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EECs 1 2 B H FR S M 8 S5 T RBA K, T AR AL
HE I SREHE T B E R, s
WMEMIWAE ST, BINEEY RS IR
YAl e 1 BRI R 5 .
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U rh k. BN, e /KRGS I 28 I v ok ) 3]
ORIG1 H5 s A 0 Fe 4 s I K 4l Jifl /R CCD-18Co
H 3] OR51E2 5 ORS1E1 ik ™, {Hix st & 3
2ok B A 2R AN 2 T A SASKE I, FE TR R
oL K D Re gk Ak Gk = . & T ORs 7E fiE
TR FRARGHM 0 PN R0 A A At | Bz S A A
WA A S T A PR, iR fE— SRR
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ORS TE it 1E & 41415 ivgg A 2 4 sk 4 it oo

FEAEFRIRZE ST, T3k L0 22 S BEDA AT R A Jes e T 01
W T Ao XN A& N o W (small
intestine neuroendocrine carcinoma, SI-NEC) B3
H11# ORS1E1 4ihs ¥ 5 AT 534, KL Z AR EE A
TEA R BR B B JO 94, HLAE U F AR B SI-
NEC i@ 4ilits 5 ORS1E1 13635 7K -t 2 13 T4k
eI, AR REEA A WhRaE s I
TEHCT116 257 A & f, 28 RT-PCR A A 2 5¢
JeY s, ORS1B4 7E mRNA FIE [ UK -4
B RIE P, BLAh, ORTCI 745 B i i
4 4 (colorectal cancer cancer-initiating cells,
CRCCICs) Hpsitakik, JF1E CRCCICs BYZERF
Wk ¥R B YL R S 2¢O 8 B PCR
(quantitative real-time polymerase chain reaction,
qRT-PCR) il iff —2& % ¥, ORS1E2 il ORSIEL
TEZFP4ES Bl R (RKO, SW620, SW480,
COLO 320, LS 174T, HT-29 fISW403) ff
ik, HEZE WA E T ORS1E2 3R 7KF- ik 2
T4 bR anf

Table 1 The expression and distribution of olfactory receptors in the intestinal tract of mammals and their ligands
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Hh fig) BT Mk U6, gk
%%ﬂlﬁ] [47]
el A OR2A1/42 B / RNA
A OR2A4/7 B2 IRV IR Tl 1)
A OR2L13 B2 TR, B, AEF, O/
B FHE, FRE
IN OR2W3 132 e o)
A OR5K2 B2 /
A OR7A5 B2 4- (4-FEE3- 0
FE30%-1-8 (Myrac) BV
A OR7C1 B e — )&% B (Androstadie-
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A OR7D2 B2 /
A OR51B5 B ST 8
A OR51E1 B2 hEEAET R (TR, 2R
g@) [39, 53]
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%) [44-45]’ T 2% [45]’ B%
B 2 [ [38, 54]
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N7 /N Olfrd3 B OIfe78 M2 31 o g DS 4 gE IS i gRT-PCR. RT-PCR
Olfr544 M1 Olfrs4s 1 g 2 3510 =g 1
=17 INER Olfr7g i+ ] Sl Mg i T 30 RT-PCR
+ =48 K& OS50, Olrl24. Olr1507. / qRT-PCR
Olr1744 B3
JHiEgN L an JNIN ORIG1 [ AR RT-PCR
7 msa); o) A OR51E2 131 ORSIEL 1% gk 22 [0 op 4% )i Jy qRT-PCR
(CCD-18Co) fig 39 53]
ECHHJiz NER Olfy78 [3 3 3% ERENRIIR (I B %] RTPCR. qRT-PCR. JFfiiZk
A ASH). R
. RNAJIF
JNEL Olfr558 3! g B RNAJ 7
A ORS5IE] B g g B 5 BN HIRNAN
A OR73 (OR174-9) [T T &M@, 7T F&mH 10 RT-PCR
A hOR17-7/11 (ORIAD) 1100 Fr I W, o AT 56 2 7 1%
Pt A U
A OR1G1 [ HEAH. pEY =M.
BRGSO
A hOR17-210 (ORIE3) M0 2 2, 1)
L4 A ORS51E] B Tz GGt RT-PCR
A ORIAl. ORIGI B Fipfy, FHIpgs B qRT-PCR
IR Olfr78 [ 3331 Sl Mg i ) qRT-PCR, RNAJIF
ZW. g D) qRT-PCR
B Olfr544 T [ RT-PCR, gqRT-PCR, WB
i NGRS S A OR51E] M TR R B0 5 qRT-PCR. i ialuts
gy (SI-NEC)
45 R h A A OR7C1 4 T — I35 T RT-PCR. #ffH 2k % gL
(CRCCICs) (androstadienone) 1) . WB. qRT-PCR
4h e A iy A OR51B4 ] Troenan 1] RNAJF . RT-PCR. #uj%
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CRCCICs: Z5 sttt 2HE (colorectal cancer cancer-initiating cells); ECHIHI: Mg (enterochromaffin cell); ISH: JR{Z43cH:
A (in situ hybridization) ; qRT-PCR: SZH 5 5 bi 4% sk B A BBE W (quantitative real-time reverse transcription-polymerase chain reac-
tion); RNA: HMiZER (ribonucleic acid); RT-PCR: %% %2 A HE4E X W (reverse transcription-polymerase chain reaction); SI-NEC: /]
Wl 2 Ny ihdEE (small intestine neuroendocrine carcinoma); WB: #EEIF (Western blot) .
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JE s AR DY AL G A R 2 ORIGT YL
A 20 TR HEIE R SD R BRURT 2 TR R /) BRUA
= IMAEZEAERK-1 (glucagon-like peptide-1, GLP-1)
AU B AR O R R [ VR R T T
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BOORA AT, AR AE i 1L
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— A
32 NEREREEATSREEE

EECs J2 5 I 1 P 552 14 40 10 240 Jf 7R 4k 1 2
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SN, RE RS R I E w7, R
Z U0 A A W 0 T A R0 S R I YT ML TS SR A
B0, UATESR RN, EECs h26ikHY ORs i fE/E
ARz A, R RO 8 B A A R
NENiR, S 5MERmEHRE W ™ ETHiE
PR AT R DRSS Y B A AR O, e
J&5 EECs ' ORs 2 5 B R /- ib it 8, A 2 A
P T AR BT A
3.2.1 R IR AR 153 I A

GLP-1 EZh il LA =4, EA 6 g
IR B N WA 3 G 117 X /N
ef A I 257 22 A B S5 1 72

WFFE &I, AiE &k ORs B 5 5 GLP-1
SRIEYIAE (B /N LA, T —fnl
PG Olfr544, AT TE cAMP-PKA-CREB {55 541,
PEHE GLP-143, FFAEREXT g8 A e S AR 5
VIR T Y ZENCI-H716 40 R JGIE
L 4R ) v, 7 i B A3 5 W Al 00 OR1AL Al
ORIGI, 5|k G FE S M, WG IR IR
{L B (adenylyl cyclase, AC), SEUHIN cAMP 7K
SETbiRr, R PR 1% B B s A S A
A Ca* L, TSt GLP-1 A943 0, AT 4ERE I
RS B, FE 2 BUBE ARG /NEL (db/db) AT v
I 7 O i 5 AR AR I RO X v 4 ot AR 2
A (EAEIER /N (CS7BL/6) Y, FFIEEXT
MRS, WA RIBLTR AT e T
MBHE BERAS B¢ 38000 L 403 P 1945 2 ORs 1] g
i1t G,-cAMP {5 54l 5 5 4% GLP-1 43, ZiF
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Fig.1 Olfactory receptors in L cells regulate the secretion of GLP-1 and PYY
Bl LAMPRIEZEFATGLP-1F1PYY S i

ARIBU OB I AR RG24 (ORIAL, ORIGL, Olfr544, ORSIEL, OIfr78), Z»HIRGIFHIMHEE . HEM . T M. TR, ZEh;
cAMPHSE A5l GLP-1. PYY WLANMI M RINAIE S EE s 7 kA8 5 5 G SO 3 /i 7 ] o LA Hh A W8 32 ARG IR 286G, -cAMP
SARPETEGLP-1, PYYZM AU FE . GLP-1: JEm M2 AEAK-1 (glucagon-like peptide-1); PYY: YYK (peptide YY); cAMP: FRBEMZ MR

F (cyclic adenosine monophosphate ) .

RS, HAE MR e (n2 BB RS) +
TR S AT TSR AR R .
3.2.2 SRR IS

5-F{a Bk (5-hydroxytryptamine, 5-HT) 1EN
— b BTgE) Iz Y, ARINZ 95% 5-HT f EC
sy ), S-HT e RS T | 1B 8h 550
PEAT R S A 6 Y AiE ORs il 2T (R 5
AT S-HT it B8 (K2),

1N EC iRl . ORIGT # B LA Wik
% . OR73 8% T & EMFE . hOR17-7/11 HXTAUT 2
RN 5T R R I NG S, P I B R i C
(phospholipase C, PLC) fiil /& 4 il 7} Ca* 45 L 145
WV, TFE N Ca¥ vk B LUBK Bl 5-HT B,
VAR E R AR IIRE O Ak, EC ML IR AETE
At 85 368 #2509 I 1B R 1Y 43 . Olfr558 4%
SRS G, @it Go,,-ACTE S, 4 P/QA!
HLR #8538 (Ca,) A3 Ca” WA, fE#F 5-HT
R, OIfr558 Wik S %0 E— 2 UESE T Olfr558 15 5+
PCRR S0 S-HT BRI SCHME A B, BRI R
PISL, FHAx OlfrsS8 kMg iR BCIA (WBERR . O
fig 4 ) 53 SRR eI T I R S W AR B — 2P F
5% BB R 5-HT il 1o 0% 20 i g %

Zik, Z5EEBhiEZFEEDIEE, S BH%
Bl BRARGRI IAETIKR DL R PR R s O 1 R
1S g3 ORs A 1Y 5S-HT Bl S S5 4645 B
RS, FTRE M IIREYE S R (s 2 e
fiE . SEAKIESE) IR SRR R
323 YYRRS AR

YY ik (peptide YY, PYY) Hi36/NEILARA
G, Sl B RS B L AR IR Z ik, nlaE
MR Y ZIEKIE, S 5MHIE. T EHEAE .
PET B S R I FE AR R R T

450 & Bz vh 335 OI78 M ZH L BE 1A 5 PYY 2
MFF IR R B, HATRES 5 PYY 4r b
2. SCFAs (WNZFRFNER) Bl ¥TE Olfr78, it
AC-cAMP-PKA {5 5 #lifE #F PYY Bt . 1% PKA
Tl H-89 1 58 4= fH BT W2 75 1 PYY B, 50
TETZAE 5B A EH . EREEERGE T,
SCFAs 7 OIfr78 Ji Rl i 2 44 5k 40 At P i S Ms 514
TP (extracellular signal-regulated kinase, ERK)
12 BEFR ALK, AR Py Ca® Mk 3 JC 0 2 5 i
HAS S MU 32 BAR T cAMP/ERK i #6117 4515
5o SRR — D UESE, AR AR AT E
18 SCFAs /K-, DA T 8 25 4 T8 A4 A /)N Bt 3% v
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Fig. 2 Olfactory receptors in enterochromaffin cell regulate the secretion of 5-HT

El2 ECZHAaRSE
N [ B €0 5 A 1 S ML 24k (hOR17-7/11, OR1G1. ORI173. OIfr558),
P/QEEIAN YL ; S-HT MG (ECHI) 2Wr=4; ikifn{E

SRR PLCIR S SR, Ca™Z8LAL,

SR T5-HT ok

SRR T SR TR A . OB . T AW
g S )5iviliy

i) ECHNM AP ISE 2 IR30% i, & PLC it &% Ca> LI b S-HT AR AL . 5-HT: 5-32 (A% (5-hydroxytryptamine) ; PLC: WiASAEC

(phospholipase C) .

PYY W, SR, 1E Olfir78 K&K B /N BRI I I
N, ZRON e Ak, KW SCFA S TR PYY
A3 UM T O178 ', 7E IR LA 41t NCI-H716
Yifr, MESEERCE& . ORSIELS GLP-1 2Bt
FEA T ORS1EN fr AR T iR 52 77 2 4t 1 412 1F

GLP-1 FIPYY FL[a] 4334, FEKEMI P cAMP /K- T
= . ERKGHE BTG ' mfik ORSIET FE A B 3% 1)
T TRRE T GLP-1. PYY 20 AR (55 %
AOUE , #2HH ORS1EL 7E L 4 Bt PN A 4 5 2 p 8 45
FEH B, ORs A PYY 0 AE BERACIHE 72 vp
E%ﬁa@%}%?ﬁﬁﬁ (E 1), ArBES2IR YT AL A AP
PN TR AR R

RBFFE M, ORs Al B RE S Sk

59, TEREARMER R Wb A . #)20
{878 T ORs /F il Ak~ N, R GE T AL, e
AEFFHUAACHTR S P E DR . (H AT i
AT R AN, 732 AARIATE . AL
T I R G BRAE DT S5 N AR 22 5, e Ak
T . B2 Bl s R o 1 mT el
WG Z RS2, RN A RO BE S PR R AR M A

MR, (HASSROC R RIS R 4% LAk, fER
AL F 5 M 2 e, TR I 8T 5 — OR Ay %
TR R AR AT B NS 28 S
VNI ¢ L £33 g s LS i e SE e T e il - £ N B
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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
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.
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