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5 A 4
F7H9)

AT 1

2) A7) @A Dol F7AEe] AAG S Ahshe WA E T AL AaFel 44 1 Py

AT 2

A1Eel Sloj A,

(
A

A7 A D] A AAHERAE Al A

o
A
o,
o
fl
o
rir
o
i

ZE (ME-3 =5A] o8 dgolmadd o] E)(Poly(beta-hydroxyethyl Methacrylate), PHEMA); E&]o}z&o}w]
= (Polyacrylamide, PA); Zglv]d &3 & (Polyvinyl Alcohol, PVA); Z&ola &k (Polyacrylic Acid, PAA),
a9 2 g fF=A,;, ZYvetela Ak (Poly(metha acrylic Acid), PMAA) T+ I F%4; FHgjoladolv=
(Poly(acrylic amide)) T¥ =L F=4; Z¥A A= (Poly(undecenoic acid)) TE I =4, & A7
272 FEEA; dEdk(Dextran) e 1 FEA, EH|L I EZ]=(Polyvinylpyrrolidone, PVP); &%
S Abo] = (Polyethyleneoxide, PEO); EHE|old @ =2 Z (Polyethyleneglycol, PEG) = 1 F%A; &

A28 Z(Polypropylene Glycol, PPG) Hi= 1 Al A7) Zgogdsds 3 Tyzzddad =
A, e o5 ExdaHEs) A, L (dEASAE-h-22dd ZAto]=(Poly(ethylene oxide-
ropylene oxide), PEO-PP0); Z]-1-g}o]Al(Polyl-1-lysine); Z&]ol&#lo]ql(Polyethylenimine); Z&|2E
2 (Poly lactic acid, PLA); Zg]Z8] &4k (Polyglycolic acid, PGA); ZE](FEAb-co-Z2]Z4H) (Poly(lactic-
co —glycolic acid), PLGA) FZFEA; 7]EAH(Chitosan); 3|¥FE4H(Hyaluronic acid); % o]&9 &&=

o]Fo7 woEHH AuH 1% oldel AL SO s, W,

)

T o [K =
ofN Ul @
oo e

k]

>

AT 4
A1l oA,

71 A D] A 23AER] As 5w sk, Y.

3T%5

A1l ofA,

A7 @A 1) A =R,

ksl A2E (iron(1) oxide: Fe0), 4Fs} #|37E(iron(Il) oxide, magnemite; Fe0;, a-Fe0;, B-Fels;, y-
Fe,0;, e-Fey03), PFLUlElo] E(magnetite; Fey0,) 2 AFs} #12, 3@ (iron(Il, M) oxides; Fe,0s, Fes0s, Fes07,

Fei01, FesOp) 2 o] Folx] Loy A8H 1% o4l s 5Fo= o=, Wi,
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379 6
ALl gleiA,
A7) WA DY mEA-A A FesEE AR BW Y nRA-44 e 9289 A

= =] -
SAoR sk, W,

tlo

47 FRetE BW NAE A thega FesEe nR4-4y thega FesE Eud ol
g2 AsA BHE A 5P sk, Wy
37% 8

o [e] o] = )

Zaod#Mo]ql (Polyethyleneimine, PEI), A& olE]=  (Pegylated) Zzloddlolwl, 3J|AEHdolE=
(Histidylated) Zgolg#dolwl, ZFEAYO|EI= (Lactosylated) Zgjolg@dolnl, X F/H4FH (Folate-
conjugated) EFolddelwl, #Wael FHZAFE (Melittin-conjugated) J‘—E]OHE‘FJ olql o Zoddlo]nl
A, Eekel4Al (Polylysine), 1(Spermine), ZZE}Y AFH o] E(Protamine sulfate), Z&]

(Polyamidoamine, PAMAM), &%

o5l
x=2gdelql (Polypropyleneimine), 2|2 @ (Polybrene) @ tjo]ejojo
2~E & (DEAE-dextran) &2 o]FojZ o7

E AEE 1% ol AL 5Ho= s, uhy.
A7 9
A1gel de) A,

871 A DollA @ A-AE d=dA 2 AHE 1 WA 1000 pg/me= A 2 ek

po)
tio
|
o,
o
u
ol
rlr
ok
i

AT% 10

A 1ol glelA,

A7l FVNAEE 25, AR, 22g9, 1, 25, 9, 45, Bk §RY B AgER ool o
HE Addy 15 o) 2Ho2RYH filE AL 5EHoR =, Uy,

A7 11

Aol ol A

F7] F7NAEE wol EVIME e A F7IHEQ] s SHORE ke, WY

AT 12

A11ael] QoA

71 A E7INEE FRASVIAE, A3 24 FH S N1EAE, A3 24 fY FHFEVIAE 9L o
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A1 Slo) A,
271 @A 2)el A ZA71EE 0.1 A 2.0 TR 7habe 3e S oR s, U,

A7 14
1) nEA-2A Je=gAat S8 28 (cluster) S 743200 A 8sh= &4,
2) A7) @A 1) E71Axd A7EE Treke 9 2

3) 471 @A 2)¢] EVNAEENY JaFS BYshs AL E 2, dAaF AU,

AT 15
2hA|

A3 16

DEAAA e 2 2E (cluster) B TaEHE 2% G oaE A4

e
>,

AT 17

A168tel] oA,

A7) 24 &L DMEM (Dulbecco's Modified Eagle's Medium), MEM (Minimal Essential Medium), BME (Basal
Medium Eagle), RPMI 1640, DMEM/F-10 (Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-10),
DMEM/F-12 (Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12), a-MEM( a-Minimal essential

Medium), G-MEM(Glasgow's Minimal Essential Medium), IMDM(Isocove's Modified Dulbecco's Medium), %
KnockOut DMEMO.Z o] FojZl oAl MElgl 1% o] iAo wiYgHE s §Ho2 3=, 2A4E.

gige] 41y

7l & £ of
®oage A gt FHAHE o188 FAE fd A2F Y FQ YUl 99 Ao, noh FAA
o n¥A-AY hega FeAHE o83 FAMEL £ ALF AA FA Phel B o)

7| EE Fee] FAkE AV Ak s THAW, 54 2elA e AEE 13 Thee Axe 2 o
A gk, ol g 3t TYE ol&ste] PA oFor Au EIlsEIV dXAE AES AR F de FY
sk ) XBARA EV|AE XZATE 3R k. EVAE X EAE BRA FE23 S7HEE Aol
A AEIA, AAA, dEA, A5 5 Zas Ade] MER 73 2 FAsk A Zxle] Fske WA=
HAARRES §lo] &% Ax 2 248 AT 5 Ut

Z7IAE FAME THAE71 4% (mesenchymal stem cells, MSCs)+ W whg- W7 &5 2 JF53 A0
gk A g0 xAe glojx I o] d wok dE AFEol gtk o] ATl oW wiYdE 34
E7IAEE ALt AA WelA o2 ME F33 AW ol we} A %ﬂﬁ}—t— Y& /A .
w3, FFEIAEE WY AME AFAA(endothelial growth factor), —-6(interleukin-6), IL-
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8(interleukin-8) E3 e thd AolEIn ARANES Bulgoss 22 A3t &3 24 ) I
dHe FAHT. =9

9] A¥A (extracellular vesicle, EV)Z #H]s+= A
A glem, A =3

X o
& Sl Axe &1, 7T, 23 - e dFs vA=

ShE, AE 9 A¥AE AEZ HNE &2 BEujge ¥ PR AXA9
(microvesicle), A (exosome), NEF(ectosome), AFE =
ok 40 %] 150 me] A3 1.09 WA 1.18 g/me] L=
ol 24 7150l Atk AAaETL 7 ME(FAAE) 579 BETH 7es WYgste MEEolH
S Shisle, 2AAE, HAIXRNA(messengerRNA, mRNA), vFo]T ZRNA(microRNA, miRNA) &Jo%= t}efsh =84
gl oA w2 miaE guld B S5 ¥9ksir, Aol nhy gwmAZ = (D3, (D81 To|
dHA glow, oyl FE OEGRRIY T MXE ¥He &4, MaAde] #Todsl= =y
(adhesion)oll #oJsh= @id, dF5Z @2 (heat shock protein), AXA A3 FAs = Alix 59
gk ANAFL st FFe A, dF 5o H, 2¥, 8%, 84, &

FRRY RAT 5 da ofe] TR ALY FFANNE Relr s,

(o
fetl o

J] (apoptotic body)

s 7HE AxE 9 AxAR

(¢

obel, wshA el AAaTL AAQ(in vitro) R AAWN(in vivo)olA D44 AsdFo] e AR
WAL o], 2Ed SHPASTIAEE ol &ate] AleHd o Aibe] dial] daFe] MmE titow wWe
23 k. AaFS T woxd 9 MX 3 Asdg 9IS s Axe 71 A HEtE feste] AxAA
Z2aRs G458ty FAEA (cell free system)o]2&E F A 90| flu FAREA glo] Gt 20
TollA 67147 A& dAo] FAHE = BEEW &5k (encapsulation)H o] o] dAFE o 4o

BRI SR SRS

& FAAENALE W Aage B FINL
3T =]

b
hinss
>
lo tl
v
[
i
1o
F,
2
=
i)
oX,
o
>
oX,
_>|4_4
4
=
=)
AL
ofy
)
2
oL MmN
N
x>
5=t
=
e
fr
1o
o
jincs

H =
ato] SUFS7|AZAA AaFo] T 2 2] St = es wlen, o & e sl

47) BAE AR fistel, B wEe nRA-AY et FUSHE o 8% FAAL f9 ALF A4
4 wpe AT

gge] £

2 Iy Ae EA-AE Y=g A 2 AE (cluster)E E71AE At 7] 27142 A71EE 7
2, 2L Fd AaF Agel FAHE AL Fsgon, ¥ owyd Be AL fd AaF
B4 &2 Py QAL (in vitro) B AANn vivo) A AH Amisol Yt FAe daEe dgo
= AFE 5 oE olde 7,

Z2E (cluster) E AAARTA 23] S7IAFEANA dxFeo Aol HHAEHE=

¢

=

%o2E SAS(E 2, ) EmE FHS(E 2, okeh)E EW AR nEA-23AY Yea 2H2HE Uy
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¥ 3t PASHE EW APE vEA-abd dedda 2ezee) a8 $e09 wolt,

= 3be nEA-AA Y2 Fej2Ho AE A (T (zeta, z)-potential), SEM % TEMCO & #&3F 1 Ex}-
24 deizt 28 2HE YERd Eo|t).

A gl FesEe BW A4S % sEel 0hE daFe wE £EL e wolth,

=5 Ed dage A7E Yl ot

b1
W
rlr
r-lm

L 62 A7 A7]el whE AaF Sold mAdl (D9, (D63 3 (D8le] 3 &S yEhd koltt,

wyg YAl Aok FAF g
ola}, ¥ WS W) s dwgitt.

L
1) 2EA-AA Y=gz S8 2 (cluster) S E71AX0 Astes @A, 2

2) A7) A D] E7AE A7EE et AL E £8se AL fE daFe) A4 X EE A
Tt

o aEAY F 9la, ®Buh FAMoR Y] AAAFY AR Ee (e

1A Dol A AR A
o]

_]

(e}
== JEg  Heoladd olE)(Poly(beta-hydroxyethyl Methacrylate), PHEMA); Z@oladolm=
1

(Polyacrylamide, PA); Z#uld &3 (Polyvinyl Alcohol, PVA); Z&o}a=AF(Polyacrylic Acid, PAA), L
o 9 7 FxA; Zgdelola @A (Poly(metha acrylic Acid), PMAA) ZEE 1 F%4); Zgoladolr=
(Poly(acrylic amide)) E=¥ I w%=A; ZFAuH =2 (Poly(undecenoic acid)) =& I F&=A, T A7)
AR FEsHA; A AE T (Dextran) X 1 FEA, ZYUL Y E8 = (Polyvinylpyrrolidone, PVP); =g
gl %/\]-O]‘:(Po vethyleneoxide, PEQ); Z&ol€&dlZ2]& (Polyethyleneglycol, PEG) ¥ I F=A; &g

z2AAF8 Z(Polypropylene Glycol, PPG) EE 1 §EA; 47 ZedddZgz 2 ZgjizzgddI3aZ9
FTEA, e 059 RudzHZ3 {2, iﬂ(ﬂ]%@]i/\]‘:—b—giﬁﬂ] LAFo] = (Poly(ethylene oxide-
b-propylene oxide), PEO-PPQ); Zz]-1-g}o]2Al(Polyl-1-lysine); Z@| o€ do]¥l(Polyethylenimine); Z2|EE
AF(Poly lactic acid, PLA); Zg]ZgZ4H(Polyg yc011c acid, PGA); &2 (ZEAF-co-Z8]F4H) (Poly(lactic-
co -glycolic acid), PLGA) &% &A; 7]EAF(Chitosan); 3|&FEAF(Hyaluronic acid); % o|59 &&=
ojFolzl Lo RHE MYE 1F oY F o, ofof eAHEA =t

Tk, A7 BA Do AL 2AAEY oy, oo dgER ket

A7 GA DY A YregAs AH3F A2E (iron( 1) oxide: Fe0), AFs} A3 (iron(II) oxide, magnemite;
Fego;g, (]._Fezog, B_Fego;g, Y_Fezog, S_Fego;g), U}:Lﬂ]F)ro]E(magnetite; Fe;g04) ‘;3% ﬂ'ﬂ' Zﬂ2, 37:‘5_(ir0n(H,
) oxides; Fes0s, Fes0s, Fes0;, FeO, FepO) 2 o] Fojx FOo2HE Meld 15 oldd 4 o, o]

FAHA =t

E£%, 47 WA DelA A4 g Feses g gW AAE aR-24d degd 29
2EQl Ro] whhA s,

47 FAehE BW AAE R4 hega FesEe nR4-4y thegd FesE 2w goled
g4 AR RAHE S Qu, B FAHeR Py geled W ADAR  Beegdelw

(Polyethyleneimine, PEI), | Z#|olE]= (Pegylated) Z&od#o]nl 3J|2E]D#olE|= (Histidylated) =g
oddlolwl FEAHEI= (Lactosylated) Zgloldalo]wl, HAF F-FAE3 (Folate-conjugated) Zz| &
olvl, wWy¥l FHAEY (Melittin-conjugated) %F/loﬂ‘% ol T ZFdddloltl fFEA; Zggte]Al

(Polylysine), 2=¥Y(Spermine), X ZE}Y A o]E (Protamine sulfate), Zz]o}u]XZo}7l (Polyamidoamine,
PAMAM), =7 =Z=Zdo]9l (Polypropyleneimine), Z#]H @ (Polybrene) % T]o]ojojo] wlA~EZ (DEAE-
dextran) &2 o]Fojxl FOoREE HduH 1% o]t ol Fd HIAVF Bd 4 o, o]d 4
2 o=

A7) @A DA n@2A-AA e gdA FAE (cluster)E theo] o R AZzE F glont, o] gHgE]
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w3, etz 29 EE A 8A-AE Yesda SYREE Axsr] ffstel, vl dAl a)el sl d

2 7] Folod YA ATA L IEAE AFeks PAS F7h 2w

TAXH R NN -tjalo]|F 22 W t]o]n = (N,N° -Dicyclohexylcarbodiimide, DCC) & N-3s}

ol EFA]A 4l o] u] = (N-Hydroxysuccinimide, NHS)Y 4 1o}, o] A=A &=

H
o
>
>
N

] @A o)ellA £ 3 WA 72 T =9 dste] A = oy, ol FAEA d=u.

TR, g #AE AZA-A UmdAk SAHE Axs] skl A7 @A odld g3 FEE aEAE

R, 7] G Dol 2E9 Aes Ao 1WA b S FdE ¢ o, Bu FAHeR 2 WA 4
T T Fd8E F Ao A7) DA Dol wRkE 1 WA 2447 b FdE g glal, FAHCR 4 WA 84
s A ¢ glen, By AR 5 UiA] TAIRE st =3E 5

A7) Pgon Axd R vhedd FesHE aREAsh A4 vhed A7 398 FesE (cluster)
ER, 7] WA DA mRA-AbY el FU2EHE 1WA 1000 pe/miE AT 5 9ovt, ol s

;Ab 25, H, e, HiNe] SR B AIE R o] Fofl Fom
= Q)
o =

71 BA EVIAEE SAASVIAE, AT 24 FA T8 VIEAE, A =24 i SHFEVIAE 2
w3k E7IAER FAE ol e 1T ol e Al E7IAEYD AL = ey, ol dHA d=v

| iy
2 TR 718 4= o, B FAHe R 0.3 WA 1TR 718 4= 9o}, oo AR =
He 1) nER-ZA Yy=dx F2E (cluster) S E7)AE A st= @Al
2) A7) @A 1Y E7ME A7 EE AtekeE v A 2

2l st

rir

SALE Eeehe AaFe] Az 3 A7 Al

o
S
ol

3) 7] @A 2)9 EVIAEERREY dixE
o

7l 2we et ol&H = WA R, S71AE wfdel o] &u AnbHQl ow gt wjx|E= o]gd 4

v e A=, A (A, Aol 4, @ I 9 Az FA)o] FE wiAolm, & I o]&d
U+ WA=, & E9°], DMEM (Dulbecco's Modified Eagle's Medium), MEM (Minimal Essential Medium), BME
(Basal Medium Eagle), RPMI 1640, DMEM/F-10 (Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-
10), DMEM/F-12 (Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12), a-MEM( a-Minimal
essential Medium), G-MEM(Glasgow's Minimal Essential Medium), IMDM(Isocove's Modified Dulbecco's
Medium), 2 KnockOut DMEMY < A3, O vlEFsAE HABFAd S A (ninimum essential medium, MEM)

o}
2k
=
=
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drg o] FAHQ AAleellA, & WEAES DAY YiedA S AH 2 AR o8 FAAE7
A fref s Aol FXEH= A A
T 2, B 9yEe aBA-AA Ymgdx FeaH(cluster) S E7]AEA A

[©)
—_ =
2 AR W, B/AE fd GaBe Aol HAHE AL FAAGomE, Y] SaFe) WA

<AAd 1> A F

k= 7] A (mesenchymal stem cell, MSC)i= CyagenAlH(MUBMX-01001, US)ZH-¥ F433ith. SHd=714x2
& 10% AHjo}d A (fetal bovine serum, FBS)(Gibco, US) ¥ 3AA|(antibiotics)(Antibiotic-Antimycotic,
US)7F *3¢ksl MEM-a ®iA](Hyclone, US)ollAl wik3tAch. 747 w3t FIHAE7]4EE DPBS(Dulbecco’ s
Phosphate-Buffered Saline)2 A& g = 3dwult) wjX & wAsARaL, 37C, 5 % CO, = FA3FATE.

<HAAd 2> A EHNR TF FH2HE ZARA 43K (Polymeric clustered superparamagnetic iron
oxide, PCS) Y=Yz FA

=3 FY2HE 2R 434 (Polymeric clustered superparamagnetic iron oxide, PCS) Yi=$ix}= 4F3}
A 7 Jeatg o]Fojg o Ywegdxte] A7+ oF 100 mmolt). PCS Y=iat A2 21& ZAsH7] $Ist
o, Yrdae] 25 24A17F 52 20, 40 2 60 pg/mE AT

w8k 290 PCS Y=dAE dsty] flete], E21(D, L-getol=-s-2gsieko] =) (Poly(D, L-lactide-
co-glycolide, PLGA))(50:50, My 38,000 W] 54,000)(Sigma-Aldrich, US), Z4A4 Abshd vzt
(Superparamagnetic iron oxide(SPIO) nanoparticles, SPIONs)(Sigma-Aldrich, US)E AF&33laL, 1-<€-3-
B-fHgetn=22d) FtERTn s |2 FF ko] = (1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride, EDC)(Thermo-fisher Scientigic, US) % N-3}o]=FA]4Alo]u]=(N-hydroxysuccinimide, NHS)
= g% EXF(fluorescence molecule) AFo]e] 7 (EDC-NHS)E A Z3}7] &l AF&sFch. =3k, AX e
RS AEs7] 98 3% ExE Aopd5.5(Cyanine5.5, Cy5.5)(Cyanine5.5 amine, Lumiprobe Co., US)<
AH&3koi Tt

TAA o2 330 mge] PLGAS 60 mge] EDC, 132 mge] NHS 2 9.9 mg¢] Cy5.59F &7 DMSO & Mo L-3jA|7]1L
24X ZF &<t vl eFste] PLGA®} Cy5.57F EDC-NHSel &3] ZFHEH ¢ & wbg EFES & o5 (deionized
water)® FA (M, cutoff=10 k)3}o] ko] EDC, NHS % Cy5.53 A7 38Fe] PLGA-Cy5.5 ¥F =4 (PLGA-
Cy5.5)& 53134,

2 ok, 0.4 mg® PLGA-Cy5.5 % 0.1 mg®] PLGAZ 0.1 mé2] DMSOe| &3fA|7]a, 3 mle] & o]24=f 0.1 m9
SPIONs(5 mg/m)E A 7F(drop wise)3tit). ©]F vlo]d(Vial)S 5% &t Bd4sta, 3% ¢t =

H 6A1Z BeF AoA muksle] 213t TwsfA PCS YedAE 555t A 853 &3 17 E
PCS Y= atE 54 dxste] &% Al8E dATHE 2, 9).

<HAld 3> gAF ZHAA TF ZFE2HE 23R 4H8E (Polymeric clustered superparamagnetic iron
oxide, PCS) Yx=d=} A

G5t TN E PCS YiedAE )9k 2ol Az, PCS Yi=dAk HE 2de AAs] Hste], Yied
bol 8 20407E B9 20, 40 % 60 pe/me2 AESATH

N

FHst FHAE PCS Y=dAE FAs7] fsted, EE (D, L-FEol=-F-=8FZeto] =) (Poly(D, L-lactide-
co—glycolide, PLGA))(50 : 50, My 38,000~54,000)(Sigma-Aldrich, US) @ Zgoddo]ql (Polyethyleneimine,
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PEI) My ~25,000 by LS, M, ~ 10,000 by GPC)(Sigma-Aldrich, US)& A}&3}¢la, NN -Tjrlo|ZF R AIt=R
tJo]u]=(N,N -Dicyclohexylcarbodiimide, DCC) ™ N-3}o]=ZA]AAlo)n]= (N-Hydroxysuccinimide, NHS)Z
PLGAS} PEI Atole] HAR Az8t7] & AH-&313t).

PLGA-PEI =812 43517 Yste], 330 mgd PLGA, 113.67 mge] PEI, 18.33 mge] DCC 2 11 mge] NHSES
100 mée] DMSO &Moll gafjrl7)ar 24A)17F B¢t vjdksl & w3 EFES & ol&kr FX (M, cutoff=10 k)3}
o] 3ol DCC, NHS % PEIE A|A3INTE. doix PLGA-PEI & o
dATt.

PLGA-Cy5.5 @33 T &A= 7] <dAld 2> 71Ad W <o

(o
e

HA Td Axste] 2T ARE

of
ol
do
o

S

o gas.

71 thS, PLGA-PEI &% %A, PLGA-Cy5.5 2 SPIONs7F AF&EAtt. 0.4 mge] PLGA-Cy5.5 2 0.1 mge] PLGA-PEI
= 0.1 m9] DMSOe] &3iA7)ar, 3 me & o] 0.1 mle SPIONs(5 mg/ml)E % 7}(drop wise)stith. ©]
& wpo]d(Vial )& 5% <t EEHAYsIa, 38 B¢ 253 APeH 6217 59 Ao wwtele] FAst &
3=

’ o
A PCS A AEsgi. 47 259 st 9 A4 S tegaE $4 Axste] B ARE
ATHE 2, o).

<AA o 4> v MAA (micro-magnetofection)S 718te] PCS YAt A3 SHNEESVIAERZRE q4F 2

i o
e &

7] <A 2 R ol AR PCS FegAE 7] <HAd) 19 FHGE/ATA Aelsta 47182 e
F, Qage resan.

TFAHoR, A7 <HAAY 1> FHAEVIAE 2Xx1076 ME AE wF ZHolEdA wjgsdn. ags, A
7] <AAe] 2 3> A A 23S PCS YU AE AT wddt FHAETIAE 2447 Bk AHEs §, 2]
A =

S 2443 &9t 1Tk, ol %, A XEulE vlA](cell culture media)E 3] 2,000 xgo] YAEHoR 30
e AAEYE F, ASdAEs AZE FEE AT AEE FEE F7U A5 0.5 25 (volume) o] AiE
= Al9F(cat.4478359, Thermo-fisher Scientigic, US)& H7}sta, HHEd(vortexing) X+ IIqH
(pipetting) o2 EFsIth. 7] =S 6Tl Al wieket $-, 10,000 xgo] AAH o= 143 &<k 6T
oA A, FsAs Wi Fr vigte] rhepek2 A (pellet)S 3|3l o]F 3 A=A

1X PBSell Al @€ (re-suspended)sdlaL, -20Col|Al 717+ 2A3FA ).
<AA o 5> 3 A2} Hu|7 (Transmission Electron Microscopy, TEM)

MNEE 4ToAA 2A17F Tt 2.5 %9 SFEL=2Ldslo]=(glutaraldehyde)o]l ZAAZ|aL, 2 % 3+ (agar) o2
23k, o]F 0.1 M9 7tmdyolE =M (cacodylate buffer) 22 AH3F | 1 %9 LAF HEZA=
(osmium tetroxide, 0sOp)ol] ZAAZCE. B GAE 50 WA 100 %2 o|eh-2S AFg3lo] AAFHa, oF ¢
A (Epon resin)ell WHHATH. ZuEHA (ultrathin sections)S ZFvlo|AZE (ultramicrotome)S AR&3}o] 4
@elar, febd oM H o] E(uranyle acetate) ¥ W A|E#H|E(lead citrate) & AHE3te] A, 1o,
63 kV Z=z1olA TEMS AHg-sho] sttt

<Al 6> 28l EF(Western blot)

A7) <A G 4>ol A ANAaFS AT T, AirFo] EolF w7 (specific markers)E NAF i) o& =
A3} . CD9(ab92726, Abcam, US), (CD63(ab216130, Abcam, US) 2 (CD81(ab109201, Abcam, US)el th3k 1z}
@A (primary antibodies)7}F 1:10008.2 AREHES, P& F-E7] AFSIEZEY  G(Goat anti-rabbit
immunoglobulin G, Goat anti-rabbit IgG)¥ 2%} 3FA|(secondary antibody)® AF&%Ath. SPSS(Statistical
Package for the Social Science)(SPSS Inc., US)E Al&3sle] dAiL duldel vty ¢£5& FAHsa X33t
Stk

<AAd 7> BA A

SPSS EA w714 WA 21.0(SPSS statistical package version 21.0, SPSS Inc., US)S A}&3to] E4 EAS

Fset. A% WS (continuous variables)® 7|&74 ZAI(descriptive results)= Ay X W

(normally distributed variables)2] #H+(mean) + X< HA}(standard deviation, SD)Z X AIIAT. Ht
3

ol LA (two-way analysis of variance)< ©]-&38l Hlustlar, A4 o &2 0.05°|th.

<Add 1> PCS Yx=dAte] EA g9
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[0088]

[0089]

[0090]

[0091]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0100]

[0101]

[0102]

[0103]

[0105]

SE506l 10-2236399

A7) <A e 3ol whel Al Z3E FAFE T JfEE PCS =g Ae] @] 2 ¥ de) Foich.
FAHoR, 7] <AAd 3o uwE} Az} FAstz FW AEE PCS vx=dAte Z7] £ W A}
DLS(dynamic light scattering) Zetasizer Nano-ZS90(Malvern Instruments Ltd., UK) & FA 3} ).

i
M
1
ol

il

T3 A7) PCS Y=RPAE 7tud-m"E 400 WAl 8] 28] =(CF400-CU-UL, Electron Microscopy Sciences,
US)ell 158 &9 okl auts, 2 % $gd olAHOIE 10 wE A7) ael= Aol 1083 & F, Axsdd &
A @At auvs,  AAEe P (JEM-2100F, JEOL Ltd, Japan)& ©]&3le] 63 kV Z7ClA
TEM(transmission electron microscopic) °©|V[A|E F53dle] Y=gzt +Z25 s, =3, dxdv]H
S o] &3} SEM(scanning electron microscopic) ©|H|XE &53sle] UYwdxte =S selsldict.

T AR, = 3a WA = 3dell ek wkeh o], st W AjdE Pes vheiAt
o] PLGAS} Atshd Ywegixrt SX-E S 2~El(cluster) FEE Yelga, HsE
ool A7) PCS el AE nEA-AY vhedda SesEHR BYean, 4] FHe

QA= oom:} ¥ hEE nEA-AE g FY2EE, SdaE 39 HEE PeS dx=gAE A8
2 EY AR 2R Gegd Sesne gy,

r~1m

Al > - hegA Fesse] BY A% 2L SR GE AaFe 4

o
oZi
-ﬁ&"
ro

DRA-A A Felsde] EU A5 2 sEd wE dagel 44 ARE 8] S8, 7] <A
o 2 ol AxF At/ AR TW AAE LEA-APY =g FelsHE BES Gels] F119
A A AR S HE F FRABIAEANA AEE AaFe 4TS st
5

azz, 47 <A e 4o 1Al Pyt oz *om <A 3>olA Az FASE EW )

O{N.’“mﬁ—u N
A

=
TR Jrda FHAEE 40 pg/ml S of x&&taL, 0.3 T, 0.4 T, 0.6 T
0T Al71e] A71Ee spatdnt. atke, A7) <AAld 59 71%14% WA A g o s TEM #ES F3l
NAZNAEZRE GaFe] YT BTG
o, A7lel AE WY TdE PPoR AV <AAd 3ol Az FAsE mW AEE aR A4z
YAt FH2EE 20, 40 2 60 pg/ml FER Asta A7 EE g F SUAESINATRIE AaF A
AHS FA5A .

YEToE wRA-AY e FU2HE PAYR FHAEINALE ol §Seh,
o AT, E 4% % seld ek vel o], SAstE BY AQE nRa-A Jagia 2elaEE Aee)
9e W oaFol MAHA RAR, FASHE EW ALY 1RA-AY g T2 A0S o
L ooage) wie] FENNT, FAHE BH ALY LEA-AY oA Feave FEst Boldss o
F EE FHE AL BBG ¢ AATHE 4. 53, FAHZ EA ALY DAY g FesEE
o SAe] e ol theqa FesEt FUH, AEAEA S (endocytosis)el

3}

olatgit. wd, AaE oA

ins
2L

S £ o2
brooh
Ho

X
!
30,

<A 3> A7Y A7l BE dage 44 A= §9
AN Al @ gl A4 AES B9l N3, ) <AAd peld Ax® Fhee 2w A
DEA-AY A Fe2EE FHGB/AZA Asa VAAEE AVE destel AR F FHAE]

Aol APE = daFe] YRS B4
5
ul

FAH R, 47 <Agd ol ZAR P} FAE wpPoz 4] <AAd oA Az FAskz wH )
A¥ AFA-AA e SY2HE 20, 40 B 60 pg/ml FER HEaL 0.3 T, 04T, 0.6 TE 1.0 T Al
718 AN E S AH F g7 <AAdl 5ol A W FUE RO A BUS FAst] AaF v
4 wdge 480

o Ay} o] wlA<Ql (D9, CD63 H (D812l o]

% 6o Lhebd mish gol, Ao wEHE F gaE 5
BE Z7kE £Eom tEtam, stk A7 AV ZARE 2E £F FEE A2 BBT S AATE

A7) Ades Fo UmdAt SelsEe] 2 hEe] AE-Adelel o xtolE Ao, 57 (negative) ] 43
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ARtk P (positive) o AEE 7Hd4= 3

of wet A7EE 7S W AT AT SIS &+ Ant
=9

=]

Nano nanicle\

Internalization
Stimulation
exosome generation

Induced exosome secretion ' A
Some Micro-magnetofection (0.3-0.6T)

Analysis composition in exo.

k1
g
[\

® srios

©  PLGA
@®— Cyaminess

(PLGA)
Z- nanoparticle(negative)
® spios
©  PLGA
PEI

*— Cyanine 5.5 ./

S

(PLGA-PEI)
Z+ nanoparticle(positive)
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k1
N2
W

Positive size

Intensity (percent)
3

01 1 10 100 1000 10000100000
size (d.nm)

Obseration of nanoparticle by SEM

Positive zeta

Intensity (percent)

400 50 0 50 100
Zeta Potential (mV)

Obseration of nanoparticle by TEM
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k1
g
N

Control

Z-YRB  40ug/ml

20ug/ml

C
o
N
C
E
N
T
24
A
T
|
o
W

Z+YRB  40ug/ml

60ug/ml
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Expession ratio of CD9

& Cortrol
23 03
) 04T
£ osT
o 107

Expression ratio of CO9

L I S S
A

Concentration of NP
Expession ratio of CD63
. @ Cortrol
€3 037
3- — -
a0
(e I

.
A

Expression ratio of CD63
~

o "’Q @,Q #’Q

Concentration of NP

Expession ratio of CD81

B
3

¥

e
A

Expression ratio of CD81
~

i
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