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Abstract

Background and Objectives: Gastric cancer remains a leading cause of cancer-related mortality
worldwide and develops through complex interactions between environmental factors,
microbial dysbiosis, and host molecular pathways. Although Helicobacter pylori infection
is a well-established risk factor, emerging evidence suggests that broader alterations in
the gastric microbiome may also contribute to carcinogenesis. However, the associations
between gastric cancer-associated microbial taxa and host gene expression profiles remain
insufficiently characterized. This study aimed to identify host gene signatures associ-
ated with gastric cancer-related microbial taxa through a descriptive analysis integrating
microbiome-derived taxa with transcriptome data. Materials and Methods: Microbial taxa
associated with gastric cancer were systematically retrieved from the Disbiome database.
Taxon set enrichment analysis (TSEA) was performed using the MicrobiomeAnalyst plat-
form to identify host genes associated with gastric cancer-associated taxa. Importantly,
TSEA relies on healthy reference data from the Human Microbiome Project and does not
establish gastric cancer-specific interactions or causal relationships. Gene expression levels
were subsequently evaluated using The Cancer Genome Atlas (TCGA) PanCancer stomach
adenocarcinoma (STAD) dataset by comparing tumor and matched normal gastric tissues.
Gene interaction network and transcription factor (TF) enrichment analyses were conducted
to explore predicted regulatory relationships. Results: Among 64 microbial taxa associated
with gastric cancer, 43 were reported as elevated. After removing overlapping taxa across
studies, 37 elevated and 21 reduced taxa were retained for analysis. TSEA identified 11 host
genes associated with gastric cancer-related microbial taxa. Transcriptomic analysis demon-
strated significant downregulation of DPP6 and DLG2, while KDM4D, USP34, and VDR
were significantly upregulated in gastric cancer tissues compared with normal controls.
Network and TF enrichment analyses revealed predicted co-expression and co-localization
patterns among these genes, suggesting their potential involvement in immune-related pro-
cesses, epigenetic regulation, and cellular organization. Conclusions: This descriptive study
identifies distinct host gene expression signatures associated with gastric cancer-associated
microbial dysbiosis. This study is purely associative and hypothesis-generating; no causal
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or mechanistic inferences are made. TSEA used healthy reference data and therefore does
not reflect gastric cancer-specific host-microbe interactions. The findings provide a basis
for future hypothesis-driven research but require validation in independent cohorts.

Keywords: gastric cancer; microbiome; dysbiosis; transcriptome; host gene signatures;
taxon set enrichment analysis; TCGA

1. Introduction

Gastric cancer remains a major global health burden and continues to be a lead-
ing contributor to cancer mortality. Based on the GLOBOCAN 2022 estimates, stom-
ach cancer accounted for 968,350 new cases, representing 4.9 percent of all cancers, and
659,853 deaths, corresponding to 6.8 percent of all cancer-related deaths worldwide. These
figures place gastric cancer among the top five malignancies for both incidence and mor-
tality [1-3]. Despite advances in endoscopic detection, perioperative chemotherapy, and
targeted /immunotherapies, outcomes remain suboptimal, largely because many patients
present with advanced disease and because gastric cancer exhibits marked biological
heterogeneity in terms of histology, anatomical subsite, molecular subtype, and tumor mi-
croenvironment diversity. This heterogeneity reflects not only intrinsic genetic alterations
but also the influence of environmental and microbial exposures that shape gastric car-
cinogenesis. Consequently, there is a persistent clinical need to better define the biological
interfaces through which these external factors interact with host molecular pathways.

Among these factors, infection with Helicobacter pylori (H. pylori) represents the most
established microbial determinant of gastric cancer and has been classified as a Class I
carcinogen by the World Health Organization (WHO) [4]. However, only a subset of in-
fected individuals ultimately develop gastric cancer, indicating that additional microbial,
host-related, and environmental components contribute to disease initiation and progres-
sion. Increasing evidence suggests that the gastric and gut microbiota beyond H. pylori
participate in modulating gastric carcinogenesis and may help explain interindividual
variability in tumor development [5-7].

Recent microbiome studies have consistently reported dysbiosis in patients with gastric
cancer, characterized by altered microbial diversity and enrichment of non-Helicobacter
taxa compared with healthy controls. These microbial alterations have been proposed to
contribute to carcinogenesis through mechanisms including chronic inflammation, production
of genotoxic metabolites, disruption of epithelial barrier integrity, and modulation of host
immune responses [8,9]. Integrative microbiome-host transcriptome analyses have also been
conducted in gastric cancer using multi-omic and correlation-based analytical frameworks to
explore associations between microbial taxa and host gene expression patterns [10-12].

Although taxonomic shifts in the microbiome have been increasingly described in
gastric cancer, the relationships between these microbial alterations and host molecular
pathways remain incompletely understood. In particular, systematic investigations describ-
ing associations between gastric cancer-associated microbial taxa and host gene expression
programs are limited. Host genetic susceptibility also plays a critical role in gastric car-
cinogenesis. For example, studies have demonstrated a relationship between vitamin D
receptor (VDR) signaling and CDH1 regulation, underscoring the importance of epithelial
integrity pathways in tumor suppression [13].

In this study, microbial taxa associated with gastric cancer were systematically identi-
fied using the Disbiome database, and taxon set enrichment analysis (TSEA) was performed
to identify host genes correlated with these taxa. Importantly, the TSEA relies on refer-
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ence data from healthy individuals (Human Microbiome Project) and therefore does not
establish gastric cancer—specific or causal links. The expression patterns of taxa-associated
genes were subsequently examined in gastric cancer and matched normal tissues using The
Cancer Genome Atlas (TCGA) PanCancer stomach adenocarcinoma (STAD) dataset with
multiple-testing correction. Gene interaction networks and transcription factor enrichment
analyses were conducted to explore predicted associations among the identified genes. This
study is purely descriptive and hypothesis-generating; no causal or mechanistic inferences
are made. The analysis compares two independent data sources: literature-derived gastric
cancer—associated microbial taxa and TCGA-derived gastric cancer gene expression.

2. Materials and Methods
2.1. Retrieval of Gastric Cancer—Associated Microbial Taxa

The Disbiome database (https://disbiome.ugent.be, accessed on 15 September 2025)
was systematically queried to identify bacterial taxa reported to be associated with gastric
cancer [14]. The search term “gastric carcinoma” was used as the primary disease keyword,
and filtering was restricted to human studies. Studies lacking explicit case-control comparison,
unclear sampling origin, or insufficient methodological detail were excluded. Study character-
istics, including sample type and direction of association (increased or decreased abundance),
were manually reviewed to ensure consistency. A total of eight eligible studies were retained,
comprising analyses of gastric wash, tissue biopsy, feces, and blood samples [15-22].

2.2. Taxon Set Enrichment Analysis

Taxon sets were imported into the MicrobiomeAnalyst platform (https://
microbiomeanalyst.ca, accessed on 30 September 2025) for taxon set enrichment anal-
ysis using the TSEA (Taxon Set Enrichment Analysis) module, which examines genes
correlated with microbial taxa and associations with host-intrinsic factors. Gene-microbial
taxa associations were identified by integrating data from the Human Microbiome Project
Data Coordination Center (dbGaP accession: phs000228), which were analyzed using the
Host-Microbiome Interaction Identification (HOMINID) pipeline. The TSEA reference data
are derived from healthy individuals (Human Microbiome Project) and therefore do not
represent gastric cancer—specific interactions. A total of 53 microbial taxa were analyzed
in the TSEA module for functional enrichment analysis. Functional enrichments of taxon
sets are calculated by using hypergeometric tests [23]. Given the relatively small number of
taxon sets included in the enrichment analysis, a p-value < 0.05 was considered statistically
significant, and false discovery rate (FDR) correction was not applied. Genes associated
with taxon sets meeting this nominal significance threshold were subsequently selected for
downstream analyses to investigate their potential involvement in cancer.

2.3. Expression Analysis of All Taxa Genes in PanCancer Data

We next examined the expression of the TSEA-identified genes in the independent
TCGA STAD dataset. This expression analysis is descriptive and independent of the TSEA.
Gene expression data were obtained from the Cancer Genome Atlas (TCGA) PanCancer
cohort for stomach adenocarcinoma (STAD). Data were accessed via the ENCORI bioin-
formatics platform (https://rnasysu.com/encori/panCancer.php, accessed on 10 October
2025). The ENCORI platform provides level 3 normalized RNA sequencing data (RSEM nor-
malized, log2-transformed) for 415 STAD samples, including 375 primary tumor samples
and 32 matched adjacent normal gastric tissue samples. All 11 TSEA-identified genes (CTD-
2127H9.1/OSMR-AS1, STAB1, C20rf84, DPP6, KDM4D, P2RX7, RXFP2, USP34, UTS2R,
VDR, and DLG2) were included in the analysis. Their expression levels were examined in
gastric cancer tissues and matched normal gastric tissues.
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Normalized expression values were used for all downstream analyses. Differential
expression analysis was performed to compare gastric cancer tissues with matched normal
tissues for all taxa genes. The fold change was calculated as the ratio of gene expression in
cancer samples to that in normal samples. Statistical significance was assessed using two-
sided Student’s t-tests as implemented within the ENCORI platform, generating p-values
for each gene. False discovery rate (FDR) correction was applied to adjust for multiple
testing, and genes with an FDR < 0.05 were considered statistically significant.

2.4. Functional Network Analysis Using GeneMANIA

The 10 host genes identified by taxon set enrichment analysis were further investigated
using the GeneMANIA platform (https://genemania.org) under the Homo sapiens organ-
ism setting. Functional associations among genes were explored based on co-expression
and co-localization data. The resulting network was visualized to identify potential biologi-
cal modules and shared regulatory patterns. Network figures were exported for inclusion
in the manuscript.

2.5. Transcription Factor Enrichment and Network Construction

To identify potential transcription factors (TFs) associated with taxa, enrichment anal-
ysis was performed using the ChEA3 platform (https://maayanlab.cloud/chea3, accessed
on 14 April 2026). The predicted 10 genes (one of which was IncRNA and therefore ex-
cluded from TF enrichment analysis) identified through taxon set enrichment analysis were
used as input, and integrated meanRank scores were retrieved. The top-ranked TFs were
selected based on ChEAS3 integrated ranking results. Predicted TF-gene relationships were
extracted from the overlapping gene information provided by ChEA3 outputs. A regulatory
interaction network was constructed using R (version 4.5.1) and the igraph package.

3. Results
3.1. Taxon Sets Associated with Gastric Cancer

The results of 8 studies were extracted, revealing 64 taxa associated with gastric cancer
(Supplementary Table S1). Among these 64 taxa, 43 were elevated, and 6 were associated with
more than one study. After removing duplicate reports across studies, 37 taxa were identified
as elevated and included in our study. Additionally, 21 taxa were identified as reduced
in gastric cancer cases (Table 1). Of note, 5 taxa (Neisseria, Streptococcus, Acinetobacter,
Bacteroides, Prevotella) were observed to be both elevated and reduced in gastric cancer cases.
Therefore, to avoid double-counting in downstream analysis, these overlapping taxa were
counted only once, resulting in a final set of 53 unique taxa analyzed in TSEA.

Table 1. Microbial taxa associated with gastric cancer.

Qualitative
Outcome

Organism Name

Elevated

Phyllobacterium, Achromobacter, Citrobacter, Lactobacillus, Clostridium, Rhodococcus, Neisseria, Aggregatibacter,
Alloprevotella, Porphyromonas endodontalisi, Streptococcus mitis, Streptococcus oralis, Streptococcus pneumoniae,
Peptostreptococcus, Streptococcus anginosus, Slackia, Gemella, Fusobacterium, Prevotella melaninogenica,
Propionibacterium acnes, Selenomonas, Corynebacterium, Prevotella, Shigella, Klebsiella, Streptococcus, Alistipes,
Veillonella, Bifidobacterium, Ruminococcaceae, Christensenellaceae, Parabacteroides, Clostridium cluster XVIII,
Porphyromonas gingivalis, Haemophilus parainfluenzae, Acinetobacter, Bacteroides

Reduced

Neisseria, Helicobacter, Streptococcus, Sphingobium yanoikuyae, Vogesella, Candidatus portiera, Comamonadaceae,
Acinetobacter, Helicobacter pylori, Prevotella copri, Prevotella, Bacteriodes uniformis, Lachnoclostridium, Eubacterium
rectale, Roseburia, Lachnospira, Faecalibacterium, Bacteroides, Sphingomonas, Comamonas, Pseudomonas stutzeri

Taxa reported to be reduced and elevated across different studies were highlighted in bold and treated as single to
avoid double-counting in downstream analysis. Genus- and species-level entries (e.g., Helicobacter vs. Helicobacter
pylori) are presented separately as reported in the original studies.
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3.2. Functional Enrichment Analysis of Taxon Sets

We exported all taxa to MicrobiomeAnalyst for functional analysis, which revealed
11 significant genes [CTD-2127H9.1 (OSMR-AS1), STAB1, C20rf84, DPP6, KDM4D, P2RX?7,
RXFP2, USP34, UTS2R, VDR, DLG2] associated with gastric cancer-associated taxon sets.

3.3. Expression Analysis of All Taxa Genes in PanCancer Data

Differential expression analysis of taxa-related genes was conducted using TCGA
PanCancer data to compare gastric cancer (STAD) (n = 375) tissues with matched normal
gastric tissues (1 = 32). The expression profiles and statistical outcomes for all 11 genes
identified by TSEA are summarized in Table 2. Figure 1 displays boxplots for the five genes
that reached statistical significance after FDR correction (FDR < 0.05).
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Figure 1. Differential expression of taxa-related genes in gastric cancer (STAD). Boxplots show
log,-transformed normalized expression values in gastric cancer tissues and matched normal gastric
tissues. Panels (A-E) display the five genes that reached statistical significance after false discovery
rate (FDR) correction (FDR < 0.05): (A) DPP6, (B) DLG2, (C) VDR, (D) KDM4D, (E) USP34. Signifi-
cance levels (FDR-corrected): ** p < 0.01; *** p < 0.001; **** p < 0.0001. Exact p-values and FDR values
are provided in Table 2. Gene expression data were obtained from the TCGA PanCancer STAD cohort
using the ENCORI platform. Statistical analyses were performed with multiple-testing adjustment
using the false discovery rate (FDR).

As shown in Table 2 and Figure 1A,B, DPP6 and DLG2 exhibited marked reductions
in expression in tumor samples (p = 2.3 x 10~% and p=25x 10~7), with DPP6 demon-
strating the greatest decrease among the analyzed genes. In contrast, VDR expression was
modestly but significantly higher in gastric cancer tissues compared with normal controls
(p = 8.0 x 107°) (Figure 1C). In contrast, KDM4D and USP34 were significantly upregu-
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lated in gastric cancer tissues relative to normal samples (p = 1.4 X 1072 and p =0.0026,
respectively; Table 2; Figure 1D,E).

Table 2. Differential expression of taxa-related genes in gastric cancer (STAD) from the TCGA
PanCancer dataset.

Cancer Normal

Gene Expression Expression Fold Change p-Value FDR
VDR 11.57 10.59 1.09 8.0 x 107° 0.00034
DPP6 0.18 1.63 0.11 23 x 1074 6.8 x 10713
KDM4D 0.34 0.23 1.52 1.4 x 107° 7.0 x 1072
USP34 5.14 3.99 1.29 0.0026 0.0076
DLG2 0.19 0.55 0.34 25x 1077 1.9 x 107
gsll)\;[il—fgl?illncRN A 0.36 0.26 1.41 0.025 0.052
STAB1 6.32 5.51 1.15 0.38 0.47
C20rf84 (FAM228A) 0.10 0.10 0.99 0.35 0.44
P2RX7 147 1.00 1.48 0.078 0.13
RXFP2 0.04 0.02 2.23 0.14 0.21
UTS2R 0.82 0.61 1.34 0.23 0.31

The IncRNA CTD-2127H9.1 (OSMR-AS1) showed moderate upregulation in tumor tis-
sues (p = 0.025); however, this did not reach statistical significance after false discovery rate
(FDR) correction (FDR = 0.052) (Table 2). This gene is therefore considered not significant
in the primary analysis.

The remaining five TSEA-identified genes—STAB1, C20rf84 (FAM228A), P2RX7,
RXFP2, and UTS2R—showed no statistically significant differential expression between
gastric cancer and normal tissues (all FDR > 0.05; Table 2).

3.4. Functional Network Analysis of Taxa-Associated Genes

Functional network analysis using GeneMANIA was performed to explore the asso-
ciations among the host genes identified by taxon set enrichment analysis. The resulting
network did not reveal direct protein—protein interactions but showed that the genes are
mainly connected through co-expression and co-localization patterns. These findings sug-
gest that these genes tend to share similar expression profiles and spatial characteristics
rather than forming direct molecular complexes.

The network analysis grouped the genes into several functional categories, includ-
ing immune and inflammatory regulation (P2RX7, STAB1, VDR), epigenetic modulation
(KDM4D and USP34), and cellular organization and signaling (DLG2, DPP6, RXFP2, and
UTS2R) (Figure 2). These groupings are based on computational associations and should
be interpreted with caution, as they do not indicate direct functional interactions or causal
links. Instead, these findings should be regarded as a hypothesis-generating framework
that provides a basis for future experimental validation to further investigate potential
host-microbiota relationships in gastric cancer.

3.5. TF—-Gene Regulatory Network

To identify potential upstream regulators of the taxa-associated host genes, TF enrich-
ment analysis was performed using the ChEA3. The TF—gene interaction map revealed that
several genes are predicted to be associated with shared TFs (Figure 3). For example, DPP6
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was associated with multiple regulators, including OLIG2, MYT1L, DBX2, and DMRT1.
Similarly, VDR was linked to TFs such as AIRE, NR5A1, and DMRT1, while RXFP2 showed
predicted associations with TGIF2LX and NR5A3. These findings suggest potential regula-
tory relationships based on computational predictions; however, they do not demonstrate
direct regulatory interactions and should be interpreted cautiously. Experimental validation
is required to confirm these associations.
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Figure 2. Functional association network of taxa-associated host genes generated using GeneMANIA.
Red nodes represent query genes identified through taxon set enrichment analysis (TSEA), while
gray nodes indicate additional genes included based on shared co-expression and co-localization
patterns. Edges represent co-expression (purple) and co-localization (blue) relationships. No direct

protein—protein interactions were identified; therefore, the network reflects computationally inferred
associations rather than experimentally validated interactions.
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Figure 3. Predicted TF-gene association network derived from ChEA3 enrichment analysis. Blue
nodes represent transcription factors, while red nodes indicate taxa-associated host genes. Arrows
denote predicted TF—gene associations based on integrated enrichment datasets. The network reflects
computationally inferred relationships and does not represent experimentally validated regulatory
interactions or causal relationships.
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4. Discussion

In the present study, we integrated microbiome-disease association data with func-
tional enrichment and host transcriptomic analyses to explore molecular links between
gastric cancer-associated microbial dysbiosis and host gene expression. Rather than limiting
the analysis to taxonomic profiling, we investigated host gene signatures associated with
microbial taxa and evaluated their expression patterns in TCGA STAD data. This study is
purely descriptive and associative; no causal or mechanistic inferences are made.

Among 64 microbial taxa associated with gastric cancer, 43 were reported as elevated,
and after removing overlaps, 37 elevated taxa were retained, while 21 were classified
as reduced. Flevated taxa included oral- and gastrointestinal-associated genera such as
Streptococcus, Fusobacterium, Prevotella, Veillonella, and Porphyromonas, which have
been previously reported in gastric and other gastrointestinal malignancies [24-26]. Their
enrichment supports the concept of microbial translocation and ecological shifts driven by
mucosal barrier disruption, altered gastric acidity, and chronic inflammation. In contrast,
reduced taxa included short-chain fatty acid-producing genera such as Faecalibacterium,
Roseburia, Lachnospira, and Eubacterium rectale. These observations are descriptive and
do not imply causation.

The heterogeneity observed across studies—where taxa such as Neisseria, Strepto-
coccus, Acinetobacter, Bacteroides, and Prevotella were reported as both increased and
decreased—highlights the complexity of microbiome alterations in gastric cancer. This
variability may reflect differences in tumor stage, anatomical location, sampling method,
and regional patient characteristics.

Enrichment analysis identified 11 host genes associated with gastric cancer-related
taxa, including CTD-2127H9.1 (OSMR-AS1), STAB1, C20rf84, DPP6, KDM4D, P2RX?7,
RXFP2, USP34, UTS2R, VDR, and DLG2. TCGA analysis demonstrated marked down-
regulation of DPP6 and DLG2 in tumor tissues, whereas KDM4D, USP34, and VDR were
significantly upregulated. By contrast, CTD-2127H9.1 (OSMR-AS1) did not meet the sig-
nificance threshold after FDR correction (FDR = 0.052) and is therefore considered not
significant in this study. The remaining five genes (STAB1, C20rf84, P2RX7, RXFP2, UTS2R)
showed no significant differential expression (all FDR > 0.05).

The pronounced downregulation of DPP6 is notable given its reported role in cellular
signaling and regulation of proliferation and migration [27]. Similarly, DLG2, a member of
the MAGUK family, has been proposed as a tumor suppressor in multiple cancers [28-31].
Loss of DLG2 expression has been associated with disruption of cell polarity and adhesion,
processes linked to local invasion and lymphatic dissemination.

Conversely, upregulation of KDM4D, a histone demethylase involved in chromatin
remodeling and DNA damage responses [32,33], has been observed in gastric tumors.
Epigenetic alterations have been associated with tumor aggressiveness and therapeutic
resistance. Increased expression of USP34, implicated in Wnt/ -catenin signaling, has
been observed in association with activation of oncogenic pathways linked to tumor
progression [34].

Although TCGA data demonstrated upregulation of VDR, experimental findings
have reported reduced VDR expression in metastatic gastric cancer [3]. This apparent
discrepancy may reflect stage-specific regulation, as bulk transcriptomic datasets include
heterogeneous tumor and stromal compartments. Increased expression does not neces-
sarily imply functional activation, which depends on ligand availability and downstream
signaling competence.

Although VDR and USP34 showed statistically significant differential expression after
FDR correction, the absolute fold changes were very small (1.09 and 1.29, respectively). The
biological relevance of such modest magnitude changes in bulk tumor tissue is uncertain.
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These small effect sizes may reflect limited clinical significance or could be influenced
by stromal or immune cell composition in the bulk RNA-seq data, potentially diluting
cell-type-specific expression signals.

Network analysis using GeneMANIA demonstrated predicted co-expression and co-
localization patterns among the taxa-associated host genes. While prior studies have largely
focused on single inflammatory cascades such as NF-«B or STAT3 activation in Helicobacter
pylori infection [35-38], the present findings show predicted associations among multiple
genes across immune, epigenetic, and signaling categories. VDR has been described as a
medjiator linking microbiota and immune regulation [39], and P2RX7 has been implicated
in tumor-associated inflammation and responses to bacterial stimuli [1]. The presence of
KDM4D within this network is consistent with the hypothesis that microbial signals are
correlated with epigenetic remodeling [40]. However, these predicted patterns are derived
from computational analyses of healthy reference data and require experimental validation
in gastric cancer-specific contexts.

Although the current study is purely descriptive and cannot establish causal relation-
ships, several microbial-derived factors have been reported in the literature to modulate
host pathways relevant to the genes identified here, providing hypotheses for future exper-
imental testing. First, short-chain fatty acids (SCFAs), particularly butyrate and propionate
produced by Faecalibacterium, Roseburia, and Lachnospira (taxa reduced in gastric cancer
patients), act as histone deacetylase (HDAC) inhibitors and have been shown to regulate
VDR expression and modulate immune responses [41]. Second, lipopolysaccharide (LPS)
from Gram-negative taxa such as Prevotella and Fusobacterium (elevated in gastric cancer)
binds to Toll-like receptor 4 (TLR4) and activates NF-«B signaling, which may influence the
expression of epigenetic modifiers including KDM4D [42]. Third, Fusobacterium nucleatum
produces specific virulence factors: FadA binds to E-cadherin and activates the Wnt/ f3-
catenin pathway, which has been linked to USP34; Fap2 interacts with the TIGIT receptor
to modulate immune responses, potentially affecting P2RX7 and VDR signaling [42,43].

Network analysis using GeneMANIA indicated that microbiota-associated host genes
are primarily linked through co-expression and co-localization patterns, rather than direct
protein—protein interactions. This suggests that these genes may share similar expression
profiles without necessarily forming direct molecular complexes. While classical research
on H. pylori has predominantly focused on specific inflammatory cascades such as the
NEF-«B or STAT3 pathways [37-40], our results suggest a more distributed pattern of gene
co-expression across diverse functional categories. For instance, VDR and P2RX7 have been
previously associated with immune-related processes, while KDM4D has been linked to
epigenetic regulation in cancer-related contexts [1,41,42]. However, these interpretations
are based on existing literature and computational associations rather than direct evidence
from the present analysis. Although recent studies have reported associations between
intratumoral microbiome composition and clinical outcomes [43], such relationships were
not evaluated in this study.

Therefore, these findings should be interpreted cautiously and considered as
hypothesis-generating rather than definitive evidence of causal or mechanistic relationships.
They provide a computational framework that requires further experimental validation to
better understand potential host-microbiome associations in gastric cancer. Importantly, the
intratumoral microbiome model described by Wang et al. [41] demonstrated that microbial
profiles within resected gastric tumors were directly associated with prognosis, tumor-free
margin effectiveness, and responses to adjuvant chemotherapy and immunotherapy. These
findings align with our integrative host—gene analysis and emphasize that microbiome-
associated molecular signatures may be associated with tumor biology, though further
validation is required.
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4.1. Limitations

This study has several limitations. First, microbial taxa were retrieved from previously
published studies curated in the Disbiome database, introducing inter-study heterogeneity
related to sampling sites, sequencing platforms, and regional populations. Second, a funda-
mental limitation is that the TSEA reference data were derived from healthy individuals
(Human Microbiome Project), not from gastric cancer patients. Therefore, the identified
gene—microbe associations reflect correlations in a healthy population, not cancer-specific
interactions. This study is purely descriptive and associative; no causal or mechanistic
inferences are made. Third, although all 11 TSEA-identified genes were analyzed, five
showed no significant differential expression (FDR > 0.05), and the fold changes for VDR
and USP34 were very small (1.09 and 1.29, respectively). The biological relevance of these
modest changes is uncertain. Fourth, taxon set enrichment analysis relied on nominal
statistical thresholds without FDR correction, which may increase the risk of type I error.
Fifth, TCGA transcriptomic data represent bulk tumor sequencing and do not allow cell-
type-specific resolution. Gastric tumors contain heterogeneous cell populations, including
cancer cells, cancer-associated fibroblasts, immune cells (T cells, macrophages), and en-
dothelial cells. Consequently, the observed expression differences may reflect changes in
cell-type composition (e.g., increased immune infiltration) rather than cancer cell-intrinsic
transcriptional alterations. This is particularly relevant for genes such as VDR and P2RX?7,
which are highly expressed in immune and inflammatory cells. Additionally, tumor purity
(the proportion of cancer cells relative to stromal and immune cells) varies considerably
across TCGA samples and can confound differential expression results. Lower tumor purity
may dilute cancer-specific signals, while higher purity may amplify them. Future studies
using computational deconvolution methods, single-cell RNA sequencing, or laser-capture
microdissection will be necessary to resolve cell-type-specific contributions and account for
tumor purity effects. No external cohort, qPCR, or experimental data were used to confirm
the findings. Clinicopathological correlations (e.g., tumor stage, survival) were not evalu-
ated. Therefore, all findings should be considered exploratory and hypothesis-generating,
requiring validation in independent datasets and experimental models.

4.2. Future Perspectives

Future investigations should prioritize multicenter, standardized study designs us-
ing matched intratumoral and adjacent normal gastric tissues to reduce methodological
heterogeneity and improve reproducibility across populations. Harmonized sampling
protocols and simultaneous microbiome-transcriptome profiling from the same tissue spec-
imens will be essential to strengthen biological inference and enable robust host-microbe
association analyses.

To address the observational nature of the current study, experimental validation is
required to determine whether specific microbial taxa directly modulate the identified
host genes (e.g., VDR, KDM4D, USP34, DPP6, DLG2). Several microbial-derived factors
provide hypotheses for future testing: short-chain fatty acids (SCFAs) and secondary
bile acids can regulate VDR expression; lipopolysaccharide (LPS) from Gram-negative
taxa such as Prevotella and Fusobacterium may activate NF-kB signaling and influence
epigenetic modifiers including KDM4D; and Fusobacterium adhesin FadA has been shown
to upregulate oncogenic and inflammatory pathways in gastric epithelial cells. Patient-
derived gastric cancer organoids co-cultured with live microbial taxa or exposed to these
metabolites could be used to directly test these hypotheses.

To move toward clinical utility, several specific validation steps are required. First,
the gene expression signature (DPP6, DLG2, VDR, KDM4D, USP34) should be validated
in pre-operative endoscopic biopsies to determine whether the signature is detectable in
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small tissue samples obtained during diagnostic gastroscopy. Second, multi-compartment
sampling (tumor core, margin, adjacent normal mucosa, and gastric juice) is needed to
assess spatial heterogeneity and identify optimal biopsy sites. Third, prospective cohort
studies should evaluate whether the signature correlates with clinically meaningful end-
points such as pathologic stage, disease-free survival, and overall survival. Fourth, a
standardized qPCR-based assay with predefined cutoffs would be required for repro-
ducible clinical testing. Until these steps are completed, the gene signatures should be
considered hypothesis-generating biomarkers rather than ready for clinical deployment.

Integration of intratumoral microbiome sequencing with spatial transcriptomics and
single-cell RNA sequencing will further allow compartment-specific resolution of epithelial,
stromal, and immune interactions influenced by microbial signals. This is particularly
important because bulk tissue RNA-seq, as used in the present study, cannot distinguish
whether differential expression of genes such as VDR and P2RX?7 reflects cancer cell-intrinsic
changes versus altered infiltration of immune or stromal cells. Single-cell approaches will
resolve this ambiguity.

Longitudinal cohort studies spanning precancerous lesions to early-stage gastric cancer
may clarify temporal microbial dynamics and identify microbiota-associated molecular
transitions during carcinogenesis. Finally, experimental validation using patient-derived
organoid systems and germ-free or gnotobiotic murine models will be critical to test these
hypotheses further and explore the potential of microbiota-associated molecular signatures.

5. Conclusions

In conclusion, this descriptive study identifies microbial taxa and associated host
gene expression signatures in gastric cancer. The findings highlight candidate genes that
are differentially expressed in gastric cancer tissues and are also correlated with gastric
cancer—associated microbial taxa in healthy reference data, including DPP6, DLG2, KDM4D,
USP34, and VDR. This study is purely associative and hypothesis-generating. The taxon
set enrichment analysis relied on healthy reference data (Human Microbiome Project) and
therefore does not establish gastric cancer—specific host-microbe interactions. No causal or
mechanistic inferences are made. The findings provide a basis for future hypothesis-driven
research but require validation in independent cohorts with matched microbiome and
transcriptome data.
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