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Long non-coding RNAs as prognostic biomarkers
in papillary renal cell carcinoma
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Abstract. The aim of the present study was to identify long
non-coding RNA (IncRNA)-based prognostic biomarkers in
papillary renal cell carcinoma (pRCC). IncRNA expression
data and corresponding clinical data from patients with pRCC
were obtained from The Cancer Genome Atlas. R software
and packages were used for data analysis. Univariate Cox
regression analysis and least absolute shrinkage and selection
operator regression were performed to identify key IncRNAs,
which were then used to construct a prognostic model using
multivariate Cox regression analysis. Patients were divided into
high- and low-risk groups, and Kaplan-Meier (KM) survival
curves and time-dependent receiver operating characteristic
(ROC) curves were plotted. The C-index was calculated to
estimate the model's prognostic power. The hazard ratio (HR),
95% confidence interval (CI), and statistical significance
of each key IncRNA were also calculated by multivariate
Cox regression. Based on the result of the multivariate Cox
regression analysis, KM survival plots were plotted for each
significantly associated IncRNA. The subcellular locations of
the prognostic biomarkers were predicted using IncRNAMap
and IncLocator. A total of 17 IncRNA signatures were identified
as key IncRNAs. Overall survival rate was significantly higher
in the low-risk group compared with the high-risk group. The
areas under the ROC curve were 0.93 (3-year ROC) and 0.902
(5-year ROC), and the C-index was 0.915. A forest plot was used
to illustrate the HR and 95% CI of key IncRNAs. KM survival
analysis revealed the prognostic significance of two protective
biomarkers, AC024022.1 and GAS6-AS]1, and three adverse
biomarkers, AC087379.2, ALL352984.1,and AL499627.1. It was
predicted that AC024022.1 and AC087379.2 may be located in
the cytoplasm and GAS6-ASI may be located in the cytosol.
The present study may contribute to the management of pRCC
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and serve as a foundation for further investigations into the
underlying mechanism of tumorigenesis and progression of
pRCC.

Introduction

According to Globocan 2018, 403,262 new cases of renal cell
carcinoma (RCC) were diagnosed in 185 countries and these
accounted for 2.2% of 36 types of cancer (1). The number of
deaths associated with RCC was 175,098, accounting for 1.8%
of deaths associated with 36 types of cancer (1). Papillary
RCC (pRCC) accounts for 10-20% of all RCC cases (2).
At present, surgery is the preferred therapeutic option for
localized and locally advanced pRCC, and several agents,
including anti-vascular endothelial growth factor drugs and
mTOR inhibitors may be considered when treating advanced
and metastatic pRCC (2). At present, pathological stage based
primarily on clinicopathological data is still the most impor-
tant factor influencing the prognosis of renal carcinoma, but it
does not reflect the biological heterogeneity of the cancer (3).
In recent years, with the development of molecular biological
techniques and bioinformatics, new biomarkers have the
potential of becoming effective and specific prognostic factors
for different types of cancer, including pRCC.

Long non-coding RNAs (IncRNAs) are RNA transcripts
that do not encode proteins and are >200 nucleotides (nt) in
length. IncRNAs are a diverse class of RNAs, distinct from
mRNAs, and are involved in a number of important biological
phenomena, including imprinting genomic loci, shaping chro-
mosome conformation and allosterically regulating enzymatic
activity (4-6). IncRNAs account for the largest portion of the
mammalian non-coding transcriptome (7). Specific IncRNA
expression patterns, such as overexpression, depletion, or muta-
tions of IncRNA genes are associated with numerous human
diseases (7,8). Altered expression of specific IncRNAs may
promote tumor formation, progression and metastasis in many
malignancies, including RCC (8-10). Based on the features of
cancer, IncRNAs have been suggested to serve important roles
in their tumorigenesis, progression, treatment, and prognosis.
However, the functions of most of the IncRNAs are not well
understood.

In the present study, IncRNA-based prognostic biomarkers
were identified and a prognostic model of pRCC was
constructed. The IncRNA expression profiles between pRCC
tissues and corresponding normal kidney tissues from The
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Cancer Genome Atlas (TCGA) were compared. Key IncRNAs
were screened by univariate Cox regression and least abso-
Iute shrinkage and selection operator (LASSO) regression,
followed by multivariate Cox regression analysis to establish
the prognostic model using the obtained IncRNA expression
data and corresponding clinical data of patients with pRCC.
The Kaplan-Meier (KM) survival curves, ROC curves and
the C-index were determined to estimate the prognostic
power of the model. In addition, the hazard ratio (HR) and
corresponding P-value of each key IncRNA were calculated
by multivariate Cox regression. Based on results of the multi-
variate Cox regression analysis, KM survival analysis for each
significant key IncRNA was performed.

The results of the present study may contribute to the
management of pRCC and improve our understanding of
the underlying molecular mechanisms in tumorigenesis and
progression of pRCC.

Materials and methods

IncRNA expression data and clinical data of patients with
PRCC. IncRNA expression data and corresponding clinical
data of patients with pRCC were obtained from the TCGA
database (https://portal.gdc.cancer.gov/) (11). The version
of the dataset was: Data Release 14.0-December 18, 2018.
A total of 32 cancer-adjacent normal tissues and 289 cancer
tissues from patients with pRCC were included. R software
(version 3.4.4) (12), RStudio 1.2.1335-Windows 7+ (64-bit) (13)
and R packages were used to prepare and analyze the
corresponding data.

Differential expression analysis. The R package ‘edgeR’ (14)
was utilized to screen differentially expressed IncRNAs in
pRCC tissues compared with normal kidney samples. A false
discovery rate (FDR) <0.05 and llog,FCI>2 were used as the
cutoff criteria for the differential expression, and values beyond
these cutoffs were considered statistically significant. The
differentially expressed IncRNAs were plotted using a volcano
plot and heatmap using the R packages ‘ggplot2’ (cran.r-project.
org/web/packages/ggplot2/index.html) and ‘pheatmap’
(cran.r-project.org/web/packages/pheatmap/index.html).

Univariate Cox regression. To determine the association
between the expression of differentially expressed IncRNAs
and overall survival (OS) rate, univariate Cox regression
was performed using the ‘survival’ package (cran.r-project.
org/web/packages/survival/index.html). P<0.05 was consid-
ered to indicate a statistically significant difference. Survival
data, including the survival time and survival status were
merged with the expression data of the differentially expressed
IncRNAs. Univariate Cox regression was then performed and
statistically significant IncRNAs were identified and used for
LASSO regression.

LASSO regression. To identify key IncRNAs with better
performance parameters and to avoid overfitting, only
statistically significant IncRNAs based on the results of the
univariate Cox regression analysis were used for further
LASSO regression using the ‘glmnet’ (https://cran.r-project.
org/web/packages/glmnet/index.html) and ‘survival’ packages.
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Similarly, the survival and expression data of the statisti-
cally significant IncRNAs from the results of the univariate
Cox regression analysis were merged. Using the R packages
‘glmnet’ and ‘survival’,and the LASSO algorithm, the IncRNAs
involved in the prognosis of patients with pRCC were selected
by shrinkage of the regression coefficient, through imposing
a penalty proportional to their size (15). As a result, most
potential indicators were shrunk to zero and a relatively small
number of indicators with a weight 20 were left (17 InRNAs).

Multivariate Cox regression. To further establish a prognostic
model and to determine the relationship between the key
IncRNAs based on the LASSO regression analysis results and
the OS time, multivariate Cox regression analysis was performed
using the ‘survival’ package, which calculated the risk score
for each patient. All the patients were divided into high- and
low-risk groups based on the median cutoff point of the risk
scores (median, 0.76). In addition, the HR, 95% CI and statistical
significance of each key IncRNA was calculated and illustrated
using a forest plot via the R package ‘survminer’ (cran.r-project.
org/web/packages/survminer/index.html). P<0.05 was consid-
ered to indicate a statistically significant difference. A heatmap
was used to illustrate the expression levels of the key IncRNAs
in both the groups.

ROC curve and C-index. To evaluate the prognostic power of
the model, the 3-year and 5-year ROC curves were generated
and the area under the curves (AUCs) were calculated using
the ‘survival’ and ‘timeROC’ (cran.r-project.org/web/pack-
ages/timeROC/index.html) packages. An AUC of <0.5 was
considered insignificant, while an AUC of 0.51-0.7, 0.71-0.9,
and >0.9 were considered low, moderate, and high accuracy for
the prognostic model, respectively. Furthermore, the C-index
was calculated using the ‘survival’ package. The evaluation
criterion of the C-index was similar to that of the AUC.

KM survival analysis. The KM survival curve was performed
for the high- and low-risk groups using the ‘survival’ package.
KM survival curves were plotted individually for each key
IncRNA obtained in the multivariate Cox regression analysis.

Prediction of subcellular location. As the function of IncRNA
is associated with its subcellular localization, the sequences of
the prognostic biomarkers were obtained from the IncRNAMap
website (16). The obtained sequences were entered into the
IncLocator website to predict the subcellular localization of
the IncRNA (17). The results were obtained as a score for each
potential subcellular location for each IncRNA, including the
cytoplasm, nucleus, ribosome, cytosol and exosome. Finally, a
location was predicted for each IncRNA, using a function of
the website.

Results

Identification of differentially expressed IncRNAs in pRCC.
A total of 14,447 IncRNAs were extracted from the database,
and 8,044 IncRNAs were identified as expressed genes.
Moreover, 1,001 IncRNAs were differentially expressed in
pRCC tissues compared with normal tissues according to the
screening criterion (FDR <0.05 and llog,FCI>2). Of these, 546
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were upregulated (log,FC>2) and 455 were downregulated
(log,FC<-2; Fig. 1A).

Establishment and evaluation of the prognostic model.
Univariate Cox regression analysis was first performed for the
1,001 differentially expressed IncRNAs. Of these, the differen-
tial expression of 348 was considered statistically significant.
LASSO regression was carried out on these 348 IncRNAs, and
17 key IncRNAs were identified (Fig. 1B and C). Multivariate
Cox regression was performed to establish the prognostic
model based on the 17 key IncRNAs. The risk scores for
all patients were calculated, and patients were divided into
high- and low-risk groups based on 0.76, the median cutoff
point of the scores. To evaluate the prognostic model, the
3-year and 5-year ROC curves were plotted and the C-index
was calculated. The AUC values were 0.93 (3-year ROC) and
0.902 (5-year ROC), and the C-index was 0.915 (Fig. 2A).
Furthermore, KM survival analysis revealed that the OS rate
was significantly worse in the high-risk group compared with
the low-risk group (P<0.001; Fig. 2B). The HR, 95% CI, and
its statistical significance for each of the 17 key IncRNAs were
determined using multivariate Cox regression, and the results
are presented as a forest plot in Fig. 3.

KM survival analysis for key IncRNAs. Based on the results
of the multivariate Cox regression, six IncRNAs, AC024022.1,
ACO087379.2, AL352984.1, AL499627.1, GAS6-ASI1
and MEG3, were used for further KM survival analysis.
AC024022.1 and GAS6-AS1 were identified as protective
prognostic biomarkers, while AC087379.2, AL352984.1 and
AL499627.1 were identified as adverse prognostic biomarkers
(Fig. 4A-E). MEG3 may additionally be a potential adverse
prognostic biomarker, although the difference was not
statistically significant (Fig. 4F).

Subcellular location prediction. IncLocator predicted that
AC024022.1 and AC087379.2 were located in the cytoplasm
and GAS6-AS1 was located in the cytosol (Table I). The
subcellular localizations of AL352984.1 and AL499627.1 were
not predicted as IncRNAMap website did not possess a record
of their sequences. The sequence information of AC024022.1,
AC087379.2 and GAS6-ASI obtained from IncRNAMap are
presented in Table SI.

Discussion

Transcription is classified into protein-coding and non-coding
transcripts. Coding genes are estimated to account for <2%
of the human transcripts, while non-coding RNA transcripts
account for ~98% of transcriptome (18,19). Among the
non-coding transcripts, IncRNAs are a loosely classified
group of long RNA transcripts (>200 nucleotides in length)
with no apparent protein-coding potential (4). However,
IncRNAs not only have similar structures as protein-coding
genes such as introns and exons, but also possess a wide
range of biological functions involved in a variety of cellular
activities (19). For instance, IncRNAs are involved in cell
proliferation, survival, apoptosis and movement by regu-
lating gene expression at the epigenetic, transcriptional, and
post-transcriptional levels (20,21). The functions of IncRNA
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Table I. Prediction of subcellular locations of long non-coding
RNAs.

Location AC024022.1  ACO087379.2 GAS6-AS1
Cytoplasm  0.512660116  0.603843419  0.139349109
Nucleus 0.363217766  0.097721928  0.107388576
Ribosome  0.016871894  0.073857973  0.094522592
Cytosol 0.06045974  0.073769925  0.640534382
Exosome 0.046790483  0.150806755  0.01820534
Predicted Cytoplasm Cytoplasm Cytosol
location

The numbers listed in the table represent the scores for the corresponding
subcellular locations. The number of the score ranges from O to 1.

are primarily executed by serving as a: i) Molecular signal
that can respond to intracellular or extracellular signals and
act as a regulator for specific signal pathways; ii) molecular
decoy that may combine certain RNAs or proteins that may
be removed from a particular subcellular location, thus abro-
gating or attenuating their normal function; iii) molecular
guides for proteins to a specific mRNA or chromosome locus,
influencing genetic transcription, mRNA stability and trans-
lation; and iv) molecular scaffold, which can bind multiple
molecules for specific functions (20). The subcellular local-
ization of IncRNA can be used to predict its functions (20).
For example, if a IncRNA is located in the nucleus, it may
be involved in chromatin regulation, gene transcription and
alternative splicing of transcripts, whereas if it is in the cyto-
plasm, it may serve as a competing endogenous (ce)RNA or
regulate mRNA stability or translation.

At present, there is increasing evidence that aberrations
within IncRNAs such as overexpression, deficiency or muta-
tions drive important cancer phenotypes (18), including tumor
formation, progression and metastasis in many types of
cancer (7,8,10,22,23). In addition, certain aberrant IncRNAs are
additionally associated with increasing the malignant biological
behaviors of cancer cells, clinicopathological features and poor
prognosis of cancers (23-25). In clear cell RCC, some aberrant
IncRNAs, such as PVT1, TUGI, NEAT1, and PANDAR, can
serve as prognostic indicators (26-29). However, to the best of
our knowledge, there are no previous studies investigating the
association between IncRNA and the prognosis of pRCC.

In the present study, to identify potentially valuable
IncRNAs for improving prognosis of patients with pRCC,
existing IncRNA expression data along with corresponding
clinical data in TCGA was analyzed to identify the key
IncRNAs using univariate Cox regression and LASSO regres-
sion analyses. A prognostic model was then constructed
by multivariate Cox regression based on the identified key
IncRNAs. All the patients were divided into high- and low-risk
groups and the KM survival curves, ROC curves and C-index
calculation were performed, and the prognostic power of the
model was estimated. In addition, the HR and 95% CI of each
key IncRNA were also calculated by multivariate Cox regres-
sion analysis. Based on these results, KM survival analysis
was performed for each significant key IncRNA. A total of
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Figure 1. Identification of 17 key IncRNA signatures using univariate Cox and LASSO regression. (A) Volcano plot of all IncRNAs. A total of 1,001 differ-
entially expressed IncRNAs out of 8,044 were identified in pRCC, including 546 upregulated and 455 downregulated IncRNAs (FDR<0.05 and llog,FCI>2).
(B) Tuning parameter and (C) variable selection using the LASSO model. The numbers on the top of the figures indicated the number of the candidate IncRNAs
for the corresponding lambda () value in LASSO regression. A total of 348/1,001 significant IncRNAs from the result of the univariate Cox regression were
used for the LASSO regression, and 17 key IncRNAs were identified by multivariate Cox regression. pRCC, papillary renal cell carcinoma; IncRNAs, long
non-coding RNAs; LASSO, least absolute shrinkage and selection operator; FC, fold change; FDR, false discovery rate.
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Figure 2. Establishment and evaluation of the prognostic model. (A) 3-year and 5-year ROC curves and C-index of the 17 key IncRNAs. AUC=0.93 (3-year
ROC) and AUC=0.902 (5-year ROC), C-index=0.915. (B) KM survival curve of the risk level. Overall survival rate of patients with low-risk scores was
significantly higher (P<0.001). (C) Heatmap of the expression levels of the 17 key IncRNAS in the high-risk group and low-risk group. Red and green represent
increased and decreased normalized expression value of the IncRNAs in all patients, respectively. KM, Kaplan-Meier; ROC, receiver operating characteristic;
AUC, area under curve; IncRNAs, long non-coding RNAs.
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Figure 3. HR and 95% CI of the 17 key IncRNAs by the multivariate Cox regression. A total of 285 patients was included in the analysis. Of the 17 key
IncRNAs, six had a significant influence on the OS rate of patients with pRCC, including AC024022.1, AC087379.2, AL352984.1, AL499627.1, GAS6-AS1 and
MEG3. HR, hazard ratio; CI, confidence interval; IncRNAs, long non-coding RNAs; OS, overall survival; pRCC, papillary renal cell carcinoma.

1,001 differentially expressed IncRNAs were identified, of
which 546 were upregulated and 455 were downregulated.
Furthermore, univariate Cox regression and LASSO regression
analyses identified 17 key IncRNAs, which were used to estab-
lish the prognostic model. Furthermore, the results of the KM
survival analysis revealed that patients in the high-risk group
had significantly lower OS rate compared with the low risk
group. Based on the multivariate Cox regression analysis, six
IncRNAs were identified as potential prognostic biomarkers.
The prognostic values of five IncRNAs, AC024022.1,
ACO087379.2, AL352984.1, AL499627.1, and GAS6-AS1
(all P<0.05), were validated by KM survival analysis.
Subsequently, the nucleotide database was retrieved
from the IncRNA map. The IncRNA AC024022.1
(ENSG00000250781) is the sequence of ‘Homo sapiens
BAC clone RP11-63A11’. The IncRNA AC087379.2
(ENSG00000254695) is defined as ‘Homo sapiens chromo-
some 11, clone RP11-396020°. The IncRNA AL352984.1
(ENSG00000258386) is the sequence of Homo sapiens BAC
R-187E13 of library RPCI-11 from chromosome 14. The
IncRNA AL499627.1 (ENSG00000260542) is the sequence

from clone RP13-379024 on human chromosome 20. GAS6-
AS1 (ENSG00000233695) is defined as Homo sapiens
GAS6 antisense RNA-1. Decreased expression of IncRNA
GAS6-AS1 predicted a poor prognosis in patients with
non-small cell lung cancer (NSCLC) (30), consistent with the
present study. Decreased expression of GAS6-ASI predicted
a worse OS rate, suggesting that GAS6-AS] is a protective
biomarker for the prognosis of pRCC. Correct subcellular
localization of IncRNA transcripts is important for their
functions. Therefore, the subcellular locations of the IncRNA
transcripts were predicted using IncLocator (17) based on the
sequences acquired from IncRNAMap (16). It was predicted
that AC024022.1 (ENSG00000250781) and AC087379.2
(ENSG00000254695) were likely located in the cytoplasm,
and GAS6-AS1 (ENSG00000233695) were likely located
in the cytosol. The subcellular localization of AL352984.1
(ENSG00000258386) and AL499627.1 (ENSG00000260542)
were not predicted because their sequence information was
not present on IncRNAMap. As previously mentioned, if a
IncRNA was located in the cytoplasm or cytosol, it may serve
as a ceRNA, and regulate mRNA stability or translation (20).
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Figure 4. KM survival curves of the six significant key IncRNAs identified by multivariate Cox regression. (A) AC024022.1 and (B) GAS6-AS1 were identi-
fied as protective prognostic biomarkers, while (C) AC087379.2, (D) AL352984.1 and (E) AL499627.1 were identified as adverse prognostic biomarkers
(all P<0.05). (F) MEG3 did not adversely affect OS rate (P=0.06). KM, Kaplan-Meier; pRCC, papillary renal cell carcinoma; IncRNAs, long non-coding

RNAs; OS, overall survival.

Therefore, we hypothesized that IncRNAs AC024022.1
(ENSG00000250781), AC087379.2 (ENSG00000254695),
and GAS6-AS1 (ENSG00000233695) acted as ceRNA,
and served a role in regulating the stability or translation of
mRNA. Unfortunately, to the best of our knowledge, there
were no previous studies for these IncRNAs, and further
studies are required to investigate the features, functions, and
mechanisms of them.

In summary, a 17-IncRNA signature was constructed by
mining the TCGA database, and identified two protective
IncRNAs, AC024022.1 (ENSG00000250781) and GAS6-AS1
(ENSG00000233695), and three potentially tumorigenic
IncRNAs, AC087379.2 (ENSG00000254695), AL352984.1
(ENSG00000258386) and AL499627.1 (ENSG00000260542).
AC024022.1 (ENSG00000250781) and AC087379.2
(ENSG00000254695) might be located in the cytoplasm

while GAS6-AS1 (ENSG00000233695) might be located
in the cytosol. The present study identified novel IncRNAs,
which may serve as biomarkers for the prognosis of pPRCC and
these findings may contribute to the management or further
investigation into the underlying mechanisms of pRCC.
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