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Introduction: Introduction. Renal cell carcinoma (RCC) is a common malignant tumor worldwide, and to explore, accurate 
prediction models are essential to the diagnosis and treatment.
Methods: In the present study, the profile expression of RCC patients for long non-coding RNAs (lncRNAs) were obtained from the 
database of The Cancer Genome Atlas (TCGA). The Gene Set Enrichment Analysis (GSEA) showed that the gene sets related to 
autophagy are significantly differentially expressed among the paired normal tissues and RCC. Multivariate and univariate Cox 
analyses were used to construct the gene signature related to prognosis. Receiver Operating Characteristic (ROC) dependent on the 
time factor and the Kaplan-Meier curves are used for evaluating identified signatures. For gene signature combination, a nomogram 
with associated clinical constraints was designed.
Results: Multivariate and Univariate Cox analyses presented seven autophagy-related lncRNAs were significantly correlated with 
Overall Survival (OS) for people with RCC. Risk scores of lncRNA prognostic signature, related to autophagy helped in distinguishing 
the patients accurately among the low-risk and high-risk RCC based on age, sex, grade of tumor, T, M, N, and AJCC stages. The RCC 
condition patients, as per their signature were put into the category of low and high-risk groups, having varying prognostic outcomes. 
Gene signature is an independent prognosticator for OS, accurately predicting 3–5 year survival time for RCC patients from either of 
the two groups. GSEA revealed that high-risk scores of the prognostic seven-long non-coding signature correlate with immune- 
regulatory and cancer, signaling pathways, whereas a low-risk score correlates with metabolism. The quantitative reverse chain 
reaction of transcription-polymerase verified differential expression of seven lncRNAs autophagy-related samples.
Conclusion: The results depict that seven autophagy-related lncRNA prognostic signature helps in predicting the prognosis 
accurately among people with RCC.
Keywords: autophagy, lncRNA, renal cell carcinoma, prognosis, GSEA

Introduction
Renal Cell Carcinoma (RCC) is another cancer, developed commonly in human urinary organs, with an incidence rate of 3% 
of entire body malignant tumors. The incidence of RCC is rising annually by 2% all over the world.1 Despite significant 
advances in surgery, molecular immunity, gene therapy, and molecular targeted therapy against tumor angiogenesis, patients 
with RCC present with poor survival chances. On average, the survival time of people with metastatic RCC (mRCC) is only 13 
months, and approximately 50% of patients have less than one year of median survival time. In contrast, the 5-year survival 
time stands at only 10%.2 Therefore, it is crucial to establish tools to predict the prognosis accurately among patients suffering 
from RCC. It would also guide the clinicians in diagnosing and treat RCC for better therapeutic outcomes.

Autophagy is defined as a conserved evolutionarily catabolic process, in which misfolded proteins, damaged as well as aged 
organelles, and mutated proteins can be confiscated in double-membrane vesicles called autophagosomes for digestion and 
degradation in the lysosome.3 However, dysregulation of autophagy is implicated in several human diseases, such as 
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neurodegenerative diseases,4 cardiomyopathies,5 infectious diseases,6 type II diabetes,7 fatty liver disease,8 and cancer.9 Some 
scholars reveal that Inhibition of PI3K/AKT/mTOR signaling pathway could induce autophagy-mediated cell death in renal 
cancer.10 There are also studies that inspire us that improve the efficacy of certain drugs on renal tumors by inhibiting p53, and this 
effect may play a role in inhibiting the autophagic process induced by p53.11 Interestingly, under normal physiological conditions, 
autophagy prevents the accumulation of proteins and organelles damaged by carcinogens and inhibits malignant transformation. 
In contrast, the process of autophagy can also provide nutrition to the cancerous cells for promoting higher tumor growth.12 

Therefore, it was also essential to discover the biomarkers related to autophagy and develop prognostic signatures, which also 
serve as the predictive biomarkers and early diagnostic factors for people suffering from RCC.

The Human Genome Project revealed that protein-coding genes account for less than 3% of the total number of human genes, 
and approximately 90% of the transcribed genes do not encode proteins.13,14 Such transcripts without protein expression are called 
non-coding RNAs (ncRNAs). In recent years, ncRNAs have gradually become a research hotspot. Long non-coding RNAs 
(lncRNAs) were other common ncRNAs that can extend up to 200 nucleotides in length. LncRNAs also help in regulating 
essential functions in biology like the survival, growth of cells, chromatin modifications, genomic imprinting, as well as regulation 
of allosteric enzyme activities.15 Furthermore, lncRNAs hold a vital part in the pathogenesis of several human diseases, including 
the development and progression of several types of cancers.16–18 A previous study has shown that lncRNAs regulate autophagic 
functions; the downregulation of lncRNA MEG3 promotes the proliferation of bladder cancer cells by activating autophagy.19 

Some latest discoveries in transcriptome sequencing have enabled the discovery of several lncRNAs related to RCC, as well as 
novel functions and mechanisms of some specific lncRNAs.20,21 Studies also present the fact that few of the lncRNAs could also 
act as potential prognostic biomarkers in Hepatocellular Carcinoma (HCC).22,23 Some other researchers also report the potential 
of lncRNA signatures in the prediction of HCC prognosis.24,25 However, studies on the value of potential lncRNA signatures 
related to autophagy in predicting survival outcomes for people with RCC are lacking. Therefore, in the present research, using the 
database of The Cancer Genome Atlas (TCGA), a seven-lncRNA signature is developed with autophagy-related gene sets for 
predicting the survival time for people having RCC. Moreover, with the help of different cohorts of RCC patients, an inclusive 
analysis was carried out to validate and identify the robust and novel molecular signature. Furthermore, we investigated prognostic 
values of molecular signature in different clinical groups and also identified the primary biological process and molecular method 
involved in tumorigenesis as well as in RCC development using Gene Set Enrichment Analysis (GSEA). Overall, our study aimed 
to provide valuable information for facilitating more effective stratification and predicting the survival outcomes of people having 
RCC using lncRNA signatures.

Materials and Methods
Collection of Clinical Samples and Transcriptional Data
Clinical data and RNA expression details for all the considered patients were taken through the database of TCGA-GDC 
(https://portal.gdc.cancer.gov/). The medical data (Supplementary File S1) extracted from the website includes information 
about sex, age, Overall Survival (OS), grade, stage, distant metastasis, and metastasis of lymph node. The autophagy-related 
genes (Supplementary File S2) expression profiles were taken from a database of GSEA (http://www.gsea-msigdb.org/gsea/ 
index.jsp). People with vague living status or incomplete medical data were not included in the study. Tumor tissues were 
extracted from postoperative specimens of patients in our research institution. This study is consistent with the Declaration of 
Helsinki. And it was approved by the ethics committee of Chongqing Emergency Medical Center[number 2021–37]. The 
patients have provided written informed consent and agreed to publish case details.

Autophagy-Related lncRNAs Identification and Prognostic Model Construction
To discover autophagy-related lncRNAs from clinical data, Pearson correlation analysis was carried out. The connection between 
lncRNAs and autophagy-related genes was made on expression levels. The criteria for Selection were |R|>0.4 and P<0.001 were 
used to select lncRNAs (Supplementary File S3). Multivariate and Univariate Cox regression analyses were done with the help of 
the survival package of R, hazard ratios (HRs), β (Cox), and P-values were obtained. HRs are used for identifying and protective 
lncRNAs (HR<1) and risk-related lncRNAs (HR>1). Afterward, seven target autophagy-related lncRNAs were selected to build 
a prognostic signature model. The predictive model is made using seven autophagy-related lncRNAs using the following formula:

https://doi.org/10.2147/IJGM.S381027                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2022:15 8144

Du et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://portal.gdc.cancer.gov/
https://www.dovepress.com/get_supplementary_file.php?f=381027.pdf
https://www.dovepress.com/get_supplementary_file.php?f=381027.pdf
http://www.gsea-msigdb.org/gsea/index.jsp
http://www.gsea-msigdb.org/gsea/index.jsp
https://www.dovepress.com/get_supplementary_file.php?f=381027.pdf
https://www.dovepress.com
https://www.dovepress.com


RiskScore ¼∑n
i¼1Coef ðiÞ � xðiÞ.26 Where Coef (i) is the regression coefficient estimated and x (i) is the expression 

value of every autophagy-related lncRNA.

Verification and Evaluation of the Accuracy of Prognostic Signature
The survival curve Kaplan-Meier was used to assess the survival time for groups with high and low risk. The expression 
was then drawn out using a heat map and scatter point profiles of autophagy-related genes and the prognosis of patients 
with RCC in the two groups. Finally, The prediction accuracy was assessed by using the ROC curve. To validate the 
connection of the risk score with the clinical features of RCC patients, Pearson’s correspondence analysis has been done. 
The ability of autophagy-related lncRNAs to independently predict the risk of RCC was assessed using multivariate and 
univariate Cox regression analyses. Additionally, a stratified analysis was carried out to examine the prognostic precision 
prediction in the survival rates of patients based on other clinicopathological features.

Validation and Establishment of the Nomogram
A nomogram was designed to offer a reliable method to estimate the survival periods of RCC patients for three and five 
years based on risk values and other clinicopathological characteristics. Next, calibration curves have been used to 
evaluate the accuracy between the patient survival time anticipated and the observed value. The area underneath the ROC 
curve (AUC) values for the prediction of RCC prognoses to measure the accuracy of our nomogram.

Gene Set Enrichment Analysis (GSEA)
GSEA (Gene Set Enrichment Analysis) was conducted to discover functional phenotypes between the high-and low-risk 
groups. The GSEA software was (https://www.gsea-msigdb.org/gsea/index.jsp) used to discover high-risk and low-risk 
differentially expressed genes. After 1000 permutations, an enriched gene set was achieved on the P-value less than 0.05 
with a false discovery rate (FDR) less than 0.25.27 A study of the signals in RCC in high-risk and low-risk groups was 
conducted in the Kyoto Encyclopedia of Genes and Genomes (KEGG).

Quantitative Reverse Transcription-Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted from the tumor and adjacent normal tissues using TRIzol reagent (Invitrogen, California, USA). 
When these tissues were obtained, none of the patients had received any special treatment other than surgery. The 
concentration of RNA is estimated using a NanoDrop2000 spectrophotometer (Thermo Fisher Scientific, Wilmington, 
USA). Then, RNA is reverse-transcribed to cDNA with the help of a Prime-Script RT reagent Kit with gDNA Eraser 
(Takara) according to the manufacturer’s instructions. The lncRNA expression stages are estimated with the help of an 
SYBR Green PCR Master Mix kit (Takara, Beijing, China) on an Applied Biosystems Real-time 7500 PCR system using 
GAPDH for internal control. The levels of expression in lncRNAs are quantified relative to those of the internal standard 
applying the 2–ΔΔCt method. Every sample was measured three times, and the average relative expression was calculated. 
The primer sequences applied here in the study are written in Table 1.

Statistical Analysis
Data is estimated using a programming language: PERL (https://www.perl.org/), version (Strawberry-Perl-5.32.0.1–64bit. 
msi). R software (https://www.r-project.org/), version R x64 4.1.0 was used to perform statistical analysis plot graphs.

Results
Acquisition of Prognostically Significant Autophagy-Related lncRNAs in Samples from 
RCC Patients
Initially, 538 people and their medical data about clear-cell RCC used in this research, was downloaded. Moreover, we 
extracted the expression profiles of 232 autophagy-related genes through Human Autophagy Database (HADb) and acquired 
expression profiles of 442 lncRNAs related-autophagy with the help of Pearson correlation analysis among the lncRNA 
samples and autophagy-related genes as per the following selection standard: |R|>0.4 and P<0.001. Univariate Cox regression 
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analysis in combination with the clinical survival data revealed a significant correlation of 20 lncRNAs with survival time (P < 
0.05) (Supplementary File S4). By performing multivariate Cox regression analysis, the following seven potential lncRNAs 
were filtered out to construct the prognostic signature: AL021707.6, HOTAIRM1, AC084876.1, AC010973.2, LINC01507, 
AC016773.1, and AC026401.3). Among these, the HRs of HOTAIRM1, AC084876.1, AC016773.1, and AC026401.3 were 
more significant than 1, while those of the remaining lncRNAs were smaller than 1 (Table 2).

Verification of the Accuracy of the Seven-Autophagy-Related-lncRNA Prognostic 
Signature
The patients were categorized among two groups: the low-risk group (n = 265), and high-risk group (n = 265) as per the 
corresponding median cut-off values. Patients with RCC were ranked as per the risk scores of seven autophagy-related lncRNAs 
(Figure 1A). The scatter dot plot showed the connection between RCC survival rates and risk values; the time for the survival of 
patients with a higher risk scoring was reduced (Figure 1B). Kaplan-Meier Survival Curve Studies showed a much longer 
survival time and better prognosis for patients in the low-risk group than those in the high-risk (Figure 1C). The ROC curve 
showed that risk ratings might reliably be used to predict patients’ prognoses. RCC in terms of 1-, 3- and 5-year survival rates, 
and their AUC values greater than 0.7 (Figure 1D). In the heat map, the difference in expression of the lncRNAs in low and high- 
risk groups is depicted. The expression of four lncRNAs (HOTAIRM1, AC084876.1, AC016773.1, and AC026401.3) was 

Table 1 The Primer Sequences Applied in the qRT-PCR

Gene Species Sequence (5’-3’) Amplicon Size (bp)

AC084876.1 Homo sapiens Forward:CAAACCCATTCAATGTTAGGAGT 149
Reverse:GCATGATTTGTATCTGATCTTTCAC

AC010973.2 Homo sapiens Forward:TCTTGGAGATGATGAGCCTGAG 162
Reverse:AACGGAATTTGAATCCTGACG

AC016773.1 Homo sapiens Forward:TGTACTGGAACGCAAGTGAAGAC 178
Reverse:TTCAAAGAATCAGCAGGTTAGTCC

LINC01507 Homo sapiens Forward:AGGAGATACGTGCTGGAGCTG 94
Reverse:TTGTCTTCTCATCTGTAGGCTGC

AL021707.6 Homo sapiens Forward:GAAGGTCTGAGTGCAGGGATG 169
Reverse:AGGAGTGAAAGCCATTGAGAGTC

HOTAIRM1 Homo sapiens Forward:GCTGAGATTTAGCGGAGGAAG 174
Reverse:CAGGCAAAACAGACCGTGAG

AC026401.3 Homo sapiens Forward:GAACTTGTTGGGCTTCTGGTC 189
Reverse:TGCTAATATGCCTTGAATGACG

GAPDH Homo sapiens Forward:ACAACTTTGGTATCGTGGAAGG 101
Reverse:GCCATCACGCCACAGTTTC

Table 2 By Performing Multivariate Cox Regression Analysis, the Following Seven Autophagy-Related lncRNAs

Gene Symbol Ensemble ID Location β (Cox) HR P

AL021707.6 ENSG00000272669 chr22:38,742,624–38,743,115 −0.0754006401 0.9273718695 5.15692985E-06

HOTAIRM1 ENSG00000233429 chr7:27,095,647–27,100,265 0.0546865476 1.0562094914 6.57960824E-11
AC084876.1 ENSG00000277299 chr12:109,948,389–109,949,029 0.3150824389 1.3703722783 1.18306857E-11

AC010973.2 ENSG0000024415 chr7:151,074,741–151,076,530 −0.2280523936 0.7960825490 1.62555910E-08

LINC01507 ENSG00000230945 chr9:79,824,529–80,182,097 −0.1391648544 0.8700845792 4.72251902E-08
AC016773.1 ENSG00000270195 chr4:1,712,821–1,713,622 0.32670633273 1.3863942787 1.26228786E-14

AC026401.3 ENSG00000280206 chr16:15,701,236–15,702,118 0.1176020964 1.1247964617 5.79199221E-08
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upregulated in high-risk patients, while that of three lncRNAs, AL021707.6, AC010973.2, and LINC01507, was upregulated in 
low-risk patients (Figure 1E).

Correlation Analysis of Autophagy-Related lncRNAs Prognosis Signature with 
Clinicopathological Features
To identify correlations between the clinicopathological characteristics and risk scores of patients, we performed 
Pearson’s correlation analysis, which showed that except sex (P=0.3395, Figure 2B), other parameters like age 
(P=0.0465, Figure 2A), grade (P<0.0001, Figure 2C), AJCC (American Joint Committee on Cancer), stage (P<0.0001, 
Figure 2D), T stage (P<0.0001, Figure 2E), N stage (P<0.0001, Figure 2F), and M stage (P<0.0001, Figure 2G) are 
significantly associated with risk scores. These findings show that the signature of lncRNA with seven-autophagy is 
strongly related to the development of RCC.

Assessment of the Possibility of Autophagy-Related lncRNAs to Predict the Risk of 
RCC
Next, we verified whether autophagic-related signature lncRNA might be used by Cox univariate and multi-variated 
regression analysis as an independent forecaster in patients with RCC. Univariate analysis showed that T (P<0.001), 
N (P<0.001), M stage (P < 0.001), AJCC stage (P<0.001), grade (P<0.001), and risk score of autophagy-related 
prognostic lncRNAs (P<0.001) were correlated significantly to the survival time, but not sex (P=0.951) and age 
(P=0.134) (Figure 3A). The multivariate analysis resulted that M-stage (P<0.001) and the Risk values based on the 
lncRNA prognostic signature related to autophagy (P < 0.001) are significantly correlated to the survival time 
(Figure 3B). In the interim, multiparameter ROC analyses depicted that the AUC value of the risk scores was 0.751 
(Figure 3C). Therefore, all the listed findings showed that risk scores based on the lncRNA related-autophagy prognostic 
signature could predict the prognosis of patients with RCC independently.

Figure 1 Construction and verification of autophagy-related long non-coding RNA (lncRNA) prognostic signature in patients with renal cell carcinoma (RCC). (A) 
Categorization of low and high-risk people suffering from RCC as per their autophagy-related lncRNA prognostic signature. (B) Scatter dot graph depicts a connection 
among survival rates of patients with RCC as well as their risk score based on autophagy-related lncRNA signature. (C) Curve analysis Kaplan-Meier indicates that the 
period of survival among low and high-risk groups is considerably varied. (D) The ROC indicates the reliability of the risk score used for predicting the RCC prognosis in the 
patients. (E) The heatmap depicts differential expression of the autophagy-related lncRNAs in different risk groups.

International Journal of General Medicine 2022:15                                                                             https://doi.org/10.2147/IJGM.S381027                                                                                                                                                                                                                       

DovePress                                                                                                                       
8147

Dovepress                                                                                                                                                               Du et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Stratification Analysis with Other Clinicopathological Features
A stratification analysis was performed on an entire cohort of people having RCC according to their clinicopathological 
characteristics, such as tumor grade, age, sex, and AJCC stage. As shown in Figure 4, the survival curve analysis of 
Kaplan-Meier demonstrated the strong correlation between risk ratings based on autophagic lncRNA signature with OS 
rates of patients depending on the following features: age (>65 years vs ≤65 years), sex (female vs male), tumor grades 
(high vs low grade), metastasis (distant metastasis vs no distant metastasis), AJCC stages (early-stage [I–II] or advanced- 
stage [III–IV] RCC), primary tumor (early primary tumor [stages 1–2] vs advanced primary tumor [stages 3–4]), and 
lymph node metastasis (regional vs no regional lymph node metastasis). All these findings have revealed the precise 
prediction of prognosis in various patient groups based on the autophagy-associated lncRNA profile.

Clinical Parameters Quantification and Prognostic Accuracy Evaluation of Risk Score 
Using a Nomogram
To compute the score for the prediction model accuracy evaluation, a nomogram based on the clinicopathological 
characteristics and the prognostic autophagic lncRNA signature was used. A nomogram is constructed (Figure 5A) based 
on multiple clinicopathological traits, like sex, age, grade, AJCC stage, T stage, as well as the risk scores according to 
seven autophagy-related lncRNAs for accurately estimating 3- and 5-year survival period for the patients with RCC. The 
calibration study explained the correspondence between the three and five-year OS predicted observed for RCC patients. 
(Figure 5B and C). Furthermore, the time-dependent ROC revealed that the AUC values were 0.787 for both 3 and 5 
years. (Figure 5D). The above outcomes are verified with reliability and accuracy of the risk score based on the seven- 
autophagy-related-lncRNA signature.

Gene Set Enrichment Analysis (GSEA)
We conducted GSEA comparing high-risk and low-risk groups to determine the possible pathways and their functions 
associated with the lncRNA signature that participates in RCC development. In the high-risk group, autophagy-related 
lncRNAs were enriched significantly in immune-related signaling pathways and cancer-related signaling pathways, includ
ing autoimmune thyroid disease, primary immunodeficiency, systemic lupus erythematosus, basal cell carcinoma, as well as 

Figure 2 The seven-autophagy-related-long non-coding RNA (lncRNA) signature was associated with renal cell carcinoma (RCC) progression. The correlation among risk 
scores based on lncRNA autophagy-related signature as well as the clinicopathological features, like (A) age (P=0.0465; >65 vs ≤65 years), (B) sex (P=0.3395; male vs 
female), (C) grade (P<0.0001; grades 1–2 vs 3–4), (D) AJCC stage (P<0.0001; stages I–II vs III–IV), (E) T stage (P<0.0001; stages 1–2 vs 3–4), (F) N stage (P<0.0001; stage 0 
vs 1–3), and (G) M stage (P<0.0001; stage 0 vs 1).
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the P53 signaling pathways (Figure 6A). Additionally the autophagy-related lncRNAs, in the low-risk group, are sig
nificantly higher in energy metabolism-related signaling pathways and pathways related to amino acid metabolism, 
including butanoate, fatty acid, propanoate, sphingolipid, and tryptophan metabolic pathways, which suggests that autop
hagy-related lncRNA signature participated in the metabolic pathways regulation. GSEA also revealed that the lncRNA 
autophagy-related signature also participated in the regulation of the classical mTOR signaling pathway (Figure 6B).

Expression Evaluation of Seven Autophagy-Related lncRNAs in Normal Renal and 
RCC Tissues
To verify the variations in the expression of the seven autophagy-related lncRNAs in normal renal tissues and RCC 
tissues, we collected both the normal and tumor tissues adjacent to the tumor from 20 patients with RCC and subjected 
them to qRT-PCR analysis. The results showed that unfavorable factors (HR>1), such as HOTAIRM1, AC084876.1, 
AC016773.1, and AC026401.3, were increased significantly in RCC (Figure 7A–D). In contrast, the expression of 

Figure 3 The seven-autophagy-related-long non-coding RNA (lncRNA) signature could independently predict the prognosis of renal cell carcinoma (RCC). (A) The 
connection between the overall survival (OS), clinicopathological characteristics, and the risk score was shown using the Univariate Cox Regression Analysis. (B) 
A multivariate study of Cox regression revealed that the risk score is independent prognostic indicator for OS. (C) The prognostic exactness of clinicopathologic factors 
were shown in the ROC curve analysis and the autophagy-related lncRNA prognostic risk score.
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favorable factors (HR<1), AC010973.2 and LINC01507, in RCC tissues was decreased (Figure 7E and F). Among them, 
the expression of AL021707.6 was not significantly different between normal and RCC tissues (Figure 7G). This result 
may be attributed to the small sample size of our study, and further follow-up studies were also considered for validating 
the utility of the prognostic signature.

Discussion
RCC is amongst the highly invasive urinary system tumors. In 2018, 175,098 deaths caused by RCC were reported, 
which makes it the top 14th cause of fatalities with cancer globally.28 RCC represents one of the major immunogenic 
carcinomas.29 With its lower sensitivity to chemotherapy and radiotherapy, RCC was systemically treated by radical 
resection.30 But approximately one-third of patients with RCC display relapse after surgical excision.31,32 Additionally, 
high-risk patients with RCC have a higher recurrence rate after excision.33 Therefore, it is imperative to develop tools for 
the detection of high-risk patients at an early stage. This will facilitate the development of new treatment strategies and 
the stratification of patients according to the risk of recurrence, thereby aiding clinicians in the proper management of 
patients with RCC.34 However, the biological behavior of RCC is highly variable, and the traditional TNM staging and 

Figure 4 Stratification of high-and low-risk patients with renal cell carcinoma (RCC). The analysis of the Kaplan-Meier survival curve depicts a correlation between the risk 
score and overall survival for patients based on varying clinicopathological parameters like age, >65 (A), ≤65 (B), male (C), female (D), grade1-2 (E), grade3-4 (F) and AJCC 
stages sach as StageI-II (G), StageIII-IV (H), T1-2 (I), T3-4 (J), N0 (K), N1 (L), M0 (M), M1 (N).
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clinical imaging data are not adequate for evaluating the RCC patient’s prognosis accurately.35,36 Thus, the new 
biomarkers must be identified urgently for RCC molecular diagnosis that will help guide clinical strategies to improve 
OS and Disease-Free Survival (DFS) of people having RCC.

Another common belief is that lncRNAs do not encode the proteins directly, however, they regulate gene expression 
through various signaling pathways to promote or inhibit the progression of multiple cancer types.37,38 Previous studies 
state the involvement of lncRNAs in different biological processes of cancer, like the damaged DNA, epigenetic 
regulation, glucose metabolic disorders, immune escape, cell stemness, autophagy, and EMT (Epithelial-Mesenchymal 
Transition).19,39,40 We believe that lncRNAs can be used as novel biomarkers for predicting the cancer risk along with the 
survival outcomes of people suffering from cancer.

The prognostic prediction accuracy was analyzed systematically, in the present study for autophagy-related lncRNAs 
in RCC with the help of statistical and bioinformatics tools. First, we used the TCGA database to identify 20 autophagy- 
related lncRNAs which are correlated significantly with OC, as evidenced by a univariate Cox regression analysis of 

Figure 5 Construction of nomogram. (A) Nomogram was constructed integrations of different variables of clinical data as well as the risk score based on autophagy-related 
lncRNA signature. The nomogram depicts risk score which can estimate the three or five years accurately. (B and C) Calibration curves elucidating a concordance among 
observed and predicted three or five-year overall survival (OS) rates of people with renal cell carcinoma (RCC). (D) The ROC curve depicts AUC values of three or five- 
year survival rates (0.787 in both cases).
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autophagy-related expression of lncRNAs among patients with RCC. Then, based on the performance of autophagy- 
related lncRNAs in the multivariate Cox regression analysis, prognostic characteristics were determined, and finally, 
seven autophagy-related lncRNAs (AL021707.6, HOTAIRM1, AC084876.1, AC010973.2, LINC01507, AC016773.1, 
and AC026401.3) were selected.

Autophagy promotes not only cell survival but also cell death. In response to adverse stimuli, cells can degrade 
pathogenic proteins and damaged organelles via autophagy to recycle energy and escape from apoptosis or necrosis.41 

Kimura T’s team has found that autophagy can protect kidneys through suppressing inflammation.42 In contrast, the 
excessive activation of autophagy in cells leads to the clearance of essential components, causing cell death.43 Previous 
studies showed that for many kinds of cancers, including RCC in different stages, autophagy plays an essential 
function.44,45 Other studies have shown that starvation-induced autophagy can promote invasion and metastasis of 
bladder cancer, and autophagy regulation can affect the sensitivity of tumor cells to chemotherapeutic agents.46 

Therefore, exploring autophagy-related biomarkers is of great significance in predicting the progression of the disease 
and even prognosis in RCC patients. The function of lncRNAs related to autophagy in RCC, however, has not yet been 
completely explained. The objective of the research was to find the lncRNAs related to autophagy and to investigate their 
clinical significance in RCC.

The risk score of RCC patients was computed based on expression in the predictive signature for the seven 
autophagy-related lncRNAs and split into high-risk and low-risk groups based on their average risk score. It was 
discovered that patients with RCC in the high-risk group had shorter OS than those in the low-risk group. At the 

Figure 6 Gene Set Enrichment Analysis (GSEA) of high-and low-risk patients with Renal Cell Carcinoma (RCC) based on the autophagy-related long non-coding RNA 
(lncRNA) prognostic signature. (A) Results indicate that there is a significant enhancement in immune-related as well as the signaling pathways related to cancer in patients 
with RCC and higher risk. (B) The results indicate that the energy metabolism-related increases along with amino acid metabolism signaling pathways in low-risk patients 
with RCC.
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same time, the precise autophagy-related lncRNA prognostic signature was confirmed by the ROC curve analysis for 
RCC patients.

Researchers often use a nomogram, to discover an efficient and accurate clinical instrument for the prediction of the 
survival of cancer patients.47 Therefore, to verify that the autophagy-related-lncRNA predictions are more reliable to the 
prognostic prognosis than other conventional clinical factors, we designed a robust nomogram that is based on T, N, 
M stage, AJCC stage, sex, age, and risk scores (estimated by an autophagy-related lncRNA prognostic signature) 
improving the prognosis for RCC patients. Calibration plots showed that the nomogram’s three and five-year survival 
rate was comparable with the actual rate of survival. The seven autophagy-related signatures predicted the OS of patients 
with RCC correctly, exhibiting a significant potential for clinical applications, including custom prediction and treatment.

A study of GSEA enhancements showed substantial variations between risky and low-risk groups considering the 
autophagic signal pathways. First, we discovered that metabolism-related signaling pathways and the mTOR pathway 
were significantly higher in a low-risk group. Being the only core factor for different distinct complexes, including the 
1-mTORC1, mTOR complex (mTOR, raptor, and mLST8), complex 2-mTORC2 (mTOR, Rictor, SIN1, and mLST8), 
and a putative mTOR complex 3 (mTORC3), mTOR plays a vital part in diverse biological process, like in immunity, 
metabolism, survival, and cell proliferation, promoting anabolic metabolism (eg, amino acid, glucose, lipid, and 
nucleotide metabolism) and negatively regulating catabolic processes such as autophagy.48–52 mTOR activity is fre
quently dysregulated in different human cancers, like liver, breast, prostate, lung, and renal carcinomas.53 The immune- 
related signaling pathways and some cancer-related pathways (basal cell carcinoma and p53 signaling pathways) were 
significantly high in the high-risk group. As the most mutated tumor suppressor for human malignancies, p53 acts as 
a tumor suppressor, controlling the expression of more than 2500 downstream cell cycle and cell death target genes.54,55 

p53 It impacts a multitude of very different cell functions and constitutes one of the most essential and well-researched 
tumor suppressors, including the maintenance of genome integrity and fidelity as well as the metabolism and lifespan. 
Autophagy substantially inhibits p53 signaling pathways in cancer, which otherwise restricts the tumor’s illness to benign 

Figure 7 Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was performed to evaluate the expression of the seven autophagy-related long non- 
coding RNAs (lncRNAs). (A–D) Results indicate that expression of lncRNAs HOTAIRM1, AC084876.1, AC016773.1, and AC026401.3 was significantly increased in renal 
cell carcinoma (RCC) tissues. (E and F) The expression of lncRNAs AC010973.2 and LINC01507 in RCC tissues was decreased. (G) The expression of lncRNA AL021707.6 
was not significantly different between normal and RCC tissues. P<0.05 indicates that the data are statistically significant; NS P>0.05, *P < 0.05, **P < 0.01, ***P < 0.001, 
****P < 0.0001 (in comparison with the normal RCC tissues and negative control group).
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disease.56,57 Moreover, p53 activates autophagy. This may be a p53 function control feedback mechanism as an 
adaptation to metabolic stress.58,59 The field of immunotherapy for RCC is rapidly expanding and remains extraordinarily 
promising. Over the past decades, significant progress has been made in the development of new immunotherapeutic 
agents in the form of checkpoint inhibition and vaccines, and these agents are gradually being incorporated into the 
treatment of mRCC. Some research shows that despite the relatively high rates of response to combinations of PD-1 and/ 
or CTLA-4 axis inhibition in RCC that form the new standard of care, most patients with RCC do not receive durable 
clinical benefits from these therapies.60–62 So it is urgent to study the relevant in-depth mechanisms of RCC immu
notherapy. As some researchers report that the function of immune cells and extracellular matrix molecules are involved 
in the establishment of the tumor microenvironment of RCC.63 Optimizing treatment dose and schedule, Investigating 
biomarkers that may affect disease outcomes, and evaluating the combination of different treatment modalities are also 
critical in maximizing the potential of immunotherapy.64 Further research in this field will allow us to identify better 
strategies in utilizing immunotherapeutic agents in RCC.

Finally, we verified the difference in the expression of the seven autophagy-related lncRNAs between normal renal 
and RCC tissues. Among them, the expression of lncRNAs HOTAIRM1, AC084876.1, AC016773.1, and AC026401.3, 
which were considered unfavorable factors (HR>1), is increased significantly in RCC. In comparison, the lncRNAs 
AC010973.2 and LINC01507 expression, which were considered favorable factors (HR<1), were significantly decreased 
in RCC tissues. These findings were consistent with the expected outcomes. However, the expression of lncRNA 
AL021707.6 was not quite different between normal and RCC tissues. We found this result unexpected and attributed 
it to the insufficient sample size of the experiment. However, the effect of the high heterogeneity of tumor cells cannot be 
completely ruled out. Some previous reports have hypothesized that different internal mechanisms or opposite biological 
processes may function at different stages of cancer.65,66 Therefore, we will use a larger sample size and perform a more 
in-depth exploration of the specific molecular mechanisms underlying RCC pathogenesis in future studies.

In previous studies, it was revealed that HOTAIRM1 could promote the migration and invasion of glioblastoma 
cells,67 HOTAIRM1 also can inhibit the proliferation and invasion of lung adenocarcinoma cells through the miR-498/ 
WWOX axis.68 These studies indicated that HOTAIRM1 was positively correlated with the progression of RCC, 
consistent with our findings. However, there are few related reports about the other six autophagy-related lncRNAs, 
which are worthy of further exploration in future mechanism studies. At the same time, some similar studies have found 
the ability of glycolysis-related genes to predict the prognosis of RCC,69 and also found that some genes play an 
important role in the immune microenvironment.70 To the best of our knowledge, our study is the first to report the 
prognostic potential of autophagy-related lncRNAs in RCC, and found six rarely reported lncRNAs with great research 
potential. This novel autophagy-lncRNA prognostic model we established could help in distinguishing the patients 
accurately among the low-risk and high-risk RCC based on age, sex, grade of tumor, T, M, N, and AJCC stages, and can 
also accurately predict 3–5 year survival time for RCC patients from either of the two groups. And through GSEA 
analysis, we found potential therapeutic targets of RCC. This study provides a theoretical basis for the precise diagnosis 
and treatment of RCC patients.

This research has several restrictions. The first is that the data and clinical data obtained from the TCGA public data 
repository may be incomplete or partial in this research. Second, Due to a lack of clinical information on RCC subtypes 
within a database, we did not examine the expression profile of these RCC-related lncRNAs in various RCC subtypes. 
Finally, additional research into biochemical experiments like the qRT-PCR for larger sample sizes, autophagosome 
detection, cell cycle analysis, apoptosis assay, and analyses of clinical data is required to confirm the outcomes of the 
research further.

All in all, we first identified the predictive signature related to autophagy-lncRNA based on seven lncRNAs that can 
accurately predict the survival results of patients with RCC. To correctly forecast the survival of patients with RCC, we 
verified the validity of the prognostic nomogram that was generated by integrating the predictive signature with 
autophagy-related lncRNA and other clinicological traits. A high prognostic risk score based on the lncRNA signature 
correlated with the activation of immunoregulatory and cancer-related pathways, whereas a low prognostic risk score 
associated with the activation of various metabolic pathways. Furthermore, the expression profiles of these lncRNAs in 
clinical samples were consistent with the TCGA database. These findings provide useful insights into the prediction of 
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RCC prognosis and would help develop potential personalized treatments for patients with RCC belonging to different 
risk groups.
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