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Background: Inflammatory bowel disease (IBD) and breast cancer represent significant global health burdens. Although epidemio
logical studies have suggested a potential link between them, the causal relationship and underlying molecular mechanisms remain 
unclear. This study employed Mendelian randomization (MR) and multi-omics approaches to investigate the causal association 
between IBD and breast cancer and to explore shared genetic biomarkers and pathological pathways.
Methods: A two-sample MR analysis was performed using genome-wide association study (GWAS) data. Shared genes were 
identified and validated using the GEO and TCGA databases. THBS3 expression was further verified in human breast cancer tissues 
via immunohistochemistry and RT-PCR. Immune infiltration analysis, drug sensitivity assessment, molecular docking, ceRNA network 
construction, and pathway enrichment analyses (GSEA and GSVA) were conducted to explore the functional role of THBS3.
Results: MR analysis indicated that IBD significantly increases the risk of breast cancer. THBS3 was identified as a commonly 
overexpressed gene in both diseases and was associated with poor prognosis. THBS3-high breast cancer patients exhibited resistance 
to Dinaciclib, Daporinad, and Rapamycin. Molecular docking and dynamics simulations confirmed a strong binding affinity between 
THBS3 and Rapamycin. A ceRNA network linked THBS3 to miR-423-5p and chemotherapy resistance-related lncRNAs. Pathway 
analyses revealed THBS3 involvement in extracellular matrix receptor interaction and proteasome pathways.
Conclusion: This study provides genetic evidence supporting IBD as a risk factor for breast cancer and highlights THBS3 as a key 
shared biomarker. THBS3 may promote breast cancer progression through immune regulation, ECM remodeling, and drug resistance 
mechanisms, suggesting its potential as a therapeutic target. These findings support enhanced breast cancer screening in IBD patients.
Keywords: IBD, Crohn’s disease, ulcerative colitis, breast cancer, Mendelian randomization

Introduction
Inflammatory bowel disease (IBD) includes Crohn’s disease and ulcerative colitis.1,2 The pathogenesis of IBD is highly 
complex, making it difficult to cure completely, and its incidence is gradually increasing. Meanwhile, breast cancer ranks 
among the most common cancers in women worldwide.3 Despite differences in incidence rates, some epidemiological 
studies suggest that patients with IBD may be more susceptible to developing breast cancer compared to the general 
population. Furthermore, some studies have found a higher proportion of breast cancer patients who also have IBD.4–6 

However, other research has found no association between IBD and breast cancer, leading to controversy in the 
epidemiological data.7 These observational studies are susceptible to various confounding factors, such as disease 
activity, during implementation, making it challenging to determine the relationship between IBD and breast cancer. 
Mendelian randomization (MR) employs summary data from genome-wide association studies (GWAS) to identify single 
nucleotide polymorphisms (SNPs) that are strongly correlated with the traits of interest, using them as instrumental 
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variables for genetic prediction. This approach minimizes the impact of confounding factors and helps mitigate reverse 
causality.8 While epidemiological studies suggest an association between IBD and breast cancer, a critical knowledge gap 
persists in the field: no study has systematically explored the shared genetic drivers and immune-mediated pathways 
linking these diseases through an integrated MR and multi-omics analytical approach. THBS3, as an extracellular matrix 
protein, acts as an adhesion molecule and participates in various biological processes, including tissue remodeling, 
angiogenesis, and tumorigenesis.9,10 It is highly expressed in multiple tumors and is associated with poor prognosis.11–13 

Specifically, the bridging role of the THBS3-mediated immunoregulatory mechanism remains unelucidated. We hypothe
size that IBD may causally increase breast cancer risk via immune dysregulation through shared genetic loci, with the 
THBS3-mediated ceRNA network serving as a critical hub for cross-disease immune regulation. Our findings provide a 
basis for early breast cancer screening in IBD patients (Figure 1).

Materials and Methods
MR Analysis
We obtained data from the GWAS database (https://www.ebi.ac.uk/gwas/home). The GWAS ID for IBD is ebi- 
a-GCST004131, and for breast cancer, it is ieu-a-1131. Data related to IBD were obtained from a GWAS study conducted 
by de Lange KM et al, including 25,042 European cases and 34,915 European ancestry controls. Data related to breast 

Figure 1 Flow chart of the study.

https://doi.org/10.2147/BCTT.S546371                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2025:17 1184

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.ebi.ac.uk/gwas/home


cancer were obtained from a GWAS study conducted by de Michailidou K et al, including 14910 European cases and 
17588 European ancestry controls (Table 1). All data utilized in this study were obtained from publicly available 
databases, eliminating the requirement for further ethical approval.

We performed MR analysis to explore the causal link between IBD and breast cancer, using techniques such as Inverse 
Variance Weighted (IVW), MR-Egger, Weighted Median (WME), and Weighted Mode (WM). We selected SNPs strongly 
associated with IBD and breast cancer at genome-wide significance (P < 5×10−8). We performed linkage disequilibrium (LD) 
pruning (r2 < 0.001, kb = 10,000) and excluded SNPs correlated with potential confounders. We evaluated instrument 
strength using the F statistic (all SNPs had F > 10), excluding weak instrument bias. We obtained causal estimates using 
IVW, MR-Egger, WME, and WM. We assessed horizontal pleiotropy via MR-Egger intercept and funnel plots, and 
heterogeneity via Cochran’s Q test and leave-one-out sensitivity analysis. We conducted all analyses using the Two 
Sample MR package in R (version 4.4.1). A schematic of SNP selection and quality control is in Supplementary figure 1.

Analysis of IBD and Breast Cancer-Associated Genes
We used MR to analyze genes associated with IBD and breast cancer. We employed the “Venn Diagram” package to 
extract common genes, depicted using Venn diagrams and forest plots.

TCGA Database
The Cancer Genome Atlas (TCGA) is an open-access database that provides comprehensive data on 33 cancer types, 
including RNA-Seq gene expression (HTSeq-FPKM), clinical information, survival statistics, mRNA-based stemness 
scores (RNAss), and DNA methylation (DNAss) data.14 We analyzed THBS3 expression in 33 cancers via Sangerbox 3.0 
(http://sangerbox.com/).

GEO Database
The Gene Expression Omnibus (GEO) database is managed and curated by the National Center for Biotechnology 
Information (NCBI). Since its establishment in 2000, GEO has collected gene expression data from research institutions 
worldwide, encompassing tumor and non-tumor samples, chips, NGS, differential analysis, and molecular validation, 
among other areas, as a freely accessible public database.15 IBD dataset (GSE179285) and breast cancer dataset 
(GSE70947) were downloaded separately from the GEO database.

Human Samples
Human samples were exclusively collected for breast cancer analysis. Pathological sections of 20 cases of breast cancer 
were collected from Shengli Oilfield Central Hospital (Dongying City, Shandong Province) from April 2024 to 
September 2024. We removed normal tissue adjacent to the primary tumor, ensuring a margin >2 cm from the tumor 
site. Demographic and clinicopathological characteristics were as follows: median age 59 years (range: 53–79 years); 
tumor stage distribution—Stage I (n = 2), Stage II (n = 17), Stage III (n =1) based on AJCC 8th edition; histological 
subtype—all are invasive ductal carcinomas (n = 20). None of the 20 breast cancer patients had IBD.

Ethics Statement
We conducted all human subjects were carried out in compliance with the ethical guidelines and protocols sanctioned by 
the Ethics Committee of Shengli Oilfield Central Hospital (Approval no. YXLL202406301). We obtained written 
informed consent from all patients.

Table 1 Basic Information About the Exposure Group and the Outcome Group in the Study

Disease Group ID Number of Controls Number of Cases Number of Variants Sample Size

Inflammatory bowel disease Ebi-a-GCST004131 34,915 25,042 9,619,016 59,957
Breast cancer Ieu-a-1131 17,588 14,910 10,680,257 32,498
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Immunohistochemistry
We detected THBS3 expression in breast cancer tissues using an antibody from Abmart (1:200, Rabbit, Shanghai, China), 
as described previously.16

RT-PCR
We extracted total RNA from breast cancer and adjacent normal tissues using Trizol, reverse-transcribed RNA into 
cDNA, and performed qPCR on a BIO-RAD system with SYBR Premix Ex Taq™ II (Takara, Dalian, China). Primer 
sequences: THBS3 forward: CTCGGCAGATGGTAGCTGTG, reverse: TGGATAAGAGGTAGATGTCCCCA; GAPDH 
forward: GGAAGCTTGTCATCAATGGAAATC, reverse: TGATGACCCTTGGCTCCC. We quantified relative THBS3 
expression using the 2−ΔΔCt method.17

Immune Infiltration Analysis and Its Correlation with THBS3
We used the CIBERSORT algorithm to quantify 22 immune cell types in IBD and breast cancer. We visualized results 
with the vioplot package in R, generated a correlation matrix, and performed Spearman correlation analysis between hub 
gene expression and immune cell abundance.

Drug Sensitivity Analysis
Based on the GDSC database (www.cancerrxgene.org),18 the association between THBS3 expression and the half- 
maximal inhibitory concentration (IC50) of chemotherapeutic drugs was evaluated using regression analysis.

Molecular Docking Method
We performed molecular docking was performed using PyRx/Vina to analyze the binding energy and interaction patterns 
between THBS3 and the drugs, utilizing the predicted structure of THBS3 (Uniprot ID: P49746) and drug data from 
PubChem. We resolved protein-ligand interactions were resolved using LigPlus, and results were visualized with 
PyMOL.

GSEA and GSVA
For GSEA, THBS3 expression levels were divided into high and low groups, and gene set enrichment analysis was 
performed using the “GSEA” function from the clusterProfiler package in R. The reference gene set was c2.cp.kegg.Hs. 
symbols.gm. A false discovery rate (FDR) < 0.25 was adopted as the statistical cutoff, in line with the Broad Institute 
GSEA guidelines, to balance sensitivity and specificity in exploratory pathway discovery.19 P-values < 0.05 were also 
considered significant. GSVA was conducted using the Molecular Signatures Database gene sets, applying the gsva 
package with default Gaussian kernel estimation.

Construct the ceRNA Network
We predicted THBS3-targeting miRNAs using miRanda, miRDB, and TargetScan, selecting miRNAs present in all three 
databases. We used spongeScan to predict lncRNA-miRNA interactions and identified miRNA-lncRNA pairs. We 
constructed the ceRNA network with Cytoscape.

Results
MR Analysis Results
Our MR analysis demonstrated a causal relationship between IBD and breast cancer. Both the weighted median and IVW 
methods yielded statistically significant results. The Weighted median analysis indicated a positive association (OR = 
1.060, 95% CI: 0.985–1.141; P = 0.053), and the IVW results similarly showed this relationship (OR = 1.053, 95% CI: 
1.021–1.086; P = 0.001). Since the β values of the other three methods aligned with IVW, we conclude that IBD 
increases breast cancer risk (Table 2, Figure 2A).
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Heterogeneity and Pleiotropy Analysis
The Cochran Q test showed no heterogeneity (MR-Egger Q = 103.516, P = 0.680; IVW Q = 103.552, P = 0.703). The 
MR-Egger regression indicated no horizontal pleiotropy (Egger intercept = −0.00088, SE = 0.0046, P = 0.84938) 
(Table 3). Funnel plot analysis confirmed symmetry in causal effect estimates, supporting the absence of pleiotropy 
(Figure 2B and C).

Sensitivity Analysis Results
The leave-one-out test results indicated that after systematically excluding each SNP, the IV analysis outcomes for the 
remaining SNPs were consistent with those obtained when all SNPs were included. No single SNP was found to have 
a significant impact on the estimated causal association between IBD and breast cancer (Figure 2D). This consistency 
indicates a lack of heterogeneity, further validating the robustness of the results.

Genes Associated with IBD and Breast Cancer
Using five MR methods, we identified 332 IBD-related and 562 breast cancer-related genes. We found 5 common highly 
expressed genes and 15 low expressed genes (Figure 3A and B). Forest plots showed that FCGRT, METTL27, THBS3, 
MAGEF1, and ANXA6 are high-risk genes (Figure 3C), while KCTD7, SLC9A3-AS1, HLA-F, SLC22A5, SLC22A4, 
TRIM64B, UBE2F, SETD9, ATG10, INPP5E, CTSK, PRDM15, PRR5L, OSER1, and IL18R1 are low-risk genes 
(Figure 3D).

Validation of Gene Expression Using the GEO Database
We validated gene expression in IBD (GSE179285) and breast cancer (GSE70947) datasets. The results showed 
differential expression of METTL27, MAGEF1, ATG10, SETD9, SLC22A5, THBS3, ANXA6, IL18R1, CTSK, 
UBE2F, and HLA-F in the IBD dataset (GSE179285) (Supplementary figure 2A), with significant correlations observed 
among these genes (Supplementary figure 2B). In the breast cancer dataset (GSE70947), FCGRT, THBS3, MAGEF1, 
ANXA6, PRR5L, PRDM15, ATG10, SLC22A4, and KCTD7 were differentially expressed, and significant correlations 
were also found among these genes (Supplementary figure 2C and D). The intersection of the significantly expressed 
genes from the IBD dataset (GSE179285) and the breast cancer dataset (GSE70947) identified THBS3, MAGEF1, 
ANXA6, and ATG10 as genes co-expressed in both IBD and breast cancer (Supplementary figure 2E). Among them, 
THBS3 was highly expressed in both IBD and breast cancer but had low expression in normal groups. Previous research 
has identified that THBS3 plays a pivotal role in tumor development.11,12,20 Therefore, we will further analyze the 
function of THBS3 in IBD and breast cancer.

Expression of THBS3 Gene in IBD and Breast Cancer
We analyzed THBS3 expression in 33 cancers via Sangerbox3.0 and found overexpression in 16 types, including breast 
cancer (Figure 4A). Immunohistochemistry confirmed elevated THBS3 in breast cancer (Figure 4B and C). Both IHC 
and RT-PCR showed significantly higher THBS3 levels in cancer tissues than in adjacent normal tissues (Figure 4D). 
Similarly, in the GEO database, THBS3 is highly expressed in both ulcerative colitis and Crohn’s disease (Supplementary 
figure 3A and B).

Table 2 MR Analysis Results of Association Between Inflammatory Bowel Disease and Breast Cancer

Exposure Outcome Method NSNP β-value S.E. p-value OR (95% CI)

IBD Breast cancer Inverse variance weighted 113 0.051 0.015 0.001 1.053(1.021–1.086)
IBD Breast cancer MR Egger 113 0.058 0.038 0.123 1.060(0.985–1.141)

IBD Breast cancer Weighted median 113 0.048 0.024 0.053 1.049(0.999–1.101)

IBD Breast cancer Weighted mode 113 0.043 0.036 0.240 1.044(0.972–1.120)
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Association Between THBS3 and Immune Infiltration
We analyzed immune infiltration in IBD (GSE179285) and breast cancer (GSE70947) using CIBERSORT. In IBD, 
memory B cells, plasma cells, CD8+ T cells, CD4+ naïve T cells, activated memory CD4+ T cells, follicular helper 

Figure 2 (A) Inflammatory bowel disease and breast cancer: Mendelian randomization effect size. (B) Inflammatory bowel disease and breast cancer two sample Mendelian 
randomization funnel plot. (C) Scatter plot of the results of the Mendelian randomization study on inflammatory bowel disease and breast cancer. (D) Sensitivity analysis 
results of inflammatory bowel disease and breast cancer.

Table 3 Heterogeneity Statistics

Method q Q_df Q_pval

MR Egger 103.516 111 0.680

Inverse variance weighted 103.552 112 0.703

https://doi.org/10.2147/BCTT.S546371                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2025:17 1188

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



T cells, Tregs, gamma delta T cells, M0, M1, and M2 macrophages, and resting dendritic cells were more abundant than 
in normal tissue (P < 0.05) (Supplementary figure 4A and B), with correlations among cells (Supplementary figure 
4C). In breast cancer, memory B cells, plasma cells, CD8+ T cells, CD4+ naïve T cells, activated memory CD4+ T cells, 
follicular helper T cells, Tregs, gamma delta T cells, M0 and M1 macrophages were more abundant (P < 0.05) 
(Supplementary figure 5A and B), with correlations (Supplementary figure 5C).THBS3 expression in the IBD dataset 
(GSE179285) and the breast cancer dataset (GSE70947) was divided into high-expression and low-expression groups, 
and the immune cell profiles of the two groups were analyzed. In the IBD cohort, beyond CD4+ T subsets, naïve B cells 
and Tregs were enriched in the THBS3-high group and positively correlated with THBS3, whereas activated CD4 
memory T cells showed a negative correlation and resting CD4 memory T cells a positive correlation (Supplementary 
figure 6A and B). In breast cancer, beyond CD4+ T subsets, CD8+ T cells were enriched in the THBS3-high group and 
positively correlated with THBS3, while both activated and resting CD4 memory T cells were negatively correlated 
(Supplementary figure 6C and D).

Figure 3 (A) Identify differentially expressed genes between two diseases through intersection filtering (high expression); blue is breast cancer, purple is IBD. (B) Identify 
differentially expressed genes between two diseases through intersection filtering (Low expression); blue is breast cancer, purple is IBD. (C) The forest plot shows genes 
associated with inflammatory bowel disease (P-values of less than 0.05 are shown in bold). (D) The forest plot shows genes associated with breast cancer (P-values of less 
than 0.05 are shown in bold).
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THBS3 and Drug Sensitivity Analysis
We divided THBS3 into high and low expression groups and compared IC50 values. We found that Dinaciclib, 
Daporinad, and Rapamycin had significantly higher IC50 in the THBS3-high group (P < 0.05) (Figure 5A–C).

Molecular Docking Results
Molecular docking was conducted to assess the binding affinity between the target drugs and THBS3 (Figure 5D–F). 
Each candidate drug is connected to THBS3 via visible hydrogen bonds and strong electrostatic interactions. Rapamycin 
demonstrated the lowest binding energy (−7.884 kcal/mol), indicating a highly stable interaction (Table 4). To further 
analyze the role of THBS3 in the context of Dinaciclib, Daporinad, and Rapamycin, we conducted molecular dynamics 
simulations. Integrated analysis employing molecular dynamics simulations and energy calculations revealed that the 

Figure 4 (A) The expression of THBS3 in 33 cancers and normal groups was analyzed by TCGA database. (B and C) The expression of THBS3 in breast cancer and 
adjacent tissues was analyzed by immunohistochemistry. (D) The expression of THBS3 in breast cancer and adjacent tissues was analyzed by RT-PCR; *P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.0001, ns P >0.05.
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Rapamycin-formed complex exhibits the greatest stability and the tightest binding to the THBS3 protein (Supplementary 
Figure 7, Supplementary Figure 8). This complex demonstrated minimal structural fluctuations, highest compactness, and 
the greatest number of hydrogen bonds. In contrast, Daporinad and Dinaciclib exhibited weaker binding and greater 
structural flexibility, resulting in less stable complexes (Supplementary Table 1). The detailed methodologies and 
corresponding results are presented in Supplementary Materials 1 and 2.

Construction of the ceRNA Network
The miRanda, miRDB, and TargetScan databases were utilized to predict target genes, and miRNAs interacting with 
THBS3 were analyzed. The intersection with differentially expressed miRNAs identified 10 interacting miRNAs 
(Supplementary table 2). Furthermore, the spongeScan database was employed to predict lncRNAs that interact with 
these differentially expressed miRNAs, and their overlap with differentially expressed lncRNAs revealed 22 interacting 
lncRNAs (Supplementary table 3). The mRNA-miRNA-lncRNA interaction network was then integrated into the ceRNA 
framework, with hsa-miR-423-5p and hsa-miR-185-3p interacting with multiple lncRNAs (Supplementary table 4, 
Figure 6A).

GSEA and GSVA
GSEA analysis revealed that in IBD, THBS3 is associated with focal adhesion, ECM receptor interaction, leukocyte 
transendothelial migration, vascular smooth muscle contraction, and FC gamma R-mediated phagocytosis (Figure 6B, 
Table 5). In breast cancer, THBS3 is associated with ECM receptor interaction, hypertrophic cardiomyopathy (HCM), focal 
adhesion, dilated cardiomyopathy, and arrhythmogenic right ventricular cardiomyopathy (Figure 6C, Supplementary table 
5). Notably, both IBD and breast cancer are related to ECM receptor interaction.GSVA analysis showed that in IBD 
(Figure 6D), THBS3 is associated with proteasome, cysteine and methionine metabolism, sphingolipid metabolism, 
interactions in vesicular transport, and DNA replication. In breast cancer (Figure 6E), THBS3 is associated with protea
some, basal transcription factors, ascorbate and aldarate metabolism, citrate cycle (TCA cycle), pyruvate metabolism, and 
propanoate metabolism, with both IBD and breast cancer being linked to the proteasome pathway.

Discussion
We gathered datasets on IBD and breast cancer from public repositories and investigated their causal relationship using two- 
sample MR. The IVW method revealed that IBD increases breast cancer risk. Tests for heterogeneity, pleiotropy, and sensitivity 
confirmed the robustness of these findings. In previous studies, conflicting evidence regarding the relationship between IBD and 
breast cancer was observed, such as in Hovde et al.4 Riegle et al5 and Pellino et al.6 While these studies provided insightful data, 
they were limited by confounding factors like disease progression and treatment biases. In contrast, our MR approach minimizes 
such biases by using genetic data as natural randomization, providing stronger evidence of causality between IBD and breast 
cancer. However, a meta-analysis by Gong’s et al7 found no significant effect, highlighting ongoing debate. We used MR to 
clarify this relationship, as it reduces confounding and allows more accurate causal assessment.

Shared susceptibility genes may link IBD and breast cancer.21 We validated these genes using GEO data and found 
consistent THBS3 overexpression in both IBD and breast cancer. TCGA analysis showed THBS3 overexpression in 16 
cancers, including breast cancer. IHC and RT-PCR confirmed this in breast cancer tissues. Thus, THBS3 is integral to 
both diseases. As an extracellular matrix protein, THBS3 acts as an adhesion molecule involved in tissue remodeling, 
angiogenesis, and tumorigenesis,9,10,12 and is associated with poor prognosis.11–13

The pathophysiological mechanisms linking IBD and breast cancer remain unclear but may involve inflammatory 
mediators,22 immune abnormalities,23 genetic factors, and intestinal flora.24,25 Gut flora and immune dysregulation may 
be key, as both diseases are linked to chronic inflammation and immune dysfunction. Studies show that germ-free 
conditions prevent intestinal inflammation in susceptible mice, and IBD is most prevalent in areas with high bacterial 
abundance.26 The intestinal microbiota can significantly influence tumor initiation and progression by modulating cancer 
cell metabolism, altering the microenvironment, and inducing genetic toxicity. It is essential in the progression and 
management of multiple cancers, such as gastrointestinal tumors, lung cancer, and hematological malignancies. 
Additionally, it is important in the context of breast cancer.24,25,27

Breast Cancer: Targets and Therapy 2025:17                                                                                   https://doi.org/10.2147/BCTT.S546371                                                                                                                                                                                                                                                                                                                                                                                                   1191

Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/546371/546371%20Revised%20Supplementary%20Materials.docx


Immune dysregulation is recognized as a significant contributor to the onset and progression of breast cancer, and 
individuals with IBD frequently exhibit abnormalities in their immune systems.23,28 Studies found that the immune 
system of IBD patients may be in a hyperactive state, leading to excessive inflammatory responses.29,30 Abnormal 

Figure 5 (A) Expression of THBS3 and its sensitivity to Daporinad. (B) Expression of THBS3 and its sensitivity to Dinaciclib. (C) Expression of THBS3 and its sensitivity to 
Rapamycin. (D) Molecular docking of THBS3 with Daporinad. (E) Molecular docking of THBS3 with Dinaciclib. (F) Molecular docking of THBS3 with Rapamycin.
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activation of the immune system may also increase the risk of breast cancer. We found THBS3 significantly associated 
with CD4+ T cells in both diseases, which are known to be involved.31,32 Thus, immune regulation may be a key factor in 
IBD-related breast cancer risk.

LncRNAs and miRNAs play key regulatory roles in gene expression at both transcriptional and post-transcriptional 
levels. Studies indicate that they influence the development of IBD and breast cancer by modulating tumor growth, 
invasion, and metastasis, making miRNAs potential diagnostic biomarkers. For instance, miR-149-3p promotes IBD 
progression and affects tumor development.33 Using multiple databases, we predicted THBS3-associated miRNAs and 
lncRNAs and constructed a ceRNA network, which revealed interactions between THBS3 and several miRNAs, 
including hsa-miR-423-5p—known to impair intestinal barrier function by targeting claudin-5 and aggravating IBD.34 

Additionally, Lnc00707 competitively binds miR-423-5p, upregulating MARCH2 and promoting triple-negative breast 
cancer via the PI3K/AKT/mTOR pathway.35 In our network, lncRNA SNHG14 interacted with hsa-miR-185-3p; 
SNHG14 promotes breast cancer progression and chemoresistance,36,37 though its role in IBD is unknown.

Surgery and chemotherapy are mainstays for breast cancer, with drug resistance being a critical issue. Identifying 
predictive markers can improve outcomes and reduce burden. Although THBS3 has not been previously linked to drug 
sensitivity, its family member THBS1 is associated with immunity and chemoresistance in gastric cancer.38 We 
analyzed the GDSC database and found THBS3 associated with sensitivity to Dinaciclib, Rapamycin, and 
Daporinad. Molecular docking and dynamics simulations showed strong THBS3-Rapamycin binding, suggesting 
THBS3 as a potential chemotherapy response indicator.

Further analysis of the potential mechanisms of THBS3 in IBD and breast cancer using GSEA and GSVA revealed 
that the Focal Adhesion and ECM Receptor Interaction pathways were associated with both IBD and breast cancer in the 
GSEA analysis. The GSVA analysis revealed a notable association between the Proteasome pathway and both IBD and 
breast cancer. Previous studies have shown that THBS3 is highly expressed in gastric cancer (GC) and colorectal cancer 
(CRC), binds to integrins (such as ITGA3/ITGB1, ITGA5), promotes cell-matrix adhesion, and affects tumor migration 
and invasion.20,39 In the research of renal cell carcinoma, THBS3 was incorporated into the core prognostic marker 
network of the ECM-receptor interaction pathway (KEGG hsa04512), and its expression was co-expressed with ECM 
genes such as COL1A2 and FN1, and it indirectly regulated ITGA5 through miR-32-5p.39 In addition, adjacent genes of 
THBS3 (such as A2M and ADAMTS families) are significantly enriched in the proteasome degradation pathway 
(GO:0006511), indicating that THBS3 may affect proteasome activity by regulating ECM degrading enzymes.13 It is 
suggested that TBHS3 may maintain the dynamic balance of the tumor microenvironment by regulating the degradation 
and renewal of ECM-related proteins. These functions reflect the specific regulatory role of THBS3 in the ECM-receptor 
interaction and proteasome pathway.40,41

THBS3-targeted therapeutic strategies could involve small-molecule inhibitors or RNA interference approaches. 
Small-molecule inhibitors could block the pro-inflammatory and pro-angiogenic activities of THBS3, which are crucial 
for tumor progression and immune evasion. RNA interference strategies, such as siRNAs or miRNAs targeting THBS3, 
might downregulate its expression in patients at high risk for breast cancer. However, challenges exist, including the 
potential for off-target effects in normal tissues. Careful design of delivery mechanisms, such as nanoparticle-based 
systems, will be crucial to minimize systemic toxicity and achieve targeted tissue modulation without harming healthy 
cells.

Table 4 The Docking Results of Small 
Molecules

Gene Drug Binding Energy

THBS3 Daporinad −6.912

THBS3 Dinaciclib −6.992

THBS3 Rapamycin −7.884
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Figure 6 (A) Construction of the ceRNA network. Red nodes represent mRNAs, yellow nodes represent miRNAs, and blue nodes represent lncRNAs. Each line indicates 
interactions between mRNAs and miRNAs, as well as between miRNAs and lncRNAs. (B) GSEA analysis in IBD. (C) GSEA analysis in breast cancer. (D) GSVA analysis in 
IBD. (E) GSVA analysis in breast cancer.
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Conclusion
Our study confirms IBD as a breast cancer risk factor, potentially linked to THBS3 expression and immune 
abnormalities. However, the exact mechanisms remain unclear, requiring further research to develop better screening 
and prevention strategies for IBD patients. Our research has several advantages, including the first use of MR to analyze 
the impact of IBD on breast cancer and an in-depth analysis of the underlying mechanisms. However, it also has 
limitations. The research population is entirely of European descent, which may introduce bias and limit promotion. 
Furthermore, our immunohistochemical and RT-PCR analyses were based on a small sample of breast cancer tissue. MR 
Also cannot explain the interaction between genes and the environment, such as diet or lifestyle, which may affect the 
relationship between ibd and breast cancer. Future research should address these factors and expand the research 
population. Furthermore, this study did not distinguish the subtypes of breast cancer; Further research is needed to 
verify the role of THBS3 in specific subtypes.
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