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1.1.3 ¢ JHRAU R e 55 B0 sl
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R I IO AT L TR T A T s L 7= A ) e B Tk
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KTF0.9, HLERGEFN TSVIK., $E EEZ Cytoscape
3T 2RI IS, Y] “Tools™ HIff] “generate style
from statistics” 43T LH., 164 degree (BT, K/
PO BR, M9 PPIIA,

1.1.5 GO Fll KEGG i & HE 4T

RHE— T SR AT BRI N A s B, R
ZEHEHE TGN Metascape A4 4, PIFH 6% Hesapiens,
P Value Cutoff %% 0.01, HA RABIARE, #TEERE
AR (GO ) IhAEFI KEGG B & M. %M PIEFHFFES
R, X GOTIgE T A ISR MRS, T IEE
P 1055 B, KEGG s & 9e4s Rk #Eni20 M H,
WA A5 W3 (Chttp://www.bioinformatics.com.cn/ ) | {E
FEIR BT AL
1.2 HaCaT 4HBa{kHpSEIeIaIE
1.2.1 Zafrk . Z59rFnis)

NIk AAE F IR 40 HaCaT 40 MR IG [ o E R e -
WA EE; DMEME; 325 (155 MAO213) | H % -
B ZE (175 MAOLI0) | 0.25% 6 31 /L. 7/ & EDTA

P45 MA0233) , KIEECEVHEAFRAT,; Ak
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GBI 2RI ) | WAL NG (FhEBIE3 AT ) | IH
BEIEAGRs BEE RO H s 5 S OB IR TUR S I A
s FRAFIRA SR, SRERISHERE, RS EHE
Bl 3 &5 0.3%, A2 S E0.7%) « FLERE K BEE
fi=y (s E G, L-FUR > 7 mg/mL) 5 AKTHUE,
Z[E Cell Signaling Technology /A 7], 95 4691; p—AKT
Bk, 250 Cell Signaling Technology /A, 155 4060;
PI3K 47 {K, 2£ [F Cell Signaling Technology /> &, %5
3011; p—PI3KHIMR, 5[ Cell Signaling Technology /A,
5 17366; HRPFRICHILISEDTR 1gG, IR RAEY
BARBWRAT, 85 A0208; BCA M k& il &
185 : MA0082) . PAGEHEGH Pudifil & & (185
MA0382) , KIEECEMHEAARAF; @ ECLILYF
RAGRFIE (555 P10300), HiFEEAEMRHEARAR.
122148

Synergy H1 B! fiif #72{, 2 [® BioTek A Hl; 37172 CO,
YHRE7E4, 55 Thermo Fisher A7) ; CFX384 Touch %%¢
JeiEht PCRAY, 3E[E Bio—Rad AH].
1.2.3 AifkEs

HaCaT 20} R ) & 1% 5 2 25 — B2 25 M110% Jin 4 I
751 DMEM$5355E, BT 5% CO, 37 “CEFEM fisge, 1%
21 2 A 80%~90% I, FH 0.25% I BHE 1.0 & EDTA
LA,
1.2.4 RT-qPCRAGINHHE mRNA ik

BUNEA K1 HaCaT 400, EERH MG B O E A,
PLEEAL2 x 10° M A et T 6 LI o ARAH GG BE J
SN HRA . ERIZAANAS LA ZG A, A A R
301,51, 8 ¢ I HIMEEMENR BUATIFLRR R A BRI
FIRR G . RIS ZEE | b5, BRZHRIZE 2N
A0 pm [T 1172 ho TRIzol B:FEHLAN L RNA, %
FRIY SR & 5 i cDNA,  HHEfTSE 286 & PCR R
o f& ) PubMed Primer Blasti& 1514, Frfas4h -
A TRAR AT G, FAINEL M 95
°C 5min; 95°C 10s, 60 °C 30's, fEIN40K, 4G PCRH
DNA 5@ 5O E I SR I EREL Ct, LAEREERE /
WEERREHOT I, 58] HERRAE,
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%1 PCR3 455 AL, T Jvenn A 22 TR SRR LR TR A B v L 7= M

HER R Elkis2 7] o e
— - R B R SR M 55 ML AR 5, 1551 340 RS IR HL AT,
B : 57 ~GTCTCCTCTGACTTCAACAGCG-3
GAPDH
T 5" ~ACCACCCTGTTGCTGTAGCCAA-3’ JUERS
R .57 ~CTGCTTTGGCGAGGTGTGGATG-3’
SRC N FLIE o 2 I I 37 K ) /o

N :5” ~CCACAGCATACAACTGCACCAG-3’

MAPKI b5 ~ACACCAACCTCTCGTACATCGG-3’
75 ~-TGGCAGTAGGTCTGGTGCTCAA-3’

AKTI 355" ~-TGGACTACCTGCACTCGGAGAA-3’
T : 5 ~GTGCCGCAAAAGGTCTTCATGG-3’

Occludin 357 ~ATGGCAAAGTGAATGACAAGCGG-3’
75 ~CTGTAACGAGGCTGCCTGAAGT-3’

Claudino1 35" ~GTCTTTGACTCCTTGCTGAATCTG-3’
T :5° ~CACCTCATCGTCTTCCAAGCAC-3’
Claudin_a 35" ~AGTGCAAGGTGTACGACTCGCT-3’
Ti#%:5 —~CGCTTTCATCCTCCAGGCAGTT-3’

1.2.5 Western Blot 546 | AMEERSAIY (L- 38 ) RSB B SR
AR K HaCaT AR AL, AHBAIHAL, 2t BRI HRSS S B
2.1.3 PPL 4 55HT

FL.2 x 10° M AR T 6 FUIR . 61 12 hJE 5 Xt
MR, BOMARNRLA A, PGy Hm A3 - 1,
50108 ¢ MR AN IR R BRI IR
B RIGHAME 1 WG, BERZAMZEZGZ A 40 pm
AT 72 he $EIUAHIGEE H, 3T BCAE H T H.
HI5E AL, (4] 10%SDS-PAGE SEIIEF T4 14359,
2 5 S o D BT A 9 B 10~15 min,  J 54 e —

£ STRING ¥4 1 _E A% 340 MRS SR HE A5, K BAS
>0.9 &4 45 3 5 A E1| Cytoscape 3.7.2 {1 H i 47 PPI W
ZEITRTARAL, DL 20 32 45 PRI AT 264 /1717 1R 854 4%
1, {4 Degree{H & T sUR/IMIBI AR, IR EAZ
R R ATE M 25 IR R A v, Bt it
o T AUE(ERTS /& SRC, PIK3R1, MAPKI1, AKTI,
HSPYOAAL, VEAMFENE 2, DL RO SR 44
p—PI3K (1 : 1000). PI3K (1 : 1000), AKT (1 : 1000) SRS S, AT S 7R R R SR
K GAPDH (1 : 10000) #ifRk4 CIREAMFH . TBSTIRIRAS gk sm (el .
M, DA HUEIENEE 40 min, P4 IR K
J¢ (ECL) &l 25, {4/ GAPDH AN,
1.2.6 Ziit=Aab BT ¥k

JIT A G vl 2 SR R K 2 ) ) R 7E GraphPad
Prism 8.0 1 58 ik, Th iR RIS EL + FRifE2E (X
+5) HoRe M AN one-way ANOVA TR @) smmameaion (L-3U8) ReSHESEREUS /135
Wo P <005 HERAGER L BTERERAY PPIRIAEE

72 MR IR AN B R R B AR e R AR e 557%

2. EERSiHiE Vi
%5 Uniprot ID /OIS AR AR JE(E
” . 12031 SRC Proto—oncogene tyrosine—protein
21 M%Zﬁﬂaﬁﬂﬁ kinase Src
2.1.1 WATEIR RO RIFURR R R By B 2 pamose  papp | OSPReddmosiol3thinse

regulatory subunit alpha
v = S 47 s _ g A LN\ H| 3
183 PharmMapper %0475 4 1 28 B 12 AT L— LR 53591 2K 3 P28482  MAPKI  Mitogen—activated protein kinase | 42

?%:T 285 /]\ﬁﬁ)ﬁiﬁj 145 /[\ﬁa){—io 4 31749 AKT1 RAC-alpha serine/threonine— 3
protein kinase
2.1.2 BERRBURR, JSS F A B S R A S P07900 HSP90OAAI Heat shock protein HSP 90-alpha 36
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2.1.4 GO KEGG B4/ 17

AT 530 340 178 S HE 55 F T Metascape 75 26 £ P
BEAT 34T, BAETR R G I i AR LR TR R A N
TR R R SR e 55 IO TT REAE FRAILE . MR PAE/NT
0.01 15514247155 H, ARAST2NEH, 57
EE104 45 H o AW R ZE R THE Y. (response
to hormone ) | & X B Y /N 43 T AU L L (nucleobase—
containing small molecule metabolic process ) . & [ TRk i
£ (protein phosphorylation ) %75 187; Il 2H pl 32 A3 45
FEW I (vesicle lumen ) | RS (membrane raft) | 8
J&£ (vacuolar lumen ) SFH; 43T RE T2 N BER¥E TS
i 75 ( phosphotransferase activity ) . 1232 4% ( nuclear
receptor activity ) . FRFR45 4 (carboxylic acid binding ) 2575
M, WLIE3, KEGGE LA EN], TR ILE] 1545
5 (P<001) , 5 PIEMERGT 201N Hitfraril
a7 MIEIE 5 R SR U 350 G PIBK-AKT (5
E-E% ( PI3BK—-AKT signaling pathway ) . %5445 ( Adherens
junction ) . Th174Hfd4>t. (Th17 cell differentiation ) %57,
L4, BEAEIEALEZ3-EE (PBK) 225 RES5#HS
WRMEIEPIEE ™, AKT &—Fh2Z500% / HEIRmE, &
5 PIBK N 1 M, SRS, B SR A R
TERAHAEH PIBK T AKT 2 5 /K-35 B Sk v T 1E 5 B SR
J M, Jeon ZERFSEEBIING PIBK/AKT (S84 T LA R0%
R AT R " AL, PIBK/AKTE 5 5352 iF
BARREABEFEAN S AR O ),
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2.2 {k5h HaCaT 4HRasaiE
2.2.1 FURTE R BN . WIS AT 45 S
HaCaT ZH /L PPI W45 4% DHE s A 52
PCREZFEIR, HXIRAML, SO 1A% 0¥ A

(SRC. MAPK1) FikH 5L (P <0.05) . HaCaTZH
JELAEpeR 2T R R 5 FLRR TR R VA M ™ 3+ 1A
FE 7, SRCHITMAPKI [ mRNA [ A & 5 ik & 5 fs A 21
R A RE Mz R, HEELMES 18 « LAY,
SRC. MAPKI mRNA f¥AH ek e SR ZH A L W8 e
(P<0.05), #RT0, AKTI#AERIIZ AR IEH 24205
B, 2 HaCaT 4R L8 - 1IN, AKTI
mRNA AR 2k B SRR L BT (P < 0.05),
T SIS AT UG H, MM R R S FLIR TR & T
JELT= A K SRR P B A, IRl SR i R
(IR TSR 9 Bk S SRC S22 Mt B 1 ik S L 7l
HR SRR 56 Sre KRR —, I FRILRE(EHE A MBI
MRS SN B B 5 T A MY, AKT L& — AN ERE
AN NESE ARG A SR, ten eI e IR SR LR T K
BN T= P T BEVE T AKT (35 1 52 1 R 20 b 1 A= A
FETERES T, FEIIEGE KGR . AKT V& MEAE M BUR Ik
MRS FER G, VAT AKTL ke S is, il
TE A RES ST f TR B IR G 5. A AT
MAPK 1 & 22 ZL 5 0 (MAPK ) T8 8% H il — A~
HER R, 25 TR NI SRR Y., i 5
MAPK1 (RGP, MR AR FUBR TR & B M = ]
A2 K TR AR ML R SRR S, I8 e R BRI IR . T 5T
F U 2SN PR S FLRR T A B I M ORI
FZ PR 4H i SRC R MAPK 1 5 [K 6 A 52 51| @ 0 72, 1M
AKT1 R B N I . X 2655 RO R A\ B
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SMEEAE SR, DAL, H ] 6 52364,
BIR, SXEAMEL, BN S EERZE T (Occludin,
Claudin—1. Claudin—4) FIAREZEEIL (P<0.05) ; S5
HHEE, ANE B H A 2520 S AT 25N Occludin HOE15
HEF AT, St Em R A S TR T R BRI
S AR TR, Claudin—1F1 Claudin—4 i HCERIZH A
mRNA Z5ACEEEHN (P <0.05) . FNATRHELBAEN
T MR AR — T A R R AT
B 1 (Oceludin, Claudin—1, Claudin—4) [J3£55, H
BNESL B IR 5 R o
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O

g
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8

25
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MEMASYH 31 51 81 HABNA 31 51 8

Occludin mRNA %A EACH
s @

din-1 mRNAZ A A

- n w8 8 3

idin-4 mRNAZ ik & /K T
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°
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cl
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AEM A 31 51 8

6 ZEAMAER Occludin, Claudin—1. Claudin—4 mRNA HIZEIEKF
2.2.3 FUERTE R BRI . AR BT A LS 3
HaCaT Z1fiti 1 PI3K—-AKT %

18 1 Western blot 77 ¥ 46 Il PI3K~AKT {55 518 % 25 H
Tk, WTER TR, SX A, B2 HaCaT
Mo p—PI3K. AKT & FRIEH RS (P<005) , 5
RORZHARLL, R ] i 2t e i o 5 LR T R T
BN ERE, p—PI3K, AKTZ HRIKBZFEIT (P <
0.05) o HRINHIZEBEINE PRSP T A B ML P TR
A PiE M PIBK-AKT I B R AR 167 . @ # ]
PBBK-AKTf5518E, ZE &R AE R4 IES 1
YR IEE S, AT (SE 20 6 XsF 2 S R B P S5 7 S AN A
FEFRIU RIF A RAAN TR, X RN A B
RS SR B R 55640 o Cheng S5 RINAMB RS
I R AN M 2 pl A g5, HLIERA PIBK-AKT JH % 52
PIK3R1FEFTE B R E & h B Z/EA ", Hilk, #hE
P fre i SR L R T R B Vs M P P B A T I B S o
R, BRESEIZHA . ZWBEYEZEN, IS Rk
URFIIETFAEAR, o B R R R A T (L A S REAER P

AKT [ W - &% |60kDa
GAPDH | il €D €D @ s | 36 D2

0&%&@ JRONEPENRE
&)

7 NELL A TR EBRZ IS R A SRR R B R IR IXIERZ S
59 HaCaT BB PI3K-AKT (ES1EEE

——

S
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3. &ERERE

BEIRAUIR, MBS ERE, ER AR —Fh 525k
P, TR B2 JBoR 220 R 287 AR R AE IR, SR
Pele R e Ak, HEASSHY ., GURE K
FEH BRI, 18 I 20 B A Bl Bz JHpess e
AR, HEBR SR TR BIRIRLL, 2452 B ol
W, FTRES AR g, HEREGRARESEA
TEIK, BURE R R E RN 2 e AR, B oRRUaTT
T

AR5 E I 2 2 AL ARATUE S R T I IR R
P55 LR Tl A T 5 ™ 7 w7 i 5 9 17 SRC. PIK3RI
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i (U0 MAPKGERH ) WIVEFETTHAE, 563 2@ B IR
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JEORIT A B R PSR A RE AR

2L

[ fAT%2 . AR U R SRR IR R TR B (2024 i) [J]. FYIE e Bk
LS | 2024(05): 473-81.

[2]JRICHTERS R J, UZUNBAJAKAVA N E, HENDRIKS J C, et al. A
model for perception—based identification of sensitive skin [J]. J Eur
Acad Dermatol Venereol, 2017(2): 267-73.

[3]MORIZOT F, GUINOT C, LOPEZ S, et al. Sensitive skin : Analysis
of symptoms, perceived causes and possible mechanisms [J]. Cosmetics
and toiletries, 2000(115): 83—89.

[4)frI%2 | FB4E , BT, 4 . REBURMERE RSTA L RILA 0], H
[ R SRt 224475, 2017(01): 1-4.

[STHAUSMANN C, HERTZ-KLEPTOW D, ZOSCHKE C, et al.
Reconstructed Human Epidermis Predicts Barrier—Improving Effects of

Lactococcus lactis Emulsion in Humans [J]. Skin Pharmacol Physiol,

202598250 EEEE | 071

(T

2025/9/30 18:22:21 ’7



| T T

REH R

2019(2): 72—-80.

[6]CUI H, FENG C, ZHANG T, et al. Effects of a lotion containing
probiotic ferment lysate as the main functional ingredient on enhancing
skin barrier: a randomized, self—control study [J]. Sci Rep, 2023(1):
16879.

[7]JCODERCH L, LOPEZ O, DE LA MAZA A, et al. Ceramides and
skin function [J]. Am J Clin Dermatol, 2003(2): 107—-29.

[SJUCHIDA Y, PARK K. Ceramides in Skin Health and Disease: An
Update[J]. Am J Clin Dermatol, 2021(6): 853—66.

[9]FRANKE T F. PI3K/Akt: getting it right matters [J]. Oncogene,
2008(50): 6473—88.

[101JHE4T , B35 . PIBK/AKT {55l B LEAR o AL AT
g [0 EPREEZG P A 541 | 2022(05): 594-7.

[11]FER, f 57, #2AT, 45 . Survivin f1 PI3K . AKT 755714 E

——

inflammation through inhibition of NF—kappaB, MAPK, and PI3K/Akt
signaling[J]. Eur J Pharmacol, 2013(1-3): 7—14.

[13]ZHANG M, ZHANG X. The role of PI3K/AKT/FOXO signaling in
psoriasis[J]. Arch Dermatol Res, 2019(2): 83—91.

[14]WU X, YANG L, ZHENG Z, et al. Src promotes cutaneous wound
healing by regulating MMP—2 through the ERK pathway [J]. Int J Mol
Med, 2016(3): 639-48.

[15]THRASH B R, MENGES C W, PIERCE R H, et al. AKT1 provides
an essential survival signal required for differentiation and stratification
of primary human keratinocytes [J]. J Biol Chem, 2006(17): 12155—-62.
[16]CHENG W, SHI X, ZHANG J, et al. Role of PI3K—-AKT Pathway
in Ultraviolet Ray and Hydrogen Peroxide—Induced Oxidative Damage
and Its Repair by Grain Ferments [J]. Foods, 2023(4): 806.

[L7] 553080 , B9k , AR, S5 . SURER IR R DT AL A S BB

(T

905 FZ A0 A O e AL R R I8 T A S (3. T R R A
2017(11): 1512—6.
[12]JJEON Y J, KIM B H, KIM 8§, et al. Rhododendrin ameliorates skin

PR EERE [3]. HAAEZE T, 2015(07): 409—14.
(18] 255 0, HFASHH . S B pemae it e (0], T b R A 5 1
A |, 2013(03): 199-201.

Prediction and Validation Study of the Synergistic Anti-skin Sensitivity Molecular
Mechanism of Ceramide Liposomes and Lactic Acid Bacteria Fermentation Lysate

in a Pharmaceutical Context
Liu Chang-jie, Gong Xue

(SIMPLY THIS Skin Ecology Research Institute, Shili (Shanghai) Biotechnology Co., Ltd., Shanghai, 201100)
Abstract : This study integrated network pharmacology and in vitro experiments to investigate the synergistic
mechanism of ceramide liposomes and lactobacillus-fermented lysate in ameliorating skin sensitivity.
Targets for ceramide/lactic acid and skin-sensitivity-related targets were retrieved from the PubChem,
PharmMapper, and GeneCards databases. Jvenn analysis identified 340 overlapping targets (core targets:
SRC, MAPKI1, PIK3R1), followed by protein-protein interaction (PPI) network construction and Gene
Ontology (GO)/Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses. In
vitro experiments demonstrated that the combined application of ceramide liposomes and lactobacillus-
fermented lysate regulated the mRNA expression of SRC, MAPKI1, and AKT1 in HaCaT cells, significantly
enhanced the expression of tight junction proteins (Occludin, Claudin-1, and Claudin-4), and concurrently
inhibited the activation of the p-PI3K/AKT pathway. This study is the first to reveal the molecular
mechanism underlying the synergistic anti-skin sensitivity effects of these two components, providing a
foundation for developing novel skin barrier repair strategies.
Keywords : skin sensitivity; ceramide; lactic acid bacteria fermentation lysate; network pharmacology;
experimental validation
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