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Abstract: Atopic dermatitis ( AD )is a chronic inflammatory skin disease with a complex pathogenesis
involving genetic, skin barrier dysfunction, immunological, and microbiome factors. Keratinocytes,
key epidermal cells, maintain skin barrier integrity and contribute to immune regulation via cytokine
and antimicrobial peptide secretion. In AD, abnormal keratinocyte apoptosis in skin lesions is a critical
mechanism causing barrier damage and chronic inflammation. Recent studies indicate that traditional
Chinese medicine ( TCM ), through modulating keratinocyte apoptosis pathways, offers unique advantages
in AD treatment, providing new therapeutic insights with its multi—target effects. This review systematically
summarizes the mechanisms of keratinocyte apoptosis in AD and the research progress on TCM's modulation
of apoptotic signaling pathways to improve the pathological state of AD. Evidence shows that TCM, by
regulating multiple signaling pathways related to keratinocyte apoptosis ( such as TRAIL, NF-kB, MAPK,
and Nrf2/HO-1 ), exhibits significant anti—inflammatory, immunomodulatory, antioxidant, and barrier—
repairing effects. However, the specific mechanisms of TCM, particularly its interactions with immune cells,
require further study. Future research should focus on standardizing TCM formulations and validating their
efficacy and safety through large—scale randomized controlled trials, promoting the standardized application
of TCM in AD treatment.
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E A FE B 2 — " Y RTEE XS AD G YT 2
FE SR B B BT R B R R I 50 R A= A 5
S X BT PV BB S S IR BT AP T RCA BR A
W2 W AEAS BB 45 JR) B, an S e fi i) Jae e XL
ST INAS . DRI, X Z2E M AREEPE T AR YT AR
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VEIT R R S AD YR TS0 A% S B
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g 2R T EL A AR A 4 R TR 4 L M A
P e 25 RIS 3T L W 24 i sl AR 5 R 20 i o i 55 L 7R 1)
TEAZFARRE . AR T 0 BRA TR — R 21 2F e R
A Miff ( Caspase ) [ATE AL, i LE [ AR 45 T G 43 0 I 3h
TR L, ek, 2 I R T 32 B 22 A E S i T
5, BRI FRSMEEAS S GE A SE T 3244 ) L N I
5 o (ZRORLACIE ) A1 PN 5T R o7 B4 6 45, g AP E
S I AR I LA A Y 43 AL 2[R PR AR o R ) P
ﬁEt[ﬂo

S YR M 8 T ( Extrinsic Apoptosis ) S —Fh 4l
IR BT Z AR SR N F TR T-PLH], 2
TN FAFZ & . SETZSZ RS T M e B =2
RCTNFR ) B S5 , 4045 Fas (CD95 ), TNFR1 . %ET=
ZAK 4 ( death receptor 4, DR4 ) FITDRS 45, X LLsZ K
i35 Fas oA ( FasL ) AR SRZE B A0 S 08 172155
FEARCTRAIL) W55, Ja s 4 PN — RN
R, BB T, AR AR T, S R =R
PRIEFCT 5 35 5 4 54 ( death—inducing signaling
complex ) I il X —52 G A% 1ok S5 4E Fas A1 CHE
T 45 44 38% 75 11 ( Fas—Associated Death Domain ) 453
HC AR PR 5 N S2 A% 328 2 4RI PN, AT 30 e 30
#1 Caspase—8 S VMRS B, Caspase—8 P IH S
I B A AZ U A, 3 L DR RO T U B RN,
i3 Caspase—3 Fll Caspase—7, ¢ BB PN AR R Y RE i
FIDNA Wr 8 & nl #2315 5 5% LTS SO
HAJTE 3 SRV AR X S A 11 A A A R
R o AHAFA R I, 7ER LAY A i, Caspase—
8 il it VI Bel—2 ZO0ARR I8 T3 1 Bid 55 2ok iAum
822 X, iR TS

PNPEPE T ( Intrinsic Apoptosis ) T LA
#4% 452 ( Mitochondrial Pathway ) A5, 2 4 i Py
WOFE 0 2 T, RO SR LR S R i
TECMOMP ) 18458 LA B 98 T2 PR 7 I BE . Bel-2 58
T A, P 2 T2 3 B 1 OGBS IR, e R TR
Bax Fll Bak [ 300% FISE R AL IE MOMP R PP B

UL i S A OB SR FLIE T R, 5 AR A
M2 C ( cytochrome C, Cyt C) RIS, I E 51
T BEFECHG IR 7 ( apoptotic protease activating factor—1 )
Fn Caspase—9 LEOTE T T/ IMA( Apoptosome ), F—
AT 2500 Tl Caspase—3 , A TR =110 b4k,
Bel—-2 535 % 54 i BT T2 85 11 Bel-2 | Bel—xLif ik
1 Bax F1 Bak [ 106 b 0 2 Fl5 2 7 A4 IR 1) 58 #E 1
TE AR P T ANB T T2 88 1 Z M) I S AT . A A0y
TR T OB RS 5T 19 40T T i 25 14 58 Bax 1)
RESE RN T, IR ME AL LA S BEE | 1) 22 57 S FLIE
TE R, RMEAE B = HAB PR g T 7 A O T, RS |
9384 MOMP [11 ]O

PN R ) 0 1 3 1 ( Endoplasmic Reticulum Stress
Pathway ). PN J5T I B 33 ( ER stress ) J2= 41 Jifd W X P9
JB P R R B A R T S A S RS A R R O EE LML o
P9 T R D7 R RE B, Sl s R TS R
Jz I ( unfolded protein response, UPR ) B g5
38 %, ALFE B PR R AR P9 ST P ( Protein kinase
R-like endoplasmic reticulum kinase ). JJL B 75 SR i
1 (Inositol-requiring enzyme 1) FlI7G L% 5% K16
(activating transcription factor 6 ), X $538 I & 1Y 41 it
TEIE RN AR A RS S T =2 [E ) . o C/EBP
[FEPE R 1 ( CCAAT enhancer binding protein ) S
eI T A, Hd g R A AR R E TS
B2 FEUPRBOE T, NS RN BOE i 5 55 5 5
LORIAR B DI SE S, 0% Caspase—9 A1 Caspase-3, iz s
PATIT . PR IES B T3S AR bl R — i
r DA P IR TR, SR S B T T BB E— 25
FEE Cyt C BOBEHCRE T A5 S ko B
2 ABRERHATSAD

£ ST TR 1 2 B 38 3o A R 50 52 AR S8 s T A
FIERBEE ST, 4% B ( NF—«B ) 255 530 i,
BEAE 2 A FIPTIE AR , 2 5 e RAOPES N . 7EAD
v, Ff1 SO AN M S A ) FT AN AT 3R =33 (1L-33 ),
ey Ji 5 BT oAk L 4 i A G 2R ( TSLP ) 28 X7 2 T
30 I HH SRS e e AU, PR A N M S e . KLk
G 28 R AR U 2 U4 B PE T4 Th2 ) G2 Im % F
PRAE T, FE00 B IR B BE DI HE , 52 2501 M A0 1z ik
TN - B2 A5 A BT B 4 A RS i DAMPs , iF
— 2L SR R S SN o
2.1 ARG R I T 57 5 AD Rk B fr o AR g

TS, AN R T S S5 R R B LA 5T B RITRT
B DIRE , S 305 B 1 Rk b, AL JE AR
S D T AR 5N R SRE SN o F7 BT i A 422
WORIREAE 5 5 i ik 43 s A B— 5 181 22 ( Human Beta—
Defensin ) S350 B3R , BEAE A AW HIIG AR AR . TE
AD 1, BT B AR I A 08 T S S S 3 I S I R
S5 4 Ty B , S 50 35 T ) JA% G 4 0 4] e IR R (S
aureus ) ZER IR . AFSE R AH, IL-4 F11L-13 55 Th2
AH 5 A1 it PR o 2 i AMPs 2 B, 6] B35 15 5
'SP 5 SEMG AT 6 (STAT6) 5 S 3#hG , il i it
i Caspase 35 P4 1R £ 52 TE )00 40 Jif 4 U T2, 4100 ) A
JB JZ2 W filaggrin 1 lorierin 45 5& 58 Bt b 25 19 2 3%,
1155 1z JER B LA 5 B L BE 1, 14 hn oM SR 1145
7 AR BRI B AR RE ) 2 T %, DT find ke iE I
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R I LI S, aureus PRSI GIZE K28, i)
SR XU
2.2 ARG AR m A TS 5 AD Rk K gk SF w69

Th2 Y6028 I W 40 PR BE NS S22 /E T T A i
T BCATNE , 52 ) £f T IE AR AT A 0 1=, T B R 5 5%
W 1)) BE 2 U8 B R R BR O FE AD B 48 RE & A AN
Y fgrp, 5w TR T4 A SO B 40 I A B i TSP |
I1.-33 . TL-25 %54 0E [N T 15 Th2 40 i 45 o ) 4 ifg =
[ T A T 7% B4 S8 R 28 . TL—33 REAS A 1o 384 i
TLC2 A1 Th2 44 MU R ARAE WL o TL-31 FTIL-13 1Y 7&;
FEIR A B A I AN I a5 F A T, S sl T
BRNE EPENE IR, 5305 I e A2 U0 405 1) e
BN, T R — PR B SRR R 71 SRy 285k 1
1L—33 FNTSLP 53 % 28 35 {4 1] 3 98 i 40 g B 4, &>
#%/Fﬁfmjﬁ%ﬂﬁjJﬁﬁﬁﬁiéﬂﬂﬂﬂﬁw,})\ﬁﬁb&%&ﬂklﬁﬁﬁ
RE
2.3 ARG R TFF 5 AD IR AR e K &R

£ TR % A0 30 1o SRR N PR EE R ) 043 i B 38 IR
T2 5 R BT . TSR A S 4N i
i I G AR A T AL Fas/FasLAS 5 10 1%, BEWE 5
N A1 BT I 0 AR OB AR A ot — 2B TH T, TR %
[ FR 15 1 ST IE R IR TSLP A g —Fh G
FERY MR ZR, A TR AN I S 2 38 TSLP, RS 1
ACFNFRSE Th2 2 L I 14 55 I 55 P TL—4 AT TL—13 5 41
LR, ARG IR Th2 B 5 i S v 10, 43l AD &
PR

£ B A0 B4 TE 5 08 T S o A A e A
WAE S Y, MR PE T 4010 Tregs ) Boht B U /b 5k
YIRE R A BB BUM T AN M A T A R $55. AD
AR A SR AR B U T 1 S R TS T BE I 55 Tregs 19
o JE IR, M4 S B T e X R
a3 R Al 23 5 B B SR KT TSLP A TL-33 MRS,
A2 1 Th2 28 0 14 3230, Ta) I 3K 6 IR 1~ SRz 1) 4 T
T B A0 M, 38 S S NF«B 25 AR 8 15 =il
%, IR Bz R 14 & 9 N5t b1 473 , T2 i 98 i — PR =19
TR a2 Hak, Tregs [V /D IA 255 A& Th2 Fl
Th 17 Fe 28 SN Bk B2 36 R, it — 0 i = A s E sl
B JSETET T
3 wZiERE AD AR ERAT- R

Fifi 5 P 2 F 9T B AT, HR 24 7 3E aed YR 9 A
ST A A0 B 08 T 5 B AH OG5 538 1, 23 AD E2 AR
Fi-BEIHE HAE SN, G S Hy TR 2 A
ISP 7. URTHFSE S5 R R vh 25 AT RLGE i R
) )45 530 i L 22 )2 Uk L 22 50 0 i R s o S sl
MUk 3 AD BN .

3.1 TRAIL (78358 B -F 48X 69 8 = iF F 8ok )
15 5 1B %

TRATLAF 5 38 4 J2: 38 1 5 40 i 2 161 52 {A DR4
FIDRS 454 I3 sh A e s P8 T3 458 B —Fh S B AL .
AD S 0 A T B A BT TR ATL S5 i FE AUk, U4
ToR B ETE L KRR R A T
HIE5 T 2 152 1A 58 84, Al 1 JHR BT s AR 3, 2 U TR T
REZ . FREEZE , SRl S g AR AN 3 )
T Ty o385 B U 75 A SRE S, T IR 2 IR0
ARTE N o X F 3 i AR v 55 BT BE T BE M A Bl T

192

AD G A P I A BB EREIE . EAN, TRAILAS 5
1 1o B TFN—y FII TN F—o 55 20 PRl 738 1 Fas
AR F2 3R FIHE 58 Caspase—8 P, A2 HEUH T 2,
VAT SR R FEAOA L . AN, AT P 5 Bel -2 5K
TR P A PR T AR G SE IR, DA R A BT B 4 A 14
FTAS S, B RIR IR o e >,

355502 A ( Ginnalin A YJ&—Fh ik 541, &
TAEAE OB A v, BAT B S P e
BT 2 BH , 25 25 0 3R A BB 112 3 3 3111 ] Caspase—3 I
Caspase—8 [ 76 1L Ui /D PARP 2L it . N AL T- 32 IR
DR4 F1DR5 A%k, [AIA 42 =5 15T Bid . Bel-2 . Bel—
xL. Fl Survivin 8 7K -, A i 57 HF Bax Fl Cyt C &
7, IR E LR T Cyt C 197K, TTRH L TRATL 55
S B HaCaT éﬁ}ﬂ@?}%}]‘:“‘”o B DR G s Rotundarpene )
JE—FORIE PSP A a2t 5, A b
EAb PTRMPLIH TR E. WP R, FOIR W da
o ] TRAIL 51 A2 449 Bid 25 13 24 7%, e 2 TRAIL 55
S PR AR — E AR A R B, VR PTRE TS
Bel-2 Fll Bel—xL, BEARAE I8 7= 25 1 Bax MUK, MM
FH TRATL 554 HaCaT U2 7=,

3.2 NF—kBAZ 5 i3

NF—«B {55 5 i [ 2 — Pl s B 57 19 41 it P9 15
SHEEFHLE], B S S PEIE RO N TN A 4
BB FE AT SR B . AEATAEYE T, NF—«B
FEL A A . AEbTE T A, et b
PEBT IR T HE P Bel-2 AN il Caspase 7% M , 314 58 41 Jifd
AENERE ST, Rl 4 s =28 HAh, NF—«B 5 £
BRI RE B Bel-2 G A 1 i AH B AE F 4k fse gk 4
AWm FasE > SR, 7E TNF—a B3, NF—B AT
LLid 3 B A AR 98 T 5L 5] CASP9 Fll FasL 8% 5 6] ROS

S EEE, RAFE T EA L AN, NFBAIE S 1Y
S B PO A8 A 1 5 Caspase—8 Il Caspase—3 BT 1,
J B A T AT IR A PR T 2B, Uk — 25 1 559 He Bk R
BEEIHAE , IR A S A2 3, T E ER

[H AT T BEWS 2 Y4 AD /N B R T AR
5 BE A FE S 11 ( ASC ). Caspase—1 FIINLRP3 2 [ 3
ik, BH 1k 9 RE /INMA I 18 A, 328 1 sl 2 A 2 PR 14 R
R, A A5 22 J2 R P U A J ] S E AN TR T, BRI LTS
HTL—18 AN IL—~18 A5 47 R P 7 /K - 25 [, ik 2 el
2 AD 2 30 e 1 ) NF—<B {75 -3 %, {1 i3
HaCaT 41 Jifg (%) 334 51, 0 Ho | 1=, 3+ 92> 5 THP-1
MM BERE S, @5 E ( Baicalin ) 2 —Fh LA B4
PTG FEVE BRI 59 . BT RESIE I
PE 4 STAT3/NF—«B {5 =il i, JA4E 8 -8 1 Bax
K U] E) I Caspase—3 [ FR ik, T VEPL I -85 H Bel-
2 25, BH IR TNF-oif5 52 19 1L—6 F1 1L—8 &5 48 4iE [K]
TR T AN b g, [ kg o

[ 25 ( Sulforaphane, SFN ) & —FpTE+FAERHG SR
MG ZER Rt Gy, A DU PUm Pri mhee
(R VE R . WFST 7%, SEN AT DLREAIR AD /s Bz 354
H1 NF—«B ., TNF—a, TL-1B. IgE LI K AE AL R 3hr 4
8—OHdG KR Ih /KL KAt i - Caspase—3 [
FE3k, RIS PUAR 4NN 7 1L—4 AT IL-10 7K,
FF P E AL N T Nef2 19 36 38 3% AD /) BRH S
JE PTEEAT R R EZ S AT-53 A5 PRI IR |, e 800 HG A 3
PEAE S EEFNVH TR AR IR AD B S 1%,
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MAPK (2224535 A A 1 I )5 530 R R4
2 I O T RA SRE S N A O IR AR, LS ERK
INK F1p38 3434, AE AD i J5% BEHLH 77, MAPK
3 B R AR - — 7 AR 3 R AE SN, I —
T8 755 A0 5T B0 40 M R T ) B R B B AT . A
AD B ZAE R I, INKIE o FIE {2 98 T8 1 Bim I
G Caspase %, i 35 Y o A Bo 2 il Al i p 8 1=
SHIKFEIEF, p38 MAPK i i i BEAE 4 DA 1 53 Wb , i
FARAE S , I3 e AR P T i AR e — 20 Ak
JRAB AT 0, ERK AR 3 305 U 2 400 ) o R O
filaggrin Fl loricrin (Y $2 35 , B 42 5 30 B2 ik ot i o)
REMYIE— 232407, AR 2195 p38 MAPK
T, VAT SRR T HE RIS I A 5T A R, S 1 T
TE 200 L 140 0 T 308 %, AT 110 553 g B s e 2 it
A, IR ZE EE 2 N EE AD Y I , FREE TS ) o5 o
)38 MUA P 8 f6 01 ) 48 A 7 5 RIS v

21 J5R ( Chlorogenic acid ) J&=—Fh RIR Z L&
Wy, B W2 P L DL R BT T AR AT
i MAPK 38 8% ERK BYBEIR b 7K, SRR GE %
FEARR AR 0 7248 1 Bax 1Y RIA, AT T28 1 Bel-
2 Mk, IFEANH Caspase—9 Fll Caspase—3 AUTEPE, M
TV D SR AR BB ) AR AL LA A2 Cyt C BIRERL , D40
Y I A1 6 7 P S A AR A5 , AR A R Tk 0k
157512 ( Rosmarinic acid ) 2&—F HAG PrE L FrtERY
Z MW ib& Y. He g m of 30 6 MAPKE % 1 ERK
p38 Fll INK A& [ 14 W 1R A1 7K T, B IR £ AA 5 2 A
AL FTH PN Ca™ e B2 1 FH s, TR s 410 i 42 0 7~ 26 1
Bax . Caspase—3 . Caspase—9 [ 33k, L SPTi 18K
1 Bel—2 F7KSFE, AT UG 2508k 4R g T i A 20
3.4 Nrf2/HO—145 5B %%

R —E2 A OG- 2 (Nef2) SRS A A
R A TR B SRR, S I Z &1 (HO-1) 36
[7) ZH BEAHTLAAR W7 X 40 Ak IO T 1 S B 5 3 1%, FE 4 gy
2 U A A 30 DT A5 T 00 1) 20 09 T T R AR T
FEAE . Nef2 38 G B R U T A Sk T HO-1 /1
NQO1, FEARIE PR A TR 3R, 2 it S AL B AR A5 . 1
PR SN IR AR 5 245 4 T B FRL A2 ( AWm ) 2
I, 3038 o A BT IE T2 AR 1 Bel -2 M B AR 9 To AR
H Bax, MTTRRIATAF 5. X — B 2L5 KL
Cyt C BYREHYL , )5 3l Caspase—9 Il Caspase—3 AL BRI
WL AN, ROSHE 2315 S 4ORLIA DNA (mtDNA )
14 FES 2 AR S ZE AL IR Sk AR D e B AT, T
JRAE B2 45t (8], DT — 25 Tl R A A IO T30 448 1 1)
P2 Nef2 B B BE A5 0 1 Bax/Bel -2 HL R 1 I
151 Fl Caspase—3 15 A, DA 4 35 0a /A0 ML 00 T2 1) &2
AL A L N2 338 S 3 ) NF— B 38 i A TL-6
TN F—o 2541 58 PR 14 4 WA SRC Ul 8 4 i 2 o 44
i — 2T IR, Nrf2 AY0nG X B2 Uk ot e B k4
VEH , 33X AR 3500 55 S it Al AR TORN 417 1) 40 I 0 T2 1y
e S m AR

L1 EE ( Pterostilbene ) J&—Fh KSR —H 42 3L A
FEPTEEN S, AT T A 2 S AR
ISR N DR St (AN L AN Sy o1 S E =2
o AR S A I /K P AT L sk 8T Nef2/HO-1
{5 530 %, fE HE Nef2 DI ST 1) 40 A% 5 Gz, 31 58

WL EALEF HO-1 . NQO—1 fIFRA AN i NaAsO2 5
51 HaCaTT 40 £ A4 IS e A3, 2548 £k A A% Cyt C 1Y)
TR, ST T F Bel-2 . Bel—xL BRI R J5
T A F Bax. Bad [ 7155 , FEAIK Caspase—3 19 1% 14, [
ER TG PE AR 4 A b DA K2 P9 I R AL R S e g sk
HLiH, Pterostilbene 3] T 40 a8 S8 ALV 18£8 K7 440
WA R T, R B Al AR Y E . e
TR T &b AL G T il 2 —, BB D RUE TS R
fREEE L D IMLUER TR, B TV YT IR R T 5 | A i 52 Bk
o HE T A K 177388 ok B0TE Nef2/HO—1 15 538 1%, {1
BENeR2 AN, ER HO-1 232, J] 98 5E S5 7 FITAR
AR 5%, B TL-6 . IL.-8 . IL.—13 . CXCL10. CCL17 %%
2 5 PR s AR DR 7 19 2236 7K, o X TNF-o/
IFN— #ill 1 1% HaCaT A DNCB 5 5 19 /) BLAD A iz
JHRIPS A8 B AR R P, oAt/ BRLAD R A 4

3.5 TLR4/MyD884Z 5 il 7%

Toll ¥F 22 144 ( TLR4 ) i@ i & £ 4 1k [N T 88
(MyD88) /- M5 554 5, & —Fh EZ 1 e Rpeim
%, 5 £ B0 B4l I 4 98 0 2 I A A T2 %% U AH 2 o
MyD88 1 = J& ff B B Bl 40 B 7F TLR4 P43 J5 1) £ 22
N UEAE B 38 ok I Caspase—8 Il Caspase—3, 5| & 4l
By T2 470, MyD8S i 2 14 /)N FURE 1 Y 7R A SR
JIC A B T S e L TRD A R PR TR JEE R S8 e 4R =2
TAFEEE AR

FE AR B —Fh DUm A R B2 B R ARG, B
AR MPrEARE . WEE W HAT RLAPT] TLR4/
MyD88 15 =il i TLR4 . MyD88 Fll COX -2 & P11k,
I3 1 Bax . Cyt C . Caspase—3 Fll PARP ZEPEH T AH oG
AR, P BRI 8 T /K S 2ie 3 AD /N
T HaCaT 40 IS 78U 98 0 I b, IAE A L LA R a2 1z bk
Hh M1/M2 2 i g 9 2
3.6 HAk

B iR Sl A, M E 2 b 2w os T X
AD 1 BT A B8 TR AR L AR AR BR A B B AH
FMINVE A S i

B 3% i ( Magnoflorine ) J2& — F 2= &2 4= W) B, 47
TE T A b, Rl B A B bR e
VE R o ¥ 3% B AT LA S 35 T 18 3 T A B 1 RN Coyt
C I RET, I il Caspase—3 |, Caspase—7 , Caspase—8 Fll
Caspase—9 19 1% £, AT BH Wr 08 T 15 = 1% 338 ; [F] B,
B RENS HERF AR A IR H Ay, SR ZORAR IS RN S 1Y
TNF—o/IFN—vy 75 5 () HaCaT 41 0 08 7 5 LA Az B A% B
PEBRIFE T E (1gE ) Al TL—4 45 55 - 8505 0 & Th2 41 ity
WAL B VAR S HIFE AR K FAZE ™ i Resveratrol
B FIRIRZ W e TRESGYh, B PR
PrEAL e, HE JZ B ( Cinnamaldehyde ) J& — F K
SRR IERA A, FEAFE T R HPTE
1 BT 9 G 2 Fp A W s PE T A 2 . R BOR,
22 75 P AR B s 15 ) LG i v 2> AD /N B2 48
Caspase—3 [HP: 40 o %0 &, DL RN ARG TL—25 . TL.—33 F
TSLP BH 4 40 g £ &, 0 il 3k BE i P T2, 22 /i AD AF
EZ*E[5575510
4 iTig

245 PR HL IR R S YR M i R LA AR B,
O HA A B PR $R AL T T BB E, ZEIR YT AD R R
B B S AR R AT Al i E T S
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TE AD B JBR 57 B D B SZ 461 | S8 hE S V. | F 28 Z5 0L L 4

PO S BERE h A5 T AR . E?ﬁi?%'ﬂﬂ .y

A L &L TRAIL . NF—«B . MAPK . Nif2/HO-1 %55 %

TH (U A SO A A Y R TR A0S AD A BRR

o PR RIE S T 2GR JOAE I VL SR it

AL VR RS B 2 N R RS IR 5 I D) e Y

ZHL R R, BRT P EG I 2 01 2 R0

R, A5 PTE [E6 ] R R OR M AR R PIL 1 16 95 A T

WFFEIE— 20 WA, 450 v 25 1 T JBOR B4 i 05

TR A S HAT A S X . It Ah, #i‘ﬁqﬂﬂ’frﬂ’ﬂ

HARNE FIRARAISRART , HALHRIBFTE M AR TR, i3

*/Fﬁﬁﬁ%ﬂ?,\ I R E AL 5 0 -

YR, 2 936 7 L ATS T 11— 26 % 5 A D 1
[t HAE LS E’J/E%l“‘@fi/ai’lﬁﬁﬁXT%}ﬁﬁﬁ
JRCAR M I T AW AT 5 B AE VI 2B ER R O B, #B4rh
245 1853 i HLAAS ] 5 3 B R sE A B, SR S
CD4™T 45 G Y22 40 i (5] 59 SC I T 58 A0 ) B . B
LR, HET T 25O 2 A TR S S 56 RN Sl AR
Y, e = FHASE | 22 O 1 I PRI B = 4+ L iXAE
—ERREE BRI T A2z A E BRI AT

EFXPIXBEAS L, AR AW FENAE LA 7 1 47 5
. 5, W EIRASZ I b 2519 o AR AL, 255
B AL AN 22 2H 24 53 W N T4 ReASE Y | 4 Tai f Al
2 i A AR AR E AR Sl B AN A A S L
U, s A 24 5 50 AR HEAL RIS A AR 7 L i PR AT
SR S3 A B R LU AP TEAS R HE U b g — S, A
THE ST R ] P AT P o A | 38 A A 1)
Bl iﬁﬂ‘?’éﬁﬁjﬁﬂ*ﬁﬁﬁﬂlXTﬂﬁIIFEKEQE/V‘B/J%H@ s
TE 25 (Y 7 RSORIN2E A Pl 28 DG HE 22 L i e X e 8% g,
AN BELE AD BOVR YT v o 48 SR SR M AL, i AT
Abﬂif U S AE PSR IRy P At A i . AT
5 . PEGTER LM B S TR g N AT ) 1 L (BT S TR
REEFAIT T TN PR 512 [ =2 1] S B S A AT 22, LA S
IS i R B2 A A5 A B
Sk
[1] TIAN JR, ZHANG DY, YANG Y, et al. Global epidemiology

of atopic dermatitis: a comprehensive systematic analysis and

modelling Sludy[] 1. Br J Dermatol,2023,190( 1 ): 55-61.

[2] ILICT, STOJKOVIC A, VELICKOVIC V, et al. Atopic dermatitis
in children under 5: prevalence trends in central, eastern, and
western Eumpe[ J . Children( Basel ),2023,10( 8 ): 1275.

[3] CHIEOSILAPATHAM P, KIATSURAYANON C, UMEHARA Y,
et al. Keratinocytes: innate immune cells in atopic dermatitis[ J .
Clin Exp Immunol ,2021,204 ( 3 ): 296-309.

[4] GUPTA RK, MILLER J, CROFT M. TNF-like weak inducer
of apoptosis inhibition is comparable to IL-13 blockade in

ameliorating atopic dermatitis inflammation[ J ]. Allergy,2024,
79(1): 116-127.

[5] FOGARTY CE, BERGMANN A. Killers creating new life:
caspases drive apoptosis—induced proliferation in tissue repair and
disease[ J ]. Cell Death Differ,2017,24 ( 8 ): 1390-1400.

[6] KUMAR S, DORSTYN L, LIM Y. The role of caspases as
executioners of apoplosis[ J ]. Biochem Soc Trans,2022,50 (1):
33-45.

[7] ZAMARAEV AV, KOPEINA GS, PROKHOROVA EA, et al.
Post—translational modification of caspases: the other side of
apoptosis regulation [J]. Trends Cell Biol,2017,27 (5):322—
339.

[8] ASHKENAZI A. Targeting the extrinsic apoptotic pathway in

194

cancer: lessons learned and future directions| J |. J Clin Invest,
2015,125(2): 487-489.

[9] TUMMERS B, GREEN DR. Caspase—8: regulating life and
death[ J ]. Immunol Rev,2017,277 (1 ): 76-89.

[10] DADSENA S, ZOLLO C, GARCIA-SAEZ AJ. Mechanisms of
mitochondrial cell death|[ J |. Biochem Soc Trans,2021,49 (2 ).
663-674.

[11] WANG TS, COPPENS I, SAORIN A, et al. Endolysosomal
targeting of mitochondria is integral to BAX-mediated
mitochondrial permeabilization during apoptosis signaling[ J1.
Dev Cell,2020,53 (6 ): 627-645.

[12] HUH, TIAN M, DING C, et al. The C/EBP homologous protein
( CHOP ) transcription factor functions in endoplasmic reticulum
stress—induced apoptosis and microbial infection[ J |. Front
Immunol,2018,9: 3083.

[13] TAKEDA K, NAGASHIMA S, SHIIBA I, et al. MITOL prevents
ER stress—induced apoptosis by IREla ubiquitylation at ER-
mitochondria contact sites[ J ]. EMBO J,2019,38 (15 ):
€100999.

[14] VU YH, HASHIMOTO-HACHIYA A, TAKEMURA M, et al.
[L-24 negatively regulates keratinocyte differentiation induced by
tapinarof, an aryl hydrocarbon receptor modulator: implication
in the treatment of atopic dermatitis [J].Int J Mol Sci,2020,21
(24):9412.

[15] LEBTIG M, SCHEURER J, MUENKEL M, et al. Keratinocytes
use FPR2 to detect Staphylococcus aureus and initiate antimicrobial
skin defense| J ]. Front Immunol,2023,14: 1188555.

[16] WANGZY,ZHENGY X,XUF, et al. Epidermal keratinocyte—
specific STAT3 deficiency aggravated atopic dermatitis—like
skin inflammation in mice through TSLP upregulation[ T 1. Front
Immunol ,2023,14: 1273182.

[17] YAMAMURA Y, NAKASHIMA C, OTSUKA A. Interplay of
cytokines in the pathophysiology of atopic dermatitis: insights
from Murin models and human|[ J |. Front Med ( Lausanne ),
2024,11: 1342176.

[18] CHEN X, ZHANG Y J, PEI J X, et al. Phellopterin alleviates
atopic dermatitis—like inflammation and suppresses IL-
4—induced STAT3 activation in keratinocyies[]}. Int
Immunopharmacol ,2022, 112: 109270.

[19] ZHU T, SUN J, MA L, et al. Plasma exosomes from children
with atopic dermatitis may promote apoptosis of keratinocytes
and secretion of inflammatory factors in vitro[ J ]. Clin Cosmet
Investig Dermatol ,2022,15: 1909-1917.

[20] DAIX]J, SHIRAISHI K, MUTO ], et al. Nuclear IL-33 plays an
important role in IL-31-mediated downregulation of FLG , keratin
1, and keratin 10 by regulating signal transducer and activator
of transcription 3 activation in human keratinocytes| J | .
J Invest Dermatol, 2022, 142 (1 ): 136144, e3.

[21] KAMIJO H, MIYAGAKI T, HAYASHI Y, et al. Increased 1L—
26 expression promotes T helper type 17—and T helper type
2-associated cytokine production by keratinocytes in atopic
dermatitis[ J |. J Invest Dermatol, 2020, 140 ( 3 ): 636-644, e2.

[22] JIA JJ, MO XM, YAN FG, et al. Role of YAP-related T cell
imbalance and epidermal keratinocyte dysfunction in the
pathogenesis of atopic dermatitis[ J |. J Dermatol Sci, 2021, 101
(3):164-173.

[23] SZYMANSKI L, CIOS A, LEWICKI S, et al. Fas/FasL. pathway
and cytokines in keratinocytes in atopic dermatitis—Manipulation
by the electromagnetic field[ J ]. PLoS One,2018,13 (10):
€0205103.

[24] TRAUTMANN A, AKDIS M, KLEEMANN D, et al. T cell-
mediated Fas—induced keratinocyte apoptosis plays a key
pathogenetic role in eczematous dermatitis[ J ]. J Clin Invest,

2000,106( 1): 25-35.



44

ZEAIR A RN E B R P AR BOR A I U T L B P2 TRy P o i

28 %

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

MENU NEELAKA MOLAGODA I, ARACHCHILAGE
HASITHA MADURANGA KARUNARATHNE W, LEE MH,
et al. Acertannin attenuates LPS—induced inflammation by
interrupting the binding of LPS to the TLR4/MD2 complex
and activating Nrf2—mediated HO-1 activation[ J ]. Int
Immunopharmacol ,2022, 113 ( Pt A ): 109344.

LEE CS, JANG ER, KIM Y], et al. Polyphenol acertannin
prevents TRAIL-induced apoptosis in human keratinocytes by
suppressing apoptosis—related protein activation [J]. Chem Biol
Interact,2011,189 ( 1-2): 52-59.

LEE DH, NAM YJ, KIM Y], et al. Rotundarpene prevents
TRAIL-induced apoptosis in human keratinocytes by suppressing
the caspase—8—and Bid—pathways and the mitochondrial
pathway[ J . Naunyn Schmiedebergs Arch Pharmacol,2014,
387(12): 1209-1219.

TANAKA T, HOZUMI Y, 1INO M, et al. NAPILI regulates
NF-kB signaling pathway acting on anti—apoptotic Mcl-1 gene
expression| J |. Biochim Biophys Acta Mol Cell Res,2017, 1864
(10): 1759-1768.

KIM MJ, KIM WS, KIM DO, et al. Macrophage migration
inhibitory factor interacts with thioredoxin—interacting protein
and induces NF-«kB activity[ J1. Cell Signal,2017,34: 110-
120.

ZHOU F, LI Y, HUANG Y S, et al. Upregulation of CASP9
through NF—«B and its target miR—1276 contributed to TNFo—
promoted apoptosis of cancer cells induced by doxorubicin[ J .
Int J Mol Sci,2020,21 (7 ): 2290.

CHU C, RU H, CHEN Y Y, et al. Gallic acid attenuates LPS—
induced inflammation in Caco-2 cells by suppressing the
activation of the NF-«B/MAPK signaling pathway[ J]. Acta
Biochim Biophys Sin ( Shanghai ),2024,56 (6 ): 905-915.

LI X, FENG L Y, ZHONG T J, et al. Gu—Ben-Hua-Shi

( AESS ) formula ameliorates atopic dermatitis via regulating

NLRP3 signaling pathways[ J ]. Saudi Pharm J,2023,31 (11 ):

101792.

JIAJJ, FENGLY, YESQ, et al. Therapeutic effect of Chinese
herbal medicine gu—Ben—Hua—Shi( AESS ) formula on atopic
dermatitis through regulation of yes—associated protein[ T].
Front Pharmacol, 2022, 13: 929580.

WU X W, DENG X E, WANG J D, et al. Baicalin inhibits
cell proliferation and inflammatory cytokines induced by tumor
necrosis factor a( TNF-a ) in human immortalized keratinocytes
( HaCaT ) human keratinocytes by inhibiting the STAT3/nuclear
factor kappa B(NF-«B )signaling pathway[ J 1. Med Sci Monit,
2020,26: €919392.

ALYOUSSEF A. Attenuation of experimentally induced atopic
dermatitis in mice by sulforaphane: effect on inflammation and
apoplosis[ J |. Toxicol Mech Methods,2022,32( 3 ): 224-232.
YANG JH, KIM DH. Artemisia Anomala Herba Alleviates Atopic
Dermatitis by Inhibiting MAPK/NF—«B Pathways and Inflammatory
Cytokines in TNF—o/IFN—y-Induced Keratinocytes[ J ]. Int J Mol
Med,2021,47 (3 ): 488-496.

BRAUWEILER AM, LEUNG DYM, GOLEVA E. The
transcription factor p63 is a direct effector of IL-4-and IL-13-
mediated repression of keratinocyte differentiation| J |. J Tnvest
Dermatol, 2021, 141 (4 ): 770-778.

HAN Y H, ZHANG Y Q, JIN M H, et al. Peroxiredoxin I
deficiency increases keratinocyte apoptosis in a skin tumor
model via the ROS-p38 MAPK pathway[ J 1. Biochem Biophys
Res Commun,2020,529 (3 ): 635-641.

HERATH HMUL, PIAO MJ, KANG KA, et al. Rosmarinic acid
protects skin keratinocytes from particulate matter 2. S5—induced
apoptosis[ J ]. Int ] Med Sei,2024,21( 4 ): 681-689.

HERATH HMUL, PIAO MJ, KANG KA, et al. The inhibitory

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

effect of chlorogenic acid on oxidative stress and apoptosis
induced by PM, 5 in HaCaT keratinocytes[ J |. J Biochem Mol
Toxicol,2024,38 (9 ): e23806.

LI X,FANG F,GAO Y et al. Ros induced by KillerRed targeting
mitochondria ( mtKR ) enhances apoptosis caused by radiation
via cyt ¢/Caspase—3 pathway[ J |. Oxid Med Cell Longev,2019,
2019:4528616.

CHEN H M, TANG X X, ZHOU B, et al. A ROS—-mediated
mitochondrial pathway and Nrf2 pathway activation are involved in
BDE-47 induced apoptosis in Neuro—2a cells[ J]. Chemosphere,
2017,184: 679-686.

ZHOU J F, CI X X, MA X Y, et al. Pterostilbene activates
the Nrf2-dependent antioxidant response to ameliorate
arsenic—induced intracellular damage and apoptosis in human
keratinocytes|[ J |. Front Pharmacol,2019,10: 497.

HAN D D, GU X L, GAO J, et al. Chlorogenic acid promotes
the Nrf2/HO-1 anti—oxidative pathway by activating pZIW"mC'p]
to resist dexamethasone—induced apoptosis in osteoblastic
cells[ J ]. Free Radic Biol Med,2019,137: 1-12.

ZHANG Q, LIU J, DUAN H, et al. Activation of Nrf2/
HO-1 signaling: an important molecular mechanism of herbal
medicine in the treatment of atherosclerosis via the protection of
vascular endothelial cells from oxidative stress[ J ]. J Adv Res,
2021,34: 43-63.

SHIM KS, PARK M, YANG WK, et al. Veronica persica
ethanol extract ameliorates dinitrochlorobenzene—induced atopic
dermatitis—like skin inflammation in mice, likely by inducing
Nrf2/HO-1 signaling[ J ]. Antioxidants ( Basel ),2023,12 (6):
1267.

KIM H, SEO KH, YOKOYAMA W. Chemistry of pterostilbene
and its metabolic effects| J ]. J Agric Food Chem,2020,68( 46 ):
12836-12841.

LEE JH, LIM JY, JO EH, et al. Chijabyukpi-Tang inhibits
pro—inflammatory cytokines and chemokines via the Nrf2/
HO-1 signaling pathway in TNF-o/IFN—y-stimulated HaCaT
cells and ameliorates 2 ,4—-dinitrochlorobenzene—induced atopic
dermatitis—like skin lesions in mice[ J ]. Front Pharmacol,
2020,11: 1018.

BRANDT EB, GIBSON AM, BASS S, et al. Exacerbation
of allergen—induced eczema in TLR4-and TRIF-deficient
mice[ J ]. J Immunol,2013,191 (7 ): 3519-3525.

SHIJR, HE L, TAO R, et al. TLR4 polymorphisms as potential
predictors of atopic dermatitis in Chinese Han children[ J ].J
Clin Lab Anal,2022,36(5): e24385.

DIDOVIC S, OPITZ FV, HOLZMANN B, et al. Requirement of
MyD88 signaling in keratinocytes for Langerhans cell migration
and initiation of atopic dermatitis—like symptoms in mice|[ J J.
Eur J Immunol,2016,46 (4 ): 981-992.

TAI LR, CHIANG YF, HUANG KC, et al. Hinokitiol as a
modulator of TLR4 signaling and apoptotic pathways in atopic
dermatitis| J ]. Biomed Pharmacother, 2024, 170: 116026.
WUSQ, YUD Q, LIUW Y, et al. Magnoflorine from Coptis
Chinese has the potential to treat DNCB—induced Atopic
dermatits by inhibiting apoptosis of keratinocyte[ J ]. Bioorg
Med Chem,2020,28 (2 ): 115093.

CAGLAYAN SOZMEN S, KARAMAN M, CILAKER MICILI
S, et al. Resveratrol ameliorates 2,4—dinitrofluorobenzene—
induced atopic dermatitis—like lesions through effects on the
epiihelium[ J 1. Peer],2016,4: 1889.

USTAOGLU E, TURKOGLU Z, ULGEN OA, et al. Anti—
inflammatory effect of cinnamaldehyde in a mouse model of 2,
4—dinitrofluorobenzene—induced atopic dermatitis[ J . Indian J

Dermatol ,2023,68 (2 ): 170-177.
195



