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i A somamsenn  (37) Abstract: The present invention successfully introduced a new approach
’ e to target specific EV subpopulations on the basis of charge-mediated fusion
.4 of EVs and CLIPs. By adjusting the surface charge of liposomes through the
! ratio of positively and negatively charged lipids, the optimal ratio that allows
+ efficient and stable fusion with exosomes was confirmed. A method according
to the present invention uses the advantages of a CLIP's high fusion rate, and
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« wssresvay for tumor-derived EV miRNA in a lysis-free manner using droplet-microflu-
sy idics. Particularly, the EV-CLIP method enables digital detection of EGFR
‘ : L858R and T790M mutations without pretreating a sample, and thus can sim-
plify detection processes and prevent EV loss.
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™ A A
ol HA: Y XEFEHY Y S &8 &A
) AELATA FHAY ANTAE HE Y
of

g2 A L] A Xll (extracellular vesicle; EV) 4%% L e s e ) o=

1=13

=
X
I~
=

Jo of

AT

7]
B

e

2 T4 A ek Al iiiﬂ 74%% ‘j/lgi—%‘, A7) B E2E S ek
UM E Fo MELEEA AEE 2=, A58 7 E AWy, S dd g =
A, A8 71 E, o XS /s B A T 2 oF xebibH o) 3k Al o]
=3
M7=

v /‘ﬂ}lﬂ = ¥ A (extracellular vesicle; EV) #2412 A & 2] 8 - H-ofo A
AR K Fdato] thekgt A o Aefo thdk 7HA] = T EE S Al Y

5 El(Sulllvan L. B., Nature Chemical Biology 2017, 13 (9), 924-925). o] = 54

A S YEN &= 553 32 (Cocks, A., et al., Seminars in Cancer Biology 2021,
75, 127-135), ©H 88 A (Whittle, K., et al., Critical Reviews in Oncology/Hematology
2022, 171,103603) H1= tFE FAE A 3O 2 X (Yu, W, et al., Ann Oncol 2021,
32 (4), 466-477), EV ©] A A (heterogeneity) 2] 74| ¢+ Z=A}(Tkach, M.; Thery, C.,
Cell 2016, 164 (6), 1226-1232), 2™ E-o| 4 njo] @ n}# o] A (Peinado, H., et al.,
Nature Medicine 2012, 18 (6), 883-891) 2 A% g o] 54 W& R UEHA T &
DA got b Gl Evel &E 3 542 Ak AW Al tiE T2
St AR E e 2 = 7HsAd o] )tk (Marar, C., et al., Nature Immunology 2021,
22 (5), 560-570). ot A= 2 EV-7-3 RNAE AE357] Yl 4o i+ A
FA ARAAL F3Fa A 4] HE-S(quantitative reverse transcription-polymerase chain
reaction, qRT-PCR)(Gandham, S., et al., Trends Biotechnol 2020, 38 (10), 1066-1098)
2 oh ekt A 28 5302 A oFE 91T (Shao, H., et al., Chem Rev 2018 118 (4),
1917-1950). ©] &1 3t Wi o] Al groh= 52 REEE o] H ol i &-staL, 53] o] ¢
g AE e g2 9 5 AAANRERE EVid, EV %oﬂ, RNA %
g AR} FE T} 2 F 5 A gho] Wol A8 H = dAE XA 7] = T o
A3 T2 71 E Q ¢k I A| & A A SFAL Q) tH(Erdbrugger, U.; Lannigan, J., Cytometry
Part A 2016, 89 (2), 123-134). &+, A A 2ol = &% M E-F 2 EVE} H] & %A
3 TrEH -BVELE] fef g EVZE-ZA ¥ o] Jlar, th & elloll A 4 7] RNA ¢
2 EAS S PRES FAsH B B0 A8, FYAE §9 RNA A
S E ?% St A2 Al A o] & A 2 Hol ¢l tH(Bordanaba-Florit, G., et al.,
Nature Protocols 2021, 16 (7), 3163-3185). A3} 8 0.7 F %A EZ -2 EVRNA A

HE
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= % RO a8 Aolal et deks estr] sk F7F A7 a4 o]
SNARE ©H A o)) o] & | 7| & a1 & 25 o] =(Ca’holl ol &) 7 == 2 53
(membrane fusion)< Al| 3 2] f-Z (exocytosis) = A 3 1] ©] %1 (endocytosis), B & &

A, M2 EE s AL Y MEY & E3EeE o} s A2 2 of] FH ]

o] th(Koike, S.; Jahn, R., Nature Communications 2019, 10 (1), 1608). 1 %] & &
o] g3 WA YTl thgt P gk AA5-7F 423 ¥ o] (Ma, M.; Bong, D., Accounts
A H A5 A8 4 Qe

of Chemical Research 2013, 46 (12), 2988-2997)
A
=-u| 7} (Piffoux, M. , et al., ACS Nano 2018, 12 (7),

75 A Al 2~E ko) A8 Q)T (Mazur, F.; Chandrawati, R., ChemNanoMat
2021, 7 (3), 223-237). pH-2] &4 (Yang, Y., et al., Advanced Materials 2017, 29 (13),

A} -3 A) (Kumar, S., et al., Nature Catalysis 2021,

1605604), =] ol & &l =
6830-6842), 7} e F-F 5 ¥
4(9), 763-774), & A-3] 5-A}o] -] 7| (Cheng, L., et al., Biomaterials 2021, 275,
120964) = DNA A 3 -u] 7} (Peruzzi, J. A., et al., Angew Chem Int Ed Engl 2019, 58
(51), 18683-18690)9} 72 o] 2] EVs U &5 -4 o] Al ¢ty ic}. wtat oA 5 7
U 2 ¥ = Sefznt v 9] thekgt B2 24 o] AW, o] E& LF 8
=5 L E= A Eav A Ed =
A&, vhol 2] 2= 23 Wl A Y 5 (Gao,

X., et al., Angewandte Chemie International Edition 2019, 58 (26), 8719-8723) 2 91
A (fusogenic vesicles)E 285} 22 A ko] 725 )
s
391 A

= TAlO HAA g FEst §3-S s oA
A2, A2 374 oA EVRNAS AES
bl 7)) -§-3(Feng, J., et al., Analytical Chemistry 2023, 95 (19), 7743-7752)°l A
of w9l @
O S
o o-Tr

]

aT= T

| B F A% 2o B E ek 243}
O ¥ 2= 0]
IR
o] =
A .
= 4lo] %

j—t

FAE A& gL &2
th Z1e v} o] By g
2 3, o] &= 7= A Q' o g il A[gho] ol &
L] Qo A o] f-84d o] AlgtEct, ufela Aol A Aed S
B EVRNA A58 ¢ o Adnbsh s o sty 4282 dst
R g )
[5] Bowg o A =, v A f- A 44 WE-S-7] (microfluidic droplet reactor) W ol A EVs/
g XS G g gt aa Aol ek Fapol Fgh s - =
T = A o= JfEete], 7iE EV 79 miRNA 2 mRNAS A
T AN FAHe R S5 2| A vgo] 22HE Fal x5 1 AsHE T
Al 24t Evele] a8l 8 %= 7Hs 8 shal 5% W REeI A 60% 1/
Ao FF-E GLstA Aol 5= ATt stAH gl xFo 54 272 Aol
Ast 8 ToA 7MY =2 53 25 vebllth 8 & g o) =, 73}
o 2] (emulsion droplets)ell 4] 71 EVE #-F3tal N4 270 -& 3l abd-2] 3%
< (Charged LIPosome; CLIP) EV A Z(EV-CLIP)S &&3to 24 g &2 v
A= S 7hsetA gt & EERE 2, H Y
g, EAW o7t i 34} 5618) T 117 gt
T790M =<1 o| & H x| E W24

2% A miRNA =+ mRNA 2 =2

2739 (F Al 7§l #4417
71078 o 974 =l 4 EGFR L858R 2
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[20]

[21]

[22]

[23]

A& oA WA 2 33 ¥ EGFR T790M 2} #h&d ¥ MBol| = kA 333 &
AL taggingdhe], ZF o1 4 wk-S-7] W] EV Qholl A &¢I o] §-# #}9} MB7} 1t
ot FFNTE WA Ha, NS AFE = N FE Ao EV &
EH RNA U A" A& L4 of] 283t} (b) VAl F-A F-A ot =717 Wl

ARG CLIP(SHA-2] 3255) Al o] 7| gfizoltt. CLIPS A stE ¥ 1,2
dioleoyl-3-trimethylammonium propane(DOTAP, red) ¥ < %3} E @ 1,2-dioleoyl-
sn-glycero-3-phosphocholine(DOPC, green) #| A 2 A AT}, (¢c) T3z} & v
Z(TEM) (% 71 92.5+5.65 nm, n = 3 with 9 data points).2. 2 2 3 CLIPS] o]
3 o|u] X] o]t} Scale bar: 100 nm. (d) DOTAP ¥ DOPC2] t} %3t =1 24 (%)
of k& CLIPS] A EF 2 (porar: “porc) (0% DOTAP: -18.63+0.76, 25% DOTAP:
16.1743.05, 50% DOTAP: 26.90+5.27, 75% DOTAP: 32.20+2.26, 100% DOTAP:
38.67+2.51) %, Hlol Bl = H7+SDE WERH sH A o= A4 ¢ 3709 CLIP
%] & 7]¥ke = gt} (e) DOTAP Bl £©| th& CLIPS| /A9 84| =17|(DH)
WX A719 1 A8 542 DLSE AFE-sHe] 43 E 91 tH0% DOTAP:
95.82+8.87 nm, 25% DOTAP: 116.40+3.67 nm, 50% DOTAP: 113.40+1.00 nm, 75%
DOTAP: 115.03+8.86 nm, 100% DOTAP: 113.7+4.3 nm). H ] B = ¥ :#+SDE 1+
Ehir S o= P E 379 CLIP WA & 7wk o g gt} B E B4 ¥4 &
One Way ANOVA= 43 ¥ 9]t}

T2 " AFA 74984 37 d (Microfluidic Hydrodynamic Focusing; MHF)

P EE QA A A AL tAE dn, H] Aus GAA D =4
FH 2598 Foz T4 o B0 §31H A
3L, A o =PRSSV EH HT. AN B =

7
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2 A= ?_PU% 100% DOTAP/] F7)=
48 A1 ZF F 300nm7FA] A48 o 2 S 7 TH6 Al R 160.53+8.15 nm, 12 A 3
188.27+7.58 nm, 24 A }F: 230.37+14.96 nm, 48 A| {F: 311.50+8.51 nm).

T 5. EV +d. (@) 713 24 0] 0.02umS! FAMs T E T A 4]
t] 2221 %1 ExoDisc & # % (Exodisc, LabSpinner) ©| t}. /% M-S 3000rpm( %} 500g)
of AT E AHE FHA7] AL, FH Aol A 55E EV 100uLE 3] A&
22 1X PBSoll Al A E5F T, (b) ExoDisc 2168 9 ¢ tabletop ¢ A -2l 7| &=
Folth. (c) Exodisc A& ¥ 2lolth (d) EViE Y= P At 34 FA(NTA) L2 54
st= At
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[24]

[25]

[26]

[27]

N R ER
9] AN s\ 52 AL xixo]r_/]\_, gll;gl HH%:FL, oﬂle 7}4,7 ‘”1:/1 1) _1|4;<4 x]x}/\ ;]g o7

taE o, e = =
TAHT EVe CLIP Tl MZ Ao He g 29 ¥ 51 FC-40 AH ZA] A
= A BE A E A 2R AT A4 H E 1= FC-408 T-junction®] <

A EZHoR ME 'é:it EVSF CLIPE A& A& Do Y1, EVe} CLIPE T-
junction®| 4] THi} water-in-oil & 42 & A SFaL K2 wjErol| A = Aol

O o, A o w2 A AL e AFE sk EAS el 4 o

H A3} g

X 7.EVS CLIPS] Aol#H S AFESECLIP 2 EV &3

f cq O
"o
g
12
a2
o=
o.>|:

of Mersol), vl Al f-A X = %%—@% A - (flow-focusing junction)©l]
A water-in-oil 94 HF-g-7] & YAt E AAHE o, 7 7ol +4HEV 2
CLIP)o] i} ol 2 & k57| Q& f-4] 2~E H(FC-402] A 24 4 PFPE-PEG)

f
i
=
o
o
i

213}7] 913 Forster Resonance
013} FRET % 71 52
A ZEH Afol o] ot
1) } 719k g 3tel whet F7h
o] FRET & &°] 7”\5PE}(PE E Ao ekgolnl PS: . ATE]E A ™), (0)
EV$} CLIPY §3F B &3} CLIP 24 2 2] DOTAP W¥-&o u}2 §3F ~¥ A
o] A1 A 3t AL ¥ Aujo|t) BE 54 ¥4 Dunnett2] U5 H| L € 2~
EE AGSlo] 49 At HA e R ¥ Qi) (d) BV, CLIP 2 53 A A ¢
&4 ol A FAL A v (CLSM) ol VA &= EV(4)) | CLIPCEZH ) o] &&
& 1ol &t} EVE CLIP(75% DOTAP)S] Al 7FA] Hl &(&H] 10:1, 1:1 2 1:10)9]
EV, CLIP ¥ §3% A¥A(EV-CLIP)2] 1| % &5 do)A 271 dAv]H
(CLSM) o] H] %] o] T}, 7} 52 3242 EV(55 A1) 9} CLIPCE ) o] 3-8 A 9315 K
o] Zth. (e) (2] #A] Aol A 7} vesicle® B &-& HERH Lol ) 1070 9]
=G oA BB FAE Ao, AFA G2 H L= 100 WA 1600 T} &
A A A9 l"\f’?} A (one—way ANOVA)CS 2 =3 ¥ At} () FHAx 3 n 7
(TEM)S. = 2% CLIP, EV 2 & &3 A o] th3f o v A (53 &34 o AA:
174.85+13.83 nm, n = 5)°] T}. Scale bar: 100 nm. (g) A H S35+ A3 AL A A

71(EVs: 137.00+14.30 nm, CLIP: 115.03+8.86 nm, EVs-CLIP: 174.10+10.28) %, |
o|H = W xSDE YE M, n=30|T}. & F A 3412 Tukey ] T v 2l B 2~
EE AREste] A9l A A o8 FEHATH (h) Al 55 Ao AFA 9

A el A7, dol Bl &= Ht +SD, n=3S YERITH & 4 ¥4]-& Tukey2
o vl 3l H| A2 E S ARGste] A9l B4 A o' A

=8 dA A7 # ¥ Y2, Droplet Monitor applicationS- AF-g-35fo] o 4 -

A3 A F o] H A V]5= 27.40 £2.06 um= FHA AT}

+9 DOTAP W&o w}2 g3+ 2 ¥4 9] @17] L Alel A9 F7} (a) DOTAP
Fol & FF AXA Y A7) F7HE Ve 18] 2 o] TH0% DOTAP:

o 2 AGE AT} (b) EVE CLIPY] 83 wh&

Energy Transfer(FRET)-7|§F 2] & 23} K21 9] 7

B 2 010} )9 58 18
[e]

=
rE _IXH

o
123

o
arﬁ

H

Hm
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[28]

[29]

[30]

[31]

[32]

[33]

135.9+24.7 nm, 25% DOTAP: 150.5+24.3 nm, 50% DOTAP: 161.6+11.9 nm, 75%
DOTAP: 174.1+10.3 nm, 100% DOTAP: 231.3+42.8 nm). Z} to| ¥ ElE = 3
7+SDE U e, n=30]t}. & E7] ¥4 one way ANOVAE 3] ¥ 21T},
(b) DOTAP M 3-£of] W& §3 A2 Ao ¥ W3t AstE vebdl 1efszolr}
(0% DOTAP: -18.4+6.9, 25% DOTAP: -12.3+3.0, 50% DOTAP: -9.24+4.55, 75%
DOTAP: -3.74%3.80, 100% DOTAP: -0.71+4.39). 2+ to| 8 ¥ E= H7+SDE
e, n=30|t}. & S A ¥4 one way ANOVAZ 53] =] ¢ T},

5 10. 3 22 A), 8] ¥E5 L EVE Pearson A # A 5=(PCC) 4k. Pearson 77

AG=PCC)T 1071 2] ol gt Tl A ¥ A oA &5 9, Imagel ol 4] JaCoP
Aa1e]H S AFEEFe] AAE T 83 A E A 9] PCCE= 0.690+0.096, 2] E352
PCC+ -0.013940.01264, EVs2] PCCi= 0.0021+0.0066 2. =& &F31 =] ¢t}

1L AleR A9 Sl A 2] EFe] th g Rho-NBD H7he] a3, vhek sk
DOTAP H] £(0%, 25%, 75%, 100% DOTAP)= %Z++= € ﬁiﬂ A el A9 W)

7} tlo] B ZJE= H+SDE WEU T, n=30]t}. BE FA 242 two-tailed
unpaired Student’s t-test= 53] ¥ 1 T},

L1283 2D EV-HES §F Al A EE S HA S TEM o v A F =17]
H| 3, (a) EV-2] =5 3ol Ha AU R o] Fol 4 of AAH = SHAE e
W TEM o] 1] 2] o] t}, Scale bar: 100nm. (b) 44 L H A AFA oMo g3 A~3XE
Aol A7) vjul Azpolrt, A W g3 AFA Q] H A7]: 174.1£10.28 nm, H
A 2AL W BT AEA ] F 51_7]' 1173.174508.58 nm. 7} B o] E] EAE=
HA+SDE YERN 1, n=30]t}, B& S A ¥4 two-tailed unpaired Student’s t-
test= 3 ¥ AT}

513271 2 AE A Sl A g2 MB A o &3 (a) Al 7HA] Aol
g 9 25 JHEAHIFZ(MB) §l+; miR-21 5 MB 1+ EGFR =W o] 5
MB )9 =7 H3E 5 L}EM 1R Eoltt, (b) Al 7HA] Aol gk Bl EF e
28] Z(MB) €18 miR-21 73 MB 95, EGFR &1 o] 23 MB 9599 A&l
AN E YeER 1ot 72} HlolH ERIE = H+SDE W EFU T, n=30] T},
B E A 542 one way ANOVAZ 3 5 it}

5 14, ¥-AR] 27|k £ EV A 5. (a) MHF chip2 ©] 83 CLIP A 2} ‘;-;
droplet HF-§-7| & o] &%t EVel o] § 3 HE-g, detection chamber chip= ©]-8-3F 13-
IS e E2 otk (b) 7] 37HA] H & WEF ARzl ol T} (c) 14T é <t
F 2 95PBS)ol A TheFak 5 0] H1975 A% 2] EVE] miR-21 ¥2}u] &-7]
W AdEo] A & olv Al elt)h (d) H1975 A1 X -2 EVE] &5 ¥ miR-21
A% A=, dolBliz F#+SDE YeR W, n=30] 31, () 2% F7(LOD)i= 79
EVs/uLZ ZAE At (f) A7l 7 &3halo] miR-21 FAR] 2710 A& A0 5
e TLesr ) Zpol 7 RS Eel e 7 Q)

515, F A Z-719E S S EV A= (a) ST b5 A 915 (PBS)ol A H1975 Al
¥ f# EVE] L858R, T70M, L858R+T790M 28] Z-7]6t A& o] th % 4] &34

MN'

FP
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[34]

[35]

[36]
[37]
[38]

[39]
[40]

(o]

[ o]t} (b) 14FE ¢hE 21 ~(PBS)ol Al H1975 A F- 3l EVE] 55 #&H
7} L858R, T790M 2] =W o] H Ax=, o] ¥ 3= H+SDE YEhl M, n=3
131, A% - A(LOD)= 247 1348 EVs/uL, 3595 EVs/uLfJ-_ gl AL} () ARE
%}(human plasma)®ll Al H1975 A X f-& EVe] 55 #¢ L858R, T790M 2] &1
ol A& A=, dolEl &= ¥ 7+SDE WE ™, n=30] i1, %= FHA(LOD)+=
Z} 1348 EVs/uL, 2926 EVs/uLZ 2 = th (d) EV ¥8] F2] o4 vxd 5
;}B_/\ A 2| WE-&-(Droplet Digital Polymerase Chain Reaction; ddPCR)-S- 5~3] ¢+ 4
ttolt), 7} tjol B ERJAE= Ho + SDE YEMN W, n=3°|t}. () PBS & <1z &
“ell 4] EGFR L858R &¢I o] 2 T790M 5 Wol o] A& F&5ghe] Aa oA =,

-|—4_4

el = % g1 4] ¥4l o] % #+SDE e, n=3o T},
16,914 olu] 4] A FRSAE, FEIAEE ofu] A ASE A, 4P
5 L 34 ol] o] 271704 A1 919 oA oju] <] el BAF A Fk,

517, 901G 36 Aol A § 3 Al 2§12 AHS- 3 EGFR L858R 2 T790M &
Anlo] . (A) 44l % o] plasma 413 ZHE| BV-CLIP §3-& o] &3]

-

o] 109 2] A7st 7154}, 71398 2] #H ¢k 22 X5 EGFR L858R ¥ T790M =

.

Aol AZ9] Agoltt (B) 10 9 A/d<l, 178 2] EGFR &% ¥ o7} gl+=
H oF3k 2} 56%H 2] EGFR & o7} 9l+= #9322 L858R &= ¥ o], T790M
S o] A A golt) (C) 215 H 2 L838R, T790M ol A& v uE

HERA T (D) L858R R T790M = 13 o] &2 #18F ROC(Receiver Operating

Characteristic) 2741 ©. 2 AUC(Area Under the Curve)i= L858R-Z 1.0, T790M =

097625 ek 2 elol €] 915 35 5159 W] HiFE el
= S 42 one way ANOVAZ 3] 5 T},

PR LR T SR

ge Aon golHA 2= g B g A ALSE BE V1% 0 757 §
=& Pouhgo] &3k V] Rokel A S A ARt ol aA B4R 0 R of

A= AT 5RO 2i=r) b o 2 B A A o] A AL E B
7] 1 9l BAA o' ALEH = ol

TNE M EL]AXEA (extracellular vesicle; EV)9} 2] 3550l A F-- 8 A (protein-
free) WA S J—/\lOlUl theFgt EV g ekl thsk o) | & aF Al Rt
ol e} Av Aol A F-8l gk 5 ¥ 3 Th(subpopulation)-S- 2 'H & 4 = @A
o] RNAS 2415 5 51, 1 oI5l B ASE BV S L0 o
U:] EHH X o H]—lﬂqoﬂ}q o] 7k 7L/\,J_1j]_9_ = xlo‘t /\]7]- ig?ﬁl Ef;_xﬂ

"l-—'——x
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A Aol gk v mE A olar kg A §3E e T =2 8§ &5, it
2 Ag 7t 2 A s ol A-2] & EV 4 & (charged-liposome EV detection;
V-CLIP)9| o] A& g-8-3F= o] W& o & _n] Al -§- A (droplet-microfluidics) &
/\}9“ SFo] F-8-3) (lysis-free) 2] 0. &2 EV-F-&] RNA®] 3t =g WA A
B e YR TE S H 9k kAL 737 (= W ol 7L gl ﬂx} 1778, & ¥ ol 7}
A= AL 569 AAHe 71e Ak 107 22 5-E A FH g @ A& ol A EV-CLIP
& Sl A BV e @Al 3lo] EGFR L858R B T790M &1 Wl o] & vl A=
oo, AE ZEALE US desetal BV S & A" ol 36t
®, EV-CLIP> 3| 7] EV 13 3 e A2k AFatE 3 A shd oA 2
7he e ko glem oF e stel Al 9 e = Sl AR V13

= Alsert

Mo o
o ©
i

[41]
[42] upefA], 2 g2 o
M 32 -2l Al 32 9] A 3 A (extracellular vesicle; EV) %8 2] 3% (liposome). 2.
24,7371 2 EF Yol ¢AlE & o] 4 FAH] (molecular beacon)©] 71+ 3}
(encapsulation)¥ A& 57 02 s} 2] E Lol #gk Aol
[43] B Al A o A, “A 3E 2] A 3E A (extracellular vesicle; EV) = 314k, whulal o=
718 A A HAHE S R Qe A W] AE(YEEA S 2 9F 30-800nm) E A,
ol 4~ <F(exosome) 2 V] Al A (microvesicle)& E$HeT) Al A = Al 2314
Al =gl of thokgt Aol A A 222 ol FA BN ME HEda o=

Q) 371,1—7(4 01]7\1 Ol:o]&ﬂ P A = B B A B R e ?:11-

mlo

OL

o

[44] g of] Qloj A, 7] “ A Sol A AR ol g, QG A E Fr ) Al 39
AFEA = EAEHA] B, FAE Flf A EAEA o] EA et oF ol 4 &
Ao %O]X—igfﬁ Aol H AR 2 o v gt}

[45] o] QlofA, AT GAIE fr el Al AF A O EAl sk O Sol A

£ microRNA-21(miR-21), microRNA-25(miR-25), microRNA-27(miR-27),
microRNA-54(miR-54), microRNA-155(miR-155), microRNA-210(miR-210),
microRNA-375(miR-375), microRNA-451(miR-451), microRNA-486(miR-486),
microRNA-495(miR-495), microRNA-574-3p(miR-574-3p), EGFR L858R & ¢11
o], EGFR T790M & %1% o], GPC1, KRAS, AR-V7, survivin, TK-1, c-Myc, GalNAc-
T, Cyclin D1 52 233 4 91 ©1}(Wei Pan, et al., Anal. Chem. 2013, 85, 21,
10581-10588; Xiang-Hong Peng, et al., Cancer Res (2005) 65 (5): 1909-1917), o] o]
34 H = AL ol

[46] - g M| A ol A, "2 A}H] L (molecular beacon; MB)" & 3' 43 quencher &2 =2
o 1d slol P Fulel 23 T B Bk Lol et =g, Y2
2 H 3= o) d ¥ (annealing) HE ol A 52 F “Pg‘r FRARJA FAolA Sol4
o 2 243 e, o3& 3 quencher =2 7] A&7t Hol A quencher =2
ol gk ko] oA 7F A ¥ 2L & et Hi= Ae wgh v, 24 3
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[51]

[52]

[53]

B A A o] A, "ol &4 XA (cationic lipid)" iz "ol 24 A A-FAF B
A ¢ A E 2z A = AE-FAF 22 S A G dol2A AE
= AA-FAFEES QA GEAEol of 5 *O*xd stE W s4ke) Astgkrt
AHEA 6 = QFol A XA ~HE, oA AL, Tolal = t] o4 A&
2& A BoloE & 7, A H 9] F= 1FS A o' oFdetE W

EA A el A, ol A = A A-FAF =4S 54 pH, 53] 4AH4 pH
NA T & FASHE zhi= WA, vhghA ek =, A2 4 pHeF 22 T 352 pHoll
M ow g ¢ FHAetE 2hH] oL, HsHE 2] o, = FAd o)t o] 2 & o]
=3} 7hs A e A 84 pHoll A Fol 20 2 Al Bk et vl aLste] <l %
S EHES WL 5SS HAANA 858 TN = AR AAXIT

2 g o] QlolA], 7] ol A& 121 &d e d-3-EuEd R g T
2 3k(1,2-dioleoyl-3-trimethylammonium propane; DOTAP), 1,2-U] & & & 5 A]-3-U]

| &l o} 1] - 3% 2 ¥k(1,2-dioleyloxy-3-dimethylamino-propane; DODMA), 1,2-H-O-
S A Y -3-E W E 4B F 3 2 3H(1,2-di-O-octadecenyl-3-trimethylammonium
propane; DOTMA), 3t W d o} 11| 1 of| ¥h)-7hnl i A& 2] 2~ B 5 (33 DC-

Chol), U] € t] & EFH| 2 9 25 B 2 1r}o] = (dimethyldioctadecylammonium
bromide; DODAB), 1,2-U] =2 & Y -3-T] | & ¢k 2. -3 2 ¥H(1,2-dioleoyl-3-
dimethylammonium propane; DODAP), U] <-E} H] ’\a] e AR F F2gol =
(dioctadecyldimethyl ammonium chloride; DODAC), 1,2-U] 2~ &l o} 2 £ A]-N,N-t]

| €l _3-0]-1] - 5% 2 7H(1,2-distearyloxy-N, N-dimethyl-3-aminopropane; DSDMA),
12-U] ] 2] 2~ 91 4|52 28 30 v &l -5ho] = 5 A o B Qi 35 1 o]
(1,2-dimyristyloxy-propyl-3-dimethyl-hydroxy ethyl ammonium bromide; DMRIE),
1,2-t 1] 2l 2 E A sn-a 2] A Z-3-0f & ¥ A ¥ F 2 (1,2-dimyristoyl-sn-glycero-3-
ethylphosphocholine; DMEPC), 1,2-t 1] 2] 2 E A -3-E 2] W& ot 2 5 X 2 7(1,2-
dimyristoyl-3-trimethylammonium propane; DMTAP), 1,2-T] 2] . ‘?:_]—3—1“4 =t
o|EF Ao el ¢4R F H =Zwrlo] =(1,2-dioleoyl-3-dimethyl-hydroxyethyl ammonium
bromide; DORIE), 2,3-U] & 7] & Y 5 A]-N-[2(£ 3 {1 7} 2 E-Aln} o] =) of Bl ]-N,N-
v | &l 1-32 2 9} 1} 5(2,3-dioleyloxy-N-[2-(sperminecarboxamido)ethyl]-N,N-
dimethyl-1-propanaminium; DOSPA), 1,2-t] 2] = ¢l & £-A]-N,N-t] W] &l -3-0} 1] =
3% 22 3H(1,2-dilinoleyloxy-N,N-dimethyl-3-aminopropane; DLinDMA), 1,2-H] 2] &

Al d 5 Al-N,N-t] | &l -3-0} 1] & 3 2 7k(1,2-dilinolenyloxy-N,N-dimethyl-3-amino
propane; DLenDMA), U] =B}t 2 o} 1] =& 2] 2 223 ¥l (dioctadecylamidoglycylsper
mine; DOGS), 3-T] Wl & o} 1] 5=-2-(F & 2= E-5-<ll-3-#] Eb- S5 A - h-4-% A])-1-

(M 22,4 22-9,12-5-EHH 7} oll £-A]) 3 2 9H(3-dimethylamino-2-(cholest-5-en-3-f3-
oxybutan-4-oxy)-1-(cis,cis-9,12-octadecadienoxy)propane; CLinDMA), 2-[5'-(Z |
22 E-5-dll-3- W -5 AD-3 - S AL FA]-3- T W - 1-(A] 22, 4] 22291, 12 BFH 7

U] ol £ AT)3Z 2 FH(2-[5'-(cholest-5-en-3-f3'-oxapentoxy)-3-dimethy- 1-(cis,cis-9',12'-
octadecadienoxy)propane; CpLinDMA), N,N-U] #| & -3 4-1] & & & S A 1l A o}

10
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T (N,N-dimethyl-3,4-dioleyloxybenzylamine; DMOBA), 1,2-N,N'-t] 2 #| & 7}u}
2-3-v] v g opw] = 3 2 9H(1,2-N,N'DOcarbDAP), 2,3-T] #] 3= #] & 4 5 A]-N,N-
o] m &l 32 22 A o} 71 (2,3-dilinoleoyloxy-N,N-dimethylpropylamine; DLinDAP), 1,2-
N,N-U 2] 35 9 D 7 -3-v v e o} 1] 5= 32 2 9(1,2-N,N'DLincarbDAP), 1,2-
U g] =9 o 7 -3-t] v 'l o} v] - 32 2 ¥h(1,2-dilinoleoylcarbamyl-3-dime
thylarmnopropane DLinCDAP), 2,2-t] 2] & & ¢ 4-v] v & o} v . & [ 1,3]- 1] &
2H(2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane; DLin-KDMA), 2,2-t] ]
lﬁaﬂ A _4-t] | & o} w] 3= of) €l [ 1,3]- 1] & 5 TH(2,2-dilinoleyl-4-dimethylaminoethyl-
[1,3]-dioxolane; DLin-K-XTC2-DMA), 2.2-t] 2] & ¢ 9 -4-(2-t] ¥ &l o} 1] o] El)-
[1,3]-t] =< #(2,2-dilinoleyl-4-(2-dimethylaminoethyl)-[ 1,3]-dioxolane; DLin-KC2-
DMA), L E 2] o} 2 8}-6,9,28,31-H Eeh<ll-19- 2 -4-(H v | o} 1] 1) B} 1 0] 0]
E (heptatriaconta-6,9,28,3 1 -tetraen-19-yl-4-(dimethylamino)butanoate; DLin-MC3-
DMA), (+)-N-(3-0} 1| =32 2 )-N,N-t ¥ & -2 3-H] 22(A] 22-9-H Ect el Al H &
AD-1-3Z 2 3kolu] - H 2 v}o] = ((x)-N-(3-aminopropyl)-N, N-dimethyl-2,3-bis(cis
—9—tetradecenyloxy)—1—pr0panam1n1um bromide; GAP-DMORIE), (+)-N-(3-0}-H] %= 3%
)-N,N-1] v €-2,3-H] 2 (S B A S A])- 1- 32 2 9bobv] 5 B2 ko] B (2)-N-(3-
ammopropyl)—N,N—dlmethy1—2,3—bls(dodecyloxy)— I-propanaminium bromide; GAP-
DLRIE), (+)-N-(3-0} 7] 5= 32 &2 )N, N-t] w| & -2 3-H] 2~ (E| Eg} ] A S A])-1-3Z 5
Zroln] 5 H 2 r}o] E((£)-N-(3-aminopropyl)-N,N-dimethyl-2,3-bis(tetradecyloxy)-1-
propanaminium bromide; GAP-DMRIE), ()-N-(2-°}- 7| = of] €)-N,N-t] 1| & -2 3-
H] (B E g} ] A £ A])-1-3Z 2 3koln] 35 H 2 1}o] I ((+)-N-(2-aminoethyl)-N,N-
dimethyl-2,3-bis(tetradecyloxy)- 1-propanaminium bromide; PN-(4-7} = & A Wl 2)-
N,N-t] # & -2, 3-0] 22 (&4 & 5 A E 2 FF-1-0}1] 75 (N-(4-carboxybenzyl)-N,N-
dimethyl-2,3-bis(oleoyloxy)propan-1-aminium; DOBAQ), 1,2-t 1| 2] =& Y -3-T]
| &l oF ¥ F-- 3 2 ¥H(1,2-dimyristoleoyl-3-drmethylaminopropane; DMDAP), 1,2-T]
) B 3-t] v e 9F ¥ 4- 32 2 9H(1,2-dipalmitoyl-3-dimethylammonium-propane;
DPDAP), N1-[2-((1S)-1-[(3-o}7] =32 2 F)o} ] & ]-4-[ U] (3-0} 1] - 32 2 H o}
1) 5 R e 7 2 B AR E) ol € ]-3,4-U] [ &7 0‘5“1 Wl = o n] = (NI-[2-((18)-1-
[(3-aminopropyl)amino]-4-[di(3-amino-propyl)amino]butylcarboxamido)ethyl]-3,4-
di[oleyloxy]-benzamide; MVL5), 1,2-t] 22| . A-sn-= 2| Al 2-3-0| & 3£
2= 32 2 (1,2-dioleoyl-sn-glycero-3-ethylphosphocholine; DOEPC), 2,3-H]
(A B AD-N-(2-8Fo] =5 Ao &)-NN-t W E L2 7 |- AT F H
=2 njo] =(2,3-bis(dodecyloxy)-N-(2-hydroxyethyl)-N,N-dimethylpropan- 1-
amonium bromide; DLRIE), N-(2-°} 7] %= o] €)-N,N-t] W] & -2 3-1] 2~ (E]| E &}
o] A S A])Z 2 gh-1-olu] 5 H 2 1}o] = (N-(2-aminoethyl)-N,N-dimethyl-2,3-
bis(tetradecyloxy)propan-1-aminium bromide; DMORIE), H ((Z)-v=-2-<11-1-&
8,8-((HHI " ot el ') E] @) 7F= ®Bod)old v )y v 5B ol o] E(Di((2)-
non-2-en-1-yl) 8,8"-((((2(dimethylamino)ethyl)thio)carbonyl)azanediyl)dioctanoate;

11
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[54]

[55]

[56]

[57]

ATX), NN-U W €2 3-8] A~ (5 6] 2 & A]) 3 2 9F-1-0} 71 (N, N-dimethyl-2,3-
bis(dodecyloxy)propan-1-amine; DLDMA), N,N-t] W €12 3-8] ~ (e E g} ] 4 &
AN Eﬁ‘r—l—o}ﬂ] (N N-dimethyl-2, 3—bis(tetradecyloxy)propan— 1-amine; DMDMA),
H(Z)-72-2-<0-1-4)-9-((@-(H il D op v == BR e D) S AD F B T Q.0 o]
E(Dl((Z)—non—2—en— 1 —yl)—9—((4—(dlmethylarmnobutanoyl)oxy)heptadecanedioate;
L319), N-5 A -3-(2- = vl A 7k ol &) {2-[(2- = H A 7hap i ol )-2-
{Q-Sd A 7R o ©)-[2-2-L- vl A 7hul B -of E op 1] ix)-of '’ J-o} ] I -
of &l o} 1] 1) 3 7 1] -0} 11| I (N-dodecyl-3-((2-dodecylcarbamoyl-ethyl)- { 2-[(2-
dodecylcarbamoyl-ethyl)-2-{(2-dodecylcarbamoyl-ethyl)-[2-(2-dodecylcarbamoyl-
ethylamino)-ethyl]-amino }-ethylamino)propionamide; lipidoid 98N12-5) % 1-
[2-[H] 2~(2- 3}01 = i/ﬂ ok ol E-[2-[4-[2-[ W] 222 BF O] EEA
L oA)olu] wof €l 3] o) 2} 1 -1-¢ ] 2ol v] e S vl 7h-2-2-(1-[2-[bis(2-
hydroxydodecyl)armno]ethyl—[2—[4—[2—[bls(2 hydroxydodecyl)amino]ethyl]piperazin-1-
yllethyl] arnino]dodecan—Z—ol‘ lipidoid C12-200)% -/ ¥ ol A el s = A& 5
How ﬂT 9o}, olo) g = A ot
ool glof A, 7] ¢ £FE st o el ol ey XA Wi F4 A

el e
Ax g2 H] Fol=Ad A& 23t 4 3l
v G Al A, ol A AE pH"ﬂ’\i o= st E qlelo A4
A ghet WA Aol A, s A X2 E B pHOl A A etE W 4] kAL
FE/d o] P-(zwitter jon, Z2H] B o] ) W H} T PR S48 thare] A2

% Z 0lo] o] 71L& A A3},
ol QQojA, 37 T4 A A2 12-1 &8 Y -sn-2 B A 2-3-E~EF
%(1,2—dloleoy1—sn—glycero—3—phosphocholine; DOPQC), 1,2-t] 1| 2] 2 & Y -sn-= 2] Al
2-3-3 2~ 3] Y ZF 2 (1,2-dimyristoyl-sn-glycero-3-phosphocholine; DMPC), 1,2-
U8 & Y-sn-= 2] Al 2-3- 3 2~ F of| §F-2-0} 71 (1,2-dioleoyl-sn-glycero-3-phosphoe
thanolamine; DOPE), 1,2-T] 2 1] & U sn-= 2] Al 2-3-32 2 3 F 71 (1,2-dipalmitoyl-
sn-glycero-3-phosphocholine; DPPC), 1,2-T] Z~H| o} 22 U spn-= 2] Al 2-3-E A~ X 5
2 (1,2-distearoyl-sn-glycero-3-phosphocholine; DSPC), 1,2-H 2] &= 2. Y -sn-= ¢
M| &-3-32 2= 3 F71(1,2-dilinoleoyl-sn-glycero-3-phosphocholine; DLPC), 3 2~ 3} E]
o M| ¥l (phosphatidylserine; PS), 3% 2=~ 3}E] o) €F-&-0}- 7 (phosphatidylethanolamine;
PE), 3 2= 3} ] Y = 2] M| & (phosphatidylglycerol; PG), ¢14t(phosphoric acid; PA) 2
32 23} ¥] 9 = ¥ (phosphatidylcholine; PC) &2 -4 H o)l A A8 =] = A1 & 53
0% @4 glont, oo @R AL okt

WA S, 4] Gl £ A4 & 120 £ 9.9 35 | gk i
(1,2-dioleoyl-3-trimethylammonium propane; DOTAP)©] 21, A4}7] &4 A2 & 1,2-
U &9 A -sn-= 2 M| 2-3- 3 2 3 F 2 (1,2-dioleoyl-sn-glycero-3-phosphocholine;
DOPC)R! A& 54 o &2 & 5= gl oL, ofdl] A5 = 2 oft}
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[58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Bowhg o loj A, AV Bl S W ol A A A o] B (%)= 25 WA 75%¢!
Ae&EHORE T 4 9lor} o Mﬂﬂﬂbﬁ%omv}
] S XA ) 1A Asot
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o o
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e
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o
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)%
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RaL, 100%77}%1 1 A7t A E fAEHA LY
FEA ekl g3l T7HE ATHE To). TR, 100% DOTAPE §F
Fg =& 83 a8k E7-shal Algho] Aol whe} Bt A&
LPE}LH SHAE FAATHE 4, = 12). whebA, 2] 5 ] ol A A4 9
EH](%) T u} HASHA = 5%, Fol 24 A2 FA XA o] &Eh] 71 75:25¢1 A
& 50RO, o] Aghy = A2 of T

2 2 T2 AR, AV Al EYAEA HEE XSS Xk ¢HA
E A AL AEA AEE 2 E) 3 Aot

Vo > U E Ao A, AV MEAEA AEE Y ESTS ek &
A Fe AEAEEA A8 7] Eol Tk Zlojth

S O E oA, AV AxAaEA A8 HdEFE AET
2] Al (biological sample) -2l Al £ A XA 9} &A1 7] @A 2 3 F
(fluorescence) A & BFAYA] A E -8 A ELJAEA QA Ao 2 AAs = WA=
Fobeh= A el Al AEA Aol #E 7/3015}

| A

0101}\1 A7 FEhe A |
T Ao}, o
Ao, 7] AA w37 = F e —’F“ “&(aqueous phase) A, 3}
) A, stite] A - (junction) R 3H+-] & H(outlet) A E
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7] ol&lo] A S o) A S=A] oA o] A
ool A= A& obuT.

EA(EV 2 CLIP)2] 3} 8} %E (stoichiometry)©l T
51 ) A &= 218 HEA]EH] _,4 s, AA &3 FA
2 &3t A o] 7} 715 3 pencapsulator & AF-8-3Fo] 9 A

9_131, HEJEL _/_\‘;q]o] gl. o ]}\1 H]—/\gﬁl— 2= o]‘~ XLZHXJ

oX ox flo T

L
o [}
Mo o rlr

ORRE
]
é =

J
rl OE
—>H-l E

© 12 jn M
w2 oX do

<71 el A 53 =
2230 6,
3]] ,] PARS i

A2

i mlo rﬂi

}mL

]

N

o M

Hen
= o
[e]

2 ]

uencapsulators= 1.5ul/min®] 22 F 79 74 ¢
EV} CLIPS 3 27 8lo] 2Eahi= uhul ol 5404}
A A| FC-402 35uL/min®] &0 2 F-HEsto] 744
FAZE AR T W 5 AFEAE E3EE A A

L oo
ox, 1o i
ZJJFIFO
ggo?:
2
é_l
> 5 |
oX o
-Wé
Rl

do
o

(o

= i Al E) AF A Ex)=
| AlgHE = A2 ol ),

8=l = a EH[7F10:1Y o #] 2
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[69]

[70]

[71]

[72]

[73]
[74]

[75]

[76]

[77]

71.45£6.58% A oF. whetk A, vk sHA = 0/] Al A F AP EF 2] =)<
A& 5 0= T gl o, o] A 2 ob

Vg o] o AA ]7‘1 | < ﬂx}g} R 7S A ZNEH A g DA A
Foll A &t H-8] £F EV A& (EV-CLIP)S &3 AbH EV ¢ @A ¢l 1 EGFR
L858R H T790M = Aol & YA WA o2 AT = llen, 4E 74 9
LIQEEV—L%O]-%&' Ha geletgit. &, & g & g xF3 A&
Frell EVE A1 7100 @33 Al B4 o) 15 180w A A& o] ohAl 1A
A5 dAA 24T = AUt

B g M| Aol A, g-of “A) &8 A A E (biological sample)”-> A =814 F-A M E
(biological-fluid sample) & A & 3}4 Z 2] A< (biological tissue sample)S- 3 $H¢h
=3

B g A Aol A, 8o "M &84 FA|(biological-fluid)"+= YA E, A AAE,
g g o}, X4, A8, FHFE =, AFEE, 5T, o, e A T
& E8eh= FUIAZTE S E Y wdE e #AE ovlsh, 3,
A, AE, &, B, Bf, w s, W, WA, s H g, Ao Ao A g,
Hzol, %ZF R B 8 g Ao, ofd e ¥ 1= A2 oYt V] A
Al ol B FR A el A A FH g m F (ol & Eof, Al S AT, 2
(conditioned) Pl QF N, Al 3£ W F ) Hi= Al v wi A A=y fAld 5= 3

%)
S fE Al HE o v ek R w R Al s sh4 24
Tt Aeed 2 AE AT A7 = AE, AR S, 24 Y
Ao Ae 24, e 2 g Al xE 23

w2 EOE Aol M, Y] AEALFEA AEE XSS EdehE o
kg g Bofl 3k Zlol ot

<0 EOE oM, A7 ALl aEA AEE 2SS Eolshs o
kg 71 Eel gk Alolt},

w2 EUE BA, 7] AR A E

2] Al (biological sample) - /‘ﬂ FIAAFEA G} FEA 7= EA; 2
(fluorescence) A1 & WFAYA] Qb1 Zl 0 2 AR el = @A & ELgdl= ¢ AekS ¢
g A RA ey B X]D}H Holl #gk Aol
B wg o loj A, F 7 2] 424 % (aqueous phase) e, 3F}2] -4 #d(oil phase)
Ad, shube] 5 & (unction) 2 2] & H (outlet) A D& X &8
7](droplet reactor)o| A =3 6l= A& EH 02 T 4= 9l o o] Agty = A
< ofH .
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[81]
[83]

TH

=0
LS
A

A Al 1: A

[84]
[85]

<k
}-CD63(BD

[}

}-CD9(BD

[}

el

A
vl

|

T

q.

o,
(Oligo, Macrogen), NBD-

=

Sl
T

A (Gibco, 15240062),

|

&
15

A/
-CD81(BD Bioscience, BD555675),

1

[
}-EGFR(abcam, ab192263), EV-depleted FBS(Systems

[}

q.

i

q.

q.

“~(pH 7.4, Gibco),

1

0.2 um T-A}7] = | (Minisart® NML Syringe Filters, $6534), 1x <
=

A 1-1: Ao 2

Al o
phosphoethanolamine, triethylammonium salt, Thermofisher, N360), Rhodamine-

PE(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-1,2-dihexadecanoyl-sn-glycero-3-

Bioscience, BD556019),
Biosciences Inc), ExodiscTM-C(LabSpinner), A} H]

Bioscience, BD555370),

=
K3

[86]
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[87]

[88]
[89]
[90]

[91]
[92]
[93]

[94]
[95]
[96]

DHPE(Lissamine rhodamine B 1,2 dihexadecanoyl-sn-glycero-3-phosph
oethanolamine, tricthylammonium salt, Thermofisher, 1.1392), TMB g ol (Sigma-
Aldrich, T0440-100ML).

0.2um =A}7] E B (Minisart® CA Syringe Filters, 16534K), wEncapsulator 2 A|
oF o & # (Dolomite Microfluidics 3200529), 100K Amicon 141 +-2] 3 B (Merck
milipore, UFC810096), 150um 5~ 5 ¥4 & %] 3D(Dolomite Microfluidic 3200834),
30um ¥ F (Microfluidic ChipShop, 10001447), 96- 4 Z @] o] E (Corning, 3364),
T2 g o)A F=AF A 7 (Zeiss LSM 780NLO, Zeiss), Malvern Zetasizer(Nano
ZS), NanoSight 7] 7] (Nanosight NS500, Malvern Instruments), TECAN M2000 Pro
Plate Reader(Tecan), 3} A& v| 2 (JEOL, JEM-2100).

A Ao 1-2: A3 1l <

H1975 A £(ATCC)E 5%(v/v) FBS(Gibco) & 1% Antibiotic/Antimycotic(100 U/
mL penicillin and 100 mg/mL streptomycin, Gibco, 15240062)= X.%-% Dulbecco’s
Modified Eagle Medium(DMEM)(Gibco, 11965092)°1 4 A& 271, 5% CO, =)
aF, 37°Col A vl sl .

AN e 1-3: A E v G o 2 RE N ELEA F-g

83} ¥l Exo-Disc & & ¥ (Woo, H.-K., et al., Acs Nano, 2017. 11(2): p.
1360-1370)2 A&38Fo] Al E A A S Al F Al G v = o] A H-e2] 3t ). Al 2
70-80% 73 10cm Wl HAIE 1x IAEA €5 2] 4 5=(pH 7.4, Gibco) = 23] Al
gk 2, 5% EV-i17Zk FBS(Systems Biosciences Inc) & 1% Antibiotic/Antimycotic©]
HZH Zhzho] n x| ol A 48413 & v k& Tk &, Al ZM HdF A S ek,
300gell A 103-3F 4 -2 8FaL 20000 A 102-3F T A4 E- 2] 8he] Al A&l &
A A g T, 0.2um FAF7] Z B (Minisart® NML Syringe Filters, $6534)5 & 2 A]
o, A" A oE 71E A4 0] 0.02umel F=Ats kT E dEH 7t
1 214 ©] 271 21 ExoDisc & ¥ (ExodiscTM-C, LabSpinner)= A}-83}¢] &
}2= o2 3000rpm(F 500g) . & A E ] ste] L & BEA] 7] 4L, 5

%% EV 100uLZ 3] A9 & 22 1X PBSO A A A H ) 1S,

£ NanoSight 7]17] ¥ Malvern Zetasizer= -2 3Fo] 5%, 7] 9 A€}
% 747} SHelelgl 1, BVE B3 stel 371 A0 482 9747 -80°C

At

H
e

ul

@ r
2 e
o>

B S DY

o g
2 o>
off

m o
< =
IU

u

2 AT By He o O

R )

e
ot
ol

AT ] =

] X5 835 E =¥ (Dolomite Microfluidics) & AF-&sko] v Al A F-A)
oot w1 oz FAHAT D EES AT 4D EFEL 02um T4}
7] E E](Minisart® CA Syringe Filters, 16534K)Z AF-&-3} o] o] 343k 424 o ¢+
(Duksan Pure Chemicals, UN1170) ImL®l] 18:1 TAP %= DOTAP(1,2-dioleoyl-3-

16



WO 2024/128719 PCT/KR2023/020308

[97]
[98]
[99]

[100]
[101]
[102]

[103]
[104]
[105]

trimethylammonium propane, Avanti 890890P) 2 18:1(A9-Cis) PC == DOPC(1,2-
dioleoyl-sn-glycero-3-phosphocholine, Avanti 850375P)-0%, 25%, 50%, 75% %
100% DOTAP-& U}t vl &2 #E 55 Smg/mL7} ¥ 55 &38| sfo] Tt
150pm <=4 5 input chip 3D(Dolomite Microfluidic 3200834)& A}-&3Fo] 42414
(1X Phosphate Buffered Saline, pH 7.4, Gibco) 2] F27 50uL/~t, #7342 &3
Byl -4 s5ul/2 o2 24 38te] CLIP $14d & 33kt A e dlg 1.5mL v}o]
AR AMAE-2 FH A 155 Tk %8 2 100K Amicon ¥4 #-2] & B (Merck
milipore, UFC810096) & Al-&-5}o] A | 5} a1 PBS & 23] Al| ] 3 U} 2, NanoSight 7|
7](Nanosight NS500, Malvern Instruments) % Malvern Zetasizer(Nano ZS)Z -] 8}
o s, A7 R AR A B EE ST o] F CLIPE £F 8L 57 AL
AR geco A Hker T,

2 A o) 1-5: U] Al §-A] B2 EV-CLIP 8 3 (Microfluidic Aided EV-CLIP Fusion)

v Al -F-A B2 S5 83t & % (Dolomite Microfluidics)-S AF-83Fe] <=
&)t o). f-2] % (uEncapsulator 2 Reagent Droplet Chip, Dolomite Microfluidics
3200529)-2 471 9] A 9 (574 “J(aqueous phase) Z| D 271, F4d “d(oil phase) 2|2
170, &9 Ad 1/hE A9 PBSS 548 w59 @) EE 0 Al e A A
7F Al A ol A A el 2 E o, A7 30ume] 94 o] FC-40(RAN
Biosciences, 008-FluoroSurfactant-2wtF-50G) 43 A oll 4] A A ] ). Al E 2] A&
Ao} FEFT = 2V ME FY 55 E 10~10° particles/ul. ¥ = H 3}
A A ZHdE 5 o, AL o8& 74743 =44l A 242 2500mBar 2}
1100mBar = A = 1t} N 4-& v A 4 w-2] FHA 208 <t =H et 5

fo T
O

o}, 25 1X PBSOl ¢li= theksh 5
I

790M EA W o) EFEHE 1A T

A Aldoel 2935kt Bz o] ¢hH -2 {47 Aol Al 242 2500mBar 2}
1100mBar® A E it} A L olS | 5mL 24 u| Al A AR FHA 208

2l Al of| 1-7: EV-CLIP ¥ $(colocalization) 2! ]

EV-2| £F & /175 A EVel 258 7447 3.3
Dioctadecyloxacarbocyanine perchlorate(DiO) 3 & (Thermofisher Scientific, V22886)
2 Rhodamine-DHPE(Lissamine rhodamine B 1,2 dihexadecanoyl-sn-glycero-3-
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[106]
[107]
[108]

[109]

[110]
[111]
[112]

phosphoethanolamine, triethylammonium salt)(Thermofisher, L1392)2 2}3 & 3}
ATH EV eb & 9138l ExoDisc & HEF A AFH 55% EV 100uLE 200nM
DiO 9 & & 2uLel 7| X7 ol A A 2ol A 203 3F vl YF kvt vl F 5
EVE 3000rpmeol| A YA F-2]8Fe] 1X PBSE T WM A 231t} Aol A 5=
BV 3141 & 22 X PBSO A A HGeh, ¢ £ 0 A3, 1 mol%
Rhodamine-DHPEE XA &3l&o] T A AT 18 v} H& XA 257} 5
mg/mLell g5 23 & 248 ) Rho-t] £5-& A48 u| A 74 F-A)
2 7 N 1 A §5 £} 100K Amcon A1
@) e 2 ALg 1ol PBS Al H o2 AAlato] frel AR E AN AR A
H A EFL2 A3 A A B g3 WHE AME Sl AR A EA 9 5
¥ A :l?j s 83 AXAE IXPBSE 4341, x10 Plan-Apochromat 2}
LU-NV laser unit 488 nm(green/Alexa Fluor 488) X 560 nm(red/Cy5)E -1-H] $+ 0.45
NA objective lens& AF-8-3Fo] & F 4 @ o] A 54} A v] 7 (Zeiss LSM 780NLO) <
2 olu| A8} sk v}, FE A2 FIIIE AFE-5Fo] -3 = Sl o)

21 Al ¢l 1-8: NBD-PE & 3 A & 4]

B A= 371 E W (Murtas, G., Systems and synthetic biology, 2010. 4(2):
p. 85-93)2 Al-8-3Fo] =31 ¥ 21}, 1 mol% Rhodamine-DHPE(Lissamine rhodamine
B 1,2 dihexadecanoyl-sn-glycero-3-phosphoethanolamine, triethylammonium salt)
(Thermofisher, L1392) ¥ NBD-PE(N-(7-nitrobenz-2-oxa-1,3-diazol-4-y1)-1,2
-dihexadecanoyl-sn-glycero-3-phosphoethanolamine, triethylammonium salt)
(Thermofisher, N360)& A A &3 -=o YA AT 1H v, & A2 55
7} 5 mg/mLel| =28l =5 35 24 gt} Rho-NBD & X5 <3 v A f-

A A et 2 el of s 4 H v 4 € 2] 32552 100K Amicon
AR & A1-881e] PBS Al FH o= AAste] 2] A5E A A <
2R AP 2SS AT UAFA B 3 E S ARSste] Al e x
Aok e Adrt g8 E 2XA2REH ] FF A= vt ool 44
485/535nm¢<1 -3 3= 7 (M2000 Pro, Tecan) & AM-4-3Fe] S A H AT &3 W ¥
B2 U 245 ARgsko] Al E Sl

Fusion % = ity X 100%

Fm«m - Fmits

2 A o) 1-9: 8] <59 F-AH] £ (Molecular Beacon) =
miR-21, EGFR L858R Z EGFR T790M % %] &-2}H] (Oligo, Macrogen)<- 1X

PBS®l & &5 1uMe] A e LA ZE S 3fste] g xFel] 2 FH AT 1
O, HAE Xl A 57F Smg/mLRl WA A A4 9 5H4 327 (MHF) W8 = AL
435to] 2L FA AT miR21 T4 °H 2L 2 EF X0 2EH A,
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[113]
[114]
[115]

[116
[117
[118
[119

[120]
[121]
[122]

[123]
[124]

EGFR L858R % T790M & ¥ o] E-o] 4 2] 3255 o] U2 wj Aol EAl )
2 E AT Bzl {f452 A 2§ 22 50ul/min 2 Sul/min S =2 -
H 2] =52 100K amicon Y ¥2] ZHE

A E A} 1 o, AP o] A
AL-8-3} o 2§ PBS /‘ﬂ 2 0 2 A A ek 2, Nanosight 7] 7] 2 Malvern Zetasizer = -
Asto] T4, A7) D AEE AN HEE G o] F g EEFE FIF A A

A 4o A BsHglt

2 AT 1-10: 9 4] o] m] %

oln| A3} E A&, 6uLe] N4 8-S 30um FH F (Microfluidic ChipShop,
10001447)°ll =% 3}3L, x10 Plan-Apochromat®} LU-NV laser unit 488 nm(green/
Alexa Fluor 488) X 560 nm(red/Cy5)E -7-H| §F 0.45 NA objective lensE A}-8-3}¢]
T2 dol A 54} A H (Zeiss LSM 780NLO) 2.2 o & & - 23} 1 U,

N W2 91 WE o[ W] A= FUIE ALEBho] A e H T

Aol 1-11: A7 gk Eeb=n) A~fo] 7] A4

QAR A B (RB)7F 591 7 2133 g A
(UNISTIRB-19-41-C)o] A AT}, <17 842 3] 4 & 1022 1X PBSCl| 8]4]
3k U}S-, 10~105 particles/uL7FA] TFF3t 5 52 H1975 M ¥ #-2] EVE 23fo] =
o). 2utol a2 I A&7} A0 2-2 9 ¥ CLIP(miR-21 ®5= EGFR L858R
SLTT90M FA MOl & BIA i 2§ Ao o ol 293, B
o e FAY = ZF 3ol A 2}7} 2500mBar 2 1100mBar® 54 ¥ 91t} o

HEds

)
=
H

i

A& v A LA 2] JFH oA 208 Fot =3l F7) FAd o) AFgE wj7EA] 4°C
o A B3t}
A A4 1-12: B2} MZ |4 EGFR ¢ W¥o] A&

l

Al

173 7152 104, EWol 7 fl= #A Y A E 178 7] 64, 117] 38, 1117] 3
H,1V7] 59) 2 EGFR =1 H o7} &= #H| ¢ M= 565 (17] 18, 117] 6%, II7]
79, 1v7] 257)9] & 837 MEL olsto et 4(2019-11-017), Aol &3l 3}
W 1 (CNUHH-2022-021) 2 Ao 80 ¥ 91(2106-044-104) 0 4 &1 35131t
A7e 71524 4 A& BF st etal g ol A, Aol 7t gl=117] 174
o} 171 17 48, EGFR & ol 7} 1= 17] 1270, 1171 570, 171 671, IV7] 167}
AMES Aot sk ol A, Urﬂi% A E-2 AT sk v of| A Ak gk
U} 20uLe] $k2 A& 3t CLIPS 288k WA 25 445 38k= EGFR L858R 3
T790M< " A4 B2 g2 A s A4 Fo sttt B2 he & 74
R Al A ZH 2 2500mBar R 1100mBar® f-A] E QT of A& W] Al 14
2] FHONA 2023 =8kl F7F Aol Abg e w| 7hA] 4°Coll M B R

F

A Ao 1-13: A F4]

19



WO 2024/128719 PCT/KR2023/020308

[125]

[126]
[127]

[128]

[129]
[130]
[131]

4R FUA0E A% 33 FAER 0w 4 4ol A S Asl
3] Bl4= 7 = W dlo] WA E o] 9l 5 145 3Fe] 8] 1li= two-tailed unpaired

1o a1, 370 ]/\C}/] 1% X} H] 1L one-way ANOVA =R
3ttt B.& B4 ¥4 -2 Graphpad Prism 9.3.10 4] 5=3] ] ¢t}

A 2: a1 g & 2259 A3 24 (High-throughput charge-tuning of
liposomes)

Bk o] A =, ol A (cationic) 1,2-V = L U-3-EYHE UL T F T2 I
(1,2-dioleoyl-3-trimethylammonium propane; DOTAP)#} %FZ:4] o] £-4) (zwitterionic)

1,2-t] 29 2 Y-sn-= F/]/‘ﬂi 3-3 2~ 3 F71(1,2-dioleoyl-sn-glycero-3-phosphoch
oline; DOPC) 9| + 7H#] 38 o] A ﬂ% SHH-2] ZF(CLIP) A2 & gk id &
o8 Zgeto] grFo nad At A4S G 2T AAE A

v Al-5-A 5-A) A4 A (MHF) -85 5-3(Jahn, A., et al., J Am Chem Soc
2004, 126 (9), 2674-5) A 2 A o] ¥M3}& &4 o g dAdsto] CLIPY %3 A
5 aa Aol Al&EsHA 28 o UAAUTHE 1a, &= 1b R 5 2). W] Al-F-A A
= old &ieol Smg/mLe] FEE G H VE *‘-’“O“(DOTAP 2 DOPCE T4)
< Sul/min®] £52 Fok AT A S Skal, =89 o] 50 uL/min<]
SRR F e S AT A S Sl i:ﬂjﬂ gto ;@q CLIP 345 &o|&tA
st o, AupA o 2 CLIPO] 34 o2 &4 Q At & e FHAAA A

3o

of
ol

ofr
FU

(TEM)(Z 73: 92.5+5.65nm) 0. & &l ¥ &) £5 o] 52 g efr} 54 A DLS)
A8 DUzt 4 EANTAS 58 S54% 2/_719} A X3S Ho]Erh(x

3). 5 1dol) vrERe vhe} ko], Y &5 %2, DOTAP % DOPCe| 24 & W74 &t
o] CLIP| ¥ 735 -18.6320.76mVell A +38.67+2.51mVE 245} ql T}, o] %
2 0 #3= DOTAPS] H&0] 355 CLIPS] %W Ast7t v 9FAd o] ar 21 Hbo)
o] A9-5: npzk7h ) o]t} %] A o] DOTAP B] &8 0%(55= DOPC)l A 100%(<>
= DOTAP) M & 243 o 24 & A4 %o 25% DOTAPS ¥3HA 7 o] %
At 7F Foll A GOz smol HA o] T3k Ag st o] Mgh= o5 A
e} AR o, 3 Ast= DOTAPY Hl &0 &5 Bld4 o5 F7hste
Ao & YEFS T 1d). 53], 8] 52 4841 7F 5ot B 93 3 DOTAP-S 0%,
25%, 50%, 75% E38h= 2] T2 A7]= Algko] AU ot A o7 F-=] ¥ ¢
t}, T} 9k 100% DOTAPS §F-7-3F 2] £5-2 300nm7}A| A7 7F A &4 0.2 57}
st o, FA A 0 & 311.5048.51nm=EA] oF 3 9] F7] Z7HE YEFITHE e,
< 4).

Al 3 2 250 HA-F = 9
F5o] 3 AsE vAl 24 F, Al E el & F A o CLIP § 3ol et &
= Felstal }3}9513} A, H1975 Al o A EVE #2l5H7] 918 v 2
(ExodISC)7P IS -on-a-disc A| 285 F-gsko] A&, pepll 2 g
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[132]

[133]

[134]

[135]

2 A148H9 0 P (5 5a), abletop ZL71¢] §1413 114157 A] 2 €6 4] A 0]
ki S Zu B4 AFE-81e] 20200nm Z17] 9] EVE 304 ol e 5
5412 AT 5b). LA 34 EANTA 54 4212HDLS) 28
st Evel 7] F¥7F 72 g A& F2l5 St 5¢, & 5d).

the 02 AFAEV E CLIP)S 38} (stoichiometry)©ll th & 4 2} 3 A of
2 ngehn A5 2= S0 WAS e, A4 S B9 AH T Ao
7F 745 & pencapsulatorZ AF&8te] o A W3- 7] ol A Qo H g A
A Aol AT i GAH P A 23 ATHCE 6). pencapsulator
T L5ul/min®] 402 F /9] 4 75 B o] “d(phase) 2 & EVE}
CLIPS E 27| sfo] 2h-gah= Hhel, o1<: "é"c} A= AAH A A 2AAA
FC-40< 35ul/min®]| f& 92 Hhslo o] oA F= AXA7FA
2 od ) 5 ALAE ek A 9 F o *g*é% 7bs &t Al TR Ta). St
of o & uje]] £3H EV % CLIP9| % Poisson w3 |4t whe} A A o] Z7]
Q% 552 2y ekl Aol & ATHGE 1)

1]

X oy
o.>|1
o
5

T =] FY B0 TSt Poisson £F At

Concentration Average Probability of a droplet containing (%)
{particles/ml) # of EV / 0 EV 1EV 2 3 4
droplet EVs EVs |EVs
104 0.00007 99.993 0.007 0 0 0
105 0.0007 99.93 0.07 0 0 0
106 0.007 99 1 0 0 0
107 0.07 93 7 0 0 0
108 0.7 49 35 12 3 1

E 10 413=, 10°~10° particles/mL 2] 55 oA &4 429 EVE E38}3}3= ¢
Aol BEe %R FAS

o] H| AlF-A A A, 27.40 +2.06 um 7] 2] v+l N2 el A EVe] 27 ¢
2 5 5(10~10° EVs/uL H )<} CLIP#}-2] H]
¥ nle} o], TEM #2418 =4, vh-g-3+ ¢
B o1&t t) B3k DLS YAl o A= §3 &
Ao = el oM o] = A E A el A gL Tg).
& CLIPo A DOTAPS] Hl&& 8 o2 S7pA71d e &34 9 217]%=
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[136]

[137]

[138]
[139]
[140]

75% DOTAPS] 598 w7k Makx) 21 %29 9.0m, 1 o] ol iz £ FA
A7} 33| ek Aol #EE JTHE 9a). AFA| 87| F1-E zeta sizer
2 ALgste]l §3 2 XA BY A8 WHE AFOoRH UL ARLHIY O
M, Z7he AlEE A 9= o %2 882 DOTAPH w77} glof &3 Aol
e zg (o2} E}(E 9b)

EV-CLIP § % oWl EE A7 o2 Yehll7] 8, EVE =4 &3
9 5.(3,3'-Dioctadecyloxacarbocyanine perchlorate (DiO) dye (Thermofisher
Scientific, V22886))& ¥ #]&}al, CLIPS % A & 37 9 & (Rhodamine-DHPE
(Lissamine thodamine B 1,2 dihexadecanoyl-sn-glycero-3-phosphoethanolamine,
triethylammonium salt)) = 4|8}, 3 %4 g o] A F=A} dn] 4 (CLSM) ©]| 7] =
< 33l th CLSM | "7 & TEM Ol A 2 DLS A3 dAleh= 8 &
EA W Ao FEE HAFATE7d, 5 Te). 3L, 285 H7HsH]
3}l Forster Resonance Energy Transfer(FRET; 3 3 3 o4 %] o] &)-7|HF 2] 2 &
sk A (Stryer, L.; Haugland, R. P., Proc Natl Acad Sci U § A 1967, 58 (2), 719-26)
2 2H8-3) 9, CLIP-Z nitro-2,1,3-benzoxadiazole-4-yl(NBD)S- donor=, Lissamine
Rhodamine B(Rho)E acceptor=® ©| F-3 4|3} 0.1, o] Eo] 243 uff of 7] ¥
NBD donorZ E| Rho acceptor®= ©f| 1 #| A o] A &+ (Francois-Martin, C.;
Pincet, F., Scientific Reports 2017, 7 (1), 43860)(5= 7b, 5= 7c). ] &9l o] F-3FA] A
Aol CLIPS] At A flol] v A= F & A=), £ A stol] & &S v
AA = Ao ' eI 1D,

FRET-7| 4k 341 & AL&-3lo] DOTAP W&ol 4-&3h= 53 W&o 7
A THE Te). L3 Y 100% DOTAP% -3+ CLIP©] I
o &= E-rr8kal Al gko] Aol whe} B¢ A & YEt AL S A E F sk
& WS AT 4). A kg7 9 %?5 R A
o), A A Q1S HA 7 e TH(E 12). 2T A 02, 34 498 8 75%
DOTAPS B H A& o2 7183l ). T3k CLSM o] 7]
10:19] F o § 3 WE-£(74.96 £2.63%)S AT 5= A=
ZA S To).

13
1

o Y o

A Aol 4: & F- 2 EVmiRNAS| YA A&
CLIP#} EV Abol o] 841 8-S AT A o2 e 5, A4 &4 A
EV miRNAZ AZ517] 98t st .93 Aeke] 592 971807 9ate], 224
gl o] #] F=A} & 7] 7 (Confocal Laser Scanning Microscope; CLSM)< Al-&-3}

A8 £ (molecular beacon; MB) 78 % &} CLIPY} <5 %~ EV(EV) miR-21 A} 9]
o] &3 A Hot A G HE-S S A ZAPSE o] 24 & wrHTE B A A ool A,

_&
< e

MB= 5" 2ol cyanine 3 fluorophore, 3' '2ito]] tetrachlorofluorescein quencher, 1
2] A1 fluorophore®} quencherE 77| TH= &= & 2 /\FEW A7NE EAOZ
Sho] & 33 A~ F(fluorescence quenching)S- F- %5k @ 7he 5249 9 EF

22
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ol X2 HE X3z 3|ojHl 25 28319 tH(Zhang, P., et al., Angew Chem
Int Ed Engl 2001, 40 (2), 402-405)(3% 2).
[141] [3%2]

miR-21, EGFR L858R & T790M B¢ RIOj0] Al E EXH|E ME

A
&
XA 2 (MB) ME
&4
=
EFGR
AGCTGL/ICYy5/ATGATGAGCTGCACGGTGGCAGCTCAT
(p.T790M 1
CAT/BHOZ
mutation)
EFGR
TTGGCC/iCy3/CGCCCAAAATCTGTGATTAGATTTGGGC
{p.L858R 2
G/BHQZ
mutation)
TCAACA/ICy3/TCAGTCTGATAAGCTAGTATTATCAGACT
miR-21 3
GA/BHOZ

[142] T 204 WERE TAE 72 22 fluorophore 2} quencher®] tF. A1 Q-2 Hu, I,
et al., Biomaterials, 2018. 183: p. 20-295 323 4= )t}

[143]
off Al ez A = 7/i9_ 2] 21 microRNA-21(5+= )(Knchevsky, A.M.;

miR-21

Gabriely, G., J Cell Mol Med 2009, 13 (1), 39-53)% %43l 5 £33 AA9 —“%—

A} L2 H(MB)E AHE-3Eo] E%-H EH A E A FEAGEV)E AEAT 53
W AlFA A G 82 71 WH S AFESEe] CLIPS A /d 8Fi= & 2F, miR-21 l:?
o] 2 MB(miR-21 MB)3= 1uM 2] miR-21 MBE =4 Aol £31ato] 2 9] o
ole] gk A& el X F o AV AlEl Aol 2 DTS A A & ATHE 13b).

N SH oA, o3 EVE 4] §hE-7] oA miR-2IMBE X35t CLIPJJr
F3ato] Ak 9 21 A= PBS)ol A H1975 H| 9 Al ¥ F-2-EVE] A

A ZgT), 2138 Adlko] A CLIPY 555 A4S 74 1%}2111,H1975 EV

23
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[145]

[146]

[147]
[148]

[149]

[150]

ME

£ 100 4] 10° EVs/uL= H A 3to] A9 o] A& & F3l w24 &

NZ7FASY = AH 9 /7t vl A 2 &2 ST 14a-= 14e).

Al 2~E A s-g HIFshr] 98l H1975 3 9 M| 29l A EGFR L858R ¥ T790M
©|(Zhao, B. X., et al., Mol Med Rep 2015, 11 (4), 2767-74)& A Z3t= &9

= o)(
< 3ol }F_X} st th o] & g A7) Yall, miR-21 MBS 29 &1+ ] AL-&% A
jﬂr %%} H} E /\]._Q_O}cq ]xﬂ_ﬁ_jﬂ %jﬂoﬂt‘ﬂ;ﬁ Eﬂ/\l u]—mg Eaﬂ 7} H]ig]

i)
luME 74 Zdoll 53 o= 4, EGFR L858R 2 T790M &1 H o] 50| 4 MB A
< (Hu, J., et al., Biomaterials 2018, 183, 20-29)2 =133t} &3], o] & g H| 2]
32 CLIPY] 7] = At Aol & J TS v XA Lok 13).

Uh2 © 2 pencapsulatore]] o] & A E N2 wEg-T]o) gt o] HA I FA G
Ae 2 olH, 7Y% 2Fo]= CLIPo] A4 EGFR L858R % T790M =<1 ¥ ol & &
% 0 7 st 5—7“ H| Z& E398h= 21L& ARESto], o] 23 ol &5 AT 4 o
2 A&k 33 N5 34 EV E4 stel A nk A2 Aok 15). oF 3k}
o] 4 ME A EGFR Ed ol & AE3t7] Ao, A A 2173k Q1 7F e o
&3t F5o] HI1975- 2 EVE %91 3Fe] EGFR L858R ¥ T790M &1 o] o]
=S YIS 15b-15d). 5% W= 10 WA 10°EVs/uLsl o, F E o]
of thet A% A= PBSO A A& Awtel A& o] (%E 15¢, X 15f), CLIP 2 EV
A =Ee] A e g = U wH AR, o] AR 100 YT B
G HAEVIHE W FEo R 4SS e, ol = WH E ok oF 1007
o]/t ’IZFstth(5 15d).

A Al o] 5: A} ME A5 93 EV-CLIP(charged-liposome EV detection; 3} 71-
Y EFEV AS)e A A8 A

npx ko g H ok AR e I 914 Al E o 4] EGFR L858R %
T790M &1 W o] & €| 2~ E&}o] EV-CLIP A *H% 28813314} 81 T 17a).
1073 o] 73 7] 2ok 733 of w| o $Ahe] D A= o] E T ATHE 3).

3]

A

(o
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EGFRE QY EGFRE O H
el
53 o] gle| ol glE
{n=10}
S xHn=17) BHAHN=56)
Of Xt 5 9 32
e
HA} 5 8 24
>60 4 16 8
L+0}
<60 6 1 48
= e 0 17 53
&
Hj & ef 0 0 3
S el
H|E oI X} 7 0 18
Ed
EHX} 3 0 11
AHEY
f=F=} 0 17 27
LBSER 4] 50
59
L858R+T79
Bloj 0 6
oM
i 0 6 18
i O 3 o
& 7
1 ) 3 7
W O g 25

= g ko] A, vpol, 24814 3§
B, FAGH, =AWl ¥V E 283t 72 A B E velh 178k 71531 10
o, 5ol 7 ¢l o A 179 @7] 6%, 117] 39, 17] 39, IV7] 59), W
o] 7} gli= oF 32} 56W(17] 18%, I17] 69, 17| 79, IV 7] 25'). &2 <A 39

25



PCT/KR2023/020308
ol o] &2t EV-

v & A &, L858RI T790M =
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7] fhell M 5 A 2 glol whA
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&
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3] (Institutional Review Board) 2]
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[153]

Bl

o}
HA

=

Y
A

5HE

T

5]

[e]

T

(EV-CLIP)

=
=

FEVH

Ay
s ol

A ol §7H5 A
¥ o] w2 3 -e)

[154]
[155]

sl
ol
g

ol

35 AE

3 4

3}
2,

g

A

Fo]

5

of £

=

o7&

L=

Skl vk, Fh A B4

5

7=

J) 745k, EV nFA X 2 5t

(subpopulation)2]
&

o] )

F

=]
R

[156]

o
B

A

A
o}

jruzel

X

26

X € EZ Free Text

[158]



WO 2024/128719 PCT/KR2023/020308

[dr@2]

Z O

ATHE4
kol A W A AL E3ali= oA E S AL 2 F A
(extracellular vesicle; EV) A% -8 2] 3 % (liposome) & 2 A1,

A7) 2] EF ol 9hA|E E-0] & F-2}H]| £ (molecular beacon)©] 7% 3}
(encapsulation)® A& 57 S = sl FEF.
Al1kel]l AoJ A, 7] ol 2 A AE 12-H5d e d-3-Eg e
H ZZI(DOTAP), 1,2-U] &8 & S A]-3-t] W & o} w] -3 2 ¥H(DODMA),
1,2-U]-0-S et A d-3-E v d o 2 F X 2 FHDOTMA), 3p-[N-(N',N-
o] v &l o} w] o) ¥h-F}uF = |5 E) 2~ H] &(DC-Chol), U] W & U] & EFd] A
ﬂggﬂiﬂﬂtmmmm,zﬂ dod3-tuEd T F-Z 23
(DODAP), U] = Eld| A v W 8l ot W 7 & &2} o] =(DODAC), 1,2-t] 2~ H]|o}
2 2 AN N-T] o & -3-0} 1] 1= EE%@&MMJ}QMH&E%%NE
233t E-sto] =5 Ao € ¢ EF H Erto] =(DMRIE), 1,2-t 1| &]
AEYsn-a A Z-3-0 Y X AX FZ(DMEPC), 1.2-U V| ¢ A~ EY-3-E
) W €l QF R 3L 2 YH(DMTAP), 1,2-H & ¥ & A -3-H ¥ g -3l o] =5 A 9]
gl ol H H 2 nlo|=(DORIE), 2,3-U] 29| & A2 A-N-[2(2H {7} =2 1
Aprto] 2ol €l [-N,N-T] W & -1-Z 2 3} F-(DOSPA), 1,2-T 2] & & Y £-A] -
N,N-t] w| & -3-0}11] - 32 & FHDLinDMA), 1,2-t] 2] &= @] d - A]-N,N-T] 1]
El_3-0}1] 1= 3 & F(DLenDMA), U] = EFd] A o} 1| &= 2] A 2~ 71 (DOGS),
-y W E ol 2 (Fd 2 E-5-Ql-3-W EF-S- A - ¥H4-5 AD-1-(A 22,4
22-9,12-=- B}l 71 ] ol 8- A]) 3 & FHCLinDMA), 2-[5'-(F 2 2~ E-5-¢11-3-1]
EF-S A3 S AR F A]-3- T M - 1-(A] 22, 4] 2291122 BEE] 710 /L5 4]
3 2 F(CpLinDMA), N,N-U] W] €l -3 4-T] 2-#| & - A| ¢l Z o} I (DMOBA),
L2-NN'-H = 1] & 7 -3- v ol € o) 1] 1 52 & IH(DOcarbDAP), 2,3-U ]
el @ U E-ALN,N-t] W] &l 3 2 F o}l (DLinDAP), 1,2-N,N-t] &] =2 4 7}
Hpd 3.t W €l o} 1] 1= 3 & FH(DLincarbDAP), 1,2-1] 2] & 2] 2.4 7Fupd -3-
vl o g o} &= 3 2 F(DLinCDAP), 2,2-U] &) & ¢ 4 -4-v] v €l o} v] - o & -
[1,3]-t]2-4 #H(DLin-KDMA), 2,2-U] &) &= ¢ & -4-t] | &l o} v] o & [ 1,3]-
U] -4 @H(DLin-K-XTC2-DMA), 2,2-U] 2] & &) D -4-(2-t] v & o} 1] = of &)-
[1,3]-T1 % 2H(DLin-KC2-DMA), ¥ EFE 2] o} 2 E}-6,9,28,31-H E 2} <ll-19-
A-4-(H v e o} 1] 1) - B i o] ©] E(DLin-MC3-DMA), ()-N-(3-0} 7] =32
B2 E)-NN-t # & -2,3-0] 2~(A 22-9-H Ed} v Al d S A]-1- 3L 2 Fhol ] B
Z1}o] = (GAP-DMORIE), (#)-N-(3-0}] =32 52 )N N-1]| H| &l -2, 3-H] A~
(A S A])-1-Z 2 Foln| 5 H 2 7lo] =(GAP-DLRIE), (+)-N-(3-¢}7] &=
2 3)-NN-t W€ -2,3-8] ~(H Egt el A S A]-1-Z 2 Jofn] i H &2}
©] = (GAP-DMRIE), (%)-N-(2-°}1] o] &l)-N,N-U] | & -2, 3-1] 2~ (e E &} o]
A& A])-1-Z &2 olu] F H Zrlo] = (BAE-DMRIE), N-(4-7F 25 A Wil 4 )-

27
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N,N-t] W 22, 3-8] (29 & U 5 A])E & F-1-0}1] F(DOBAQ), 1,2-t] 1]
23U E F -3 2 3H(DMDAP), 1,2-t] 2] = -3-v] v &l ¢
B H-Z 2 IHDPDAP), N1-[2-((18)-1-[(3-0}V] =3 & H)o} 1] - ]-4-[T] (3-o}
W -2 dyoln| [ E 72 A L) € -3 4- U] [ 9 Y S A -/l =
O =(MVLS5), 1,2-U] &2 . Y -sn-= 2] A| 2-3-0 & £ A~ ¥ F(DOEPC),
2,3-8] Z~(&E t] 2 8- A])-N-(2-3} 0] =& A] o] €l )-N,N-T] W & 3 & 3} 1-¢+ 1.
¥ H Zn}o] E(DLRIE), N-(2-¢} 7] &= o] €)-N,N-t] W &l -2,3-1] 2~ (8] E &}
o] A2 A g2 T 1-olu]F H & nlo] =(DMORIE), U] ((Z)-+=-2-<l-1-
8.8-((2(H M & ol rmyol & B )72 B d)ol o] o) H S E ol o] E
(ATX), N,N-t] W] &2, 3-H] 2~ (5 d] A 5 Al )3 2 3 1-0} 71 (DLDMA), N,N-t]
W El2,3-H] (B E b el A 5 AN Z 2 3 1-0} I (DMDMA), U (Z)-+=-2-<1-1-
)-9-((4-(C] vl & oh ] i3 EF i @) S A]) T EF ] H U] @ of] 0] E(L319), N- 52
Ol A -3-(2- 5 Hl A FHE R Ao &)-{2-[(2- = H A TFeF A -of ©)-2-{(2- 5=
o] A 7t R A o €)-[2-2- S vl A 7hut R A o E o} 1] I )-of € -0} 1] 1} -]
gl o1 1) 32 2 1] L-o} 1] = (lipidoid 98N12-5) E 1-[2-[H] 22(2-3} o] E 5 A]
5o 2o ol € -[2-[4-[2-[H] Z~(2-8F o] = E A S tl] 4 yolu] -]l & | 3]
H 2 -1- el Ejob] )%= v 2k-2-E-(lipidoid C12-200)2 -4 & ol A
AEEE RS SHOE g A X AYA A8 XS

(713 3] A1ge] oA, A7l F=A A AL 1208 Dsn-F M E3-FEAFE
Z(DOPC), 1,2-v11] 2] 2 E A -sn-2 2] Al 2-3-E 2 9} E] & Z 1 (DMPC),
1,2-0] &3 9. U -sn-F 2] A -3-F A~ F 0 E+-&-0}7I(DOPE), 1,2-t] 21| &
A sp-= M Z-3-E A Z 2 (DPPC), 1,2-Y] 2~ o} 2 A sn-= 2] A 2-3-3E
AEZHDSPC), 1,2-v] g =9 Y -sn-= A Z-3-E A X Z(DLPC), -
20 E] A (PS), 3£~ o) §F2-0}RI(PE), 22 2~ 3 H = 2] Al Z(PG),
S12HPA) 2 EAFEEZ-(PO)LE TAH 7oA AeE= 28 EX
O 7 = AR AEA HEE Y EF

773 4] A8l oA, G7] Fold AA L 12-teded-3-Eued g

H 3Z 2 3H(1,2-dioleoyl-3-trimethylammonium propane; DOTAP)©] a1, /7]

S A AL 12-9 &8 2D -sn-= ] Al 2-3-E 2~ X FH(1,2-dioleoyl-sn-

glycero-3-phosphocholine; DOPC)S! A& 57 0 & 3f= Al| 329434 7

= =
=8 Y EFE

785 Al doA, 7] FEF Ul Fol 24 A A ] F8][(%)= 25 WA 75%
A AL EHOE = AEYATEA AE8 2T

[7d 73 6] Ao P 2FS B35k GHE FHl A2 AYA AE8 2AAE

7 -3 7] Aol g 2Fe 235k GHME FH A A AE8 7 E

[°d -3} 8] A18+e] 2l £ES A& 814 Al (biological sample) -2l Al 3£ 2] A 3 A 9}
S5 7] += @A 2 & H(fluorescence) A & BEFAYA] QR E F-2] A E 2
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[5=1]
a Extraceiiular Fusion inside Ol &
vesicles (EVs) ropiet resrior inital detection
droplet re %:acs“ S EV.RNA
Patient plasma :
{20 pL)
| BWOLIP Maihod
Molecutar beacon (MB)
waded chargeddiposome (CLIP)
Agueous phase
b Q,ﬂ MB)
r‘ gy,
WJNMW&%MNW& ! ._E
P e e ﬁ O phase
4 popc | Drphase
CLw

WWMWW'%MM@%%&;
P N T ‘

v
{}{}m;zs AQUEoUS phase ..’
(M} Wicroluidic ydrodynamis
focusing {MHF) chip

R R R

<80

£ w0

£ 20

g o

£ ne,

g 2 .
% *'5:5
’& “t‘? 6?’ “’ "‘5%
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Stability of the CLIP
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300+ 0.4063
s
z 0.7639 z
o= _—
“‘g 200+ -fg:
‘g §
E 2
) 8
100 {gg
-30 T
O A9 40O ng o S PO
N AN A
RO RO
xooTapLpopc (Mol %) xpoTAP:Xpopc (Mol %)
[5=10]
st
g} <y SR
;% 1.04 <0,00001
o
% SR
:"{g o
@
g
5
& 10-
o
. 1 i 1
EV-CLIP CLIPs EVs
[%=11]
60
. = Without dyes
S 40- With dyes
£ |
8 20-
@
woonoll
2 o
© i
7} -
N 20
-40

I i i i f
0:100 25:75 50:50 7525 100:0

6/10



WO 2024/128719

5 13]

Percentage (%)

PCT/KR2023/020308

0.0272

5

e VVithout MB
waw riR-21 MB

W W00 oo
Diameter {nm)

s LESER + TTO0M MB

ey

7/10

(OB -
$.3

Zeta potential (mV)
[
[om)

3

s
°.%




WO 2024/128719 PCT/KR2023/020308

[5=14]
a Microfluidic cascade b
Ag phase it EV-CLIP
e inlet . mi
Ol phase
{Liplis)

$ or ole

b il Plasma

BHE Droplet Detection
chip generstion chip  chamber chip

10 EVsiL,

10" Bl |

100 pm | 100 pm
d HI978 Eveapikad in PBS e HI875 Eve-spiked in PES f Plasma
€9 sxi0 ; £ 10 £
88 ol g1 ™ | gud ceem - | 8 oon_
%g 2810 e(j - # § oo ) §§;3,. "
8% 10, %w, .y % 5 —re
T % B = 09803 S ygs s on mEwLL =] . . .
@‘V‘“ M«; @fw;“%%ﬁ;@ T o TR 02 100 108 108 10t Hoalthy  Cancer
Concentration ii‘;ﬁ%f%ﬁgh} Conantration (EVaipl)

8/10



WO 2024/128719 PCT/KR2023/020308

[5=15]

2 oot ] LESER + T790M

b HISTE EVs-spiked in PBS o HI075 EVs-spiked In Plasma
. oot @ o Y5
%g 150 ® O R EVCLIP LE
§§ 100 % oo W OTTROMML T §§ 100
i : E
ET s '%3- e & i 5ty
2 9 T2 - Dovtle,
0 Loqg 0 L i T
o 10 107 107 104 105 108 o L0 W a8 a8 a8
LS S S N
Concantration (EVsipL) LA A A
Compeniration (BVsil) Concerdration (EVeipl)
d HA975 BVa-spiked in Plasma e f
F 10 B, E 1 F oo
e + LB5SRm EV-CLIP © LESER mt GAPCR £ @ LBBER mit o TraM !%'31
2 i . E7y = & . o
g 100 B TT90M mt 100 e§ g g 1.9 § © 0.8 e
g A8 28 | - gg0¢
§ 1071+ /A0 8 g%0s %&ss
o , ; i ra ¢ 5 a
R i o ot S S T 00
G 10107 10 10 108 108 10 1% 108 1 1B e 18 15 0.0 4.2 04 06 08
Conceniration {EVel) {*) Droplets counds (%) {#) Droplets counts (%}
PES PES




WO 2024/128719 PCT/KR2023/020308

e oo pabiorty
ikt EOFE svtation

: Hoalthy donor
bk 3

. # {173
Gurnplo L Lhiegaisiog Dateudion ]
oo s alion fonins sl avedyein *ii* Lannr pollenty

wilth EGFR soubiton
. | e %3
15w v 5 g

LBEEH (¢ g

7

S

14

s

TR fe i

ke

s 1 st BV sonnbingrs R mtien

iy i } s ptis Wmmw [ T
ity iy LBSHIR oo 507, TTO0RA + LHSER [n o 6}

A i
& B A sy g e

o

LAY ey dniel I
: -
TrOuba (v dopies {5}
&
#

o
? £

PRI w0 g

RS w DR

Sensitiviy %

ROG corvee LBGER IO cprve, ETIM

10/10



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2023/020308

A. CLASSIFICATION OF SUBJECT MATTER
GO1N 33/574(2006.01)i; C12Q 1/6886(2018.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1N 33/574(2006.01); C12Q 1/6837(2018.01); C12Q 1/6886(2018.01); GOIN 21/64(2006.01); GO1N 33/543(2006.01);
GO1N 33/545(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: IPC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & keywords: 2] 3<% (liposomes), Al 3 £] A~ 3 || (extracellular vesicles; EV), & %Al 3 (tumor
cells), 2| %(detection), F 24 A (molecular beacons), 713ﬁﬁr(encapsulation), v A - A 9k-2-7] (microfluidic droplet
reactor), % ¥h(diagnosis)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

HU, J. et al. Overhang molecular beacons encapsulated in tethered cationic lipoplex nanoparticles for
detection of single-point mutation in extracellular vesicle-associated RNAs. Biomaterials. 2018, vol. 183,
pp- 20-29.

X See abstract; pages 20-27; and figures 1 and 4-6. 1-8,11-15,17
A 9,10,16

US 2022-0074929 Al (THE HONG KONG UNIVERSITY OF SCIENCE AND TECHNOLOGY) 10
March 2022 (2022-03-10)

A See abstract; and claims 1-20. 1-17

YANG, Y. et al. Ultrafast detection of exosomal RNAs via cationic lipoplex nanoparticles in a micromixer
biochip for cancer diagnosis. ACS Applied Nano Materials. 2021, vol. 4, no. 3, pp. 2806-2819.

A See abstract; pages 2806-2817; and figure 1. 1-17

HU, J. et al. A signal-amplifiable biochip quantifies extracellular vesicle-associated RNAs for early cancer
detection. Nature Communications. 2017, vol. 8, article no. 1683, inner pp. 1-11.

A See abstract; and inner pages 1-8. 1-17

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art

means “&” document member of the same patent family
«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
14 March 2024 15 March 2024
Name and mailing address of the [SA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

PCT/KR2023/020308

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
CN 112048554 A (ZHEJIANG UNIVERSITY) 08 December 2020 (2020-12-08)
A See abstract; and claims 1-6. 1-17
KR 10-2022-0069858 A (INJE UNIVERSITY INDUSTRY-ACADEMIC COOPERATION
FOUNDATION) 27 May 2022 (2022-05-27)
A See abstract; and claims 1-16. 1-17

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2023/020308

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13zer.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the international
application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2023/020308
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 2022-0074929 Al 10 March 2022 CN 109490528 A 19 March 2019
CN 115047182 A 13 September 2022
WO 2019-068269 Al 11 April 2019
ToN 112048554 A 08 December2020  Nome
KR 1020220069858 A 27May2022  Nome 7

Form PCT/ISA/210 (patent family annex) (July 2022)



A E AR A SAZHE
PCT/KR2023/020308

A, Bdo S Ve BFEASIHERAPO)
GO1N 33/574(2006.01)i; C12Q 1/6886(2018.01)i

B.  EAH &)

A A 2B A(FA SR FE 714
GO1N 33/574(2006.01); C12Q 1/6837(2018.01); C12Q 1/6886(2018.01); GOIN 21/64(2006.01); GOIN 33/543(2006.01);

GOIN 33/545(2006.01)

AL 7] E okl b A d ol e +d
Shrg 5 A Ak B Sk a ) A B Al i 2Abe F a3 ghe] 7A€ TPC
A2 HH AN E S A2/ LA H: A i el 71 A€ IPC

= A Al o] 8- Ak ol B M o] 2 (H o] H M o] 2 2] A B A Mol (3 Sl F )

eKOMPASS(53] 4 W5 ZAAMA] 2~ %) &71HE X (liposomes), A| 3 9] 2~ 3 A (extracellular vesicles; EV), & %A
(tumor cells), 7 ?(detectlon) 24| 7 (molecular beacons), % ﬁﬁr(encapsulation), v Al-A] A ¥F-2- 7] (microfluidic
droplet reactor), %l T+(diagnosis)

C. #4 &3

Fhel AL ef* Sodd 2 o HE R el 714 AT

HU, J. &, “Overhang molecular beacons encapsulated in tethered cationic lipoplex nanoparticles for
detection of single-point mutation in extracellular vesicle-associated RNAs”, Biomaterials, 2018, 1834,
# 0] %] 20-29

X Kok Aol 20-27; R = 1,4-6 1-8,11-15,17

A 9,10,16
US 2022-0074929 Al (THE HONG KONG UNIVERSITY OF SCIENCE AND TECHNOLOGY)
2022.03.10

A ok 3 A4 1-20 1-17
YANG, Y. &, “Ultrafast detection of exosomal RNAs via cationic lipoplex nanoparticles in a micromixer
biochip for cancer diagnosis” ACS Applied Nano Materials, 2021, 43, 335, ¥ o] %] 2806-2819

A 8 o H| o] 4] 2806-2817; B &= 1 1-17
HU, J. &, “A signal-amplifiable biochip quantifies extracellular vesicle-associated RNAs for early cancer
detection”, Nature Communications, 201743, 8, 7] AHH 3 1683, W -3 o] %] 1-11

A geof g ujF-H ol A 1-8 1-17

[V]57t #210] 2ol 714 5] o) Ag5LIe g 55

* ?_%%]_ _E,‘dg] = :/]‘EH»T’—E]:
“Av S8 Yol gl AOE Holk ANH T EFES T EAENY E SN Fol BH EHOR, B
Aoe v FEetA] gon W o] 7] 27t B ' gy o] 28 ]38l
DA A Z R A F 0] AL E A slsf 2gd £
B FAZYARG ME SUY B LHYS I FAZUY w0 swe gelo] 9l Hal 8P Bal shbvr o T uh o
o] g FAH MEY B 53] 3 AJFAl EE R H Al o] ¢l A o= BT},
w0 ]3] =R} olrre St LLa] e 2] %:,9 . ) ) ) -
L L e A e e e YU Sl A ER A £l oyl
T e v 5 o] f (o] & BADE B3 7] $5te U mzelal Ao 2 o Zale] O mak Ao
Q8¢ &4 i"—;‘—ﬁ—‘lg"if]tﬁ’;ij-—'—ﬂq l 0?111'01]7‘” g gk 745
- A Xl g L= fe] - 7 2
07 FF WA, ARE, AN B e REs At g B T o
P A o) Fol FAHYO ZAZAY oA AR HR & TALASEATA Sk
T A AL A R A A H LA Sl
2024303¥ 142 (14.03.2024) 2024303¥15¢(15.03.2024)
ISA/KRS] B3 2 S5 A Abe
el 584
(35208) WA F G A| A7 HALZ 189, 4% (AL, CEX
AR AHAD
M2 M5 +82-42-481-8578 2 5hH 3. +82-42-481-5373

XA PCT/ISA/210 (- A 27y (202213 78)



A EALE A ZAEANE.

PCT/KR2023/020308
C T4 59
7} el i g]* l&wdy 9 g FHEEE s B 7 A = ATg
CN 112048554 A (ZHEJIANG UNIVERSITY) 2020.12.08
A Sk gAY 1-6 1-17
KR 10-2022-0069858 A () Al ] &} 1l 4F3} 3 = 1) 2022.05.27
A 8.9k 9 A% 1-16 1-17

A& PCT/ISA/210 (- 1A £-4]) 2022\ 79)



F AR I A EREad
PCT/KR2023/020308
AVIAZ Q7] WEE obul = I3 A §49 Les] A%)
L FAZ A E G 7] B/EE ohv Al A st prlste], FAEAE Tl 7] Z3ke] - @5 A o)
a [/] E9A AR AR TE S NS S
b [] #AzAE 2902 24209 o] Foll AlZE AAB2GH 13903.1()
[ Ad=sc 294 sA2de AN HS w ethis AX Y A E A
2 [] :?xﬂ 1ol A BAke 7] B/ ofu] Ak A ol Thal, B K A= WIPO B ST.262 2531 A d 2o
Qo] AT 2AE T 5 = Welel A A HAF U
3. F7F oA

A2 PCT/ISA210 (3

A &2 ] A1) 20224 79)




A Z AR I A TAEUH D
NSE3 o B AR

PCT/KR2023/020308
x -—‘Z‘/\ ALk X hevd E =] 115 hevd
i F719) R F719)
US 2022-0074929 Al 2022/03/10 CN 109490528 A 2019/03/19
CN 115047182 A 2022/09/13
WO 2019-068269 Al 2019/04/11
CN 112048554 A 2020/12/08 e
KR 10-2022-0069858 A 2022/05/27 2

A2 PCT/ISA210 (H]-8-5-3] F=7F8-#]) (2022 79)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report

