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Abstract
Background: LncRNA PCAT29 has been reported to play a role in the development of cancer; the role of FLOT1 
in renal carcinoma has been also identified. This study aimed at exploring the interaction between them and 
their influence on the progression of renal carcinoma.
Methods: The expression levels of lncRNA PCAT29 and the FLOT1 protein in tissues were determined 
separately using qRT-PCR and western blot, respectively. The endogenous expression of genes was modulated 
by recombinant plasmid and cell transfection. The cell viability, invasion, and migration were detected by MTT 
assay, transwell assay, and wound-healing cell migration assay, respectively. Any binding and interactions 
between the RNA and the proteins were determined with RNA immunoprecipitation and RNA pull-down 
assays. A nude mouse model for renal carcinoma was established for the in vivo expression of PCAT29.
Results: In renal carcinoma tissues, the expression of lncRNA PCAT29 was down-regulated while that of FLOT1 
was up-regulated. PCAT29 negatively regulated FLOT1, and the overexpression of PCAT29 inhibited the cell 
proliferation viability, invasion, and migration of renal carcinoma by down-regulating FLOT1. The in vivo 
expression of PCAT29 inhibited tumor growth in a mouse model of renal carcinoma.
Conclusion: LncRNA PCAT29 inhibited the cell proliferation viability, invasion, and migration in renal 
carcinoma by down-regulating FLOT1, thereby suppressing tumor growth.
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will contribute to the development of effective thera-
pies and strategies for fighting metastasis.
The flotillin protein family has been proven to be a 
component of lipid rafts, in which flotillins were impli-
cated in the initiation of signaling transduction via the 
recruitment of receptor kinases [7]. Flotillin-1 (FLOT1) 
is a member of the flotillin protein family and has been 
reported to be up-regulated in several kinds of cancers, 
such as hepatocellular carcinoma, breast cancer, and 
non-small cell lung cancer [8-10]. A high expression of 
FLOT1 is usually associated with cancer progression 
and a poor prognosis. It has been uniformly revealed 
that FLOT1 was up-regulated in human clear cell RCC, 
and it is also related to cancer progression and poor 
patient survival due to its enhancing effect on cell 
proliferation [11]. FLOT1 has been identified as a target 
gene of miR-506; it is negatively regulated by miR-506 
and impacts the cell growth and metastasis incidence 
of RCC, exhibiting its crucial role in malignant cell be-
haviors [12].
Long non-coding RNAs (lncRNAs) are RNA transcripts 
with more than 200 nucleotides and no protein coding 
potential that have recently been proved to be involved 
in the development and progression of human can-
cers [13]. The prostate cancer-associated transcript 29 

INTRODUCTION
Renal carcinoma, or renal cell carcinoma (RCC), is a 
common malignancy of the urinary system, surpassed 
in prevalence only by bladder neoplasm [1]. The inci-
dence and mortality of RCC in different areas, genders, 
and ages are all with little optimism [2,3]. RCC originates 
from the renal proximal tubule, and 25–30% of pa-
tients with RCC have been found to have metastases; 
this diagnosis is grim as metastatic RCC is highly resis-
tant to conventional chemotherapy [4]. The prognosis 
for metastatic RCC is poor because its therapeutic 
options are limited. Although radical nephrectomy can 
effectively cure early and local RCCs, 30% of patients 
develop metastases after surgery [5,6]. Significant ad-
vances in the understanding of the tumor’s biology and 
the molecular mechanisms underlying RCC metastasis 
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(PCAT29) is a type of lncRNA and has been featured as 
an androgen-regulated tumor suppressor in prostate 
cancer [14]. PCAT29 has also been noted to be signifi-
cantly dysregulated predominantly in one specific type 
of hepatitis virus-related hepatocellular carcinoma 
[15]. According to a previous study, the lncRNA DRAIC/
PCAT29 locus constitutes a tumor-suppressive nex-
us, and DRAIC expression predicts a good prognosis 
in clear cell RCC [16]. PCAT29, which is located 20 kb 
downstream of DRAIC, is also likely to have a positive 
effect on RCC progression, which deserves further ex-
ploration.
Whereas the significant role of FLOT1 in RCC ma has 
been verified, we speculated that PCAT29 may play a 
role in RCC by interacting with FLOT1. In this study, 
we investigated the interaction between PCAT29 and 
FLOT1 as well as their influence on cell proliferation 
viability, invasion, and migration in RCC, to clarify their 
roles in renal carcinoma development and progression 
and to offer insight to improve the prognosis for this 
type of tumor. 

MATERIALS AND METHODS
Clinical samples

Twelve paired human RCC tissue and pericarcinoma-
tous tissue samples were taken from patients who 
were admitted to the First Affiliated Hospital of Nan-
chang University and underwent surgery. The tissue 
samples were frozen in liquid nitrogen and stored at 
-80°C before their pathological analysis. This research
was approved by the Ethics Committee of the First
Affiliated Hospital of Nanchang University and per-
formed in accordance with the Declaration of Helsinki.
All patients provided informed consent for tissue do-
nation for this study before the samples were collect-
ed.

Total RNA extraction and quantitative real-time poly-
merase chain reaction

The total RNA was isolated from the tissues using a 
Trizol reagent (Invitrogen) according to the standard 
procedures of the manufacturer. The reverse tran-
scription of the total RNA was performed using a cDNA 
Reverse Transcription Kit (Applied Biosystems) to 
synthesize the cDNA. The quantitative real-time poly-
merase chain reaction (qRT-PCR) was performed on 
an ABI 7900HT system (Applied Biosystems) with the 
SYBR Select Master Mix (Applied Biosystems). Primers 
were synthesized by Sangon Biotech (Shanghai, Chi-
na). U6 and GAPDH served as internal control genes. 
The 2-∆∆Ct method was used to determine the relative 
expression level.

Western blot

Western blot was performed to analyze the protein 
expression level. The clinical tissues or cells were lysed 
in a lysis buffer (Beyotime Biotechnology) containing a 
protease inhibitor. The protein concentration was mea-
sured with a Bio-Rad protein assay system (Bio-Rad) 
and then separated by SDS-PAGE with an electropho-
resis system (Bio-Rad). After separation, the proteins 
were transferred to a polyvinylidene difluoride (PVDF) 
membrane (Invitrogen). After blocking in Tris buffer 
saline (TBS) containing 5% skim milk for 1 h at RT, the 
membrane was incubated with primary antibodies 
(Abcam, 1:1000) against FLOT1 or β-actin at 4°C  for 
overnight. Then, the membrane was incubated with 
HRP-bounded antibodies for 2 h at RT. The target pro-
teins were visualized using the ECL Plus Western Blot-
ting Substrate (Thermo Scientific). β-actin was used as 
the control to quantify the protein level.

Plasmid construction

The pcDNA3.1 was used to construct the pcDNA-
PCAT29 and pcDNA-FLOT1 recombined plasmids. In 
brief, the target gene PCAT29 or FLOT1 was amplified 
by PCR, and the PCR products were purified with gel 
extraction. Then, the PCR products and pcDNA3.1 were 
integrated into pcDNA-PCAT29 and pcDNA-FLOT1 
recombinant plasmids by T4 DNA ligase (Takara). The 
recombinant plasmids were cloned into E. coli, and 
the positive clones were amplified and selected. After 
restriction identification and sequence identification 
(Sangon Biotech), the recombinant plasmids were ex-
tracted from the positive clones and transfected into 
786-O cells for endogenous expression.

Cell culture and cell transfection

Human renal cancer cells 786-O were cultured in 
DMEM supplemented with 10% fetal bosvine serum 
(FBS, Gibco), 100 U/ml of penicillin, and 100 µg/ml of 
streptomycin (Heclony) and maintained at 37°C in a 
humidified atmosphere with 5% CO2.
The lncRNA PCAT29-specific siRNA (si-PCAT29), nega-
tive control (si-control), and si-FLOT1 were purchased 
from GenePharma Co., Ltd (Shanghai, China) for cell 
transfection. The 786-O cells were seeded in 24-well 
plates and incubated overnight, then transiently trans-
fected with si-PCAT29, si-control, si-FLOT1, and the 
recombined plasmids including pcDNA-PCAT29 and 
pcDNA-FLOT1 using Lipofectamine2000 (Invitrogen) 
according to the manufacturer’s instructions.

MTT assay

Cell viability was determined by MTT assay. In total, 
1×104 cells per well were seeded in 96-well plates and 
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left overnight. Fresh media were used for the cells be-
fore they were incubated for another 48 h. Then 20 μl 
of MTT was added to each well and maintained for 4 h 
at 37°C. After the media were removed and cultivation 
was terminated, the crystals were dissolved by adding 
150 μl DMSO and agitating the sample for 10 min at 
room temperature. An absorbance at 490 nm was mea-
sured on the microplate reader (Bio-Rad).

Transwell assay

A transwell chambers pre-coated Matrigel matrix (BD 
Bioscience) was used to conduct the invasion assay. 
The cells were cultured in serum-free media in the 
upper chamber of the transwell (Corning). A medium 
sump with 10% FBS was added to the lower chamber 
to function as a chemoattractant. After 12 h incubation 
at 37°C , the cells that had invaded through the mem-
brane were fixed with 4% formaldehyde (Sigma) for 
15 min and stained in 0.1% crystal violet (Sigma). The 
stained cells were imaged and finally counted under a 
microscope (Olympus).

Wound-healing cell migration assay

The cells were cultured in six-well plates in complete 
media until they reached a confluent monolayer. Then, 
the complete media were replaced by serum-free me-
dia for cell culture. After being coated with gelatin, a 
wound was created by scraping a conventional pipette 
tip across the monolayer. A light microscope (Olympus) 
was used to determine the migration of cells toward 

the cell center.

RNA pull-down assay

An RNA pull-down assay was conducted to determine 
the interaction between PCAT29 and FLOT1. Briefly, 
the DNA probe complementary to PCAT29 was synthe-
sized and biotinylated by GenePharma Co., Ltd. (Shang-
hai, China). An RNA pull-down assay was carried out 
using a Magnetic RNA-Protein Pull-Down Kit (Thermo 
Fisher) according to the manufactures’ protocol. The 
RNA-binding protein complexes were washed and elut-
ed for western blot or qRT-PCR analysis.

RNA immunoprecipitation

RNA immunoprecipitation (RIP) was performed with 
the RNA-Binding Protein Immunoprecipitation Kit 
(Millipore). The 786-O cells were lysed with a lysis 
buffer, and the cell lysis solutions were incubated with 
AGO2 antibody or normal mouse IgG. The RNA-protein 
complexes were immunoprecipitated with protein A 
agarose beads, and the RNA was extracted using Trizol 
(Invitrogen). The IP-western was used to detect the 
AGO2 protein, and qRT-PCR was performed to quantify 
the PCAT29 and FLOT1.

Construction of a nude mouse model for renal carcino-
ma 

All animal experiments were conducted in accordance 
with the National Institute of Health Guide for the Care 
and Use of Laboratory Animals and with the approval 

Figure 1. Altered expression of PCAT29 and FLOT1 in renal carcinoma tissues. The clinical renal carcinoma tissues (RCC, n=12) 
and pericarcinomatous normal tissues (n=12) were obtained from patients with renal carcinoma. (A) The expression of PCAT29 
in pericarcinomatous normal tissues and renal carcinoma tissues was quantified by qRT-PCR. (B) The FLOT1 protein level was 
determined with western blot. *P<0.05 compared with normal tissues.
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Altered expression of PCAT29 and FLOT1 in RCC tis-
sues

Clinical renal carcinoma tissues (n=12) and pericarci-
nomatous tissues (n=12) were obtained from patients 
to determine their degree of expression of PCAT29 and 
FLOT1. Compared with the pericarcinomatous tissues 
(n=12), the expression of PCAT29 was significantly 
decreased in RCC tissues (n=12) (Figure 1A), while the 
expression of FLOT1 was clearly increased in RCC tis-
sues (n=12) (Figure 1B).

PCAT29 affected cell proliferation viability, invasion, 
and migration of RCC

Next, 786-O RCC cells were transfected with pcDNA 
or pcDNA-PCAT29, and the expression of PCAT29 and 
its influence on cell growth were examined. It was 
revealed that the expression of PCAT29 was higher in 
cells transfected with pcDNA-PCAT29 compared with 
the pcDNA group (Figure 2A). Compared with pcD-
NA, the cell proliferation viability was repressed by 
pcDNA-PCAT29 (Figure 2B), and the cell invasion and 

of the Animal Care and Use Committee of the First 
Affiliated Hospital of Nanchang University. Ten health 
BALB/C female mice (aged 7 weeks) were purchased 
from the Cancer Research Center (Shanghai) and kept 
under specific pathogen-free conditions. Each mouse 
was injected with 1×108 786-O cells transfected with 
pcDNA (n=5) or pcDNA-PCAT29 (n=5) in 0.2 ml of 
PBS subcutaneously at the groin (25010867). All mice 
were sacrificed after 35 days to determine the tumor 
weight and gene expression.

Statistical analysis

Data were represented as the mean ± standard devia-
tion (SD) and were statistically analyzed using the Sta-
tistical Package for the Social Sciences (SPSS), version 
21.0 (SPSS Inc.). Comparisons between the two groups 
were completed by Student’s t-test, while compari-
sons among multi-groups were performed by one-way 
analysis of variance. A P-value <0.05 was considered 
statistically significant.

RESULTS

Figure 2. PCAT29 affected the cell proliferation viability, invasion, and migration of renal carcinoma. The 786-O renal carcinoma 
cells were transfected with pcDNA or pcDNA-PCAT29, and the expression of PCAT29 and its influence on cell growth were examined. 
(A) The expression of PCAT29 in 786-O cells was quantified by qRT-PCR. (B) The viability of the 786-O cells was determined by MTT 
assay. (C) Next, 786-O cell invasion and migration were detected by transwell assay and wound-healing cell migration assay, respectively. 
*P<0.05 compared with pcDNA. The 786-O cells were transfected with pcDNA or pcDNA-PCAT29. (D) The expression of PCAT29 in 786-O 
cells was quantified by qRT-PCR. (E) The viability of the 786-O cells was determined by MTT assay. (F) The invasion and migration of the 
786-O cells were detected by transwell assay and wound-healing cell migration assay, respectively. *P<0.05 compared with the si-control.
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migration were also suppressed by pcDNA-PCAT29 
(Figure 2C). The 786-O cells were transfected with 
either the si-control or si-PCAT29, and then the expres-
sion of PCAT29 and its influence on cell growth were 
measured. Compared with the si-control, the expres-
sion of PCAT29 was lower in cells transfected with si-
PCAT29 (Figure 2D); the cell proliferation viability was 
also promoted by si-PCAT29 (Figure 2E). Finally, the 
cell invasion and migration were also facilitated by si-
PCAT29 (Figure 2F). These results suggested that when 
overexpressed, PCAT29 inhibited the cell proliferation 
viability, invasion, and migration in renal carcinoma.

PCAT29 and FLOT1 interacted with each other in RCC 
cells

In the RNA pull-down assay, FLOT1 in the pull-down 
complex of PCAT29 was analyzed by western blot. 
Compared with the NC (negative control), FLOT1 was 
detected in the pull-down complex of PCAT29 (Figure 
3A), suggesting that an interaction existed between 
them. A RIP assay was used to analyze the binding 
between PCAT29 and FLOT1. Compared with IgG, 
PCAT29 accumulated extensively in the protein sam-
ple of FLOT1 (Figure 3B), suggesting binding between 
PCAT29 and FLOT1 had taken place.

PCAT29 negatively regulated FLOT1

By transfecting with different vectors, the 786-O 
cells were divided into three groups: pcDNA, pcD-
NA-PCAT29, and pcDNA-PCAT29+pcDNA-FLOT1. 
The expression level of FLOT1 was also measured. 
Compared with pcDNA, pcDNA-PCAT29 suppressed 
the expression of FLOT1, which was reversed by pcD-

NA-FLOT1 (Figure 4A). Through cell transfection, the 
786-O cells were divided into three groups: si-control,
si-PCAT29, and si-PCAT29+si-FLOT1. The expression
level of FLOT1 was also detected. Compared with
the si-control, si-PCAT29 enhanced the expression of
FLOT1, which was reversed by si-FLOT1 (Figure 4B).

When overexpressed, PCAT29 inhibited the cell pro-
liferation viability, invasion and migration of RCC by 
down-regulating FLOT1

With different vectors transfected, the 786-O cells were 
assigned to three groups: pcDNA, pcDNA-PCAT29, 
and pcDNA-PCAT29+pcDNA-FLOT1. The cell growth 
condition was also evaluated. Compared with pcDNA, 
pcDNA-PCAT29 inhibited the cell proliferation viabili-
ty, which was reversed by pcDNA-FLOT1 (Figure 5A); 
the cell invasion and migration were also repressed by 
pcDNA-PCAT29 but reversed by pcDNA-FLOT1 (Figure 
5B).
Endogenously expressed PCAT29 inhibited tumor 
growth in a mouse model with RCC

Tumor xenograft nude mouse models were construct-
ed and injected with pcDNA (n=5) or pcDNA-PCAT29 
(n=5), and the tumor weight was assessed. It was 
revealed that the tumor weight was clearly lower in 
mice expressing pcDNA-PCAT29 than in those that 
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Figure 4. PCAT29 negatively regulated FLOT1. By transfecting 
them with different vectors, the 786-O cells were divided 
into three groups: pcDNA, pcDNA-PCAT29, and pcDNA-
PCAT29+pcDNA-FLOT1. (A) The FLOT1 protein level was 
analyzed using western blot. Through cell transfection, the 786-
O cells were divided into three groups: si-control, si-PCAT29, 
and si-PCAT29+si-FLOT1. (B) The expression level of FLOT1 was 
detected with a western blot.

Figure 3. PCAT29 and FLOT1 interacted with each other in 
renal carcinoma cells. Binding and interaction between RNA 
and protein were determined with RNA immunoprecipitation 
(RIP) and RNA pull-down assay. (A) In the RNA pull-down assay, 
FLOT1 protein expression was determined using western blot. 
(B) In the RIP assay, the expression of PCAT29 in 786-O cells
was quantified with qRT-PCR. *P<0.05 compared with IgG.
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expressed pcDNA (Figure 6A); the expression of 
PCAT29 was also significantly higher in mice with pcD-
NA-PCAT29 (Figure 6B), while the expression of FLOT1 
was distinctly lower in mice with pcDNA-PCAT29 
(Figure 6C). These results suggested that the in vivo 
expression of PCAT29 inhibited tumor growth in a 
mouse model of RCC.

DISCUSSION
In this study, the expression levels and interaction 
between lncRNA PCAT29 and FLOT1 in RCC were 
investigated, and their influence on the cell prolifer-
ation viability, invasion, and migration was also ex-
plored. LncRNA PCAT29 has been thought to have a 
low expression in RCC tissues and to inhibit the tumor 
cell proliferation viability, invasion, and migration by 
down-regulating FLOT1, which implicates its antitu-
mor role in RCC development and progression. This 
study provides a significant perspective for developing 
novel therapies and improving the prognosis of renal 
carcinoma.
As an aggressive and lethal cancer as well as the sec-
ond most common urologic cancer, RCC is known for 
its poor prognosis due to metastasis and its recurrent 
resistance to routine therapies [17]. In the past decade, 
notable progress has been realized in the treatment 
of RCC with the recent approval of new therapeutic 
agents, such as targeted therapy with VEGF and mTOR 
inhibition; the outcome has been significantly im-
proved [18]. However, in advanced and metastatic RCC, 
treatment with conventional cytotoxic chemotherapy 
remains a challenge; metastatic RCC has been widely 
demonstrated to have a rare complete response to 

target drugs [4]. Tumor metastasis is a complex and 
multi-factorial process that involves complicated signal 
pathways in the tumor microenvironment; the acti-
vation and interactions of these pathways are closely 
implicated in the metastasis, invasion, survival, and 
growth of tumors [19]. Therefore, a better understanding 
of the pathogenesis and progression of RCC will require 
new therapies with improved outcomes.
After miRNAs, lncRNAs have recently been implicated 
in many human disorders for their regulator roles; the 
dysregulation of lncRNAs serves as a causal factor in 
tumorigenesis and the progression of cancers [20]. As 
emerging stars in gene regulation, epigenetics, and 
human disease, lncRNAs have attracted much attention 
from researchers searching for the pathogenesis and 
best treatments for cancer. In urologic cancers, such as 
prostate, bladder, and kidney cancer, lncRNAs usually 
function as epigenetic regulators of gene expression, 
competing endogenous RNA, and host genes for small 
noncoding RNAs deregulated in cancer [21]. MALAT1 is 
a common lncRNA and has been noted to be up-regu-
lated in renal carcinoma and is correlated with tumor 
progression and a poor prognosis by interacting with 
Ezh2 and miR-205 [22,23]. LncRNA PCAT29 is an andro-
gen-regulated tumor suppressor initially identified in 
prostate cancer and has been recently proven to be 
related to hepatitis virus-related hepatocellular carci-
noma [15,24]. In this study, we determined that PCAT29 
was down-regulated in renal carcinoma and inhibited 
tumor growth by suppressing cell proliferation viabili-
ty, invasion, and migration, revealing its antitumor role 
in renal carcinoma. In addition, we discovered FLOT1 
as a novel target of PCAT29, which is negatively regu-
lated by PCAT29 and exerts an impact on cell prolifera-

Figure 5. Overexpressed PCAT29 inhibited the cell proliferation viability, invasion, and migration of renal carcinoma by down-
regulating FLOT1. The 786-O cells were divided into three groups: pcDNA, pcDNA-PCAT29, and pcDNA-PCAT29+pcDNA-FLOT1. (A) 
The viability of the 786-O cells was determined by MTT assay. (B) The invasion and migration of 786-O cells were detected by transwell 
assay and wound-healing cell migration assay, respectively. *P<0.05 compared with pcDNA. *P<0.05 compared with pcDNA-PCAT29.
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tion viability, invasion, and migration to repress tumor 
growth of renal carcinoma. It can be speculated that 
PCAT29 may suppress tumor metastasis by targeting 
FLOT1 in renal carcinoma, which may be of great bene-
fit in improving the prognosis of renal carcinoma. This 
suspicion deserves further verification to be carried 
out in the future.
FLOT1 has been reported to be up-regulated in several 
types of cancers, and a high expression of FLOT1 is 
usually associated with progression and a poor prog-
nosis for cancer [25]. FLOT1 has also been reported to 
be up-regulated in human clear cell RCC, and it is re-
lated to cancer progression and poor patient survival 
via enhancing cell proliferation [11]. In nasopharyngeal 
carcinoma, FLOT1 is up-regulated and promotes inva-
sion and metastasis by activating TGF-β signaling [26]. 
In our present study, we determined that FLOT1 was 
up-regulated in RCC, which led to cancer progression 
by facilitating the cell proliferation viability, invasion, 
and migration. Innovatively, we identified a regulatory 
relationship between PCAT29 and FLOT1, providing a 
potential therapeutic strategy for designing a molecu-
lar target for the treatment of RCC and other FLOT1-re-
lated cancers.
In this study, we investigated the interaction between 
PCAT29 and FLOT1 and their influence on the cell pro-
liferation viability, invasion, and migration in RCC. We 
concluded that PCAT29 inhibited the cell proliferation 
viability, invasion and migration in RCC by down-regu-
lating FLOT1 and thereby suppressing tumor growth. 
This study highlighted the roles of PCAT29 and FLOT1 
in RCC development and progression and offered in-
sights into the optimal management of its prognosis. 
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