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sk = QA sk Aoy, dAsE AL olyAnk, Y] gE, &, I e Y S A= S EEE
¥ A (retinoic acid), A2 e A(Paclitaxel), =#1EA(Doxetaxel), W12 ~¥(Vincristine) & Hx=2Hl
(Vinorelbine) & oA AgE o= & AT = T},
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Z(amide) A3 (bonding)Z FHHAT}. HFR A3 ¥]&L AL A(UV) ~HAEZ W EZ)] 2ste] FAEAT.
ole]gt HFR H¥rAle] Yx=9)Ate] = 7]+ DLS(dynamic light scattering)$ TEMel] &Jslo] &A=t 18]
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ofst B Wi Aol gAse] FAYoR AysAE, B We] ke A Fol st FYHE A

& ohir,
.

A A 3|2 (117.4 10/mg, LMWH, 6000 Da)= wWt]&E2 2 AH(Mediplex Co, Korea)®24-E FHsksith. g4t
(Folic acid, FA), 3&]d(pyridine), tlwlg A ZAlo]=(dimethyl sulfoxide, DMSO), ol&@ t]o}wl(Ethylene
diamine), #N¥ AH(retinoic acid), EFo}vlo]=(Formamide) & FITC(Fluorescein-5-isothiocyanate):= AL
np-E5e]%  #}8H(Sigma-Aldrich  Chemical Co. St Louis, MO)CZH¥  Fd8kdck.  DCC(N,N -
Dicyclohexylcarboimide)®} NHS(N-hydroxysuccinimide)= ~5F7F(Fluka, Buchs, Switzerland)=ZY-E G943}
o AyAb-~EfEnte]ql, Folx] Blo} FAH(FBS), 0.25 %(w/v) EHAI-0.03 %(w/v) EDTA &, 9 EMGM
WA= ATCC(American Type Culture Collection, Rockville, MD)ZY-E] F+)a}Itk. RPMI-1640 HIA](without
FA)E= <M E=ZA(Invitrogen, Carlsbad, CA)SZHFE FAsFAT. Agel~ A-25%= Folajo} wHlo]QEH| A
(Pharmacia Biotech AB, Uppsala, Sweden)Z%-E 3} t}t. Fole|A~E 23} Xa o|Alo] 7] E(Coatest Factor
Xa assay kits)E IZEAY2(Chromogenix, Milano, Italy)Z%E TR, EE A EN5HS A
gatlon, A i ARSIt

AN 1. -G DS FAWR S B4

30 ml DMSO | =<1 FA (1 mmol) & DCC (1 mmol) % NHS (2 mmol)®} 60 CTollA 8 AlZHEot vhSAIH L. THE
o]zl FA-NHSE ol €@l tlo}bvl(10 mmol) ¥} 200 ml W2z} E3atar A2oA vl wh-gAIZTh. 24 E(crude
product)ell #}#e] oPMEUEZHS FH7lete] FxAI7]aL, oA3gh & todog a2 At AHE 5 3 A
ARG, B GAE] f8ke, AAAES 2N HClel Fola 7ol ol EYE™-S Hriste] A ZTE. o7}

W3lE FAZ AZE

T AAY A g Buks AP AzxAZt. WA, sgd-ar AR 7 g3t of
o] o] ot}
gokatd, S3(150 mg, 0.0125 mmol)S <F8tAl 7FdsbdM Egobm=(10 ml)ol &A%k, DCC (26 mg,
0.125 mmol) <} NHS (15 mg, 0.125 mmol)= DMSO (1 ml)ol =olar, 3d|u¥l NS H7sdct. 12 A|7Fs<F
WAl 7] 3 o Fhate] DOUE Al AT,

223 DMSOO %91 FA-NH,9F Egloeallo}sl(Et,N, 100p0)E 2Ad3std slatal & Hrlslglth. 1247F 59
EFES wukS ¥ DOC, NHS, FA-NH,, Et:NE AASH7] 918t 489 AlefolA] FA(MWCO :
}Ef

S o
2000315t FAE S B84 BAL AHE Fal AAS Q7 o §9L T4 Azsiol

Q HE AT ARA-FAS F5HA

W HEA] 7]

A
=)
o,

3 9+ (150 mg, 0.0125 mmol)S EEolnto]=(10 ml)ol ‘A ZTF. DCC (26 mg, 0.125 mmol)2} NHS (15 mg,
0.125 mmo)E DMSO (1 mD)oll =ojA dlatd &dof] Hrlalglvt. EFEFS A4 12 A|HE wyksta 37
H DCUE o Fate] AASE T, DCUZF AlAR &Nell DMSOe <1 FA-NH, (30 mg, 0.0625 mmol)&FEtsN(10040)S

A7verch. aEa Aol 12 Aol wukek & E3HES A3 3kE RAC] H7FER AL, 12417 Aol
S &9tk RAE DMSO (5 ml)ell o] DCC (26 mg, 0.125 mmol), NHS (15 mg, 0.125 mmol)S #H7bst & =
S

SRS AeoA 4 A7HEC wulele] SASA AT 124)17F HhSo] By B golo Zmgolo]x 29 %ol A
SFATHAMWCO : 2000). I BEAEAL osle] AASIL, HF AAHE FIgHU-FA-RAE AU F8H

S5 At

4

3 121 (D,0) & H-MR : §5.38 [H1 of glucosamine residue(A)], §5.04 [H1 of iduronic acid residue(I)],

§4.84 [I-5], 654.36-4.23 [A-6], 64.12-4.40 [I-3], &4.08[1-4], &4.02[A-5], &63.78[1-2], &§3.71[A-
4], §3.65-3.69[A-3], 6§3.24[A-2].
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o}gl3lE FA(DMSO) <] HNR : §1.1 [s, C7-H of FA, 1H], 64.28-4.16 [m, a—CH, of Glutamate of FA, 1
H], §6.64[d, 3° , 5 -H of FA, 2H], 67.64[d, 2° , 6 -H of FA, 2H]. §8.1-8.17 [H of CONH].

&) 39 -RA-FA (D,0) 9] H-NR §=6.15ppm [CH; or OAc of RA], §=4.01ppm[A or I of heparin], &=2.45ppm[2-

OBz and NBz of RA], 6=7.64[H of FA, 2H], &=8.17ppm [CONH between heparin and FA] and &=5.78ppm [COO
between heparin and RA]

AAle 2. HFRS 54 &<l

W-vis &4 29 EgdE A4 EZZEE(Shimadzu V-2401P0) S €% Yo| 1.0 mo= e =AY,
glat-FAdl AE RAS] TS WERE U] RAS] 7|A] F&el odte] AAE XFE FA9 W HHZAAE <A
2 o] ZHATH( A= 358mm). &l 3H-RA-FAS] IR 2 E = MAGNA 560 AHEZVWEHE AL&sal A8E K
Aoz A3 FT-IR0 2]&te] Hojxit}.

EREP

HaYA =27), 727]) B¥ 2 EIEFZ A (morphology)E YA+ =7 7]1(Otsuka Electronics, ELS-Z series)%}
80 kVe] TEM (JEM 1010, JEOL)S AH&ste] SAHAT. dxke] & 242 &7 :gw v 22 =(grid)l
e -g "oy w3]al(drop-cast), 2= dAv|Add ©@As) of Age] FVE AZAFT. AVE F
Agst7] g Alae A% dTH-RA-FA EE& B A7 1 B3 283 &% (ultrasonic bath)olA] A
o] =nEldtr. EAXAL 3 656 nm, BA 0.89 cp, B FHAF(refractive index) 1.33 o2

b

¢

Ac)
|

|

ol
b

Ab&oll Agte FAS $Feke vl AW (colorimetric method)oll 2)dle] A E e}, @ okebd, FAE ksl
mlo] DMSOOll &8 AIATE. FAS] FFEE U-vis ~2FERUE (290 nm) 2 S35, SHE FA&

S UERdT. w3, EFold EF WS ARESte] sae] s 545t 2
pg/ml in 0.2% NaCHE 7HA%= s 2% €9 2.5 ml 2.5 mlo] EF0]
77} 0.2% NaCl& E3$H8H= 500 ml 0.0IN HClol &3ig)3 &35 o &4&40 Al el FHl a3t
N 30 I EEAstY EFSSIT. G ml)E 2] Agded Hrlstal dlaE-Aa 53|
(heparin-dye complex)E& &&|3t7] $13ted thr] & &7 Loy A7EA 30 23F 2838, &
4

ECARA I )
rﬁhgrzH
(e} o =

L O

rlob m o Bel o &

o

HH o] Fo §As FEHA W-vis 2FERZWE (63l = FFEE 5438, 1 F3%= @#o=E R+
A e @4 | @ll9k--FA-RAE WV-vis A ERZUE (290, 63lm)=2 ST F 5 7hA dolAM o

oA BF FAd AL o] o] AgtE o7 FA9F RAS %S T3t

dutdl, gl 344 © HFRe Ay A E A7) 98 Factor Xa WHE AREsIGith, 4 A2 b&
2 u §N(100p Dol FEIEFW I £M(100pn DS Este] 37ColA 48 FoF wiFA AT, &3
FH g Factor Xa £N(100p1)S Yol& F, 37CoA 30x T wIAIFT. 30% 3, Factor Xa

substrate ($-2222, 200u1)E €olFaL 37TColA 3% &< wlFAIZIth, vlx2to 2 20% acetic acid -§2(200
pDE A & &, WW-Vis 29 EZHE 23 405molA e FF4E S SAsnt, 98 o) wE
FHE #s A AsEd S4dxe e FAS YT 34 ¥ HRRE fleF 22 wEs AR
405mmell A o] FF % #hs SAAT. a8a sgde] B FAd digiste] 343w HFRe Asishd A=

Tt

o

T

AA 3. FFH @v7 A3 (Confocal microscopic study)

ANE F5e 32AE F--FA J3Ae] AEF BAS AGslelr] Ysted 35 dolA @n % ¥ (confocal
laser scanning microscopy, Zeiss LSM510, Germany)©] ¥l<¥l KB A|¥E Al&3le] 3= AvH(Lab-TekI]
chamber slide, NalgeNunc, Napevillem,IL). FITCE 47]% nle} o] dudoly &ufdd-FAY} H3slr] 93

o AT AR st A RUI6H0 WA ) R 1 /el T 3 A0 A
A S Losts A= A(wells)ZHE FAHQT). A¥EE PBS SN (pH 7.4) 2.2 Al Zd] A& 3 4%9)
E5ddlstel =7t 3 PBS &FH(pH 7.4) 200 w & HFH R AU Alge shgAold W] @
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ZA-AA (tissue sections)®] Z7] 270d2 e dF dAv)Ada FITC ZEH7E HE w2 wi&(10 X lens)
oA eo]Fo]H ). FITCZT BAH 99 F=% dv|H(excitation/emission wavelengths: 488 nm and 510 nm)
S AFESe] =2 & (63 X lens)dl A =719 HIA. tiEdlze] wj&2 242t olm | 7| A5t

AAd 4. MIT 4
KB AXFE 10% 9-elol EH (fetal calf serum)S dHati FAZF Z0%¥ RPMI1640 WA S A}8313 5 % (0,2

X33t 7hEE F7]oA 37 ColAd widH AT, ©EXF(monolayer) AEIE AFE AE(1 X 10° cells/m
)& 0.25% EHAI-0.03 EDTA £H4& AL&sto] AFHEHJATE, AEA wjx]e] AE(100 )& 96-4 SH| o] Eo] &
F3FaL ol Hlo] Aol 24 A7l vlEuj kA ).

MIT o Alo]&= KB A3} MDA-MB 231 Aﬂ;i_—g— zt7be) e Fx9] 7} 3eEo 4 SR 37TCoA EFEor Hjek
A7l Aol 98] A=A, 2Tt oF

el A AxEe] wEFZE=gold oste] HAH¥ E&A AN E=

(tetrazolium) FZEWMTIT)} el SAE & Bolth. vl $F, 20 wo] NIT &4 xF3h+= 100 lL@ HHX]E -]’
Zke] ol #Hrlsla EHolEE FUHH SR 4 AIRF w7, 1 & Zhzke] e 100 peo] MIT 7h&-s)
(solublization) &9(10% Triton X-100 plus 0.1 N HCl in anhydrous isopropanol, Sigma, Milwaukee, WI)Z
A7FeSlth. &M MIT 22ukzt AAo] 2 faF s 3] E3atirt. 2 49 F4xs 378 570 nmoll A

slolAE EdlolE BE/E ALgstel ZAHAT 690 m AH A Belol=el WY FYEs ST 570
m ZAAAA Bk Avhe % AE gEHeR vehln, AUwDel FI WE £AO)E WAL 0D

2 YirolA JERAQITH([T/C X 100%]).

a—r a gz

10 e I e e

B Ao A, HFR HA= FAY olu= 7] (-NH2) 9} RAS] ZFEEA17](-CO0H) Alole] AZ wkg-o &dto] 8]
HAT. s F=EA 7|(-0D FHERFEAVE 712 FRUd Edstar k. sl el I=FA] 7)E RA
o] 12 EA] 7|9} A= (scheme 1, (b)), &I 7F25A] 7]& ofwlglel FAFA-NH)S] olu= 7]9} H=

w19 tH(scheme 1.(a)). HFR A3-E H-NR, FI-IR 2=#Edlo] o3t seldct. (a) slstd-obulsl o4k (FA-
N2, (b) slutd-Gik-elgat ekl 3shd 4 ZZE ths Scheme 19 YERAATE

[Scheme 1]

iy DH c-¢ J[

NH N

M’T =
COooH

’ o 1y e s ok i DCC, NHS, Pyridine | o

a) Heparin + HaCH:C—C JE sl e l ..
i, \_\cro;: Sy Formamide, DMSO CH:0S0y C=0 CH:0805 C-0 H20505"

2 i 3 CH2030y
oH o 0 o 0 0
0—oH £ 0—oH J0—\oH JO—oH ;O0—\oH
Aminated FA
NHZ0;™ OH

NHSO0;™ OH NHSO;"

-ﬂwx ey

HN COOH

OH
teo
o

CHy 050 L“. U CHy 050 = U CHy 050

DCC, NHS
(b) Heparin + Aminated FA ~ RA =
DMSO

NHS0; o NHSOS

W'
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MR AFEGA (R 1), oful= FHAT ] slnhelzt obvstE FA Abold] FAQ] ofn]w7]e} d|uele] sl
Al 719 AZY wkEd 9dte] FAHJATHE 1(a),d). = 1(a)d Ve uie} o] & 921(3.6, 4.0ppm), ©F
w3ty FA(2.0, 2.7, 6.7, 8.6 ppm) 2 RA(1.1, 1.7, 5.7, 6.5ppm) <} ¢E7t A= EA A 3stEdo] A
A

N

g

FT-RE 2=HEgAA (X 2, (a)), 3lFA-RA HE2 CH; 7 (H-o=2 2850—2990cm71°ﬂ*1 AW (aliphatic) 3%

5 21% A (stretching vibration)o] =94 ct. dgH-RA H3S -NHo =2 3280—33000m_1°ﬂ*1 o]z} ojm =

2
4

= A5o] 2WE. A AP AZ AES 3300-3600cm oA W FH WM et}

e

T} of
o
=

k=3

| &k FA, RAS] AEH H&S EFold EF vy IV ~AEZ X ENE oste] FRlElrt. 3
3k FA, RAS] AZY v &L &utd B o Z2gd FA, RA 9 ¥ &S ondic, &utedel] thdk FA, RA
g ouge ¥ 1o YeEhpdy. AgtHow ) dutde] thdk FA, RAS AZY W& F7bEE FA, RAY
7kl wpet S7FE A

[3 1] HF 3 HFR Ao #A&% Hl&

)

b

SCAN-

jus)

1o,
olN

A a8 g9 EH]a =% HlEb

1 HF 1 3 5k (FA 1:1 1:0.53

2 HF 11 3| 3} =1 :FA 1:5 1:2.75

3 HE II1 3 5} :FA 1:10 1:5.46

4 HFR T 3| 3} =1 :FA 1:5:1 1:2.40:0.28

5 HFR 11 & 9} :FA:RA 1:5:5 1:2.64:3.74

6 HER 111 339 :FA:RA 1:5:10 1:2.47:6.56
“Molar ratio of heparin : FA : RA.
bThe coupling ratio of FA, RA in heparin molecules were determined by UV spectrometer, toluidine
blue colorimetric method, respectively.

HFR st ¢l A n Al 5= (CM0)

HFRS] CMCi= HFR Aol vhdet sxolA delde] 270 G A7) (Iy/Tag) =FEFS] H&S SA8t] &

olg 4= gith. HFR F=7F S71gkel ueh Fdd BExE A7 S8 " RS A4 = e $xstA "t
OMC= e sX=ollA A4 (cross over point)ZH-E &Jett, & 291 = 3¢ e wle} Zo], HFR I, HFR
11,9 HFR 111 A9 CMC =x1+& Z+2zF 0.5, 0.13, 2 0.01 mg/Leltl. HFR A2 CMC X7 4544 RA
H|&9] 7ol wap hAsi, o3t o2 AgAde] ZstEe AS 4A 0% F vk A7 1" v
AR MCE 254 MOHEZ AZEY F& v&e 9ste 28 4 vt BuF .

[ 2] HFR A 54

A F A2 (10/mg)a CMC(mg/L)b 7] (nm)c
3|3} 117.4 - 343.9 £ 3.08
HFR 1 114.8 0.5 259.2 £ 2.75
HFR I1 92.8 0.13 227.6 £ 1.74
HFR IT1I 81.3 0.01 174.6 + 3.74

‘ Bioactivities of HFR conjugates were determined by established procedures with FXa chromogenic
assay.

b .. . . .
Critical micelle concentration of HFR conjugates was analyzed by fluorescence spectrophotometer.

‘ The average size of HFR conjugates was determined by DLS.

HFR HstAo] m7)9F 97 BF

HFR Y=d Aol z7|eF A7) ¥+ DLSO 9ste] EAHSItt. HFR Y=g AH(dlw+=A, HFR I, HFR II, HFR II

_10_
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&=

& Ak wek 4R} A7)7F FAEE AANEH, JA A717F 44 7oA RA
o] &g AF AR QS W] wio] 7]eldth, & 4o YERd npel o], B el HFR UwYAE 150
WA 300 nm Mol F& A7) BEE R HFR W=dAke] Fei= TEMol| oJate] SRI=ATH(= 5). WA,
Y=gz 2 AdlEAH(macromolecules) & AFEgF b2 AT A=2ZHE, 150 WA 300nm HLe] Y=zt 27]
+ EPR 835 o] &3le 954 ddo] 7tsd ZAos Azern,

Z}7} 343.94 3.08, 259.2+ 2.75, 227.6% 1.74, 174.6% 3.74 o|QYTHFE 2). o]=
b gl

HFRe] A E38L4 A

HFR HgAle] AEe2 24L& 24 o Hlo](chromogenic assay)ol 93le] FSA=ATHE 2). 392} HFR 3
SHA|(HFR 1, HFR 11, HFR 111)¢] AE34 &4 2= 22t 117.4, 114.8, 92.8, and 81.3 I1U/mgelitt. 35
glol et RAS) AZY W go] Skl wet Aeshd SL dass Ao ARHA.

dgtel olste] slmiel 1w FAo] w3 0 =
43t A WA SAo] wREL e MR AL SAAE Aweke] eAEel o

webd, sishal, FA W ORA 2] ABY W& 2AS] OB AY st Ao YBIH BYS BT
a4 ek,

N

< &latsla} mjaste] HFR A Al
=

M43} sldA-FITCel EA3 WP-FITC H3Ael @ oluA)

At FEAE o ABARA 7P Bo] Aol FA ot 9G4t F8AE A 24 mHd wuste] g
oF MaEe] el wxsta vk b FEAE dad, #Hek, WY, g AlE Fol R v
b, Gat 2Rtes 43 PRtER e AR ERlAL, ol At Rt 84, HEA, ARE, vy
A, ue SdENE $Ao] Sold, Al A 5 el

2 oagol A, KB MEF7F AAEEST. KB AlXFE 243 dAXE g AFEER e, o K
o] Qi FEA =2 W A Y=ol et Hste wFolth, AXE st} AlXE

o, HF (HF I, HF II, HF III)-FITC® T2 ZEnE Hg
(0.0Img/ml)e} AE ZTE = ALE 543517 915t AFEE

>
X
AN
=
_O‘L
;0
n
e
e
A b
=
i
>

%2
+

T 590, KB AlEel &9 slotal, IF AIAWF I, HF 11, HF 11D ¢ ¥34d g4 olux& Jehgdel. 1
®As dgde HF I, HF I, HF 111 AR F3F onxe Zmrt A #2HATH, 4 oux 9 F=
= FA9] AEH nl&o] =olydl we} Frtsksith.

in vitro oA HFR®] M3 A= (viability)

o

gl9kd, HFR A (HFR I, HFR II, HFR II1) o] KB Al tigh Alx A= MIT olAlolel ojste] 4]
ATH & 62 AE AT ofE F=, AIRE, RASH 94T Rt=e] AEY vjgol uel 9F BES yekit
0.01 ~ 1 mg/ml M9 FZolA, 48 A3+ ¥ RA, HFR H&A= %= 6(b)oll Yebd ulel o] F&e4A 748t
Aok, TS, 1 mg/ml F=9 oL oF 80% 7hF FAaE AT, WEsA, HFR F3Ae dAEE 24T F 9

%ol BaHTh,

it

o rr

At vsh gol B ownel olshw, S84 oE WAl s PAs QS AsFoRA BY EYs b
YAE ATE 5 Aok, EF, PSR HIA L FALE EAHOR FaAIIN, FAT Jste] A
A £8AE Bilol ARH A5 PPAUEL HRAAG. o2E APl A B AGE AR @
epme] WEe] b5l wrt

4 e
X0 ik
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A

g1
% 19 (a) dlF-FA-RA AEA, (b) obwskE FA (FA-NIL), (¢) RA, (d) FA. 2 (o) dltele] H-NR ~#E

=Y 7Ed

~~

T 2% (a) SlF-FA-RA A, (b) oF¥lstel FA (FA-NHy), (¢) RA, (d) FA. & (e) &|F=19] FI-IR & E

3S HFR HEA(HFR I, HFR II, HFR I11)9 A v % (Critical micelle concentration, CMC)E L}E}

L 4% HFR AAS 327 25 ek Aot (a) HFR I, (b) HFR II, and (c) HFR ITT A,

T 5% KB MXo) FE 3T, HF AANF I, HF I, HF 11D ¢ 354 384 olnx& vl Aotk (a)
HFR I, (b) HFR II, and (c) HFR III H3A].

T 62 KB MEFd AEA AHel & o4 F4d dAng oln|X et} (a) Heparin-FITC, (b) HF I-FITC, (c)
HF II-FITC, (d) HF III-FITC H3A].

T 72 KB MEF) RA, sl=er, HFR AEAI(HFR I, HFR II, HFR IIDE Hg & 2z} X zhsel wjdsie] oz
AE AEAS vebd FHolt[(a) 24h, (b) 48h Wi, n=3].
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