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Abstract

Background: Chronic gastritis is a highly prevalent gastrointestinal disorder characterized by
persistent gastric mucosal inflammation. In approximately 10-30% of cases, this inflammation triggers
a progression toward precancerous states, such as mucosal atrophy and intestinal metaplasia, which
substantially increases the risk of gastric malignancy. Despite notable advances in diagnostic and
therapeutic strategies, over 40% of patients fail to achieve adequate symptom relief. This therapeutic
gap is driven by the disease’s complex etiology and a critical lack of genetically validated targets.
Methods: To identify actionable therapeutic targets, we leveraged summary statistics from the largest

genome-wide association studies (GWAS) to date: drug targets from the MiBioGen Consortium


mailto:15003519966@163.com;

(n=13,157) and chronic gastritis data from the FinnGen study (12,441 cases; 423,785 controls).

Through bidirectional Mendelian randomization (MR), we evaluated the causal influence of potential

drug targets on chronic gastritis. To further clarify the underlying biology, we employed two-step and

multivariate MR to identify mediating metabolites that bridge these genetic signals to clinical

outcomes.

Results: MR analysis identified 11 drug targets with genome-wide significance (P<5x107%) across both

cohorts, supported by robust colocalization evidence (PP.H4>75%). Functional annotation revealed

these genes are tightly linked to innate immune signaling (e.g., NF-kB pathway, Toll-like receptor

cascades) and mucosal barrier regulation. These findings suggest that the identified targets are not

merely markers, but key drivers of the disease's pathogenesis.

Conclusions: This study nominates 11 high-priority targets for the treatment of chronic gastritis. By

leveraging genetic evidence, which is known to double or triple the success rate of clinical trials, these

results provide a rigorous foundation for drug development. Prioritizing these targets offers a strategic

pathway to reduce research costs and improve outcomes for a high-burden patient population.
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Introduction

Chronic gastritis(CG) is defined as a persistent inflammatory state of the gastric mucosa that

progresses to gastric gland loss, often accompanied by intestinal metaplasia (IM) or dysplasia, well-

established precursor lesions in the cascade of gastric carcinogenesis!!l. The pathogenesis of CG is a

multifaceted process involving a complex interplay of environmental and molecular signaling

pathways, with Helicobacter pylori ($H. pylori$) infection serving as the primary etiological driver?l.



The clinical significance of CG lies in its intimate link to gastric cancer. The internationally validated

Correa pathway, “normal mucosa — chronic inflammation — atrophy — intestinal metaplasia —

dysplasia — gastric cancer,” illustrates this progression. Data suggest an annual gastric cancer

incidence of 0.1% in patients with atrophic gastritis, rising to 0.25% in those with concurrent IM, and

reaching 0.6% in high-grade intraepithelial neoplasial®. Globally, gastric cancer ranks 4th in incidence

and 2nd in mortality among malignancies, with >90% of cases preceded by chronic gastritis,

underscoring its role as a pivotal node for gastric cancer prevention and control™!,

As gastritis progresses toward atrophic states and potential malignancy, various protein families

facilitate the transition. Specifically, matrix metalloproteinases (MMPs), tissue inhibitors of

metalloproteinases (TIMPs), and "a disintegrin and metalloproteinases" (ADAMSs) have been

implicated in the disease’s progressionl®. These proteins regulate critical processes such as

extracellular matrix remodeling, cell signaling, immune responses, angiogenesis, inflammation, and

epithelial-mesenchymal transition, key events in mucosal damage and malignant transformation.

Among these molecular drivers, cysteine proteases—particularly cathepsin B (CATB) and

cathepsin L (CATL)—have emerged as central mediators. Since ECM proteolysis is a rate-limiting step

in cellular invasion!® [l the elevated activity of these proteases has been linked to various

gastrointestinal malignancies. For instance, studies have demonstrated CATB’s pro-invasive activity in

pancreatic cancer'®), while significantly higher levels of CATB and CATL have been observed in

colorectal cancer tissues compared to healthy mucosal®.

Despite these insights, establishing a definitive causal link between these targets and chronic

gastritis in humans remains challenging due to confounding factors in observational studies. To

overcome this, we employed Mendelian randomization (MR), a robust genetic epidemiological



approach that uses genetic variants as instrumental variables to infer causality ['!. By using single

nucleotide polymorphisms (SNPs) associated with expression quantitative trait loci (eQTLs) as proxies

for lifelong protein exposure, MR mimics the design of randomized controlled trials!!l,

In this study, we integrated summary statistics from the largest available genome-wide association

studies (GWAS) to date, covering 13,157 drug target genes and chronic gastritis data. By applying a

bidirectional and two-step MR framework, we sought to dissect the causal relationships between these

targets and CG, specifically investigating whether cathepsins serve as key mediating variables in the

pathogenesis of the disease.

Materials and Methods

GWAS data of cathepsins and chronic gastritis

Cathepsin data were obtained from the open GWAS study published by Folkersen et all3].

(https://gwas.mrcieu.ac.uk/). Cathepsins were used as exposures. Chronic gastritis data were retrieved

from an open GWAS (https://gwas.mrcieu.ac.uk/), specifically from the FinnGen study, including

12,441 cases and 423,785 controls. GWAS data were used as exposures, with the same genetic

instrument criteria: P <5 x 1078, r2 < 0.001, MAF > 0.01, and kb < 10,000. The F-statistic F = R*(n-

2)/(1-R?) was used to measure the strength of each genetic instrument, where N represents the effective

sample size of the GWAS used for SNP association.

Mendelian randomization (MR) analysis

In this study, MR analysis was first performed using the "TwoSampleMR" package, with

13,157 drug target genes and 11 cathepsins as exposure factors and cathepsins as outcome

indicators, respectively. Inverse variance weighting (IVW) was employed as the main method to

assess the causal relationship between exposure and outcome. Subsequently, cathepsins were used



as exposure factors and chronic gastritis as outcome indicators, and the causal relationship between

them was similarly analyzed. MR-Egger regression, weighted median method, weighted mode

method, Bayesian colocalization, and MR-Presso method were utilized for analysis. IVW was

primarily used to assess the causal relationship between exposure factors and outcome factors. When

the statistical P-value of MR-Egger is less than 0.05, heterogeneity between exposure and outcome

can be considered. Weighted median and weighted mode were used to assess horizontal pleiotropy

between exposure and outcome. The inverse variance weighted fixed-effects model was used to

estimate the effect size and its 95% confidence interval.

Bayesian colocalization analysis

Bayesian colocalization analysis was used to assess the possibility that two traits share the

same causal variable. The "coloc" package (https://github.com/chr1swallace/coloc) was used to

verify the arguments in!'#!. Bayesian colocalization provides posterior probabilities for five

hypotheses: Hypothesis 0 (PPHO), Hypothesis 1 (PPH1), Hypothesis 2 (PPH2), Hypothesis 3

(PPH3), and Hypothesis 4 (PPH4). We verified the posterior probabilities of these hypotheses in

the colocalization analysis of drug targets and chronic gastritis. SNPs were defined based on

shared variants associated with the region. A gene was considered to have gene-based

colocalization evidence if PPH4 > 75% as determined by at least one algorithm!'*}16]. Tn this

study, SNPs in the drug target instrumental variables were colocalized one by one with SNPs of

chronic gastritis.

Phenotype Scanning

This study also performed a phenotypic scan to look for associations between previously

identified SNPs and other traits through genome-wide association studies. Phenotypic scans were



performed using a phenotypic scanner!!”). SNPs that met the following criteria were considered

pleiotropic: (i) they had significant genome-wide associations (P <5 x 1078); (ii) they were associated

with corresponding GWAS in European ancestral populations; and (iii) these SNPs were associated

with any known risk factors, such as gut microbiota, inflammatory cells, inflammatory proteins, low-

density lipoprotein cholesterol, non-alcoholic fatty liver disease, acute pancreatitis, chronic gastritis,

etc. In addition, we calculated the LD r? values between preferred SNPs to reveal potential associations.

Internal validation of drug targets eqtl, cathepsins, and chronic gastritis MR.

To further verify cathepsins as mediators and assess the existence of a direct causal relationship

between exposure and outcome, this study performed MR analysis with drug target genes as

exposure and chronic gastritis as outcome. The main analysis methods included IVW, MR-Egger,

weighted median, and weighted mode.

Enrichment analysis

To explore the functional characteristics and biological relevance of the identified candidate

therapeutic target genes, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)

enrichment analyses were implemented via the R packages clusterProfiler!'®! and Pathview!'”). The GO

annotation system encompasses three core categories: biological process (BP), molecular function (MF),

and cellular component (CC). Meanwhile, the KEGG pathway database provides detailed information

on metabolic pathways and functional cascades involved in biological processes.

Protein interaction network construction

Analyzing protein-protein interaction (PPI) networks enables researchers to gain deeper insights

into the intracellular interaction patterns among proteins(?!). In the present study, the PPI network was

constructed with the STRING database, where a confidence score of 0.4 was set as the minimum required



interaction threshold, and all other parameters were retained as default’”), Additionally, GeneMANIA

(https://genemania.org/) was employed as a complementary tool for PPI network analysis[??,

Candidate drug prediction

Assessing protein-drug interactions is crucial for determining whether target genes can serve

as actual drug targets. This study utilized the Drug Signatures Database (DSigDB,

http://dsigdb.tanlab.org/DSigDBv1.0/) for this purpose. Specifically, DSigDB contains 22,527

gene sets and 17,389 different compounds involving 19,531 genes, making it a comprehensive

database that links drugs and other chemicals to their target genes®)). The identified target genes

were uploaded to DSigDB, and candidate drugs were predicted to evaluate the medicinal activity

of the target genes.

Data availability

The original study provides a summary statistic of genome-wide exposurel?4I25+26], Results data

are available at: https://gwas.mrcieu.ac.uk/. All data are publicly available and do not require ethics

committee review.

Result

Overview of Two-Sample MR Results

Using cis-eQTL data provided by the eQTLGen Consortium, we initially screened 13,157

genes identified as having potential for drug development. These genetic instruments were then

analyzed against chronic gastritis summary statistics from the FinnGen database (12,441 cases;

423,785 controls). Our primary two-sample MR analysis identified 1880 genes with significant

causal associations to chronic gastritis risk (Supplementary Table S1). Notably, Cathepsin H

levels demonstrated a modest correlation with disease risk (Supplementary Table S4, S7).



Specifically, the IVW analysis indicated a subtle association (P=0.023, OR=1.053,

95%CI=1.005~1.104), which remained consistent across weighted models (P=0.041, OR=1.095,

95%CI=1.004~1.195). To account for potential variability across instruments, we utilized the random-

effects IVW method[?”), ensuring that our estimates remained robust against underlying heterogeneity

(Supplementary Table S1-9).
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Figure 1. Overview of the study design.

As shown in Figure 1,step 1A represents the causal effects of drug target on CG (Supplementary

Figure S1-3), step 1B represents the bi-directional causal effects between drug target and CG.Step 2A

represents the causal effects of cathepsin on CG (Supplementary Figure S4-6), step 2B represents the

bi-directional causaleffects between cathepsin and CG, step3 represents the mediating analysis of

cathepsin in the pathway from the drug target to CG: path c was the total effect of drug target on CG;

path b was the causal effect of cathepsin on CG; path a was the causal effect of drug target on cathepsin

(Supplementary Figure S7-9).



Colocalization analysis

To differentiate between true causal relationships and genetic signals arising from simple linkage

disequilibrium (LD), we performed Bayesian colocalization analysis on the 1,880 significant genes

identified in the MR screening. Using the coloc R package with default prior probabilities (p_1 = 1E-4,

p2 = 1E-4, p12 = 1E-5), we integrated discovery-phase data to calculate the posterior probability of a

shared causal variant.

28 proteins demonstrated strong colocalization evidence with chronic gastritis, yielding a

posterior probability of Hypothesis 4 (PP.H4) greater than 0.75. These 28 proteins represent high-

confidence candidates for therapeutic targeting, as the genetic evidence suggests that the same

underlying variant influences both protein expression and disease risk.

Table 1. Colocalization result of the eQTLs for 28 genes with CG-associated SNPs.

Gene PP.HO PP.H1 PP.H2 PP.H3 PP.H4
MRS2 0.000 0.179 0.000 0.000 0.820
TCF19 0.000 0.064 0.000 0.020 0.916
PTK7 0.000 0.219 0.000 0.000 0.781
CUL7 0.000 0.008 0.000 0.000 0.992
RBM26 0.000 0.108 0.000 0.000 0.892
ATF6B 0.000 0.154 0.000 0.051 0.795
TFDP2 0.000 0.022 0.000 0.000 0.978
C4B 0.000 0.120 0.000 0.001 0.879
ZNF664 0.000 0.208 0.000 0.000 0.792

Clorfl74 0.000 0.056 0.000 0.000 0.944




SDC4 0.000 0.209 0.000 0.000 0.791

ZNF236 0.000 0.143 0.000 0.000 0.857
LINC00243 0.000 0.245 0.000 0.001 0.754
SP140 0.000 0.018 0.000 0.000 0.982
HLA-DQB2 0.000 0.022 0.000 0.002 0.976
SLC35F2 0.000 0.163 0.000 0.000 0.837
KCTD2 0.000 0.193 0.000 0.000 0.806
DNAIJCI18 0.000 0.053 0.000 0.000 0.947
TICAM1 0.000 0.185 0.000 0.000 0.815
TMEM173 0.000 0.013 0.000 0.000 0.987
HCP5 0.000 0.081 0.000 0.000 0.919
MMAB 0.000 0.210 0.000 0.001 0.789
RP11-1220K2.2 0.000 0.175 0.000 0.000 0.825
DDX39B 0.000 0.143 0.000 0.000 0.857
NFKBIL1 0.000 0.031 0.000 0.000 0.969
SKIV2L 0.000 0.026 0.000 0.020 0.954
AGPATI1 0.000 0.041 0.000 0.000 0.959
VWA7 0.000 0.009 0.000 0.007 0.984

Enrichment analysis

To elucidate the biological roles of the identified candidate genes and their corresponding

proteins, we conducted GO and KEGG enrichment analyses. The results revealed that these targets

are primarily integrated into three functional domains: inflammatory immune modulation, mucosal

structural integrity, and lipid metabolism (Figure 2).

At the cellular level, the identified genes were significantly enriched in the MHC class 11

protein complex, the cullin-RING ubiquitin ligase complex, and integral components of the



endoplasmic reticulum membrane. Biological process mapping highlighted a strong involvement in
lipopolysaccharide-mediated signaling and responses to bacterial-derived molecules, underscoring
the interaction between the host immune system and the gastric microbiome. Interestingly, pathways
related to epithelial tube formation and neural tube closure were also identified, suggesting roles in
mucosal structural regulation and tissue development.

GO pathway analysis further confirmed a heavy concentration of targets within infectious
disease pathways, such as pertussis, hepatitis B, and Staphylococcus aureus infection, reflecting
their broader roles in pathogen-driven inflammation (Figure 3). Beyond immunity, metabolic
signatures such as glycerophospholipid and glyceride metabolism were significantly enriched,

pointing to a potential metabolic component in the pathogenesis of chronic gastritis.
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Figure 3. GO enrichment results for three terms.



Protein-protein interaction analysis

To characterize the functional crosstalk between the 28 identified drug target candidates and
their broader molecular partners, we mapped their interactions using the STRING database. The
resulting network was visualized and analyzed within the Cytoscape environment to identify core
regulatory clusters.

Our analysis revealed a highly interconnected PPI network centered around a core cluster of
five high-confidence proteins. This functional module consists of 45 nodes and 160 edges (Figure
4). The high degree of connectivity within this network suggests a coordinated biological response,
further supporting the hypothesis that these targets operate within shared pathological pathways—
particularly those related to immune signaling and mucosal homeostasis—rather than as isolated

genetic signals.

@ e @ DNAJC18



Figure 4. PPI network built with STRING.

Validation of the Causal Relationship between Drug Target Genes, Cathepsin H, and Chronic

Gastritis

To substantiate the mediating role of Cathepsin H identified in our initial screening, we

conducted multivariate Mendelian randomization (MVMR). By quantifying the indirect effects and

calculating mediation proportions, we confirmed that Cathepsin H acts as a significant intermediary

between several high-priority genes and the development of chronic gastritis.

As summarized in Table 2, the proportion of the total effect mediated by Cathepsin H varied

across different genetic drivers. The most pronounced mediation effect was observed for SDC4,

where Cathepsin H accounted for 49.71% of the causal impact on chronic gastritis risk. Substantial

mediation ratios were also identified for NFKBIL1 (31.41%) and AGPAT1 (28.80%). Additional

moderate mediation effects were observed for several other immune and structural regulators,

including ATF6B (17.35%), TICAM1 (16.62%), VWA7 (14.50%), SP140 (12.77%), RP11-

1220K2.2 (12.68%), KCTD2 (11.61%), HLA-DQB2 (11.28%), and TMEM173 (11.21%).

These results suggest that these 11 genes do not merely act in isolation (Figure 5); rather, a

significant portion of their pathological influence is channeled through the regulation or activity of

Cathepsin H, highlighting its potential as a central node in the molecular pathogenesis of chronic

gastritis.
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Figure 5. Forest plots displaying the findings from the replication phase for 11 significant genes.

Table 2 Mediation results of 11 significant genes.

Gene SNP intermediary Mediation effect ratio
SDC4 2 cathepsin H 0.497
NFKBIL1 3 cathepsin H 0.314
AGPATI1 4 cathepsin H 0.288
ATF6B 13 cathepsin H 0.174
TICAMI1 9 cathepsin H 0.166
VWA7 13 cathepsin H 0.145
SP140 30 cathepsin H 0.128
RP11-1220K2.2 6 cathepsin H 0.127
KCTD2 26 cathepsin H 0.116

HLA-DQB2 15 cathepsin H 0.113



TMEM173 12 cathepsin H 0.112

Drug Prediction

To translate our genetic findings into actionable clinical insights, we utilized the Drug Signatures

Database (DSigDB) to identify potential pharmacological interventions. By mapping the high-priority

genes identified in our mediation analysis, specifically SDC4, NFKBIL1, and AGPAT1, to known

compound-gene interactions, we identified several existing drugs that may be repositioned for the

treatment of chronic gastritis.

A selection of these high-probability candidate drugs is presented in Table 3. These candidates

provide a genetically-informed foundation for future experimental validation and drug development

efforts aimed at mitigating chronic mucosal inflammation.

Table 3 Candidate drug predicted using DSigDB

Gene Source Chemical Name
SDC4 D3(DOWN) furazolidone
SDC4 D3(DOWN) cimetidine
SDC4 D3(DOWN) doxycycline
SDC4 D3(UP) ciclopirox
SDC4 D3(UP) podophyllotoxin
SDC4 D3(UP) vorinostat
NFKBILI D3(DOWN) 0175029-0000
NFKBIL1 D4 BOSS mycophenolic acid
NFKBIL1 D4 BOSS Rosuvastatin
NFKBIL1 D4 BOSS PRAVASTATIN SODIUM
NFKBILI D4 BOSS bilirubin

NFKBIL1 D4 BOSS Clopidogrel bisulfate



AGPATI1 D3(UP) deptropine

AGPATI1 D3(UP) scriptaid

AGPATI1 D3(UP) trichostatin A

AGPATI1 D4 BOSS Estrone sulfate

AGPATI D4 TTD ProTec
Discussion

By integrating multiple Mendelian randomization (MR) methodologies, including Wald ratio,

IVW, and MR-Egger, this study identified 11 drug targets for chronic gastritis: SDC4, NFKBILI,

AGPAT1, ATF6B, TICAM1, VWA7, SP140, RP11-1220K2.2, KCTD2, HLA-DQB2, and TMEM173.

These targets are particularly robust as the MR framework effectively mitigates confounding factors

inherent in observational studies, while Bayesian colocalization provides strong evidence of a shared

genetic basis between these proteins and the disease. Furthermore, we utilized genome-wide phenotype

association analysis to scrutinize potential pleiotropic effects, alongside enrichment and protein

interaction analyses to clarify the biological significance of these candidates.

A primary finding of this study is the pivotal role of Syndecan-4 (SDC4). Heparan sulfate (HS)

glycosaminoglycans are known to be recognized by the outer membrane proteins of Helicobacter

pylori (Hp), mediating bacterial adhesion to host cells ?®!. As a transmembrane heparan sulfate

proteoglycan, SDC4 is the predominant source of cell-surface HS in gastric epithelial cells 21, Our

analysis supports the observation that $H. pylori$ infection—or the activation of Toll-like receptors

(TLRs), upregulates SDC4 expression in an NF-kB-dependent manner*”.Given that high-

pathogenicity Hp strains induce SDC4 expression via the cag pathogenicity island (cagPAI), this

protein serves as a critical receptor for initial bacterial colonization [*11.32], Interestingly, the shedding



of the SDC4 ectodomain, potentially triggered by Hp-induced HB-EGF secretion, may represent a
protective host mechanism to limit bacterial binding 33! 34, Our results also emphasize the importance
of NFKBIL1 and AGPAT1. NFKBIL1 acts as a significant negative regulator of the NF-kB pathway.
Since Hp exploits TLR-mediated NF-«B activation to enhance SDC4 transcription, NFKBIL1 likely
participates in the pathological process by dampening inflammatory responses and maintaining the
mucosal barrier 33136137

Similarly, AGPAT1 represents a metabolic driver of mucosal health. While its specific role in
chronic gastritis has not been fully elucidated, as an essential enzyme in phospholipid synthesis,
AGPAT1 is critical for maintaining epidermal and mucosal permeability barriers *%! ), Similar to
AGPAT3's role in modulating oxidative stress and ferroptosis in gastric cancer, AGPAT1 may influence
the inflammatory landscape of the gastric mucosa through lipid-mediated signaling pathways [4°],

This study offers several distinct advantages. It is the first to employ molecular genetics (MR) to
identify therapeutic targets for chronic gastritis, leveraging the largest publicly available GWAS datasets
to date. By covering the complete evaluative spectrum, from target identification and functional
enrichment to protein-protein interaction (PPI) and drug-signature prediction, we have provided a
genetically-supported rationale for 11 targets with significant translational potential. These findings offer

a strategic foundation for reducing research costs and increasing the success rate of future clinical trials

in this high-burden disease.

Limitations

Despite the rigorous methodology, this study has limitations. First, the reliance on blood-derived

eQTLs may not fully capture the tissue-specific genetic regulatory mechanisms active within the gastric

mucosa. Second, the study population was primarily of European ancestry, which may limit the



generalizability of these findings to other ethnic groups. Future research should integrate multi-omics

data from more diverse global populations and explore alternative analytical models to deepen the

understanding of chronic gastritis and its potential therapeutic landscape.

Conclusion

In summary, this study utilized a comprehensive Mendelian randomization framework to identify

and validate potential therapeutic targets for chronic gastritis. By integrating large-scale genomic data

across two independent cohorts, we pinpointed 11 high-priority drug targets, further substantiated by

robust Bayesian colocalization evidence. Functional analysis reveals that these genes are fundamentally

linked to innate immune modulation and mucosal barrier integrity, offering a genetically-supported

rationale for their role in the disease's pathogenesis.

Our findings provide a strategic roadmap for the development of more efficient, targeted treatments,

with the potential to significantly reduce the costs and high failure rates typically associated with drug

discovery. Furthermore, these results promote the advancement of personalized medicine for a high-

burden patient population that currently lacks optimal symptom control. Given the strong causal evidence

presented here, the transition of these targets into drug development and clinical trial pipelines is a high-

priority imperative for improving long-term outcomes in chronic gastritis.
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