pISSN 1226-2587
J. Soc. Cosmet. Sci. Korea eISSN 2288-9507
Vol. 47, No. 2, June 2021, 171-178 http://dx.doi.org/10.15230/SCSK.2021.47.2.171

il el A

il

TrAF LEcHIXI 22| mF &Y M =3

SR TE Y- X

Fto] 2.4 54

(202149 49 299 A<=, 20219 69 39 44, 202149 6Y 139 A=)

Skin Barrier Improvement Effect of Exosomal
Nanovesicles Derived from Lactic Acid Bacteria

Hyesoo WangT, Kwang-Soo Lee, and Yong-Won Kangﬂ

Biosolution Co., Ltd., 804, Seoul Technopark, 232, Gongneung-ro, Nowon-gu, Seoul 01811, Korea
(Received April 29, 2021; Revised June 3, 2021; Accepted June 13, 2021)

2 O 2 Aol AL ZRulo| 28 A fol AhE SA Uieu A 2L Belaka, mol et ol 74 e ek
S Pty T Zulo] QE A 9] 3t E91 Lactococcus lactis subsp. lactis (LL)S vl 11921 7] 2} $Fe] o
THE B3 70 ~ 200 nm LAE ZE LL o A2F A A A2V S BB he %3124
A3} 1.81 X 10" particles/mLZ et LVsE A-Fob| o} w28 A Lo A 2)ste] ujit 53} ] 7 Alw}
#E 55 A A Al frobAlazel A fibrillin (FBN1) §-42; @ gFo] 23%, ¥ FZPAA| 2 A fibronectin
(FND ¥} filaggrin (FGN) A%} W@ o] 2+2 65%, 400% Z7Fch. 183l ZHA 3 d5-2 2o tiH] 30%
S7hehe EQld 4= Al =3, UV AR 9B 2o LVsE AP 3S W collagen type I alpha 1
(COLIADO] T2 tju] oF 83% F7loh e woizsich oA Zeulo|oEls o) Aud 4 vhic]
AZE Y AT BRste] SFE U ooFE AR o] & ¢ USE AP

Abstract: In this study, exosomal-like nano-vesicles derived from probiotics were isolated and various physiological activities
were evaluated on the skin. This study show that Lactococcus lactis subsp. lactis (LL) are incubated, and then isolated
LL derived exosomal nanovesicles (LVs) at the range of 70 ~ 200 nm by high-pressure homogenizer and ultrafiltration.
The vesicle numbers were an average of 1.81 x 10" particles/mL. This study finds out the bacterial nanovesicles’ beneficial
effect on the skin. Fibrillin (FBN1) gene expression increased by 23% in fibroblast cells. Fibronectin (FN1) and filaggrin
(FLG) gene expression increased by 65% and 400% in keratinocytes. We could see that cornified envelope (CE) formation
ability was increased by 30% compared to the control group. Furthermore, collagen type I alpha 1 (COL1A1l) protein
expression increased by 83% compared to the UV-irradiated control group. These results suggest that LVs could help
skin barrier improvement and used as an ingredient for cosmetics or pharmaceuticals.
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sEnjo] QEAL AL Sl ofehs 30| ehelolR 1965
1 Lillyo} Stllwellof] 2Jal} 212 ZJ2=I94Ei1]. 2002'd Food and
Agriculture Organization of the United Nations/World Health
Organization (FAO/WHO)OA “2d3t oF& FFhe o <5
o ol 2ee i Holglis nAE R Holgic. mau}
oloEle] FREl T fAkgo] APt glom, 7K
B LS AJ5lat Qs kel el lacobacillus spp)
I} vzl Bjul=E|eRE: E(Bifidobacterium spp.), TEIT
2 S(Lactococcus sppy5o] EFEICk olejgh Tzulo]
Yoo Wy 29 9 okzv], Ay, 1EL AN 5

[e]

tjokel 852 72F= Aow Hugitl2-5]. 3] Lactococcus

lactis®] 745~ A& = FEC] ol EAShH, et
7 i 5ol Jso] Hargl Hl QItH6-§]

53] A5l v e BHage fAsks 7lee ©
SRtk vl o) ARl 24 gAdo] S8kt 7t
A@gAIze] FAut tpofet wold Ao ks
ok 33 e flagarin lorcrin 5 of2] §ixje} ch
Aol olal §4) He, olel paxhilel] Agom ol
st 12291 ZPAAM|AE T comified cell envelop)o] &/4%H
cigol. & Ak 2ol Bepin AeiaTle s
T W HRE Sk, S REsks ofd ERk 4
YRk SHAYE s 9 =H defad, Eefl e
3L fibrillin®] 9-d7Fe] s Hal i =27} ofsfixl
ok A= HoR] SR1E uie o Aejde sy 2y
ATE FEEAL ofg] 4lE AGAAE B/t Hof &
Sl SRk Sol UREITHIO ], olof et a
sjo} 4l 7l A Siet At Lasich

O A} L w|2| Snanovesicles) & Lhier]E] 279]
SEA|R, AAHolFTT HOR FEA QLo ERo]
E gejeli{12]. vdE 5ol ikt e wieHRES
& It =2 S& FIBIAL Slo] vt FHiE A

[
a1 QLom[12,13], A3t @] Ax3EA|(extracellular vesicles, EVs)
£ ok UWE AlE HRE5E fEtH14]. EVse
50 ~ 200 nm =7]o| DNA, RNA, |2, thlzl = tlok
gt SEEE 23kl A 0E Alaute] osf &9 ake] 9l
tH15]. o] AlEE 9] XA = thE Al HHEE AYThe

22X JFes = =57 S A glon, A AT

o) &b g5k s %), A478 A 2 5, 2021
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4 2| =2A 2 F TS W Qlel16,17]. BHEEjo} ey
EVs= 1960t)] 13-2A04R1 Escherichia coli (E. coli)o]
A AE W SIS, JRebeel A9 wmd M2
of W Eigion], 4kt §1o) EVs b vl
e Bejstel 1 BA, 7S] WA Se19]. 1
A2 Lactobacillus plantarum (L. plantarum)] EVs= ¢
28l 3lol&|[20,21] F-59°], Bifidobacterium longum (B.
longum) 2] EVs= 32te Lell27] 7WA2] &5501 Lactobacillus
rhamnosus (L. rhamnosus)2] EVsi= ZWQPAIE ZA1917)[23]
a5o] e Aow vElA Qlok shARE fAE 2l EVs
o T A= BlaLd] 2o o] RofR|aL glom, ARE o
H] 2] ago] Wol fa] Hhle] gt A7t Basict
Lactococcus lactis subsp. lactis (LL)2] Tj¥o]| thgt oI+
= HeA Sl b LL fef A HAF s RER
el At mulRh Argolek oo wet 2 AtollA= A
42 38 9 859 SV f18l 2] ojapiRSs ol8slo]
LL f2ff Al fAF WReHIRIZ(LVs)S: Ahse= 2ejslal
T1o)) tigh 543 EASIsIT) T1ejal o] 25 E F/J% Lvs
O] mjof theh sl mF AN 53 RIS
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]
>
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21, & M= H 77|

QKFA7|(high pressure  homogenizer)= MNPGOOP-300
(Micronox, Korea), 319]oj7j(ultrafiltration)= Pellicon”™ 2 and 3
Mini Holder (Merck, Germany)E ARSI We A G-412
(nanoparticle tracking analysis, NTAY2- $16F 7]7]52= NanoSight
NS-300 (Malvern NanoSight, Netherland), spectrophotometer+
Synergy HTX Multi Mode Reader (BioTek Instruments, Inc.,
USAYE ARESHITE

22. NE #F

ALgE] [AES Korean culture center of microorganisms
(KCCM, Korea)ol|A] E9F ®ES Lactococcus lactis subsp.
lactis (KCCM 40104, LL)E ALg319iow, 548 AxE
Z~5 MRS broth (Difco, USA)ol| E5}te] 37 CollA] 24 h
2] HiSF 3 ThA] AlHEiFSIAL 20 % glycerol -g-oof HE
skaz 80 Cofl Hasto] Agof o] gs3ir).

23 gz HiY

LLE Adfeiestar, At wiefe Akl fermenter
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(Fermentec, Korea)E o]-8-5t0] W viRS sFlrt. 71414
©2 1 L volume®] de Man, Rogosa and Sharpe (MRS; BD,
USA) "ol 1% (vivyE &staL 30 CollA] 24 h ujeFst
ek Wik S WIS 4000 pm, 4 T ol

30 min AHRENE Slof A SS3ksick

24, QAR S AAE QA LEHIXIZ 22| W B4
SEGH FAS 00 mLO) 3 A} R Weksta g
FANE o183l BaIATE BoHEE AL} 045 um
menbrane filierS 8] A oIS AR ol &
S-S TEF systemt} PES 0] 9} o} ghojofafs)a
5%k upetoR 455 5590 02 um membrane
fier ©}83) ofafslo] LL 9 olag GAt Lheul <2
(LVs)& 1Ich NTAZ 53] Lhe Q12 HAIGH 5 U]
A 54 Axgon ol T Wl ol8sidrk

2.5, M|IZHHQE

Human dermal fibroblast (HDF)2} HaCaT= dt&jslm
A atel) B olskd el (Korea) ol Al £F Qlol AR
3l9ict. A HDF, HaCaT Z}7} medium 106 (Thermo
Fisher Scientific, Ireland)} DMEM (WELGENE, Korea)H|| ]|
oA 37 C, 5% COZ75}0Y ujekslar 2 ~ 3 3] Al
F T gl olgstork

26, M M 2 ME =4 AI™

HjokEl HDF, HaCaT-S ZFzF 1 x 10°, 5 x 10" cel/mL2)
T2 96 well plateo]] E5511L, 24 h vljoFsI9ick LvsE
0.001 ~ 0.02% (VW)2] H%2 223t 3 ThA] 48 h vjs)
o Al A 9 A =4 ER1 AJFS cell counting kit-8
(CCK-8, Dojindo, USA.)2} cytotoxicity LDH assay kit-WST
(Dojindo, USA)E o83 om A=Ak vhio] whe} Al
SiolcE AAA o2 Al iy & ATk o]8sto]
LDH solution®} BES-A]Z1 - 490 nmojlA] F3=E =73}
a1, plateo]] ‘Fol9li= cellzt CCK-8Z BES-AIA 450 nmof|A|
s SHskoct LElaL okl Ao whaba] Aja A
E 9 =4E2 AkRBIlen, tixahE lysis buffero|th

L

27, OIS B 3 Y #H RIA Ee =3
LVs7} i gk gl sy} il

© Y= FIs] sl AdfrobrlaEell A fibrillin (FBNI)
I} wRZPAA o)A fibronectin (FN1), filagerin (FLG)®)
TR RS SRISISIT: AREE 24 well plateo]] 55}
324 h iR F AlRE AHelSL 48 h 57} sl
ARE] Fe= 0.001% (vW)7F EA] SIS “Fsdte A5t
11 TaKaRa MiniBEST Universal RNA extraction kit (TaKaRa,
Japen)Z: ©145) RNAZ: E2fs}ict Helat RNAS] ot
1 As/Ano ratioS 27510, 260 nm ZHGES: o] 8-
o RNAS 3 319ick. cDNA FH42 913 e RNAS)
amfiRivert cDNA synthesis platinum master mix (GenDEPOT,
USA)E 4lof AR8=ITE 60 ‘Cofld] 1 min 7+ RNA denaturation,
25 Cof|A 5 min 7} annealing, 42 ‘Cofl4] 60 min 7} extend,
85 CollA] 1 min 7F reverse transcriptase inactivationA]Zct.
T12a 9dHE DNAE 535517 $13) cDNA, primer 712
a1 LightCycler® 480 SYBR Green I Master Mix (Roche,
Swiss)S 41217 LightCycler” 480 SystemS: o183} gRT-PCR
& s3It 2} primer A G2 Table 13} L.

2.8. Enzyme Linked Immunosorbent assay (ELISA)S
0|E8st Sl CHiE MM =H

Lvso] ekl kil 4 24 Sl aeshel w5
ZZA| 3zl LVsE A 2fstal Z2Hl(collagen type T alpha 1,
COLIAl) A4 H312 slolsigit). A2 24 well plated]
BEel 24 h W - ALRE AE T 48 h I,
AR = Al e %21 0.001% (viv)= ik 1
% vjHlA}E DPBS (Capricomn, Germany) 2 1WA[5}3 UVB
5 myem'S ZARE T vler viRlolA] 24 h 57} vjeric
WIS 915 UV Ak 23t EAEOR o] Alge A

Table 1. Forward and Reverse Primer PCR Sequence for gqRT-PCR

Gene Primer sequence

Forward  5’-CGGGTTTAGACACTCTCAGCA-3’

fLa Reverse  5’-GCCACATAAACCTGGGTCCTT-3’
Forward 5’-GCCAGTCCTACAACCAGTATTC-3’

N Reverse  5’-CTCGGGAATCTTCTCTGTCAG-3’
Forward 5’-TATCACCCAGTTCACCACTGAG-3’

FBNI Reverse  5’-AAAGAAGAAGCCAGTGGCTGGA-3’
GAPDH Forward 5’-CATCAAGAAGGTGGTGAAGCAGG-3’

Reverse  5’-AGTGGTCGTTGAGGGCAATGC-3’

J. Soc. Cosmet. Sci. Korea, Vol. 47, No. 2, 2021



174 g3 4= - o] 3

yglom, A& A £ 72 h vjekgick 1ejar AFeivhe
Folr a4HGSAHHELSAE olgd WalHs =45}t
&It} ELISA+= human pro-collagen 1 alpha 1
(R&D Systems, USA)E o] 831910, AlgHlso A=A
o] uhHo] Witk iR ARE HelekA] gk

2.9. Cornified Envelop (CE) THHZE! S{AM S1O|

LVs9| 2852 57857 9l5te] comified envelope
assay S o5t HaCaT AJ3EE 6 well plateof £5551a1
24 h B2 k| AlEZ7E 100% DR AEE =4 sk
0.001% (viv)9] AlZ= A2J3t T 6 A 7+ v, A&
3 ¢ mict A2 stk 6 U - DPBSE o83l Ali2E
Al&51aT, 2% SDS solutionS- 150 pLA Z2J8l9ic) 5 min 7F
iceollA] WEGAIZ] F, A|3ZES 1.5 mL tubeo]| scraper= <=
Esal 5 s 7F 223k 3l skt 18]a1 BCA protein
assay kit (iNtRON biotechnology, Korea)S ©|-8-3f wHHzl-e
Ao ek Uil 13,000 pm, 20 min 27 ofe) 4%
2] 331 AHSoHS AAck Pellet]l 20 mM DIT in 2%
SDS solutiong 100 uLA Z+2+ H7151a1, 90 ‘CoflA] 20 min
B3 Bol ¢tk 1AL o5 96 well plateol] &7
spectrophotometerS- ©]-8-51¢] 310 nmoj|A TP =E =45}
ek PR RE Ca g ARt Aoz Jrk

2,10, 7| 24

B Ao 3 3] WhE A%S sle] Aike
Fro ERic SA ol student’s +estE AMSS)
of p < 0059] AgzollA AESAN p < 005, p <

sk

001, "*p < 0.001).

(A)

an -

Concentration {particles / ml)

T T T T T T T T
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Size (nm)

3.1, fA Rl LIHIXIE E4 24

NTA A0 e QXS Z75HaL, +-41-2 NS300
AIEELJOIE Tl As =AU B4R A3t 70 ~ 200
nm 2712, IS 115 nm Q) o2 vepgeh 97t
L 1.81 x 10" particles/mLE UeR}chFigure 1, Table 2).

32, MEZ A& 2 =4 &5

LVs©] Qbe 2lsk] gfsl ALE AP 2 AL 54
AR AT WA CCK8E 0|83 A A% 2%
2 AWBE ) LVs A B B A F4S R
t}. HaCaT7} HDF A A 532 I A2t ALZ 4]

fr

2 s Holx] §9rer, 53] HaCaT A2Lof iae
AT wi= 20% olde] FAIES HolFEinh A2
d AIE(LDH assay) 2} AF 5% R5F Az 5/do]
o2 RIS o= LVsE o]83t Adof|A] Al A
AR 9 ZAdof ot FEF2 glon, SHIE SOl o8

=
T Sl At damdde SRtk Figure 2, 3).

E:Tﬂllﬂlo

e

mot ol

Table 2. Results of Nanoparticle Tracking Analysis

Mean peak diameter 129.8 nm

Mode peak diameter 114.1 nm

D10 100.9 nm

D50 121.1 nm

D90 171.8 nm
Concentration 1.81 x 10" patrticles/mL

(B) e

Intensity (a.u.)

o 100 200 300 400 S00 800 00 800 900 1000
Size (nm)

Figure 1. Characterization of exosomal nanovesicles isolated from Lactococcus lactis subsp. lactis (LL) (A) Representative graph shows

particle concentration and their size measurements. (B) The scattering distributions are presented from three consecutive 30 s runs for

nanoparticles.
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Figure 2. Effect of LVs on the cell viability. (A) HaCaT, (B)
HDF. (-); non-treated, lysis; lysis buffer treated, LVs; LVs treated.
The results are expressed as the mean = SD (N = 3). “"p < 0.001

compared with non-treated.

(A) (8)
T T — 120
= 100 = 100
2 sop 2 8of %
2 - b
5 E
T 20- b H;_
50 5 el
3.0 3 -1t
-4 ‘ 20

I I L L I
(=) lvsis0.001 0,01 0,02

LYs concentration (%)

(:) Iys:isu_ém U_‘U] Q.02

LVs concentration (%)
Figure 3. Effect of LVs on the cell cytotoxicity. (A) HaCaT, (B)
HDF. (-); non-treated, lysis; lysis buffer treated. LVs; LVs treated.
The results are expressed as the mean + SD (N = 3). "'p < 0.001
compared with non-treated.

3.3. |TIXt wsizk 2ol
3.3.1. FBN1 %X} & 57t &5

Fibrillin (FBN1)2- collagen type I alpha 1 (COLIALl),
fibronectin (FN1)#} §17) A ©] 7)20] Fast 74 o
o, el gmm TR erelal B QxR wol oA
QIEi24,25). wehA FBNI 47 uHel BR1S ) Lse]
T elelo] Pt A%S WA AlgotEe] LvsE
A w) FBNI 9747} WE-E Figure 49} 2t} 447}
ahslo] izt e of 23% Z7kehS Eelskict ol
e} Lvss s 22 glo] sk slEals Ao wgo]
g Aow Azkecy

3.3.2. FN1, FLG SXIXt &l SIt &5

PNLS: 9] 7)o gl TR 72§40 %
fsto] ARG R A I, 5 ool wie- F8%t
g5 sfal UTH26-28). Filagerin (FLG)-> FN1¥} vzt
A2 o) T3t 9E-Z o, FLG 282 HAAHE52
Alnatural moisturizing factors, NMF)7} 7Z14%|31 o}&x] 3

(A) _
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Figure 4. Effect of LVs on fibrillin (FBN1) gene expression. (A)
mRNA expressions of FBN1 were measured by qRT-PCR, (B)
RT-PCR for FBNI mRNA. (-); non-treated, LVs; LVs treated (0.001%).

ok

The results are expressed as the mean + SD (N = 3). ~ p < 0.001

compared with non-treated.

=

Relative expression (gene/GAPDH)

8 =

6

. H
)

2 o
1][]'ﬂl
0 (-] LVs -) Lvs

t—ll(—l

FN1 FLG

—
=

) Lvs
G4POH =
Figure 5. Effect of LVs on fibronectin (FN1) and filaggrin (FLG)
gene expression. (A) mRNA expressions of FN1 and FLG were
measured by qRT-PCR, (B) RT-PCR for FBNI and FLG mRNA.
(-); non-treated, LVs; LVs treated (0.001%). The results are

expressed as the mean = SD (N = 3). “"p < 0.001 compared with
non-treated.

A Rl BEA QeH29.30]. ofof] weh wlA|
3of| LVsE A2Jsff FN1¥} FLG 3L o] vjzl= 4
F= BRlsto] wlit ol et Ase B7ICE Figure
59} 2] Lvsg A2l et diaewt Hin] FNL f7d4k=
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°F 65% FLG2 400% ol wdo] S7Isks A= Ut
Wk wWEbA LVs= NI &S S7RA 3 2 F5
Mol =52 & AR ARt

3.4, O MIZZollM Satl A MMel S71 2ol

Type 1 collagen2 type Ie} @A uf- s3] 25 X
Az 8%t Zepllol, ui fhedlel T xl=
de] A u3l). 53] AR s} E2 2pejAdol| ofgt
et whzol] wRe] E=hle] afElo] 5ol A/dd
o ofe]l met st w Rz EeL ek v
o ZRll el viRle ke ST 4 IEH32.33].
LVs7} Z=pll /el mixle 992 Figure 60)4] 2felet
= ek UV 8] 24} Fofks 45%, UV A} Fofide=
8% FABH| S7Ieke HoFoir wbA Lvs= djit
& 9 Peslo] mie & JloR AAE, 53] A1)
Aol ofgt Fieohs A Zlor dhE):

(pg/mi}
5

Il

(=) Lvs (=) Lvs

[

(=) uvB (+) uvB

[=]

Pro-Col lagen 1 alpha 1
=]
(=]

Figure 6. Effect of LVs on collagen type 1 (COL1A1) expression.
(-); non-treated, LVs; LVs treated (0.001%). The results are expressed

as the mean + SD (N = 3). "'p < 0.001 compared with non-treated.

400

300
200- ﬁ

150

100

(% of control)

50

CE formation (/mg Protein)

(=) Ca LVs

Figure 7. Effect of LVs on cornified envelop (CE) formation. (-);
non-treated, Ca”"; Ca" treated, LVs; LVs treated (0.001%). The

results are expressed as the mean £ SD (N = 3). p < 0.001

compared with non-treated.
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3.5. Cornified Envelop Sds &2l
TR T SR o] Fag S ot
5 7IASONA FE ST 23} o)A A A
olIci{34]. 8} viAa FHoA i FET} EolAw
loricrin, filagerin (FLG)2F -2 IAFE2] 237t =%k
o714 FLG o] whekgl Auel comified envelop
(CE) 370l a3t ek SHef30]. ol fzpaA|ze] E3}
5o BRIs] 8 CE B4s 3l AEe st
Lvse] Aefgh wel of 30% ZbEs Fe
CE Fd52 FAT 4= ANrHFigure 7). w2bA Ls7} v
B e 288 & 4 S Fo= Ak

HoE

4.4 2
GARRS 7 A ES wefele sk cgt
= QeiAuA 2 TS W ok

= gy 2ol QIrl{35,36]. ofofl Hhell, Akt ofikE 2
BoEe o2 Sl el FHE = Zlo] ddo|
o} g E3F fARE} BhEo] ofg] Aso] BlEAHA
AT & TS L Qlok 2 AteldE FARE e 9
% A UReH|AES o] 8sf Tl fto] gt A5 Sklst
RUARE oA HW2 A7t o] Fo|X|A] gkot Bislof o Rt
0] o gt} webA &2 AGE B4l Alag FAL
WeHR 20 S4 9 #4 E A9t 8otk

H ALof|xe [ANE S Lactococeus lactis subsp. lactis
e Aag: FA EeHIR S-S o2 sto] 45 2
APt WA AaF FAF HeHAES 225k, NTAS
ol 1 B SRlskich wR AT R FNI,
FLG 47} WaekS SRIgs o Lvs7h Hasks dA]
SHA| St AFAL mR2PEAE ] HolE SRlel w2t
ARGl S7IsISl) ol TF S ol Fal Q=
HZ) 9 o] et AL e STAA 4 17

T 3E Es & AloE wdEch 1eal k3t
A% FBNI 3421 4 9 Zepl A/d=fe] Lvs A

=
wole kst gela 250 AN Et 9SS BR1E
o9l
Qo GAF o OAE A eSS w
e SRk At UREA BFIE B2 nwr
o] o} 4= 9 FoE ek
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