melanoma (32). In addition, 
methyl‑β‑cyclodextrin was revealed to enhance the sensitivity 
of skin cancer cells to doxorubicin by regulating wild‑type 
(Wt) p53 (33). Furthermore, numerous drugs have been 
designed to treat cancer by targeting tumor‑related targets. In 
a previous study, cellular retinoic acid (RA) binding protein 2 
(CRABP2) was discovered to be an essential protein for tumor 
growth. The abnormal expression of CRABP2 was revealed to 
be associated with malignant human cancer types. In addition, 

the knockdown of CRABP2 expression levels was revealed 
to suppress the migration of cancer cells (34‑36). Previous 
studies on cancer cells have also revealed that the delivery 
of RA by CRABP2 facilitated RAR‑related orphan receptor 
A transcriptional activity by enhancing differentiation and 
apoptosis, and reducing proliferation (37,38).

The present study used datasets from The Cancer Genome 
Atlas (TCGA) database to reveal that the relative expression 
levels of LINC01816 were upregulated in patients with THCA 
compared with healthy patients. The lncRNA long intergenic 
non‑protein coding RNA 1816 (LINC01816) was also revealed 
to promote epithelial‑mesenchymal transition (EMT), inva‑
sion and metastasis in THCA tissues. Bioinformatics analysis 
subsequently identified binding sites between miR‑34c‑5p and 
LINC01816 or the 3'‑UTR of CRABP2, which indicated the 
presence of a competing endogenous RNA (ceRNA) regula‑
tory mechanism. These findings suggested that ncRNAs have 
the potential to become a novel research hotspot in the context 
of cancer therapy.

Materials and methods

Patient samples. Matched paracarcinoma and cancer tissues 
were obtained from 10 patients (Table S1) undergoing surgery 
for THCA at The Affiliated Hospital of Zunyi Medical 
University (Zunyi, China). The present study was approved by 
the Zunyi Medical University Ethics Committee and informed 
patient consent was obtained prior to participation. 

Cell lines and culture. Human THCA cell lines, OCUT‑2C, 
C643, 8305C and CAL‑62, as well as the normal thyroid 
cell line, HTori‑3 were purchased from the Institute of Cell 
Biology, Chinese Academy of Sciences (Shanghai, China). 
OCUT‑2C, C643, 8305C and CAL‑62 were cultured in 
DMEM supplemented with 1% antibiotics (100 U/ml peni‑
cillin and 100 µg/ml streptomycin sulfates) and 10% FBS 
(all from Gibco; Thermo Fisher Scientific, Inc.). HTori‑3 was 
maintained in DMEM/F12 supplemented with 1% glutamine 
and 10% FBS. Cells were maintained in an incubator at 37˚C 
in a humidified atmosphere with 5% CO2. In all experiments, 
cells were allowed to acclimatize for 24 h prior to treatment. 
Cell lines were tested and confirmed to be mycoplasma‑free at 
the beginning and end of the research.

Cell transfection. Cells were transfected upon reaching 
60‑70% conf luence with pCDNA3.1‑LINC01816 or 
pCDNA3.1‑CRABP2 plasmids, miR‑34c‑5p mimics, 
miR‑34c‑5p inhibitor and their corresponding controls using 
Lipofectamine® 3000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
The miR‑34c‑5p mimics sequence was 5'‑AGG CAG UGU 
AGU UAG CUG AUU GC‑3' and the sequence of the mimics 
control was 5'‑UUA CUC GAC ACG UGU CAA GUU U‑3'. The 
miR‑34c‑5p inhibitor sequence was 5'‑GCA AUC AGC UAA 
CUA CAC UGC CU‑3' and the sequence of inhibitor control 
was 5'‑CAG UAC UUU UGU GUA GUA CAA‑3' The C643 or 
OCUT‑2C cells (2x105 cells/dish) were seeded into a 6‑cm 
cell culture dish and cultured to 60‑70% confluence. The 
cells were transfected with 1 µg plasmids or 30 nM miRNA 
mimics/inhibitor in the 6‑cm cell culture dish. The transfected 
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cells were incubated at 37˚C for 48 h. The transfected cells 
were harvested 48 h post transfection and used for subsequent 
experiments.

Scratch wound healing assay. A wound healing assay was 
performed using C643 and OCUT‑2C cells to determine the 
levels of cell migration. Briefly, cells (2x106 cells/well) were 
seeded into 24‑well plates and cultured to 100% confluence. 
Then, a linear scratch was made in the cell monolayer using a 
sterile 200‑µl pipette tip. The scratch area was imaged at 0 and 
24 h using an optical microscope (Olympus Corporation). The 
scratch width was captured at a magnification of x100. The area 
of each scratch wound was determined using ImageJ software 
(v1.48; National Institutes of Health). The cell migratory rate 
was calculated as: Migration rate (%)=(initial distance‑24 h 
scratch distance) x100.

Cell invasion assay. The cell invasion assay was performed 
using a Matrigel invasion chamber (Corning, Inc.) in a 24‑well 
Transwell plate (8 µm pore size). Briefly, the cell density was 
adjusted to 5x105 cells/ml. Then, 500 µl of serum‑free medium 
containing 3x104 cells was added into the upper chamber 
of the Transwell plate. A volume of 750 µl medium supple‑
mented with 10% FBS was added into the lower chamber. 
Following incubation at 37˚C for 24 h, the invasive cells in 
the lower chamber were fixed with 4% paraformaldehyde at 
room temperature for 20 min and subsequently stained with 
0.5% crystal violet at 37˚C for 30 min; a cotton swab was used 
to gently remove the cells on the upper surface of the upper 
chamber. Stained cells were visualized using a light micro‑
scope (magnification, x100) in five randomly selected fields of 
view from each group.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from tissues or cultured 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) for mRNA or a miRNeasy Micro kit (for 
miRNA; Qiagen GmbH) for miRNA, according to the manu‑
facturers' protocols. Then, 1 µg RNA was reverse transcribed 
into cDNA using a Prime‑Script RT‑qPCR kit (Takara Bio, 
Inc.) for mRNA or a miScript Ⅱ RT kit (Qiagen GmbH) for 
miRNA, according to the manufacturer's protocol. The primer 
sequences used were as follows: LINC01816 forward, 5'‑CAG 
CTG TCT TTG TCT GGG GCG GCG G‑3' and reverse, 5'‑GCC 
CCA GAC AAA GAC AGC‑3'; miR‑34c‑5p forward, 5'‑GAG 
GCA GTG TAG TTA GCT GA‑3' and reverse, 5'‑TCC AGT TTT 
TTT TTT TTT TTG CAA TC‑3'; CRABP2 forward, 5'‑ATG 
CCC AAC TTC TCT GGC AAC TGG A‑3' and reverse, 5'‑CAG 
CAT CAC ATT CAC CC‑3'; U6 forward, 5'‑GTG CAG GGT 
CCG AGG T‑3' and reverse, 5'‑CTC GCT TCG GCA GCA CA‑3'; 
GAPDH forward, 5'‑GGA GCG AGA TCC CTC CAA AAT‑3' 
and reverse, 5'‑GGC TGT TGT CAT ACT TCT CAT GG‑3'. 
RT‑qPCR was subsequently performed using a SYBR‑Green 
PCR kit (Takara Bio, Inc.) on a LineGene 9600 Plus Real‑Time 
PCR Detection system (Hangzhou Bioer Co., Ltd.). Thermal 
cycler conditions were as follows: 1 cycle at 98˚C for 3 min, 
40 cycles at 98˚C for 1 min, 60˚C for 30 sec, and 72˚C for 
30 sec, 1 cycle of 72˚C for 5 min. The relative expression levels 
of mRNAs and miRNAs were calculated using the 2‑ΔΔCq 
method (39). mRNA expression levels were normalized to 

GAPDH expression levels and miRNA expression levels to U6 
expression levels.

Dual‑luciferase reporter assay. Cells were plated into 6‑cm 
culture dishes at a density of 5x105 cells/ml. The Wt or 
mutant (Mut) 3'‑UTR sequences of CRABP2 and LINC01816 
were cloned into a psiCHECK2 luciferase reporter plasmid 
(Promega Corporation) containing Renilla and firef ly 
luciferase. The luciferase reporter vectors and miR‑34c‑5p 
were co‑transfected into C643 or OCUT‑2C cells using 
Lipofectamine 3000, according to the manufacturer's protocol. 
Following 24 h of transfection, cells were lysed with 1X lysis 
buffer (Beyotime Institute of Biotechnology) and the relative 
luciferase activity was measured using a Dual‑Luciferase 
Reporter assay system (Beyotime Institute of Biotechnology). 
Firefly luciferase activity was normalized to Renilla luciferase 
activity.

RNA immunoprecipitation (RIP) assay. RIP was performed 
using an RNA Binding Protein Immunoprecipitation kit 
(EMD Millipore), according to the manufacturer's protocol. 
Briefly, C643 and OCUT‑2C cells were digested and resus‑
pended in PBS (1x107 cells in 2 ml PBS). The RIP assay was 
performed using an anti‑AGO2 antibody (1:500; product code 
ab32381; Abcam) overnight at 4˚C and an anti‑IgG antibody 
(1:500; product no. 3900S; Cell Signaling Technology, Inc.) as 
the negative control. RT‑qPCR was subsequently performed to 
analyze the CRABP2 mRNA expression levels.

Immunofluorescence staining. Cells were seeded into 6‑cm 
dishes at a density of 2x105 cells/dish. The cells were fixed 
with 4% paraformaldehyde for 20 min at room temperature, 
permeabilized in 0.5% Triton X‑100 for 1 h and blocked with 
3% BSA at room temperature for 2 h (Nanjing KeyGen Biotech 
Co., Ltd.). Subsequently, the cells were incubated with the 
following primary antibodies for 6 h at 4˚C in humid conditions: 
Anti‑E‑cadherin (1:100; product no. 14472S; Cell Signaling 
Technology, Inc.), anti‑vimentin (1:100; product no. 5741S; Cell 
Signaling Technology, Inc.) and anti‑CRABP2 (1:250; product 
code ab211927; Abcam). Following the primary antibody incu‑
bation, the cells were incubated with Alexa Fluor‑594 anti‑rabbit 
(1:500; cat. no. A‑11012; Thermo Fisher Scientific, Inc.) or 
anti‑mouse secondary antibodies (1:500; cat. no. A‑11032; 
Thermo Fisher Scientific, Inc.) at room temperature for 1 h. 
The cell nuclei were subsequently stained with 5 µg/ml DAPI 
(Beyotime Institute for Biotechnology) for 5 min. Stained cells 
were visualized using an immunofluorescence microscope 
at a magnification of x400 (Olympus Corporation). Western 
blotting. Total protein was extracted from cells using RIPA 
lysis buffer (product no. P0013C; Beyotime Institute of 
Biotechnology) supplemented with protease and phosphatase 
inhibitors. Total protein concentration was quantified using a 
BCA protein assay kit (Beyotime Institute of Biotechnology) 
and 20 µg protein per lane was separated via 10% SDS‑PAGE. 
The separated proteins were subsequently transferred onto 
PVDF membranes (EMD Millipore) and blocked with 5% BSA 
at 37˚C for 1 h. The membranes were then incubated overnight 
at 4˚C with the following primary antibodies: Anti‑CRABP2 
(1:1,000; product code ab211927; Abcam), anti‑E‑cadherin 
(1:1,000; product no. 14472S; Cell Signaling Technology, Inc.), 



ZHAO et al:  LINC01816 PROMOTES EPITHELIAL‑MESENCHYMAL TRANSITION AND METASTASIS OF THCA4

anti‑N‑cadherin (1:1,000; product no. 13116S; Cell Signaling 
Technology, Inc.), anti‑vimentin (1:1,000; product no. 5741S; 
Cell Signaling Technology, Inc.), anti‑NME1 (1:1,000; 
cat. no. 11086‑2‑AP; ProteinTech Group, Inc.), anti‑AMF 
(1:1,000; product code ab66340; Abcam), anti‑cyclin D1 
(1:1,000; product no. 55506S), anti‑cyclin E1 (1:1,000; 
product no. 20808S), p27 (1:1,000; product no. 3686S), p21 
(1:1,000; product no. 2947S), cleaved caspase‑3 (1:1,000; 
product no. 9664S), cleaved PARP (1:1,000; product no. 5625S), 
Bax (1:1,000; product no. 5023S) and Bcl‑2 (1:1,000; 
product no. 15071S; all from Cell Signaling Technology, Inc.) 
and anti‑GAPDH (1:10,000; cat. no. 60004‑1‑AP; ProteinTech 
Group, Inc.). Following the primary antibody incubation, the 
PVDF membranes were washed 3 times with TBS‑Tween‑20 
(0.05%; 5 ml Tween‑20 in 1,000 ml TBS) and then incubated 
for an additional 2 h with a horseradish peroxidase‑conjugated 
secondary antibody (1:5,000; cat. no. BA1056; Wuhan 
Boster Biological Technology, Ltd.) at room temperature for 
2 h. Protein bands were visualized using an ECL Western 
Blotting Detection kit (Beyotime Institute of Biotechnology). 
Densitometric analysis was performed using ImageJ software 
(v1.48; National Institutes of Health). Protein expression levels 
were normalized to GAPDH expression levels.

Cell cycle analysis. A Cell Cycle kit (Beyotime, China) was 
used for cell cycle analysis. Cells (1x106 cells/ml) were washed 
three time by cold PBS and then fixed in 70% ethanol at ‑20˚C 
for 24 h. Subsequently, cells were washed with cold PBS and 
stained with appropriate propidium iodide (PI) staining buffer 
containing 10% RNase A at 37˚C for 30 min in the dark. Cell 
cycle analysis was performed using FACSCantoII cytometer 
(BD Biosciences). Analyses were performed on Modifit LT 4.1 
software (BD Biosciences).

Bioinformatics analysis. The expression levels of LINC01816 
in different types of cancer were obtained from the online 
GEPIA database (40) (http://gepia.cancer‑pku.cn/). The target 
predictions between LINC01816/miR‑34c‑5p were analyzed 
using the online starBase v2.0 database (41) (http://starbase.
sysu.edu.cn). The corresponding target genes for miR‑34c‑5p 
were filtered out using the TargetScan database (42) 
(https://www.targetscan.org) and the KEGG pathway 
analysis was performed using the Database for Annotation, 
Visualization and Integrated Discovery (DAVID) database (43) 
(https://david‑d.ncifcrf.gov/).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 8.0 software (GraphPad Software, Inc.) and 
SPSS 22.0 software (IBM Corp.). All data are presented as the 
mean ± SD of ≥3 experimental repeats. Statistical differences 
between groups were analyzed using unpaired Student's t‑tests. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

LINC01816 expression levels are upregulated in 
undifferentiated THCA tissues and cell lines. Analysis of 
THCA RNA sequencing datasets from TCGA revealed that 
LINC01816 expression levels were upregulated in THCA 

tissues compared with normal tissues (Fig. 1A). Thus, the 
expression levels of LINC01816 in THCA and matched adja‑
cent paracarcinoma thyroid tissues obtained from 10 patients 
were analyzed. RT‑qPCR analysis of the 10 paired thyroid 
tissues revealed that the expression levels of LINC01816 were 
upregulated in cancerous tissues compared with noncancerous 
tissues (Fig. 1B and C). Moreover, the RT‑qPCR results 
indicated that the expression levels of LINC01816 were signifi‑
cantly upregulated in the undifferentiated THCA cell lines, 
C643, 8305C and CAL‑62, compared with the normal thyroid 
cell line, OCUT‑2C (Fig. 1D). 

LINC01816 promotes the EMT, migration and invasion 
of undifferentiated THCA cells. To investigate the role of 
LINC01816 in undifferentiated THCA, pcDNA3.1‑LINC01816 
plasmids were transfected into C643 and OCUT‑2C cells 
to promote the overexpression of LINC01816 (Fig. 2A). 
Transwell assays were used to detect the cell invasive ability. 
As revealed in Fig. 2B, the number of invasive cells was 
increased in the LINC01816 overexpression group compared 
with the vector group. The results of the wound healing assay 
also demonstrated that the migratory rate was increased in 
cells overexpressing LINC01816 compared with the vector 
group (Fig. 2C). Immunofluorescence staining revealed that 
E‑cadherin was downregulated while vimentin was upregu‑
lated after LINC01816 overexpression in C643 and OCUT‑2C 
cells (Fig. 2D). In addition, the protein expression levels of 
E‑cadherin were downregulated in the LINC01816 overex‑
pression group, while the expression levels of N‑cadherin and 
vimentin were upregulated in the LINC01816 overexpres‑
sion group (Fig. 2E). Furthermore, the expression levels of 
NME1 were also downregulated following the overexpression 
of LINC01818, while the expression levels of AMF were 
upregulated, in C643 and OCUT‑2C cells (Fig. 2F). 

To determine the effects of LINC01818 on the invasion 
and migration, cell Transwell and scratch wound healing 
assay were performed in Htori‑3 cells. LINC01816 promoted 
cell invasion and migration in normal thyroid cells (Fig. S1). 
To determine the effects of LINC01818 on the EMT process, 
LINC01818 expression was knocked down in C643 cells. 
Following the knockdown of LINC01818, the expression levels 
of E‑cadherin were upregulated, while the expression levels 
of N‑cadherin and vimentin were downregulated (Fig. S2A). 
Similarly, the results of the Transwell invasion and wound 
healing assays indicated that the knockdown of LINC01816 
expression suppressed cell invasion and migration in C643 
cells (Fig. S2B and C). In addition, the cell cycle distribution 
was detected using flow cytometry. The overexpression of 
LINC01816 resulted in G2/M phase arrest (Fig. S3A). Western 
blotting was performed to analyze the expression levels of 
cell cycle‑related proteins, including cyclin D1, cyclin E1, p27 
and p21. The expression levels of cyclin D1 and cyclin E were 
downregulated following the overexpression of LINC01816, 
while the expression levels of p27 and p21 were upregulated 
(Fig. S3B). Thus, it was suggested that the cell cycle arrest in 
the G2/M phase may promote EMT. The expression levels of 
the apoptosis‑related proteins, cleaved caspase‑3 (c‑caspase‑3), 
cleaved poly (ADP‑ribose) polymerase (c‑PARP), Bax and 
Bcl‑2, were also analyzed using western blotting. These 
results revealed that the changes in LINC01816 expression had 
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little effect on the levels of cell apoptosis in vitro (Fig. S3C). 
These findings aforementioned indicated that the upregulated 
expression levels of LINC01816 may induce EMT, leading to 
an increase in cell invasion. 

miR‑34c‑5p is regulated by LINC01816 and inhibits EMT and 
cell migration. The bioinformatics online tool, starBase, was 
used to predict that LINC01816 may act as a sponge by binding 
to miR‑34c‑5p at the binding site located within chromosome 
2: 70351393‑70351399[‑] (Fig. 3A). Following the overexpres‑
sion of LINC01816, the expression levels of miR‑34c‑5p were 
demonstrated to be downregulated in C643 and OCUT‑2C 
cells (Fig. 3B). Moreover, the results of the dual‑luciferase 
reporter assay revealed that the overexpression of miR‑34c‑5p 
reduced the relative luciferase activity of LINC01816‑Wt 
vectors, while no effect was observed on the relative luciferase 
activity of LINC01816‑Mut vectors (Fig. 3C). The RIP assay 
results also revealed that LINC01816 and miR‑34c‑5p were 
markedly enriched in anti‑Ago2 lysates, which suggested that 
LINC01816 may sponge miR‑34c‑5p (Fig. 3D). As revealed 
in Fig. 3E and F, the results of the wound healing assay and 
Transwell invasion assay revealed that the migratory rate 
and number of invasive cells were decreased in cells overex‑
pressing miR‑34c‑5p compared with the mimics NC group. 
To determine whether miR‑34c‑5p inhibited EMT in THCA, 

the protein expression levels of E‑cadherin, N‑cadherin and 
vimentin were analyzed by western blotting following the 
inhibition of miR‑34c‑5p in C643 cells. The results revealed 
that the expression levels of E‑cadherin were downregulated, 
while the expression levels of N‑cadherin and vimentin were 
upregulated following the inhibition of miR‑34c‑5p (Fig. S2A). 
Transwell and wound healing assays were also performed and 
the results demonstrated that the inhibition of miR‑34c‑5p 
expression promoted cell invasion and migration in C643 
cells (Fig. S2B and C). Conversely, the expression levels of 
E‑cadherin were significantly upregulated, while vimentin 
and N‑cadherin expression levels were downregulated in the 
miR‑34c‑5p mimics group (Fig. 3G). Immunofluorescence 
staining revealed that E‑cadherin was upregulated while 
vimentin was downregulated after miR‑34c‑5p overexpression 
in C643 and OCUT‑2C cells (Fig. 3H). These data indicated that 
miR‑34c‑5p may attenuate the migratory and invasive abilities, 
and the EMT of THCA cells, via sponging LINC01816.

CRABP2 is a target gene of miR‑34c‑5p and is associated with 
EMT, migration and invasion. Immunohistochemistry was 
used to analyze the expression levels of the CRABP2 protein 
in THCA and paracarcinoma tissues of patients. As revealed in 
Fig. 4A, CRABP2 protein expression levels were significantly 
upregulated in THCA tissues compared with paracarcinoma 

Figure 1. The expression of LINC01816 is detected in a validated cohort of patients with thyroid carcinoma and in thyroid carcinoma cell lines. (A) The 
LINC01816 expression in various human cancers according to The Cancer Genome Atlas database. (B) The expression of LINC01816 in cancer tissue of 
patients with thyroid carcinoma was significantly higher than that in normal tissue. (C) The statistics of LINC01816 expression in the tumor group (N=10) and 
normal group (N=10). (D) The expression of LINC01816 in various thyroid cancer cells and normal thyroid cells. All of the aforementioned experiments were 
repeated at least three times. **P<0.01 and ***P<0.001. LINC01816, long intergenic non‑protein coding RNA 1816.
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Figure 2. LINC01816 promotes the migration and EMT of thyroid carcinoma cells. (A) Validation of cell transfection efficiency. (B) Transwell assay was 
performed to assess the invasive ability of C643 and OCUT‑2C cells with LINC01816 overexpression. (C) Scratch wound healing assay was performed to 
assess the migration ability of C643 and OCUT‑2C cells with LINC01816 overexpression. (D) Immunofluorescence staining was used to detect E‑cadherin 
and vimentin expression after LINC01816 overexpression in C643 and OCUT‑2C cells. (E and F) The EMT and migration‑related proteins were detected 
after LINC01816 overexpression in C643 and OCUT‑2C cells. All of the aforementioned experiments were repeated at least three times. *P<0.05, **P<0.01 and 
***P<0.001. LINC01816, long intergenic non‑protein coding RNA 1816; EMT, epithelial‑mesenchymal transition; OE, overexpression.
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Figure 3. LINC01816 acts as a sponge of miR‑34c‑5p. (A) Schematic diagram of the miR‑34c‑5p putative binding sites and mutant site in LINC01816. (B) The 
miR‑34c‑5p expression was detected after LINC01816 overexpression in C643 and OCUT‑2C cells. (C) Dual luciferase reporter gene assay revealed that 
miR‑34c‑5p significantly decreased the luciferase activity of LINC01816. (D) RNA immunoprecipitation assay of the enrichment of Ago2 on LINC01816 
relative to IgG in C643 and OCUT‑2C cells. (E) Scratch wound healing assay was performed to assess the migration ability of C643 and OCUT‑2C cells with 
miR‑34c‑5p overexpression. (F) Transwell assay was performed to assess the invasive ability of C643 and OCUT‑2C cells with miR‑34c‑5p overexpression. 
(G) The EMT‑related proteins were detected after miR‑34c‑5p overexpression in C643 and OCUT‑2C cells. (H) Immunofluorescence staining was used 
to detect E‑cadherin and vimentin expression after miR‑34c‑5p overexpression in C643 and OCUT‑2C cells. All of the aforementioned experiments were 
repeated at least three times. *P<0.05, **P<0.01 and ***P<0.001. LINC01816, long intergenic non‑protein coding RNA 1816; miR‑34c‑5p, microRNA‑34c‑5p; 
EMT, epithelial‑mesenchymal transition; Wt, wild‑type; Mut, mutant; OE, overexpression; NC, negative control.
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Figure 4. miR‑34c‑5p binds the 3'UTR of CRABP2. (A) Immunohistochemical analysis of CRABP2 in cancerous (N=10) and paracarcinoma tissue (N=10). 
(B) The relationship between CRABP2 and LINC01816 from The Cancer Genome Atlas database. (C) The mRNA expression of CRABP2 was measured 
after LINC01816 overexpression in C643 and OCUT‑2C cells. (D) The protein expression of CRABP2 was assessed after LINC01816 overexpression in C643 
and OCUT‑2C cells. (E) Immunofluorescence staining was used to detect CRABP2 expression after LINC01816 overexpression in C643 and OCUT‑2C cells. 
(F) Schematic diagram of the miR‑34c‑5p putative binding sites and mutant site in the 3'UTR of CRABP2. (G) Dual luciferase reporter gene assay revealed that 
miR‑34c‑5p significantly decreased the luciferase activity of CRABP2 3'UTR. (H) RNA immunoprecipitation assay of the enrichment of Ago2 on CRABP2 
relative to IgG in C643 and OCUT‑2C cells. All of the aforementioned experiments were repeated at least three times. **P<0.01 and ***P<0.001. miR‑34c‑5p, 
microRNA‑34c‑5p; CRABP2, cellular retinoic acid binding protein 2; LINC01816, long intergenic non‑protein coding RNA 1816; OE, overexpression, NC, 
negative control; Wt, wild‑type; Mut, mutant.
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Figure 5. CRABP2 promotes EMT and cell migration. (A) The mRNA expression of CRABP2 was detected after CRABP2 overexpression in C643 and 
OCUT‑2C cells. (B) The protein expression of CRABP2 was detected after CRABP2 overexpression in C643 and OCUT‑2C cells. (C) Transwell assay was 
performed to assess the invasive ability of C643 and OCUT‑2C cells with CRABP2 overexpression. (D) Scratch wound healing assay was performed to assess 
the migration ability of C643 and OCUT‑2C cells with CRABP2 overexpression. (E) The EMT‑related proteins were detected after CRABP2 overexpression in 
C643 and OCUT‑2C. (F) The migration‑related proteins were detected after CRABP2 overexpression in C643 and OCUT‑2C cells. (G) Immunofluorescence 
staining was used to detect E‑cadherin and vimentin expression after CRABP2 overexpression in C643 and OCUT‑2C cells. All of the aforementioned 
experiments were repeated at least three times. *P<0.05, **P<0.01 and ***P<0.001. LINC01816, long intergenic non‑protein coding RNA 1816; miR‑34c‑5p, 
microRNA‑34c‑5p; EMT, epithelial‑mesenchymal transition; OE, overexpression; NC, negative control.
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tissues. starBase was used to determine the presence of a posi‑
tive association between CRABP2 and LINC01816 expression 
levels in THCA (Fig. 4B). Following the overexpression of 
LINC01816 in C643 and OCUT‑2C cells, CRABP2 expression 
levels were revealed to be upregulated (Fig. 4C and D). The 
results of the immunofluorescence analysis also validated these 
findings, as the expression levels of CRABP2 were consis‑
tent with the results of the aforementioned western blotting 
(Fig. 4E). The binding site between CRABP2 and miR‑34c‑5p 
is presented in Fig. 4F. Subsequently, luciferase reporter plas‑
mids containing 3'‑UTR‑CRABP2‑Wt/Mut were constructed. 
The results of the dual‑luciferase reporter assay demonstrated 
that the overexpression of miR‑34c‑5p suppressed the relative 
luciferase activity of the 3'‑UTR‑CRABP2‑Wt vector, but not 
of the 3'‑UTR‑CRABP2‑Mut vector, in C643 and OCUT‑2C 
cells (Fig. 4G). The RIP assay results demonstrated that 
miR‑34c‑5p overexpression significantly increased the enrich‑
ment of CRABP2 in RIP‑Ago2 compared with RIP‑IgG in both 
C643 and OCUT‑2C cells (Fig. 4H). In addition, other poten‑
tial targets of miR‑34c‑5p were analyzed using the DAVID 
database. The related signaling pathways of miR‑34c‑5p target 
genes are presented in Fig. S4. miR‑34c‑5p was identified to be 
mainly involved in the following signaling pathways: ‘Thyroid 
hormone signaling pathway’ (44), ‘pathway in cancer’, ‘MAPK 
signaling pathway’ (45) and ‘ErbB signaling pathway’ (46), 
amongst others. These pathways are known to be closely 
associated with tumor processes. These results indicated that 
CRABP2 may be a target gene of miR‑34c‑5p.

The transfection efficiency of the CRABP2 overexpression 
plasmid was determined using RT‑qPCR and western blot‑
ting. The mRNA and protein expression levels of CRABP2 
were increased after CRABP2 overexpression plasmid 
transfection in C643 and OCUT‑2C cells (Fig. 5A and B). 
As revealed in Fig. 5C, the number of invasive cells was 
increased in the CRABP2 overexpression group compared 
with the vector group. Wound healing assays were used to 
determine the role of CRABP2 in EMT progression. As 
presented in Fig. 5D, the migratory rate was increased in 
the cells overexpressing CRABP2 compared with the vector 
group. The protein expression levels of E‑cadherin were 
downregulated in the CRABP2 overexpression group, while 
the expression levels of N‑cadherin and vimentin were upreg‑
ulated in the CRABP2 overexpression group. The expression 
levels of NME1 were also downregulated following the over‑
expression of CRABP2, while AMF expression levels were 
upregulated in C643 and OCUT‑2C cells (Fig. 5E and F). 
Immunofluorescence staining was used to further confirm 
these findings (Fig. 5G). The expression of E‑cadherin was 
decreased while the expression of vimentin was increased 
with CRABP2 overexpression. These results indicated that 
the overexpression of LINC01816 induced the EMT process 
and led to an increase in cell migration. CRABP2 may be a 
target gene of miR‑34c‑5p and may be associated with EMT, 
migration and invasion in THCA.

Discussion

THCA has been classified as one of the fastest growing solid 
malignant tumors in China in the past 20 years (47). Although 
THCA has a low mortality rate, patients with advanced disease 
cannot be cured and thus, depend on drugs to maintain their 
quality of life (48). In the present study, analysis using TCGA 
database revealed that LINC01816 expression levels were 
significantly upregulated in THCA. In addition, LINC01816 
knockdown could significantly suppress the migratory and 
invasive abilities of THCA. To clarify the mechanism of 
action of LINC01816 in the regulation of THCA progression, 
bioinformatics analysis was first used, and the results were 
subsequently verified using in vitro cell line experiments. The 
results demonstrated that miR‑34c‑5p shared a complementary 
binding site with LINC01816 and its expression levels were 
regulated by LINC01816 in vitro. LncRNAs are located in 
the cytoplasm, where they can sponge miRNAs to regulate 
gene expression (49). Previous studies have reported that 
miR‑34c‑5p was involved in regulating tumor progression. For 
example, miR‑34c‑5p inhibited the stemness of ovarian cancer 
and the development of drug resistance by downregulating the 
amphiregulin/EGFR/ERK signaling pathway (50). Wang et al 
determined that miR‑34c‑5p targeted flotillin 2 to inhibit the 
proliferation, migration and invasion of osteosarcoma cells, 
downregulate the protein expression levels of cyclin D1, 
matrix metalloproteinase (MMP)‑2 and MMP‑9, and upregu‑
late the protein expression levels of p21 (51). The signaling 
pathways associated with miR‑34c‑5p target genes are known 
to be closely associated with tumor processes (23‑25). The 
results of the present study also revealed that E‑cadherin 
expression levels were significantly downregulated following 
the inhibition of miR‑34c‑5p. In addition, the transfection of 

Figure 6. Schematic diagram of the proposed mechanism. LINC01816 
promotes the migration, invasion and epithelial‑mesenchymal transition of 
thyroid carcinoma cells by sponging miR‑34c‑5p and regulating CRABP2 
expression levels. LINC01816, long intergenic non‑protein coding RNA 1816; 
miR‑34c‑5p, microRNA‑34c‑5p; LINC01816, long intergenic non‑protein 
coding RNA 1816; miR‑34c‑5p, microRNA‑34c‑5p; EMT, epithelial‑ 
mesenchymal transition.
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THCA cells with miR‑34c‑5p mimics reduced the migratory 
ability. These data indicated that miR‑34c‑5p may serve as a 
tumor suppressor in the regulation of tumor progression. In 
addition, the overexpression of LINC01816 could reverse the 
inhibitory effect of miR‑34c‑5p overexpression on THCA 
progression. Thus, these findings indicated that LINC01816 
may be involved in the regulation of THCA as an oncogenic 
factor. Notably, the knockdown of miR‑34c‑5p enhanced the 
effects of LINC01816.

CRABP2 is a cellular lipid‑binding protein that is involved 
in the transport of retinoic acid (52). The aberrant regulation 
of CRABP2 is a common phenomenon in numerous different 
cancer types. CRABP2 expression levels were reported to be 
downregulated in prostate cancer, esophageal squamous cell 
carcinoma, head and neck squamous cell carcinoma and astro‑
cytic glioma, amongst others. In contrast, the upregulation of 
CRABP2 expression levels has been reported in retinoblas‑
toma, ovarian cancer, breast cancer, lung cancer and uterine 
leiomyoma (53‑56). However, to the best of our knowledge, 
little is known about the role of CRABP2 in THCA. The results 
of the present study revealed that the genetic knockdown of 
CRABP2 suppressed cell migration, invasion and EMT in 
C643 and OCUT‑2C cells. In addition, the expression levels 
of NME1 were revealed to be downregulated following the 
overexpression of CRABP2. Further experiments verified that 
CRABP2 expression levels were positively associated with 
LINC01816 expression levels, and its expression was regulated 
by LINC01816 and miR‑34c‑5p. 

Collectively, the findings of the present study provided 
significant evidence to suggest that LINC01816 expression 
levels may be significantly upregulated in cancer tissues 
compared with matched adjacent tissues. In addition, according 
to TCGA database analysis, LINC01816 expression levels were 
determined to be modulated by the miR‑34c‑5p/CRABP2 
ceRNA regulatory network. However, there are also limita‑
tions to the present study. For example, the results were not 
verified using an in vivo animal model or an independent 
cohort of patients. Therefore, these issues will be addressed 
in future studies.

In conclusion, the findings of the present study proposed a 
novel molecular mechanism for LINC01816 in regulating the 
process of EMT in THCA. The results revealed that LINC01816 
expression levels were upregulated in THCA, which may 
subsequently serve a role in the migratory and EMT processes 
of THCA cells by targeting the miR‑34c‑5p/CRABP2 axis 
(Fig. 6). Therefore, the LINC01816/miR‑34c‑5p/CRABP2 axis 
may be of clinical significance in THCA.
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