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Abstract. The present study aimed to examine the effects of 
the long non‑coding (lnc)RNA expressed by tissue differenti‑
ation‑inducing non‑protein coding RNA (TINCR) on cervical 
cancer development. For this purpose, adjacent normal and 
cancer tissues were obtained from patients with cervical 
cancer and the lncRNA TINCR level was examined using 
reverse transcription‑quantitative PCR (RT‑qPCR) and in situ 
hybridization. The association between lncRNA TINCR 
and the clinicopathological characteristics and prognosis of 
patients with cervical cancer was also analyzed. Furthermore, 
the expression levels of lncRNA TINCR, miRNA‑7, mTOR, 
hypoxia‑inducible factor 1 subunit α and VEGF were measured 
using RT‑qPCR and western blot analysis. Cell proliferation, 
apoptosis, and invasion and migration were examined using 
MTT assay, 5‑ethynyl‑2'‑deoxyuridine staining, flow cytom‑
etry, TUNEL assay, and Transwell and wound healing assays. 
The association between lncRNA TINCR, miRNA‑7 and 
mTOR was also examined using a luciferase assay. The results 
revealed that the lncRNA TINCR level was significantly 
increased in cervical cancer tissues and was associated with 
the overall survival of patients (low vs. high expression group; 
P=0.0391). LncRNA TINCR was also associated with the 
clinicopathological characteristics of patients with cervical 
cancer. Following the knockdown of lncRNA TINCR using 
small interfering (si)RNA, cell proliferation was significantly 
decreased and cell apoptosis was significantly increased 
(P<0.001 for both); cell invasion and migration were also 
significantly decreased (P<0.001 for both) following trans‑
fection with mimics miRNA‑7. Transfection with miRNA‑7 
antisense oligonucleotide decreased the antitumor effects of 

si‑TINCR in Siha and HeLa cell lines. As shown using the 
dual‑luciferase assay, lncRNA TINCR could target miRNA‑7 
and miRNA‑7 could directly regulate mTOR in HeLa and SiHa 
cell lines. In conclusion, the present study demonstrated that 
lncRNA TINCR could promote cervical cancer development 
via regulation of the miRNA‑7/mTOR axis in vitro.

Introduction

Among the malignant tumors of the female reproductive 
system, the incidence rate of cervical cancer is second only to 
breast cancer, which poses a severe threat to women's health (1). 
The 5‑year survival rate of patients with cervical cancer in 
several underdeveloped countries is <50% (2). With advance‑
ments being made in medicine, cervical cancer treatment has 
gradually changed from single surgical treatment to a combi‑
nation of traditional and neoadjuvant treatments; however, 
the prognosis of patients has not been markedly improved 
and the mortality rate remains high  (3). Long non‑coding 
RNAs (lncRNAs) are non‑coding RNAs with a length of 
>200 nt, which cannot encode proteins but can regulate gene 
expression through transcriptional, post‑transcriptional and 
epigenetic mechanisms (4). Relevant studies demonstrated 
that the lncRNA tissue differentiation‑inducing non‑protein 
coding RNA (TINCR) participates in tumor progression 
and is abnormally expressed in various tumor tissues (5‑8). 
TINCR plays an inhibitory role in prostate cancer (5), whereas 
it plays a promoting role in other types of tumors including 
NSCLC, HCC and colon cancer, TINCR is closely correlation 
with poor prognosis in NSCLC and colon cancer and TINCR 
overexpression also stimulated cancer cells biological activi‑
ties including cell proliferation, invasion and migration (6‑8). 
However, the expression of lncRNA TINCR in cervical cancer 
and its association with the prognosis of patients, as well as 
its mechanisms of action in cervical cancer occurrence and 
development remain unclear.

It was demonstrated that lncRNAs may play a role in tumor 
occurrence and development by regulating the expression of 
relevant micro(mi)RNAs  (9‑12). miRNAs are endogenous 
short‑chain RNAs, which can specifically bind to complemen‑
tary sites in the 3' untranslated region (3'‑UTR) of the target 
mRNA and inhibit its translation or promote its degradation, 
thus regulating target gene level at the post‑transcriptional 
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level. According to a previous study, several miRNAs are 
abnormally expressed in cancer (13‑15). For example, the over‑
expression of miR‑17‑5p was shown to promote the malignant 
proliferation of tumor cells by suppressing E2F transcription 
factor 1 expression (14); miR‑145 was shown to inhibit tumor 
cell growth by targeting MAPK to exert an anti‑carcinogenic 
effect  (15). miRNA‑7 is a key member of the miRNA 
family  (16‑18). Previous studies confirmed that abnormal 
miRNA‑7 level is closely related to cancer occurrence (16‑18). 
However, it is not yet clear whether miRNA‑7 may play a 
role in the regulation of cervical cancer biological activity 
through TINCR.

On this basis, in the present study, TINCR was first 
detected in cervical cancer and normal para‑cancerous tissues 
using in situ hybridization (ISH) and reverse transcription‑
quantitative PCR (RT‑qPCR), and the associations between 
the TINCR level and the pathology and prognosis of patients 
with cervical cancer were analyzed. Additionally, the effects 
of TINCR knockdown on cervical cancer cell biological 
activities were examined and the corresponding molecular 
mechanisms were examined in vitro.

Materials and methods

Clinical data. A total of 40 patients with cervical cancer 
undergoing surgical resection at the Women and Children's 
Hospital, Qingdao University (Qingdao, China) from 
September 2015 to May 2017 were selected as subjects, aged 
32‑70 years, with an average age of (54.682±12 27) years. The 
resected cancer tissues were used as the experimental group, 
while the para‑cancerous tissues (>2  cm from the tumor 
margin) from the same patients were used as the control group. 
The inclusion criteria were as follows: i) Confirmed diagnosis 
of cervical cancer by a pathological examination; ii) receiving 
no radiotherapy or chemotherapy 3 months before surgery; 
iii) complete clinical and pathological data; and iv) informed 
consent provided by patients and their families. The exclusion 
criteria included the following: i) Presence of other malignant 
tumors; ii) complications such as hepatic, renal and cardiac 
dysfunctions; iii) autoimmune diseases; and iv) pregnant and 
lactating women.

Depending on the International Federation of Gynecology 
and Obstetrics (FIGO) staging criteria, the subjects were 
divided into stage I‑II (n=18) and stage III‑IV (n=22). There 
were 16 patients with adenocarcinoma and 24 with squamous 
cell carcinoma. Among all patients, 18 patients presented with 
and 22 without lymph node metastasis. A total of 17 patients 
presented with a myometrial invasion depth >1/2 and 23 with a 
myometrial invasion depth ≤1/2. All the patients were followed 
up for 5 years from the date of the pathological diagnosis to 
1 June 2022, to record their survival status, without the loss 
of any patients. The present study was approved by the Ethics 
Committee of Women and Children's Hospital, Qingdao 
University (approval no. 2015081305).

Sample collection. The cervical cancer tissues resected surgi‑
cally were collected as the experimental group. Additionally, 
para‑cancerous tissues >2 cm from the tumor margin were 
collected as the control group. The collected samples were 
divided into two parts. One was embedded in paraffin for 

hematoxylin and eosin (H&E) staining and ISH, and the other 
was stored in a refrigerator at ‑80˚C for later use.

Measurement of TINCR levels in tissues using ISH. To 
measure the lncRNA TINCR levels in cervical cancer and 
normal para‑cancerous tissues, ISH was performed as per the 
instructions provided with the relevant kit (Boster Biological 
Technology). Digoxin‑labeled lncRNA TINCR probe (Boster 
Biological Technology; cat. no. MK10932; 1:400) was added to 
the paraffin‑embedded tissue sections (5 µm) for incubation at 
55˚C for 1 h, followed by washing by PBS. Subsequently, the 
tissues were sealed in 0.2xSSC (Sigma‑Aldrich; Merck KGaA) 
solution at 60˚C for 1 h. After removing the reagents, the tissue 
sections were placed in TBST containing anti‑digoxin anti‑
body (1:200; cat no. ab30512, Abcam), followed by incubation 
at 37˚C for 1 h. Finally, the sections were stained at room 
temperature with H&E (cat. no. KGA224; Nanjing KeyGen 
Biotech Co., Ltd.) for 2 h and observed and photographed 
under an optical microscope (CX23; Olympus Corporation).

Materials and reagents. The HeLa and Siha (lncRNA TINCR 
expression was most upregulated in Hela and Siha cell lines; 
Fig. S1) cells were purchased from The Cell Bank of Type 
Culture Collection of the Chinese Academy of Sciences. 
FBS, DMEM/F12 (HyClone; Cytiva), TRIzol™ reagent, 
Lipofectamine 2000™ (cat. no. 11668‑019), RIPA lysate and 
the BCA protein quantitative kit were from Invitrogen (Thermo 
Fisher Scientific, Inc.). The Annexin V‑FITC/PI cell apoptosis 
kit was obtained from CapitalBio Technology, Inc. Matrigel 
was obtained from BD Biosciences. The MTT assay kit and 
Transwell chambers were obtained from MilliporeSigma. The 
dual‑fluorescent enzyme detection kit was purchased from 
Promega Corporation. The mTOR (1:500; cat. no. ab134903), 
hypoxia‑inducible factor 1 subunit α (HIF‑1α; 1:500; 
cat. no ab.51608), anti‑VEGF (1:500; cat. no. ab32152) and 
anti‑GAPDH (1:500; cat. no. ab8245) antibodies were obtained 
from Abcam.

RT‑qPCR assay. Total RNA was extracted from cells or tissues 
using the TRIzol reagent and reverse transcribed into cDNA 
with a SuperScript™ VILO™ cDNA Synthetic reagent kit 
(Thermo Fisher Scientific, Inc.; cat. no. 11754050), according 
to the manufacturer's instructions. Subsequently, qPCR was 
then performed using the SYBR‑Green PCR Kit (Takara 
Biotechnology Co., Ltd.; cat. no. DRR041A). The RT‑PCR 
conditions were as follows: Initial denaturation at 95˚C for 
10 min, followed by 40 cycles of denaturation at 95˚C for 5 sec, 
annealing at 60˚C for 30 sec and elongation at 72˚C for 32 sec. 
The primers used for RT‑qPCR are presented in Table I. U6 
was used as the internal reference for miRNA‑7 and GAPDH 
for the other genes. RNA expression levels were quantified 
using the 2‑ΔΔCq method (19). 

Cell culture and transfection. The HeLa and SiHa cells were 
cultured in DMEM/F12 supplemented with 10% FBS and 
placed in an incubator a 37˚C with 5% CO2. When cell conflu‑
ence reached 70‑80%, the cells were digested with 0.25% 
trypsin (Sigma‑Aldrich; Merck KGaA) and centrifuged at 
800 x g for 5 min at room temperature. After discarding the 
supernatant, the cells were resuspended in PBS and adjusted 
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to a cell density of 5x105/ml. The cell suspension (1 ml) was 
collected and seeded in a six‑well culture plate, which was 
placed overnight in an incubator under the same conditions 
as those described above. After the cells had fully adhered to 
the wall, the culture medium was removed for transient trans‑
fection. The cervical cancer cells were transfected with small 
interfering (si)‑negative control (NC) (cat.  no.  12935200; 
Thermo Fisher Scientific, Inc.), si‑TINCR (cat. no. AM16708; 
Thermo Fisher Scientific, Inc.), miRNA‑7 antisense oligo‑
nucleotide (ASO) as miRNA‑7 inhibitor (5'‑ACA​ACA​AAA​
UCA​CUA​GUC​UUC​CA‑3') and ASO‑NC (5'‑CAG​UAC​UUU​
UGU​GUA​GUA​CAA‑3') at a final concentration of 50 nmol/l, 
according to the instructions provided with the Lipofectamine 
2000 reagent, and incubated under the aforementioned 
conditions. After 4 h, the culture medium was replaced with 
DMEM/F12 supplemented with 15% FBS and the transfection 
efficiency was examined. The cells were photographed and 
recorded under an X71 (U‑RFL‑T) fluorescence microscope 
(Olympus Corporation). Lipofectamine 2000 reagent was used 
to transfect 10 nM vectors into 6x105 cells according to the 
manufacturer's instructions. The incubation of the cells with 
vectors was performed for 48 h at 37˚C. The transfection rates 
of lncRNA TINCR and miR‑7 are shown in Fig. S2.

MTT assay. Following the corresponding treatments for 
48 h, the cells in each group were adjusted to a cell density 
of 5x103 cells/ml, seeded in a 96‑well plate with 200  µl 
DMEN/F12 culture medium supplemented with 10% FBS 
in each well and then cultured in an incubator at 37˚C with 
5% CO2. After 48 h, the cells were collected and 20 µl MTT 
was added (5 mg/m1/well), followed by incubation at 37˚C for 
4 h. After discarding the original culture medium, the cells 
were supplemented with DMSO (150 µl/well) and fully shaken 
at room temperature for 10 min to completely dissolve the 
formed purple formazan crystals. The absorbance at 450 nm 
was measured using a microplate reader (Thermo Fisher 
Scientific, Inc.). 

5‑ethynyl‑2'‑deoxyuridine (EdU) staining. Following the 
corresponding treatments for 48 h, the cells in each group 
were supplemented with 10 µmol/l EdU, according to the 
instructions provided with the EdU fluorescent staining cell 
proliferation kit (cat. no. KGA337; Nanjing KeyGen Biotech 

Co., Ltd.). Following incubation for 2 h at room temperature, 
the EdU not infiltrating the DNA was washed with PBS and 
4% polyformaldehyde was added to fix the cells for 30 min 
at room temperature. Subsequently, the fixation solution was 
washed with PBS and Apollo dye solution (Sigma‑Aldrich; 
Merck KGaA) was added to the cells for incubation in the 
dark at room temperature for 30 min. The dye solution was 
washed with PBS and the nuclei were stained with 10 µmol/l 
DAPI for 5 min at room temperature. Fluorescence images 
of five randomly‑selected fields were obtained under an IX73 
fluorescence microscope (Olympus Corporation) and the 
EdU‑positive cells were counted using ImageJ software v1.46 
(National Institutes of Health). 

Detection of apoptosis using flow cytometry. Following the 
corresponding treatments for 48 h, the cells in each group were 
routinely digested with 0.25% trypsin, followed by washing 
with PBS three times and centrifugation at 800 x g for 5 min 
at 4˚C. After the supernatant was discarded, the cell concen‑
tration was adjusted to 5x105  cells per sample and 195 µl 
Annexin V‑FITC binding buffer was added to resuspend the 
cells. Subsequently, 5 µl Annexin V‑FITC and 10 µl PI were 
added followed by incubation in the dark at room temperature 
for 30 min. Apoptosis analysis was performed using a BD 
FACScan™ flow cytometer with BD CellQuest(TM) software 
version 5.1 (BD Biosciences).

TUNEL staining. Following the corresponding treatments for 
48 h, the cells in each group were fixed with 4% paraformalde‑
hyde (Nanjing KeyGen Biotech Co., Ltd.) at room temperature 
for 30 min and then incubated at room temperature for 5 min 
with enhanced immunostaining permeabilization buffer 
(Nanjing KeyGen Biotech Co., Ltd., cat. no. KGIHC010). The 
cells were then stained with TUNEL (cat. no. KGA702‑1; 
Nanjing KeyGen Biotech Co., Ltd.) and incubated in the dark 
at 37˚C for 60 min to observe cell apoptosis under an Olympus 
IX71 fluorescence microscope (Olympus Corporation). Red 
fluorescence indicated TUNEL‑positive cells. 

Transwell assay for cell invasion. Following the corresponding 
treatments for 48 h, the cells in each group were digested with 
trypsin and centrifuged (800 x g at 4˚C for 30 sec). The cells 
were collected and counted using a cell counter (Beckman 

Table I. Primer sequences used for quantitative PCR.

Gene name	 Forward	 Reverse

TINCR	 5'‑TGTGGCCCAAACTCAGGGATACAT‑3'	 5'‑AGATGACAGTGGCTGGAGTTGTCA‑3'
miRNA‑7	 5'‑ACGTTGGAAGACTAGTGATTT‑3'	 5'‑TATGGTTGTTCTGCTCTCTGTCTC‑3'
mTOR	 5'‑CGTCAGCACCATCAACCTCCAA‑3'	 5'‑TCAGCCGTCTCAGCCATTCCA‑3'
Hypoxia‑inducible	 5'‑GGCGCGAACGACAAGAAAAAG	 5'‑CCTTATCAAGATGCGAACTCACA‑3'
factor 1 subunit α	 	
VEGF	 5'‑CAGCGCAGCTACTGCCATCCAATCG	 5'‑GCTTGTCACATCTGCAAGTACGTTCGT
	 AGA‑3'	 TTA‑3'
U6	 5'‑TCGCTTCGGCAGCACATATACTAA‑3'	 5'‑AATATGGAACGCTTCACGAATTTGC‑3'
GAPDH	 5'‑AGGCCGGATGTGTTCGC‑3'	 5'‑CATGGTTCACACCCATGACG‑3'
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Coulter). After adjusting the cell count with serum‑free 
medium, Precoat Matrigel at room temperature for 1 h, the 
cells were seeded into the upper chamber of Transwell plates 
at 5x104 cells/well (200 µl/well). The lower chamber was 
supplemented with 700 µl complete medium to induce the 
migration of tumor cells and placed in an incubator for 24 h 
at room temperature. Subsequently, the upper chamber was 
removed and washed with PBS twice after the supernatant 
was discarded; the cells that did not pass through the inner 
side of the upper chamber were wiped off using a cotton swab. 
Following fixation with 4% polyformaldehyde for 15 min at 
room temperature, the chambers were rinsed with PBS twice 
and the cells were stained with crystal violet (Nanjing KeyGen 
Biotech Co., Ltd.) staining solution for 15 min at room temper‑
ature, followed by rinsing with PBS five times. After drying, 
the cells were observed and photographed under an X71 
(U‑RFL‑T) fluorescence microscope (Olympus Corporation; 
magnification, x200) and five randomly‑selected fields were 
used to count the number of migrating cells. 

Wound healing assay for cell migration. Following the 
corresponding treatments for 48 h, the cells in each group 
were digested with trypsin and centrifuged (800 x g at 4˚C for 
30 sec). The cells were then resuspended in culture medium 
supplemented with 5% (w/w) FBS and the cell concentration 
was adjusted using a cell counter by serum‑free medium. 
Subsequently, the cells were seeded in a six‑well plate at 
2x105 cells/well (2 ml/well). When the cell density reached 
80‑90%, the culture medium in the plate was discarded and a 
vertical line was scratched using a 20 µl pipette tip under a X71 
(U‑RFL‑T) fluorescence microscope (Olympus Corporation; 
magnification, x100). The cells were then rinsed with PBS 
twice to remove any residual cells. The changes in cell 
migration were observed at 0, 24 and 48 h in each group and 
photographed under an inverted X71 (U‑RFL‑T) fluorescence 
microscope (Olympus Corporation; magnification, x100), and 
the average wound healing rate was analyzed and calculated. 

Western blot analysis for relative protein expression in cells. 
Following the corresponding treatments for 48 h, the cells in 
each group were collected and centrifuged (800 x g at 4˚C for 
30 sec). After the supernatant was discarded, the cells were 
lysed with radioimmunoprecipitation buffer (Nanjing KeyGen 
Biotech Co., Ltd.). Following centrifugation (1,000 x g at 
4˚C for 45 sec), the supernatant was collected and the total 
protein content in the supernatant was determined using the 
BCA method. Proteins were separated by SDS‑PAGE on 
12% gel and transferred to a PVDF membrane using the wet 
transfer method. Subsequently, the membranes were blocked 
using 5% skimmed milk powder at room temperature for 2 h 
and washed with TBST five times for 10 min each time. The 
membrane was then incubated with primary antibodies (all 
from Abcam) against mTOR (1:500; cat. no. ab134903), HIF‑1α 
(1:500; cat. no ab.51608;), anti‑VEGF (1:500; cat. no. ab32152) 
and anti‑GAPDH (1:500; cat. no. ab8245) overnight at 4˚C. 
Following primary incubation, the membrane were washed 
five times with TBST, 10 min each time and incubated with 
HRP‑conjugated secondary antibodies (1:10,000; Nanjing 
KeyGen Biotech Co., Ltd., cat. no. KGP1201) at room tempera‑
ture for 2 h. The membrane was then washed with TBST 

five times, 10 min each time. Protein bands were visualized 
using an ECL reagent (Nanjing KeyGen Biotech Co., Ltd.) 
and a gel imaging system (SYNGENE G:BOX Chemi XR5; 
Syngene), the gray value of the bands was quantified using 
ImageJ software v1.46 (National Institutes of Health) and 
the protein expression levels were normalized to the GAPDH 
reference gene. 

Bioinformatics analysis and dual‑luciferase reporter 
gene assay. Bioinformatics analysis was performed using 
TargetScan version 7.1 (www.targetscan.org). To clarify 
the association between TINCR and miRNA‑7, the mutant 
miRNA‑7 binding site of TINCR was generated using the 
quick‑change site‑directed mutagenesis kit (Stratagene; Agilent 
Technologies, Inc.). The wild‑type (WT) or mutant‑type (MT) 
TINCR was subcloned into the dual‑luciferase target vector by 
Lipofectamine 2000™ (Promega Corporation) to produce the 
WT or MT TINCR luciferase report plasmid, respectively. To 
clarify the association between miRNA‑7 and mTOR, the MT 
miR‑7 binding site of the mTOR 3'‑UTR was generated using 
the quick‑change site‑directed mutagenesis kit (Stratagene; 
Agilent Technologies, Inc.). The WT, MT or luciferase report 
plasmid was produced. As aforementioned, the cells were 
co‑transfected with miRNA‑7 mimics (10 ng/ml) (5'‑UGG​
AAG​ACU​AGU​GAU​UUU​GUU​GU‑3') or its NC (miRNA‑NC) 
(10 ng/ml; 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3'), WT (or 
MT) TINCR reporter plasmid, WT (or MT) MT or 3'‑UTR 
reporter plasmid using the Lipofectamine 2000 reagent. 
Following cell transfection for 48 h at room temperature, the 
luciferase activity was detected using a dual‑luciferase report 
assay system (Promega Corporation). Firefly luciferase activity 
was normalized to Renilla luciferase activity.

Statistical analysis. All data were analyzed using SPSS 24.0 
software (IBM Corp.). Continuous data are presented as the 
mean ± standard deviation and were analyzed using one‑way 
analysis of variance with Tukey's post hoc test. Enumeration 
data are presented as number and were analyzed using 
chi‑square or Fisher's exact test. A Kaplan‑Meier curve was 
used to draw the survival curve of patients with cervical cancer 
and Cox multivariate analysis was used to analyze risk factors 
affecting cervical cancer. All statistical tests were two‑tailed 
and P<0.05 was considered to indicate a statistically significant 
difference. All the experiments were performed in triplicate.

Results

Pathological changes and TINCR expression in tissues. H&E 
staining revealed the pathological differences in the cervical 
cancer tissues were blur, with tissue infiltration (Fig. 1A). 
RT‑qPCR (Fig. 1B) and ISH (Fig. 1C) revealed that the expres‑
sion level of lncRNA TINCR in the cervical cancer tissues 
was significantly higher compared with that in normal tissues 
(P<0.001).

Association between the lncRNA TINCR level and the 
clinicopathological characteristics of patients with cervical 
cancer. The 40 patients with cervical cancer included in the 
present study were divided into the high and low expression 
groups using the median as cut‑off value. The lncRNA TINCR 
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level in the cervical cancer tissues was not significantly associ‑
ated with age, tumor diameter, pathological type and degree 
of differentiation (Table II); however, it was correlated with 
lymph node metastasis, myometrial invasion depth and FIGO 
stage (P<0.05 for all; Table II).

Association between the lncRNA TINCR level and the 
prognosis of patients with cervical cancer. The 40 patients 
with cervical cancer were followed‑up for 60 months. The 
overall 5‑year survival rate of patients with a high expression 
of lncRNA TINCR was significantly lower than that of patients 
with a low expression of lncRNA TINCR (P=0.0391; Fig. 1D).

Analysis of risk factors affecting the prognosis of patients with 
cervical cancer. Univariate analysis demonstrated that lncRNA 
TINCR expression, lymph node metastasis, myometrial inva‑
sion depth and FIGO stage were all risk factors affecting 
the prognosis of patients with cervical cancer. Multivariate 
analysis demonstrated that lncRNA TINCR expression 
[hazard ratio (HR), 2.58; 95% CI, 1.51‑4.38; P<0.05] was an 
independent risk factor affecting the prognosis of patients with 
cervical cancer (Table III).

Effect of lncRNA TINCR knockdown on the proliferation of 
cervical cancer cells. MTT assay revealed that the prolif‑
eration rate of HeLa and SiHa cells in the si‑TINCR group 
decreased significantly following lncRNA TINCR knockdown 
(P<0.001 for both; Fig. 2A). EdU staining revealed that the 
number of EdU‑positive HeLa and SiHa cells was significantly 
lower in the cells in which lncRNA TINCR was knocked down 
(P<0.001 for all; Fig. 2B and C).

LncRNA TINCR knockdown promotes the apoptosis of 
cervical cancer cells. Flow cytometry revealed that the 
apoptotic rate of HeLa and SiHa cells in the si‑TINCR group 
increased significantly following lncRNA TINCR knockdown 
(P<0.001 for both; Fig. 2D and E). In addition, TUNEL assay 
confirmed that compared with that in the NC group, the 
number of apoptotic cells in the si‑TINCR group increased 
significantly (P<0.001 for both; Fig. 2F and G).

lncRNA TINCR knockdown suppresses the invasion 
and migration of cervical cancer cells. Transwell assay 
confirmed that the number of invasive HeLa and SiHa 
cells in the si‑TINCR group was significantly lower than 

Figure 1. Pathological changes and lncRNA TINCR expression in tissues. (A) Pathological differences in tissues were examined using H&E staining (magni‑
fication, x200). (B) LncRNA TINCR expression in tissues was examined using reverse transcription‑quantitative PCR. (C) TINCR lncRNA expression in 
tissues was examined using in situ hybridization (magnification, x200). (D) Overall survival of patients in the different groups. ***P<0.001 vs. adjacent tissues. 
LncRNA, long non‑coding RNA; TINCR, tissue differentiation‑inducing non‑protein coding RNA.
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that in the control group (P<0.001 for both; Fig. 3A and B). 
Wound healing assay also revealed that the wound healing 
rate of HeLa and SiHa cells in the si‑TINCR group at 24 
and 48  h was significantly decreased (P<0.01 for both; 
Fig. 3C and D).

mRNA expression and association between lncRNA 
TINCR and miRNA‑7. Using RT‑qPCR, it was found that 
compared with that in the NC group, in the HeLa and SiHa 
cells transfected with si‑TINCR, lncRNA TINCR mRNA 

expression was significantly decreased and the miRNA‑7 
mRNA level was significantly increased (P<0.001 for both; 
Fig. 4 and B).

Bioinformatics analysis revealed that TINCR could 
target and regulate miRNA‑7 (Fig.  4C). Dual‑luciferase 
reporter assay demonstrated that following the transfection of 
miRNA‑7 mimic into HeLa and SiHa cells in the WT‑TINCR 
and MT‑TINCR groups, the f luorescence intensity of 
lncRNA TINCR was significantly decreased (P<0.001 for 
both; Fig. 4C).

Table III. Analysis of risk factors affecting the prognosis of cervical cancer patients.

	 Single factor analysis	 Multiple factor analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Hazard ratio	 95% CI	 P‑value	 HR	 95% CI	 P‑value

lncRNA TINCR expression	 2.58	 1.51‑4.38	 0.000	 2.51	 1.67‑3.81	 0.000
Lymph node metastasis	 2.14	 1.22‑3.68	 0.004	 1.55	 0.92‑2.57	 0.112
Depth of myometrial infiltration	 3.46	 2.19‑5.12	 0.002	 1.6	 0.75‑3.55	 0.092
International Federation of Gynecology	 2.75	 1.77‑4.28	 0.001	 1.69	 0.84‑3.45	 0.223
and Obstetrics stage						    

Lnc, long non‑coding; TINCR, tissue differentiation‑inducing non‑protein coding RNA.

Table II. The relationship between the expression of lncRNA TINCR and clinicopathological characteristics in cervical cancer.

	 lncRNA TINCR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological parameters	 N	 High expression (n=20)	 Low expression (n=20)	 χ2	 P‑value

Age, years				    0.004	 0.948
  ≤55	 19	 9	 10		
  >55	 21	 10	 11		
Tumor diameter (cm)				    0.110	 0.740
  ≤4	 16	 9	 7		
  >4	 24	 11	 13		
Pathological type				    0.014	 0.906
  Adenocarcinoma 	 9	 5	 4		
  Squamous cell carcinoma	 31	 15	 16		
Differentiation degree				    0.043	 0.835
  Moderately and well	 21	 11	 10		
  Poor	 19	 9	 10		
Lymph node metastasis				    12.546	 0.000
  Yes	 18	 14	 4		
  No	 22	 6	 16		
Myometrial infiltration depth				    8.154	 0.001
  >1/2	 17	 13	 4		
  ≤1/2	 23	 7	 16		
International Federation of				    12.016	 0.000
Gynecology and Obstetrics stage					   
  I‑II	 18	 2	 16		
  III‑IV	 22	 18	 4		

Lnc, long non‑coding; TINCR, tissue differentiation‑inducing non‑protein coding RNA.
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Figure 2. Continued.



LIU et al:  lncRNA TINCR AND CERVICAL CANCER8

Role of miRNA‑7 in the inhibition of cervical cancer cell 
proliferation following TINCR knockdown. MTT assay 
revealed that the cell proliferation rate in the si‑TINCR + 

miRNA‑7 ASO group was significantly increased (P<0.001 
for both; Fig. 5A) compared with that in the si‑TINCR group. 
EdU staining demonstrated that after si‑TINCR and miRNA‑7 

Figure 2. Continued.
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ASO were co‑transfected into HeLa and SiHa cells, the 
EdU‑positive HeLa and SiHa cell number was significantly 
increased in the si‑TINCR + miRNA‑7 ASO group (P<0.001 
for both; Fig. 5B and C).

Role of miRNA‑7 in the promotion of cervical cancer cell 
apoptosis following TINCR knockdown. Flow cytometry 
revealed that after si‑TINCR and miRNA‑7 ASO were 
co‑transfected into HeLa and SiHa cells, the apoptotic rate 
of the si‑TINCR + miRNA‑7 ASO group was significantly 
lower than that of the si‑TINCR group (P<0.001 for both; 
Fig. 5D and E). TUNEL assay revealed that after si‑TINCR 

and miRNA‑7 ASO were co‑transfected into HeLa and 
SiHa cells, the positive apoptotic cell rate of the si‑TINCR + 
miRNA‑7 ASO group was significantly decreased (P<0.001 
for both; Fig. 5F and G).

Role of miRNA‑7 in the inhibition of cervical cancer cell 
invasion and migration following TINCR knockdown. 
Transwell assay confirmed that after si‑TINCR and miRNA‑7 
ASO were co‑transfected into HeLa and SiHa cells, the 
number of invasive cells in the si‑TINCR + si‑miRNA group 
significantly increased compared with that in the si‑TINCR 
group (P<0.001 for both; Fig.  6A and B). Wound healing 

Figure 2. Continued.
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assay revealed that after si‑TINCR and miRNA‑7 ASO were 
co‑transfected into HeLa and SiHa cells, the wound healing 
rate of the si‑TINCR + si‑miRNA group increased significantly 
at 24 and 48 h (P<0.001 for both; Fig. 6C and D).

Expression of related genes. RT‑qPCR demonstrated that 
after si‑TINCR and miRNA‑7 ASO were co‑transfected into 
HeLa and SiHa cells, the level of miRNA‑7 in the si‑TINCR + 

miRNA‑7 ASO group was significantly lower than that in the 
si‑TINCR group, while the mRNA levels of mTOR, HIF‑1α and 
VEGF increased significantly (P<0.001 for all; Fig. 7A and B). 
No significant differences were found in the mRNA level of 
TINCR among the three groups (P>0.05; Fig. 7A and B).

Expression of related proteins. Western blot analysis revealed 
that after si‑TINCR and miRNA‑7 ASO were co‑transfected 

Figure 2. Effects of tissue differentiation‑inducing non‑protein coding RNA knockdown on the proliferation and apoptosis of cervical cancer cells. (A) Cell 
proliferation rate in the different HeLa and SiHa cell groups was examined using MTT assay (cell stage at 0 h as 100%). EdU‑positive cell rate in different 
(B) HeLa and (C) SiHA cell groups (magnification, x200). Apoptotic rate of different (D) HeLa and (E) SiHA cell groups was examined using flow cytometry. 
TUNEL‑positive rate in different (F) HeLa and (G) SiHA cell groups (magnification, x200). ***P<0.001 vs. NC group. NC, negative control group; si‑, small 
interfering RNA; EdU, 5‑ethynyl‑2'‑deoxyuridine.
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Figure 3. Tissue differentiation‑inducing non‑protein coding RNA knockdown inhibits the invasion and migration of cervical cancer cells. Cell invasion of 
(A) HeLa cells and (B) SiHA cells (magnification, x200). (C) Wound healing rate in different groups of HeLa and SiHa cells (magnification, x200). (D) Wound 
healing rate in different groups of SiHa cells. **P<0.01 and ***P<0.001 vs. NC group. NC, negative control group; si‑, small interfering RNA.

Figure 4. mRNA expression and association between lncRNA TINCR and miRNA‑7. (A) LncRNA TINCR and miRNA‑7 mRNA expression in the groups of 
(A) HeLa cell (B) SiHa cells was examined using reverse transcription‑quantitative PCR. (C) Association between lncRNA TINCR and miRNA‑7 expression 
in HeLa and SiHa cells determined using dual‑luciferase assay. ***P<0.001 vs. NC group or miRNA‑NC group. NC, negative control; si‑, small interfering 
RNA; miRNA, microRNA.
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Figure 5. Continued.
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into HeLa and Siha cells, the protein expression of mTOR, 
HIF‑1α and VEGF increased significantly in the si‑TINCR + 
miRNA‑7 ASO group (P<0.001 for all; Fig. 7C and D).

Targeted regulation of mTOR by miRNA‑7. Bioinformatics 
analysis revealed that miRNA‑7 could target and regulate 
mTOR (Fig. 7E). Dual‑luciferase reporter assay confirmed that 

Figure 5. Continued.
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in the WT mTOR group of HeLa and SiHa cells, the fluores‑
cence intensity of the miRNA‑7 group decreased significantly 
following the transfection of miRNA‑7 into HeLa and SiHa 
cells (P<0.001 for both; Fig. 7E). In the MT mTOR group, 
there was no significant difference between the miRNA‑NC 
and miRNA‑7 groups (P>0.05).

Discussion

In the human genome, only 2% of genes can encode proteins, 
and non‑coding RNAs account for ~98%. lncRNAs are a 
class of relatively long non‑coding RNAs, which can regulate 
cell proliferation, migration, invasion and apoptosis through 
a variety of mechanisms, and are closely related to cancer 
occurrence and development (20). The majority of lncRNAs 
have highly conserved secondary and tertiary structures, 
which indicate that they can play a role in a variety of 
biological processes (21). lncRNAs in cervical cancer have 

been widely reported. TINCR has been shown to promote cell 
proliferation, and is involved in tumorigenesis, although it has 
different effects in different tumors (5,7). The expression of 
TINCR is upregulated in lung cancer and it is related to the 
clinicopathological characteristics of patients; the suppres‑
sion of the TINCR level can inhibit the malignant metastasis 
potential of tumor cells (6). However, TINCR functions as 
a tumor suppressor in prostate cancer and can inhibit tumor 
metastasis (5). TINCR is highly expressed in liver cancer, and 
TINCR may be a promoter of liver cancer progression (7). 
The current study showed that the level of lncRNA TINCR 
was significantly higher in cervical cancer tissues, suggesting 
that lncRNA TINCR may be involved in the occurrence and 
development of cervical cancer. The previous studies found 
lncRNA TINCR as a suppressor factor in prostate cancer (5) 
and squamous cell carcinoma (22) and as an oncogenic factor 
in colorectal cancer  (23). Meanwhile, the present research 
also found lncRNA TINCR was significantly upregulated in 

Figure 5. Continued.
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cervical cancer tissues and closely correlated with poor prog‑
nosis in cervical cancer like colorectal cancer (23); however, 
the mechanism was different, based on the present results, 
with lncRNA TINCR knockdown, miRNA‑7 increasing 
and mTOR, HIF‑11α and VEGF expression decreasing. The 
expression of lncRNA TINCR in cervical cancer tissues was 
associated with lymph node metastasis, myometrial inva‑
sion depth and FIGO stage, indicating that the expression of 
lncRNA TINCR may affect the progression of cervical cancer. 
In addition, the survival curves of patients with high and low 
lncRNA TINCR expression at 1‑60 months following surgery 
were drawn. The 5‑year survival rate of patients with a high 
lncRNA TINCR expression was significantly lower than that 
of those with a low lncRNA TINCR expression, suggesting 

that a high lncRNA TINCR expression has a detrimental effect 
on the prognosis of patients with cervical cancer. Moreover, 
Cox regression analysis of lncRNA TINCR expression, lymph 
node metastasis, myometrial invasion depth and FIGO stage 
revealed that lncRNA TINCR expression, lymph node metas‑
tasis, myometrial invasion depth and FIGO stage were all 
risk factors affecting the prognosis of patients with cervical 
cancer, among which lncRNA TINCR expression was an 
independent risk factor affecting the prognosis of patients with 
cervical cancer; this suggests that the inhibition of lncRNA 
TINCR expression may improve the prognosis of patients with 
cervical cancer. To further explore the mechanisms of lncRNA 
TINCR in cervical cancer, lncRNA TINCR was knocked 
down using in vitro experiments, revealing that the biological 

Figure 5. Role of miRNA‑7 in the inhibition of cervical cancer cell proliferation caused by TINCR knockdown. (A) Cell proliferation rate in the different 
groups was examined using MTT assay. EdU‑positive cell rate in the different groups of (B) HeLa and (C) SiHa cells (magnification, x200). Apoptotic rate 
of (D) HeLa and (E) SiHa cells in the different groups was examined using flow cytometry. (F) TUNEL‑positive cell rate of HeLa and (G) SiHa cells in the 
different groups was examined using TUNEL assay (magnification, x200). ***P<0.001 vs. si‑TINCR group. MiRNA, microRNA; ASO, miRNA‑7 inhibitor; 
NC, negative control; si‑, small interfering RNA; TINCR, tissue differentiation‑inducing non‑protein coding RNA.
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activities (proliferation, invasion and migration) of cervical 
cancer cell lines Siha and Hela were significantly inhibited. 
The aforementioned results suggested that TINCR may play 
a promoting role in the progression of cervical cancer, and its 
knockdown can effectively inhibit the occurrence and progres‑
sion of colon cancer.

Research on the mechanisms of lncRNAs revealed that 
lncRNAs could play different biological roles by targeting 
and regulating the expression of downstream genes, and the 
targeting and regulatory role of lncRNAs in different tissues 
and pathological processes may differ  (24). In the present 
study, it was found that TINCR targeted and regulated the 
expression of miRNA‑7 in cervical cancer cell lines. miRNA‑7 
is a downregulated miRNA molecule in cancer tissues, and its 
overexpression can inhibit the biological activities of cancer 

cell lines  (16). Additionally, it was observed that TINCR 
targeted and regulated the expression of miRNA‑7 in cervical 
cancer cell lines, and the silencing of miRNA‑7 reversed 
the inhibitory effects of TINCR knockdown on the invasion 
and migration of cervical cancer cells; this indicates that the 
inhibitory effects of TINCR knockdown on the invasion and 
migration of cervical cancer cells are related to the targeted 
regulation of miRNA‑7.

Through bioinformatics analysis, it was found that 
miRNA‑7 could target and regulate mTOR, playing a role in 
inhibiting the biological activities of cervical cancer cells. 
mTOR is an atypical serine/threonine kinase composed of 
2,549 amino acids, which is a member of the phosphatidylino‑
sitol 3‑kinase‑related protein kinase family (25). The mTOR 
signaling pathway regulates cell membrane transport, protein 

Figure 6. Role of miRNA‑7 in the inhibition of cervical cancer cell invasion and migration caused by TINCR knockdown. Cell invasion of (A) HeLa and 
(B) SiHa cells (magnification, x200). Wound healing rate of (C) HeLa cells and (D) SiHa cells in the different groups (magnification, x200). **P<0.01 and 
***P<0.001 vs. si‑TINCR group. MiRNA, microRNA; ASO, miRNA‑7 inhibitor; NC, negative control; si‑, small interfering RNA; TINCR, tissue differentia‑
tion‑inducing non‑protein coding RNA.
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Figure 7. Expression of relevant genes and proteins, and association between miRNA‑7 and mTOR. Relative mRNA expression in (A) HeLa and (B) SiHa 
cells in the different groups. (C) Relative protein expression of mTOR, hypoxia‑inducible factor 1 subunit α and VEGF in (C) HeLa and (D) SiHa cells in 
the different groups was examined using western blot analysis. (E) Targeted regulation of mTOR by miRNA‑7. ***P<0.001 vs. si‑TINCR group. MiRNA, 
microRNA; ASO, miRNA‑7 inhibitor; NC, negative control; si‑, small interfering RNA; TINCR, tissue differentiation‑inducing non‑protein coding RNA.
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degradation, nutritional metabolism and tumor occurrence 
through phosphorylation, and plays a critical regulatory role in 
physiological processes, including cell growth, proliferation, 
differentiation and apoptosis (26), it is also widely involved in 
biological processes, such as gene transcription, protein trans‑
lation and ribosome biogenesis (27). HIF‑1α is a DNA‑binding 
protein, which is widely involved in the specific response 
induced by hypoxia in mammalian cells, and plays a key role 
in the regulation of gene expression induced by hypoxia (28). 
Ryan et al (29) first proved in 1998 that HIF‑1α deletion can 
inhibit tumor growth and reduce the ability of tumor cell 
invasion and metastasis. The increased expression of HIF‑1α 
can lead to the upregulation of numerous target genes, such as 
HVEGF, erythropoietin, glucose‑encoding transporter, glyco‑
lytic enzyme, etc. Its activity plays a key role in maintaining 
the energy metabolism of tumor cells, angiogenesis, and 
promoting tumor proliferation and metastasis (30). EGF is a 
heparin‑binding growth factor specific to vascular endothelial 
cells, with a classical signal sequence (31). VEGF can cause 
a series of signal transduction mechanisms by binding with 
receptors, promoting the release of various growth factors 
and cytokines, and promoting the proliferation and migration 
of endothelial cells, thus inducing angiogenesis in vivo (32). 
Therefore, the expression and secretion level of VEGF is one 
of the key indicators for the evaluation of angiogenesis. Tumor 
cells can overexpress VEGF, thereby accelerating angiogen‑
esis and promoting tumor invasion and metastasis (33). The 
expression of EGF is regulated by the transcription factor, 
HIF‑1α, and HIF‑1α activity is regulated by mTOR; thus, 
mTOR is the key signaling pathway regulating VEGF expres‑
sion  (34). HIF‑1α and VEGF are considered downstream 
targets of mTOR. A previous study (35) suggested that the 
mTOR signaling pathway can be inhibited by directly inhib‑
iting the growth of vascular endothelial cells stimulated by 
VEGF. In the present study, it was found that following the 
knockdown of lncRNA TINCR, with the increase in miRNA‑7 
expression, the mTOR/HIF‑1α/VEGF signaling pathway was 
significantly inhibited, indicating that the cancer‑promoting 
effect of lncRNA TINCR in cervical cancer may be related to 
the activation of the mTOR/HIF‑1α/VEGF signaling pathway 
caused by the decreased expression of miRNA‑7.

In conclusion, the present study demonstrates that the 
abnormally high expression of lncRNA TINCR plays a critical 
role in the occurrence and development of cervical cancer. The 
mechanism of lncRNA TINCR in promoting carcinogenesis 
may be closely related to the miRNA‑7/mTOR axis and the 
mTOR/IF‑1α/VEGF signaling pathway.
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