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% KJE M 7% (inflammatory bowel disease, IBD)2 — F# LL & 712 18 1 K JE 9 L0 5 B & M iR, H e R m R
REFERANHEFEEAFEERERGAEERE, 2245 8 7% % B/ (Crohn’s disease, CD)F i 7 1 4 7 3k
(ulcerative colitis, UC)# # s /K I & . 357 8 % & BA, B-7% %7 £ % #l.(circadian rhythm disorder, CRD) 5 IBD#J & j% #l
#l. RREREUBETBRRETER. AXRGAER T MEABEFZTHNERTE., IBDEEWER T HERLER,
VAR B EXNIBDIE M AW A, M FEERIER %k 2 RREENE. o, £ TIBDEW®. RIEFEZE
AT B ENE RPN, AL #—F RE T T 378+ B Ef |8 [E % (chrono medicine) % B (.45 & 7 7
BT Y. REAEF, BRSY. REEEF)EIBDATFHEENARNR, YhERTEBRREEELF
A6 TT B

Keptin

RAE MR (inflammatory bowel disease, IBD)J&—
Fh DL B W 808 M ARE A RRIE 0 5 52 R s, R 45
F7E % B (Crohn’s disease, CD)AlIzELE %% (ul-
cerative colitis, UC). #EA211H42, 75 7 E ZIBDRY & Ik
FG R, SRMAEMIA &SI AER, BhFEIE
AT B E20214F, REIBDEH I EAEH
168077\, Bt rysm (i 249410, 475640031
. E A R A ERIBD & s 2 01 ([ BE2)
SRR, A b X AR R R R R, T
20354 & B | FFEI41000245), FETHRHI T 145
6500211, 4, IBDIAYTY FEAL BT s R 5 LA
G E B, (BB IR T 2% A T BT R

REWMR, BRTE, EEE, gk, i ES, #/ET

i XU DA K ey B B BT 2R, R SR
DIET Sk ER

ISR 15 HE (circadian  rhythm)i H 7 T i *“circa” (&
RRLPYF“diem”(FA“K”), GREREIRL—K>,
WA T A sh 24 Wiy B IERAE. B
BRI RS, AR A X
¥%(suprachiasmatic nucleus, SCN)F4 A4 FRAX A= 44,
DL R CHAAN R 28 B AL Ry S R AR e R e, 3L
PEFE LR R A I RES. BT AR R A M
VBN RGE Z—, HIBEIGshBA BE e
MR P WAL, tWECh T HATIBDMIE
WS T2 ST B R R TS AR, I, AR SORE

JEW T
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ISk

R G T B AL ) B AN el 52 iR IBD Y &
A5k, STENIBDRVEEE . Wy LT SRR
(<

1 BTHRESIBD

1.1 B TTHSESLIE S IBD

IS 2Kl (circadian rthythm disorder, CRD)F)
BRRREARZHE, AT AATER DG IR R |
FEASHT 22 . B, RIR . BRI RIREE SRR,
it T AL SCNEAM LYy o iy [/ 201, B AR
JAUOT CRDAEE & IBDH BE LA # L, HL 590
WSS B PIAHE. Weintraub®F A ZERTIZ Wi IBD
BEMRIESIERIER M RIIH L PRI, BBy
43, UWiBmall(brain and muscle arnt-like 1), Clock
(circadian locomotor output cycles kaput). Perl/2(peri-
od circadian regulator 1/2). Cryl/2(cryptochrome circa-
dian regulator 1/2)%FfFRIAI W E L, H5 R E
Yy(CEONE A A5 TDE )T AR, %5 R R IEAMY
FETE T B R, 3 B0 Ry 1] i 1 240 v 2 ) e
1RGN T, SRR A L2 IBD A Y
FHH. Ananthakrishnan A PIX$2306UCHI1914]CDJ#
FF5E & B, 58 KRR 7~8 hAY AFEAH LL, A5 KRR/
F6 h#r UCHGE AU FHR 5 1%, 1 BRI K T9 hi o
B B, (BH S CDER S TCE. Ak, IBDEE AR
TS SRS N5 CRDAE .. AnanthakrishnanZ A5
31734 IBDEHE BB T &2 B, 7212914 CDAL T
GRS T, BEIRSZ A A B TE6 N H N sh
PRI I KU 3G 1 24, (BAEUCE & h A W35
M. Swanson® NHAYN T 54 UCTARH Moy B s 57
iR E. FEAE3RIYBIE A5 FCRD,  HEi
R B RN TR, R I RIR 2 i o R )
PREHEE. Zhang% NU'VRI I Bmal 13835 F JCRD/IN R
BERIBFSEIESE, CRDXFTDSSIF S A4 i 4 B iUt B
JY i e B D BESZ AV S ™, TR Bmal 15 315 REAS T 30
e, XL R — 2k, CRDZV5AIBDIT
LA i A A i) — > U R 2R

1.2 IBDZ A2 e itk

B B A B 5 51525 I B M SR 17 15—
XM (EA A 2 H BDEAH LT}
AN TG, OB 51 52 A PR A

KR AEAERDACE | AR 5 B KR~
AR R AT 2 R L, IBDY EEAER AL AR R
T RIS RAE AT, ORI S AR A
B MR AR S, IE AR BT
Wi 3 LA S 3 S R B 3 BB RO R, 3R
PR RIEE . RIS SR, IBDEHTE
e MR RIS IMEATEIE, BRI B ey A
PRI MATE T f BRI L) K 55 Wi 3l ) 1 ey W 2 1)
FAZEREOY). IBDYE K IR ZAER ) & AR, R
i E 2 S E R em kBTG RN EUY, K
RAE DR F BB AR DES 2 O3 ) . AL
B A T A R AR 2 R IBD AR R 3L, I
TERFE B BB R — LR, B2, IBDAREAE
R B HE R, XA R e 22N
SRR . RAED DL RSN IR R A 22 A R — [

M.

2 B TASEEIBDIT Sy T-HLE]

2.1 BRI g

BT A B o R IA T W i A 3R
VRN LA A R . B BRI ) T OR 3 17%) J) 0 2 A
THRG. R, WIS BT R L=
R SBR[ 15 P (three  interlocked  transcrip-
tion—translation feedback loops)rEI T (E 1): (1) #.l>
IERRBEE . Y Clock M Bmal 1 i 5 1)
FEAEMERT R B, 456 FiF 3 HE (Wperiod
(Per1/2/3)flcryptochrome(Cry1/2))Ja )T X I8 K E-box
TTAF b SR MO P ()% ik, B Per Rl Cry BE AR e
SEANEIRE, A TR ROk A iz, sefgm il
CLOCK-BMALIE SWyiE e, HE M HAE D 1o 5%
3. YPER/CRY & & W 7E 40 HEA% N A2 s 25 11 i e
(casein kinase 1/cell kinase le, CK1g)35 AL 10k
WAL A B B ER P, -5 R R BRI & HE N
(beta-transducin repeats-containing proteins, B-Trcp)i
BIBERRALPERIF A5 HZ R ALK Y. F-box & &5t
Z R T2 & H3(F-box and leucine-rich repeat protein 3,
FBXL3)7E 21 il i% iR sl iR (b CRY 1291 5 shiz %= 1k
G SR IR, MAEMLR N, F-box & & & R
HE M M21(F-box and leucine rich repeat protein 21,
FBXL2 )M CRY FR T AERE M Az 2R AL, FEZHA
I G2 vh R, XA (E CRY I R A i i AT
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B 1 AR FHLR. (1) ZO0E(Loop 1): CLOCK/BMALIRE —RIKSE-BOXES SIS FFIE, CRY . PERZE IFR 25 Al H
TEIE. (2) HBIFRE (Loop 2): CLOCK/BMAL I E RORFIREV-ERB, FH7=#)43 38 i RORETCAHMIE st HIBMAL 1323k (3) IRZIF K (Loop 3):
CLOCK/BMALIi% SDBPI#{ED-box ift:, MNFIL3 &4 45 A D-boxi il fE . A fiBioRender.comiil f

e
Figure 1 Molecular mechanisms of the biological clock. (1) Core circuit (Loop 1): the CLOCK/BMALLI heterodimer binds to the E-BOX to activate
downstream genes; CRY and PER proteins accumulate and enter the nucleus to inhibit their activity. (2) Auxiliary circuit (Loop 2): CLOCK/BMALI1
activates ROR and REV-ERB, whose products activate or inhibit BMAL1 expression through the RORE element, respectively. (3) Secondary circuit
(Loop 3): CLOCK/BMALI induces DBP to activate the D-box element, while NFIL3 competitively binds to the D-box to exert an inhibitory effect.

Created with BioRender.com

P4t A D-box, ML IR, 2, ki F A
HAZH, JEINL24 Wi k- BRIk I 4%, TR 14
FENUAR A 5 A A

2.2 AR TR R

RIS il AR B RS, B R
TR PR A R RO L DhRE LR E AT N A

BB R AL B TR, I 20% 10/ N

M CLOCK/BMAL U s i #E i ] ). (2) RORE
3. BMAL1-CLOCK & 3 4yid nl DA 1% 32 A 8
TR Z AR AR AN L3Z A4 o/B/y(retinoic  acidreceptor-related
orphan receptora/B/y, Rora/B/y)FIREV-ERBo/pB(HLFK A
B2 AR KR 1 4ADAY 51 1/2(nuclear receptor subfamily
1, group D memberl/2, NRI1D1/NR1D2))#% 5%, H,
Rev-erba/BRENE 45 G 3| Bmal 13 )5 8 F X 3 AYRORE
g b, MHIBMALLAYE, 5. A Roro/B/y e I [a] 5

LSIA
Al

A+, RS BMALLRYFE &, X R s pL ik — 2
- TCLOCK-BMAL1E & W&, (3) D-boxif
FE¥. BMALI-CLOCK & #¥yid 1] LI Dbp(D-site
binding protein)FE K YFIE, DBPA]LL5D-boxZ A M
S N Per BRI RIA. K1, NFIL3(nuclear factor,
interleukin 3 regulated)/f: WRORWHEILK P=4)), RETw 5
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EHIERTEERN D), BHS5EENIT AT S 2R
~ﬁ¢““ /1N EREA HL % 240 R 5K i AR R (R 23 A S

IRFNTE, B4R 7S AR R I, BT T
SER FFEER B 23 5 A K A 1 S A, TR R |
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R RGOSR, 0 R 18 5 W B R L R 2
()72 [ FE B TR il Sk PR (A5 i 1 L R 4 )
Ik P AN TR R S AR =Y, RS 2,
[ B A R A R A A JE v, X 3 H R
A PRI REFIRE (AR (RO 2 W A B ) .

15 EXT A WA AR R, FEERRA L
TWAIIE: (1) 16 FAEYR I EERE. 04
W' i31 Clock9 7851 & WICRDITHE T i i AR 4 i
A, TEIRENMERRMENT, @0 i —13
BRI Altaha%s A PONEE /N B SCN A 1 Bmal I D\ i
W B TR YIRE, A I8 B RE T JERE R ] (Fir-
micutes) FILUFT ] (Bacteroidetes) 5547 #5 f A i F &
RS TR, 5 ARAEA G R H B (Rumino-
coccus) = i ZEH NN, PR P (A5 FCATI S AT 2 )i
b, YangZ§ ANYIH| HCRISPR/Cas9H: A i 4 £ e 41
JE B Bmal 135K, 5 Bmal W/ BB MUY 2%
TS TR AR, BMAL LR 88 b 0 g 18 1
YR A, A B IR R (Prevotel-
la) B TR R BB (A lloprevotella) TETR 8] o 3 &
IR Baml 13 R B H A5 9 1 4 AL U (H0,) 19 A
PEAHDE. FEPerl/Per2 AU /N B H, RS 2 718 18
FE(UnBacteroidetes) iy PRI s JLF- 58 ek, JFH
KRS DhRECInZEA= AR . AWk 2 T A1
BT HAR RS A, /N U T AR T R
PN E R R, B2 5 e ZE AL .
FEBmal IFER R 5T, HEME/NRANE R & T
R T /0 BSOS T81 HFFAH X = 2 s 2 4, BMAL1HY
F RIS R TR R AR, #5240 TR ] (Cyanobacter-
iota) . fi# BT/ NEF AL B (Saccharibacteria) & AR BE A ]
(Tenericutes) 2S£k 7 1] S5 AR ) R R 7E T
Ao HAE IR S B A BT S, iR 5k
N ZEAAESCHAER. MEE AR T B A R85 1
AR I B SCNH MM R 32 1k 54
TRV, MR, MR Z AN T SCN L VIP
2T, FEPETERCT AR O M AERIECCL K e
/INER B B TR B 5 32 CRDII 2. (2) AR 15 A [a]
e AR R R, GG SR e . AL
RATR, 206 i T A W 4L DR ek 2s Y, B
AR ETHEFA15% A 40 R 4 JS B 2 3 H Y
Wezh, I HAEMEHEMBE Y F R M, NidE AP
JR IR BN LA 0 14 B (W g 1) [1) ) S 350 1 454/ Jl 2
AL KT HRIER (4G Per2 . CrylFIRev-erbo’s)i)

RIRVEAITE] 7] f5 RS, IF HAE Y e e v a g 2
FEAR B W EIRG A, SR, AT ET]
(Proteobacteria) <541 23 B0k AT T, MEAHT
RAYEF A IA 8. /N B B SR S (A B R
B B sl AN A E RIS B B A B DR, 7R U A s ]
J& T B AE 43 2S BT (operational  taxonomic units,
OTUs) S T R R 2912 hiAHES, X Rt
R Bk 8] % s i A R R T ). Heddes
NP YU/ B 48 WG B, R PR Rk 2R
PReFE N, (B 3 07 AYFirmicutes 5 Bacteroi-
detes{IERFIR G 1. MAEEREILZY16%M0TUsIK
PR ol T A, (HRR S R R /N U L R 40 (intesst-
inal epithelial cell, IEC)H Bmal I 5, H PR BE(LOFE
Firmicutes5Bacteroidetes) = 15 E5E 2 TH R AU LS,
I H E BRI RE(INSCFA = A4 | S LRIt 2k
AL XRHEY R E R ERIETT R R, 1
IECH AR T A R FE IS N R, 25 LNk, 15
F Ao AR 38 2ok IR A I E T E R e
BT, sE RS e i 1A i e . A ihg
HER AR, — BIXFPATRET T, PTRE SR IE F)
TR, ST S RE 77

2.3 BV R R

IEC/Z I RER FEE AR, BN A B 2 HE
5], FE R T —iE Y >0 B AT i
FiBERE, 25 8 I E R YEA B ARG s A, A
WFFEHGE, J b5 i S8 A S BA i A Ak, g
FES 210 fu 155 8 ) SO o 3 v S ) e s R SR AE AR [BD, T
225 BT R S T R, BT, BRitkz sk, 5
HAH A A R 1t R B A A AR D) TECIA AT L)
3 3 R VRN TR IR 3 5 i 18 R B D BE, b ik
MR BA BRI AR, TR RI21 A BIE(E, 78
At 1] P, A B (AR Y.

J RS A S HAR G ) AR 1 BB B, L
25 K IBD LA K5 | & B A NIE 25 D fig 2 8 1 3 22 i
(K. 7EIBDIE Sl b, TE1E T BIECHFHRE I FEAIT
FAZE 53 Ik 2 B g Ve T S ) Taleb% A
RIECHY 1y A SZ Bmal IR Y, 755 SRR B4
(dextran sulfate sodium salt, DSS)iF5F 718 5 5 32 451 1)
NI, Bmal 1025 23 R/ H g 1 1) 240 i 26
BAEF. SummaZE N7 MRS BEA S T A 1
o 1 5 I v S M A S R R SRR Y 2 R
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HR 2 BN LR R E . Kyoko%F
N — B B — W, 7 Clock 5878 BN 45 |
2 H &I Occludin X Claudin- 1B mRNA R H R ik 5k
TR AR, R T i A i A T
AL, FEIE R A4 Bd AP, CLOCK-BMALILS: — %
{KEEWS 5 Occludin®l Claudin- 13 R 5 817 2 I E-
box{i LG A MR B R R, BAATE, 7
/N FUB IR (AT 15 B Clock/ Bmal 13RI XS — & 3 A
E-box 45 & WK AEBZIT R -1 [H] (zeitgeber time, ZT)4
i, HAOccludinB: P E-box 45 & R A TZT16
IR 2 SR IR AR 2060%~70%; 11 % Claudin-15:X
E-box 45 & FAMLIRIE R/, BR2EFINL40%~
50%. F34b, /NREE ARG S Per /23K B AT DL S
FAEC ., WEICHIM . PRGN . 7 B A B 4 A i %
S RNER (A KOF- KR REA, DT i B Bt s 1)
Gy b R AR B BE R AR R 1), B, BT AR R
A ZERE 5t R sh S AL Y N 2, HEEL &5 R i
PG, TGN T AN e 2 N B 28 50 O AU, Fe 24|
T 7 T G 28 20 L ) S T, N Ml T R RE ) &

2.4 BARVIHATIHIE Gk R8¢

TENS RN, i 2 RN E, 24
S MRS TR AT T RS, WA R
RGBT ARG B UIRAT EAER], X FhR
BEXRERMAEE L 20 LY T X A5 8
()5t S PN RS . e e A ML 15 Ak . 15 5 AL 7% S0 it
241 BRVTERELERMEAEZRSA

L 0 LA i 1 DGR ) e K A e A, K 248.4%
PRI I 20 R R PR 2k S B S Y LY, i
MCEE 23 16 41 DR - s Ak R - 2 45 B i 38 ARORE I N
Wl EL R R A A NADPHAE L (NADPH  oxi-
dase 2, NOX2) 5 #H & LYy LB (superoxide dismutase,
SOD)£: % #BMALI/CLOCK — BIRApRE i da, i
975 4 (reactive oxygen species, ROS)AYA: il 5 #i
TR Bmal 1B 235 S W4 A 0 7 e
R ELEEEL, T S0 K. Rev-erba i
fuaJE AL FEAR2(C C motif ligand 2, CCL2)MY
Feak, MR A A AR 4 SN T, MR
IR BRI, 225 R /NEUNLRP3 2 M/ IMA ) S, (i
FEDS ST (125 Iy 4 7 1 T AE0RKIOS) | R A 4

468

(natural killer cell, NK)ifii 4 Bl 2 EFH S A2 4 K711
53, 25 2 IBD AR R . NKANE A A= 8053
FROR B BRI A, B R A0 A R T RN
i A (IFN-y FITNF-0) Y mRNA J 25 [ Fe At 2 8
BT EAE, I HLSCE R B W RN A M Bk T IR R
S ok, R T ALk Per 1L M Y Bl 7E
1 55 LA R DR 20 T B TR RS, 38 2l 55 4o J e 4
MR ie A7, BRit =z 4, REV-ERBaff) {2 ol i
WY N REAT S IDN 7R SN IO TES I g e
PRI R 2 1 7 B R BT BROS, SN T IBDAY
RIESHLH. 12 NI SN IR B B, ShE
PR AN IECE R/, SRR T 15 BRI Bot 2 n 774,
WAk, Rk AN ES SRR REE Y B AR R, R
Bmal I8 IR H 70 W CXCL2MLRI A TR Ay U,
SR, AE R 24 Hh o ARG 0 28] Hh P 20 B S AL ) I 7R
TERY. O A R G A AR DL R Y
ik, W HE RN . B8 R MR TSR
BT, TS SO T O R SR AR A RS R A
IERAEAY, WA 22 2 G L G2 IO 25 P ol ST A
242 BRYEREZENERE R

T E 290 J60 0 A 14) 2 A5 LA R AR 48 400 it PR 1 i ot
IS R IBDRIAZOALEL.  AARSNE TN A Bl —
AR I 2, MAET =, TR B s 5
Wi, HcR 2 B B R RS CD4YRICDS E b3k
IV 2 RS S A W oy (e T R A A D W& ]
[R50, [RVREAAEI M A S A g T U™, e H 2
TESTMAFN-y LA S IL-20EfE v, BF e B TR
2 LSRG B, Wi TR ek Ze A Bl el
%5 Clock 1 Bmal 1% T4AH U384 56 e Ty fie ()G 0 8 455 AH
SIO8T] g R P TH L 748 4 S 5 e o1k B
REMEFR A Z FIREV-ERBal) 2. REV-ERBa ] L)
BR4E B RINFIL3 L R 81 b, i) A ek, o
S P NFIL3RERS EL 1245 & FHM S Rorytis o X 3k
[AAf, REV-ERBoil i #5540 5 1 25 Wi AL 3 (histone
deacetylase 3, HDAC3), flifgefa it fa B,
T3 1 30 Rore BE PR ) e S FIRORyt R F 238, iF
TEMHI THL 720 M 8 AR B2 5 20 M 1 Ay 33 o7 S e
ARG A — R e AN, BIRELANIAR]H B FHiik
A AR R i, S 53 IBD R R . 7ESMNE
M LA SR e 2 eh, 7 [R] B B ) Bl ik I 000, 17 fe
TEFA R g, PP A A 20 32 2% P A
LI A R [ 1) 9k 0 4 3 iy B4, R 9 30, 46
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PETAES | Kk BT LSRR LR N IL-10 B4
MR rE I BE 77, MK N CLOCK & /K P, H
FIIL-10 mRNAZKFE G R Bmal 1= 25
5| & M AL B Mg TR, I HCLOCKE M
IR AR 55 R M B AN MR IL- 101 S8 7 il D) g
FeBO BRI, ATWEFTAE 1, BANAR S EBmal 4% (/)N
W, HBANML AT RE Ty %A BT el s, xn]
fiE e FhBE T 5 A SUROR B A0 2L [ S5 0y 1804,
SRS, BT DR S 2E 4 i A 45 ATl g,
X} 1 o7 P A 2R 4 B R e RS IS N g I R SR b
SEAVERE. SRR 1) B0 1 A LR T P g, A
SHIBDIIRYT SR Y SR
243 BRYTEEEREERE

IBD A % ML il B 22 ol OGS 9 0 A5 308 I 1) S
PTG DA G, NF-xB{5 530 46 X il S E SO 1) IR
EEW R FEEEAVE. BF9T SR, NE-kBAYTE LI
B A, O PR AR 1 2 Sk B (. A= b
Oy Tl IR AR RS ME T 5 NF -« BAE 5 18 1%
CLOCKAE AINF-xBAY e s N, 765 p6SIE IRy
NF-«B& 1 RE AP, RS TBMAL Ll i £/t
A 1R AL NF-kBAYDNAZE A5 717, Bmal 13£1H
e IR S KA ML RNA (Lne-UC) By 5 HtbE ek, i
TG Rev-erbadk A, TRev-erboii 13 [A] 3254 HINF-xB
{55 A TG, NI e il o e Sy e — Al R 7
PERIHT R HLEN Y, fEA PR, BMALLYS
CLOCKJE iBMAL1-CLOCK-E-box & & ¥l HINF-kB
T MRS TR, NF-«kBREG B I/ E AW
FITE S, MBS CLOCK IR (b NF-«BiF Jp65, i
—HHORNF-xBRFE S0 v, T RUBERER. X IF 2
IBDJRE AWML R R 2z —. ok, A8 FIE1
HFUlRev-erbo5Rora, [RIFERESIHIIAE I K7 4 ffg b
NF-xBf5 Z il i 0 s 638, DIIEDSS5 1 & uC
JaiE B0, JAK/STAT R 53 i B 38t ml {2 ffi
ST B, M N SE IBDYE 1% 19 . ot 320,
JAK-STATI 538 [ Y AH OCZR 38 77 ) S B A T A
PEARS)), STATHEH F /K- Tk £l i PY.
/NRNA R EL I AP o T Bk, IF Bk n] i
BhR [ P JAK/STATE AR Upd, P84 ¥15h 4+ 1%
H5%. CRY IHICRY 2il i HComi it %4 H 55 (nucle-
ar export signal, NES){E4HHI Tt STAK2Z5 4, il H
LSTATSBIUAHE AR, MR ITAK-STAT A 5%,
SREH F-(IL-1P., 1L-22 K IL-1245)E N IBDAH A5 558

BT BN A RS T OR AR, SRR (i
Bmall . Per3 SNfi3%) 5 SHBK R Mz, B
BV HEAEAR 5 38 e s 5 BRI AR Yy D 4 B 2 A
HEMIMER, T HAFIBD A & ML 47 A% O ff 8.

25 L ATR, Wi RS MRS AR T R e -
RERGZ M BN EAER, I HERTEREX T
AR T SCHR AR VE . IBDE S I R E
FJCRD, XA LIRS 215 & I IR iz 8 T R R
5 . R T RE 0900 5 R B DA R g B ) S T
2 FEUBDRELEAL, I AT REHS N2 8 i & 9 A
B 2R UL, IR B T R R A E AR
AW A OVER, RS EFT R IBD T Hife it 1
WTERYVE IR AT

3 IBDIIfRI BN

Fi} 8] 5 2% (chronomedicine) f&— [ A 5% Bsf [B] 5 A4
A PR R PRAR A 2 (A O R 22 ZEIBDYRYT I AH X450
By, IS T] = 2 SR TE B 52 B E A, I [] R ARy 7 OCHE
ZAAETARAIATF AL . VR R A S o) 5 4
A, P LA ROIE S IBDIRI TR, HIg 2545
ERTRIVEH].

3.0 YRR

R RHEZMEER . AR5/ NP2 2R0259)
TEVAT A Wy o T3k BRI IBD Y T 1 3. /Ny
TR TR A Do FIMLA T30, FERSR IR TT
PR FEER. TAK-828F/& T/N3r T RORytSZ [
i), A SENHIRORYH TG M. 7EIBD A 19 M2 il
1, TAK-828F A B ik BEAIL A 48 AL DA 1) o3 b i, Ik
Gh, eIt AT SR ThAE R G R R R T E A,
AR T UCH RN B A A 5E 7. REV-
ERBai# 37 SRO009FE A #1 /N FUAK PI Rev-erbaff) 3
ik, T B A B ENLRP3 4 PR /IMAS, S A 20 2 A
DSSiF & 145 17 Je iR 108, 4B B 28 N L BB A IR A i 3L
Sl W IR R ) B 1) S A P M A 2 AT 16, #h e
UNTIAR B ZRAN AT SR st 22 S g, L REREUCHRE 1)
FEARS. A, AR AR SR A B TR E Wi B, 4
B RAE TG K BIPIRSN, PR I T8 TR RS F4 AN 3
T, HRRUCERE PRI s K10 133
R R, R IBD R H A MR T2 B 1)
B ik . R AI4EcE XD ARTE RS R
D] PR R R 2 0 A Ok AR T A, s

469



M E LB 2006518 £711% F28H

W2 R 2 R Y A R A ek s s U310, b3
A ZDAY AT LIS AT DS S S0/ Bz b Bz
BERE R, s YR RIR S /K, ISRENE %
fIRIBD L B C-J b 2 K | I RIS shiar M iR &
SRITO1000 - i W A A W AR 7= 3 B4 2 B T Bl A
PR = 2N AR A Y. IR A AT R R
WYIRAZEA, REREIKE UC/INER L B 41 v Bmal IR
Per2( e TR, [RIBTREARAERE P 1 223k K F,
HB T B A (AR MR SCFASHY)
FESTZ—, T T EREN AT BRI UCHE B SAE
KR IE, AEiEBmall . Perl X Crylf)Z2i5K -, #Eii
MR RO, i, B TR R R R fE R4t
TVEAL ST Ve A X IBD R BNGY T T-BL, THGE S
A7 HEARZZ FLAER I IBD A

3.2 IRl g B

iRl I . AReE MRS A B R T L
ARk, HR, 50 Ak B e e — K Bl i i )
Rh2y, If HAEE IR RS A Fe B A e R o
ASE. PERIRIE, 80%L4 FDAMCUERIZEY), Sxi 2R
PSR A R AR AR OO BRI 2 R — K IR
IS [E] A A IR B TV VAT SR, HAZ O SRR A
B T AR AR AL 25 B ], DhsR TR 25 M7 5k
W, I HERRIVE R . IBDE AR
2RI R A B I B AR S, YangZE AU OIS & B,
UCHE ZE 520 T /N B4R P 240 Jifd £8 X i P450(cytochro-
meP450, CYP450)#ik, 7EZT8ITUC/MRACYP1A2
FICYP2E 12K F # k500 HR 41 P& AR 29 40%~60%, T 7E
ZT200 MR B IEH K. X Fh 225 3 S BOR Mt
WHARAEZ TSI FRES0% LA E, f2yue i -mtalgh<k ™
TR I3RS, I & B IO, EZ T8I 2
WGXEAE F 2R, S A, UC/hR
BMALI1 R RE HAEZT200} 240, SECHS 43k
[N B I 37 X SR B-box T 45 4 R AR, TiZh
REV-ERBofiHi il s el 4. X — B IR, 7
IBDE A I 25ia Y7 b, WA A8 A1 i A i il
K ATERERE N B Zah K, [AIAs W FH 2548 h 2549 1fi i
JEE DUE TSR AR, AT S0 25 M 2t i
W BN kT 25 AR S R 1 A T TR
J7, SRR | A I i i B A 2
Femg. HRARE LM, IBDIRYTRCREA B ik
PE. B0, IBDAYIEY TR B . AZ s ] P R 52, I R L

470

IBDEH F R MR 6-SIENERS, LR AR, B4 H]
FARAARE P4 K, 2 £330 0 R A Al 3 Ak R Y,
FE/NERE R R IR T 2 1 R [T s ] A5 (ZTO
B ZT12)% H 197 A EEDSSIFEF I UC/ N AR, 2%

R, 7EEBI(ZTO)RUC/N R P H B ™ 5 f e IR I
HIECH Bmal ) FR IR BIEAE, WG EREI(ZT12)40 T
BARACE. BG4 T /N SRO009 AT #IH| Bmal 13635, I
RIMAEZTORS (Bmal 13215 5 (= )) 25 24, WI i 25 Z2 A DSS
WRE e, BIPsi TS RS, R Bmal 1
T PCTE R T A SAE I AR RS I AR 1 & . LA, Zhou
2 NIBER R HA 25 UC/ N INSEBREA T 750, & BA
BT ZT20 225, /INBERRAEZT 100 25 25 78 0/ 45 B 4.
SURHRBA IS . FRARRIE T 10 23k KOF DL AR T
SRR ORBRE S, AR T B AE
7 K. AR FH SR B S A5 ZT 1O A S5 A FE B 14
Rev-erbalf) 33k, VEMTR2 M H N HA T IAE RN . 410
BB LA A SR SR R N Tk, B, BT 2
BRUAS TR 55004 SR TR Ry e 2 WV FH A S S st 1) 7
FIPN,  BAnsems s shisbn . 19 A3 R 1 2 18 /K F- LA
R 25 ORR I RE 71 24040 R FPIE(ES . I,
MR BT SCHT SN IBD AR R BRARAE . AL R R 5 L
TP T A 2 P R R A A R AR AR AR B AT, R
PRI 25 245 R T 2 SR s B A RS U T I v e (L

3.3 [RIpEE

SCNH] LAZE A LIRS E AW R G0 xt B Wil iz o)
PSR AR EER. BB EIEsan, BaiEN
A2 PAXSCNY FZRHE; b T IEFEF R, &)
&5 N ELREE T A T 40 KT LA A i i sl
s A SR T S i AN E A2 0Bk e T (W Clock
Bmal R R5K A & I R 5 i Am S B
AISCHTiAR: s/ RO st (]S RO TUs B 1 A
P 2012 niIR RIS S s EE TR N R
M T SCNREE B s sh. Rk, BREIKEVE—Fh T
iy 27T LR IBDASE AU CRD.  BF5E %W, Moro%
IO s S pe B A2 A B 2 i AT T 124 H A FR
i} 172 (time-restricted eating, TRE), H:7F BE i {H#E /5 i#F
78 hift£r(13:00, 16:00/1120:00), MITHIAL16 hiy2E £
. S5IEH KR (8:00. 13:00F120:00)4H , TRESZAH
M35 R AEARE P IL-6 . IL-1BFITNF-as 5l T B
24.4%. 10.9%7H18.3%. Chens N\ % fidt e sz 47
30 R TREZHE(9:00~17:00), HIEH ERIKEH L,



ISk

TRE T FilREMSEARIL-6 . TNF-o7K V- f 5 THH L L 451,
(] 1 0 5 A (Y 2 - 1 -T2 . o G TR
KA S T i (B0 e 2 1 i S BRI T SR ) RO LB Zeb s
NI 3o 4 S el B T P 2 b A T M I 2 25 KA
TRE, {XAF7ES h(19:30~3:30) N #-4T I & BRI i 1E
WK, HAx16 M. 534 R BRI H HUK & AH L,
TRE W E 1% 1A #5068 IR I BT I
BhHEYFERE, I Ham a5 Sirtuin- 1 (SIRT 1S 50 E 74 5
HILE (Bmall . Clock)iFik. XiedE NMHE— 45
FEAN R o) B Y BR AT i B R HA RO 2= 5%, Wi,
Vi B 27 3 B BE ML 43 o O TRE 2 GIE & B 18] 2R
6:00~15:00). I TREZ (& HTE 4711:00~20:00). 45
SRR, FHITREAERE S R UsM: . RIEFREYI(IL-8.
TNF-o) TR RNE R0 508 A Y8 7 & H
(BMAL1, PER2FISIRT 1) A 7K 38 il i Jy T 4R 2
T HIITRE. Polidarova AR K BR(RUA T3 3h)
T30 KL G I SCNiA S:CRD, 1A 3h% A
BE. THATHISKE, ERFEOLI NS TZT3~ZT9
et g, ARSI E. S AmEEMLT,
TREGEWAKIZ 45/ h Perl . Bmall FlRev-erbod&H B4
PRIk, Niugg A 2UF8 | RFIL-108k 2k /N BUF & ek
UCHAISL R [ TRE, HAKIT N WILH3 RS h
TRE(ZT13~ZT21), Bt/53 R A6 h TRE(ZT13~ZT19),
BG4 04 h TRE(ZT13~ZT17). 5 A e
FHLE, TRERENS & W/ 92 A F-(TNF-a., IFN-y) f&
CD4" THMEAIZIE, W% TP, JERERET 155
FERVERCTT RN R, WEWE TBMALL, PER24FHEIA
FUER AR A, I HIESCBMALLZ TREL FEAE )
SRS FHE . Song%E AR HIDSSIE S H/NRUC
ARG F A TREGE & BE M ZT12~ZT18) SHfUIAE &
TR (fasting-mimicking diet, FMD, #AHYS T 1EH# 1k
B 1Y30%)ix AP 307 O JRitsE. KL TREFIFMD
BTG T 45 M baes B L b A B R AR I
& T L4y, (HFMDZEIRY Y UCH 1 L TREH A
IR, HRKAE TFMDIE A] DL fin4h iz v
LgrS+2MM GG bR gk, SR, B DR R
BUNOEIAR B E)REGE 5 | A E - i BT HAS
25, SR Per2 ik AL, R YRR R A
SGLTIAY AL B H 22, FEub et R i Je e %
JRIEVEER O, Rl AR S B Y. ik
Refg il - B E SRS R A, S IE
B HUAREIK TR RAE N, RIRY 7 IBDAE RAE

PG S HAE 1T A0 REL BRI A T A

3.4 R SR

Ot SR B AR T B 19 A R T A B OCEEVE H, g
5 HHSEMISCN, M SE BT 42 B A W o3 kA
AP, BRI (bright light therapy, BLT)J2F5H1
R — PR R ARSI, F9E R, BLT A
R IF ] 1F b i 22 5 R PR TR 0 B R T R
FLUAH2LHAh, BLTIAA B T IBDE & = ALAYE K
54, Cohen-Mekelburgs A%+ 68 44 IBD % #4745
H 7 /=30 min = 58 B2 % B (58 B2 29100004 52 5,
460~480 nmil £ ) LABUAAL F AR RO, FFHrL T Tid)H.
SRR, XFRIE AT R BRI T ERRA
UK i ek i 2 GEE . Guadagnolide A7y
WFFE R, BRIR AN 25 R IBD AR IR H A R 55 7%
FEANE RN R, S, BRI RS ] 5 i ) £
PR B0 o3 F B IR A RRAR, 2 S B0 4R
BURAL, DEMiR R DSSIE FHIUCH IEIE. Kk, fE
A I8 16 BREH 5 70 F 1 v T R A, X TR HLAA
SCNHE ., RSt IR B LH K.

4 LRAELER

IBDAERER A HRIEIZAF ETT, B~ ek
TERINL. STk, BT HTEIBD AR HLE FllE R
Y75 AP OZ AT IN(E2). FeBERIAY TAE | B
2RV BT A5 A ) B 2K AL D R U T R 2 hTB D
A M. AR T X LR BRRRE SR . e d
TG AL AT R SHIR 1 R TE 4 RS B AR S R4
AT, BRI AR SN 1251
ISP AL T IBD s PRAS BRI, (R AT 2R i
EII TR RAK . AR MR 25 % 25507 H
AL, BIAYT 5 58 R IR IR S0, (HH 2
W TP A A R R T R (R . Bl R T R
SN IBD A BIL ] B T2 W HRL A, I IR) IS 2 SRS A B ¥
IBD A2 BN A A, B B aLis
TR . REHVIREEEM . & 241 HOGIRS
R B/ E B AT RE RN —Fh 22 2 SCA 200 i BR
JYIRAE. Ak, BERTIBDIFEFEMI S 2570 7t A XS
BEWFFEIT ), TESCR TP C AR IHR ). W
TE B B AT i TR VT Y 22 5 2 SR OO 25 )
PR A 2 S e, WO A E A ey AR
SRR PR I 2 B R 245 A B LA — 200 ) B g 1)

471



N I

202618 H£71% £28
[Q)E&%@%ﬂ ] ﬁméﬁaﬁgg%ﬁ ]%E>
q O

(o
A
‘§|1 l ||-| BEER: BB, £E. AW, TEAN o =

P TIE ERRRE [ |

[(c) RS ]

Qs
) ‘?@
RS S BHF
BER
HEHZRD
BAE R =)

S

REES

=

1

~SCN.

ﬂu\

PERERS: RRBMEEVSEL. BIEF .
. BRESRBNERSEE

- ERDRRARER
------ PERIARARRN

EHHR

Fe e AR

B 2 IBDAR R I L ST NS, (a) SHF T s IR AR L2 B e TARIN 22, Pl 0 MR SN, S E0Re 0k a4 ek
HTAER BRI S, METTV % MIEUEIBDRY KA R . (b) Wit R BEN R, ARt eI, . B Bese i K Sle SR, B2
PR RO HRIORE SIS, (o) HET AT IS5 M (PRI 4020 . WAL E A SR SRR T, 45 4 a5 T I GE % . ek XD%)
LTI, RESSIRISE L O b o) T2, WO RS AR, T &3 PIBDEOAEAT. FE1H i BioRender.comii

Figure 2 Circadian rhythm regulation mechanisms and treatment strategies in IBD. (a) Circadian rhythm disruptors such as shift work or sleep
deprivation can abnormally activate the suprachiasmatic nucleus (SCN), leading to delayed phase and attenuated amplitude of core circadian gene
expression, thereby inducing and promoting the onset and progression of IBD. (b) The homeostasis of the intestinal microenvironment, including gut
microbiota composition, mucosal barrier integrity, and immune system function, is precisely regulated by the body’s circadian rhythm. (c) Based on
chronomedicine strategies (such as time-restricted feeding, light exposure regulation, and sleep intervention), combined with the application of circadian
rhythm molecular modulators (melatonin, vitamin D, etc.), can synchronize core circadian clock gene expression, restore circadian rhythm homeostasis,
and thereby exert therapeutic effects on IBD. Created with BioRender.com
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Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD) and ulcerative colitis (UC), is a chronic and
recurrent gastrointestinal inflammatory disorder. It is characterized by persistent mucosal inflammation, damage to the
intestinal epithelium, and impaired tissue repair. The primary clinical symptoms of IBD include abdominal pain, diarrhea,
and bloody stools, with the frequency and severity of episodes often exhibiting a distinct circadian rhythm pattern. Various
studies have proven that circadian rhythm disorders (CRD) are implicated in the pathogenesis, exacerbation, and treatment
outcomes of IBD. This connection arises from the crucial role that circadian and biological clock molecules play an
important role in regulating the diversity and colonization of gut microbiota, modulating mucosal barrier function through
the expression of tight junction proteins, and exerting immunoregulatory effects via regulating immune cell activation,
proliferation, and migration. However, disruptions to these rhythms often stem from modern lifestyle factors such as shift
work, sleep deprivation, or irregular eating patterns. This leads to dysbiosis of the gut microbiota, increased intestinal
permeability, and abnormal activation of the immune system, thereby inducing the onset of IBD or exacerbating its
progression. IBD symptoms exhibit significant circadian rhythmic fluctuations. For example, disease activity, gut
microbiota composition, intestinal mucosal barrier function, and inflammatory cytokine expression levels often exhibit
diurnal patterns. Furthermore, drug metabolism and efficacy are also regulated by circadian rhythms, influencing the
pharmacokinetic characteristics and pharmacodynamic performance of common IBD treatment regimens, such as
glucocorticoids and immunomodulators. For instance, administering certain medications at specific times can enhance
bioavailability and reduce toxicity. It suggests the potential feasibility of chronotherapy strategies. Accordingly, this review
explores the application prospects of chronotherapy in the management of IBD, including multiple potential pathways that
restores circadian synchrony and improve the intestinal microenvironment. These include: timed medication
administration that is based on chronopharmacology and disease activity fluctuations, time-restricted eating that means
consuming meals within a prescribed window during active phases, and behavioral interventions like adequate light
exposure and sleep. These approaches aim not only to enhance therapeutic efficacy, but also to mitigate drug side effects
and improve the quality of life for patients, particularly IBD patients with sleep disturbances. In summary, integrating
circadian biology into IBD research offers new insights into disease mechanisms and paves the way for personalized time-
based therapeutic interventions. Future efforts should further advance clinical translational studies to identify optimal time
windows and individualized treatment strategies for different IBD subtypes. This review synthesizes existing evidence to
establish a foundational framework for future clinical research, emphasizing the critical importance of considering
circadian rhythms in IBD management and treatment.
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