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The role of SEC14L4 in esophageal squamous cell cancer: insights 
into clinical relevance and molecular pathways
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Background: Esophageal squamous cell cancer (ESCC) is the most common type of esophageal cancer. This 
study aimed to elucidate the role of Saccharomyces cerevisiae-like 4 (SEC14L4) in ESCC.
Methods: To elucidate the role of SEC14L4 in ESCC, this study analyzed the clinical data, gene sequencing 
data, and other relevant data retrieved from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus 
(GEO) of the National Center for Biotechnology Information. The methodology involved several analytical 
approaches, including nomogram model analysis, co-expression analysis, gene set enrichment and variation 
analysis, weighted correlation network analysis, drug susceptibility analysis, and single-cell analysis. These 
methods were employed to evaluate the significance of SEC14L4 in ESCC. The expression of SEC14L4 was 
evaluated via quantitative real-time polymerase chain reaction (qRT-PCR).
Results: SEC14L4 expression (P<0.001) was significantly elevated in those with ESCC, especially in 
patients with locally advanced disease (P=0.005), and indicated a poor prognosis (P=0.045). Findings from 
the nomogram model analysis identified the contribution of clinical indicators to survival prediction with good 
efficacy. Subsequently, the single-nucleotide polymorphisms and co-expressed genes of SEC14L4 were identified. 
Furthermore, pathways associated with SEC14L4, including DNA metabolic process, transcription factor binding, 
apoptosis, and others, were examined. Notably, SEC14L4 expression was predominantly observed in monocytes. 
Drug sensitivity analysis indicated the association of SEC14L4 expression with sensitivity of ESCC to the common 
chemotherapy drugs AICAR, BMS.708163, GNF.2, Nutlin.3a, PD.0325901, and RDEA119. Verification of the 
high expression of SEC14L4 in KYSE520 and KYSE150 was conducted, thereby confirming the study’s findings.
Conclusions: High expression of SEC14L4 is associated with poorer clinical outcomes, highlighting its 
potential as a therapeutic target and suggesting its involvement in the molecular mechanisms underlying ESCC.
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Introduction

The rapid increase in cancer incidence and mortality 
represents a significant global healthcare burden. In 2020, 
esophageal cancer caused around 544,000 deaths, the 
sixth highest cause in cancer-related mortality and the 
seventh most prevalent cancer (1,2). Although esophageal 
adenocarcinoma is the predominant histologic subtype of 
esophageal cancer in high-income countries, esophageal 
squamous cell cancer (ESCC) still represents over 90% 
of all esophageal cancer cases globally (1,3). Surgical 
resection remains a cornerstone for the treatment of 
early-stage ESCC, while adjuvant therapy or definitive 
chemoradiotherapy are often necessary for patients in the 
advanced stage upon diagnosis (4,5). However, treatments 
have demonstrated limited effectiveness and can lead to the 
development of drug resistance (6-9). The 5-year survival 
rate for individuals with ESCC is generally between 15% 
and 25%, primarily because many cases are diagnosed at 
an advanced stage. In contrast, for patients with resectable 

ESCC, the 5-year survival rate following surgery increases 
to approximately 35% to 45% (10). Therefore, it is essential 
to clarify the underlying mechanisms of ESCC and to 
develop novel and effective treatments to improve survival.

Several prognostic and therapeutic biomarkers have been 
reported by researchers (11,12). Using a bioinformatics 
approach, we identified the Saccharomyces cerevisiae-like 
4 (SEC14L4) gene as an adverse prognostic indicator in 
ESCC patients from The Cancer Genome Atlas (TCGA) 
database. Compared to the numerous previous researches 
on esophageal cancer, the role of SEC14L4 in this disease 
has not yet been reported. This gene encodes a protein 
that belongs to the SEC14 cytosolic factor family, the 
members of which all contain an SEC14 domain (13,14). 
The SEC14 family (Saccharomyces cerevisiae-like) is one 
of the most well-studied lipid transport protein families. 
Proteins in this family possess a tripartite functional 
domain that binds cellular retinoids, playing a crucial 
role in regulating the metabolism and transport of lipids, 
including phosphatidylcholine, phosphatidylinositol, and 
phosphatidylethanolamine, primarily within the Golgi 
apparatus (15). Due to the complexity of its pathogenesis, 
esophageal cancer continues to be a focus of active 
research. Dysregulated lipid metabolism and metabolic 
reprogramming are key biological hallmarks of malignant 
tumors and are closely linked to the initiation and 
progression of esophageal cancer. These processes drive 
uncontrolled cancer cell proliferation, survival, invasion, 
and resistance to antineoplastic therapies (16). Several genes 
of the SEC14 superfamily have been studied in regard to 
their relationship with malignant tumors, specifically as it 
relates to genesis and development (17-19). However, the 
expression of the SEC14L4 gene in ESCC has not been 
investigated. 

In this study, transcriptome and clinical data were 
obtained from TCGA, and analyses were performed to 
characterize the relationship between SEC14L4 and ESCC. 
More specifically, we aimed to investigate the clinical 
significance and potential molecular mechanisms related to 
SEC14L4’s involvement in ESCC using a bioinformatics 
approach. Furthermore, the drug resistance and sensitivity 
associated with SEC14L4 were examined, and the prognostic 
role and signaling pathways associated with SEC14L4 in 
ESCC were clarified, with the goal of identifying novel 
prognostic biomarkers and therapeutic targets for ESCC. 
We present this article in accordance with the TRIPOD 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-1657/rc).

Highlight box

Key findings
•	 High expression of Saccharomyces cerevisiae-like 4 (SEC14L4) 

indicates poor clinical outcomes, suggesting its potential as a 
therapeutic target and providing evidence for its involvement in 
the molecular mechanisms underlying esophageal squamous cell 
cancer (ESCC).

What is known and what is new? 
•	 Esophageal cancer caused around 544,000 deaths in 2020, making 

it the sixth highest cause in cancer-related mortality and the 
seventh most prevalent cancer. Due to it mainly being diagnosed 
in the advanced stages, the overall 5-year survival rate for ESCC 
ranges from 15% to 25%, and the 5-year survival rate after surgery 
for patients with resectable ESCC ranges from 35% to 45%. 
SEC14L4 represents mammalian Golgi dynamics proteins, and 
SEC14L4 proteins are uniquely found in all eukaryotic genomes. 
Alterations in lipid metabolism and glycerophospholipids in cancer 
cells can affect the immune system response.

•	 High expression of SEC14L4 serves as a prognostic indicator 
of poor outcomes in patients with ESCC. It thus has potential 
as a therapeutic target and may be involved in the molecular 
mechanisms underlying ESCC.

What is the implication, and what should change now? 
•	 Our results indicate that increased SEC14L4 expression is 

associated with unfavorable clinical prognosis in patients with 
ESCC, emphasizing its potential as a target for treatment and 
providing insights into its contribution to ESCC.

https://tcr.amegroups.com/article/view/10.21037/tcr-24-1657/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-1657/rc
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Methods

Data acquisition and differential analysis

The database of TCGA (https://portal.gdc.cancer.
gov/) is the largest repository of cancer-related genomic 
information, containing various types of genetic data. We 
obtained the primary messenger RNA (mRNA) expression 
and single-nucleotide polymorphism (SNP) data for ESCC. 
In total, 99 specimens were collected, comprising 3 samples 
from the normal group and 96 samples from the tumor 
group. Subsequently, we conducted differential expression 
analysis of SEC14L4. Additionally, we retrieved the data file 
GSE196756 from the National Center for Biotechnology 
Information (NCBI) Gene Expression Omnibus (GEO) 
public database and used the expression profiles of six 
patients for single-cell data analysis. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Nomogram model analysis

A nomogram model was established based on gene 
expression and clinical symptoms. In the nomogram, line 
segments were drawn on the same plane, each representing a 
definite percentage, to reflect the relationship between each 
variable by the prediction model derived from regression 
analysis. A multivariate regression model was created, 
assigning a score to each value level of every contributing 
factor based on its impact on the outcome variable as 
determined by the regression coefficient size. Subsequently, 
these scores were summed to generate a total score, which 
was then used to calculate the value of prediction.

Co-expression analysis

A co-expression analysis of the SEC14L4 gene in ESCC was 
conducted. This analysis applied a correlation index filter 
of 0.3 and a significance threshold of P<0.05. Following the 
identification of genes exhibiting the most significant co-
expression with SEC14L4, visual representations including 
circle diagrams and heat maps were generated using the 
“corrplot” and “circlize” packages in R (The R Foundation 
of Statistical Computing) to visualize the correlation 
patterns.

Gene set variation analysis (GSVA) 

GSVA is a nonparametric and unsupervised approach for 

assessing the enrichment of gene sets in the transcriptome. 
GSVA translates alterations in individual genes into 
alterations in pathways and evaluates the biological role of 
the sample through a thorough evaluation of the specific 
genes involved. For this study, we obtained gene collections 
from the Molecular Signatures Database (MSigDB). The 
algorithm of GSVA was employed to thoroughly evaluate 
each gene set, with latent changes in biological function 
being assessed across different cases.

Gene set enrichment analysis (GSEA) 

Patients were stratified into two groups (high and low 
expression groups) based on SEC14L4 expression levels. 
GSEA was employed to assess discrepancies in signaling 
pathways between the high and low expression categories. 
The gene sets used for analysis were obtained from the 
MSigDB version 7.0, with a focus on the annotated gene set 
for subtype pathways. Different pathway expression among 
subtypes was assessed, and gene sets that were significantly 
enriched (adjusted P value <0.05) were ranked according to 
their consistency scores.

Weighted gene correlation network analysis (WGCNA) 

We conducted WGCNA to identify co-expressed gene 
modules. We clarified the association between the genetic 
network and SEC14L4, which included the identification of 
key genes in the network. The co-expression network of all 
genes was established using the “WGCNA” package in R. 
The program identified the top 5,000 genes in terms of the 
highest variability for inclusion in subsequent investigation. 
The threshold value was adjusted to 5 for a softer setting. 
The weighted adjacency matrix was converted into a 
topological overlap matrix (TOM) in order to assess 
network connectivity. The cluster tree construction of 
the TOM matrix was established using the hierarchical 
clustering technique, with various branches and colors of 
the cluster tree representing distinct gene modules. Genes 
were grouped into modules based on their genetic patterns 
according to the weighted correlation coefficient. Genes 
with analogous patterns were classified into modules, 
leading to the formation of multiple modules according to 
gene expression patterns.

Gene module functional enrichment analysis

To elucidate the biological functions and cellular pathways 

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
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associated with the primary modules identified in the 
WGCNA, particularly the red module which showed 
the strongest correlation with SEC14L4 expression, we 
performed a functional analysis of the genes within this 
module. This analysis was conducted using the Metascape 
database (www.metascape.org), providing a comprehensive 
assessment of their functional correlations. Gene Ontology 
(GO) pathway analysis was conducted for the identified 
genes. A minimum overlap of ≥3 and significance threshold 
of P≤0.01 were deemed to indicate statistical significance.

Drug susceptibility analysis

The “pRRophetic” package in R software was used to 
predict the chemotherapy response of each tumor sample 
based on the Genomics of Drug Sensitivity in Cancer 
(GDSC) pharmacogenomics database (available at https://
www.cancerrxgene.org/). Regression analysis was employed 
to obtain the half maximal inhibitory concentration (IC50) 
estimates for every specific chemotherapy drug treatment. 
The accuracy of regression and prediction were evaluated 
used 10-fold cross-validation with the GDSC training set. 
Default settings were selected for all arguments, including 
“combat” to mitigate mass effects, and the average of 
duplicate gene expression was used.

Single-cell analysis

The profile of gene expression was processed using the 
“Seurat” package in R, and genes with low expression were 
filtered out. The data were then subjected to normalization 
and homogenization, followed by the determination of 
positional relationships among clusters through t-distributed 
stochastic neighbor embedding (tSNE) analysis. Clusters 

were annotated through the notation file supplied in 
the “celldex” package in R, and cells with significant 
implications for disease occurrence were identified.

Cell culture

Human normal esophageal epithelial cells (HEECs) and 
esophageal human squamous cell carcinoma cells (KYSE520 
and KYSE150) were acquired from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). Cells 
were grown in six-well dishes in a moist environment 
with 5% CO2 with Dulbecco’s Modified Eagle Medium 
(DMEM) and 10% fetal bovine serum (cat. no. C0232; 
Gibco, Thermo Fisher Scientific, Waltham, MA, USA) and 
preserved at 37 ℃.

Quantitative real-time polymerase chain reaction (qRT-
PCR) 

Total RNA was extracted from cells using TRIzol reagent 
(Merck KGaA, Darmstadt, Germany). RNA concentration 
was determined with a NanoDrop microspectrophotometer 
(Thermo Fisher Scientific). Reverse transcription of mRNA 
was carried out by means of a Revert Aid First Strand 
cDNA Synthesis Kit (Thermo Fisher Scientific). qRT-
PCR was conducted using 2× SYBR Green Mix (Thermo 
Fisher Scientific) with an ABI StepOne Plus system 
(Applied Biosystems, Thermo Fisher Scientific). Levels 
of gene expression were tested using the 2−ΔΔCt technique. 
Each sample was subjected to triplicate treatments in three 
independent experiments. All primers are listed in Table 1.

Statistical analysis

R version 4.3.0 (https://www.R-project.org) was used for 
bioinformatics statistical analysis, while GraphPad Prism 
9.4.0 (GraphPad Software, Inc., La Jolla, CA, USA) was 
employed to analyze the gene expression of SEC14L4. 
Differences in outcomes among patients with ESCC were 
evaluated using Kaplan-Meier curve and log-rank analysis. 
Prognosis was assessed using the Cox proportional hazards 
regression model. Variables between groups were compared 
with the Student t-test, while Spearman correlation 
coefficient was used to evaluate correlations between 
continuous variables. A P<0.05 was deemed to indicate a 
statistical difference in all analyses.

Table 1 Primer sequences of qRT-PCR

Gene Primer sequence

SEC14L4 F: 5'-TATGACTCGGGTGGTCTTTGT-3'

R: 5'-GGTCGAGGGACCCAATGATG-3'

GAPDH F: 5'-TGACTTCAACAGCGACACCCA-3'

R: 5'-CACCCTGTTGCTGTAGCCAAA-3'

qRT-PCR, quantitative real-time polymerase chain reaction; F, 
forward; R, reverse; SEC14L4, Saccharomyces cerevisiae-like 4; 
GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

https://www.cancerrxgene.org/
https://www.cancerrxgene.org/
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Figure 1 Expression of SEC14L4 in ESCC. (A) SEC14L4 in normal tissue compared with tumor. ***, P<0.001. (B) Difference in SEC14L4 
expression according to stage. (C) SEC14L4 expression in T1 stage compared with that in T2–T4 stage. (D) SEC14L4 expression difference 
according to the degree of lymph node metastasis. (E) Difference in SEC14L4 expression according to gender. (F) Difference in SEC14L4 
expression according to metastasis. SEC14L4, Saccharomyces cerevisiae-like 4; ESCC, esophageal squamous cell cancer. 
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Results

High expression of SEC14L4 in advanced ESCC

ESCC-related expression data were obtained from TCGA 
database, and a significant upregulation of SEC14L4 
expression in tumor samples compared with that in normal 
tissues was observed (P<0.001; Figure 1A). In addition, 
the correlation between SEC14L4 expression and clinical 
parameters was investigated. The analysis revealed a 
significant association between SEC14L4 expression and 
advanced tumor-node-metastasis (TNM) stage (P=0.03; 
Figure 1B) as well as T stage (P=0.005; Figure 1C). No 
significant differences in SEC14L4 expression were 
observed with respect to lymph node metastasis (P=0.23; 
Figure 1D), gender (P=0.36; Figure 1E), or metastasis 
(P=0.54; Figure 1F).

SEC14L4 as an indicator of poor prognosis in patients 
with advanced ESCC

Survival analysis based on TCGA database showed that 
there was a significant difference in survival outcomes 

between individuals with high and low expression levels of 
the SEC14L4 gene (P=0.045; Figure 2A). Subgroup analysis 
of survival based on T stage and TNM stage was also 
performed. The P values in the subgroups of T3–T4, T1–
T2, TNM stage III–IV, and TNM stage I–II were 0.051, 
0.84, 0.04, and 0.27, respectively (Figure 2B-2E). The P 
value (0.051), indicating potential significance in the T3–
T4 subgroup, was close to 0.05. We constructed univariate 
and multivariate Cox regression models and forest plots 
based on clinical data and SEC14L4 gene expression  
(Figure 2F,2G).

Nomogram model analysis of SEC14L4

Nomogram model analysis demonstrated that different 
clinical parameters of ESCC, along with SEC14L4 
expression, contributed to the scoring in varying degrees 
across all samples (Figure 3A). Additionally, prediction 
analyses for 1- and 2-year overall survival (OS) were 
performed (Figure 3B) .  The results demonstrated 
consistency between predicted and observed OS, indicating 
good predictive efficacy of the nomogram model.
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Figure 3 Nomogram model analysis in ESCC. (A) The scores of different clinical indicators and SEC14L4 in predicting ESCC-related 
outcomes. (B) The prediction analysis of 1- and 2-year OS. TNM, tumor-node-metastasis; SEC14L4, Saccharomyces cerevisiae-like 4; OS, 
overall survival; ESCC, esophageal squamous cell cancer. 

Figure 2 Survival information of SEC14L4 in patients with ESCC. (A) Association of SEC14L4 with survival probability in ESCC. (B-E) 
Association of SEC14L4 with survival probability according to T3–T4, T1–T2, TNM stage III–IV, and TNM stage I–II. (F,G) Multivariate 
and univariate Cox regression models and forest plots of clinical data and SEC14L4 gene expression. CI, confidence interval; TNM, tumor-
node-metastasis; SEC14L4, Saccharomyces cerevisiae-like 4; ESCC, esophageal squamous cell cancer. 
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Figure 4 Mutation and correlation analysis of SEC14L4. (A) Landscape map of the top 30 mutated genes. (B) The heat map of the top 10 
in terms of positive or negative correlation coefficient. (C) The co-expression correlation circle map. HExp, high expression; LExp, low 
expression; SEC14L4, Saccharomyces cerevisiae-like 4.

Mutation and correlation analysis of SEC14L4

A comparison was made between the mutant gene 
variations in the SNP-related data of the two groups. The 
top 30 genes in terms of mutation rate were selected for 
visualization. The mutation map was displayed (Figure 4A).  
The findings indicated a significantly higher rate of TP53 
and mutations in other genes in the high expression group 
compared to the low expression group. Furthermore, 
through correlation analysis, we characterized the network 
of co-expression of SEC14L4 based on the expression 

profiles of patients with ESCC downloaded from TCGA. 
A total of 698 genes significantly corelated with SEC14L4 
expression were identified. The heat map of the top 
10 genes in terms of positive or negative correlation 
coefficients is displayed in Figure 4B, and the co-expression 
correlation circle map can be found in Figure 4C.

WGCNA

To investigate the regulatory network of SEC14L4 in 
ESCC, we constructed a WGCNA network based on 
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ESCC data. A soft threshold (β) of 5 was applied, followed 
by detection of gene modules based on the TOM. A 
total of 14 gene modules were identified in ESCC, as 
shown in Figure 5A and represented by various colors and 
corresponding gene counts. Subsequently, we examined the 
correlation between modules and traits, which indicated 
that the red module exhibited the closest relationship 
with SEC14L4 (correlation coefficient =0.26; P=0.009;  
Figure 5B). Furthermore, pathway analysis was performed 
using genes from the red module,  demonstrating 
enrichment primarily in pathways related to the regulation 
of DNA metabolic processes, transcription factor binding, 
and other pathways (Figure 5C).

The pathways involved the high expression of SEC14L4 

We next investigated the special signaling pathways 
associated with SEC14L4 and examined the underlying 
molecular processes through which SEC14L4 affects 
cancer progression. The results of GSVA revealed that 
apoptosis, the IL6/JAK/STAT3 (interleukin-6/Janus 
kinase/signal transducer and activator of transcription 3) 
signaling pathway, the reactive oxygen species pathway, and 
other signaling pathways were enriched in patients with 
elevated SEC14L4 expression (Figure 6A). Additionally, 
GSEA results demonstrated that SEC14L4 is associated 
with enrichment in the pentose phosphate pathway, DNA 
replication pathway, and glutathione metabolism signaling 
pathway (Figure 6B,6C).

Drug sensitivity associated with the high expression of 
SEC14L4

Early-stage ESCC exhibits a pronounced treatment response 
to a combination of surgery and chemotherapy. Using 
drug sensitivity information from the GDSC database, 
we employed the “pRRophetic” R package to predict the 
response to chemotherapy for individual tumor cases. 
We then examined the relationship between SEC14L4 
expression and sensitivity to standard chemotherapy 
medications. This analysis identified a close relationship 
between SEC14L4 expression and ESCC sensitivity to the 
AICAR, BMS.708163, GNF.2, Nutlin.3a, PD.0325901, and 
RDEA119 chemotherapeutic drugs (Figure 7A-7F).

Single-cell analysis results

The single-cell dataset GSE196756 was obtained from the 

NCBI GEO public database, and 23 subtypes were obtained 
using tSNE (Figure 8A). All clusters were annotated into 
three cell categories: natural killer (NK) cells, monocytes, 
and B cells (Figure 8B). Additionally, SEC14L4 gene 
expression was examined in NK cells, monocytes, and B 
cells at the individual cell level (Figure 8C), with the highest 
expression of SEC14L4 being observed in monocytes.

qRT-PCR analysis of SEC14L4 expression 

The expression of SEC14L4 was higher in KYSE520 and 
KYSE150 compared to HEECs (Figure 9).

Discussion

In our study, the expression of SEC14L4 was found to be 
elevated in tumor tissue, particularly in patients with late-
stage ESCC. The high expression of SEC14L4 may serve 
as an indicator of poor prognosis in those with ESCC 
(P=0.045), particularly those with locally advanced disease 
(TNM stage III and IV: P=0.04; T3 and T4: P=0.051). 
The expression of SEC14L4 and various clinical indicators 
contributed differently to ESCC prognosis according to the 
results of the nomogram model, which indicated that the 
nomogram model exhibited good efficacy in the prediction 
of survival. Subsequently, SNPs and co-expressed genes of 
SEC14L4 were identified and the pathways associated with 
SEC14L4 explored, including DNA metabolic processes, 
transcription factor binding, apoptosis, and the IL6/JAK/
STAT3 signaling pathway, among others. In the single-cell 
analysis, the expression of SEC14L4 was predominantly 
observed in monocytes. Subsequent analyses identified an 
association between SEC14L4 expression and sensitivity to 
BMS.708163, GNF.2, Nutlin.3a, PD.0325901, RDEA119, 
and AICAR. The high expression of SEC14L4  was 
confirmed in KYSE520 and KYSE150.

The 5-year survival rate of patients ESCC remains 
unsatisfactory because this disease is often diagnosed at an 
advanced stage, even with comprehensive treatments such as 
surgery supplemented with neoadjuvant chemoradiotherapy, 
postoperative adjuvant chemoradiotherapy, endoscopic 
treatment, and immunotherapy (20). In such cases, 
predicting prognosis is critical. The significance of 
prognostic biomarkers in ESCC patients has garnered 
widespread attention in recent years. Various biomarkers, 
including liquid biopsy markers such as circulating tumor 
cells and circulating tumor DNA, genetic biomarkers such 
as microsatellite instability and SNPs, epigenetic biomarkers 
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WGCNA, weighted gene correlation network analysis; ESCC, esophageal squamous cell cancer. 
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Figure 6 The pathways associated with the high expression SEC14L4. (A) The signaling pathways enriched in patients with a high 
expression of SEC14L4. (B,C) SEC14L4 enrichment of the pentose phosphate pathway, DNA replication pathway, and glutathione 
metabolism signaling pathway. GSVA, gene set variation analysis; HExp, high expression; LExp, low expression; SEC14L4, Saccharomyces 
cerevisiae-like 4. 

such as microRNAs and long noncoding RNAs, and 
proteomics, have emerged in clinical practice or attracted 
research interest (11,12). However, single biomarkers often 
fail to meet clinical needs comprehensively. Combining 
multiple prognostic markers can provide a more reliable 
prognosis for patients with esophageal cancer. In our study, 
SEC14L4 emerged as a prognostic indicator of adverse 
outcome in patients with ESCC. Research on SEC14L4 
in cancer is limited, and its role in esophageal cancer has 

not been explored previously. To our knowledge, this study 
is the first to investigate the involvement of SEC14L4 in 
esophageal cancer. Further investigation into the prognostic 
significance of SEC14L4 in ESCC is warranted.

The SEC14 superfamily encodes yeast phosphatidylinositol 
transfer proteins, which regulate crucial interfaces between 
membrane trafficking pathways and lipid metabolism (21).  
Yeast SEC14P is the original member of the SEC14 
domain superfamily, and the NCBI database includes 1,551 
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SEC14 domains (www.ncbi.nlm.nih.gov) (13). SEC14L4 is 
associated with mammalian Golgi dynamics proteins, and 
SEC14-like proteins are uniquely found in all eukaryotic 
genomes (22). Alterations in lipid metabolism and 
glycerophospholipids in cancer cells can affect the immune 
system response. Hence, there is a possibility of identifying 
biomarkers for treatments and diagnoses that target the 
lipid composition of cell membranes and extracellular 
vesicles in cancer cells (23). Some studies have investigated 
the SEC14 family in cancers. For example, the expression 
of SEC14L1 was discovered to be positive in gynecologic  
malignancies (17). Zhang et al. reported that the high 
expression of SEC14L2 suggests a poor prognosis, and 

changes in the competing endogenous RNA-based 
SEC14L2-SLC6A1 axis may impact the tumor immune 
microenvironment in hepatocellular carcinoma (24). 
However, the relationship between SEC14L4 and ESCC 
remains understudied. Thus, in this study, we elucidated 
the correlation between SEC14L4 and various genes and 
pathways.

The top 30 SNP-related genes, including TP53, TTN, 
CSMD3, NOTCH1, and NFE2L2, were identified. Genes 
co-expressed with SEC14L4 were also investigated and 
visualized. Signaling pathways including glutathione 
metabolism signaling pathways, DNA metabolic processes, 
transcription factor binding pathways, apoptosis, and 

http://www.ncbi.nlm.nih.gov
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reactive oxygen species pathway were associated with the 
high expression of SEC14L4. Moreover, the results of 
qRT-PCR showed that expression of SEC14L4 in human 
ESCC cells was higher than that in HEECs. In recent 
years, the tumor microenvironment has been investigated 
through single-cell transcriptomic analysis by many 
researchers in ESCC. Immune cell types including B cells, 
T cells, mast cells, epithelial cells, monocytes, NK cells, 
fibroblasts, and other immune cells have been examined 
by single-cell transcriptomic analysis (25-28). Therefore, 
we aimed to clarify how SEC14L4 influences the tumor 
microenvironment in ESCC. In our study, all clusters were 
annotated into NK cells, monocytes, and B cells, with the 
highest expression of SEC14L4 being found in monocytes. 

The evolution of early ESCC is influenced by a 
complex interplay between genetic alterations and the 
immune microenvironment. Genetic mutations and 
chromosomal changes play a pivotal role in the early 
stages of ESCC. These mutations can disrupt normal cell 
growth and regulation, leading to tumor initiation. Key 
genes and genetic pathways implicated in early ESCC 
include: TP53 mutations, Notch pathway mutations, 
PI3K/AKT pathway, chromosomal instability (CIN) 
and so on (29). The immune microenvironment in early 
ESCC plays a critical role in determining whether the 
immune system can effectively suppress tumor growth or 
whether the tumor can evade immune surveillance and 
progress, such as: tumor-infiltrating lymphocytes (TILs), 

	 −25	 0	 25
tSNE_1

SEC14L4 
Features

Average expression

Percent expressed

0.05 
0.10 
0.15 
0.20

1.0

0.5

0.0

−0.5

	 −25	 0	 25
tSNE_1

NK cells 
Monocytes 
B cells

0
1
2
3
4
5
6
7
8
9
10
11

12
14
14
15
16
17
18
19
20
21
22

50

25

0

−25

B cells 

Monocytes 

NK cells

50

25

0

−25

tS
N

E
_2

Id
en

tit
y

tS
N

E
_2

BA

C

Figure 8 The results of single-cell analysis. (A) A total of 23 subtypes were obtained using tSNE. (B) All clusters were annotated into three 
cell categories: NK cells, monocytes, and B cells. (C) The expression of the SEC14L4 gene in NK cells, monocytes, and B cells. tSNE, 
t-distributed stochastic neighbor embedding; NK, natural killer; SEC14L4, Saccharomyces cerevisiae-like 4.



Translational Cancer Research, Vol 13, No 10 October 2024 5547

© AME Publishing Company.   Transl Cancer Res 2024;13(10):5535-5549 | https://dx.doi.org/10.21037/tcr-24-1657

regulatory T cells (Tregs) and myeloid-derived suppressor 
cells (MDSCs), immune checkpoints, tumor-associated 
macrophages (TAMs), cytokines and chemokines (30). 
Genetic alterations and the immune microenvironment 
are interdependent in shaping the evolution of early 
ESCC. Mutations in certain genes can alter the immune 
landscape of the tumor by modulating immune evasion 
mechanisms, altering cytokine production and impacting 
tumor antigenicity (31). In the tumor microenvironment, 
monocytes and their differentiated forms, known as 
TAMs, are often reprogrammed by tumor cells to suppress 
T cell activity, thereby facilitating tumor growth and  
metastasis (32). These cells secrete various factors that 
promote angiogenesis [such as vascular endothelial growth 
factory (VEGF)], immunosuppression (such as IL-10), 
and tissue remodeling [such as matrix metalloproteinases 
(MMPs)], enabling tumors to evade immune surveillance. The 
role of monocytes within the immune microenvironment 
is highly complex. On the one hand, they can initiate and 
modulate immune responses to combat pathogens and 
tumor cells. On the other hand, under certain conditions, 
they may support tumor progression and metastasis (33). A 
more comprehensive understanding of the diverse roles of 
monocytes in the immune microenvironment will be crucial 
for developing novel therapeutic strategies, particularly in 
the context of cancer immunotherapy (34). These indicated 
valuable insights into the molecular mechanisms underlying 

the association between SEC14L4 and ESCC, as well as 
potential therapeutic strategies.

SEC14 domain proteins not only affect the development 
of antifungals but also influence their virulence (15). 
SEC14L5 was reported to be a drug resistance-related 
gene in lung cancer (35). However, as a member of the 
SEC family, SEC14L4 does not serve as a predictor of 
immunotherapy response in lung adenocarcinoma (18).  
The chemotherapy drug sensitivity appears to be 
particularly important due to the vital role of chemotherapy 
in preventing metastasis in ESCC patients after surgery. 
Based on the drug sensitivity information obtained 
from the GDSC database, we explored the sensitivity 
of ESCC to common chemotherapy drugs in patients 
with high SEC14L4 expression. We discovered that 
SEC14L4 was significantly associated with sensitivity to 
AICAR, BMS.708163, GNF.2, Nutlin.3a, PD.0325901, 
and RDEA119. These drugs may have potential as 
chemotherapeutic agents in treating ESCC.

Our study involved certain limitations that should be 
acknowledged. First, we did not conduct additional in vitro 
and in vivo tests with clinical specimens. Second, additional 
exploratory experiments are required to fully elucidate the 
functions of SEC14L4 in ESCC. These limitations present 
opportunities for future research into the function of 
SEC14L4 in ESCC.

Conclusions

Our results indicate that increased SEC14L4 expression is 
associated with unfavorable clinical prognosis in patients 
ESCC, emphasizing its potential as a target for drug 
development and providing insights into its molecular 
mechanisms in ESCC.
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