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Colon adenocarcinoma (COAD) is a common digestive tract tumor. Autophagy-related genes (ARGs) may play an obbligato role
in the biological processes of COAD. This study was aimed at exploring the role of ARGs in COAD. Clinical data and RNA
sequencing data of tumor and healthy samples were obtained from The Cancer Genome Atlas (TCGA), and discrepantly
expressed ARGs were screened. Statistical differences of ARGs were performed with Gene Ontology (GO) functional
annotation and the Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis. Eight ARGs were selected by
univariate Cox and multivariate Cox regression. Kaplan–Meier (K-M) and multivariate receiver operating characteristic (multi-
ROC) were used to check the fitness of the model. Among 398 COAD samples and 39 normal samples obtained from the
TCGA database, 37 differentially expressed ARGs were screened. In the training group, eight prognostics-related ARGs
(MTMR14, VAMP3, HSPA8, TSC1, DAPK1, CX3CL1, ATG13, and MAP1LC3C) were identified by Cox regression. A gene
signature risk prediction model was constructed base on 8 autophagy-related genes. The survival time of the low-risk group
was longer than the high-risk group, and the AUC of the model was 0.794. Univariate and multivariate Cox regression analysis
showed that age and riskscore were the independent predictor. In conclusion, the prognosis model we built based one ARGs of
COAD patients can estimate the prognosis of patients in clinical treatment.

1. Introduction

Colon cancer is a widely known tumor, and its incidence
rate is increasing. Epidemiological studies have shown that
approximately 10% of all cancer deaths is caused by colon
cancer and related complications [1]. Colon adenocarci-
noma is the most common, accounting for 98% of colon car-
cinoma cases [2]. Colon cancer has a high recurrence rate
after treatment, 42% of patients will relapse within 5 years,
and the median time from recurrence to death is 12 months
[3]. In addition, the molecular mechanism of colon cancer is
still unclear. Therefore, we decided to explore the molecular
mechanism of COAD.

Autophagy is an important metabolic process that
occurs only in eukaryotic cells. It enables lysosomes to
decompose abnormal, dysfunctional proteins and organelles
and can provide nutrients and energy for cells [4]. In previ-
ous studies, autophagy has been found to be involved in

multiple physiological processes, especially closely related
to cell death, and involved in many signaling pathways.
There are sufficient evidences that autophagy can promote
or inhibit tumor growth through Bcl-2, EGFR, and other sig-
naling pathways [5]. Research by Catalano et al. shows that
ARGs upregulated two master regulators of epithelial-
mesenchymal transition (EMT), SNAIL, and SLUG, to pro-
mote EMT [6]. Zeng and Ju’s study suggested that autoph-
agy guided by the Hedgehog signaling pathway leads to
tumor cell death [7]. Sandilands’s team found that SRC’s
autophagy targeted at focal adhesion kinase (FAK) signaling
promotes cancer cell survival [8]. These studies suggest that
autophagy may promote tumor occurrence and progression
through a variety of signaling pathways.

Scientists have done a lot of research on the role of
autophagy in tumors. Some studies have shown that autoph-
agy can block tumor production. Peng et al.’s team found
that BECN1 (encoding BECN1/Beclin 1), which induces
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Figure 1: Continued.
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autophagy, is cleaved and inactivated by caspase-3 in the
absence of an abhydrolase domain containing 5 (ABHD5);
ABHD5 increases the genomic instability and promotes the
occurrence of cancer [9]. De et al. found that autophagy
can inhibit angiogenesis by inducing endothelial cell death,
thus inhibiting tumor growth indirectly [10]. However,
other studies have found that autophagy promotes tumor
genesis and growth. A study by Wen et al. showed that
autophagy enhanced fatty acid utilization by tumor cells
and caused adipocytes’ growth-promoting effect blocked.
In this study, fatty acid activates autophagy in colon cancer
cells and promotes tumor cell growth [11]. A study has
shown that RACK1 promotes the reproduction of colon car-
cinoma cells by inducing autophagy and enhances the viabil-
ity of them [12]. The recurrence of ovarian tumors after
dormancy induced by ARHI tumor suppressor also depends
on autophagy [13]. Zhao et al.’s team found that autophagy
can enhance the invasiveness of prostate cancer [14]. Some
studies confirmed that the autophagy phenomenon is related
to tumor resistance and metastasis [15]. Sharifi et al.
revealed that autophagy plays a significant role in tumor cell
migration. Autophagy defective tumor cells cannot decom-
pose focal adhesion and metastasis [16]. Some studies have
confirmed that autophagy can inhibit metastasis of tumor
cells. Gugnoni et al.’s team has shown that autophagy can
inhibit EMT and cancer metastasis, which can be blocked
by cadherin-6 [17].Therefore, it is very important to explore
molecular biomarkers suitable for the clinical treatment and
prognosis of colon cancer. Liu et al. [18] constructed on 13

ARG-based prognostic model using information obtained
from the TCGA and HADb databases and finally identified
3 high-risk genes, namely, MAP1LC3C, RAB7A, and WIPI2,
as prognostic biomarker genes for CRC.

In general, considering the contradictory and complex
role of autophagy genes in COAD, the novelty and motiva-
tion of this study is to explore the law of COAD autophagy
by analyzing the ARG expression and corresponding clinical
information of the Cancer Genome Atlas (TCGA) database.
First, ARGs with differential expression levels in tumor and
normal tissues were screened out, and the possible pathways
of ARGs were explored by Gene Ontology (GO) functional
enrichment and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway annotation. Then, Cox regres-
sion was used to determine which ARGs are associated with
the prognosis of COAD patients and used to construct the
model. To test the model accuracy, the Kaplan–Meier (K-
M) method and the receiver operating characteristic (ROC)
curve was plotted.

2. Materials and Methods

2.1. Data Acquiring and Preprocessing. A total of 232 ARGs
found from the Human Autophagy Portal (http://www
.autophagy.lu/index HTML) contain all the ARGs in the
human genome. RNA sequencing and clinical records of
398 tumor samples and 39 healthy samples were extracted
from the TCGA database. The data used in the GO enrich-
ment comes from the Cistrome project (http://www

10.0

7.5

G
en

e e
xp

re
ss

io
n

5.0

2.5

0.0

CD
KN

1A
PI

N
K1 FA

S
BI

RC
5

FA
M

21
5A

V
EG

FA
TP

53
IN

P2
H

SP
90

A
B1

G
A

BA
RA

P
ER

O
1A

IT
PR

1
N

RG
2

H
SP

B8
M

YC
CD

46
AT

G
9B

CD
KN

2A
N

RG
3

BC
L2

FK
BP

1B BI
D

TN
FS

F1
0

CC
R2

SE
SN

2
M

BT
PS

2
SP

H
K1

N
KX

2–
3

N
RG

1
AT

IC
M

A
P1

LC
3C

TM
EM

74
EI

F4
EB

P1
PR

KN
TP

73
BC

L2
L1

CA
PN

10
CA

PN
2

Normal

Tumor

(c)

Figure 1: Differentially expressed ARGs in COAD. (a) Heat map presenting the difference in the expression of ARGs between COAD and
normal specimens. Red represents a high expression of ARGs in tissues, and green means low expression. (b) Volcano maps of 232 ARGs.
Red represents genes that are highly expressed in tumor tissues, while green represents genes with low expression. (c) The expression of
different ARGs in COAD.
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.cistrome.org/). The data used in the KEGG enrichment
comes from the KEGG project (http://www.kegg.jp/).

2.2. Choosing Discrepantly Expressed ARGs in COAD. The
ARG expression of 398 tumor samples and 39 normal sam-
ples was averaged, and the limma package of R language was
used to analyze the expression difference of each gene in
tumor and normal samples. The threshold is ∣log2 fold
change ðFCÞ > 1, and adjusted P value <0.05. Next, we inte-
grated the discrepant data of expressed ARGs in tumor
and healthy colon tissues with their corresponding clinical
information for further analysis.

2.3. Enrichment Analysis of ARGs. To investigate the poten-
tial tumor-associated molecular mechanism of ARGs, we
used the R language to annotate the GO function and the
enrichment analysis of the KEGG pathway. The R package

includes Goplot, DOSE, ggplot2, enrichplot, clusterProfiler,
and BiocManager, with a P value of 0.05. The formula of
the Z-score is Z − score =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

U −D/T
p

, where U represents
upregulated genes enriched in GO, D represents downregu-
lated genes enriched in GO, and T means the number of
genes enriched in the pathway.

2.4. Construction of the Prognostic Model. The 38 ARGs with
differential expression in COAD tissues and normal tissues
were analyzed by univariate Cox regression, and 24 ARGs
were found to be significantly related to prognosis
(P < 0:05). Then, we used a multivariate Cox analysis to
adjust the gene parameters in each model to avoid overfit-
ting. The remaining eight ARGs were elements to construct
the prognosis model.

The risk calculation method of the ARG model is
Riskscore =∑n
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Figure 2: GO and KEGG pathway enrichment analysis of ARGs. (a) The number of genes enriched in each GO. (b) Z − score > 0 indicates
more upregulated genes enriched in this pathway, and vice versa. (c) KEGG pathway enrichment analysis of ARGs.

4 Computational and Mathematical Methods in Medicine

http://www.cistrome.org/
http://www.kegg.jp/


where vi represents the expression of the gene i, ci is the
regression coefficient of the gene i calculated by multivariate
Cox regression analysis, and n represents the total number
of independent indicators.

2.5. Verify the Accuracy of the Model. Based on the median
risk score of samples, we divided the patients into low-risk
and high-risk groups. K-M survival curve was used to evalu-
ate the statistical divergence between the two groups. We
also used the ROC curves to test the fitting of the model.

2.6. Statistical Analysis. Strawberry Perl (http://
strawberryperl.com/) was used to organize data. R4.0.2
(https://www.r-project.org/) was used for most statistical
analysis and graphic rendering. K-M curve was drawn to
describe the diversity of survival rate in high-risk group
and low-risk groups. The fitting performance of the model
was evaluated by the area under the curve (AUC) of the
multi-ROC curve. The statistical graphs and statistical infor-
mation of genes and clinical traits in the model are provided
by UALCAN (http://ualcan.path.uab.edu/). The statistical
charts of model risk score and clinical parameters are drawn
by SPSS26.0.

3. Results and Discussion

3.1. Expression of ARGs in COAD and Normal Tissues.
Whether autophagy can lead to cell death is related to the
level of autophagy-targeting compounds, Allison S. Limpert
believes that excessive levels of autophagy have been shown
to promote autophagy-dependent cell death. We analyzed
the gene expression in 398 COAD samples and 39 normal
samples by the Wilcoxon Signed-Rank Test. 37 differentially
expressed ARGs were identified from 232 ARG according to
the criteria of ∣ log 2FC ∣ > 1 and adjusted P value < 0:05

(Figure 1). Among them, 21 were low expression (HSPB8,
NKX2-3, NRG2, TP53INP2, CCR2, TMEM74, NRG3,
MAP1LC3C, BCL2, PINK1, FKBP1B, TNFSF10, NRG1,
ITPR1, PRKN, FAS, SESN2, GABARAP, FAM215A,
CAPN2, and CDKN1A) in tumor tissues, and 16 were high
expression (MBTPS2, CAPN10, BCL2L1, ERO1A, BID,
ATIC, HSP90AB1, CD46, EIF4EBP1, BIRC5, VEGFA,
SPHK1, MYC, TP73, CDKN2A, and ATG9B) in tumor tis-
sues. The expressions of 37 ARGs in tumor and normal tis-
sues are shown in Figure 1(c).

3.2. GO and KEGG Analyses of ARGs. To explore the molec-
ular mechanism of ARGs in the oncogenesis of COAD, we
conducted GO functional annotation and KEGG pathway
enrichment analysis on ARGS. The results of GO enrich-
ment showed that ARGs mainly participated in autophagy,
dealing with changes in oxygen content and intrinsic apo-
ptotic signaling pathways in biological processes (BP). In
cellular components (CC), it is mainly focused on auto-
phagosome and vacuolar membrane. The molecular func-
tion (MF) is mainly responsible for ubiquitin kinase
regulator activity and protein ligase binding (Figures 2(a)
and 2(b)). In KEGG enrichment analysis, ARG mainly par-
ticipates in the signaling pathway of P53 and erbB, apopto-
sis, drug resistance of platinum, and EGFR tyrosine kinase
inhibitor and participates in human cytomegalovirus infec-
tion (Figure 2(c)).

3.3. Survival-Associated ARGs and the Prognostic Model. The
biomarkers of gene sequencing can directly deduce the sur-
vival time of colon carcinoma patients, independent of
tumor-node-metastasis stage [19]. Through univariate Cox
regression analysis, 24 ARGs associated to the survival rate
of COAD patients were identified (Figure 3), of which 8
(MTMR14, VAMP3, HSPA8, PRKAB1, BIRC5, BID,
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Figure 3: The forest map shows the hazard ratio of ARGs. Red indicates that the expression of ARGs is positively correlated to patients’
survival, and the green represents that ARGs are negatively correlated to patients’ survival.
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ATG3, and MAP1LC3C) were negatively correlated with
risk score and 17 (GABARAP, HSPB8, TSC1, PEA15,
DAPK1, PELP1, CDKN2A, CX3CL1, GRID1, ATG13,
SPHK1, ZFYVE1, CFLAR, MAP1LC3C, MAP2K7, ULK1,
and CTSD) were positively correlated with risk score
(P < 0:05).

3.4. Model Construction. According to the eight candidate
ARGs, the model for the risk score of COAD patients was
built with gene expression value (GEV): risk score = ðGEV
of MTMR14∗−1:57825Þ + ðGEVof VAMP3∗−0:50804Þ + ð
GEVof HSPA8∗−0:41769Þ + ðGEVof TSC1 ∗ 0:76707Þ + ð
GEVof DAPK1 ∗ 0:31191Þ + ðGEVof CX3CL1 ∗ 0:26684Þ
+ ðGEVof ATG13 ∗ 0:73431Þ + ðGEVof MAP1LC3C ∗
2:272704981Þ:

The results illustrated that patients in the low-risk group
survive longer than the high-risk group. We also calculated
and ranked patients’ risk score by the model (Figures 4(a)
and 4(b)). The scatterplot also shows that patients in the
low-risk group survive longer than the high-risk group
(Figure 4(c)). The results of expression level of genes in dif-
ferent risk group revealed that high-risk patients have a
lower content of MTMR14, VAMP3, and HSPA8 in colon
tissue than low-risk patients, and content of TSC1, DAPK1,
CX3CL1, ATG13, and MAP1LC3C is on the opposite
(Figure 4(d)).

3.5. Model Performance Verification. To verify the fitting
degree of the model, we also examined the relationship
between model elements and clinical risk, and the forest
map shows the association between risk factors and progno-
sis (Figures 5(a) and 5(b)). We also drew the K-M curve to
inspect the survival of two risk groups, and the results

showed that high-risk patients were significantly associated
with poor outcomes (Figure 5(c)). The AUC of the model
ROC curve is 0.794 (Figure 5(d)).

3.6. The Correlation between Model Elements and Clinical
Parameters of COAD. The relationship between riskscores
of model and clinical parameters of COAD is shown in
Figures 6(a) and 6(c), and the results revealed that riskscores
have statistically significant correlation to clinical parame-
ters of COAD. In addition, in model elements, statistical dif-
ferences were showed in the expression of HSPA8 and TSC1
in COAD based on nodal metastasis status (Figures 6(d) and
6(f)), as well as the expression of HSPA8 and VAMP3 in
COAD based on individual cancer stages (Figures 6(e) and
6(g)).

4. Discussion

COAD is the major subtype of colon cancer in histology.
COAD cannot be effectively prevented, attributed to the
large number of patients and deaths caused by COAD [1,
20]. There is a lot of evidence indicating that autophagy is
involved in multiple BP of COAD. Studies have shown that
cryptotanshinone guides autophagic cells death through
ROS-p38 MAPK-NF-κB signaling pathway [21]. Wen et al.
found that orexin-A induced autophagy of colon cancer cells
through extracellular signal-regulated kinase (ERK) signal-
ing pathway, thus hindering the reproduction of colon carci-
noma cells [22]. Yan et al. found that the inhibition of 6-
phosphofructo-2-kinase/fructose-2, 6-bisphosphatase iso-
form 3 (PFKFB3) attenuated oxaliplatin-induced autophagy
and decreased the viability of colon cancer cells [23]. Son
et al. observed that the inhibition of autophagy of HCT116
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in colon cancer cells by 3-MA could increase the rate of apo-
ptosis [24].

In present research, we examined the ARG expression
profiles of COAD samples in the TCGA database and found
that 37 ARGs had statistical difference between tumor and
normal tissues. We performed GO and KEGG enrichment
analyses on the discrepantly expressed ARGs. In addition
to the autophagy pathway, these ARGs were also related to
the BP of oxygen level responses. Azad et al. believed that
the reactive oxygen species (ROS) could induce autophagy,
low levels of ROS induced autophagy can inhibit tumor apo-
ptosis, but excessive ROS will cause tumor cell death, and
high levels of ROS will cause cancer [25]. In this study, we
found that the autophagy-related proteins of COAD are dis-
tributed in autophagy bodies and also in vacuoles, both of
which are important places for autophagy [26–28]. As for
the function of MF, ARGs are mainly enriched in protein
kinase regulator activity and ubiquitin-protein ligase bind-
ing. This binding is the main pathway of protein degradation
that plays an indispensable role in autophagy. Protein kinase
regulator activity can activate proteins to participate in var-
ious BP. In KEGG enrichment, ARGs are concentrated in
signaling pathways of p53 and erbB, apoptosis, platinum
drug resistance, and EGFR tyrosine kinase inhibitor and
concentrated in human cytomegalovirus infection. P53 is
an important tumor suppressor gene. It has been reported
that TP53-HMGB1 complexes in the cytoplasm can regulate
the balance between autophagy and apoptosis. Apoptosis

occurs when there are more TP53 in the cytoplasm, and
autophagy occurs when there is more HMGB1 [29]. The
enrichment of ARGs in platinum drug resistance suggests
that platinum drug resistance in colon cancer may be related
to autophagy. The prognostic model constructed in this
study involves eight proteins, namely, MTMR14, vesicle-
associated membrane protein 3 (VAMP3), HSPA8, TSC1,
DAPK1, CX3CL1, ATG13, and MAP1LC3C. As far as we
know, this is also the first time that MTMR14 and VAMP3
were found to play a role in COAD. It is reported that the
loss of MTMR14 can cause autophagy disorder and lead to
muscle disease [30, 31]. The validated VAMP3 is generally
regarded as a kind of biomarker of cell aging associated with
multiple kinds of tumors, such as pancreatic cancer and
breast cancer [32], and can reduce cell invasiveness [33].

TSC1 is an important part of the survival promoting
PI3K/Akt/mTOR signaling pathway. By cooperating with a
variety of regulatory molecules, TSC1 plays an important
role in development, cell growth and proliferation, survival,
autophagy, and ciliary development [34]. TSC1/TSC2 tumor
suppressor complex can be used as an inhibitor of mTOR
pathway. The destruction of TSC1/TSC2 tumor suppressor
function may contribute to the occurrence of tumor [35].
It is reported that low TSC1 expression level is associated
with poor clinical outcomes of breast cancer [36] and gastric
cancer [37]. Meanwhile, the nanoscale effects of some pro-
teins we have found associated with autophagy and colon
cancer have been studied. Nanoparticulate titanium dioxide
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Figure 5: Verification of the model. (a) Analysis of univariate independent prognostic showed the association between risk factors and
prognosis. (b) Results of multivariate independent prognostic showed the association between risk factors and prognosis. (c) Survival
curve calculated by the model. (d) Multi-ROC of each risk factor.
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Figure 6: Model elements which have statistically significant correlation to clinical parameters of COAD. (a) The relationship between
riskscore and nodal metastasis status. (b) The relationship between riskscore and nodal metastasis status. (c) The relationship between
riskscore and individual cancer stages. (d) The relationship between HSPA8B and nodal metastasis status. (e) The relationship between
HSPA8B and individual cancer stages. (f) The relationship between TSC1 and nodal metastasis status. (g) The relationship between
VAMP3 and individual cancer stages (P < 0:05).
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can downregulate the expression of TSC1 in mouse follicles
[38]. At the same time, nanoparticulate titanium dioxide can
induce podocyte autophagy through antioxidant mechanism
[39]. Nanoliquid chromatography tandem mass spectrome-
try suggested that HSPA8 might be related to pregnancy
[40]. Microcapillary reverse-phase high-performance liquid
chromatography-nanoelectrospray tandem mass spectrome-
try showed that VAMP3 was a factor involved in the secre-
tion of platelet granules [41]. This evidence suggests that
our model will be more valuable in scientific research when
deeply combined with nanotechnology. More studies have
proved that nanotitanium dioxide has tremendous potential
in the treatment of colon adenocarcinoma. TSC1 is a kind of
oncogene in colon cancer. Using nanotitanium dioxide to
reduce the expression of TSC1 in colon cancer cells may
become a new method for the treatment of colon cancer.
Studies have shown that titanium dioxide nanoparticles
can inhibit tumor cells by stimulating oxidative stress [42].
However, nano-TiO2 has a wide range of biological effects,
which is deleterious to multiple organs in mammals [43].
Proquin et al. found that titanium dioxide nanoparticles
may cause canceration of normal colon cells [44]. Therefore,
it will be a research direction to make nano-TiO2 specifically
combine with tumor cells.

There are some deficiencies in our research. First, the
molecular mechanism speculated in this study has not been
verified by experiments. Second, the model of this study has
not been applied in clinical settings, and its effect has not
been confirmed. In addition, the specific molecular mecha-
nisms of eight kinds of ARGs need to be further studied.

5. Conclusion

The purpose of this research is to penetrate the role of ARGs
in COAD and construct a prognostic model of COAD
patients with ARGs, which can be used as a method for
the prognosis of COAD patients. We also identified the
pathways involved in ARGs related to the occurrence of
COAD, which can be used to study the role of autophagy
in COAD.

Data Availability

We would like to thank the TCGA team, Cistrome project
team, KEGG project team, and UALCAN team for allowing
us to use their data. The objects of this study are publicly
available datasets. The datasets are excerpted from the
TCGA database, Cistrome project (http://www.cistrome
.org/), and KEGG project (http://www.kegg.jp/). The statisti-
cal graphs and information on genes and clinical traits in the
model are provided by UALCAN (http://ualcan.path.uab
.edu/).

Conflicts of Interest

The author declare no competing interests.

Authors’ Contributions

Jun Ma designed the study and revised the manuscript. Min-
gyu Hou drafted the manuscript. Mingyu Hou and Jiakang
Ma collected, analyzed, and interpreted the data. All authors
have read and approved the final manuscript.

Acknowledgments

The present study was supported by the Medical Science and
Technique Foundation (Project numbers 202102310104,
1921023100048, and SB201901113), Science and Technol-
ogy Department of Henan Province, China.

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: globocan esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries,” CA: a Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394–424, 2018.

[2] M. Alibolandi, R. Rezvani, S. A. Farzad, S. M. Taghdisi,
K. Abnous, and M. Ramezani, “Tetrac-conjugated polymer-
somes for integrin-targeted delivery of camptothecin to colon
adenocarcinoma _in vitro_ and _in vivo_,” International Jour-
nal of Pharmaceutics, vol. 532, no. 1, pp. 581–594, 2017.

[3] D. J. Sargent, H. S. Wieand, D. G. Haller et al., “Disease-free
survival versus overall survival as a primary end point for adju-
vant colon cancer studies: individual patient data from 20,898
patients on 18 randomized trials,” Journal of Clinical Oncology,
vol. 23, no. 34, pp. 8664–8670, 2005.

[4] J. Y. Guo and E. White, “Autophagy, metabolism, and cancer.
Presented at Cold Spring Harbor Symposia on Quantitative
Biology,” Cold Spring Harbor Laboratory Press, vol. 81,
pp. 73–78, 2016.

[5] R. M. Mohammad, I. Muqbil, L. Lowe et al., “Broad targeting
of resistance to apoptosis in cancer,” Presented at Seminars
in cancer biology, vol. 35, 2015.

[6] M. Catalano, G. D'Alessandro, F. Lepore et al., “Autophagy
induction impairs migration and invasion by reversing emt
in glioblastoma cells,” Molecular Oncology, vol. 9, no. 8,
pp. 1612–1625, 2015.

[7] X. Zeng and D. Ju, “Hedgehog signaling pathway and autoph-
agy in cancer,” International Journal of Molecular Sciences,
vol. 19, no. 8, p. 2279, 2018.

[8] E. Sandilands, B. Serrels, D. G. McEwan et al., “Autophagic tar-
geting of src promotes cancer cell survival following reduced
fak signalling,” Nature Cell Biology, vol. 14, no. 1, pp. 51–60,
2012.

[9] Y. Peng, H. Miao, S. Wu et al., “Abhd5 interacts with becn1 to
regulate autophagy and tumorigenesis of colon cancer inde-
pendent of pnpla2,” Autophagy, vol. 12, no. 11, pp. 2167–
2182, 2016.

[10] A. De, A. De, C. Papasian et al., “Emblica officinalis extract
induces autophagy and inhibits human ovarian cancer cell
proliferation, angiogenesis, growth of mouse xenograft
tumors,” PLoS One, vol. 8, no. 8, article e72748, 2013.

[11] Y.-A. Wen, X. Xing, J. W. Harris et al., “Adipocytes activate
mitochondrial fatty acid oxidation and autophagy to promote
tumor growth in colon cancer,” Cell Death & Disease, vol. 8,
no. 2, p. e2593, 2017.

11Computational and Mathematical Methods in Medicine

http://www.cistrome.org/
http://www.cistrome.org/
http://www.kegg.jp/
http://ualcan.path.uab.edu/
http://ualcan.path.uab.edu/


[12] T. Xiao, W. Zhu, W. Huang et al., “Rack1 promotes tumorige-
nicity of colon cancer by inducing cell autophagy,” Cell Death
& Disease, vol. 9, no. 12, pp. 1–13, 2018.

[13] Z. Lu, R. Z. Luo, Y. Lu et al., “The tumor suppressor gene arhi
regulates autophagy and tumor dormancy in human ovarian
cancer cells,” The Journal of Clinical Investigation, vol. 118,
no. 12, pp. 3917–3929, 2008.

[14] R. Zhao, X. Bei, B. Yang et al., “Endothelial cells promote
metastasis of prostate cancer by enhancing autophagy,” Jour-
nal of Experimental & Clinical Cancer Research, vol. 37,
pp. 1–12, 2018.

[15] E. E. Mowers, M. N. Sharifi, and K. F. Macleod, “Functions of
autophagy in the tumor microenvironment and cancer metas-
tasis,” The FEBS Journal, vol. 285, no. 10, pp. 1751–1766, 2018.

[16] M. N. Sharifi, E. E. Mowers, L. E. Drake et al., “Autophagy pro-
motes focal adhesion disassembly and cell motility of metasta-
tic tumor cells through the direct interaction of paxillin with
lc3,” Cell Reports, vol. 15, no. 8, pp. 1660–1672, 2016.

[17] M. Gugnoni, V. Sancisi, G. Gandolfi et al., “Cadherin-6 pro-
motes EMT and cancer metastasis by restraining autophagy,”
Oncogene, vol. 36, no. 5, pp. 667–677, 2017.

[18] T.-t. Liu and S.-m. Liu, “Prediction of prognostic biomarkers
and construction of an autophagy prognostic model for colo-
rectal cancer using bioinformatics,” Technology in Cancer
Research & Treatment, vol. 19, article 1533033820984177,
2020.

[19] J. Yu, W. K. Wu, X. Li et al., “Novel recurrently mutated genes
and a prognostic mutation signature in colorectal cancer,”Gut,
vol. 64, no. 4, pp. 636–645, 2015.

[20] R. L. Siegel, K. D. Miller, S. A. Fedewa et al., “Colorectal cancer
statistics, 2017,” CA: a Cancer Journal for Clinicians, vol. 67,
no. 3, pp. 177–193, 2017.

[21] Z. Xu, H. Jiang, Y. Zhu et al., “Cryptotanshinone induces ros-
dependent autophagy in multidrug-resistant colon cancer
cells,” Chemico-Biological Interactions, vol. 273, pp. 48–55,
2017.

[22] J. Wen, Y. Zhao, and L. Guo, “Orexin a induces autophagy in
hct-116 human colon cancer cells through the erk signaling
pathway,” International Journal of Molecular Medicine,
vol. 37, no. 1, pp. 126–132, 2016.

[23] S. Yan, N. Zhou, D. Zhang et al., “Pfkfb3 inhibition attenuates
oxaliplatin-induced autophagy and enhances its cytotoxicity in
colon cancer cells,” International Journal of Molecular Sci-
ences, vol. 20, no. 21, p. 5415, 2019.

[24] Y. Son, Y. An, J. Jung et al., “Protopine isolated from nandina
domestica induces apoptosis and autophagy in colon cancer
cells by stabilizing p53,” Phytotherapy Research, vol. 33,
no. 6, pp. 1689–1696, 2019.

[25] M. B. Azad, Y. Chen, and S. B. Gibson, “Regulation of autoph-
agy by reactive oxygen species (ROS): implications for cancer
progression and treatment,” Antioxidants & Redox Signaling,
vol. 11, no. 4, pp. 777–790, 2009.

[26] Y. Feng, D. He, Z. Yao, and D. J. Klionsky, “The machinery of
macroautophagy,” Cell Research, vol. 24, no. 1, pp. 24–41,
2014.

[27] R. S. Marshall and R. D. Vierstra, “Autophagy: the master of
bulk and selective recycling,” Annual Review of Plant Biology,
vol. 69, no. 1, pp. 173–208, 2018.

[28] T. Yorimitsu and D. J. Klionsky, “Autophagy: molecular
machinery for self-eating,” Cell Death & Differentiation,
vol. 12, no. S2, pp. 1542–1552, 2005.

[29] K. M. Livesey, R. Kang, I. Zeh, J. Herbert, M. T. Lotze, and
D. Tang, “Direct molecular interactions between hmgb1 and
tp53 in colorectal cancer,” Autophagy, vol. 8, no. 5, pp. 846–
848, 2012.

[30] E. M. Gibbs, E. L. Feldman, and J. J. Dowling, “The role of
mtmr14 in autophagy and in muscle disease,” Autophagy,
vol. 6, no. 6, pp. 819-820, 2010.

[31] S. K. Powers andM. B. Reid, “Mip/mtmr14 and muscle aging,”
Aging, vol. 2, no. 9, p. 538, 2010.

[32] M. Althubiti, L. Lezina, S. Carrera et al., “Characterization of
novel markers of senescence and their prognostic potential in
cancer,” Cell Death & Disease, vol. 5, no. 11, p. e1528, 2014.

[33] M. Sneeggen, N. M. Pedersen, C. Campsteijn, E. M. Haugsten,
H. Stenmark, and K. O. Schink, “WDFY2 restrains matrix
metalloproteinase secretion and cell invasion by controlling
vamp3-dependent recycling,” Nature Communications,
vol. 10, pp. 1–20, 2019.

[34] Y. Zhou, F. Hong, N. Wu et al., “Suppression of ovarian follicle
development by nano TIO2 is associated with tgf-β-mediated
signaling pathways,” Journal of Biomedical Materials Research
Part A, vol. 107, no. 2, pp. 414–422, 2019.

[35] K. Mallela and A. Kumar, “Role of TSC1 in physiology and dis-
eases,” Molecular and Cellular Biochemistry, vol. 476, no. 6,
pp. 2269–2282, 2021.

[36] D.-F. Lee, H.-P. Kuo, C.-T. Chen et al., “IKKβ suppression of
TSC1 links inflammation and tumor angiogenesis via the mtor
pathway,” Cell, vol. 130, no. 3, pp. 440–455, 2007.

[37] W. G. Jiang, J. Sampson, T. A. Martin et al., “Tuberin and
hamartin are aberrantly expressed and linked to clinical out-
come in human breast cancer: The role of promoter methyla-
tion of _TSC_ genes,” European Journal of Cancer, vol. 41,
no. 11, pp. 1628–1636, 2005.

[38] S. J. Byeon, N. Han, J. Choi, M. A. Kim, andW. H. Kim, “Prog-
nostic implication of TSC1 and mtor expression in gastric car-
cinoma,” Journal of Surgical Oncology, vol. 109, no. 8, pp. 812–
817, 2014.

[39] X. Zhang, H. Yin, Z. Li, T. Zhang, and Z. Yang, “Nano-TIO2
induces autophagy to protect against cell death through anti-
oxidative mechanism in podocytes,” Cell Biology and Toxicol-
ogy, vol. 32, no. 6, pp. 513–527, 2016.

[40] N. Forde, F. W. Bazer, T. E. Spencer, and P. Lonergan, “Con-
ceptualizing’the endometrium: identification of conceptus-
derived proteins during early pregnancy in cattle,” Biology of
Reproduction, vol. 92, no. 156, pp. 1–13, 2015.

[41] P. Janos, S.-H. Chung, and G. L. Reed, “Vesicle-associated
membrane protein 3 (vamp-3) and vamp-8 are present in
human platelets and are required for granule secretion,”
Hematology, vol. 100, no. 3, pp. 1081–1083, 2002.

[42] R. Fujiwara, Y. Luo, T. Sasaki, K. Fujii, H. Ohmori, and
H. Kuniyasu, “Cancer therapeutic effects of titanium dioxide
nanoparticles are associated with oxidative stress and cytokine
induction,” Pathobiology, vol. 82, no. 6, pp. 243–251, 2015.

[43] L. P. Sycheva, V. S. Zhurkov, V. V. Iurchenko et al., “Investiga-
tion of genotoxic and cytotoxic effects of micro- and nanosized
titanium dioxide in six organs of mice _in vivo_,” Mutation
Research/Genetic Toxicology and Environmental Mutagenesis,
vol. 726, no. 1, pp. 8–14, 2011.

[44] H. Proquin, M. J. Jetten, M. C. Jonkhout et al., “Gene expres-
sion profiling in colon of mice exposed to food additive tita-
nium dioxide (e171),” Food and Chemical Toxicology,
vol. 111, pp. 153–165, 2018.

12 Computational and Mathematical Methods in Medicine


	Study on the Expression Profile of Autophagy-Related Genes in Colon Adenocarcinoma
	1. Introduction
	2. Materials and Methods
	2.1. Data Acquiring and Preprocessing
	2.2. Choosing Discrepantly Expressed ARGs in COAD
	2.3. Enrichment Analysis of ARGs
	2.4. Construction of the Prognostic Model
	2.5. Verify the Accuracy of the Model
	2.6. Statistical Analysis

	3. Results and Discussion
	3.1. Expression of ARGs in COAD and Normal Tissues
	3.2. GO and KEGG Analyses of ARGs
	3.3. Survival-Associated ARGs and the Prognostic Model
	3.4. Model Construction
	3.5. Model Performance Verification
	3.6. The Correlation between Model Elements and Clinical Parameters of COAD

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

