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Abstract: Although an increasing body of evidence supports the crucial role of the SEC24 Homolog D, COPII Coat
Complex Component (SEC24D) gene in the initiation and progression of cancer, a comprehensive pan-cancer analy-
sis of this gene is still lacking. In this study, we conducted an extensive investigation of SEC24D, aiming to elucidate
its potential role and underlying mechanisms across multiple human tumors. Our analysis relied on data from
The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) databases. To validate our findings, we
employed RNA sequencing (RNA-seq), targeted bisulfite sequencing (bisulfite-seq) molecular techniques. Our find-
ings revealed elevated mRNA (Messenger RNA) and protein levels of SEC24D in different tumor tissues. However,
the up-regulation of SEC24D was significantly correlated with shorter overall survival (0OS), metastasis, and various
clinical parameters in esophageal cancer (ESCA), lung adenocarcinoma (LUAD), and kidney renal papillary cell carci-
noma (KIRP). Expression validation analysis via RNA-seq and targeted bisulfite-seq analyses, further confirmed the
higher expression of SEC24D in LUAD cancer cell lines as compared to normal controls. The DNA methylation level
of SEC24D was found to be decreased in ESCA, LUAD, and KIRP samples. DNA methylation analysis via bisulfite-seq
analysis also validate the lower promoter methylation level of SE24D in LUAD cell lines relative to controls. Moreover,
we observed a significant association between the elevated expression of SEC24D and the levels of infiltrating
cells, such as B cells, neutrophils, macrophages, CD8+ T cells, and CD4+ T cells. Analysis of SEC24-related genes
revealed that “Protein processing in endoplasmic reticulum, SNARE interaction in vesicular transport, Legionellosis,
Pathogenic Escherichia coli infection” were mainly involved in the functional mechanism of SEC24D in ESCA, LUAD,
and KIRP. Moreover, we also suggested a few valuable drugs (Acetaminophen, Acteoside, Cyclosporine, Polydatin,
Estradiol, Estradiol, Quercetin) for treating ESCA, LUAD, and KIRP patients with respect to overexpressed SEC24D.
To summarize, this comprehensive pan-cancer study investigated the association between SEC24D expression and
clinical parameters in ESCA, LUAD, KIRP. The study provides valuable insights for further exploring the functional
and therapeutic aspects of SEC24D and underscores its predictive significance in the carcinogenesis and prognosis
of these specific cancer types.
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Introduction

Cancer initiation and development involve a
complex interplay of genetic and molecular
alterations that disrupt normal cellular process-
es [1-3]. Due to its complex nature, cancer Kill
millions around the globe each year [4, 5].
Despite significant advancements in cancer
research and treatment, challenges persist in
accurately predicting disease progression,
determining optimal treatment strategies, and

monitoring treatment responses [6, 7]. The
identification of reliable diagnostic and prog-
nostic biomarkers for cancer patients remains
an ongoing priority in the field of oncology.
These biomarkers can aid in the early detection
of cancer, enabling timely intervention and
improved patient outcomes [8].

So far, numerous diagnostic and prognostic bio-
markers have been identified and investigated
in cancer patients [9, 10]. However, it is impor-
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tant to acknowledge that many of these bio-
markers have certain limitations. Some bio-
markers lack sufficient sensitivity and specific-
ity, leading to false-positive or false-negative
results [11, 12]. While other biomarkers exhibit
variability across different cancer types or indi-
vidual patients, limiting their universal applica-
bility [13, 14]. Therefore, it is crucial to uncover
shared biomarkers that are common across dif-
ferent types of cancer in order to address the
challenges posed by tumor heterogeneity.

SEC24 Homolog D, COPIl Coat Complex
Component (SEC24D) is a member of the
SEC24 family, which is involved in the formation
of coat protein complex Il (COPII) vesicles that
mediate protein transport from the endoplas-
mic reticulum (ER) to the Golgi apparatus [15,
16]. Previous studies have indicated that
SEC24D plays a critical role in protein sorting
and trafficking within the secretory pathway,
influencing cellular functions such as cell
growth, proliferation, and differentiation [17,
18]. Despite growing evidence suggesting the
critical function of SEC24D in cancer initiation
and progression, a comprehensive and system-
atic pan-cancer analysis of this gene is still
lacking. Therefore, the present study aims to
investigate the diagnostic, prognostic potential,
and detailed mechanisms of SEC24D across
multiple human cancers using Bioinformatics
and in vitro methodologies.

By decoding the accuracy and significance of
SEC24D as a signature gene in esophageal
cancer (ESCA), lung adenocarcinoma (LUAD),
and kidney renal papillary cell carcinoma
(KIRP), we aim to provide valuable insights into
its functional role, underlying molecular mecha-
nisms, and potential implications for therapeu-
tic strategies. Such knowledge may contribute
to the development of targeted therapies and
personalized medicine approaches for patients
with these cancers.

Materials and methods

Pan-cancer expression and survival analyses
of SEC24D

The TIMER2 database (http://timer.cistrome.
org/) serves is a crucial resource for cancer
immunology research [19]. This database
offers comprehensive and advanced analysis
of gene expression and tumor immune infil-
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trates across diverse cancer types. With its
user-friendly interface and robust algorithms,
TIMER2 enables researchers to explore the
gene expression, tumor microenvironment,
assess immune cell abundance, and investi-
gate the prognostic implications of immune
infiltration. In the current study, we used
TIMER2 platform for Pan-cancer expression
analysis of SEC24D in different cancers.

UALCAN (https://ualcan.path.uab.edu/cgi-bin/
ualcan-res-prot.pl) is a powerful web resource
for cancer researchers, offering valuable
insights into gene expression patterns across
various tumor types [20]. With its user-friendly
interface and comprehensive database, UAL-
CAN enables scientists to explore and analyze
RNA sequencing data, visualize differential
gene expression, and gain crucial information
about protein abundance and patient survival.
Its accessibility and accuracy make UALCAN an
indispensable tool in cancer research. In the
current study, we used UALCAN platform to
examine the expression of SEC24D in specific
cancer patients, stratified based on clinical
variables. This allowed us to gain valuable
insights into the role of SEC24D in various can-
cers and its potential clinical implications.

KM plotter (https://kmplot.com/kmplot.com/
analysis) is a robust online tool widely used in
cancer research [21]. It provides a comprehen-
sive platform for survival analysis, allowing
researchers to assess the prognostic signifi-
cance of genes in various cancer types. With its
vast database and user-friendly interface, KM
plotter empowers scientists to explore overall
survival and relapse-free survival data, enabling
valuable insights into cancer prognhosis and
potential therapeutic targets. During current
research, we used this tool for the pan-cancer
survival analysis of the SEC24D.

Expression analysis of SEC24D in metastatic
cancer tissues

TNMplot (https://www.tnmplot.com/) is an
indispensable tool for expression analysis in
metastatic cancer tissues paired with control
samples [22]. It provides researchers with a
comprehensive platform to investigate the rela-
tionship between gene expression patterns
and TNM staging in various cancer types. In the
current study, this database was used to ana-
lyze the expression of SEC24D gene in meta-
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static cancer tissue samples paired with nor-
mal controls.

Verification of SEC24D expression on addition-
al the cancer genome Atlas and gene expres-
sion omnibus datasets

GEPIA (http://gepia.cancer-pku.cn/) and GEN-
T2 (http://gent2.appex.kr/) are widely utilized
web-based platforms in cancer research, offer-
ing comprehensive gene expression analysis
across diverse tumor types [23, 24]. With their
user-friendly interface and vast variety of TCGA
datasets, these tools enable researchers to
validate gene expression patterns and gener-
ate interactive plots.

The GEO database (https://www.ncbi.nlm.nih.
gov/geo/) is a vital resource for researchers
seeking to access and analyze a vast collection
of publicly available gene expression data [25].
With its extensive dataset encompassing
diverse biological conditions and platforms,
GEO provides an invaluable platform for investi-
gating and validating gene expression patterns.
In the present study, GEPIA and GENT2 data-
bases were used to validate SEC24D expres-
sion on TCGA datasets, while GEO database
was utilized to validate SEC24D expression of
GEO datasets with the help of GEO2R tool [25].

Protein level expression analysis of SEC24D

The Human Protein Atlas (HPA, (https://www.
proteinatlas.org/)) database serves as a valu-
able resource for researchers in the field of
proteomics [26]. This database offers com-
prehensive and high-quality data on protein
expression profiles across various human tis-
sues and cell lines. With its vast collection of
immunohistochemistry-based images and tran-
scriptomic data, HPA enables the exploration of
protein expression levels across cancer tissue
samples paired with controls. For our study, we
obtained SEC24D immunohistochemistry (IHC)
expression data from various cancer tissues,
as well as normal controls, through the HPA
database. The IHC analysis employed a poly-
clonal antibody (HPAO41626) specifically tar-
geting SEC24D protein.

Univariate and multivariate survival analysis of
SEC24D

In this work, we performed both univariate and
multivariate survival analyses of SEC24D gene
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using GEO datasets through the PrognoScan
tool (http://www.prognoscan.org/) [27]. By har-
nessing the comprehensive gene expression
data available in GEO, we assessed the prog-
nostic relevance of SEC24D gene in different
clinical variables of the cancer patients.

Promoter methylation analysis of SEC24D

The MEXPRESS database (https://www.mxpre-
sstrans.com/) is a valuable resource for resear-
chers interested in exploring DNA methylation
patterns across diverse genomic regions [28].
With its user-friendly interface and comprehen-
sive dataset, MEXPRESS enables researchers
to investigate the methylation status of specific
genes or genomic regions in various cancer
types. In this study, we conduct MEXPRESS to
explore promoter methylation level of SEC24D
across different can types.

Genetic alteration analysis of SEC24D

The cBioPortal database (https://www.cbiopor-
tal.org/) is an indispensable resource for can-
cer researchers, offering a comprehensive plat-
form for the exploration and analysis of genom-
ic data from various cancer types [29]. With its
user-friendly interface and extensive dataset,
cBioPortal enables scientists to investigate
genetic alterations, identify potential driver
mutations, and explore the complex landscape
of cancer genomics. In this research, we uti-
lized cBioPortal to analyze SEC24D genetic
alterations across different cancers.

SEC24D and immune cell infiltration analysis

In the present study, we used TIMER2 data-
base (http://timer.cistrome.org/) to perform
Spearman correlation analysis between SEC-
24D expression and a variety of immune cells
across different cancer patients.

Protein-protein interaction and enrichment of
SEC24D

The STRING database (https://string-db.org/
cgi/network) is an essential tool for investigat-
ing protein-protein interactions and functional
networks [30]. With its extensive coverage of
known and predicted protein associations,
STRING enables researchers to explore the
molecular interactions involved in various
molecular pathways. This database was used
in the current work to construct PPl network of
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the SEC24D-associated proteins. DAVID tool is
a widely used bioinformatics resource for
enrichment analysis of large-scale gene lists
[31]. Herein, this tool was used for the enrich-
ment analysis of the SEC24D-associated
genes.

Screening of SEC24D-assiciated drugs

The DrugBank database (https://go.drugbank.
com/) is a vital resource for researchers in
drug discovery and development [32]. This
database provides comprehensive information
on approved, investigational drugs, and drug-
target interactions. We used DrugBank in the
current study to screen SEC24D-associated
drugs.

In vitro validation of SEC24D expression and
methylation status

A total of six cell lines, including two cell lines
(HCC15 and HCC44) derived from the primary
lung cancer tissues, three cell lines (H-460,
A549, and PC-9) derived from the metastatic
lung cancer tissue, and one normal cell line
(MRC-9) derided from the normal lung tissue,
were purchased from the ATCC (American Type
Culture Collection). The purchased cell lines
were cultured in DMEM (HyClone), supplement-
ed with 10% fetal bovine serum (FBS; TBD), 1%
glutamine, and 1% penicillin-streptomycin in
5% CO, at 37°C. Total RNA extraction from all
these three cells lines was done using TRIzol®
reagent method [33], while total DNA was
extracted via organic method [34]. Finally, RNA
and DNA samples were sentto Beijing Genomics
Institute (BGI) company for RNA-seq bisulfite-
seq analysis.

After RNA-seq analysis, the gene expression
values of the SEC24D were normalized using
reads per kilo base million reads (RPKM) and
fragments per kilo base million reads (FPKM).
While, methylation values were normalized as
beta values. The obtained FPKM, and beta val-
ues against hub genes in lung cancer and nor-
mal control cell line were compared to identify
differences in the expression and methylation
levels.

Statistics
The gene expression comparisons between

cancer and normal sample groups were con-
ducted using t-tests in TIMER2, UALCAN, GEPIA,
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GENT2, TNMplot, and GEO2R web resources.
To evaluate the survival outcomes associated
with gene expression levels in cancer patients,
Kaplan-Meier analysis and log-rank tests were
performed using KM plotter and Prognoscan
web resources. Spearman test was employed
for correlation analysis. A significance level of
P<0.05 was chosen as the cutoff criteria to
determine statistically significant results. This
commonly used threshold allowed us to distin-
guish between findings that were likely due to
chance and those that were considered statisti-
cally significant.

Results

Pan-cancer expression and survival analyses
of SEC24D

In our study, we conducted a pan-cancer
expression and survival analysis of the SEC24D
via the UALCAN and KM plotter tools. Our find-
ings revealed that SEC24D was consistently
overexpressed in all twenty-two types of cancer
samples when compared to their respective
normal controls (Figure 1A). However, our sur-
vival analysis yielded intriguing results, as we
observed that the overexpression of SEC24D
was specifically associated with the reduced
OS of only esophageal carcinoma (ESCA), lung
adenocarcinoma (LUAD), and kidney renal pap-
illary cell carcinoma (KIRP) patients (Figure
1B-D). This observation suggests that SEC24D
may play a significant role in tumorigenesis
across ESCA, LUAD and KIRP.

Expression analysis of SEC24D in metastatic
ESCA, LUAD, and KIRP cancer tissues

In this part of our study, we focused on analyz-
ing the expression of the SEC24D gene in nor-
mal controls, primary and metastatic tissues
samples of three specific cancer types includ-
ing, ESCA, LUAD, and KIRP. Our findings reveal-
ed a significant increase in SEC24D expression
level in ESCA, LUAD, and KIRP metastatic tis-
sues compared to primary ESCA, LUAD, and
KIRP tissues, and normal controls samples
(Figure 2). This observation suggests that
SEC24D may play a crucial role in the metastat-
ic progression of these cancers.

SEC24D expression landscape across different
clinical variables

Next, we investigated the expression level of
SEC24D across ESCA, LUAD, and KIRP samples

Am J Cancer Res 2023;13(8):3686-3704
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of various clinical variables and normal control
samples. Our findings consistently demonstrat-
ed that SEC24D gene expression was signifi-
cantly up-regulated in ESCA, LUAD, and KIRP
samples across different clinical variables (can-
cer stage, race, gender, and age) when com-
pared to control samples (Figure 3). The consis-
tent up-regulation of SEC24D suggests the
potential utilization of this gene as a common
biomarker in ESCA, LUAD, and KIRP patients of
different clinical variables.

Expression validation of SEC24D gene in ad-
ditional TCGA and GEO datasets

To further validate our findings, we extended
expression of analysis of SEC24D by incorpo-
rating additional TCGA and GEO datasets of
ESCA, LUAD, and KIRP from GEPIA, GENT2, and
GEO databases. The inclusion of these inde-
pendent datasets allowed us to assess SEC24D
expression across a larger cohort of patients.
Remarkably, our validation analysis consistent-
ly supported our initial observations, demon-
strating significant up-regulation of SEC24D
expression in ESCA, LUAD, and KIRP patients
(Figure 4). The concordance of these results
across multiple datasets strengthens the
robustness and reliability of our findings, sug-
gesting that SEC24D up-regulation is a com-
mon molecular alteration in these cancer types.
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our previous MRNA expres-
sion analysis findings. These
results provide further sup-
port for the dysregulation of SEC24D in these
three cancer types, indicating that the increas-
ed mRNA expression of SEC24D translates into
elevated protein levels. The alignment of our
protein-level validation with the mRNA expres-
sion data strengthens the reliability of our
findings.

Univariate and multivariate survival analysis of
SEC24D

Next, we conducted univariate and multivariate
survival analyses via the Prognoscan database
to further investigate the prognostic value of
SEC24D in ESCA, LUAD, and KIRP. Our results
revealed a significant association between
higher expression of SEC24D and reduced
overall survival (0S) in cancer patients across
various clinical variables.

In the univariate survival analysis, we observed
that patients with elevated SEC24D expression
had significantly shorter OS compared to those
with lower expression levels in ESCA, LUAD,
and KIRP (Figure 6). Furthermore, in the multi-
variate survival analysis, after adjusting for
other clinical variables (cancer stage and gen-
der), the association between high SEC24D
expression and poor OS remained significant
(Figure 6). This suggests that SEC24D expres-
sion has a robust prognostic value and is an

Am J Cancer Res 2023;13(8):3686-3704
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independent predictor of patient 0S, regard-
less of other clinical factors.

Promoter methylation analysis of SEC24D

We investigated the promoter methylation level
of the SEC24D gene using MEXPRESS in ESCA,
LUAD, and KIRP patients. Our analysis revealed
a consistent pattern of hypomethylation in the
promoter region of the SEC24D gene in these
cancer types (Figure 7). This finding indicates
that there is a reduction in methylation level in
the promoter regions of the SEC24D gene. The
observed hypomethylation suggests a poten-
tial mechanism for the up-regulation of SEC24D
expression that we previously identified. The
identification of hypomethylation in the promot-
er region of SEC24D in ESCA, LUAD, and KIRP
adds another layer of understanding to the
molecular characteristics of these cancers.

Genomic alterations in SEC24D
Next, we conducted a mutational analysis of

the SEC24D gene using TCGA datasets of
ESCA, LUAD, and KIRP via the cBioPortal data-
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SEC24D
Noral Tissue LUAD

Staining: High

Antibody

Staining: Low
(HPA041626)

Figure 5. IHC images of SEC24D across ESCA, LUAD,
and KIRP tissues samples paired with controls tak-
en from the HPA (x200). (A) SEC24D IHC images in
across ESCA tissue samples paired with control, (B)
SEC24D IHC images in across LUAD tissue samples
paired with control, and (C) SEC24D IHC images in
across KIRP tissue samples paired with control.

base. Our analysis revealed that the SEC24D
mutations were present in the least number of
ESCA (0.5%), LUAD (2.2%), and KIRP (0.4%)
cases out of total analyzed cases (Figure 8).
Moreover, it was also noted that missense
mutation was the most common genomic alter-
ation in SEC24D gene across ESCA, LUAD, and
KIRP samples. In a nutshell, our findings indi-
cate that genetic alterations in the SEC24D
gene are rare in ESCA, LUAD, and KIRP.

SEC24D and immune cell infiltration analysis

We investigated the correlation between SEC-
24D gene expression and infiltration levels of
various immune cell types, including B cells,
neutrophils, macrophages, CD4+ T cells, and
CD8+ T cells in ESCA, LUAD, and KIRP samples.
Our results demonstrated a consistent and
positive correlation between SEC24D expres-
sion and the infiltration levels of these immune
cells in ESCA, LUAD, and KIRP samples (Figure
9). These positive correlation suggests a poten-
tial involvement of SEC24D in modulating the
immune microenvironment within ESCA, LUAD,
and KIRP tumors. The up-regulation of SEC24D

Am J Cancer Res 2023;13(8):3686-3704
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Figure 6. Univariate and multivariate survival analysis of SEC24D across ESCA, KIRP, and LUAD patients of different
clinical variables. (A) Univariate and multivariate survival analysis of SEC24D across ESCA patients of different clini-
cal variables, (B) Univariate and multivariate survival analysis of SEC24D across KIRP patients of different clinical
variables, and (C) Univariate and multivariate survival analysis of SEC24D across LUAD patients of different clinical
variables. A p-value of <0.05 was selected as a cutoff criterion.

may contribute to the recruitment or activation
of immune cells, thereby influencing the tumor
immune response.

PPI and enrichment of SEC24D

We utilized STRING analysis to explore the
functional associations of SEC24D with other
genes. Our analysis revealed that SEC24D was
associated with 10 other genes, forming a
network of interconnected genes (Figure 10A).
The enrichment of the SEC24D-associated
genes in specific KEGG pathways suggests
their participation in key molecular pathways.
These pathways include “Protein processing in
endoplasmic reticulum, SNARE interactions in
vesicular transport, legionellosis, and patho-
genic Escherichia coli infection” (Figure 10B),
which are known to be regulated by SEC24D.

Additionally, the GO enrichment of the SEC24D-
associated genes provides insights into their
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potential functions in “COPII vesicle coat, endo-
plasmic reticulum exist site, vesicle coat, mem-
brane coat, and coated membrane” etc., CC
terms (Figure 10C), “SNARE binding, zinc ion
binding, and transition metal ion binding” etc.,
MF terms (Figure 10D), “COPII-coated vesicle
cargo loading, vesicle cargo loading, vesicle tar-
geting, rough ER to cis-Golgi, and COPII vesicle
coating”, etc., BP terms (Figure 10E).

Screening of SEC24D-assiciated drugs

Next, we conducted a screening of SEC24D-
associated drugs using the DrugBank data-
base, aiming to identify potential therapeutic
options for the treatment of ESCA, LUAD, and
KIRP. Analysis results revealed the presence
of several drugs, including Acteoside, Cyclo-
sporine, Polydatin, Estradiol, Panobinostat, and
Quercetin that demonstrated the capability to
decrease the expression of SEC24D (Table 1).

Am J Cancer Res 2023;13(8):3686-3704
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Figure 7. SEC24D promoter methylation analysis via the MEXPRESS. (A) across ESCA, (B) across LUAD, and (C) across KIRP. A *p-value of <0.05 was selected as

cutoff criterion.
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Figure 8. Genetic alterations analysis of SEC24D gene across ESCA, LUAD, and KIRC patients via the cBioPortal
platform. (A) Across ESCA samples, (B) Across LUAD samples, and (C) Across KIRP samples.

The identification of such drugs highlights the
potential of targeting SEC24D as a therapeutic
strategy for ESCA, LUAD, and KIRP.

Experimental in vitro validation of the SEC24D
expression and methylation levels

In the current study, by performing RNA-seq
and targeted bisulfite-seq analyses of six LUAD
cell lines, including two cell lines (HCC15 and
HCC44) derived from the primary lung cancer
tissues, three cell lines (H-460, A549, and
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PC-9) derived from the metastatic lung cancer
tissue, and one normal cell line (MRC-9) derid-
ed from the normal lung tissue, the expression
and methylation levels of SEC24D gene were
validated. The expression levels SEC24D were
validated using FPKM, while methylation level
was validated using beta values.

As shown in Figure 11A, it was noticed that
SEC24D gene expression in both types of LUAD
cell lines (derived from primary tumor and met-
astatic tissues) was notably higher as com-

Am J Cancer Res 2023;13(8):3686-3704
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Figure 9. Spearman correlational analysis of SEC24D with different immune cells (B cells, neutrophils, macrophages, CD4+ T cells, and CD8+ T) via the TIMER2
database. (A) Spearman correlational analysis of SEC24D with different immune cells across ESCA samples, (B) Spearman correlational analysis of SEC24D with
different immune cells across LUAD samples, and (C) Spearman correlational analysis of SEC24D with different immune cells across KIRP samples. A *p-value of

<0.05 was selected as cutoff criterion.
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Figure 10. A PPI network development, GO and KEGG enrichment analysis of SEC24D-associated genes. (A) A PPI network, (B) pathway enrichment analysis, (C)
CC enrichment analysis results, (D) MF enrichment analysis results, and (E) BP enrichment analysis results. A *p-value of <0.05 was selected as cutoff criterion.
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Table 1. DrugBank-based SEC24D-associated drugs

Sr. No Hub gene Drug name Effect Reference Group
1 SEC24D Acetaminophen Decrease expression of SEC24D mRNA A20426 Approved
Acteoside A20456
Cyclosporine A20661
Polydatin A20456
Estradiol A21424
Panobinostat A21037
Quercetin A20661
A 100 Discussion
2 8o . o . . .
= Previously, limited information regarding SEC-
= 24D dysregulation in human cancers has been
E 40 reported in the medical literature. However,
- 20 studies have identified rare occurrences of
o genetic mutations in SEC24D and its up-regula-
MRC-9 HCC15 HCC44 H-460 AS549  PC-H tion in few specific malignancies. Examples of
B 905 such malignancies include osteogenesis imper-
o 0.4+ fect, breast cancer, ovarian cancer, and gastric
E 0.3 cancer [35-38]. In light of the limited under-
= 0.2 standing regarding SEC24D gene dysregulation
D
o

0.1

MRC-9 HCC15 HCC44 H-460 A549 PC-9

Figure 11. RNA-seq and targeted bisulfite-seq based
validation of SEC24D gene expression and promoter
methylation levels across two cell lines (HCC15 and
HCC44) derived from the primary lung cancer tis-
sues, three cell lines (H-460, A549, and PC-9) de-
rived from the metastatic lung cancer tissue, and
one normal cell line (MRC-9). (A) FPKM values based
expression plots of SEC24D across analyzed cell
lines, and (B) Beta values based methylation plots of
SEC24D across analyzed cell lines.

pared to normal cell line. Particularly, the
expression of SEC24D was higher in metastatic
cell lines as compared to the cell lines derived
from the primary tissues (Figure 11A). This
finding further validates that SEC24D expres-
sion may play a role in the metastatic process
and could be associated with the acquisition of
metastatic properties in cancer cells.

Moreover, we observed lower beta values in
LUAD cell lines relative to control cell lines
(Figure 11B), indicating a hypomethylation pat-
tern of the SEC24D gene. This finding suggests
that the regulatory regions of the SEC24D gene
may undergo reduced methylation in LUAD,
potentially contributing to its dysregulation and
aberrant expression.
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in diverse cancer types, we initiated this study
with the aim of conducting a comprehensive
investigation into SEC24D gene expression
across a range of human cancers through pan-
cancer analysis. By exploring SEC24D expres-
sion in a pan-cancer context, we sought to
broaden our understanding of the potential
involvement of SEC24D in different cancers
and shed light on its diagnostic and prognostic
potentials.

In the present study, we found that SEC24D
was widely expressed in a variety of tissues
and SEC24D expression is up-regulated in the
majority of tumors. Survival analysis revealed
that SEC24D overexpression was associated
with poor OS of the ESCA, LUAD, and KIRP
patients. We further explored the relationship
between SEC24D overexpression, metastasis,
and clinical parameters. The up-regulated
SEC24D expression was found to be associat-
ed with different metastasis and diverse clini-
cal parameters across ESCA, LUAD, and KIR.

Promoter methylation of the SEC24D gene has
been earlier investigated in various cancers,
revealing altered methylation patterns. For
instance, a study by Shen et al. reported hypo-
methylation of SEC24D in colorectal cancer
[39]. Similarly, hypermethylation of SEC24D
was observed in gastric cancer [40]. To the

Am J Cancer Res 2023;13(8):3686-3704
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best of our knowledge, our study represents
the first report demonstrating the association
between SEC24D hypomethylation and its
downregulation in ESCA, LUAD, and KIRP
patients.

Accumulating evidence suggests that genomic
mutations play a critical role in tumor progres-
sion and influence the response to chemother-
apy [41, 42]. For example, in a study conducted
by Yang et al., it was reported that mutations in
BRCA1 and BRCA2 genes exhibit a significant
association with patient survival. This correla-
tion could potentially be attributed to the dis-
tinct response these mutations confer towards
platinum-based treatment [41]. In a compre-
hensive study, it was revealed that mutations
in specific genes (ESR1, CDH1, RICTOR, and
TP53) exhibited a tendency to occur in distinct
metastatic sites in breast cancer patients.
These findings suggest the potential utility of
these mutations as biomarkers or therapeutic
targets for patients with metastatic breast can-
cer [42].

In our study, we found that mutations in SEC-
24D genes were not prevalent in ESCA, LUAD,
and KIRP patients. Previously, mutations in the
SEC24D gene have also been the subject of
limited investigation in the context of cancer,
and available evidence suggests that SEC24D
mutations are not commonly observed in vari-
ous cancer types. A study by Forbes et al. ana-
lyzed the genomic landscape of multiple can-
cers and found a low frequency of SEC24D
mutations across diverse tumor types, includ-
ing breast, lung, colorectal, and ovarian can-
cers [43]. Similarly, in a pan-cancer analysis
conducted by Bailey et al. [44], SEC24D muta-
tions were infrequent across thousands of
tumor samples from different cancer types.

Cumulatively, these findings suggest that
SEC24D plays a role as an oncogene in the
occurrence and advancement of ESCA, LUAD,
and KIRP, making it a potential diagnostic and
prognostic biomarker with practical applica-
tions for patients with these cancers.

Previous studies have identified several bio-
markers with limited application in ESCA, LUAD,
and KIRP. For instance, in ESCA, the biomarker
p53 has been investigated but its clinical utility
has been constrained due to its low sensitivity
and specificity [45]. In LUAD, the biomarker car-
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cinoembryonic antigen (CEA) has been explor-
ed; however, its diagnostic accuracy is limited,
particularly in early-stage disease [46]. In KIRP,
the biomarker o-methylacyl-CoA racemase
(AMACR) has been studied, but its application
is restricted due to its relatively low sensitivity
and specificity [47]. In this study, we revealed
the notable up-regulation of SEC24D expres-
sion in ESCA, LUAD, and KIRP patients with
different clinical variable. Therefore, SEC24D
up-regulation may be used as a new common
potential biomarker for ESCA, LUAD, and KIRP
patients across heterogeneity barrier.

In our study, we observed a complex infiltration
pattern in ESCA, LUAD, and KIRP samples,
revealing a positive correlation between SEC-
24D expression and multiple immune cell
types. Specifically, SEC24D expression showed
a positive association with the infiltration of B
cells, neutrophils, macrophages, CD4+ T cells,
and CD8+ T cells in these cancer types. Based
on the results, we concluded that SEC24D
high expression has a role in altering tumor
microenvironment. Emerging evidence also
suggests that higher expression of SEC24D
plays a role in modulating the tumor microenvi-
ronment. SEC24D has been implicated in pro-
moting tumor-associated angiogenesis and
immune evasion, contributing to tumor progres-
sion [48]. Via the STRING, we identified 10
genes that were enriched with SEC24D. Path-
way enrichment analysis revealed that these
genes were strongly correlated with different
important pathways, including “Protein pro-
cessing in endoplasmic reticulum, SNARE inter-
actions in vesicular transport, legionellosis,
and pathogenic Escherichia coli infection”
[49, 50]. The role of these pathways in cancer
development and progression is already well
acknowledged.

This study encountered a few limitations that
should be acknowledged. Firstly, while we
successfully validated SEC24D expression in
LUAD cell lines, further validation of this gene’s
expression in ESCA and KIRP cell lines is nec-
essary. Secondly, the functional investigation
of the molecular mechanisms underlying SEC-
24D expression in the analyzed cancers was
not done in this study. Future studies should
delve into the molecular mechanisms involved
to gain a more comprehensive understanding
of SEC24D'’s role in tumorigenesis.

Am J Cancer Res 2023;13(8):3686-3704
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Conclusion

In conclusion, this study comprehensively
investigated the diagnostic and prognostic
implications of SEC24D in ESCA, LUAD, and
KIRP through extensive in vivo and in vitro anal-
yses. The findings highlight the clinical impor-
tance of SEC24D as a potential molecular bio-
marker, therapeutic target, and predictive fac-
tor for immunotherapy in ESCA, LUAD, and KIRP
patients with diverse clinical parameters.
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