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Abstract: Aberrant autophagy could promote cancer cells to survive and proliferate in prostate cancer (PCa).
LncRNAs play key roles in autophagy regulatory network. We established a prognostic model, which autophagy-
related IncRNAs (au-IncRNAs) were used as biomarkers to predict prognosis of individuals with PCa. Depending on
au-IncRNAs from the Cancer Genome Atlas and the Human Autophagy Database, a risk score model was created.
To evaluate the prediction accuracy, the calibration, Kaplan-Meier, and receiver operating characteristic curves were
used. To clarify the biological function, gene set enrichment analyses (GSEA) were performed. Quantitative real-time
PCR (qRT-PCR) was employed to determine the au-IncRNAs expression in PCa cell lines and healthy prostate cells
for further confirmation. We identified five au-IncRNAs with prognostic significance (AC068580.6, AF131215.2,
LINCO0996, LINCO1125 and LINCO1547). The development of a risk scoring model required the utilization of mul-
tivariate Cox analysis. According to the model, we categorized PCa individuals into low- and high-risk cohorts. PCa
subjects in the high-risk group had a worse disease-free survival rate than those in the low-risk group. The 1-, 3-, and
5-year periods had corresponding areas under curves (AUC) of 0.788, 0.794, and 0.818. The prognosis of individu-
als with PCa could be predicted by the model with accuracy. Further analysis with GSEA showed that the prognostic
model was associated with the tumor microenvironment, including immunotherapy, cancer-related inflammation,
and metabolic reprogramming. Four IncCRNAs expression in PCa cell lines was greater than that in healthy prostate
cells. The au-IncRNA prognostic model has significant clinical implications in prognosis of PCa patient.
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Introduction

Prostate cancer (PCa) has a worldwide stan-
dardized incidence rate of 37.86/100,000
in 2017 and a standardized death rate of
13.11/100,000. Compared with 1990, the
global standardized incidence rate increased
by 24.17%, and the standardized mortality rate
decreased by 13.69% [1]. Although the mortal-
ity rate of PCa has declined globally, there are
still many countries where PCa is the primary
reason of malignancy death among men [2].
Currently, Prostate-specific antigen (PSA) le-
vels and pathological stages are the main mon-
itoring indicators for PCa. Although extensive

research has been conducted on the mecha-
nism of carcinogenesis, the cause of PCa is still
unclear. Therefore, it is extremely important to
create a prognostic prediction model for PCa
patients in order to improve their treatment
outcomes.

Investigations on the possibility of long non-
coding RNAs (IncRNAs) in people with cancer
are continually expanding owing to their raised
specificity and simplicity of recognition in tis-
sues, serum, urine, and other specimens.
LncRNAs have a role in protein-protein, protein-
DNA, and protein-RNA interactions in addition
to chromatin remodeling, miRNA control, and
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gene transcription regulation [3]. There are
more and more evidences show that IncRNAs
are in-volved in a variety of biological mecha-
nisms, like tumor growth, differentiation, death,
drug resistance, metastasis and TME, indicat-
ing that targeting INcRNAs may be useful for the
identification and therapy of tumor cases,
including PCa [3-7]. In recent years, hundreds
of IncRNAs related to PCa have been recog-
nized through transcriptomic comparative anal-
ysis of PCa and benign tissues [8, 9]. For
instance, up-regulation of IncRNA PCAT1 may
cause up-regulation of androgen response ge-
nes, including androgen receptor and lysine-
specific histone demethylase 1A (LSD1), which
would assist in the development of PCa [10].
Researchers believe that INcRNAs have a great
deal of potential usefulness as novel markers
and clinical treatment targets for PCa because
of the specificity and functional significance of
IncRNAs expression [11].

Investigations have revealed that IncRNAs
have crucial functions in the complex autopha-
gy regulatory network by regulating a range of
autophagy-related DNA, RNA or proteins [12].
Autophagy is related to the etiology of cancer
and acts as a death or survival fac-tor under
different circumstances. Autophagy defects
may promote cancer transformation of healthy
cells, and enhanced autophagy response may
also enable cancer cells to survive and prolifer-
ate under unfavorable microenvironmental
conditions [13]. In opinion of the function of
autophagy in cancer progression, autophagy
inhibition may be a strategy for cancer treat-
ment [14]. In PCa, the inhibition of autophagy
can in-crease the sensitivity of cells to docetax-
el management [15]. A study also found that in
the treatment of PCa, docetaxel inhibits the
expression of KLF5 and promotes cell autopha-
gy, causing desensitization to the drug and
cell survival in castration-resistant PCa cells
[16]. The IncRNAs associated with autophagy
may provide new options of diagnosis, treat-
ment and prognosis options for PCa patients.
To determine cases who can advantage from
autophagy-based therapy, predictive markers
for autophagy drug treatment response are
necessary.

Tumor microenvironment (TME) has always

been a hotspot in PCa research, which is as-
sociated with tumor occurrence, growth, and
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metastasis. Through nutrient-generating auto-
phagy, transformed cells engage surrounding
normal cells as important contributors to early
tumor growth [17]. Study have shown that that
autophagy, immunobiology and response to
treatment were correlated with hormone-de-
pendent malignancy development and progres-
sion [18]. Ma et al thought that suppression of
autophagy by its suppressor benefits the the-
rapy of abiraterone for castration resistance
prostate cancer (CRPC) patients [19]. In LNCaP
cells, androgen deprivation triggered autopha-
gy and lipophagy, resulting in LD breakdown
and cell survival [20].

In this investigation, by using the IncRNAs infor-
mation of PCa patients in the Cancer Genome
Atlas (TCGA) database and the Human Auto-
phagy Database (HADbD), we identified autopha-
gy-related IncRNA (au-IncRNA) connected to
the prognosis of PCa, and constructed a PCa
au-IncRNA prognostic model that could be
employed as a prognostic predictor for PCa.
The expression of IncRNAs were also verified in
prostate cell lines. The results of this study pro-
vide novel concepts and directions for further
investigation on the pathogenesis and progno-
sis of PCa.

Materials and methods
Data source and processing

TCGA-PRAD expression data and clinical infor-
mation tables have been down-loaded from
TCGA database (https://cancergenome.nih.
gov/) through Xena. The data of 481 cases of
primary cancer samples and 51 cases of nor-
mal control samples were extracted. 232 au-
tophagy-related genes were acquired in HADb
(http://www.autophagy.lu/index.html).

Identification of au-IncRNA

The gencode.v22.annotation.gtf annotation file
was downloaded from the TCGA official web-
site, and 14,826 IncRNA genes were extracted
from the file using the R package “rtracklayer”.
Pearson correlation analysis was performed
on the autophagy gene and IncRNA gene of pri-
mary cancer (01A) samples through the cor and
cor.test() functions of the R software. A IncRNA
was deemed to be an au-IncRNA if its absolute
correlation co-efficient was higher than 0.7 (|R|
> 0.7) and its P value was less than 0.05 (P <
0.05).
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Identification of differentially expressed au-
IncRNAs

An analysis of au-IncRNA differential expres-
sion was performed employing the R package
“DESeq2” on the sample data of normal and
cancer patients, and the P values adj.p value <
0.05 and |log2FC| > 1 corrected by Benjamini-
Hochberg (FDR) were used as the screening
threshold to obtain the differentially expressed
au-IncRNA (DE-au-IncRNA). The volcano map
was drawn utilizing the R package “ggpubr”,
and the DE-au-IncRNA heat map was created
employing R package “ComplexHeatmap”.

Establish a prognostic model of au-IncRNA

According to the patient’s survival time and
status, the Coxph function of the R software
package “survival” was employed to assess
the relation between au-IncRNA expression
and prognosis through univariate Cox regres-
sion analysis. Significant difference is defined
as P < 0.05. The forest plots of all genes with
univariate Cox factor P < 0.05 were drawn using
the R package “forestplot”. Using the results of
a univariate Cox regression study, a LASSO
regression was conducted using the R pack-
age “glmnet”. The prognosis-related au-IncRNA
was determined employing LASSO regression
analysis. Using the Coxph function of the R
package, a multi-factor Cox regression model
was constructed according to survival time and
status, and au-IncRNA was screened according
to the p value. According to survival time and
status, the survival curve of each characteristic
prognostic au-IncRNA was drawn by the R
software packages “Survminer” and “Survival”.
Depending on the median gene expression
level, a high and reduced cohort of patients
was divided to show the prognostic difference
between each group. The key factors were
screened out through the au-IncRNAs interac-
tion network (|R| > 0.7, P < 0.05), and visual-
ized with cytoscape software. The R package
“ggalluvial” draws the Sankey diagram. Then,
each patient’s risk score was estimated. Sub-
jects with PCa were split into low- and high-risk
groups based on their median risk scores.

Prognostic performance evaluation of risk
scoring model and validation of external data
sets

In order to establish an effective prognostic
prediction model, 70% of the TCGA samples
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were used as modeling group, and 30% of the
samples were used as the confirmation set.
The R packages “Survminer” and “Survival” are
employed to construct the survival curves of
the high-risk and low-risk cohorts, respectively.
The ROC curve is drawn using the R package
“SurvivalROC”, which can produce 1-year, 3-
year, and 5-year ROC curves in addition to AUC.
The range of AUC values is 0.5 t0 1.0. AUC > 0.9
indicates elevated accuracy, AUC 0.5-0.7 indi-
cates poor accuracy, AUC 0.7-0.9 indicates
medium accuracy, and AUC 0.5 indicates no
predictive ability. The survival scatter plots we-
re created employing the R package “ggplot2”,
and the heat maps were created utilizing the R
package “ComplexHeatmap”.

Establish and verify prognostic nomogram

According to survival time and survival status,
univariate and multivariate cox regression mod-
els were constructed using the coxph function
of the R package “survival”. Cox univariate and
multivariate forest plots were established em-
ploying the R package “forestplot”. The nomo-
gram and the consistency curve were drawn
using the R pack-age “rms”.

Gene set enrichment analysis (GSEA)

The variations between the high- and low-risk
cohorts were examined utilizing R package
DESeq2, the GSEA gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis was conducted
using the R package “clusterProfiler”, and the
top 5 enrichment results were displayed using
the R package “enrichplot”.

Cell culture

The Cell Bank of the Chinese Academy of
Sciences in China was employed to obtain
PCa cells (22RV-1, PC-3, DU145, LNCaP), in
addition to healthy prostate cells (WPMY-1).
RPMI-1640 medium (Solarbio, Beijing, China),
treated with 10% fetal bovine serum (FBS;
Gibco, Shanghai, China), and 1% antibiotic
combination (penicillin and streptomycin), was
employed to incubate WPMY-1, 22RV-1, PC-3,
and LNCaP cells. 10% fetal bovine serum was
added to Dulbecco’s modified Eagle’'s medium
(DMEM; Invitrogen, Shanghai, China) for the
cultivation of DU145 cells (FBS; Gibco, Shang-
hai, China). Cells were preserved at 37°C in a
humid incubator that had 5% CO, added to it.
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Figure 1. Flowchart for identification and validation of an autophagy-related IncRNA signature in prostate cancer

patients.

Quantitative real-time PCR

Utilizing RNA extraction kit (Eastep®Super Total
RNA ex-traction Kit), total RNA was extracted.
The purity and quantity of RNA were determined
using a NanoDrop 2000 spectrophotometer
from Thermo Fisher Scientific. Every total RNA
was reverse transcribed into cDNA for gRT-PCR
analysis utilizing TakaRa SYBR Premix ExTaq
kit. SYBR Green (TaKaRa) was employed for
QRT-PCR, and the information was assessed
using the CFX Connect real-time system (BIO-
RAD, California, USA). The following were the
thermocycling conditions: following 40 cycles of
95°C for 5 sec and 60°C for 30 sec, 95°C for
10 sec. GAPDH was employed to normalize
RNA expression. The technique of ACt was
applied to evaluate the data. The experiment
was repeated at least three times. Table S1
lists five primers for au-IncRNA.

Results

Identification of au-IncRNAs and differentially
expressed au-IncRNAs

According to the TCGA database, 14826 long
noncoding RNAs were identified in PCa pati-
ents. Typically, 232 genes connected to auto-
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phagy were also recognized from the HADb. The
analysis process was presented in Figure 1.
Pearson correlation analysis between these
IncRNAs and autophagy-related genes was
conducted, which identified 419 au-IncRNAs,
the Representative correlation plots were sh-
own in Figure S1. Among these au-IncRNAs,
114 IncRNAs were differentially expressed, of
which 91 au-IncRNAs were raised and 23 au-
IncRNAs were reduced (Figure 2A, 2B).

Creation and validation of a prostate cancer
prognostic risk-related au-IncRNA signature
model

We screened the prognostic value of the 114
differentially expressed au-IncRNAs by univari-
ate Cox regression analysis and constructed a
forest plot using 21 prognostic related au-
IncRNAs, including 2 low-risk IncRNAs and 19
high-risk IncRNAs (Figure 3A). Subsequently, in
the modeling cohort, the 21 prognostic-related
au-IncRNA were used for Lasso regression
analysis and multiple Cox proportional hazard
regression analysis, and 5 IncCRNAs were recog-
nized with significant values of prognosis (ACO-
68580.6, AF131215.2, LINCO0996, LINCO11-
25 and LINC01547) (Figure 3B-D). We also
established a visual co-expression network of
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Figure 2. Difference analysis of au-IncRNAs. A. Volcano plots of the distributions of 419 au-IncRNAs (the red dots
indicate up-regulated au-IncRNAs and the blue dots indicate the down-regulated au-IncRNAs, while gray dots indi-
cate no difference). B. Heatmap of the expression profiles of 114 differentially expressed IncRNAs in prostate cancer

and normal tissues.

5 au-IncRNAs-mRNAs with prognostic value
(Figure 3E, 3F). Lastly, the following formula
was employed to create a model for 5 au-
INcRNA predictive risk score: risk score =
(0.502 x expression level of AC0O68580.6) +
(-0.447 x expression level of AF131215.2) +
(0.280 x expression level of LINCOO996) +
(0.411 x LINC0O1125 expression level) + (-0.476
x LINCO1547 expression level). In addition,
we found that ACO68580.6, LINCO0O996 and
LINCO1125 were risk factors with HR > 1, while
AF131215.2 and LINCO1547 were protective
factors with HR < 1. In the Kaplan-Meier sur-
vival curve analysis of five au-IncRNAs. ACOG6-
8580.6, LINCO0996 and LINC01125 overex-
pression were associated with poor prognosis,
and high expression of AF131215.2 and LINC-
01547 were associated with good prognosis

(Figure S2A-E).

Individuals in the modeling group were divided
into high-risk (n = 157) and low-risk (n = 157)
cohorts depended on their median risk scores.
In Kaplan-Meier survival curve, cases with
high-risk scores had substantially shorter dis-
ease-free survival (DFS) times than those with
low-risk levels (Figure 4A).

To assess the predictive value of the prognostic
model, 1-, 3- and 5-year receiver operator char-
acteristic (ROC) curves were drawn. The zone
below curve (AUC) values were 0.788 (1-year
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ROC), 0.794 (3-year ROC) and 0.818 (5-year
ROC) (Figure 4B). Patients with greater risk
scores have a shorter DFS time than those with
lesser risk scores (Figure 4C). In addition, the
heat map exhibited that the five au-IncRNAs
were substantially differently expressed in
high-risk cohort and low-risk cohort (Figure
4D). Risk factors were higher in the high-risk
group (LINCO0996, AC068580.6 and LINCO-
1125), in contrast, the low-risk cohort express-
ed greater levels of protective factors (AF13-
1215.2, LINCO1547). These findings showed
that our model could predict PCa patients’ pro-
gnoses with a reasonable degree of accuracy.

We examine the prognostic efficacy in the vali-
dation dataset employing the same method to
further evaluate the prognostic value of the 5
au-IncRNAs panel. Individuals with high-risk
ratings had shorter DFS times than individuals
with low-risk scores, according to Kaplan-Meier
survival curves (Figure S3A). One-, three-, and
five-year survival rates’ AUC values were 0.738,
0.802, and 0.805, respectively (Figure S3B).
The DFS time is shorter for individuals with
higher risk ratings than it is for those with
reduced risk scores (Figure S3C). Five au-
IncRNAs showed a substantial difference in
expression between the high- and the reduced
risk group (Figure S3D). In conclusion, the prog-
nostic model of au-IncRNAs had the capability
to expect the survival of individuals with PCa.
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Figure 3. |dentify au-IncRNAs with autophagy value. A. Forest plot depicting associations between au-IncRNAs and
risk value determined via univariate Cox regression analysis. B. LASSO coefficient profiles of genes associated with
overall survival of PCa. C. Partial likelihood deviance was plotted versus log (A). The vertical dotted line indicates the
lambda value with the minimum error and the largest lambda value, where the deviance is within one standard error
of the mini-mum. D. Forest plot depicting associations between IncRNAs and risk value determined via multivari-
ate Cox regression analysis. E. Autophagy-related INcRNA-mRNA network diagram. The yellow circle corresponds to
IncRNA related to autophagy, and the gray circle corresponds to mRNA. F. Mulberry diagram, showing the degree of
connection (risk/protective) between 18 mRNAs and 5 IncRNAs related to autophagy.

Establishment and evaluation of the prostate
cancer au-IncRNA prognostic model

We used univariate and multivariate Cox re-
gression analysis to determine if the risk model
of au-IncRNA is a reliable predictor of PCa prog-
nosis. The findings demonstrated that PSA,
Gleason, T, N, and recurrence were substan-
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tially correlated with patient survival status and
predictive survival time based on the risk score
of au-IncRNAs (Figure 5A). Furthermore, multi-
variate Cox regression analysis shown that risk
score, TP53, T phases, and recurrence are
each independent prognostic markers for the
length of survival and survival status of Pa-
tients with PCa (Figure 5B).
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related IncRNAs.

Depending on the signature model of au-Inc-
RNAs combined with the above-mentioned clin-
icopathological characteristics, we constructed
a nomogram (Figure 5C). A vertical line can be
drawn between the total point axis and each
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prognostic axis to calculate the survival rate
of individuals with PCa at 1, 3 and 5 years.
The calibration curve displays the consistency
between the anticipated and actual survival
rates (Figure 5D-F).
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Figure 5. Construction and verification of au-IncRNA prognostic nomogram. A. Univariate Cox regression results.
B. Multivariate Cox analysis results. C. A prognostic nomogram constructed based on the prognostic risk scores of
autophagy-related IncRNA and clinicopathological parameters such as TP53, PSA, Gleason score, age, T stage, N
stage, recurrence, etc., can predict 1, 3, and 3 of prostate cancer patients 5-year survival rate. D-F. Concordance
curves between the predict-ed and observed values of 1-year, 3-year, and 5-year survival rates for high-risk and low-

risk prostate cancer patients.

Clinicopathological characteristics and poten-
tial biological functions of au-IncRNAs signa-
ture model

We next explored the relationship between
Au-IncRNAs signature model and clinicopatho-
logical characteristics (Figure 6A). The out-
comes revealed that the risk score of Au-
IncRNAs signature model was higher in TP53
mutant patients than in TP53 wild-type, though
the alteration was not substantially significant
(P = 0.085) (Figure 6B). Moreover, the risk
score was significant higher in PSA > 4.0 (P =
0.0013) (Figure 6C), Gleason > 8 (P < 0.0001)
(Figure 6D), age > 60 (P = 0.023) (Figure 6E),
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advanced T stages (T3/T4) (P = 0.041) (Figure
6F), N1 stage (P = 0.005) (Figure 6G) and recur-
rence (P = 0.0045) (Figure 6H) patients. Figure
S4 showed the prediction of DFS time in differ-
ent clinical subgroups by the prognostic model
of au-IncRNAs, which indicated that most sub-
groups were significantly associated with pa-
tient prognosis. These results indicate that
Au-IncRNAs signature model could be correlat-
ed with malignant progression of PCa.

To investigate these au-IncRNAS’ potential bio-
logical function. On the differentially expressed
au-IncRNAs between the high- and the low-risk
group, we also conducted GO enrichment anal-
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ysis and KEGG mechanism analysis, and we
displayed the top 5 enrichment outcomes.
GO_BP enrichment examination exhibited that
these genes were enriched in Cdc42 protein
signal transduction, chylomicron assembly, ne-
gative regulation of IL-1B secretion, positive
regulation of IL-2 biosynthesis and circulating
immunoglobulin-mediated humoral immune re-

553

in cell lines was verified using
the value of ACt. A lower level
of IncRNA expression corre-
sponds to a greater value of
ACt. According to the findings,
LINCO0996 and AF131215
were strongly expressed in
PCa, as were LINCO1125 and
LINCO1547.2 were poor (Figu-
re 8A). Figure 8B illustrates the mean value
of ACt of each au-IncRNAs in all cell lines:
LINCO1125 9.51, LINCO0996 14.37,
AC068580.6 = 12.215, LINCO1547 = 10.8775
and AF131215.2 14.3675. The gRT-PCR
results also showed that compared with nor-
mal prostate cells (WPMY-1), the expression
of LINCO1125, LINCO1547, LINCOO996 and
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AF131215.2 in the PCa cell line was signi-
ficantly increased, while the expression of
AC068580.6 had no difference (Figure 8C-G).

Discussion

PCa, a typical malignant cancer of the urinary
tract, is second in frequency among cancer-
related deaths in Western developed nations
[24]. After initial treatment, the recurrence rate
of PCa varies with stage, Gleason score, and
PSA level [22]. Though 20% to 30% of individu-
als with medically limited disease will deterio-
rate within 5 years after first treatment [23],
anticipating the risk of recurrence or metastat-
ic development in subjects are still challenging.
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There are studies which have explored the cor-
relation between autophagy-related genes and
PCa [24, 25], but there were many differences
in our study. Firstly, we employed the validation
data set to verify the established model to
make the prediction model more stable and
reliable. Secondly, our study further found that
the au-IncRNAs were associated with TME and
tumor immunity, providing evidence support for
research and treatment in PCa. Thirdly, to fur-
ther explore the biological significance of the
au-IncRNA, more importantly we verified them
in PCa and normal cell lines. In this investiga-
tion, we build a signature model depending
on five au-IncRNAs (ACO68580.6, AF131215.2,
LINCO0996, LINCO1125 and LINCO1547). The
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Figure 8. The expression levels of the five au-IncRNAs in PCa cell lines. A. The expression of the 5 IncRNAs in each
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1, 3, and 5-year ROC values obtained from the
model evaluation in the modeling data set are
0.788, 0.794, 0.818, respectively, and the 1, 3,
and 5-year ROC values obtained from the
model evaluation in the validation set are
0.738, 0.802, 0.805, respectively. The model
is very accurate in estimating PCa patients’
DFS time. Lastly, the robustness analysis of
the model, the nomogram creation, the enrich-
ment analysis, and the gRT-PCR validation were
assessed. The connection between the signa-
ture model and clinical features was also inves-
tigated. The results show that these five au-
IncRNAs are strictly connected to the prognosis
of PCa, and may be a powerful indicator of the
clinical prognosis of individuals with PCa.

So far,among these 5 au-IncRNAs, LINCO0996,
LINCO1125 and LINC0O1547 have been studied
in PCa or other cancers. According to reports,
the decrease of LINCOO996 expression may
be connected to the incidence and metastasis
of colorectal cancer, and the depletion of LINC-
00996 is related to the adverse outcome of
colorectal cancer patients [26]. In a study on
the prognostic risk model of multiple myeloma,
LINCO0996 is also a IncRNA that is strictly
associated with the prognosis of multiple
myeloma [27]. It can be seen that LINCO0996
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is related to prognosis in many tumors. In an-
other study, LINCO0O996 was also used as a
IncRNA closely related to the prognosis of head
and neck cancers [28]. Studies have found that
overexpression of LINCO1125 can inhibit the
growth of ovarian cancer and breast cancer
[29, 30]. But in this study, LINCO1125 is a risk
factor for the prognosis of PCa. So, whether
this difference is caused by our sample size or
other reasons can be the focus of our next
phase of research. In a study on ovarian can-
cer, LINCO1547 as one of the genetic signa-
tures was substantially associated with the
overall survival rate of subjects with ovarian
cancer [31].

GO enrichment assessment and gene KEGG
mechanism analysis were performed on the
differentially expressed au-IncRNAs. The resu-
Its show that au-IncRNAs mainly focus on cell
functions and pathways such as immunity, lipid
and receptor regulation. Cdc42 is a guanine
trinucleotide enzyme that can switch between
an active form and an inactive form, thereby
acting as a molecular “switch” to perform a
variety of important regulatory functions in cell
migration [32]. Studies have shown that residu-
al lipoprotein (RLP) is a lipoprotein rich in tri-
glycerides, which is created by the hydrolysis of
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very low-density lipoprotein and chylomicrons.
Growth and signal transduction of PCa cells are
directly affected by RLP [33]. Many different
research fields have pointed out the potential
function of immunity in the occurrence of PCa
and cancer growth [34]. Investigations have
revealed that NK cells activated by IL-2 have
the capability to kill NK cell-resistant PCa cell
line PC3 [35]. IL-1B is up-regulated in PCa, and
its expression is correlated with Gleason score
> 7 [36]. Mouse prostate epithelial-specific
Pten gene knockout can up-regulate the genes
encoding CSF1 and IL-1B, and it can also
encourage the development of local myeloid-
derived inhibitor cells and immunosuppression
[37].

Our research suggests the Correlation of prog-
nostic model of au-IncRNAs and TME. Gene
enrichment assessment exhibited that these
genes were enriched in humoral immune res-
ponse regulation, IL-1 receptor binding, T cell
receptor complexes, pattern recognition recep-
tor activity and triglyceride lipase activity and
primary immunodeficiency. Zhunussova et al
have found that TME could influence energy
metabolism by mitochondria in PCa cells [38].
Kasahara et al show that humoral immune sys-
tem antibodies against tumors suppress TME
through FcyRIIB signaling [39]. Multiple func-
tions of humoral immunity are implicated in
antitumor defense, like antigen processing and
presentation, cytokine-mediated signaling and
antibacterial defense [40]. Different types of
cells are found in the TME, which promotes or
inhibits the tumor through immune checkpoint
blockade therapy [41]. TCR is closely associat-
ed with CAR-T-based tumor immunotherapy.
The fifth-generation chimeric antigen receptors
(CARs) were constructed depending on the sec-
ond-generation CARs. Gene editing inhibited
the ex-pression of TCR gene and promoted the
ablation of TCR « chain and [ chain [42]. The
amount and quality of target identification are
regulated by the repertoire of ‘neoepitope’-spe-
cific T-cell receptors on tumor-infiltrating lym-
phocytes or peripheral T-cells. Targeting tumor-
stromal epitopes might potentially alter the
immunological environment in TME to achieve
tumor containment [43]. Immune responses
are elicited without infection by Pattern recog-
nition receptors (PRRs), which regulate tumor
immunity. Activating or inhibiting PRRs could
lead to effective cancer immunotherapy [44].
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Numerous intracellular signaling processes
derive from the role of the pattern-recognition
receptor, receptor for advanced glycation end-
products (RAGE), which proliferate and prolong
colorectal cancer. The survival of colon cancer
cells and RAGE expression are closely correlat-
ed. Tumorigenesis, which elevates and devel-
ops in the stressed TME, is influenced by RAGE
[45]. The capability of TLR and RLR agonists to
activate both innate and adaptive immunity is a
necessity for clinical success [46]. Antitumor
CD8+ cytotoxic T cells are efficiently activated
and strong type | interferon responses are
induced by RNA-based compounds stimulating
TLR7 or MDA-5 [47, 48].

Collagen is highly aligned in the extracellular
matrix of the TME. The result is directional
migration, which facilitates efficient migration
out of the tumor [49]. Invasion of cancer cells
and metastasis are significantly affected by col-
lagen fibril maturation in the TME. Cell migra-
tion is enhanced by fiber-like tracks [50]. It has
been shown that collagen fibrils assist cancer
cells in aligning themselves and acquiring a
best shape. The findings point to a novel func-
tion for stromal components in cancers: pre-
serving anchorage and shape to allow cancer
cells to grow [51]. A hallmark of hypoxic cancer
cells is the accumulation of lipid droplets (LD).
By inhibiting intracellular lipolysis mediated
by adipose triglyceride lipase (ATGL) a small
protein encoded by hypoxia-inducible gene 2
HIG2 is one of the major underlying mecha-
nisms. LD accumulation is promoted by hypoxia
by inhibiting ATGL-catalyzed lipolysis in solid
tumors [52]. When metabolic demand is in-
creased, TA stores in LDs undergo lipolysis to
release free FAs. ATGL, hormone-sensitive lipa-
se, and monoacylglycerol lipase are sequen-
tially responsible for whole lipolysis in adipo-
cytes [63-55]. By mediating lipolysis and its
protein regulators and converting TG to diacylg-
lycerol and one free FA, ATGL, the rate-limiting
intracellular TG hydrolase, catalyzes the initial
step in lipolysis [56]. Hence, the gene set
enrichment analysis suggested that prognostic
model of au-IncRNAs was associated with the
TME, including immunotherapy, cancer-related
inflammation, and metabolic reprogramming.

Our research has several limitations. First of all,

the data in this article are all from the TCGA-
PRAD public database. It would be better if
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clinical PCa samples can be added for verifica-
tion. Secondly, although we have conducted
in vitro cell experiments, there may be differ-
ences in cell lines and tissue samples. Further
research is needed to confirm our findings.
Finally, we found that the survival rate of PCa in
the TCGA data set was as high as 99%, and the
prognostic OS index was not available, so the
DFS index was used to model the prognosis
model. No suitable verification data set was
found in other public databases such as ICGC,
so finally the TCGA sample was randomly divid-
ed into 70% samples as the modeling set and
30% samples as the verification set.

All in all, the overall modeling effect of this
study is good. The relationship be-tween au-
IncRNA and PCa can be analyzed from multiple
angles. Based on five au-IncRNAs, we have
developed a model that can anticipate the
prognosis of individuals with PCa. We also eval-
uated the expression levels of 5 IncRNAs in
prognostic signatures through qRT-PCR experi-
ments, which further verified our bioinformatics
results. Due to the different roles of IncCRNAs,
these au-IncRNAs might become hopeful tar-
gets for the treatment of PCa. The outcomes of
this investigation present fresh perspectives
for examining prognosis of PCa.

Conclusion

In conclusion, our au-IncRNA prognostic model
may be useful in predicting PCa prognosis and
has therapeutic applications. These IncRNAs
might be crucial in the diagnosis and manage-
ment of PCa.
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Table S1. The sequences of forward and reverse primers of the 5 autophagy INCRNAs

LncRNA Primers
LINCO1125-F TTCTCCATCTGCGCACCACA
LINCO1125-R GCCAGCCATCGGTGCCATAT
LINCO1547-F AGGCCAAGAGACAACAGCGATTAC
LINCO1547-R GCCAAGTGTGGACTCAGAGCTTC
LINCO0996-F TGGTTCTGTGCCTTCTGGAC
LINCO0996-R CTGAAGCGAATGAAGCCGTG
AC068580.6-F CCAAAACCAAACTCCTGCCTG
AC068580.6-R CGGGTGACCACTTCTTAGGAC
AF131215.2-F AGCCTGGTGGGTTTACTGTG
AF131215.2-R TGAACTGCACCGCAACTCTA
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Figure S1. Representative correlation scatter plots of autophagy-related genes and IncRNAs by Pearson correlation

analysis (|R| > 0.9, P < 0.05).
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Figure S4. The Kaplan-Meier diagram shows the prediction of DFS time in different clinical subgroups by the prog-
nostic model of au-IncRNAs. A, B. TP53 (mutant and wild type). C, D. PSA (< 4.0 ng/ml and > 4.0 ng/ml). E, F. Glea-
sond score (< 8 and = 8). G, H. Relapse (yes and no). |, J. T grades (T1/T2 and T3/T4). K, L. N grades (NO and N1).
M, N. Age (£ 60 and > 60).



