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3 Y9z 2 47 5 Ux9Ae 3HE IAES PR EPolddZEZ(polyethyleneglycol, PEG) ¥
=0 w
(e}

=S
R

wos

A7) & YxeYdAE 3 (nanosphere), @ 3 H (nanoshell), =¥ 238 (nanorod)¢l, #HAA AHg %G A
24E.
A7 3

A7 F U=dAe] 24 3 om WA 50 nmmel, #EA AT 2GA] RAE.
AT 4
A1l A,

A7 &A= INF-L3H(INF-alpha), ¥+ SXAAME HE A= <AA(granulocyte macrophage-colony
stimulating factor; GM-CSF), avB3 Qe 2 (avP3 integrins), I FAH(vascular endothelial
growth factor; VEGF), 712 F%3H ohilis| &4 (matrix metalloproteinase; MMP), A&l (selectin), °FF
2 7IYA 1(Janus kinase 1; JaK1l), ©oFrF2 7]UAl 2(Janus kinase 2; JaK2), ©FF2 7]uA| 3(Janus kinase
3; Jak3), E|ZAl Z]UAl 2(tyrosine kinase 2; Tyk2), BFE E]Z4 7|uA|(Bruton's tyrosine kinase;
BTK), ¥2¥o|x=AE]= 3-7|1}4] (Phosphoinositide 3-kinase; PI3K), Q1E]FZ1-1(interleukin 1; IL-1), <IE]
F71-6(interleukin 6; IL-6), <EF71-17(interleukin 17; IL-17), B FZ1-12 p40(interleukin 12 p40;
[L-12p40), <& F71-23 pl9(interleukin 23 pl9; I1L-23p19), <IEF71-22(interleukin 22; IL-22), A¥EE5A
T I3 #9839 4(Cytotoxic T Lymphocyte associated Antigen 4; CTLA-4), CD20, HHANE HFAE=}-
1(vascular cell adhesion molecule-1; VCAM-1), S100 whial 2] (S100 proteins), AXL 8 oz gz
Al ZI1YAI(AXL  receptor protein tyrosine kinase), WAAE HIAFARHEEANE HFAFAA},
macrophage colony stimulating factor; M-CSF), MXEAAHAL #7+=(programmed cell death ligand 2;
PDCDILG2), TNF & 2(tumor necrosis factor receptor 2), TNF 8A ¥ 3@ 1B(tumor necrosis
factor receptor superfamily 1B; TNFRSF1B), 3|&dF24rAgctwa 2(hyaluronan-binding protein 2), AJw}3E
? 4A(semaphorin 4A; SEMA4D) T: SF A E 222} 1(osteoclast stimulating factor 1)o] Holxoz A

gete A, PEd AGE 294 AL,
A3 5
A 18rel] lo] A,

A7) AEWE 12 FAE FE=E 7] e 12 FAFE FF9 AFe]E¥ RGD(cyclic-Arginine-
=

Glycine-Aspartic acid)?l, T4y kg 2JA A E:
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A7 F YedAe] A4 3 A 50 nmel, #HEA AE 2gA 2AAE A Y.
AT+e 12

A9el glelA,
27 = eyt

(1) ANEEgIEE HErlo|=(cetyltrimethylammonium bromide; CTAB)®} <43} JAF(Chloroauric acid,
HAuCl) S E3sle] dojxl Egt&o| 4AF H=Z3lo]=glo]=(Sodium borohydride, NaBrH)E FH7}ste] & A=
=

(seed) &HE& A

Hlsh= W=,

il
M

(2) NEEZSGEE HZulo]=(CTAB), ZEAHS(Silver nitrate, AgNO;) 2 933} FAHHAuCl)S E33le] Ao
A EFE of2xEH A (ascorbic acid) S H7beteE @A); &

Hap 7] (2) GANA folxl EFES T 5 U=l

_>|~1_J
i
oft

471 (2) GA Al okz2FmEBANS Vel oA, 7] AEEZSHEE BEulo]=(CTAB), HAF2(AgNOy) %
A3t FAHHAWCL) S EFe 7 wyste 9AE F7tR Fdste, A J19E 294 2= Az UL
AT 14

A 9ol doiA,

A7) ZeleldaZe = (PEG) & AP s,

e xteh ZeldgdZeF(PEG) S £k vl 2
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271 @A Gprotein 6)S HAAA7]E ©HA=,

471 F d=dAke @A Glprotein G)E 0 T %3 10 T olate] 2% 3lolld 2 A|ZF W] 48 A7k 5o &
gets gAE x¥ste, Bdd AGE 294 2AHEQ] Ax Uy

A3 16

A9gtel lo] A,

471 A= INF-23H(INF-alpha), 3@+ ZEAAE FE  A=<AAM(granulocyte macrophage—colony
stimulating factor; GM-CSF), avB3 AQEZHA(avB3 integrins), IS A}F(vascular endothelial
growth factor; VEGF), 714 F438f wrliEa] g2 (matrix metalloproteinase; MMP), A€l (selectin), °FF
2~ 7]YA 1(Janus kinase 1; JaKl1), oF7<2 7IWtAl 2(Janus kinase 2; JaK2), ©FrZ2 Z7]UAl 3(Janus kinase
3; JaK3), ElZAl Z]uA]l 2(tyrosine kinase 2; Tyk2), HFE ¥ 24 7]y (Bruton's tyrosine kinase;
BTK), ¥2¥ 0| AE]= 3-7|1}A| (Phosphoinositide 3-kinase; PI3K), QE]FZI1-1(interleukin 1; IL-1), <IE]
F71-6(interleukin 6; IL-6), <AEF71-17(interleukin 17; IL-17), <IEFZ1-12 p4O(interleukin 12 p40;
IL-12p40), 1E]F71-23 pl9(interleukin 23 pl9; IL-23pl9), <IE|FZ1-22(interleukin 22; IL-22), A|X =4
T 923 #=wd 49 4(Cytotoxic T Lymphocyte associated Antigen 4; CTLA-4), CD20, HIA|¥ F-ZEz}-
=

1(vascular cell adhesion molecule-1; VCAM-1), S100 w82 sida](S100 proteins), AXL & gwWA g2
Al ZJUAI(AXL  receptor protein tyrosine kinase), TTHAAE HBAFIAHEZANE HFA=FAR},
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macrophage colony stimulating factor; M-CSF), AJEAAHA} 7= (programmed cell death ligand 2;
PDCDILG2), TNF <& 2(tumor necrosis factor receptor 2), TNF & 732 2] 1B(tumor necrosis
factor receptor superfamily 1B; TNFRSF1B), 3]¢524bAshwt®z 2(hyaluronan-binding protein 2), AP}
2 4A(semaphorin 4A; SEMA4D) T+ SZFAME x=20A}F 1(osteoclast stimulating factor 1)o] Sojx oz A

ot FAQ), BAEd Jdg 294 4= Alx Y.

ATE 17

A7 B e @ 7F A 5 YedAE A9 0 T 22 10 T olske] 2% 3lolA] 2 AlZE U] 48
A7 Bor Egele S s, BEE AdE 294 2AAEY Az WY
A3 18

A9l lojA,

A7) Ad¥Hs 12 FAHE = 2 FEAHE Fx9 Ale]E¥ RGD(cyclic-Arginine-
Glycine-Aspartic acid)®l, #AA A8 ZgA] 2B Ax U

(3}

o

4 1]

12 FAHE Jefol=8 o

13
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3 el
A7) ZdEdZEEF(PEG) o] Z¥E & Yedxet Adis 12 &

>
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rir
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uy
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il
(ot

Fote dAE

&

A7 &g A 1-dE-3(3-guE olm =2 d) JlHoln| = (1-ethyl-3-(3-dimethyl  aminopropyl)
carbodiimide, EDC) % N-dlo]==A]<Alo|u] = (N-hydroxysuccinimide, NHS) & Hol% UZS Frlen 43
Hie, 349 JA9E 294 248 Alx U

A3 20

47) mAde FulEs wA9, WRSY 49, Zep] Bwy w49, AFEd, PHHRY,
MR, ANBAY, FAR dny BAd, FHAY, FF, MEE, ANEURREa, A048E, &
TAFFE, TR, IYed, a9, 499,94y, ATwAy, A9wEy, velds waY,
W, 2RAY, AREE, ALY FrEE, ASgEdEd, AZmcls:, FuiEAtuoE, FARAEE,
FIIY R YSUOE ool ToIM AEHE o= shtel, wAY ABE 2GA 2YB Az W
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B oagol A A7) & degate] A4S 3 am WA 50 nm, wFEASAIE 10 WA 40 nme] AA S A= AL
T At

w dgelA 7] EeleldRlZ 2] E (PRG) 2 HS-(CHCH,)175-COOH Hoi= EAHEFo] 1,000 HHA] 50,00091 HS-2 2 (ol
g3l Z232)-CHy;HS-poly(ethylene glycol)-CH)d 4 UTt.

2 owollA Y] gAE A AdS 9tk Bl g SolXd IAR, oE EW, INF-2IH(INF-
alpha), ¥} ZE2AAME et =X} (granulocyte macrophage-colony stimulating factor; GM-CSF), av
B3 A" 2 (avP3 integrins), 32} (vascular endothelial growth factor; VEGF), 7]1& &%
 SES T4 (natrix metalloproteinase; MMP), A#® (selectin), °FFZ 7)ubAl 1(Janus kinase 1;
JaK1), oFrF2 Z]1YAl 2(Janus kinase 2; JaK2), ©F¥2~ 7|44l 3(Janus kinase 3; JakK3), E]ZAl Z|UA|
2(tyrosine kinase 2; Tyk2), BFE ¥]ZAl 7]u}A| (Bruton's tyrosine kinase; BTK), ¥EAFXO|w=AEE=E 3-7]
YAl (Phosphoinositide 3-kinase; PI3K), <IE]FZ1-1(interleukin 1; IL-1), 9E]F71-6(interleukin 6; IL-
6), 9EF71-17(interleukin 17; IL-17), <AE]F71-12 p40(interleukin 12 p40; IL-12p40), <IE]F71-23
pl9(interleukin 23 pl9; IL-23p19), <AEFZ1-22(interleukin 22; IL-22), AMEEA T €= #d Y
4(Cytotoxic T Lymphocyte associated Antigen 4; CTLA-4), (D20, ¥ HFAEA-1(vascular cell
adhesion molecule-1; VCAM-1), S100 w2 sJ=2](S100 proteins), AXL & iz E]24 7]UA) (AXL
receptor protein tyrosine kinase), THAIE FHFAFAA(ZEAAME A=A}, macrophage colony
stimulating factor; M-CSF), M¥AAHAL 2]7F=(programmed cell death ligand 2; PDCDILG2), INF <&
2(tumor necrosis factor receptor 2), INF 83 33U 1B(tumor necrosis factor receptor
superfamily 1B; TNFRSFIB), 3]&-F2AbAstchld 2(hyaluronan-binding protein 2), A|=F3¥# 4A(semaphorin
4A; SEMA4D) B 3FAIE AF21Al 1(osteoclast stimulating factor 1)o] Eo]d oz Agtsles A 4
A3, vFA S A= INF-23H(TNF-alpha) & JEFZ1-6(IL-6)o Holdo= ZAjtste= FAY + AUrt.

wowne] 7] A U3 Solgow Agse] FU-FA W dosle BAL . B owyd

BAg, FAE 37 vtolevtA wujde] il Soldom As: FAE ovignt. ¥ Wy FAE oI

e A, g2 A 2 A2 FAE 2 2. 7] A= FAC 28 eAE 7ES ol &t &

oletA Axd & Utk dE 5o, "2 A= 7] @] Fds FEol FAstL sERFH A dsto]
_ 5 = o) 15 H

2 A= A d8 FA %" ste]r vl H#¥ (hybridoma method; Kohler ® Milstein (1976) European
Journal of Immunology 6:511-519 3=%), =X 1% & zlo]B ez 7]%(Clackson et al, Nature, 352:624-
628, 1991; Marks et al, J. Mol. Biol., 222:58, 1-597, 1991 FZ)S o]&3}o] A xE 4 v}, A7) WhHo
2 Azxd e A A9, FA, & HAE, o2ud IZutEaYy, W A=2etEady T UHS
o] g3te] e, HAE & Aok, Eh, 2wyl A= 2 HAFe A 2 2y Ay FHE 2e &4

F e opje, P Bapel J5H wue wgach. $A B9 5H ddold, How P 7

=
& 7lss BAstal e ©ES ov|sl™, Fab, F(ab'), F(ab')2 R Fv o] St}.

B oEHdA A7 AdRE 12 A= fEl=Es 6] 3ok 12 3AE= FE2e AbolE¥ RG(cycelic-

Arginine-Glycine-Aspartic acid)¥ % t}:
[s}sha] 1]
OH NH,
" CO-NH
n/_ 0
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PEGS} 5=2] EDC(1-ethyl-3(3-dimethyl aminopropyl) carbodiimide, 10 mmol) 2 NHS(N-hydroxysuccinimide,
10 mmol)E o] &3}e] 71%5A PEGS &9 RD(AEHE 19 FEFo]=)(10 mmol)E A0 24 A7+ FoF myk
WES-A1A RGD7E PEGO &1 AFE 5 WmwdE Azt mdo] ZmAskAE AN, o]FA gt 5
& 2 Yool @welolu]= (maleimide)® H-NMR J1=L7F 6.7 ppmoll A #2E e vl RGDZF 2 vhaeuto)
Ae] PEGSF &f AFE AAS & & AU

[e5

Hlale] 1
B oubgol & yxegdx 2gAe 3= vty Yste], F YxdAe] Ewel PEGRF ¥ E ZAGAS H| Ly
ob 9lel 7154 PEG

1= Azsgleh. FAeRs, 7] Suld 164 388 5 W50 mol)e] = HF
(HS=(CHsCH) 175-COOH, 10 mmol) 9} 24417 §¢F Aol wwkAlZl & wiukg 7]%54 PEGE 10,000 rpm 4
s E AASA.

(28 1] # weie] gzl F4 sAEy 24

A7) Ao 1olA Azt F vegd] 2g Al dd 4 AFE-S V-Vis/NIR E3AE o] &3te] £4I3514]
I A3E &= 69 JERHATT.

O A, = oA BiE nksp o] B
A3k, digF 800 nmel A A 5= QUod).

(%] 2] ¥ we] e zAAo] F mAEg 2

7] el 1, AAY 1 WA 3, g vlad 14 AFE g vt 2GAel diste] sF 3t
(Dynamic Light Scattering)(DLS, Zetasizer Nano 7S, Malvem Instruments Lt)<S =38 Ae}l-AY(Zeta-
potential )& AT, Hgh, AA 304 Az T YrwiE SHTol &AIX F s HA A=rtE
2229 (high-pressure liquid chromatography; HPLC)E o]&3te] A7) & vx=gtdlo]l Z¢H R TFHS H7L
3}k, Bio-Rad ¥+¥& o]xo] A ¢F(Bio-Rad laboratories, Inc.)< ©]83&}o] Bradford ¥Hol| ola] AAld 1
2 200 AFE F vl ¥3E F-TNF-a & (Remicade) @ &-1L-6 34| (Tocilizumab)e] IS #
Zhatgint. ©, & 83 dRPE BF ARE ARESIT. 4 A= §H7] B 10 eI

A

t:m F

*1
T A e ¢ RGD 249 T (wth) F-TNF-a =29 TF
(wt%)
(mV)

=44 1(GNR) 18.5 + 1.25 -

H] e 1(PEG-GNRs) 0.108 + 0.042 -

A A4 1(ant i-INF- a -GNRs) 2.33 £ 1.12 6.2

A Al 2(anti-1L-6-GNRs) 3.42 + 0.98 5.9

A Al 4 3(RGD-GNRs) -23.5 + 1.31 3.5
[23]of 3] & dtgo] mE ZAA] FrlEs HAd F2 29 a7 H71H1)
T 78 2 e mE 2YPAY FretE s #dYd 24 2 29 3UE s AE AgEE vEd Ao® ) 2
2k Wl B FrlEs #dd 5E RAS A FH, 2 Wy nE ZGAE Foid ¥ Frigs B
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nIEN YT 84, Hy AT 84, Hy g dEIFRY, Hy 8 dEIFEY FEE A3 1
ABE 7] T 49 JERAT. &, E7] T 49A ZF e Hi+aE dAxE e
[0163] ¥ 404 B vkl o], AAld 19 3 Y2t ZAAE FY A vh-29F FulEls #-d vl =
g REoA F4E, Wy dRIER, YT §4, P 48 &4, F T dAE==2H, HH g
FRIFEZR T Fog Zolrt gl
H 4
[0165] TE Hlalef 1 AA 4 1 DBA/1J
=4 gz CIA =4 gz CIA
WBC 6.13 4.51 5.48 5.71 3.41
K/ ul) (£1.58) (£0.95) (£2.72) (£0.55) (£0.81)
RBC(M/ 1) 12.63(£0.61) |12.28 11.81 12.52 11.04
(£0.44) (£2.82) (£0.53) (£0.62)
Hb(g/dL) 14.53(%£0.71) 13.14 13.25 13.23 14.68
(£0.55) (£3.15) (£0.58) (£0.89)
PLT(K/ 1) 909.00(£71.33) |1144.00 480.50 1014.00 1107.4
(£82.86) (£228.5) (£70.00) (£72.65)
HCT (%) 52.70(+2.80) |52.70 49.05 47.17 44.78
(£2.80) (£11.15) (£1.78) (£2.15)
MCV(fL) 41.70(£0.20) |41.70 41.70 37.67 40.57
(£0.20) (£0.50) (£0.31) (£0.41)
MCH(pg) 11.47(£0.11) |10.73 11.20 10.57 13.30
(£0.16) (£0.00) (£0.04) (£0.13)
MCHC(g/dL) 27.57(£0.22) [27.83 26.90 28.03 32.77
(£0.39) (£0.30) (£0.24) (£0.46)
WBC: ®i&t; RBC: Z&T; Hb: d|RIF=w®; PLT: dA%; HCT: dvFE= 2 (Hematocrit); MCV:
Ayt AT 84, NCH: HH 487 AL, MCHC: He A4 AL 5=
[0167] (A3 12] ¥ W] wE ZgA o3 A= W3l Ut
[0168] A7) A 107 sYe Wygoer 230 59 FulElx #HA vfg-~ BdS Fujsk §, Ao 1 v
14 Az 5 d=2dE 4 ng/ml =2 100 w2 WY 73] FAs §, nfg29 AF WH3E SAHS 1
ANE = 289 YERAT
[0169] T 2804 R wiel fo], AHAAld 19 ZJAE FoIgt A vpg-2ef FulEls #-ARG vhg-2oA {23 A
T W3les FEEA oo
Hze 4y
[0170] 10: & Y=gzt
20: ZEdEA=gF
30: @A G
A
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k1
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N

aw 10w 11w 12w 13w 14W
1 T T L} *
1%t immunization 2" immunization GNR i.v. injection & NIR absorbance
optical image after 24 h administration

EHS8

A PEG GNRs (61 ARti-TNF-0.GNRs

Normal Mouse ClA Mouse Normal Mouse ClA Mouse

§1 S1

NIR absorbance ntensity (x10%) NIR absorbance intensity (x10°)
o 5 10 o L] 10

1
(g
©

W 10W 11w 12w 13W 14W 15W
* t+
15t immunization 2™ immunization GNR i.v. injection & NIR absorbance optical image
after 24 h administration (score 0 ~ 4, respectively)
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PEG-GNRs Anti-TNF-a-GNRs
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Score 3

Score 4

NIR absorbance intensity (x107)
[ |

0 5 10

4!105 T T T T T T
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=
x
-
=
)

2x%10°

1%10° -

NIR absorbance (A.U.)
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Arthritic Score

Sco're 0 Score1
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Negative conirol mouse
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3{! T T T . T T T T T 1

—a— Normal (PEG-GNRs}

—a— Normal (Anti-TNF-a.GNRs)
28 4 CIA {PEG-GNRs] .
* CIA {Anti-TNF-o-GNRs)

Body weight (g)
®

22 =
20 T T T a T T T T L U
q 1 z 3 4 5 &
Weeks after 2™ immunization
Ade=
<110> Industry-Academic Cooperation Foundation, Yonsei University

<120> Contrast agent for optical imaging for early diagnosing
rheumatoid arthritis

<130> PDPB192194k01

<150> KR 10-2019-0146814

<151> 2019-11-15

<160> 1

<170> KoPatentIn 3.0

<210> 1
<211> 3
<212> PRT
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<213> Artificial Sequence

<220><223> RGD sequence

<400> 1
Arg Gly Asp
1
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