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DX ey FH L3 o o o S PR e 3k, SRR PN (e SR IX 3
DNA H SLAL nT 3855 S N J63A1). DNA B SR B ik
FEAFEDNMT] . DNMT2HIDNMT3A/3B). DNMT1
PERR A AERF Y P LR W, KR 0 R REAE & ) it 72
Hh AR AR A RN IR AT DNMT2 91 i
A B LA PR 2 56 AN SR B A 9 L
DNMT3AFI3BJE T Mk L B (de novo DNA
methyltransferase)”). HaH) EL & BUASEHLH], (HIFL
Bl A EA JEAAL i oA 58 4 IO R AR Y
2 H AL ELAS AT M AR A, e R SRR i
PRIt st S BORE TR, (B[R] Pl e P45 DR 2R (i it
Y WA, ESE . RS, S
TR IR G R RO HOCHE M . TR R,
DNA H SR AE N S ) F st (L ML, 7EARMIA
AL R Gy B AT R R R AR, ARLRR TR
& T DNAH AT AR AL e fy a5, #6475
SEFIHYY.

1 DNAHIAEEAGEARF: 3 T Oh i H
BLk

W55 W], FOXP3(forkhead box P3)JE:HIDNATE
FH Ak 5 BRI o B e 1) QA B AR I A TE G
15 W9 4 LA R A i 3= ZEEUHUR (dermatophagoides pter-
onyssinus allergen 1, Der p 1) ZUBUME B 7 AR, 2k
5 1 H b S = A AR, AR A U A S5 263
JA 555508, FOXP3FEN )G 8+ X3k 2 SEDNA 55 H 564k
ARZE, [R) S FEBEIL-47K P TH i T IL- 107K F-REAIG; & ToH
LLi R ARER, TR R SFOXP3m I AR
ASHEA R, TSRS AMKE IER . X R EHRARIL
SEFRBH -SRI e R R, xd B
FOXP3&; AV IK Sy, ikt e b 00 72 50 ] (AR fgie
RS IEH AL, I T BRI 7 A 5 ) S e gt e iF
GEHE— 2 UE S OB A% 2 M 7 AR5 FRAE i BEAA
WA ARG s R P ) R . SRR R R
TFARAHLE, Der plEfchE BB A A0, 1IL-4510-17
KB ETEE,  TIL- 107K B 8 45 T4 L 5] ) B
RS, BERFIFARFOXPIELA IDNA F ALK - 5
B IEASEM, FE TG RAF ST b, XHEAEIR 24 & ik
TIIENG, A s iy L R AR U B 3%
TREET L. [FRf, ARZHIFN-yZHMEH 158 35+
DI 2 B A K- 3 FIEARXT HEAH. X o #r i
/N, ARIFNGH N 2305 B RACIRE, HEERE0T
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IFN-y"CD4 4 ity L 51 e,

Sarnowski%s A3 o 54 1A% 5 2 Wi AL B
PR SR ZZ AR 1 A(melatonin receptor 14, MTNRIA)%:
i —A~ 25 5 R Cp G 1. (c202303933), % {3 55,
AP ZR AL 5 (rs 10009 104) X 122 i 1 AR Ao i) 2t
T, MTNRIAFER )22 53 HEAE AR Rist &l 21
—ANEE ARG

2 DNAHUEETEARZ R HLEI 1M

2.1 ABER Fidid DNAHIEAL RS E A RIERE
2.1.1 5%

A 5% 1A BA A 33 AR /)N BRBE L IE SE P M, s % 55 48
ERK-DNMTIE B4 MCDA" TAHM rPIFN-y 3 [H i 31
FDNA R JEALZKF-, AN EE /N B ARAHSCEEIR, 17
TEREME I ] 1238 1 1T A SR A PM, s TE ARBL Y rp A9 7
EAEANY, FB TR R R IR RI T, PM, 5%t
FTIHOLF, ARJLEHRFZCDA" TN -FIFN-yAY H 31k
R ETHE; IFN-y mRNAZ LI BREE, H SIFN-yH
TR ARG, PM, s 285 /KPS TFN-yJE 37~ X 1,
FIEAE /K BEIEARSE. PM, s JLEEAR B2 I R] BEJE: 18
PO /10 = ) e 8 OB/ S e 6 s M [ UL
HEME, AMRERKLHELERERENAILE
AR RS B R, HLRKAS AR JLEE R N IFN-y 'CD4 41 fifd
Bomie b, AT 6.5 I o BUS N AFAE ] 425
e, 3ok s 3 P34 TR R -y S B H K-
Fro Ayt 2R B U RIS W H o AL ST
AL (T RESCER AR . TR . AER G R BRI sh) X K%
A AREESNE LSLFN1 23 K P ALK 52, 4878
IR 22 5% 1] ReiE o R AL ML I AR R A R e

AR, RN . B E . B s
Py FoR B RG2S G ) 5 AR R0 2 Bk 25 A G
PE. X2 S 05 Ye i o AR S DNA ALK, DA

I SR A B IhAE . IR RANIEEAL . 2 RPETGE-
B 5 1% T S Al 2R Ho 28 20 ) e IR R DG Y 2 PR 3 3K
IS, WIS A i fi: 2 4 1 & £ 7). Tingskov Peder-
senE NBUR B, PRI T A LA . PMysHIPM,,
a5 Y 5 48 5 B RS G 2 FEAE 1 2 AR 25 U1 AH
K, FECTROL I it U XU B B3, R AR
T s Y S R R I e e AL OE, XFPEREL
Sy e S AR R A XU (H TR R S5 T1R6
% I e DNAH AL 2 [a] 3K & BUBHAf OCHE. (AT R
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e, WAV — A E S 3 NS 504, HXFAR
(IDNA H FAb A 52 e iR 5 F AT i — 2D ARSE . FE—T
IR 2o A 2 0 55 i) ) U8 1 2 o AR B ALK 7 AT
W R B 1A 4% AR R0 11 0GB Cp Gz A% -
cg03689048(BAT3)(OR=0.799[95% CI: 0.722~0.885],
P=1.66x10"), WLHF5E I ARIEE TR T-Be f bk 7E 3%
W3 A WL SR AR, L R i e 4
5ARFEE R ENCADAM33(a disintegrin and metallopro-
teinase domain-containing protein 33)F ALK FEAYEE
HAEH S B ERFAIILEARBIF R, HEY S
ADAM33W AT 2 HAE T T RETEAR K Jred g o
o, 7 A O,
212 A

MorinZ AU R REE JLEE BASI RS K B, 22 L3Y)
b PE A W R SR, RERSIE L R 1 T (R
T EAH DG IE R ) DN A B S AR = i 25 P HE AR 6
R A ARBIXES:. DNAH JEALAE Ay ik S L 2R 5 1
FEARRIC, AT REFFE LR 30k B 2 LB, M
S AR R,

BEAb, FERERG AT REXT FLAFFE Y, S 7 R
T IR S 2 7E S R B b B At rh g | 4 5k PRI 21 91 T R
FEEDNAF Befb ez, H SRR BRIk ToC. XLt
AR Ak i 25 N SR D REAH DG IE R (UNCXCR4FHLA-H)
) SEAL, B S B T e i R (& B A 1
B k2,
213 HHE

TE—TRAREF T UGS B B R BRI, F
ORI RE T AE 293 hd 5k AR RSN I
WM ™= A B DNAH Sk ek A8, (046 B & 1 gy 1
(tryptase gamma 1, TPSGI). HENRZE 12(schlafen family
member 12, SLENI2)FIZEE H4(mucin 4, cell surface
associated, MUC4)JDNAH 34k, [RIBFSLFNI2)DNA
H AL SR ™ AR A B A OC,  HERZRDNA AL
F5d A 90 L AE o R A B S 0 RE IR ™ B R
MUCHHENDNA F AL K- (4728 A 55 WL 5o W U o
TRERIEADC, HMUCHRERNFIAREE ALK -
PARTE N

FE—Tji | FiNational Genomics Data Center/A 34§
PEEETF e Rt oE b, WF9E AT A & BL3Z ALK 52 I DN A
L2 5CD4" THM A BEE R, N FARMIENEA
K VESRIZ (chronic spontaneous urticaria, CSU)JpHE
AR, Melaram &5 A P21 (1435728 JLBAS 5T UE

SEPERTAE S TR R 1 eg15790214(HCG11)DNA F 34,
NG LFEEN AR KA.

2.2 AREA. KlEd b RIS

22.1 FOXZKKAEARMNDNA W ZAVE 2 b #)E & 5
€ Kl
W58 R A AR TET23635 KT F &5 Treg4il i
FOXP 3552 W 34k X 38 (Treg-specific demethy-
lated region, TSDR)AJH JEALIE N, FOXP 33k
VIS AR Treg i i m i /DA ¢, X RIATET2 R BB
L P FOXP 3H AL H 19 Treg M T fi 2.
TR R, 7E2044 ARG B A& i 40
th, FOXP3R:AH CpGI Si(—127F1-250) AU DNA i 2
AUt B2 AT s . SRim, FES v S ieiny T Sk
FOXP3HEHA 1 CpGfii A DNA W AL B F AR, $2m
DNA F LA TE R S 52 % 04 i B e T L mp 2
FEEEAPT SRR, SwamyS5E APHEFTIIAR
BEAILXT IR & BUE T Gy ik Jo o A A A
HBLG 5 FOXP33: FIA A5 DN A F AL 7K F [ AH
K, [FEFOXP3R R AL i a5 PE T4 M Thise, %
45 PR DNA W AL Z: 5 PR 1o 8505 ) S i it 52
B xof 2o AV B 5 BRE R E T S B T I R RE BE R AIG
FOXP3FE RS ILAL K, i —25 1057 DNA T 3%
AEBR I TP D AE . FOXZKIRBRFOXP3WFFE
R LA, FOX03, FOXCIW2 5 %= ARKDNAH
AL . DNAH B FLEE 1 (DNMT1)7EOVAIS
SHYARBALN AR HEFOXO3) 5 3l 1 R4k, 7]
FOXO3363 53 IENF-xB/GATA3 (5 5155, DMEJEAR
W Th2 R o ; DNMTIEARS, 7N BLARGE R 22 At [R] of
BT B AR R . A A AT ST, FOXCIAE
OVAEUAR/NR PR ik, HUTER rT &M/ Bl e
R B ARAE RN . ML, FOXCIUUER M FIRDNMT3B
PEHESFRPSFER A s T H B4k, HEuR Tk, Mmieks
SRR N B B L BRI RE. SFRPSAR:FOXCI
DUER XS bR B B i R VE . 5T DL B BILI R 4l
FOXCIM]RER R f i 8 48 AP e 16 7 PO
222 REREREF A E EMAE K HARK R/ AR
— I [ AR FE A BRI AE 5% % B AR HE X BB 41
ILI3W AR KRR, TL 13 AL S BUL 135 35K,
IL 135 CpG38 L S Ik F 3k 5 = N AR I B AR
4 XU T S ARG, RIS IL 1341 F Ak 5 1M 75 A IgE
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TR AR WatanabeflF 57 & S0 FAE R AE (cedar
pollinosis, CP)f#H &L BE A 4 il (nasal mucosal
scraping cells, NMSCs)H i il i A 15t LBk 2 5 4 g2
(lysophosphatidylcholine acyltransferase 2, LPCAT2)HY
-39 YRR AR K SF- BE C P ™ o AR 3 1 n 52 BT R 94,
NMSCs I LPCAT2H IEAL AT 1E— & P2 FRIECPH)
FEERAREERY R F A M ot B R HU (seasonal aller-
gic rhinitis, SAR)H, THi BN ) 534k 52 DN A F L AL 1
7, FOIETESAR A HlZEEICD4" T NDNAH!
BARC R RE R ) 2 5 CD4" TAIMLHHECRIERE
(A ARG, £5 BIRIR, IL13. LPCAT2W 54k
KF-FICDA" THI R AZ AL B AT VE iR i AR 53 Y
HI - R RIAREY), W ARBIIZWIANGT T S5
MRS R, DL BB i — e SR M L LTI TEAR
S AL R ) A

2.3  DNAHUEALEmARN 5> T-HLi

AR I PR TR ST A LASEIRT, 2o bk B R SR st A%
Al L PR RE RN DI RER T, ELRREH I Th/
Th22 A . AR % 2 As | TgB/KEF i LA KR 5 P
THHMIECE D80, B H O, HIAGCDA 4 M AEIFN-y 77
TERHEAL R ThI AR, FEIL-47E7E I 44 10l Th2 20 i
TETGF-BIEAEIT AL A JE T TR sk, wikhan
JAEIL-4 5 TGF-B3E [AI/E AR n] e 48y Tho 4 i 20,
T TL-6-5 TGF-BH: [l F ik U AT BEE A Th 740 7).

IRIMALTARIRES, DNAH HEAL SFEARIFN-y 230,
HEANIL-4FIIL-643 3, S3(Th1/Th22#, [AmtEREThY
FITh 17200 i 45 0 fin 5 5 01841 ] i ity
P2 AR 40 Bl (dendritic  cells, DC)F 7 3LALAR S 480
TSRS TETI 355 WA FEAIR, HI 59 4ERF ARG yeifit 32
RS HRE S

BEAh, ARZMLE FEAFIT R, U N G T
T, FOXP3 s iE PEREAR S 20 1 M T4 fa s> . 1L-
1053006 W S Ha e R Gead BE g 2528 Thi i s i
Tl Th2 40 43 Ak ok P il R4 . Bl Th 4050 s b,
Th2 20 B AR N, 2 T TL-443 358 hn, {2 (i B2 i
TALBEIEE™Y; TL-135M i hn, 51 & Fhi oAt
BB R TCHEN Y TL-520 b8, A g R ok 40 i 54
5E AR TL-9(TRRE t ThO4M IR i) i 436388 o, 41 F
B An AL,

i LR, MR RERI5Y. MUEDREE
TR R TRE) il Sz, S RE R F L AL A8 i A 98 R AL
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RIS AR KRR, HAZ ORI AT a9 R
DN A AR 3 38 sk AR SR L DR (e S IR 5 40
PR R YRR AT, B AL e i Y 1
HOMEFIIRE, RSB Thl/Th22 A7 AR A S
FRASBIREEIMARG MGEEK), MIMITEARMY L 5K R
kB I AIVER.

3  DNAHIALIBI Y TEARIEAL N P EL

DNA HILF R B 57 (DNA - methyltransferase
inhibitor, DNMTi), ANHbPGALEE, 7E b 2=RL 2 i
B, AT . R V2 (T DNA F LAk L )
25, ©FREESE AR A MAIDNAT, 5DNMTs
MEEE, FEEEIRES I AFEAR, MIM7E 424
FEHSCIIDNAF SAL A B shi 0k, BB B0S s TR
Fir g R BE R 74, DN A BLARIGTT I MR 24
EaI WY (N B e Fp N o Lo 6

Th2 G5 I 0 2 5 RN BT 52 BB SR & AR & I AL
A0, TS % DNMTI AT 38 5 A8 ] 536 i 25 45 9 F4
fEEDNMT1, ST 5 A5 5 3 2 P IFN-y 2 K CpG
PESAF LA sh 2 3k, Mk E H k. DNMTibk
WAL AN, ek 2 LB TET 2 H %
PE, MTAMHIIL-4. IL-5. IL-1309 5% m &0 5
Sk, DNMTiZRA] T TBX2 130, (2 T-betFEik.
T-betf FIHAALEEIKZI Th1 404k, g 18454 5
GATAZERNL I, HI AL, e 22 4 1E
Th1/Th2 #5523 KFI R DNMTIREW M I FOXP3
TSDRAYZ I ELALIRE, H458 Treg 4 L Al Fe e P AN He e
P Thag, i X AR A S g 2 Y.

DA BEIBTDNA F 35k S 5 A8 Ak, o] BB kit il it
R G K B G 8 2R Gead B 0GB AR i fe 8 P-4 [l 1.
XEEHLH I R IRTT ARV R 2 iR ILH e s, Kok,
TR A BB HCY TR . UL Ih bR
AW TR a2t I LT SOF 3 vig Lo e T/ IR E B UK &R
KR . R4 2 DNMTIs{ TETIEGE 7)), T
BB A A < AL B 0, T R e
Mif 57, S IHAEE Z G R A

4 LAgiRER

ARMEN — P IR B S FRIFAR PR RAE VRSO, HK
TREEI | 8L By SR S R R AR AR AR 4
AR, FMigEsy, JUHIEDNA AL, BEsoE s
LN G RER I TR, IR A B ARAY KN
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ML FEHEHTILA . A SCLRR R, ZRhIREE 2 n] it
DNA AL FE AR, DNA AL 26 ARAY TR 24
s HIHAE AR AC RIBAL i HE 1R, DNAH
FEAYHE R MR S A DG P (AN Th 1/ Th2 40 g A+
HH | T . FOXFKIGE)NFRE, FEARMGEER
b RS T IO I ERVE R, ARG R bt g2 51
HREVAYT T AT ARFUDNA F AL 7 A 1 3 52 (11 1).
FEE DNA FF Ak % K A4 S 1 35 PR PR AR AN (O B
ok B ARKS HETS BT . B 43 T8 Ky s N %) 7 8 g
B A Wbn s, e AT 306 A o L B oA it L
FHTRTEIAY R . DNA I IEILZE & L] (IR AR
FEA] IR Z T — SR GRS e AR . g
BF7 (5100 T 100 ROk TR T S TR, HEShB IR s
e RTREL BRI, USRS, YAz i
FEAIAFAE A SR PR,

T, MR R)T R SIREA L. A DNAH SALTE
IR T 24 T TR RIS Y i, EEXFAR
P PE 34k | A R 2V TRl ) A L PR A R AR AT 9

INERRBIDNABEMNIIIAR CREXER)

« TR, IRIA, RIGBRSSSH (IFNG, BATS,
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© B, WEY, 7RSS (ADAM33)

+ WHREB, DELMNEB(TPSGT, SLFN12,
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KRBT

+ FRIEMBRERITUCcg15790214 (HCG11)§
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PR, FTXTARRHUEEAC TS TS H AT
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Figure 1 (Color online) The role of DNA methylation in the pathogenesis of allergic rhinitis
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Allergic rhinitis is a chronic inflammatory disease of the nasal mucosa mediated by immunoglobulin E, with its global
prevalence exhibiting a persistent upward trend. This review elucidates the pivotal role of DNA methylation, a fundamental
epigenetic mechanism, in the pathogenesis of AR. Serving as a crucial interface between environmental exposures and
genetic susceptibility, DNA methylation provides a molecular framework for understanding gene-environment interactions
in this complex disease.

The article systematically examines the multifaceted involvement of DNA methylation in AR. It details how epigenetic
modifications contribute to the intergenerational transmission of disease risk, highlighting evidence for both maternal and
paternal influences through specific gene methylation patterns. A significant portion is devoted to dissecting how various
environmental factors, including airborne pollutants (e.g., PM, 5), microbial exposures, and allergens (e.g., pollen, house
dust mites), can dynamically alter the DNA methylome. These alterations subsequently dysregulate the expression of key
immune-related genes.

The review further delves into the mechanistic consequences of these methylation changes. It summarizes how aberrant
methylation of critical genes—such as those within the FOX family (e.g., FOXP3), cytokines (e.g., IL13, IFN-y), and
others (e.g., LPCAT2)—disrupts immune homeostasis. This disruption predominantly manifests as a Th1/Th2 imbalance,
characterized by suppressed Thl responses and amplified Th2 activity, leading to the hallmark inflammation and symptoms
of AR. Notably, the reversible nature of DNA methylation presents a promising therapeutic avenue. The potential of DNA
methyltransferase inhibitors, widely used in oncology, is discussed for their capacity to reverse pathological methylation
patterns, restore immune balance, and potentially treat AR.

Despite the promising insights, the review acknowledges current limitations, such as relatively small-scale studies, a
focus often broader than AR-specific mechanisms, and an incomplete understanding of the precise pathways linking
environmental triggers to specific methylation changes. In conclusion, DNA methylation stands as a central regulator in
AR pathogenesis. Profiling DNA methylation patterns holds significant promise for developing novel diagnostic
biomarkers, enabling precise disease stratification, and guiding the development of targeted epigenetic therapies,
ultimately contributing to improved prevention and management strategies for AR.
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