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Abstract
BACKGROUND
Pancreatic cancer is a highly invasive malignant tumor. Expression levels of the
autophagy-related protein microtubule-associated protein 1A/1B-light chain 3
(LC3) and perineural invasion (PNI) are closely related to its occurrence and
development. Our previous results showed that the high expression of LC3 was
positively correlated with PNI in the patients with pancreatic cancer. In this
study, we further searched for differential genes involved in autophagy of
pancreatic cancer by gene expression profiling and analyzed their biological
functions in pancreatic cancer, which provides a theoretical basis for elucidating
the pathophysiological mechanism of autophagy in pancreatic cancer and PNI.

AIM
To identify differentially expressed genes involved in pancreatic cancer
autophagy and explore the pathogenesis at the molecular level.

METHODS
Two sets of gene expression profiles of pancreatic cancer/normal tissue
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(GSE16515 and GSE15471) were collected from the Gene Expression Omnibus.
Significance analysis of microarrays algorithm was used to screen differentially
expressed genes related to pancreatic cancer. Gene Ontology (GO) analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were used
to analyze the functional enrichment of the differentially expressed genes. Protein
interaction data containing only differentially expressed genes was downloaded
from String database and screened. Module mining was carried out by Cytoscape
software and ClusterOne plug-in. The interaction relationship between the
modules was analyzed and the pivot nodes between the functional modules were
determined according to the information of the functional modules and the data
of reliable protein interaction network.

RESULTS
Based on the above two data sets of pancreatic tissue total gene expression, 6098
and 12928 differentially expressed genes were obtained by analysis of genes with
higher phenotypic correlation. After extracting the intersection of the two
differential gene sets, 4870 genes were determined. GO analysis showed that 14
significant functional items including negative regulation of protein
ubiquitination were closely related to autophagy. A total of 986 differentially
expressed genes were enriched in these functional items. After eliminating the
autophagy related genes of human cancer cells which had been defined, 347
differentially expressed genes were obtained. KEGG pathway analysis showed
that the pathways hsa04144 and hsa04020 were related to autophagy. In addition,
65 clustering modules were screened after the protein interaction network was
constructed based on String database, and module 32 contains the LC3 gene,
which interacts with multiple autophagy-related genes. Moreover, ubiquitin C
acts as a pivot node in functional modules to connect multiple modules related to
pancreatic cancer and autophagy.

CONCLUSION
Three hundred and forty-seven genes associated with autophagy in human
pancreatic cancer were concentrated, and a key gene ubiquitin C which is closely
related to the occurrence of PNI was determined, suggesting that LC3 may
influence the PNI and prognosis of pancreatic cancer through ubiquitin C.

Key words: Pancreatic cancer; Autophagy-related protein microtubule-associated protein
1A/1B-light chain 3; Perineural invasion; Gene Ontology analysis; Kyoto Encyclopedia
of Genes and Genomes pathway analysis; Ubiquitin C

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this study, we identified differentially expressed genes based on the
autophagy-related protein microtubule-associated protein 1A/1B-light chain 3 (LC3) to
analyze the gene expression profile of autophagy in pancreatic cancer. Three hundred
and forty-seven genes that have no confirmed association with the autophagy process of
human pancreatic cancer cells in previous studies were concentrated, and the key
pathways involved in autophagy were enriched. Furthermore, a key gene ubiquitin C
which is closely related to the occurrence of perineural invasion (PNI) was determined,
suggesting that LC3 may influence the PNI and prognosis of pancreatic cancer through
ubiquitin C.

Citation: Yang YH, Zhang YX, Gui Y, Liu JB, Sun JJ, Fan H. Analysis of the autophagy gene
expression profile of pancreatic cancer based on autophagy-related protein microtubule-
associated protein 1A/1B-light chain 3. World J Gastroenterol 2019; 25(17): 2086-2098
URL: https://www.wjgnet.com/1007-9327/full/v25/i17/2086.htm
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INTRODUCTION
Pancreatic cancer is a highly invasive tumor of the digestive system. It is of high
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malignancy, its early diagnosis is difficult, and it is not sensitive to radiotherapy and
chemotherapy. At present, surgical resection is the only relatively effective treatment.
The majority of patients are at the late stage of the disease when diagnosed and thus
have missed the best treatment opportunity[1]. Therefore, identifying a new direction
for the treatment of pancreatic cancer has become the focus of pancreatic surgery
studies. As an important mechanism for tumor cells to escape apoptosis, autophagy
has both promoting and inhibiting effects on tumors[2,3]. At present, more and more
studies have found that autophagy is closely related to the occurrence, development,
differentiation and prognosis of pancreatic cancer[4,5].

Autophagy-related protein microtubule-associated protein 1A/1B-light chain 3
(LC3), as a key protein in the autophagy process, is involved in the formation of the
autophagosome. A study by our research group found that high expression of LC3 in
pancreatic  cancer  was  positively  correlated  with  neural  invasion  and  poor
prognosis[6]. On the basis of previous studies and using LC3 as a guidance index, the
autophagy gene expression profile of pancreatic cancer was analyzed to guide the
functional annotation of differentially expressed genes and to enhance the reliability
of bioinformatics prediction and analysis. Differentially expressed genes involved in
the autophagy of pancreatic cancer were identified by a gene expression microarray
technique.  Protein  interaction  networks  were  constructed  and  the  functional
clustering of differentially expressed genes was carried out. Key interacting proteins
or genes between modules were screened and evaluated by statistical methods, and
the pathogenesis of pancreatic cancer was explored.

MATERIALS AND METHODS

Sample collection
Two groups of experimental data were selected for the analysis of the whole-genome
expression profile. Group 1 consisted of 16 normal pancreatic tissue samples and 36
pancreatic cancer tissue samples. Group 2 consisted of 26 normal pancreatic tissue
samples and 26 pancreatic cancer tissue samples. All samples were obtained from
surgical  excision  specimens  of  pancreatic  cancer  patients  and  were  diagnosed,
classified, graded and staged by pathology professionals.

Gene sequencing
Following the instructions of the Affymetrix gene microarray expression analysis
manual and using the Affymetrix Human Genome U133 Plus 2.0 Array sequencing
platform  (platform  number:  GPL570)[7-10],  gene  expression  in  the  samples  was
examined. All of the obtained data have been uploaded and submitted to the Gene
Expression Omnibus (GEO), a gene expression database.

Gene expression profile data acquisition and preprocessing
Based on the information of the above two sets of samples and by exploring the gene
expression database of the National Center for Biotechnology Information (NCBI) of
the  United States[11],  two sets  of  pancreatic  tissue  gene expression profiles  were
collected: GSE16515 and GSE15471. Data set-related information is listed in Table 1.

The rma function in the affy package of R language[12] was used to preprocess the
raw data of the gene expression profiles, and the robust multi-array average (RMA)
algorithm[13] was employed to calculate the amount of gene expression from the raw
data of expression profiles and to obtain the gene expression values of the probes, that
is, the signal strength values.

Gene annotation of probe data
Using  the  Annotate  package  of  R  language  combined  with  the  chip  annotation
document, the probe sets were labeled with the corresponding genes (Entrez ID). In
the situation of a single gene corresponding to multiple probe sets, the average value
of the multiple probe sets was used to represent the expression value of the gene. In
the case of multiple genes corresponding to one probe set, the probe set data were
deleted.

Screening and identification of differentially expressed genes
The significance analysis of microarrays (SAM) algorithm[14] was used to screen for
differentially expressed genes related to pancreatic cancer. The analysis platform
employed the R language platform.

Functional enrichment analysis of differentially expressed genes
Gene Ontology (GO) analysis of differentially expressed genes was used to search for
gene functions whose changes might be correlated with the differentially expressed
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Table 1  Relevant information of the genome expression profile data sets of pancreatic tissues

Data set number(raw data of CEL files) Number of normal samples Number of disease samples Platform information

GSE16515 16 36 Affymetrix HG-U133 Plus 2.0, GPL570

GSE15471 26 26 Affymetrix HG-U133 Plus 2.0, GPL570

genes of different samples[15,16]. The pathway analysis of differentially expressed genes
was used to search for cellular pathways whose changes might be related to the
differentially expressed genes in different samples[17-19]. The significance thresholds of
enrichment  analysis  were  0.01  and  0.05  for  GO  analysis  and  pathway  analysis,
respectively. Descriptions of the result parameters of the functional annotations are
shown in Supplementary Table 1.

Protein interaction analysis of differentially expressed genes
Data screening and preprocessing:

Human protein interaction network data were downloaded from the STRING
database[20], and protein interaction pairs with interaction scores of more than 900
were selected. Only protein interaction data containing differentially expressed genes
were screened from the above qualified protein interaction data. Modules were mined
and differentially expressed genes were annotated using the ClusterOne plugin of
Cytoscape software.

Analysis of information crosstalk between interacting modules:  The calculation
method of crosstalk significance is as follows: in the context of a random network, the
number of cases in which the number of interaction pairs between modules in N
random networks (in this study, N = 1000) was greater than that in real networks was
calculated and recorded as n. The formula for calculating the P value is P = n/N; a P
value less than or equal to 0.05 represents significant crosstalk between modules.

Pivot analysis:  The definition of pivot requires satisfaction of the following two
conditions: (1) the pivot interacts with two modules at the same time and has at least
two interaction  pairs  with  each  module;  and (2)  the  P  value  of  the  significance
analysis of the interaction between the pivot and each module should be less than or
equal to 0.05. According to the above descriptions, the Python program was written to
find the pivots between the functional modules, and the hypergeometric test method
was used for the significance analysis.

RESULTS

Preprocessing results of expression profile raw data
The distribution of  gene expression amount calculated by the RMA algorithm is
shown in Figure 1A and B After data preprocessing, the gene expression profile data
were  reduced  from  the  original  54675  probe  expression  values  to  20502  gene
expression values.

Extraction results of differentially expressed genes
After  data  standardization  and  gene  annotation,  gene  microarray  significance
analyses were performed on the two sets of data (GSE16515 and GSE15471) separately
using the Sam function of the siggenes package of R language (Figure 2A and B); a
total of 6098 and 12928 differentially expressed genes were obtained, respectively, and
the  first  40  genes  were  selected  for  display  in  Supplementary  Tables  1  and  2,
respectively. A total of 4870 core differentially expressed genes were obtained from
the intersection of  the  two sets  of  differentially  expressed genes  for  subsequent
functional annotation analysis.

Functional enrichment analysis of differentially expressed genes
In the process of GO analysis of differentially expressed genes, the involvement of
genes  in  biological  processes,  molecular  functions  and  cell  compositions  was
annotated  by  setting  different  parameters.  The  14  functional  items  related  to
apoptosis/autophagy are listed in Table 2.

The Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis enriched the
differentially expressed genes into four pathways: hsa03050, hsa04144, hsa05412 and
hsa04020.  hsa04144  is  related to  endocytosis,  hsa04020  is  related to  the  calcium
signaling pathway, and both are, to a certain degree, related to autophagy.
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Figure 1

Figure 1  Box diagram of the gene expression distribution. A: Box diagram of the gene expression distribution of each sample after the standardization of set
GSE16515. B: Box diagram of the gene expression distribution of each sample after the standardization of set GSE15471.

Searching  the  GENE functional  annotation  database  of  the  NCBI  using  three
keywords, autophagy, Homo sapiens and cancer (adopt and logic rule), 851 genes were
obtained. The 16 functional items associated with autophagy obtained by GO and
KEGG analyses revealed a total of 986 differentially expressed genes (Figure 3). After
removing genes that are clearly defined in the GENE database, 347 differentially
expressed genes were obtained (Supplementary Table 3). The relationship between
these genes and the autophagy of pancreatic cancer cells awaits further exploration.

Interaction analysis of differentially expressed genes
Based  on  a  protein  interaction  network  database  (STRING),  a  reliable  protein
interaction network of 10524 proteins and 196254 interaction pairs was obtained by
selecting protein interaction pairs with an interaction score of greater than or equal to
900. Protein interaction data containing only differentially expressed genes were
subsequently  screened  from  the  above  protein  interaction  data,  and  a  protein
interaction network of 2256 differentially expressed genes and 12632 interaction pairs
was  obtained.  Figure  4  shows  the  protein  interaction  network  composed  of
differentially expressed genes. Red pivot dots indicate that when mining modules, the
P values of the participating modules were less than 0.05, while yellow pivot dots
indicate that when mining modules, the P values of the participating modules were
greater than 0.05. Grey pivot dots indicate that these genes were not involved in the
modules. A total of 65 clustering modules were screened by importing the above
interaction  data  containing  differentially  expressed  genes  into  Cytoscape  (Sup-
plementary Table 4).

GO and KEGG functional annotation of the differentially expressed genes in the
protein interaction network was performed. The results are shown in Supplementary
Tables 5 and 6. GO analysis found that GO:0016236 was involved in autophagy, while
KEGG analysis revealed a highly significant (P = 1.06E-07) new pathway, hsa04216
(ferroptosis), a new cell death pattern associated with iron death.

Next, we identified the MAP1L3A (LC3) gene in the excavated module 32, which is
the target gene of emphasis in this study. We also found that this module contains
multiple genes related to autophagy (Supplementary Table 7). Through the functional
enrichment analysis of module 32, the genes of this module were found to be mainly
involved in pathways related to autophagy and iron-dependent cell death.

Furthermore, network diagrams were used to show the LC3 gene and genes that
directly interact with LC3 (Figure 5A) and to demonstrate the functional modules in
which the LC3 gene is involved (Figure 5B).

Analysis of crosstalk between interacting modules
The  complex  intracellular  pathway  networks  were  analyzed  by  crosstalk,  and
important protein pivots that affect signal transduction between the pathways were
identified through protein interactions. The results of the pathway crosstalk analysis
of the aforementioned clustering modules are shown in Supplementary Table 8 and
Figure 6.

The above functional annotation analysis revealed that modules 33 and 40 were
both  associated  with  autophagy;  the  crosstalk  between  the  two  modules  is
demonstrated using a network diagram by Cytoscape (Figure 7). The genes involved
in the two modules and their functional descriptions are listed in Supplementary
Table 9.
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Table 2  Items related to apoptosis/autophagy in the Gene Ontology enrichment of differentially expressed genes

Category ID Description

Biological processes GO:2001236 Regulation of the extrinsic apoptotic signaling pathway

GO:0097192 Extrinsic apoptotic signaling pathway in the absence of ligand

GO:0097191 Extrinsic apoptotic signaling pathway

GO:2001237 Negative regulation of the extrinsic apoptotic signaling
pathway

GO:0031397 Negative regulation of protein ubiquitination

GO:0031396 Regulation of protein ubiquitination

GO:0010038 Response to metal ions

GO:0045862 Positive regulation of proteolysis

Cell composition GO:0022624 Proteasome accessory complex

GO:0034702 Ion channel complex

GO:0000502 Proteasome complex

GO:0005838 Proteasome regulatory particle

Molecular functions GO:0003779 Actin binding

GO:0002020 Protease binding

Pivot analysis
Pivot analysis revealed that the gene 7316, ubiquitin C (UBC), was associated with
several modules related to cancer and autophagy. After removing the redundant
modules, seven modules interacting with this pivot were obtained (Supplementary
Table 10).  These modules all  contain genes that  directly interact  with gene 7316.
Functional enrichment analysis showed that most of these 7 modules are related to
human cell death, especially the autophagy process. In module 32, the pivot directly
interacts with gene 84557 (MAP1LC3A) and is associated with multiple modules
(Figure 8).

DISCUSSION
Pancreatic cancer has a high malignant degree, a low early diagnosis rate, and a less
than 20% chance of radical resection. The incidence and mortality rate of pancreatic
cancer are high. From 2000 to 2014, the overall  5-year survival rate of pancreatic
cancer  in  different  regions  of  the  world  was  between  5% and  15%[21].  In  China,
approximately 90100 new cases of pancreatic cancer were reported in 2015, ranking
ninth among all malignant tumors, while mortality reached 79400 cases, ranking sixth
among all  malignant tumors;  the 5-year survival  rate was 9.9%[22].  Until  now, an
effective diagnosis and treatment for pancreatic cancer have been lacking, and the
exact causes and pathogenesis of pancreatic cancer are not well understood. In this
study,  bioinformatics  analysis  based  on  the  LC3  gene  was  used  to  identify
differentially  expressed  genes  in  pancreatic  cancer  and  the  results  were  com-
prehensively analyzed to provide a new experimental basis for the diagnosis and
treatment of pancreatic cancer.

First, the GO analysis results of the differentially expressed genes associated with
pancreatic cancer were preliminarily studied, and 347 genes that had not been clearly
defined by the GENE database as directly related to the autophagy of human cancer
cells were identified, providing new information and a novel direction for future
cancer and autophagy research. Previous studies have shown that the occurrence and
development of pancreatic cancer are the result of the interaction and influence of
multiple  genes and factors[23,24].  In  this  study,  GO functional  annotation analysis
revealed that functional annotations were associated with multiple differentially
expressed genes, indirectly confirming the earlier results. This study was not limited
to an expression abnormality or a mutation of a single gene or protein but rather
analyzed  the  gene  microarray  expression  profile  data  to  obtain  the  suspected
differentially expressed genes associated with tumors,  providing useful  data for
future  studies  and  providing  a  reliable  and  detailed  experimental  basis  for  the
diagnosis and treatment of complex diseases. Second, the KEGG analysis results of
pancreatic  cancer-related  differentially  expressed  genes  were  analyzed.  The
differentially expressed genes were enriched in four pathways,  and the complex
molecular mechanisms involved in these pathways are related to the occurrence of
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Figure 2

Figure 2  Distribution diagram of the statistical analysis of gene expression. A: Distribution diagram of the
statistical analysis of gene expression after the extraction of differentially expressed genes in set GSE16515; B:
Distribution diagram of the statistical analysis of gene expression after the extraction of differentially expressed genes
in set GSE15471. Yellow for differentially expressed genes and black for non-differentially expressed genes.

tumors, inflammation, immune disorders, and idiopathic diseases[25].
In this study, we combined the gene expression database and the STRING protein

interaction database to mine modules in the protein interaction network involving the
differentially expressed genes and found that modules 33 and 40 were both associated
with autophagy. In view of the functional descriptions, the genes involved in these
two modules are closely related to cellular processes such as cancer, autophagy and
apoptosis. Through functional enrichment analysis of the genes involved in these
modules,  KEGG  enrichment  further  identified  pathway  hsa04216,  that  is,
ferroptosis[26], which is characterized by the production of reactive oxygen species
(ROS) from the peroxidation of accumulated iron and lipids. Kang et al[27] reviewed
the relationship between autophagy and ferroptosis and noted that the activation of
ferroptosis depends on its induction by autophagy.

In  the  module  interaction  study,  we  found  that  UBC,  as  a  pivot  of  module
interactions, connected several modules related to cancer and autophagy and plays an
important role in multiple cell death modules related to autophagy (Figures 1-8),
consistent with current knowledge and our understanding of cancer and cell death.
UBC, as a precursor of ubiquitin, plays a key role in the occurrence and development
of  diseases  such as  autophagy,  cancer,  and inflammation through the  ubiquitin
proteasome  system  (UPS)[28].  A  large  number  of  studies  have  shown  a  close
relationship between UPS and autophagy[29,30]. Previously, UPS and autophagy have
been considered complementary degradation systems with no intersection. However,
some monoubiquitinated proteins can also be degraded by autophagy[31]. Pandey et
al[32] performed in vitro experiments and showed that monoubiquitination and histone
deacetylase 6 (HDAC6) are the key signals linking the two systems of autophagy and
UPS, consistent with the results of the current study that the ubiquitin precursor UBC
connects multiple autophagy-related modules.

A previous study showed that the signaling pathway adapter protein P62 contains
an LC3 recognition sequence that forms oligomers to recruit ubiquitinated proteins
through a ubiquitin binding domain and interacts with LC3 to form degradation
substrates  for  the  autophagosome[33].  Ubiquitin  is  also  one  of  the  substrates  of
molecular  chaperone-mediated  autophagy[34].  In  this  study,  a  direct  interaction
between LC3 and the pivot gene UBC was identified, which has certain significance
for  the  study  of  the  mechanism  by  which  autophagy  scavenges  ubiquitinated
substrates.  Ubiquitin  and  UPS  are  also  closely  related  to  the  occurrence  and
development of tumors. Tang et al[35] confirmed that ubiquitin is highly expressed in
many types of tumor tissues. Liu et al[36] showed that UPS could selectively degrade
the  products  of  oncogenes  and  tumor  suppressor  genes,  as  well  as  apoptosis-
regulating proteins, thus regulating cell mutation and tumorigenesis.

In recent years, the perineural invasion (PNI) of pancreatic cancer has become a
research hotspot in academia and in the clinic; however, its mechanism has not yet
been elucidated. A complicated tumor microenvironment, autophagy, and neural
plasticity[37] exert important effects on the nerves around and inside the pancreas. It
has been reported[38] that pancreatic cancer tissue with high expression of ubiquitin-
specific protease 9X (USP9X), a member of the ubiquitin-specific protease subfamily
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Figure 3

Figure 3  Distribution of the numbers of differentially expressed genes in functional items associated with apoptosis/autophagy.

of  the  family  of  deubiquitinating  enzymes,  may  be  more  invasive,  and  high
expression of USP9X is closely associated with the prognosis of pancreatic cancer. In
UPS, the reversible process of protein ubiquitination and deubiquitination catalyzed
by ubiquitinating enzymes (UBEs) and deubiquitinating enzymes (DUBs) is  also
closely  related  to  PNI  of  the  tumor[39].  UBC-terminal  hydrolases  (UCHs)  are  a
subfamily of DUBs. Previous studies have shown that the UCH family plays different
roles in the progression of different tumors[40]. Ubiquitin carboxyl terminal esterase L1,
a family member of UCHs, is not only overexpressed in neural tissue[41] but is also
used as a marker of nerve fibers to study PNI[42].

In  the  study  of  modular  clustering  based  on  protein  interactions,  UBC  was
clustered with multiple autophagy-related genes in module 32 and directly interacted
with LC3 and NBR1 (Figures 2-7). UCH uses ubiquitinated proteins as substrates to
catalyze the removal of ubiquitin molecules. Therefore, UBC and UCH also directly
interact. Moreover, the expression level of UCH is closely related to the process of
PNI. Based on our previous study[6] in which the positive rate of PNI was significantly
positively correlated with the high expression of LC3 in pancreatic cancer patients
and that PNI and LC3 levels are independent risk factors for the poor prognosis of
pancreatic cancer, we postulate that the autophagy-related protein LC3 may establish
a  close  association  with  pancreatic  cancer  PNI  through  UBC  and  its  associated
ubiquitin proteasome system.

In summary, the present study combined the gene expression profile microarray
technique  with  bioinformatics  analysis  technology  to  analyze  and mine  a  large
quantity of data and identified new significantly differentially expressed genes related
to the occurrence of autophagy in pancreatic cancer, which expands the autophagy-
related gene profile of pancreatic cancer and is helpful for the search of candidate
susceptible genes and rare mutations that may be associated with the occurrence and
development of autophagy in pancreatic cancer. The identification and review of
UBC, a key gene that directly interacts with LC3, suggest that it may be a key factor
that leads to a poor prognosis of pancreatic cancer mediated by PNI and suggests a
new direction for further research.

In this  study,  we identified differentially expressed genes between pancreatic
cancer cells and normal cells at the whole-genome level using the whole-genome
expression  profiling  technique,  identified  347  genes  that  have  no  confirmed
association with the autophagy process of human pancreatic cancer cells in previous
studies, and discovered and clarified information about the pathways involved in
autophagy. Furthermore, we identified UBC, which plays an important role in several
modules related to cell death, through gene expression microarray analysis based on
autophagy and LC3 and found that UBC is widely involved in tumor cell growth,
invasion and metastasis. It was also found that ubiquitin is closely related to PNI. It is
believed that LC3 may affect the PNI and prognosis of pancreatic cancer through
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Figure 4

Figure 4  Protein interaction network composed of differentially expressed genes.

UBC, which is helpful for the study and treatment of pancreatic cancer and provides
an important clue to the pathogenesis of pancreatic cancer.
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Figure 5

Figure 5  Network diagram. A: Network diagram of genes that directly interact with the autophagy-related protein microtubule-associated protein 1A/1B-light chain 3
(LC3) gene; B: Network diagram of functional modules in which the LC3 gene is involved.

Figure 6

Figure 6  Module pairs with significant crosstalk.

Figure 7

Figure 7  Crosstalk relationship between modules 33 and 44.
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Figure 8

Figure 8  The ubiquitin C gene (pivot) and its connecting modules.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is a malignant tumor with a poor prognosis that has almost equal mortality
and morbidity in patients. At present, more and more studies have found that autophagy is
closely related to the occurrence,  development,  differentiation and prognosis of pancreatic
cancer. Autophagy-related protein microtubule-associated protein 1A/1B-light chain 3 (LC3), as
a key protein in the autophagy process, is involved in the formation of the autophagosome. A
study by  our  research  group found that  high  expression  of  LC3 in  pancreatic  cancer  was
positively  correlated  with  neural  invasion  and  poor  prognosis.  With  the  development  of
genomics, gene expression microarray technology, proteomics and bioinformatics, the ability to
manipulate and characterize human genes and their products has been acquired. Disease-related
genes have been studied at the molecular level to understand the pathogenesis of diseases. On
the basis of previous studies and using LC3 as a guidance index, the autophagy gene expression
profile of pancreatic cancer was analyzed to guide the functional annotation of differentially
expressed genes and to enhance the reliability of bioinformatics prediction and analysis. Thus, to
provide a basis for the study of the molecular mechanism of autophagy in pancreatic cancer.

Research motivation
This study focused on the differentially expressed genes based on LC3 to analyze the gene
expression profile of autophagy in pancreatic cancer. Thus, to provide a basis for the study of the
molecular mechanism of autophagy in pancreatic cancer.

Research objectives
To identify differentially expressed genes in autophagy of pancreatic cancer and to provide a
basis for exploring the molecular mechanism of autophagy of pancreatic cancer cells and finding
new targets for diagnosis and treatment of pancreatic cancer.

Research methods
On the basis of previous studies and using LC3 as a guidance index, differentially expressed
genes involved in the autophagy of pancreatic cancer were identified by a gene expression
microarray  technique.  Protein  interaction  networks  were  constructed  and  the  functional
clustering of differentially expressed genes was carried out. Key interacting proteins or genes
between modules were screened and evaluated by statistical methods, and the pathogenesis of
pancreatic cancer was explored.

Research results
After removing genes that are clearly defined in the GENE database, 347 differentially expressed
genes were obtained. The Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis revealed
a highly significant new pathway, hsa04216 (ferroptosis), a new cell death pattern associated
with iron death. The ubiquitin C (UBC) as a pivot of module interactions, connected several
modules related to cancer and autophagy and plays an important role in multiple cell death
modules related to autophagy.

Research conclusions
In this study, we identified differentially expressed genes based on the LC3 to analyze the gene
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expression profile of autophagy in pancreatic cancer. Three hundred and forty-seven genes that
have no confirmed association with the autophagy process of human pancreatic cancer cells in
previous  studies  were  concentrated,  and  the  key  pathways  involved  in  autophagy  were
enriched. Furthermore, a key gene UBC which is closely related to the occurrence of perineural
invasion (PNI) was determined, suggesting that LC3 may influence the PNI and prognosis of
pancreatic cancer through UBC.

Research perspectives
With the development of genomics, gene expression microarray technology, proteomics and
bioinformatics,  we have been able to study disease-related genes at  the molecular  level  to
understand the pathogenesis of disease, thus to seek new research directions or to find new
targets for clinical diagnosis and treatment. In this study, LC3 was used as a target to explore the
differential genes related to autophagy in pancreatic cancer cells. Three hundred and forty-seven
genes that have no confirmed association with the autophagy process of human pancreatic
cancer cells in previous studies were concentrated, it is obviously unrealistic to analyze all the
genes interacting with LC3 in vitro. Nevertheless, a key gene UBC which is closely related to the
occurrence of PNI was determined. Our previous results showed that the high expression of LC3
was positively correlated with PNI in the patients with pancreatic cancer. Suggesting that LC3
may influence the PNI and prognosis of pancreatic cancer through UBC. Therefore, we have
planned to supplement some vitro and vivo experiments to further analysis the relationship
between them and explore the molecular mechanism of phagocytosis in pancreatic cancer cells.
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