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Abstract: Autophagy played a significant role in the development of cancer. In this study, we explored the value of 
autophagy-associated genes in gastric cancer. RNA sequencing and clinical information containing 375 gastric 
cancer and 32 normal tissues were gathered from the TCGA portal. Then we stochastically allocated the autophagy-
associated genes (AAGs) to training and testing groups. Next, we screened the discrepantly expressed AAGs and 
the prognostic AAGs by Cox regression analysis and Lasso regression analysis. Afterwards, we structured the model 
by using the prognostic AAGs and plotted Kaplan-Meier (KM) and receiver operating characteristic (ROC) curves to 
verify the performance of models in both groups. Besides, we utilized Gene Ontology (GO) functional annotation and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses to explore the molecular mecha-
nisms of AAGs in gastric cancer. Finally, we demonstrated discrepant expression of AAGs within gastric cancer and 
non-tumor tissues at protein level with immunohistochemistry. 28 discrepantly expressed AAGs were screened from 
the TCGA database which contained 375 gastric cancer and 32 non-tumor samples. Cox and Lasso regression 
analyses were performed in training group and then we got 5 prognostic AAGs to establish the prognostic model. 
The patients who had high risk possessed worse overall survival (OS) both in training group (5-year OS, 47.6% vs 
23.1%; P < 0.0001) and test group (5-year OS, 49.2% vs 0%, P=0.019). The proportion under ROC curves (AUC) were 
significant both in training group and test group (5-year AUC, 0.736 vs 0.809). Through this study, we constructed a 
model for gastric cancer patients which may provide individual treatment and superior prognosis.
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Introduction

Autophagy was first proposed by de Duve in 
1963 as a phenomenon of cell self-digestion 
[1]. It is a common biological phenomenon 
existing in all eukaryotic cells. Previous research 
reported that autophagy has been proved to 
play a significant role in pathophysiological 
responses including cancer [2, 3]. Autophagy is 
an extremely conserved catabolic pathway that 
double-membrane cytoplasmic vesicles phago-
cytose some cytoplasm, long-lived proteins, 
damaged organelles, and other ingredients 
such as invading pathogenic microorganism to 
form autophagosomes. Afterwards, autopha-
golysosomes forms with the fusion of outer 

membranes and lysosomal membranes. After 
that, the hydrolytic enzymes in autophagolyso-
somes degrades those substances for meeting 
metabolic needs and renovating of organelles 
including mitochondria, endoplasmic reticulum 
and ribosomes [4, 5]. As the research of 
autophaygy moves along, scientists have real-
ized that autophagy participates the progress 
of cell death which is discrepant from apoptosis 
[6, 7]. Another study shows that autophagy 
plays a significant role in regulating tumourigen-
esis, interstitial interactions and tumour thera-
py. It not only inhibits tumourigenesis at the 
early stage but also promotes the development 
of established-tumor. And it results in the 
tumour metastasis, recurrence and chemical 
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resistance [8]. Some cancer-related pathologi-
cal process perhaps is resulted from the abnor-
mal expression of autophagy genes [9, 10].

Gastric cancer (GC) is one of the most malig-
nant tumors of digestive tract, and is also the 
third leading cause of cancer-associated death 
around the world [11, 12]. The overall survival 
(OS) of GC patients is still dismal. The 5-year 
survival rate of advanced gastric cancer 
patients is just about 5%-20%, with 10 months 
of OS [13]. In spite of the medical technology 
has made great progress in the last few 
decades and the health consciousness has 
improved, but the prognosis of gastric cancer 
patients remains poor [13]. Therefore, it is nec-
essary to explore into more accurate diagnostic 
methods and postoperative tumour staging.

In recent years, the role of autophagy in the 
development of gastric cancer has attracted 
the attention of many scholars. Various studies 
has confirmed that autophagy-associated 
genes (AAGs) may turn into potential prognostic 
biomarkers of gastric cancer with extraordinary 
clinical value. The research progress of target-
ed autophagy in gastric cancer therapy has 
also attracted increasing attention [14].

In consideration of the above, we try to explore 
into the latent value of autophagy in gastric 
cancer by matching all the AAGs and the perti-
nent clinical information about gene expression 
obtained from The Cancer Genome Atlas (TCGA) 

portal. In the first place, 28 AAGs with discrep-
ant expression in tumor and normal tissues 
were filtrated and stochastically allocated into 
training group and testing group. Afterwards, 
Lasso and Cox regression analyses were per-
formed among the training group to screen the 
AAGs which are markedly connected with OS in 
gastric cancer patients and we structured the 
prognostic model at the same time. After that, 
we applied the receiver operating characteris-
tic (ROC) curve and the Kaplan-Meier (KM) esti-
mator to verify the precision of the model. 
Furthermore, we also researched the results of 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analyses and Gene Ontology 
(GO) functional annotation to demonstrate how 
AAGs play a role in gastric cancer.

Methods

Information origin and preconditioning

We downloaded RNA sequencing and clinical 
data containing 375 gastric cancer and 32  
non-tumor tissues from TCGA portal. And then, 
gathered the complete set of 204 AAGs from 
human autophagy portal (http://www.autopha-
gy.lu/autophagy.html). This database can pro-
vide the entire set of human genes associated 
with autophagy. All of the gene IDs were 
switched to gene specimens by this online 
database GENCODE (https://www.gencode-
genes.org/human/), which referenced human 
genome annotation. Ultimately,we obtained the 
expression information of AAGs.

Filtrate the AAGs with discrepant expression in 
gastric cancer

We used the meaning function to process the 
expression data of 204 AAGs containing 375 
gastric cancer and 32 non-tumor specimens, 
and the meaning expression value were stan-
dardized by log2 transformation. Afterwards, 
we gathered 28 AAGs which discrepantly 
expressed in gastric cancer and normal tissues 
were filtrated by using Wilcoxon signed-rank 
test in R (version 4.0.2, https://mirrors.tuna.
tsinghua.edu.cn/CRAN/) with the false discov-
ery rate (FDR) < 0.05 and the threshold of |log 
(fold change)| > 1. 

Furthermore, we matched the expression data 
of 28 AAGs with relevant clinical information 
and randomly divided them into testing and 

Figure 1. Discrepantly expressed autophagy-associ-
ated genes (AAGs) in gastric cancer (GC) and non-
tumour samples. The volcano map of 232 AAGs. The 
red dots indicate genes with high expression and the 
green dots denote genes with low expression. 
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training group for the subsequent analysis. 
Next, we used univariate Cox regression analy-
sis within training group to analyse expression 
data of AAGs which were dramatically correlat-
ed to survival (P < 0.05). The minimum abso-
lute shrinkage and selection operator (Lasso) 
regression was used to import the variables 
into the model for obtaining the enhanced func-
tion parameters and controlling the complicacy 
of this model to avoid overfitting [15]. So we 
removed highly related survival-related AAGs 
by the lasso regression analysis.

Establish the prognostic model

We structured the the prognostic model based 
on performing the multivariate Cox regression 
analysis with both forward and backward selec-
tion to screen the 5 prognostic AAGs and their 
coefficients. Thus, each gastric cancer patients 
in both testing and training group can get an 
unparalleled risk score. The formula according 
to AAGs model was calculated as follows: Risk 
score = v ci ii 1

n
#

=
/  (the n denotes the quantity 

of independent indicators, the vi denotes the 
expression quantity of gene i and the ci denotes 
the regression coefficient of gene i in multivari-
ate Cox regression analysis).

Verifying the performance of prognostic model 
within testing and training group

All the patients were allocated into two group 
(high/low score) by median risk score on the 
basis of unparalleled risk score. We plotted 

Immunohistochemical demonstrate the ex-
pression of AAGs at protein level

We acquired the immunohistochemical infor-
mation of the 5 prognostic AAGs from the 
Human Protein Atlas, (https://www.proteinat-
las.org/humanproteome/pathology), which in- 
volves RNA and protein expression information 
of protein-coding genes exceed 90% to demon-
strate their discrepant expression in cancer 
and non-tumor tissues [16].

Statistical analysis 

All of the graphs and statistical analysis were 
performed by R 4.0.2 (https://mirrors.tuna.tsin-
ghua.edu.cn/CRAN/) and Perl language pack-
ages. We used Cox regression analyses to fil-
trate the survival-associated AAGs and the 
Lasso regression analysis was utilized for 
removing the significantly correlated AAGs for 
preventing overfitting of this model. The KM 
survival curve which were tested by log-rank to 
insure statistical significance was plotted to 
show the discrepancy of OS between the two 
groups. We utilized ROC curve and the area 
under the curve (AUC) to appraise the accuracy 
of this model. Statistical significance was stipu-
lated as P < 0.05.

Results

Discrepant expression of AAGs in gastric can-
cer (GC)

We used Wilcoxon signed-rank test in R and the 
criteria of |log2FC| > 1 and FDR < 0.05 to anal-

Figure 2. Boxplots of the expression levels of 28 autophagy-associated 
genes (AAGs) in tumour and normal tissues. The red box plots above the cor-
responding gene name denote the expression in tumour samples, whereas 
the green box plots denote the expression in normal samples; the red dots 
on the X-axis indicate genes with high levels of expression and the blue dots 
indicate genes with low levels of expression. (Difference analysis by Wilcox-
on signed-rank test and all false discovery rate (FDR) < 0.05).

K-M survival curve which we- 
re tested by log-rank to por-
tion statistical significance for 
evaluating the discrepancy of 
OS between the two groups. 
Besides, we plotted ROC cur- 
ves for verifying the precision 
of this model.

Enrichment analysis of AAGs

For exploring the tumor molec-
ular mechanisms of AAGs,  
we performed KEGG pathway 
enrichment analyses and GO 
functional annotation in R by 
employing the packages DO- 
SE, GO plot, Cluster Profiler, 
ggplot2 and so on, which 
p-value and q-value were set 
at 0.05 in the meantime.
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yse the expression of 204 AAGs in 375 GC and 
32 non-tumor tissues. Eventually, we gathered 
28 discrepantly expressed AAGs including 18 
upregulated genes (Figure 1). We utilized ggpu-
br package in R to show the expression pat-
terns of the 28 AAGs in gastric cancer and non-
tumor specimens. Red box plots and green box 
plot upon the gene names denote tumor speci-
mens and non-tumor specimens respectively 
(Figure 2).

Filtration of survival-associated AAGs and 
prognostic model

We performed univariate Cox regression analy-
sis and filtrated 5 AAGs (FOS, GRID2, CXCR4, 
GABARAPL2, and ERBB2). All of them were 
regarded as risk factors (HRs, 1.0009-6.0947; 
all P < 0.05) and the overexpression of them 
may decrease survival. Then we used Lasso 

regression analysis to eliminate genes which 
might be prominently connected with other 
genes (Figure 3). Next, we applied this 5 AAGs 
to a multivariate Cox proportional hazards 
model to verify whether they were important 
prognostic predictors or not (Table 1). We struc-
tured formula of risk score for each GC patients 
based on 5 AAGs: risk score = (expression 
quantity of FOS * 0.0029) + (expression quan-
tity of GRID2 * 1.7030) + (expression quantity 
of CXCR4 * 0.0068) + (expression quantity of 
GABARAPL2 * 0.0640) + (expression quantity 
of ERBB2 * 0.0010). 

Verify the precision of this prognostic model

KM survival curve was plotted to appraise the 
discrepancy in GC survival between training 
group and test group. No matter which group, 
low-risk patients possessed dramatically lon-

Figure 3. Screening of the optimal AAGs used for the final construction of the predictive model using a Lasso regres-
sion. A. Screening of optimal parameter (lambda) at which the vertical lines were drawn. B. Lasso coefficient profiles 
of the six AAGs with non-zero coefficients determined by the optimal lambda.

Table 1. Univariate and multivariate cox regression analyses of OS in gastric cancer patients

Genes
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P Coef
FOS 1.0032 (1.0011-1.0053) 0.0029 1.0029 (1.0006-1.0051) 0.0140 0.0029 
GRID2 6.0947 (1.8700-19.8635) 0.0027 5.4906 (1.6939-17.7968) 0.0045 1.7030 
CXCR4 1.0072 (1.0021-1.0123) 0.0057 1.0068 (1.0015-1.0120) 0.0110 0.0068 
GABARAPL2 1.059 (1.0156-1.1041) 0.0072 1.0661 (1.0182-1.1163) 0.0063 0.0640 
ERBB2 1.0009 (1.0002-1.0015) 0.0094 1.0010 (1.0004-1.0017) 0.0019 0.0010 
HR hazard ratio, OS overall survival, Coef regression coefficient of genes in the multivariate Cox regression analysis.
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Figure 4. A. K-M curve of the high-risk (red) and low-risk (green) GC patients in the training group. B. The 5-year ROC 
curves in the training group of GC patients. C. K-M curve of the high-risk (red) and low-risk (green) GC patients in the 
testing group. D. The 5-year ROC curves in the testing group of GC patients.

ger median overall survival than that of high-
risk patients. The patients who had high risk 
possessed worse OS both in training group 
(5-year OS, 47.6% vs 23.1%; P < 0.0001) and 
test group (5-year OS, 49.2% vs 0%, P=0.019). 
The proportion under ROC curves (AUC) were 
significant both in training group and test group 
(5-year AUC, 0.736 vs 0.809) (Figure 4).

In addition, we sequenced all GC patients 
based on their risk score to analyze their sur-
vival distribution. The scatter plot shows the 
survival status of GC patients that had their 

own risk score, and the mortality rate of them 
increases with the increase of risk score. 
Besides, heat maps illustrated that expression 
of AAGs was associated with increased risk 
scores among patients (Figure 5).

KEGG and GO analyses of AAGs

We proceeded KEGG and GO to explore molec-
ular mechanisms of AAGs in GC (Table 2).  
In KEGG enrichment analysis, we found that 
AAGs were connected with the following path-
ways: platinum drug resistance, bladder can-
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Figure 5. A. Risk score distribution of GC patients with different risks (low, green; high, red) in the training group. B. 
Risk score distribution of GC patients with different risks (low, green; high, red) in the testing group. C. Scatterplots 
of GC patients with different survival status in training group. D. Scatterplots of GC patients with different survival 
status in testing group. E. Expression of risk genes in GC patients with different risks (low, pink; high, blue) in the 
training group. F. Expression of risk genes in GC patients with different risks (low, pink; high, blue) in the testing 
group.

cer, apoptosis, p53 signaling pathway, pancre-
atic cancer, hepatitis B, ErbB signaling pathway, 
apoptosis-multiple species, IL-17 signaling 
pathway and the endocrine resistance (Figure 
7). Otherwise, the GO analysis which is com-
posed of 3 categories including biological pro-
cesses (BP), cellular components (CC) and 
molecular function (MF) was performed. So we 
discovered that the most important terms that 
GO enriched in autophagy were the neuron 
death and cell growth (BP); vacuolar membrane 
(CC); and ubiquitin protein ligase binding and 
ubiquitin-like protein ligase binding (MF) (Figure 
8A, 8B). 

Discrepant expression of survival-associated 
AAGs in protein level

Immunohistochemical methods were used to 
compare the expression of AAGs (FOS, GRID2, 
CXCR4, GABARAPL2, and ERBB2) in GC and its 
expression in normal gastric tissues (Figure 6). 
Inevitably, protein expression levels of these 3 
high-stake genes (FOS, GRID2, and ERBB2) 

were dramatically increased in tumor specimen 
which had more prominent antibody staining 
and higher percentage of stained tissues. The 
results were consistent with the AAGs which we 
found in GC. There was no data for the other 2 
genes (CXCR4 and GABARAPL2), in human 
Protein Atlas database.

Discussion

Gastric cancer is a heterogeneous disease, 
which is the end point of a long and multi-step 
process. It is caused by the gradual accumula-
tion of a large number of gene mutations, 
resulting in the imbalance of carcinogenic and 
anticancer pathways [17]. Along with the 
advance of economy and medical technology, 
the incidence and mortality of gastric cancer 
are gradually decreasing, but the prognosis of 
gastric cancer patients are still not optimistic 
[18]. The reason why five-year survival rate of 
advanced GC patients is still extremely low is 
that we lack insight into the pathogenesis and 
a highly specific and sensitive method for early 
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Table 2. GO and KEGG pathway enrichment analysis of AAGs in gastric cancer
Terms Pathway ID Pathway description Gene ID Count FDR
BP GO:0001959 regulation of cytokine-mediated signaling pathway PRKN/IRGM/HSP90AB1/CASP8/SPHK1/IFNG 6 0.00011 

GO:0060759 regulation of response to cytokine stimulus PRKN/IRGM/HSP90AB1/CASP8/SPHK1/IFNG 6 0.00011 

GO:1903829 positive regulation of cellular protein localization PRKN/PINK1/ERBB2/HSP90AB1/CASP8/BID/IFNG 7 0.00013 

GO:0016049 cell growth PRKN/ERBB2/HSP90AB1/NRG3/SPHK1/VEGFA/CDKN2A/CDKN1A 8 0.00013 

GO:0033138 positive regulation of peptidyl-serine phosphorylation PINK1/IRGM/HSP90AB1/VEGFA/IFNG 5 0.00013 

GO:0070997 neuron death PRKN/FOS/PINK1/GRID2/HSP90AB1/CASP8/BID 7 0.00013 

GO:1905477 positive regulation of protein localization to membrane PRKN/ERBB2/CASP8/BID/IFNG 5 0.00020 

GO:1901214 regulation of neuron death PRKN/FOS/PINK1/GRID2/HSP90AB1/CASP8 6 0.00047 

GO:0006914 autophagy DRAM1/PRKN/TMEM74/PINK1/IRGM/VMP1/IFNG 7 0.00047 

GO:0061919 process utilizing autophagic mechanism DRAM1/PRKN/TMEM74/PINK1/IRGM/VMP1/IFNG 7 0.00047 

GO:0018209 peptidyl-serine modification PINK1/IRGM/IL24/HSP90AB1/VEGFA/IFNG 6 0.00047 

GO:1905475 regulation of protein localization to membrane PRKN/ERBB2/CASP8/BID/IFNG 5 0.00054 

GO:2000377 regulation of reactive oxygen species metabolic process PRKN/PINK1/HSP90AB1/CDKN1A/IFNG 5 0.00057 

GO:0010508 positive regulation of autophagy PRKN/PINK1/IRGM/IFNG 4 0.00122 

GO:0051402 neuron apoptotic process PRKN/PINK1/GRID2/HSP90AB1/BID 5 0.00066 

CC GO:0000421 autophagosome membrane TMEM74/IRGM/VMP1 3 0.00176 

GO:0016234 inclusion body PRKN/PINK1/HSP90AB1 3 0.00954 

GO:0005774 vacuolar membrane DRAM1/TMEM74/IRGM/HSP90AB1/VMP1 5 0.00954 

GO:0009925 basal plasma membrane ERBB2/ITGA6 2 0.03008 

MF GO:0031625 ubiquitin protein ligase binding PRKN/PINK1/HSP90AB1/CASP8/BID/CDKN1A 6 0.00044 

GO:0019207 kinase regulator activity IRGM/HSP90AB1/NRG3/CDKN2A/CDKN1A 5 0.00067 

GO:0004861 cyclin-dependent protein serine/threonine kinase inhibitor activity CDKN2A/CDKN1A 2 0.00499 

GO:0030295 protein kinase activator activity IRGM/NRG3/CDKN1A 3 0.00682 

GO:0045296 cadherin binding HSP90AB1/ITGA6/ATIC/CD46 4 0.02092 

KEGG Pathways hsa01524 Platinum drug resistance CDKN1A/BIRC5/CDKN2A/CASP8/BID/ERBB2 6 0.00000 

hsa05219 Bladder cancer CDKN1A/CDKN2A/VEGFA/ERBB2 4 0.00024 

hsa04210 Apoptosis FOS/BIRC5/CTSB/CASP8/BID 5 0.00188 

hsa04066 HIF-1 signaling pathway CDKN1A/VEGFA/IFNG/ERBB2 4 0.00319 

hsa04115 p53 signaling pathway CDKN1A/CDKN2A/CASP8/BID 4 0.00188 

hsa05212 Pancreatic cancer CDKN1A/CDKN2A/VEGFA/ERBB2 4 0.00188 

hsa05161 Hepatitis B FOS/CDKN1A/BIRC5/CASP8/BID 5 0.00189 

hsa04012 ErbB signaling pathway CDKN1A/NRG3/NRG2/ERBB2 4 0.00189 

hsa05160 Hepatitis C CDKN1A/CASP8/IFNG/BID 4 0.00806 

hsa04215 Apoptosis - multiple species BIRC5/CASP8/BID 3 0.00189 

hsa04657 IL-17 signaling pathway FOS/HSP90AB1/CASP8/IFNG 4 0.00236 

hsa01522 Endocrine resistance FOS/CDKN1A/CDKN2A/ERBB2 4 0.00236 

hsa05210 Colorectal cancer FOS/CDKN1A/BIRC5 3 0.01174 

hsa04151 PI3K-Akt signaling pathway CDKN1A/HSP90AB1/VEGFA/ITGA6/ERBB2 5 0.01639 
GO gene ontology, KEGG Kyoto encyclopedia of genes and genomes, AAG autophagy-associated genes, FDR false discovery rate.



Prognostic model for gastric cancer

1342 Am J Cancer Res 2021;11(4):1335-1346

Figure 6. Immunohistochemistry (IHC) results showing 
protein levels of autophagy-associated genes in GC and 
normal tissues, A. IHC results of FOS in GC (staining: me-
dium; intensity: moderate; quantity: 75%-25%; location: 
nuclear) and in normal tissue (staining: medium; inten-
sity: moderate; quantity: 75%-25%; location: cytoplasmic/
membranous). B. IHC results of GRID2 in GC (staining: 
medium; intensity: moderate; quantity: > 75%; location: 
cytoplasmic/membranous/nuclear) and in normal tissue 
(staining: low; intensity: moderate; quantity: < 25%; loca-
tion:  cytoplasmic/membranous). C. IHC results of ERBB2 
in GC (staining: high; intensity: strong; quantity: > 75; lo-
cation: cytoplasmic/membranous) and in normal tissue 
(staining: not detected; intensity: weak; quantity: < 25%; 
location: cytoplasmic/membranous). 

diagnosis [19]. Consequently, it is necessary to 
explore into new means to enhance the accu-
racy of diagnosis and improve the prognosis of 
GC patients. 

Because the application of microarrays and 
genome sequencing facilitated the excavate of 
prognostic biomarkers over last decade, the 
accuracy of diagnosis and the individual treat-
ment had been improved greatly [20-23]. For 
example, CA199, CEA, and CA724 are used in 
early detection of GC and some microRNAs (mi-
21 and miR-378) are also reported as a diag-
nostic and therapeutic biomarkers but their 
sensitivity needs to be improved [24-26]. 
However, many studies have demonstrated 
that genomic data, especially polygenic charac-
teristics, performed better in prognostic analy-
sis than current staging systems [20-23].

In this study, we combined the complete set of 
AAGs with GC to explore the latent value of 
AAGs in GC. In the first place, we screened 28 
discrepantly expressed AAGs in 375 tumor and 
32 non-tumor samples from the complete set 
of AAGs and then stochastically allocated them 
into training and testing group. Next, we utilized 
this 5 prognostic AAGs (FOS, GRID2, CXCR4, 
GABARAPL2, and ERBB2) to establish a risk 

model which were selected by the Cox regres-
sion analysis and Lasso regression analysis. 
Utilizing the ROC curve to verify these two mod-
els both performed well. Thus, each GC patient 
got a individual risk score which calculated by 
using this model. We found that there was a sig-
nificant discrepancy in survival between train-
ing and testing group for GC patients with high 
or low risk score. Besides, we demonstrated 
the significant discrepancy at protein level of 
AAGs in GC by immunohistochemistry. Finally, 
we performed KEGG and GO enrichment analy-
sis to explore the latent molecular mechanisms 
of AAGs.

In KEGG analysis, AAGs were enriched in apop-
tosis and p53 signaling pathway. Autophagy is 
an adaptive response to stress which can pro-
mote survival; however, it also seems to pro-
mote cell death and morbidity [27-29]. Apo- 
ptosis is a programmed cell death process in 
multicellular organisms characterized by bub-
bling, cell contraction, nuclear fragmentation, 
chromatin concentration, chromosome DNA 
fragmentation, and overall mRNA degradation 
[30]. In one study, autophagy played a protec-
tive role in against matrine-induced apoptosis 
and they found that the inhibition of autophagy 
could enhance matrine’s antineoplastic poten-
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Figure 7. Results of Gene Ontology (GO) functional annotation analysis. A. Bubble chart of significant terms. The change in colour from blue to red denotes the 
increase in the adjusted P-value, and the size of the bubble indicates the number of gene enrichment terms. B. Bubble plot of enriched GO terms. The Z-score is 
plotted on the x-axis and the -log(adjusted p-value) is plotted on the y-axis; green denotes a biological process, red denotes cellular components and blue denotes 
molecular function. The size of the circles is proportional to the number of genes enriched in the term.
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tial in gastric cancer [29]. In addition, it was 
reported that cinobufagin can effectively pre-
vent cancer by activating ROS/JNK/P38 axis to 
induce apoptosis and autophagic cell death 
[31]. As we all know, the tumor suppressor gene 
p53 is a extremely significant factor in the can-
cer pathology. With the up-regulation of p53 
expression, the cell proliferation could be inhib-
ited and the apoptosis could be induced [32]. 
Previous research reported that p53 signaling 
pathway was activated by curcumin to induce 
the apoptosis and autophagy of GC cells [33]. 
The GO functional annotation shown that AAGs 
were mainly enriched in neuron death and cell 
growth. The neuron cell death was caused by 
the cytoplasmic and nuclear protein aggre-
gates which is consistent with the result, that 
autophagy is a physiological process including 
phagocytosis of long-lived proteins and protein 
aggregates. At the same time, autophagy 
played a analogous role in cell growth [34].

At present, most studies have found that 
autophagy promotes tumor metastasis by 
affecting several aspects such as angiogenesis 
and epithelial mesenchymal transformation 
(EMT) [35]. Silent mating type information regu-
lation 1 (SIRT1) is a class III histone deacety-
lase. The researchers found that the expres-
sion of SIRT1 in gastric cancer tissues was sig-
nificantly higher than that in normal gastric 
mucosa tissues by immunohistochemistry and 
was related to lymph node metastasis, TNM 
staging and survival rate [36]. The invasion abil-
ity and regulatory effect of EMT in gastric can-
cer cells of SIRT1 have been confirmed by vitro 

A study reported that the survival and invasion 
ability of gastric cancer SGC-7901 cells was 
greatly enhanced due to autophagy promoting 
angiogenic mimicry. Conversely, inhibition of 
autophagy can reduce the survival and inva-
sion ability of cancer cells under stress state. 
When autophagy associated gene was inhibit-
ed, angiogenic mimicry was not formed, and 
the expression of pluripotent genes was 
decreased. Therefore, autophagy may support 
the high energy requirements of tumor angio-
genesis through digestion and recycling of 
intracellular material. When autophagy is acti-
vated, it can promote tumor angiogenesis, 
maintain the stability of gene expression, and 
enhance the survival and invasion ability of 
tumor cells under stress state [40].

In brief, autophagy plays a significant role in the 
development of cancer. This study confirmed 
the value of AAGs as a prognostic biomarker in 
GC. However, as a retrospective study, it has 
some limitations ineluctably. Moreover, the 
specific mechanisms and biological function of 
those prognostic AAGs remain to be researched.

Conclusion

In brief, we discussed the role of AAGs in GC 
and also structured a model to offer a refer-
ence for individual treatment which may 
improve the prognosis of the GC patients. 
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