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Background: The relapse and distant metastasis in colon adenocarcinoma (COAD) patients
with a poor prognosis. Autophagy has gained increasing attention recently.

Methods: This study utilized univariate Cox analysis from the TCGA database to obtain 10
prognostic autophagy-related genes (ARGs). GO and KEGG functional annotation analysis
suggested that the ARGs were significantly enriched in tumor metabolic processes. We
verified the autophagy-related genes screened by TCGA clinical data. Then, we compared
the expression of SERPINAL in primary and metastatic tumor cells in the GEO database, and
finally verified the relationship between SERPINAL1 protein expression and prognosis with
the CPTAC database.

Results: The ROC curves showed SERPINA1 had robust prediction capability in judging the
prognosis and disease process compared with the other 4 ARGs and risk score in COAD.
Clinical relationship analysis further indicated SERPINAI was related to TMN stage, clin-
ical-stage, OS, RFS, and DMFS in COAD. Besides, survival analysis presented that higher
expression of SERPINAI was significantly associated with the longer OS, RFS, or DMFS.
Moreover, SERPINAL1 protein was validated to be associated with OS, RFS, and DMFS
through our own IHC and CPTAC database. Finally, we exploratoryly combined the
SERPINAI mRNA and SERPINA1 protein as a new index for prognostics.

Conclusion: This new combined index showed the highest prognostic value for OS, RFS,
and DMFS, and had the potential to become a practical biomarker for prognosis.
Keywords: SERPINAI, autophagy, COAD, prognostic, relapse, distant metastasis

Introduction

Colorectal cancer (CRC) is one of the most common and lethal malignancies in western
countries. Its development is a multi-step process that spans many years, thereby
providing an opportunity for prevention and early detection. Colon adenocarcinoma
(COAD) is the main type of CRC, approximately accounting for 85% or more." In the
past thirty years, the survival rate has been improved due to early detection. However,
most patients with COAD experience recurrence and metastasis usually exhibit 5-year
survival rates <10%,” and the treatments available for these patients are limited.
Carcinoembryonic antigen (CEA) has been widely diagnosed with colon cancer, but
there are no efficient molecular biomarkers for relapse and metastasis diagnosis, which

can improve prognosis and treatment outcomes in colon cancer patients.>
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Autophagy is a highly conservative “self-phagocytic”
process, which ensures the orderly degradation of cyto-
plasmic contents and the circulation of macromolecular
components to maintaining cell homeostasis.” It plays an
important role in a wide range of physiological conditions
and diseases, especially in the cancer process.®” Besides,
exploring the underlying mechanism of autophagy can not
only uncover the mystery of tumorigenesis but may also
help to provide a new biomarker for cancer.'®'' The
Human Autophagy Database provides a detailed and up-
to-date list of autophagy-related genes (ARGs).'? There
are few systematic comprehensive analyses on the clinical
significance and potential biological function of ARGs in
colon cancer.'*'* For instance, Wang et al reported the
relationships between ARGs and colon cancer'” and made
a multi-ARGs-based prognosis model for colon cancer.
However, the combined application of multiple ARGs is
not easy to popularize and implement.

In the current study, we identified ARGs through uni-
variate Cox regression analysis. GO and KEGG enrich-
ment analysis was carried out based on the ARGs. After
combining with the results of clinical, we constructed an
autophagy gene model closely related to the prognosis of
colon adenocarcinoma patients. We figured out SERPINA
as a prognostic ARG which was verified by clinical data
and immunohistochemistry. Moreover, we found
SERPINAI mRNA and SERPINAI1 protein with great
clinical value to evaluate the relapse-free survival (RFS)
and distant metastasis-free survival (DMFS) in colon

cancer.

Materials and Methods

Autophagy Related Genes (ARGs)

The Human Autophagy Database provides a detailed and
up-to-date list of autophagy-related genes (ARGs).'? In
this study, we obtained the expression profiles of 232
ARGs from HADb.

TCGA Data Acquisition

We downloaded the COAD genes expression dataset from
the TCGA database and extracted the expression level of
232 ARGs. TCGA provided gene expression profiles for
398 COAD tissue samples and 39 non-tumor samples. The
clinicopathological data of COAD patients is also down-
loaded from the Genomic Data Commons (https://portal.
gdc.cancer.gov). ARGs associated with patient survival

were identified using univariate Cox regression for subse-
quent model construction.

Functional Analysis

The calculation of prognostic ARGs and the functional
analysis of their enrichment pathways. In this study, the
edgeR software package was used to screen and normalize
the expression profiles aiming to analyze the prognostic
ARGs in COAD tumors and adjacent normal tissues. The
corrected standard value logFC > 2, p<0.01. Besides, to
understand the biological functions of the prognostic
ARGs in COAD, enrichment analysis including gene ontol-
ogy (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis. The enrichment analysis was
performed using the R-cluster profile package,'® and the
results were displayed using the GOplot package.'”

Statistical Analysis
R version 3.5.2 (https://www.R-project.org/) and SPSS
program version 25 for statistical analysis and drawing.

After normalization, all expression data are converted to
log, (value +1). We utilized a univariate Cox regression
analysis to estimate the prognostic value of ARGs, and
multivariate Cox regression analysis to obtain the poten-
tial prognostic ARGs to construct an autophagy prognos-
tic index (API) model. Independent #-test to compare the
prognostic ARGs in COAD and adjacent tissues and to
determine the relationship between these genes and the
clinicopathological characteristics of COAD patients.
The correlation between mRNA expression level and
clinical parameter with Pearson correlation analysis,
p<0.05 indicates a statistically significant difference.
Box plots to show gene expression, and test the ability
of prognostic ARGs with a K-M curve analysis to recog-
nize RFS and DMFS related ARGs, then SPSS software
to draw and calculate the receiver operating characteristic
(ROC) curve of each ARGs, and determine the area
under the curve (AUC). Association of gene and protein
expression on the overall survival (OS), RFS, and DMFS
curves with the TCGA and the CPTAC data.

Patients and Tissue Specimens

Collected tissue samples from patients with COAD in the
Gastrointestinal Surgery Ward of the Fourth Hospital of
China Medical University from 2008 to 2012, including 55
cases of COAD tissue, 52 cases of normal tissue, and 24
cases of adjacent COAD tissue.
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Tissue Microarray (TMA) and

Immunohistochemistry (IHC)

The tissue microarray chip is deparaffinized by xylene,
and debenzene and hydrated by decreasing gradient etha-
nol. Immerse the chip in a citrate buffer (pH 6.0), and
repair it under 80 kpa high pressure for 10 minutes. After
the chip was treated with 3% hydrogen peroxide/methanol
and 10% non-immune normal goat serum, mouse anti-
human SERPINAI protein monoclonal antibody
(SERPINAI, sc-59438, 1:300 dilution, SANTA CRUZ
BIOTECHNOLOGY, INC.) was added dropwise and incu-
bated overnight at 4°C. The next day, the chip was incu-
bated with a biotin-labeled secondary antibody
(UltraSensitive SP Mouse/Rabbit IHC Kit, China), and
then added dropwise freshly prepared DAB (3, 3-diamino-
benzidine). Finally, the sections were counterstained with
hematoxylin; dehydrated, transparent with xylene, and
mounted with neutral gum for observation.

Evaluation of Immunohistochemistry

Two experienced clinicians evaluated the staining level of
the tissue microarray chip. The SERPINAI protein is
expressed in the cytoplasm. The product of the percentage
of stained cells (0 ~ 100%) and the staining intensity (no
staining is 0, weak positive is 1, medium positive is 2, and
strong positive is 3). The total score range was 0 ~ 300%.
ROC curve analysis evaluated the survival status of the
total score as the boundary value for defining negative and
positive protein expression.

CPTAC Data Acquisition

We downloaded the SERPINA1 expression dataset in
COAD from the Clinical Proteomic Tumor Analysis
Consortium and extracted the expression of 95 COAD
tumor-tissue samples. The clinicopathological data of
COAD patients were also downloaded from the CPTAC.

Result
Identification of Prognostic ARGs and

Functional Enrichment of Prognostic
ARGs

We analyzed the relationship between ARGs and the
prognosis of COAD patients. According to the above
criteria, we finally obtained 10 prognostic ARGs:
GRID1, ULKI, SERPINAI, WIPI2, ATGI3, DAPKI,
PELPI, MAPILC3C, CX3CLI, ULK3. They were

significantly related to prognosis. The forest chart showed
that most of these genes are risk factors except
SERPINAI (Figure 1A). GOplot analysis shows that in
biological processes, these genes were related to autop-
hagosome assembly, autophagosome organization, etc. In
terms of cellular components, these genes were involved
in the functions of the outer mitochondrial membrane,
autophagosome, and outer membrane of organelles. In
terms of molecular functions, these genes played an indis-
pensable role in certain key functions, such as phago-
phore assembly site, phagophore assembly site
membrane, etc. Besides, KEGG pathway enrichment ana-
lysis showed that these genes were mainly enriched in
pathways related to the autophagy—animal, spinocerebel-
lar ataxia, autophagy-other, etc. (Figure 1B and C).
Multivariate Cox regression was used to achieve 5
ARGs that were significantly related to prognosis inde-
pendently, and build a risk score for COAD patients
(Figure 1D). Based on the results of multivariate Cox
regression analysis, we constructed an autophagy prog-
nostic index (API, which is the risk score) to divide
COAD npatients into high-risk and low-risk groups with
discrete clinical outcomes for OS. It showed the distribu-
tion of the prognostic index in the TCGA dataset
(Figure 1E), the survival time of patients in different
groups (Figure 1F). Patients with higher risk scores
were more likely to be deceased, and the heatmap was
used to show differences in the expression for 5 prog-
nosis-related ARGs

(Figure 1G). A Kaplan-Meier survival curve was drawn

between cancer and non-cancer

to analyze the different survival times between high-risk
and low-risk groups (Figure 1H). Univariate and multi-
variate Cox regression analyses were performed to iden-
tify prognosis-related factors in COAD patients. Forest
maps showed that clinicopathological characteristics such
as age and the risk score were significant after univariate
Cox regression analysis (Figure 1I). The risk score was
also independently associated with the prognosis of
COAD patients for multivariate Cox regression analysis
(HR = 1353, 95% CI = 1.131-1.619; p<0.001;
Figure 1J).

Clinical Utility of Prognostic Markers
Diagnostic Value of ARGs in COAD
We assessed the diagnostic values of the ARGs for OS
status (GRID1, SERPINA1, MAPILC3C, CX3CLI1, ULK3,
and risk score). The AUC values correlation with the five-
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Figure | Development of a prognostic index based on ARGs and expression profile and prognostic value of ARGs. (A) Risk ratio forest plot showed the prognostic value of
the gene; (B) GO analysis revealed the biological processes and cellular components involved in 10 prognostic-related ARGs; (C) KEGG shows the signaling pathways
involved in 10 prognostic-related ARGs; (D) The result of multivariate Cox regression analysis: 5 ARGs were significantly related to prognosis independently; (E)
Distribution of prognostic index; (F) Survival status of patients in different groups; (G) Heat map of the expression profile of the included ARGs; (H) Patients in the high-
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year survival rate for GRIDI, SERPINAI, MAPILC3C,
CX3CLI1, ULK3 and risk score were 0.507, 0.751, 0.500,
0.574, 0.613 and 0.737, respectively (Figure 2A).

This study analyzed the expression of these genes in
OS with COX regression analysis, as well as analyzed the
relationship between these ARGs and clinical characteris-
tics. According to statistical significance (p<0.05), the
level of SERPINAI gene decreased, the shorter of OS,
RFS, DMFS, the more severe with tumor stage and the
more serious with TMN stage, the risk Score and survival
time was negative-related, with N stage was positive-
related. Although GRIDI was related to the tumor stage
and N stage, the trend is not obvious. The level of the
ULK3 gene was decreased, and the survival status was
worse (Figure 2B).

The Relationship Between SERPINAI and
OS, RFS, and DMFS Time

A Kaplan—Meier survival curve was drawn to analyze the
overall survival (OS) between high-level and low-level
groups. A Kaplan—Meier curve analysis showed that the
OS of patients in the low-level group was significantly
shorter than that in the high-level group (Figure 2C),
which proved SERPINAI as a protective factor for OS.

RFS refers to the time from the first operation to the
earliest evidence of recurrence. DMFS refers to the time
when metastasis occurs earliest. In a GEO database, we
analyzed from GPL96 (SERPINAI-Colon cancer progres-
sion) that the level of SERPINAI is closely related to
metastasis in COAD (Figure S1). GEO data compared
SERPINAI in SW480, a primary colon cancer cell line,
to that in SW620, an isogenic metastatic colon cancer cell
line. Cell lines are derived from one individual. The results
provide the occurrence of metastasis as the level of
SERPINAI decreases. Based on this phenomenon, we
determined to analyze the expression of SERPINAI and
RFS (p<0.01) (Figure 2D) and DMFS (p<0.01)
(Figure 2E). The results illustrated that SERPINAI was
also a protective factor for RFS and DMFS.

Clinicopathological Characteristics of

Colorectal Cancer Patients

In this study, the survival data of 72 COAD patients were
collected, and the follow-up time was ranged from 1 to
120 months. Among them, 29 cases died. The 5-year
survival rate was 59.7%, and the average survival time
was 82.1£14.8 months.

Association of the Expression of
SERPINA with the Survival of Colorectal

Cancer Patients
The results of SERPINAI protein expression, 72 of 133
colorectal cancer patients completed the scanning of tumor
tissue points, were followed up. The median OS of the low
expression group was 30 months, and the median OS of
the high expression group was 67 months. In the low
expression group, 17 cases survived for 3 years, 21 cases
died, and the 3-year overall survival rate was 44.74%; in
the high expression group, 7 cases survived for 3 years, 28
cases died, and the 3-year survival rate was 20.00%.

The immunohistochemical method was used to detect
expression of SERPINAI in COAD
(Figure 3A), and the comparison found that the expression

the protein

of SERPINA1 in tumor tissues was significantly lower than
that of normal tissues and adjacent tissues (p<0.01,
Figure 3B). The immunohistochemical staining results of
paired normal and cancerous tissues (Figure 3C) and
paired adjacent tissues and cancerous tissues (Figure 3D)
from the same patient also showed that the expression of
SERPINAI in tumor tissues was significantly decreased
(p<0.01). ROC curve analysis uses the boundary value of
the total score to judge the OS status as the cut-off value
for the negative expression and positive expression of the
protein. ROC curve analysis was related to indicators
shown in Figure S2. To investigate the clinical significance
of the expression of SERPINAI in COAD, we analyzed
the correlation between OS status and clinical-pathological
stratification parameters in COAD patients (Table 1). We
found that the number of patients with infectious compli-
cations decreased (p=0.026) (Figure 3E). The expression
level of SERPINAI protein increased in those with lower
differentiation level (p=0.016) (Figure 3F). And the
expression level of SERPINAT1 protein decreased signifi-
cantly in those with deeper intestinal infiltration (p=0.004)
(Figure 3G).

To further investigate the clinical significance of
SERPINAI expression in COAD, the results found that
the lower expression of SERPINAI was significantly cor-
related with worse patients’ OS, RFS, DMFS status
(Figure 3H-J).

The Combined Utilization of SERPINAI
Protein and SERPINAI

From the above analysis, it is known that SERPINAI is
a protective factor in COAD, and it presents a protected
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Figure 2 ROC curve analysis for ARGs and clinical prognostic diagnostic value of ARGs in COAD and the relationship between SERPINAI and OS, RFS, and DMFS. (A)
ROC curve analysis to determine the potential diagnostic value of the risk ARGs in COAD. The ROC curve plots for 5-years survival rate: GRIDI (AUC = 0.507),
SERPINAI (AUC = 0.751), MAPILC3C (AUC = 0.500), CX3CLI (AUC = 0.574), ULK3 (AUC = 0.613), risk Score (AUC = 0.737). (B) Clinicopathological significance of the
prognostic index of COAD (p<0.05). (C) Kaplan—Meier curve estimated the relationship between SERPINAI and overall survival (OS). (D) Kaplan—Meier curve estimated
the relationship between SERPINAI and RFS. (E) Kaplan—Meier curve estimated the relationship between SERPINAI and distant metastasis-free survival DMFS. The Log
rank test was performed to test the statistical significance.
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Figure 3 SERPINAI expression in colon cancer and K-M curve with OS, RFS, DMFS for IHC. (A) Representative micrographs showing immunohistochemical staining of
SERPINAI in normal tissue, tumor-adjacent tissue, and colorectal cancer tissue. Magnification: X40. Arrows indicate magnified regions in the insert (x400). Scale bar: 50 um. (B) IRS
of normal tissues and adjacent tissues SERPINA| expression was significantly higher than cancer tissues. (C) IRS of paired cancer samples SERPINAI expression was significantly
lower than normal tissues. (D) IRS of paired samples SERPINA| expression was significantly lower than tumor-adjacent tissues. the p-value of (B-D) obtained from the Wilcoxon
rank-sum test. (E) IRS of SERPINAI expression with infectious complication. (F) IRS of SERPINAI expression of differentiation level. (G) IRS of SERPINAI expression of invasion
depth. (H) Kaplan—Meier curve estimates the relationship between SERPINAI and OS. (I) Kaplan—Meier curve estimates the relationship between SERPINA| and RFS. (J) Kaplan—
Meier curve estimates the relationship between SERPINA| and DMFS. The Log rank test was performed to test the statistical significance.
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Table | Clinicopathological Characteristics of Colon Cancer

Patients

Features Categories Frequency | Percent

Sex Male 64 48.1

Female 69 51.9

Age(years) <60 53 39.8

>60 80 60.2

Family history No 64 82.1

Yes 14 17.9

Infectious No 69 88.5

complication Yes 9 15

Differentiation level High 30 32,6

Low+Medium 62 67.4

Invasion depth Inside muscular 16 17.0

Outside 78 83.0

muscular

Occupied intestine <0.75 28 354

>0.75 51 64.6

CKL Negative 26 433

Positive 34 56.7

CEA Negative 53 57.6

Positive 39 424

CA-125 Negative 54 84.4

Positive 10 15.6

CAI9-9 Negative 83 83.8

Positive 16 16.2

factor in protein expression. We obtained 95 cases of
protein expression from the CPTAC Database (https://pro
teomics.cancer.gov/programs/cptac). We obtained the cor-

responding mRNA expression from the TCGA database
and analyzed the relationship between mRNA and protein
expression with OS status. The CPTAC database has 64
clinical cases. We used the median of SERPINAI mRNA
expression and protein expression divided into two groups.
ROC curve analysis with survival overall status showed
that protein expression (Area=0.608, p=0.052) in
Figure 4A, and mRNA (Area=0.770, p=0.043) in
Figure 4B. Then, we combined the mRNA and protein as
an index for prognosis. We dealt with the data of mRNA

expression and protein expression in a quartile. Then, we
multiplied the two quartiles processed with the data to get
the combined index (CI) of the SERPINA1 mRNA and
SERPINALI protein for each patient when combining pro-
tein and mRNA to predict the state of prognosis. It is
proved that the accuracy of clinical diagnosis with the
combination of SERPINAI protein expression and
mRNA expression is improved (Area=0.786, p =0.04)
(Figure 4C).

We also analyzed the SERPINAI mRNA, SERPINA1
protein, and CI for the K-M curve with OS (Figure 4D-F),
the SERPINAI mRNA, SERPINA1 protein, and CI for the
K-M curve with RFS (Figure 4G-I), the SERPINAI
mRNA, SERPINA1 protein, and CI for the K-M curve
with DMFS (Figure 4J-L).

Discussion

The autophagy process is strictly controlled by a series of
ARGs."'® Previous studies have shown that the level of dysre-
gulated autophagy is closely related to tumor growth, survival,
and proliferation.'® Therefore, the stable expression of ARGs
is essential for suppressing the occurrence of tumors.”°
However, the relationship between autophagy-related genes
and prognosis in colon cancer patients was reported merely in
a few studies. In this study, to examine the prognosis signifi-
cance of human ARG expression in colon cancer, 10 prog-
nosis-related ARGs were identified. We first found that,
among the 232 ARGs, SERPINAI was the most significant
independent protective factor for the occurrence and develop-
ment of COAD. In COAD, SERPINAI is more valuable in
judging the prognosis and disease process compared with the
other 4 independent prognoses ARGs or the risk score which
was calculated from the combined 5 independent prognoses
ARGs. Therefore, SERPINAI can be used as an index for
clinical application, which may play an important role in
causing unregulated autophagy in COAD. A previous study
based on ARG analysis had mined prognostic indexes of colon
cancer which were abundantly enriched in tumor-related path-
ways, such as the transcripts of the TGFb/EMT pathway.*!
Differentially expressed ARGs: SERPINAI, DAPKI,
MAPILC3C, MAPKY, TSCI1, ULK3, CASP3, WIPII, etc., as
risk indexes are used to predict patient prognosis and provide
information for individualized treatment. These ARGs are
very likely to promote the development of COAD.'>*?
Compared with the multi-indexes identified in the studies
mentioned above, SERPINAI, a single index, has the advan-
tage of a more convenient application.
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Figure 4 The ROC and K-M curve analysis of the influence of SERPINAI on COAD. (A) SERPINAI protein, Area=0.773, p=0.004. (B) SERPINAI mRNA, Area=0.770,
p=0.043. (C) SERPINAI mRNA and protein combine. Area=0.786, p=0.04. (D) Kaplan—Meier curve estimates the relationship between SERPINAI mRNA and overall
survival. (E) Kaplan—Meier curve estimates the relationship between SERPINAI protein and overall survival. (F) Kaplan—Meier curve estimates the relationship between Cl
and overall survival. (G) Kaplan—Meier curve estimates the relationship between SERPINAI mRNA and RFS. (H) Kaplan—Meier curve estimates the relationship between
SERPINALI protein and RFS. (I) Kaplan—-Meier curve estimates the relationship between Cl with RFS. (J) Kaplan—Meier curve estimates the relationship of SERPINAI mRNA
with DMFS. (K) Kaplan—Meier curve estimates the relationship of SERPINAI protein with DMFS. (L) Kaplan—Meier curve estimates the relationship between Cl with DMFS.
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was significantly increased in a variety of cancers, such as
oral cancer, thyroid papillary cancer, lung cancer, and so
on.>2% AggarwalN® believed that a large number of cell
proliferation and tissue cell necrosis stimulated the release of
lysosomal proteases during tumor development, resulting in
a compensatory increase in SERPINAI. Kwon CH’s study
provided evidence of the key role of SERPINAI as
a regulator of invasion and migration in CRC cells for the
first time.”® Some people regarded trypsin as a lymphocyte
stimulator, whose inhibitor SERPINA1 had an immunosup-
pressive effect.”” As SERPINAI increased, the body lost its
immune surveillance effect on mutant cells and induced
tumors.®® The high expression of SERPINAI could be up-
regulated fibronectin, and fibronectin promoted tumor pro-
gression by activating a variety of oncogenic pathways (such
as Akt, extracellular signal-regulated kinase, signal transdu-
cer, and activator of transcription 3).*' The above reported
research concluded that SERPINAI is a tumor-promoting
factor. However, on the contrary, some studies®?® have
shown that SERPINAI could have an anti-tumor effect.
SERPINAI was significantly decreased in a variety of can-
cers (Figure S3), such as pancreatic cancer, kidney cancer,
thyroid cancer, and so on. In the current study, for COAD
patients, SERPINA 1 was shown as a protective factor, which
was more valuable in assessing clinical parameters such as
survival status, TMN stage, clinical-stage, OS, RFS, and
DMEFS, based on the TCGA database. Then, SERPINAL1
protein expression was further detected with ICH, finding
that SERPINA1 was negatively related to an infectious com-
plication, lower differentiation level, and deeper intestinal
infiltration, and also correlated with longer OS, RFS, and
DMFS. Additionally, similar results were found in the
CPTAC database. These results correspond to the results of
the TCGA database analysis in the present study. Moreover,
recurrence and metastasis are key prognostic factors for
colon cancer. We find the prognostic autophagy-related key
gene SERPINAL to be a biomarker for recurrence and metas-
tasis in colon adenocarcinoma. And we used clinical data and
IHC for validation, which improved the accuracy of the
prognosis model prediction results to make it more clinically
significant. Finally, we exploratoryly combined the
SERPINA1 mRNA and SERPINALI protein as a new com-
bined index(CI) for prognostics. It was finally found that CI
in COAD was probably the most significant prognostic,
recurrence, and distant metastasis biomarker.

It was reported that SERPINA1 protein favored tumor cell
growth and inhibited autophagy,®* and was a dangerous ARG
that was not conducive to prognosis.”? Meanwhile, autophagy

in CRC inhibited the tumor.** However, Zhang has found that
autophagy plays a stimulative role in the development of
CRC.* Meanwhile, autophagy can occur in tumors with the
opposite function: protective autophagy and lethal autophagy.
In this study, SERPINA 1 promotes autophagy, and then autop-
hagy plays an anti-tumor effect in COAD. The SERPINAI
gene-related transcription factors, miRNA, IncRNA, and
upstream and downstream-related genes were predicted with
gene radar (Figure S4), indicating that SP3, HEB, and PROC
were more likely to be involved in the function of SERPINAI
in COAD. GOplot analysis showed that SERPINAI was
related to biological processes, such as acute-phase response,
HIF-1 signaling pathway, and so on. Overall, the underlying
molecular mechanisms of the key ARGs in the pathogenesis of
COAD are not yet clear, and further experimental studies are
needed to reveal these mechanisms.

This study highlights the important prognostic signifi-
cance of SERPINAI in COAD. These findings indicate
that SERPINA1 targeted therapy may have a unique effect
on COAD, especially as a diagnostic marker for OS, RFS,
and DMFS of COAD patients, and provide clues for an in-
depth understanding of the complex biological functions
of SERPINAI in COAD.
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