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Purpose: Clear cell renal cell carcinoma (ccRCC) is a common urological carcinoma in

adults. Long non-coding RNA (lncRNA) taurine-upregulated gene 1 (TUG1) has been reported

to be involved in the progression of diverse human cancers, including renal cell carcinoma

(RCC). However, the biological mechanism of TUG1 was rarely reported in ccRCC.

Methods: The levels of TUG1, microRNA miR-31-5p and flotillin 1 (FLOT1) in ccRCC

tissues and cells were detected by qRT-PCR. The interactions between miR-31-5p and TUG1

or FLOT1 were predicted by starBase v2.0 and TargetScan, respectively, which were further

validated by RIP assay and RNA pull-down assay. Cell counting kit-8 (CCK-8), flow cyto-

metry and Western blot were used to assess the effects of TUG1 on cell viability, apoptosis rate

and the relative protein expression levels in ccRCC cells. In addition, the xenograft tumor

assay was conducted to further verify the functions of TUG1 in ccRCC in vivo.

Results: TUG1 was dramatically up-regulated in ccRCC tissues and cells. TUG1 silencing

inhibited cell proliferation and promoted cell apoptosis, autophagy in 786-0 and A498 cells. In

addition, TUG1 depletion repressed tumor growth in vivo. Moreover, miR-31-5p was validated

as a direct target of TUG1, and microRNA miR-31-5p inhibitor mitigated the effects of TUG1

knockdown on ccRCC progression. Furthermore, FLOT1 was verified to be negatively inter-

acted with miR-31-5p. FLOT1 overexpression attenuated miR-31-5p-mediated inhibitory effect

on cell proliferation and promotion effects on cell apoptosis, autophagy. The restoration experi-

ment implicated that TUG1 positively modulated FLOT1 expression by sponging miR-31-5p.

Conclusion: All data demonstrated that TUG1 promotes cell proliferation and inhibits cell

apoptosis and autophagy in ccRCC by miR-31-5p/FLOT1 axis, which may provide

a therapeutic target for ccRCC patients.

Keywords: lncRNA TUG1, miR-31-5p, FLOT1, tumor progression, clear cell renal cell

carcinoma

Introduction
Clear cell renal cell carcinoma (ccRCC), accounting for about 80% in renal cell

carcinoma (RCC), originated from the renal proximal tubule and approximately

25% of ccRCC patients have the risk of cancer cell metastasis at early stage.1,2

Although resection and radical nephr ectomy were the best therapy for ccRCC

patients, 30% of patients after surgery remains metastases.3 In addition, it is

difficult to diagnose ccRCC at early stage as the lack of typical symptoms.
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Hence, it is urgent to find some therapeutic targets to

diagnose ccRCC at the early stage.

Long non-coding RNAs (lncRNAs) are a class of non-

coding RNAs with more than 200 nucleotide (nt) in length,

and have been validated as oncogenes to participate in tumor

progression in various cancers, including ccRCC.4 Aberrant

expression of lncRNAs were reported in ccRCC, such as lnc-

ZNF180-2,5 MALAT1,6,7 SPRY4-IT1,8 Linc00152.9

Taurine-upregulated gene 1 (TUG1) is a 7.1-kb lncRNA

located on chromosome 22q12 and was initially identified

in response to taurine treatment of developing mouse retinal

cells.10 Accumulating evidence indicated that up-regulation

of TUG1 affected physiological processes of tumor progres-

sion in various cancers, such as cell proliferation, migration,

invasion and epithelial-mesenchymal transition (EMT) in

papillary thyroid cancer,11 colorectal cancer,12 cervical

cancer13 and also in ccRCC.14–17 However, the mechanism

of TUG1 was rarely reported in ccRCC.

MicroRNAs (miRNAs), a class of small non-coding

RNAs with about 22 nt in length, have been reported to

act as tumor suppressors to mediate RNA silencing and

post-transcriptional regulation of gene expression.18

Many miRNAs, such as miR-3133,19 miR-216b,20 miR-

1294,21 were confirmed to repress tumor development

and progression in ccRCC. MiR-31-5p was strikingly

down-regulated in renal cell carcinoma tissues and cells

(786-0 and ACHN), which could inhibit cell prolifera-

tion, migration, invasion and cell cycle.22 The flotillin 1

(FLOT1), a gene on chromosome 6p21.3, was identified

as the essential marker of lipid rafts.23 FLOT1 was

documented to be increased in diverse tumors including

small cell lung carcinoma,24 hepatocellular carcinoma,25

tongue squamous cell cancer,26 and also in ccRCC.27,28

Moreover, high expression levels of FLOT1 were asso-

ciated with reduced patients’ survival in kidney renal

clear cell carcinoma patients. However, the mechanism

of miR-31-5p and FLOT1 remains unclear in ccRCC.

In this study, we focused on the effects and the under-

lying mechanism of TUG1 on cell proliferation, apoptosis

and autophagy in ccRCC. The novel TUG1/miR-31-5p/

FLOT1 regulatory pathway may provide the therapeutic

target for ccRCC patients.

Materials and Methods
Tissue Samples
The study was approved by the Ethics Committee of West

China Hospital, Sichuan University and conducted

according to the Declaration of Helsinki Principles. Forty-

one pairs of ccRCC tissues and corresponding adjacent

normal tissues were obtained from West China Hospital,

Sichuan University. All tissues were stored at −80°C until

further used. All ccRCC patients or their guardians pro-

vided the written informed consents.

Cell Culture
Two renal cell carcinoma cell lines 786-0 (CRL-1932) and

A498 (HTB-44) and human renal proximal tubular cells

HK2 (CRL-2190) were purchased from American Type

Culture Collection (ATCC, Manassas, VA, USA). All

cells were cultivated in Dulbecco’s modified Eagle’s med-

ium (DMEM, Invitrogen, Carlsbad, USA) containing 10%

fetal bovine serum (FBS; Thermo Fisher Scientific,

Rockville, MD, USA) and 1% penicillin/streptomycin

(Invitrogen) in an incubator with 37 °C and 5% CO2

conditions.

Cell Transfection
Small interfering RNA (siRNA) against TUG1 (si-TUG1)

and its negative control (si-NC), TUG1 overexpression

vector (pcDNA-TUG1) and pcDNA empty plasmid

(pcDNA-NC), miR-31-5p mimic and negative control

(NC), miR-31-5p inhibitor (anti-miR-31-5p) and its

matched control (anti-NC), and FLOT1 overexpression

vector (FLOT1) and the negative control (vector) were

obtained from GenePharma (Shanghai, China).

Lipofectamine 2000 Reagent (Invitrogen) was used to

conduct the transfection according to the manufacturer’s

instructions.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
RNA was extracted using Trizol reagent (Thermo Fisher

Scientific) and the RNA concentration was detected using

NanoDrop 2000c (Thermo Fisher Scientific). Subsequently,

the quantitative PCR was performed using SYBR Premix

Ex Taq II (TaKaRa, Dalian, China) by Real-Time PCR

Detection System (Bio-Rad, Shanghai, China). The relative

expression of TUG1, miR-31-5p and FLOT1 was calculated

by the 2−ΔΔCt method. The primers were bought from

Beijing Genomics Institute (BGI, Shenzhen, China) and

listed as follows: TUG1: (F, 5ʹ-TAGCAGTTCCCCAA

TCCTTG-3ʹ, R, 5ʹ-CACAAATTCCCATCATTCCC-3ʹ);

miR-31-5p: (RT, 5ʹ-CTCAACTGGTGTCGTGGAGTCGG

CAATTCAGTTGAGAGCTATG, F, 5ʹ-ACACTCCAGCTG
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GGAGGCAAGATGCTGGCATA-3ʹ); FLOT1: (F, 5ʹ-GCA

GAGAAGTCCCAACTAATTATGC-3ʹ, R, 5ʹ-CAGTGTGA

TCTTATTGGCTGAAGTC-3ʹ); GAPDH: (Forward, 5ʹ-TG

TTCGTCATGGGTGTGAAC-3ʹ, Reverse, 5ʹ-ATGGCATG

GACTGTGGTCAT-3ʹ) and U6: (Forward, 5ʹ-CTCGCTTC

GGCAGCACA-3ʹ, Reverse, 5ʹ-AACGCTTCACGAATTTG

CGT-3ʹ).

Cell Viability Assay
Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan)

was used to detect cell viability of 786-0 and A498 cells

according with its manual. In brief, 786-0 and A498 cells

(4 × 103 per well) were added into 96-well plate and

cultivated for 24 h, 48 h, 72 h in standard conditions.

Then, 10 μL CCK-8 solution was injected into each well

and incubated for another 10 min. The absorbance at 450

nm was measured by a spectrophotometer (Thermo Fisher

Scientific).

Cell Apoptosis Assay
Annexin V-fluorescein isothiocyanate (FITC)/propidium

iodide (PI) apoptosis detection kit (Solarbio, Beijing,

China) was used to detect the apoptosis rate. Briefly, the

treated cells were incubated with FITC-labelled annexin

V and PI. Then, the fluorescence intensity was measured

by a flow cytometry (BD Biosciences; San Jose,

CA, USA).

Western Blot Assay
The protein in cells was extracted using a protein extrac-

tion kit (Beyotime, Shanghai, China). Following the mea-

surement of protein concentration, the protein sample was

separated by Sodium Dodecyl Sulfonate-polyacrylamide

gel electrophoresis (SDS-PAGE) and then transferred

onto a polyvinylidene fluoride (PVDF) membrane

(Millipore, Billerica, MA, USA). Subsequently, the mem-

brane was blocked in skim milk for 2 h and then incubated

with primary antibody at 4°C overnight. Subsequently, the

membrane was incubated with secondary antibody at 37°C

for another 2 h. Chemiluminescence intensity analysis was

performed using Clarity™ Western ECL Substrate Kit

(Bio-Rad). The p62 (ab109012), LC3B (ab51520),

PCNA (ab92522), Cleaved caspase 3 (ab214430),

FLOT1 (ab41927) and glyceraldehyde-3-phosphate dehy-

drogenase (GAPDH) (ab181602) antibodies were all pur-

chased from Abcam (Cambridge, MA, USA).

Mice Xenograft Model
The experiment in the nude mice was performed according to

the protocol approved by the Animal Care Committee ofWest

China Hospital, Sichuan University. A498 cells transfected

with sh-TUG1 or sh-NC (GeneChem, Shanghai, China) were

subcutaneously injected into six-week-old male athymic

BALB/c athymic nude mice (n=6 per group). The xenograft

tumor size was measured every 7 days after injection for 5

times with the formula: volume = length×width2/2. 5 weeks

later, all xenograft tumors were resected for weight measure-

ment and for the further qRT-PCR and Western blot assay.

Dual-Luciferase Reporter Assay
The interactions between miR-31-5p and TUG1, FLOT1

were predicted by starBase v2.0 (http://starbase.sysu.edu.cn/

starbase2/) and TargetScan Human (http://www.targetscan.

org/vert_71/), respectively. TUG1 and FLOT1 3ʹUTR were

inserted into psiCHECK2 vector (Promega, Madison, WI,

USA), namely TUG1-wt, FLOT1-wt. The luciferase reporter

(TUG-wt, TUG1-mut, FLOT1-wt or FLOT1-mut) and miR-

31-5p, miR-NC, anti-miR-31-5p or anti-NC were co-

transfected into 786-0 and A498 cells using Lipofectamine

2000 Reagent (Invitrogen). The luciferase activity of TUG-wt

(TUG1-mut), FLOT1-wt (FLOT1-mut) reporter was assessed

using Dual-Luciferase® Reporter Assay system (Promega).

RNA Immunoprecipitation (RIP) Assay
EZ-MagnaRIP™RNA-Binding Protein Immunoprecipitation

Kit (Millipore) was used to perform RIP assay. The treated

786-0 andA498 cells were lysed in RIP buffer and the samples

were incubated with magnetic beads conjugated with anti-

Ago2 or IgG antibody. The complex sample was digested by

proteinase K and then RNAwas isolated. The enrichment of

TUG1, miR-31-5p and FLOT1 was measured by qRT-PCR.

RNA Pull-Down Assay
For RNA pull-down assay, Biotin-labeled miR-miR-31-5p

(Sangon, Shanghai, China) oligo was first transfected into

786-0 and A498 cells. Following 2-day cultivation, 786-0

and A498 cells were lysed and then incubated with streptavi-

din-coupled agarose beads (Thermo Fisher Scientific) to pull

down the complex. The amount of TUG1 was detected by

qRT-PCR.

Statistical Analysis
All data analysis was performed using GraphPad Prism 7

(GraphPad Inc., San Diego, CA, USA) and the quantitative
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data was shown as mean ± standard deviation (SD) for at least

three independent experiments. The comparison between two

groups was estimated by Student’s t-test and amongmore than

three groups was analyzed via one-way analysis of variance

(ANOVA) followed by Dunnett’s test. P value less than 0.05

was considered to be statistically significant.

Figure 1 LncRNATUG1 is significantly up-regulated in ccRCC tissues and cells. (A and B) The level of TUG1 in ccRCC tissues (A) and cells (B) was measured by qRT-PCR.

*P<0.05.
Abbreviations: TUG1, taurine-upregulated gene 1; ccRCC, clear cell renal cell carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction.

Figure 2 TUG1 silencing inhibits cell proliferation and promoted cell apoptosis, autophagy in 786-0 and A498 cells. (A–D) 786-0 and A498 cells were transfected with si-

TUG1, si-NC or its negative control. (A) The level of TUG1 in transfected 786-0 and A498 cells was measured by qRT-PCR. (B) The cell viability in transfected 786-0 and

A498 cells was assessed via CCK-8 assay. (C) The apoptotic rate in transfected 786-0 and A498 cells was analyzed by flow cytometry. (D) The protein levels of p62, LC3-I

and LC3-II in transfected 786-0 and A498 cells were detected via Western blot assay. *P<0.05.
Abbreviations: TUG1, taurine-upregulated gene 1; si, small interfering RNA; NC, negative control; qRT-PCR, quantitative real-time polymerase chain reaction; CCK-8, Cell

Counting Kit-8; OD, optical density; PI, optical density; FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Results
TUG1 Is Significantly Up-Regulated in

ccRCC Tissues and Cells
To investigate the role of TUG1 in renal cell carcinoma,

we detected the relative expression of TUG1 in ccRCC

tissues and cells. The qRT-PCR results showed that the

level of TUG1 was dramatically increased in ccRCC tis-

sues and cells (786-0 and A498) compared with that in

adjacent normal tissues or human renal proximal tubular

cells (HK2) (Figure 1A and B). These data indicated that

lncRNA TUG1 was apparently elevated in ccRCC tissues

and cells.

TUG1 Silencing Inhibits Cell Proliferation

and Promotes Cell Apoptosis and

Autophagy in 786-0 and A498 Cells
To explore the functions of TUG1 in ccRCC, si-TUG1 was

transfected into 786-0 and A498 cells. The qRT-PCR

results confirmed the knockdown efficiency, demonstrated

by the notable down-regulation of TUG1 in 786-0 and

A498 cells transfected with si-TUG1 (Figure 2A).

Furthermore, CCK-8 assay exhibited that TUG1 knock-

down apparently repressed cell viability in 786-0 and

A498 cells transfected with si-TUG1 in contrast to that

in the matched control (Figure 2B). Moreover, flow cyto-

metry results presented that depletion of TUG1 induced

the apoptosis rate in si-TUG1-transfected 786-0 and A498

cells (Figure 2C). As p62 was autophagy inhibitor and the

ratio of LC3-II/I was the indicator of autophagosome

numbers,29 we assessed the functional effect of TUG1 on

cell autophagy. Western blot results showed that the pro-

tein level of p62 was remarkably decreased, and the ratio

of LC3-II/I was strikingly up-regulated in 786-0 and A498

cells with the transfection of si-TUG1 (Figure 2D). To

sum, these results demonstrated that TUG1 knockdown

suppressed cell proliferation and induced cell apoptosis,

autophagy in 786-0 and A498 cells.

TUG1 Depletion Restrains the Xenograft

Tumor Growth in vivo
To further validate the functions of TUG1, sh-TUG1 was

transfected into A498 cells and then injected into nude

mice. After 5-weeks measurement, the results showed

that sh-TUG1 impeded tumor volume and weight com-

pared to that in sh-NC group (Figure 3A and B). Also, the

level of TUG1 was conspicuously decreased in sh-TUG1

group (Figure 3C). Since proliferating cell nuclear

Figure 3 TUG1 depletion restrained the xenograft tumor growth in vivo. (A and B) The tendency of xenograft tumor volume (A) and weight (B) in nude mice injected with

A498 cell transfected with sh-TUG1 or sh-NC were measured. (C) The level of TUG1 was detected by qRT-PCR. (D) The protein levels of PCNA and Cleaved caspase 3 in

nude mice injected with A498 cell transfected with sh-TUG1 or sh-NC were measured via Western blot. *P<0.05.
Abbreviations: TUG1, taurine-upregulated gene 1; sh, short hairpin RNA; NC, negative control; PCNA, proliferating cell nuclear antigen; GAPDH, glyceraldehyde-

3-phosphate dehydrogenase.
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antigen (PCNA) was proliferation-related protein30 and

Cleaved caspase 3 was apoptosis-associated protein,31 the

protein levels of PCNA and Cleaved caspase 3/total cas-

pase-3 were detected in tumors from nude mice. In addi-

tion, the Western blot results presented that the protein

level of PCNAwas distinctly down-regulated in sh-TUG1

compared to that in sh-NC group, while the protein level

of Cleaved caspase 3 showed the opposite trend (Figure

3D). Taken together, these data suggested that TUG1

knockdown blocked the xenograft tumor growth in vivo.

MiR-31-5p Is a Direct Target of TUG1
To illustrate the mechanism of TUG1 in ccRCC,

starBase v2.0 online database was utilized to predict

the putative target of TUG1. The results exhibited that

miR-31-5p had complementary binding sites with

TUG1 (Figure 4A). Following dual-luciferase reporter

assay showed that the transfection of miR-31-5p

mimics contributed to the striking decrease of lucifer-

ase activity of TUG1-wt, while the luciferase activity

of TUG1-wt was prominently up-regulated by anti-miR

-21-5p; however, the luciferase activity of TUG1-mut

had no apparent change in any group (Figure 4B). RIP

assay and RNA pull-down assay both indicated that

miR-31-5p enrich much more TUG1 (Figure 4C and

D). In addition, the qRT-PCR results exhibited that the

level of miR-31-5p was apparently down-regulated in

pcDNA-TUG1-transfected 786-0 and A498 cells, while

showed the opposite trend in 786-0 and A498 cells

transfected with si-TUG1 (Figure 4E). These results

implicated that miR-31-5p was negatively interacted

with TUG1.

Figure 4 MiR-31-5p is a direct target of TUG1. (A) The complementary sequences between miR-31-5p and TUG1 and mutant sequences were shown. (B) The luciferase

activity of luciferase reporter TUG1-wt or TUG1-mut in 786-0 and A498 cells transfected with miR-31-5p mimics, anti-miR-31-5p or their negative controls was measured

by dual-luciferase reporter assay. (C and D) The enrichment of TUG1 or miR-31-5p was measured by RIP assay and RNA pull-down assay. (E) The level of miR-31-5p in 786-

0 and A498 cells with the transfection of pcDNA-TUG1, si-TUG1 or their negative controls was detected by qRT-PCR. *P<0.05.
Abbreviations: miR-31-5p, microRNA-31-5p; TUG1, taurine-upregulated gene 1; wt, wild type; mut, mutant type; NC, negative control; IgG, immunoglobulin G; Ago2,

Argonaute-2; si, small interfering RNA.
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MiR-31-5p Inhibitor Mitigates the

Suppressive Effect on Cell Proliferation

and Promoted Effects on Cell Apoptosis,

Autophagy Induced by TUG1 in 786-0

and A498 Cells
Based on the above results, we further explored the func-

tions of TUG1 and miR-31-5p in ccRCC. Firstly, we mea-

sured the level of miR-31-5p in ccRCC. The qRT-PCR

results showed that miR-31-5p was markedly down-

regulated in ccRCC tissues and cells (Figure 5A and B).

Subsequently, the qRT-PCR results indicated that miR-31-

5p inhibitor alleviated the promotion effect on the expres-

sion of miR-31-5p in 786-0 and A498 cells caused by

TUG1 silencing (Figure 5C). Furthermore, CCK-8 assay

showed that anti-miR-31-5p attenuated the inhibitory effect

on cell viability in 786-0 and A498 cells caused by si-

TUG1 (Figure 5D). The flow cytometry results indicated

that miR-31-5p inhibitor alleviated the promoted effect on

cell apoptotic rate induced by si-TUG1 in 786-0 and A498

Figure 5 MiR-31-5p inhibitor mitigates the suppressive effect on cell proliferation and promotion effects on cell apoptosis, autophagy by targeting TUG1 in 786-0 and A498

cells. (A–B) The level of miR-31-5p in ccRCC tissues (A) and cells (B) was examined by qRT-PCR. (C–F) 786-0 and A498 cells were transfected with si-TUG1, si-TUG1

+anti-miR-31-5p or their matched controls. (C) The miR-31-5p expression in transfected cells was measured by qRT-PCR. (D) The cell viability in treated cells was evaluated

via CCK-8 assay. (E) The apoptosis rate in transfected cells was assessed by flow cytometry. (F) The protein levels of p62, LC3-I and LC3-II in transfected cells were

measured by Western blot. *P<0.05.
Abbreviations: miR-31-5p, microRNA-31-5p; ccRCC, clear cell renal cell carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction; si, small interfering RNA;

TUG1, taurine-upregulated gene 1; NC, negative control; OD, optical density; CCK-8, Cell Counting Kit-8; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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cells (Figure 5E). In addition, Western blot assay exhibited

that anti-miR-31-5p receded the promotion effect on the

ratio of LC3-II/I and the inhibitory effect on the protein

level of p62 in 786-0 and A498 cells caused by TUG1

depletion (Figure 5F). These data manifested that miR-31-

5p was significantly decreased in ccRCC tissues, cells and

miR-31-5p inhibitor counteracted the inhibitory effect on

cell proliferation and the promotion effects on cell apoptosis

and autophagy by targeting TUG1 in 786-0 and A498 cells.

FLOT1 Is Negatively Interacted with

MiR-31-5p
To further research the biological mechanism of miR-31-

5p in ccRCC, TargetScan Human online database was used

to search the putative target of miR-31-5p. The results

displayed that FLOT1 3ʹUTR had complementary

sequences with miR-31-5p (Figure 6A). Subsequently,

the luciferase activity of FLOT1-wt reporter was dramati-

cally decreased in 786-0 and A498 cells transfected with

miR-321-5p mimics related to that in NC group, while the

luciferase activity of FLOT1-mut reporter had no appar-

ently fluctuation in any treatment group (Figure 6B). Also,

RIP assay indicated that miR-31-5p enriched much more

FLOT1 by Ago2 antibody rather than IgG antibody in

786-0 and A498 cells (Figure 6C). In addition, the protein

level of FLOT1 was remarkably down-regulated in miR-

31-5p-transfected 786-0 and A498 cells, and vice versa in

anti-miR-31-5p group (Figure 6D). These data revealed

that FLOT1 was a direct target of miR-31-5p.

FlOT1 Overexpression Attenuates the

Inhibitory Effect on Cell Proliferation and

the Promotion Effects on Cell Apoptosis

and Autophagy in 786-0 and A498 Cells

Caused by MiR-31-5p
To investigate the functions of miR-31-5p and FLOT1

in ccRCC, miR-31-5p and FLOT1 were co-transfected

Figure 6 FLOT1 is negatively interacted with miR-31-5p. (A) The complementary binding sites between miR-31-5p and FLOT1 3ʹUTR and mutant sequences were

exhibited. (B) The luciferase activity of FLOT1-wt or FLOT1-mut reporter in 786-0 and A498 cells transfected with miR-31-5p or NC was assessed by dual-luciferase

reporter assay. (C) The enrichment of FLOT1 in 786-0 and A498 cells transfected with miR-31-5p or NC was evaluated by RIP assay. (D) The protein level of FLOT1 in 786-

0 and A498 cells transfected with miR-31-5p, anti-miR-31-5p or their matched negative controls was measured by qRT-PCR. *P<0.05.
Abbreviations: miR-31-5p, microRNA-31-5p; FLOT1, flotillin 1; wt, wild type; mut, mutant type; NC, negative control; IgG, immunoglobulin G; Ago2, Argonaute-2; RIP,

RNA immunoprecipitation (RIP) assay; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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into 786-0 and A498 cells. The qRT-PCR results pre-

sented that FLOT1 was highly expressed in ccRCC

tissues and cells (Figure 7A and B). The protein level

of FLOT1 was strikingly decreased in 786-0 and A498

cells transfected with miR-31-5p, and FLOT1 level was

ameliorated in 786-0 and A498 cells co-transfected

with miR-31-5p and FLOT1 overexpression vector

(Figure 7C). Furthermore, CCK-8 assay displayed that

the transfection of FLOT1 reverted the cell viability in

786-0 and A498 cell transfected with miR-31-5p

mimics (Figure 7D). Also, the flow cytometry

results indicated that overexpression of FLOT1

weakened the promotion effect on cell apoptotic rate

in 786-0 and A498 cell transfected with miR-31-5p

mimics (Figure 7E). In addition, the Western blot

assay presented that the protein level of p62 was regain

and the ratio of LC3-II/I was counteracted in 786-0

and A498 cells co-transfected with miR-31-5p and

FLOT1 compared with that in miR-31-5p group

(Figure 7F). These results uncovered that FlOT1 over-

expression abated the inhibitory effect on cell prolif-

eration and the promotion effects on cell apoptosis and

autophagy in 786-0 and A498 cells caused by miR-

31-5p.

Figure 7 FlOT1 overexpression attenuated the inhibitory effect on cell proliferation and the promoted effects on cell apoptosis, autophagy in 786-0 and A498 cells caused

by miR-31-5p. (A–B) The level of FLOT1 in ccRCC tissues (A) and cells (B) was determined by qRT-PCR. (C–F) 786-0 and A498 cells were transfected with miR-31-5p,

miR-31-5p+FLOT1 or their matched controls. (C) The protein level of FLOT1 in transfected 786-0 and A498 cells was measured by Western blot. (D) The cell viability in

transfected cells was assessed via CCK-8 assay. (E) The apoptotic rate in transfected cells was detected by flow cytometry. (F) The protein levels of p62, LC3-I and LC3-II in

transfected 786-0 and A498 cells were measured by Western blot assay. *P<0.05.
Abbreviations: FLOT1, flotillin 1; miR-31-5p, microRNA-31-5p; qRT-PCR, quantitative real-time polymerase chain reaction; ccRCC, clear cell renal cell carcinoma; NC,

negative control; OD, optical density; CCK-8, Cell Counting Kit-8; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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MiR-31-5p Inhibitor Reverts the

Expression of FLOT1 in 786-0 and A498

Cells Induced by TUGI Depletion
To further validate the biological mechanism among

TUG1, miR-31-5p and FLOT1 in ccRCC, si-TUG1 and

anti-miR-31-5p were co-transfected into 786-0 and A498

cells. The recuperated experiment indicated that miR-31-

5p inhibitor reversed the protein level of TUG1 in 786-0

and A498 cells repressed by si-TUG1 (Figure 8A and B).

These data unraveled that TUG1 positively regulate the

expression FLOT1 by sponging miR-31-5p.

Discussion
Clear cell renal cell carcinoma (ccRCC) is a common

lethal urologic tumor in kidney. LncRNA TUG1 was

reported to act as an oncogene to regulate the expression

of miRNA and the target gene in diverse tumors, including

ccRCC. This study focused on the functions and biological

mechanism of TUG1 in ccRCC. The results demonstrated

that TUG1 modulated FLOT1 to regulated tumor progres-

sion in ccRCC by sponging miR-31-5p.

ccRCC is characterized by a reprogramming of ener-

getic metabolism. In particular the metabolic flux through

glycolysis is partitioned,32,33 and mitochondrial bioener-

getics and OxPhox are impaired, as well as lipid

metabolism.34 It is well documented that dysregulation of

TUG1 was associated with many processes in tumor pro-

gression. Moreover, we found that TUG1 was significantly

up-regulated in ccRCC tissues and cells, suggesting that

TUG1 might regulate the essential metabolic pathways in

ccRCC. Moreover, TUG1 knockdown inhibited cell prolif-

eration and promoted cell apoptosis and autophagy in

ccRCC cells (876-0 and A498). In addition, TUG1 silencing

restrained xenograft tumor growth in vivo. Previous study

also indicated that TUG1 was significantly up-regulated in

papillary thyroid cancer,11 colorectal cancer12 and cervical

cancer,13 and TUG1 silencing blocked tumor progression in

many processes, such as cell proliferation, migration, inva-

sion and epithelial-mesenchymal transition (EMT). The

above results was consisted with previous reports.14–17

Emerging evidence implicated that lncRNA could func-

tion as competing endogenous RNA (ceRNA) to sponge

target miRNAs. In this study, miR-31-5p was first reported

to directly and negatively interact with TUG1. MiR-31-5p

was apparently down-regulated in ccRCC tissues and cells.

Furthermore, the restoration experiment disclosed that

TUG1 regulated cell proliferation, apoptosis and autophagy

by sponging miR-31-5p. Li and colleagues reported the

similar results about miR-31-5p in renal cell carcinoma,

miR-31-5p was conspicuously down-regulated in renal cell

carcinoma tissues and cells (786-0 and ACHN), and miR-

31-5p overexpression inhibited cell proliferation, migration,

invasion and cell cycle.22

Accumulating reports indicated that FLOT1 was

involved in tumor progression. For example, a study indi-

cated that FLOT1 was apparently increased in ccRCC

tissues and cells, and FLOT1 overexpression enhanced

Figure 8 MiR-31-5p inhibitor reverts the expression of FLOT1 in 786-0 and A498 cells induced by TUGI depletion. (A–B) The protein level of FLOT1 in 786-0 (A) and

A498 (B) cells transfected with si-TUG1, si-TUG1+anti-miR-31-5p or their matched controls was measured by Western blot. *P<0.05.
Abbreviations: miR-31-5p, microRNA-31-5p; FLOT1, flotillin 1; TUG1, taurine-upregulated gene 1; si, small interfering RNA; NC, negative control; GAPDH, glycer-

aldehyde-3-phosphate dehydrogenase.
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cell proliferation.27 Another study implicated that FLOT1

knockdown constrained cell proliferation, migration in

ccRCC and was targeted by miR-506.28 In this study,

FLOT1 was remarkably up-regulated in ccRCC tissues

and cells. Meanwhile, FLOT1 was first documented to

negatively interact with miR-31-5p. Moreover, FLOT1

overexpression attenuated the inhibitory effect on cell

proliferation and the promoted effects on cell apoptosis

and autophagy by targeting miR-31-5p. The recuperated

experiment indicated that TUG1 promoted cell prolifera-

tion and inhibited cell apoptosis, autophagy in ccRCC by

working as a ceRNA to sponge miR-31-5p, thus up-

regulating the protein level of FLOT1.

In summary, TUG1 knockdown or miR-31-5p overex-

pression suppressed cell proliferation and accelerated cell

apoptosis and autophagy in ccRCC. Further functional and

mechanistical experiment unraveled that lncRNA TUG1

modulated FLOT1 expression by sponging miR-31-5p,

thus to regulate cell proliferation, apoptosis and autophagy

in ccRCC. Thus, this new regulatory pathway may provide

therapeutic target for renal cell carcinoma patients.
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