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Pancreatic adenocarcinoma (PAAD) is one of the most common malignant tumors in the digestive system. At present, the prognosis and 5-year survival

time are still unsatisfied. Autophagic genes have been demonstrated as a crucial factor in pancreatic cancer progression, we studied the potential prognostic
value of autophagy associated long non-coding RNA (IncRNA) in patients with pancreatic cancer. In our research, we summarized five autophagy-related
IncRNAs based on The Cancer Genome Atlas (TCGA) pancreatic cancer patient’s data. According to the prognostic IncRNAs, we established a prognostic risk
signature and then divided all the patients into low-risk or high-risk groups based on their risk scores. The overall survival (OS) time in the high-risk group is
shorter than low risk group (HR=3.75, 95%Cl: 2.45-5.73, p<0.001). The autophagy-related IncRNA signature was an independent prognostic predictor with
an AUC value of 0.694 (1 year) and 0.703 (5 year). Nomogram was constructed to predict the patients’ survival probabilities based on the risk scores. Gene
set enrichment analysis was performed to detect the signaling pathway involved in the different groups, which revealed the related genes were markedly
enriched in multiple signaling pathways in high or low- risk group. Moreover, we examined these IncRNAs expression in HPNE cells and three pancreatic cancer
cell lines including Mia- PaCa-2, CFPAC-1 and Panc-1. In addition, the biological function between the high and low risk groups was significantly different. We
also analyzed the relationship between the autophagy-related IncRNAs signature and pancreatic cancer infiltration lymphocytes via CIBERSORT method in this
study. To summarize, the 5-autophagy related IncRNAs we screened in this study has prognostic capability for PAAD and may play a crucial role in pancreatic

cancer biology progress.

INTRODUCTION

Pancreatic Adenocarcinoma is an extremely aggressive
digestive system tumor with insidious clinical manifestations and
high degree of malignancy [1]. Due to early metastasis and local
progression along with the lack of effective methods for early
diagnosis, PAAD has been the 3rd leading cause of cancer related
death in the United States [2]. Surgery is currently the only
cure for PAAD, and even then, only 37 percent of PAAD patients
survive more than five years [3]. Consequently, it is essential
to find biomarkers for early diagnosis and accurate prediction
of the risk degree for improving PAAD prognosis. Autophagy is
an evolutionarily highly conserved intracellular degradation
system intended to maintain cell homeostasis in response to
different cellular stresses. Autophagy levels are usually at a low
level under physiological conditions, whereas could be activated
under oxidative stress, nutritional starvation, or multiple disease
states [4,5]. Dysregulation of autophagy has been reported in
malignant tumor, degenerative diseases of the nervous system,
cardiovascular diseases, diabetes, and inflammatory disorders
[6]. Autophagy can play a bidirectional regulatory role in tumors,
which can either inhibit or promote the tumor progression
based on the stage of tumor development. In pancreatic

cancer, autophagy is involved in the growth and metabolism of
PAAD. High levels of autophagy can both remove damaged cell
components and provide metabolites for biosynthesis and energy
production for tumor cells [7]. Recent study also showed that
autophagy mediated immune escape in pancreatic cancer, could
lead to immunotherapy failure [8]. Hence, it is vital to determine
autophagy related biomarkers that could serve as effective the
early diagnostic and prognostic biomarkers for PAAD patients.

The Human Genome Project revealed that there are 3 billion
base pairs in the human genome, of which 1.5 percent encode
proteins and 98.5 percent non- protein-coding genes, which
were once considered junk genes. However, subsequent ENCODE
projects have shown that about 75% of the human genome can
be transcribed into RNAs, of which 74% are non-protein coding
RNAs (ncRNAs). The long non-coding RNAs are a type of ncRNAs
having more than 200 nucleotides with or without protein-coding
capacity [9]. LncRNAs regulate important biological functions in
cell growth via the form of RNA, including epigenetic regulation,
transcriptional regulation, and post- transcriptional regulation
[10,11].

Furthermore, some studies have shown that IncRNAs regulate
autophagic functions in several cancers. For example, Wang et
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al., demonstrated that IncRNA-ATB promotes proliferation of
hepatocellular carcinoma by activating autophagy [12]. Another
study reveals that IncRNA HOTAIR regulates sunitinib-resistance
of renal cancer by altering autophagy [13]. With new advances
of microarray and gene detection technology, genome sequence
had played a progressively important role in the exploration of
biomarkers related to tumor diagnosis, treatment and prognosis
[14]. Several autophagy related genes have been reported as
biomarkers for cancers [15-17].

Therefore, we hypothesized that autophagy related IncRNAs
may have the potential to be prognostic biomarkers for PAAD
patients. We thoroughly summarized the relationship between
autophagy related IncRNAs expression and clinicopathological
features in 178 PAAD patients from TCGA database in this
research and further constructed a 5-autophagy related IncRNAs
prognostic risk model to estimate the PAAD patients’ prognosis
individually and accurately.

In the present study, expression profiles and clinical data of
178 PAAD patients from TCGA were involved. The prognostic role
of the 5-autophagy related IncRNAs signature was identified by
multifaceted analysis. The relationships between the signature
and immune cell type fractions, immune checkpoint regulators,
mutation profile and functional analyses were further evaluated
to explore underlying value of the signature.

MATERIALS AND METHODS
Collection of Data

The PAAD patient’s gene transcriptome raw data together
with the matching clinical materials were downloaded from TCGA
database (https://portal.gdc.cancer.gov/repository). A total of
182 tissues with gene expression profiles were collected in this
study, including 178 PAAD tissues and 4 normal pancreas tissues.
The 178 PAAD patients had complete follow-up time and clinical
characteristics. In addition, 165 healthy controls from GTEx
database were included for this study. According to the Genome
Reference Consortium Human Build 38 (GRCh38) information
in GENCODE website, we annotated all the IncRNAs and mRNAs
that gathered from TCGA dataset (https://www.gencodegenes.
org/human/). Finally, a total of 14,142 IncRNAs were recognized
for all the patients’ transcriptome data sites.

Identification of the autophagy related IncRNAs

We downloaded the autophagy related genes from the
Human Autophagy Database, which offering details about the
mechanisms and the regulation of autophagy (HADb: http://
www.autophagy.lu/). Transcriptome data matrix and clinical
information of autophagy related genes of 178 patients with
PAAD were acquired from TCGA database. Pearson correlation
was performed to generate the relationship between all the
IncRNAs and autophagy-related genes. LncRNAs with correlation
coefficient |R2| > 0.6 and P < 0.001 was identified as autophagy
related IncRNAs.

Construction of the Autophagy Related IncRNAs
Prognostic Risk Model for PAAD

Initially, the correlation between autophagy related IncRNA
and the prognosis of PAAD patients was evaluated by univariate
and multivariate cox regression analysis. The prognostic IncRNAs
(P-value < 0.001) in univariate analysis were selected for the
additional multivariate regression cox analysis to generate
the prognostic risk model. The risk score of each patient was
calculated depending on the following formula: Risk score = coef
(IncRNAgene) x expr (IncRNAgene), where coef (IncRNAgene)
and expr (IncRNAgene) separately represented the autophagy
related IncRNAs survival correlation coefficient and expression
level. Cox analysis was performed to establish a prognostic risk
model for predicting PAAD patient’s survival. The median risk
scores were used to divide the patients into high-risk and low-risk
groups. The Kaplan-Meier survival curve was used to analyze the
OS of patients in the two groups. Principal component analysis
(PCA) and three-dimensional PCA analysis were conducted to
reduce data dimension and separate the patient’s distribution
based on the autophagy related genes and autophagy related
IncRNAs expression profiles.

Furthermore, univariate and multivariate cox regression
analyses were performed to detect whether the risk score was
independent prognostic factor for PAAD. The receiver operating
characteristic (ROC) curve was performed to compare the
prognostic value between the IncRNAs prognostic signature and
other clinicopathological values.

Set up a Nomogram

We used nomogram to predict prognosis, including factors
such as grade, stage, and risk score. Subsequently, the nomogram
was calibrated. These work was done through the “rms”, “foreign”,
and “survival” package in R.

Cell culture

HPNE cell lines (Normal human pancreatic duct epithelial
cell line) was obtained from Nanjing Medical University. Human
pancreatic cancer cell lines (Mia-PaCa-2, Panc-1 and CFPAC-1)
were acquired from ATCC: Global Bioresource Center. The
pancreatic cancer cell lines and HPNE cells were cultured
in the incubator with 37°C and 5% CO2 concentration. Cell
culture medium are consisted of RPMI 1640 medium (Gibico,
United States) or DMEM (Gibco, United States) with 10% fetal
bovine serum (10%, FBS), 100 U/ml penicillin and 100 pg/ml
streptomycin antibodies.

Total RNA isolation and quantitative real-time PCR
(qRT-PCR)

To detect the expression level of autophagy related IncRNA,
we used RNA Trizol reagent (Invitrogen, Carlsbad, CA, United
States) to extract cell total RNA. Reverse transcription kit was
purchased from TakaRa. We reverse transcribed the total RNA
into cDNA after verifying the RNA quality. Primers used for qRT-
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PCR were synthesized from GenScript (Nanjing, China). Real-time
fluorescent quantitative PCR was performed by SYBR Prime-
Script RT-PCR kit (Roche, Germany). The IncRNA expression
level was analyzed using cycle threshold (CT) in the AACT, and
the housekeeping gene GAPDH was selected as the internal
parameters to standardize qRT-PCR data. All sequence of the
primers used in this research are listed.

Gene Set Enrichment Analysis (GSEA)

We performed Gene set enrichment analysis in the PAAD
patients via Hallmarks data sites to enrich the biological signaling
pathways in high- or low- risk groups. In our research, we
considered the gene sets with a false discovery rate (FDR) < 0.05
and a normalized P value < 0.05 were significantly different in the
two subgroups.

Verification of Tumor Infiltration Immune Cells

We used CIBERSORT method to obtain the fraction of immune
cell types, and Spearman was used to analyze the correlation
between the autophagy related IncRNAs and these immune cells.

Predict chemotherapy responses

To evaluate the response to chemotherapy drugs, we applied
public pharmacogenomics database Genomics of Drug Sensitivity
in Cancer (GDSC) to predict the chemotherapy response. R
package “pRRophetic” was used to calculate the half-maximal
inhibitory concentration (IC50).

Statistical analysis

Autophagy related IncRNAs with expression levels P < 0.05
were regarded as statistically significant, which were further used
to establish an autophagy related IncRNA-mRNA co-expression
relationship via Cytoscape software (version 3.5.1; Cytoscape
Consortium, USA). PCA analysis was used to detect whether the
autophagy related genes and the 5-autophagy related IncRNAs
expression profiles dimensionality have been reduced effectively
and visually. GSEA was used to analyze the functional biological
states. The Kaplan-Meier method was performed to compare OS
time of PAAD patients in each group. Moreover, univariate and
multivariate cox regression analyses were applied to identify
important prognostic factors. ROC curve was expended to
measure the predictive efficiency between the prognostic risk
scores and other clinical parameters. The qRT-PCR experiments
were analyzed by PRISM 7. Statistical analysis was performed
using R software (version 4.0.2).

RESULTS

The expression and CNV status of autophagy related
genes in PC

The overall idea of this study was shown in Figure 1. Firstly,
we downloaded PAAD patients and healthy controls data from
TCGA and GTEx. Figure 2A showed the patients characteristics
from TCGA database. We recognized a total of 14142 IncRNAs
and 19658 mRNA, which was obtained from the TCGA pancreatic
cancer database). A list of 232 autophagy related genes were

downloaded from the Human Autophagy Database (HADb:
http://www.autophagy.lu/,). Waterfall diagram showed the
autophagy related gene mutations in PAAD patients remarkably.
TP53 (54%) and CDKN2A (17%) were the two genes with the
highest mutation frequency in the 158 PC samples. Subsequently,
we analyzed the expression differences of autophagy related
genes and IncRNAs in PAAD patients and healthy controls
[Figure 2B]. Heatmap showed differentially expressed autophagy
related genes. The expression of PTK6, NRG3, TP63, IFNG, 1L24,
BIRC5, CXCR4, APOL1, CDKN2A, and ATG9B in tumor tissues
was significantly higher than that in normal tissues [Figure
2C]. In addition, Figure 2D-E displayed the CNV (Copy Number
Variations information) and location of autophagy related genes
on the chromosome in PC, which showed the CNV of autophagy
related genes were more in loss status.

Identified autophagy related IncRNAs and established
an autophagy related IncRNAs signature for PAAD

We further performed a pearson correlation analysis between
the IncRNAs and the autophagy related genes using |R| > 0.6 and
P < 0.001 as the filter criterion to distinguish autophagy related
IncRNAs. Ultimately, 492 IncRNAs were recognized and their
expression profiles was listed in supplementary table 6. Depend
on the autophagy related IncRNAs data, we used Univariate
cox regression analysis and Kaplan-Meier (KM) method to
screen prognostic related IncRNAs in 492 autophagy associated
IncRNAs. We ranked the prognostic autophagy related IncRNAs
in ascending order by their KM and univariate cox regression
analysis P values (all less than 0.001). The results showed a
total of 20 IncRNAs have prognostic value for PAAD patients
[Table 1]. Univariate cox regression analysis also revealed
that 19 of the prognostic IncRNAs were belong to protective
factors, only one IncRNA (AC245041.2) was risk factor [Table 2].
Additionally, we analyzed co-expression relationship between all
the prognostic IncRNAs and autophagy related genes based on
the 177 PAAD patients’ data from TCGA. Circos plot displayed a
strong positive correlation between the IncRNAs, suggesting a
co-activation relationship or a role in similar biological processes
[Figure 3A]. Consequently, Multivariate cox regression analysis
results indicated five autophagy related IncRNAs were suitable
candidates for constructing the prognostic risk model based on
the lowest Akaike information criterion (AIC=770.28) [Table
3]. Among the screened autophagy related IncRNAs that were
included in the prognostic signature, AC064836.3, AL022328.4,
FLVCR1-DT and AC005332.6 were considered as protective
factors (HR values 1), whereas AC245041.2 was considered
as risk factors (HR values > 1). Then, overall survival analysis
was performed depended on the expression of the selected
5 autophagy related IncRNAs. The outcomes showed these
autophagy related IncRNAs were meaningfully associated with
the overall survival of PAAD patients (P < 0.01; Figure 3 B-F).

Evaluation prognostic signature
autophagy-related IncRNAs for PAAD

containing 5

The risk score for each PAAD patient in the TCGA dataset was
calculated using the following formula for the autophagy-related

JSM Biomar 6(1): 1015 (2023)

3/15


http://www.autophagy.lu/

He Y (2023)

@SciMedCentral
Download PDAC patients and Recognizing IncRNAs and
healthy controls data from — autophagy related genes from
TCGA and GTEx database
Different expression and CNV
status of autophagy related
genes
Prognostic related Identified autophagy Kaplan-Meier survival
IncRNAs related IncRNAs curve analysis
Established an autophagy related Evaluation prognostic ;u.i:,:;g;::;fx
IncRNAs signature for PDAC signature ,
regression analyses
ROC curve analysis
Establishing nomogram | | Functional enrichment | | Immune status and tumor Immunotherapy and
and verifying in vitro analysis and GSEA mutation burden chemotherapy response
Figure 1 The detailed process of this study.
Characteristics Status Mumber of Case gene i logFC pValue  fdr
Age {year) =60 189 APOLL 2111186 665277 1655002 553E-56 B.72E-55%
<80 58 ATGOB 0424555 1023101 1268923 1B7E-22 2506-22
Gender Male o7 BIRCS 0467206 2260537 227990 240E-50 8.35E-50
Female a0 BNIPZ 6600499 2543211 -138876 5.30E-55 4.53E-b4
I # T1 " COKN2A 0738575 16792 1184958 1.03E-07 1.156-07
2 i CXCRA 2063030 5376304 1381868 262E-51 107E-50
T3 141 DAPKZ 1620081  (0.76448 -1.00231 3.16E-47 8.11E-47
I . NG 0026733 0133752 2322848 120E-24 18BE.24
] NO 48 124 024705 1051122 2088057 7.48E-42 146E-41
:; ;23 NRG2 121726 0323224 -198244 5726-49 1756-48
M MO 78 NRG3 0.090867 (1954381 3256478 115E-35 198E-35
m 34 PK3C3 3180836 1434192 -1.14917 280E-57 2B7E-55
g S % PTKS 1158334 3884044 1745508 157E-44 34TE-44
Stage 1l 146 RAB24 5180497 2466366 -1.0707 147E-56 6.026-55
Stage lll-IV 7 SPNS1 3310080 0739283 216271 2.12E-56 6.06E-55
unknawn 3 TMB3FL 4330256 1761728 -1.30046 1.05E-54 8.31E-54
Survival Status Alive 85 TMEM74  0.281454 0076867 -187247 647E-40 1.21E-39
Dead 92 TP&3 0116177 0588192 235243 1.28E-26 1.00F-26

10 4

= GAIN - LOSS

Figure 2 The expression and CNV status of autophagy related genes in PC. A: 177 patients characteristics from TCGA database. B: Differentially
expressed autophagy related genes in PAAD and normal pancreatic tissue. C: Heatmap showed the differentially expressed autophagy related genes.

D-E: The CNV (Copy Number Variations information) status and location of autophagy related genes on the chromosome in PC.
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Table. 1 Correlation | 1 the prog ic IncRNAs and autophagy genes in PDAC
Autophagy related gene _IncRNAs Correlation p value Table. 1 (Continued )
DIRAS3 ACO36176.1 0.803993263 1.38E-41 Autophagy related gene IncRNAs Correlation p value
GABARAPL2 ACD36176.1 0.662197635 7.80E-24 TsC2 PTOV1-AS2 0611120415 1.32E-19
MAP1LC3A AC036176.1 0.708473964 1.94E-28 BNIP3 AC005696.1 0,600071008 8.61E-19
MAPKSIP1 AC036176.1 0.857246756 1.28E-52 CALCOCO2 AL022328.4 06316113 3.31E-21
GABARAPL2 AC020765.2 0.624448927 1.24E-20 GABARAPL2 AL022328.4 0617730464 4.13E-20
MAP1LC3A AC020765.2 0.639490737 7.45E-22 MAP1LC3A AL022328.4 062321089 1.55E-20
MAPKEIP1 AC020765.2 0.671535893 1.08E-24 MAPKEIP1 AL022328.4 0.707456353 2.50E-28
GABARAP AL358472.2 0.608226097 2.17E-19 ULK3 AL022328 4 0.791500222 1.75E-39
GABARAPL2 AL3584722 0.730623835 557E-31 CALCOCO2 FLVCR1-DT 0.600057008 8.63E-19
HDACS AL358472.2 0.610777907 1.40E-19 ULK3 FLVCR1-DT 0.635396669 1.63E-21
MAPKBIP1 AL358472.2 0.720135535 9.55E-30 ATG4D AC00B449.6 0.613492539 871E-20
CALCOCO2 ST20-AS1 0.617095349 4 62E-20 PELP1 AC006449.6 0.620504848 2.48E-20
MAPKSIP1 ST20-AS1 0.615854218 5.86E-20 RAB24 ACD06449.6 0.505013445 3.75E-19
RPTOR ST20-AS1 0.615804754 5.81E-20 PELP1 AC127024.5 0614129724 7.79E-20
ULK3 ST20-AS1 0.644503561 2.82E-22 PELP1 AL513165.1 0.653520915 4.70E-23
GABARAPL2 ACO0B4836.3 0.714031151 4.70E-29 PRKAR1A AC005332 6 0,627040649 7.71E-21
MAP1LC3A AC0G4836.3 0.679820307 1.74E-25 ULK2 AC005332.6 0.614579923 7.20E-20
MAPKBIP 1 ACODB4B36.3 0.712725091 6.58E-29 PELP1 AC145207.5 0.649679568 1.02E-22
RAB24 ACODD5332.5 0600563784 7.93E-19 RPTOR AC145207.5 0.611705009 1.19E-19
ATG16L2 PTOV1-AS2 0.693767876 7.02E-27 ULK1 AC145207.5 0.606860349 2.74E-19
CAPN10 PTOV1-AS2 060059616 7.89E-19 ATG4D LINC01089 0.614992311 6.70E-20
RAB24 PTOV1-AS2 0659511551 1.38E-23 RAB24 LINCO1089 0631820343 3.18E-21
MAP1LC3A AC142472.1 0.682679784 9.15E-26 STK11 LINCO1089 0619116763 3.23E-20
MAPKEIP1 AC1424721 0.611498056 1.23E-19 ULK1 LINCO1089 0.667081561 2.81E-24
TGA3 AC245041.2 0.800708695 7.74E-19 RAB24 LINCO1004 0.622739328 1.69E-20
TGB4 AC245041.2 0.642190768 4.43E-22 ULK3 AL122010.1 0.612936615 9.60E-20
Table 1 Correlation between the prognostic IncRNAs and autophagy genes in PAAD.

IncRMAS KM P-Value B SE HR HR.95L HR .95H pvalue

ACD36176.1 0.000329072 -067707 019129073 050810343 0349241 0.7392292 0.000401

AC020765.2 0.000705918 -0922894 027557331 0.39736737 02315388 06819627 0.000811

AL358472.2 1.24E-05 -1.245036 029947097 02879304 01600949 05178425 3.22E-05

ST20-AS1 152E-05 -1629079 041191436 01961102 00874738 04396654 766E-05

ACO64836.3 799E-05 -0512035 014109349 05992748 04544928 0.7901781 0000284

ACD053325 0000323234 -0D559061 015145447 057174559 04248979 07693449 0000223

PTOV1-AS2 0.000307735 -0.19598 005462224 082202839 0.738571 09149163 0000333

ACD05696.1 3.04E-05 -1048454 025991178 035047926 02105838 05833103 549E-05

ALD22328.4 0000141131 -1.150291 029295637 031654458 01782666 05620822 BG62E-05

FLVCR1-DT 9.00E-05 -1.048973 027309187 0.35029746 0.2051071 05982645 0.000122

AC006449.6 0.000460086 -0808638 021323419 044546442 02932971 06765787 0.000149

AC1270245 3B1E-05 -0660858 015604484 051640814 0380336 0.7011625 22BE-05

AL513165.1 6.56E-05 -0.231911 006553663 079301701 06974252 0901711 0.000402

AC0053326 229E-05 -0.161595 0.04352669 085078611 07812147 09265532 0.000205

AC1452075 0.000220906 -1.057159 026938412 034744152 0.2049187 05890903 8.70E-05

LINCO1089 0000269447 -0.269525 007480587 076374226 06595868 08843449 0000315

LINCO1004 0.000355203 -0.400628 0104714 066989946 05456032 08225122 000013

AL122010.1 0.000760349 -0.619467 014932401 053823101 04016649 07212296 3.35E-05

AC1424721 540E-05 -0982705 026513478 037429729 02226043 0629361 000021

AC2450412 239E-05 02006108 0.05085655 122214902 11062034 13502474 T.99E-05

Table 2 Detailed information for 20 autophagy-related IncRNAs significantly associated with OS in PAAD.

IncRNA signature: risk score =

0.137527218542142  x expression level of AC005332.6)
(-0.248704379564644 |x expressionlevel of AC064836.3) + (-
0.624755831968904  x |expression level of |AL022328.4) + (-
0.741903940236085  x |expression level of | FLVCR1-DT) + (-

+(0.217095145019759 x expression level of AC245041.2).

Then, PAAD patients were apportioned into high-risk (n =
88) and low-risk (n = 89) groups using the median risk score
as the cut-off point. Moreover, Kaplan-Meier survival curve
analysis showed that the overall survival of PAAD patients with

high-risk scores was significantly shorter than those with low-
risk scores (HR: 3.75, 95% CI: 2.45-5.73, p< 0.001, Figure 4A). A
principal components analysis (PCA) and three-dimensional PCA
analysis based on the five-autophagy related IncRNAs showed
two significantly different distribution patterns between high-
risk and low-risk groups [Figure 4 B-C]. Additionally, the 3-year
survival rates were approximately 11.9% (95% CI: 0.0528-0.268)
and 56.8% (95% CI: 0.446-0.725) for the high-risk and low-risk
patients, respectively.Then rank all patients according to the
risk scores calculated by autophagy- related IncRNAs prognostic
risk model. The scatter dot plot demonstrated that the overall
survival of the PAAD patients correlated with the risk scores, and
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Model Prognostic signature combination AlC
ACD36176.1+AC020765.2+ALI5B4T2.2+5T20-A51+AC064836.3+AC005332.5+ PTOV1-AS2 +ACD05696.1 +ALD22328.4+ FLVCR1- DT+ 793,01
1 ACD06449.6+AC127024 5+AL513165.1+AC005332 6+AC145207 5+LINCO1083+LINCD1004+AL122010.1+AC142472 +AC245041 .2
2 ACD36176.1+AC020765.2+AL35B472.245T20-A51+AC064836.3+AC005332,5+ AC005696.1 +ALO22328 4+ FLVCR1 - DT +ACDD6449 6+
AC127024 5+AL513165,1+AC005332.6+AC145207 54 LINCO1089+ LINCO1004+AL122010.1+AC142472 14 AC245041.2 791.01
3 AC036176.1+AC020765.2+AL358472.2+5T20-AS1+AC064836.3+AC005332.5+AC005696.1 +AL022328.4+FLVCR1- DT+ 789.02
ACO06449.6+AC127024 5+AL513165.1+AC005332 6+AC145207 5+LINCOL08A+LINCO1004+AC142472 1+AC245041.2
ACO36176.1+AL358472.2+5T20-A51+AC064836.3+AC005332.5+AC005696.1+AL022328 4+FLVCR1- DT+ACO06449.6+ 787.05
AC127024 5+A1513165 1+AC005332 6+AC145207 5+LINCO1089+LINCO1004+AC142472 1+AC245041.2
ACD36176.1+5T720-A51+AC064836 3+AC005332 5+AC005696.1+AL022328.4+FLVCR1-DT+ACD06449.6+ 785.07
AC127024 5+A1L5131651+AC005332 6+AC145207 5+ LINCO1089+LINCO1004+AC142472 1+AC245041.2
6 ACD36176.1+5T20-A51+AC064836.3+AC005332 5+AC005696.1+AL022328.4+FLVCR1-DT+ACO06449.6+ 783.13
AC127024.5+AL5131651+AC005332.6+AC145207 5+ LINCO10B9+AC142472 1 +AC245041.2
AC036176.1+5T20-A51+AC064836.3+AC005332 5+AC005696.1+AL022328.4+FLVCR1-DT+ 781.45
ACD0B449 6+AL513165 1+AC005332 6+AC145207 5+LINCO1089+ACI 42472 1+AC245041 2 ’
ACD36176.1+5T20-A51+AC064836 3+ACD05606.1+AL022328.4+FLVCR1-DT+ACO06449 6+ 779.69
AL513165.1+AC005332 6+AC145207 5+LINCO1089+AC142472.1+AC245041.2 '
9 AC036176.1+5T20-A51+AC064836 3+AC005606.1+ALD22328 4+FLVCR1-DT+ 778.05
AC006449 6+AC005332.6+AC145207 5+LINCO1089+AC142472 1+ AC245041.2 '
10 AC036176.1+5T20-AS51+AC064836 3+AC005696.1+AL022328 44 FLVCR1- DT+ACO06449 6+AC005332 6+ AC145207 5+LINCO1089+AC245041.2 776.54
u ST20-AS1+AC064836.3+AC005696.1+AL022328.4+FLVCR1- DT +ACD06449 6+ 770.94
ACD05332 6+AC145207 5+LINCO1089+AC245041.2
12 ST20-AS1+AC064836.3+AC005696 1+AL022328.4+FLVCR1- DT+ACO05332 6+AC145207.5+LINCOL0BI+AC245041.2 773.71
13 S5T20-AS1+ACDE4836.3+AL022328 4+FLVCR1-DT+AC005332 6+AC145207 5+LINCO1089 +AC245041 2 77271
14 ST20-AS1+AC064836.3+AL022328.4+FLVCR1-DT+ACD05332 6+AC145207 5+AC245041.2 771.78
15 ST20-AS1+ACDE4836.3+AL022328 4+FLVCR1-DT+ACD05332 6+AC245041 2 770.71
16 AC064836.3+AL022328.4+FLVCR1-DT+AC005332.6+AC245041.2 770.28

Table 3 Akaike information criterion for the prognostic risk models.
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Figure 3 The relationship between the prognostic IncRNAs and PAAD overall survival. A: Circos figure showed the expression relationship
between the prognostic IncRNAs (the red line means positive relationship and the green line meas negative relationship). B-F: The five-autophagy
related IncRNAs indicated four IncRNAs were protective factors (AC064836.3, AL022328.4, FLVCR1-DT and AC005332.6) and AC245041.2 was
confirmed to be risk factors for PAAD. All the p value were less than 0.001.
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Figure 4 Evaluation the prognostic risk model containing 5 autophagy- related IncRNAs for PAAD. A: Kaplan-Meier survival curve analysis
shows that survival time of patients in high-risk group was remarkably shorter than those in low-risk group. B-C: PCA and three-dimensional
PCA analysis derived from the autophagy related IncRNAs indicated the patients were divided into two significantly high or low risk distribution
patterns. D: Risk score distribution of high-risk and low-risk PAAD patients based on autophagy-associated IncRNAs prognostic risk model. E:
Scatter plot displayed the relationship between survival time and PAAD patients risk score. F: Heatmap demonstrated that AC245041.2 was
overexpressed in the high-risk group as a risk factor, whereas AC064836.3, AL022328.4, FLVCR1-DT and AC005332.6 were upregulated in the

low-risk group as protective factors.

patients in higher risk scores field revealed lower survival time
[Figure 4 D-E].

Furthermore, heatmap exposed distinct differences in the
levels of the 5 prognostic related IncRNAs in the high- and low-
risk PAAD patients. High-risk patients expressed higher levels
of risk factors (AC245041.2), while higher levels of protective
factors (AC064836.3, AL022328.4, FLVCR1-DT and AC005332.6)
were found in low-risk patients [Figure 4 F].

The autophagy-related IncRNAs signature is an
independent prognostic factor

Univariate and multivariate cox regression analyses were
performed to verify whether autophagy-associated IncRNA
prognostic risk score was an independent prognostic factor
for PAAD patients. Univariate analysis results demonstrated
that autophagy related IncRNAs prognostic risk score (HR:
1.510, 95%CI: 1.158-1.969, P: 0.002) were significantly related
with OS. However, age, gender, AJCC stage and TNM stage have
no obvious association with OS in these TCGA data [Figure
5A]. Multivariate analyses also indicated autophagy related

IncRNAs prognostic risk score (HR: 1.499, 95%Cl: 1.122-2.003,
P: 0.006) were significantly associated with OS and could be
an independent prognostic factor [Figure 5B]. All these data
demonstrated that the autophagy- related IncRNA prognostic
signature is an independent prognostic factor for PAAD patients.
Additionally, the one-year ROC curve analysis demonstrated that
the AUC value for the autophagy related IncRNAs prognostic
signature was 0.694, which was higher than the AUC values for
age (AUC=0.534), gender (AUC=0.597), grade (AUC=0.607), A]JCC
stage (AUC=0.450), T stage (AUC=0.504), N stage (AUC= 0.518)
and M stage (AUC=0.467) [Figure 5C]. Furthermore, the five-
year ROC curve analysis showed the same results, risk score AUC
value was also the highest during the other factors (AUC=0.703)
[Figure 5D].

Establish the prediction nomogram and verify the
prognostic IncRNAs expression in vitro

Nomograms has been reported as an effective clinical
tools to accurately predict survival time for a patient by
calculating the nomogram score based on the points assigned
for each prognostic factor included in the nomogram [18].
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Figure 5 Valuation of the independent prognostic factor in IncRNAs prognostic risk scores and other Clinicopathological characteristics in
the PAAD patients. A: Univariate coxregression analysis shows the correlation between overall survivaland clinicopathological parameters
including age, gender, Grade, TMN stages and prognostic IncRNAs risk model score. The risk score (P < 0.01) is significantly associated with the
0S of PAAD. B: Multivariate cox regression analysis unveiled that only the risk score (P = 0.006) are independent prognostic indicators for overall
survival of PAAD patients. C-D: The one-year (C) and five-year (D) ROC curve analysis revealed the prognostic accuracy of autophagy-related
IncRNA prognostic risk score was the highest compared with other characteristics.

Thus, nomogram was formed to precisely estimate the 1-, 3-,
and 5-year survival probabilities by using risk score calculated
from the autophagy-related IncRNA prognostic model and
other clinicopathological factors, including age, gender, grade,
T stage, M stage and N stage [Figure 6A]. The calibration curve
analysis showed that the actual and the predicted 1- and 5-year
survival times were in accordance with the reference line [Figure
6B]. These results demonstrated that the nomogram using the
autophagy-related IncRNAs prognostic signature risk scores
was reliable. Due to the lack of T1 and T4 stage patients in the
TCGA database for pancreatic cancer, more data still be needed
in the future to generate more accurate model. To verify the
expression level of autophagy- related IncRNAs in PAAD cells,
we used qRT-PCR analysis to detect normal pancreatic duct
cells (HPNE) and pancreatic cancer cells (Mia- PaCa-2, Panc-1
and CFPAC-1). As showed in [Figure 6 C-G], the results revealed
that AC245041.2 was obviously overexpressed in PAAD cells, the
high expression was associated with poor survival, HR > 1, which
indicated AC245041.2 may play a role as an oncogene in PAAD.
Additionally, AC064836.3 was downregulated in PAAD cell lines
compared with HPNE cells, which is consistent with the better
survival based on TCGA data base. AC005332.6, FLVCR1-DT and
AL022328.4 were overexpressed in Mia-PaCa-2, Panc-1 and

CFPAC-1 cell lines, however, their high expression was related
with better survival, HR < 1, so the internal mechanism still
needed to be further studied.

Establish coexpression network and functional
enrichment analysis

We further investigated the underlying roles of the 5
IncRNAs in PAAD via generating an autophagy related IncRNA
and mRNA co-expression network by Cytoscape software.
Moreover, the Graphical method and Sankey diagram unveiled
the relationship between the mRNAs and the 5 screened risk
or protective IncRNAs [Figure 7 A-B]. Kyoto Encyclopedia of
Genes and Genomes (KEGG), pathway analysis confirmed that
neuroactive ligand-receptor interaction, cAMP signaling pathway
and insulin secretion were the top three most possible pathways
for survival differences between high and low risk groups [Figure
7C]. Additionally, the Gene Ontology (GO) results showed that
signal release was the top enrichment biological process, while
transport vesicle and voltage- gated ion channel activity were
the top enrichment cellular component and molecular function
[Figure 7D]. Circos plot showed the association between different
biological process [Figure 7 E].
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Figure 7 Coexpression network and functional enrichment analysis. A: Graphical method of the autophagy-related IncRNA-mRNA co-
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IncRNAs co- expression network. D: Bubble plot. E: Circos plot.
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Gene set enrichment analysis

GSEA was further performed to detect the signaling pathways
enriched between the high- and low-risk groups. The results
showed the altered genes in the high- risk PAAD patients belong
to pathways related to cytokines and cancer. For regulating
cytokines, IFN- a response, TGF-3 signaling pathways, androgen
response, cholesterol homeostasis and protein secretion were
enriched. Additionally, MYC and Notch signaling pathways have
been reported in various malignant tumors [Figure 8A]. This
suggested that activation of pathways regulation cytokines and
tumor growth function in the high-risk group may contribute
to negative prognosis or worse survival outcomes. Pancreas
beta cells and spermatogenesis were involved in the low-risk
group [Figure 8 B]. Several spermatogenesis related genes were
proved to play an essential role in cancers including breast
cancer and testicular cancer, however, have never been reported
in pancreatic cancer [19,20]. The results proposed that high
prognostic signature risk score was associated with cytokines
and cancer related signaling pathways, while low prognostic
signature risk score was correlated with pancreas beta cells

and spermatogenesis function [Figure 8C]. All these outcomes
provided important clues for us to future examine the potential
personalized therapies for PAAD patients with different risk
scores.

Association of clinicopathological variables and
comparison of the immune status

When we detected the relationships between multiple
clinical factors and the autophagy related IncRNAs risk scores,
the resulted showed the pancreatic cancer immune scores had
significant difference with the risk scores [Figure 9A]. We further
analyzed the differences of tumor microenvironment in the high-
or low-risk groups. A total of 22 tumor infiltrating immune cells
were screened via CIBERSORT method. The results demonstrated
that naive B cells, MO macrophages, resting dendritic cells and
plasma cells exhibited a higher expression in low risk group
(P<0.05).Whereas the M2 phenotype macrophages had a higher
expression in high risk group [Figure 9B]. Moreover, we also
research the association between the autophagy related IncRNAs
risk score and tumor-infiltrating immune cells. Spearman’s
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JSM Biomar 6(1): 1015 (2023)

10/15



@SCiMedCentra]

He Y (2023)

A

 aate i e P
I}
e

JY S

g om  nosgant

T
1

At
-.“‘

ot

T

— LW risk
— High rik

ot

USERY! “ “ “ """"

w00

Mh
a1
-~ P - F s r
s *',«yj:,f'j oot 7 e, f,x, ,’f, &
.I'
D T colis regulatory (Tregs) IR
T cells gamma deita [N | ]
T cells follicular helper
T celis CDB
T cells CO4 naive
T cells CD4 memery resting _
T calls CO4 mamary activated e 001
Plasma cells . = " p<0.01
NK colls resting [ * p<0.05
NK cells activated Carrelation
Meutraphils [ [ o2
Monocytes o
Mast calis resting = o
Mast cells activated a1
Macrophages M2 | . a2
Macrophages M1 | ]
Magrophages Mo
Eosinophils
Dendritic cells resting
Dendritic celis activated [N o [ ]
B eolls nalve | ]
B cells mamory
a® & K ¢!~ &
& & &
& & ¢ ¢

Figure 9 Comparison of clinicopathological variables and immune status. A: Heatmap showed the N stage, T stage and tumor immune scores
had significant differences in autophagy related IncRNAs low- or high-groups. B: Violin plot unveiled the fraction of 22 tumor infiltrating lymph cells
in the subgroups. C: Correlation between the lymph cells and autophagy related IncRNAs risk scores. D: The correlation between each IncRNA in the

signature and tumor infiltrating immune cells.

correlation analysis revealed that the risk score was positively
related with 2 tumor infiltrating immune cells (M0 and M2
phenotype macrophages), however, was negatively correlated
with naive B cells, regulatory T cells, CD8'T cells, and plasma
cells [Figure 9C]. M2 phenotype macrophages have been proved
as a tumor-promoting factor in pancreatic cancer [21]. Hence,
higher autophagy related IncRNAs risk scores may promote
M2 macrophages infiltration in PAAD. In addition, we also
analyzed the correlation between each IncRNA in the signature
and tumor infiltrating immune cells [Figure 9D]. In brief, our
findings indicated that the autophagy related risk scores could
discriminate different characteristics of tumor immune cells in
PAAD.

Immune checkpoint modulators and tumor mutation
burden

It is well known that immune checkpoint modulators
and tumor mutation burden play an important role in tumor
progression. Therefore, we also evaluated the relationship
between the signature and these two factors. The results showed
that there were significant differences of the expression of
immune checkpoint modulators in the high and low risk groups.
CD44, CD276 and TNFSF9 were higher in the high-risk group

than in the low-risk group, while others were higher in the low-
risk group [Figure 10A]. In addition, we found that the tumor
mutation burden in the high-risk group was significantly higher
than that in the low-risk group [Figure 10B]. Figure 10 C-D show
the difference mutation frequency in the two groups. The order
of mutation frequency in high-risk group was as follows: KRAS >
TP53 > CDKN2A > SMAD4 > TTN > MUC16 > DAMTS12. And the
order in low-risk group was as follows: KRAS > TP53 > SMAD4
> TTN > RNF43 > MUC16 > RYR1. Moreover, cancer stem cell-
like properties analysis showed that risk score was positively
correlated with RNAss [Figure 10E].

Evaluation of immunotherapy response and chemo-
therapy response

We further assessed potential response to immunotherapy
of each patient [Figure 11 A-C]. And the high-risk group had a
lower potential for immune dysfunction and immune escape,
which may indicate that the high-risk group responded better to
immunotherapy. Our prediction of chemotherapy response found
that seventeen drugs were more sensitive in the low-risk group,
meaning that these drugs might be more suitable for patients in
the low-risk group [Figure 11 D].
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DISCUSSION

Pancreatic cancer is a malignant digestive system tumor
with extremely high mortality rate [22]. Aggressive multimodal
therapy was fully utilized in many malignancies, nevertheless,
overall survival has not improved for pancreatic cancer, and
treatment outcomes remain unsatisfactory [23, 24]. With the
further study on tumor clinical management, the prognostic
factors such as tumor size, tumor grade and CA19-9 level
have been gradually clarified. Next generation sequencing
biotechnology is being widely used to predict cancer recurrence
and metastasis by detecting transcriptome expression levels. The
role of autophagy in tumorigenesis has been reported for several
cancers, including PAAD [25-29].

Autophagy related genes are involved in the regulation of
autophagylevelinvivo,and the abnormal expression of autophagy
related genes can lead to a variety of diseases, including cancer.
Previous studies have focused on the role of specific autophagy-
related genes in PAAD progression. In pancreatic cancer,
autophagy process is a metabolic requirement, which could be
used to inhibit the expression of MHC-I on the PAAD cells surface,
thus blocking antigen presentation and achieving immune escape
[8,30].

Recently, several IncRNAs have been proved as regulators in
multiple cancers via directly or indirectly targeting autophagy
related genes. For example, Fan et al. reported that silencing of
IncRNA PRRT3-AS1 could suppress prostate cancer proliferation
via promoting autophagy progress [31]. Hence, IncRNAs with co-
expression relationship to autophagy related genes may become
potential diagnostic biomarkers and therapeutic targets for
PAAD patients. Whereas there has been no autophagy related
molecular analysis to recognize IncRNAs prognostic risk model
for PAAD patients. Consequently, it is essential to set up a
IncRNA signature for predicting the prognosis of PAAD patients.
In our research, we used bioinformatics and statistical tools to
systematically analyze the prognostic accuracy of autophagy-
related IncRNAs in PAAD. Firstly, we analyzed the differential
expression of autophagy related genes and IncRNAs between the
PAAD patients and healthy controls. Here, compared to previous
similar studies, a special feature of our study is the inclusion of
165 additional healthy controls from the GTEx database, which
makes our data more convincing.

According to the expression level of PAAD patient’s IncRNAs in
TCGA database, 20 autophagy-associated IncRNAs that noticeably
related with OS were screened by univariate cox regression
analysis. Further, 5 autophagy-related IncRNAs, AC064836.3,
AL022328.4, FLVCR1-DT, AC005332.6 and AC245041.2 were
chosen to structure a prognostic risk model based on their =effects
in the multivariate cox regression analysis. All the PAAD patients
was divided into high- or low-risk group based on the expression
level of the 5- autophgy related IncRNAs. In our research, PAAD
patients in low-risk group had longer survival time than those
in high-risk group. Furthermore, PCA and three-dimensional
PCA analysis based on the five-autophagy related IncRNAs,

clearly showed two distribution patterns between the high- and
low-risk groups. ROC curve analysis validated the prognostic
accuracy of the autophagy-related IncRNA prognostic signature
in the PAAD patients. The risk score based on the autophagy
related IncRNA prognostic risk model was an independent
prognostic factor based on multi-variate cox regression analysis.
In our study, the prognostic risk model of autophagy associated
IncRNA was superior to other conventional clinical parameters in
predicting prognosis. Nomogram has proven to be a resultful and
dependable clinical tool for predicting survival in cancer patients.
Thus, we generated a sturdy nomogram including the prognostic
risk scores determined by the autophagy-related IncRNAs risk
model to improve prognostic prediction of PAAD patients.

Moreover, calibration plots proved that the actual and
predicted 1- and 5-year survival rates based on the nomogram
were consistent. In general, the autophagy related IncRNA
prognostic risk model precisely predicts survival outcomes of
PAAD patients in our study.

For verifying the expression level of the selected autophagy
related IncRNAs in PAAD cells, qRT-PCR analysis was performed
in normal pancreatic duct cells (HPNE) and pancreatic cancer
cells lines (Mia-PaCa-2, Panc-1 and CFPAC-1). The outcomes
indicated that AC245041.2 and AC064836.3 were consistent
with the results based on TCGA data base. We also evaluated the
5 IncRNAs, which were associated with autophagy related genes
expression in PAAD patients and constructed the IncRNA-mRNA
co-expression network. Additionally, GO and KEGG functional
enrichment analyses showed that multiple biological processes
were enriched. GSEA results also revealed distinct differences
in the several signaling pathways between the high- and low-
risk groups. Cytokines- and cancer-related pathways were
enriched in the high-risk group, whereas pancreas beta cells and
spermatogenesis pathways were involved in the low-risk group.
These data give us some clues for further research in PAAD
treatment.

Moreover, we found differences in immune scores between
the high and low risk groups. We then further evaluated the
tumor-infiltrating immune cells and found our autophagy related
risk scores could distinguish different characteristics of tumor-
infiltrating immune cells in PAAD. We found that M2 phenotype
macrophages were more expressed in the high-risk group and
were proportional to the risk score. As is known to all, tumor-
associated macrophages (TAMs) are important innate immune
cells in the tumor microenvironment and play an important role
in the occurrence and development of tumors [32,33], including
M1 macrophages, which can cause inflammatory responses and
improve anti-tumor immunity, and M2 macrophages, which have
anti-inflammatory effects and play a role in tumor development
and metastasis [34,35]. The M2 phenotype of macrophages has
been shown to be a tumor-promoting factor in pancreatic cancer
[21]. This result intrigued us that a higher risk score might
promote M2 phenotype macrophage infiltration in PAAD.

In addition, analyses of immune checkpoint modulators
and TMB found obvious differences between high and low risk
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groups. There were also significant differences between the
two groups in response to immunotherapy and chemotherapy.
This may be beneficial to the clinical selection of appropriate
treatment for different patients. There are still some limits in
our research. Initially, our findings need further validation in
other independent research cohorts to verify the strength of
the prognostic characteristics of autophagy associated IncRNAs.
Next, this research was based on a single cohort of 178 patients
from the public TCGA database and the data used for analysis was
relatively insufficient. Moreover, we only detected the selected
autophagy related IncRNAs expression in HPNE and PAAD cell
lines. For getting more reliable results, the autophagy related
IncRNA risk model should be validated in tumor tissue and in vivo
experiments future. Finally, we found these five IncRNAs with
prognostic value were only the first step. More importantly, we
need to further study the internal mechanism of these IncRNAs
affecting the PAAD patients’ prognosis.

In conclusion, our results revealed an autophagy related
IncRNA prognostic risk model, which could accurately predict the
survival outcomes of PAAD patients. Depend on this risk model
we could recognized the PAAD patients into high or low-risk
groups. Moreover, we also established and validated a prognostic
nomogram via combining the autophagy related IncRNA
prognostic risk model scores and other clinical characteristics.
Our study also demonstrated that autophagy related risk scores
could regulate the distribution of tumor immune cells in PAAD.
The autophagy related IncRNAs risk model may provide us
the clue for further research the mechanism of the autophagy
related genes in regulating tumor growth and have potency to be
prognostic and diagnostic biomarkers for PAAD therapy.
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