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Abstract. Cutaneous malignant melanoma (CMM) is respon‑
sible for ≥1/2 of skin cancer‑related mortalities. The aberrant 
expression of long non‑coding RNAs (lncRNAs) has been 
associated with the development of CMM. However, to the best 
of our knowledge, the role of the lncRNA TINCR ubiquitin 
domain containing (TINCR) in CMM has not been previously 
investigated, and thus, the current study aimed to evaluate this 
in vitro and in vivo. Reverse transcription‑quantitative PCR 
(RT‑qPCR) was used to analyze microRNA (miR)‑424‑5p 
expression, and RT‑qPCR and western blotting were used to 
measure TINCR, large tumor suppressor kinase 1 (LATS1), 
cellular communication network factor 2 (CTGF), cellular 
communication network factor 1 (CCN1) and AXL receptor 
tyrosine kinase (AXL) mRNA and protein expression 
levels, respectively. Cell Counting Kit‑8, flow cytometry 
and Transwell assays were used to detect the proliferation, 
apoptosis and invasion of CMM cell lines, respectively. The 
binding sites between TINCR and miR‑424‑5p were predicted 
using the miRDB database. A dual luciferase reporter assay 
and RT‑qPCR were used to identify the relationship between 
TINCR and miR‑424‑5p in CMM cell lines. The bioinfor‑
matics analysis revealed that TINCR was one of the most 
significantly downregulated lncRNAs in CMM, and advanced 
stage CMM tissues showed the greatest decrease in TINCR 
expression. Moreover, in the collected CMM tissues and tested 
cell lines of the current study, TINCR expression was found 
to be downregulated compared with the respective controls. 

Notably, TINCR overexpression inhibited the expression 
levels of CTGF, CCN1 and AXL, decreased the proliferation 
and invasion, and induced the apoptosis of CMM cell lines. In 
addition, a mutual binding association was identified between 
miR‑424‑5p and TINCR in CMM cells. LATS1, a target of 
miR‑424‑5p, was found to be positively regulated by TINCR. 
TINCR activated Hippo signaling and repressed the activity of 
Yes 1 associated transcriptional regulator by regulating LATS1 
expression, while LATS1 knockdown reversed the effect of 
TINCR overexpression on CMM cells. Collectively, the find‑
ings of the present study suggested that TINCR may attenuate 
the progression of CMM by regulating the miR‑424‑5p/LATS1 
signaling axis. These results indicated that TINCR may play a 
tumor suppressive role in CMM.

Introduction

Melanoma, which remains the leading cause of skin 
cancer‑related mortality in patients, is characterized by high 
levels of metastasis (1). In 2017, the age‑standardized preva‑
lence rate of melanoma was 0.9 per 100,000 in China (2). As 
a type of malignant tumor, cutaneous malignant melanoma 
(CMM) is derived from melanocytes in the skin (3). Worldwide, 
the morbidity of CMM is increasing and the age of onset is 
decreasing (4), which may be associated with genetic factors 
and increased exposure to UV, amongst other risk factors (5). 
The majority of patients with CMM can be cured by early 
detection and treatment (6), including surgical resection (7) 
and chemo‑ and radiotherapy (8); however, the prognosis of 
patients with CMM remains poor following late detection.

Non‑coding regulatory RNAs can be divided into two 
groups: Small non‑coding RNAs (≤200 nucleotides in length) 
and long non‑coding RNAs (lncRNAs; >200 nucleotides in 
length) (9). lncRNAs regulate gene expression via numerous 
molecular mechanisms, including RNA degradation, 
microRNA (miRNA/miR) sequestration and transcriptional 
and translational activation or repression (10). Accumulating 
evidence has indicated that numerous lncRNAs play roles in 
the tumorigenesis of various cancer types, including CMM. For 
example, lncRNA forkhead box D3 antisense RNA 1 was previ‑
ously discovered to increase CMM cell proliferation, invasion 
and migration by regulating the miR‑325/mitogen‑activated 
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protein kinase kinase kinase 2 axis (11). In addition, the 
lncRNA FOXF1 adjacent non‑coding developmental regula‑
tory RNA was reported to inhibit the migration and invasion 
of CMM cells (12). The lncRNA TINCR ubiquitin domain 
containing (TINCR) was also found to function as a tumor 
suppressor in various types of cancer. For instance, a previous 
study revealed that Sp1 transcription factor‑induced upregula‑
tion of TINCR expression sponged miR‑7‑5p expression and 
promoted the development of colorectal cancer (13). It has also 
been shown that the activation of TINCR by the methylation of 
histone 3 on lysine 27 induced epithelial‑mesenchymal transi‑
tion in breast cancer by targeting miR‑125b (14). Furthermore, 
TINCR was reported to serve a tumor suppressive role over the 
proliferation, invasion and migration of prostate cancer cells 
by regulating thyroid hormone receptor interactor 13 (15). 
However, to the best of our knowledge, the precise function 
of TINCR in CMM remains unknown, which will be investi‑
gated in the present study.

Materials and methods

Patient samples. In total, 60 patients with CMM (age 
range, 51‑75 years; 46 men and 14 women) who underwent 
surgical resection at The China‑Japan Union Hospital of Ji 
Lin University (Jilin, China) between December 2016 and 
January 2018 were enrolled in the current study. The site of 
CMM was distributed on the back (38 cases), head (11 cases), 
leg (7 cases), chest (2 cases), buttock (1 case) and hand (1 case). 
CMM and adjacent normal tissues (2 cm from tumor tissues) 
were extracted and immediately stored at ‑80˚C. All patients 
provided written informed consent prior to participation 
in the study. The inclusion criteria were histopathological 
confirmation of CMM. Exclusion criteria included uncon‑
trolled infections, autoimmune disease, the usage of systemic 
corticosteroids and systemic therapy for CMM before the 
enrollment. The current study protocol was approved by the 
Ethical Committee of The China‑Japan Union Hospital of 
Ji Lin University (approval no. CJUHJLU20161102).

Cell lines and culture. Human CMM cell lines (M14, A375 
and MV3) were purchased from the American Type Culture 
Collection. Human immortalized keratinocytes, HaCaT, were 
obtained from The Cell Bank of Type Culture Collection of The 
Chinese Academy of Sciences. HaCaT cells were authenticated 
by using STR profiling. Cells were cultured in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% 
penicillin/streptomycin (Sigma‑Aldrich; Merck KGaA), and 
maintained in an incubator with 5% CO2 at 37˚C.

Bioinformatics analysis. The expression levels of TINCR in 
benign nevus, atypical nevus, melanoma in situ, vertical growth 
phase melanoma and metastatic growth phase melanoma 
tissues were analyzed using data obtained from the GSE4587 
dataset (16) in the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/gds/?term=). The expression 
level of TINCR in 95 individuals, representing 27 different 
tissues, was retrieved from the Human Protein Atlas 
RNA‑sequencing (seq) normal tissues project published by 
Fagerberg et al (17). Expression data of TINCR in 558 normal 

and 461 skin cutaneous melanoma (SKCM) tissues deposit 
in The Cancer Genome Atlas (TCGA) (TCGA‑SKCM) were 
downloaded from the Gene Expression Profiling Interactive 
Analysis database (http://gepia.cancer.pku.cn) (18).

Cell transfection. pcDNA3.1 empty vector (control; 2 µg), 
pcDNA3.1‑TINCR vector (2 µg), miR‑424‑5p mimic (50 nM, 
5'‑CAGCAGCAAUUCAUGUUUUGAA‑3'), miR‑negative 
control (NC) mimic (50 nM, 5'‑UCG CUU GGU GCA GGU 
CGG GAA TT‑3'), miR‑424‑5p inhibitor (50 nM, 5'‑UCC 
AAA ACA UGA AUU GCU GCU G‑3') or miR‑NC inhibitor 
(50 nM, 5'‑UUC UCC GAA CGU GUC ACG UTT‑3') (all 
from Guangzhou RiboBio Co., Ltd.) were mixed with 
Lipofectamine® 3000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) in serum‑free RPMI‑1640 medium and 
incubated for 15 min at room temperature. Following the 
incubation, the mixture was added into each well of a 6‑well 
plate (1x106 cells/well) and incubated for 48 h at 37˚C. A total 
of 48 h after the transfection, the cells were harvested for use 
in subsequent experiments.

For LATS1 knockdown, small interfering RNA (si) control 
(siControl, 50 nM, 5'‑UUC UCC GAA CGU GUC ACG UTT‑3') 
and siLATS1 (50 nM, 5'‑GGU GAA GUCU GUC UAG CAA‑3') 
(both from Guangzhou RiboBio Co., Ltd.) were mixed with 
Lipofectamine® RNAiMax transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) in serum‑free RPMI‑1640 
medium and incubated for 5 min at room temperature. 
Following the incubation, the mixture was added into each 
well of a 6‑well plate (1x106 cells/well) and incubated for 48 h 
at 37˚C. A total of 48 h after the transfection, the cells were 
harvested for use in subsequent experiments.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from CMM tissues and cell lines using 
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.) and 
reverse transcribed into cDNA using a PrimeScript RT reagent 
kit (Takara Bio, Inc.) according to the manufacturer's instruc‑
tions. qPCR was subsequently performed using SYBR Premix 
Ex Taq (Takara Bio, Inc.) on a CFX96 Real‑Time PCR system 
(Bio‑Rad Laboratories, Inc.). The following thermocycling 
conditions were used for the qPCR: Initial denaturation at 
95˚C for 1 min; followed by 45 cycles of denaturation at 95˚C 
for 15 sec, annealing at 60˚C for 31 sec and elongation at 72˚C 
for 30 sec, and final extension at 72˚C for 5 min. Expression 
levels were analyzed using the 2‑ΔΔCq method (19) and the 
relative expression levels of TINCR, large tumor suppressor 
kinase 1 (LATS1), cellular communication network factor 2 
(CTGF), cellular communication network factor 1 (CCN1), 
AXL receptor tyrosine kinase (AXL) and miR‑424‑5p were 
normalized to GAPDH and U6, respectively. The primer 
sequences are listed in Table I.

Western blotting. Total protein was extracted from A375 and 
MV3 cells using RIPA lysis buffer (Beyotime Institute of 
Biotechnology). Protein concentration was quantified using 
a BCA assay kit (Beyotime Institute of Biotechnology) and 
20 µg protein/lane was separated via 10% SDS‑PAGE. The 
separated proteins were subsequently transferred onto PVDF 
membranes and blocked with 5% non‑fat milk for 2 h at room 
temperature. The membranes were then incubated with the 
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following primary antibodies at 4˚C overnight: Anti‑LATS1 
(1:1,000; cat. no. ab243656; Abcam), anti‑phosphorylated 
(p)‑Yes 1 associated transcriptional regulator (YAP; 1:1,000; 
cat. no. ab76252; Abcam), anti‑YAP (1:1,000; cat. no. ab52771; 
Abcam) and anti‑β‑actin (1:1,000; cat. no. ab8226; Abcam). 
Following the primary antibody incubation, the membranes 
were incubated with HRP‑conjugated anti‑mouse (1:10,000; 
cat. no. ab6289; Abcam) or anti‑rabbit (1:10,000; cat. no. ab6721; 
Abcam) secondary antibodies for 2 h at room temperature. 
Protein bands were visualized using an ECL reagent (Pierce; 
Thermo Fisher Scientific, Inc.) and densitometric analysis was 
performed using ImageJ software (version 1.8.0; National 
Institutes of Health). β‑actin was used as the internal loading 
control.

Cell Counting Kit‑8 (CCK‑8) assay. The proliferation of A375 
and MV3 cells was measured following 1, 2, 3 and 4 days of 
transfection, respectively. After the transfection, 10 µl CCK‑8 
reagent (DojindoDojindo Molecular Technologies, Inc.) was 
added into each well and further incubated for 4 h at 37˚C, 
according to the manufacturer's instructions. The optical 
density value was measured at a wavelength of 450 nm using a 
microplate reader (Bio‑Rad Laboratories, Inc.).

Flow cytometric analysis of apoptosis. A375 and MV3 cells 
were seeded into 12‑well plates (1x105 cells/well) and cultured 
for 48 h at 37˚C prior to being harvested via digestion using 
0.025% trypsin (Thermo Fisher Scientific, Inc.). The cells 
were washed with PBS and subsequently incubated with 5 µl 
Annexin V‑FITC and 5 µl PI from an Annexin V/Dead Cell 
Apoptosis kit (Thermo Fisher Scientific, Inc.) for 15 min in the 
dark at 37˚C. Apoptotic cells were analyzed within 1 h using 
a FACSCalibur flow cytometer (BD Biosciences). The results 
were analyzed using FlowJo software version 10.2 (FlowJo 
LLC). The apoptotic rate was calculated as the percentage 
of early + late apoptotic cells. In total, 10,000 events were 
analyzed in each group.

Transwell assay. The invasion of A375 and MV3 cells was 
analyzed using Matrigel Transwell chambers (8‑µm pore size; 
BD Biosciences). Briefly, the upper Transwell chamber was 
precoated with 100 µl Matrigel (BD Biosciences) at 37˚C for 

5 h. Then, 2x105 cells suspended in serum‑free RPMI‑1640 
medium were plated into the upper chamber. The lower chamber 
was filled with RPMI‑1640 medium supplemented with 20% 
FBS. Following 48 h of incubation, the cells remaining in the 
upper chamber were removed, while the invasive cells in the 
lower chamber were fixed with 4% formaldehyde for 15 min 
at room temperature and stained with 0.1% crystal violet for 
20 min at room temperature. The invasive cells were visual‑
ized (magnification, x100) using a light microscope.

Dual luciferase reporter assay. The 3'untranslated region 
(UTR) of LATS1 was cloned into pGL3 dual luciferase 
reporter vector (pGL3‑LATS1; Promega Corporation). The 
binding sites between TINCR and miR‑424‑5p were predicted 
using miRDB (http://mirdb.org). The wild‑type (WT) 3'UTR 
of TINCR was cloned into a pGL3 vector (pGL3‑TINCR‑WT). 
In addition, two site mutations were introduced into the 
pGL3‑TINCR‑WT sequence using a Quick Site‑Directed 
Mutation kit (Agilent Technologies, Inc.) to generate the 
pGL3‑TINCR‑mutant (pGL3‑TINCR‑MUT) vector. To 
study the association between miR‑424‑5p and TINCR, cells 
(1x105 cells/well) were co‑transfected with pGL3‑TINCR‑WT 
(0.4 mg) or pGL3‑TINCR‑MUT (0.4 mg) and miR‑424‑5p 
mimic (20 mM) or miR‑NC mimic (20 mM) using 
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C for 48 h. To investigate the association between 
TINCR, miR‑424‑5p and LATS1, cells were transfected with 
pGL3‑LATS1 and miR‑424‑5p mimic or miR‑NC mimic and 
pcDNA3.1‑TINCR. Following 48 h of transfection, the rela‑
tive firefly and Renilla luciferase activities were determined 
using a Dual Luciferase Reporter assay system (Promega 
Corporation). The firefly luciferase activity was normalized to 
Renilla luciferase activity.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 6.0 software (GraphPad Software, Inc.) and 
the data are presented as the mean ± SD. Paired Student's t‑tests 
were used to determine the statistical differences between 
normal and tumor tissues, while unpaired Student's t‑tests 
were used to determine statistical differences between two 
experimental groups of cells. A one‑way ANOVA followed by 
a Tukey's post hoc test was used to determine the statistical 

Table I. Primer sequences used for reverse transcription‑quantitative PCR.

Gene Forward Reverse

miR‑424‑5p 5'‑GCGGCGGCAGCAGCAATTCATG‑3' 5'‑ATCCAGTGCAGGGTCCGAGG‑3'
U6 5'‑CTCGCTTCGGCAGCACATA‑3' 5'‑AACGATTCACGAATTTGCGT‑3'
TINCR 5'‑GGACAACCTTAGCGTGTTCA‑3' 5'‑TTGGATCAAAGAAGGGAAGG‑3'
LATS1 5'‑AAACCAGGGAATGTGCAGCAA‑3' 5'‑CATGCCTCTGAGGAACTAAGGA‑3'
CTGF 5'‑AAAAGTGCATCCGTACTCCCA‑3' 5'‑CCGTCGGTACATACTCCACAG‑3'
CCN1 5'‑GGTCAAAGTTACCGGGCAGT‑3' 5'‑GGAGGCATCGAATCCCAGC‑3'
AXL 5'‑ATCAGCTTCGGCTAGGCAG‑3' 5'‑TCCGCGTAGCACTAATGTTCT‑3'
GAPDH 5'‑GAAGGTGAAGGTCGGAGTC‑3' 5'‑GAAGATGGTGATGGGATTTC‑3'

miR, microRNA; TINCR, TINCR ubiquitin domain containing; LATS1, large tumor suppressor kinase 1; CTGF, cellular communication 
network factor 2; CCN1, cellular communication network factor 1; AXL, AXL receptor tyrosine kinase.
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differences between ≥3 groups. Pearson correlation analysis 
was used to study the association between expression levels of 
miR‑424‑5p and TINCR in CMM samples from TCGA‑SKCM 
using StarBase V2.0 (http://starbase.sysu.edu.cn/). This 
analysis was also used to study the expression levels of 
miR‑424‑5p and TINCR in the collected CMM samples. The 
categorical data in Table II were analyzed using a χ2 test. Every 
experiment was repeated three times. P<0.05 was considered 
to indicate a statistically significant difference.

Results

TINCR expression is downregulated in CMM tissues. Analysis 
of RNA‑seq data representing 27 different tissues from 95 
human individuals revealed that the lncRNA, TINCR, was 
found to be predominantly expressed in skin tissue (Fig. 1A). 
Analysis of the expression data of TINCR in tumor and 
normal tissues from Gene Expression Profiling Interactive 
Analysis database (http://gepia.cancer.pku.cn) identified that 
the expression levels of TINCR were significantly down‑
regulated in CMM tissues (n=461) compared with the normal 
tissues (n=558) (Fig. 1B). Using the GSE4587 dataset, TINCR 
expression was also found to be markedly downregulated in 
benign nevus and melanoma in situ tissues, while the lowest 
TINCR expression was observed in melanomas with lymph 
node metastasis (Fig. 1C). Similar to these results, in the 
tissues collected from patients with CMM, TINCR expression 
was downregulated in tumor tissues compared with the adja‑
cent normal tissues (n=60; Fig. 1D). Patients with CMM were 
divided into low (n=30) and high expression (n=30) groups 
according to the median expression value of TINCR. TINCR 
expression levels were not associated with age, sex or distant 
metastasis, while low TINCR expression was associated with 
an advanced TNM stage (Table II). These results suggested 
that TINCR may play a tumor suppressive role in the develop‑
ment of CMM.

TINCR overexpression reduces proliferation and invasion, 
and induces apoptosis in CMM cell lines. Compared with the 
human immortalized keratinocytes, HaCaT, TINCR expres‑
sion levels were significantly downregulated in the human 
CMM cell lines, M14, A375 and MV3 (Fig. 2A). As A375 and 
MV3 cells showed relatively lower TINCR expression levels 
compared with M14 cells, these two cell lines were selected 
for use in the subsequent experiments.

In A375 and MV3 cells, compared with the control group, 
TINCR expression levels were upregulated following the 
overexpression of TINCR (Fig. 2B). In addition, the overex‑
pression of TINCR significantly reduced cell proliferation 
(Fig. 2C), induced cell apoptosis (Fig. 2D) and reduced cell 
invasion (Fig. 2E).

miR‑424‑5p interacts with TINCR in CMM cell lines. Data 
from TCGA‑SKCM dataset identified a weak negative correla‑
tion (r=‑0.247) between TINCR and miR‑424‑5p expression in 
CMM tissues (Fig. 3A). In the tissues collected from patients 
with CMM, miR‑424‑5p expression levels were found to be 
upregulated in CMM tissues compared with the normal tissues 
(Fig. 3B). Similarly, a moderate negative correlation (r=‑0.658) 
was also noted between TINCR and miR‑424‑5p expression in 
the CMM tissues (Fig. 3C).

The regulatory relationship between TINCR and 
miR‑424‑5p was further investigated in CMM cell lines, A375 
and MV3. The expression levels of miR‑424‑5p were down‑
regulated in the TINCR overexpression group compared with 
the control group (Fig. 3D). Next, the expression of miR‑424‑5p 
was knocked down using a miR‑424‑5p inhibitor, and the 
results revealed that the expression levels of miR‑424‑5p 
were lower in the miR‑424‑5p inhibitor group compared with 
the miR‑NC inhibitor group (Fig. 3E). Transfection with the 
miR‑424‑5p inhibitor upregulated TINCR expression levels 
compared with the miR‑NC inhibitor group (Fig. 3F). These 
findings suggested that TINCR and miR‑424‑5p may repress 

Table II. Association between clinicopathological characteristics and TINCR expression in patients with cutaneous malignant 
melanoma (n=60).

 TINCR
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological factor Patients (n=60) High (n=30) Low (n=30) P‑value

Age, years    0.601
  ≤60 35 16 19 
  >60 25 14 11 
Sex    0.361
  Male 46 21 25 
  Female 14 9 5 
TNM stage    0.011a

  I‑II 13 11 2 
  III‑IV 47 19 28 
Distant metastasis    0.779
  Yes 18 8 10 
  No 42 22 20 

aP<0.05. TINCR, TINCR ubiquitin domain containing.
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the expression of each other in the CMM cell lines, A375 and 
MV3.

The relationship between TINCR and miR‑424‑5p was 
further verified in CMM cell lines, A375 and MV3, using a dual 
luciferase reporter assay. miR‑424‑5p was successfully overex‑
pressed using a miR‑424‑5p mimic, which was evidenced by 
the higher miR‑424‑5p expression in the miR‑424‑5p mimic 
group compared with the miR‑NC mimic group (Fig. 3G). 
The binding sites between TINCR and miR‑424‑5p are 
presented in Fig. 3H. In A375 and MV3 cells transfected with 
the pGL3‑TINCR‑WT vector, the relative luciferase activity 
was discovered to be significantly decreased following the 
co‑transfection with the miR‑424‑5p mimic compared with 
the miR‑NC mimic (Fig. 3I). However, in A375 and MV3 cells 
transfected with the pGL3‑TINCR‑MUT vector, the relative 
luciferase activity was not significantly different between 
the miR‑424‑5p mimic and miR‑NC mimic groups (Fig. 3J). 
These findings indicated that miR‑424‑5p may interact with 
TINCR in the CMM cell lines, A375 and MV3.

TINCR upregulates LATS1 expression by sponging 
miR‑424‑5p in CMM cell lines. In A375 and MV3 cells, 
TINCR overexpression upregulated the mRNA expression 

levels of LATS1 (Fig. 4A), as well as the protein expression 
levels of LATS1 and the p‑YAP/YAP ratio, compared with 
the control group (Fig. 4B and C). Next, expression levels of 
YAP signaling‑related molecules were detected. In A375 and 
MV3 cells, TINCR overexpression downregulated the mRNA 
expression levels of CTGF, CCN1 and AXL compared with 
the control group (Fig. 4D and E). These results suggested the 
potential positive regulatory relationships between TINCR and 
LATS1, TINCR and the p‑YAP/YAP ratio, as well as TINCR 
and YAP signaling‑related molecules.

In A375 and MV3 cells, compared with the miR‑NC mimic 
group, transfection with the miR‑424‑5p mimic significantly 
downregulated the mRNA and protein expression levels of 
LATS1, which were then rescued by TINCR overexpression 
(Fig. 4F and G). Similar trends were also observed in the rela‑
tive luciferase activity of the LATS1 3'UTR vector (Fig. 4H). 
These findings suggested the existence of a regulatory rela‑
tionship among TINCR, miR‑424‑5p and LATS1.

TINCR reduces the proliferation and invasion, and induces 
the apoptosis of CMM cell lines by regulating LATS1 expres‑
sion. In A375 and MV3 cells, compared with the siControl 
group, siLATS1 downregulated the mRNA expression levels of 

Figure 1. TINCR expression is downregulated in CMM tumor tissues. (A) TINCR expression pattern in 95 human individuals, representing 27 different 
tissues, was retrieved from Human Protein Atlas RNA‑sequencing normal tissues project. (B) TINCR expression in CMM tumor tissues and normal tissues 
was retrieved from The Cancer Genome Atlas‑SKCM dataset. (C) TINCR expression in normal skin, benign nevus, atypical nevus, melanoma in situ, vertical 
growth melanoma and lymph node metastasis melanoma was analyzed based on GSE4587 dataset. (D) TINCR expression in tumor tissues and the adja‑
cent normal tissues was detected via reverse transcription‑quantitative PCR. ***P<0.001 vs. normal tissues. TINCR, TINCR ubiquitin domain containing; 
CMM, cutaneous malignant melanoma; SKCM, skin cutaneous melanoma.
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LATS1 (Fig. 5A). Moreover, in A375 and MV3 cells, compared 
with the control group, TINCR overexpression upregulated 
the mRNA expression levels of LATS1, which were reversed 

following the co‑transfection with siLATS1 (Fig. 5B). These 
findings further indicated the positive relationship between 
TINCR and LATS1 in CMM cell lines, A375 and MV3.

Figure 2. TINCR overexpression reduces proliferation and induces apoptosis in CMM cell lines. (A) TINCR expression in HaCaT cells and CMM cell lines, 
including M14, A375 and MV3, was detected via RT‑qPCR. ***P<0.001 vs. HaCaT cells. (B) In A375 and MV3 cells, TINCR expression in control group 
and TINCR overexpression group was examined via RT‑qPCR. (C) Cell proliferation in control group and TINCR overexpression group was examined 
using Cell Counting Kit‑8 assays. (D) Cell apoptosis in control group and TINCR overexpression group was examined via flow cytometry. (E) Cell invasion 
in control group and TINCR overexpression group was examined via Transwell assays (magnification, x100). *P<0.05, ***P<0.001 vs. control (pcDNA3.1). 
RT‑qPCR, reverse transcription‑quantitative PCR; TINCR, TINCR ubiquitin domain containing; CMM, cutaneous malignant melanoma.
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The functions of TINCR and LATS1 in CMM cell lines 
were subsequently investigated. In A375 cells, compared 
with the control group, TINCR overexpression significantly 
reduced proliferation (Fig. 5C), induced apoptosis (Fig. 5D) 
and decreased invasion (Fig. 5E), which were all partially 
reversed following the co‑transfection with siLATS1. 
Similar effects were observed in the proliferation (Fig. 5F), 
apoptosis (Fig. 5G) and invasion (Fig. 5H) of MV3 cells 
following combined TINCR overexpression and siLATS1 
transfection.

Discussion

The metastasis of melanoma further promotes the progression 
of the disease (20). The results of the present study revealed 
that TINCR expression levels were downregulated in CMM 
tissues from the GSE4587 dataset obtained from the GEO 
database, as well as in collected CMM tissues. Low expres‑
sion of TINCR was observed in tumors of advanced stage in 
comparison with those of early stage. TINCR overexpression 
was found to decrease the proliferation and invasion, and 

Figure 3. miR‑424‑5p interacts with the long non‑coding RNA TINCR in CMM cell lines. (A) Correlation between TINCR and miR‑424‑5p in CMM tumor 
tissues retrieved from The Cancer Genome Atlas‑SKCM project. (B) miR‑424‑5p expression in tumor tissues and the adjacent normal tissues was detected via 
RT‑qPCR. ***P<0.001 vs. normal. (C) Correlation between TINCR and miR‑424‑5p expression in CMM tumor tissues was analyzed via Pearson correlation 
analysis. (D) miR‑424‑5p expression in control group and TINCR overexpression group was detected via RT‑qPCR. ***P<0.001 vs. control. (E) miR‑424‑5p 
and (F) TINCR expression in miR‑NC group and miR‑424‑5p inhibitor groups was detected via RT‑qPCR. (G) miR‑424‑5p expression in miR‑NC group 
and miR‑424‑5p mimic group was detected via RT‑qPCR. (H) Binding sites between TINCR and miR‑424‑5p were predicted using miRDB (H). Luciferase 
activity in A375 and MV3 cells that were transfected with (I) TINCR‑WT and (J) TINCR‑MUT in miR‑424‑5p mimic group and miR‑NC group was 
detected using a dual luciferase activity assay. ***P<0.001 vs. miR‑NC. TINCR, TINCR ubiquitin domain containing; CMM, cutaneous malignant melanoma; 
SKCM, skin cutaneous melanoma; WT, wild‑type; MUT, mutant; miR, microRNA; NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR.
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induce the apoptosis of CMM cell lines, indicating the poten‑
tial tumor suppressive role of TINCR in CMM.

It is well‑known that lncRNAs regulate gene expression 
by promoting RNA degradation, miRNA sequestration and 
transcriptional and translational activation or repression (10). 
Using next generation sequencing, a previous study discov‑
ered that TINCR was negatively correlated with miR‑424‑5p 
expression in CMM tissues, which was found to be associated 
with the invasive and aggressive phenotype of CMM (21). 
However, to the best of our knowledge, studies reporting the 
precise function of miR‑424‑5p or the correlation between 
TINCR and miR‑424‑5p in the development of CMM have not 
been conducted.

miR‑424‑5p has been shown to function as an oncogene in 
numerous cancer types. For example, miR‑424‑5p promoted 
lung metastasis in thyroid cancer via inactivation of the Hippo 
signaling pathway (22); miR‑424‑5p increased cell prolif‑
eration in gastric cancer by targeting Smad3 via regulation 
of TGF‑β signaling (23); and serum miR‑424‑5p expression 
levels were found to be increased in patients with colorectal 
cancer (24). Consistent with the reported oncogenic role of 

miR‑424‑5p in the aforementioned cancer types, miR‑424‑5p 
expression levels were also discovered to be upregulated in 
CMM tissues in the current study. In addition, miR‑424‑5p 
was identified to interact with TINCR in CMM cell lines, indi‑
cating the oncogenic role of miR‑424‑5p in the progression of 
CMM. Based on these results, the expression of target genes 
of miR‑424‑5p that were regulated by TINCR were analyzed.

LATS1 was previously identified as a target of 
miR‑424‑5p (25) and was reported to serve a tumor suppres‑
sive role in numerous cancer types; for example, LATS1 
suppressed the development of breast cancer by maintaining 
cell identity (26); miR‑103a‑3p induced the malignant progres‑
sion of thyroid cancer via Hippo signaling by targeting 
LATS1 (27); and previous mutation analyses on LATS1 high‑
lighted its tumor suppressive role in numerous human cancer 
types, including stomach adenocarcinoma, uterine corpus 
endometrial carcinoma and bladder urothelial carcinoma (28). 
The results of the present study revealed that LATS1 expres‑
sion was positively regulated by TINCR in CMM cell lines. 
Subsequently, the functional relationship between TINCR and 
LATS1 in CMM cell lines was investigated.

Figure 4. TINCR promotes LATS1 expression by sponging miR‑424‑5p in cutaneous malignant melanoma cell lines. (A) LATS1 mRNA expression in control 
group and TINCR overexpression group was determined via RT‑qPCR. LATS1 protein expression and p‑YAP/YAP ratio in control group and TINCR overex‑
pression group were determined via western blotting in (B) A375 and (C) MV3 cells. CTGF, CCN1 and AXL mRNA expression in control group and TINCR 
overexpression group was determined via RT‑qPCR in (D) A375 and (E) MV3 cells. LATS1 (F) mRNA and (G) protein expression in control group, miR‑424‑5p 
mimic group and miR‑424‑5p mimic + TINCR group was determined via RT‑qPCR and western blotting. (H) Luciferase activity of LATS1 3'UTR in control 
group, miR‑424‑5p mimic group and miR‑424‑5p mimic + TINCR group was determined using a dual luciferase activity assay. **P<0.01, ***P<0.001 vs. control 
(pcDNA3.1, miR‑NC mimic + pcDNA3.1); ###P<0.001 vs. miR‑424‑5p mimic. miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; TINCR, TINCR 
ubiquitin domain containing; LATS1, large tumor suppressor kinase 1; p‑, phosphorylated; YAP, Yes 1 associated transcriptional regulator; UTR, untranslated 
region; CTGF, cellular communication network factor 2; CCN1, cellular communication network factor 1; AXL, AXL receptor tyrosine kinase.
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Figure 5. TINCR reduces the proliferation and induces the apoptosis of CMM cell lines by regulating LATS1. (A) LATS1 mRNA expression in siControl group 
and siLATS1 group was determined via RT‑qPCR. ***P<0.001 vs. siControl. (B) LATS1 mRNA expression in control group, TINCR + siControl group and 
TINCR + siLATS1 group was determined via RT‑qPCR. (C) In A375 cells, proliferation in control group, TINCR + siControl group and TINCR+ siLATS1 
group was examined using a Cell Counting Kit‑8 assay. (D) Cell apoptosis in control group, TINCR + siControl group and TINCR+ siLATS1 group was 
examined via flow cytometry. (E) Cell invasion in control group, TINCR + siControl group and TINCR + siLATS1 group was examined using Transwell assays 
(magnification, x100). (F) In MV3 cells, proliferation in control group, TINCR + siControl group and TINCR + siLATS1 group was examined using a Cell 
Counting Kit‑8 assay. (G) Cell apoptosis in control group, TINCR + siControl group and TINCR + siLATS1 group was examined via flow cytometry. (H) Cell 
invasion in control group, TINCR + siControl group and TINCR + siLATS1 group was examined using a Transwell assay (magnification, x100). *P<0.05, 
**P<0.01, ***P<0.001 vs. control (pcDNA3.1 + siControl); &P<0.05, &&P<0.01, &&&P<0.001 vs. TINCR + siControl. RT‑qPCR, reverse transcription‑quantitative 
PCR; TINCR, TINCR ubiquitin domain containing; LATS1, large tumor suppressor kinase 1; si, small interfering RNA.
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LATS1 is a core member of the Hippo/YAP signaling 
pathway (29). The Hippo/YAP signaling pathway is known to 
regulate cell proliferation and invasion (30‑32). AXL, CTGF 
and CCN1 are all downstream molecules that are associated 
with the Hippo/YAP signaling pathway (33). The findings of 
the current study demonstrated that TINCR overexpression 
activated Hippo signaling and repressed the activity of YAP, 
as well as the expression levels of AXL, CTGF and CCN1 by 
regulating LATS1 expression in CMM cells. Rescue assays 
were performed and the results revealed that LATS1 knock‑
down could reverse the effect of TINCR overexpression on the 
proliferation, invasion and apoptosis of CMM cells.

However, there remains a limitation to the present study. For 
instance, there were differences between cell lines in protein 
expression levels reported in western blot analyses, which 
could be attributed possibly to morphology, gene expression or 
other cell line characteristics. This will be addressed in future 
work in more detail.

In conclusion, the present data suggested that TINCR 
may attenuate the proliferation and invasion, and enhance the 
apoptosis of CMM cells by regulating the miR‑424‑5p/LATS1 
signaling axis. These results suggested that TINCR may play a 
tumor suppressive role in CMM.
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