Jm
N

S SO o | im (o)
2ot 552 KU sl L X}
sz - B0|2 - w2
1. slile] st &= rcinoma A EWe| #¥3F1 9+ mucind 4
I Abol9] A Arg-S wrowA FFe HolE oAl
lutale Aol =stEl A8 9| polysaccharide A7 S Qs Zlolth!? ek ohj}, w4 L9}
o]Fox Qlom, F= uronic acid® T7d= o] rk ECM ©iaZ70] F-atox Fatalo] Jaks n|H

Astele depe Tao ERARA FRAY, 9F
A oF AR oA W wWol ol %

2z %‘E%XL —a‘ﬂJJrﬂ—S— o SAF=elA
ol A 7 e Fd S 1] 8 AR E A 9
F AR 3} 3 oF Ho] S
e T
2 7HA wAYFe] geA L v (B 1 Fan).

e 3ol d

w
= T
% P—selectin @ 2o] A AE 3H
o
=4

‘:'Z}o}‘- 71ss AAFgOoRM FF AELT

g ey 5

. P—selecting "|7HZ 3t ca

st Adzfstofst sjsket
(shh)

B 7| Ed AT
[Ce)

YF0e}7)%9) 424333}
LN R

S04

2000~ =gt AlaAls st (3

2004

2004~ BEIH71&9 A2 T}

’ A AR

wolz

1980~ Aok setgelst (shh
1984

1984~ d=atslr|egd shahastat
1986  (XAh

1986~ =¥l |adTtd mEAkskst
1989 A4 (A7)

1989~ Univ. of Utah, Dept. of Phar —
1994 maceutics and Pharmaceutical

Chemistry (2}Ap)

1994~ Univ. of Michigan, Dept. of
1996 Pharmaceutics (Post—Doc.)

1996~ FF3e7]sd AaAe et
|aA 2, Fug

Heparin Nanoparticles having Anti-Tumor Effects
=Y AE 9 AgEA A757]1% AFAE (Kyeongsoon Park, Mikyung Yu, and Youngro Byun,

YFre]

Center for Cell and Macromolecular Therapy, Department of Materials Science and Engineering, Gwangju
Institute of Science and Technology (GIST), 1 Oryong—dong, Puk—ku, Gwangju 500—712, Korea)

e—mail: yrbyun@gist.ac.kr

422

Polymer Science and Technology Vol. 15, No. 4, August 2004



= Sonaing

e e el on

. ’ e
nim—am-ms:.jll -.Z:L

MK cels

Yo

I fermmedi on
of ik
Cadl anomd
Tumr collg

" Hepari -"-"‘F::f:d Encertwlizn:

B

i
————— +* | Melastasis | =+

a8 1. simelel get as.

d AREe] Eolgld A% IAES EHlste] RIS
o] Aol geHEe & SAE o|FH X A
olF FET F Ytk 3
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minoglycan (HSGAG) & WA F-2ke] #osh=
Qe 28 ez co—receptor® 2310 o HE
7} @3 5YES  UEE festy, 3o Ey
H 24 Y= ddo] fEEve S AT
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e gEsHAl =, ddo] A7)= A gdo] A
€ A& e 7148 73] Sttt 2y o
Ao 7 gkl Al oleldt #do] 7o AA H
AY 7149 W4 ddo] et & F
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Folkman 52 o|n] o] = tjeksl FoFs 7}
A= mouse®l A #F#3} cortisoned AT HEE

J3FAE SR gds gk avE wHs
o}k #9213} cortisoned] W Folol oF oF A4
A a5 GAHE7F obd WuAlEe] DNA &

AE AR T M) A JF¢s
AFEAFEAY FAS gAsE Aow dEH”
ArEAEAT oF 37 Al tigk slutl T} A
2ot &40 AMA a¥F AFO R 3to] Thorpe
58 dluef| thkst AE|Ro|= 318HE (e. g. corti—
sol, tetrahydrocortisone) & ZA§ste] Al7day
g oA E o A JAETE A Slgd -2
zo|= HPAE pdAHT A H9
—2~HEO|E A 72+ 8 29

-2 Zo]E HFA= adipic dihydrazide
£ 2t 9] FtERA] a5 AHEEE 3}
Ao w Agtetgltt. R -AERo|E EAl=
e FFEEA 58S NAstEEN 3 S
oA A HAH—cortisol2 F933150S Wl hemor—
rhage®] & PAT F = ZHS AYx ek
8! 249, HAH—cortisol< acyl hydrazone 24
kS JHA| AL QlojA, pH 7.4 ZANME A
Tk pH 4.8914% 153 ouell AREe] cortisole]
2A WEEh wehA, o]#d HAH—cortisolo] W
Mz F5so] AHdsE endosome©|t} lyso—
somes®l| AEE S -5 F pH 4.8 7P/ A
2& 2k Al 44 AERo| =Tt wEA
WEEe 545 et

o]#8t HAH—cortisol A= a3} corti—
solf] wEdt EFEHTNE ¢ W w5 1A
AR U9AIEZe] DNA 48 a3y oz oA
atlom, A T2 9 I AEE] migration 9A]

CH,OH
c=0

Acid-sensitive OH

acyl hydrazone
linkage r\

NH O NH_.
crosoy o N NV N Neof \u

Q Q
\o OH OH
O
HNSO3 OH n=30
N J/
N M

Heparin adipic hydrazide Cortisol
(non-anticoagulanting) (5 - 8 mol/mol heparin)

8! 2. HAH—cortisol S&#9 71X,

ayA o7 AAEH T}, T3 Lewis Lung Carci—
noma (LLC)7} o]&® F%S HAH-cortisolZ
glgroZH, tzya vwst] 40~60%2] o A
ZF JAfG5S HAFATk o] ¢Joll=, HAH—tetra—
hydrocortisone &%+ HAH-cortisol H.t} ©
FyHoT YuAES] DNA 3 W AEF2] oA
G 7K o, g 39t a5 Ad A
o7 AlgH)

2.2 of|lmizlat RARRH 2letE (Heparin-Like Com-
pounds)

g FEAS0] v}kl angiogenic factorEd}
ZAghate] At (o, FGF2¢} VEGE) £9] A
HEY sHE A o, ArEsdd o
AAZA L FH7F F 5 Qivk 2 7HH 3 &
ARl F2E Zhe ol AT dIEl fREAE
o] AEAFA AAAEA ALE o] gk of7]e
Az, AFEREAY JdAaTS 2 3o R )
A ¥ polysulfated/polysulfonated 3}IEES 42
stz st
221 #2121 (Suramin)

Suramin< Y9 trypanosomiasis (Eg]a=Aw}
=) 9} onchocerciasis (Z|AAMEE) & A 7357] 9
&) 7§29 polysulfonated naphthylureac]t} (18
3 ).

° Q e
SO5
CHs

048

. NH——CO——
L Suramin 12

Pentosan polysulfate

18! 3. Suramin2} pentosan polysulfateQ F#+Z&.
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Suramin< A|¥ %W 9] HSPGs (heparan sulfate
proteoglycans) ¢} tyrosine kinase (TK ) receptor
o}e] AsAg- Wallet ez A, wiFE WAl ze
A fibroblast growth factor (FGFs) 3+ vascular
endothelial cell growth factor (VEGF) &] &A=
N7 AFERFEAY ARSI o)A
< suramin®] s £ 71 o4k sulfonate T15°]
A7 x12] heparin—binding region¥} Adre] 2]
g RO ALY A5 FES IV K,
suramind %2 A¥IE Ad ©FFS polysul—
fonated naphthylureas® =7} 71%tE g0 ™
FGF29] &4 59] kel #3t A7 218 = o3
ok e, suramin®] 94 Hgol QloiA bR
& AR, et 29 v ¢ Qe w2 F
o] TN AZE 545 vehdl= Flolth d=
A, suramine T3S A9, N o &5k
heparan sulfate®} dermatan sulfate?] 5= &
A3 F7MAA Aarolle 5128l (coagulopathy)
FA4e st webr, suramin®] #2488 7
A 71HA FGF29] antagonist?] 582 AR
sulfonated distamycin A %17} 7= 9okl
2.2.2 HEEA E2|MH0|E (Pentosan Polysulfate)

Pentosan polysulfate= xylose hydrogen sulfate
o] EAZE A carbohydrate monomer T 2719
sulfate 71E5& ¥33tt}. Pentosan polysulfates=
FGFs #1} o2} t}2 heparin—binding growth
factor 9} A%l **?! FGFR17+2] heparin—bind—
ing siteolq A4S e Aoz Yehgn
T3, FGFR4Z transfection® W@ AZE9] A
S oA BT SuE-$ A2, pentosan poly—
sulfatet} suramin & ¥ WM EZRTH= mi—
crovascular® WM EQ F21 Ao o wmztslct
= Zo|th Atk FGF28l #ale Al F2) 5
U= FGF48} #A%E AES2 Ao a32 ]3]
o} a8, YAellA Kaposi's sarcomas 71 8k
Zloll thallA pentosan polysulfateE FoJ8} S
o], 3k gsel oish Rkgo] Yeh A gksrew, &
HAAY FFAQ FAE 59 sl Hrkel Al
49 74A4Z (thrombocytopenia) & 38 A
o] ¥AI7} H1 glrk.

2.2.3 ==L 0K} (Sulfonic Acid Polymers)

Sulfonic acid I##}el PAMPS [poly (2—acryl—
amido—2—methyl—1—propanesulfonic acid)], PAS
[poly (anethole—sulfonic acid)] 2} PSS [poly (sty—
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renesulfonic acid)]+ suramin¥} pentosan poly—
sulfate Hoh o st A7dagA AAAZ o
A Qi olH et WEAES in vitrool A AltE s
A oA 2y 2 FGF24) 93] 2% HUVEC Al
2o F21& JAsAE Sulfonic acid THEAES
FGF29] S % A9} 212 #do] gle Aow o
AA Quk* wEha, PAMPS, PAS 9 PSSE
FGF7} Wg]A|sEelA] HSPGe FGFRZMS] Ad-S
Wl 53 © | rabbit cornea®lA] FGF2Z Q&)
I ArEHREAE AT FE mousedlA ©]F ©]
2%l hemangiosarcoma?] A 3-& 2 #)3}3i ).

2.3 olZi2l-a2X} L YR} (Heparin-Polymer
Nanoparticles)

SrEAgAEA F2olt FHY v RS E
TS Sato] Folwl Fof Euhznt e o) 4
Al &2 A8 (opsonization) ©] ©]Fo] zt}, o]g
| Sz YA S-S mononuclear phagocyte sys—
tem (MPS)ell <J3ll {A A= EF stz HA e
AAF=2] A F2Zol| Aske vt Fvk AAM3E (pha—
gocyte) ol &3l &8 Hsle A& Fshr] Al S5
#3} methyl methacrylate (MMA) 2] F=3A=
o] g&to] Z17|7} ¢k 160 nm FE2] AT Y 9]
A5 Azt AAM|aEe] &gt phagocytosisE A
st AdlelA o 717 =388 5 JEE st 9|
~PMMA the A7} 7 91k sloil-PMMA
e dx1e] WS polysaccharide, WHE 45491
PMMA 3122F2 o]Fo14 gtk PMMAY dex—
tran—PMMA e 9JA¢k= 2] slal-PMMA Y
= AR AW el e 3Et mdehs Flo]
ZE o, T2AIMHAE HH Lol EAstE RS
T QUi o] e §Ixke] el poly—
saccharide?! dlgglo] EAlsto] EelddAZeE
(polyethylene glyco) A QA a5 ZHA =
o] 2 A 93t ¥4 28 (opsonization) =
A3 HAaAZ17] WiEe R FAET oW 7|7k F9t
Aol A =8el= Aoz 71t 4= o} whebA,
3 okl — RA e YA EHlol EA8= poly—
saccharide”} AAE] 93 Fad LS 74N
4 & o] EAR] 24 FEAGAEA TS
sk 9l ASoFE JEh
2.4 of|ZjEl-SA2H[A SEH| (Heparin-Doxoru-
bicin Complex)
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