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Interferon-gamma and barrier function of keratinocytes
mediate internalization of Staphylococcus aureus
derived from atopic dermatitis
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AD, Atopic dermatitis
CC, Clonal complex
FLG, Filaggrin
Fn, Fibronectin
FnBP, Fibronectin binding protein
Hsp60, Heat shock protein 60
IFN-y, Interferon-gamma
IL, Interleukin
FITC, Fluorescein isothiocyanate
S. aureus, Staphylococcus aureus
S. epidermidis, Staphylococcus epidermidis
TLR, Toll-like receptor
UCA, urocanic acid
PCA, pyrrolidone carboxylic acid
qRT-PCR, quantitative real-time PCR
RNA-seq, RNA sequencing

DMEM, Dulbecco's modified Eagle's medium



Summary

In patients with atopic dermatitis (AD), the epidermal bacterial flora is disrupted,
and Staphylococcus aureus (S. aureus) is frequently detected in the skin. Bacterial
flora in the skin plays an important role in skin homeostasis. It has been shown that
changes in the flora lead to changes in skin cytokine environment and that loss of
flora diversity leads to AD-like dermatitis. .S. aureus is rarely detected in healthy
individuals. It has been reported that S. aureus further increases its proportion of
the bacterial flora during dermatitis exacerbations in AD patients, suggesting that
S. aureus is deeply involved in the pathogenesis of the disease. We have previously
reported that S. aureus (AD strain) isolated from the skin of AD patients was
incorporated into keratinocytes, shifted the reactivity of dendritic cells and
Langerhans cells differentiated from peripheral blood in response to T helper (Th) 2
cytokines, and caused the production of the pro-inflammatory cytokine Interleukin
(IL)-1a. The reaction could be inhibited by removing the surface proteins of the AD
strain, suggesting that the surface proteins of S. aureus are largely responsible for
the phenomenon of its internalization into keratinocytes. Immune abnormalities,
such as elevated Th2 and Th22 cytokines in the lesions of AD patients, are also
targets for AD therapy. In recent years, Dupilmab, an IL-4/IL-13 inhibitor, has
become popular as a biological agent for AD, showing good therapeutic results,
altering the composition of the skin flora, and reducing S. aureus colonization.
However, how AD strains internalize into keratinocytes and how the skin immune
environment regulates this phenomenon remains to be elucidated. In this study, we

quantified the intracellular internalization of AD strains and standard strains into



keratinocytes (HaCaT cells) using Opera Phenix™ and analyzed the changes in

internalization under Th1/Th2 cytokine treatment and barrier dysfunction.

First, we examined the temporal changes in S. aureus internalization into HaCaT
cells; in the AD strain, S. aureusbound to and infiltrated cells as early as 15 minutes
after stimulation, and the amount of uptake increased over time, reaching a plateau
at 3 hours, indicating that S. aureus migrated to the vicinity of the cell nucleus. On
the other hand, the number of internalized standard strain was significantly lower
than that of the AD strain. Next, the effect of cytokines on S. aureus internalization
into HaCaT cells was examined using Thl cytokines (IFN-y: 10 ng/ml) and Th2
cytokines (IL-4, IL-13: 100 ng/ml). The results showed that IFN-y stimulation
significantly decreased AD strains' internalization into HaCaT cells compared to
phosphate-buffered saline (PBS) stimulation. IFN-y stimulation also significantly
decreased the production of fibronectin, which is required for S. aureus to bind to
keratinocytes. Furthermore, knockdown of fibronectin with a specific siRNA also
reduced S. aureusinternalization into HaCaT cells. These findings suggest that IFN-
y can regulate the internalization of AD strains by reducing the production of
fibronectin. Besides, Th2 cytokines, IL-4, and IL-13 treatment did not affect the
internalization of AD strains or the production of fibronectin. It has been reported
that Th2 cytokines increase the production of fibronectin in experiments using
mouse skin. Also, in experiments using primary human fibroblasts, it is known that
IL-4 stimulation increases the production of fibronectin. It may be the reason why
Th2 cytokine stimulation did not increase AD strains’ internalization. Th2 cytokines

do not directly increase AD strains’ internalization into HaCaT cells, but rather Th2



cytokines act on other cells other than keratinocytes (such as fibroblasts) to promote
S. aureus internalization. In the future, it will be necessary to examine the effect of
Th2 cytokines on S. aureusinternalization using primary cultured keratinocytes and

co-culture systems with fibroblasts in an environment closer to the living body.

Next, since filaggrin (FLG) production is decreased and S. aureus colonization is
increased in some AD patients, we used specific siRNA to decrease FLG production
and examine its effect on S. aureus internalization. As a result, the amount of
internalization was significantly increased in both AD and standard strains. It has
been reported that Th2 cytokines decrease the production of FLG not only in human
skin but also in primary human normal keratinocytes. Therefore, we hypothesized
that Th2 cytokines might increase the internalization of S. aureus under conditions
of reduced FLG production. Therefore, we examined the internalization of S. aureus
under the treatment withTh1l and Th2 cytokine using FL.G siRNA-transfected. As
seen 1n siRNA-non-transfected cells, IFN-y significantly inhibited the
internalization of S. aureus, while IL-4 and IL-13 did not affect it. The reason for the
increase in S. aureusinternalization when FLG expression was inhibited may be due
to the decrease in the amount of urocanic acid and pyrrolidone carboxylic acid,
degradation products of FLG, which is known to act as moisturizing factors and
inhibit S. aureus colonization. The main pathway for the internalization into
keratinocytes is thought to be the fibronectin binding protein (FnBP, S. aureus
surface protein)-fibronectin-integrina581 pathway. In this study, the production of
fibronectin was also decreased by FLG siRNA transduction. This finding suggests

that the increased internalization of S. aureus due to decreased FLG expression may



involve a mechanism other than FnBP-Fn-integrinab81 system.

Through this study, morphological and quantitative analysis of S. aureus
internalization using OperaPhenix™ revealed that cytokines and barrier function
are important for S. aureus internalization into HaCaT cells. Recent studies have
shown that there is a close relationship between the skin's immune system and the
skin's bacterial flora. Antibiotics have long been used to treat atopic dermatitis.
While they may provide temporary relief, they have the risk to increase the number
of harmful bacteria in its long-term treatment. It is important to maintain normal
bacterial flora for maintaining healthy skin. Modulation of the cutaneous immune
system, including dupilumab treatment, to prevent the colonization of pathogenic
bacteria is one possible therapeutic approach. It is known that IFN-y production in
response to S. aureus is significantly reduced in peripheral blood mononuclear cells
derived from AD patients compared to healthy subjects. In light of this study, IFN-y
may contribute to the treatment of AD because IFN-y inhibits .S. aureus AD strains’
internalization. It may also be possible to use antibodies that specifically bind to the
FnBP of S. aureus to prevent the internalization of S. aureus from colonizing the
skin. The skin is the interface that separate inside of the body form the outside world.
Maintaining its homeostasis is essential for controlling skin diseases. Therefore, it
1s suggested that regulation of Staphylococcus aureus colonization of the epidermis

and its internalization into keratinocytes may control the pathogenesis of AD.
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T hE—MEEX (AD) (X, hAEHESEBHEDEETHY ., BFEXRIF 12U TD

NBET 20%. BRATIE 7T~10% & B W & FE ST U 5 (Deckers et al. 2012;

Weidinger et al. 2018), AD O FAFEBIARF & L T, OFE/NY THERE, @

B AIIL/X—T (Th2) BEOEEREREE. ORBOMENEZD 3 ONEELEZ S

nNTwns, 1 REDORE/NY THEEEICIZRA BRARERFHVEST 5D, £OHTH

BICHEOABBEANEET S 7457 ) (FLG) 7T 7 —FEICk->THlra

TELDZRTFIDPRELREENERT-TEEZOND,AD Tld FLG DHERENET L.

AD £2E®D 10~40% TlE 7 14 77U VOB FICEFE IR D 54 % (Irvine, McLean,

and Leung 2011; Van Den Oord and Sheikh 2009; Palmer et al. 2006; Rodriguez et

al. 2009; Weidinger et al. 2006),

2 REOEBREICOWTIE, AD FBEEBT Th2 LU Th22 ¥4 b H A »A3EML

TWABZERFEEINTWS, Th2 VA b HAviE, AD DIFAERTLIILXF—4E

K EBRIES T LILEF—EBIZBESE T 5 (Gittleret al. 2012)A, +TH [L-4 B L O IL-

18317477V 0RERBLEMEIL. 7 hE—HRBRICE TSN THREREOER

T 5 (Amano et al. 2015), TE., 114 B L O IL-13 B ERT T 5 FrAaF|

(FTa2ELTT) AEEL, PEE~BED AD OERZLCHET S T LRI N

TW % (Beck et al. 2014),



3 RBEDKEDHEMRICOVWTIL, EFERBOMERLKEOEEEMRFICEET

H5HZENBELNIZH Y DDH B (McCoy, Ignacio, and Geuking 2018), fEEHEE T

I. BB RUEE (Staphylococcus aureus, S. aureus) |F|1F& A EBRHINA WL

(Guzik et al. 2005)A. AD BE TITEID 70%. ELRID 9% DEETHREIND

(Totté et al. 2016), & ©IZ. AD BETIFRBAICUNTHET FVKREDL B &I T

EEMERNE OaHENERICS < (Hayashida et al. 2010), EE 7 K 7EEH AD @

BREEIDECEE L TWVWAZ EAHHEINTWVWE, ZOA NI LIZFELFTBOEETH

STehN ME. KRR -7 T Y —FRAWT / LB A, AD BEKEE TILiH

HHEDEHREMET L. KEADV BRI S EH/ET FUVREO LD 2EEHEMNT 5

& DR L A7 o 7= (Kong et al. 2012; Nakatsuji et al. 2017; Belkaid et al. 2017), *

7. 7477V VEFEETHAD BEOEVCRENECEISHEEICEE Y K 7EKED

BHENTUWLA(Clausen et al. 2017), S HIZ, YTV RAEEXAW-EERT, KEDOM

BENTTEERTORERE (VA bhAVESE) HEEAZ(1T(Naik et al. 2013).

MEZDOZREDN KON D & AD BROKEBRANFIERIENDE I EHAREINTWVS

(Kobayashi et al. 2015), U EL Y., HEDEEEICIEIEEMEE DBRARIKE <

BE L. FRENGCREARICEP2ERLCIVBIO L ARBHESZEZEZLT S LD

BEEEZOND,



BHET FUKEIL, ZOEGFERINICEDERALBICHEIND, —RAVICIET

DOBEGCFEFBONIIELFOEAEOEICKY STEANARESI N, ZDELFIBFERD

Wik IZE D < clonal complex (CC) I DFEINTWD

INFEFTOHERT, AD REIZIZ CC1 ¥ CCh, CC8 R EDHENEET K 7EEH

BFHET 52 ENBELNICA > TE7=(Clausen et al. 2017; Fleury et al. 2017; Harkins

et al. 2018; Rojo et al. 2014; Yeung et al. 2011), CC1 l&. %I FLG B FEEDH 5

AD B2EFREHD HBEICERE I NBERA H 5 (Clausen et al. 2017),

FA4lL, INETICEEB7 FVEEERKE T NVERE (S epidermidis) DEWTZIT

T7 < (Laborel-Préneron et al. 2015; Volz et al. 2018). =& 7 K 7EKE O R THLEK

DEWCLSYVELRZIRERGHIHELESD Z & 2HE L TE7-Owamoto et al. 2017;

Moriwakiet al. 2019), =7 K VEREE(EMK XL 7 FUEHE (&, invitro TOE k

Z AN AR B L ORI v /8ERD Th1/Th2 Y4 b A A /35 > X% Thl I

7 MEEALAD BEHLSDHINSEET N UEKEK (AD ) &% D &5% Th2

(2> 7 k& 7-(Iwamoto et al. 2017), & 52 AD #Rix. SEIICAHEAICELY A

FN. Toll KA (TLR) 92N L CRIEWY A b HAVDEEZRET 52 &%

5 MIC L 7=(Moriwaki et al. 2019), SN HDXIGIEER T K VEREZERD L UERK

TRUVEKETIERONT ADKOKRE X VRV BEZBRETHILICLK>THEETE 5,

X5 IL-4/1L-13 SBEAERE LT a7 TEET 3 & REMEZIC BT
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#EZE7 FUEREO 30 =Z—1AEA L(Callewaert et al. 2019). AD OIEIRAHET 5

(Beck et al. 2014), UL &V, ADICHIT2EET RIEEOKE~DTEE & Al

~ANDEY AAITEERXDOEBEBICEEE T2 EATRIND A, ALEICE 5 AD KD

WYIAABDEDEDITHA P AhAVDOEEZIT FT-NUTEEICEZ2FEEZRITS

heEWD Z EFEIBEINTULARL,

AARTIE. AD OFRREICEDL 2 YA b4 VIREVEBHERICSEA2FEEZHL

M 27, Roefb b b A{Liifgtk T % HaCaT Mlifd DR & > /X7 EH & AD #RDEX

VIARCRITT A PAAVIRBEE T 457 U EROFE R L 1<,
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7 F7%E

RERICIET 7T BOEET N VEREK (TF3378. TF2962. TF2886. TF2868.
NCTC8325. Mu50. FDA209P) & 1 EDFRE 7 F 7 EKEMk (ATCC12228) Z AL 7=,
w7 N UIRER TF3378, TF2962. TF2886, # £ U TF2868 IX, 275 AD E&H D
WERBERAD OBRANVICHBEI N, WRE L THEUREORED, b DS 1Lt
Mus0, X F¥ U Y BREHEET K 7KE (MSSA) %D FDA209P, BLUEET KV
KB DOIZAEKTH 5 NCTC8325 # AN, TNENDRDERNAFEM (ST) 220

< Li% 1 ‘Cga?ﬁi L/f\-_o

BET R VEREKROER 7 K 7EE L. tryptic soy broth (TSB) (Becton Dickinson,
San Diego, CA, USA) #T 37°CT 24 Rfiir:E3EE L. 8000 rpm T 2 nfE&EC L. Y
CEEEAEERIEK (PBS) T2EMEEHL7-, MBERKOEEIZ. T0OI10 - —FME
fif (CFU) OFEICEDVWTRAEZAE L, 660nm 0K THAFEE (OD) =1.0

IZ7 % & 5 ICFA%EE L 72 (Fig.S1),

BREERICIEZ, 57°CT 1 BEA Vv FaR— b T2 EICLYEREELI-EE®E T KR
BEERT7 FIVEEARW -, @67 FR7RKEOKREZ /X7 BEDBREICIE. BEDIR

ICREE I NAEICHEL AD #k (TF3378) % 37°CT 45 pfl7AT77—+ K L&
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L.8000 rpm T 2% [ Ti=/0 L T PBS T 2[E5%% L TiZE L 7=(Iwamoto et al. 2017),

Strain 88Character Sequence Type
NCTC8325 Laboratory strain MSSA* STS
FDA209P FDA standard strain MSSA* ST464
Mu50 Laboratory strain MRSA**, VISA*** ST5
ATCC12228 S. epidermidis standard strain
TF3378 MSSA* isolate from AD skin STS59
TF2962 MSSA* isolate from AD skin ST59
TF2868 MSSA* isolate from AD skin ST121
TF2886 MSSA* isolate from AD skin ST188

* Methicillin-susceptible S. aureits
% Methicillin-resistant S. aureus

&1 AMRACTERLICEEY FUVRELOERK T K VEKE

fHRaiEE

HaCaT ff2iZ. 10%D 7 > RRBIE & IEHE (100 UmL ==V > 10 mg/mL
A RL T b~ Ar) ZIZ T Dulbecco's modified Eagle's medium (DMEM, Gibco,
Life Technologies, Carlsbad, CA, USA) & T, 37°C. 5%COD A >~ F 12 XR— KX —NTHE
B 7, Mgz 96 7 /L7 L —F (CellCarrier-96 Ultra, PerkinElmer., Waltham.

MA. USA) (C 1x104#Hfd,/ 7V L CHEEL, —RIEE L7, BT FVEKEORY A
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HDEFRIDERRTIE, HaCaT MfICHRENE L 287 FVEEZAMNL, 1569
Ao 360 HEERICHENICERY AEFNENEEFA L, BT FUREOIRY A
IS T DT A h A > DHROKET T, HaCaT MfZICEHE T KV RZFMT % 24
AT IC HaCaT #2033 E R ICHEIR X £ ~ IFN-y (100 ng/ml. 300-02, PeproTech.

Rocky Hill, NJ, USA). IL-4 (10 ng/ml, 200-04. PeproTech). IL-13 (10 ng/ml.
200-13. PeproTech). IL-10 (10 ng/ml. 200-10. PeproTech). IL-17A (10 ng/ml.

200-17. PeproTech) F7-ix PBS %70 L 7=,

HARERE LA X - Y X T L (OperaPhenix™) % ULy HaCaT #AEA
DEBT FIIKE O

MERZIE 4%/ IV LT ILT E RTEE L, 1%V FMETT7 Ay ¥ > 7 L, 1:5000 %
FRd DAPI (Sigma, St. Louis, MO, USA). 1:8000 ##® HCS CellMask™ Orange
Stain (Thermo Fisher Scientific, Waltham, MA, USA)%# 1 X T 4°CT—H:ERE L 7=,
7477 UYRETIE, INITMA 1:500 RO FLG —RITE (sc-66192, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) %&h1 L. PBS THh%#%(C 1:500 FHRD
mEHELZEFHIL~ 7 X IgG. Alexa Flour488 (A-11029, Thermo Fischer Scientific,
Waltham, MA, USA) Zf1A, 4°CT1KHEBE L. BE7 FUKEIL 11100 HRL

7= Fluorescein isothiocyanate (FITC) -Z#HInEE 7 K 7EKE K (PA1-73172,
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Thermo Fisher Scientific) ZRINL. 30 M. EXKRETICTERTA > Fa—+H
L. HaCaT #if2ICARINL 7o HOEY AHLBERIENA RN —Ty bR —Z T L
— Y —BE#8 Opera Phenix™ (PerkinElmer) % UL CTH{S L. Opera Phenix™ ({5
B9 % Harmony™Y 7 b7 = 7ZRAWTEN L7, HaCaT #RICAET 2EET
THEOEZEEICIE. £9 HaCaT #EOKEZLEHXEGRDOFTREL. RIS
CellMask™ THE L 7cHifRE (CE D& ZF/EFL T % HaCaT Mgz ~v—F 7L
Too BRBICEMABOMBENIC FITCEHIN-EE T FUVKEZHME L T 0z Et

AL 7=, (Fig.1la)

cDNA e & Y 72 4 L PCR IC& 2 mRNA HIRED

I|HIIII

BETEBOBIZLLTO L 51217 > 7, RNeasy Mini Kit (Qiagen, Hilden,
Germany) % FI\ T RNA Z#iH L. £ 1% $%C QuantiTect Reverse Transcription
Kit (Qiagen) ML T cDNA %A% L7z, mRNA OFHIREDEEIL. SYBR Green
EITK 21 7% A4 L PCR (QRT-PCR) % Applied Biosystems 7900HT Fast
Real-Time PCR System (ABI, Foster City, CA, USA) #BW\T{To7, ¥4 277

ZfFIE. 95°CT 15, 62°CT 1, 40 YA 7L e Ltz UTDTI7A4x—% R AT N
14 CFBREEES, BEA) hoBALKE; 7477V (FLG; HA280240), 7 4 7

A2 F > 1 (FN1; HA267259). £ £ UB-7 7 F > (ACTB; HA067803) ., #& R £ ACTB
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TIERI L. ExpressionSuite ¥ 7 F 7 =7 (ABI) B\ THENTAZ mRNA HIFEL

/\/l/%g‘f'ff!\'J L/ fCo

RNA-sequencing

HaCaT #if2(C NCTC8325 £7-13 TF3378 Al L. TNZ N DHfifidh © mRNA %
AL 7=, /=, TF3378 R Tl 24 EFERETIC HaCaT 2% IFN-y (100 ng/ml).
IL-4 (10 ng/ml) F£7-1Z PBS & & HICEHE LT,

74 7 7 1. SureSelect Strand Specific RNA Reagent Kit (Agilent, Santa Clara,
CA. USAZRBWTHREL /=, >»—7 T > X|(Z(F llumina HiSeq2500 (Illumina, San
Diego, CA, USA; 82 cycles, single-read sequencing) B\, > I U —-KJI TR %
—IEIEF Y b= 3 22 EALT3E 3000 50EDY — F%&fFle, E—bv v

I Morpheus (https://software.broadinstitute.org/morpheus/) % FBWTHERL L 7=,

small interfering RNA (siRNA) IC&B3 74 7ARIFET74F 5V D/ v oKX
VA &

7478x7Fy (Fn) BLO74 77V 0—8%/ v I/ Z7 D01, £4 3
BEODEMLD siRNA 7 2 7L v 7 X (three different siRNA duplexes )

(Hs_FN1 3291 s, Hs_FN1_3291_as, Hs_FN1_ 3292 s, Hs_FN1_3292_as,

16



Hs FN1_3045_s, Hs FN1 3045 _as) (Hs_FLG_3017_s, Hs FLG_3017_as,

Hs_FLG_3018 s, Hs_FLG_3018 as, Hs FLG_1313_s, Hs_ FLG_1313_as) (Stealth™

siRNA system; Sigma)x* AW 7=z, MIB& LT, B FEERFERHL 2L siRNA

(MISSION siRNA Universal Negative Control #1. Sigma) Z A\ 7z, Z 115 D siRNA
¥, sSiRNA 72 7L v o RELETTO#ES 570 b 3—ILICHE > T, Lipofectamine™
RNAIMAX i## (Thermo Fisher Scientific) ZfA\L\C HaCaT fifgic F 7> X7 7

vavit, MElZ. T RT7 a3 D 72 BREIBICERICHERL -,

ELISA

BRARYA bhHA TR L7- HaCaT fifamnizsd EiEH @ Fn JEE%. DuoSet®
ELISA (DY1918-05, R&D, Minneapolis, MN, USA) # B\ Calh&Exo#Rd 370

b a—ILiZhE> TRIE L 7=,

etz

#EH#RMT 2. GraphPad Prism ver.8 (GraphPad Software, San Diego, CA, USA)
ZHAUWTIT>7, Fn $ £ U FLG mRNA #IR (L. SIS0 H % ¢t 1RTE % BT L7,
BE7FVEKEBLIOERE 7 FVIKEO X Ry MiE LU ELISA TAIE L7z Fn £l
Mann Whitney & 7€ % 7= |& Kruskal-Wallis #E % AW TN L 7z, 0. 05 KED p &

EFHERECHDHEEZT RNA =47 1)— K% hgl9 I[C&HHE. Strand NGS

17



(Agilent Technologies, CA, USA) #FHWTMEB L=, BEF7 ./ T—avIClE
RefSeq Genes (2015.10.05) % FA\\, A1 > bE DEseq 7/ 3 XL TIERIL LT, 7
IW—THOBEFHRIREDZEIL. Benjamini-Hochbergand #1E & 0.05 £7z1% 0.01>p
Bhy b+ 7x%AWI-—7FM ANOVA THE L. Z DHRR bRy 71&E & L T Tukey

HSD 17> 72,
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ek
HaCaT Hila~OEET7 F 7V EREOINY AHDEE(

B2EEL-EET K VEREIZEEKR (NCTC8325) & AD #% (TF3378) % 3 K4 >~
Fa21~_— L7 HaCaT #f@D T ¥ ZILEIE %R L. Opera Phenix™ % FA\L CTHEAT
L7zo ZDFER. 100 M2 H 7= Y D AD BHROEY AH XKy M (2968 +872 XK k
/100 #0AE) (F. /ZHERK (219.9149.4 Ry /100 MEZ) ICHRTEREICEZ N -7 (F*p
<0.01) (Fig.1)o F7z. BVVIAABOBREENEEZBER L& 2 A, 15 DEICIHIZHE
% (40.2%16.5 XKy /100 fHA2) (CLENT AD BROEY IAHEL (491.8+138.0 X1
v /100 #A3) HERICEZ D -7z (Fig.2a), AD HRDO XKy MEZ OEEHEOZE &
EHITHEML, 3 FERBICIEZT 7 b—I&EL. YV Y —LllRTI N, —F. B
X 3 BRI L MERAFEICE E > Wi (Fig2b), EERIC, fthd AD #k (TF2868.
TF2886, TF2962) ¥ HaCaT AN ~ERYAEFN/-DICH L, FFAD BEEHEKROHE
7 FUXE# (Mub0. FDA209P) & &K 7 K VEKE#RE (ATCC12228) TIHIFEA L
EAADNR N -7z (Fig.82,83), INODERABF X, UTORETIF, &

E7 F7EEOR R 3 FE & L7,
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Find FITC spots

a Scan image Recognition of keratinocyte within cytoplasm

Standard g
Strain

AD
Strain

DAPI S. aureus

5000 —

4000 —

3000 — T

2000 —

1000 —

0 T T
Standard AD

Strain Strain F|g 1

S. aureus FITC-Spots / 100 cells

Fig.1. Opera Phenix™Z & % HaCaT M DFH T KU ERE DR H

HaCaT Mifdz s~ N EREIEMER (NCTC8325) £7-1% AD # (TF3378) T 3 I
MR 72, (a) B RUEKE (ib). DAPI (). Mg (4L o) ofEdt
Yett, #faiL. Opera Phenix™BATKEIIZBHEfT 1T 5472 Harmony ¥ 7 b U =7 % H
WO LTz, A —3—=:125 um, T X TOE4 (3 Opera Phenix™BifdE 2 F T
Bufg L7z, (b)100 fifidd 7= O ~T RUERE AR v MR, R & ik LT, AD ¥
WA BITHY IABRE D% v o 72, (Student’s #test, **p<0.001, ‘F¥)+=SD, n=18),
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a 5000 .

c_n *kk
T 4000+ I 1
8 3000 .
.y —@— AD strain (TF3378)
g 20007 —O— Standard strain (NCTC8325)
¢ 10001
0-

0 60 120 180 240 300 360 min

b DAPI S. aureus Cytoplasm

" / (95

Standard
Strain &
(NCTC8325) =

AD
Strain
(TF3378)

15 min

Fig.2 HaCaT Ml ~DHE T N U ERE DB Y AL D EREE#ER

HaCaT fildz 5t~ R EREEERE (NCTC8325) F7-1% AD # (TF3378) T 0~
360 /LB L7z, (a) HaCaT MifE23NE L7357 K 7 ERE O # % Harmony™ %
P THEST U7z, AD BRAVPRE CIIAEEYERRALER & bl L CTHEICZ < OB IAHLDE
ganiz, (*p<0.05, **p<0.01, **p<0.001, FH*=SD, n=4-10), b) HHET K
TEKE (k). DAPI (35) . il (4L oY) OREatief, A7 —n 23— 25 um,
T X T O 1L Opera Phenix™PaME: 4 FH L THUS L 7=,

BE7 FUKED HaCaT MIFA~NDEY AR ICRIZTH A P HA vy ORE
EBHET R IREOERY AAIZETS HaCaTHig~DY A b hHA VEBEDEREZIES
7=, BT K 7EKEO HaCaT Mg ~DEL Y \AAICHE® KIZTT & TFTRIND Y A

bHA Y DEEZIRTT LT, £DFER. HaCaT fifdc Thl1 Y1 bHA > THS IFN-
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y, 100 ng/ml T 24 FFRINIEY 5 & HaCaT MZICERYVIAFNZEET N VIKE AD
% (TF3378) DA KIEITED L7-e —7. HaCaT #if2% 10 ng/ml @ 1L-4 LV
IL-13 THILE L 72358 IZBA S BRIF R o h -7z, 10 ng/ml @ IL-10 £ 7=
IL-17A THEIALE L 7= HaCaT A~ DEE 7 F VIKE AD %ROEY AH# L, PBS T
IALIE L 7235 B IC R TR DR 5 7o h Z DEIFHERIICE R TIER D > 7o, £ 72,
HEBT N VEREIEEKRD HaCaT MEA~DOEY AKITH & B & DA DA LAY,
HaCaT #ifgz YA b HhA > TRIET 5 &, AD FROEY AAICIT T 2R & [RERD
&R H -7 (Fig.3), INF-yDZhEIL 1 ng/ml % 100 ng/ml D& TREMKE
BTH o7, IL-4 ODHRIFTD SN h -7 (Fig.S4), tDIZEK (Mubs0.
FDA209P). 3 2D AD # (TF2868. TF2886. TF2962). H L UEKR 7 K VEETH

FEtkDIERTH - 7= (Fig.S5. S6),
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a Unstim IFN-y IL-4 IL-13 IL-10 IL-17

Standard
Strain o
(NCTC8325) [
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(TF3378)
b
4000 — sa
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[&]
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:w: s
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& -
—_— I ——— R |
0 T = T T T T T T T T T T

Unstim IFN-y IL-4 IL-13 IL-10 IL-17 Unstim IFN-y IL-4 IL-13 IL-10  IL-17

Standard strain AD strain
(NCTC8325) (TF3378) Fig. 3

Fig.3 #Efa7 FUKREDOIR VD IALIZRKIETVA A DR

HaCaT #ifaz PBS (unstim) F721%% 4 k& A > (IFN-y, 100ng/ml ; IL-4, IL-
13, IL-10 3 X OV IL-17, 10 ng/ml) T 24 BEfflA ¥ 2 _— h L7z, &EAT Y
ERWIEHERR (NCTC8325) H£7-1L AD #& (TF3378) T 3 WML, £ 5Dy
AL EBIEE LT, (@A RUKE (k). DAPI (). BLoMRE (Froo)

DEFEFOCY, A —/L/3—1 25 um, § X TOME4 T Opera Phenix™BAMEE 2 8
AL THEAE L7z, (b) HaCaT MifEIZH Y ATt 7 KU ERE O %% Harmony™
THRMT L7z, Kruskal-Wallis BEIZ LV | unstim #f & Hlg U7 A HER] O A B ZED7R
Ehiz, Fp<0.05, *p<0.01 BLUO**p<0.001, FH£SD, n=298),

BHE7 FUREORYAHKRICKT S Fn OES
B4 DEITHE & ERRIC. AD # (TF3378) # 7a 77—+t K THIET % & AD #

DEXY A 1E 2636.3£268.2 274y ~/100 ffEH © 9.3+ 1.2 XA v /100 #fZICEEZE
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B L7z (*p<0.05, FHP+SD. n=4. Fig.S7), AD HROE Y AHKIZH T 2 Al
fokmE & XV BORE 2RI, ABRRMRIREDSA T2 v abBl &5
LTHRARBRYELDOREA%ZBELT S Fn OFE4A, siRNA 2BV TED S B 12
(Fig.S8), Fn siRNA %#ELETFEA L 7- HaCaT A EL Y AA TS AD #kdD XKy b
#%. control siRNA Z& A L 7= HaCaT Mg EX W AATZ X Ry LY B EERICH
o7 (2757.3+1408.9 XK v /100 MAE vs 1138.7+144.5 X v /100 #AA2.
**%p<0.001, FJ+SD, n=4-8, Fig.4a,4b), BEET N VEREDORNEICXFT S IFN-
yOBBRE—HT D L5 HaCaT #Hfg% IFNyCHET 5 &, Fn OHFREIF 508.0*
129.5 pg/ml 7* 5 317.9+89.4 pg/ml ~ & BEITEHD L7z (Figde), —H. IL-4, IL-

13 2L Fn OFERICHKEEZ SR LD o7,
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Unstim  IFN-y IL-4 IL-13 Fig. 4

Fig4 7 47X 7 F L ORBRD B HaCaT MBRDEET FURE DRV IARIZ K
ETHELYA A VBT 4 T uR I FUBEARICICE R DS

(@)t ~7 FUERE AD # (TF3378) |2 X 27l 72 BFRIATIC FnsiRNA (JR{a) &
%R siRNA (H) Z HaCaT M U R7 =27 > a > LIZEED 100 Milad7- 0 o =
Ry M (%*p<0.01, ‘FHESD, n=4-8), (b) AT NUERE (k). DAPI (F).
HMIfE (1) ofEseYet, A —/N/3—125 um, T COHE{§E Opera Phenix
MPERRER A L CHUS L7z, (o) HaCaT Milaz 4+ b1 > (IFN-y, IL-4, BL O
I1-13) ¥£721% PBS (Unstim) T 24 Fff]A > F 2~_X— h L7z, 58 LR O Fn &
%z ELISA % v N THIE L7z (*p<0.05, ‘F¥J£ESD, n=8),
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7477V VOEREHP FnEELERT FUIKED HaCaT fHER~DEY AR ICKIFT

E/
-V

Oks

T4 770 vIE. ZORIRETHBZTAT 457 ) v REOBEBREICHETT b

TYUVEROEF/MDE L TERRE 115 (Drislane and Irvine 2020; Pendaries et al.

2014), 7087 4 77V vidi FLG A TcA{HiEOENE LTRIESND Z &N H

(Gutowska-Owsiak et al. 2018). OperaPhenix™ X 7 L% AW TH FLG ik THE

Sn7-Fri# (FLG RFRy M) %#EHAIL /=, HaCaT #A8(C FLG-siRNA & A § 3%

&. FLG mRNA L ~LIFEEICIET L7 (Figha, **p<0.01), XIZ FLG ZKv b+

#AEAELE A, FLG-siRNA EAMAE (42+10 RF v +/100 #HEZ) (E control-

siRNA E AT (133£39 27K /100 ffE) C B L THEEICRE Y FHED L

7= & pRE N7z (Fig.bb, S9. *p<0.05), RIZ7 4 77 ) > DE»IZ L% HaCaT

fa~DB|ET K VREORY IALNDEZE % T L 7o, FLG-siRNA Z & A L 7- HaCaT

A TlL. control-siRNA BEAMAI & LbE L T, ZHERR, AD & HICBERICEET K

TERE DI Y AAHIEML 72 (Fig.5d),

HaCaT #if2 % IFN-yRIBd %5 & Fn EEN TG SN, ZOHERE L T HaCaT flfE

~NDEET FVREORY AANIDH I NI EEZONSE(Fig. )T e b, 7477

U FEBIFENCL2EBET F VKB O Y IAATTEICE WTIE, Fn OELETELNES

95 AR ZE X, FLG-siRNA Z3E A L7- HaCaT #i2ICH 15 Fn EEEZRE L
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720 T DFER. Fn E4AE (X FLG-siRNA S AMAZ T 351.9 = 26.5 pg/ml. control siRNA

BT 523.4156.1 pg/ml &7 Y . FLG-siRNAZBAICL 271477 v OEDIE

FRICKELT Fn EABEERICHY &7 (Figse) #2T. & 5IC FLG BETFE

EH HaCaTHfE~DHEET F VEREDOERY AR T 29 A b hA > DHRICKITT

FEZWWET L1, Figd OEBRTRHW YA bHA Y TT74 70V - /v IRV

felE L. Y AABOE EWBOMIE LR L7 25, BV AR T2

A RNBAVDEEL, 7477y /v oX 7 Mia, HEBMEE L ICRBKROMERT

»-7- (Fig.be),

a b c d .
po/mi Fig. 5
1.5+ 200 R 800 5000+
_ — —~ "
2 ] - * —
2 ** ] © | — £ 4000
— © 150 2 600 B
< o @
Z 1.0 8 £ =
& = c S 30001 ?
S z
® £100- £ 400 »
T o § Q 20004 I:l Control-
2 9% 9 5o T @ o SIRNA
% o £ 10004 FLG-
0.0- 0 T ' 0
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e f :
6000 -
©
O]
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o r .
S 40004 —— siRNA
»
3 E ?
o
"]
§ 2000 E B ;
»
[m]
< o FLG-
unstim L4 unstim  IL-4 SIRNA
IFN-y  IL-13 IFN-y  IL-13
Control- FLG-
L1 Srvae B Graa

DAPI S. aureus Cytoplasm
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Fig.s B 7 FUEKE @ HaCaT ME~OBYV AR T H I 4T TV D) v
B0 i
HaCaT fifln %z, 3~ KU EE AD # (TF3378) THLFET 5 72 FEfATIC, FLG-
siRNA (JKfa) F7213, % siRNA (H) ZE A L7z, (a) siRNA & A HaCaT #fiiz
D7 477U mRNA O3 % qRT-PCR Tt L7z (**p<0.01. ¥#¥+SD. n
=7), FEETOREAREITACTB 2 O CEHE L, O)FEOT FVEREH AR > k
& [FARIZ Harmony % AV T siRNA 3 A HaCaT fifad 7 4 Z 7 U AR v b & f
Bri7= (*P<0.05, F¥£SD, n=4), (c) siRNA & A HaCaT #ifid 2 PBS T 24 K¥F
WEsaE L7, 55 B1ETh o Fn EAE% ELISA %~ h THIE L2 (*p<0.05, F
¥J=SD.n=4),(d) siRNA #E A HaCaT flildz s5ta~ NV ERE =YK (NCTC8325)
F7213 AD Bk (TF3378) & & HIZ SKFlA ¥ =X— F L72BED 100 fifaH 720
DT RUEAR Y MME (Fp<0.05 8L O**p<0.01, FH£SD, n=4-8), (e)
siRNA 3 A HaCaT #faz A 4 A > (IFN-y, IL-4, B3 X OIL-13) £7-1% PBS
(unstim) & 24 FFfA > F 2 _X— K L7z, W7 RVEKE AD # (TF3378) &
3 A U FaX— K L7z, ZOBEOMAL 100 H%720 O AR > ML (*p< 0.05,
W) +SD, n=8), () siRNA A HaCaT M ~DHE AT N ERE OV A4,
W7 RUERE (B, DAPL (). BLOWIRE (L oY) omEditim, A
= 3= 25 um, X TOHERIL Opera Phenix™BHi R 2 L CHUS L 7=,

YA FhA 2 eBEET FIIKED HaCaT MREOEGFRRICKIZTTREDRE

YA MDAV EBEEBT FUVEREN HaCaT 20 B FRIBICKIITHEZIRTT 5
728, RNA-> =47 >+ > %7 (RNA-seq) %A T HaCaT #HEZD mRNA O ERH DT
ZiT>7z0 #AHE Fig.3 DXRBRTHAVWEEGNOME (). AD #REIE (F). AD #
R+ IFN-yAUE (F@), AD MR +IL-4 3B (RE) B & EEKRRE (B) 05
D% BEA TEMN L7-(0=3), HaCaT Mifi20¥ 1 b HA VNEBIZEET FUERERED
24 FfRAI & V1T o720 HaCaT #BEDEGEF 7B 7 7 A MIFEET F VIRERIBIC K -

TEALTHD, 20707 74)LiF HaCaT M@ % HBrjiCY A hA VBT EZ (T

28



fVEEansz (Fig.ba), RICZIHH AD OREVCEAREEZ EDEENREINT

WBELFEHEL. A b AA U PERT FUREZRML 7 HaCaT Mg &AM L

Bh o 7= HaCaT MIlE TORIBDEWEZIRETT L7-e TR MTICHE LT, HaCaT #lk2

DEEFHERIE. BET FVKEFRBICE > TELT DM, B4 bhA VI

Lo TEIBICE(TZZEERONICIR -7, BET FUIKE CRIBL 72#fa Tk, xt

et L ¢ IL1la. IL8R1. TLR1. TLR6. FN1, FLG. TSLP OFREAENML 7,

AD #k (TF3378) THRIE L 7-MfETIL, ZEKREMRE L L& L T IL1B. 1L6 LTV

ITGab DFEIWHAIENM L 7-s IFN-ylE IL12, IL8R1. ITGab DFEERZ LF I B7-h

IL13RA2, FN1, FLG Oz L 7z, IFN-yIC & %5 FN1 O #IRIH) L Fig.4c TR

LNTHERE—EL Tz, —A. IL-4 ®#L IL13RA2. FLG £ U TSLP O HIH %

&4, FN1 3 LU IL33 0EBEFED &7 (Fig.6b),
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Fig.6 1 b4 v L EAT FUKRED HaCaT MROBLGFRIACKIETHED
R

() PBS (xfff, 7R). AD# (TF3378) (7). AD BE+IFN-y (J¢fa)., AD #+IL-
4 (JKf) FoI3E%ER (NCTC8325) (fk) & A > F 2X— |k L7z HaCaT Hifad
mRNA B8O ERD o, X, Y. Z Tk 1 (36.85%., PC1)., i&4y 2 (13.22%.
PC2). &4y 3 (8.46%. PC3) %79, (b) Morpheus % F\ 7= R4 7 /L2 5%t
LHEET DT+ —V RO — b~ v,
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NCTC8325 TF3378 ATCC12228
S. aureus S. epidermidis
Fig.S1

Fig.S1 24 B¢ i#5%% O E K (CFU/m(0OD=1)
WOEEERET 660mm D RIZHEVT 0D=1 ORFOMER(CFU), ¥~ v EKE
NCTC8325(14), TF3378(FH), F£f~7 FUEKE ATCC12228(7 L —),
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Mu50 TF3378 TF2886 S. epi

Fig. S2

Fig.S2 #HA T FUKEB L OERK T FUBRED HaCaT ME~DEY iAH

HaCaT #ifida PBS T 24 HFfE]A o F a_X— b L7cthk, EEOT N7 EREEUER
(NCTC8325, Mub0 # & U FDA209P), AD # (TF3378. TF2868. TF2886 ¥

JOVTF2962) F7-13#£ L7 FUEKE (ATCC12228) % HWT 3 FFfi4 v F = ~—
M L72BRD 100 i ds 72 © i iAA%L ((E¥+=SD, n=6-18),
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NCTC8325 Mu50 FDA209P

Standard Strain

TF2868

TF2962

-
e r -
k)

AD strain
Fig. S3

Fig.S3 HaCaT MMRICBIT2HEAT FUKERBIORK T FUKREDOIY AL DE
%
HaCaT #iffd%z PBS T 24 BFflA F 2X— F L7zthk, HEEOT R 7 BREEHER
(NCTC8325, Mu50 5 X T FDA209P), AD # (TF3378, TF2868, TF2886 i3 &
ONTF2962) . F£7-13F%K 7 FUEKE (ATCC12228) #MNx T 3 Wifil A v F =~<— |
L7=. S aureus ¥ X OV S. epidermidis D5E Y ta (k) . DAPT (7). 3 X O
Jag (Av o), A—A =125 um, X TOME# L Opera Phenix™ B8 2 5
ML THEAE LT,
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HaCaT #fifld% 1 ng/ml, 10 ng/ml F72/% 100 ng/ml @ IFN-y, IL-4 £72iX PBS T
24 Wi A > F 2 _X— h L72#%. S aureus HE¥ERK (NCTCS8325) F£721% AD ¥k

(TF3378) |2 3 Wi[figER L C/& 57 100HaCaT Mg 7= 07 K7 ERE
0iAZEL (*p<0.05, ***p<0.001, FHESD, n=6-12),
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Fig.Sb Hfa7 FUKRBEB L ORR T FUKE DO Y ALIZKIETHA A D
-2

HaCaT 1%z PBS (unstim). IFN-y(100 ng/ml) , IL-4 (10 ng/ml), £ 7213 IL-13 (10
ng/ml) T 24 R A > F 2 _X— |k L7zt 8B 7 B U EKEIEMER (Mub0, FDA209P) |
AD # (TF2868, TF2886, TF2962) *7/-I13F& K~ KUV EREKKIC 3 BFlIRE CE b
72 100HaCaT flifadr 7=V D7 R UEKEI Y IALEL, (*p<0.05, **p<0.01, ***p
<0.001, ‘F¥£SD, n=6-15),
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unstim

IL-4

TF3378 TF2868 TF2886 TF2962

AD strains
Fig. S6

Fig.S6 FHf 7 FUIKE AD BROMIEANEY AT 501 M1 v D&
HaCaT #if@ % PBS (unstim). IFN-yE721% IL-4 T 24 FFfi]lA > % =2 _X— k L7%%,
7 RO EKE AD £ (TF3378, TF2868, TF2886, 131U TF2962) (T 3 FEHIREE
L7z, #ta7 RUEKREIB L OERK 7 FUBKEOER e (). DAPL ()., B &
OiE (L), 27— 3—:125 um, 9 COM# T Opera Phenix™ A %
i LTS L7z,
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Fig.87 HaCaT Wik DMERE & > 7 BEOREPHET FYREOIRY ARk
TR

@7ue77—EK (-, Z'L—) £721LPBS (+, "7 A ) TUHE L7z S aureus AD
. (TF3378) @ HaCaT il X H5HVIAHD AR >y Mt (*p<0.05, FH)£SD,
n=4), (b) HaCaT filaz., 7' r7 7 —F KProK)LE, T3 OERT Ky
BREAICHEEE L 7-BR ORI Y A, HE7 RUEKE (B, DAPI (F). XU
g (v oY) ofEastfef, A —/3—1 25 ym, T XTOME# X Opera
Phenix" @ 2 H L THUS L7z,
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Fig. S8

Fig.S8 BHREM 7 4 7 uXxX 7 F L siRNAEAIZL D7 4 7 v R7 F 2 mRNA O

7 47 a2 F o siRNA EAHN & control-siRNA EAMIED 7 4 7T a s F o OB %
qRT-PCR TfEHT L7z (*p<0.05, FE¥£SD, n=3), &KiEin ORI EIT ACTB 2 HWTIE
Bk L7,

Fig.S9 HaCaT #fRi231T 5 FLG AR
v b

control-siRNA & FLG-siRNA %3 A L
7= HaCaT fifa~D w7 K EREELY
AHB, FLG (fkt1), DAPI (F),
AT () OREHEY e, X r—
V3= 25 ym, TXTOHEE (X Opera
Phenix™Bfd#E 2 L TG L7,

Control-
siRNA

FLG-
siRNA
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EE

AARTIE, AIMERICEZ2HET FUREOIYAHRD YA FhA v ey TESE

CENRIFBEEIIOWT, A A=YV TV RT LAEBVWTEEMICHRET L 7z, 1Z
H#RRD HaCaT MAE~DEY A HEIE 219.9+49.4 XKy +/100 METH > =013t
L. AD #RIZZ D 10 5% #BZ % 2968872 XK v /100 fHEEAE Y A iz, F7o.
AD BRDOEY A IE HaCaT MfE~NEE 15 A~ oBEICEML. 3 FEE £ Tl
AAHENEAR LT, ZOEYAHRIE, Th2 ¥4 FhA>TH5 IL-4 LV IL-13 T
HaCaT %2 L THAL O ARFELEZ T 5 >7-H', HaCaT 2% Thl ¥4 ~H A
> T#H% IFN-y THIRME, %7-13 siRNA (C& Y Fn ORBE 4T 2 14l & o,
& 512, IFN-ylx HaCaT #ifg2d Fn EEAAIHI L 722 & A 5. Thl B REREL
Fn EEHZN L TEET FVREOA(CHIEAZINGIT 52 &N TRINT, £
7o BMEHERRIC K W EE SN, RENY THREBICBVWIEFELRBZ 227477~
Z siRNA IC& VY /v o X7 >d 5 e, HaCaT MifBAR~DEET N 7ERE DR A A

MBS 5 Z EAFEFR I N,

AD BEORETIE. BET7 FURELZEZHRE LEZHEENER SN, REDNY T
HEEEDEE® Th2 ICV 7 M LAREREEN AD OEEZ LT EEZIOLNTWD

(Callewaert et al. 2019; Miajlovic et al. 2010), F7-. t FERENICEE T K 7EKED
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BMYAEND ZEPMEINTHY, TOHEFE LT FnBP-Fn 4 77 > abB1 #2
B, 77 vEVT 770 R —AREIGENRE SN TS (Sinha et al. 1999; Fowler
et al. 2000; Josse, Laurent, and Diot 2017; Iwamoto et al. 2019), FK4 ¥, TNET
AD #%H, EEOREZR D 7 7Ny AflaENLTE b Y > /8BRD Th1/Th2 H
AMAAYTRT7740% Th2 127 b€ 8, ZOERIET7 FUVREORAE X
YROIREHETH DB Z L. £72. AD ¥k HaCaT #Efg~DELY ;A A Fn 8 ERIPLIE

L UEOMICHEINS Z & 2R E L TE 7/ (Iwamoto et al. 2017, 2019; Moriwaki
etal. 2019), LA L. BET F VIEREDO AL~ DI Y ALHET D & & DY A

PHAVIRIBED Do TEEICOVWTIFHOMIIINTLWAED T,

KR TlE, £ HaCaT Mz % IFN-y CHIZLIES % & HaCaT MREZWICELY A
ZEET FUVHKEOHENBAT ST EEFRA L, RIC IFN-yRIEA HaCaT #i2D Fn
EEICRITTEEZRFT LTz, ZOMER. IFN-yIZFE8 Y HaCaT #i2H D Fn ¥z
SR &2, IFNLE(C & % HaCaT #HfZD Fn EAIIH I3 RNA-seq I & B84
THHER I NIz, —F. IFN-y#IE L 7= HaCaT #i2 ® RNA-seq ##7Tld. HaCaT #f
2D Fn N L7-EET FVKEEAICESE T % ITGad & U ITGb1l @ mRNA D F
WIFENT 5 2 EMNREINTz, INHAEET FVIKEOERYIARIZED LS ICEET S

MIZTOBDIRFADVRDETH D, ZDIEHL. CNETICHEET FUKBE L OREE £/
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BYARICEEET 52 EDNHMOoNTLBMMDODFICDOWVTIE, IFN-y, IL4 DWLWFNID

RBMTHRELHAREDOE(ITIRoNLD 57,

Th2 Y4 b HhA VHEEHEEICRIFTHEICOVWTIE INETICIYIRDEET
Th2 %4 b hA P Fn DEL£ZEMNEE % Z £(Cho et al. 2001), &t b AD Tl IL-
4118 IREICHEAL T Th2 Y VP IMREREET 2T 2 UL 72 ERT LR
EBHEENZHL., BEETFIVRKEOEENRBRL T DI EAREINTLDS
(Callewaertetal. 2019), LD L., TaELTTOMEATh2 YA b HhA v DEET R
VIKE IS T 2 EENGD 0N, BENLDOANIEBELMICINTUERL, INE T,
E R IRAMIEE IL-4 RIS 5 E Fn OFELPIF SN ERBRESNTWD
(Serezani et al. 2017) A%, A% T HaCaT #fd% Th2 YA ~ A A > THRIBT % &£, Fn
mRNA EBIIHOITNIET LS DD, FBHELEE~D Fn BEEEICIIEMHAR S NK
otz £7-. BET FUIKE D HaCaT fHE~ DY AHICH T 2HELHER TER
n oz, —H. b NIRRT E L4 ®ET 5 & Fn OEEDEMNT 5L VIR
& h'd % (Fujitsu et al. 2003; Postlethwaite et al. 1992), ZN o DHIEA B, Th2 H
A A4 VAR TIE A < RHESFRER oo ICfER L <RI A

fANEET P VKERY AL ZRESETWS AT D 2,
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BN TH#REEERY FVREOBRR TR, FLG FEMN sIRNAZAWTT7 4 77
Uy DHEBEETIES &, HaCaT Mlg~DO&EET F VIKEORY AHHERZITIEN
L7ce LD L. 7427V VORBEZETIESE Fn OFEEIFET L, TD71-8H,
7427 ) VORRBETICLZEET NVREOIRYIAHRENMIZ, Fn A>T 7Y~
abfl BEEUNDAHZXLITE D EEZOND, EE. 7477V VORBRZET S
THEHEBICBITA2EET FT7HREDOESNENM L (Clausen et al. 2017; van
Drongelen et al. 2014), ZO#F L T74 77V ORBICKYVELTEEBZ FY
BEOEEZEET27AH VK (UCA) BLUERY FrhHLR VB (PCA) DAERL
MR T B Z & AEZ BN TL B (Miajlovic et al. 2010), 7=, EHEZ K 7EREOE Y
AHITISTT BN THERET EVA P AA VRIBOFEDOREIICTOVWTHRE Lz L
ZAIFNIZsiRNAICK Y 7477 ) U HIBZET €7 HaCaT fif2Icx L THE
BT FUVKEORY AAEZNE L2 e o BEHERICLY 7477 UHETL
TRETH->TH VA A VREOEIIEET FVKREORY AHAZFIEHTE 2

TN TRREINT,

BRI REDONY 7L LTEE, BB 7 NUKRBELREDREREAEL EIIH L., KE
DEEMEEEE L TENOZERTE-OICHBPEICEE L TEL IL1avind

MBRTTF R ExE$ % (L. S. Miller and Cho 2011; Olaru and Jensen 2010),
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T ZDEEE 7477V VBEFREEZFH O AD BETIREBA LKL TEMLT

W5 (Kezicetal. 2012), LA L. ¥ 7 RIZHEITS IL-1aDBFIFIRIL AD BROKEX %

BT D EREINTEY (Groves et al. 1995), IL-1ah’ AD OIFREITELLEH > T W

B ENHRIND, A lE, BEET N UKE AD ROAHEDEY AHL D IL-1ad

BHZENE S, £/, TORMYAAZETIES &L IL-10DEEBETT 5 &2k

B L 7=(Moriwaki et al. 2019), ALHREANICEY AFN/I-BEE Y KR 7EEIZIMEZED

ER %z [ L, #ERNTEET 5(Al Kindi et al. 2019), S O ICHEET N 7 IRE L)

ZH S 6N AURIC0%UALEDEBEICEWTERRBRETLIZ EAFEEINTWLSA.G.

Miller et al. 2015), TNHLD I EhH, BB N VEREDINY A& T E XK DIBE

BRAICES L., ZDOBEEIZAD ORERICEREEZ LN,

—fIC. AD BETIEEET FUKENEREL TLWE D, BEETIERE Y FVEKE

NE CIBHI N, ZOMER D £ TH 5 (Higaki et al. 1999; Kong et al. 2012), AHF

TICHBWT, AD #id HaCaT Mg (CER YA FN7=H. RE T K 7EREDEY A L7

WCEAN ST, INET, HBICEET 2MEOERICE > TRERISHENLT S Z

& (Belkaid et al. 2017; Naik et al. 2013), £7-#FE 7 K VEKE X AD HREEXDRRE

LB EDIER S T W B (Kobayashi et al. 2015), —hH. EE 7 KR VEHEL&

Staphylococcus hominis |, 377 7 —+R4E7 F7IKE (CoNS) &MFIXN, HLES
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7F F (AMP) ZE%9 %, CoNS 3. AD ICHEIF2EET FUKEOI A= —%ZED
X5 Z EAHE X N(Gallo and Nakatsuji 2011; Nakatsuji et al. 2017; Parlet,
Brown, and Horswill 2019), C Roseomonas mucosa = AD £E Ol E % ICZ1E
L. AD ODIERAHEL /-2 £ HHEINTL B (Welch et al. 2018), & > T, 5% AD
BEOREIICKE 7 FVKEZBIET 2. 5 VWIERE7 FVKEOEEZIENT %

ZEICEY AD ZBETIEDLEZOND,

RIAOHRTIE KEDOREYRT LERBEOHEE & OMICITEBELRBERYH S Z
EMRINTWD, £/2, T FE—MEEXADBETIIEL A OMEVEIFERINT
WEH, ZNSDEENRIBICRINEBELMEZIECT VR INH 2D, BRAKRE %
W 2701013, ERAMERZHERID2IEHNEEZTHY . 2DEHITIEFV DN
DT 7A—FHEZONS, 1 DIETaELITHZIFILOETIRERERERAEL.,
BREOIA=—LAB<CHETH S, AD BEHRFORMMEZLIRTIE, BEHICL
NTEET F7IKEICSE L7 IFNYEENBERICEWVL I EAF LN TL 5 (Campbell
and Kemp 1997), AR DOHERTIE. IFN-yIZEE T K VEREOERY AAHEIHIT 2 D
T. IFN-yIZ AD OBEICEBT 2 AlgEEL H 5, 2 DEITHEZOBIETH D, N7
7 U7 AMP I3 RERRAEICH L TIRIEEEZ RIET 20, BEEICH L TEHESE

7% F4E L 72 Lo T(Nakatsuji et al. 2017). fEZEROBIEILZ L% AD BEIC/K 5]
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RMENH D, £7-. BT FVIKE O FnBP ICFENICHEST 250K, H 5 L (% Fn T

FONRBIZEEY RUEREICERPICBWVWTZENSOEERA TCOINZ—{L%H <

TENEZOND, KEBIIAREDFERTHY . ZDEBHEZHIT 5 L ITKRBEERS

RO TEENERENT VRAZERBICRDIDICEEELEZOND, KARDOAE

ZTIC.BBT7 FVEREDRRADEECHMIA~DERY AHZ G 25 & Y EIBRY

AD OEEENSFHEIND Z EHHATFL L,
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