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ABSTRACT

BACKGROUND: Intestinal metaplasia (IM) of gastric epithelium has traditionally been regarded as an irreversible stage in the process of
the Correa cascade. Exploring the potential molecular mechanism of IM is significant for effective gastric cancer prevention.

METHODS: The GSE78523 dataset, obtained from the Gene Expression Omnibus (GEO) database, was analyzed using RStudio software
to identify the differently expressed genes (DEGs) between IM tissues and normal gastric epithelial tissues. Subsequently, gene ontology
(GO) analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis, Gene Set Enrichment Analysis (GESA), and pro-
tein-protein interaction (PPI) analysis were used to find potential genes. Additionally, the screened genes were analyzed for clinical, immu-
nological, and genetic correlation aspects using single gene clinical correlation analysis (UALCAN), Tumor-Immune System Interactions
Database (TISIDB), and validated through western blot experiments.

RESULTS: Enrichment analysis showed that the lipid metabolic pathway was significantly associated with IM tissues and the apolipoprotein
B (APOB) gene was identified in the subsequent analysis. Experiment results and correlation analysis showed that the expression of APOB
was higher in IM tissues than in normal tissues. This elevated expression of APOB was also found to be associated with the expression levels
of hepatocyte nuclear factor 4A (HNF4A) gene. HNF4A was also found to be associated with immune cell infiltration to gastric cancer and was
linked to the prognosis of gastric cancer patients. Moreover, HNF4A was also highly expressed in both IM tissues and gastric cancer cells.

CONCLUSION: Our findings indicate that HNF4A regulates the microenvironment of lipid metabolism in IM tissues by targeting APOB.
Higher expression of HNF4A tends to lead to a worse prognosis in gastric cancer patients implying it may serve as a predictive indicator for

the progression from IM to gastric cancer.
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Introduction

In the classical Correa cascade process, intestinal metaplasia
(IM) is considered a precancerous lesion of gastric cancer.
Despite numerous studies conducted over the past decades, the
underlying molecular mechanisms have remained elusive.! In
gastritis, related markers (LGRS, SI, MME, etc.) of intestinal
stem cells can be induced by the caudal-related homeobox1,2
(CDX1, 2). These genes play a regulatory role in determining
intestinal phenotypes by impacting relevant signaling pathways
such as NFkB and Wnt/B-catenin.2” Moreover, a clinical cor-
relation analyses also showed that the development of gastric
macula with foam cells as the main pathological change was
closely related to the IM.? This finding suggests that gastric
macula with foam cells may serve as a potential risk factor for
the development of gastric cancer.”0

*These authors have contributed equally to this work and share the
first authorship.

In recent years, numerous studies demonstrated that fatty
acids (FAs) are necessary for the tumor metabolism and the
maintenance of tumor stem cells, which can also activate related
pathways to promote tumor invasion.!"’> Reprogramming of
lipid metabolism in tumors is characterized by enhanced lipid
uptake and oxidative capacity. The similar situation may also
exist in the procession of IM to gastric cancer. However, few
studies have revealed the underlying mechanism between IM
and lipid metabolism.

As a highly conserved member of the nuclear receptor fam-
ily,'¢ hepatocyte nuclear factor 4A (HINF4A) plays a vital role
in metabolic homeostasis, and the progression of many malig-
nancies.’”!® As a transcription factor, HNF4A promotes the
expression of B cell receptor associated protein 31 (BAP31),
which has immune-related functions. The upregulation of
BAP31 not only facilitates the growth of GC cells and pro-
motes G1/s transition, but also reduces the sensitivity of gastric
cancer to chemotherapy.’ Furthermore, HNF4A4 has been
regarded as a potential regulator in the upstream of WNT
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signaling pathway, and it was found that INF44 may regulate
“metabolic switch” characteristic of a general malignant pheno-
type.20 A study utilized mathematical algorithms to large-scale
DNA methylation and transcriptome profiles to reconstruct
transcription factor (TF) networks reveals that HNF4A can
promoted the proliferation and survival of cancer cells by tran-
scriptional activation of numerous downstream targets.?! Our
findings suggest that HNF4A could potentially serve as a
bridge connecting intestinal metaplasia (IM) and gastric can-
cer through the regulation of lipid metabolic pathways. This
proposed mechanism offers a novel perspective to explain the
transition from IM to gastric cancer.

Materials and Methods

Study design: This research is a clinical experimental research.
In our study, samples of intestinal metaplasia (IM) and normal
gastric epithelial tissues were obtained from patients undergo-
ing gastroscopy at the First Affiliated Hospital of Anhui
Medical University during the period from January to June
2022. Patients with peptic ulcer, gastrointestinal bleeding, per-
foration, gastric cancer, gastrectomy, and pyloric obstruction
were excluded. Based on the screening criteria, we finally
screened out 4 subjects and all subjects had signed paper-based
informed consent form before the start of our research. All
samples were pathologically diagnosed and stored in a -80
degrees cryogenic refrigerator for preservation. The study was
approved by the ethics committee of Anhui Medical University
(No0.2020075).

Identification of differential genes: The GSE78523 dataset
was acquired from the Gene Expression Omnibus (GEO) data-
base (https://www.ncbi.nlm.nih.gov/) and divided into two
groups: IM tissues group (Conclude complete IM tissues and
incomplete IM tissues) and normal tissues group. The limma
package of RStudio software was used to normalize the data, and
subsequently the differently expressed genes (DEGs) between
IM tissues and normal tissues were obtained (|logFC| > 4, P
value <.01, the base of |logFC]| is two). Then, the Venn diagram
template from Bioinformatics & Evolutionary Genomics
(http://bioinformatics.psb.ugent.be/webtools/Venn/)
was used to obtain the intersection of the different groups of
DEGs.

Enrichment analysis: The enrichplot and clusterProfiler
toolkits of RStudio software were utilized for the Enrichment
analysis of DEGs and plotting of Gene Ontology (GO), Gene
Set Enrichment Analysis (GSEA), and Kyoto Encyclopedia of
Genes and Genome (KEGG) enrichment maps.

website

Protein-protein interaction analysis (PPI): PPI analysis
website (https://cn.string-db.org/cgi/input?sessionld=bEVgL
vYZrtTp&input_page_active_form=multiple_identifiers) was
used to perform functional interaction analysis on the DEGs
and then obtained the set of closely linked genes based on the
MCODE tool in Cytoscape software.??

Clinical relevance and pan-cancer analysis: The upstream
transcription factors of core genes were identified using the web-
site of hTFtarget (http://bioinfo.life.hust.edu.cn/hTFtar-
get/#/).23 The analysis of clinical phenotypic differences of core
genes in tumor and normal tissues was examined using the
UALCAN website (http://ualcan.path.uab.edu/analysis.html).>*
The expression levels of core genes in various malignancies were
analyzed, and box diagrams were plotted using the plyr, reshape2,
and ggplur toolkits of RStudio software. Survival curves were
plotted using Kaplan-Meier Plotter (https://kmplot.com/analy-
sis/index.phpPp=service&cancer=gastric). The patients were
divided into two groups, high and low-expression of HNF44,
with the median as the group cutoff, and then add the 95% con-
fidence interval as the dotted line. The ID of affymetrix that was
used is 208429 _x_at.

Analysis of genetic alterations: The genetic alterations of
HNF4A4 in various tumors were analyzed using cBioPortal
(https://www.cbioportal.org/datasets). A web resource for
exploring, visualizing, and analyzing multidimensional cancer
genomics data.?

Immunocorrelation analysis: The correlation between the
expression of HNF4A4 and different tumor-associated immune
infiltrating cells was explored using the Tumor-Immune System
Interactions Database (TISIDB-http://cis.hku.hk/TISIDB/
index.php) as well as the Tumor Immune Evaluation Resource
(TIMER2.0-timer.cistrome.org) database. P-values<<.05 for
differences were considered statistically significant.?>’

Western blot: Western/IP cell lysate (biosharp, BL509A)
was used to extract the total protein of cells and tissues, and
the BCA kit was used to analyze the concentration. Then,
1Xloading buffer (biosharp, BL502B) was added and placed
in a metal bath at 99 degrees for 10 minutes and waited for
electrophoresis. The proteins were separated on SDS-PAGE
gels and transferred to PVDF membranes (MerckMillipore,
IPVHO00010). Then, all membranes were blocked at room
temperature with 5% skim milk for 60 minutes. After wash-
ing three times (10 minutes each time), they were incubated
overnight in primary antibody diluted with primary antibody
dilution (Epizyme, PS114) in a refrigerator at 4°C. On the
next day, all membranes were washed three times (10 minutes
each) and then incubated in corresponding secondary anti-
body diluted with secondary antibody diluent (biosharp,
BL536A) for 1hour at room temperature. After washing the
membranes three times again (10 minutes each time), ECL
chemiluminescent developer (Tanon, No.:180-506W/506B)
was used to visualize the immunoblot bands using the Tanon
Chemiluminescent Image Analysis System (Tanon, Shanghai,
China). Finally, the grayscale values of all bands were quanti-
fied using Image] software, and then GraphPad software was
used for statistical analysis and histogram plots. In this pro-
cess, the following antibodies were used: 4POB (1:500-
1:2000, proteintech, 20578-1-AP), HNF4A4 (1:500-1:2000,
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Figure 1. Identification of key genes: (a) Venn diagram showing the intersection of DEGs between the complete IM and incomplete IM groups
(llogFCI>4, P<.01). (b) PPI analysis: the blue part is the set of genes with the highest enrichment screened by the MCODE tool. (c) Functional
enrichment analysis shows that the intersecting genes are mainly enriched in lipid metabolism-related functions. (d) KEGG enrichment analysis shows
that the intersecting genes are mainly enriched in lipid digestion and uptake-related pathways. (e) The expression levels of APOB and HNF4A in IM and
normal gastric epithelial tissues were detected by western blot while NC was the normal control and IM was the corresponding IM tissue. All experiments
were repeated three times, and P <.05 was considered statistically significant. (f) Correlation analysis of APOB and HNF4A in various malignancies (red

represents positive correlation, blue represents negative correlation).

Affinity, AF0276), Beta-Actin (1:20000-1:100000, protein-
tech. 66009-1-Ig), horseradish peroxidase (HRP)-coupled
sheep anti-mouse IgG (1:10000-1:200000, biosharp,
BL001A), and HRP-coupled sheep anti-rabbit IgG (1:4000-
1:80000, biosharp, BLOO3A).

Cell culture: Human normal gastric epithelial cells (GES-
1) cells, human gastric cancer (HGC27, MGC903) cells were
purchased from Nanjing True Flag Biotechnology Co., Ltd.
The cells were cultured in 1640 medium supplemented with
10% FBS, and placed in a constant temperature incubator at
37°,5% CO,.

Drug intervention: BI6015 (121867, TargetMol, USA) was
used as a specific inhibitor of HNF44, and the corresponding
concentration gradient was established by the recommended
guideline. The drug intervention lasted for 24 hours, and then
the total protein of cells was extracted and verified by WB
experiment.

Statistical analysis: The statistical analysis was performed
using SPSS 19.0 software and Prism Software 8.0 (Graphpad).
The data in this article were all shown as means * standard devia-
tionof themean (SD). Student’s #-test, two-way ANOVA, and y?

analysis were applied to compare differences in tumor cells or tis-
sues. P<<.05 was considered statistically significant.

Results
Identification of key genes

Firstly, we divide the samples of GES78523 dataset into two
groups: the first group consisted of completely IM tissues and
normal tissues, while the second group comprised of incom-
plete IM tissues and normal tissues. In order to find the simi-
larities and differences between the two groups. We compared
the differences of genes between the two groups. Moreover, in
order to improve the representativeness of the selected genes,
we raised the threshold accordingly (] logFC |> 4, P<.01).
Finally, 26 differential genes were screened in the first group,
and 16 differential genes were screened in the second group.
After intersection analysis, 15 hub genes (F4BPI1, MUC2,
MUC34, MUC17, CLCA1, CPS1, MTTBE CLDN?7, SI, APOB,
OLFM4, ALDOB, ANPEE REG4, DMBT1T) were screened in
both groups (Figure 1a). Then, the enrichment analysis of GO
and KEGG on these genes were performed. The result of GO
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enrichment analysis showed that these genes were signifi-
cantly enriched in very-low-density lipoprotein particle
assembly, triglyceride metabolic process, low-density lipopro-
tein particle remodeling, lipoprotein transport, lipoprotein
localization, acylglycerol metabolic process, and neutral lipid
metabolic process. And the result of KEGG enrichment anal-
ysis demonstrated that these genes were significantly related
to fat digestion and absorption pathways (Figure 1c and d). To
turther investigate the correlation of these genes, the protein-
protein interaction (PPI) analysis was performed. Moreover,
the MCODE tool of Cytoscape software was used to analyze
the gene enrichment score. The analysis revealed that the gene
set where APOB is located gained the highest score. These
results showed that #POB occupies the most important posi-
tion in PPI network, so we speculated that A/POB may play a
very important role in IM (Figure 1b). According to the above
bioinformatics analysis results, the western blot analysis of
protein samples showed that the expression of APOB in IM
tissues was significantly higher than that in normal gastric
epithelial tissues (Figure 1e). In order to investigate the poten-
tial regulatory mechanisms underlying the expression of
APOB, the hTFtarget website was used to identify transcrip-
tion factors associated with ZPOB. Finally, the gene of HNF44
was identified. Similarly, HNF4A4 was also significantly over-
expressed in IM tissues in our western blot results (Figure 1e).
In addition, our results showed that there is a significant posi-
tive correlation between APOB and HNF4A in most tumors,
including gastric cancer (Figure 1f). Therefore, we speculate
that ANF4A4 and APOB play a vital role in IM tissues and
potentially contribute to the development of gastric cancer.

Expression analysis of key genes

To further investigate the relationship between HNF44 and
APOB and its biological function in the progression of IM to
gastric cancer, the TCGA database was used for pan-cancer
analysis. The results showed that HNF44 was significantly
increased in gastric cancer (Figure 2a). In addition, the HNF4A4
expression level was higher in gastric cancer than in most
other malignancies (Figure 2b). Similarly, the WB results
indicated a substantial increase in the expression of HNF44 in
gastric cancer cell lines (MGC 803 and HGC 27) when com-
pared to normal gastric epithelial cells (GES-1). However,
there were no significant differences in 4POB expression
between gastric cancer cells and normal gastric epithelial cells,
although the expression level of A/POB in gastric cancer exhib-
ited an upward trend (Figure 2c-¢). To further validate the
relationship between APOB and HNF44, the follow-up
experiment was conducted using HGC 27 cells that exhibited
relatively high APOB expression. Firstly, the drug of BI6015
was used to specifically inhibit the expression of HNF44, and
select the appropriate concentration according to the instruc-
tions. The results showed that the expression of HNF4A was

(a) Type E3 Normal E Tumor
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Figure 2. Expression level analysis of HNF4A: (a) Box plot of HNF4A
expression in different malignant tumors and normal tissues, abscissa is
tumor type, and coordinate is gene expression level. Red represents
tumor tissues and blue represents normal tissues (*P <.05, **P <.01,
***P <.001). (b) Box plot of the gradient of HNF4A expression levels in
various malignant tumors, abscissa is tumor type, and coordinate is gene
expression level. (c-e) Comparison of HNF4A expression levels in GES-1,
HGC27, and MGCB803 cells by western blot (left) and quantified(right) and
All samples derive from the same experiment and that gels/blots were
processed in parallel (*P <.05, **P <.01, ***P <.001). (f-h) WB was used
to verify the changes in the expression of HNF4A and the corresponding
changes in the expression of APOB under the action of different
concentrations of specific inhibitor BI6015. The selection of different
action concentrations of BI6015 is based on the suggestions in the
instructions. All experiments were repeated three times, and P <.05 was
considered statistically significant. (*P <.05, **P <.01, ***P <.001).

significantly inhibited when we gave 2, 4, and 8 uM drug con-
centrations, and at the same time, APOB showed the same
expression trend. The results showed that /POB was regulated
by HNF4A4 and positively correlated with the expression of
HNF4A. Combined with the above research, we conclude that
the high expression of APOB in IM tissues may also related to
the increase of HNF4A expression.
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HNF4A-related pathway identification the expression of HNF4A and the clinical features of patients

with gastric cancer was investigated through the online data-
base of UALCAN. The results revealed a significant associa-
tion between HNF4A expression and gender, age, stage, as well

After the key gene HNF4A was identified in gastric cancer,
the potential mechanism of its biological function was investi-
gated by enrichment analysis based on the gene set enrich-
ment analysis (GSEA). Through bioinformatics analysis, we
discovered that high expression of HNF44 in gastric cancer concer STAD
was significantly enriched in various pathways, including the

. KEGG_CALCIUM_SIGNALING_PATMIAY
. KEGG_CYTONINE_CYTOKINE_RECEPTOR INTERACTION
= KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION

= KEGG_OLFACTORY_TRANSDUCTION

cancer pathway, calcium signaling pathway, cytokine interac-

e KEGG_PATIWAYS IN_CANCER

tions, neuroactive ligand-receptor interactions, and olfactory
signaling pathway. These results show that HNF44 may play
an important role in cancer development (Figure 3).
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Figure 5. Correlation analysis between HNF4A expression and tumor-associated infiltrating immune cells: (a-b) Overall correlation analysis between HNF4A
expression and tumor-associated infiltrating immune cells, red represents positive correlation and blue represents negative correlation. (c) Correlation
analysis between HNF4A expression and immune-activating factors. (d) Correlation analysis of HNF4A expression with immunosuppressive factors.

as TP53 mutation status in gastric cancer patients. (Figure 4c-
f). Furthermore, overall survival analysis curves drawn by the
Kaplan-Meier plotter showed that patients with gastric cancer
exhibiting high HNF4A expression had a poorer prognosis
(Figure 4g). We also constructed survival curves of first pro-
gression survival time (FP) and postprogression survival (PPS),
which further confirmed that elevated HNF4A expression is
unfavorable for patients with gastric cancer (Figure S1).

HNF4A expression and tumor infiltrating

immune cells

Numerous studies have indicated a strong association between
the tumor microenvironment and the initiation and progres-
sion of tumors. However, it remains unclear whether the
microenvironment can facilitate the transition from intestinal
metaplasia (IM) to gastric cancer. Therefore, we want to
explore the correlation between HNF44 and immune-related
infiltrating cells, so as to preliminarily explore the possible

role of highly expressed HNF4A4 in IM. Tumor infiltrating

immune cells are crucial components of tumor microenviron-
ment (T'ME), and are considered as indicators of malignant
tumors. Because of the complexity of various types of infil-
trating cells in the tumor microenvironment, they can play
different functions in promoting/suppressing tumor develop-
ment.?® Numerous studies have found that these infiltrating
cells were involved in the induction of immune tolerance in
gastric cancer. Furthermore, studies found that ANF44 can
mediate immune signaling molecules and immune escape.??-31
Therefore, Timer 2.0 and TISIDB databases were used to
analyze the correlation between the expression of HNF 44
and tumor infiltrating immune cells. Our analysis revealed a
significant correlation between HNF4A expression and vari-
ous tumor-infiltrating immune cells. Notably, HNF44 expres-
sion exhibited positive correlations with CD8+ T cells,
common myeloid progenitor cells, granulocyte-monocyte
progenitor cells, hematopoietic stem cells, and myeloid den-
dritic cells. Conversely, several tumor-associated infiltrating
immune cells were negatively correlated with HNF4N expres-
sion (Figure 5a). Similar results were also observed in the
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TISIDB database (Figure 5b). Although these results suggest
that HNF4A4 may promote cancer development. Its positive
correlation with T cell follicular helper, neutrophil, as well as
its negative correlation with cancer-associated fibroblasts,
suggest a more complex underlying regulatory mechanism.
Subsequently, the correlation between the expression of
HNF44 and immune-related factors was analyzed. These
findings suggest HNF4A4 may exert regulatory influence on
immune responses within the tumor microenvironment,
potentially impacting tumor progression and immune sur-
veillance. However, further investigations are required to fully
elucidate the underlying mechanisms and functional implica-
tions of these associations (Figure 5c and d).

Alteration analysis of HNF4A in gastric cancer

Previous studies have established a strong association between
HNF4A4 and APOB, as well as tumor infiltrating immune cells,
and the high expression of HNF44 is closely related to the
prognosis of gastric cancer patients. Therefore, our objective
was to investigate the genetic alteration of HNF44 in gastric
cancer and explore its possible role. Firstly, the cBioPortal web-
site was used to analyze the mutation frequency of HNF4A4 in
different malignant tumor samples. Notably, the results indi-
cated that the mutation frequency of HNF4A4 in gastric cancer
samples was comparatively high, accounting for approximately
0.02% (Figure 6a). Subsequently, we analyzed the mutation
situation of HNF44 in gastric cancer in more detail, focusing
on the specific types of alternation and the differences among
different subtypes of gastric cancer. The findings revealed that
while the number of HNF4A alterations in signet ring cell car-
cinoma of the stomach samples was relatively low, there was a
notable increase in both the copy number and mutation rate.
This observation strongly aligns with our current understand-
ing that signet ring cell carcinoma of the stomach is the most
aggressive subtype among all gastric cancer subtypes (Figure
6b and c). In addition, we investigated the high-frequency
mutation sites, types, and their corresponding protein domains
of HNF44 in gastric cancer across different conditions. The
results that demonstrated the missense mutation of HNF4A
were predominantly observed under normal conditions and
following phosphorylation modification. Truncated and in-
frame mutation was more prominent after acetylation and
ubiquitination modification (Figure 6d). Finally, we conducted
a preliminary investigation to determine whether HNF4A4 has
the potential for immunotherapy by examining the correlation
between tumor mutational burden (TMB), microsatellite
instability (MSI), and HNF44. Currently, TMB and MSI have
been recognized as important biomarkers associated with the
sensitivity of immune-checkpoint inhibitors (ICIs). Studying
the correlation between these biomarkers and tumors is crucial
for predicting the effectiveness of immunotherapy. Our results
showed that TMB and MSI had a strong positive correlation
with HNF4A in gastric cancer (Figure 6e and f). The above

conclusion indicates that high expression of HNF44 is fre-
quently correlated with a poor prognosis among patients with
gastric cancer. Meanwhile, HNF4A also showed the potential
for immunotherapy.

Discussion

In this study, differentially expressed genes between IM tissues
and normal gastric tissues were identified from the GSE 78523
dataset. Though enrichment and PPI analysis of these genes,
we observed a close association between APOB and lipid
metabolism in IM. In order to explore the regulation mecha-
nism of APOB expression changes in IM, the upstream regula-
tor HNF4A4 was identified by hTFtarget. Finally, the correlation
between the expression of APOB and HNF4A was verified by
correlation analysis and western blot.

The gene of APOB encodes two proteins, Apob100 and
Apob48. Apob100 is the primary constituent of low-density
lipoprotein (LDL) and is exclusively synthesized in the liver.3?
Apob48 participates in the assembly of chylomicron (CM) in
the intestine, a process catalyzed by apolipoprotein B mRNA
editing enzyme, catalytic polypeptide 1 (APOBECI).333*
Macrophages have two primary pathways for lipid uptake. The
first is scavenger receptor-mediated lipid uptake, which is a
well-known pathway. The second pathway involves LDL
receptor-mediated lipid uptake. Furthermore, apob48r receptor
expressed in macrophages can specifically binds to apob48,
which is considered to be another specialized pathway for lipid
metabolic uptake. Previous research conducted over the past
few decades has provided evidence demonstrating that this
pathway operates independently of APOE.3>-37 This process is
critically involved in the formation of foam cells and the devel-
opment of related diseases, including atherosclerosis and xan-
thomas.’%% A clinical cross-sectional study showed that there
was a more significant correlation between IM and gastric xan-
thomas, which was considered as an independent factor to pre-
dict IM.#%0 Meanwhile, numerous clinical studies have shown
that gastric xanthomas were closely related to the development
and rapid growth of gastric cancer.’ It was also regarded as a
reliable marker to predict early gastric cancer.! Based on pre-
liminary data analysis, we speculated that the high expression
of APOB in IM might contribute to the increase of lipid uptake
of infiltrated macrophages, subsequently inducing the develop-
ment of gastric cancer by promoting the formation of a lipid
microenvironment.

In our results, microsomal triglyceride transfer protein
(MTTP), aldolase B (ALDOB), fatty acid binding protein 1
(FABPI) also plays important role in promoting APOB to play
its own functions. M7 TP, which is highly expressed in adipose
tissue, plays a crucial role in regulating lipid metabolism by
facilitating the transport of triglycerides between membrane
vesicles.*? It is co-located with APOB in a tissue-specific way,
and its existence ensures the stability of apob100.4* ZLDOB
primarily participates in fructose metabolism. While limited
studies have explored the association between ALDOB and
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APOB, a substantial body of research has indicated that ele-
vated ALDOB expression is often associated with a poorer
prognosis in cancer patients.* The main function of F4BP7 is
to uptake fatty acids, which is essential for maintaining the
dynamic balance of cell membrane, signal transduction, and
proliferation of tumor cells. However, besides 24BP1, there are
also other fatty acid uptake pathways.*> Besides, what role it
plays in gastric cancer needs further investigations.

In subsequent research, we found that HNF4A could
potentially promote gastric cancer by interacting with
tumor-associated immune infiltrating cells. Previous studies
have also demonstrated that INF4A4 plays a crucial role in
regulating energy metabolism, which is essential for the
proliferation and metabolism of gastric cancer cells.20:46:47
Therefore, we speculate that the high expression of HNF4A
in IM may serve as a trigger for gastric cancer. Our experi-
ments have revealed that HANF4A4 can regulate APOB, and
there is a positive correlation between them. IM is consid-
ered a precancerous lesion, but whether it is a direct precur-
sor for gastric cancer is still controversial.*® Recent theories
have shown that have revealed that gastric cancer is caused
by increased genetic instability of gastric stem cells rather
than a direct transition from IM to cancer.*” This conclu-
sion can explain why the expression level of lipid metabo-
lism-related genes, such as APOB, were dramatically altered
in gastric cancer compared with IM.

Based on our hypothesis, the interaction between HNF4A4
and APOB has the potential to impact the microenvironment,
leading to increased metabolic stress in normal cells and ulti-
mately facilitating the development of gastric cancer.
Meanwhile, the lipid microenvironment could also promote
the expression of HNF4A in gastric cancer cells and establish a
positive feedback loop. However, further experiments are
needed. The identification of tumor-associated macrophages
(TAM) is closely related to cancers.”® Previous clinical studies
have revealed that gastric macula with foam cells as pathologi-
cal features was closely related to gastric cancer. Nonetheless,
limited research has been conducted on the underlying molec-
ular mechanisms. Through bioinformatics analysis, we hypoth-
esized that the gastric microenvironment can be changed by
the high expression level of APOB. This alteration could influ-
ence the lipid uptake ability of macrophages, which may be
related to the procession of inflammation, repair, and metabo-
lism of surrounding normal gastric epithelial cells. This com-
plex effect may promote the development of gastric macula,
which in turn contribute to the development of gastric cancer.
Further studies are necessary to identify other important fac-
tors that may be involved.

There are some limitations to the present research. First,
our study relied on a small sample size and only conducted
preliminary validation through western blot analysis. Second,
further investigations including correlation analysis, as well as
cellular and animal experiments are needed. In the subsequent
experiments, we aim to increase the sample size to minimize

the errors caused by individual differences. Additionally, we
plan to conduct a more comprehensive analysis of lipid metab-
olism differences among IM tissues, normal tissues, and gas-
tric cancer tissues, while also exploring the key intermediate
metabolites involved. These proposed measures will help to
address the limitations and provide a more robust understand-
ing of the topic.

Conclusion

Through our experiments and analyses, we have made initial
discoveries regarding a novel mechanism that underlies the
transition from IM to gastric cancer. One crucial aspect of this
process is the significant role played by HNF4A4. Our findings
provide compelling evidence supporting the idea that the
occurrence and progression of gastric cancer are influenced by
the interplay between HNF4A expression and lipid metabo-
lism. These results shed light on the complex relationship
between HNF4A4 and gastric cancer and contribute to our
understanding of the disease at a molecular level.
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