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8 9 A& &7 exosome—like nanovesicles (plant—derived exosome—like nanovesicles, PELNs)-2 T}9F3t
WESHA S EST £ A ABAL /AT Aek, A ol A PELNsS AE 3t % 24 2o
Qe v1A 4 glol o2 4k okl $8o] et AT, PELNsO| MR AT A 7%l e A
335 nanovesicles]| H]3| ulu|gt AAo|tt B o= Akt Qo 2HE] BHAE §- X5 exosome-like
nanovesicles (Exosome—like nanovesicles isolated from Malus domestica (apple) fruit callus, ACELNs)&
Halsto] w2 9l w8 =5} Ao digt IS 535 T ACELNsS] =82 6,42 X 10’ particles/mLo]
gom, QR AFo] 2L 100 ~ 200 nm HY 2 AR E U}, A7F &2 ZFE A ZQ HDF cells¥} HaCaT cellso] A]
AE 248 gustgon, AE B4 o4 AntE Hlth 288450l Sol5H 27H10 0, mRNA levelsol A
COL1A1T} FBN1 Y& Z7FA]Z th, T3 UVA ZAME HDF cellsol] th3t collagen TS XA TE o] 83t
ATFES ACELNs7 33 M W 5 Res1E WA T 4 Qi AWEA BEI7] St AAR AT,

Abstract: Plant-derived exosome-like nanovesicles (PELNs) are known to include various biological activities and possess
high biocompatibility. Because PELNs can influence immune responses, cell differentiation, and proliferation regulation,
they can be applied in multiple industries. However, the studies on the skin physiological of exosome-like nanovesicles
derived from plant callus are insignificant compared to nanovesicles derived from mammalian cells. In this study, callus
was induced from apple fruit (Malus domestica), and exosome-like nanovesicles (ACELNs) were isolated for improving
skin barrier and anti-aging. The yield of ACELNs was 6.42 x 10° particles/mL, and the particle size was ranged from
100 to 200 nm. HDF cells and HaCaT cells were concentration-dependent, increased in cell, and decreased in cytotoxicity.
The cornified envelope formation was significantly increased compared to the control group. The COL1Al expression
and the FBNI1 expression in HDF cells were increased. In addition, the ACELNs promoted collagen biosynthesis in
UVA-irradiated HDF cells. These results might be considered as potential materials that could improve skin barrier and
prevent skin aging.
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A=A AT T Eo] QUo10]. ol2fRh ARt 9=
gt Asolle Etekal A dnll 2 e 2of| A exosome-
like nanovesiclesE £2|3}al o]0 Tt %5 7= Hal
x| Qdotrh

ol & Atollxl= Akl GuijERE f=E
0]-85}9] nanovesiclesS 25199t E2]% exosome-like
nanovesicles (ACELNs)-S Ule ¢R}37] W 7145 =435}
o] nanovesicles2] FeFA FA4L 2188519tk ACELNs 2] A
32 =/ AFS WAL ZPAARE. @] (comified envelope, CE)
WlE ol HgE BUE BEelich E quntiave
real-time polymerase chain reaction (QRT-PCR)Z 53} collagen
type 1 (COLIAD®} fibrillin (FBN1)-G-417} 1tlo]| gt o
e ASHL, ELISA 2415 53l collagen AY/dof gt

2519tk nebd 2 SIS B8] ACELNS7} 7

A W wjres) Aol vlAle Qo MYl SHHE 4
AzAe) THE7AE AAIsic

A2

2.1, AE=

Alslof] ALgst Alay Gul(Malus domestica)~ 5+
H(Korea)of A 2ol ARgsIGITE ARt A= &
= =0l AR £ 70% ofgtzoll A 1 min Sk 1 2} 4+
,_3]- E]- 1% sodium hypochloriteo| 4] 10 min &<+ 2 2}
Mt F U ERAE 3 3w AEsdch 4ee
guff AL 0.5 em’ Z7]|2 A2 5 4.5 mgL NAA (o-
Naphthaleneacetic Acid, NAA) (Duchefa, Netherlands)2}
25 mg/L BA (6- benzylaminopurine, BA) (Duchefa,
Netherlands)7} 323+ MS (Murashige and Skoog Basal
Salt Mixture, MS) (Duchefa, Netherlands)®ljZ|o]|A] uljoFs}
At} vix| ] pH: 5802 %A G o, 9 _QE—E—
2743 C2 2A3te] PAoA] vheFsisiTh 1 F 5
b ujA] 2Ad0] 50 mLE et Azt Selanie] g
o At AR 4 g HESIAT, ARl Tolw Y
2k & wHE|(J-MBB2, JISICO, Korea)oll4] 90 rpm <
w2 wokslolth. & 3 ~ 4 #7 vjoke Al

W | ool
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microfluidizer (MN60OP-300, Picomax, Korea)2] ZQ-e- o]&
Sjof Al sifE elck A T 3 3] v
si5ck A1me) AEo] Tl PUlRelS B3] 10000
g0l 30 min E2k slo] Az WS A
S5l AE0LS 045 um Bt eI olzfelol B AE
WS F1E0R Ak ofukE ASOES MWCO
(molecular weight cut off) ZE|E 3] o]l ultrafiltration,
Pellicon® 2 and 3 Mini Holder, Merck, Germany)a}<d
ACEINs= #2] 9 5535150t 708 Eaad AA
5171 918l 02 1m At HEIZ ARt offsigict 215 w2
ACELNs:= 200 Hj] 3]43}0] NTA (Nanosight, NS300,
Malvern, Nederland)E ©]83t] =27]e} =25 A=}
Sp719tel L 9 BALS Stk

23, M2 B4 A =4 "ot

ACELNse| tfgt Alaz F24] 9 =48 gRlsty] fistoq
CCK-8 kit (SC893, Dojindo, Japan)@} lactate dehydrogenase
assay (LDH assay, PN575, Dojindo, Japan)®] A=A L2
EZo] wt pageigick 2 Adelle A AT
(human kerationocyte HaCaT cell line, HaCaT)Q} 15 -5
O}A| 3 (human dermal fibroblast, HDF)S 212} 10% AEljo}-
E7(fetal bovine serum, FBS-22A, Capricom, Germany)©| 3£}
= Dulbecco’s modified Eagle’s medium (DMEM, WELGENE,
Korea)2} growth supplement kit (LSGS Kit, S-003-K, GIBCO,
USA)7} -9 medium 106 (M-106-500, GIBCO, USA) HjA]
of|A] uljeksITt & A%l A& HaCaT cells¥} HDF cells
< Shieta AYrgafela EAPH 5t (Korea)of 4]
£ Hhol ARNgSIILE Alst F4] Bl =4 AEE ] 9
5}o] HaCaT cells?} HDF cells2 96 well plateo]] 22+ 5 x
10* cellymL¥} 1 x 10° cellymLA] E=5}31 37 C, 5% CO,
incubatorof| 4] 24 h FF HiRFSIGITE AlRE = HE A
2Jgh 48 h B9k MBI %, AIE vk Apele
AR FElo] IDH asayE  AMElO] NS
spectrophotometer (Synergy HTX Multi Mode Reader, BioTek
Instruments, Inc., USA)S ©]-835}] 490 nmoj|4] TH=E
Zo5l0dtk. AR H2lEe] AEEAeS ARS A5
o S/diEatol et AlEFAles Wias UEhS]
tf. UHA| plateof] CCK-8 kitE ARgSIo] WES-A]7]aL, 450
oA SFES SIS Al 544 AlEEe] &4
o= olsf WAEE LDHO R S5k #4102, lysis
buffer& 2|23t S/dtheatell thet Al= Aefte] Al =

2.4, 2V 2Pt B}

2 Bah g 245 S5l ARAE ot
(cornified envelope, CE) B7}= 434533tk HaCaT cells2 6
well plateo]] 1.5 x 10° cellymL& B5=5}a1 37 C, 5% CO,
incubatorof| 4] 24 h =<t HljelSIic]: AlE7}F 100% confluence
7t =, wiAlof] AlmE APskar 6 A I+ uiefsisick
o] w, ACELNs= 3 olukc} j212] sk 6 ! % DPBS
(PBS-1A, Capricorn, Germany)= Al &gt &, 2% SDS solution
= 150 plswell Z2J3HIE S min 52t iceoll 4] HEGAI]
3, NISEES scraper 2 53109 5 s 59T sonication}%ick Y
2= Zsj| BCA protein assay kit (21071, iN(RON biotechnology,
Korea) 2 o}g51o] waial Aasidn B7b 7|20z 3
] olgaiglck Umiaie QRIS 13,000 pmolA 20
min 5+ £2J3} pelleto]] 20 mM DIT in 2% SDS solution
= 100 ul A 212t Zd7i8IeE 90 Colk] 20 min F2F 5o
Fck 96 well plateo]] 271 3 spectrophotometerS- ©|-8-5}
o] 310 nmof|A FFE=E S5I5ICk

2.5. Quantitative Real-time Polymerase Chain Reaction
(gRT—PCR)

g5 sl 20 FFS vjA= A 9 7139
/d QIXRQI COLIAISL FBNI 412 WA =5 H7}skal
2} 31tk 5%t H=2] HDF cellsE 24 well plateo]] &
Z=5kaL 24 h HjoFsIIth 1 3 ACELNsS 2|3}l 48 h
Bt wieksielty ASde A|ASIAL TaKaRa MiniBEST
Universal RNA extraction kit (9767, TaKaRa, Japan)S ©|-&
alo] Az ZREZ mlel RNAS Rejsigict 2o
3t RNAS] &&E Qls A260280 ratios =78531om,
260 nm Sk Eo) RNAS 5 519ic). cDNA T4
8l A= RNAQ} amfiRivert ¢DNA Synthesis Platinum
Master Mix (R5600-200, GenDEPOT, USA)S 4]o] A}g3}
t} 60 Coll4] 1 min 529t RNA denaturation, 25 ‘ColA4] 5
min F<9F annealing, 42 ‘CoflA] 60 min 5<F extend, 85 C
of|A] 1 min -F<F reverse transcriptase inactivation ATk
E DNAZ  ZES|9e] DNA, primer 12)7
LightCycler® 480 SYBR Green I Master Mix (04887352001,
Roche, Swiss)Z &35151911%, LightCycler” 480 SystemS- 085}
o] quantitative PCR (qPCR)= ZI3¥5I3Itt ARE-EE -4k
primer] 4212 Table 13} 7k
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Table 1. Forward and Reverse Primer PCR Sequence for qRT-PCR

Genes Primer sequence (5’ to 3%)
Forward ~ CTGGGGCAAGACAGTGATTGAA
COLIAI Reverse CAACGTCGAAGCCGAATTCCT
Forward TATCACCCAGTTCACCACTGAG
FBNI Reverse =~ AAAGAAGAAGCCAGTGGCTGGA
Forward ~CATCAAGAAGGTGGTGAAGCAGG
GADPH Reverse AGTGGTCGTTGAGGGCAATGC

2.6. Enzyme Linked Immunosorbent Assay (ELISA)

ACELNse]| ot collagen®] T Aake 24151
Q5] COLIAI kit (DY6220-05, R&D Systems, Inc., USA)2]
AzdH ZREZ] wt B715Igick HDF cellsS 96
well plateo]] 1 x 10° cellymLA E5519ck ACELNsS #]
2fek 7] 48 h FOF 7 Ak Atk 1 5 wiop
FeHE AASIL PBSE A-a1LbA] UVA 2AP|E AL
g3l 5 Ve 712 2ARIACE UVARAL Z|50] PBS
£ FBSE E3loh= HiRI2 WASIGIAL 24 h $of uleF 4
Fohe o Fstck HioF ASNE collagen TS
S8k=t o833k
2.7. SAX

BE AP B4 R 3 3] WRARS Bole] gt
2 B3 (mean + SD)E ERHQIcE BAROR ofet 2
o= 95% AlZ|HE7tollA] student’s #test HH] O&2 HAFIQICE

3. Znt ¥ 1E
ARt ZH2 A 2 Exosome—like Nanovesicles
(ACELNs) £2]

U5 =22 microfluidizerol] FF3E Al AlZEH o] 5]
EHA We AR AAAEE 1. 2 A ESl T 38
ol wt Mlzzso] At Ba=HA ACELNsE AT
= ASITHFigure 1). 3L ghe]oja} A& o]8sto] Y
H ey kS AASHILE o= URFE S = PELNs
A

_l

£ =2 2 GA silfish ARk el el Hisl
SRl GolsHA AREE 4= T 12]. ACEINsE Fs}
&17] $J8ll Nanosight 77|12 e YAIE 34 HAS 4=
Pl ACELNsQ] 4~8-2 6.42 x 10° particles/mLo] 3]0,
214 100 ~ 200 nm HeZ AR|Eon AF F7)=

ChoRiCkFigwe 2). Ti5EO] ACELN] it 42 1394
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Figure 1. Microscope images of cell lysis by microfluidizer: (A)
for 0 cycle, (B) 1 cycle, (C) 2 cycles, and (D) 3 cycles at 1,000 bar.
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Figwre 2. Nanoparticle tracking analysis of exosome-like nanovesicles
isolated from Mualus domestica (apple) fruit callus (ACELNS).
(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 4. Cornified envelope (CE) formation increasing rate by

ACELNs treatment in HaCaT cells. “"p < 0.001 versus a control
group.
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Figure 3. Effect of ACELNs on the cell proliferation and inhibition of cytotoxicity. Cell proliferation of (A) HaCaT cells, and (B) HDF
cells measured by the CCK-8 assay after treatment with different concentrations (0.001, 0.01, 0.02% ACELNSs) for 48 h. Inhibition of
cytotoxicity of (C) HaCaT cells, and (D) HDF cells measured by LDH assay. ~ p < 0.001 versus a control group.
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Figure 5. The expression levels of collagen type 1 (COLIALl),
and fibrillin (FBN1) in HDF cells by qRT-PCR. ™p < 0.001
versus a control group.
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Lol Etslal, Al dofl 82 exosome-like nanovesicles
of tigt i a% 4= HER| ekl E ¢lTofA
= ARt AR HE ACEINsE 22]8t3aL in vitro]|
Ae] w5 A mn ws) Bl 552 Selakir). o
Al e K= AdfotAlEQ] HDF cellsat 283/ g A 2221
HaCaT cellsol] gt A% 24) B7lollH 5 ojexon
HE Z4180] AT, AT 54 Bjold S ol
Hom AE SAE AT NE oot B4% 3
78 o, BjEA oo iz ACELNE Azfet
Aol T ZAE ot BAS Ber ok
a3 olo] HolE fEgo RN 7Md PR £8S E
T = AAPRITE E3E ACEINSE A2fgd Al o5
B 2Ix[Ql COLIAIZ} FBNIO| &g Z7HA7] o=
3ol EhelS 31 w3 1B WAIshe Tkl g A
S 3olsigitk. UVAZF ZARE HDF cellsol|A] collagen®]
9& 21417 collagen AVEo] Tzl Hla) oF 3%
Z7bElolck oleh 2 AMEL ol ACELNsE g
wg a4 glow, TR sk gsle] 945 Aol
Sz Ao WEIEITE WAl ACELNSS ulsio] tiop
3 PELNs] 350 Tt ¢ ofolaL Slck. sl
PELNs9] §-#1A} 24 mechanism¥} PELNs2] biomarker =
obx) ZHElA) ke Hho] ZRe] W], Z7149l

F7} Aofol Tk
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