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Abstract. Distant metastasis is the main cause of death 
in patients with clear cell renal carcinoma (ccRCC). The 
dysregulation of the tumor microenvironment is responsible 
for tumorigenesis and metastasis in ccRCC. The role of long 
non‑coding RNAs in the tumor immune of ccRCC remains 
unclear. The present study screened differentially expressed 
protein‑coding genes and non‑coding genes between 
ccRCC and normal tissues based on three datasets. The 
commonly deregulated genes were used to identify distant 
metastasis‑related long non‑coding RNAs (lncRNAs) and 
prognostic lncRNAs. Pearson correlation analysis was used 
to identify immune‑related lncRNAs. A competing endog‑
enous RNA network was constructed and hub lncRNAs were 
identified. A total of 1650 coding genes, 821 lncRNAs and 62 
miRNAs were commonly deregulated in the three datasets. 
A total of 408 lncRNAs associated with the overall survival 
of patients with ccRCC were identified. Among them, 82 
lncRNAs were distant metastasis‑related. Further analysis 
identified 52 lncRNAs associated with the immune pathway. 
Functional analyses concordantly demonstrated the role of 
the 52 lncRNAs in metastasis and tumor immunology. The 
ceRNA network analysis indicated lncRNA DSCR9 as the 
key lncRNA regulator. Univariate and multivariate analysis 
in two independent cohorts validated that DSCR9 could be 
an independent risk factor for the progression‑free survival of 
patients with ccRCC. Further analyses indicated that DSCR9 

might be associated with the immunotherapeutic response. 
reverse transcription‑quantitative PCR demonstrated that the 
RNA expression level of DSCR9 was upregulated in ccRCC 
compared with normal kidney samples. The present study 
demonstrated the potential of LncRNA DSCR9 in assessing 
the prognosis and developing future immunotherapy for 
patients with metastatic ccRCC.

Introduction

In 2020, ~73,750 new cases of kidney cancer were diagnosed 
in the United States, with >20% of patients succumbing 
to the disease  (1). Patients with distant metastasis demon‑
strated a 5‑year survival of ~10% (1). Renal cell carcinoma 
(RCC) is the most common type of kidney cancer, and the 
most common histologic subtype of RCC is clear cell RCC 
(ccRCC) (2). The prognosis and treatment of metastatic ccRCC 
is a current problem (2). Existing knowledge of the mecha‑
nisms of metastatic ccRCC has indicated the critical role of 
the immune‑related pathways (3). Immunotherapy a promising 
treatment strategy alternative to targeted therapy for metastatic 
renal cancer (3).

Long non‑coding (lnc)RNA is involved in the regulation 
of gene expression at epigenetic, transcriptional and post‑tran‑
scriptional levels at all stages of tumorigenesis and cancer 
progression. lncRNAs serve a key role in a variety of cellular 
processes and molecular signaling pathways. For example, the 
activation of the lncRNA gene EPIC1 enhances tumorigenesis 
by promoting the binding of MYC to its target genes (e.g., 
CDKN1A), which indicates that it has a carcinogenic effect (4), 
while the inactivation of the lncRNA gene growth arrest specific 
5 promotes cell proliferation and tumor formation in cancer, 
which indicates its tumor inhibitory effect  (5). Moreover, 
lncRNA also participates in tumor progression and metastasis, 
which is closely related to prognosis (6). lncMX1‑215 is upreg‑
ulated by IFNα and inhibits the proliferation and metastasis 
of head and neck squamous carcinoma cells (7). lncMX1‑215 
has been reported to negatively regulate PD‑L1 expression to 
inhibit immune escape by the suppression of H3K27 acetyla‑
tion via binding to H3K27 acetylase GCN5 (also known as 
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KAT2A, lysine acetyltransferase 2A) (7). Moreover, lncRNA 
HOXA‑AS2 promoted proliferation, invasion and migration 
of nasopharyngeal carcinoma by promoting hypoxia induc‑
ible factor‑1α and PD‑L1 expression via the direct targeting 
of miR‑519 (8). However, the role of long non‑coding RNAs 
(lncRNA) in metastatic ccRCC remains unclear.

Competing endogenous RNA (ceRNA) is a type of regu‑
latory network. It is known that microRNAs (miRNAs) can 
cause gene silencing by binding to mRNA, while lncRNAs 
can regulate gene expression by competitively binding 
miRNA (9). Previous studies have reported that the ceRNA 
mechanism exists in a wide variety of signaling pathways and 
serves an important role in metastatic ccRCC (10). However, 
the immune‑related ceRNA regulatory networks are poorly 
understood. The lncRNAs could be biomarkers for the prog‑
nosis of ccRCC and could pave the way for further investigation 
of the immune‑related mechanisms and therapeutic potentials 
of these lncRNAs in ccRCC.

Materials and methods

Transcriptome data. The transcriptome data were downloaded 
from The Cancer Genome Atlas project (https://portal.gdc.
cancer.gov/) and Gene Expression Omnibus (https://www.
ncbi.nlm.nih.gov/geo/) databases. The raw (.CEL) files of 
microarray (Affymetrix Human Genome U133 Plus 2.0 Array 
platform) datasets GSE53757 (11) and GSE66270 (12) were 
downloaded. A total of 72 tumor samples and 72 normal 
samples were downloaded in the GSE53757 dataset, and 14 
tumor samples and 14 normal samples were downloaded in 
the GSE66270 dataset. Moreover, the read count expression 
data and the corresponding clinical data of the TCGA‑KIRC 
(n=603) dataset were downloaded from the Genomic Data 
Commons data portal (https://portal.gdc.cancer.gov/reposi‑
tory). The RNA‑Seq data (read count) and the corresponding 
clinical information for ccRCC (557 donors, accession number 
KIRC‑US) from the International Cancer Genome Consortium 
(ICGC) project were downloaded from the Xena data hub 
(https://xena.ucsc.edu/public). The annotation file (.gtf) from 
the GENCODE (v23) database was used for the gene annota‑
tion for TCGA‑KIRC dataset and ICGC KIRC‑US dataset.

Differential expression analysis. The edgeR package (13) and 
limma package (14) in R software (version 3.6.1; R core team) 
were used to perform differential expression (DE) analysis 
for the read count data and microarray expression data, 
respectively. The genes and probes with Benjamini‑Hochberg 
(BH) adjusted P<0.05 were considered as statistically signifi‑
cant. The DE lncRNAs, DE miRNAs and DE coding genes 
commonly screened from all three datasets were identified as 
high‑confidence DE genes.

ceRNA network analysis. The DE lncRNAs, DE miRNAs and 
DE coding genes were used to construct the ceRNA network 
based on the strategy previously reported by Zhang et al (15). 
Based on the ceRNA theory, lncRNA may interact with 
miRNA to prevent the interaction of miRNA with its 
targets. This strategy identified the lncRNAs and miRNAs 
with interactions. lncRNA‑miRNA regulation networks 
were predicted using the miRcode database (16). Similarly, 

miRNA‑mRNA regulation networks were predicted using 
the miRDB database (17). The predicted networks based on 
miRcode and miRDB databases were used to construct the 
ceRNA networks. The ceRNA network was constructed using 
Cytoscape (version 3.7.4; https://cytoscape.org/).

Identif ication of prognostic, metastasis‑related and 
immune‑related lncRNAs. We identified metastasis‑related 
lncRNAs based on a previously reported algorithm (18), which 
leveraged the change in gene differential expression status, 
in different stages of the disease of interest, to identify the 
significant dynamic expression changes of genes. Specifically, 
the delta value of each lncRNA was calculated. The lncRNAs 
with the absolute value of delta >0 were determined as 
metastasis‑related. To identify immune‑related lncRNAs, 
the gene sets of immune pathways (https://www.kegg.
jp/kegg/pathway.html; pathways of ‘5.1 immune system’) from 
the Kyoto Encyclopedia of Genes and Genomes (KEGG) (19) 
were downloaded. The prognostic lncRNAs were identified 
using univariate and multivariate Cox regression analysis. 
To determine whether the lncRNA was an independent prog‑
nostic factor, multivariate analysis was performed using the 
clinical parameters as covariates. Both the overall survival 
(OS) and progression‑free survival (PFS) were evaluated. 
The log‑rank test was used to assess whether the lncRNA was 
prognosis‑related.

To identify immune‑related lncRNAs, for each lncRNA, 
Pearson correlation analysis was first performed to identify 
all associated protein‑coding genes in the KEGG database. 
Then, pathway enrichment analysis was performed to deter‑
mine whether these coding genes were overrepresented in the 
immune pathway. The Pearson correlation was performed 
between lncRNAs expression and the KEGG genes. Gene 
pairs with coefficient |r|>0.4 and BH‑adjusted P<0.05 were 
considered significant.

Functional enrichment analysis. Function analysis of lncRNAs 
was performed based on the correlated protein‑coding genes. 
The significant lncRNA‑coding gene correlation was defined 
by the expression correlation (Pearson correlation |r|≥0.4 with 
BH‑adjusted P<0.05). KEGG and Gene Ontology (GO) terms 
were analyzed.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
RT‑qPCR was used to assess the relative expression of β‑actin 
and DSCR9 on commercial cDNA chips to compare DSCR9 
gene expression between cancer and adjacent samples. A total 
of 30 pairs of ccRCC samples were analyzed. Total RNA was 
extracted from tissues or cells using the Eastep® Super Total 
RNA Extraction Kit (Promega Corporation), and the reverse 
transcription was performed using the PrimeScript™ RT 
Master Mix (Takara Biotechnology Co., Ltd.) by Shanghai 
Outdo Biotech Co., Ltd., according to the manufacturer's 
instructions. The ccRCC samples were collected by Shanghai 
Outdo Biotech Co., Ltd. and the cDNA of ccRCC sample 
tissues generated by Shanghai Outdo Biotech Company was 
purchased and used in the present study. qPCR was performed 
using the SYBR Green PCR Kit (Bio‑Rad Laboratories, Inc.) 
in triplicate in three independent experiments using the 2-ΔΔCq 
method (20). The qPCR conditions were as follows: 95˚C for 
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Table I. Univariate and multivariate Cox regression model.

A, TCGA_KIRC n=434				  

	 Univariate regression	 Multivariate regression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 P‑value	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)

DSCR9 (high vs. low)	 0.000049	 2.11 (1.46‑3.05)	 0.000012	 2.32 (1.57‑3.36)
Age (ref, ≤59 years)				  
  >59	 0.083	 1.36 (0.96‑1.94)	 0.11	 1.36 (0.93‑1.99)
Gender (ref, female)				  
  Male	 0.060	 1.46 (0.98‑2.17)	 0.039	 1.58 (1.02‑2.45)
Grade (ref, G1)				  
  G2	 0.66	 1.57 (0.21‑11.56)	 0.79	 0.76 (0.10‑5.78)
  G3	 0.20	 3.60 (0.49‑26.03)	 0.69	 1.50 (0.19‑11.33)
  G4	 0.0079	 14.79 (2.02‑107.97)	 0.28	 3.10 (0.39‑24.17)
Unknown	 0.79	 1.44 (0.09‑23.15)	 0.79	 1.46 (0.08‑24.51)
Stage (ref=I)				  
  II	 0.037	 2.13 (1.04‑4.36)	 0.085	 4.97 (0.80‑30.84)
  III	 1.39x10‑8	 4.38 (2.61‑7.20)	 0.037	 5.69 (1.10‑29.31)
  IV	 1.39x10‑30	 18.17 (11.08‑29.80)	 8.67x10‑6	 180.68 (18.29‑1784.09)
  Unknown	 0.99	 NA	 0.99	 NA
pM (ref, M0)				  
  M1	 1.72x10‑29	 8.66 (5.95‑12.61)	 0.040	 0.15 (0.02‑0.92)
  Unknown	 0.87	 0.90 (0.28‑2.88)	 0.98	 1.02 (0.26‑3.97)
pN (ref, N0)				  
  N1	 0.00001	 4.90 (2.40‑9.99)	 0.0069	 3.38 (1.39‑8.22)
  Unknown	 0.15	 0.76 (0.53‑1.18)	 0.14	 0.74 (0.57‑1.10)
pT (ref, T1)				  
  T2	 0.00007	 3.26 (1.82‑5.84)	 0.18	 0.31 (0.05‑1.64)
  T3	 1.45x10‑15	 6.16 (3.96‑9.64)	 0.33	 0.45 (0.09‑2.18)

B, ICGC_KIRC n=384				  

	 Univariate regression	 Multivariate regression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 P‑value	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)

DSCR9 (high vs. low)	 0.003	 1.72 (1.2‑2.47)	 0.0009	 1.89 (1.29‑2.76)
Age (ref, ≤59)				  
  >59	 0.090	 1.28 (0.91‑1.99)	 0.040	 1.49 (1.01‑2.18)
Gender (ref, female)				  
  Male	 0.067	 1.41 (0.99‑2.04)	 0.16	 1.36 (0.88‑2.10)
Grade (ref, G1)				  
  G2	 0.68	 1.55 (0.32‑10.25)	 0.91	 0.89 (0.11‑6.78)
  G3	 0.30	 3.51 (0.47‑21.25)	 0.61	 1.68 (0.22‑12.77)
  G4	 0.0092	 12.14 (2.32‑71.96)	 0.27	 3.18 (0.40‑24.81)
  Unknown	 0.80	 1.41 (0.09‑16.39)	 0.83	 1.36 (0.08‑23.02)
Stage (ref, I)				  
  II	 0.041	 2.13 (1.08‑4.36)	 0.13	 4.23 (0.65‑27.19)
  III	 1.10x10‑5	 4.33 (2.61‑7.20)	 0.035	 5.98 (1.13‑31.46)
  IV	 1.22x10‑25	 18.17 (11.08‑29.80)	 0.00004	 112.98 (11.81‑1080.33)
  Unknown	 0.99	 NA	 0.99	 NA
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30 sec, followed by 39 cycles at 95˚C for 5 sec and 60˚C for 
30 sec. The relative expression of DSCR9 was normalized to 
β‑actin and assessed using a RT‑PCR Quantitation Kit (cat. 
no.  E21006; Shanghai GenePharma Co., Ltd.). Informed 
consent was obtained from all participating patients by 
Shanghai Outdo Biotech Co., Ltd. Ethical approval for the 
use of ccRCC samples was provided. The levels of DSCR9 
were assessed by qPCR on the Step One Plus Real‑Time 
PCR system, and β‑actin was used as endogenous control. 
The primer sequences used for qPCR were as follows: 
DSCR9 forward (F), 5'‑AGGAAGGAACTGAGAACACC‑3' 
and reverse (R), 5'‑CAGTCCATTTCTACCGTCAC‑3'; 
and β‑actin F, 5'‑CCTTCCTGGGCATGGAGTC‑3' and R, 
5'‑TGATCTTCATTGTGCTGGGTG‑3'.

Statistical analysis. The BH adjustment was performed for 
multiple tests in differential expression analysis, enrichment 
analysis and expression correlation analysis. Cox regression 
analysis was performed to investigate the correlation between 
lncRNAs and patient survival. Log‑rank test was used and 
hazard ratios were calculated using survival/R package 
(version 3.6.1; https://www.r‑project.org/). The statistical test 
used for two‑group comparison in differential expression of 
TCGA samples, using the edgeR package in R (version 3.6.1) 
was empirical Bayes quasi‑likelihood F‑tests. The statistical 
test for two‑group comparison of the qPCR results was a 
two‑tailed Student's t‑test. P<0.05 was considered to indicate a 
statistically significant diffference.

Results

Differential expression analysis. Differential expression 
analysis was performed to screen ccRCC‑related genes in 
three independent datasets (TCGA‑KIRC, GSE53757 and 
GSE66270). The miRNAs, lncRNAs, and coding genes were 

annotated using the GENCODE database. Commonly deregu‑
lated genes with BH‑adjusted P<0.01 were retained. A total 
of 1650 coding genes, 821 lncRNAs and 62 miRNAs were 
identified as differentially expression genes between normal 
and tumor samples (Fig. 1A). A volcano plot and heatmap of 
the deregulated genes in the TCGA dataset were generated 
(Fig. 1B and C).

Identification of prognosis‑related and metastasis‑related 
lncRNAs. To identify lncRNAs associated with patient survival, 
univariate and multivariate Cox regression analyses were 
performed based on the TCGA dataset. The candidate lncRNAs 
considered in this step were obtained from the aforementioned 
differential expression analysis. A total of 522 lncRNAs asso‑
ciated with OS or PFS were identified (Table SI). Among the 
identified lncRNAs, multivariate analysis based on the lncRNA 
expression and clinical parameters indicated that 408 lncRNAs 
were independent factors for the prognosis of ccRCC patients. 
Whether the prognosis‑related lncRNAs were associated with 
distant metastasis of ccRCC was evaluated by calculating the 
delta values (|delta|>0), which indicated that 82 of the lncRNAs 
were distant metastasis‑related (Fig. 2). The 82 lncRNAs were 
assessed using multivariate models of OS or PFS (Fig. 3A and B). 
The Kaplan Meier plots of the top 5 lncRNAs associated with 
OS (CAHM, RP11.93H24.3, RP11.383I23.2, RP11.670E13.6 
and U47924; Fig. 3C) and the top 5 lncRNAs associated with 
PFS (DSCR9, AC067959.1, RP1.86C11.7, LINC00652 and 
RP11.670E13.6; Fig. 3D) were presented.

ceRNA networks based on immune‑related lncRNAs. To eval‑
uate the functions of the distant metastasis‑related lncRNAs, 
Pearson correlation analysis was performed to screen the 
correlated protein‑coding genes. Then, pathway enrichment 
analysis was performed for each lncRNA to identify the 
involved pathways. The results demonstrated that the lncRNAs 

Table I. Continued.

B, ICGC_KIRC n=384				  

	 Univariate regression	 Multivariate regression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 P‑value	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)

pM (ref, M0)				  
  M1	 1.72x10‑25	 8.10 (4.97‑10.5)	 0.13	 0.25 (0.04‑1.44)
  Unknown	 0.95	 0.90 (0.36‑2.87)	 0.70	 0.74 (0.16‑3.37)
pN (ref, N0)				  
  N1	 0.00005	 4.20 (2.54‑8.65)	 0.014	 3.15 (1.26‑7.87)
  Unknown	 0.18	 0.88 (0.61‑1.14)	 0.32	 0.82 (0.56‑1.21)
pT (ref, T1)				  
  T2	 0.00009	 3.01 (1.54‑5.12)	 0.36	 0.44 (0.07‑2.4)
  T3	 1.36x10‑12	 5.69 (3.24‑8.21)	 0.32	 0.44 (0.09‑2.17)

The median expression of the gene was used as the cut‑off to divide patients into the High or Low group. CI, confidence interval; TCGA, The 
Cancer Genome Atlas; ICGC, International Cancer Genome Consortium; pM, pathological M stage; pN, pathological N stage; pT, pathological 
T stage.
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were associated with cell adhesion and cytoskeleton‑related 
pathways, such as tight junction, focal adhesion, regula‑
tion of actin cytoskeleton and cell adhesion molecule cams 
(Fig. 4), which supported the association of these lncRNAs 
and metastasis. Moreover, it was observed that most of the 
lncRNAs were involved in immune‑related pathways, such 
as the T cell receptor signaling pathway, NK cell‑mediated 
cytotoxicity and chemokine signaling pathway. Thus, a group 
of 52 lncRNAs were identified (bottom, 52 lncRNAs from 
right to left, Fig. 4). To evaluate the function of lncRNAs, GO 
enrichment analysis was performed for each lncRNA based 
on the lncRNA‑correlated proteins. This demonstrated that 
DSCR9 was involved in T cell activation regulation (biological 
process), protein complexes (such as inflammasome complex 
and cell adhesion‑related complex; cellular components) and 
ATPase activity (molecular function; Fig. 5A).

A ceRNA network was constructed based on the 52 
lncRNAs, 62 DE miRNAs and 1,650 DE mRNAs. To 
improve the confidence of the regulatory network, only the 
lncRNA‑miRNA pairs and the miRNA‑mRNA pairs with 
opposite DE directions were retained. This resulted in ceRNA 
networks which included 14 lncRNAs, 13 miRNAs, and 107 
mRNAs (Fig. 5).

DSCR9 could be an independent prognostic biomarker. In the 
ceRNA networks, lncRNA DSCR9 demonstrated a signifi‑
cant association with PFS of patients with ccRCC (Fig. 6A). 
Therefore, another independent cohort was used to validate 
the prognostic value of DSCR9 in ccRCC. The univariate and 
multivariate Cox analyses concordantly demonstrated that 
DSCR9 was an independent risk factor for PFS of ccRCC 
patients (Figs.  3B  and  6B; Table I). Considering that the 
clinical stage was evaluated based on the TNM stage, we used 
the TNM stage instead of the clinical stage in the multivariate 
analysis based on the methods previously reported (21). The 
subnetwork of DSCR9 was extracted (Fig.  6C). DSCR9 
was associated with the immune pathway, so the correla‑
tion between DSCR9 and immunotherapeutic markers was 
assessed. This demonstrated that DSCR9 was significantly 
associated with programmed cell death protein 1 (PDCD1, 
also known as PD‑1) and correlated with CTLA4 (Fig. 6D), 
which implied that DSCR9 might be related to immuno‑
therapeutic response. However, no significant association was 
demonstrated between DSCR9 and CD274 (P=0.45).

DSCR9 was upregulated in ccRCC tissues. lncRNA DSCR9 
was further assessed to validate it's expression in tumor and 

Figure 1. Differential expression analysis. (A) Differentially expressed protein‑coding genes, lncRNAs and miRNAs in the three independent datasets. 
(B) Volcano plot and (C) heatmap of differentially expressed genes in The Cancer Genome Atlas. For the heatmap, the Euclidean distance metric with ward 
linkage was used. lncRNA, long non‑coding RNA; miRNA, micro RNA; padj, P‑values adjusted by Benjamini‑Hochberg method.
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normal tissues. This was because DSCR9 was identified in 
the top 5 lncRNAs associated with PFS and had the highest 
hazard ratio (HR) (HR=2.15). Moreover, further analysis of 
regulatory network showed that DSCR9 was the only one of 
the top 5 PFS‑related lncRNAs to be included in the final 
network.

A total of 30 pairs of ccRCC tissues and normal kidney 
samples were used to evaluate the expression of DSCR9 in 
ccRCC. The results demonstrated that the RNA expression 
level of DSCR9 was significantly upregulated in ccRCC 
compared with normal kidney samples (Fig. 7).

Discussion

The present study identified the key immune‑related lncRNAs 
in the process of the distant metastasis of ccRCC and 
constructed ceRNA networks based on the immune‑related 
lncRNAs. First, differentially expressed lncRNAs, miRNAs 
and mRNAs between ccRCC and normal samples were 
screened using three independent datasets, which identified 
408 prognostic lncRNAs and 82 distant metastasis‑related 
lncRNAs. Pathway analysis demonstrated that the 82 lncRNAs 
were mainly involved in immune‑related pathways. Based on 

Figure 2. Identification of distant metastasis‑related lncRNAs based on Delta values. lncRNAs with delta not equal to zero were identified as distant metas‑
tasis‑related. The negative delta value indicated downregulation in metastatic ccRCC and the positive delta value indicated upregulation in metastatic ccRCC. 
lncRNA, long non‑coding RNA.
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the clustering, 52 immune‑related lncRNAs were identified. 
Finally, ceRNA networks including 14 lncRNAs, 13 DE 
miRNAs and 107 DE mRNAs were constructed. DSCR9 

may serve an important role in the regulatory network. It 
was demonstrated that DSCR9 could be an independent risk 
factor for the PFS prognosis of patients with ccRCC. Further 

Figure 3. Identification of prognostic lncRNAs. (A) Model parameters of the multivariate analyses using patient clinical characteristics as covariates for 
OS. (B) Model parameters of the multivariate analyses using patient clinical characteristics as covariates for PFS. (C) Kaplan Meier curves of the top 5 
lncRNAs associated with OS. (D) Kaplan Meier curves of the top 5 lncRNAs associated with PFS. lncRNA, long non‑coding RNA; OS, overall survival; PFS, 
progression‑free survival.
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Figure 4. Identification of immune‑related long non‑coding RNAs. The Benjamini‑Hochberg adjusted P‑values of enrichment analysis were presented as 
different colors in the heatmap. To aid visualization, the P‑values were transformed to ‑10log10 (P‑value).
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analyses indicated DSCR9 might be associated with immuno‑
therapeutic response, and the association between DSCR9 and 
immunotherapy response could be an area for future study. 
The present study demonstrated a significant association 
between DSCR9 and ccRCC prognosis based on Cox regres‑
sion analysis. Furthermore, it was demonstrated that DSCR9 
was an unfavorable prognostic factor of PFS for ccRCC 
(log‑rank P<3.1x10‑5; HR=2.15; 95% CI of HR, 1.49‑3.11). The 
association between DSCR9 and immune‑related pathways 
was demonstrated based on correlation analysis and pathway 
enrichment analysis. The expression of DSCR9 was positively 
associated with the expression of the immune checkpoint 
blockade therapy target PDCD1 and positively correlated with 
CTLA‑4. These data implied that DSCR9 might play a role in 
immune response, which could be a future direction of study.

Gene expression in most cancers is a dynamic process 
involving all stages of tumor progression. Genes might have 
different expression statuses (upregulated or downregulated) 
in different stages of cancer progression. For example, loss 
of the H3K36me3 demethylase SETD2 has been reported in 
both primary ccRCC and metastases of ccRCC (22), while 
decreased methylation in regional H3K36me3 was only 
reported in lesions of distant metastases (23), to the best of 
our knowledge, which indicated that identification of dynami‑
cally expressed genes is crucial for understanding ccRCC 
metastasis. Thus, the present study applied a previously 
reported algorithm (18) to identify distant metastasis‑related 
lncRNA events, including lncRNAs with reversed expression 
change and lncRNAs with consistent expression change. For 
example, LINC00652 (Delta=‑3) demonstrated upregula‑
tion in non‑distant metastatic ccRCC and downregulation in 

distant metastatic ccRCC. Further studies should be conducted 
to investigate the mechanism of LINC00652 in in non‑distant 
metastatic ccRCC and distant metastatic ccRCC in the future. 
Another lncRNA, DSCR9 (Delta=1), demonstrated consistent 
upregulation in both non‑metastatic and metastatic ccRCC. 
These examples indicated the dynamic behaviors of the prog‑
nosis‑related modulators in ccRCC distant metastasis. The 
present study identified 82 distant metastasis‑related lncRNAs, 
certain of which were also associated with patient OS and 
PFS in ccRCC. For example, lncRNAs FAM225A/B, SNHG9 
and SNHG25 (24) were unfavorable prognostic factors, while 
lncRNAs AC067959.1, DSCR9 and AC009014.3 were favor‑
able prognostic factors.

Enrichment analysis is usually used to evaluate the main 
functions and pathways of a set of non‑coding genes. In the 
present study, this method was used to distinguish whether 
a single lncRNA was associated with immune‑related 
signaling pathways. It was demonstrated that the 82 lncRNAs 
were mainly involved in immune‑related pathways, such 
as T‑cell receptor signaling pathway, NK cell‑mediated 
cytotoxicity, cytokine‑cytokine receptor interactions and 
chemokine signaling pathway. A recent study reported the role 
of lncRNA in T‑cell and NK‑cell immunology; the lncRNA 
HOTAIR facilitated the induction of IκBα phosphoryla‑
tion by suppressing the expression of the NF‑κB upstream 
protein UBXN1, which promoted NF‑κB phosphorylation and 
nuclear translocation in gliomas. In vivo, HOTAIR reduction 
decreased PD‑L1 protein expression, which indicated that 
cells may have been targeted by immune T cells (25). lncRNA 
NCAL1 enhanced the cytotoxicity of NK cells toward tumor 
cells through the GAB2‑PI3K‑AKT pathway (26). Moreover, 

Figure 5. Functional enrichment and the ceRNA network of lncRNAs. (A) Results of Gene Ontology enrichment analysis for lncRNA DSCR9. (B) The ceRNA 
network was constructed based on 14 lncRNAs, 13 miRNAs and 107 mRNAs. All gene pairs in the network demonstrated opposite deregulation directions. 
lncRNA, long non‑coding RNA; miRNA, micro RNA; ceRNA, competing endogenous RNA.
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the results of the present study also demonstrated that the 82 
lncRNAs were distant‑metastasis‑related because numerous 
metastasis‑related functions and pathways, such as cell 

junction/adhesions and CAMs, were identified. Furthermore, 
ceRNA regulatory networks were inferred based on the 
immune‑related lncRNAs using miRcode (16) and miRDB (17) 
databases. The miR‑200‑centered regulation network was 
identified. mir‑200 is a critical miRNA in the progression of 
ccRCC (27). The specific mechanism of DSCR9 in regulating 
miR‑200 in ccRCC needs to be elucidated in the future.

In the constructed ceRNA networks, two cohorts were 
used to validate that DSCR9 was an independent unfavor‑
able factor for PFS in patients with ccRCC. DSCR9 was first 
reported to express preferentially in testis with unknown func‑
tion in 2002 (28). Studies in subsequent years reported that it 
was expressed in numerous tissues, such as the kidney (29), 
prostate (30), testis (29) and breast (31). The genetic locus of 
DSCR9 (21q22.13) was linked to the human eye color pheno‑
type (32). DSCR9 was also reported to be associated with 
prostate cancer (30), Down's syndrome (33) and patients with 
rheumatoid arthritis (34). Recent studies reported that DSCR9 
was significantly associated with immune infiltration and 
survival, in conditions including pancreatic cancer (35) and 
triple‑negative breast cancer (31). The present study demon‑
strated the DSCR9 was associated with CTLA4 and PDCD1, 
which indicated that it may be related to immunotherapeutic 
responses.

In the present study, correlation between lncRNA DSCR9 
and tumor metastasis and immune‑related pathways was 
demonstrated based on a series of data analyses. It is demon‑
strated that DSCR9 could be an independent risk factor for the 

Figure 7. RNA expression levels of DSCR9 in ccRCC tumors and normal 
samples (n=60). Paired Student's t‑test was used. ***P<0.001.

Figure 6. DSCR9 could be a novel prognostic marker. Kaplan Meier curves of PFS and DSCR9 in the (A) TCGA cohort and (B) ICGC cohort. (C) The 
sub‑network of DSCR9 from the competing endogenous RNA network. (D) Pearson correlation of DSCR9 and three immunotherapeutic markers, CD274 
(also known as PD‑L1; P=0.45), CTLA4 (P=4x10‑15) and PDCD1 (also known as PD‑1; P=3.3x10‑9), respectively from left to right. lncRNA, long non‑coding 
RNA; miRNA, micro RNA; OS, overall survival; PFS, progression‑free survival; TCGA, The Cancer Genome Atlas; ICGC, International Cancer Genome 
Consortium; TPM, transcripts per million; PDCD1, programmed cell death protein 1.
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PFS prognosis of patients with ccRCC. Patients with a higher 
level of DSCR9 demonstrated worse PFS. It is essential to 
determine whether more lncRNAs could serve as biomarkers 
and therapeutic targets. Moreover, how DSCR9 regulates 
ccRCC metastasis, for example, by the T cell receptor signaling 
pathway and the specific molecular mechanism require further 
study and elucidation. Addressing these points is crucial for 
understanding the biological function of DSCR9 in ccRCC 
metastasis.

The limitations of the present study should be disclosed. 
First, although the PFS prognostic potential of DSCR9 in 
ccRCC was discovered, validation using further independent 
cohorts and prospective clinical trials are needed in the future. 
Second, the predicted regulation network implied a role for 
DSCR9 in ccRCC progression potentially by interacting 
with miRNAs. However, to validate the role of DSCR9, 
fluorescence in  situ hybridization dual‑luciferase reporter 
experiments should be performed in the future to explore the 
specific binding site of DSCR9 with miR‑200.
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