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Purpose: Abdominal pain is a hallmark symptom of both inflammatory bowel disease (IBD) and irritable bowel syndrome (IBS) and
substantially impairs patients’ quality of life. Relaxation response—based mind-body intervention (RR-MBI) has been reported to
improve disease-specific outcomes and pain catastrophizing in both disorders, accompanied by whole-blood transcriptomic changes.
However, the transcriptional features potentially relevant to abdominal pain before and after RR-MBI in IBS and IBD remain
insufficiently explored. In this context, this study aimed to analyze these transcriptional changes and prioritize putative abdominal
pain-relevant candidate genes from exploratory differentially expressed gene (DEG) sets.

Patients and Methods: Gene expression data (GSE66824) were obtained from the Gene Expression Omnibus (GEO). Whole-blood gene
expression profiles were analyzed from 14 IBS and 19 IBD patients, with samples collected before and after a 9-week RR-MBI. Exploratory
DEG sets were identified using GEO2R outputs with nominal P < 0.05 and absolute fold-change magnitude (AFC) > 1.2. Functional
enrichment analyses were performed using DAVID. Protein—protein interaction (PPI) networks were constructed using STRING and visualized
in Cytoscape. Putative abdominal pain-relevant candidate genes were prioritized from exploratory DEG sets within PPI/MCODE modules
based on network position, matching module genes to the DisGeNET disease entry “pain”, and targeted pain-related literature annotation.
Results: (1) In IBD post-MBI, 649 exploratory DEGs were identified, with enrichment of neurotrophin and TGF-B signaling
pathways; MAP3K7, SLC12A2, and FKBPS were prioritized as candidate genes. (2) In IBS post-MBI, 175 exploratory DEGs were
identified, with enrichment of glutamatergic synapse and calcium signaling pathways; network analysis highlighted NTRK2, FKBPS,
and AR as candidate genes. (3) At baseline, 836 exploratory DEGs were identified, with enrichment in pathways including p53
signaling and NOD-like receptor signaling; notable prioritized candidate genes included TRAF6 and TNFSF11.

Conclusion: Prioritized genes after RR-MBI and in the baseline comparison may represent putative abdominal pain-relevant
candidate transcriptional signals in IBS and IBD. These exploratory findings require validation in independent cohorts with matched
individual-level pain-related outcomes and functional studies.
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Introduction

Chronic abdominal pain in disorders such as irritable bowel syndrome (IBS) and inflammatory bowel disease (IBD)
substantially impairs patients’ quality of life, largely due to its persistent and refractory nature.' IBS is a functional
gastrointestinal disorder characterized by chronic abdominal pain and altered bowel habits without identifiable structural
pathology, whereas IBD is an organic inflammatory condition involving intestinal tissue damage that manifests clinically with
abdominal pain, diarrhea, and rectal bleeding.** Although IBS and IBD arise from distinct pathophysiological mechanisms,
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both conditions impose a substantial abdominal pain burden. This clinical overlap provided the basis for parallel analysis,
while transcriptomic findings were interpreted within each disease context. In IBD, abdominal pain may involve immune-
inflammatory activation and tissue injury; in IBS, abdominal pain is commonly linked to visceral hypersensitivity, stress
regulation, and brain—gut axis dysfunction. The brain—gut axis provides a framework linking psychological stress, autonomic
and endocrine regulation, immune signaling, gastrointestinal function, and pain perception.’® Dysregulation of this axis has
been implicated in visceral hypersensitivity, stress-induced symptom exacerbation, and altered pain processing across
gastrointestinal disorders.’

Stress-reduction interventions have shown benefits for gastrointestinal symptoms and pain-related psychological outcomes.
A 9-week relaxation response—based mind-body intervention (RR-MBI) has been reported to improve disease-specific outcomes
and pain catastrophizing in both IBS and IBD patients, with accompanying whole-blood transcriptomic changes.® However,
features potentially relevant to abdominal pain in whole-blood transcriptional changes before and after RR-MBI in IBS and IBD
remain insufficiently explored. Bioinformatic analysis can provide a broader view of intervention-associated changes in gene
expression and signaling pathways. Whole-blood transcriptomic data provide an accessible systemic readout of circulating
immune, inflammatory, stress-related, and neuroendocrine transcriptional states relevant to RR-MBI responses. GSE66824
contains paired pre- and post-RR-MBI whole-blood expression profiles from IBS and IBD patients generated using the same
platform and intervention protocol. Using this dataset, the present study analyzed transcriptional changes before and after RR-
MBI in IBS and IBD and prioritized putative abdominal pain-relevant candidate genes from exploratory DEG sets.

Materials and Methods

Microarray Data Search and Selection of Eligible Data Set

The microarray dataset GSE66824 was downloaded from the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/) on platform GPL13158 ([HT HG-U133 Plus PM] Affymetrix HT HG-U133+ PM Array Plate). In this dataset,
whole blood samples and gene expression profiles were obtained and analyzed from 14 IBS patients and 19 IBD patients, with

samples collected before and after a 9-week relaxation response—based mind—body intervention (RR-MBI).

Patients diagnosed with IBS (confirmed according to Rome I1I diagnostic criteria for at least 6 months) or IBD (upper
limit for Harvey—Bradshaw Index [HBI] = 20; upper limit for Simple Clinical Colitis Activity Index [SCCAI] = 18) by
their primary care provider or gastroenterologist were eligible for inclusion. All subjects completed the Pain
Catastrophizing Scale (PCS), Brief Pain Inventory (BPI), and State—Trait Anxiety Inventory (STAI-Y) to assess
symptoms before and after treatment. In addition, disease-specific assessments were performed: IBS patients completed
the IBS Symptom Severity Index (IBS-SSI) and IBS Quality of Life (IBS-QOL), whereas IBD patients completed the
Inflammatory Bowel Disease Questionnaire (IBD-Q). Detailed information regarding ethics approval, clinical data
collection, RNA extraction, and microarray processing is available in the original GSE66824 dataset record. The public
GEO accession does not provide individual-level clinical outcome data that can be directly matched to each expression
sample. Therefore, expression—outcome correlation analyses between gene expression changes and PCS, BPI, STAI-Y,
IBS-SSI, IBS-QOL, or IBD-Q changes could not be performed in this re-analysis.

Screening of Exploratory DEG Sets

Gene expression changes were represented as fold change (FC) values. Exploratory differentially expressed gene (DEG)
sets were identified using the GEO2R tool, which was based on limma (Linear Models for Microarray Analysis) R package
3.26.8 (https://www.ncbi.nlm.nih.gov/geo/info/geo2r.html).” For exploratory candidate gene screening, nominal P < 0.05

was used as an initial statistical filter, and absolute fold-change magnitude (AFC) > 1.2 was used as an effect-size filter. AFC
was defined as FC for upregulated records and 1/FC for downregulated records. The AFC threshold was selected after
examining the AFC distribution and gene yield across candidate cutoffs, with the aim of retaining sufficient input genes for
enrichment analysis, PPI/MCODE analysis, and candidate gene prioritization. The resulting exploratory DEG sets were

used as inputs for downstream analyses.
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Functional Enrichment Analysis
The exploratory DEG sets were submitted to the Database for Annotation, Visualization, and Integrated Discovery
(DAVID, Version 2021) for functional annotation (https://davidbioinformatics.nih.gov/summary new.jsp). Gene

Ontology (GO) biological processes and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analyses were performed to interpret the biological significance of exploratory DEGs and their potential relevance to IBS
and IBD. Functional enrichment analysis was conducted using a two-sided hypergeometric test, and multiple testing
correction was performed using the Benjamini-Hochberg method. A minimum gene count > 2 and P < 0.05 were set as
thresholds for statistical significance.

Protein—Protein Interaction (PPI) Analysis
Protein—protein interaction (PPI) networks of exploratory DEGs were constructed using the STRING database (http://string-
ng).m STRING is a publicly available resource for known and predicted protein—protein interactions. In this study,
a confidence score > 0.4 was used as the threshold for network construction. The combined interaction score integrates
probabilities from multiple evidence channels, including experimental data and curated literature, and is corrected for random
associations. The resulting interaction pairs were downloaded for subsequent analysis. Module clustering analysis was
performed to identify potential functional modules using the Molecular Complex Detection (MCODE 1.6.1) plugin in
Cytoscape3.8.0."" The parameters were set as follows: degree cutoff = 2 and node score cutoff = 0.2.

Within the PPI/MCODE networks, genes within MCODE modules were cross-referenced with the DisGeNET
database (https://www.disgenet.org/search) using the broad disease term “pain”.'? This step was used to identify module

genes with database-level pain-related annotation. Candidate genes were then annotated according to abdominal pain-
relevant biological evidence domains, including abdominal/visceral pain phenotypes, nociceptive or excitability-related
pathways, stress and neuroendocrine regulation, and immune-inflammatory or neuroimmune signaling in IBS or IBD.
This annotation step was used to provide structured biological context for candidate prioritization. Genes meeting these
criteria were prioritized as putative abdominal pain-relevant candidate genes.

Results

Screening of Exploratory DEG Sets

Exploratory DEG sets were identified across three predefined comparisons: (i) IBD post- versus pre-RR-MBI; (ii) IBS
post- versus pre-RR-MBI; and (iii) IBD versus IBS at baseline. Using the exploratory thresholds of nominal P < 0.05 and
AFC > 1.2, 649, 175, and 836 exploratory DEGs were identified in the IBD post- versus pre-RR-MBI, IBS post- versus
pre-RR-MBI, and baseline IBD-versus-IBS comparisons, respectively.

Functional Enrichment Analysis

Functional enrichment analysis using GO biological processes and KEGG pathway databases was performed to
characterize the biological functions of the exploratory DEG sets. KEGG pathway results showed that in IBD patients,
neurotrophin signaling and TGF-f signaling pathways were significantly enriched after RR-MBI (Figure 1A). In IBS
patients, enrichment analysis suggested involvement of calcium signaling in KEGG analysis (Figure 1B) and glutama-
tergic synaptic transmission-related processes in GO analysis (Supplementary Figure S1). In the baseline comparison,

p53 signaling and NOD-like receptor signaling pathways were enriched (Figure 1C).

Consistent with these pathway findings, GO enrichment analysis further showed distinct functional themes across
comparisons, with immune-related and regulatory processes enriched in IBD and neural signaling—related processes
enriched in IBS. Additional GO results are shown in Supplementary Figure S1.

Protein—Protein Interaction (PPI) Analysis and Candidate Gene Prioritization.

PPI networks were constructed from exploratory DEG sets using STRING and analyzed for functional modules with
MCODE (Figure 2). In Figure 2, genes matched to the DisGeNET disease entry “pain” are shown as yellow hexagons,
whereas prioritized putative abdominal pain-relevant candidate genes are shown as red diamonds.
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Figure | Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of exploratory DEG sets across comparisons. (A) KEGG pathway enrichment of
exploratory DEGs in IBD patients after RR-MBI compared with before intervention. (B) KEGG pathway enrichment of exploratory DEGs in IBS patients after RR-MBI
compared with before intervention. (C) KEGG pathway enrichment of exploratory DEGs between IBD and IBS at baseline.

Notes: Bars represent enriched pathways, and color intensity corresponds to statistical significance (—logl0 P value). Only pathways with P < 0.05 are shown. Exploratory
DEG sets were defined using nominal P < 0.05 and AFC > |.2.

Abbreviations: AFC, absolute fold-change magnitude; DEG, differentially expressed gene; KEGG, Kyoto Encyclopedia of Genes and Genomes; RR-MBI, relaxation
response—based mind-body intervention.

Within IBD-derived modules, MAP3K7, SLC12A2, and FKBP5 were prioritized as putative candidates (Figure 2A).
Within IBS-derived modules, NTRK2, FKBPS5, and AR were prioritized as putative candidates (Figure 2B). In the
baseline comparison, TRAF6 and TNFSF11 were highlighted as putative candidates within the baseline transcriptional
context (Figure 2C). Quantitative statistics for these prioritized genes are provided in Table 1. Additional representative
clusters derived from PPI networks are provided in Supplementary Figure S2 to illustrate the broader module architecture

observed across comparisons.

Discussion

Bhasin et al generated the GSE66824 dataset by profiling whole-blood mRNA expression in IBS and IBD patients before
and after a 9-week RR-MBI.® The parent study reported improvements in disease-specific outcomes and reductions in
pain catastrophizing in both patient groups, with transcriptomic changes primarily involving inflammatory, proliferative,
and oxidative stress—related pathways. However, the parent study primarily described the overall clinical and transcrip-
tomic effects of RR-MBI and did not specifically examine the transcriptional features potentially relevant to abdominal
pain within these changes. Given the major clinical burden of abdominal pain in both IBS and IBD, and its importance as
a target for symptom management, these features warranted focused analysis. Building on this clinical and transcriptomic
context, the present analysis further prioritized putative abdominal pain-relevant candidate genes.

In the IBD post- versus pre-RR-MBI comparison, the exploratory DEG set suggested whole-blood transcriptional
patterns involving inflammatory and neuroregulatory pathways. Enrichment of neurotrophin and TGF- signaling path-
ways, together with prioritized candidate genes including FKBP5, MAP3K7, and SLC12A2, suggests that these systemic
transcriptional patterns may intersect with biological pathways relevant to inflammation-associated abdominal pain.
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Figure 2 Representative MCODE modules extracted from PPl networks constructed from exploratory DEG sets. (A) Top module identified from exploratory DEGs in IBD
after RR-MBI. (B) Top module identified from exploratory DEGs in IBS after RR-MBI. (C) Top module identified from baseline comparison (IBD vs IBS).

Notes: Nodes represent proteins encoded by exploratory DEGs and edges indicate predicted interactions. Edge thickness reflects the STRING combined interaction score.
Light-blue circles indicate other exploratory DEGs within the MCODE modules. Yellow hexagons indicate genes matched to the DisGeNET disease entry “pain”. Red
diamonds indicate prioritized putative abdominal pain-relevant candidate genes selected based on network position and targeted pain-related literature annotation.
Exploratory DEG sets were defined using nominal P < 0.05 and AFC = |.2.

Abbreviations: AFC, absolute fold-change magnitude; DEG, differentially expressed gene; MCODE, Molecular Complex Detection; PPI, protein—protein interaction; RR-
MBI, relaxation response—based mind-body intervention.

MAP3K7 encodes TAK1, a central kinase linking receptor-proximal immune signals to downstream NF-kB and MAPK
activation."® Given the established contribution of TAKI-mediated inflammatory signaling to nociceptor and spinal
sensitization in inflammatory and neuropathic pain models,'* prioritization of MAP3K?7 in this comparison may indicate
possible involvement of inflammatory signaling pathways relevant to chronic pain biology.

The SLCI12A2 (NKCC1) finding may also point to excitability-related pathways. NKCCI regulates intracellular
chloride concentration in dorsal horn neurons, and increased NKCCI1 activity can weaken GABAergic inhibition and
promote central sensitization.'®> Given the established role of NKCC1 in chloride regulation and neuronal excitability, the
prioritization of SLC12A2 provides a biologically plausible link to excitability-related pathways relevant to pain

Table | Prioritized Putative Abdominal Pain-Relevant Candidate Genes Across Comparisons in IBS and IBD

ID Gene Symbol | Gene Title P value | FC | Comparison
211536_PM_x_at | MAP3K7 Mitogen-activated protein kinase kinase kinase 7 | 2.36E-02 | 1.29 | IBD RR-MBI
(Post vs Pre)
224840_PM_at FKBP5 FK506 binding protein 5 4.51E-02 | 1.33 | IBD RR-MBI
(Post vs Pre)
225835_PM_at SLCI12A2 Solute carrier family 12 member 2 1.43E-02 | 1.20 | IBD RR-MBI
(Post vs Pre)
226192_PM_at AR Androgen receptor 4.62E-02 | 1.37 | IBS RR-MBI
(Post vs Pre)
204560_PM_at FKBP5 FK506 binding protein 5 7.81E-04 | 1.28 | IBS RR-MBI
(Post vs Pre)
229463_PM_at NTRK2 Neurotrophic receptor tyrosine kinase 2 2.36E-02 | 1.24 | IBS RR-MBI
(Post vs Pre)
227264_PM_at TRAF6 TNF receptor associated factor 6 451E-02 | 1.23 | Baseline
(IBD vs IBS)
211153_PM_s_at | TNFSFII TNF superfamily member 11 1.43E-02 | 0.79 | Baseline
(IBD vs IBS)

Notes: P values are nominal GEO2R P values. Exploratory DEG sets were defined using nominal P < 0.05 and AFC 2 1.2.
Abbreviations: AFC, absolute fold-change magnitude; DEG, differentially expressed gene; FC, fold change; RR-MBI, relaxation response—based
mind-body intervention.
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modulation.">'® In addition, FKBP5 serves as a stress-response regulator that modulates glucocorticoid receptor
sensitivity and hypothalamic—pituitary—adrenal (HPA) axis feedback.'”"'® The FKBP5 finding in this comparison may
reflect engagement of stress-axis feedback pathways, which may intersect with inflammatory and pain-relevant signaling.
Collectively, these exploratory findings suggest that RR-MBI was associated with systemic transcriptional patterns
involving inflammatory signaling, stress-axis regulation, and excitability-related pathways in IBD.

In IBS, the RR-MBI-associated exploratory transcriptional response was more closely aligned with neuroplasticity- and
stress-related pathways. Enrichment of glutamatergic synapse and calcium signaling pathways, together with candidate genes
including NTRK2, FKBP5, and AR, suggests possible involvement of synaptic signaling, stress-axis regulation, and hormonal
modulation. NTRK2 encodes TrkB, a receptor in the BDNF-TrkB pathway that has been linked to visceral hypersensitivity
and central pain processing.'® The presence of FKBP5 among prioritized genes in both IBS and IBD suggests that stress-axis
regulation may represent an overlapping regulatory domain across the two conditions. Finally, inclusion of AR (androgen
receptor) among upregulated candidate genes is consistent with emerging evidence that androgens may exert protective effects
on bowel function and visceral pain; lower circulating androgens have been linked to IBS, and androgen manipulation altered
bowel dysfunction phenotypes in mice.?’ These findings are consistent with a hypothesis that stress reduction may interact
with endocrine pathways relevant to sex differences and pain vulnerability in IBS.

We further compared baseline gene expression profiles between IBS and IBD and observed distinct baseline
transcriptional patterns between the two conditions. In IBD, TRAF6 and TNFSF11 were highlighted as prioritized
candidate genes within an immune-inflammatory transcriptional context, together with enrichment of pathways including
p53 signaling and NOD-like receptor signaling. TRAF6, for example, is a key adaptor protein in inflammatory cascades
that can amplify NF-xB and MAPK signaling.>'-*? This pattern is consistent with the inflammatory pathology of IBD and
may be relevant to IBD-associated abdominal pain.

Compared with IBD, the IBS baseline pattern appeared less dominated by inflammatory activation and showed
relatively greater involvement of neuroendocrine- and synaptic signaling—related pathways. This pattern is compatible
with the current understanding that IBS-related abdominal pain is commonly associated with brain—gut axis dysregula-
tion and visceral hypersensitivity. These baseline differences support a disease-specific interpretation of the prioritized
candidate genes across the two disorders.

Taken together, these exploratory findings support a condition-specific interpretation of RR-MBI-associated systemic
transcriptional patterns in IBS and IBD. The results suggest overlap in stress-, immune-, neuroendocrine-, and neuro-
plasticity-related domains, with disease-specific patterns in each disorder. The gut-brain axis provides a conceptual
framework for linking these systemic transcriptional patterns with stress regulation, immune signaling, gastrointestinal
function, and pain perception.

The present study has several limitations related to the use of a single public dataset. The sample size was modest, no
independent validation cohort or functional experiments were available, and matched individual-level pain-related outcomes
were not available from the public GEO record. Therefore, expression—pain outcome correlation analyses could not be
performed. Exploratory DEG-set screening used nominal P values combined with an AFC threshold, rather than multiple-
testing-adjusted significance; therefore, false-positive findings remain possible. Candidate gene prioritization relied on PPI/
MCODE modules, DisGeNET broad “pain” annotation, and targeted literature annotation, which may be affected by database
coverage and publication bias. Whole-blood transcriptomic data reflect systemic transcriptional states but cannot localize
candidate signals to specific tissues, cell types, or pain-processing circuits. Accordingly, these findings should be interpreted as
putative abdominal pain-relevant candidate transcriptional signals rather than validated biomarkers or direct individual-level
expression correlates of pain outcomes. Further validation will require larger cohorts with matched pain-related outcomes,
disease-activity measures, tissue- or cell-type-specific transcriptomic data, and functional experiments.

Conclusion

This exploratory transcriptomic analysis characterized RR-MBI-associated whole-blood transcriptional changes in IBS
and IBD, as well as baseline transcriptional differences between the two conditions. MAP3K7, SLC12A2, and FKBP5
were prioritized in the IBD post- versus pre-RR-MBI comparison, whereas NTRK2, FKBP5, and AR were prioritized in
the IBS post- versus pre-RR-MBI comparison. TRAF6 and TNFSF11 were highlighted in the baseline IBD-versus-IBS
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comparison. These genes may represent putative abdominal pain-relevant candidate transcriptional signals. Further
validation in independent cohorts with matched individual-level pain-related outcomes and functional studies is required.

Data Sharing Statement
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