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Introduction

Renal cell carcinoma (RCC) is one of the world’s most 
common malignancies, accounting for 4.2% of all new 
cancer diagnoses (1). Clear cell renal cell carcinoma 
(ccRCC) makes up 75% of all kidney cancers (2). Due to 
the resistance of ccRCC to radiotherapy and chemotherapy, 
surgery is the principle treatment for the disease (3). 
Although most patients receive early surgical treatment, 
ccRCC recurs in 30% of cases (4). Therefore, novel 

biomarkers and targeted therapies are urgently needed to 
improve the outcomes of patients with ccRCC.

Long non-coding RNAs (lncRNAs) are defined as RNA 
molecules longer than 200 nucleotides which have little 
capacity for coding protein (5). Emerging evidence has 
confirmed that lncRNAs can modulate gene epigenetic, 
transcriptional, and post-transcriptional processing, which 
promote disease progression, especially in cancer (6). In 
ccRCC, lncRNAs are differentially expressed and exert 
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an important role in promoting metastasis. For instance, 
the lncRNA SNHG3 is highly expressed in ccRCC and 
promotes the proliferation and migration of ccRCC cells (7),  
while LINC00997 contributes to ccRCC metastasis and is 
a potential prognostic biomarker (8). Therefore, it is vital 
to investigate the role of differential lncRNAs in promoting 
ccRCC metastasis and the underlying mechanism.

In this study, we firstly used the Gene Expression Omnibus 
(GEO) dataset GSE12470 and The Cancer Genome Atlas 
(TCGA) to investigate differentially expressed genes (DEGs) 
in ccRCC. The baculoviral inhibitor of apoptosis repeat-
containing 5 (BIRC5) gene was found to be highly expressed 
in CCRCC tissues. Subsequently, the upstream lncRNAs 
of BIRC5 were predicted. Through expression correlation 
and survival analyses, two potential lncRNAs (SNHG3 
and LINC00997) were identified as regulators of BIRC5 
expression. Finally, we explored the potential upstream 
dysregulated mechanisms and modulatory pathways of BIRC5.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-1802).

Methods

Clinical samples

Seventy paired clinical samples of ccRCC tissues and 
neighboring normal tissues were acquired from patients 
treated in the Department of Urology at Lishui People’s 
Hospital (Zhejiang, China). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee of 
Lishui People’s Hospital (No.: LLW-F0-403) and informed 
consent was taken from all the patients.

Cell culture

The renal cancer cell lines A498 and 786-O and the normal 
kidney epithelial cell line HK2 were obtained from the 
American Type Culture Collection (ATCC). The cells were 
cultured in Dulbecco’s Modified Eagle Medium (DMEM; 
Invitrogen, Carlsbad, CA, USA) containing 1% penicillin/
streptomycin (Invitrogen, Carlsbad, CA, USA) and 10% 
fetal bovine serum (FBS; Gibco) in a 37 ℃ incubator 
containing 5% CO2.

Quantitative real-time PCR 

Total RNA was extracted from cells and tissues using 

TRIzol (Invitrogen, Carlsbad, CA, USA) in adherence with 
the manufacturer’s instruction. The primer for BIRC5 was 
acquired from Invitrogen Bioengineering Corporation 
(Shanghai, China). Quantitative real-time PCR (qRT-
PCR) was performed as previously described (9). The 2-∆∆Ct 
method was used to estimate the relative RNA expression 
levels. Each sample was assayed in triplicate. 

Transwell migration and invasion assays

Transwell assay was employed to examine cell invasion. 
Briefly, each Transwell chamber was precoated with  
80 μL Matrigel. Then, cells (3×105) in 400 μL of serum-free 
DMEM were seeded into the upper chamber, and 400 μL 
DMEM with 10% serum was added to the lower chamber. 
After 24-hour culture at 37 ℃, the invading A498 and 786-O  
cells were fixed and stained with 0.5% crystal violet 
(Beyotime Institute of Biotechnology, Beijing, China). 
Finally, photomicrographs were taken under an inverted 
light microscope (Leica, Germany). 

Construction of cell lines stably transfected with lncRNA 
SNHG3 and LINC00997

The well-designed small interfering RNA (siRNA) 
oligos of lncRNA SNHG3 and LINC00997, along with 
their corresponding control siRNAs, were generated by 
Shanghai Gene Tech (Shanghai, China), and then separately 
transfected into cells with RNAiMAX (Invitrogen, USA) in 
Opti-MEM (Invitrogen, USA) for 48 hours following the 
manufacturer’s protocol. The transfection efficiency was 
evaluated by green fluorescent protein assay, and stable cell 
lines were screened out with puromycin. 

Wound-healing assay

Cell migration was measured by wound healing assay. 
Briefly, A498 and 786-O cells were seeded on 6-well 
plates and cultured to 90% confluence. Then, a scrape was 
made using a 200-μL pipette tip. At 0 and 48 hours after 
scratching, images were captured under an inverted light 
microscope (Leica, Germany). 

Western blotting

The cellular proteins of A498 and 786-O cells in each 
group were collected using RIPA lysis buffer (Beyotime 
Institute of Biotechnology, Beijing, China). The protein 
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concentrations were quantified by bicinchoninic acid assay. 
Then, equal amounts (50 µg) of protein were separated by 
15% SDS-PAGE (sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis) and transferred onto polyvinylidene 
difluoride membranes. The membranes were blocked with 
5% non-fat milk in tris-buffered saline with Tween 20 for 
1 hour at room temperature and then incubated with anti-
BIRC5 antibody (1:1,000, Abcam, USA) overnight at 4 ℃. 
The next day, after washing, the membranes were incubated 
with horseradish peroxidase (HRP)-conjugated secondary 
anti-rabbit IgG (1:2,000, Beyotime Institute of Biotechnology, 
Beijing, China) for 1 hour at room temperature. Finally, the 
membranes were imaged using the Bio-Rad imaging system 
(ImageLab™ software version 2.0.0.27).

Dual-luciferase reporter assay

Dual-luciferase reporter assay was used to examine the 
regulatory interaction between lncRNA SNHG3 and 
microRNA (miRNA/miR)-10b-5p. Plasmids based on 
the dual-luciferase reporter vector of SNHG3-WT (wild-
type) and SNHG3-MT (mutant-type) were constructed 
and confirmed through DNA sequencing (Shanghai 
GenePharma Co., Ltd, Shanghai, China). The plasmids 
were then transfected into A498 and 786-O cells with miR-
10b-5p mimics or miRNA negative control (miR-NC) 
using Lipofectamine 2000 reagent (Invitrogen, Thermo 
Fisher Scientific, USA) in adherence with the manufacturer’s 
protocol. The transfected cells were cultured for a further 48 
hours, after which the luciferase reporter assay was executed as 
previously described (10). Experimental results were analyzed 
in triplicate and normalized by Renilla luciferase activity.

Data collection

The GSE66272 dataset was obtained from the GEO database 
(https://www.ncbi.nlm.nih.gov/geo/). The miRNA-seq and 
mRNA-seq data and corresponding clinicopathological 
information of patients with ccRCC in the TCGA 
database were downloaded from the GDC (Genomic Data 
Commons) database (https://portal.gdc.cancer.gov/). All 
data were normalized before further analysis was conducted. 
Differential expression analysis was performed in R. P<0.05 
was considered statistically significant. 

ENCORI database

The ENCORI (Encyclopedia of RNA Interactomes) 

database is a robust open-source platform mainly 
focused on non-coding RNAs and their potential target 
interactions. The database can be used to analyze miRNA-
ncRNA, miRNA-mRNA, ncRNA-RNA, and RNA-RNA 
interactions from CLIP-seq, degradome-seq, and RNA-
RNA interactome data (11). For the present work, the 
ENCORI database was utilized to uncover the potential 
competing endogenous RNA (ceRNA) network of BIRC5. 
All microRNAs and lncRNAs associated with BIRC5 were 
downloaded for further analysis in patients with ccRCC.

Correlation analysis

The correlations among lncRNAs, miRNAs, and BIRC5 
were analyzed to identify the specific regulatory ceRNA 
network of BIRC5. P<0.05 was considered statistically 
significant. The specific parameters are all shown inside the 
corresponding figures.

Survival analysis

The correlations between DEG expression and survival in 
patients with ccRCC was analyzed in R. A Cox P value of 
<0.05 was considered statistically significant. To investigate 
the relationship of prognosis-related mRNAs, microRNAs, 
and lncRNAs with survival of ccRCC, overall survival (OS) 
and Kaplan-Meier (KM) plotter analyses were conducted in 
patients with ccRCC from TCGA.

Establishment of a lncRNA-microRNA-BIRC5 regulatory 
network

The whole microRNA-BIRC5 regulatory network and 
lncRNA-microRNA-BIRC5 ceRNA network for BIRC5 
were constructed with Cytoscape Java version 3.7.16 
software (12).

Key pathways related to the prognosis of ccRCCs

The Key pathways related to the prognosis of ccRCCs were 
analyzed by GO and KEGG enrichment. The enrichment 
of GO and KEGG was expressed with a bubble plot and 
rectangle showing the gene ratio, gene count, gene function 
description, and P value.

Statistical analysis

Differential expression analysis between tumor and 
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adjacent normal tissues from patients with ccRCC were 
calculated using Student’s two-tailed t-test, with asterisks 
used to denote genes with differential expression. P values 
of less than 0.05, 0.01, 0.001, or 0.0001 were considered 
statistically significant and are indicated by “*”, “**”, “***”, 
and “****”, respectively.

Results

BICR5 is associated with the progression of ccRCC

To obtain the robust DEGs between adjacent and tumor 
tissues from patients with ccRCC, two ccRCC datasets 

were subjected to limma analysis. The GSE66272 dataset 
consists of 26 normal and 26 tumor tissues, and the TCGA 
dataset was composed of 72 normal and 535 tumor tissues 
from patients with ccRCC. As shown in Figure 1A, there 
were 2,587 and 3,514 DEGs obtained from the TCGA 
and GSE66272 datasets, respectively. There were 1,410 
overlapping genes between the two datasets, which were 
obtained for further analysis.

KM plotter and univariate Cox analyses were performed 
to filter out the high-risk genes in patients with ccRCC 
(available online: https://cdn.amegroups.cn/static/public/
tcr-21-1802-01.pdf). A total of 1,056 high-risk genes were 
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Figure 1 BICR5 is associated with the progression of ccRCC. (A) Comparison of DEGs in patients with ccRCC between the TCGA and 
GSE66272 datasets. (B) Expression characteristics of BIRC5 across 33 cancer types in TCGA database. (C) mRNA expression of BIRC5 
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collected, and these exhibited significant differences between 
adjacent and tumor tissues. Considering that some oncogenes 
can exert their function across multiple cancers, the RNA 
sequencing data of 33 cancers in TCGA were collected, 
and pan-cancer analysis of these 1,056 high-risk genes was 
performed. Notably, BIRC5 was significantly up-regulated 
across all 33 malignancies (Figure 1B). More importantly, we 
detected higher BICR5 mRNA expression in ccRCC tissues 
than in the neighboring normal tissues (Figure 1C). To sum 
up, these results highlight the crucial role of BIRC5 as a 
tumor promoter gene in malignancies, especially in ccRCC.

Construction of a miRNA network for BIRC5 and key 
pathways related to the prognosis of ccRCC

Previous research has demonstrated that BIRC5 can exert 
oncogenic functions in other malignancies (13,14), which 
prompted us to investigate its role in the progression and 
development of ccRCC. Given that various studies have 
evidenced the vital involvement of ceRNAs in tumor 
development, the subsequent analysis was focused on 
constructing the ceRNA network for BIRC5. Initially,  
200 miRNAs that might target BIRC5 were collected 
from the ENCORI database (11). Then, the miRNA 
sequencing data of patients with ccRCC were downloaded 
from the TCGA database, and the expression levels of the  
200 predicted miRNAs were extracted for further analysis. 
The BIRC5 miRNA network is displayed in Figure 2A. 
Then, we conducted GO and KEGG enrichment analyses 
for the prognosis-related DEGs. Results show that most 
DEGs play crucial roles in cell cycle, nuclear division, TGF-
beta signaling pathway and so on, which have been widely 
reported in promoting tumor progression (Figure 2B).

Four microRNAs (miR-101-3p, miR-10b-5p,  
miR-27b-3p, and miR-10a-5p) are negatively correlated 
with BICR5 gene expression

To further investigate the miRNAs which are both 
negatively correlated with BIRC5 and associated with 
OS in ccRCC, KM plotter and correlation analyses were 
performed to identify the OS- and BIRC5-related miRNAs 
among the 200 predicted miRNAs. Four robust miRNAs 
met these stringent criteria: miR-101-3p, miR-10b-5p, 
miR-27b-3p, and miR-10a-5p (Figure 3A,3B). As shown in 
Figure 3A, these four miRNAs were negatively correlated 
with BIRC5, which indicated that they might be able to 
regulate BIRC5 expression. Furthermore, the up-regulation 

of these four miRNAs was related to a better prognosis 
(Figure 3B), suggesting that they might function as tumor 
suppressors in ccRCC.

The constructed lncRNA-miRNA-BIRC5 network is 
associated with ccRCC progression

Given that the four miRNAs had negative relationships with 
BIRC5 in ccRCC, we next constructed the ceRNA network 
of BIRC5. The potential lncRNA interactions for the four 
miRNAs were also collected from the ENCORI database (11). 
There were 77, 78, 153, and 63 lncRNAs potential regulators 
predicted for hsa-miR-10a-5p, hsa-miR-10b-5p, hsa-miR-
27b-3p, and hsa-miR-101-3p, respectively. All these potential 
lncRNAs were collected for correlation and OS analyses to 
identify key lncRNAs which, in addition to being promoters of 
ccRCC progression, were negatively correlated with the four 
miRNAs and positively correlated with BIRC5 expression. 

Only two lncRNAs were screened out: SNHG3 and 
LINC00997. As shown in Figure 4A,4B, we found that 
SNHG3 had a positive correlation with BIRC5 (R=0.21, 
P<0.05) but had a negative correlation with hsa-miR-10b-
5p (R=−0.26, P<0.05), showing the underlying ceRNA 
network between them. Moreover, SNHG3 was significantly 
increased in tumor tissues compared to adjacent normal 
tissues (Figure 4C). LINC00997 was positively correlated 
with BIRC5 (R=0.29, P<0.05) and negatively correlated with 
hsa-miR-27b-3p (R=−0.25, P<0.05), demonstrating another 
potential ceRNA network related to BIRC5 (Figure 4D,4E). 
Like SNHG3, LINC00997 was up-regulated in the tumor 
tissues of patients with ccRCC (Figure 4F). 

Subsequent ly,  an  OS ana lys i s  o f  SNHG3 and 
LINC00997 was performed to determine the potential 
value of these lncRNAs as treatment targets. The results 
robustly showed that a high expression of SNHG3 or 
LINC00997 could lead to a poor prognosis (Figure 4G,4H). 
A network related to BIRC5 (Figure 4I), consisting of 
two ceRNA networks (the LINC00997/hsa-miR-27b-3p/
BIRC5 axis and the SNHG3/hsa-miR-10b-5p/BIRC5 axis), 
was also constructed. This network might explain why and 
how BIRC5 and its ceRNA networks contribute to the 
carcinogenesis of ccRCC and may provide potential targets 
for ccRCC treatment.

The lncRNA SNHG3/hsa-miR-10b-5p/BIRC5 axis is a 
vital pathway contributing to ccRCC progression

To confirm whether SNHG3 or LINC00997 can regulate 
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BIRC5 expression in ccRCC, the siRNAs for SNHG3 and 
LINC00997 were separately transfected into the A498 RCC 
cell lines. Surprisingly, in A498 cells, LINC00997 siRNA 
did not significantly down-regulate BIRC5 expression, 
whereas SNHG3 siRNA dramatically inhibited BIRC5 
expression (Figure 5A). From this, we can infer that lncRNA 
SNHG3 modulated BIRC5 protein expression. Results of 
Transwell migration and wound-healing assays also showed 
that SNHG3 siRNA successfully prohibited the migration 
and invasion of A498 and 786-O cells (Figure 5B,5C). 
Furthermore, dual-luciferase reporter assay confirmed that 

miR-10b-5p mimics remarkably decreased the luciferase 
activity in SNHG3-WT-transfected A498 and 786-O cells 
(Figure 5D). The above results confirmed that lncRNA 
SNHG3 promotes ccRCC progression by upregulating 
BIRC5 expression via sponging hsa-miR-10b-5p.

Discussion

Clear cell RCC is one of the most common malignancies 
globally, and its progression is a complicated process. 
Therefore, it is vital to uncover the mechanism underlying 
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ccRCC progression. Mounting evidence shows that 
ccRCC progression is closely related to abnormal lncRNA 
expression. For instance, Hu et al. found that the lncRNA 
MSC-AS1 modulated the proliferation and migration of 
ccRCC cells via a miR-3924/WNT5A axis (15). Another 
study reported that lncRNA SARCC suppressed ccRCC 
progression via altering the androgen receptor (AR)/
miRNA-143-3p axis (16). However, the mechanisms by 
which lncRNAs influence ccRCC are largely unknown.

In the present study, through analysis using the ENCORI 
database, we found that both lncRNA SNHG3 and 
LINC00997 are remarkably overexpressed and negatively 
correlated with the OS of patients with ccRCC. At a 
functional level, these two lncRNAs may facilitate ccRCC 
progression by upregulating BIRC5 expression. BIRC5, as a 
vital anti-apoptotic protein, participates in the progression 
of many cancers by promoting cell proliferation. Our 
research found that the BIRC5 gene was highly expressed 
in 33 malignancies, and we also validated high BIRC5 
mRNA expression levels in ccRCC tissues via PCR, which 
corresponds with the results of other studies (17). In our 
study, we further demonstrated that silencing SNHG3 with 
siRNA could successfully prohibit BIRC5 protein expression 

in A498 cells. However, LINC00997 siRNA could not 
significantly inhibit BIRC5 protein expression in the A498 
cells, which can be explained by the fact that LINC00997 
contributes to ccRCC metastasis via regulating S100A11 
protein expression (8). Most importantly, we confirmed that 
silencing SNHG3 could inhibit the migration and invasion 
of the ccRCC cells including the A498 and, 786-O.

Mounting evidence confirms that lncRNAs promote 
tumorigenesis via sponging miRNAs to promote tumor-
related protein expression (18,19). miRNAs modulate various 
cellular processes via their molecular targets (20). Li et al. 
reported that miR-10b-5p was significantly lowly expressed 
in RCC and that its mimics inhibited cell proliferation (21). 
By using the luciferase reporter assay, we discovered that 
lncRNA SNHG3 binds to miR-10b-5p in ccRCC. Together, 
these data suggest that lncRNA SNHG3 exerts its oncogenic 
activity via the miR-10b-5p/BIRC5 axis.

The relevant characteristics of the tumor microenvironment 
of ccRCC are the interaction of tumor cells with surrounding 
tissues such as the cancer-associated fibroblasts (CAFs) 
and immune cells (22). Li et al. reported SNHG3 was also 
higher expression in the CAFs (23). Therefore, SNHG3 may 
higher in the CAFs and possibly be transferred to ccRCC via 
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exosomes to regulate tumor microenvironment of ccRCC. 
Actually, In addition to SNHG3, immune related long non-
coding RNAs (IRlncRs) including the lncRNA-IL10RB-
DT and MELTF-AS1 have been reported to affect immune 
status of the tumor microenvironment and were considered 

as the independent prognostic factor (24). In the future, 
small molecule tumor targeted therapy is the frontier of drug 
development; drugs for SNHG3 positive ccRCC lncRNAi will 
be developed. In addition, The autophagy-related lncRNAs 
were associated with the poor prognosis of ccRCC, Xuan et al. 
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team found seven autophagy-related lncRNAs including the 
SNHG3, SNHG17, MELTF-AS1, HOTAIRM1, EPB41L4A-
DT, AP003352.1, and AC145423.2 could be independently as 
a prognostic index for patients with ccRCC (25).

Although we have carried out cell experimental research 
in combination with bioinformatics, there are still some 
limitations in the study. Firstly, we didn’t conduct the 

experiment of SNHG3-related ccRCC proliferation. 
We can refer to Zhang et al. team found that SNHG3 
promotes ccRCC proliferation (7). Secondly, SNHG3 
was not confirmed as a potential biomarker for patient 
risk stratification and local regional metastasis in ccRCC. 
Actually, SNHG3 as an oncogene has been used as a 
potential biomarker for patient risk stratification in multiple 
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tumour types including the ovarian cancer, breast cancer, 
lung cancer (26-28). In addition, higher SNHG3 in the 
tumor tissues have the more lymph node metastasis such 
as the papillary thyroid carcinoma and breast cancer 
(27,29). Most important, Jiang et al. team preformed meta-
analysis and review to conclude that higher SNHG3 is 
closely related to with patient risk stratification and local 
regional metastasis in various tumors (30). The core of 
our research is to construct lncRNA network and found 
higher SNHG3 has the poor survival. From this, we can 
infer SNHG3 also could be used as a potential biomarker 
for patient risk stratification and local regional metastasis in 
ccRCC. Thirdly, the SNHG3 related to ccRCC in vivo was 
not conducted. Most evidence showed that knockdown of 
lncRNA SNHG3 inhibited the tumour growth including 
the bladder cancer and gastric cancer (31,32). In summary, 
knockdown SNHG3 have the inhibitory role of ccRCC 
in vivo. The roles of SNHG3 in ccRCC in vivo need to be 
explored in future studies.

Conclusions

This study has shown that lncRNA SNHG3 is associated 
with a poor prognosis of ccRCC. Our findings also 
demonstrate that lncRNA SNHG3 boosts the proliferation, 
invasion, and migration abilities of ccRCC cells via 
sponging miR-10b-5p to upregulate BIRC5 expression. 
From the perspective of translational medicine, these 
data show that the lncRNA SNHG3/miR-10b-5p/BIRC5 
axis could be a therapeutic target for the management of 
ccRCC.
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