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Abstract. Aberrant terminal differentiation-induced 
noncoding RNA (TINCR) expression has been identified in 
multiple human cancer types and is functionally significant in 
cancer progression. However, to the best of our knowledge, no 
reported studies have investigated the expression pattern and 
precise role of TINCR in epithelial ovarian cancer (EOC). Here, 
TINCR expression levels in EOC tissues and cell lines were 
determined by reverse transcription-quantitative polymerase 
chain reaction. Cell Counting Kit‑8 assays, flow cytometric 
analysis, Transwell migration and invasion assays, and 
in vivo xenograft experiments were performed to determine 
the influence of TINCR on the malignant phenotype of EOC 
cells in vitro and in vivo. The molecular mechanisms associ-
ated with the tumor-promoting roles of TINCR during EOC 
progression were elucidated using a series of experiments. 
TINCR expression was higher in EOC tissues and cell lines 
compared with normal cells. An analysis of the association 
between TINCR expression and clinicopathological charac-
teristics showed that increased TINCR expression was closely 
related to tumor size, FIGO stage, and lymphatic metastasis. 
In addition, the overall survival rates of EOC patients with 
high TINCR expression levels were lower than in those with 
low TINCR expression levels. Functional experiments showed 
that TINCR deficiency attenuated the proliferation, migration, 
and invasion of EOC cells in vitro and hindered EOC tumor 
growth in vivo. In addition, EOC cell apoptosis increased after 
TINCR knockdown. Mechanistically, TINCR was shown to 
function as a sponge of microRNA-335 (miR‑335) in EOC 
cells, thereby regulating fibroblast growth factor 2 (FGF2) 

expression. miR‑335 inhibition partially counteracted the 
effect of TINCR knockdown on the aggressive behavior of 
EOC cells. This study showed, for the first time to the best 
of our knowledge, that silencing TINCR, which interacts with 
miR‑335, inhibited EOC progression in vitro and in vivo by 
decreasing FGF2 expression. Hence, this lncRNA could 
be a potential prognostic biomarker and effective target for 
therapeutic intervention in EOC.

Introduction

Ovarian cancer, the most lethal gynecological malignancy, 
ranks as the third leading cause of cancer-associated mortalities 
among women (1). Every year, ~220,000 females are diagnosed 
with ovarian cancer and 140,000 deaths are linked to ovarian 
cancer globally (2). Epithelial ovarian cancer (EOC), the most 
common type of ovarian cancer, accounts for ~90% of all 
ovarian cancer cases (3). Over the last few decades, there have 
been major advancements in therapeutic techniques, including 
surgical resection and chemotherapeutic and radiotherapeutic 
therapy. Unfortunately, the clinical outcomes of patients 
with EOC are still unsatisfactory, with a 5-year survival rate 
of <50% (4,5). Multiple risk factors have been shown to be 
responsible for the formation and progression of EOC, but the 
detailed molecular mechanisms underlying these phenomena 
remain largely unexplored, which is another major factor 
contributing to its unsatisfactory prognosis (6,7). Therefore, 
an in-depth understanding of the mechanisms underlying 
the aggressive behavior of EOC is urgently required for the 
development of novel clinical therapeutic methods.

An increasing number of studies have indicated that 
long noncoding RNAs (lncRNAs) serve important roles 
in tumorigenesis (8-10). LncRNAs, a group of endogenous 
non-protein-coding RNAs that are >200 nucleotides in length, 
were first identified from sequencing and microarray analyses 
of the whole genome and transcriptome (11). Accumulating 
evidence suggests that lncRNAs are dysregulated in nearly all 
types of human cancer and they significantly influence a variety 
pathophysiological processes, including innate immunity, 
metabolism, and carcinogenesis (12-14). Numerous lncRNAs 
dysregulated in EOC have been widely acknowledged in 
recent years (15-17). For instance, lncRNAs SNHG15 (18), 
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JPX (19), and LINC01118 (20) are upregulated in EOC, and 
serve tumor-promoting roles during cancer progression. On 
the contrary, CASC2 (21), XIST (22) and CPS1‑IT1 (23) are 
expressed at low levels in EOC, and inhibit the generation of 
malignant phenotypes. 

lncRNAs have been implicated in the pathogenesis 
of EOC via interactions with proteins (24), microRNAs 
(miRNAs/miRs) (25-28), or mRNAs (29,30). Accordingly, 
therapies that target lncRNAs may be attractive strategies for 
treating patients with EOC. 

Aberrant terminal differentiation-induced noncoding RNA 
(TINCR) expression has been identified in multiple human 
cancer types, and its aberrant expression has been shown to 
have effects on cancer progression (31-36). However, to the 
best of our knowledge, no reported studies have investigated 
the expression patterns and precise role of TINCR in EOC. 
Therefore, in this study, we analyzed TINCR expression in 
EOC and evaluated the prognostic value of TINCR in patients 
with EOC. In addition, the biological functions of TINCR 
with regards to the malignant phenotypes of EOC and the 
underlying mechanisms, were explored in detail.

Materials and methods

Patients and tissue specimens. In total, 53 pairs of EOC tissues 
and their adjacent normal tissues were collected from patients 
(age range, 42-71 years) at The People's Hospital of Zhengzhou 
University between June 2011 and February 2013. Immediately 
after surgical resection, all tissue specimens were snap frozen 
in liquid nitrogen and then stored at ‑80˚C until further use. 
EOC patients were followed‑up for ≤60 months. EOC patients 
who had been treated with chemotherapy or radiotherapy 
prior to surgical resection were excluded from the study. The 
International Federation of Gynecology and Obstetrics clas-
sification (25) was used to analyze the stage of disease. The 
current study was approved by the Ethics Committee of The 
People's Hospital of Zhengzhou University and was carried 
out in accordance with the Declaration of Helsinki. Written 
informed consent was provided by all the enrolled patients 
before their participation in the study.

Cell culture. The human EOC cell lines, ES-2, CAOV-3, 
OVCAR3 and SKOV3, were purchased from the Cell Bank 
of Type Culture Collection, Chinese Academy of Science. 
A normal human ovarian epithelial cell line, (NOEC), 
was obtained from the ScienCell Research Laboratories 
(cat. no. 7310). All cells were cultured in Dulbecco's Modified 
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.), 100 U/ml penicillin (Sigma-Aldrich; 
Merck KGaA), and 100 mg/ml streptomycin (Sigma-Aldrich; 
Merck KGaA). Cell cultures were maintained at 37˚C in a 
humidified atmosphere under 5% CO2.

Transfection assays. Small interfering RNAs (siRNA) against 
TINCR (si-TINCR) and a nontargeting control siRNA (si-NC) 
were chemically synthesized by Shanghai GenePharma Co., 
Ltd. The si-TINCR sequence was 5'-AAT ACC TGC TAC TTC 
ATG C-3' and the si-NC sequence was 5'-UUC UCC GAA 
CGU GUC ACG UTT-3'. miR‑335 mimics, negative control 

(NC) miRNA mimics (miR-NC), an miR‑335 inhibitor, and 
an NC inhibitor were obtained from Guangzhou Ribobio 
Co., Ltd. The miR-335 mimics sequence was 5'-UCA AGA 
GCA AUA ACG AAA AAU GU-3' and the miR-NC sequence 
was 5'-UUG UAC UAC ACA AAA GUA CUG-3'. The miR-335 
inhibitor sequence was 5'-AGU UCU CGU UAU UGC UUU 
UUA CA-3' and the NC inhibitor sequence was 5'-ACU ACU 
GAG UGA CAG UAG A‑3'. Overexpression of fibroblast growth 
factor (FGF2) was achieved using the FGF2 overexpression 
plasmid, pcDNA3.1-FGF2 (pc-FGF2; GeneCopoeia Inc.). The 
empty pcDNA3.1 plasmid was used as a control for pc-FGF2 
transfection. Cells were plated into 6-well plates at a density 
of 5x105 cells per well. Cell transfection was performed with 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. Approximately 
6 h after transfection, the culture medium was replaced with 
fresh DMEM supplemented with 10% FBS.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
using a high-purity total RNA extraction kit (BioTeke 
Corporation) and then reverse transcribed using a miScript 
Reverse Transcription kit (Qiagen GmbH), according to the 
manufacturers' protocols. cDNA samples were then used for 
measuring miR‑335 expression using a miScript SYBR Green 
PCR kit (Qiagen GmbH). The thermocycling conditions for 
qPCR were as follows: 95˚C for 2 min, 95˚C for 10 sec, 55˚C for 
30 sec and 72˚C for 30 sec, for 40 cycles. To measure TINCR 
and FGF2 mRNA expression, cDNA was synthesized using a 
PrimeScript first‑strand cDNA synthesis kit (Takara Bio, Inc.) 
and was then subjected to qPCR using a SYBR Premix ExTaq kit 
(Takara Biotechnology Co.). The thermocycling conditions for 
qPCR were as follows: 5 min at 95˚C, followed by 40 cycles of 
95˚C for 30 sec and 65˚C for 45 sec. The expression of miR‑335 
was normalized to small nuclear U6 RNA expression, while 
glyceraldehyde phosphate dehydrogenase (GAPDH) was used 
as the internal control for TINCR and FGF2 mRNA expression. 
All reactions were performed on the Applied Biosystems 7500 
real‑time PCR system (Thermo Fisher Scientific, Inc.). Relative 
gene expression was calculated using the 2-ΔΔCq method (37).

The primers were designed as follows: miR-335, 5'-AGC 
CGT CAA GAG CAA TAA CGA A-3' (forward) and 5'-GTG 
CAG GGT CCG AGG T-3' (reverse); U6, 5'-GCT TCG GCA GCA 
CAT ATA CTA AAA T-3' (forward) and 5'-CGC TTC ACG AAT 
TTG CGT GTC AT-3' (reverse); TINCR, 5'-TGT GGC CCA AAC 
TCA GGG ATA CAT-3' (forward) and 5'-AGA TGA CAG TGG 
CTG GAG TTG TCA-3' (reverse); FGF2, 5'-AGA AGA GCG 
ACC CTC ACA TCA-3' (forward) and 5'-CGG TTA GCA CAC 
ACT CCT TTG-3' (reverse); and GAPDH, 5'-CAT GTT CGT 
CAT GGG TGT GAA CCA-3' (forward) and 5'-AGT GAT GGC 
ATG GAC TGT GGT CAT-3' (reverse).

Cell Counting Kit‑8 (CCK‑8) assays. Transfected cells were 
collected after 24 h of incubation and suspended in complete 
culture medium. A total of 100 µl of each suspension containing 
2,000 cells was seeded into 96-well plates. Cell proliferation 
was evaluated at four time points (0, 24, 48 and 72 h after 
incubation) using the CCK-8 assay (Dojindo Molecular 
Technologies, Inc.). For this assay, 10 µl of CCK-8 solution 
was added to the cells, which were then incubated at 37˚C for 
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an additional 2 h. The absorbance of the samples at 450 nm 
was measured using a VarioskanTM LUX microplate reader 
(Thermo Fisher Scientific, Inc.). 

Analysis of apoptosis by flow cytometry. The rate of apoptosis 
was determined using an Annexin V‑fluorescein isothiocya-
nate apoptosis detection kit (BioLegend, Inc.), according to the 
manufacturer's protocols. After 48 h of culture, transfected cells 
were collected and washed three times with ice-cold phosphate 
buffer solution (PBS; Gibco; Thermo Fisher Scientific, Inc.). 
Cells were then double-stained with 5 µl of Annexin V and 
5 µl of propidium iodide, diluted in 100 µl of binding buffer 
include in the kit. Following incubation for 30 min in the dark, 
flow cytometry (FACScan; BD Biosciences) was performed to 
determine the apoptotic state of cells.

Transwell migration and invasion assays. At 48 h 
post-transfection, cells were washed three times with PBS 
and suspended in FBS-free DMEM. In total, 200 µl of cell 
suspension containing 5x104 transfected cells was plated into 
the upper compartments of Transwell inserts (8 µM pore size; 
Costar; Corning Inc.) that were coated with Matrigel (BD 
Biosciences). The bottom compartments were covered with 
500 µl of DMEM containing 20% FBS (Gibco; Thermo Fisher 
Scientific, Inc) as the chemoattractant. Following incubation 
for 24 h at 37˚C, the non‑invading cells in the upper compart-
ment were gently removed with a cotton swab, whereas the 
invading cells were fixed in 4% paraformaldehyde at room 
temperature for 30 min and stained with 0.5% crystal violet 
at room temperature for 30 min. Invasiveness was assessed 
by counting the average number of invading cells in six 
randomly selected fields of each insert under an IX83 inverted 
microscope (x200 magnification; Olympus Corporation). 
Experimental steps of the Transwell migration assay were 
similar to those of the invasion assay, except that the Transwell 
inserts were not coated with Matrigel. 

In vivo xenograft experiments. All animal experiments were 
approved by the Animal Care and Use Committee of The 
People's Hospital of Zhengzhou University. CAOV-3 cells 

transfected with si-TINCR or si-NC were subcutaneously 
injected into nude mice (Shanghai SLAC Laboratory Animal 
Co. Ltd., Shanghai, China). The width and length of the 
tumor xenografts were recorded every 4 days for 4 weeks. 
Tumor volume was measured using the formula: Tumor 
volume=Length x (width)2/2. At the end of the experiment, all 
nude mice were sacrificed and tumor xenografts were resected 
and analyzed. 

RNA immunoprecipitation (RIP) assay. RIP assays were 
performed to examine the interaction between TINCR 
and miR‑335, using a Magna RIP RNA-Binding Protein 
Immunoprecipitation Kit (EMD Millipore), according to 
the manufacturer's instructions. Cell lysates were prepared 
(300 x g; 4˚C; 5 min) and incubated with RIP immunopre-
cipitation buffer containing magnetic beads conjugated with 
human anti-Argonaute 2 (Ago2) antibodies and normal immu-
noglobulin G (IgG; cat. no. 03-110; 1:5,000; EMD Millipore). 
Precipitated RNA was extracted and subjected to RT-qPCR 
analysis as aforementioned to determine the expression levels 
of TINCR and miR‑335. Antibodies against Ago2 and IgG 
were purchased from Abcam.

Bioinformatics analysis and luciferase reporter assays. 
StarBase v3.0 (http://starbase.sysu.edu.cn/) was used to 
predict binding sites between TINCR and miR‑335. The 
potential target genes of miR‑335 were predicted using 
TargetScan (Release 7.2: March 2018; http://www.targetscan.
org) and microRNA.org (August 2010 Release Last Update: 
2010-11-01; http://www.microrna.org). FGF2 was found to be 
a putative target of miR‑335. 

Fragments of TINCR containing the predicted wild-type 
(wt) and mutant (mut) miR‑335‑binding sites were amplified 
by Shanghai GenePharma Co., Ltd. and cloned into pmirGLO 
reporter vectors (Promega Corporation) to generate the 
TINCR-wt and TINCR-mut plasmids, respectively. FGF2-wt 
and FGF2-mut reporter plasmids were constructed using the 
same approach. For reporter assays, cells were seeded into 
24-well plates at a density of 8x105 cells per well, 1 day before 
transfection. The generated luciferase reporter plasmids, 

Figure 1. TINCR is upregulated in EOC tissues and cell lines. (A) The quantification of TINCR expression in 53 pairs of EOC tissues and adjacent normal 
tissues using RT-qPCR. *P<0.05 vs. adjacent normal tissues. (B) RT-qPCR analysis of the expression levels of TINCR in four human EOC cell lines (ES-2, 
CAOV-3, OVCAR3 and SKOV3) and a normal human ovarian epithelial cell line, NOEC, (control). *P<0.05 vs. NOEC. (C) Evaluation of overall survival 
in EOC patients with high or low TINCR expression levels using the Kaplan-Meier method and a log-rank test. P=0.0025. EOC, epithelial ovarian cancer; 
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; TINCR, terminal differentiation-induced noncoding RNA.
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along with the miR‑335 mimics or miR-NC, were transfected 
into cells using Lipofectamine 2000. Transfected cells were 
collected after 48 h of transfection and subjected to a dual 
luciferase reporter assay (Promega Corporation) to measure 
luciferase activity. Firefly luciferase activity was normalized 
to Renilla luciferase activity. 

Western blotting. Proteins were isolated from tissues or cells 
using radioimmunoprecipitation assay (RIPA) lysis buffer 
(Beyotime Institute of Biotechnology). A Pierce Bicinchoninic 
Acid Protein Assay Kit (Thermo Fisher Scientific, Inc.) was 
used to measure total protein concentration. Equal amounts of 
protein (30 µg) were loaded and separated by 10% SDS-PAGE. 
The protein bands were then transferred onto polyvinylidene 
difluoride membranes (Beyotime Institute of Biotechnology). 
Membranes were then blocked with 10% skim milk, diluted in 
Tris-buffered saline with Tween (TBST), at room temperature 
for 2 h, followed by an overnight incubation with primary 
antibodies against FGF2 (ab208687; 1:1,000 dilution; Abcam) 
or GAPDH (ab181603; 1:1,000 dilution; Abcam). Membranes 
were then washed three times with TBST and incubated for 
2 h at room temperature with goat anti-rabbit horseradish 
peroxidase-conjugated secondary antibodies (ab6721; 1:5,000 
dilution; Abcam). Finally, protein signals were visualized 
using Pierce™ ECL Western Blotting Substrate (Pierce; 
Thermo Fisher Scientific, Inc.), and analyzed with Quantity 
One software version 4.62 (Bio-Rad Laboratories, Inc.).

Statistical analysis. All results are expressed as the 
mean ± standard deviation from at least three independent 
experiments. SPSS 13.0 software (SPSS, Inc.) was used for all 
statistical analyses. The association between TINCR expres-
sion and the clinicopathological characteristics of patients 
with EOC was evaluated by χ2 test. Comparisons between two 
groups were examined using a two-tailed Student's t-test, while 
one-way analysis of variance followed by a Dunnett's post-hoc 
test was used to determine differences among multiple groups. 
All patients with EOC were divided into either the TINCR-low 
(n=27) or TINCR-high (n=26) groups according to the median 
value of TINCR expression in EOC tissues. Overall survival 
rates were calculated using the Kaplan-Meier method and 
were analyzed with a log-rank test. The overall survival rates 
were analyzed during the time period between June 2011 
and February 2018. In total, 9 and 13 deaths occurred in the 
TINCR-low and TINCR-high groups, respectively. The correla-
tion between TINCR, miR‑335, and FGF2 mRNA expression 
in the same EOC tissues was evaluated by Spearman's correla-
tion analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

TINCR is upregulated in EOC tissues and cell lines. To explore 
the potential role of TINCR in the development of EOC, its 
expression pattern was investigated in 53 pairs of EOC tissues and 
adjacent normal tissues. Interestingly, RT-qPCR data revealed 
that TINCR was overexpressed in EOC tissues, compared with 
in adjacent normal tissues (P<0.05; Fig. 1A). In addition, further 
analysis of TINCR expression was performed in the human EOC 
cell lines, ES-2, CAOV-3, OVCAR3 and SKOV3. The normal 

human ovarian epithelial cell line, NOEC, served as a control. 
TINCR expression levels were upregulated in all examined EOC 
cell lines, compared with in the control cell line, NOEC (P<0.05; 
Fig. 1B). These results suggested that the upregulation of TINCR 
may be associated with the malignancy of EOC.

TINCR upregulation is closely associated with poor prognosis 
in EOC patients. Next, we determined the clinical value of 
TINCR in patients with EOC. According to the median level of 
TINCR expression in EOC tissues, all patients with EOC were 
divided into either the TINCR-low (n=27) or TINCR-high 
(n=26) groups. As presented in Table I, high levels of TINCR 
expression exhibited a significant association with tumor size 
(P=0.040), FIGO stage (P=0.037), and lymphatic metastasis 
(P=0.016). In addition, EOC patients with high TINCR 
expression levels exhibited shorter overall survival times 
than patients with low TINCR expression levels (P=0.0063; 
Fig. 1C). Thus, these results suggested that increased TINCR 
expression indicated a poor prognosis of EOC patients.

Silencing TINCR expression inhibited EOC cell proliferation, 
migration, and invasion, but promoted EOC cell apoptosis 
in vitro. To explore the specific roles of TINCR in the progression 
of EOC, the CAOV-3 and SKOV3 cell lines, which exhibited 
relatively high TINCR expression levels among the four EOC 
cell lines tested, were selected for functional experiments 
and transfected with si-TINCR or si-NC. RT-qPCR analysis 
confirmed efficient TINCR silencing in CAOV-3 and SKOV3 
cells after transfection with si-TINCR (P<0.05; Fig. 2A). 

Table I. Association of TINCR expression with clinicopatho-
logical parameters in EOC patients.

 TINCR expression
 ----------------------------------------------------
Parameter High (n=27) Low (n=26) P-value

Age (years)   0.339
  <60  11 14 
  ≥60  16 12 
Tumor size (cm)   0.040a

  <2 9 16 
  ≥2 18 10 
Differentiated degree   0.477
  G1 13 10 
  G2 + G3 14 16 
FIGO stage   0.037a

  I-II 11 18 
  III-IV 16 8 
Lymphatic metastasis   0.016a

  No 12 20 
  Yes 15 6 

aP<0.05. G1, well differentiated; G2, moderately differentiated; 
G3, poorly differentiated; TINCR, terminal differentiation-induced 
noncoding RNA.
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A CCK‑8 assay was performed to evaluate the influence 
of TINCR knockdown on EOC cell proliferation. Absorbance 
values were significantly lower in si-TINCR-transfected 
CAOV-3 and SKOV3 cells, compared with cells transfected 
with si-NC (P<0.05; Fig. 2B), suggesting that TINCR silencing 
decreased the proliferation of EOC cells. Furthermore, flow 
cytometric analysis showed that the knockdown of TINCR 
significantly promoted the apoptosis of CAOV‑3 and SKOV3 
cells compared with the control (P<0.05; Fig. 2C). Furthermore, 
the migration and invasion of CAOV-3 and SKOV3 cells after 

si-TINCR or si-NC transfection was measured using Transwell 
migration and invasion assays. Knockdown of TINCR was 
found to significantly suppress the migratory (P<0.05; Fig. 2D) 
and invasive (P<0.05; Fig. 2E) abilities of CAOV-3 and SKOV3 
cells compared with the control. These results demonstrated 
that TINCR may play tumor-promoting roles in the growth and 
metastasis of EOC cells in vitro. 

TINCR acts as a competing endogenous RNA for miR‑355 
in EOC cells. It is well documented that lncRNAs serve as 

Figure 2. TINCR deletion inhibits the proliferation, migration and invasion, but induces the apoptosis of CAOV-3 and SKOV3 cells. (A) Evaluation of the 
transfection efficiency of si‑TINCR and si‑NC in CAOV‑3 and SKOV3 cells by RT‑qPCR. *P<0.05 vs. si-NC. (B and C) Examination of the effects of TINCR 
silencing on the proliferation and apoptosis of CAOV‑3 and SKOV3 cells by a Cell Counting Kit‑8 assay and flow cytometric analysis, respectively. *P<0.05 
vs. si-NC. (D and E) Analysis of the migratory and invasive capacities of CAOV-3 and SKOV3 cells after si-TINCR or si-NC transfection using Transwell 
migration and invasion assays (x200 magnification). *P<0.05 vs. si-NC. PI, propidium iodide; NC, nontargeting control; si, small interfering RNA; TINCR, 
terminal differentiation-induced noncoding RNA.
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molecular sponges by interacting with miRNAs (38). To 
understand the mechanisms underlying the role of TINCR 
in regulating EOC progression, bioinformatics analysis 
was performed to search for miRNAs with the potential for 
complementary base pairing with TINCR. miR‑335 (Fig. 3A) 

was found to be a putative target of TINCR, based on the pres-
ence of a putative binding site for miR‑335 in TINCR. miR‑335 
was selected for further experimental identification because 
that this miRNA exerts important roles in the malignancy 
of EOC (39-41). To confirm this hypothesis, a luciferase 

Figure 3. TINCR acts as a competing endogenous for miR‑355 in EOC cells. (A) Schematic illustration of wt and mut miR‑335-binding sites in the TINCR 
constructs. (B) Luciferase activity in CAOV-3 and SKOV3 cells co-transfected with TINCR-wt or TINCR-mut reporter plasmids and miR‑335 mimics 
or miR-NC. *P<0.05 vs. miR-NC. (C) RNA immunoprecipitation assay results of the physical association between TINCR and miR‑335 in CAOV-3 and 
SKOV3 cells. *P<0.05 vs. IgG. (D) RT-qPCR analysis of miR‑335 expression in si-TINCR- or si-NC-transfected CAOV-3 and SKOV3 cells. *P<0.05 vs. si-NC. 
(E) RT-qPCR analysis of TINCR expression in CAOV-3 and SKOV3 cells transfected with miR‑335 mimics or miR-NC. *P<0.05 vs. miR-NC. (F) RT-qPCR 
analysis of the expression levels of miR‑335 in 53 pairs of EOC tissues and adjacent normal tissues. *P<0.05 vs. adjacent normal tissues. (G) miR‑335 expression 
in four human EOC cell lines (ES-2, CAOV-3, OVCAR3 and SKOV3) and a normal human ovarian epithelial cell line NOEC was detected via RT-qPCR 
analysis. *P<0.05 vs. NOEC. (H) Spearman's correlation analysis of the correlation between TINCR and miR‑335 expression in the same EOC tissue samples. 
R2=0.4676, P<0.0001. Ago, Argonaute 2; EOC, epithelial ovarian cancer; hsa, homo sapiens; mut, mutant; NC, nontargeting control; RT-qPCR, reverse 
transcription-quantitative polymerase chain reaction; si, small interfering RNA; TINCR, terminal differentiation-induced noncoding RNA; wt, wild-type.
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reporter assay was conducted to determine whether TINCR 
could interact with miR‑335 in EOC cells. These results 
showed that, in CAOV-3 and SKOV3 cells, the transfection of 
miR‑335 mimics significantly reduced the luciferase activity 
of TINCR-wt compared with the corresponding control 
(P<0.05), whereas the luciferase activity of TINCR-mut was 
unaffected after miR‑335 overexpression (Fig. 3B). In the RIP 
assay, TINCR and miR‑335 were significantly more abundant 
in Ago2-precipitated pellets than in IgG-precipitated pellets 
(P<0.05; Fig. 3C), indicating that miR‑335 is a TINCR-targeting 
miRNA. Furthermore, RT-qPCR analysis indicated that the 

knockdown of TINCR led to a significant increase in the 
expression of miR‑335 in CAOV-3 and SKOV3 cells compared 
with the control (P<0.05; Fig. 3D). TINCR expression was 
significantly suppressed in CAOV‑3 and SKOV3 cells trans-
fected with miR‑335 mimics compared with the control 
(P<0.05; Fig. 3E). To further elucidate the association between 
TINCR and miR‑335 expression, we measured miR‑335 expres-
sion in EOC tissues and cell lines using RT-qPCR. miR‑335 
expression was found to be significantly lower in EOC tissues 
(P<0.05; Fig. 3F) and cell lines (P<0.05; Fig. 3G) compared 
with adjacent normal tissues and NOEC, respectively. Of 

Figure 4. miR‑335 has an inhibitory effect on the growth and metastasis of CAOV-3 and SKOV3 cells. (A) Reverse transcription-quantitative polymerase 
chain reaction analysis of miR‑335 expression in CAOV-3 and SKOV3 cells transfected with miR‑335 mimics or miR-NC. *P<0.05 vs. miR-NC. (B and C) Cell 
Counting Kit‑8 assay and flow cytometry analysis of the proliferation and apoptosis of CAOV‑3 and SKOV3 cells transfected with miR‑335 mimics or miR-NC. 
*P<0.05 vs. miR-NC. (D and E) Transwell migration and invasion assay evaluation of the migration and invasion of CAOV-3 and SKOV3 cells following their 
transfection with miR‑335 mimics or miR‑NC (x200 magnification). *P<0.05 vs. miR-NC. miR, microRNA; NC, nontargeting control.
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note, a significant negative correlation was observed between 
the expression levels of miR‑335 and TINCR in the same 
EOC tissues (R2=0.4676, P<0.0001; Fig. 3H). These results 
demonstrated that miR‑355 was sponged by TINCR in EOC. 

miR‑335 exerts an inhibitory effect on the growth and 
metastasis of EOC cells in vitro. Having demonstrated that 
miR‑335 was sponged by TINCR in EOC, we then explored 
the role of miR‑335 in the malignant phenotype of EOC cells. 
miR‑335 mimics were transfected into CAOV-3 and SKOV3 
cells. RT-qPCR analysis showed that miR‑335 was significantly 
upregulated in CAOV-3 and SKOV3 cells following transfec-
tion with miR‑335 mimics (P<0.05; Fig. 4A). Using a series 
of functional assays, we demonstrated that restoring miR‑335 
expression attenuated CAOV-3 and SKOV3 cell proliferation 
(P<0.05; Fig. 4B), increased apoptosis (P<0.05; Fig. 4C), 
and inhibited cell migration (P<0.05; Fig. 4C) and invasion 
(P<0.05; Fig. 4D) in vitro. These results further supported the 
notion that TINCR functions as a regulator of EOC progression 
by sponging miR‑335. 

FGF2 is a direct target gene of miR‑335 in EOC cells. As 
miRNAs function by regulating the expression of their target 
genes, the potential target of miR‑335 was predicted using 
bioinformatics analysis. FGF2, which has complementary 
binding sequences for miR‑335 (Fig. 5A), was chosen for 
further investigation as this gene has been shown to be 
involved in the aggressive behavior of EOC (42,43). miR‑335 
overexpression significantly decreased the luciferase activity 
of the plasmid containing the wt miR‑335-binding site in 
CAOV-3 and SKOV3 cells (P<0.05). However, there were no 
significant effects on the luciferase activity of the FGF2‑mut 
reporter plasmid (Fig. 5B). In addition, FGF2 mRNA (P<0.05; 
Fig. 5C) and protein (P<0.05; Fig. 5D) expression levels were 
significantly downregulated in CAOV-3 and SKOV3 cells 
after miR‑335 overexpression compared with the control, as 
demonstrated by RT-qPCR and western blotting analyses, 
respectively. Furthermore, the expression levels of FGF2 
mRNA (P<0.05; Fig. 5E) and protein (P<0.05; Fig. 5F) were 
increased in all four tested EOC cell lines than that in NOEC. 

Figure 5. miR‑335 directly targets FGF2 in EOC cells. (A) The predicted binding sequences of miR‑335 in the 3'-UTR of the FGF2 gene and the mutant 
binding sites are shown. (B) Luciferase reporter assays of CAOV-3 and SKOV3 cells co-transfected with miR‑335 mimics or miR-NC and FGF2‑wt or 
FGF2-mut reporter plasmids. *P<0.05 vs. miR-NC. (C and D) RT-qPCR and western blotting analysis of FGF2 mRNA and protein expression, respectively, 
in miR‑335-overexpressing CAOV-3 and SKOV3 cells. *P<0.05 vs. miR-NC. (E and F) The expression levels of FGF2 mRNA and protein in four human EOC 
cell lines (ES-2, CAOV-3, OVCAR3 and SKOV3) and a normal human ovarian epithelial cell line NOEC were examined through RT-qPCR and western 
blotting, respectively. *P<0.05 vs. NOEC. (G) RT-qPCR analysis of FGF2 mRNA expression in 53 pairs of EOC tissues and adjacent normal tissues. *P<0.05 
vs. adjacent normal tissues. (H) Spearman's correlation analysis of the correlation between miR‑335 and FGF2 mRNA expression in the same EOC tissues. 
R2=0.3664, P<0.0001. EOC, epithelial ovarian cancer; FGF2, fibroblast growth factor 2; hsa, homo sapiens; miR, microRNA; mut, mutant; NC, nontargeting 
control; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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In addition, FGF2 mRNA was significantly upregulated in 
EOC tissues compared with adjacent normal tissues (P<0.05; 
Fig. 5G). The levels of FGF2 mRNA in EOC tissues exhib-
ited an inverse correlation with miR‑335 levels (R2=0.3664, 
P<0.0001; Fig. 5H). These results provided sufficient evidence 
indicating FGF2 as a direct target gene of miR‑335 in EOC 
cells. 

FGF2 is required for the miR‑335‑associated malignant 
phenotype in EOC cells. A series of rescue experiments 
were performed to determine whether miR‑335 has 
tumor-suppressing effects on EOC cells through the regulation 
of FGF2. To this end, FGF2 protein expression was restored 
in miR‑335 mimic-transfected CAOV-3 and SKOV3 cells by 
co-transfecting cells with the FGF2 overexpression plasmid, 
pc-FGF2 (P<0.05; Fig. 6A). Functional experiments of FGF2 
overexpression showed that the proliferation (P<0.05; Fig. 6B), 
apoptosis (P<0.05; Fig. 6C), migration (P<0.05; Fig. 7A), 
and invasion (P<0.05; Fig. 7B) of CAOV-3 and SKOV3 cells 

exhibited opposing effects to those of miR‑335 overexpression, 
Thus, miR‑335 may exert its tumor-suppressing effects on EOC 
progression, at least partly, by decreasing FGF2 expression. 

Decreasing TINCR expression inhibits EOC progression 
by decreasing the sponging of miR‑335 and subsequently, 
decreasing FGF2 expression. Rescue assays were performed 
to determine whether TINCR knockdown elicited inhibitory 
effects on EOC cells due to the reduced sponging of miR‑335. 
si-TINCR was co-transfected with an miR‑335 inhibitor or an 
NC inhibitor into CAOV-3 and SKOV3 cells. Transfection 
of an miR‑335 inhibitor significantly silenced the expression 
of miR‑335 in CAOV-3 and SKOV3 cells (P<0.05; Fig. 8A). 
miR‑335 expression was upregulated in CAOV-3 and SKOV3 
cells by transfection of si-TINCR, while its expression was 
significantly decreased in the two cell lines by co‑transfection 
of the miR‑335 inhibitor (P<0.05; Fig. 8B). In addition, 
RT-qPCR and western blot analyses showed that silencing 
TINCR expression significantly decreased FGF2 expression 

Figure 6. miR‑335-mediated inhibition of FGF2 expression is responsible for the effects of miR‑335 overexpression on CAOV-3 and SKOV3 cell proliferation and 
apoptosis. pc-FGF2 or empty pcDNA3.1 control plasmids were transfected into miR‑335‑overexpressing CAOV‑3 and SKOV3 cells. (A) Confirmation of FGF2 
protein expression by western blotting analysis in the indicated cells. *P<0.05 vs. miR-NC. **P<0.05 vs. miR‑335 mimics + pcDNA3.1. (B and C) Investigation 
of the proliferation and apoptosis of CAOV‑3 and SKOV3 cells by a Cell Counting Kit‑8 assay and flow cytometric analysis, respectively. *P<0.05 vs. miR-NC. 
**P<0.05 vs. miR‑335 mimics + pcDNA3.1. FGF2, fibroblast growth factor 2; miR, microRNA; NC, nontargeting control; PI, propidium iodide.
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in CAOV-3 and SKOV3 cells, at both the mRNA (P<0.05; 
Fig. 8C) and protein (P<0.05; Fig. 8D and E) levels compared 
with the controls; however, co-transfection of miR‑335 
inhibitor abrogated the influence of TINCR knockdown on 
FGF2 expression. Furthermore, functional assays showed that 
the inhibition of miR‑335 significantly abolished the effects 
of TINCR silencing on the proliferation (P<0.05; Fig. 8F), 
apoptosis (P<0.05; Fig. 8G), migration (P<0.05; Fig. 8H), and 
invasion (P<0.05; Fig. 8I) of CAOV-3 and SKOV3 cells in vitro. 
Collectively, these results suggested that decreasing TINCR 
expression suppressed the expression of FGF2 by decreasing 
the sponging of miR‑335, i.e., increasing miR‑335 expression 
in EOC cells, resulting in the restriction of EOC progression. 

Loss of TINCR hindered EOC tumor growth in vivo. In vivo 
xenograft experiments were performed to analyze the role of 
TINCR in tumor growth in vivo. Decreasing the expression 
of TINCR significantly inhibited the growth of EOC tumors, 
compared with tumors from mice injected with si-NC-trans-
fected cells (P<0.05; Fig. 9A and B). At the experimental 
endpoint, tumor xenografts were resected and weighed. The 
tumor xenograft weight significantly decreased after TINCR 
knockdown compared with the control (P<0.05; Fig. 9C). In 
addition, the expression levels of TINCR, miR‑335 and FGF2 
in the tumor xenografts were determined using RT-qPCR. In 
tumors from mice injected with si-TINCR-transfected cells, 
TINCR (P<0.05; Fig. 9D) and FGF2 mRNA (P<0.05; Fig. 9E) 
expression was significantly downregulated compared with 
the control, while miR‑335 expression (P<0.05; Fig. 9F) 
was upregulated. Furthermore, western blotting analysis 
indicated that FGF2 protein expression was significantly 
reduced in tumor xenografts derived from mice injected with 
si-TINCR-transfected cells (P<0.05; Fig. 9G). Collectively, 
these data indicated that the loss of TINCR impaired EOC 
tumor growth in vivo by regulating the miR‑335/FGF2 axis. 

Discussion

An increasing number of studies have demonstrated the 
important regulatory roles of lncRNAs in carcinogenesis 
and cancer progression (44-46). A variety of lncRNAs are 
aberrantly expressed in EOC and play dispensable roles 
in regulating a wide range of biological activities, such as 
cell proliferation, the cell cycle, apoptosis, metastasis, and 
epithelial-mesenchymal transition (47-49). Therefore, the 
identification of the specific roles of lncRNAs in the patho-
genesis of EOC may facilitate the development of effective 
targets for the treatment of EOC patients (50-52). However, 
only a small percentage of the lncRNAs dysregulated in EOC 
have been investigated in detail. To the best of our knowledge, 
our study is the first to investigate the expression of TINCR in 
EOC, and TINCR was subsequently evaluated for its clinical 
and prognostic value in patients with EOC. More importantly, 
the function of lncRNAs in the progression of EOC and the 
relevant underlying mechanisms were explored using a series 
of experiments. 

TINCR expression is reduced in prostate (31) and 
colorectal (32,33) cancers. Reduced TINCR expression has 
been associated with multiple malignant clinical parameters 
in patients with prostate cancer (31). Prostate cancer patients 
with low TINCR expression have a poorer prognosis than 
those with high TINCR expression (31). By contrast, TINCR 
is upregulated in hepatocellular carcinoma, and high TINCR 
expression levels are significantly correlated with tumor size, 
tumor differentiation, TNM stage, and vascular invasion (34). 
Hepatocellular carcinoma patients with high TINCR expres-
sion levels have shorter disease-free survival times and 
reduced overall survival than those with low TINCR expres-
sion levels (34). Increased levels of TINCR expression have 
also been observed in breast (35) and gastric (36) cancers. 
However, the expression profile of TINCR in EOC remains 

Figure 7. miR‑335 inhibits the migration and invasion of CAOV-3 and SKOV3 cells by decreasing FGF2 expression. (A and B) Transwell migration and 
invasion assay analysis of the migratory and invasive abilities of CAOV-3 and SKOV3 cells co-transfected with pc-FGF2 or empty pcDNA3.1 plasmid and 
miR‑335 mimics (x200 magnification). *P<0.05 vs. miR-NC. **P<0.05 vs. miR‑335 mimics + pcDNA3.1. FGF2, fibroblast growth factor 2; miR, microRNA; 
NC, nontargeting control.

RETRACTED



INTERNATIONAL JOURNAL OF ONCOLOGY  55:  1110-1124,  20191120

unclear. Herein, we found that TINCR was upregulated in EOC, 
and was associated with tumor size, FIGO stage and lymphatic 
metastasis. Notably, EOC patients with high levels of TINCR 
expression had shorter overall survival times than those 
with low TINCR expression levels. These findings suggested 
that TINCR may be an effective indicator for predicting the 
prognosis of patients with EOC. 

TINCR exerts inhibitory effects on the pathogenesis of 
cancer. For instance, TINCR was implicated in the regula-
tion of thyroid hormone receptor interactor 13 expression 
and therefore, suppresses prostate cancer cell growth and 
metastasis in vitro (31). TINCR has been shown to inhibit 
colorectal cancer cell proliferation, migration and invasion 
in vitro, induce cell apoptosis in vitro, and decrease tumor 
growth and metastasis in vivo (32,33). These regulatory 
effects occurred through the regulation of the miR‑107/CD36 
axis and promotion of EpCAM cleavage (32,33). By contrast, 
TINCR has been shown to play oncogenic roles in breast 
cancer and to participate in the regulation of cell proliferation, 
anchorage-independent growth, apoptosis, migration and inva-
sion in vitro, as well as tumor growth in vivo (35). A study of 
gastric cancer has indicated that the loss of TINCR expression 
reduces cell proliferation, induces apoptosis, and hinders tumor 
growth in vivo, due to the decreased sponging of miR‑375 (36). 

These inconsistent observations prompted our interest in 
investigating the effect of TINCR on the aggressive behavior 
of EOC. Our results indicated that TINCR knockdown inhib-
ited the proliferation, migration and invasion of EOC cells 
in vitro, but promoted their apoptosis. In addition, decreasing 
TINCR expression impaired EOC tumor growth in vivo. These 
findings suggested that the targeting of TINCR is a promising 
therapeutic approach for treating patients with EOC. 

The identification of the mechanisms underlying the 
tumor-promoting effects of TINCR in EOC is important for 
the development of novel therapeutic targets. Thus far, the 
lncRNA-miRNA-mRNA pathway is considered the most 
widespread regulatory molecular mechanism for lncRNA. In 
the present study, TINCR was shown to function as a molecular 
sponge of miR‑335 in EOC cells, via the suppression of FGF2. 
miR‑335 was previously reported to be expressed at low levels 
in EOC, and low miR‑335 expression levels were associated 
with shorter overall and relapse-free survival periods (39). 
Multivariate analyses have confirmed that miR‑335 is an 
independent prognostic factor for poor overall and relapse-free 
survival (39). miR‑335 is closely involved in the malignancy 
of EOC by inhibiting the survival, migration and invasion of 
EOC cells, and increasing their sensitivity to cisplatin (40,41). 
Our findings also confirmed that miR‑335 directly targeted 

Figure 8. Decreased TINCR expression inhibits the malignant phenotype of CAOV-3 and SKOV3 cells by regulating the miR‑335/FGF2 axis. An miR‑335 
inhibitor or an NC inhibitor were introduced into TINCR‑deficient CAOV‑3 and SKOV3 cells to recover miR‑335 expression. (A) RT-qPCR analysis of miR‑335 
expression in CAOV-3 and SKOV3 cells transfected with an miR‑335 or NC inhibitor. *P<0.05 vs. NC inhibitor. (B and C) RT-qPCR analysis of miR‑335 and 
FGF2 mRNA expression in CAOV-3 and SKOV3 cells after co-transfection with si-TINCR and an miR‑335 or NC inhibitor. *P<0.05 vs. si-NC. **P<0.05 vs. 
si-TINCR + NC inhibitor. (D and E) Western blotting analysis of FGF2 protein expression in the aforementioned cells. *P<0.05 vs. si-NC. **P<0.05 vs. si-TINCR 
+ NC inhibitor. 

RETRACTED



LI et al:  TUMOR-PROMOTING ROLES OF TINCR IN EOC 1121

FGF2 to inhibit the generation of malignant phenotypes of 
EOC cells. More importantly, miR‑335 knockdown abolished 
the si-TINCR-mediated suppression of EOC cell proliferation, 
migration and invasion, and eliminated the pro-apoptotic 
effects of si-TINCR on EOC cells. Taken together, these results 
led us to conclude that TINCR regulated the aggressive behavior 
of EOC cells in vitro and in vivo via the miR‑335/FGF2 axis. 

FGF2 is a member of the FGF family and revealed to be 
a prototypic growth factor (53). FGF2 has been reported to 
be overexpressed in multiple human cancer types, including 
renal cell carcinoma (54), breast cancer (55), colorectal 

cancer (56), and lung cancer (57). In EOC, FGF2 expresses 
at high levels (58), and exert tumor-promoting roles in the 
oncogenicity of EOC (42,43). Herein, we revealed that FGF2 
is directly regulated by the TINCR/miR-335 axis in EOC and 
is involved in multiple cancer-related pathological behaviors. 

This study includes several limitations. First, we demon-
strated that the miR‑335/FGF2 axis was responsible for the 
tumor-promoting roles of TINCR in EOC progression; however, 
other miRNAs may also could be sponged by TINCR. In addi-
tion, we did not apply immunohistochemistry to detect the 
E-cad and Ki-67 in the tumor xenografts; furthermore, TUNEL 

Figure 8. Continued. Decreased TINCR expression inhibits the malignant phenotype of CAOV-3 and SKOV3 cells by regulating the miR‑335/FGF2 axis. 
(F‑I) Cell Counting Kit‑8 assay, flow cytometry analysis, and Transwell migration and invasion assays (x200 magnification) were performed to assess the 
proliferation, apoptosis, and migration and invasion, respectively, of CAOV-3 and SKOV3 cells treated as described above. *P<0.05 vs. si-NC. **P<0.05 vs. 
si-TINCR + NC inhibitor. FGF2, fibroblast growth factor 2; miR, microRNA; NC, nontargeting control; RT‑qPCR, reverse transcription‑quantitative poly-
merase chain reaction; si, small interfering RNA; TINCR, terminal differentiation-induced noncoding RNA.
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analysis was not employed to determine tumor tissue apoptosis. 
As such, we aim resolve these limitations in the future.

In summary, this study demonstrated that, since TINCR 
acted as an endogenous sponge of miR‑335, a decrease in 
TINCR expression resulted in an increase in miR‑335 expres-
sion, thereby decreasing FGF2 expression and restricting 
EOC progression. Our current research provides novel data 
regarding the mechanisms underlying EOC pathogenesis and 
may help to identify potential targets for the treatment of EOC.
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