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FERN . WFFERIT, TEZRARAEVESSR T, fesedn
LR ey FRZH LR A A o S 0 I AR AL,
RO B Ak T RS, AT e e P A 1=l
AR EALBERE " IR s — T A PR
77 ATP PTG AL RIS S, 50— TR R EL
AP ] QI RIS RAE(S i, fesEfE 5 A
TR, TR RIAEL . Ah, S bR iL i)
AR R AL B AN A T A, A
S RIES o PRI, AR S i AN DU S A F1EBi
MG, WAESAE R AR SR i K ) # 0

WERM, SR AL . 5 S I RE & 4%
o FE A R A AR AR Y, TS [R] B g8 240 B TV
AR ) TR AN [R) A A RIS ke R L RE F FIAE )
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WAWF LN, W% R4S AR, CRS & VMR
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1.1 #EERNS TEYFHE

VEREfRE D A re i R s e 2 —, ¥4
Wit Ry PR IR 2 1) 2ok AN AN Ry A B AR ATP A Ji
YA P i i W S T K% AF R (nicotinamide adenine
dinucleotide reduced form, NADH), W &#EEZLFh
R 555 5 T rix A U bR s &
10 43 ZE BRSO N AT 43 i AR RE M Be A ™ g e
B KB Be . TEFERERT B (5 1~520), Hi% b
i 3 R BEIR AL AN, THFEM 70 ATP, e
S0 R W oy H B EE 3-8 R (glyceraldehyde-3-
phosphate, GAP). iX— Bt SCHE 45 U2 C b
U M (hexokinase, HK) . B R R B ¥ B 1
(phosphofructokinase-1, PFK-1) Fll [ %5 Fff
(aldolase, ALD), H:H1 PFK-1 4 #0 Jhy il % fife i B
M, 52 ATP. Fr& MR A H /) 5IAgAp 6, mi ARt
— W52 (adenosine monophosphate, AMP) . Jf1f
WX (adenosine diphosphate, ADP) FIXLH¥-2,6-
Wi (fructose-2, 6-bisphosphate, F-2,6-BP) |
EBIEEM . e RERT B (58 6~1028), # GAP
FACHNIRIR , 7744571 ATP (452 53F) Hl
253 FNADH ", fEAFRIRAST, K500
AR LS A MR SR RE e A SRTMITERR
SRR, WNSRE R AR, RIMfAREAE
FoOEAR, SR RAT A ] TR P Ay s
RELRE R, XM REFR A A SRR ok
“Warburg R0 " o 3R Qi EE G AR AN (3 2 4
HAEMRE TR, oMYA B EEETAY T, I
HH:Z 5 R R AR AE S
1.2 REEEMGSRENTZERIN

TEM PR AR AE B IUHIE DA S 5 AR AR R
SiE N, SR R A A A A AR R
A A, AR RRAE S B R R R AR Y S T
B0 () o X — g EAT B 0 4 i 2 AL RE S
PE: EREAHAE R R A (M1 AY) #efbi, Lk
IRE AR AL g, RO L EE BB
PETHHME 17 (T helper 17 cell, Th17) skt fer,
WEREAARAC D 1o, -l LR A o B &
Fads et AHZUUNME T, BN b R A AR S
DAl = =S i I 5 e = =S VN w1 A
JZE - AU AR R RIS 22
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Fig.1 Schematic diagram of glycolysis and inflammation mechanisms
E1 ¥EEERES KRENLHIE
TERAEF T (TNF-a, IL-1B) SELPSHIB T, MyD88 MIKKEZAWHHGT, HEMifE HENF-«B AR S HIF-10fE #i5 . NF-«BSHIF-1abHA] |
WHK2, PKM2 M LDHASFWEREfOCHEERGIY 23R, IXSRHIRE AR I gt s M fe b 2L A O S mTORC U Sk, [l 2R
RO R ) SRR AT IR G . A, NADPHAELEF AT fL X B2 7= A BIROS, 5 7LIR & AR IL (R o £2k B ASCHE #ENLRP3 4 if- /)
WRHY 2% 5GBSR PE RIE R N . TNF-a: JJRIIRSE K T (tumor necrosis factor-a) 5 TL-1B: [/~ 3-1p (interleukin-1p) ;
LPS: JEZH% (lipopolysaccharide); IKK: IxBi#f (IxB kinase); MyD88: #&FE/rfL[HF88 (myeloid differentiation factor 88); NF-xB: 1%
[AF-xB (nuclear factor-kB); HIF-la: {K%i%SFHFla (hypoxia-inducible factor-1a); HK2: C A2 (hexokinase 2); PKM2: HERfZ
#AEM2 (pyruvate kinase M2); mTORC1: WiFLHRIMMEZLE AL EY 1 (mammalian target of rapamycin complex 1); ROS: I%1E&E %k
(reactive oxygen species); ASC: PHT-HICHE S (apoptosis-associated speck-like protein containing a CARD); NLRP3: #HRZE 545

I B R R A A AR 45332 /&3 (nucleotide-binding domain leucine-rich repeat and pyrin domain-containing receptor 3) .

PR K 5K S AR R4 B s B ORSE. i
JEEIRAEIN F-0. (tumor necrosis factor-o, TNF-o) iH
TS IcB A (IxB kinase, IKK) EA&1K, {eff
%N F-xB (nuclear factor-xB, NF-kB) %% If:
HESAAETHQR EHWEG FX; AR
(interleukin, IL) -1B i & #8 # 43 1L A + 88
(myeloid differentiation factor 88, MyD88) K4
FET, FRMESE RN T lo (hypoxia-
inducible factor-1a, HIF-1a) HHZE, FEEEN
WHTREAR e ARy A% O R R, RIS b 3 P R
2 i i M2 (pyruvate kinase M2, PKM2) FIFL MR
i = A (lactate dehydrogenase A, LDHA) #ik;
g Z B (lipopolysaccharide, LPS) I3 i Toll £
% {K 4 (Toll-like receptor 4, TLR4) /MyD88/#

TIR 5 BiE BC 2 152 B TR (TIR-domain-
containing adapter-inducing interferon-p, TRIF) X
W EE WA Y ENERLEALSGY 1
(mammalian target of rapamycin complex 1,
mTORC1) E&1K, fedtEmefmsn Bixn ey
B PR e o A R R 98 E TR 1 4%
A Z®MERES . JLREE G E K2k
GPR81 (G protein-coupled receptor 81, GPR81) i
T WA R — R - R A (cyclic AMP-
protein kinase A, cAMP-PKA) il i, FE5%E
I Bz AR SR R AR F R ALK, BRI
I B B R R W MRS (reactive oxygen
species, ROS) i E MBI ATIRES & S5 P58 5
T AR E AT MG RE A A B2 R 3
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(nucleotide-binding domain leucine-rich repeat and
pyrin domain-containing receptor 3, NLRP3) & JF
AN PR T M OC B AL AE 2B 1 (apoptosis-
associated speck-like protein containing a CARD,
ASC) (PR AL, ik H 5 e K -1 Hi
& (pro-caspase-1) My Zl%¢, M2 FEIL-1p
TIL-18 A B A Wb 5 3 Dot PR g R M2y — A% 1R
%P2 (nicotinamide adenine dinucleotide phosphate,
NADPH) AN 25 30 J5t 780 408 P i e s 4> — A T TR
WL 4 (LB (NADPH oxidase, NOX) &AW
ZEVEAL, 3 g W W R R A e AT IR 5 BT
i, SCRARE R AN F 1AW G A 2, AR
- A BAE B L A IR I E 3R, WE A 7~
Yidi i BB, 5 BRI A AR S5 P4
PeRFIRRILNFRIE, MRFEAFAE I JAE A BT G
AL S AMP 1S L FEE  (AMP-activated
protein kinase, AMPK) ., mTOR & it —20 i fLpl i
A RIIRAE
1.3 SRR INBERITEEE AR

YRR AEAE . HEE DL SR A A TR S AN
AN A L ATP, 3 77 A A A P R AR 2 i
SR, BHRE R AR XS S A ) 4 S B
(20 M ARLRE SR ARAE o 502 R S A0 BT 5
PUTSR: 2 ORI RE ey v i W 13 AR U S K A
SR DI RE MG BB AR P02 M I S
BN T My, AN [ SRR XTI T A 0 6 22 B A7
TE U 3 A——2800 T 4 A e B2 RSO e, 1T i)
TPETHIM (regulatory T cell, Treg cell) MIJHEfii[n]
TR EALBERR I ARG IR A 2 s X R i
U1 1 22 S AN AR I T A2 A0 L 2 B Y 22 T Ak A
PR, LA ) AR SR A A A A T R A
Alfig. CAAHCRIRIESS, A S I pe e i
S A 4 1k 40 H IR F 40 IL-1B, TNF-o flly T4 %
(interferon-y, IFN-y) %547 B30 Rl il Bt
RPFUNIL-1 FF 33K B%, DT B8 38 5 1) fa e
[E78

W T A 00 5 O 200 R 4577 A 4% HK . PFK-1
FIPKM =AFRuE A, Horf, HK-2 2 HK ) —FfE
B, AESAE ROV T RB K- IR Tt m 2R SR AN
JHLXoF 6 A W ) W SRR PR Ak A%, PRK-1 A/ A T
i ARG TR N, s sz 2Rl e ]
Y RS S R AR, T PKM2 D AT 3
TR AR SR DU R AR s A R T R, IR
BN EZAEARSIIRE , L RaE 0 HHIE R

A e 2 7 ) VS T 7 1] 38 ik LDH Ak 8 B2 B 6 Ak ok
FLIR, A RIRIE, X — AR S T
B ZE A ) D Re oA B EERARAE R 2 AER
SEARE T, ZRE RG-S4 F W LPS. IL-1B.
TNF-o 55 35 0] 175 00 1 At OC B g 11 Rk o) b
JRZ, MR SGE 42 {E ATP . NADH FiA:
Y& BUETA, SCRPRE A B TE AL RIS, A
AP P, DAM B REARAR R 1, BERE
fif% 38 5 1G5 75 5 A — A A A A5 B (inducible
nitric oxide synthase, iNOS) Rk I ¥ AH & {23,
L F AR AR R M 5 A Th17 A, WHE
AT A 0 A T A TR HE 1L-17 BEPRAL i R 4 2R
H O EEL, S AL G 1l ml DL,
fif A28 i HK-2 . PFK-1 Fil PKM2 = /> B 3 it (1)
P, TR R R OAERT, AR
RS IR Y, R T e &
R 515 5 RS
14 HARFRUERIFERE

WIHTHTIA, WERE A e 4T e A% L
U=, SR, SR - Ho 5 T 48 0 28 FE A (]
AU RETS I TR IUE- i d i (i)7 UK =<3 i 8
S R R ERIE IR AR | SR R R )
o ZFERCAM A IR ot v X — g
N, SRS TR RO, HhRR
fiff 1) A= BRAREAE AT 0 W I AR AR T Ry i A AR
Nio BE, SHERNRERR LR R T R U b R
TR “ACTRE " o 1E R 5 PREE B il Y o7 s
WE, SRR H AR AMEAS N e R A
Yy KSR RSP 1 X R Y S i AR
oK, A SRR B A S fee A Ak T v P
SRS . XA YA B YRR, SRR RE
g T T S SRR L, B R AR
AR IR, BERERRG SR AN R S AE 4 B2 it
e, WPEREREILRAR, FLRIENE S AT
3H oF HIF-1o0 38 B2 28 1045 N B2 AE K 7 (vascular
endothelial growth factor, VEGF) B3k, #Eimiy
P e 2 TR, X — P T B
FEIiL . KR FIBRAAR WA TCHE , IR A € . it
PRAFIER . XU, AE IS 5340 AR A (R 2 21
WO, BRI AR BOE EE BU S R
AR PR, B R R Y G E A AR X A L
A MR . AR DL Th2 R Ge 3 25 3, i
CRS ‘H R B Th17 B GAEFFAE = X > T 44
L ) 2580 7 1) R 1 e A RO T i Al RN
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T 4 315 P e TS D) 80 22 A 4O I e LA S5
SEGE RN N G B o SO R g AR T G i
ARNLER R, AT RV JRAE S I X R A A B P 4
SN bl L, SRR AR 0SS
F LA S e A M A IS ) PR 1 XM e A 45 14
e AR . X AP GRS AOACIIARAE, AR T
SR SN B Ay 58 A0 P TR E A

2 BERERREEEESHE

AR JE H % Bk & H E  (immunoglobulin E,
IgE) NSRS BRE], LA Th2 K4 5E fivg
i PR A MR S RRAE 5 CRS WU 3 R < 1 5
SERBERAE, AIER B RIERL, R 5 A Yk
Yo RER I AL E BB YIAE ) VMR FE
i H FHETREERAL 8, ROV IER S B A
RN B R SRR L IR R R ILANG T R
W LAFAEZE S, AP AR RN . b BT fE
B AR 2 0 S A AL R LA
21 REMMBESHEE

B TR S AT VR i 2 5 2 B AR ) AL [ BURRAIE
{H 9 E 4 M 20 W S AR A F e S B . AR R
SEFREG LARE TRk A0 . NE AN K Th2 4 e )
FIGACARAERRHAE 75 T VMR, CRSFE&R
H BRI R A . BRI RS, L
K Th17 40 REA Y T 1 G e O 285 1 i 50, G pie 4 g
FEAN R BB B 1 sh A S S D Re A, MR T 5
RGN A% LB B g o

FERRTERL4H MY (eosinophil, Eos) J&&R K &
W, RRBIR: AR &R R P B SCEERON AH e . AE
IL-5. C-C % ¢ & b I 7 B K (C-C motif
chemokine ligand, CCL) 11, X FRFE IR Mk 41 iy
B ¥ (eotaxin) -1 F1CCL24 (3 FK eotaxin-2)
EHELEFERT, Eos WEBEBHOFTES 2 550
JEE, R ik an 3 E % 4 1 (major basic
protein, MBP) . W& g £ %7 40 ffd BH 2 7 &5 H
(eosinophil cationic protein, ECP) Z550ik: N 249 H
PO L Rz A e R R I, SRR Y Eos
REEIE RN, “ AN ANBERIE”  (extracellular trap, ET),
& Bh 28 K7 /K DNA (mitochondrial DNA, mtDNA)
5 EURL 8 R R, 3 — 20 i R E8 AR T R
g e I H Eos TR AL SR AR B 5 S 5™ A
JERIEAHDG, RN S G S E RTINS Y7
N EZAYIAREY 7 Bos FF & 58 W RN AL ]
FERMA 3T HARMME R . R PR

FORMZHSUE SRR () BbAh, BosiBREA T RE
TR AR 5 41 M R IR A S Y R —
ORI G SN, T8 25175 5 5 2 G R 4[] R
i DX I A SR AR

IR M (dendritic cell, DC) 1E Ky fifiE &
SGrhUIRE R K B IRPURIE R A, ERRE
A RV IR TR A O P DC IR S
FhIE Gy R S SR AN, AR T R R A
HZ, A ARARS R AR AR I 5 — T8 g Bl 2k ™,
W PURSE R L T AIMBOE R s M ST eSS
B AIE R A sh SR . fERR RN R,
B 2L R FIE R E R, 5 DC %
2 L5 G5 S HT ;RN R AER ]
S I O e RS vl /N ) e 7 (1874 3
DC [n] S AE TR HIEFS 77 R E RS L R
DC BN THeJF 5 208 e, B e i b bt
JiORK - B4 LM AR A K (major
histocompatibility complex, MHC) & &¥3454&
IR, ARERILE T A0MNE L1k AN R
#, WIThl A Th2 4088 ™. AL, DCAMIE ZFh
20 PR AT R R S RE PR T, DA T2 M G2 400 e
(A2 A7 o R bR 7, JF H DC 5K 40
JHL . B AR L 4 L 55 e 5 240 L 1 DI [ A S
I EAEEAEH, LSS IR A 57

AL (mast cell, MC) 1E b £ 56 I s
NE OGOV AN, T 2R RS 5 RAER R R
g™, fEEESRT, R T CcCL2,
CCL5 K4 it PR [ 9814 HE 1) R 7 () 5 [7]
B SR W ERPREHT B, MCHIgE
WA PE RO R AR TG Ak, BRI . R RS
WAEA T, BIRAVERIERN ; BEE R, H
WA IL-4, TL-13 45 2 g PR {12 i Th2 78 G 92 L
%, TE R M SR IAEE B IE H MC i By
B BRI 4> F (I BT . P IR 2R A
JB . BRI AN AL R T S AN ), M T SR B RAE
PR 2 2 8 RAEBR IR ML R, MC A
LI I NS, AR R IELT 4L . i
RN b K B R 5 AR AR BT
22 BFERERGS LEES

SR R A AR AR —iB B2k, bR
SEAEME 5 SR B AP AR R SRR S E 0
T BRI AR T2 PR 2 L e a7 45
HSEEBEENHPNEESD . e iR EL,
JE AR sl i AR TR S Rz 400 e (] % T e 54
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WRIBIR, IMEEN (occludin) R IEILE
M (claudin) SFMEHEE MY FRIAZEEL, SEmifert 5
ZEREE PR 0, SubRIET, BB AR
B 1 SAC (mucin SAC, MUCSAC) 3 401
4Bz s R R 5 T /TSR YIRE, B
“PUFBE- SR RS WOBMEIEEE 2 TERAE PR
Brp, FERAEEREAETEZE . Notch {5530 If
TEVE T R EAIR A i ik, etk AR K IR Bl
(transforming growth factor-B1, TGF-B1) #5SAY I
Bz - 18] Jit ¥ 1k (epithelial-mesenchymal transition,
EMT) W4 EHae 1. X —d Bz 2R
T 7 2 A B8 R i 4R 2% 8 T HIF-1a 800 19 52
M (04 i 2R BE - b R I = RS AR i R v
EEOCHE AR, e 1) 2 S o i 28 JC BTG P ) Jo
(substance P, SP) Ml [& £5 & & K AH ¢ K
(calcitonin gene-related peptide, CGRP), i P47
MC F1 ¥ 15 e 9% 4 B ) e, B R 22 R E
DAL/ G
2.3 Th#AME SR K ERIREILH

Eb 98 (1 & 2 % FE 5 Th1/Th2/Th17/Treg 41 i 1)
SR EIIM K . EEFIRE T, Thl/Th/
Th17/Treg 4 Ml (RF5 & shaF-r, [l 4E 55 5 R 5
PERRA . BRI, TEIRBAAME T, X Fh-FAr bk 4T
e, FECRFETER RAE SOV AL 78 AR R
HF T, GATA 45 & & 113 (GATA binding
protein 3, GATA3) 3% Th2 4i e ¥ s3-1k i ot
IL-4/1L-5/1L-13 41 g [ 7~ 25 9K 3l) Eos 121 Fl IgE
Az, T T-bet+Th1 2 i 59 AH XA 5 2 IFN-y 73
U R T R 0 TR RAERAS TR, IL-6
F1 TGF-B 155 A9 RORyt+Th17 4 Ji 38 1< 73 W IL-17A
I T rh R R 4 M S AR RN ZH 2L IR, W] Foxp3+
Treg 21 i 11 Dy g 32 453 14F — 25 Jin ) £ 8 2% A 10 77,
X Th 40 S () 22 AL FRIN  FWast A& B i S
ARG TR G A VA L R - P 4 Ay, L [R]TR Jli
FE M IRE AR
24 MAERBTHESERMMN

B A ) R IR AL [R] B o 25 95 S 2 4= ) p 8- A
92 - bR MO EL I 4 . S B L e A A R
YR A SR BERET, b R 200 e R i e i 356 J5 o £ 240 i
H i E  (thymic stromal lymphopoietin, TSLP) .
IL-25 Fl IL-33 S84l 3, 0 2 B 1147 4k L2 40 i
(group 2 innate lymphoid cell, ILC2) FI1Th2 4iA{,
PEEIL-4, TL-5 FITL-13 SE4 AR R F R il o, st
RAEA T — 7 WALl MC . Eos 1% 1k I B 20 iz |

H =T, 53— Jr s R B SZ AR
R VA 1 (transient receptor potential vanilloid 1,
TRPV1) . Wi 32K da 7 5 25 A 1 (transient
receptor potential ankyrin 1, TRPA1) 2§ B} 52 {&
P37 38 1 9 R R R R P TR AR C AT
YERETSP. CGRPAEMIZENK, HE— DAk M4
K. BRI S SRR, TP R 2R TR A
TR AILE] o RS iR 2T S B A b
PR EAl, £ SRR = X P 2 A% 5 film]
SRR AR ooy e Ah IR RE T 28 8 B ) R A7
52 R - ) A2 JERopf 28 1 Ay R A E — 25 0 e 48 e
FgL
25 REIREMNEBEER

AR LT 3 o 22 AL R i B AR %) 2B
J&o TEARM, JHRE R ACHURNE R AT T 1o
Th2 e g, ik IgE A S i vy, [RIE g
P ZEALA T SRS BR I RE , AR 1 527 X
B oo XEFCRS &, MERES | A By B 4 B vk
RAE SR, WITL-6, TNF-o 55 40 f K 7K F 59 7
1, AL S S A0 I A b R 2 LR Eos K iR
T, T R OB B 5 00 S e i 0 R Ak 2R
(advanced glycation end products, AGEs) 5 H:3Z
R IARE AL LR = 32K (receptor for advanced
glycation end products, RAGE) %54, #4115 NF-xB
G5, N SV 5 R RS R 1
fE VMR, RZR ARG R A F & RS U6E
FEALA AR , 25 T H0 S R BRI 4 1) T
i vhng, [FEHEfESP, B R BEBK (gastrin-
releasing peptide, GRP) SEFHZKEERL, INEEFRLE
TEVE ST SN o 1%

ZELTIR, B A 0 B AR ) PR S 2 4k
. ZIRRMNEZHERE (82) . H AL
T T SR A BLIHOG . Th 4R fa e Rl . bR
PRBEDIREZEEL . - fiRE S sc i, DR R
WEZANEEART (1D fEARKWHLEIH, o
T 2 8 175 5 DC 38 b WE e i RS P 7 U80S Th2
EA0 Y DR S SN 1 72 T e 0 A 1 [ [ N 0
TWEmE QPR AR 1Y Eos 2Bl M B 11 M AR 2 4k
¥, e T8RN Th2 B 9808 [ v 3 CRS I
TR IR ) e B AR RAE , P8 B B L) Eos
AR AR I o 3, N B R R RN S
7 FEL TG A A BRTER LA DG 1O VMR 1Y AL
il 2296 S [ R 2 R A R B I R AR
L, b LR A ™ ) 38 A A 45 28 OB TR
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Fig. 2 Schematic diagram of the pathogenesis of nasal inflammation
E2 BIRAEREFE

I S O SRR S A I AR (R AT L2 R ) SERVE, ok IR IR (TSLP/IL-33), JERGEMZITRE
JUPYITACGRP, HIFEMCHIEos, S 5MANEMAIE, DCIRESUSIHEFFTh2/ Th1 784, FETh2HTh1 74K AL . XLV A A [
PPN TR DEEE : Th2 E FAUBHL SARMIZE, PAEosIRIANFHIE; Th17E FAYBHL S5CRS. VMRMIE, PUP MR ANMSE4E ML, Tif
BN AL L - Ak (EMT) . MUCSACHT [ 63k M 4R E ¥, TSLP: i JJf 3% 5 bk (0 4 g 4= i 2 (thymic stromal lymphopoietin) ;
IL-33: 41 %-33 (interleukin-33); CGRP: [&452FEHFAIFEM (calcitonin gene-related peptide); MC: AE KU (mast cell); Eos: FEFRTE
Rl (eosinophil); DC: MZERANML (dendritic cell); Th2: FEIETANME2 (T helper 2 cell); Th17: FiBETA4IME17 (T helper 17 cell) ;
EMT: L -1t (epithelial-mesenchymal transition) ; MUCSAC: Zi#& [15AC (mucin SAC). AR: ZER P4 & % (allergic rhinitis) ;
CRS: E1ESER (chronic rhinosinusitis); VMR: (45231 54% (vasomotor rhinitis) .

Table 1 Summary of the pathophysiological mechanisms in rhinitis

®1 BRIFEHHIR

SR G P A L ARIGIRHIE L Ry T ZE R
AR DCs. Th2 PRV ETG AL BRSO FFDCsHUR R A Th2AR AL IL-4/5/13. ECP/MBP. {24 [51, 57, 63-64,
e 961
CRSwNP Eos. Th2 I A 2 i bR AR EE, FLER4ERFTh2  ECP. EDN. IL-5. TGF-p [58, 62, 65-67]
)
CRSsNP  HHEHIZHM . Th17 AABERRAL S 15 BERERRARHEIL- 1786 5%, SCRPh R IL-8. IL-17. PRIk [58-60, 97]
S AR T g
VMR HEMZE, WEA  FRAEEL  ARBOSTRPEE, MEMRE PYR. CGRP. BN Zikd  [18, 95, 99,
e 4T (ERCE0S (AGEIER eh 106]
AR: AEN PSR (allergic rhinitis); CRSWNP: 2P RIEE BN (chronic rhinosinusitis with nasal polyps); CRSsNP: &1 &55RAN
5 B A (chronic rhinosinusitis without nasal polyps); VMR: [fl45 281 & K (vasomotor rhinitis); DCs: M ZEIR4NME (dendritic cells) ;

Th2: HBYPETAIMI2 (T helper 2 cell); Eos: FEERMKIAIMI (eosinophil); Th17: 4fiBitETAUAE17 (T helper 17 cell); ECP: FEERMKIANMI
FHES 745 1 (eosinophil cationic protein) ; MBP: T E A1 1 (major basic protein) ; EDN: F&ER M40 L5 M4 4 5 %K  (eosinophil-
derived neurotoxin) ; CGRP: 4% 2 3L KA K (calcitonin gene-related peptide) ; TRP: Bhf3Z A H (il iH (transient receptor potential
channel)
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7, e BRI, PR R R . (R
I, - G S8 EAR A 2 5 2 JR ) SR i A 47
BL o E I AR B4 SP A CGRP 25 i 22 Jik
T EHAE TS A AAS P e, A4 X
AEE A 1 4 TRP 18 18 1 PR 2 W fh 22 e bk, i
FfRH AR TR 8T 1 8- G 58 AR It 2 g ik
JR B SR PR

3 MEEHES BRERILE ST
S R AR AL B B B 2% 1) S A0 1) 245 3

i, i A g A o SR N, i 2
4. ZIERRMEENS SRR L ERRE, HA
7] i PR 7. 258 5 B AR AE P A AR S 2 i ST
i, FERAEMEDRIFLT, g, ERAipSiE
IR T R 2 22 i) e o W A A A T R LR ) 55
WOCFR WO IR A G5 20 AR 157 A A i
1, BB RIEAN BT, DEMRIR bR e e 4
P [RIE, St A0 b B A e e Qi A A oy
WO, JEGEAC I TR I, R SR ER G
ORI o SR BRI A G K S ) S AR . b
HA SN T Z A s AL, R T SR
RSt R OCHERRAY , DB I A Ak R g I o 2
Akl (E3).,

—h
REET
(TNF-0.. IL-1B) I
Eos MC
PTERRA G B AR ik
mTOR-HIF- 1o :
(HK21. PKM21.
— LDHA?) ]
BAE/HIF-1088 52 — FRH
M o
S
EGF/EGFRi #% > #ik —p TRPVI _’@%M?gﬁp )
JOL ~
AR
sz — ‘
(R e D) orrst J I | s
HWWWEWW -~ /WJWJ #HIHDAC
ik o M ‘
LT R

EMT

Fig.3 Schematic diagram of the crosstalk mechanism between glycolysis and nasal inflammation
E3 #EEMSBRERERN SRR
N #E (TNF-o/IL-1B., %E/HIF-1o, S0/ ZAEPT) G mTOR-HIF-1adl, FMHK2. PKM2KLDHA, XS . 350 AR
et AR (Eos, MC. ELWEANM . Th24ffit) 14k, SEcdii s 7R, Bk & B it FLIRME 5l GPR81, TRPVI (#fiz
JRBEH) MHDACHI], Atk Mt R 55k, EMTS SAI4UH M . FHEE AL s R h i e e . RS b DhRB R I A% X AL

TNF-0.: JiEIRSER F-o (tumor necrosis factor-a); IL-1p: FAZ-
mTOR: THFL.sh¥)FH 1 Z 8 HE A (mammalian target of rapamycin) ; HK2: O BHE2 (hexokinase 2); PKM2.: AR R I8 fili M2

la);

1B (interleukin-1B); HIF-la: R4S M F1a (hypoxia-inducible factor-

(pyruvate kinase M2) ; LDHA: FLEMi S M A (lactate dehydrogenase A); Eos: FEMRMERIZNE (eosinophil); MC: AR K4 (mast cell) ;
GPR81: G#E{HHXZ 1481 (G protein-coupled receptor 81); TRPV1: BiHfZ AL FH R 1 (transient receptor potential vanilloid 1) ;
HDAC: HEHECELEE (histone deacetylase); EMT: [ f7-[a]Fi%% 4k (epithelial-mesenchymal transition) .
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31 REMMREERE

SITRA S e Y S SR B N (UERES &
OR BAT AR PEAE A ", Eos. FLMEANM J Th2
g R ) OOz TR AW S W G A E k3 A NN
T WA B R TR, AT S R A S
SN o LAAR R, 38 3k S04 S S0k SO i
(R0 AT A2 2E Th2 A0 L FAE R e M s £k, (Rl A
T B PR 3 bR HIF- 1008 56 1 S0 55 336 40 i A
TEPE DO ARG R SE WEE L B, CRS H 3 HY 5
BRALUD, BEEREAR KT g s, XFPEg:
5 M2 B I A0 AR T LA % W B e 4 3 i A A
SEHISETE O Ak, VMR HE S BEE [ R 20
i A7 TR A TR A S, X T B 3 R M ATP Rk
PER B TIEE, RSB REINE S 4 DR
AL

WF9R M, 7F AR. CRSZ ¥, Th2 %4
JRLPR - ml 2 A e AN e R 1, SRR
H A B2 1A (glucose transporter type 1,
GLUT1) AN, HK2, PKM2, LDHA %554
A TG R, DL LR A B &2 22 2 SRRt
T NSO S A A o gE RN, 1A
WL 2R LR DR . AN, 7E Eos o,
3 oA AT T S K LA 3% [ 412 7 TR g
i, BRI SRR L R BRRE T, BN A
WE IR AR 0 A EE g Bt nTse i R AR S, B
Hh ML Y I 200 AR AR I e 7 A A R TR, T
M2 5 5 IV 44 6 D0) 38 2 M e o v [ ™= P A 0 58 1)
g 20 BRIEZ AN, RSN S5 K sh ) S IE
S, CDA* T 28 Jfd (%) 4 9% it 15 58 7] 3 5 mTOR-
HIF1a-GATA3 {55 53 A o Th2 BRI e ks, iF
— LIRS R T W, IR AR AE R e
BERE A C A 2 587 MC TGk, RBEBE AR S
AL ATP A2 i, AR 1 TIgE A5 A4 ks Kz 20 e T
JIC, DA i B B 0 /K A AR R R (& 177, kg
RN, TERRERRIFE R, e dn i e i
AR SR B (35 (0 2 AN 5 B 24 5 i Dy
RV T ARPAE o O A0 e 1o i 4 — R AR A
T, SEIRXTRAE ) SR L
32 ABERERIAE

o R, FLRRA USRI 2
AR R EZENGE S0 T2 5 BRI RAE M T
F 08 FLR 322 A TR A MR BT S TRPV L 33
(R YN - N I A S R
(histone deacetylase, HDAC) i P4 34 5% i 58 [K

Sk, Kl GPR81 Z RN e i tafb 3
ANITHS 5 RAE RS O MR R R, TR
pH7.03 FUFLIR M R, AR FRE 80 i 25 0 B ik
SRUBEEIN, MESEFLRRAE Jy S RE RS r 0 O B A
Yy, e O TR RS 3 T TR U R T 3
(acid-sensing ion channel 3, ASIC-3) fili & & B 4E
AR A0 S E T R B, H ORI R e
(Japanese encephalitis virus, JEV) i |- ¥ HIF-
lo (Y FRIR, HER i  Pi 25 200 i o 0 1 Ao AT
BRI AR THEFERS N . FURRLE iUt 22 Kot
fifelteas FE, e R 2E 5 B2 Hl, mim
WA B0 HIF-1o0m] S 25 A 22 S kP 120 5
A 2F SRS A SRR AN (natural killer
cell, NK cell) 3Kzl 1 Mg dE Ay, %o AR
RNA SMPD4 (circular RNA SMPD4, circSMPD4)
AER% 5 LDHA 454, Jfil i YiskM5 B 1 5 2
(silent information regulator 2, sirtuin 2, SIRT2)
I3 LDHA 2 AL S0 H FERE A, DT 3 5
M LR A T g, (e gE R i S ek
R 2
33 EMEZE (ROS) EREMME

ROS 7E 5 58 P ARy T GBI AR 5 0 7)™
AL T T, Eos RIHUARR I L RLAR S5 14 15 ROS
[ FZRUR, 8 EE & S ) 1R I AT NADPH
A fLREE2 (NADPH oxidase 2, NOX2) R4ihfkik
VRIS U FEf5 55 S22, BFoT Ak o e i 2
2 B1 (aflatoxin B1, AFB1) Z#&il 4554250
AL B ROS 3 BE 77 A, SRR . N
W i (endoplasmic reticulum stress, ERS) F14¢
i 207 B I TS L 2 T A A B O T, RS
ROS-ERS 15 5%l J2 AFB1 75 5 20 2345 1 1Y 4% 0 AL
il 1 B SIS R IR, MR E K R A
AL EREN (sodium thiosulfate, STS) J&J7 I 3&
R Al ROS 7K - . W80 8 Ak LS 2 E (TL-6.
TNF-a 335 ) 270 (RSMHMISCES R, 435
PRRON 1 ENO Ll it #E a1 1 = pILEh & (beta-
actin, ACTB), /5515 3= 4 M WH I i Uik s O 7= 2k
ROS, #Eifi4K ) HIF-10/IL-1p S IL-6/TNF-o 4 i il
H, AL “ROS-ZAE™ RSN, AN T
WS e bify
3.4 mTOR-HIF-1o#h{EA R ARG & ik

HIF-1o 1 U R GEAZ.O oo, TERE
it 55 SR AR R SRR ALVEHT 1m0 T SRR
5, HIF-lo # 2 Mt 2 AL Bl 45 1 U8 1 (prolyl
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hydroxylase domain-containing protein, PHD) 333k
G 407 = - AR R TR B A 5 TR AR B,
RIIRAET , PHDIGPEZHN, & 09 HIF-1a %
FHMIAZ, 5 HIF-1B 456 T8 WS IR A, s
£ #5 GLUT1/3, HK-2. N il 52 i & B 8 mg 1
(pyruvate dehydrogenase kinase 1, PDK1) %57
(A AR R A R 3K o IR E AR B A 1 1
HUF, WITL-1B. TNF-o 55 % 4 7 F1 ROS L fiEs
T ) PHD 53807 NF-«B i 8% 7] 4% 2 @ HIF-1a,
XFPER G HFR R “PHIRE” (pseudohypoxia) "33
mTOR 25 E I 5T 5 RPLNE Y Iy — Bz
# 1, mTORCI1 AISE 1 HIF- 1o F04H A6 40
JiL 96 5 e T e AR (cellular myelocytomatosis
oncogene, c-Myc) HRMEIEMF, [R] I 4= 1k
TRfk s IR L, AR S mTOR
I B S, 5 0 Th2 BUSE W R R E
FHOG 7, CRS (4% (9 53 B 4140 HIF-10 K54 2
F LR, NWREELN AN GLUTI . HK2 R PDKI i)
PR WAHNEG N 1, BREAIRET 5 SR K 2 [ 4
R HIF-1o AR E , 104 10F Jay 10 0 3 ik 0% 1 1) 3
5 U BRI P AR LR AN OGE A TR AL A B
PR, i R I S GPRS1 5 2 A 21 i
(75 AL AR o 3 457K mTOR-HIF- 1o 5 7T 58 & 3%
TR S AR SN, Y AT 2
3.5 MEEBATHNLXRES

TR A [FREAE S AR B A LB 52 rh oy Vi 5 A%
ORI B RENS SCIL ATP AP 5 A, H:
A RCRIE FIRSIR T, IF BB it
B AC T TR] A, DA B E ) o A
55 IR] AR i o 7 v A B NADPH 4 il it 4
i, A B TR AR N AR A, RIS
SRR ROS K o A, A4 Qi = ik
it Z EHLHR AT . — T, RS EOE
GPR81 Jf-fii Bk Joi 4 J 25 Mg M4 T, S = Bl
FAAEHG el Sy, EHMREY H S
S UNALAE S am s, BN FLIR BEEEE E HIF-1a,
i HERIA K s o DFTE B, MR I 1 i 7
BA BRI, EHLUEZ 0], Warburg R0V 3455
PASCREQMERAE SN 5 FAE B SEREAEE , MR
B 5 A AR AL U R T, L) 58 i 2L
PR I B M g W 1 PO R I F 2] S G X o]
P B 5 &R (eosinophilic chronic rhinosinusitis,
ECRS) /NEUBIEL, BGUF HK2 78 9 F & 76 i v #2538
Tk s e HK2 il 57 3% % T (lonidamine,

LND) W] & 5% ECRS SR, 104 4 i 40 g 12
T8 20 A BN R IR A G A, LB | A -
HPE LN i (CXCLI-CXCR2) J b J -4 2 o0
(PTN-NCL) {55 Bk s i) 55 S E 8 ARSMSE
Bt —ESE, LND B B & b R A rh
C-X-C % J¢ b I 7 B & 1 (C-X-C motif
chemokine ligand 1, CXCL1) M1 £ 34 K K ¥
(pleiotrophin, PTN) YKL "', AT A M,
Wb 113 (desmoglein 3, DSG3) J:PH ] i it
PG R 2 K 7 (epidermal growth factor,
EGF) /ZREHEKINF3Z21K (epidermal growth factor
receptor, EGFR) {55 il %, fEif AR /NG IERE
FEE S AE S T4l S e T fig " I RSB 5 &
B, Gl Heds 50 41 5 S A (nasal polyp, NP)
5 20 BT BEAZ IR I SR A, RBINP B
# b He b EGF %3i50855, 1ii EGFR 5 ERBB4 % ik
BETHE, HRIB SR GLRgME . 7
RYEMISS) M HZUEIAOC, L25YRY7 T 15
5rW S EGF %3k, Jffdf EGFR 45 Erb-B2 Z /K i &
2 ¥#% B§ 4 (Erb-B2 receptor tyrosine kinase 4,
ERBB4) F£ik# TIEH . X —WF5E £ W, EGF/
EGFR/ERBB4 {5 5 7E NP I 21542 5 5 9 v G
PR B

4 PEEERRIREIATT BRI R IR

4.1 BEMNEVIREY

BRI A BRI TAE SR 1) A R et Rt v e
AR YA B 0 B M. 7 ARG — 8
T F Th2 78 G0 72 o7 27 BIR 5y 1) 02 S 280 B 4% S %
o, OB A B A OC /7, JR IR GLUTL 3R
R H A EEIG IR L, PR A B, HEEAE
(pterostilbene, PS) i o # i Th2 40 s+ Y Glutl/
mTOR/GATA3 fliii 52 T R A5 T 0 W g, 3K 52
R T PSTRYTREmG e 25 1 . [6]h Th2 74
RIEB, AR BIALH] 5220 L, 795 ) Th2
B 5 FBE TR AL . IL-4/1L-5/IL-13 43 WA 3 /il & Eos 35
] . AR S BRI , Bos MU 8% i 1L ik
GLUTI = 3% 3k Al figfid o AR 0% S stk d e (a
ECP. MBP) B ", W40, GLUTI Rk
K5 AR PRE AR B IE A e . CRS B L H
tH A 5 A9 HIF- Lo A% 8 AAFAE, 14665 5 Eos IR 2
V& R BT 405 B WA OeE , SR T REfE
1 CRS 7 (i B sy )
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4.2 PEEEFRINFIF

R P AP 0 11 790 72 22 P AR vh g b T 2 AR 2R
TR WSS , AR FHPLRIFNY 7 RCRAIE A i
KEIRITERAE T RSN S HIRYE (R2), TEMEG
Iy Ak, 2- i S A A B (2-deoxyglucose, 2-DG)
IEHIDLH AR A B I . %2538 3 55 S
il HK2, A {3 BH Ui 76 2 A Qs A0 26 — AP w i Ak
BB AR RCRERR, 2-DG B3Ry Rl
22 e 200 W T e BRI, 2RI E ] S EL
PRV B2 ARAFAE A OCHE T 2-DG b figil i 3L,
M2/SIRT3/AMPK i A2 15 2 A0 F W, DA M 22 /i e
I E 75 T 1 2 B B4 (acute kidney injury,
AKD) , T B W R 3- P OER R R RS (3-
methyladenine, 3-MA) AJ#BHEIH 2-DG AR 1E
AL 3B OSCE AR AL 2R — s 0T RS
5 TR H B R T T, BRI R Y
S LR AE U g it 1 DA IR G T &
], 22-DGIAYTIE, K9 AL 2L (% 2 M 240 i
BERE R U s, [, BRI S RE
R F IL-6 1 22 15 K P W R AR, JIFIDE X A2 1A
(liver X receptor, LXR) S [n]3# )7 SR9243 i i:f
1877 AMPK/mTOR/HIF-10: & 42 3 52 410 il M1 F
20 L A A AR TIG SAe D AR A 700 5 R 2R XA G 7y
RIFRIP R B 0 TSR LM, XA
RS Thi7 4010345240 . RORyt #1558 )i /b
LK M1 AL B 20 L L 49 5 DDA OGP B
WFIEHEIR , 2-DG REZEFEE I o5 B (14 5 73 4t

WAL, WA T AN DI RE . FX1L/E N
LDHA [ AR, e MR B b 7
FRROLRVE % FEAF 4k, 3-TRNERR
(3-bromopyruvate, 3-BrPA) LT 4k AL AE HHL ]
WA MRS, WK, 3-BrPAH AL T
A S RE A SC A B4 HK-2 . LDHA Fil PKM-2 1
KA, JFEMR T B R -1 2 AR A G B 4
(interleukin-1
IRAK4) /MYC J& % 3 [ (MYC proto-oncogene,
MYC) /K-, A figid i IRAK4/MYC 5 538
B, R—ANETER IR, FEE A ik B
ARYER Y A EB T 18- H HIKR R
(18B-glycyrrhetinic acid, GA) X} 48 LB % & HE
£ M (oxidized low-density lipoprotein, oxLDL)
5 I IS PN R AL T DR AP E R, 2551
FW, GAMINH PGKI A S B m i,
P PGK1, GLUTI, HK2, PKM2 &k, I/ bFLR
AR, SETTII R ORI E T30 I8 N R A 5
Py 17 I S R i 0 ) R0 5L A BT S 92 A0 B S
WAL VR RAE PR S 2 2 2R 2 Ak i) A (] A
R 3 SO WE AN A 700 AN [RGB ) —
M LH8URE S . 2-DG FE MG A 2L h i3 3 1R
28 S FXA1AEME A A AR R R A . X
e B T 2 ERE S R TE T & S IR YT RS I,
SRR N G T 2 0y JR a2k AR RS R B
7%

receptor-associated  kinase 4,

Table 2 Application of glycolysis inhibitors in different disease models

R2  PEERRRDSRIFIE AR AR IEE A

il 77 B T G/ A FABL B = B R SR
2-DG HK2 EZ LR SEAHEAIHIHK, FHBTH R RR AL, PRACHERY R & [149-150]
2-DG HK2 AKIHE A BT FLER/SIRT3/AMPKGR 12 S UM A W, RS Hilh [151]
2-DG HK2 RGBT ALY FIHITh1 7706 S MUBRAY, , B I L 98 A [152]
SR9243 LXR X [ Eh 7 FERHE I AR AL 4% AMPK/mTOR/HIF-1cif 2%, #HIM14% 4k [153]
FX11 LDHA JHk BERE ALY S VEIIHILDHA, 5o AR E [155]
3-BrPA  HK-2, LDHA, PKM-2 B TR 2T 4 A A5 A IHIRAKA/MYCIBES, T URBERERES, FLF4Ell [156]
GA PGK1 M A AR HRIPGK LA S B, el D FLRRAE A, P FE A 1 [157]

2-DG: 2-iiFH%B (2-deoxyglucose); HK2: CMHEMH2 (hexokinase 2); AKI: 2Pk #1475 (acute kidney injury); SIRT3: JTER{E B
FRF3 (sirtuin 3); AMPK: AMPIG{LIE F134EF (AMP-activated protein kinase) ; LXR: FFMEX3Z/A (liver X receptor); mTOR: MiFLah
Y EMEZ LAY (mammalian target of rapamycin) ; HIF-la: {X%i% T F 1o (hypoxia-inducible factor-1a) ; LDHA: FL& M & A
(lactate dehydrogenase A); 3-BrPA: 3-JRNMEAAZ (3-bromopyruvate) ; PKM-2: PIERFREL M2 (pyruvate kinase M2) ; IRAK4: 41/
M FE-1ZARM B4 (interleukin-1 receptor-associated kinase 4) ; MYC: MYCJEJ# K (MYC proto-oncogene) ; GA: 18- H H kiR
(18B-glycyrrhetinic acid) ; PGK1: BEFRHIMARILEF1 (phosphoglycerate kinase 1)
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r AR A R 42 S ) A B o e
ZIIFEIESS, T3 rh 24 S OHAE 1 oy vl i i 225
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RPN B AR B L IR SRS T Y
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(phosphoinositide 3-kinase/protein kinase B, PI3K/
AKT) {555 U0 U5 B B 1/ N 5 B
T FEH IV (astragaloside IV, AI-IV), [%
ik 7 XK HEZR 4 O1 (forkhead box O1, FOXO1)
Ja 87 KB R AR, B HERS s FOXOL
AR AR AR T OGS Y 2635, JTBHIrbE T
A S Y B R AR M AR AR Y ANERERRAE Sy B
BRSE R 2GR RO LY, HAE CRS BYIRYT Hh R
Ty, /NEERBENS 1] mTOR-HIF-10 {5 51 % ,
BETTED N i Z2 FBERE AR AR DCRE I ORGSR 3R, X
BRG] T RS T 40 B W 40 Y 3 1
FSTEAL, AEHE TSR B L Bos BH T
LR AEIRYT AR 7 & i AT B L e
TERRCE JRE T TR AR TR 1Y
44 MM FHYTREN

BReb 2 oot —se M fess/ Ny 25

AR R A, o B R TR TR T
B . 2-DG R A BE R, AR OO
0 €L 3 e a4 i | O 4 21 e B[ A
RIS — RN . IFSEIESE, CRS B Sy
TR B TR, JT R T O SR b R 2
WA S R SHRERY BV REVE . & i A B R
BRI AT 1 GLUTSs A2 2F - K 200 it o) 48 25 1% 1)
BREL, IR ShHARIG o g A e W R At TR
IL-1B. TNF-a., CCL20 % 3¢ fit % N 1 i %
IR 1O Gzt R T R I DR 2-DG P i
& P [ AR % 300 265 1k PT A CRS BIR YT $R AL R
W HOBUNE R — R i epi 2, Hbik 5%
PEVENTAEF H 352 80560, FoTaRi, —HXUn]
IE A PO AMPK GE #%, [ 80 6] mTOR F1 HIF-1a
(AP, DT A7 ] DR W PR i e

UG AT D0, S e W o B 25 T S B
TR (3R3). fEEEKZEm, LiehhE
O BRI SRR 2RIy T, HAE R 208 F HIF-
lo. mTOR, AMPK ZEAZ U CIHE Y 5, 8t
X UGS AR HK2 . PKM2 S EE 7 G
SRR, EREEVE T IR, T ORI S YR
PRAAME] Th17. M1 5 20 2518 48 2 428 210 i
(TG Ak, R W T A 2 S e A Qa4 ) B AR A
UEAh, 2 R R A 2 A, DU/ NEE
BRI, HLRE AT o U A HLE, 1 FOXOo1 2%
H LA R 4 B e i, U RE T 10 mTOR-HIF-10. 55
W, WA Z R

Table 3 Traditional Chinese medicine and modern small-molecule drugs targeting glycolysis in rhinitis

R3 REHPASHARNMS FREERBTREROARICER

ZiMIRRGy RIRSAY A5 oW 22 SCHR
BB RHETT ERSIi # I ER S 10 1 7 T Ay 2 A 5 P [160]
WO T IL-17. PI3K-AKTEE  FiHHK2/PKM2ZEGL, | pEE R [161]
INBEDE, R FOXO1 F2 AL B FoxO 1 B 19 fif 5% S G — BHL TV A A [162]
INBET, LRPSLIRIN mTOR-HIF-1ajfi#  #IHImTOR-HIF-1o— N {HE B S R 30 HI T/ EVEARR, {€EosPHT:  [163]
WHEHHIV Rk FOXO1 F AL _E A Fox O 1— i 1 2 O B g BELTM AR Ak [162]
B3 E T 245 LA PRI AEER  BUEIETE, O R [164]
2-DG NG HK2 SeAPEIIHIHKD, PHWTRERR RS —, WM SR N TRk [165]
ZHXE NG T AMPK& % BT AMPK— 1 mTOR/HIF- 1 o—> 1 1 1 12 3 i i [166]

ERS: WIEMN# (endoplasmic reticulum stress) ; PI3K-AKT: @S HENLEE3 A H H B (phosphoinositide 3-kinase/protein kinase B) ;
HK2: T BEEAG2 (hexokinase 2); PKM2: PERERIKAM2 (pyruvate kinase M2); FOXOl: X KHEZE 101 (forkhead box O1); mTOR:
IHFL s EME ZHE M (mammalian target of rapamycin) ; HIF-1a: X555 A F1la (hypoxia-inducible factor-1a); 2-DG: 2-Jiii % %4
# (2-deoxyglucose); AMPK: AMPIG{LEE 134 (AMP-activated protein kinase ) .
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Abstract Aberrant activation of glycolysis represents a key metabolic mechanism underlying the initiation and
progression of nasal inflammation. Allergic rhinitis, chronic rhinosinusitis, and vasomotor rhinitis exhibit distinct
etiologies, yet all are characterized by inflammatory responses, impaired epithelial barrier function, and

neurovascular dysregulation, in which glycolytic metabolic reprogramming acts as a central hub connecting
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immunometabolism and inflammatory regulation. Recent evidence indicates that glycolysis-dependent activation
of immune cells provides the essential energy basis for inflammatory onset. In dendritic cells, eosinophils, mast
cells, and Th2 cells, the expression of key glycolytic enzymes including HK2, PKM2, and LDHA is upregulated,
thereby promoting cellular activation and proinflammatory cytokine release via the mTOR-HIF-1a signaling axis.
Notably, the metabolic reprogramming of eosinophils prolongs their survival and enhances the release of
cytotoxic granules, while in mast cells, enhanced glycolysis facilitates IgE-mediated degranulation and histamine
release. Furthermore, glycolysis also influences the Th17/Treg balance, with enhanced glycolytic flux promoting
Th17 differentiation and contributing to the heterogeneous inflammatory profiles observed across different rhinitis
subtypes.As a central metabolite, lactate contributes to the formation of a metabolism-inflammation vicious cycle
through multiple mechanisms. Lactate acidifies the local microenvironment to activate TRPV1 channels and
facilitate neuropeptide release, mediates immune cell chemotaxis through GPR81, and regulates gene expression
via histone lactylation, thereby sustaining proinflammatory gene transcription. These lactate-mediated processes
collectively amplify local inflammation and contribute to the persistence of nasal symptoms. Glycolytic
reprogramming in epithelial cells is modulated by the EGF/EGFR pathway, and its dysregulation may result in
disrupted tight junctions, abnormal goblet cell hyperplasia, and subsequent tissue remodeling. Substance P and
calcitonin gene-related peptide released from sensory neurons, in conjunction with metabolic products,
synergistically maintain persistent inflammatory stimulation by activating mast cells, forming a neuro-immune-
metabolic regulatory network that drives disease chronicity. From a therapeutic perspective, glycolytic inhibitors
such as 2-deoxyglucose, FX11, and 3-bromopyruvate exert anti-inflammatory effects by targeting key enzymes
including HK2 and LDHA, each with distinct mechanisms: 2-DG competitively inhibits hexokinase, FX11
selectively targets LDHA to reduce lactate production, and 3-BrPA modulates multiple glycolytic enzymes.
Moreover, traditional Chinese medicine formulas, monomeric active components, and small-molecule compounds
have shown promising potential in alleviating nasal inflammation by regulating the mTOR-HIF-1a axis, exerting
antioxidant effects, and modulating endoplasmic reticulum stress pathways. The multi-target characteristics of
these natural products offer advantages in addressing the complex pathophysiology of nasal inflammatory
diseases. Despite these advances, several challenges remain. The non-selective inhibition of glycolysis may
interfere with epithelial repair and mucosal regeneration, leading to delayed wound healing. Technical limitations
in dynamic metabolic monitoring and sampling precision hinder the accurate assessment of local nasal
metabolism. Furthermore, current animal models, which predominantly rely on acute stimulation protocols,
inadequately recapitulate the chronic tissue remodeling processes characteristic of human rhinitis. This review
systematically summarizes glycolysis as a common metabolic node shared by different rhinitis subtypes, offering
a novel theoretical basis for the development of precision therapeutic strategies targeting metabolic

reprogramming.

Key words glycolysis, metabolic reprogramming, nasal inflammation, allergic rhinitis, chronic rhinosinusitis,
vasomotor rhinitis
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