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R AL HLH A DNA B 61 (4 F 5% 2 e
H LR R H AT SR 2 09 . DNA B AL 248 7E
DNA H S AL % # lili (40 DNMT1 DNMT2 %) i 1E
AN, LA S—RR T H B 2R AE Sy Y kA SR
CpG —AZATER " MIMEE A 55 5 B IR 7 LM R 25
— AN, RN S 5 R i e
(5-mc)®, DNA AL L AEHEE . @M
CpG 1 p , 3X H2 HAT 2 /0 500 A0 35 X g X 38, 7%
A AT 509 1 H g BE R IS A R, A )
DNA 7 F % A5 BT A oo A8 56 PR 4 e 7 91,
DNA H 3L ] RABAS DNA 55 S0R A, S 8UOE W
FIEM AR fL , DNA H 3Lt ml DLl i H 42 DNA H
FEAL I R Bty | {45 L €0 I ko 5 FB1 28 DNA 431 1)
A T A R A A R T i v AR AT
BRILAIUO ) DNA F b — i o 22 119 26 038t A% AL
il , AR Ry — A AR B IR S, PT R DNA
i35 4% 45 5 1 DNAM,
1.2 DNA FEL3|ERY SR N E

Wt U W B R RS, SRR YE
T34 S22 TR 32 AL S AR B A 405 8 T 94 O 40 O 2R A O
20 L PR 35 DR ) S AT, A O S T 22
R FE O B DNA Y 34k AT LA i 5% i
CD4*T |1 Th2 41 ffa 534k, DT 52 i £ 4 3 0 &
A AR AT DA SE A 5 40 i PR R S Ak sl 2k AL
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AT 52 W) 92 20 L ) 68, 3 B0k ) & A0
BRIt ZAh RN - B A B AR A e i i
A, R 2R AR ) 5 I B 4
WXL, 20 B P9 A 40 A A ) 45 B B 2 0] DLGE B AR TR
BLHIE T B fL 241, iR 5E v] LAUE 3 52 i DN A
Ak & A 1T 52 e ) 2k B R A A R
WFFTF W, $A 58 R ] LU i 520 DNA H 3R 10k
A, N5 AR S sie R4, T B0 U P14l
H AT, DNA HEALTE & W2 B0t 09 & A= HLH B 58
WAL T B B AT i — 2 F Y DA a2 DNA
AL 2 el 5 e B B R AR, R R SR it
G A TR TR IR/ i[5 8 a

1.3 DNA HELZImEEMMEIisEIT/

Naive CD4*T 4 }fd 734k >4 Th1/Th2 R0 41 Jfd
(43l 01 2 -5 AR Bt B R A 1 E G2 AH
XF Th2 i B Wk 25 2 38 Jin it By KB, DNA
Ak T DA I 5 0 2 20 B 1% Ak DA T 52 ) 4 58
iF R DNA AR KA 52 0 Thl F1 Th2 193
F12E S A SCER R TE AR Th2 2 ik il 72 o A1 bl
F IL-4 F1 TL-13 3 K8 i B 3 46 2 /R 31k
Naive T 41 [L-4 & A A 57 X 38 1 e 361k,
FEAE Th2 40w 4 S vk 25 F Ak, SR e kA
Wk S N B, 37 A i S A R IR A B
FE Th 53 fbid F gl AL, SCIESE T 78 i
N g A AR DNA 36 Ak 9 7K T3 2o 52 i 4 B
T b 2 &40 B DT 52 T o 1 & A1) Lee 452008 20
Bl W) 9256 % B R A0 M P Dnmtl B O 4 HG R
Naive #PJE T 40 #9480 i1 P mRNA £k, Xk
BT Dnmtl F1 DNA 5L A6 2 Bt 20 3L []] 1F 1 ¢ 3k
AT P E T 20 i 22 35 AT 58 Air 6 75 19, 3X L IE 52
T DNA H Ak 25 5% ) G52 240 it i) T RE A2 Ak, AT
SEEY T KA 2014 4F | Syed S5 AL
A S AT PE T 40 R Foxp3 3 PR B H 3L 4R K
SEHEINA G, H R E A PSR ) DNA IR S ik
J& Foxp3 FiKF Treg ML 53 Ab 0y etk 564 [RI4F
Martino 25458 i XF 12 4 76 A= 12 > H i, 2 W
A [gE S EW R B JLE R CDAT 4 i
HEAT A4 DNA H A3 e, & B0 7E B 40
CD4*T 4l i % & W18 ,MAPK {55 515 S A L ZE
DNA H Ak i 2% 18 v fig 52 ) L 3 B 199 2 ) 3ot B
FHOCH) T WREL ALY & & . Hong S5 SAE 43

P DNA ALK - 2552 0 Thl A1 Th2 1
i, RS R AE — S AH G RR IR M & A X,
ILIRLI,IL5SRA 114 ,CCL18 1 STAT4, Do %P97E
— T A6 A OO 7 R R R s, R T
203 /> CpG iz 5, % 3 PHACTR1 F ZNFI21 ()%
K 2B AN CpGs 1 H Ak 55 s g ™ B 22 (]
M THRRCR, X RUIH HAL AT A8 70 Y B K %
TR ARURE T RO ™ M L IX BRI 5 25 SRR
S DNA HYBE A 52 i 25 4 % 200 M ) Be 09 2 £k 4R
M, 5 8 W) b B5ORH ¢ i) e A i 4 %2, H i DNA
FH 5k A 58 40 M A B 22 18D Y O R R FE IR R By
B AT Z IR 2 MR T TZ RN C R
1.4 HEEFH DNABELKER
HEiMmmac ek gy fa s dhn
DNA W EA KA TR T 15 A 75 B Wi 80k A=
B DNA Ak 1 5 G2 4l i D] 7 1 63k, DA
FHEYHHN AL, HilCE&ABRZHIR A
PRR DNA H ALK PRI 7 b i 25 5 L7
2010 4F (9 —J SCHR A RS I8 T 40 STAT6 1Y
#2155 IFN—y ) DNA & H 3 4E A7 3¢ | STAT6 &
Th2 20 b TL-4 F1 1L-13 A9 BB T, X
W 4 i X 9 DNA- R0 KT 1 ok 72 £ 5% e B
S F BTN, DTN R Wi I 2k G 8 1 & AR
Petrus 5122538 1 i ] 450 K infinium DNA H 3
AR B3 43K T fif 22 EuroPrevall H 4 BA % a4 JL 2 |
RIAFLad A 5 s e SRR, #F DHX 5SS,
ZNF281 EIF42A F1 HTRA 2 D4 X 8 L & PR P
225, 10 55— SCHk it o AR FL S U
t, 5 Thl AHCH 48 i X+ TL-10 A1 IFNG, 5
Th2 #5659 40 i K 1 TL-4 F1 TL-5 B DNA H 34k
KPR H R , 3X T4 A 7 B Ok AR
1Py 2k BEORE DG 1) — S 41 L R ) DNAH 38 fk oK
AR 22 5 XL 5T 45 AR U] DNA H 3R Ak 7
Yk NSRS TEENMAG, FE
Yy R R A0 T ) DNA R 364K 1 7K
Wbtz Kk T 224k, BAR H AT DNA AL TR
Y HOh ER IR B — A RG2S,
{H i e 8 S g B DNA H 36 4k i 7K S T L3
M) 441 PR - 14 6 18 7K SF-
1.5 DNA HENKERYEHHHNH
1.5.1 DNA HEIEAKVAEREDbrEizl 24
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g1k, B 2 WA T — e s R ROl 5
& — Pl Ry 5 M AR W bR AR AR S ey R —
ASZEME T, DNA H AL K OF 1 (I 25 5 i & 4 3k
W R A BRATE &8 £ W58 2 DNA H #4k
AU BB AR EY, hEwitine
Wi it T —FPoBr i vk . WAE 2011 4R A BEST 4R
R DNA SR AR KA S £ W 3 0 A 9
MW, Brand ZEPO7E 2011 4EWFSE T 5 Thl # 1Y
IFNG Ji3 8l 7 25 00 AH 5C J BR 2H A7 A9 DNA FH A
TEIK -, K B & i UR L TFNG JA 8 T 1) DNA
H LA /KO B 25 38 0, 3X 5 TFN—y R FEAIRA G,
XA IFNG Ja 81 F i DNA F 3% 4L 7K SF AR A
B Wb A Y bR R Y PR AL RS T
i, 2014 45, Martino 5P % B DNA 1 34k /K SF
F) v I PT RE JA — AR bR i ) E ok X 58
Yy S B 4 KL IR 2 DNA Y 384 K 7 7 0F
i, R A4 96 4 CpG i £ HY DNA B Ak 45
FIE T AT I R 45 SR, H DNA B Ak n SR 4 o A=
Yibr i, 26 M h 5 AR 6 I RS By
YrfE, & — R Gl AR AR AR . JLAR )
F DNA H R ke Wi b vt s ok £ |l
AR Z PR AN R ERERET
DNA F H:AL . Acevwdo Z#PHE o 70 A 2 % Fi1 5
B, MRESE B I S T IR B 1 AN i
AR 4 L (PBMC) R DNA 346 K S | 3946 10
THE S B AFARAGFEAR Y IgE BB YA O, &
L5 2 i i A AL R B Y SUR Y 1gE BUEOE
Kl 22 57 H AR X 38 (DMR) , HLBF 47 IfL 5 2 %7 i)
ARAT I S JE AR AR o 6} B & BT RETE TgE Uiz
iAW DNA bRk 25, ko m
DMRs & T JLAP S e A OCHE P, 3 0T DA AR A R
Ik Gy SR BT Y, SR AT LA R A W
B REIEY) . 2021 4F , Zhou 45 P1R I #E 1m] () 37
B 2 SR I 7 (ENGBS) PF-Al 48 4= o 58 2 408 i
HUZ ALY DNA F ALK R T 125 A
5 BB FE R A X 3 1) DNA H 384K, &4
602 M BEAA K IE N Y CpG 7, JF%E T 54
A O SE ) 12 3R B DNA B 364K, &
MHAAE 3 4> DNA AL G 78 Az 2o f35m)
IgE HA s 2 Witk g8, b ok A4 P b 5 P 1
PEIE SR, BT, BRATE R YL B2 H ik

B — ARG UL AR R, (AER %
PR/ FUR T B ST RV N REZ Y 1) 0 S SN
AF 43 F K- DNA 40K T 58 1 — Fi o
AR B, BB W LR E AR
M.

1.5.2 DNA WEALZ Y BUEI TR bR T
VE R A=W kn ¥, DNA B 340 0 58 38 0] LK e
SEPEAT B W SR YT B AR T ), AN ; Lawless
GIRESE T CpG 55 #% 1 R (ODN) Fil Toll 32 14
(TLR) 1) 7% $2 5 S0 92 ) 98 006 s g, DA T % 5
Th1 40 FN Treg 40 LAY S RE N2, R BLA LAY H
#4EH DNA CpG ODN A] LA A CD4T 41 g
1 Foxp3 My £ ik, B HAL CpG ODN i F
FoxP3 FiA WAL H BT AR, (AR aEER N E
fiill CpG ODN FIRSN Treg 5 2 H¢1E, FIRE AL
fk CpG ODN w] fig u] LA FH T Tﬁfa P 5 93 T IR
ST R WA IR IE R I 8 ok AR A AR S
J7 % (OIT) Wy e A= it 2z v 5 Foxp3 FE %) DNA
F A KRR AT G, 3B R Y Foap3 JER iy
DNA H ALK, nTBE AT LA 25 BRI 0 15 50 ) 34
J7 A B T4 OIT J5 28 LA = I PR i 32 421
AR H AT DNA B IR fb e B b iR 7
ST 1 i ik, A VAT S B i 1 HH B R 6 97
b fE R k2 Sk HE , U EH DNA H SR {E 7E
EY R BOAIT LRSI, X 0T LU &
L/ RUR LN SR (D58 [ g o

2 miRNA BEYW B S FirE
2.1 miBRNA

Fr 7 DNA HEEAL LIS, dE4atS RNA (ncR-
NA) 2 —F 8 22 1) R AL HLE . ncRNA J&—
Ty Bk AR 2R 1 g0 A9 RNA 237, 3 o AR 3 H )
FR/NHAT 28, — MR AT IR K B K F 200 nt 1
FR MK BEAE 4 S RNA (IncRNA) , K /N 200 nt
FIFR N 55 E 465 RNA, i miRNA J8 T a5k
i RNA, 1 21~23 AT IR 4 g, 25 1 4
miRNA & B 7E 1993 4, 2 J5 £ NS4 Fh
SRR BT K miRNA, HA#F5E & 3E,
miRNA 5l HF AB KA =2 — RN, S 5%
ST RN AR . miRNA 78 3L K 25K 1Y 45
W 2% rh & A B OCHEENAEM , B miRNA 7] LA
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VAP ECE A R RS JE R A AT A LA miR-
NA A FEE-  Hod AE gyl b R AEE R
miRNA , 3 258 i 5 A #0 17) mRNA 5535 400 i Bk
P ST E ST Gl

22 mRNAZERYEBREGFHAE

miRNA 75 4 75 52 25 e 352 45 1 A 3R A M f i
ORI CEEN, RO FRC EE T 2Rt
O 0 TP miRNA 1%, G048 22 i ik St S 58
R IV B ORI RG R MR A0 R AT R A, BARTE
Y P ) miRNA 3597547 78 e, (H 25X
B EPE R AE LAY miRNA 3% 0986 5 , W a] L1 BT
FEY B miRNA 35 H AL 5 Z I 5Y &
L, REAE I miRNA 76 8 etk 28 0 BOm AL 7e Y
B OCHRA AR, ALFE AR N P S g 22 AT T 4 g
R4 (miR21 F miR—146) , 4 35 %8 B 1 47 20 iy
f) % B (miR21 F miR-223 ) F1 TL-13 K3 (1) |- Ji
F2 R (miR-375)%*1_ miR-21, miR146a/b F
miR-155 2 R g &) N A B miRNA ,
SEE Y BRI BB Y miIRNA,

LB R, B AR miRNA 75295 b &
BEZRREENMEN, HEBWARFRSE,
Larsen 255 AE A i ORI AR FE A= i 3z i v, 3
AE A1 JE 1L i 39 A7 A= AR K 40 B (PBAMC) , A PBAMC
HFFSE miRNA B8k, & BAE A sz il E 59k
Az H Z A 3 22 7 . miRNA 7224t
B R Ao Ok B R E SR A B miRNA TE 24
o B T 2 Y A AT SR AR, L K miR-
NA B R %, HETX miRNA 76 &9 fioh &
FERVE IR 5E i 3%, 105 220 2 1 I 90 ok 1 o
miRNA 7E Bt P i/E R, L miRNA £ & H
K, R B i SO AL R A T AN L
Bt WO W T2 B0 & AR YT T B A0 4 4t
T —AHEiE
2.3 miRNA EEY S # PTG T AREAET

19 it AR K AR AR AE & Th2 40 L A I 7%, 7
AR 1B, M E Wit 8k AR B RO T 40 M2
%I B B4 A miRNA 7824 3 o, 6 3%
I T A P 35 5 T HEA TS, AT DL G AR
T Ew s kAN, B R E Wit
Wy kA, HAT,miR-21 BBy bR
21 F) miRNA,, Z I 52 R W], miR-21 7E B ¥

Wb R EFEZAER . B0 7 Tliopoulos 55214
S OVA BN AR & I miR-21 78 il FF
S TL-13 FL B PN Bl it 358 miR-21 1 e &
FEIR KOV T E A B AN SR A0 AR, 2 Fhialas:
P 12 M A5 760 1 5 3% B miR—21 7] L@ i STAT3
I NF-kB i#f —20 B, oA IL-12p35 # % E H
miR-21 5> Fhr#ll, Lu 525% I miR-21 7] fig
i LY IL-12p35 K3k K55 Thl #1 Th2 /-
iy, WM T miR-21 AT REA B F Th2 #fk, X
WA 5 A RN, 2B OVA B miR-
21 HFE TN, B il v Bl R 4 i L
PL & Thl 400 K7 TFN—y 7K F & 2 7+, Th2
Y PR TL-4 KRR, X8 UE T AT I Lu
SRS BF Y DB miR—21 0] DL T 40 i i 7
i, AT 52 A £ 2ok B & A L BRI X miR—
21 7 Wit b B R A 1 R 58 2R B
H, MHATMPEC 2 BB UEE  miR-21 7 DL
XN T 4R, St o &R T E
Lu ZE5S 0 fF 5% % B, TL—-12p35 /5 miR-21 [
Iy FAREE A AT RE B A BT Y A2 W IR YT bR
X miRNA A5 by o Sk a0 47 3k A0 5 9 12 W Al
TRIT R AL T — A L s

Fr 7 miR-21, MR ZH miRNA #42iH 5
)t O DG IBE A R Y RN, T 20 R S i £
Wit S & A . Wang 255058 i3 iF 55 98 FR LT B 14
I miRNA 3k 57 Th17 b 309 B-FLERE A
IR 1 2 B R e 4 R R B B-FLER B
% T, miR-146a,miR-155,miR-21 1 miR-9
(IR ER I B B, B Th17 AHC 40 R 77K F
¥ , RORyt A1 IL-17 mRNA kB, % Vg iR
FLAT BEIRYT 5 2 0 ) T o O N A Th7 28 M 43
1k, B3 FEAE T miR-146a Fil miR—155 A2 kK
o, B g b, vE R LT A T 4L R E
miRNA 525 F&MK 5 1L-17 1 RORyt mRNA %
K B BEAR % UIAR OC , A 98 3R W] miRNA #9334 7] LA
P Th17 #1540 i K7 K7, S 52 ma & i f &
HETRRE, FRIEERY , Wasik 25784 IR A S 19 4E 3L
b @ HEST CD4T Th 20 A vk 40 i Ay
14 % B 1 SR /N BB R | % K B T A2 1
B = A Y 4 A1 3 3 DL miR—150 K i Y 5 5K
A AN T SO T AR RN X 10 B 45 A miR—
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150 19 210 Jf 1 3 6 W LLRE S P 400 ) 7 2 1 5 | AR 1Y
3k gk A0 3 SR N

24 miRNA EE¥ ISP A

24.1 miRNA fE R EW B2 B miR-
NA VEH B Y 8 —Fh A Wb 36, 7E B B
W EE RS B2 XEZENEM, mMHE eSS
BRI IE R BTER A, 2 B — 38 A (4 12 Wi d
A B A BE 5T A S miRNA 1R S — Fl AR 9 i
Y, B2 A BT R W] miRNA 50 AE 05 1 — R
Yt R RS W 5k . N 2016 4F Yang 5559
P&t miR-19a ] G BN — Bl A= Py br il Wy 4 £ 4 ot
BTz W g T —Fh B O R S T
miR-17-92 A1 TSP1 ik, K 1L-4 @ -
¥4 miR—19a i CD35'B 41 TSP1 1Y &1k,
miR—19a 1] g J2& 8 5 HLAAR G 2 i 32 R A 1 384
2018 4F D’ Argenio %P i T miR-193a-5p 7 fiE
JE— MY HO2 W AR R D 4~18 AT L3
rh AT S0 A i R A, AT miRNA W & B
A UR LT ORA 2R IA 1 miRNA TP 2 A 1
V4,14 TR, 25 2E4T TL-4 Ik TIRERYITAY | 45
RE I miR-193a-5p /& 114 ik 15 5 Ja
T, AIRETE IgE M9 4 2Lad oh /e, R
miR-193a-5p 1E K 12 Wi b 0 £2 £ 7 B8 K45
miRNA 5 &Y iy kB BB, BALE
miRNA 1E J —Flt A= 1) b5 3 0 00 & 4 3 iy 12 W
T i A B PR L, (EJE S W B9 2L 42 2
miRNA A f8J& — Pl A - R T B it e
WA

242 miRNA 7TERE RS Y St FEM B
HOXT T3k Ao kA W B T, R N
fink B W R OR D W e O A SR SE A
G ) Ao B A 2 AR PRIE Y, DLt e
I W 1 SO T T 0 X A, R Y
miRNA 7K F-3f B AR £ 0 04 B5ORE P S — o S8 3
2012 4 Jabed 25104 H 38 5 X RNA 6 o8 B AIK
A B-FLEREE U i, G L IRE 10 b Bk
H ORI miRNA Y773, S BOCH 1 Bl AR G
i, ARG R AR R S R SRR X S HR R Y
miRNA, Z5 R L miRNA /S 0948 AL 8B E G
F g Js b R BT A] DU o A B X P B 2 miRNA
FEIR AR A4 FLER I ) o 3 JLAR N S500058 1o

HF 58 30F 52 W8 R FLAT B KLDS 1.0738 1l LA % 8-
FLERE A TR WS, Z )5 Li 559293 — 545
P FIREILE, &3 MiR-146a 14 71 9
55 T RERRFLAT B KLDS 1.0738 128 fif £ ¥y 3 i1
FH ,miR-146a 7] fig /2 W8 IR FLAT B 1A bR k& #E4E FH Y
EEAR, it TLRA @& 420 > B g 40 i b g—-
FLERE AR A AAE, RV 25 A B 0] fg 38 o Ay
1 £ miRNA 7KF-, DLFEAR TLR4/NF-kB HHi 1E %
SiE , I IR 2 92 it £ 90 3k SO AR

3 AEABMATREYIE
31 AEAEH

SR 2 OB S5 M R 1A N AR S
B Ja T b AT e, 2 DNA B 52 52 ) F ks
B R BERWLE AL AL, AR 2 g (i
FER By, G5 B ZH A R A/
T MR /MR B DNA 8 S8 7820 488 1 VR IR R
Y B, 48 AR /AR R & B H2A (H2B \H3,
H4 % 2 400 7 3L R 4™, B R, 48 R 5
S AT A E A RO R RS (AN R AN
R AL AE 20 2R P Y A TR 2 WL 33t 1% 98 5 rhofe
TEAEI 2 — s R R 38 T 20 i A R g
B 45 gL A BB Gy s, A S e
JEH AR A OB R AT A, R AEH
1 HA FIH3 B4R S LR AR AL b, 2 AL
FIRMBM k2 —, 4L (B IR T — i i R
P/ 5, TR 22 2R 70 4 R P R Bk 4k I
K5 DNA & 5 FIE PR A e so68
3.2 AFAEHREETRER

I B TE S E  LR R B E W
VERT, B 3ok B0 2 — b S e B | 3 B
S IgE Al FeeRT Z ] AH ELAE T, 3B 00 KOIE 40
JiEL R R 0 L | 0 R 22 LR A A
ZIR A E AR, AR B i 7E B9 o i 1
MR IR 5 B H BT E A R Z MR A&
P14 M A 27 Wity R P AR RE A5 2 BRI T AR
I, B Wik SO & AR B AIL R FRE AR 5 2 i A A
PEPRAFAEAE BTy, X AT LUK Je Se L B
Wi e & W) B b RS AR A S O 540 Ren
SIS Jo £ 1 J5T 2L A AR A 5 D 3 o 1 Wi it 2 21
28 B M (1 TR AL L HEA T S FIIRAIE, B E T
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550 Wit A ML AR OC B T AE SRR A7 A5, X ek
BT REAT BY T SRS e R IR T TS, %
Ren S50 Jr i ] LA 5% 41 2R A 7E 9 i il &
Az TP BRI A A, B 5 X B 2 B AR A A
S ERRK, AT TRAEA
MR TE W)k b AR R FE SR ikt b A H
B i PT 9RTT G g 20 R ) K R RN BRE DR g ik B
TR R e im At Y PR A0 M 1155 5 0 Ak S v
SR AN, TLR3 IR B ITE , iR LA i
JitL 5 RN B 40 ) TLR3 %% sk £k AR, X4
N T4 1 LB A X 22 R0 B, shig it
FE LRI, IFNG J PR3 (4 350 B8R AT e V5 S 4H 8 1
H AL B SUV39HT B /E FH ,SUV39H1 1Y il IR 2%
AR B IRk 4 B RN 2R AR 4 B 1 HAKO Y
B, LA KB 5 HP1la 5 Thl 3£ K3 3h FRUSE &,
7 5% ] 4E #5 Th2 3% &, RIS ] Th 408, 9875541
AR 1) Fa g2
33 AEABMAKFESEMEHHNXE
HEABHAEYSHE YR, HET
DNA H AL Fl miRNA % & g/, Hajid i
FlL BB, (A /D SCHkRGE T 48 rE i 2
el 75 £ ok o R A AR TG, SR T2 2R B A
ey A 5 1 W BT SR — R AT 2R T
A BUREE N TR A Ara h 3 RIABIR L Ara h
1 F1 Ara h 2 #5748 2010 4%, Kang %57 7% SAE
JERG BCAE 1, Ava h 3 A%0 )i 8h T4k i 2/ M
SEAVE A AR A SRR R, SR
R R ERW Ara h 3BOBEI FXAEA
H3 = LWL FE B R S0h  Ara h 3 LA 8T
b2 3 H3-K9 — H EE ALK P BEAIG, (] s 41 16
Ara h 3 ik, Alashkar 25758 i /) BB % 90
FEAZL G IgE A St B v, 51
JZ W (4 Treg A1 Th17 3P 3 = H3 M1 H4 418 A
LERALACT I REAL, HZS 58U A Th A7 41
(4 2R 1 S AR KO BRAR , Th2 R WL AR Ak, SR,
TEAR 5 e 3 R S s+ 6 (STAT6) JE K 1 i
SH| T HE A CWAK S, e 75
2RIk X 5 2 b AR 2L ad Moy & AEHL — 3,
UHHEH OB S S T4 k4, HiE
FHE M KT 5 & 800 5¢ & B HTE LR
SR, H AT ST B 28 2L 9% 10 I 41 2R (I8 16 K F

H5EWidBmkAEFTELR, MAEABHSE
Yt SR 5T, REE AT TR At Uk AR AL
il
3.4 AFEABENRYIHMNISEMETIER
55 DNA H B4k 45 30 W it A% J7 =X AR [R) | %o 20 2
FHB K F A, o] GE A —FPi2 Wi B i
WOk AT, WAl RE R — R W B R
PR U0 Harb 0058 22 49 173 42 A IR
B, VAR T 6 A 8O G G g 1 B s 2h 7 X
BEALEE A H3 F1 H4 28Rk, &8 3 3N 541
LB AT FRARAETE B35 G T, )t X
W () BAG 5 A6 457 IFNG A SH2B3 JE K () H3 &
kAL K S TF i LA K HDAC4 Wi H4 2 Bk Ak K SF
A, 25 R BRSO ALEE A S Bk AT T g
PAPPAS L3689 3k S XU
AUIEAE R —Fpiz Wi =0, AR it
FEAR T DA I 2 8 i BOA YT 4R AR B AR A | 1)
U Polansky “#I7E B i & 11375 5 19 £ 1) 3 fp A
B0 B A (TSA) 3377 B A4 /N, TSA
JE— PP 2 BRI, R I Yt BURE
AR & 8 b 2505, A Ao SO RS R K 4 i
T Ak 1 ek A 1810222327 e e it 5 48 B 3R B 7 A g2s
SR S T], RE A 4 T A A 2 00 382 45 38 49 1] g
I B AR 21 B 2 T DA T T o B N B
I FL2 2% T & o T e 2 5 8 9 I8 K 4 i o)
AE 1 22 W3t AL AB MR35 TSA FE & Wit ik &
(AR FHAT SR 5 2 00 Z2 (I 98 SR, SR XA
IR B HURIT R T — Rk, iR E
Yy R AL T — A S

4 BESRE

FWLE AL e B W) UK AR P A S HLR AR
AIRIE TS H AT IE AR TR A8 B B, BF 5240 2 19 /2 DNA
T ZE AL AT miRNA |21 45 8 1 7 2 ) i A9 722
A, 2R T 2 LB AL ML 2 LB SR R 1), iR A AR 22 L
R ARRIRY %33 28 % AR AL B9 W 52 AT IR Adb T 4%
KO B, H AR TR L S e B Yy i b 9 AR
FHALH , W52 A9 N 2B 550 T ., e Wi 0k A=
S, AN AN B — ) — o i [ 2 A8 A, BT S 2
B R R AR, TR R 2 i D 3 [ P A
AR, SR ET BRI TS AR b A 2 TR B X 4



5234 4 W

A AE Rt AP e B R R 419

PR 1) A8 Ak 25 52 i 31 LB R B Rk KF, el
DNA F AR 2R 25 330 miRNA £ ik i1
K e, X R BAE FALETE B ETAR R R A
% AL, X T U8 A 2= FE B ) o iy & e
TR Z R B,

BT, 2R a5 % 2 78 1 W ik b i g H iR 1%
Aoeedtk, HErSCERIRGE i 815 2 1k 2 AR
KA RR R ECE —FR R 2 W bR D, SR R
TRFEEK Z , W% — DR R A nT i) B
ﬁﬁ@@m¢%ﬁu%i% ZWibnil, HETEA

FrmitE, W B 2 AR 25 10 0E X Fh A b
%%T Pk, BB TEBY S Bh g5 —Fb
o FH X o SO I PRI YT, SR T H i A B 5 8 Ak

TELH B, 1RGSR R T 3h ¥ e
B R ARETEAE I MRS, BRI, 2L i

fesr e ey B b R AE IR AL SO,
B2 HERAMEER,

i it B

& £ x #

[1] REE R V, POULSEN L K, WONG G W, %. &
Yy G o S RAT R 2 W BRI Hh AR TR R
FE4eik, 2015, 49(1): 87-92.

REE R V, K. POULSEN L, WONG G W, et al.
prevalence, diagnosis and treatment of
allergy [J]. Journal
2015, 49(1). 87-92.
[2] WADDINGTON C H. The epigenotype.

J Epidemiol, 2012, 41(1): 10-13.
[3] GOLDBERG A D, ALLIS C D, BERNSTEIN E.

Epigenetics: a landscape takes shape[]J]. Cell, 2007,

128(4): 635-638.

[4] NEELAND M R, MARTINO D J,

role of gene—environment interactions in the devel-

Definition,

food Chinese of Preventive
Medicine,

1942[J]. Int

ALLEN K J. The

opment of food allergy[J]. Expert Rev Gastroenterol
Hepatol, 2015, 9(11): 1371-1378.

[S] BALLESTAR E. An introduction to epigenetics |[J].
Advances in Experimental Medicine and Biology,
2011, 711 1-11.

[6] KANWAL R, GUPTA K, GUPTA S. Cancer epige-

An introduction[M]. New York: Cancer Epi-
genetics. 2015; 3-25.

[77 NORTH M L, ELLIS A K. The role of epigenetics

netics ;

(8]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

in the developmental origins of allergic disease [J].
Ann Allergy Asthma Immunol, 2011, 106 (5):
355-361.

BUNNING B J, DEKRUYFF R H, NADEAU K C.
Epigenetic changes during food—specific immunother-
apylJ]. Curr Allergy Asthma Rep, 2016, 16(12):
87.

KURIAKOSE J S, MILLER R L. Environmental
epigenetics and allergic diseases:
[JI. Clin Exp Allergy, 2010, 40(11):
SZYF M, BICK J. DNA methylation:
for embedding early life experiences in the genome
[JI. Child Dev, 2013, 84(1). 49-57.

BIRD A. DNA methylation patterns and epigenetic
memory[J]. Genes Dev, 2002, 16(1): 6-21.
LAWLESS O J, BELLANTI J A, BROWN M L, et

al. In wvitro induction of T regulatory cells by a

Recent advances
1602-1610.

A mechanism

methylated CpG DNA sequence in humans: Potential

therapeutic applications in allergic and autoimmune

diseases[J]. Allergy Asthma Proc, 2018, 39(2):
143-152.
LEE K H, SONG Y, OSULLIVAN M, et al. The

implications of DNA methylation on food allergy[J].
Int Arch Allergy Immunol, 2017, 173(4). 183-192.
VAN ESCH B, PORBAHAIE M, ABBRING S, et
al. The impact of milk and its components on epi-
genetic programming of immune function in early life
Implications for allergy and asthmalJ].
Front Immunol, 2020, 11. 2141.

QUAKE C, NADEAU K C.
mediation and the future of food allergy researchl]].
Semin Cell Dev Biol, 2015, 43:. 125-130.

HO S M. Environmental epigenetics of asthma: An

2010, 126(3):

and beyond:

The role of epigenetic

update[J]. J Allergy Clin Immunol,
453-465.

HONG X, WANG X. Early life precursors, epige-
and the development of food allergy [J].
Semin Immunopathol, 2012, 34(5): 655-669.
YANG I V, SCHWARTZ D A. Epigenetic mecha-
nisms and the development of asthmal]]. J Allergy
2012, 130(6): 1243-1255.

LEE D U, AGARWAL S, RAO A. Th2 lineage

commitment and efficient 1L -4 production involves

netics ,

Clin Immunol,

extended demethylation of the 1L-4 gene[J]. Immuni-
ty, 2002, 16(5): 649-660.



420 OE A IR 2023 4E 55 4 1]

[20] LEE P P, FITZPATRICK D R, BEARD C, et al. Allergy Clin Immunol, 2012, 129(6): 1602-1610.
A critical role for Dnmtl and DNA Methylation in T [31] MARTINO D, DANG T, SEXTON-OATES A, et
cell development, function, and survival[J]. Immuni- al. Blood DNA methylation biomarkers predict clini-
ty, 2001, 15(5): 763-774. cal reactivity in food—sensitized infants[J]. J Allergy

[21] SYED A, GARCIA M A, LYU S C, et al. Peanut Clin Tmmunol, 2015, 135(5): 1319-1328.
oral immunotherapy results in increased antigen—in- [32] ACEVEDO N, SCALA G, MERID S K, et al
duced regulatory T—cell function and hypomethylation DNA methylation levels in mononuclear leukocytes
of forkhead box protein 3 (FOXP3)[J]. J Allergy from the mother and her child are associated with
Clin Immunol, 2014, 133(2). 500-510. Igk sensitization to allergens in early life[J]. Int J

[22] POLANSKY J K, KRETSCHMER K, FREYER J, Mol Sci, 2021, 22(2): 801.
et al. DNA methylation controls Foxp3 gene expres- [33] ZHOU X, HAN X, LYU S C, et al. Targeted
sion[J]. Eur J Immunol, 2008, 38(6): 1654-1663. DNA methylation profiling reveals epigenetic signa-

[23] POLANSKY J K, SCHREIBER L, THELEMANN tures in peanut allergy[J]. JCI Insight, 2021, 6(6):
C, et al. Methylation matters: Binding of Ets—1 to e143058.
the demethylated Foxp3 gene contributes to the sta- [34] RODRIGUEZ P D, PACULOVA H, KOGUT S, et
bilization of Foxp3 expression in regulatory T cells al. Non —coding RNA signatures of B —cell acute
[J]. J Mol Med (Berl), 2010, 88(10): 1029-1040. lymphoblastic leukemia [J]. International Journal of

[24] MARTINO D, JOO J E, SEXTON-OATES A, et Molecular Sciences, 2021, 22(5): 2683.
al. Epigenome-wide association study reveals longi- [35] TORTORA F, CALIN G A, CIMMINO A. Effects
tudinally stable DNA methylation differences in CD4* of long non —coding RNAs on androgen signaling
T cells from children with Igk-mediated food allergy pathways in genitourinary malignancies[J]. Mol Cell
[J]. Epigenetics, 2014, 9(7): 998-1006. Endocrinol, 2021, 526: 111197.

[25] HONG X, LADD -ACOSTA C, HAO K, et al [36] WIGHTMAN B, HA I, RUVKUN G. Posttranscrip-
Epigenome—wide association study links site—specific tional regulation of the heterochronic gene lin—14 by
DNA methylation changes with cow’s milk allergy[J]. lin—4 mediates temporal pattern formation in C. ele-
J Allergy Clin Immunol, 2016, 138(3). 908-911. gans[J]. Cell, 1993, 75(5): 855-862.

[26] DO A N, WATSON C T, COHAIN A T, et al [37] KOZOMARA A, BIRGAOANU M, GRIFFITHS -
Dual transcriptomic and epigenomic study of reaction JONES S. miRBase: from microRNA sequences to
severity in peanut—allergic children[J]. J Allergy Clin function[J]. Nucleic Acids Res, 2019, 47(D1):
Immunol, 2020, 145(4): 1219-1230. D155-D162.

[27] KIM E G, SHIN H J, LEE C G, et al. DNA [38] REBANE A, AKDIS C A. MicroRNAs: Essential
methylation and not allelic variation regulates STAT6 players in the regulation of inflammation[J]. J Allergy
expression in human T cells[J]. Clin Exp Med, Clin Immunol, 2013, 132(1). 15-26.

2010, 10(3): 143-152. [39] MATTES J, COLLISON A, PLANK M, et al. An-

[28] PETRUS N C M, HENNEMAN P, VENEMA A, et tagonism of microRNA —126 suppresses the effector
al. Cow’s milk allergy in Dutch children: An epige- function of TH2 cells and the development of aller-
netic pilot survey[J]. Clin Transl Allergy, 2016, 6: gic airways disease[J]. Proc Natl Acad Sci U S A,
16. 2009, 106(44): 18704-18709.

[29] BERNI CANANI R, PAPARO L, NOCERINO R, [40] KUMAR M, AHMAD T, SHARMA A, et al. Let-7
et al. Differences in DNA methylation profile of Thl microRNA-mediated regulation of IL-13 and allergic
and Th2 cytokine genes are associated with tolerance airway inflammation [J]. J Allergy Clin Immunol,
acquisition in children with Igk-mediated cow’s milk 2011, 128(5): 1077-1085.
allergy[J]. Clin Epigenetics, 2015, 7. 38. [41] SHARMA A, KUMAR M, AHMAD T, et al. An-

[30] BRAND S, KESPER D A, TEICH R, et al. DNA tagonism of mmu-mir—106a attenuates asthma fea-

methylation of TH1/TH2 cytokine genes affects sen-

sitization and progress of experimental asthmalJ]. J

tures in allergic murine model [J]. J Appl Physiol
(1985), 2012, 113(3): 459-464.



236 H4W

R A 5 Ao R B W AT R e

421

[42]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

LU T X, SHERRILL J D, WEN T, et al. MicroR-
NA signature in patients with eosinophilic esophagi-
tis, reversibility with glucocorticoids, and assessment
as disease biomarkers[J]. J Allergy Clin Immunol,
2012, 129(4): 1064-1075.

CASE S R, MARTIN R J, JIANG D, et al. Mi-
croRNA-21 inhibits toll-like receptor 2 agonist—in-
duced lung inflammation in mice[J]. Exp Lung Res,
2011, 37(8): 500-508.

YANG L, BOLDIN M P, YU Y, et al. miR-146a
controls the resolution of T cell responses in mice[]].
J Exp Med, 2012, 209(9): 1655-1670.

LU T X, LIM E J, BESSE J A, et al. MiR-223
deficiency increases eosinophil progenitor proliferation
[J1. J Immunol, 2013, 190(4): 1576-1582.

LI J, LI X, LI Y, et al. Cell-specific detection of
miR-375 downregulation for predicting the prognosis
of esophageal squamous cell carcinoma by miRNA
in situ hybridization [J]. PLoS One, 2013, 8 (1):
€53582.

LU T X, LIM E J, WEN T,
downregulated in epithelial cells after 1113 stimula-

et al. MiR-375 is

tion and regulates an IL-13—-induced epithelial tran-
scriptome[J]. Mucosal Immunol, 2012, 5(4): 388-
396.

LU T X, ROTHENBERG M E. Diagnostic, func-
tional, and therapeutic roles of microRNA in aller-
gic diseases[J]. J Allergy Clin Immunol, 2013, 132
(1): 3-14.

REBANE A. microRNA and Allergy [J].
Med Biol, 2015, 888: 331-352.
LARSEN L F, JUEL-BERG N, HANSEN A, et al.

No difference

Adv Exp

in human mast cells derived from
peanut allergic versus non-allergic subjects[J]. Im-
mun Inflamm Dis, 2018, 6(4). 416-427.
ILIOPOULOS D, JAEGER S A, HIRSCH H A, et
al. STAT3 activation of miR-21 and miR-181b-1
via PTEN and CYLD are part of the epigenetic
switch linking inflammation to cancer[J]. Mol Cell,
2010, 39(4): 493-506.

LU T X, MUNITZ A, ROTHENBERG M E. Mi-
croRNA =21 is up -regulated in allergic airway in-
flammation and regulates IL—12p35 expression[J]. J
Immunol, 2009, 182(8): 4994-5002.

LU T X, HARTNER J, LIM E J, et al. MicroR-

NA-21 limits in vivo immune response —mediated

[54]

[55]

[56]

[58]

[59]

[60]

[61]

[62]

[63]

activation of the IL-12/IFN —gamma pathway, Thl
polarization, and the severity of delayed—type hyper
sensitivity[J]. J Immunol, 2011, 187(6): 3362-
3373.

ZIMMER J, SONKOLY E, WEI T, et al. MicroR-
NAs: Novel regulators involved in the pathogenesis
of psoriasis?[J]. PLoS One, 2007, 2(7): e610.

WU F, ZIKUSOKA M, TRINDADE A, et al. Mi-
croRNAs are differentially expressed in ulcerative
colitis and alter expression of macrophage inflamma-
tory peptide-2 alphalJ]. Gastroenterology, 2008, 135
(5): 1624-1635.

WANG J J, LI S H, LI A L, et al. Effect of Lac-
tobacillus acidophilus KLDS 1.0738 on miRNA ex-
pression in wvitro and in vivo models of beta-lac-
toglobulin allergy [J]. Biosci Biotechnol Biochem,
2018, 82(11): 1955-1963.

WASIK M, NAZIMEK K, NOWAK B, et al. De-
layed—type hypersensitivity underlying casein allergy
is suppressed by extracellular vesicles carrying miR-
NA-150[J]. Nutrients, 2019, 11(4): 907.

YANG L T, LI X X, QIU S Q,
RNA-19a suppresses thrombospondin—1 in CD35(+)
B cells in the intestine of mice with food allergy[J].
Am J Transl Res, 2016, 8(12): 5503-5511.
D’ARGENIO V, DEL MONACO V, PAPARO L, et
al. Altered miR—193a—5p expression in children with
cow’s milk allergy[J]. Allergy, 2018, 73(2). 379-
386.

JABED A, WAGNER S, MCCRACKEN ],

Targeted microRNA expression in dairy cattle directs

et al. Micro

et al.

high —casein

109

production of beta —lactoglobulin —free,
milk [J]. Proc Natl Acad Sci U S A, 2012,
(42): 16811-16816.

NI W W, ZHANG Q M, ZHANG X, et al. Modu-
KLDS
1.0738 on gut microbiota and TLR4 expression in

lation effect of Lactobacillus acidophilus
beta —lactoglobulin —induced allergic mice model [J].
Allergol Immunopathol (Madr), 2020, 48(2). 149-
157.

LI A, YANG J, ZHANG C,
acidophilus KLDS 1.0738 inhibits TLR4/NF -kappaB

inflammatory pathway in beta —lactoglobulin —induced

et al. Lactobacillus

macrophages via modulating miR —146a[J]. J Food
Biochem, 2021, 45(10): el3662.
CIAFRE S, CARITO V, FERRAGUTI G, et al



422

O

B

= QYA
=

R 2023 455 4 W

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

How alcohol drinking affects our genes: An epige-
netic point of view [J]. Biochem Cell Biol, 2019,
97(4). 345-356.

BIERNE H, HAMON M, COSSART P. Epigenetics
and bacterial infections[J]. Cold Spring Harb Per-
spect Med, 2012, 2(12): a010272.

DAHMER M K, CORNELL T, QUASNEY M W.
Genetic and epigenetic factors in the regulation of
the immune response[J]. Curr Opin Pediatr, 2016,
28(3): 281-286.

LOSCALZO J, HANDY D E. Epigenetic modifica-
tions: basic mechanisms and role in cardiovascular
disease (2013 Grover Conference series) [J]. Pulm
Circ, 2014, 4(2): 169-174.

SETO E, YOSHIDA M. Erasers of histone acetyla
tion: The histone deacetylase enzymes|J]. Cold Spring
Harbor Perspectives in Biology, 2014, 6(4): al8713.
ROSSETTO D, AVVAKUMOV N, COTE J. Histone
phosphorylation: A chromatin modifi cation involved
in diverse nuclear events|J]. Epigenetics, 2012, 7
(10): 1098-1108.

VOEHRINGER D. Protective and pathological roles
of mast cells and basophils[J]. Nat Rev Immunol,
2013, 13(5): 362-375.

WANG H C, HUANG S K. Metformin inhibits Igk—
and aryl hydrocarbon receptor —mediated mast cell
activation in wvitro and in viwo[J]. Eur J Immunol,
2018, 48(12): 1989-1996.

NOH K, KIM M, KIM Y, et al. miR-122-SOCS1-
JAK2 axis regulates allergic inflammation and aller-
gic inflammation —promoted cellular interactions [J].
Oncotarget, 2017, 8(38): 63155-63176.
FALANGA Y T, CHAIMOWITZ N S, CHARLES
N, et al. Lyn but not Fyn kinase controls IgG-me-
diated systemic anaphylaxis[J]. J Immunol, 2012,
188(9): 4360-4368.

MARTINO D J, PRESCOTT S L. Progress in un-
derstanding the epigenetic basis for immune devel-
opment, immune function, and the rising incidence
of allergic disease [J]. Curr Allergy Asthma Rep,
2013, 13(1): 85-92.

REN Y, LI M, BAI S, et al. Identification of his-

tone acetylation in a murine model of allergic asth-

ma by proteomic analysis[J]. Exp Biol Med (May-

[75]

[77]

[78]

[79]

[80]

[81]

(82]

(83]

(84]

[85]

wood), 2021, 246(8): 929-939.

PORRAS A, KOZAR S, RUSSANOVA V,
Developmental and epigenetic regulation of the hu-
man TLR3 gene[J]. Mol Immunol, 2008, 46(1). 27-
36.

ALLAN R S, ZUEVA E, CAMMAS F, et al. An
epigenetic silencing pathway controlling T helper 2
2012, 487

et al.

cell lineage Nature,
(7406) . 249-253.
KANG I H, SRIVASTAVA P, OZIAS-AKINS P, et

al. Temporal and spatial expression of the major al-

commitment [J].

lergens in developing and germinating peanut seed
[J]. Plant Physiol, 2007, 144(2). 836-845.

FU G, ZHONG Y, LI C, et al. Epigenetic regula-
tion of peanut allergen gene Ara h 3 in developing
embryos[J]. Planta, 2010, 231(5): 1049-1060.
ALASHKAR A B, MEULENBROEK L, VEENING-
GRIFFIOEN D H, et al. Decreased histone acetyla-
tion levels at Thl and regulatory loci after induction
of food allergy|J]. Nutrients, 2020, 12(10). 3193.
HARB H, ALASHKAR A B, ACEVEDO N, et al.
Epigenetic modifications in placenta are associated
with the child’s sensitization to allergens[J]. Biomed
Res Int, 2019, 2019: 1-11.

KAZANTSEV A G, THOMPSON L M. Therapeutic
application of histone deacetylase inhibitors for cen-
tral nervous system disorders[J]. Nat Rev Drug Dis-
cov, 2008, 7(10). 854-868.

SUURONEN T, HUUSKONEN J, PIHLAJA R, et
al. Regulation of microglial inflammatory response by
histone deacetylase inhibitors[J]. J Neurochem, 2003,
87(2): 407-416.

ROYCE S G, KARAGIANNIS T C. Histone
deacetylases and their role in asthmalJ]. J Asthma,
2012, 49(2): 121-128.

MOTTAMAL M, ZHENG S, HUANG T L,

Histone deacetylase inhibitors in clinical studies as

et al.

templates for new anticancer agents|[J]. Molecules,
2015, 20(3): 3898-3941.

KRAJEWSKI D, KACZENSKI E, ROVATTI J, et
al. Epigenetic regulation via altered histone acetyla-
tion results in suppression of mast cell function and
mast cell-mediated food allergic responses[J]. Front

Immunol, 2018, 9. 2414.



5503 % 441 FWFAEF AR IR PO R R 423

Research Progress of Epigenetics in Food Allergy
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Abstract Food allergy is a serious public nutrition and hygiene problem that affects the quality of life of allergic people.
At present, the research on food allergy has gone deep into the genetic level. In recent years, it has been reported that
epigenetics plays a role in food allergy. These reviews summarize the effect of common epigenetic modifications such as
DNA methylation, miRNA regulation, and histone modification on food allergy, exploring the gene-level formation mech-
anism of food allergy.
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