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ETEYMEERN TN TS R

BRI, AR R, 55 e X R B

AT R

PP B OR 2 B e 5 - BRI S35, TEFH 110022

WE  FEIRIT AN B R (allergic rhinitis, AR) it B2 H KA WP R 2% [EAE N, T LI R0
FREIR VS R ARG i, BT AR B R, BRI R e A s A T IAE TS O 2R
3TV T AR AT B R w42 0 s 8] vk ] LASE 2k fIG Ak 25 24 i 1) il /D B FH 388y 7 &,

SRBERTT ARG A B A

ES 4t

AR W VE £ 92 (allergic rhinitis, AR ) 42 45 N 44>
R TR FE R SRR E A E
(immunoglobulin E, IgE) /™58 1 RIS N, /&8
B Z A G A B 0 PR R R R 431 SR AR
(ARG RRE ", AR [ EZLREAR N S 58 5
FEFTWEWE L TE KRR, TR B B0 RN, E
AR I 2 SR A MELAARE . AR BRI B B B 4%
20 LRI R B, AN 2E Y L = D2 AT 35
M e S B2 ] 300 R Sl IR 5 S 20 IR e B, HIE 5L e A5
P, T TR IR MEAR , B3 H (a2 2] F AR
RIAE, 5y R A IR T , 1 R A0 o o A2 31 ™

HAR MY 4, AREEE%%IX‘%E’J@J%I‘@“@,%
AR ANWTEE N, 25 Ak 2l ok B B9 BE T 22 5 1

I Y, 55 e SR 2 B 5 i A 0 A R TR B e O 2 i o A
SR A B R 6 A 5 AT T ARy AR A M AR S
PR IO 5 58 5 A Wl s NE R A 5 P B9 125 5 S8 TRy T

BERHE,

Y, AR BYIG AAE IR L PE 24 h BRI, 5
RN REAYIA XA Y 2 S
AR I BPERIY o Bl AT A 44 S AL i) 2L g
IARWIR A, Ol (1) AR BF 50K A2 b R R %
JETEWN IR HIF B 06T ik AU
B ZE R 5 A F AL A B 7R AR HRIGAE T
FAYEXF AR 3R YT 3 77 A THR T o

1 Wb

1.1 EYHEERTE
AR 55 A= Wy 38 v 55 Sl R ) A AR 7R R
AWK ESE F B A AE R TRCT X B R A ARk
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HEAT I, Sy A A O A B W e I, B
TR T B F R AR R —
Prgh . X R A R AR B RR 2 AE LI 20 24 h
SRy JEL BT %) A B AR AR ol AR — i R SR A R 22 N 4
Wh O I g S DI RE S AN PR AR 1
1.2 EUHRERR T FHLE

AWy pi e 3FR AR : A2 R BRUUKT AR
ZMIAEE T H T HERINMA RS, BZMAG Y
8 e SR B Ao, TR IRl A O 2R A LI AL 24 h
R RS TEREAROKE b AR B el
T F B A2 | #% (suprachiasmatic nucleus,
SCN) By H X 5 B4 1 i FAA N TLF- BT A5 440 B 1) 7
JET IR 0 A AL o D' IS A I B e — 2 A 1Y
TR i X SESIRZ 255 SCN AL I A % | J5 3
3ok 28 RN 70 A 2 A ) D L A B, AT
it A= W A R B 5 R B SE IV 1 e 2 AL . TEA
(0 N s e A B/ K R VA A B /K I R T E R
HA A0 3 I A AR T R R s PR A AR LA
5 41 B B S - B0 PR 5 I8 % (transcriptional -
translational feedback loop JTTFL) 6

o 1 TTFL 7R B 40 b ™ A 24 h g3k
k¥ . FEFRHT, CLOCK % 15 BMAL1 2 (B A
SRR, 5 E-box M58 T oo 45 &, KBl Cryl .
Cry2 1 Perl . Per2 . Per3 FER IR, 75Nl L,
PER I CRY # FH AR 3R B — 5 /K- Je A ELAE TR
BH & 2 & W, B 0 3 4 M A% N, 55 CLOCK Fi
BMALIAHEAE T, # i CLOCK/BMALL 4 511 Per
0 Cry He D B FCE". UE A A1 RZ N Y PER L CRY
A Pl RN S R E 1 B3 R S 2
T AR 75 670 S A5 2 T 7 B, CLOCK/BMALL
e SR B MR A TR 2 KRR I i e 10
A 0 4 32 8 17 i B (glucocorticoid , GC) ¥ 7 6
GCHE 5 GC 2k (glucocorticoid receptor,
GR)Z & 155 H ZRL R 2 4 OF 45 5 %y
SE 1 DNA FF 81, BR 0l Bz 503 3% S Te i (gluco-
corticoid responsive element, GRE )", ;T Per2 J&
B H i GRE R W GC 24K 5 4% , GRAE M 5
KPR HE Per2 (115 PR FRIK , XA Y GC 15 2 2
FREP S S

B T TTFL AN, 5 s & it 2 BB 2 (1 9 2R
JS R 5 228 1) A0 L A 1 8l v i E A
ik 25 11 3 (CK18/CK1e) 2 5 A Wy 1) B 16 )5 15
I, bR S % 2 EH . CK13 Fl CK1e BEIR
16 PER 25 H , 5 SOz 2 WO 1 B i JF D s B b
() A T 0 PR e, A CK1d/e 2398012 PER &
S8 5 DR B b R R, O S T AR A,
H CKS AT RE A5 T RIMFEA"™, B T 8RR kAL,
LRI BT E FE AR ZE . B O RIRE 4
(PPP4) K¢ H:3 45 W7 3 PPPAR2 2 i 7L, sh 4y Js i 1
R G5 5 5 R 4y . PPP4 i 3 BHL 7 PER/CRY/
CK13 4 519 CLOCK/BMALT #1514/ J11 , AT B i
TR BRI IR, X Fh TTFL 5% 5% 5 164 B n
& 4 AR 25 & WAL, 77 2B T 29 24 h ) CLOCK/
BMALL {& MR -

2 HY#5AR

AR TEAETE R[] FIE SR AN EE , K29 70% 19 AR
BE TR AT | B ZE S AR T
BRI AR B FEE 22 T 29 24 hOE 2K OF 1 209
DFPERIE R W AR R 9080 2 [ A B V1B &R o
S e A B SE PR A T EOR R HL RN X R R
IR 7E B R M FaR G Y, AE T AR 0
BRI T 1) I B A 40 i 2 T CD203 ¢ Y3k /R
HH IS TR ) 5 Ak, 3 PT RS E RS 1 I8 2l 11 3
B BEAh 6 AR B DL AR S R Ok 1Y
WG S Ak B  FR L B0 B T 2 R S T R AE /IMAS
HMA LSS5 B S 3 R A AR 1R

AE KA E (mast cell, MC)7FE AR FJ & e e &
BREEMAEM . AR LA TR, IgE 5
MC 2 T (1) 785 36 A0 J1 2 AR G54 | 2578 B JE R e A
ST, 54565 75 MC 3R 1 1Y IgE #74#% , MC B4
JHie S 2 PP R, 5 1R — RS IIGIR R, 13
2H K- IR AR, A RS, X 5
I EER R N A 56 . WFFT R, A Wb ad
2 SR AR AT MC T | 73 A K TeE i 42 AR K
i [gE iR 4% .

MC 35 P 2 05 A b i TN, G 5 Tl 32 1
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FeeRI W35 Won B35 R ZOnaEH
CLOCK 5 FeeRIB 3 K (%) )3 8l 45 & I {2 i H 5%
S PEH FeeRT A IAR, MC K H 3 i 2 1A KA1
BB ASTR] , 7E TgE gl 30T 22 B0 A TR) B9 S0 06
JEAE S b B AR R VR R R Hh — R T
PR35 Per2 nl LIAE ' b R 1 A PR 4 3 GC AN
MC Xt GC 1) s B P, 3958 T MC B 31 A 1 B e
PEP, 7E HR gk SCN A # R, GC T Ak 43 ik,
W5 PER2AHEAE 0] FeeRITERIE , NIMTRE
M) MC P94 -

MC BR IgE /i S I B0 i 12 b, IL-33/ST2 i 4
A EERA . SEHE AL, IL-33 F1ST2
FE AR S B 43 W A % v oe S, HL T
33 /K V-] R AZ 2 SR A AR AR I, ST2 02 TL-
33 MR SEEAZ AR EL A S AU ST2 AT i A ST2R,
1L-33 55 MC |- (0 BE A6 ST2 32 (A 45 4 9198 4 H
UL, 7 S A8 7 SR P e I R 2 L v A T
BEL VKT TL—33/ST2 3 i AT 3% MC 1 [ w5, 490 ] e
B FGAE R F IR, 5 TgE A 31 —4F , 1L-33
A5 1 MC Syt 3% B BE B a) (Y 22 4, FE B AE
R BESK JE MC W, CLOCK il i1 5 ST2 i3 3l 7 X J§
) E-box P FI 24543k L 1# ST2 ik o R4S Per 3 A
SR AR S R R BE A AR B AR AR (HAE MC
Per2 FEIF 54 5 19 ST2 22 35 1 IR 3 op AR B /ME
FH=, ¥ 0 R 25 CLOCK 4 i FeeRI Al IL-33
ZAARST2 (R ek, (i H e L LR AR5 IsF 1] fr 7 A A
fbo BTE 1R Y h Z AR RIRIE B AR, MC i 4k
()2 B 7E R IR R AR TR o X — AL o] BB 2 A%
FI| AR FEAE MR ™ B R B 2 B B I 1 B AR AR Y
Hehit

3 EFEYHMNARBAS

gt b, ARSI 45 1 R 1K1 RZ
YA [A] B 25 71 i SR L S R L A2 2 25 Wk i
fE 2 AR HAR, FRZ NG YT R MG o SR, 75
B 24 W NS 25 B9 R R ATRETFANIEE o Hh
TREREARIFEAE , 24 h NP K A R ™ B AR
AR B T B A9 AL, BN ) BT AL

HEAT 45 25 ] LIS 53 25 49 1) U AOCR MR A B
W R Y SRS AT R By 32 RN
(BT DR — BN I RIA Y7 e, ARk 25 24 1)
[ A B2 e 7 BRI ARG R A T 5 S 1) e 181 AR A A
Pt s T BA I 7 2 DR IE R B R
3.1 HBEYTE

I TR 15 S MR8 952 s 1) e 1T AR A2 AL LA Ak
2R 2N TB] TR T SR RIS B T R 25 ) ) 24
1RBN 12 RN 882 B SR AE 5 20 245 I [R5 25 13
72 R BRI, 253l B4 R 24
Py oA ACECRHEE, e 1 25 A 7E
LU E TP RREE . B O IRE LT BAE
BT H H T 258 MARIE R B) ZH L b oA 1Y
BRI Z H D BT e 2B A 2
P 3A (R ] AR A5 e 2 25 W04 RE , BNAE 25 1748
SRR B 22 W I [R] 45 2 7T LU s 25 M aiae™ . |
HI AR BTGB Y7 7 1250 I RRE IR T7 MO PR, i #
FARLGHNOIT AR 5 5 A 0T
3.1.1 BT AL YIATT I A

B — AU 2 iz 245 56 WA At 1 1) 78 [1) 285 245 ik 1]
XF G2 fift LA SRR AE AR 0 AR JRE B A &k SR
5 AP NE 255A Wo  RIRE A I TR T T R8CR
— TR 25 Pk AR Hfufi b S8 7R At A SR B
TER EEe B2 T RE R Ieg T R L T
AT 45 2575 58, VU R R 14 e A R 02 ik 2= T
AR A1 24 hEEAR TR B BT 04 [R] RV =
FERFE T I E HRFEE 24 W AR iR IT
K4 JE R AR AR B SR AL TR R A R
i =S AR RSP T T ] 25 2, ] R 2
R P ) S5 AR B FWE ¢ B3R (intranasal
steroids, INS) /&IA397 AR I —Z 259, INS AN 5 %
3 N B 7 N R B D Ol N TR e N =
BJC AN R R ST AR A A
KA, TG GC M Ak T W4 i I 57 1] 3 2 K A%
(dexamethasone , DEX) 235201 PER2 A9 1E 3 19 3, Jr
LA INS 1 e A2 foff ) Asf [i] 2 B R PR R 52 25 90 T4
BF, BIBFIERT 038 3 i INS X S5l 68 A 43¢ 1 1
FRISER] o ANIE 25 11 INS 45 24 I [ 23 25038 S0k 1Y
Ay S B R A S T A LA S SCN Hh e
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PN E] D o b, S AR ) B R A 8 T REASERY)
BB 6 97 1 R A ]
3.1.2 HEfriEERRIET PRI A

o JBETT V5 AT O3 R Sk S IR 9T (specific im-
munotherapy , SIT) FHERE 5P G REIRYT o SIT 2 ME
— AT LI 5 90 7 7 1) e s SR LA R g e s
S PR B T 52 Ok U2 i B B o AR AR T T
2, H T SIT AT 22 DL 25 W ih o7 2k IR i B8 47
F, 72 AR I —Z3R Y7 I 1% A BN 5297 15 (sub-
cutaneous immunotherapy, SCIT) Fl & F 4 & ¥7 %
(sublingual immuntherapy, SLIT) 2 # J5 £, &%
T AT BE XS SCIT #2242 P 7 A= 52 W™ Bavishi
GRS NSRBGS0 R
SR T /N A 4 By 5 07 152 A 3 B S HsF ) R o 42 7
1t . McMurray 55 F 58 BEAS &K, 97 % T Bavishi
EWFERY AL, R E 25T SITIRYT A B TR
SIT WA UG 2242 B BV YRR o %8 T2y 7 iy
VTR RS, , PRSI TR T 3 A P N 58035 IS SR ey 7 vk
SET N RAEE SR, T oA T WA BN 1Y R A
NZJRE Al REAE R B RITIRYY . SR SIT Y r 2L 3
SEE L IRIT I TG 9 R, R S R AL
TR 50T BF90 4 S 7 SIT (882 1 v s fin 42 791
PR N, LIS 55T 2 o Toll B 32 4K (toll-
like receptors, TLR) #2& SIT [ 8 # 15 . TLR #2571
AT FAAR Th2 SR, B3l g S R AR i
il Toll 52 14 9 (TLRO) I K IA MU RE . TLRY S Lif
P B AR ALY CpG ODN AT G R . EL
TLRO BEAAR A e300 iR 952 4 AR 7 TLRO i
A B I 42 52 B0 022 118 /) TR H00R] I 368 07 1 S 3 1
BT THGEY BR T ARy AR b, TLRs 1Y
B2 VT R LA L RE S A S Il ST IR T 25 Kk
AW . B ETAT A Y TLR4 FTLRO ¥ 3 7 C
HEA RIS B o 7245 RIBFFE R, 25 HEks i
)7 2 5 e AR & LU R R N A
R R 19T SIT,
3.2 EmEMHSF

BEA X AR B0 o T ALHI DGR AW, £
InF b 2 R IR AT B IR IY AR BT R .
M K B RAE IR YT AR I — 2259, A= W L

il A 2 2 A s A TR o
3.2.1 #ETTFL

H R E A 50 2 Fi 2 1) 5 st 4 35 PR (R AR AR FH
GC Xt MC [t it BOVE T AR T MC B 50, 4 1) 2
GC X PER2 1 LA™, 5 F Per2 Ji 8+ 1 19 GRE
AW GR i 4, GRAE M #E ST U Per2 1977
AR IR X GC AT IR FE P B B, R
AL DL AR 2 6 1 100 8 R R I, 0 cAMP [ K
fift o cAMP 5 cAMP [ b JCF45 4 8 FARAE I mT 3
TN Per2 55 R 5% 5 T HEFRE 215 AR ™, 17
3 Bl T 20 B (Th)/2 759 %8 B M T 41 g (Th2) 2% 4
J& AR W H B A BE LGN, I 17 B B P T 20 A
(Th17) /) LIRS AR 19 & A RS, Per2 A
T X5 AR L P GATA3 I RORyt 7K - 1) 5 12
TR IEHURAERT 5200 TH2 F1 Th17 40 MR 434k, M

S ARER ™ AR B A, B REREL

A DL CLOCK & H, 5 30 5 & 46 % i,
CLOCK 1l FeeRT F1 ST2 1 223K 5 MC ()8 71
P, G SR AE A% & IHE 1) CLOCK #9431, 5 AT AR
MC R )3 P AR . CLOCK 7E MC Hr i iy
S 5 Y 38 A ML B T35 2 1K 3(0CT3) I %
5, A OCT T Bk T i 2% 41 e /K -1 s 1 AR AR
PR T B3R Tk SR DR A, 30 o s ) 2
PRI, T DA A B R AR o A A P AL A 5
AR, 5 22 11 B 56 R o] DL F AR #9396
57 o AR TR FASAULE T4 RRE 24 h (1)
BRI, S 5SEEREENNIT 206, T
A= ) A % I 245 IR 2 AN TR) A 40 3 J , R ] —
AR P B AT RE S AR Z R B IRYT I RCR
FEXT b, B T80 Sk 2 D, ) e — A~ R W b
3, R RE PR Sy 52 e HAth 38 ¢ 1f i R @i .
UL, 0 ) AR B T AT AR B B ORIME L
FUEN TR ARG e 22 2 e -
3.2.2 #l[5 CK1

CK1 75 W R A A% O B i 2 11 b R 5 3E CSHAE
FH  SRAR G 1) 2 BE2F 0 57 e I 2 1 Ut
il 71 PF670462 5 MC 1 W8 il t 47 41 it Hh 1) 437 Bif
o E E B FeeRI{F 5 5% T 0800 0y I a], w1 L4 1
IgE 5 1Y 5 B0 N, 28 AR /)N BB AR (1) 3o S0
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AR IEREAR AR FBFE I B0 R S5 2 g e 240 i 1
R 3 — 25 FON AR TE A5 AR #2445 T
BIRTT RS . (R TRAIURGETERZ LAY
BRAIL , /N1 P REAS AN R i 18 i) 41 2 B 1 A
T, AT REFE M AR AT o I FH Y24 B~ 1 Ji
B IF & I CK G TR 34 700 A 28 i i — (1]
R, S T TR A HEAT R A S R R Y, I
LA B RS T R ]

3.3 FmEFEAA

A= Wy ) I A A BT, 2 R i ACRE R
(R R A, o Ao A N Y P AR Y R B
TEYREAITAN AR R I A 16 R AR IE
AR AT BY T AR AT . AT IEE R,
T T IR P TAER KM T B0 B i 1
RAAFEIARE G PR T I JF B T L5, W
FE 1K 58 B 5E T G2 R B IS rp £ i AR v ol i
B R JE) A 2B B A A, I RT RE R L AR
F1,

J= 7 5 BE (day—night shift rotation, DNSR) il $18
BRI, INE R Y . BRTERRESEEA
[ A, FLZE LT LA S S DR R, S B s
W R RE R M H b A K A T (transforming
growth factor, TGF)—B 1 IL-10 J& S RE I8 17 R G 1Y
FEA T, TCF-B 2B 4 4 i PR, 38 3 10 o
by G 8 A0 B 1 3 By, IR S S o AT BF !
F 201545 1 H E 20164 5 A 1E 1P ERM 24—
B2 BE AL 20 44 47+ (AFE#% 25 ~ 27 %) , W 1~
24FE[ DNSR TAE . X2 55840 140 & i B 4
43 AT 2 78 CLOCK & i FE 336, Wil T4 8 H
2 CALEE A T 1 B 4 i TGF-B Y33k . DNSR
i 3 TP Y R A TL-10B 418 (B10) Y £ 38
W e, DNSRJ5 B10 4 il CLOCK 2 [ %35
B, 5 IL-10 £ A 5%, o-MAF i 5 &
(CMIP) 2 5 5 1L-10 = A= 1Y ¢ B 5 o A 117,
CLOCK & 15 CMIP S5 & TR 2 &, i oz 21k
JF15 S CMIP BE A . X PRI T 1L-10 5L 78 B10 4
it e 2 S5 L AR T B O 40 LA 36 T 400 i 14 5 AN 5
S L RUPE T ME T 408 A BE 1, IR T R R o
—J7 i, WEFE A AT DL SR AR A5 815 CLOCK 431

WK E e RGN TIRE, 53— 7 1 ] LU SUR
H AR IE B SR B R LA GER5 G e R 50Tl
VAR G SN o AT, TR 3R L B A ek
Ak R, CLOCK Wl g 84 , CLOCK f9 ek A% Gnfny
SRS R M B M 4%, CLOCK & 5 2 S8 & N
T, K 2 (] B E AT S — 20 5T

PRI 2 MR R HEEAL IS e ) . A
Sk 3 ST AR O 5 S AR T A 25 L (chronic
rhythm disruption, CRD ) /)» FRUR A4 TP 1k Bf 25
XTI . CRID 38 i A G I % 3 Kl i v
Occludin F1 Z0-1 fy7KF, Ml 55 T 1 N PFIZE R
14 JRy 50 1 4 3 e 5 BN T ML L Th2 A 8
N, AN AR /N B SRR A 4 B ad U Y. B R
AR AL e R G A RS TT R GRS KR
PR, IEH ARG T B Bh T KRR fa S gk 1E,
R RAE SN, PR A R A 3 T U O R AT T4
BT IS AR BT T T 12

4 BETHEUeiATT BIHk ek 5 R

T AR — LB ST RE ST R E M N 2R
JEAE BT iz BT A AR 224 i fiff ke 14 TR
(1) AEE R R ASA PR o 10 s B T i 8l
i 2 R S R A3 SR A AR K (] A
Jio ArPLZEiE AN TR RE (AD Bk Rk 2 2
I ) SRR RIS (2) 70 T AE WA AR By 9 S 2 M
AU IS o LT IO 4 Hhy R B A2 A S Bt o] B 2 R, 30
AT 52 2R A SRR A , DR L AR Y Tl e 2l
Hrp =0 TR AR A, ol DGl I &
B BRI IR AR A AT TN . (3) A ey fy 22 v
AR PAY S ]« >R 52 A Py A B BRAR 25 R b
SRR I ZE N , SRR 25 AN AHTR] . REAS i
B RAE A e BT I AR X — IR AT SE . H
HIE 2T R T 2R 5T Al 1 i (] 28 PG T ik
Fofey E g = Z0NE . B T REOKF B 5k
IS Y P % A A0 S 0 D o e JRE 0 £ 4 3t
TR . A AP, BT DL i JE A
FIB TR E N B FIJE L W) b e 0 i
DTE B b S i R 0K, B ARG m] U
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T B A SC BT PGl | MBRE AR ARG
O TRLT i B A PR 7 AR AT B

5 4k

MC AR AR B 2 B0 240 i 2 244 AT 89
SRTE, MO B B R B R T AR DT 7
AT RETE Y| ERpORE St 7 L i DR A N NN
XM T A a5 25 LS T A, H Rl 2R A
Py 25 a) A AR M Bl e 1 T AT O A
3RGIT M o BT LR AR ) —ZIRITITIE,
B )7V 5 S BEIR T RIS & AT B R R T AL,
ARG R SN R B B . MERRRAE AR N
BRI AR X AT B AT S PR . AR RTE AR
23W)IT R MGRIR T i R S 25 R AR S
T AR SC A R B B AR A, AN IR [ A= )
SFAE AR AR o R T AR W 06 T g
TOCWIRRT S, O T S BX R EAL RS AR IE
J7 i E AR ILR S

2 % 3Lk (References)

[1] Vandevyver S, Dejager L, Libert C. Comprehensive over-
view of the structure and regulation of the glucocorticoid
receptor|J]. Endocrine Reviews, 2014, 35(4): 671-693.

[2] Menz G, Akdis C A, Blaser K, et al. Glucocorticoids up-
regulate FOXP3 expression and regulatory T cells in asth-
malJ]. Journal of Allergy and Clinical Immunology, 2004,
114(6): 1425-1433.

(3] Flf, TRAE, M, % ARNAER R RANS WL 5k
P1(2022, AR HE R B Sk R 2 A, 2022, 22(3):
215-224.

[4] Storms W. Pharmacologic approaches to daytime and night-
time symptoms of allergic rhinitis[J]. Journal of Allergy
and Clinical Immunology, 2004, 114: 146-153.

[5] Smolensky M H, Lemmer B, Reinberg A E. Chronobiolo-
gy and chronotherapy of allergic rhinitis and bronchial
asthmalJ]. Advanced Drug Delivery Reviews, 2007, 59(9-
10): 852-882.

[6] Zhang Y, Lan F, Zhang L. Update on pathomechanisms
and treatments in allergic rhinitis[J]. Allergy, 2022, 77
(11): 3309-3319.

|7] Nakamura Y, Harama D, Shimokawa N, et al. Circadian

clock gene Period2 regulates a time—of—day—dependent

variation in cutaneous anaphylactic reaction[J]. Journal of
Allergy and Clinical Immunology, 2011, 127(4): 1038-
1045.

[8] Vandenberghe A, Lefranc M, Furlan A. An overview of
the circadian clock in the frame of chronotherapy: From
bench to bedside[]]. Pharmaceutics, 2022, 14(7): 14-24.

[9] Patke A, Young M W, Axelrod S. Molecular mechanisms
and physiological importance of circadian rhythms[J]. Na-
ture Reviews Molecular Cell Biology, 2020, 21(2): 67-84.

[10] Fagiani F, Di Marino D, Romagnoli A, et al. Molecular
regulations of circadian rhythm and implications for
physiology and diseases[]]. Signal Transduction and Tar-
geted Therapy, 2022, 7(1): 41.

[11] Lu D, Zhao M, Chen M, et al. Circadian clock—con-
trolled drug metabolism: Implications for chronothera-
peutics|J]. Drug Metabolism and Disposition, 2020, 48
(5): 395-406.

[12] Dibner C, Schibler U, Albrecht U. The mammalian circa-
dian timing system: Organization and coordination of
central and peripheral clocks[J]. Annual Review of Phys-
iology, 2010, 72(1): 517-549.

[13] Turek F W. Circadian clocks: Not your grandfather’s
clock|J]. Science, 2016, 354(6315): 992-993.

[14] Mohawk J A, Green C B, Takahashi J S. Central and pe-
ripheral circadian clocks in mammals|]J]. Annual Review
of Neuroscience, 2012, 35: 445-462.

[15] Ruan W, Yuan X, Eltzschig H K. Circadian rhythm as a
therapeutic target|J]. Nature Reviews Drug Discovery,
2021, 20(4): 287-307.

[16] Green C B. Circadian posttranscriptional regulatory
mechanisms in mammals|[]J]. Cold Spring Harbor Per-
spectives in Biology, 2018, 10(6): a030692.

[17] Lee H, Chen R, Lee Y, et al. Essential roles of CKI del-
ta and CKI epsilon in the mammalian circadian clock|J].
Proceedings of the National Academy of Sciences of the
United States of America, 2009, 106(50): 21359-21364.

[18] Nakamura Y, Nakano N, Ishimaru K, et al. Inhibition of
IgE-mediated allergic reactions by pharmacologically
targeting the circadian clock[J]. Journal of Allergy and
Clinical Immunology, 2016, 137(4): 1226-1235.

[19] Schibler U. BMAL1 dephosphorylation determines the
pace of the circadian clock[J]. Genes & Development,
2021, 35(15-16): 1076-1078.

[20] Smolensky M H, Reinberg A, Labrecque G. Twenty—four
hour pattern in symptom intensity of viral and allergic
rhinitis: treatment implications[J]. The Journal of Aller-
gy and Clinical Immunology, 1995, 95(5): 1084-1096.

[21] Kim H K, Kim H J, Kim J H, et al. Asymmetric expres-
sion level of clock genes in left vs. right nasal mucosa

in humans with and without allergies and in rats: Circa-



—t

90 www .kjdb.org

R 2023,41(18)

dian characteristics and possible contribution to nasal
cycle[J]. PloS One, 2018, 13(3): €0194018.

[22] Ando N, Nakamura Y, Ishimaru K, et al. Allergen—spe-
cific basophil reactivity exhibits daily variations in sea-
sonal allergic rhinitis[J]. Allergy, 2015, 70(3): 319-322.

[23] Leaker B R, Malkov V A, Mogg R, et al. The nasal mu-
cosal late allergic reaction to grass pollen involves type
2 inflammation (IL-5 and IL-13), the inflammasome
(IL-1B), and complement|[J]. Mucosal Immunology,
2017, 10(2): 408-420.

[24] Wang X, Reece S P, Van Scott M R, et al. A circadian
clock in murine bone marrow—derived mast cells modu-
lates Igki—dependent activation in vitro[J]. Brain, Behav-
ior, and Immunity, 2011, 25(1): 127-134.

[25] Nakamura Y, Nakano N, Ishimaru K, et al. Circadian
regulation of allergic reactions by the mast cell clock in
mice[J]. Journal of Allergy and Clinical Immunology,
2014, 133(2): 568-575.

[26] XU, X8 . 1L-33/ST2 {5553 8% 75 A8 1o P b 42 o (9
L[] Wi A B S R 0 Sk 35 /0B A, 2020, 34(6):
565-568.

[27] Nian J B, Zeng M, Zheng J, et al. Epithelial cells ex-
pressed IL-33 to promote degranulation of mast cells
through inhibition on ST2/PI3K/mTOR-mediated autoph-
agy in allergic rhinitis[J]. Cell Cycle, 2020, 19(10):
1132-1142.

[28] Kawauchi T, Ishimaru K, Nakamura Y, et al. Clock—de-
pendent temporal regulation of IL-33/ST2-mediated
mast cell response[J]. Allergology International: Official
Journal of the Japanese Society of Allergology, 2017, 66
(3): 472-478.

[29] Sulli G, Manoogian E N C, Taub P R, et al. Training the
circadian clock, clocking the drugs, and drugging the
clock to prevent, manage, and treat chronic diseases|]J].
Trends in Pharmacological Sciences, 2018, 39(9): 812—
827.

[30] Cardinali D P, Brown G M, Pandi-Perumal S R. Chrono-
therapy|J]. Handbook of Clinical Neurology, 2021, 179:
357-370.

[31] Dong D, Yang D, Lin L, et al. Circadian rhythm in phar-
macokinetics and its relevance to chronotherapy|J]. Bio-
chemical Pharmacology, 2020, 178: 114045.

[32] Urdaneta E R, Patel M K, Franklin K B, et al. Assess-
ment of different cetirizine dosing strategies on seasonal
allergic rhinitis symptoms: Findings of two randomized
trials[J]. Allergy & Rhinology, 2018, 9: 1-11.

[33] Marmouz F, Giralt J, Izquierdo I. Morning and evening
efficacy evaluation of rupatadine (10 and 20 mg), com-
pared with cetirizine 10 mg in perennial allergic rhini-

tis: A randomized, double—blind, placebo—controlled trial

[J]. Journal of Asthma and Allergy, 2011, 4: 27-35.

[34] Benninger M S, Ahmad N, Marple B F. The safety of in-
tranasal steroids|J]. Otolaryngology—Head and Neck Sur-
gery: Official Journal of American Academy of Otolaryn-
gology—Head and Neck Surgery, 2003, 129(6): 739-750.

[35] Honma A, Yamada Y, Nakamaru Y, et al. Glucocorti-
coids reset the nasal circadian clock in mice[J]. Endocri-
nology, 2015, 156(11): 4302-4311.

[36] Pfaar O, Lou H, Zhang Y, et al. Recent developments
and highlights in allergen immunotherapy[J]. Allergy,
2018, 73(12): 2274-2289.

[37) Wik 2, AEAEk . (o AR N R G R 2 W AR T 45 1
(2022 4F, & 1T W) ) f 32 ()], o B AR B 5 0 ) 2= 5
2022, 22(2): 209-211.

[38] McMurray J C, Waters A M, Macomb C V, et al. Circadi-
an and seasonal variations in subcutaneous allergen im-
munotherapy reactions|J]. Annals of Allergy, Asthma &
Immunology, 2021, 127(5): 595-596.

[39] Bavishi A A, Grammer L C, Pongracic J, et al. Diurnal
variations in subcutaneous allergen immunotherapy reac-
tions[J]. Annals of Allergy, Asthma & Immunology,
2017, 118(1): 103-107.

[40] Aryan Z, Rezaei N. Toll-like receptors as targets for al-
lergen immunotherapy[J]. Current Opinion in Allergy &
Clinical Immunology, 2015, 15(6): 568-574.

[41] Silver A C, Arjona A, Walker W E, et al. The circadian
clock controls toll-like receptor 9—mediated innate and
adaptive immunity[J]. Immunity, 2012, 36(2): 251-261.

[42] Orihara K, Saito H. Controlling the peripheral clock
might be a new treatment strategy in allergy and immu-
nology[J]. Journal of Allergy and Clinical Immunology,
2016, 137(4): 1236-1237.

[43] Fan Y, Piao C H, Hyeon E, et al. Gallic acid alleviates
nasal inflammation via activation of Thl and inhibition
of Th2 and Th17 in a mouse model of allergic rhinitis
[J]. International Immunopharmacology, 2019, 70: 512-
519.

[44] Cheng F L, An Y F, Han Z Q, et al. Period2 gene regu-
lates diurnal changes of nasal symptoms in an allergic
rhinitis mouse model[J]. International Forum of Allergy
& Rhinology, 2020, 10(11): 1236-1248.

[45] Yang H, Yang L T, Liu J, et al. Circadian protein CLK
suppresses transforming growth factor— 3 expression in
peripheral B cells of nurses with day—night shift rotation
[J]. American Journal of Translational Research, 2018,
10(12): 4331-4337.

[46] Wang Q, Li L, Li C, et al. Circadian protein CLOCK
modulates regulatory B cell functions of nurses engaging
day—night shift rotation[J]. Cellular Signalling, 2022, 96:
110362.



—t

RIS 2023,41(18)

www.kjdb.org 91

[47] Nakamura Y, Ishimaru K, Shibata S, et al. Regulation of
plasma histamine levels by the mast cell clock and its
modulation by stress|J]. Scientific Reports, 2017, 7:
39934.

[48] Kolarski D, Mir6—Vinyals C, Sugiyama A, et al. Revers-
ible modulation of circadian time with chronophotophar-
macology[J]. Nature Communications, 2021, 12(1): 3164.

[49] TKRHEAE, EPFEE, BT . Az W B I3 R O A oy
RV FED]. e PR H- S WA e Sk T4 BEZ% A, 2019, 33
(1): 1-4.

[50] LeGates T A, Altimus C M, Wang H, et al. Aberrant
light directly impairs mood and learning through mela-
nopsin—expressing neurons|J|. Nature, 2012, 491(7425):
594-598.

[511G Y, HZ, Y L, et al. Alternation of circadian clock mod-
ulates forkhead box protein—3 gene transcription in
CD4+ T cells in the intestine[J]. The Journal of Allergy
and Clinical Immunology, 2016, 138(5): 1446-1449.

[52] Palomares O, Akdis M, Martin—Fontecha M, et al. Mech-
anisms of immune regulation in allergic diseases: The
role of regulatory T and B cells[J]. Immunological Re-
views, 2017, 278(1): 219-236.

[53] M X, M P, Y D, et al. C-MAF-dependent regulatory T
cells mediate immunological tolerance to a gut pathobi-
ont[J]. Nature, 2018, 554(7692): 373-377.

[54] Cheng F L, An Y F, Xue J M, et al. Circadian rhythm
disruption exacerbates Th2-like immune response in
murine allergic airway inflammation[J]. International Fo-
rum of Allergy & Rhinology, 2022, 12(5): 757-770.

[55] Hesse J, Malhan D, Yalgin M, et al. An optimal time for
treatment—predicting circadian time by machine learning
and mathematical modelling[J]. Cancers, 2020, 12(11):
3103.

[56] Liu L P, Li M H, Zheng Y W. Hair follicles as a critical
model for monitoring the circadian clock[J]. Internation-
al Journal of Molecular Sciences, 2023, 24(3): 2407.

Exploration of a new strategy for the treatment of allergic rhinitis
based on the circadian clock

WEI Shitong, BAI Weiliang’, CHANG Ziwen, GAO Zhao, LIU Tiancong

Department of Otorhinolaryngology, Shengjing Hospital of China Medical University, Shenyang 110022, China

Abstract Allergic rhinitis (AR) is a type I allergic reaction mediated by specific immunoglobulin E after exposure to allergens
in atopic individuals. The main symptoms of AR are nasal congestion, nasal itching, sneezing and rhinorrhea, which are worse at
night or early in the morning. The circadian clock is an endogenous timing system in the organism that produces an approximate
24-hour circadian rhythm. The temporal characteristics of the changes in the symptoms of AR coincide with the circadian clock,
indicating a close relationship with the biological clock. Taking the biological clock into account during the treatment can be
effective in improving symptoms and the quality of life. Intrinsic biological clock molecules in mast cell (MC) regulate its
activation through both Igk—dependent and non-lgE—dependent pathways, leading to exacerbation of AR at night or in the early
morning. Based on the understanding of the circadian clock, three treatment strategies have been proposed. Chronotherapy
reduces side effects and increases efficacy by optimizing the dosing time. Combining chronotherapy with immunotherapy is
expected to shorten the duration of treatment. Targeting specific biological clock molecules is expected to be a new option.
Disruption of clock genes not only affects changes in the timing of the circadian clock, but can also enhances the severity of
allergic reactions and even increases susceptibility to allergic diseases, therefore, lifestyle interventions to maintain intrinsic
biological clock homeostasis are critical.

Keywords allergic rhinitis; circadian clock; mast cell; chronotherapy; immunotherapy
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