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Background: Metastasis and recurrence are the main causes of death from cervical cancer (CC), thus it is 
important to identify more effective biomarkers to improve its prognosis. The purpose of our research was to 
determine the potential role of autophagy-related long non-coding RNA (lncRNA) in CC and to construct 
an autophagy-related lncRNA signature for survival of CC. 
Methods: The lncRNAs in CC were downloaded from The Cancer Genome Atlas (TCGA) database, and 
autophagy-related lncRNAs were identified through the co-expression of lncRNA genes and autophagy 
genes. Several autophagy-related lncRNAs with prognostic value (AC012306.2, AL109976.1, ATP2A1-
AS1, ILF3-DT, Z83851.2, STARD7-AS1, AC099343.2, AC008771.1, DBH-AS1, and AC097468.3) 
were identified using univariate and multivariate Cox regression analyses and a prognostic signature was 
established. The signature effect was detected by univariate Cox regression analysis [hazard ratio (HR) 
=1.665; 95% confidence interval (CI): 1.331–2.082; P<0.001] and multivariate Cox regression analysis (HR 
=1.738; 95% CI: 1.359–2.223; P<0.001). A nomogram was drawn by risk score and clinical features. 
Results: The prognostic signature could predict the survival of CC by survival-receiver operating 
characteristic (ROC) curve [area under the curve (AUC) =0.810]. A nomogram was drawn by risk score and 
clinical features, and its c-index and calibration curve demonstrated that the prognostic signature could 
independently predict the prognosis of CC (P<0.001). Gene set enrichment analysis (GSEA) confirmed that 
the genes were significantly enriched in cancer- and autophagy-related pathways (P<0.05). 
Conclusions: This 10 autophagy-related lncRNA signature has prognostic potential for CC. More 
important roles in the CC biology of these lncRNAs may be identified with further study.
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Introduction

As the most common gynecological cancer, cervical cancer 
(CC) accounts for 10–15% of cancer-related deaths in 
women worldwide (1). Research has shown that metastasis 

and recurrence are the main causes of death from cervical 

cancer. Comprehensive evidence has demonstrated that 

the survival rate and cure rate of early-stage CC (I–II) are 

80–90% and 60%, respectively. When the cancer develops 
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to the late stage or in the case of relapse, the prognosis is 
poor (2,3). For patients with advanced stage CC, the 5-year 
survival rate is not more than 40%. It is urgently important 
to place greater focus on the pathogenesis of CC to identify 
biomarkers that have high sensitivity and specificity for 
prognosis for CC.

Autophagy is an important molecular pathway for cell 
homeostasis and participates in various pathological and 
physiological processes (4). With the development of 
research, autophagy is generally considered to play a dual 
role in the development of tumors (5). In the early stage, 
autophagy plays an inhibitory role, while in the late stage, 
autophagy can provide nutrition for tumor cells via the 
digestion and decomposition of normal cells and can thus 
promote the development of tumors (6). A study showed 
that autophagy is closely related to the occurrence and 
development of CC (7). Under the influence of autophagy 
on the formation, growth, and treatment of CC, the 
specific mechanism of autophagy and related genes in 
cervical cancer is gradually becoming clear. Long non-
coding RNAs (lncRNAs) are noncoding RNAs longer than 
200 nucleotides. The expression of lncRNAs is commonly 
related to the malignant phenotype, metastasis, invasion, 
and prognosis of CC (8). Although progress has been 
made on the relationship between lncRNAs and CC (9), 
the molecular mechanism by which lncRNAs participate 
in the development of CC has not been fully elucidated. 
In recent years, studies have shown that lncRNA, through 
regulating autophagy in tumor occurrence, inhibition, and 
chemotherapeutic drug sensitivity, has become a heavily 
researched subject in the cancer field (10). However, the 
specific mechanism governing this effect has not been 
fully explained. A previous study provided evidence 
that functional suppression of lncRNA HOX transcript 
antisense RNA (HOTAIR) could enhance sensitivity to 
radiotherapy by reducing autophagy in HeLa cells (11). 
Another study determined that after overexpression of 
lncRNA RP11-381N20.2 in SiHa cells, the killing effect 
of paclitaxel on tumor cells is enhanced because the 
autophagy induced by paclitaxel is inhibited. The results 
of these studies suggested that autophagy-related lncRNAs 
may play significant roles in the prognosis of CC and 
may be potential targets of CC treatment (12). However, 
there are few reports describing screening autophagy-
related lncRNAs in CC. The existing studies on lncRNA 
and cervical cancer prognosis model mainly focus on the 
prognosis, metastasis and recurrence of cervical cancer 
(13,14), and some studies are devoted to the impact of 

immune related cells and HPV related lncRNA on the 
prognosis of cervical cancer (15,16). No prediction model 
should be used in practice until the prediction accuracy of 
new patients is formally verified. Our study first proposed 
and studied the predictive value of autophagy-related 
lncRNA in the prognosis of cervical cancer for the first 
time. It not only predicted the high and low risk of cervical 
cancer, but also hoped to find some valuable predictive and 
diagnostic indicators. In this study, The Cancer Genome 
Atlas database (TCGA) was used to screen autophagy-
related lncRNAs in CC, we then attempted to establish 
a risk score model, and perform validation to identify 
effective and sensitive molecular biomarkers to improve 
the prognosis of CC. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at https://dx.doi.org/10.21037/atm-21-5156).

Methods

Information extraction from TCGA database

The RNA sequencing data of 309 cervical squamous cell 
carcinoma and endocervical adenocarcinoma (CESC;  
306 CC patients and 3 adjacent normal tissue samples) were 
downloaded from TCGA (https://cancergenome.nih.gov/) 
database. These data also included the clinical information 
of the patients. The patients were primarily diagnosed as 
CESC, and the lncRNA expression profile was required 
to be available for analysis. Patients with other malignant 
tumors or without primary CC were excluded. The study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Identification of lncRNA and autophagy gene screening 
in CC

The data of lncRNA genes were downloaded from TCGA 
messenger RNA (mRNA) sequence dataset, and the 
expression levels of autophagy genes in CC were extracted 
from TCGA database. At the same time, a list of autophagy 
genes were screened from the Human Autophagy Database 
(HADb, http://autophagy.lu/clustering/index.html). Blinded 
to predictor variables and patient outcome of the other 2 
databases, 3 certified physicians extracted and analyzed their 
relevant variables in the standardized language development 
format. The correlation expression between the lncRNA 
genes and the autophagy-related genes was calculated 
by Pearson correlation test. The results showed the co-

https://dx.doi.org/10.21037/atm-21-5156
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expression of lncRNA genes and autophagy genes. In 
addition, if the correlation coefficient |R2| >0.3 and P<0.05 
at the same time, the lncRNA was considered an autophagy-
related lncRNA.

Potential prognostic signature development

To determine the autophagy-related lncRNAs (prognostic 
genes) related to the overall survival (OS) of CC, the 
Kaplan-Meier (K-M) method and univariate Cox regression 
analysis were performed. If an outcome was missing, 
the patient data were excluded from the analysis. The 
expression levels of lncRNAs screened out previously were 
divided into high and low groups according to the median 
value. The difference was detected by the K-M method. In 
addition, univariate Cox regression was also implemented 
to determine the lncRNA expression related to the 
survival time and state of participants. Then, autophagy-
related lncRNAs with a value of P<0.05 by both the K-M 
method and univariate Cox analysis were selected for the 
multivariate stepwise regression Cox analysis to set up 
the risk score of the participants. A risk score signature 
was established by the expression and coefficients of 
prognostic lncRNAs in the multivariate Cox regression 
model: risk score = βlncRNA1 × ExplncRNA1 + βlncRNA2 × ExplncRNA2 
+ … + βlncRNAn × ExplncRNAn. The βlncRNA was the regression 
coefficient derived by the multivariate Cox regression 
model. The ExplncRNA was the expression level of lncRNAs. 
Next, the risk score of each participant could be calculated 
according to the risk model. According to the median value, 
all patients with CC could be divided into high- and low-
risk score groups. Both K-M curves of survival status and 
time-dependent receiver operating characteristic (survival 
ROC) curves were used to verify the prognostic ability of 
this risk score model. To maximize the generalizability and 
power of the results, all eligible data in these databases were 
extracted and used. 

Nomogram construction

Based on the OS information and clinical data of the 
patients with CC, univariate and multivariate Cox 
regression analyses were performed to investigate the 
relationship between survival status, clinical characteristics, 
and risk score. Finally, a nomogram was established 
to predict the progression of CC (1, 3, and 5 years).  
The prediction value of the nomogram was verified by 
calibration curves.

Gene set enrichment analysis 

To investigate the gene expression status, gene set 
enrichment analysis (GSEA) was implemented, and gene 
data were downloaded from the Kyoto Encyclopedia of 
Genes and Genomes (KEGG). This method was employed 
to judge whether gene sets showed significant differences in 
different biological aspects. Then, we examined whether the 
differentially expressed genes (DEGs) of the 2 groups were 
enriched during tumor pathogenesis and autophagy.

Statistical analysis

The data were expressed as the mean ± SD, and data analysis 
was processed by R language (R version 3.6.3; https://www.
R-project.org/), SPSS 17.0 (IBM Corp., Armonk, NY, 
USA), and GraphPad Prism 8 (GraphPad Software Inc., La 
Jolla, CA, USA). The co-expression network of autophagy 
genes and lncRNAs was structured by Cytoscape software 
(version 3.7.2; the Cytoscape Consortium, San Diego, CA, 
USA). All graphs were drawn by R software, and P<0.05 
was considered significant.

Results

Basic information of the CC patients

In total, 307 CC samples were extracted from TCGA 
database, all which had information on survival time and 
status. The 307 CC patients were female. The average age 
of the patients was 48.27±13.79 years, and among them, 71 
(23.1%) were dead, and 236 (76.9%) were still alive. The 
average survival time was 1,026.33±1,142.21 days.

Construction of a prognosis model for CC with autophagy-
related lncRNAs

In total, 14,142 lncRNAs were extracted from TCGA 
database. By calculating whether lncRNAs were co-
expressed with autophagy genes, which were downloaded 
from the HADb, 1,245 autophagy-related lncRNAs were 
extracted. Then, after screening by the K-M method and 
univariate Cox regression analysis (|R2| >0.3 and P≤0.05), 
25 autophagy-related lncRNAs were related to prognosis 
and could meet the needs of both of the above data 
analyses (Table 1). Cox regression analysis showed that 10 
autophagy-related lncRNAs (AC012306.2, AL109976.1, 
ATP2A1-AS1, ILF3-DT, Z83851.2, STARD7-AS1, 
AC099343.2, AC008771.1, DBH-AS1, and AC097468.3) 

https://www.R-project.org/
https://www.R-project.org/
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Table 1 Prognostic value of the lncRNAs tested by both K-M method and univariate cox regression analysis

LncRNA K-M β SE HR 95% CI of HR P

AC005332.4 0.001 −0.571 0.167 0.565 0.407–0.784 0.001 

AC012306.2 0.011 0.348 0.121 1.416 1.117–1.794 0.004 

CNNM3-DT 0.006 −0.613 0.234 0.542 0.343–0.856 0.009 

AL109976.1 0.011 −0.854 0.322 0.426 0.226–0.801 0.008 

ATP2A1-AS1 0.009 −0.141 0.057 0.868 0.776–0.971 0.013 

ARRDC1-AS1 0.004 −0.173 0.061 0.841 0.746–0.949 0.005 

PCED1B-AS1 0.005 −0.260 0.091 0.771 0.644–0.922 0.004 

AC026979.2 0.014 −0.320 0.114 0.726 0.580–0.908 0.005 

MAPKAPK5-AS1 0.003 −0.134 0.049 0.875 0.795–0.962 0.006 

AC090948.3 0.015 −0.832 0.277 0.435 0.253–0.748 0.003 

ILF3-DT 0.001 −0.087 0.027 0.917 0.869–0.968 0.002 

AP005482.3 0.000 −0.466 0.151 0.628 0.467–0.845 0.002 

Z83851.2 0.011 −0.416 0.148 0.660 0.493–0.882 0.005 

STARD7-AS1 0.008 −0.617 0.247 0.539 0.333–0.875 0.012 

AC139530.1 0.000 −0.365 0.140 0.694 0.528–0.913 0.009 

AL031673.1 0.001 −0.315 0.129 0.729 0.566–0.940 0.015 

AL109811.3 0.013 −0.229 0.089 0.796 0.668–0.947 0.010 

AL021707.6 0.000 −0.143 0.047 0.867 0.791–0.950 0.002 

AC108134.4 0.008 −0.864 0.330 0.421 0.220–0.805 0.009 

AC099343.2 0.014 −0.760 0.290 0.468 0.265–0.825 0.009 

AC008771.1 0.001 −0.133 0.041 0.876 0.809–0.948 0.001 

DBH-AS1 0.009 −0.466 0.169 0.627 0.450–0.874 0.006 

AC097468.3 0.000 −0.325 0.120 0.723 0.572–0.913 0.007 

LIPE-AS1 0.001 −0.622 0.234 0.537 0.339–0.850 0.008 

AC079414.3 0.006 -0.478 0.155 0.620 0.458–0.840 0.002 

Both the K-M value <0.05 and P<0.05 was statically significant.

were independent prognostic indicators for CC patients. A 
net of lncRNAs with co-expressed autophagy genes for the 
prognosis of CC was created with Cytoscape (Figure 1A).  
A 10-lncRNA prognostic signature was constructed by 
weighting β values: Risk score = ExpAC012306.2 × (0.767) + 
ExpAL109976.1 × (−1.208) + ExpATP2A1-AS1 × (−0.076) + ExpILF3-

DT × (−0.094) + ExpZ83851.2 × (−0.275) + ExpSTARD7-AS1 × 
(−0.396) + ExpAC099343.2 × (0.502) + ExpAC008771.1 × (−0.121) + 
ExpDBH-AS1 × (−0.581) + ExpAC097468.3 × (−0.302). As shown 
in the model, the coefficients of AL109976.1, ATP2A1-

AS1, ILF3-DT, Z83851.2, STARD7-AS1, AC008771.1, 
DBH-AS1, and AC097468.3 were negative, suggesting 
that they were protective factors for the survival of 
CC patients, while the coefficients of AC012306.2 and 
AC099343.2 were positive, indicating that both lncRNAs 
may be risk factors. This information is presented in 
the Sankey diagram (Figure 1B). The survival curves of 
these 10 prognostic autophagy-related lncRNAs for CC 
in TCGA database were established by the K-M method 
(Figure 2).
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Figure 1 Co-expression network of prognostic lncRNAs and related autophagy genes in CC. (A) Orange nodes in the centric position 
indicate lncRNAs and the blue nodes indicate autophagy genes. The co-expression network was visualized by Cytoscape 3.7.2 software; (B) 
network of prognostic lncRNAs with co-expressed autophagy genes in CC were showed by Sankey diagram. The lncRNA linked to the 
yellow area of the right column is a protective factor, and those linked to the blue area are a risk factor. lncRNAs, long non-coding RNAs; 
CC, cervical cancer.
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Impact of the autophagy-related lncRNA signature on the 
prognosis of CC

By using a risk score method, CC patients were divided into 
low- and high-risk groups by median risk score to establish 
an autophagy-related lncRNA signature (Figure 3A).  
The survival status indicated that the survival time became 
shorter, and the number of deceased patients gradually 

increased from a low-risk score to a high-risk score 
(Figure 3B). Through heatmaps, it was determined that 
the expression of lncRNAs, which should be protective 
factors, was lower in the high-risk group than in the low-
risk group, and the expression of lncRNAs, which should 
be risk factors, was higher in the high-risk group than in 
the low-risk group (Figure 3C). The risk score could also 
significantly predict the OS of CC. The OS status in the 
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Figure 3 Risk score analysis of the autophagy-related lncRNAs of CC patients in TCGA. (A) The low and high score groups for the 
autophagy-related lncRNAs signature in cervical cancer patients; (B) the survival status and duration of lncRNAs signature in CC cases. Each 
point represented 1 patient’s correspondence to the level of the risk score; (C) heatmap of the 10 autophagy-related lncRNAs expression 
distribution in CC. Each column represented the same patient’s correspondence to the below risk score distribution. The color from green 
to red shows the increasing trend from the lower levels to the higher levels. lncRNAs, long non-coding RNAs; CC, cervical cancer; TCGA, 
The Cancer Genome Atlas.

low-risk group was considerably longer than that in the 
high-risk group (P<0.01, Figure 4A). In addition, survival-
ROC analysis revealed that the 10-lncRNA signature could 
predict the survival rate of CC, and the area under the 
survival-ROC curve (AUC) was 0.810 (Figure 4B). Both 
univariate and multivariate Cox regression analyses were 
used to analyze the relationship between the 10-lncRNA 
signature established in this study and the clinical 
characteristics of CC patients. UniCox regression analysis 
indicated a significant prognostic impact of the risk score 
on CC [hazard ratio (HR) =1.665; 95% confidence interval 
(CI): 1.331–2.082; P<0.001; Figure 4C]. In addition, 
multivariate Cox regression analysis was performed. It was 
confirmed that this risk score signature was an effective 
prognostic predictor of CC. Compared with other factors, 

such as age, grade, and tumor (T) and node (N) stages, the 
HR of 1.738 (95% CI: 1.359–2.223; P<0.001; Figure 4D) 
indicated that the risk score could significantly predict the 
survival of CC patients (Tables 2,3). Unfortunately, the cases 
in some groups of metastasis (M) stage were not enough to 
be analyzed. 

Nomogram construction

To build and validate a more accurate prediction model, 
a nomogram was constructed using the clinical features, 
including age, clinical stage, TNM staging, and risk score. 
The prognosis of CC patients for 1, 3, and 5 years was 
predicted (Figure 5A). The results showed that the risk score 
plays a major role in the prediction model and the prognosis 
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in TCGA database. lncRNAs, long non-coding RNAs; TCGA, The Cancer Genome Atlas; CC, cervical cancer; OS, overall survival: ROC, 
receiver operating characteristic; AUC, area under the curve.

Table 2 Univariate Cox regression analysis of clinical characteristics and risk score in CC patient

Variable β SE Z HR 95% CI of HR P

Age 0.012 0.023 0.516 1.012 0.967–1.060 0.606

Grade 0.205 0.374 0.549 1.228 0.590–2.553 0.583

AJCC T 0.449 0.350 1.283 1.567 0.789–3.111 0.200

AJCC N 0.651 0.493 1.320 1.918 0.729–5.044 0.187

Risk score 0.510 0.114 4.467 1.665 1.331–2.082 0.000

P<0.05 was statically significant. CC, cervical cancer.
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Table 3 Multivariate Cox regression analysis of clinical characteristics and risk score in CC patient

Variable β SE z HR 95% CI of HR P

Age 0.021 0.026 0.802 1.021 0.970–1.075 0.423

Grade 0.230 0.414 0.557 1.259 0.560–2.833 0.578

AJCC T 0.131 0.359 0.364 1.140 0.564–2.301 0.716

AJCC N 0.517 0.516 1.003 1.678 0.610–4.613 0.316

Risk score 0.582 0.135 4.305 1.789 1.373–2.332 0.000

P<0.05 was statically significant. CC, cervical cancer.
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Table 4 Gene set enrichment analysis results from KEGG on signature of the ten autophagy-related lncRNAs

Name Size ES NES
NOM,  

P value
FDR,  

q value
FWER,  
P value

Rank  
at max

Leading edge

KEGG-Adherens-Junction 73 0.580383 2.000085 0 0.009945 0.02 8,177 Tags =53%, list =15%, signal =63%

KEGG-Focal-Adhesion 199 0.579221 2.053815 0 0.004661 0.007 5,975 Tags =44%, list =11%, signal =49%

KEGG-ECM-Receptor-
Interaction

84 0.680222 2.084129 0 0.004629 0.004 8,976 Tags =58%, list =16%, signal =70%

KEGG-DNA-Replication 36 −0.75591 −1.94416 0.001901 0.014582 0.037 7,890 Tags =67%, list =14%, signal =78%

KEGG-Glutathione-
Metabolism

49 −0.61798 −1.90916 0.005814 0.017095 0.058 10,702 Tags =55%, list =19%, signal =68%

KEGG-Oxidative-
Phosphorylation

131 −0.7549 −2.22452 0 0.001667 0.001 4,901 Tags =54%, list =9%, signal =59%

KEGG-Alzheimer’s-Disease 165 −0.58917 −2.12353 0.001961 0.001289 0.003 5,427 Tags =42%, list =10%, signal =46%

KEGG-Huntington’s-Disease 180 −0.62113 −2.16203 0.001887 0.001962 0.002 5,510 Tags =45%, list =10%, signal =50%

KEGG-Parkinson’s-Disease 127 −0.71309 −2.13856 0.001988 0.001718 0.003 4,901 Tags =50%, list =9%, signal =55%

P<0.05 was statically significant. KEGG, Kyoto Encyclopedia of Genes and Genomes; lncRNAs, long noncoding RNAs; ES, enrichment 
score; FDR, false discovery rate; FWER, familywise-error rate; NES, normalized enrichment score; NOM P value, nominal P value. 

of CC, and the concordance index (C-index) predicted by 
the nomogram was 0.909±0.942. In addition, a calibration 
curve was plotted to evaluate the consistency between the 
actual survival and the predicted survival (P<0.001), and 
the high consistency suggested that the model could have a 
better prediction for the survival of CC patients (Figure 5B).

GSEA

Functional annotation associated with autophagy-
related lncRNAs was performed through GSEA. There 
were 9 gene sets between the 2 biological groups mainly 
enriched in autophagy-related pathways at a nominal P 
value <0.05% (Table 4), and several pathways were well 
conformed in tumor performance and autophagy, including 
adherens junction, focal adhesion, extracellular matrix 
(ECM) receptor interaction, DNA replication, oxidative 
phosphorylation, and glutathione metabolism signaling 
pathways (Figure 6). In addition, several gene sets were 
also established involving special diseases closely related 
to autophagy, such as Alzheimer’s disease, Parkinson’s 
disease, and Huntington’s disease. In summary, the defined 
lncRNAs contribute to tumor pathogenesis and autophagy 
signature pathways. Moreover, the lncRNAs may supply 
important biomarkers and targets for the early diagnosis 
and treatment of CC through further research of the genes 
and pathways.

Discussion

Among women worldwide, and especially in developing 
countries, CC is still the major cause of cancer-related 
mortality. The prognosis and the 5-year OS rate of CC 
worsen from the early- to advanced-stage. Recurrence 
and distant metastasis are still dominant reasons for death 
from CC. Postoperative adjuvant chemoradiotherapy 
may be important in reducing metastasis and prolonging 
OS in advanced CC. Hence, valuable prognostic markers 
predicting the survival of CC patients may be helpful for 
the development of individualized treatment.

The role of lncRNAs in CC development has been 
well investigated, and many studies have confirmed that 
lncRNAs have important impacts on the pathogenesis of 
CC. compared with normal tissues, the expression of some 
lncRNAs in cervical cancer tissues increased or decreased, 
manifested as oncogenes or tumor suppressor genes. For 
example, HOTAIR, MALAT1, ANRIL and H19 play 
the role of oncogenes (17), while MEG3, GAS5 and 
LET play the role of tumor suppressor genes (18). Some 
studies have found that HOTAIR starts Wnt/β-Catenin 
signaling pathway in HeLa cells, through methylation of 
TET1 promoter and down-regulation of its expression, 
so as to inhibit the negative regulators of this signaling 
pathway PCDH10, SOX17, AJAP1 and MAGI2 to 
achieve oncogene action (19). HOTAIR up-regulates the 



Annals of Translational Medicine, Vol 9, No 22 November 2021 Page 11 of 15

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(22):1668 | https://dx.doi.org/10.21037/atm-21-5156

Enrichment plot: KEGG_ADHERENS_JUNCTION

Enrichment plot: KEGG_DNA_REPLICATION

Enrichment plot: KEGG_ALZHEIMERS_DISEASE

Enrichment plot: KEGG_FOCAL_ADHESION

Enrichment plot: KEGG_GLUTATHIONE_METABOLISM

Enrichment plot: KEGG_HUNTINGTONS_DISEASE Enrichment plot: KEGG_PARKINSONS_DISEASE

Enrichment plot: KEGG_ECM_RECEPTOR_INTERACTION

Enrichment plot: KEGG_OXIDATIVE_PHOSPHORYLATION

E
nr

ic
hm

en
t s

co
re

 (E
S

)
E

nr
ic

hm
en

t s
co

re
 (E

S
)

E
nr

ic
hm

en
t s

co
re

 (E
S

)

E
nr

ic
hm

en
t s

co
re

 (E
S

)
E

nr
ic

hm
en

t s
co

re
 (E

S
)

E
nr

ic
hm

en
t s

co
re

 (E
S

)
E

nr
ic

hm
en

t s
co

re
 (E

S
)

E
nr

ic
hm

en
t s

co
re

 (E
S

)

E
nr

ic
hm

en
t s

co
re

 (E
S

)

st
 m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

R
an

ke
d 

lis
t m

et
ric

 (S
ig

na
l2

N
oi

se
)

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0

0.0 
−0.1 
−0.2 
−0.3 
−0.4 
−0.5 
−0.6 
−0.7

0.1
0.0 

−0.1 
−0.2 
−0.3 
−0.4 
−0.5 
−0.6

0.0 

−0.1 

−0.2 

−0.3 

−0.4 

−0.5 

−0.6

0.0 

−0.1 

−0.2 

−0.3 

−0.4 

−0.5 

−0.6

0.0 
−0.1 
−0.2 
−0.3 
−0.4 
−0.5 
−0.6
−0.7

0.0 
−0.1 
−0.2 
−0.3 
−0.4 
−0.5 
−0.6
−0.7

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0

0.7
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.0

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0.8  
0.6 
0.4 
0.2 
0.0 

−0.2 
−0.4

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

Enrichment profile

Enrichment profile

Enrichment profile

Enrichment profile

Enrichment profile

Enrichment profile Enrichment profile

Enrichment profile

Enrichment profile

Hits

Hits

Hits

Hits

Hits

Hits Hits

Hits

Hits

Ranking metric scores

Ranking metric scores

Ranking metric scores

Ranking metric scores

Ranking metric scores

Ranking metric scores Ranking metric scores

Ranking metric scores

Ranking metric scores

B

E

H

C

F

I

A

D

G

Figure 6 Gene set enrichment analysis indicated significant autophagy-related enrichment in the high-risk group and low-risk group based 
on KEGG database. (A) Significant enrichment of adherens junction signaling pathway in high-risk group on KEGG dataset; (B) significant 
enrichment of focal adhesion signaling pathway in high-risk group on KEGG dataset; (C) significant enrichment of ECM receptor 
interaction signaling pathway in high-risk group on KEGG dataset; (D) significant enrichment of DNA replication signaling pathway in low 
risk group on KEGG dataset; (E) significant enrichment of glutathione metabolism signaling pathway in low risk group on KEGG dataset; 
(F) significant enrichment of oxidative phosphorylation signaling pathway in low risk group on KEGG dataset; (G) significant enrichment 
of Alzheimer’s disease signaling pathway in low-risk group on KEGG dataset; (H) significant enrichment of Huntington’s disease signaling 
pathway in low-risk group on KEGG dataset; (I) significant enrichment of Parkinson’s disease signaling pathway in low-risk group on 
KEGG dataset. ECM, extracellular matrix; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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expression of VEGF and MMP-9, which are important 
factors to promote the metastasis and invasion of cervical 
cancer cells, and up-regulates the expression of β-catenin, 
vimentin, snail and twist. It makes HOTAIR possible to be 
a marker and therapeutic target for prognosis of cervical 
cancer. In recent years. Many studies have found that 
lncRNA polymorphism is related to the susceptibility to 
cervical cancer, such as HOTAIR, THRIL, GAS5 and so 
on. Some studies indicated HOTAIR SNPs (rs920778, 
rs1899663 and Rs4759314) was associated with cervical 
cancer. It was found that the risk of cervical cancer 
increased to 2.88 and 1.34 in patients with rs920778 TT 
and CT genotypes, respectively (20). Some others studies 
found through case-control study that carriers of A allele 
and AA + AG genotype in linc00673 rs11655237 had a 
significantly higher risk of cervical cancer (21). It was also 
found that the T allele of rs3787016 located in the intron 
region of POLR2E is a cervical cancer susceptibility gene. 
Compared with CC and TC genotypes, TT genotype 
carriers have a higher risk of cervical cancer (22). These 
studies show that lncRNA polymorphism is closely 
related to the risk of cervical cancer in women. However, 
due to the different sample size and population genetic 
background, some research results are different, which 
needs to be further confirmed by multi-center large 
sample population research.

However,  autophagy in CC has not  been ful ly 
elucidated to date, with its role currently remaining 
controversial.  Recent studies have confirmed that 
lncRNAs can regulate the performance of autophagy, 
which indicates a new way for advanced research on 
autophagy-related diseases, especially tumors. Deng et al.  
indicated that the high expression of loc146880 can 
upregulate the autophagy factor lc3b, thereby promoting 
the migration, invasion, and epithelial-mesenchymal 
transition (EMT) of lung cancer (23). Yuan et al. illustrated 
that downregulated miR-216 can lead to autophagy in 
hepatocellular carcinoma cells, and the enhancement of 
autophagy has been demonstrated to be an important 
reason for drug resistance (24). Wang et al. supported that 
lncRNA CTA can inhibit autophagy by competitively 
binding mir-210, thereby significantly enhancing the role 
of doxorubicin (DOX), and that it can also be reactivated 
by DOX. Therefore, lncRNA CTA is not only an essential 
regulator of DOX but also enhances the sensitivity of 
osteosarcoma to DOX by downregulating autophagy (25). 
In summary, lncRNAs can regulate autophagy and affect 
the development of tumors. They can activate or enhance 

autophagy directly or through binding of microRNA 
(miRNA). Additionally, by inhibiting autophagy, lncRNAs 
can enhance the sensitivity of tumors to chemotherapy 
drugs. Therefore, using lncRNAs to regulate autophagy 
to provide important targets for the treatment and 
prognosis prediction of tumors may have important clinical 
value. Although there are a number of reports on the 
establishment of gene signatures in CC, including lncRNA-
related signatures in CC (13,16), effective molecular 
biomarkers, especially autophagy-related biomarkers, are 
still needed to predict the progression and prognosis of CC. 
Therefore, it is necessary to establish an autophagy-related 
lncRNA signature for the prognosis of CC.

In this study, data from TCGA were screened to 
establish the prognostic signature of autophagy-related 
lncRNAs for CC. First, target lncRNAs were distinguished 
from the lncRNA–autophagy co-expression network. The 
obtained lncRNAs can be considered molecular biomarkers 
of CC related to autophagy, which is of strong significance 
for regulating autophagy and improving CC prognosis. 
Furthermore, 10 autophagy-associated lncRNA signatures 
were identified, which could divide CC patients into high- 
and low-risk groups according to the median risk score. 
Our study confirmed that the OS was shorter in the high-
risk group than in the low-risk group. Additionally, the 
10-lncRNA signature could significantly predict the 5-year 
survival rate of CC (AUC =0.810). Through univariate and 
multivariate Cox regression analyses, it was shown that the 
risk score (P<0.001) is an independent prognostic indicator 
that is significantly related to OS. In addition, a nomogram 
was also drawn to build a prediction model of CC, which 
indicated that the risk score is the most important factor 
in the prognosis of CC, which is consistent with the 
previous findings in this study. The calibration curve of 
the nomogram verified the predicted survival of the model, 
which is in keeping with the actual survival. Thus, this 
finding notably reflects that the predictive model followed 
by the risk score model can properly predict the prognosis 
of CC.

Our model relies on demographic data and autophagy-
related lncRNA to predict the prognosis of cervical cancer 
from TGCA database. We found that a high-risk score 
showed shorter survival time and the OS status compared 
with other factors, such as age, grade, and T and N stages. 
Moreover, the expression of lncRNAs was higher in 
the high-risk group. This indicated that lncRNAs were 
also a risk factor and the 10 autophagy-related lncRNA 
signatures established in this study can effectively predict 
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the prognosis of CC. Although these indicators have 
previously been associated with the progression of CC, our 
work integrated them into a single risk model. In addition, 
by adding variables of age, grade, and T and N stages, we 
showed that the performance of the model did not improve. 
Although these other variables are obviously important for 
diagnosis and treatment of CC, it is unknown whether they 
are related to the lack of some grading indicators in the 
sample. It is hoped that the sample data can be added in the 
later stage to further confirm.

To the best of our knowledge, these prognostic lncRNAs 
have rarely been reported, except lncRNA DBH-AS1. A 
series of rescue experiments supported the role of DBH-
AS1 in diffuse large B cell lymphoma. Tumor progression 
is regulated by the RNA-binding protein BUD13 and 
fibronectin 1. It was concluded that DBH-AS1 may be 
the target of lymphoma treatment (26). Another study 
showed that knocking out the DBH-AS1 gene can inhibit 
the proliferation, migration, and invasion of osteosarcoma 
cells by inhibiting activation of the PI3K/Akt pathway (27). 
Other studies have shown that DBH-AS1 is a carcinogenic 
gene of hepatocellular carcinoma (28,29). A GSEA analysis 
was conducted to forecast the potential roles of these 
lncRNAs in CC. These lncRNAs may play their roles 
in several KEGG pathways associated with autophagy 
and tumor formation and development. The role of 
autophagy in cellular processes, such as cell homeostasis, 
epithelial cell junctions, focal adhesion, and ECM receptor 
interaction, has been increasingly recognized. E-cadherin, 
which represents adherens junctions, is associated with 
the invasion and metastasis of CC (30). Other studies 
have also indicated that ECM-integrin receptors can 
predict metastatic propensities in CC, and the expression 
of biomarkers on tumor cells was studied to select more 
suitable patients for radiotherapy (31). These genes are 
also significantly enriched in DNA replication, oxidative 
phosphorylation, and the glutathione metabolism signaling 
pathway. Studies have found that autophagy captures 
damaged DNA and organelles with implications for cancer. 
Autophagy has been demonstrated to be regulated by 
oxidative phosphorylation and glutathione metabolism 
(31,32), and the latter is related to the development of 
CC. Thus, these genes may be new targets for the study of 
CC metastasis and treatment. In addition, as a new drug 
screening method, network pharmacology has been widely 
used in tumor therapy in recent years, including targeted 
therapy of cervical cancer. In the next study, we can focus 
on autophagy-related lncRNA related drug screening and 

use network pharmacology to study its feasibility in the 
treatment of cervical cancer.

Clearly, there were several limitations to this study. 
There were sufficiently few cases of metastasis that some 
grades only had 1 or 2 cases. Thus, the metastasis status 
of CC could not be used to predict survival. In addition, 
TCGA data are based on RNA sequencing technology. 
Whether more methods are needed for validation remains 
to be discussed. Finally, the mechanisms of autophagy-
related lncRNAs in CC warrant further study. More 
detailed experiments should be implemented to explore the 
exact mechanisms in the near future.

Conclusions

In this study, a 10 autophagy-related lncRNA signature 
was found, which was demonstrated to be an important 
prognostic method of CC. These lncRNAs have a strong 
relationship with autophagy and tumorigenesis, participate 
in some important signaling pathways, and interact with CC. 
These autophagy-related lncRNA signatures may contribute 
to the prognosis and pathogenesis of CC and might provide 
new targets for the prevention and treatment of CC.
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