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Background: Long noncoding RNA (LncRNA) UCA1 has been reported to function as an 

oncogene in multiple cancers. However, the biological roles and underlying mechanism of 

UCA1 in papillary thyroid carcinoma (PTC) remain unclear. This study aimed to investigate 

the underlying function of UCA1 on thyroid cancer progression.

Materials and methods: A series of experiments involving Cell Counting Kit-8, wound-

healing, and transwell invasion assays were conducted to determine the cellular capabilities of 

proliferation, migration, and invasion, respectively. Binding sites between UCA1 and miR-204 

were identified using a luciferase reporter system, whereas mRNA and protein expression of 

target genes were determined by real-time quantitative reverse transcription-PCR (qRT-PCR) 

and Western blot, respectively.

Results: The results revealed that UCA1 was upregulated in PTC tissue and cell lines. UCA1 

knockdown significantly suppressed the cell proliferation, migration, and invasion of TPC-1 

cells. Bioinformatics analysis and luciferase reporter assay verified the complementary binding 

within UCA1 and miR-204 at the 3′-UTR. Moreover, miR-204 inhibition reversed the UCA1 

knockdown-mediated inhibitory effect on cell proliferation, migration, and invasion. We also 

found that UCA1 could regulate expression of IGFBP5, a direct target of miR-204 in PTC.

Conclusion: Our study demonstrated that UCA1 exerts activity of oncogenes in PTC through 

regulating miR-204/IGFBP5 axis.
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Introduction
Papillary thyroid carcinoma (PTC), accounting for ~90% of all thyroid cancer, is the 

most common endocrine malignancy in the worlds and the top 10 common cancer in 

Chinese female.1 After the effective and reasonable treatment, most patients with PTC 

have a good prognosis, and the 5-year survival rate of PTC is ~90%.2 However, a small 

fraction of patients develop PTC with dedifferentiation, resulting in the decline in the 

survival rate and life quality of patients.3 Genetic markers have a high specificity for 

malignancy identification and can be used in operation procedure and prevention for 

PTC. Therefore, understanding molecular events underlying the initiation and progres-

sion of PTC is critical to develop molecular targeted for treatment of this disease.

With a growing number of long noncoding RNAs (lncRNAs) being discovered 

in recent years, investigation of the biological functions of lncRNAs has become an 

attractive research hot spot.4 lncRNAs are a large family of evolutionarily conserved 

noncoding RNAs longer than 200 nucleotides in length without protein-coding 

capacity.5 lncRNA has been reported to be involved in various cellular processes, 
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including chromatin dynamics, embryonic development, 

differentiation, and carcinogenesis.6,7 Accumulating evidence 

demonstrated that dysregulated lncRNAs implicated in car-

cinogenesis and tumor progression through regulating cell 

proliferation, migration, invasion, and apoptosis in a variety 

of tumors.8,9 A number of lncRNAs were identified to con-

tribute to occurrence and progression of PTC, suggesting that 

lncRNAs might serve as a diagnosis marker and molecular 

therapy target.10,11

Human UCA1 is an lncRNA that was initially reported to 

be overexpressed in bladder cancer and serve as a biomarker 

for the diagnosis of bladder cancer.12 Several reports revealed 

that UCA1 expression was upregulated and functioned as 

an oncogene in breast cancer, prostate cancer, esophageal 

cancer, pancreatic cancer, gastric cancer, colorectal cancer, 

epithelial ovarian cancer, and non-small-cell lung cancer.13–20 

However, the functional role of UCA1 in the PTC progres-

sion is unclear. Therefore, the aims of this study were to 

investigate the expression pattern, biological function, and 

action mechanism of UAC1 in PTC progression.

Materials and methods
Tissue samples
The human PTC tissues and the adjacent normal tissues were 

obtained from 42 PTC patients (mean age, 60.5±4.1 years, 

age range, 39.2–75.8 years; male, 14 cases, and female, 

28 cases) who received surgical treatment at the First 

Affiliated Hospital of Jilin University. All samples were 

confirmed by two pathologists independently via patho-

logical diagnosis. Patients who received the chemotherapy, 

radiotherapy, or other treatments were excluded. All patients 

whose tissues were used in this research provided written 

informed consent. This study was reviewed and approved by 

the Clinical Research Ethics Committee of Jilin University 

and in accordance with the ethical standards formulated in 

the Declaration of Helsinki and the national regulations.

cell culture
Two PTC cell lines (BCPAP and TPC-1) and one normal 

thyroid cell line Nthy-ori3-1 were purchased from the 

Institute of Biochemistry and Cell Biology of Chinese 

Academy of Sciences (Shanghai, China). All cells were 

kept in the RPMI-1640 medium (Life Technologies, 

Waltham, MA, USA) containing 10% heat-inactivated FBS 

(Gibco, Grand Island, NY, USA), 100 U/mL penicillin, and 

100 mg/mL streptomycin in a humidified atmosphere at 37°C 

containing 5% CO
2
.

rna interference and cell transfection
Gene-specific stealth RNAi oligonucleotides (siRNA) against 

UCA1 (si-UCA1) and scramble negative control (si-NC) were 

designed and synthesized by GenePharma (Shanghai, China). 

The sequences of si-UCA1 and si-NC were described as 

follows: si-UCA1: 5′-GGACAACAGUACACGCAUATT-3′  
and si-NC: 5′-UUCUCCGAACGUGUCACGUTT-3′. 
miR-204 mimics (miR-204), negative control mimics 

(miR-NC), miR-204 inhibitor (anti-miR-204), and corre-

sponding negative control (anti-miR-NC) were all purchased 

from GenePharma. All of these were transfected into TPC-1 

cells using lipofectamine 2000 (Invitrogen, Carlsbad, CA, 

USA) according to the manufacturer’s instructions.

Total rna extraction and quantitative 
reverse transcription-Pcr (qrT-Pcr)
Total RNA was isolated from tissues and cultured cells 

using the TRIzol reagent (Invitrogen) according to the 

manufacturer’s instructions. The concentration and purity 

were detected by NanoDrop ND-1000 Spectrophotometer 

(Thermo Scientific, Waltham, MA, USA). Then, total RNA 

was reversed transcribed using the First Strand cDNA 

Synthesis Kit (Takara, Tokyo, Japan) or TaqMan microRN 

(miRNA) Reverse Transcription Kit (Applied Biosystems, 

Waltham, MA, USA). Quantitative real-time PCR was 

performed with SYBR Green PCR Master Mix reagents 

(Takara) in the 7500 Real-Time PCR System (Applied 

Biosystems). The primer sequences were as follows: UCA1 

forward, 5′-CCACACCCAAAACAAAAAATCT-3′ 
and reverse, 5′-TCCCAAGCCCTCTAACAACAA-3′; 
IGFBP5 forward, 5′-ACGCGTCGACATGGGCTCCTTC 

GTGCAC-3′ and reverse, 5′-CGCGGATCCATCACTCA 

ACGTTGCTGCTG-3′; miR-204 forward, 5′-CTGTCACTC 

GAGCTGCTGGAATG-3′ and reverse, 5′-ACCGTGTCGT 

GGAGTCGGCAATT-3′; U6 forward, 5′-CGCTTCGGCAG 

CACATATAC-3′ and reverse, 5′-TTCACGAATTTGCGT 

GTCAT-3′; and GAPDH forward, 5′-CATGAGAAGTA 

TGACAACAGCCT-3′ and reverse, 5′-AGTCCTTCCAC 

GATACCAAAGT-3′. The relative expression level of 

mRNA or miRNA was normalized to that of internal control 

GAPDH or U6. Comparative quantification was determined 

using the 2 t−∆∆C  method.

cell proliferation
The TPC-1 cells (50,000 cells/well) were seeded in a 

96-well plate and cultured at the DMEM with 10% FBS in 

a humidified atmosphere at 37°C containing 5% CO
2
. Cell 

proliferation abilities at 24, 48, and 72 hours after transfection 
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were detected using Cell Counting Kit-8 (Dojindo, Japan) 

according to the manufacturer’s instructions. The absorbance 

at 450 nm was then measured using a micro-plate reader 

(BioTek Instruments, Inc., Winooski, VT, USA).

Wound-healing assay
Cell migration was determined by wound-healing assay. 

Briefly, transfected cells were seeded in six-well plates 

(5×104 cells per well) and were serum starved for 24 hours 

at full confluence. Cells were scratched using a sterile 

plastic micropipette tip to create an artificial wound. Pho-

tographs were taken at 0 and 24 hours after the wounding 

using inverted Nikon Eclipse TS100 phase-contrast micro-

scope (Nikon Corporation, Tokyo, Japan). Wound closure 

was measured using Nikon NIS-Element Basic Research 

v3.2 software.

Transwell invasion assay
Cell invasion potential was evaluated using transwell 

chambers (8 µm pore; BD Biosciences, San Jose, CA, USA). 

Briefly, 2×105 transfected cells in the 200 µL serum-free 

medium were plated into the upper chamber with Matrigel 

(BD Biosciences), while media containing 10% FBS was 

added to the bottom chambers to attract cells. After 48 hours 

incubation, noninvading cells were removed from the upper 

chamber with a cotton swab, while invaded cells located 

on the lower surface of the membrane were fixed with 4% 

paraformaldehyde and stained with 1% crystal violet solu-

tion (Sigma-Aldrich Co., St Louis, MO, USA). The invasive 

cells from five selected randomly fields were counted using 

an inverted microscope (Leica, Malvern, PA, USA).

luciferase reporter assay
A target prediction software starBase 2.0 was used to predict 

potential UCA1–miRNA interactions. The DNA fragment 

of the UCA1 3′-UTR containing either the predicted bind-

ing site for miR-204 or a mutated 3′-UTR was inserted into 

the psiCHECK2 vector (Promega, Madison, WI, USA) and 

named as wild-type (Wt)-UCA1 or mutant-type (Mut)-

UCA1, respectively. For luciferase reporter assay, TPC-1 

cells were grown to 70%–80% confluence in 24-well 

plates (5×104 cells/well) and were cotransfected with the 

psiCHECK2 vector containing either the Wt-UCA1 or Mut-

UCA1 3′-UTR and miR-204 mimics or miR-NC mimics 

using a Lipofectamine 2000 according to the manufacturer’s 

instructions. Luciferase activity was measured at 48 hours 

after transfection using a dual-luciferase reporter assay 

system (Promega) and normalized to Renilla activity.

Western blot
Cell lysates were prepared by extracting proteins with 

RIPA (Beyotime, Shanghai, China). Protein concentration 

was quantified using the Pierce Bicinchoninic Acid Protein 

Assay Kit (Thermo Scientific). Equal amounts of protein 

(30 µg) were separated by 10% SDS-PAGE and transferred 

to polyvinylidene difluoide (PVDF) membranes (Millipore, 

Bedford, MA, USA). After blocked in 5% skim milk for 

2 hours, the membranes were incubated with mouse-anti 

human IGFBP5 polyclonal antibody (1:500 dilution; Santa 

Cruz Biotechnology Inc., Santa Cruz, CA, USA) and mouse-

anti human GAPDH polyclonal antibody (1:2,000 dilution; 

Santa Cruz Biotechnology Inc.) overnight at 4°C. Then mem-

branes were incubated with the goat anti-mouse IgG linked 

to a horse radish peroxidase (Santa Cruz Biotechnology 

Inc.) for 2 hours at 37°C. Protein bands were detected using 

enhanced chemiluminescence (ECL) reagent (Amersham, 

GE Healthcare, Velizy-Villacoublay, France) and exposed 

on an X-ray film. Endogenous control was GAPDH. Gray 

analysis by image analysis was performed using the software 

Gel-Pro Analyzer (United States Biochemical, Cleveland, 

OH, USA) after scanning. The semi-quantitative analysis was 

performed according to the relative expression of objective 

protein and internal control protein GAPDH, namely the ratio 

of objective protein and GAPDH.

statistical analyses
All statistical analyses were performed with SPSS software 

(version 21.0; SPSS Inc., Chicago, IL, USA). The data were 

expressed as mean±SD of three independent experiments. 

Comparison between groups was performed using paired 

t-test or ANOVA. Relationships between UCA1 expres-

sion and miR-204 or IGFBP5 mRNA levels were analyzed 

by Pearson correlation analysis. P,0.05 was regarded as 

statistically significant.

Results
lncrna Uca1 is upregulated in 
human PTc
The expression levels of UCA1 were measured in 42 cases 

of human PTC tissues and adjacent noncancerous tissues 

by qRT-PCR. Our data revealed that UCA1 expression 

was upregulated in PTC tissues compared with adjacent 

noncancerous tissues (P,0.01; Figure 1A). To confirm 

this change in PTC cell lines, we measured the UCA1 

expression level in two PTC cell lines (BCPAP and TPC-1) 

and normal thyroid cell line Nthy-ori3-1 by qRT-PCR. 
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We found that the expression level of UCA1 was dramati-

cally higher in PTC cell lines than that of Nthy-ori3-1 cells 

(Figure 1B).

Knockdown of Uca1 inhibits the 
progression of PTc
To explore the effects of UCA1 expression on the progression 

of PTC, TPC-1 cells were transfected with UCA1 siRNAs 

(si-UCA1) and negative control (si-NC) for 48 hours using 

Lipofectamine 2000. qRT-PCR assay demonstrated that 

UCA1 was efficiently silenced in TPC-1 cells by si-UCA1 

(P,0.01; Figure 2A). To investigate the effect of UCA1 on 

cell proliferation, CCK8 assay was performed. Our result 

demonstrated that knockdown of UCA1 inhibited the pro-

liferation of TPC-1 cells (P,0.05; Figure 2B). To further 

explore the effect of silencing UCA1 on the metastasis 

of cells, the migration and invasion were examined by 

wound-healing and transwell invasion assays, respectively. 

We found that knockdown of UCA1 significantly inhibited 

cell migration (P,0.05; Figure 2C) and invasion (P,0.05; 

Figure 2D) in TPC-1 cells. These results suggested that 

knockdown of UCA1 suppresses PTC progression.

Uca1 serves as a competing endogenous 
rna (cerna) and negatively regulates 
mir-204 expression in PTc
It was well known that lncRNAs exerts it biological role 

in various types of cancer by acting as a ceRNA to sponge 

miRNAs.21 To explore the underlying mechanism of the 

growth inhibition by UCA1 knockdown in PTC, a bioinfor-

matics analysis was adopted and revealed that UCA1 harbors 

a miR-204 recognition sequence (Figure 3A). Moreover, miR-

204 can decrease cell proliferation and invasion of PTC.22 

Thus, we sought to confirm the potential association between 

UCA1 and miR-204 in PTC. A luciferase reporter assay was 

performed and revealed that overexpression of miR-204 

suppressed the luciferase activity of the UCA1-Wt-3′-UTR, 

while no significant change was detected in luciferase 

activity of the UCA1-Mut-3′-UTR plasmid in TPC-1 cells 

(Figure 3B). Moreover, qRT-PCR was used to measure the 

expression level of miR-204 in TPC-1 cells transfected with 

si-UCA1 or si-NC. The results indicated that knockdown of 

UCA1 increased the expression level of miR-204 in TPC-1 

cells (P,0.05; Figure 3C). Meanwhile, we found that upregu-

lation of miR-204 significantly decreased UCA1 expression, 

whereas downregulation of miR-204 increased UCA1 expres-

sion in TPC-1 cells (P,0.05; Figure 3D).

The association between UCA1 and miR-204 was inves-

tigated to clarify the mechanism behind the regulatory role of 

UCA1 in PTC. We transfected si-NC, si-UCA1, and miR-204 

inhibitor+si-UCA1 into TPC-1 cells; then, qRT-PCR was 

used to detect miR-204 expression. Specifically, miR-204 

was upregulated in TPC-1 cells transfected with si-UCA1 

compared to that of the si-NC group, and this upregulation 

was rescued by miR-204 inhibitor (P,0.05; Figure 3E). In 

terms of function, we discovered that knockdown of UCA1 

markedly inhibited the proliferation, migration, and invasion 

of TPC-1 cells (P,0.05), which was rescued by transfection 

with the miR-204 inhibitor (Figure 3F–H). These results 

suggested that the regulatory effect of UCA1 knockdown in 

PTC was counteract by miR-204 inhibitor. In other words, 

UCA1 promoted PTC progression through negative modula-

tion of miR-204.

Figure 1 Uca1 was upregulated in PTc tissues and cell lines.
Notes: (A) relative Uca1 expression in PTc tissues and adjacent normal tissues was determined by qrT-Pcr (n=42). gaPDh was used as an internal control. (B) The 
expression levels of Uca1 in two PTc cell lines (BcPaP and TPc-1) and normal thyroid cell line nthy-ori3-1 were examined by qrT-Pcr. gaPDh was used as an internal 
control. all data are representative of three independent experiments and expressed as mean±sD. **P,0.01.
Abbreviations: PTc, papillary thyroid carcinoma; qrT-Pcr, quantitative reverse transcription-Pcr.
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Uca1 regulated igFBP5 expression 
through mir-204
Previously, a study demonstrated that miR-204-5p acts as 

a tumor suppressor in PTC by regulating IGFBP5.22 Thus, 

we wonder whether UCA1 could regulate IGFBP5 through 

miR-204, thus to act on PTC cell proliferation and invasion. 

We observed that knockdown of UCA1 could significantly 

inhibit IGFBP5 expression on mRNA and protein levels; the 

suppressive effect of UCA1 knockdown on IGFBP5 expres-

sion could be partially reversed by miR-204 inhibitor in TPC-1 

cells (Figure 4A and B). Moreover, we also found that UCA1 

expression was negatively correlated with miR-204 expression 

(r=-0.381, P=0.012; Figure 4C), and positively correlated with 

IGFBP5 expression (r=0.547, P,0.001; Figure 4D) in PTC 

tissues. These results showed that UCA1 regulated IGFBP5 

expression by sponging to miR-204 expression in PTC cells.

Discussion
A number of lncRNAs have been shown to be involved 

in tumorigenesis and development of PTC and function 

Figure 2 Knockdown of Uca1 inhibited the PTc cell proliferation, migration, and invasion.
Notes: (A) relative Uca1 expression was detected in TPc-1 cells transfected with si-Uca1 or si-nc. gaPDh was used as an internal control. (B–D) cell proliferation, 
migration, and invasion were determined in TPc-1 cells transfected with si-Uca1 or si-nc. all data are representative of three independent experiments and expressed as 
mean±sD. **P,0.01.
Abbreviations: PTc, papillary thyroid carcinoma; nc, negative control.
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as oncogenes or tumor suppressor genes.10,11 Thus, more 

efforts should be made to deeply clarify the biological and 

molecular mechanisms of lncRNAs in PTC. In the present 

study, we found that UCA1 is upregulated in human PTC 

tissues and cell line (both P,0.01), and knockdown of UCA1 

expression with si-UCA1 inhibits cell proliferation, migra-

tion, and invasion of TPC-1 cells. Therefore, we speculated 

that UCA1 might play a crucial role in the development and 

progression of PTC.

UCA1, located on chromosome 19p13.12, has been iden-

tified as an oncogene in multiple types of malignancies.12–20 

For example, Xiao et al23 showed that UCA1 promoted 

hepatocellular carcinoma cells proliferation, invasion, 

and epithelial–mesenchymal transition (EMT) process 

in vitro and xenograft tumour growth in vivo by regulating 

miR-203/snail2 axis. Gu et al24 reported that UCA1 promoted 

cell proliferation, colony formation ability, and cell inva-

sion in gastric cancer, as well as increased tumor growth 

in vivo by negatively regulating miR-590-3p. Zhang et al25 

demonstrated that lncRNA UCA1 promoted migration and 

invasion in pancreatic cancer cells via the Hippo pathway. 

Consistent with these results, our data showed that UCA1 

was significantly increased in PTC tissues and cell lines. 

Knockdown of UCA1 expression suppressed cell prolifera-

′

′

′ ′

′ ′

′

′′

′

′

Figure 3 Uca1 serves as a cerna and negatively regulates mir-204 expression in PTc.
Notes: (A) schematic of the construction of Wt- or Mut-Uca1 3′-UTr vectors is indicated. (B) relative luciferase activities were analyzed in TPc-1 cells cotransfected 
with the Wt-Uca1 or Mut-Uca1 reporter plasmid and mir-204 mimic or mir-nc. (C) mir-204 expression level was determined in TPc-1 cells transfected with si-Uca1 
or si-nc. U6 was used as an internal control. (D) Uca1 expression level was determined in TPc-1 cells transfected with mir-204 mimic, mir-nc, mir-204 inhibitor (anti-
mir-204), or anti-mir-nc. gaPDh was used as an internal control. (E) mir-204 expression level was determined in TPc-1 cells transfected with si-nc or si-Uca1 and 
with/without anti-mir-204. U6 was used as an internal control. (F–H) cell proliferation, migration, and invasion were determined in TPc-1 cells transfected with si-nc or 
si-Uca1 and with/without anti-mir-204. all data are representative of three independent experiments and expressed as mean±sD. *P,0.05 and **P,0.01.
Abbreviations: cerna, competing endogenous rna; PTc, papillary thyroid carcinoma; Wt, wild type; Mut, mutant type; nc, negative control.
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tion, migration, and invasion. Therefore, our findings sug-

gested that UCA1 could act as an oncogene and a potential 

therapeutic target for PTC.

Accumulating evidence has been suggested that lncRNA 

can serve as ceRNA abrogating the endogenous suppres-

sive effect of these miRNAs on their targeted transcripts.21 

UCA1 has been shown to harbor the recognition sequence 

of many miRNAs, such as miR-27b,17 miR-204–5 p,18 miR-

193–3 p,20 miR-203,23 miR-590–3 p,24 and miR-96.26 Thus, 

for further investigation on the specific regulatory mechanism 

of UCA1 in PTC, we identified its downstream target miR-

204, which has generally been reported as a tumor suppressor 

in PTC.22 In addition, miR-204 has been confirmed to be a 

downstream target of UCA1 in colorectal cancer cells.18 Con-

sistent with previous result, we further identified miR-204 

as a direct target of UCA1 in PTC by luciferase activity 

assay. Furthermore, we observed that knockdown of UCA1 

can increase miR-204 expression, whereas downregulation 

of miR-204 increased UCA1 expression and upregulation 

of miR-204 decreased UCA1 expression. Importantly, we 

revealed that the inhibition effect of UCA1 in PTC was 

counteracted by miR-204 inhibitor. These results suggested 

that UCA1 promoted PTC cell proliferation, migration, and 

invasion by negatively regulating miR-204.

A previous report has indicated that miRNA-204 inhibits 

proliferation and invasion in PTC by targeting IGFBP5.22 

IGFBP5 has been reported to be involved in PTC progression 

and function as an oncogene.22,27 Thus, we wonder whether 

UCA1 could regulate IGFBP5 through miR-204, thus to 

act on PTC cell proliferation and invasion. In the present 

study, we found that knockdown of UCA1 inhibits IGFBP5 

expression, while co-transfection of miR-204 inhibitor and 

Figure 4 Uca1 regulated igFBP5 expression through mir-204.
Notes: (A) IGFBP5 mrna expression was measured in TPc-1 cells transfected with si-nc or si-Uca1 and with/without anti-mir-204 by qrT-Pcr. gaPDh was used 
as an internal control. (B) igFBP5 protein expression was determined in TPc-1 cells transfected with si-nc or si-Uca1 and with/without anti-mir-204 by Western blot. 
gaPDh was used as an internal control. (C) Uca1 expression levels were inversely correlated with the mir-204 level in 42 PTc samples using Pearson’s correlation analysis. 
(D) Uca1 expression levels were positively correlated with the igFBP5 level in 42 PTc samples using Pearson’s correlation analysis. all data are representative of three 
independent experiments and expressed as mean±sD. *P,0.05 and **P,0.01.
Abbreviations: nc, negative control; qrT-Pcr, quantitative reverse transcription-Pcr; PTc, papillary thyroid carcinoma.
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si-UCA1 reversed the decreased IGFBP5 expression induced 

by si-UCA1. Moreover, we also found that UCA1 expression 

was positively correlated with IGFBP5 expression in PTC. 

These results indicated that UCA1/miR-204/IGFBP5 was 

responsible for the progression of PTC cells.

Conclusion
Our studies indicated that UCA1 could promote PTC pro-

gression. Mechanic analysis revealed the involvement of 

UCA1 in promoting PTC progression by functioning as 

miR-204 sponge and suggested a novel UCA1/miR-204/

IGFBP5 signaling pathway regulatory network in PTC. These 

results suggested that UCA1 may serve as a potential target 

for PTC treatment.
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