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Table 1 The expression and distribution of olfactory receptors in the intestinal tract of mammals and their ligands
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(in situ hybridization) ;

qRT-PCR: SEHF9GRE 10054 S I A 4% /W (quantitative real-time reverse transcription-polymerase chain reaction) ;

RNA: #ZBEEmE (ribonucleic acid); RT-PCR: ¥i%%k st A BHE N (reverse transcription-polymerase chain reaction) ; SI-NEC: /Mg
3 MEE (small intestine neuroendocrine carcinoma); WB: #BEEIE (Western blot) .
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Fig. 1 Olfactory receptors in L cells regulate the secretion of GLP-1 and PYY
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Fig.2 Olfactory receptors in enterochromaffin cell regulate the secretion of S-HT
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Abstract  Olfactory receptors (ORs) form the largest superfamily of G protein-coupled receptors (GPCRs).
Traditionally recognized for their role in the nasal olfactory epithelium, where they mediate the sense of smell,
accumulating evidence has firmly established their ectopic expression in non-olfactory tissues, including the
intestine, lungs, and kidneys. The intestine, as the primary site for nutrient digestion and absorption, harbors a
highly complex chemical environment. To adapt to this environment, the gut employs a sophisticated network of

"chemosensors" to monitor luminal contents and maintain homeostasis. Among these sensors, intestinal ORs have
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emerged as crucial functional components, serving as a molecular bridge that connects environmental chemical
signals—such as food-derived odorants—to specific physiological responses. This discovery has significantly
deepened our understanding of how dietary flavors and compounds influence intestinal physiology at the
molecular level. This review systematically summarizes the expression profiles, ligand classification, and
biological functions of ORs within the gastrointestinal tract. Studies indicate that intestinal ORs exhibit distinct
spatial distribution patterns across different gut segments and display cell-type specificity, particularly within
enterocytes and enteroendocrine cells. These receptors function as versatile sensors capable of recognizing a wide
variety of ligands, including exogenous dietary components, gut microbiota metabolites such as short-chain fatty
acids, and endogenous small molecules like azelaic acid. Upon activation by specific ligands, intestinal ORs
trigger intracellular signaling cascades, primarily involving the AC-cAMP-PKA pathway or calcium influx
channels. A major focus of this review is to elucidate the molecular mechanisms by which these receptors regulate
the secretion of gut hormones. Activation of specific ORs in enteroendocrine cells has been shown to stimulate
the release of hormones such as glucagon-like peptide-1 (GLP-1), peptide YY (PYY), and serotonin (5-HT),
thereby modulating systemic energy metabolism, glucose homeostasis, and gastrointestinal motility. Furthermore,
the review addresses the critical roles of ORs in immune regulation and pathology. Evidence suggests that specific
ORs contribute to the maintenance of intestinal immune homeostasis and may offer protection against
inflammation. Beyond their involvement in inflammatory responses, ORs such as Olfr78 have been shown to
regulate the differentiation and function of intestinal endocrine cells. Similarly, Olfr544 has been demonstrated to
alleviate intestinal inflammation by remodeling the gut microbiome and metabolome. These findings collectively
suggest that specific ORs hold promise as therapeutic targets for mitigating intestinal inflammation and
maintaining gut homeostasis. Additionally, the review explores the emerging role of ORs in cancer. Although OR
expression is often downregulated in tumor tissues compared to normal mucosa, activation of specific ORs by
certain ligands can inhibit tumor cell proliferation and migration and induce apoptosis via pathways such as MEK/
ERK and p38 MAPK. Conversely, other receptors, such as OR7C1, may serve as biomarkers for cancer-initiating
cells. In conclusion, intestinal ORs represent a vital component of the gut's sensory network. The review also
discusses the translational potential of these findings. By elucidating the precise pairing relationships between
dietary components and specific ORs, novel therapeutic strategies could be developed. Intestinal ORs may thus
emerge as promising targets for nutritional and pharmacological interventions in metabolic diseases,

inflammatory bowel diseases, and malignancies.

Key words olfactory receptors, gut, molecular mechanisms, drug targets
DOI: 10.3724/j.pibb.2025.0322 CSTR: 32369.14.pibb.20250322

# This work was supported by grants from The National Natural Science Foundation of China(22578008)and Beijing Life Science Academy
Foundation(2024601QPID08, 2025600CC0210).

#:# Corresponding author.

YANG Yi-Nan. Tel: 86-10-50853189, E-mail: yangyn@blsa.com.cn

SUN Shi-Hao. Tel: 86-10-50853086, E-mail: sunsh@blsa.com.cn

Received: July 9, 2025 Accepted: January 16, 2026





