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AA ... IRGD-conjugated lipid

BB ... 4-Azidobutanoyl chloride

CC ... Synthesis

DD ... 4-Azidobutanoyl-cyclic iRGD

EE ... Copper-free click chemical reaction

FF ... Cellular uptake of iRGD conjugated liposome

GG ... Integrin

HH ... Cholesterol

II'... Neuropilin

JJ ... BBB permeability and tumor uptake of iRGD conjugated liposome

(57) Abstract: The present invention relates to a cyclic iRGD-conjugated lipid nanoparticle composition with improved blood-brain
barrier permeability and a drug carrier comprising same. More specifically, the present invention provides a cyclic iRGD-conjugated
lipid nanoparticle composition that targets avp3 and avB5 integrins, which are abundant in tumor vasculature at the blood-brain barrier,
by preparing lipid nanoparticles comprising cyclic iRGD-conjugated lipids so as to enhance drug delivery to lesion sites in the brain.
Furthermore, using in vitro blood-brain barrier model experiments, it was confirmed that more cyclic iRGD-conjugated lipid nanopar-
ticles were detected in glioblastoma than the control group and R-iRGD-conjugated lipid nanoparticles, better cellular uptake occurred,
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drug loading rate improved as total lipid capacity increased, and a larger amount of drug was released under conditions similar to a
living body. Therefore, the cyclic iRGD-conjugated lipid nanoparticle composition with improved blood-brain barrier permeability
according to the present invention and the drug carrier comprising same are expected to achieve excellent preventive and therapeutic
effects in various brain diseases.
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[95] Hobg o] o A ool w2, A7) 31814 2= 4 of A B e SR ol =
%+3 iRGD(4 azidobutanoyl chloride-cyclic iRGD) Y 4~ ) 2.1, o] of] g4 ¥ %] ¢k
=}
[96] T 7] 4 ol A R EF e 22 2lo] =318 iRGD(4 azidobutanoyl chloride-

cyclic iRGD)+ DSPE-PEG(2000)-DBCO<} 0.8:1 W] 1.2:1 &= H| &2 Z3}3slo] A}
23} 5= 9] o ulekA 5} Al = DSPE-PEG(2000)-DBCO®} 1:1 & H] & =2 &3¢

F lent, ofol g ¥ A =Tt

[97] Hodbwof] 9ol A, A7) 38 iIRGD 23 A& V= A} A & vhi o what 5=3)
A, A A, e ], ol e AN, Ad AN, dlEE FAY T
o] FAE W& o] &35t Xﬂi% 2= 9ol o ulebA )AL= uhuk S5l =
A A 02 AlzE 5= glon, o]o) A E A ¢hi=

98] A7 AR Y=dAE FAsHE A- FAAR F DSPE-PEG-RGDE A A A

= H
A e 2 WA 8 B 23HE 4= o, vpE A S A= 3 WA 7 BeR 23hE 5
glom 7HA nfEbA S A = 5 %%i E3lE 2= 9] 01} o]ol] A | A Qki=t},
[99] A7 A U md AT i R 0 8 Al 2 H = A, Y] A YAk E
TAskE AR AR DSPC =) 28 &, POPG ¥ DSPE-PEG-iRGD7} A}
4 5 209, 50.9:35.5:4.5:9.1 W] %] 55.2:38.4:4.9:1.59] EH] & A4 E 4= gla1

nhe A a3 53:37:5:59] EH] R FAE 52 glo, oo dhg | x| ehi=t},
[100] 771 A2 W QA7 vl Al f A 05 Al ¥ 1= A, 3] A2 YmdAkE

T4 8k A 4 AW S = DPPC, ¥ 2= H &, DSPC ¥ DSPE-PEG-iRGD7} A}
85 7 921, 52.7:33.6:4.6:9.1 A 57.1:36.5:4.9:1.59] =H| =2 45 5 glaL
nhe A 8 A= 55:35:5:59] BH] 2 FAE 52 glo, oo dhg | x| ¢hi=t},

[101] ¥ akwo] it ohE A X ool up= | Hoakwo) upE 313 RGD 2% A4 U=

¢

JAe] b A ) 9] M 3 F A S gkl gk A3 iRGD7F b 2 vl & 5]
o] FAFE g ot Al 7] 55 shA4] X38h= R-HRGD 2% A1 v Y A7t o
H 2ol vl 8l o =2 33 A7 7F e S FIETHE 8).

[102] ol o] it T E Al oo w2, 33 % 54 A FITC-A)S 53l A1t
Hul AW a2 E 5378 33 iRGD 2 A2 U= A7) 417 alg A3
WE Fy A gegh A9, izl vl &) o] =& Al X &8 Hed s 8
o1& ATH L 9).

[103] olal ulg A gk A A & Fo] ¥ WS v AASHA A gt 1y, ol &
A= &8y S S A AR Aetr] 9§ Ao =, & o] HefE o]
A E A =tk

[104] [A Ao 1]

[105] 3 IRGD 2 g X F 9 Az

[106] 1-1. DSPE-PEG-iRGD¢] $+4 74

[107] 213 iRGD 2% ¢ 4+O] A 3E9ke] Q1H 29 (Integrin) avp3 = A EH| 2/

(Integrin) avp5E %4 & Addt¥ o w22 H(neuropilin) ¥ A3 = J =5
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[108]

[109]
[110]

[111]
[112]

CendR BE X7} =28l =25 CendR BE| 29 g]xFo] L2 H o9l &

1 55 38 iRGD o} A A E F A 22 H| @l (cysteine) 2] NH, 7] o]l 4 o} x| =3
lt‘?:_]_ & 2 &} o] (4 azidobutanoyl chloride) & 2 &3} Ul

A H 4 oA R e 2 2ol =88] iRGD(4 azidobutanoyl chloride-cyclic
iRGD)+= & £5 3 A3 93 DSPE-PEG(2000)-DBCO<} A 3H¥ t}. DSPE-
PEG(2000)-DBCO%} 4 o} A =7 El =] S =2 2fo] =-3H3] 1RGD(4 azidobutanoyl
chloride-cyclic iRGD)E 1:1 & B & (3.09 umo) 2 5 &t Yol oA E
U E #H(Acetonitrile) I G A5 4:18] & 2 A& g MG o] a7t} o] F 2
oA BTV 5 o] &5t oA EYE" Golg AT AT A &
2 Felo| =5 A 7] 3817] Y&l v ol & ol Bl Z(Diethyl ether)S 0.2 ml-S o] &3}
Al g, o) 3, uj k] vlol "l B 25 A7 8t7] 18] vl A Al ol Bl el A A A
ZA|Z1th 7122 ¥ DSPE-PEG-iRGDT= 4:1 H] & & 4191 o} Al & (Aceton) 2 & &
off &3 Al A 4°Coll A Eﬂﬁq

1-2. 8919 =31 S o] &3 319 iRGD 2§t e ¥ 59 A%

2] 58 A 2Fshr] Y8l vk 5231 H (Thin film hydration method)©] A% ¢}
C%ﬂ*ﬁg?ﬂ&:ﬂﬂ?ﬁﬁ%QEDWQ%ﬂiﬂ%@mmwmﬁﬂ
POPG7} AF&-5] %] 21, o] 3= 56:39:59] &-H| & "4 ¥, DSPE-PEG-IRGDE ¥
gksh= 7 9- DSPC, & 9| 2= H| &, POPG % DSPE-PEG-iRGD+= 53:37:5:5 & H| &
/d &} DSPE-PEG-iRGDE #7}5l7] A, B.& #|4-& &2 % ¥ &(Chloroform)

o] A A T ZekAe] Hof 3 H TV E o] &5He] 55°C, 50 rpm, 650
Torr =71 &tol| A oF 1A ZF A Z8to] vhuhE A}, ojwf, A A= s &
415221 Oregon Green® 488 DHPES- A A A1 A 2] 0.4 =% =2 g7 H 718l A
AL E ATk o] 2, n ko] FREFXES At sl WA A Aol H e A 1z
ok Az A28 dego] ¢ud PBSE IO AV 5 o] §-3lo]
55°C, 50 rpm 2271 3}ol| A =8 A|Z1 T}, o] & XA 9] oF 5 =5%2] DSPE-PEG-iRGD
5 A7k 55°Coll A oF 30-1F 229t A ] g o 2 4 #) 4 ¢ o] A (PEGylation)
A7, g4 gk A 71(9F 100-200 nm) 9] 2] =55 Al 2Fst7] 1 a8f 0.1 pm =2 7FR
Yl o] E #l B 7| 21 (Polycarbonate Membrane Filter)& ©|-83}¢] ¢t&-& X1 3]ty of
Zat A d e o] o] A A ¢k No PEG-2] £F 3} o] 9-iRGD 2§ 2] X%
L sds i o2 Azt E AT A2 $9 iRGD A') B E2EE 54 Ak
(Dynamic light scattering, DLS)7| 7] & A}-8-5}o] =17] 9} #| €} 32 €l A (Zeta potential)
o] S8 At}

1-3. A M- AH & o] 88 318 iRGD 23 XAy 2 Al =

F714 0.2 v Al A H (microfluidics) & ©] & 3}04 A1 A v ZH(lipid
nanoparicles; LNPs)E A 2}35l 1T}, & 504 21T $,1 o, vl Z(baffled) 1%
E e v AFA A Ere B FEY AT Y WH S AMEEe] Al 2 st
Aot Z o E A = @wmmmWMMum%)_}%%EEﬂ%ﬂg.
ol AFAIZ F, YT D WETE HAHE ARGsto] Al &gk, o] 3 A%}
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A v Al f A g A = AL Sk R A stal fe Sofeol =) AR & 5
A L ol B4 of €=l 32 = 9 gl(Fluorinated ethylene propylene, FEP) T+

[113]

[114
[115
[116
[117

—t e e

[118]
[119]

H =
W A A b ek in

A A Y Jd2E 748 X4 A4 22 DPPC, ## 2~ H & 2 DSPC7}
AL-8-% ) 0 DSPE-PEG-iRGDE ¥ €36l 7 -$- DPPC, & & 2~ H| &, DSPC 2
DSPE-PEG-iRGD+= 55:35:5:5 = H| & 7" ® v}, A A& o ghxof] 83 = A 2w,
FA| A5 ol gato] T ME Y& 75 Sl A A A Fg o] F
Ak A7 & stel M FH | A A 89 st wiE 5= v A A
Foll A mhuf 29t XA v 27 A f e v Al A o] el A g
75 €%l pH 7.4 PBSE NS FU T ZH o 6h-& S| A A 71T}, o] F F119

A &8 8l A v dAE sk, F4 W& o] §3te] pBSOl| B
I 521 gtk iRGD A g A1 v 4 Ake] A5, A1 4 9 oF 5 5%2] DSPE-PEG-
iRGDE A 7F8te] 55°Coll Al oF 3041t 2531 A 2l g o =4 Hd# ol Al 71t}
A2t A E v A= T4 Gk 7171 & Ag ko] A7) 9 AletEdl Aol S
AE At

[AA] ¢ 2]

4-ol A =2 E - 9.31 9 iRGD 2 DSPE-PEG-iRGD E4] £ 4

2-1. 4-oF A =R EL =313 iRGD 2 5 &2l

318 iRGD 2] A 2~ €] 9l(cysteine)2] NH,7| 0l 4 o} A el v SR o] =&
A¥FA] 7] 3L, ©] & Shimadzu®] LCMS-2020 7] 7] & AL-&-3lo] Agti-55 Hels
Aok A A2 04 mL/min®] EH R FAEJOH, G d A= 0
=5 Q2 Z o)A E AK(Trifluoroacetic acid; TFA)-S X 313}= 20% ~8 4, 8 ‘j/] ol B
T 0.1% BT S F L2 EALS E361= 80% oA EYUE™ £ 9 o] ALE5 )
o, &2 A20%t & N B80% £71atol A AiFi-Al o] Xl = ATt Egh
7] %+ o] 2-3Helectrospray ionization; ESI) Q1 E] 3| o] 25 A}-g38lo] 8 ¥ o
o, o g2 202 A H AT 5 7F2 F- % (Nebulizing Gas flow rate)
2 1.5 mL/min, 712 7}~ & & (Driying Gas Flow)-> 15 mL/min, DL(Desolvation
Line)¥} 3] E &5 (Heat Block)2] &%= 722} 250°C & AR ¥ e}, &= 204 el
3= vlo} gho], o S AT 4421 1058.40 g/moled} Ao ¥4 Au =A% Ak
zkol 1058.53 g/mole & & 71 9] F-ALSF A 0 & Kol 318 RGDS} 4 o} A =3B}
o FEeto| Byt ARfE AT A S T g

2-2. DSPE-PEG-iRGD2] A& #4 ~d e =4

DSPE-PEG2000-DBCO$} 4-0} A & R El -2 -3 3] iRGDS A 3A| 7] a1, -3 4
A& LC-MS w41 & 53l €213} ) Al 5= DSPE-PEG-RGD 1.5 mg/ml(©}
A &), DSPE-PEG2000-DBCO 2 mg/ml(¢}A| Evfo] ERo] 552 FH] ¥ Q)
Synapt G2Si (Waters) 7| 7] & A}-8-3}o], DSPE-PEG-RGD 10 ul& Acquity UPLC
protein BEH, 1.7 um (2.1 x 100 mm) A ¥ °l] 0.4 mL/min®| F & 22 T H At}

o] 54 A= 0.1% EEAHE Hi-81= =0] AFRE AL, o] 54 B= 0.1% X541

° EQ rﬂ

>
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[120
[121
[122
[123

[124]
[125]

& &8k ot ELfol ER o] A}ﬂﬂ ATt 1A EE vh5-3 ol A5t
AT} 1% E<0% Boll A 5% BE, 7L & 8% 5<9F5% Boll A 95% BE, o]o] A 1.5
# 5<2F95% Boll A 100% BE 5-7FstaL, 0.5% &<t 100% Bell A 0% B= 7HA- 4
Ak A P 4L A oA 2Eshis AV R T O]i?ﬂr(ESI) A7} A
A FA 7 & AREste] AT the 3 Z-& 717] wl A WS stell 578 5HS
t}, ¥ 7F22(Nebulizing Gas)= A AR, &8 &} 7| A 552 800 L/hr, &8
3} 25 400°C, A= A2 2.0k, A& FH 5 2= 150~2300 Da® 2 H S
U}, DSPE-PEG-RGD= 27} o] 29 e 27 A& = o). ol 5w A= 42 4136
g/molo] ™, & 30l Al Zl ¥ = npo} o], S48 A% 4h-2 4120 g/mol & = o =
Ak gk A sl thRk, A RFo] {2 HA R H A Q= ol fr Al A =4
21 PEG2000-8 3F-3}7] w0t} o] & ¢ 4 2} = DSPE-PEG2000-DBCO<} 4-°}
A = e d-318] IRGDO| Ajtol b A o= o] Foj & S g},

[AA] o 3]

Ad FFo e A v n D iRGDE] H A3 v & &7

3-1. XA FH & s GAH AH

2H iIRGD A R of= WA Al 7 e A Q1 2] =5 A 22 A8l 2l £59
TR T 8490 AAA Fol W AL S v wEtGi T -17°C9] B A o]
25 =2 Y= DOPCE} 55°C9] & Aol &% YEMY = DSPCE AL-4-31]
| gt o] 9} 3 Ze| ~HE ¥ POPG7} 56:39:59] ZH| & A 2HE o, )
jﬂ‘d(defactinib)g AT A2 B EE S 4°Col A B#E S0 0d, 3
A, 7Y, 109 F 50 ul 2] EF 295 wWeE:DMSO (9:1) <3+l 950 ulell &4 8}

jus

A

aL At Zegt e 2 A F/] rE /] TZZ | EH T} UV-visZ o] &3to] k& o]
FHEE SATOZN GAES A = 49 a)oll A F1 ¥ = vie
o], DOPC7} A-2¥ gl £& 3} v] 1w sto] DSPCE A 2HE 8] EF o] 10L&+ 5

oF&-o] & glo] b4 4
3-2.iRGD¥| H] & H 3 4
g ERAD AE F55H S VR iRGD FEfo] = A vl &2 2ld)
7] Y8l A 2122 15,5, 10 2%2] DSPE-PEG-iRGDE # 7}¢t 2] 52 A2}

AT} WWMEH%§°3%%%EMOMWKMW%%DMEE%ﬂﬁ

1 7+ 1) Al & 7] 3] A E(HBMEC) E 5x10°7H

Hj Okoﬁ 20%17P 5 ﬂa‘izg A E w2 11 vl B8R A g 5FA T 24411 H

Efil S Agste] A2 E AT = E A A ElE 1 ml PBSel| A ¥ 5t

o FACS7|71 & AF& o X gl 59 Al X 88 53t &= 49] by

A gl ¥ = vl e} o], 5 =% DSPE-PEG-iRGD7} 2 3Hd €] 2Fo] 71 =2 A

I EFTFEE LPEHHME, o] += f‘é% FbsE ek ol 14

= HA o] 3= Ao FIH AT
L

=A]
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[130]
[131]

[132
[133
[134
[135

—t e e e

[136]

[ A4 4]

SFIRGD 2Y X F 294 54 7H 2

4-1. DLS(Dynamic Light Scattering) & ©]-8-3% F 7], 7+ U %, A el X &lH A

A 2H iRGD A% gl 259 A7, 4% S

71718 AHgat) 2l 55§91 50 ulE AASE 1 mlol 3| A A7 F §fullol] W
o] 21 7 2} PDI(Polydispersity index)E =73 3} 1t} B3k 8] A A| 71 8-vj]
Aol ASERA S 24 et E 69 ol 4 2l vjsk o,
A3t 8] £FR_RGD-LP)E A 2] g No PEG a] F(LP) 2 iRGDAS g ¥ &
(IRGD-LP)2] 7200 nm A%-2] F7] & =4 ¥ ¢ o, pDI 3102 0]3
ASHA FE o] 3= Zlo] FelE AT ‘Iﬁ} -50mV Wl 9] PEG V5§ 2] &
I} Bl nlsto], iRGD E R-iRGD & Z59] 79 -30 mV W |2 #ZH AT}, o)==
iRGD ¥ R-iRGD | E}lo]| = AF o] Aet LS 7AaA7]= 3 o= B,

4-2. AFM (Atomic Force Microscopy)S 0184 U 1A &4 =4

A2E 2 25 HJHE &lslr] |8l 9 A3 A 1] 7 (Atomic Force Microscopy;
AFM)E 2835130t ARM A 32 913} vhol 7Hmica) X0l 3-ofH| w22 HE
] o] & A] A #(3-Aminopropyltriethoxysilane; APTES)S- A 2] gt o 24 2| £&S
W 753k nloltel] a1 g, A @ 3h(Silanization) S 918l vho] 7} W& d
A Al o] B ol A HEA] APTES E7] 4]l =2 A1 7] 31 100°Cel A 1A 7 St -9 1)
ol gol &ol A LY Y EFS 0.5 Hz 270 S 5= 256 x 256 9 A 9] &l
Lo A 700 x 700 nm 7] €] A& o] n] A & & 58kt 2 69 b)ok o], A At
HEFE 7 H o] d el = DLSZA %} AX|8HA| °F 200 nm W2l o] 2795 51
st

[AA] 4] 5]

¥ iRGD 2% 2 £F 9 HBMECH F34 < 37| s 4¢

5-1. " M A2 in vitro -1 @l

A2kgl 89 RGD A3 2 FEo] W Dol i 4 2 Fohal
Zo)ol 2o 0.4 um B2 AR aFo] 43 Av]o] gkl A
(HBMEC) 5x10°7] & v & &ket. ol = Al w < ¥ TEER #1& =
AR P A ASE AT AT, A A% 7L 2151
AIE7} 2 A g, o] HLE IR £ 0.2 mghl®] 5 52 o 30¥7k 4
glakeh. Edl g o] shi Au ol = Al Ml 591 U7 LN229 Al 255
25x10714 M FH AT W% 5 71 %S TEER S eh= 847 3, 9%

Fe Azt 1o vl e e A 7}3};14. o 53, 10, 30+, 141 ZE, 241 3E,
4*]7P 8*]7P 124 ZF, 244 7F, 36X ZF 1] 31 48 4] {kmfo} shii-5- o] mjoF g 10
Wl 3 F 964 o) o] Eol) 41490 wiell 341 5ko], nhol 12 Feo] E #]el]
ol 485/535 sbd = AFA 715 S8R

5-2. HBMEC T34 2 3]

| 13 12-2
tﬂ:ﬂ]—LHJ,]/H

_l

O.u =
of,
JL

N

)

o

H g




15
WO 2024/210610 PCT/KR2024/004505

[137]  ZA#H o= sdgolHol XY= =] ¢F2 No PEG 2] 3% 2 iRGD7} §HO &
M A= o] A7]5-& 3= R-RGD 23 agé,j o] 2ol¥ 1& 3} v wate] 3Ha
iRGD 736*?44+01 Fol ] 1A =& FFAVE VYER AT B 8ol A &
14 3= vhe} ghol, ¥ g ol whE 59 iRGD A3 ¢ EF B o] & X3k oFf =
A A 7F | At o] 8 A AR Q1 ] Al E ) 9] Al Z(HBMEC) &
Fapeto] xAFAe) mgd 7 A& TH I
] [2A] 4 6]

] FFHIRGDAZ IAXEF HES AT IF 3= S AFH(FACS)
[140] 6-1. 33 e = 2

] N & Fg 39 IRGD A g 5ol AP nE Al WE FY =
Al gdetr] flall EadA ] AR X H v 12-E G o] A F
3] A 55(HBMEC)7} 5x1047H o} Lok bH o = U87?Jr LN229

=
=
©
i
i
K
Z
il
rf#

e}
AASL A ZR F=AEAT. FHE AE DS 1 ml PBSOﬂ &
o =i

[142] 6-2.
[143] A=

B ahs o e =2 ER AT A oA o
91 U87 & LN229 A| 3 E 5ol Al tf
e S 2 et 5 99| byoll A 2l =
b= o A A 7} 4 A 9

595 Ve &= A&, 38 iRGD 2
Aol oFEAG X ZA B 7HEA

sk
12 ol
N o o

oo
F
of
O >{|_‘
©
fu
ke
%
Oft

ey

C:‘

B:I bt

rio
_\: o
23
L~
2 m
fir ot
o
E

jus}
I
o
)
o 0
rigt
o
=
o)
o r
S LN

2o Lo
Q‘L

£ 1 4

I

rf

i,
r U
o
=
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