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ABSTRACT The cyclic Arg-Gly-Asp (cRGD) peptide is well-known as a binding molecule to the integrin a,B; receptor which
is highly expressed on activated endothelial cells and new blood vessels in tumors. Although numerous results
have been reported by the usage of cRGD peptide-based ligands for cancer diagnosis and therapy, the distinct
mechanisms, and functions of cRGD-integrin binding to cancer cells are still being investigated. In this study,
we evaluated the internalization efficacy of different types of cRGD peptides (monomer, dimer and tetramer
form) in integrin a,B; overexpressing cancer cells. Western blot and flow cytometric analysis showed U87MG
expresses highly integrin a,B;, whereas CT-26 does not show integrin o, expression. Cytotoxicity assay
indicated that all cRGD peptides (0-200 pM) had at least 70-80% of viability in U87MG cells. Fluorescence
images showed cRGD dimer peptides have the highest cellular internalization compare to cRGD monomer
and cRGD tetramer peptides. Additionally, transmission electron microscope results clearly visualized the
endocytic internalization of integrin a,B; receptors and correlated with confocal microscopic results. These
results support the rationale for the use of cRGD dimer peptides for imaging, diagnosis, or therapy of integrin
a,Bs-rich glioblastoma.
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Introduction ool Q|1 1F FollA A2 apis FHUAE
WA (tumor—induced angiogenesis)}t &2 % Q1 £k

QI 18 (integrin)> Al L)71 AT Al W Thal A Aol A BolHog =& WS Yehdth(), ol=gt S E
JATE FHFer o= e +8AolH AlE = B TEAE L A E(interstitial cell) oA A1HE
HollA 24 7S] M2 THE o 9 B o]F oA 2o & Ud TEe| = HE T Rl B3 A AAIAY steF 24
B, 18 709 o— W 8 7] p— A H FUo g TAH s of oJaf ARt A L]7] 2 (extracellular matrix, ECM)
A (transmembrane glycoproteins) “L&olth1-4). o] Mg E3BITH4,6,7). ofe] Aol wEH, Alze]7d
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< B3 Wi A olF 2 WY e 1dat 2
2 =g ol sl 2 AETHS),

ol 7| d—Ze}o]Al—otAutE EANArg—Gly—Asp, RGD)
Hefo| e AZQ]7|& AR 2l vitronectind} fibronectin
HollA QUEIZRAS Q1AGH= obn| Al AR, Aa2e] wltt
Wl QUE L™ ot A2 AFRITHO-12), of=igt <lE|
39 0,B:2F RGD Heto| = 74e] Ak 818 a.ps0] 3
g H3kE Zefabal, e 18y}t Al 9 2zte 7 Agt
SHeE S7HI7IE AoR deiA Qltk(12-14), o2 ¢
oAl Hare QIE2™ 0,p:2F RGD Pepol= 7t =& 4
O & Qs RGD HElo| == £ #4 At W X585
3k 2jzte 2 4 ThoFst L) 2habs] 2= ich14-16).
3], RGD eto|=9] Lz} Agteo] gt ALEolA Al
7 oo opn|iAl PR o]Fo|Z] AP S| RGD REto|=
(linear RGD peptide) Xt} 128]32] RGD HElo]=(cyclic
RGD, cRGD)7} AW ?F84d & e 18dxke] Agxstert
F2 Aoz HuEglon|(17), cRGD HEete| =7} g 7j2l &
Al (monomer) Erh 5 Zi(dimer) E= 1 o442 thFA|
(multimer) 2 4% ZHE7E AWl ot w2 % A

RERT

rlo

2

Jlmjemsﬂ—pr
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e wol ZEE AL A At 2 A5t FA 7Hs
3} ZHE T3] 84| (theranostics) 24 ¢cRGD HEefo| =2 &
B3 AR 7E B arE|Qlek(16,19).

cRGD Heto| == wh Alﬂ 141 Tl it =
Holm FFolAl Wk viZ
4 g50] 7hssto] OVR—*' |

~§/\1 A elo] xSl ‘/}(18,20), A mEHo A=
Ao A o) whE viE SEg Q] AR OJorE
Heloh, FPAEAA Y oFs HEEES SXAZ
Q9 & = AZ WAEHinternalization) 58
3 & 4= 9len cRGD HEfo|E E3E QIE| 1™ o.f;
T2 WA} 7hs/do] Bt uf Qlovk2l) A}
FAN7}F Harg 73S mlmjsie), ojof & AtoflA]
= cRGD7} =3HE vhefgh Fej A, thedet SFAl, of=kAl
9 AFFA] cRGD o] =(Scheme 1ol A Al =22 W)
ShsES vl W Bristal gk,

919 SRHEES ol&ato], A 1d apy S
Az, 53] QXF AR ARAEZZQ] USTMG A|Z=0f|A]
thekRt cRGD HEtol =59 A2 W &4 55 B/

ll:l o2 o

l‘N

o o oF
N
e g

j& rlr

to wle > rir oN

fﬂ ot ki x
o
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=

e @ AEgE Hola= A o7 HuESIrk(18), cRGD 3 (19, 22-24), WA, AHTH ap; ¥ L 4 AEFAA
Elol=2 ol §3to] FHUR, WAS PAEANULE B UE|T o, TR Brhsh, AR 0 e A a}:
o TG ET 4 Ak T2 BN ozt A, L QPA| =0l A ThoFgt cRGD SRS tisl Al E B4
4 9 A28 M E e S0l =iE T 248 = F3sioinh. FHIE cRGD 3Ret=9] WAst 457 %
X NH, £ K‘ﬁ
@ X=H cRGD monomer peptide (1, b—KG ) FITC = :i_i;' "
OH cRGD monomer peptide (2, ) N
“~CO-NH F SK O
HN “
o OH o
Ho’u\INH \)\/\’ NHZ HO O
o~
. > > <
H}r'i 0 o le'i o o HE o o OIT\/\ o o EH
n\(\)‘OH ERHOH EH\(\}u ”%nf
B;NHO : 0PN X o rlmo ¥ R °Hrla o
y/K\ f/K\ f/K\ /K\y
‘D—Gﬁ I‘J—GF i)—(;)2 |\c;—n'

R=NH, cRGD dimer peptide (3)
R = FITC, FITC-cRGD dimer (6)

R’ = NH, cRGD dimer peptide (4)
R’ = TRITC, TRITC-cRGD dimer (7)

R =NH,, R"=NH, cRGD tetramer peptide (5)
R =FITC, R" = TRITC FITC-TRITC-cRGD tetramer (8)

Scheme 1. The structure of various cRGD peptides (1-8)
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24 =o g wEsly] Ysll, F4P=(FITC or TRITC)7F =
U cRGD FEto| =5 FoF Ao A 2lste] 324 dulid
= % I olnHE W, v AnBS T F
GAlEOA S] B olnA S WESHTE E]F B} FFH
A A= WAkE AESH] 918l cRGD HEfol= Ak Qe
a9 afy] SEAET WA W oo AlASE Ak

u5og shelstglr,

Materials

iAo AMEE cRGD Heto]=(1-8)x= A3 A+
£ ueh 242 gHdste] FHIsHITH20). USTMG(RIZE
Ab WRAEZE)E American Type Culture Collection
(ATCC)ol A F3tAEE. CT-26(0f-2 iAEUA ZF)
+ T=AEFSY (KCLB)OlA FFufstgitt. Dulbecco's
Phosphate Buffered Saline (DPBS, Cat. No. 21600,
Gibco)ollAl +}lste] cRGD eto]=9] gaff 9 A2 &
=2 ARSI Trypsin(1:250, Cat, No, 27250—018,
Gibco), Ethylenediaminetetraacetic acid disodium salt
dehydrate (EDTA, Cat. No. E5134, Sigma—Aldrich)2 &
st5to] 0.05% Trypsin—0,53 mM EDTA 8912 A z=5}$i T},

Protocol

1. Cell culture

US7MG+= Minimum Essential Medium Eagle (MEM,
Welgene)o| 4], CT—262 Dulbeccos Modified Eagle’s
Medium (DMEM, Welgene)oll A vjoFslict 2E A3
= 10%2] $-o}d A (fetal bovine serum, FBS, Gibco)d
1% FRA-FHFA (mL F 10,000 T YA, 10 mg
2EfIEuto]Al U 25 ug S|4l B 23}, Gibeo)7F &
71 &3 Wi oA 5% CO, t7] L 37°C 2% 2AOE
FE| AT,
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2. Western blot analysis

Phenylmethylsulfonyl Fluoride (PMSF) Protease 14|
A 2 Phosphatase 2JA|A|(Cat. No. 11873580001, Sig—
ma—Aldrich)7} 323 Pierce™ IP Lysis H%(Cat. No.
87787, Sigma—Aldrich)& ARMSle] AEZHE chizl
& &3k 5 ugd] ThlAS SDS-PAGE (10%)2 A
7153kl PVDF Hl = Qlof| blottingshitt, HlE# e
5% YA ®+= bovine serum albumin (BSA)7} 3=
Tris $FH(TBS-T: 10 mM Tris, 150 mM NaCl, 0.1%
Tween—20)°14 60 & < blockingdl it} WHEH IS &
7| 52 -8 29 o, FAI(1:5,000, Cat, No, ab179475,
Abcam) E7] & F-A€ 1 B; FA(1:2,000, Cat,
No. 13166, Signaling Technology) F+= ukReA S
& —B—actin &A(1:5,000, Cat. No, A5441, Sigma—Al—
drich)2 A-&olAl 1 A7k A2] & WHFele TBS-T= 3
3] A ARG, 221 A= F-E7] IgG, HRP A2 AL
2,000, Cat, No, 7074S, Cell Signaling Technology) =
g oA IgG, HRP A2 dA(1: 3000, Cat, No, 7076S
Cell Signaling Technology)& 4l-&ofA 1 A7} *&]s}aL
TBS-T= 3 3] AlAgr &, | vhgA ol =S Ha
5}7] )3 Chemiluminescent Substrate (Cat, No. 34578,
Therm Fisher Scientific) 2 2A5}0] ChemiDoc Imaging
System (Bio—rad)2.& &-elsgic,

3. In Vitro Cytotoxicity
3.1. Proliferation assay

HH cRGD 33HE9] Al 58& 2els}7] 918ll, CCK—
8 (Dojindo)& AR&ste] A2FA15-& B7FskSiet, USTMG
AIEZ(7 x 10° cells/mL, 0.2 mL)E 96—well cell culture
plate (SPL Life Sciences)ollA 24 AIZF &<t viFst9ict,
71& WiAlE ¥ & 0, 0.5, 5, 50, 100, 150, 200 ¥ 500
uM®] cRGD 2tetaS 236t M-8 HiAIE 48 A7 &<t
A8l Al A4S 2A517] 98ll, 100 uLe CCK—-8
H(10% CCK—8 + 90% MEM HJx))< Z+ wello]l H7}st
5], 37Tl 1 AR F2t vk Rict, 3= (optical density)
= 450 nmol|A EF4 = A (PowerWave™ XS Microplate
Reader, BioTek)2 =43}t

o




3.2. Crystal violet cell death assay

96—well cell culture plateo] well & 4 x 10749
USTMG MIZE E351a 37°CollA 24 A7t ¢t wjoFall
t}, 712 W% A7 &, cRGD BHE 0, 0.5, 5, 50, 100,
150, 200 @ 500 uM & = AR HIZS 37ColA

94 A7} Sok A2ttt HhS 22 3 200 ul, DPBSZ 2
3] AjAskaL E-e HAE AABISITE 50 uLe] e Ag vf

ol &2l 8-4(0.5 g in 20% methanol 100 mL)& Z} wello]
H7vekar, A2ofAf 20 & FeF wiksh Aelsiglet, S7
T2 43 A 3 A2oA 2 AZE st AERT 3, AR &
% % colony= Al4=3t31tk. cRGD 1A 2] th£7-9] colony
N5 100% & A7gstar, oFHe A AlEw-9] colony 7H4
£ ti=shirh25).

4. In vitro fluorescence imaging

cRGD HEto]=9] A|lZ f o]¢l& #ast7] sl g0
= cRGD #EFo] =5 8—well cell culture plate (Cat. No,
30408, SPL Life Sciences) well & 3 x 104712] USTMG Al
LS B0k 24 ARE F9F viFslelt), 719 viXE A
7I8}aL, FITC—cRGD dimer peptide 5 (200 uM), TRITC—
cRGD dimer peptide 7 (200 pM), FITC-TRITC—cRGD
tetramer peptide 8 (100 uM)E Z3Fel= A 2-g- v & Z+
ZF AefstaL, 15, 30, 45 & X 1 AFEF Rk & Al s
DPBSZE A|&5}9c}, nfAalo 2 Gold Antifade Mountant
(Cat. No. P36935, ProLong™, Invitrogen)® 293t &
Z A A (LSM 800, Carl Zeiss, Germany)< ©]-&3}

Fgatelet. Figure 304 e 15 7Ho] A4 3

AL

H](fluorescence intensity ratio)~= th21} 7o) A

E-ROH

> o

Fois

o

c

FITC or TRITC fluorescence intensity / number of nucleus
Fluorescence intensity ratio =

DAPI fluorescence intensity / number of nucleus

5. Electronic microscopic imaging
up>-A (8 F-ARE CD51/CD61 (integrin a.Bs) &
Al (FITC—conjugated form, Cat. No. 11-0519—42,
Invitrogen)®]l SiteClick™ Qdot™ 655 Antibody Labeling
Kit (Cat. No, S10453, Invitrogen)& ©]-83}o] UdAMH
(quantum dot)o] EA] ¥ AxA0H WAL FAE AR
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skoich 2] | A9 715 Felsr] flsl, USTMG Al
3 9 CT-26 Al3zof| 2] ¥ FAE Aejsto] fAE 4]
1 F2AEE DS 763t 6—well platec]Al 1 x
10° 7] USTMG E+= 6 x 10*7§9] CT-26 25 24 A7+
S}t HiFstaiTh. 71E2) wiA|E Al A8kl ¢cRGD monomer
peptides 1 and 2 (400 uM), cRGD dimer peptides 3 and
4 (200 uM), cRGD tetramer peptide 5 (100 uM) ©] £}
MZE viAE 1 AR B9 A2jeh &, 2] € A E 2 AlIE
S A sttt EYAl AS A 2jsto] A5 3t
1300 rpm (350 g)ollA] 38 &3t i =elstoict. 2% =5
E}2 A 5] =(glutaraldehyde, GAA, Cat, No. 16537—15,
EMS) &0 A NZE 817 FF Askoit, 14 A2
55 dHsel] flef daket F, @S Tt AR
(JEM—-1400, JEOL)S ARg-3lo] Zrodalict,

ﬂil

R

Representative Results

A1 0,50 W A=E B7I6H] A8l fl2d &2

Z AT 0] A AE(USTMG) 9} 543 A (CT—26)
= Adsto] AslsaTh26,27). USTMG A|2Ee} CT—-26 Al
oA B QIEHI LY o, 8] TS FlEL, QIEI L™ B
USTMGOllA A Wrdstol ok, CT-26004& 1 e g
7t o] WEEUHFig. 1A). Al EHIA AHsh=
Bl 17 B A0 oS BIsk] flall, Al A
Yot A= USTMGAES] QIH| 1™ a,p; BHaS-
of vl 93% o, CT—2600 4% Qe 18 q,B,0
o] th&+t o8] 0.2% Ack(Fig. 1B).

e
N
o M1 A rE

To rlo r{
5 1

thFel cRGD HEfo| =52 A ZE5AL USTMG A2
A 7HA] vl o g7 gylslgich AWA HHALS A ZEA1H
A (Proliferation assay) & 2438}, TF2 9l 28

‘1

YA EA] (Crystal violet cell death assay) 22 H7}151)
o}, NE2SA A o A Al ZA8EE2 CCK-8 kit& AME-So]
275k, Adol AME-H cRGD FEo| =59 550 -
500 uMe|gloH, 200 uM F =2 HEefo| = 1-55 7H2} X2
Al Al ZAYEE-2- 0 uM thH] 242+ 76,25%, 67.63%, 82.29%,
72.53% 2 54.24%%th o & FEEA 500 uMEEo]
Heto|& 1-55 27 Aol AlZAYEES 0 uM 5%

b3
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~
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o
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kDa
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10? 10 T mlllo‘ ! |é“
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— w0? w0 - w0t ]

Figure 1. Protein expression levels in integrin a,B; positive and negative cells. (A) Western blot shows integrin o, 3; expression level of U7MG and CT-26 cells. (B) Flow

cytometric assay shows integrin a,8; expression level of U87MG and CT-26.

of| v)3)| ZHz} 73.45%, 45.91%, 63.81%, 38.36% 2 55.28%
9l Aoz WAL YTHFig. 2A). T0% oA] A|ZAYZHS
Holb kn g 7|20 RGD HElo|E B0 wla} cRGD

Pepol| 29| s E}Ekxﬂ(l and 2)= 400 uM, °1FA= (3
and 4) 200 uM, AR (5)%= 100 uME 445t} 0] 3 A
o] /\]“%3}53‘:}.

ZEUAA S Y3 =9 cRGD HEo| =55 A
& Z4zr wlwsieleh, 200 uMe) cRGD HEte|E(1-5)54
747y A2 A SEAYES 0 uM te] 22} 51.0%, 52.0%,
62.4%, 34.9% 9 13.4%0] 900, B9 oAl Tk,
o[, AFA o= FEAE Tl sk Ae gelst
schFig. 2B).

F2 A0 AL 0]835F0] FITC—cRGD dimer peptide (6)
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2], TRITC—cRGD dimer peptide (7) 3FgHE &)Ll
A cRGD efe| =7F Al 22 A} 2HA)S- F3lf USTMG A2
2 o]¢f=lo] Alazdol EAfst= AL 2lsH3ict (Fig. 3).
AbeFA 9l FITC-TRITC—cRGD tetramer peptide (8) A7)
ol A& TRITCeF FITC A gollx] 242t Al WA s} e 42
Ikt o FAI AFEA 7t A2 WA St =L Bws)
7] 9J38ll FITCY] fluorescence intensity ratios W|a st 2
3}, FITC—cRGD dimer peptide (6) HEfo| = A2+ 12.7
+ 1.4, FITC-TRITC—cRGD tetramer peptide (8) *]2]t
2 1.9 + 0.2%, o|FAI7F AFEA ol vl 6,64 w2 S
2tk (p € 0.01), TRITCY] fluorescence intensity ratio
ol /] TRITC—cRGD dimer 29} 0|5 73} AlFA| 8 7+ &
Ofgk Aol= ZRIg 4= §llth (2.3 + 0.4 vs, 2.3 + 0.6),
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A

o 1404 == Monomer peptide 1

3 1204 == Monomer peptide 2

% 1004 — Dimer peptide 3

] H . .

5 g0 = == Dimer peptide 4

o = — Tetramer peptide 5

8 607 = i

E : :

P : z

= =K== =

0- 7 =
0 0.5 5 50 100 150 200 500
Concentration (pM)
B

== Monomer peptide 1
== Monomer peptide 2
— Dimer peptide 3
22 Dimer peptide 4
— Tetramer peptide 5

Colonies(% of colony count)

0 0.5 5 50 100 150 200 500
Concentration (pM)

Figure 2. /n vifro cytotoxicity assay of various cRGD peptides. (A) Proliferation assay (B) Crystal violet cell death assay.

DAPI FITC TRITC MERGE

Figure 3. Confocal microscopy analysis of fluorescence dye conjugated cRGD peptides (6-8) US7MG cells. Cell nuclei were stained with DAPI (blue). Two different dyes
expressed green (for FITC) and red (TRITC) color, respectively. The merge image showed the internalized RGD compounds localized in the cytoplasm.

FITC conjugated
peptide (6)

TRITC conjugated
peptide (7)

FITC+TRITC
conjugated peptide (8)
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Figure 4. Visualization/Quantification of clustering and endocytosis of cRGD peptide bound integrin a,Bs. A) U87MG only; B) peptide 1 + QD-Ab; C) peptide 2 + QD-Ab; D)
peptide 3 + QD-Ab; E) peptide 4 + QD-Ab; F) peptide 5 + QD-Ab; G) QD-Ab only.

oo} A Z17ko] cRGD HEto|=E(1-5)5= A% & FAH- 7keteiet.
A A Mt FAE A A T AT e B3 fAE B4S B3, Adof AM-E USTMG
3taL Azt du|g o2 o|ul2 5 Hdstylet. TFAet AR QATE FAF WA 2F] 49 e 1 a.p;0] CT-26 Al
A (A, 2, and 5)2} H]awsto] o]FkA] RGD #HEte] =(3 and 4) of vj3f wo] Waxo] Qlrk= AL FAISIT), Eok HE2E
2 A3t ol A AlEAo] Hoh B oAb S gRlsklct 3 B7HE Sl Aol AHEsE] ARt AlZAEE) T0%)
(Fig. 4). Bt} AA|3]= Hepo|= 15 A 2| iLow A < %2l cRGD Feto|=9] A s IRIstglon, T2
2 20 nm9| A7|2 A|Ho| A o] E|Ylar, Heto|= 2 Aeu)A, Aapdn) g Ago] A cRGD HEfO| =9 5
Ao AL 1 A gfgtol| Hlsf 1,858 & 37 nme] 27] £ RGD W= whet 22k whekA) slleto]=(1 and 2)= 400
2 AlzHofA o] =iy, o]FHA| HEfo|=E oAl uM, oA HEfe] =(3 and 4)&= 200 uM, AFFA| Feto|=
3 Hgjoll A FAHL 20 nm D 40 nm 7|7 BE $H (5)= 100 pM= H7stlch

a1, 4 Ao FApEe] 2717 20 nm O & YAt FRULET £ A, 279 cRGD HEO|E5S
o]k 2 ARk feto] = 58 Aol A 20 nm E 40 xiﬂ T, AzAEES Sske W AESAs A
nm?| FAFIo] B TR QI AW o] o] & Q15 x4 Q1 ATpE W Ik, o]t o]
%i% cRGD HELO|EE A2 A, B4 5k o]dolA] Al

Fzk ol Q] | 1RlE A5t AlEZ7F Eeo] EofA] o]
groks Aol o] Al ST W SRl 7

Discussion 431 AL whE 97| olet A ZHEIThH?28). SEAA
Shs 2] AlEZSAEA A= cRGD HWEle| = SHE
2 Aol A= cRGD HEfo| =98] Tl HMEES F tfgt A2 A O] FAolli= ko] lrkal wekstoict, oyt
thatal A2y o|YE F7HAIA A REOJoRE O R A Y AR HEfo] = 55 AE]d uf, A Eis o]=FA] HEte]
3 7hs S ERletaA, Q81 of; L AEFE O] E(1-4)e] Hlsl diEog Aze] AEso] HhEEAL

g-3lo] thafet R0 cRGD HEfo|=9] Al W3S 3 2 Hof o] % AgofA 200 uM olste] == A sk,
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ojojA] FxHHNA A MR oA E Tl FF
o] =¥l theket Fej] cRGD HEfo| =7} QIE| 1™ a.fB;
of Agsto] Az WAskS Bl gelsteit:. FITC-
fluorescence intensity ratioS £3j o]=A|(6)7} AFFA(8)
of vsl ot w2 T AlE WASE Aot AS el
39O, TRITCY fluorescence intensityoll A= oA
(7), AFEEAI(8)7Fe] ApolE ERIgh 4= gloltt. o|«= FITC-
TRITC—cRGD tetramer peptide 89] TRITC emission Tt
2 =4 Al FITCY &% W& oUA| 2 2l3)] TRITC7} &
71 He FFFHoAHA A (fluorescence resonance
energy transfer, FRET)o| ®Ax|11 o]& <15 TRITCY
fluorescence intensity7} I+ 2449 4= Qlthal AJzHETL) o]
et A & o, 24 Av)ES o83 HeolEs
o] AUt Al Aet AgFErtels A7 ol
T Q% FH e s WAst A=E Brkel] flsl, o
gk cRGD Hepo| =5 AT 7, A -4 FAE A
glato] A2 HRpEn] A Aol cRGD HEfo] =0 F-F2ot
RGD 7llo]| wh2 WAs} Zpol o} M|z A oA e = At
Ae] A7)0)A 2tel7t S BAdA e m EIskeitt Sl
T o ze oA fetol= 13 29] HA dn| oAl
Al W2 o] J Aol A H R FEl H A7)0l A}
o7} Atk WA, FAHO 27| E HAF Hu|H o2 =43
A3} oA fete] = 1 APkl A Whie Y] A7) 5%
SHA 20 nm Ato] =gl ot THEFA| HEfo|E 2 A E]ito]
e Q7 271 1 A2 1.85411 37 nm it ol=gt 2
= o FAeF AFgA|l A Tyrosine (y)o] B cRGD #
Elo|E & A ] & ol =T o] cRGD HEte]
E F3129| Tyrosine”]|7} - OH7IE 7HAAL Q17] wi<Zell 4
& © 2 Phenylalanine (f)7] Bt} ZAJo] o} ¢«(RGDyK)
Zb= HEfo| =7t 4 whlAko] Agko g2 Qlsf WA
AR e iAbe] 27171 24| et A o= A7
. WA QUEI LY a,Bsoll cRGD epo] =7} ARt &, ot
Al F—EH 1™ o,y FAZE AEILH afsel A
shiA Az o AlZ WAst P Bl ez A
ZFE]H (29, 30), &4 AE s AFckaA vk HE
o] 2 AFo] A MEES FF SR /= AF
Zefznl AR (Inductively Co
Spectrometry, ICP—-MS) £4& 3 A& F JxH4 9] 7}
59 = ASshd Al WAske] Al E40] 7Hs

_ﬁ
X2
o
i
J
o

rlm _ﬂ 9 m{m

|

upled Plasma Mass
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Conclusion

2 Ao A= TEH T o,f; L FFANEZFA ThF
I E}Q1 2] cRGD HE}o| =7} A 3Loj| LHZHﬂo}% & BVt

A, 324 dnAy ARdn g 0w ke 41 S
oA cRGD HEfo| =7} TakA|2t AFFAl cRGD Eto|=
5 2o o = 2 A2 YA sEs 7S gklsieitt. o]
2] ¢cRGD HEto] =7} QI 1™ a,By 7 Wol W] o] 9l
£ TEAEAA L HHE SRAZIALA & o oA e}
ojt a7} FEFh &l T = 9L, FF cRGD HEL
o|E 7|ute] T N HFES U Fadt ARE &
SEZ 0= 7| jErt,

o
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