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Lucidenic Acid A-rich Antler-shaped Ganoderma lucidum Extract Enhances
Skin Barrier and Suppresses Staphylococcus aureus Infection

Ye-Lin Kim, Kyung-Baeg Roh, Kyungeun Jeon, Dehun Ryu, Youngsu Jang, Eunae Cho,
Deokhoon Park, and Eunsun Jung*

Biospectrum Life Science Institute, Yongin 16827, Korea

Abstract — This study was conducted to evaluate the skin barrier enhancing effects and the potential to alleviate Staphylococcus
aureus—associated skin disorders of an antler-shaped Ganoderma lucidum extract (AGL-E) enriched in lucidenic acid A (LAA).
HPLC analysis revealed that the LAA content of AGL-E was 1.29%, approximately 14-fold higher than that of a conventional
G lucidum extract (0.09%). In HaCaT cells, MTT assays showed that AGL-E exhibited no cytotoxicity at concentrations up
to 100 pg/mL, while LAA was non-cytotoxic at concentrations up to 50 pg/mL. Analysis of mMRNA expression of skin barrier—
related markers, including filaggrin (FLG), loricrin (LOR), and involucrin (/VL), demonstrated that AGL-E significantly upreg-
ulated FLG and LOR expression, suggesting its potential to enhance epidermal barrier formation through modulation of kera-
tinocyte differentiation. In contrast, LAA significantly increased the expression of FLG and VL, indicating its contribution to
barrier-related functional enhancement. Furthermore, both AGL-E and LAA significantly suppressed S. aureus—induced secretion
of pro-inflammatory cytokines, including IL-1p and TNF-a. In a S. aureus infection model labeled with CellTrace™ Far-red,
treatment with AGL-E or LAA markedly reduced S. aureus-associated infection levels in keratinocytes, confirming their infec-
tion-inhibitory effects. Collectively, these findings suggest that AGL-E exerts multifunctional protective effects in skin envi-
ronments characterized by barrier disruption and microbe-associated inflammation by modulating barrier-related differentiation
markers and suppressing S. aureus—induced inflammatory and infectious responses, with LAA suggested as a contributing bio-

active constituent.
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BRHM FEE M= - 2 Aol AR LR FAHAH
7GR AL ZH2F Geongangjungsim Co. Ltd. (Korea)2}
FAIEI2(Korea)ell Al T4 8to] ARS-SFITE. 2+ A8 52

WO R FEEIT F, 11xE WAl 70% deeS
7Fste] 80Tl 3 h B3t 718 &% &, o7& S5
F=AE 3t o] A ks X3 FH SRTE A7
ato] 80TellA 3 h st F7H= G F=3I3ich dojxl +
S92 ofFste] ks A A F 2 55 7] (Rotavapor®
R-215, Switzerland)E AM8-3t 553191aL, 54 713271(TF-
10D, Tefic Biotech Co., Ltd., China)= &2}531T}. o] %]
Az duk AWM FZE2 conventional Ganoderma
lucidum extract (CGL-E)2, ZZ9A A 582 antler-
shaped Ganoderma lucidum extract (AGL-E)Z Hrdsto] 4
Aol AR5

HPLC 24 — AGL-E°l el LAAS AFEA 8l 218l
HPLC (Waters 2695, Waters, USA)S- ©]-8-3}%t}. AGL-E<}
CGL-E= 50 mg/mL -2 A3 3 022 um filter (Hyundai
Micro, Korea)Z o]3}sle] H240l] ALE-3130t). #el= C18
column (Phenomenex Luna CI18, 250 x 4.6 mm, 5.0 pm,
Phenomenex, USAYS AME-3131 01, o542 water (0.1%
TFA) (A)2} acetonitrile (B)Z 1433143, 752 255 nmol|A]
=439k HPLC £4& o)8%) BE 7|52o= & ) =
Ao st o, ull 2212 vt 2tk 0 min: B
(10%), 0~5 min: B (10%), 5~30 min: B (30%), 30~50 min:
B (50%), 50~52 min: B (90%), 52~55 min: B (90%), 55~57
min: B (10%), 57~70 min: B (10%). A& Y& 10 uL3A
o, FFEHZE LAA (Sigma-Aldrich, USA)S A&}
At

MZEZF Y MZE v — 17+ 2P PP M EF2] HaCaT Al
3 (CLS Cell Lines Service GmbH, Germany)= 10% FBS
(fetal bovine serum, Welgene, Korea)2} 1% P/S (penicillin/
streptomycin, Welgene)©| 718 DMEM (Welgene) B ]l
37T, 5% CO, incubator| 4] B 5153t}

S. aureus W{¥ — Staphylococcus aureus ATCC 12600
(American Type Culture Collection, USA)= BHI (Brain Heart
Infusion, Difco, USA) ¥l #|ol] 5 ¥ 37C, 24 h &< X&
Hjgfeted FujFY o2 AREEIITE ol % 1% SHYAS
£l AA] w=]ol] FE8IA AL, 37CollA] 24 h vkt

MEZMEE "I} - A ZAEELS 3-(4,5-dimethylthiazil-2-
yl)-2,5 diphenyltetrazolium bromide (MTT, Sigma-Aldrich)
assay= |83t RIS 96-well plate®]] HaCaT HZE
2 x10* cells/wello] E%=% seedingdlal 37CZ AHH 5%
CO, incubatoroll 4] 24 h H]F3IITE. ©]F PBS (phosphate-
buffered saline, Welgene)Z A2 3t &, | 2-8- DMEM vjA| &
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Z} wellell 100 pLE 937 AGL-ES} LAAS w512 A7
sle] 37C2] 5% CO, incubatoroll A 24 h vjFFATE. vl
% PBSE ©|-83) 23] washing?dt ¥, MTTE *|2]5}e] 37C
oA 4 h RES3I T A€ MTT formazan dyeE DMSO
(dimethyl sulfoxide, Deajung Chemicals & Metals Co. Ltd.,
Korea)= =<1 ¥, microplate reader (Epoch, BioTek, USA)E
o]8-3l] FF= 570 nmE 7432, control (medium
only)?] S35 3L 7|50 2 M EAYEES H| W3

ojF &Y 2 Xt Ws £ - 6-well platee] HaCaT
AEE 5% 10° cells/wello] ¥ == seedingslal 37CE A
¥ 5% CO, incubatoroll A 24 h BT} 1% FBS7H
F3HE DMEM HiA|Z 5145k AGL-ESH LAAS T =H%
A7Fste] 24 h &t F7F uSsIsict. vt M EE 3]st
TRIzol™ Reagent (Invitrogen, USA)E ©]-€-35}4] total RNAS
FZ3F 5, AccuPower® CycleScript™ RT PreMix & Master
Mix (Bioneer, Korea)Z ©]-8-5}% complementary DNA (cDNA)
£ I3ITE §4dS cDNAZ AccuPower® 2 x GreenStar™
qPCR Master Mix (Bioneer)E ©|-&3}o] A7 S3ta 4
3 RE-S-(quantitative real-time polymerase chain reaction, qRT-
PCR)S =383l FLG, LOR, IVL mRNA 23 AxE =74
3Tt qRT-PCROY| ARE-§H Zgtolm AMEe vt )
(Table I).

S. aureus f+= ¥E BtE oM BN - S awreusEH-E
F=E Ao ETIRIS 259317] 9151] 12-well plate®]] HaCaT
AEE 2.5 % 10° cells/wello] E=F seedingdlal 37CZ A
% 5% CO, incubatoroll A 24 h ¥j<Fale] AME-8IATE ©]
< PBSE ©]83ll 23] washingS AAI5H3 . FBSS} P/S7H
Z3EA] e3> DMEM HiA|E ARE-3td AGL-ESF LAAS
FEERE X3 H S aureus 100 MOIS} 4] X 2|3ttt
24 h 2t v &, vl S ABt] 16,200 x gollA] 10
min YA ST 2 AT Wl Al BRI SR
ELISA kit (R&D system, USA)S A&-3le] Z2A&13].om,
ojuf Ap|ETICIY] T kitol EFES] e HFFHO
ZRY A= 53025 E AL

S BEMME 0|88t S. aureus M| &5 EM —HaCaT
M3ES} S aureus 55 W 3730114 HaCaT A E2] S. aureus
7 A 2HE FRlsh] 2l 24 Al x5 8 dN s

Table 1. Primer sequences

Gene  Primer Sequence (5’—>3’)
sense GCTGAAGGAACTTCTGGAAAAGG

FLG anti-sense  GTTGTGGTCTATATCCAAGTGATC

WL sense GGTCCAAGACATTCAACCAGCC
anti-sense  TCTGGACACTGCGGGTGGTTAT

LOR sense GTGGGAGCGTCAAGTACTCC
anti-sense  TAGAGACGCCTCCGTAGCTC

73
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Invitrogen) 33 A4S 53 HaCaT AHl222] 8-S AAEaL
g An A4S Saf Alx Ue 2 72 J=E FeIsiT
1 N NaOHZ HaCaT A XZE 3|53l 33 =7 (Infinite
200 PRO, TECAN, Switzerland)E- ©]-8-31] Far-red (Excitation:
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320 nm, Emission: 535 nm)2] 8% A =& =439} Far-
red 333 215= Hoechst 33342 34 A EE |83} M E
ol w2 BAL ML, o] F F3l FEHl 74 A
295 H7ksk

SZH 2[0|X FAL #0|HS 0|88t S. aureus Y M|
&5 BN A5 Ao WE S. aureus®] 1A A S
24 #o1A FAF @r17d (confocal laser scanning microscope,
K1-Fluo, Nanoscope Systems, Korea)2 53t &3 o|r|X| &2
AT 72t R AlE7 AAE]E HaCaT A3
CellTrace™ Far-red2 ¥AE S. aureuss 100 MOIZ *12]
3}al 2 h &RF AES F=aIiTth 79 F5 ¥ PBSE 33
AFste] 74 e FRER] 2 48 AlASAH. o]F
4% paraformaldehydeE ©]-8-3l 15 min?F 32 & ¥, Hoechst
33342% HaCaT A28 2 FAISI00 T & A Ee 5de
#lo]A] Z2 2 Gain 271014 o|RAE 531312, Farred
NG e D BYE VFEO R A E S, aureus HE IA
BIE | A8

SAl 24 - & A2 33] o) vhE AAEIl o, ARG
B 2E HolE= Hd + 157 XK (mean + standard deviation)
2 YeRpNRIt). BA 492 GraphPad Prism software (version
9.x, GraphPad Software, San Diego, CA, USA)E A3}
YA TE F o 7+ A= unpaired two-tailed Student’s t-
tests ©]-8-3t] A8 oM, p<0.05 ¥ W SAXCE
ol Ao 2 FslSich
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(D)

Sample LAA content (%,w/w) Relative ratio

LAA standard - -

Antler-shaped Ganoderma lucidum

+ 0,
extract (AGL-E) 1.290 + 0.007% 14.3

Conventional Ganoderma lucidum

+ 0,
extract (CGL-E) 0.090 + 0.001% 1.0

Fig. 1. HPLC chromatograms of (A) LAA standard, (B) AGL-E, and (C) CGL-E, and (D) quantitative analysis of LAA content in
AGL-E and CGL-E by HPLC (n=3). The major peak corresponding to LAA was identified based on its retention time and UV
spectral pattern compared with the reference standard. HPLC, high-performance liquid chromatography; LAA, lucidenic acid A;
AGL-E, antler-shaped Ganoderma lucidum extract; CGL-E, conventional Ganoderma lucidum extract.
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Fig. 2. Cell viability of AGL-E and LAA in HaCaT cells. Cells were exposed to (A) AGL-E (10, 20, 50, and 100 pg/mL) or (B)
LAA (10, 20, 50, and 100 pg/mL) for 24 h, and cell viability was determined using an MTT assay. All results are expressed as the
mean + standard deviation of triplicate experiments. AGL-E, antler-shaped Ganoderma lucidum extract; LAA, lucidenic acid A;
MTT, 3-(4,5-dimethylthiazolyl-2-y1)-2,5-diphenyltetrazolium bromide.
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Fig. 3. Effects of AGL-E and LAA on skin barrier-related gene expression in HaCaT cells. Cells were treated with AGL-E (20, 50,
and 100 pg/mL) (A—C) or LAA (10 and 50 pg/mL) (D-F) for 24 h. The mRNA expression levels of FLG, LOR, and IVL were ana-
lyzed by qRT-PCR. All results are expressed as the mean + standard deviation of triplicate experiments. AGL-E, antler-shaped
Ganoderma lucidum extract, LAA, lucidenic acid A; FLG, filaggrin; LOR, loricrin; IVL, involucrin; qRT-PCR, quantitative real-

time polymerase chain reaction. *»p<0.05, **p<0.01, ***p<0.001 versus control.
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& Zslel]l 71998 7 A2 AAFEE LAA A2l =
FLG 30| 50 pg/mLAlA thza the] 24280 2 Z718FA
S W (Fig. 3D), IVL 2@ A Y F=oA 1L.66H= A
Ho g fo)g Z7HE B thFig. 3F). L&{u} LOR Hd o
A= LAA Aol i frogh syt SR1=]R] 9kth(Fig.
3E). ol&igt A= LAAZE 2P A Esle) Ad o
o G BEE 28T 5 S RojEr) ok, B
Aol A ARE-E LAAS] AE] 5%+ AGL-E W LAA &
(CF 126% wiwys 23S o JjHoE 2 502,
AGL-ES} LAA 7+o] A2 vlalol= Algke] urt. wabA
£ A3= LAAVE AGL-E9] A2l 4o = 7|ogh
7VFs73& AAFehs Ao ® siAHT

AGL-E ¥ LAAQ| S. aureus = YE S H| &1} - S.
aureus =2 HaCaT A|3ZA] IL-18 E TNF-a EH|E &
OJ3HA S7HIA, Al A=l 2] gt keratinocyte®] A1%d™H
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Fig. 4. Inhibitory effects of AGL-E and LAA on S. aureus-induced pro-inflammatory cytokine production in HaCaT cells. Cells
were stimulated with S. aureus (MOI=100) for 24 h in the absence or presence of AGL-E (20, 50, 100 pg/mL) or LAA (10, 50 pg/
mL). Levels of IL-1p and TNF-a in culture supernatants were measured by ELISA. (A) IL-1B and (B) TNF-a levels following
AGL-E treatment; (C) IL-1p and (D) TNF-a levels following LAA treatment. All results are expressed as the mean + standard
deviation of triplicate experiments. “control” indicates cells not infected with S. aureus, whereas “(—)” indicates S. aureus-treated
cells without sample treatment. AGL-E, antler-shaped Ganoderma lucidum extract; LAA, lucidenic acid A; ELISA, enzyme-linked
immunosorbent assay. *p<0.05, **p<0.01, ***p<0.001 versus S. aureus-treated control.
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o w3 BA31= FelsIthFig. 4). S aureus T A ET-S
100%2 A4 3te] Blwsk A3, AGL-E A2 Al IL-1p A&
20, 50, 100 pg/mLolA 22t 56.48 + 1.02%, 59.95 + 1.59%,
61.56 £ 1.26% Z28lo] RE FxollA F23 A a7=
e tHFig. 4A). TNF-a 58k AGL-E 20, 50, 100 pg/mL
o| A Ztz} 34.38 + 5.82%, 67.54 £ 3.22%, 74.45 + 4.03% 7+
aste] Tx oJEAQ AR 73S HATHFig. 4B). LAA
G AFoME IL-1 8432 10 E 50 pg/mLolA 22t
66.87 + 327% 2 72.87 + 4.85% Z+Aste] FElgk oA &
7} BRI =] A tH(Fig. 4C). WA TNF-02] 7%, 50 pg/mLol]
At 35.09 + 0.75% 7347} B2kE]o] AGL-E tiH] At
o2 AlgHA3l A g3E HEPATHFIg. 4D). o|H g A=
LAAZ} AGL-E¢] &9 &35 72402 AHe + e
bioactive markerdS AAFeH, 53] IL-1B A oNA] <]k
7195 shs Aoz ddEnh Yozl AGL-EollA] TNF-a
A G3p7F BHoh FEHAA UERd 2, LAA 9ol=
triterpenoid A|E 2] 3 JE-E0] HEFHoR 2Rgate] A
A FE2E FoollM e g 49E AsE 7S A
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Fig. 5. Inhibitory effects of AGL-E and LAA on S. aureus infection in HaCaT cells. Cells were infected with Far-red-labeled S.
aureus (MOI=100) and treated with (A) AGL-E (20, 50, 100 pg/mL) or (B) LAA (10, 50 pg/mL) for 24 h. Cell nuclei were stained
with Hoechst 33342, and infection levels were quantified as the ratio of Far-red fluorescence to Hoechst 33342 fluorescence. All
results are expressed as the mean + standard deviation of triplicate experiments. “control” indicates S. aureus-untreated cells, and
“(-)” indicates S. aureus-treated cells without sample treatment. AGL-E, antler-shaped Ganoderma lucidum extract; LAA, lucid-
enic acid A. " p<0.001 versus S. aureus-untreated control. *p<0.05, **p<0.01, ***p<0.001 versus S. aureus-treated control.
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(A) Control (B) Infection only

(C) Infection + AGL-E (20 pg/mL) (D) Infection + AGL-E (100 pg/mL)

(E) Infection + LAA (10 pg/mL) (F) Infection + LAA (S0 pg/mL)

Fig. 6. Confocal microscopy analysis of the inhibitory effects of AGL-E and LAA on S. aureus infection in HaCaT cells. (A) control
(uninfected). (B) S. aureus-infected HaCaT cells (MOI = 100). (C, D) S. aureus-infected HaCaT cells treated with AGL-E at 20 pg/mL
and 100 pg/mL. (E, F) S. aureus-infected HaCaT cells treated with LAA at 10 pg/mL and 50 pg/mL. Scale bar = 100 um.

a4 B 7 NS A0 RSO, A AD FES §

ol il 2k2AA WA vl 0§ T 4 9kl ks

B ATE LAAZ IUWOR T4 AGLES IR 4 AL AN FHEOR, AGL-ES 33 44 o, v
M S Y S aweus B I FA AN PSS FRH AR 49 2 9F 030] 4F Aol sl WY @
o= Hrksla, o8 el B AR A 7154 2AmAe]l Aol A mEe) AF Y 24L Al UL 5 9
8 JP5HS AES LA SAHAG 1 A% AGLEE & AAEe A 2 dekEth, 99, 2 dolA sl
HaCaT ATl 9% 4 843 Dxsp) Q28 B8 2 LAAS) A8 AGLES ol 3EHo g 7|de
Q] WS Aoz A Al 71elT 5 USe e AXSRY, B H2o] AHE FEE AGLE U

HABhith B S aweuse] O8] FEHE 934 AOIE A G WNE ZAREE 25 Y 4TS APHoR



Vol. 57, No. 1, 2026
A3 Wk Ao sshe Helle
E‘ 7&51]_.‘:_ LAAE‘ AGL'EQ] :&1-)\4 Oﬂ =2 T MR«

B 5 U=z AA ks F=ollA olsishs o) Eldsid,
AGL-E2] A7 858 F=31= tjokst RS0 Balx =
8ol js) ALY 7FsHo] Stk GFel= AGLE U] A
LAA 355 9lo] 433k = 2004 37 434 &
A, F8 53% 59 7lox 2 AE | Alsdd 71
Hoh AU #HE art ok =5 33k 95 7Y
% AAAGA G Bo) DA 3 BANA R o

A7} ek wer

]o:]-dl— =9l ;(]_TJ.‘ /H

AL AS3IPE, AGL-E= S, aureus Q3 95 A=, &+
&) 34—‘:} 2L ‘?_]71:]"‘3 g7 AL ek B3 e s
Z A2 289 S Ao T Ao

Ab A}

o] =EL 25sdE
dell o3t

SaA 7140 71 AR A
AU TH(S3275648).

lE8=8

1. Elias, P. M. (2005) Stratum corneum defensive functions: an
integrated view. J. Invest. Dermatol. 125: 183-200.

2. Kezi¢, S. and Jakasa, 1. (2016) Filaggrin and skin barrier
function. Curr. Probl. Dermatol. 49: 1-7.

3. Engebretsen, K. A. and Thyssen, J. P. (2016) Skin barrier
function and allergens. Curr: Probl. Dermatol. 49: 90-102.

4. Kalinin, A., Marekov, L. N. and Steinert, P. M. (2001)
Assembly of the epidermal cornified cell envelope. J. Cell
Sci. 114: 3069-3070.

5. Candi, E., Schmidt, R. and Melino, G. (2005) The cornified
envelope: a model of cell death in the skin. Nat. Rev. Mol.
Cell Biol. 6: 328-340.

6. Debinska, A. (2021) New treatments for atopic dermatitis tar-
geting skin barrier repair via the regulation of FLG expres-
sion. J. Clin. Med. 10: 2506.

7. Sandilands, A., Sutherland, C., Irvine, A. D. and McLean, W.
H. L. (2009) Filaggrin in the frontline: role in skin barrier
function and disease. J. Cell Sci. 122: 1285-1294.

8. Furue, M., Tsuji, G, Mitoma, C., Nakahara, T., Chiba, T.,
Morino-Koga, S. and Uchi, H. (2015) Gene regulation of fil-
aggrin and other skin barrier proteins via aryl hydrocarbon
receptor. J. Dermatol. Sci. 80: 83-88.

9. Furue, M. (2020) Regulation of filaggrin, loricrin, and invo-
lucrin by IL-4, IL-13, IL-17A, IL-22, aryl hydrocarbon recep-
tor, and NRF2: pathogenic implications in atopic dermatitis.
Int. J. Mol. Sci. 21: 5382.

10. Miller, L. S. and Cho, J. S. (2011) Immunity against Staph-
ylococcus aureus cutaneous infections. Nat. Rev. Immunol.
11: 505-518.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

79

Kong, H. H., Oh, J., Deming, C., Conlan, S., Grice, E. A,,
Beatson, M. A., Nomicos, E., Polley, E. C., Komarow, H. D.,
Murray, P. R., Turner, M. L. and Segre, J. A. (2012) Temporal
shifts in the skin microbiome associated with disease flares
and treatment in children with atopic dermatitis. Genome Res.
22: 850-859.

Nakamura, Y., Oscherwitz, J., Cease, K. B., Chan, S. M.,
Muiioz-Planillo, R., Hasegawa, M., Villaruz, A. E., Cheung,
G Y., McGavin, M. J., Travers, J. B., Otto, M., Inohara, N.
and Nuiez, G (2013) Staphylococcus 3-toxin induces allergic
skin disease by activating mast cells. Nature 503: 397-401.
Olaru, F. and Jensen, L. E. (2010) Chemokine expression by
human keratinocyte cell lines after activation of Toll-like
receptors. Exp. Dermatol. 19: e314-e316.

Lowes, M. A., Bowcock, A. M. and Krueger, J. G (2007)
Pathogenesis and therapy of psoriasis. Nature 445: 866-873.
Lin, Z. B. and Zhang, H. N. (2004) Anti-tumor and immu-
noregulatory activities of Ganoderma lucidum and its pos-
sible mechanisms. Acta Pharmacol. Sin. 25: 1387-1395.
Xu, J. W., Zhao, W. and Zhong, J. J. (2010) Biotechnological
production and application of ganoderic acids. Appl. Micro-
biol. Biotechnol. 87: 457-466.

Galappaththi, M. C. A., Patabendige, N. M., Premarathne, B.
M., Hapuarachchi, K. K., Tibpromma, S., Dai, D.-Q., Suwan-
narach, N., Rapior, S. and Karunarathna, S. C. (2023) A
review of Ganoderma triterpenoids and their bioactivities.
Biomolecules 13: 24.

Watanabe, K., Shuto, T., Sato, M., Onuki, K., Mizunoe, S.,
Suzuki, S., Sato, T., Koga, T., Suico, M. A., Kai, H. and
Ikeda, T. (2011) Lucidenic acids-rich extract from antlered
form of Ganoderma lucidum enhances TNF-a induction in
THP-1 monocytic cells possibly via its modulation of MAP
kinases p38 and INK. Biochem. Biophys. Res. Commun. 408:
18-24.

Ngo, Q. V., Faass, L., Séhr, A., Hildebrand, D., Eigenbrod, T.,
Heeg, K. and Nurjadi, D. (2022) Inflammatory response against
Staphylococcus aureus via intracellular sensing of nucleic
acids in keratinocytes. Front. Immunol. 13: 828626.

Kim, J., Kim, B. E., Berdyshev, E., Bronova, ., Bin, L., Bae,
J., Kim, S., Kim, H.-Y., Lee, U. H., Kim, M. S., Kim, H., Lee,
J., Hall, C. F., Hui-Beckman, J., Chang, Y., Bronoff, A. S,
Hwang, D., Lee, H.-Y., Goleva, E., Ahn, K. and Leung, D. Y.
M. (2023) Staphylococcus aureus causes aberrant epidermal
lipid composition and skin barrier dysfunction. Allergy 78:
1292-1306.

Bauernfried, S., Komar, T., Sterle, K., Tanzer, M. C., Horswill,
A. R, Mann, M. and Hornung, V. (2025) Inflammasome-
independent IL-1B activation via staphopain A protease of
Staphylococcus aureus. J. Biol. Chem. 301: 110574.

(2026. 2. 5 H=; 2096. 3. 6 DAL 2096. 3. 25 A



	Lucidenic acid A 고함량 녹각영지버섯 추출물의 피부 장벽 보호 및 Staphylococcus aureus 감염 억제 효과
	Abstract
	재료 및 방법
	결과 및 고찰
	결론
	인용문헌


