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American Type Culture Collection: ATCC
C. acnes-derived MVs: CA-MVs

Caspase 14: CASP14

Claudin 1: CLDN1

Cornified cell envelope: CE
Cutibacterium acnes: C. acnes

Dendritic cell: DC

Dulbecco's Modified Eagle's Medium: DMEM
Enhanced chemiluminescence: ECL
Extracellular vesicles: EVs

Filaggrin: FLG
Glyceraldehyde-3-phosphate dehydrogenase: GAPDH
Human adult Ca?* Temperature: HaCaT
Human Cell Line Activation Test: h-CLAT
Human B-defensin: hBD

Hyaluronan synthase 2: HAS2

Interleukin: IL

Involcurin: IVL

Keratin: KRT

Loricrin: LOR

Membrane vesicles: MVs

Nanoparticle tracking analysis: NTA



Natural moisturizing factor: NMF

Nitric oxide: NO

Occludin: OCLN

Phosphate-buffered saline: PBS

PKH67 Green Fluorescent Cell Linker: PKH67
Polyvinylidene difluoride: PVDF

Scanning electron microscope: SEM

Sodium dodecyl sulfate: SDS

SDS-Poly Acrylamide gel Electrophoresis: SDS-PAGE
Staphylococcus epidermidis: St. epidermidis
St. epidermidis-derived MVs: SE-MVs
Staphylococcus aureus: S. aureus

Tight junction protein 1: TIP1

Toll-like receptor: TLR

Transglutaminase 1: TGM1

Transmission electron microscope: TEM
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BRAEY, EHE, ME, A VAR GRS OMEDRE R OENS LUK
RIENZ T~V A 7 a A F—5 (AEWE) EFHEINLEHEZTER L, BV T
VAEBLRNBAERLTWS Y, Zhvb e hOMAEMEIL, BEEORERIES
FOYRIEBICIRS BB L TWD Z b, MEMED T ) L0MAEwHR L F O
MHEERZBEWT D~A 7 0 f = AP FEREREREZBRTNDS 29, &
KB —FlL LT, BAICRT 2MEHEOZED, B EOWEERE, HORE
PR, RERE, MIRREFELZEET L ZEARESNTND Y, ZnkHk
FREBEBOFRIELFL T2, EIGIEM ©, S aedie D, LRETHER 972
EREx e R T HBE 2 W= a A AT 4 7 AN S, B RO
FEHERFIZB T 2 AEMAEMOEEE NS o> Tnb Y

t hDORKOEZ L bW D I B IHE & RIS < OWMEMDFIEL,
HEEHR LTS, b FOREIIHRATLE~1L8 M THY, —R, FRICAX
D PO EIESFE L, 7T, JER, Bk EoOftEasz iz THAED
OELZEEHH LTS (Fig. 1) 19, KSR EEECA MBI OB, B
MHBEIZEDETRESERY, S50, KR, BE L Vo TARERIZ K-
TRIGD pH R R L W o Te U NREEICE LN E T, SR (BT, W1
) ORRICKEREEZKIZTL TS O b hOEEIZIT 105~10%cm? 0
WIEEPFMELTEBY, KD 20~65 i CIXFHERFIZV < &b 19 N
MRS TWD, TOMBIE, HEGTHE (Actinobacteria, 51.8%), 7 4 /v 77
2] (Firmicutes, 24.4%), 7' w7 43277 U 74 (Proteobacteria, 16.5%), /X7
7 uA 7 A (Bacteroidetes, 6.3 %) NFEL72->TW% (Fig.2) 12, X5z

BMICIIEA REEAGFELTEBY, =F v KNELE L THOLND

1



Cutibacteriumacnes (LA'F, C.acnes) [N EMIZE L (Fig.2), HERH—MTiX
EEREE LTI ONTND, BVE VWD ELILE Vo 721 5 2O FERIZ X
S TR WRBENC 725 & BRMENY, ZHITHEI BIRINRENAET S Z
& C C.acnes [FJEEIZHAT 25, ZHUCLD, Cacnes b7 br=F—F
RV A=, Tu77—BL VoA BAEROENNmEL L T=F D
fba g2 W, Lo LEEIE, KRIER» LSS RIEEZR#THZ &
TTZURY A VA R, U VB, U Vgl o TR EIRIENIE A
& LT EHENRNIE 2 PEAE T 5 2 & TRIG DRB LI 2 kD, b PO
JEEEMEICLARGFETH D ¥, 7 4077 AMIZIL, Staphylococcus
epidermidis (LT, St.epidermidis) 3 J 0" Staphylococcus aureus (LA, S. aureus)

MET 5 (Fig.2), St.epidermidis (FEALE & L THLATE Y, C.acnes & [FAlkE
(2, BAEMRI OS5 B R#ET 5 2 & TREREOZEICHF S LT
%o MEBRIEDLEIIIRERENPRESEEL TR, AFEMEM L V-T2
JFAR % BEFR T D BRI Toll KR 4K (Toll-like receptor, TLR) %41 L 7= B A%
FOGDMB<, B R TIX 10 ¥H S O TLR AFEL, £OHTH, TLRL, TLR2,
TLR4, TLR5 35 J O TLR6 [l R 2\ TRUZEM DR ORE, IRE, Z 737
BaZNENGERL, RABEMIKT H0EINE S T T NVOEEET ) 0,
St. epidermidis 23> U AR ¥ A 2figlE, TLR2 241 LT TLR RJE T 7 T /L O]
K7 & Uiy < JEFESEIR 72 AAARER 1 1 OF B2 IS, TLR3 #/T L
THIEEZ SNDWRI R RIELWEICIZ, GOBMICTEEST5 Y, £/, st
epidermidis 234349 % 10 kDa LA F D U AR & /37833, TLR2 %41 L CTHIF S
TFRTHDHE BT 47 =2 (human B-defensin 2, hBD2) 35 & UV hBD3
D3RR, FNEMFRE) & @D D 2 & THUEMITH T 2 HIERE ) 2 #2519,

L2, St epidermidis (X227 77 —ERT 71 hF T2 bW o BB WA



LD e < RFIEITER N E SRTW DD, HOIRERESR, 747V )=
A NI BIZL > TS T — T A EONTFREIZESE L, BENK
PPN ETR DI T 4 T 72— b > TS S, aureus (38 H 7 DK @
ELTHATHLN, 7 bR EREE ORHREICL AFEL, HIEKE
IZRBT DV RIA afpPLHE RO —DOTHDLT T H N U OEEISGWNT
FE—EROEEMEZFEL WD B, ZoMich, REMENS DA X2 —
74 %>-5 (interleukin-5, IL-5), IL-6, IL-8, IL-10 O3k #liE L, FTH IL-
6 XA LMD EICE 545475 F > 1 (keratin, KRT1), KRT10, = U 27 U
> (loricrin, LOR) B X U7 4 7 7'V > (filaggrin, FLG) DR Z M4 25 Z &
TREDNY THREZ IS 19,

ZOXDITHEEREIL, AR TH D EEOREAHIET 5, S HIZZNHHEIE
HIX, AEMAZILAIZT 286 SITRRDERICK L Thikx B4 RITT,
Al L7z C. acnes 1%, KIRIZE ATCHEKSAE FIZB W TRz HEhE L =% v
bRl &R T, ZNZ2IMz 500 L 912 St epidermidis 1T E 272 =
ETCHMIBEOOE S TH D a s gapEA L, C.acnes D X 6 7¢ 2 H5H & HE T
50, Fi, MY T a T T —BESWTH L TEAT RUERED A
AFT 4N bR =DM EIET L P, Zoftich, ME»LSWI
% ffash /N (extracellular vesicles, EVS) @O —-2Cd 4 i/ ia (membrane vesicles,
MVs) &HIE RO AR L L THEIEL T\ D 22, MEN G0 Eid
MVs DK & 1%, BB L% 20~400 nm TH Y, DNA, RNA & \\o - EfE
RGN IEREEZRNTLTWD, MEHRD MVs 1% 50 4£21 BRI HAFZE
SINTEY, NEPERXEIZL A MEM I 2=7— a3 0, BH O L O
ATFHERFICBE S LT D Z RS Tnd 2, & MZh, MEHKD MVs
XL EVs D—2ThH T YV —h EFETIN DB/ NMaRELE L (Fig. 3),



Mg 2 S 2= — gy — e LTHEREL TEB Y, M oshm 2, 4531k 2,
AL 7 ER e R AEMBIBRICE S LT D B, G, AT R UERE Y
W DEVSHNT hE—D R I REFERIEZBI ST LV HEN I, EVs
& B b —HEMOMEERABPHER SN TS, £ 2 TR T, AHKE
WALE D536 % MV I EHSRE D TEFPEIC T 5972 O TIER WO H L EER
M le T, EMNETHLERKLT FUKREN WS D MVs DR L £ O PEE R
PEHERE~ DB SV THRET L 72,

hair shaft sweat pore
/ /_ sulcus cutis
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Figure 1.  Structure and layers of the human skin.?



St. epidermidis

Figure 2.  Composition of skin microbes.*?
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Figure 3. Secretory pathway of exosomes.?”
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F1E REBEEBRBR/MIOREFHRE

5

M, W, T3, B ESTDERERROED L ZAICERL D), mikE

(122°C) BR5: O{K pH (pH 0.06) BREE 3V & o 72l L 7= BREEICNENS T~ 5
HRFET 53, Fio, MEOHIZI3TE RIS 288 0 1 2R3 5 2
& TRGLRE A m oD, fE EMla~DmRk 2 TS 2 2 & TIRBRALRT 57
&, ZMlAEY L ITRE S Big o o AFEIE A R EF LT D 2, L LBLBREE
WZ BT, MEIEE b OEMFHERF O T2 I LM E N 3T o7 Y Y — L
EFEFIT L U=/ (membrane vesicles, MVS) %23 L TV 5 Z & 315
TN D B, HE RO MVs 13, MR B DI 7- R E S£9 400 nm LU T
DERPRRL - TH D 2, HEMT/IMINIZE TN DRI F LRy B i 8 aikE
TORENERD, 74T 5k DLV HEERICEE LTV 2,
T, REFAEE CTOLIHGET RUKREN EVs 2L, 7—7A M) vy
N Lo CHBES Tz~ 7 ARG LCT R E—0D X 9 7o R RIE %
FT DLV WEDD 1), IR RO 53 NE 3 ME EAR ISR L TR A KF
T EBH LN T,

% Z CTHex 1%, Staphylococcus epidermidis (UL, St. epidermidis) <°
Cutibacterium acnes (LA T, C.acnes) &\ \o7- W IERED, KEEREDZE
OO TERAETFO—2L LT, ZALMEN WY D MVs 23 B E i o
TERMEZ R OBIEICEEZ KT L TWDLDOTIERW N EHEE LT, AETIE,
St. epidermidis 35 & TF C. acnes D 73 WK & Z i 3 L OVE A & 7 BEAEE Cfl
R BRI 2

NS

221, MVs ORI TERB LN —2BAMARIET D2 L TF

7’9—
—o



1.1, EBRMHESIURRAZE

1.1.1. St. epidermidis B LV C. acnes DIEE

AWFFE T L7c St epidermidis E#E (NBRC 12993) 35 L U8 C. acnes Efk

(NBRC 107605) I3, MMSZATEE NG EHAm i B bt ORBEes, T2EIR)
XV AF LT, 121°C CHEALEE % L 7= Tryptic Soy &K L5 (Sigma Aldrich, Co.,
St. Louis, MO, USA) (Z St. epidermidis ##25 L, 30°CO4FXGAM: T ClRER# L
7z, C.acnes |3 GAM iRk (H KRGS E, SO ISR L, 7 xnm
Ny 7« COz2 (=20 ARk tt, HORH) 2 M7z 3TC ORGSR T TR
B LT,

1.1.2. St. epidermidis XV C. acnes b35 9 HIE/IE (microvesicles,
HE]

FHRWIR Z 5,000 x g, 4 °C, 10 7y OSMTrsim Alm Doy EE%  (CR22G

MVs) @

I, THEAR—LT ¢ 7 2R, B D) (2L, ERERE L, ik
N %, 100,000 x g, 4°C, 60 57 ] D 4 C iz L 47 BiEF% (Optima™ TLX Ultracentrifuge,
Beckman Coulter, Atlanta, GA, USA) (ZfftL, &FED MVs #1&7-, T D, [AIX
L72 MVs |3 200 L @ U etk ¥ sk (phosphate-buffered saline, PBS (—),
pH7.4) T¥EfE L, 0.45um DISMIC®Filter (Advantec®, 7 K37 v 7 B
b, HEER) AW THRI L7, MVs OX Uo7 BRI, vy migT vT
I (Bio-Rad, Hercules, CA, USA) ZE#EM'E & LT, DC Protein Assay ¥ v b

(Bio-Rad) % HWCHIE L7=,



1.1.3. Btk (St. epidermidis, C.acnes) & &k UEIUXMVs DRREFHIEREE
1.1.3.1. FZBEEFIEMEE (Transmission electron microscope, TEM) ¥
DEH

EiEk%Z 25% JVENLT AT N (BE7 4 v AR0EHERASH, KREUR)
(2T 4°CC 24 WEfIRITEE L7z, 30k 0.1 M PBS () THEH., mDIZTLy
RAERLL, 1% PUER{bA A R = ACCEE T2 BE%EE L, k% 01
M PBS () Tt %, 30%, 50%, 70%, 80%, 90%F L OMEKDZ T ) — /LK
2 T 20 33 OFIRICSTHAK L7, IRICFrE LA F A KT 30 43
M #it%, 50% Epon mixture (=% TR 12— BARIE, 51X %V T 100%
TR X UBIARIC 2 IREERE %, L, 60°CT 72 IRFHJEA L7z, 60~70 nm O
Y A ER, BRR Y 7 =—)L - fh0 “EE YA i L, HniE B
(Hitachi-7650, #RXEStEB N NA T 7, HAEHE) I THBIZ LT,

1.1.3.2. EEXREFIHEME (Scanning electron microscope, SEM) 3 D4E
&

TEM Bl22 L RAEIC 25% V2T LT RCHEELZEEEZRY-L-U ¥
Ta—bhLeh"—HT A EIZH L, BEE, PAITESYE - BMSEHE
BUE L RRRICAT o 7o, R LICRB 2 522 T, 77 F 7774 (Pt-PD) T
3nm O = — b ZFATHR, EEMEFEMEE (Hitachi-S-5000, #RASH A2/~ A

T7) ITTHIE LT,



1.1.3.3. E&EHAISEURLT=Ws OEBHNEFHEMES B D/ER
B2gg FYED OBEOBEE TR L7- MVs 1Z, TEM #8122 L [FIAEIC 25% 7L
ZATAFE FCHEE L, WICEY-L-U P Ta— kL& 3um OFY =

FLoE—X R T LT, DB, 1.1 3. 2 TH|ICHED TR LBIZ 21T -7,

1.1.4. St. epidermidis B LU C. acnes B39 L 1= MVs DI F&ZBE
I DA BRI TR L7 MVs > 7 L% 50 pg/mL IZAR L, MVs D75

7 1E#) % Nanosight NS300 (NanoSight, Amesbury, UK) C#1£2, &kl L7-, fi#hT

L, = OEEIZ XY Nanoparticle tracking analysis (NTA, Version 2.3, Build 0034,

NanoSight) # MW TIHERTIZEEN IR FORE X, REZET LT,

1.1.5. St. epidermidis &V C. acnes hi4ib L= Ws O£ —4 BfiLiflE
AIZEM) 7 AR NP200 (85~500 nm) (Fig.1-1) % gNano (A AU 74—
AR, BR) IZEEL, ¥rv VT L—va 7L CPC200 (A AT
T A=V RA) EHWTE—FEMORIEEZToTe, £O%, BBk T
[ L 7= MVs % PBS (IZ T qNano (2Bt L, B —X EBALOWE Z1T-

77’»’
—o



Variable nano pore (NP200)

; Pore si
y 9 4\ ore size
gz

\“ (85~500 nm)

Figure 1-1. Structure of variable nano pore.®¥

1.2. & B

1.2.1. Btk (St. epidermidis, C. acnes) & & UEINMs D REFIFER
548 L7z St. epidermidis 33 & O C. acnes 725 D MVs 4% TEM IZ THEIER L
7o EORER, EROERRE, VAR Y —2, PR OFER K OIREE) S D
MVs D53k fgsd L7z (Figs. 1-2,1-3), RIZ, MEKRDH D MVs 5336 L OV
DT BERIC LV [ L 72 MVs DJEREZ SEM I THIES L 72, SEM BIZR DGR,
TEM BIEZ2 D5 R & R, MR IR OAIEED D D MVs O3k fesd L7z (Fig. 1-
4A), [EY L7z C.acnes H12k D MVs (C. acnes-derived MVs, ELF, CA-MVs) (%
RKREIWLZEDLODENRHDHBLTH o720, St epidermidis H KD MVs (St.
epidermidis-derived MVs, ELF, SE-MVs) (% CA-MVs & iz L TR & S 3 )—T

H-7- (Fig. 1-4B),

10



1.2.2. St. epidermidis B LU C. acnes Hi4ib L 1= MVs DI F&ZAIE

[EIY U 7= &/ H R MVs @ SEM 812212380 C, EIRDHRIZ K- THI %
A XDFEWPHER S L7272, Nanosight NS300 % H W Chi£21E 21T - 72,
SE-MVs [£80 nm Z&'— 27 & L, FERi1482% 101 nm Th -7 (Fig. 1-5),
J7, CA-MVs (X 76, 135, 184nm @ 3 mill t'— 7 &£ O HPRI 14875 166 nm D
MVs T o7z, SE-MVs &l T 5 &, SFERFETIZ L5 FIEEDE VR H -

f: (Fig 1'5) e}

Cell wall -

Cell membrane

Ribosome

— Nucleoid

Figure 1-2. Structure of bacterial cell.®® In the bacterial cell, the chromosomal DNA exist
as the nucleoid unlike eukaryotic cells. Other organelle such as ribosome and storing
granule are surrounded by cell membrane and cell wall which acts as barrier to protect

them.
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St. epidermidis

C. acnes

Figure 1-3. Membrane vesicle secretion from St. epidermidis and C. acnes was

respectively observed using transmission electron microscope. Scale bar, 200nm. Arrow:

MV.
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(A) Bacterial cells
St. epidermidis

(B) Secreted-MVs
St. epidermidis C. acnes

Figure 1-4. Scanning electron microscope observation of bacterial cells and secreted-
MVs. (A) Secretion of MVs from St. epidermidis and C. acnes. Scale bar: 600 nm. (B)
Secreted-MVs derived from St. epidermidis and C. acnes. MVs were attached to 3 pum

polyethylene beads. Arrow: MV.
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St. epidermidis

18 |
1.6 F ||
14 [

1.2 |

n_a - | |

0.6

04

Concentration [ ¥ 10° particles/mL)

o2 H L

o l g e 2 3

(1] 200 400 800

Particle size (nm)

i6

14

1.2

08
06
o4 F

02 F |

C. acnes

135

b

200 400 600

Particle size (nm)

B0DD 1000

Figure 1-5. The size profiles of MVs isolated from St. epidermidis and C. acnes. Particle

size distribution was analyzed using Nanosight NS300 (NanoSight, Amesbury, UK).

Then, the record was analyzed using nanoparticle tracking analysis (NTA, Version 2.3,

Build 0034, NanoSight) to calculate size distribution and vesicle concentration.
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1.2.3. St. epidermidis B LU C. acnes M9 L1=MWs DE—4 BLIAIE
LT BRI K0 R L 72 MVSIRIR O 7 L2 ENE & i3 5 72912, qNano
Z W THIE 21T > 72, SE-MVS IR 74875 106 nm T, Py — 2 AL
—12mV ThHotz, —J7, CA-MVs [T K78 129 nm CTHH)E — & B
73 mV Th o7z (Fig. 1-6), FHIRIFFEA3 1. 2. 2 T Nanosight (2 X 2 HIiE &
[FIERIZ, SE-MVs XV & CA-MVs DIE 5 NREolz, £72, i MVs O TH
P —HBAAENDH Y, SE-MVs O — X BALOMHEIL CA-MVs & iz L

TKk& -7 (Fig. 1-6),

Particle size (nm)

50 100 150 200

-10 |
15 | '. * g
-20 |

=25 T

Particle zeta potencial (mV)

=30

-35
©® SE-MVs CA-MVs

Figure 1-6. Zeta potential and particle size of MVs isolated from St. epidermidis and C.
acnes. gNano equipped with NP200 was calibrated using CPC200. Then, electrical
potential at the slipping plane and particle size of MVs were analyzed using gNano (pH

6.8).
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1.3. & =

FeJE W IERE CTd 5 St. epidermidis 35 & U C. acnes D MVs 23 % fEsR 9% 7=
W, MWEAEEZ TEM B L OSEM IZTRIZE 21T 72, T OREE, St epidermidis 3
LU C.acnes & B2, AMIEEENDHAFT DX OIZMVSs B L TV D Z &M
R S 41, C.acnes 2> OB BIZE X7z MVs (IR E IR E72~7- (Figs. 1-3,
1-4A), F 7z, St epidermidis IZ— K6 —2D MVs Z3WT 5Dk L, C.
acnes [F— R BEBD MVs 25 L TWAH Z ERB L ER->7- (Fig. 1-
4A), 7T LEPEREE, MBEEEIC R WTTF R v EEAR LTS (Fig.
1-7), Fig. 1-3A |23\ T, St. epidermidis (FHfaBE NS5 K 912 MVs 2T
L TWDEDICRADD, ZRITOMELEEZ b > To~TF KT Y T 203
B3 L13E 22V, BESIE Cryo-TEM #i52iIc kv, 77 AGHEE TH
HA5EE  (Bacillus subtillis) 2SMIFAN CREAE SN R U 2T &0 HERRAE
DXTFRTY B UJBIZRERT, ZOREELTMVs BERINDZ &%
HAE LTS %), FhEE & FIRkZ A 1 = X LT & - T St. epidermidis 35 X U8 C.
acnes & MVs 2L, MWL TWDHDTIERW N EEZ B, 4 Cryo-
TEM 72 81 & » TE 0 FEIS 0B REIC DWW TIRGEES 2 L EN H D,

BHE DL, M HSRO MVS 13K E 239 400 nm PA R OERIRKL - Td 5 &\
9 Z EERLTWD B, St epidermidis 35 L O C. acnes ® TEM & SEM #1£%(C
T, SE-MVs & CA-MVs DRIV A RE W B 72729 (Fig. 1-4B), J / kL
TR AT b FV T MVs ORI ZHIE L7z, € OREA, SE-MVs 13 80
nm %t —27 L L, FERFEN 101 nm O¥—72/ M aTh -7, —J7, CA-
MVs (% 76, 135, 184 nm @ 3 fill ¥'— 7 Z RO FEIRI 1873 166 nm Dk 72

MEDERTH Y, MVs D SEM BIZEDB L —E L7z (Figs. 1-4B, 1-5),

16



FIRD SEM 1 X OV TEM B£212C, MVs 2SR & ffuaE 2 B L OBk S
N5 Z & aMER Liclo, MVs IEREICIZZHOMEHEITE S LI EARTE M
ET 5 R ST (Fig. 1-7), ZNOEAFEE X MVs R OB 12K X <
BG4 5728, Zetasizer Nano Z W THH L7z MVs OB — & &AL 2 HIE L
7oo EOFER, SE-MVs & CA-MVs D TE—Z EIZERH Y, SE-MVs D

Z BN DOHEHEDIE D DR E -7 (Fig. 1-6), A BRI DA HE A3 HE
42 &, RFRLEDORIERTRLS 72 0RO REMER S L D720, CA-MVs
£ 0B SE-MVs DIE ) WOHEDEHWEE LR Th b LEZ LT,

AREDERRT, KIEHELEE TH S St epidermidis 38 L O C. acnes 7%, 200 nm
LITFD MVs Z 53 LT\ 5 2 &R PR L OB —Z BALOEN TR L
2o B—ZBAREDFFEN D, SE-MVs & CA-MVs DIEICE £ D EARE
OFRFESCEN R D L EZ D ied, 5% 7 0T 4 — LMMRHT-CRESHAENTIC X
> TEYFEM7: MVs DR S OIS 2 MB35,

17



Lipoprotein Lipoteichoic acid

teichoic acid \

Peptidoglycan

| BE0RR799990900099
e | BEESEHRLARERE LY

Figure 1-7. Structure of cell wall and plasma membrane of gram-positive bacteria.3”
The gram-positive bacterial cell wall is composed of thick peptidoglycan layer,

lipoteichoic acid, teichoic acid and lipoprotein complex.
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%2EF St epidermidis ¥ Ws DRI & =R~ DEE

b M ORKONER & b IFEN D BE BITiE, 10°~10%cm? & DAL 5 %
RUTHMEL TS W, REFEM 2 LZEFIERFE TH 5 St. epidermidis 35 LY C,
acnes 1, FIEMRNOHWSNDEIEEZETHZ LT IR A LA~
fe, U/ —g, V) LUiEEEE UICEREIBNIRR A FEAE L, BOW OIS0
FRPEERET A RO b b OREHEFEMICHERFAETHD D, L, FE
R OB, EHREZE MW TRE AN THRED T TH D7 «
Z 7V > (filaggrin, FLG), 77> 1 (keratinl, KRT1), KRT10, v VU 7 U

(loricrin, LOR) DOFEHZMGI L, REZANY T 2T 586467 FUKFEO X
I IRIRIREPFAET 5 19, ZOEET N UERENWT 2 Miash I Ma

(extracellular vesicles, EVs) 73, ~ U AR JEHIIRICBWTT hE—0D X 5 7 i
JEREFRTDHZ LM Hong HICE W REN®, FIEEDO MVs 8 kDR fE R
U T RO D> T\ Z EMNEH STV,

ARETIE, HEORERBIOHBHERERREZ 6L, EIEL LTHMLND
St. epidermidis 237364 % MVs 1%, REAND THREZ LT 2 X O IEH 2R
FTOTITARND EAFEMRFLA LT, SE-MVs OFRE AL ~DEY iAA L,
B0 iAENTZ MVs BR8N 7 HERE EEIZOWTIRET LTz,
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1. REMHMEIURREE

1. HBaiEE

b AR (Human adult Ca?* Temperature cell, LAF, HaCaT #ilfia)
I%, American Type Culture Collection (ATCC, VA, USA) X W AF L7z, HaCaT
IO A{LEEER 221X, Dulbecco's Modified Eagle's Medium (DMEM/ HIGH
GLUCOSE, /vy 7 hA A % (1.8 mM Ca®), GE Healthcare UK Ltd.,
Amersham Place, England) %, fA{boRFFEE#ICIX, EpiLife™ medium (X7 /v
VU AA A PR (0.06 MM Ca?t), Thermo Fisher Scientific) % i 2 AW
T, 37C, 9BNZEX-5%CO2 Bt [ THi#E L7z, WissHilzIE, 10% 7 o ik Vi
5, 50U/mL-~<X=VU >, 50 ug/mL A s L7 h~A > (LLE Thermo Fisher

Scientific, Waltham, MA, USA) Z ¥ L7-.

2.1.2. St. epidermidis h\53ib LT= Ws @ HaCaT #ifa~DHE Y A H

PKH67 Green Fluorescent Cell Linker Kit (Sigma Aldrich, Co., St. Louis, MO, USA)
H1> PKH67 cell linker i & Diluent C iiZ & 1R4A L, 4x1078M O H a8 & 5
L7z, 112 HTHH L7 SE-MVs ik L FEOELEHRKREZES L, 25CTH
SYEEE LT-, ZD%, L8O 1% vimiE7 /L7 2 (Bio-Rad, Hercules, CA,
USA) Z i L oz 51k L7z,

LAB-TEK® II Chamber Slide (Thermo Fisher Scientific) (Z HaCaT #fifd (2.0x10°
cellssmL) % 05 mL#&fE L 37°CTH:®E L7z, = 7= Mg, LR MVs
Z 5 uL WL, 24 Wi 37°CTH:#E L7-, 24 FFRit%, Hoechst 33342 (Thermo
Fisher Scientific) Z #&J2 % 50 pg/mL, CellMask Orange plasma membrane stain

(Thermo Fisher Scientific) Z &N 5 ug/mL L7225 L9512, FRENT v
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W= T4 RHEOEMIZEHRM L, B X OMIRLRE Z 4ea L7z, & D%, Black Slide
Separator (Thermo Fisher Scientific) Z M\ T#H 7 A A5 A R%&478EL, ProLong™
Glass Antifade Mountant (Thermo Fisher Scientific) % A7 A NIZii F L72#&IC
IN—H T R e T2, J1/3—H 7 AL Covergrip™ Coverslip Sealant (= 2 E/3A
ARAZAL, ) ZHWTEE Lz, BIEAT A R, S0t BZ-800
(F—m AR, RIS (S TEIEBIE AT -T2,

2.1.3. St. epidermidis h533h L1= MVs RIFKI= & % HaCaT $IfAaD L@/ 7H#
D FOBEGFRE~DEE
2.1.3.1. £RNA Dt

HaCaT #ifa (2x10%cells/mL) 2 6 7 = /L~/LF 7 L — MZ 2mL " >#EfE L,
37°C, 95%Z5K-5%CO, Bgbi F ¢ 1 L& L=, £ D%, SE-MVs (R 10
F7213 100 ng/mL) ZEFHUZIRIN L 7=, R 72 KEfEiZ, 6 vV =L~V F 7L
— h%& PBS (-)C¥ei# L (0.5 mLx3[a]), TRIzol &3 (Thermo Fisher Scientific)
Z1imLInz, BV A7 L—"—THlifldZ Bl L7z, £D%, 7 v a kL ALz 200
uL Z iz, =O458E (8,100 x g, 15min, 4C) #17-7=, EiEZBIOF =2 —71C
BL2-7m/X ) —/1% 500l il %, 10 43[R CTHGE L T (8,100 x g,
10 min, 4C) %#AT-o7z, W%, XLy M 75%T %/ —/L7% 500 uL inx., 1=
L7 (5,000 x g, 5 min, 4C) #1757, XL v F%& 30 /IR T S,
DEPC water & 180 UL N %, TR & ¥ S ¥ 7z, fif#%, 10xBuffer 2 20 uL &
DNase % 2L X, 37°CT 1 KA > F =~— k L7z, 1 W%, BT ~U o
A (BT 4 v 2 FeMSER S, KIRIF) Z40 UL &7 =/ —/b-Z7 ariR
V% 150 uL &z, mOsyEE (13,500 x g, 5min, 4°C) Z4T1-7-, =%, b

HIZTZ ) —/L% 800uL %, =.04rHfE (13,500 xg,30min, 4C) Z4T->72, &
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D, XLy M 75% T ¥ J —/ V% 500 uL Iz ¥eid L, =058k (13,500 x g,
15min, 4°C) Z4T o7z, £ D%, ~ L v k% 1 KFH = T2 S &, DNase-RNase
free water 2 20 uL %, & RNAERY > 72 /ER-LT-, & RNARKY >~
JL® RNA % 5 % NanoDrop Lite 43060t (Thermo Fisher Scientific) (2 & v ]
E L, RNA BN 2 pg/ul 12725 X 512 DNase-RNase free water T /& 4 G %%

L7,

2.1.3.2. ¥EERG
High Capacity RNA-to-cDNA Kit (Thermo Fisher Scientific) 2Rk X412 2xRT
Bufeer (10 uL) & 20xRT Enzyme Kit (1 pL) %A SH72 RT master mix (2, 4
BN 20 L 12725 X 912 RNA o 7 (2 pg/pl d9& w4, 2.1.3. 11H) %1
UL, DNase-RNase free water # 8 uL iz 7=, ¥RIZ, Veriti 96 well Thermal Cycler
(Thermo Fisher Scientific) % F\ T, RNA 75 cDNA ~DO iz G i % 37°C T

60 70 (FHRBSR), 95°CT 5 4y (WHnGIEE DBVRIE), 4°C (Al TIT-o 7,

2.1.3.3. Y7ILE A LPCR

Power SYBR Green PCR master mix (Thermo Fisher Scientific) % 10 uL, DNase-
RNase free water % 6.4 uL, cDNA > 7 /Li&#k % 2 uL, DNase-RNase free water
T5MBMMLIZ 10 UM DB T T A ~— (X0 T34 TR, EEE, Table
1) #08uL Mz 7=b &k E L, V7L Z A L PCR G Z/ERL L 7=, Fast
Optical 48-well Reaction Plate (Thermo Fisher Scientific) (Z 20 uL/well Afv, 7L
— h % 48-well Optical Adhesive Film (Thermo Fisher Scientific) T#& » 7=, & D 1%,
Step One Real Time PCR System (Thermo Fisher Scientific) % F>C PCR & 1T

VY, mMRNA FEHLEZHE L7, PCR /4% Holding Stage ; 95°C T 10 47, Cycle
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Stage ; 95°C T 15 %, 60°CT 1% 45 %A 7 L4TV>, Melt Curve Stage ; 95°C T

15%), 60CT 147 & L7z, PCR #, WHMEHEE{S T % glyceraldehyde-3-phosphate

dehydrogenase (LLF, GAPDH) & L, Ht#& CiiEIZ X » THAMEREEIT- T2,

Table 1. Primer sequences for quantitative real-time PCR.

Primer sequences

Gene Forward Reverse
BLMH 5'-GGTGAAGACCATGGCCACAA-3’ 5'-AGGGCAGTATCACTCAGCCAAAG-3'
CASP14 5'-CAGCACCAGGCTGGAAGTCA-3' 5'-GCTGGATGTGCCCGTAGGTTA-3
CLDN1 5'-CAGCTGGCTGAGACACTGAAGA-3' 5'-AAGGCACTGAACCACATGAAGGTA-3'
FLG 5"-TCACGTGGCAGTCCTCACAG-3’' 5'-AGTGTCTAAACCCGGATTCACCATA-3'
HAS?2 5'-GGCATCAGATAATGCCACCAAAG-3' 5 - TTTCAGGCGGATGCACAGTAAG-3'
IVL 5'-GGCCCTCAGATCGTCTCATACAA-3' 5'-ACCTAGCGGACCCGAAATAAGTG-3'
KRT10 5"-ACTGATAATGCCAACATCCTGCTTC-3' 5'-GCGCAGAGCTACCTCATTCTCA-3'
LOR 5'-GGCTGCATCTAGTTCTGCTGTTTA-3 5'-CAAATTTATTGACTGAGGCACTGG-3'
OCLN 5"-AGTGCCACTTTGGCATTATGAGA-3’ 5'-CTTGTGGCAGCAATTGGAAAC-3'
TGM1 5" - TGGCCAGGAGYGYGAAGTACAGA-3' 5'-CACTGTTTCATTGCCTCCAATGTC-3’
TJIP1 5"-ATAAAGTGCTGGCTTGGTCTGTTTG-3' 5'-GCACTGCCCACCCATCTGTA-3'

2.1.4. H|EH0E
HEMETE, FRIHEHERRAE TR Lic, ZREM O IT Tukey-Kramer 74

(p<005) 2LV, TNENAEEDREEIT ST,
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22. % R

2.2.1. £ FREABICHBKRAD St. epidermidis 43 MVs DHELY) 5AH
IMEEBD IR L, #EEAT 5 HaCaT MR\ C, SE-MVs 73Rz 1 &
PERERE AT D 2O BB Z BT 5 72 DIITHIRIC B D IAE N2 < TE e B2,
% 2T, Bi% Hoechst33342, Hifufz CellMask, SE-MVs D&% PKH67
Green Fluorescent Cell Linker (LA F, PKH67) (2 CENEA LYt L, HOLEA
BRI CRBIZE LT, T ORER, HaCaT Mo AIRNIZ PKHET Ofkta Dt %
R MVs O SfEEfER L7z (Fig. 2-1A), £7-, ZWRBIEICB VLT MVs 8
HaCaT M O A i U, BREIAEL TWDH 028522 L (Fig. 2-

1B).
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(A)

Nuclei Cell membrane

MVs

(Figure 2-1 continued)
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(B)

Figure 2-1. St. epidermidis-derived MVs were incorporated into HaCaT cell. MVs were
labeled with PKH67 green fluorescent cell linker and cultured with HaCaT cells for 24 h.
(A) Fluorescence signal were examined by fluorescence microscope. (B) Three-
dimensional image. Arrow: MV. Nuclei: Hoechst33342, Cell membrane: CellMask

Orange plasma membrane stain, MVs: PKH67, Scale bars: 10 um
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2.2.2. St. epidermidis B9 L1=-Ws [Z&k B b FREALHEMK (HaCaT #
fa) DERE/NY) 7HEESFO nRNA REE T

b MNERIE, KTHEICHIEERE»D LEORRIE~E IV T A F R
FENEE D Z & THRILDEITT S 0, 207, BEEEAMRITE IS N
DANYT DAFT AL > TR FESND, TIT, DT TLAT PR
FEISFL T 5 56 TR 21T o 72 HaCaT il (RALE 7213 MA1Li%E HaCaT Al

fa) 12k LC, SE-MVs iz, KENY THEEEICBE T 500 DB s 38

N

FALIZOWTERN Y 7V X A A PCRIEIZTHRE Lz, TOREE, KAl
HaCaT AR B TRARMRIEIA T (natural moisture factor, NMF) & FEAE 2B 5-
95 FLG 1%, 100 ng/mL SE-MVs ZLFRIZ K - C 148 %12, 7 LA ~A 2 KfiF
%% (bleomycin hydrolase, BLMH) %, 10 ng/mL SE-MVs ZLER|Z X - T 1.65 %
iZENENEIM L., —J7, FL< NMFEAICBED > Tnd A —F 14

(caspase 14, CASP14) X, [fj SE-MVs BRI W TE (L L7ehoT-, AE
Ffa o 04 (cornified cell envelope, CE) 3 X OVEHIEAIZES 535 LOR, A
A2 U (involeurin, IVL), KZ > A7 4 37—+ 1 (transglutaminase,
TGM1) L OYKRT10 DFEFLZES L TiX, IVL @A 100 ng/mL SE-MVs ALEE |2
BWTSE-MVs RO 2 br—/L L biig L, 43LFFICHN L7z, BEES
RIS 2 A4 vy 7 v a7 1 (tight junction protein 1,
TIP1), #4277 1> (occludin, OCLN) L7 m—7 ¢ > 1 (claudin,
CLDN1) %, OCLN # X TF CLDN1 73 10 ng/mL SE-MVs ZLER|Z 350 T SE-MVs
RIWBEDa b —L b, ZRZE 168 1%, 164{FICHML7, e7m
UG RICEE D B v Ty e UG RkEESE 2 (hyaluronan synthase 2, HAS2) D%
FUZEA LTI, M SE-MVs LR EZICIH N TR L h o T2,

—77, A{bEEE HaCaT MlRIc B\ T, KRT10 23 SE-MVs KL BT (& 1704
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IZABEICEINL, FLG, LOR 3 X OVIVL 28 10 ng/mL SE-MVs L2 BT,
SE-MVs RALFED = hr—/L LI L, ZZi 1.62 %, 1.851%, 1.80%IC
N L7=, FLG, LOR, IVL 3 X UNKRT10 LISMOEIEF-ICBI L Cix, &AL
REICBW TS AEICEE TR M L) > 72, SE-MVs LB Z L 72 K
b3 L OMA{LEHE HaCaT Mifld Cix, Hl L TEREAY 7 (frie) (25325

FLG B L ONIVL OFE B H#IN L7~
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(Figure 2-2 continued)
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(B) 1.8 mm ca?*
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(Figure 2-2 continued)

30



(B) 1.8 mm ca?+

(A) 0.06 mm ca?+
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(A) 0.06 mm ca?* (B) 1.8 mm ca?*
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Figure 2-2. St. epidermidis-derived MVs (SE-MVs) upregulate moisturizing factor gene
expression in HaCaT cells. Cells were treated with SE-MVs (10 and 100 ng/mL) for 72
hours and cultured medium containing (A) 0.06 mM or (B) 1.8 mM CaCl». Quantitaive
real-time PCR was performed for FLG, CASP14, BLMH, TJP1, OCLN, CLDN1, LOR,
IVL, TGM1, KRT10, HAS2. GAPDH was used as an internal standard. Data represent
the mean + SE and statistical analysis was conducted by a Tukey-Kramer test (n =6, p <

0.05).
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23. & ¥

MIEHRD MVs X, BRI O3S s =7 Y Y — N EFRIERIS,

e, X278, IBEEVST-WEEZET D, MVs NaWE DR K AL
AT SN DOFEEZE KT 720121, MVs BE DSHIIRNIZEY IAE D F 72 i3H
EREIZH DZREIAEET H2HLERH L7, SE-MVs DR EE %A PKHE7 (2
L0 HOGAERR L, HOCBEMEE T CBIZ L, T ORE, HaCaT Aifaofiamic
PKH67 IT & » Thka D & 7~ 3 SE-MVs O SEE TR L= (Fig. 2-1A), &
52, ZRITBIZRIZE VT, SE-MVs 2% HaCaT flila O AbIai 4 @i L, £
(AL 5 Z L aBlEZE Lz (Fig. 2-1B) . AlEl, AHRRPNICER Y A £h7z SE-MVs
ISR EE % baob A R LTV A Z E D, HaCaT Afd ORI & MVs il
WG LB COMBIAN~DOR Y ALK TIE2R <, = R4/ h— (T X
S THEREE ZRFF LA GAINICIR D IAENTZ & B 2 bz,

b FORBUL, & TENOEERE, AEE, BRERS X OHEREO 4 ED
B D, REIEBICIAET D IREHIIE, EREREZN L CERICHFET ST —
FolittELTEY, AEARASOMAEOEFE T KRTL X KRT10 & Vo 72l
EHAEM D F I F U REAT D, FO%, AN TIPL, OCLN LW
CLDN1 & W o7/ FIC K W EEBRG ZRD, T u7 477V G 25
koo~ & ka9 5, € L CTHAMRIZTCGM IZX Y LOR BL TV IVL 72 &8
BIGETHZETCERBRL, 7 I F UL & bICAEME~L AT 5,
TR E L7 a7 4 7 7 ) 3 ) U EREIZ X Y FLG 120 iR S,
CASP14 =° BLMH DIEH #5217 CTHERE g <, KRNV T (RIE) 7T
NMF ~& 3 S5 (Fig. 2-3), AREIZIBUWT, SE-MVs 23R E A LAl
VIAEND Z L EMERLIZDT, SE-MVs BNELZ AT VIATNDS Z &
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T, EROXIRREE N THREA D 4 T OBIB FREO R BB ZFHET D
INERRY TV H A L PCRIBICTRE LTz, DR, KA HaCaT Mifuil
BT, NMF EAICEE S35 FLG 3 XUV BLMH D388 SE-MVs LB IZ L >
THBIZHEIM U223, CASP14 OFBUIZEAL Lo Tz, AEMA AT 5
LOR, IVL, TGM1 ¥ KT KRT10 (%, IVL ® A7 100 ng/mL SE-MVs ZLEEIZ I\
T, 4A3LFFICHIN L7, #AEHSICEP S TIP1, OCLN ¥ LT CLDN1 TIE,
OCLN 3 £ Y CLDN1 7% 10 ng/mL SE-MVs ALERIZ BT, £+ 1.68 i,
1.64 fE5ITHEIN L7z, HAS2 O3 BLIZBI L CILi SE-MVs LRI |25\ THE
IZEE L2 o7 (Fig. 2-2A), —75, fA{L#%E HaCaT Ml TlE, KRT10 DX
iy SE-MVs ALBRIR FERAFAYICAZIZH N L, 10 ng/mL SE-MVs ZLEEZ L > T
LOR B LTV IVL OR BN, < 1.85 %, 1.80 fZi2#mL 7= (Fig. 2-2B),
F 72, FLG % 10 ng/mL SE-MVs ZLER|Z K-> T, 1.62 fFIZH#E L7z, SE-MVs 4L
HIZX Y, RAMLSLOMAEEE HaCaT Ml 3@ L€ FLG B LTV IVL D%
BLOFEREMZ MR L), BInFRIOHEMA A B D SE-MVs LB L
XENENR -7 (Fig. 2-2A,B),

AREOEBFER IV, St epidermidis 23739 2% MVs X, MVs R & (rFF
LTcEFEF s R A b= AT X o TREAMMIIZEIR D AE N, REANYT

(RiE) ZH 5 FLG B L WNIVL ORBLAZABITHMISELH 2 LT, REANVT
rEmbbHEHERINT,

SE-MVs @ HaCaT Ml ~DH Y IAAFEERIZIVNT, MVs OIS MR- Tz
REETHIRIZIRDIAENTZZ &b, = R A b= 2L > T MVs 23
VIAENTZEHRZLTWDN, %= R A F—T R X H/lEN~DERY
ABFERAHEET DO, Z7arravPuR0F A AFZF Lol R
YA b= AHEFERZ AT MVs OB ALY T 20852 FETH
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%o FT2, MVs DELY IAHZFEERIZIB\NT, SE-MVs & ARHFIE TIXEHE HaCaT #
HEZALER U 7228, FeJ8 BICAEAET % St epidermidis 2370695 MVs 235 B f1b
AR BIET D72 OI121E, MEMRE ZOJEDEH 2 AERR D IC L > THRES
NTWAAEREZ®EE L2 HIER570, ZORIZOWTIEE M =R
EERET LA HWT, MVs 2SAEE 28l LR AL EI=ET 2 0 e
HTZ DTN,

FEBTHEOTERY 7V A L5 PCRIZEBWT, AIFIETIL SE-MVs ALFE%
72 REIME DOBAR T RBL L~V 2 g8 L7o2y, BRI L > CEIE O BlLE
WEAC LTZRER DG D70, R BB B2 b G o B R & 5,
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Figure 2-3. Mechanisims of keratinocytes differentiation.’® The epidermis is generally

consisted of four layers, stratum corneum, stratum granulosum, stratum spinosum and

stratum basale. While keratinocytes stem cells in the basal layer move upwards, they

produce proteins which are crucial for maintaining healthy skin.
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BIE HREEEFEBRE/NMEOREMBEADEZE

t NOREICIIREAEIER L OBEEEGICL DREERORA LRI N T
[Nz C, REAME, BRRBE O~ 07 7 = I2 L 50EFHNY
THFAET D 9, REIAFAET DBPRMIIL T o Z v A e L MpiEd, @
W, ORGP U CEET 528, BHRZERIC X 2 HUR O R Al
HRR2 B W SN DA A AT K0 bR~ & b L, T Mzt
JFHRREAT O 2 L TRFTRMIELZHFET 5, £/, v7 77—V bEHKH
fa & kR, WEAEZERE L THRICHURERZ T2 L e bI2, A1 MM 0F
L O —#{t%E# (nitric oxide, NO) DPEAIZ L W IRIFARDPERR 1T 9 39, &
HIT, SRIEFALICHERE LI RS BRI £ 72 id~ s m 7 7 — 2o d 4 2
ETCIBLRDRIENGIZTEHZ S D 40,

AIEE RO MVs 13, fiialkds L OSllalE 2 #8m L OB S, <XT7F K7
Dby, WX RTE, FElRE L Wolehiile L TR SN DR 1 & Bk o
REFL TV D LHERI S LD 720 4192, HEE FR kD MVs A3 Saisflifia & B2l L 7=
BRI, RIEZSIERTARENS D EEZXD, Lo T, MEHKD MVs
ALNERL M & LTRIAT 258, MVSs 23R 722 5o RAESOG 27558 L7207
LEMEDOHENOHERT DNEPHDH, ARETIE, YVARI/uZ 77—V ThD
RAW?264.7 ififiel & #HRIa /b RE 2 A4 2 THP-1#ild 4 H T, C.acnes 5 &

U St. epidermidis 23773 % MVs (2 & 5 FE KOS D — I DWW TGS L7,
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3.1. RBMHELURRAZE

3.1.1. RAW264.7 $MBEICH TS St. epidermidis EX TV C. acnes hi5ibh L 1=
MVs RIKIC &k B2 —BRILBRELERE~NDEE

RAW264.7 #llfg (2x10° cells/mL) % 24 7 =)L~/ F 7 L — KZ 05mL >
R L, 24 FRESEE L=, =D, St epidermidis 35 X O C. acnes 13D MVs

(#&JBJE : 12.5, 25,50, 100 38 L8200 ng/mL) %457 = )LICHRIN L, 24 W]
W AEAT 572, BEPEXHIRIZIX LPS (&R EE: 200 ng/mL) & IFN-y (K&JRJE: 25
ng/mL) Z¥NL7-, %%, RAW264.7 #AEA L= NO 4y i ¢
b HAgEE (HNOz) % Griess i3 (Promega, Madison, WI, USA) (2 L 0 &
H, 7L— kU —%— (Infinite M200 FA &7 ¢ L ARDEMZEE S, K
BORF) &2 HWTC, 540 nm iZE 1T 2L ZRIE L, [AIEERIIC NO EEAE & 2l E
L7,

3.1.2. St. epidermidis h353iib L 1= Ws O#RMREME~DRE
3.1.2.1. HERRBEMEY Y TILORR

THP-1 ffifd (1x10% cellsimL) % 6 ¥ = /L~ /L F 7 L — KNI 2 mL o8
L, 2RfA ¥ ax— kL7, Z0O%, SE-MVs (KR 10, 25, 50, 100, 250,
500, 750 35 L 181,000 ng/mL) &4 7 = VICEIN L, 1@EMHREE L=, BEtEx iR
IZ1%, GM-CSF (Shenandoah Biotechnology, Inc., Warminster, PA, USA) #&J& &
100 ng/mL, IL-4 (Sigma Aldrich, Co., St. Louis, MO, USA) #&JEJE 200 pg/mL %
5 HHRE L, 5 H#IZ TNF-a (B 7 4 v afatl, HAUHD #&IREE 20
Hg/mL 2 & 522 HREJRIM L7-, 8%, PBS(-)THeE L (0.5 mLx3[A])

2% protease inhibitor, 2% phosphatase inhibitor (L_I= Roche Diagnostics GmbH,
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Mannheim, Germany) % & ¢ RIPA Buffer (25 mM Tris-HCI (pH 7.6) , 150 mM
NaCl, 1%NP-40, 1%sodium deoxycholate, 0.1%Sodium dodecyl sulfate (SDS) ) T
AR 2 i U, (B L 7o AR AR i 1 30 49K B CORAE %, M8 S Il 2
VT (10 Bbx3 [8]) Ak L7-, Alfaf#%, 13,500 x g, 1547, 4°CIZ Tl
SEEL, EEEV AR E LTCEIN L., o TAERIRE D& N B R
FEix, v vamiE T V7 2 > (Bio-Rad, Hercules, CA, USA) ZIEHEME & L C,
DC Protein Assay %~ k (Bio-Rad) ZHWTHIE L=, ¥ /37 REZHREL
Te U TNVEIRIT, 10% AN T S22 ) — ) Gieh TNy 77—
Z, B COLEMETTEMMEL, SDS-ARVU T 7 VAT I KT IVERIKE)

(SDS-Poly Acrylamide gel Electrophoresis, SDS-PAGE) ik 7 v L L7z,

3.1.2.2. SDS-PAGE

IKEMEIZ B Y R BB LR 727 ULV T 2 R V&Y b L,
Pk# /3 > 7 7 — (Bio Rad, Tris/Glycine Buffer) Z Ik Eii# D) 3 /3D 1 £ TANIZ,
FADKL— 1212 yb (¥ 2787 & : 20 pug/Lane) T 2% 7%, ol A
LWL —N3ERmD X NI B yE~——%7 774 L, 125V, 90 5T
KENST D Z LIRS T NDZ R Ex il LT, KENE, T A7 11—k
MO NVEEERICHL, RERREWS AV ZOVIRY, TayT 4 7Ry 77—

(Bio Rad, Tris/Glycine Buffer 10%, A % /—/L 20%, #EffiK 70%) (232 L7=J&

WD B~ LT,
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3.1.2.3. xRA4YIAYTFaY
A 7 L (Polyvinylidene difluoride, GE Healthcare UK Ltd, Amersham Place,
England) %, A%/ —/Z 20 R L, BIAKILLER, 7oy T o TNy Ty
—WZR LT b LT, ey T 4 IRy Ty — KK PRBIAFET AR
VELMDTNTEN 2 e —flL L, Rk 2.1.4.2 THOD SDS-PAGE #1T > 77 /L
EAT VBRI, Ta T 4 TR Y MR, KK T LR 5 60V,
90 /3 C SDS-PAGE IZ L o Tl LT=Z v RU B R AL T L UERE LTz, 55
%, A7 L% 5%NifER L (Difco Laboratories Inc, MI, USA) &/ K U A kE1H
AR (T-TBS) WRICIR LTI ry ¥ 72 To7c, 7Ry F
JH&T 1%, T-TBS THEv#% (10 43x3 [A]), CD54 (#4915S, Cell Signaling Technology,
MA, USA) I X O B-actin  (#4967S, Cell Signaling Technology) 45 Ff— R HLIARVE
R (FRfE=E 1:1,000) (212 LT, 4CT—BpkE L7z, D%, T-TBS Thtk4
(10 43x3 [a]), B%MAEMFL & A T-TBS HikIC L W AR L7z R FUA (Enhanced
chemiluminescence™ (ECL) Anti-Rabbit 1gG, Horseradish peroxidase linked whole
antibody = 72 1% ECL Anti-Mouse IgG, Horseradish peroxidase linked whole antibody,
GE Healthcare) (F7Rf%=R 1:10,000) (Zi2 L CTHON L Ref#RE L7z, T-TBSIZT
etz (10 73x3 [5]), ECLPrime # a4 (GE Healthcare) T 5 474LEL L, iBright

Imaging Sysmem (Thermo Fisher Scientific) THiH L7-,
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3.2.% R

3.2.1. St. epidermidisB LY C acnes i Ws RlFIZLkD<THR<THOD
7 —UFkHlRa% (RAW264. 7 #HRR) ICHITH—BILERELRE~DEE

~ 717 7 — UL LPS 72 EDOWUEM RS ORI K - T, Toll-like receptor

(UAF, TLR) ZIr L7y 7T MniEZ R CNO ZEAT 5 2 & T, WEEIC
xf U CAEMRBIE G 2~ d 9, ERN D AWS LD MVs IZ1E, BRI SY 23
GENTVWAHETHREND D, ~7 07 7= IC KD RERIERISHEE 5
TENHERESND, €I T, MVs O~ DISHZ RIS, MVsIZL D~
7 a7y =V OREINE LUV & RAW264.7 Mifas bR S D NO D4y fiRi:
R Cd D HiREEE (HNO2) % Griess s8I L 0 e &1, [MHEIZ NO A
BAMET D Z & THET LTz, TOREE, C.acnes H2k MVs Z R0 L 7 #ilfie
1%, MVs KA O & il U TR T MVs Z > 37 2 1,000 ng/mL (2350
T 146 5 Toh o7z, SE-MVs U L7 lifai, ARLPRMIL & it L TRART
MVs % o237 2 FE 1,000 ng/mL (28T 453 (5 Th o7, i ARHEE MVs
(X, LPS 36 KTV IFN-y Z )02 b 22 508 SO 28 51 & il Z S U7z B5 M Eoet FR & B
LT, KBTIV NO EAFHERTH D Z LM LT (Fig. 3-1) .
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Figure 3-1. The effect of C. acnes and St. epidermidis-derived MVs on RAW264.7 cells
nitric oxide (NO) production. Cells (2.0x10° cells/mL) were treated with both MVs
(10~1,000 ng/mL). LPS (200 ng/mL) and IFN-y (25 ng/mL) co-stimulation was as a
positive control. The concentration of NO in the medium was analyzed as nitrite using a

Griess reagent kit. Data represent the mean * standard error (n = 8).
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3.2.2. b MEiBkgikHERatk (THP-1#ERR) ISHI1TS St. epidermidis I’53ib L
= Ws FlIZ&k 5 CDo4 D2 Vi) BORBREI

b NHERTH D THP-1 MBS E A E M (C il 5 &, T M oiE L
(2% 592 iy 7 CD54 33 L 1N CD86 MFE IS LF- L, AL~ &
mMb9 % (Fig. 3-2) , £ Z T, SE-MVs T X% THP-1 Mo R b~
BT HERT D720, BRRMI~D5 b~ —A—T&H %5 CD54 D F /37 FEHL
DENE T T AL T ay MECTHF L, ZOE, GM-CSF, IL-4 B XY
TNF-o TN BRI~ & b SH 2Bt 4 & belg L C, SE-MVs (&
JRPE 10, 25, 50, 100, 250, 500, 750 ¥3 & OF 1,000 ng/mL) = ¥shi L 7= THP-1 ffifia

Tld CD54 DOFREFHGIMAS E DWFRIE T HHER SN2 o7z,

3 "o 49“ BCRNEEE] 5 days : j 2days
Po g e CX) \
88 P o » Q@
O.0/" 4 %0 N.g ()
0 o & R
o 5 O
0 o O uvo © g
o 90 o (‘;’0 o
; R0 o (_‘ 0'a
e oY el GM-CSF
o *0ik TNF-a
- IL-4
monocyte immature mature
(THP-1 cell) dendritic cell dendritic cell

CD54
CD86

Figure 3-2. Dendritic cell (DC) differntiation phases on THP-1 cells. Cells were treated
with GM-CSF and IL-4 to acquire the properties of immature DCs. After treatment for 5
days, immature DCs were treated with TNF-a for 2 days to acquire the properties of

mature DCs.
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Figure 3-3. The effect of St. epidermidis-derived MVs (SE-MVs) on THP-1 cell

differentiation to dendritic cell (DC). Cells were treated with SE-MVs (10~1,000

ng/mL) for 1 week. GM-CSF, IL-4 and TNF-o were added to generate mature DCs from

THP-1 cells as a positive control. Cell lysates were separated by SDS-PAGE and

expression levels were determined using western blotting. 3-actin was used as a loading

control.
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33. &F =

t FOREIIHAEN L WS TRFEMRAT L &, w27 u 77— IR
faz i & L7 BRRENME <, BARMEICIT TLR MRS EE L TR, WA
WSRO 5283 5 2 & TRIEMY A M A L ORBUCHETH 7
FIRET L2 ERMbN TS Y, v/ n 7y —VTMlaEEIC TLR4, TLR2
FEFBBLL TR D, bR r T At R OMInEER ) 2 78505
THZLETNOBLOYA M UA L Z2EML, WEARDIEERICHE > SRAE A Ak
3% (Fig.3-4), L22L, WEIZRKIEILER A BE L, RIERTTOKE
NEFIL T S5, 2T, RAW264.7 M, M5OI/ % &
B ZHID MVs OEE, JHE7Z NO EEAZFH R T 20 Lz, D
A, C.acnes 33 & O St. epidermidis 2373 Wsd % MVs 1%, RAW264.7 fif s
T, LPS 3 L OVIFN-y 0L & 0 Bl 72 MExt B o X9 70l 72 NO
PEAEZFHH Lo 7 (Fig. 3-1), WEKL R L7 T LGMERE ToH 5 FE

(Bacillus subtillis) 1%, MANTEALZT R 2L HIREED T T
N7V R EBT, ZOREZELETMVs 2T 2 & OWERH D
3 L7=M-T, St epidermidis <> C. acnes D43 MVs O3 (2 1M1 H R
DOHIFEBERL 77 % 2% < G N2 T2DIZ, RAW264.7 HIfEIZ R B2 TLR1/2 £ 7=
13 2/6 1IZRRFR S S < <, IERIZR NO EEAEZFB T LR o 7o D TIXZ & HE
sga3nik,

W, ~z7n7y—VELRMRICEEMZRL, T~ LR 21T O 1
AR X5 SE-MVs D282 it LTz, HUREER ZVEFITAT 5 AEVERIRH
felix, GM-CSF <> TNF-a & W o ToRIEMEY A F A I Ko THERD & AR
KM 28 Tofkd % (Fig. 3-2) . KRIERATIZE T ZBHKMILOIINE S 572
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HRIEZL T2, MIEH RO MVs 23 FEER O BRIRAAL ~D 3t 2 358 5 7>
MR Uiz, —fRIS, HLERD O OBPRAIRA ML O IE, MbilfE TEFEET 5
CD54 3 L TNCD86 ZHEiE & LT m—H A b XA —&—TNT % KRR EM:
#XB% (human Cell Line Activation Test, h-CLAT) 2365 %9, = Z Thhb
E, 7a—%A M A= —FH7RWFEE LT, SE-MVs I X 5 CD54
DRBEDOEE T = A Z Ty T 4 o 7ETHR LTz, TORSE, CD54
DIEBLNTRTD MVs LR FEIZ IV THERB S vz v - 7= (Fig. 3-3),
KREOFEBRFEERE LY, SE-MVs lZ~27 1077 — 26 LT, D 10~1,000
ng/mL OFiFH CiE 72 E G a 5 S Z X9, b MHEEROBLRMIR DL E T
BLRWIZ ERHALNE RS T, KERICBWT, B FHEERICK LT MVs &
AT DI LI I X B BE SR T D 7280 (Fig. 3-2), AREVERIGMIGIC
MVs Z 2 7o BRD A EIZOW T bR T o LER DD, £7, REZALM
Rl IR A & Befk9~ % &, wRikMlao s bic 53254 2 —m A %21 (IL
1) a®°TNF-o & W o7eth A N A U EJWT 5729 ), SE-MVs % K EZ bl
M T2BRIC SN A M A OB T HRTH D
EH TR EHERT DT DITNETH D,
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Figure 3-4. Toll-like receptor (TLR) signaling pathway.*®-% TLR plays a crucial role in
innate immune response which is triggered by bacterial components. Gram-positive and
negative bacterial stimulation through the TLR2 and TLR4 respectively induce

inflammatory factor production such as cytokine and nitric oxide.

47



w &

b hORKOMES & bV b D EEIZIE 108~10%cm? & O FIEE N FE L T
BY, REEFECLERAIRBFIETH D EEZEZLNTWDN, KEFEIER
OFNTIE, HET FUREO X 9 RIREME L R TEMFET D, T, Z0OH
7 R UERENSWTH MVs N7 hE—D X ) R ERZFIEEZT LD
WEN S, HAEREHRD MVs NG 7R OHIENIRE G2 2 &3k
HINTWD, KRIFETIE, REE LI OEEBIEERE & W EOREMEE D
7O T HREHERERN D OWSID MVs 1%, REANY THEZRILT 5 X957
TERZRT O TIER O EAEERGRZ LT, MVs 23 52 & T8 5 MRS I XX 35
BE e LT,

F1E REFEFESHER/NMIOEIRER/MAOHEBRE

BEETIT, 7 hE—0E ICB S35 S aureus RSHFIRE TH 5 C. acnes
E Vo T R EHETERE O MVs WIS STV %238, St epidermidis @ MVs 43
WA OWTITIAE 2 72V, F ZC, St epidermidis @ MVs 23 % Ll g & L
T, BEICHENH D Coacens £ & HiZ, TEMBLXOSEM ICTHIE LT, D
FER, WA OMBEED S 2T 2 K 912 MVs BB S 412 D2 iR LT,
B AR 5 0O MVs D53 g Lz 7=, MR ROEEE LiE O im0 B
EIZ XK > TR L 7= MVs &, SEM I3 X O Nanosight |2 CHERES2AURF 2 BIZR L
72 SE-MVs % 80nm # & — 7 & L, FEHRFEH 101 nm Th-o7o, —7H,
CA-MV s 13 76, 135, 184 nm @ 3 fUZ t'— 7 Z £ ORI 1-£87)5 166 nm D

MVs Th Y, SEMBZEIZBWTHIZTHLDOXD MVs AR L7, MVs O
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X, BRI E> TS ESEREGHEPMAPAEND L EZX DN, £ b
BAEFE X MVs IREHE OBMICKE < 535729, gNano 2 AW TR L 7=
MVs DY —Z B2 WE LTz, EOREE, SE-MVs & CA-MVs D TE—Z &
PLIZZENRH Y, SE-MVs O — X BALOKMIHEDIE 5 DK E o772, CA-
MVs L 0 & SE-MVs DT 5 N BEDEWLE LR Th b EEZ DT,

®2EF St epidermidis ¥ Ws DRI & =R~ DEE

B RO MVs (X, TERGOBFE TR, Z " BEBLOREREZANEL
THEY, TNLNUWE & 5ZE SV 0084 517 2 LS h
%o SE-MVs HIAERIZ, WS 2 WE DB OEE YRR I 8 2 K IF
F2DIZlE, MVs HEDSHINICERD IAEFNDLERH D, £ T, SE-MVs
DI Z PKH67 |2 X 0 #OEY 0 L, HaCaT A~ E Y AL % 8 JC B EE
(CTBIEE Lz, SORBAMERIC & 2 = WROeBIZE ORI, MVs 23 il 2 it L
BREICAIET 5 2 & 2B Lz, MENICIVIAENTZHZ S MVs OB
KiIRICHER SN2 & D, MVs BT YA b —3 A2 K - TS 2 %
ST EEFMBBAICIRV A EN T EHELE STz,

WIZ, BWVIAENTZ MVs 23 B ETEFEYEREREICB 59 2 0 F OB In B
LIS RITT 7, EERY T2 A L PCRIEIZTHF L-, A{bRFHY
HaCaT Milaic s\ T, £E AU T (fRIE) %49 FLG, BLMH B LT IVL (IZ
Iz, #wAEBEEICES3 % OCLN 35 X U CLDN1 D& - R B O & A2 N 23
Roile, —7, A{tikE HaCaT MilaTlx, Ak RFELIE L TFLG B &
O IVL OB FREIDNAZIHEI L7z,

AKEOFEF LY, St epidermidis 2353795 MVs |, = KA h— R(Z
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K EREEE R L SR AMMIRIZER Y AEh, £V T (Rig) %
9 FLGEB X IVL OB ZAEICHENES TS 2 8T, RN THEZED
HEEZ BT,

FIE HRREEFEDRM/MEOREMBEADZE

B RORKIE, AEEBIOEEESICLED AN TIIMAT, A{bHil, #
WSS KO~ 7 v 7 7 =D KD %ENY THREET D, T b Rl
I, MR 2Rk Lo N B 2ol S 29720, MEHRkO MVs & 8l L
BRI b AR R BN ENFESND EEZBND, T2 T, KEFIERE bk
? MVs DfbFEi I LOEELA~DISHEZE 2, RAW264.7 flifats L O THP-1
MR 2 AT MVs 2RI 72 e SOR 2 B3 LRV a st Lo, T OfER, C.
acnes 35 & O St. epidermidis 23534 L 72 MVs |, RAW264.7 ffifdiZdNC, LPS
B EOVIFN-y 2N 2l 722 0 2 SOG 13 5| &k Z ST M oo X9 72 NO pE
HExiHEFE Lo, £ LT, THP-1 Ml SE-MVs Z Nz 72 & 24, BRIk
far it~ —7—"Td % CD54 DFEHIENNHF~ T OMBR FE THER S L7205
722 &b, 10~1,000 ng/mL DI FEEIIZ ISV T SE-MVs (3 HLER D RER e 531t

BHZIpWEEZ BT,

mhm

e
INLDOFERLY, SEEMVs lZ~v 7 17 7 — U2k LT, A 10~1,000
ng/mL D#LPH TRl e fefE SOz 5l e 2 &9, HEROBRRMIa M 2355 L

RNZ END, ZEMEPHER SIS K OERL~OICHRE 2 b
72,

AAFGERERT, FIEHAEE & B & O A BRI W TR/ NatgrED) o 7
H—F L7oRric il &, AWBESh, BEIEG P EIZI T 208 LV B TE H SR A
~OBAFIZEHERT 2 AR 2 ERE L THIRFTE 5,
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