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Nanomedicine: Drug Delivery Systems and Nanoparticle Targeting
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and Dong Soo lee, MD., Ph.D.
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Applications of nanotechnology in the medical field have provided the fundamentals of tremendous improvement
in precise diagnosis and customized therapy. Recent advances in nanomedicine have led to establish a new
concept of theragnosis, which utilizes nanomedicines as a therapeutic and diagnostic tool at the same time, The
development of high affinity nanoparticles with large surface area and functional groups multiplies diagnostic and
therapeutic capacities. Considering the specific conditions related to the disease of individual patient, customized
therapy requires the identification of disease target at the ceflular and molecular level for reducing side effects and
enhancing therapeutic efficiency. Well-designed nanoparticles can minimize unnecessary exposure of cytotoxic drugs
and maximize targeted localization of administrated drugs. This review will focus on major pharmaceutical
nanomaterials and nanoparticles as key components of designing and surface engineering for targeted theragnostic
drug development. (Nucl Med Mol Imaging 200842(5):337-346)

Key Words: nanomedicine, nanoparticle, drug delivery system, targeting, PEGylation, theragnosis

M = w2 9457 Agednh Y2l 8 nanomedicine) 2 ©]#

B e rlee] ofsry HLg ousiy, YA U 9

LREE Rl 2} 9] Ui 7)< (nanotechnology) & 109 £9 1 ekE I} o] 5 o] 4% ARG, vlo] LAl o227}
HEe) sigslE UeuE (nm) 999 B 928 B 2} ojE] Bopoll A chekdt ZRo] AlEEI gk i oEe
Sl Ao)sle A&l 238 9P Dol o} 20008 % zlge) Agkg Y3 viwerlee] HEEH MRS 715A o
w}5te) 7l 714 A 3] National Nanotechnology  Initiative, EF %W B Fe] NS I o|E-E o183 YEIE
NND o} 2ig & A 4 <) Ur‘—‘c’* Bo] gojutmi, ) TR olel] sFRITIT & 4 Yk B H: Bl v
29 45 FxE WA AR B2 9EAY AE GF] AS MBS AGE A F 5 U "I AA
A FAEE AYS AEe) AR e dA) B (theragnosis) ] /W doE WA glov o9} 72 A7
718 BElv 2E 0] A Seo] B} Iygletn g3 V)  uES FHE FAE F58 S A dov oA A
SobE 22 A gl Jev H2 AEE QRS e

REAEE ZRZ 5t R} V|E2 o EE diHEE 3

ndcron for Toptnts, Thowon Voun. . stite of 1) SePl Sl wshd ShEA@NLd (targeted drug
Radiation Medicine, Seoul Naotional University  Medical defivery system)% 18T MR ASR Y gt ol v
Resgcrch anfef & Depariment of Nu'cteor Medicine, Seoul HA¢d QA G2 non-invasive in vivo imaging) & 8712 2
longro.gu, Seou. 110748 Ko <o 101 PASIORNOT g0 L ojste) s g wHFT AT mE ARRA
Tel: 82-2-3668-7006, Fax: 82-2.745-7690 19 0] A (neuro-clectric interface) b Uhe A AFZ8H nanoelec-

E-mail. hwyoun@snu.ac kr

HE APIME PRUST AAZE RASANB AT I B tronics) & TXEOE Sz AR AA S TfEE WirrjE S o)
MGl A HTEl wxe 01F0 AS. 3 Al Ade HEE AAYE3 (regenomics) & U 2]



Hyewon Youn, et al Nanomedicing: Drug Delivery Systems and Nanoparticle Targeting

HO+-01; OH

EZcojgdZel =2
Polyetheleneglycol (PEG)

a CH,
e cs—w»} f-o-CH- f;?

EHelceBEY A
Poly-lactide-co-glycolide (PLGA)

GH;,OH‘}

-
(?H it }{\{\
C=OHOY— R
#0\} NH |
e &=0
G fal

SlgtE LA

Hyaluronic acid (HA}

Q, OHf

Fxgure L. 4o o8 BsiE wxistn MED ETo|Mel
FAF7] gisf DotE thelekRolM FR2 ARES
x!. gxi

) AR @ BobR Zhty glon Ukrles ol8F

EX BT AL A 27 oA F4% #EE 7t

g AR gt olelg WA sholl B FHAME

7H) FFHE i Ve g ¥b@%MA@mL}

k%ﬂﬂﬁﬁﬂﬂhlﬁﬂwtﬁ, o il H Ik

AVi!ﬂ~&ﬂ6FA%¢1 *%@§ME}%¥
o Bele] Haa} ghoh

‘(._Z.

4= Ol%i

rh

[y
{
-r
il
L

G A} 29 (Drug Delivery System)

PN RS R B FEE Ao] A, AU
of oFZe EAe] ALY AW ASZ, oF
B 58 S A4 200 o] o}

8
il
)
iy

YO

W X
jg, o
1o
o T
>,
r:i
om
rO

:m@ﬁ
fo

oo Ly

ol
-

TEAZEAE
o HEg olgd GEA
A virel B % gleh ekEo] Aol uf
& Ve B3 B UT 5L o] dad
T2} R 7] W], eFEe] Al
S AREFHTF Vehke 89 Kol §4
fatol 717 FEE AT 5 LS

AU Y
2
I
o
kY
off
L&
2
2
f
O

(D )

4 o

:
-

M 2 X an ¥ o v oot oo o

—{_c; 2 olfi

2
AN
e
o

A EH
& N B
o] =

338

g
-0~ CHLC

Eel2aAE2ds
Polyglycolide (PGA)

r)mo 0
By 7
HATRS LT
i {
NH. NH,
B

GHy O
IQCH cj

EE S
Poly-lactide (PLA)

O
HO-[- C—CHCHLCHLCH;CHz~0-J 2 H

EepiuzsE

Poly-e-carprolactone (PCL)

CHOH CH«;OH CHOH

{3 O
CLHOH

Wt

FEM
Chitosan

Hatel 9B HFAUS A
A ¥ 5 Al (biodegradable)

B A2} o) of

IR

ﬁ?‘«‘

U=

i o] okEe]] A48l oFERE 7|Eo] ARAHOE AR
B2 9E 5873 g0l AAdBANA FEHI T ok
g, ¥ (Gleevec), 3218 (Paclitacel) E3 22
AR S, 5 ARHUUA4E BHOR ste BEA
#(customized therapy)$] & WloZA s FZiEL
ge TEAGAEC] BF xgEc)h IERAAENE G
Helol, JEb] ® siRNA 722 HAXFA 5ol e
u, Xitﬂ%ﬂ]"ﬂ ulatel & By A2 o Ee gy
BAo2 sty £ARY T4 WS BRI, 9HAR
) elo| = B8l & A (peptidase), HAHE8H
FA(nuclease) 5ol @8ty 2= MuhA I A (Reti-
culoendothelial system, RES) & £l AAE & 4%F&
Zate] w2 WEE ) WRal ulel e Folr dFdd
33] o) FEALE Wolok &= EAIF ) AUtk ¢l MNAE7] €
o] AA el A el E o] (hiodegradable) <Al 17 &

FEA Ve EAS FE) HYstd Ehol A8 &
sheb w8 A7 Az oz A #Ado] A=
7;1% WA sk, As Rl el FFE AAE 25
@1‘5}3% = WS AEsT dvh(Fig 1).
Z (polyetheleneglycol, PEG), ZE€lgtele]
= (paly-lactide, PLA), Z21&eFeE(polyglycolide, PGA),
E gl gE| = 7 g2 28] = (poly-lactide-co-glycolide, PLGA),

ZT

&l &2 (proteinase),



E 7+ E ZFE (poly-e-carprolactone, PCL), 3|gF&E4Hhy-
aluronic acid, HA), q]E/‘*(chitosan) gRYRY e BH
o] ol FFdl, B3] o5 Q7 thalM 2 o)
HANE S oA &7 Wﬂ-ﬂﬂ A71ZF FEE X &EHA
e o R s gk sy kB HE AFA
THE A Bt e EA) ulel 2@ Hojof 0} , AE7}
BAe AS E13 B3 AAAM 2LREQL "V”“‘ FHE
o] WEEHAM g vepliof stZ, Awe] EFHe A
= WA E £ e AL A4S A4S IRE 245
g Yol H g AlZF el | REA e WgoR £
A ojok Fr}

PEGE #Z43H(PEGylation) & %39 %H2-7](functional
group) B FEH FYstd AREsh Hed, stE84
(Carboxyl), ©F#l(Amine), NZFH(N-terminal), €& (Thio}
5o HAgE olgetd™ SdwedH) 22 ekE 19 7 (high
performance liquid chromatography, HPLC)E ©]-&8lo &

oy

#, AABE Z4(Roche) 9 7+ X 8421 PEGASYSY 9
sho] AH(Pfizer) @] Q@R oA A2l o) 53 (Macugen) £ o]

0}9} 72 W e o} ast M@g}oﬂ
Aty HEEFE WHE
Clearance (ABC)@7¢el €
= ol ﬂlﬁ&]ai_ﬂm 2
Z23tgr 9ol = Aol
ol 33}‘0 vl &3
3 EFHPDR

olH g FA & MAB 7 A5 AAF
o FE AFEEHAY PLA, PGA 2 01
7y e g FAElgyd, PLG
o) Sarm BAbEF 9 st a’d’ o] 224
Z2EE 4 A7) g oA ’6}?335}031
oA E]‘}iUr PLGAO] %8};'}‘\'
%

333 AEelny 28y
-9 Accelerated Blood
] /\’«:«203 w=A ot
1% ¥+ PEGE #
é"ﬁ)r*? Sk7) wf o]
uj A g 4= glck

0

O

= O‘rj
“Of
= 3

]
X
N
a8
o
4
,2
i
1
=
1L
A
Y
jut)
29
O
9,
2
f
E\i
=

growth hormone,
FoR AEEge
W hGHS) WAdo] EAZF Ho] ARgo) ZahEigith o) 9ol
E o8 7R AR Ee AFol 9ot PLAY PLGAE AHS
g -9 FEO)Z (colloid) FEll A Aol AR T
otk #a PCLO] pLAuf PLGA Bt} o &x&el 3
o8 ByEHYesd, Joll € 3l 8-A}o] = (polyethylene oxide,
PEO) &} J 3t PCL% oj-&-3fe] el AlH (Tamoxifen) &
Az HEHen xAs sgen” PEO-PCLE o)
43}d B&(Taxol) 3 Al#vle] = (cerimide) B 4121 73
dagtel AR w23 gol nuggn?

2% w5l FAbA

ool MEA ) LEAOE ST =TGR
GEEAS AR, @ﬂ@%@ﬂ%q%%%wuﬂ%&
ukSol Ao} gia A B fel s RS 7] wjiel A
29 A7mael F1 Ak B Bo @ %A Qe o
Zolu} ARA FEE] AS 584 TEAS 2YAA o
B9l gaRE oA AW F5E ZAHUNE Pygiol
A& E T, Z o] R EE E<F v]d ol T (disulfide) 2§t
o] 2F (ester) A S o] 23t Bt 2 EEHES Wi
Ae-slE wgel 8 daH Y i, SgREMas v
2letale FEsk gekalzk 7 EA dojk” e
@M AF3 PLGA AP hGHHAL AAshs o
TRA BYFELE o] 88hed 2007 Declageztis A FE
LA W ot 4ol A Fdstal @A) dA AL NE
Rog e ok

71222 7)€l (chitin) @) FRAQ Dol dslel] o5 &

ARE SRS 40l

o A 2Az A5Aol

1 g ARAATE, ARl &

T3 A9ES- 24 (mucoadehe-
sive property}o] FobAd HZ Fol A ot oled 7]
EAre AR e 230 A faxrF B
Agre] oA wWel EASE BHe e
sk A Mgtk B A
oA Thepst *Taéfﬂi M =3le

Wﬂﬂ*ﬁ

=
T

==

-y ot og, rle

¥ 40, 70, 100 nme} -
nmﬂ ?41}71- 7V B o 82 7hebA 9
”ﬂﬂﬂ%
AH

B4t hegla)

A

==

o

oy
1

"‘E

3 H

ot d G

o

i

0

W

[o2

I

>

2
O-f
oix J
e

o

2‘2

il

v
N
.
o2

offf —
" :‘ﬂ
_13
s

2,

ig
~2i

o
[{eg
Q

oft

Z

2

2 e
o X

L
S
‘% o
2

of

o
o
re
=
ol

il

=719 HSA Ve okE
LLJL%‘
Zﬁa»& g9 e PUE
2 e Yok
vk} A (micelle), FAST-Z‘—
Adsted AR AN F
Fo] Fafol whE ng

339



Hyswon Youn, st alt Nanomedicing: Drug Delivery Systems and Nancparticle Targeting

(A) | (B)

44ecmx0.38 cm

4 b :
Semi-permeable membrane

S T Drug reservoir B

NanoPORE membrane

<)

Figure 2. (A) 2t5# & (B) glolzauE ©x (mcro needle patch) (C)aF ef(osmotic
membrane), L}Lnjlﬂﬂ*(ncmoPORE mermbroney 58 of83 ate Mg #{Prescott et al.
No’f Bo‘rechno! 2006:24:437-438%%; nhttp://www.durect.com/pdf/duros_fact_ sheet2001.
pdf*®; Staples et al. Pharmaceutical Research 2006:23:847-863%7; hitp://www.hplhp.
cormn/news/2008/jan-mar/skin_paich.htmi® Sof nalg Wals 2gl).

WE g okio] Auldl X&Ho g AGHA sk el F o143 FEAYHAE ATHREYY s dEve ¥
%RLQ‘}J\::HLZQ W B EZET PEGE o83l HleL4 oF R § ot d&Ade] e AXNE IdHA Yt} vielARVE
HH=E T3 HHE YEBHEE PE xﬂg..i 74 dw) S 0]8% “Smart Patch” 1 tm %9 32 AL 71A
LA 9l Zo) Doxil o= FA gAA T x5 = uA g FAbHEe] 25 cmXéE HFEH AAHE YA A

o Whg-3ted CFEEo] AN 3te]= 24 (Hydrogel) ol ol 150 o 77} olgden efEo] ¢ ntelmBH A
e drs A =T ded PEGY dAE# ol E ol Il ZHe|dA YAE EAMSIEC] GES W
(dextran) 2 4114 el g9 o] E (methacrylate) 714} #Hg] Z317A st AXE B2 Ao v £ = "A}HW“ o=
E(lactide) 718 EUT Axmwe sloluggo slgw  Zahia geg® YR&d wEa} @%ﬁ = opAlE|o
E"“’ﬂ ekl 9 % F ERs slolmgad g FAsles A (cellulose acetate) E whelARUEE THEOIA A LH"*V\%
7} oje]l sigith ol9jols pH, &5, o, ¥&, J7F § RaEwA ofo] RELLE 3l T sy g
= {:}% 2}*—1;011 E’l%‘l—c’i g Eo] AR E g (Fig. 2).

gejo] slolmzAdn AAwtely 9o
SFEA G e AS fies HE o8 A gBu 2. Y okE-9] % 3 8} (targeting)

{osmotic membrane) ©J4Y+ Y718 % H{nancPORE membrane) Yo okE o] ¥A3s gl T UxdgAE olF
Tg o189 JdEFE(mplant) A€, olol = E Y E (micro AlA AL G2 2o e i ALY 1 ES
needle) ¥ ©1&% #HAX Fol MIHEHT gt wxa] HE& A& Fdsketr] e RS o2y o, AAH B
ol g3 GEHEVITES Fo FEE ¥E F U FHE 32 YA E edxy A7), et 299 B4 £
THEY HOo8 I @rF g et Fo8 ¥ o) T#Fhe], 2A A BT EA S& HES ¥,
WAXHA pBo] EHEE 7OE RAo] RuHIT® 4 FAste o] &3 Aol F "5}1%40) E35] el xe] A3}
FE o] &9 X Al o8 Eeol £ iRE o Vg ol AxEAdEe AA 53 F3 3 (passive targe-
ol e} 4R 8 A e &7 o & 7o ting) ¢k =5A :&J‘i ﬁ(actwe targetmg) e FEEe
A opEo] A&H oz WERE Jejoln Y sge] A7) B QA E FHe ol eElT 2L o
FAE 2RSS HE Unks1E Y (nanoPORE membrane) 2 M E7} W e % }7‘4 el ‘/‘“““Zﬂ = 0"\] s g ek



2} 7+ HEE o) 8-8 g, 3). &3] Enhanced Permea-

- EPR &t ]
tion and Retension®|€}aL B8] $-& EPR &35 ©]&3te 4 { JUpE——
B3 mASE APAETAY Rzl AHoR A o wasol
A ATHT QAL E Bol AFE 4 YES e AEA

. _ ; _ [ ormerwma |

9 H18 2Es o] FAAA Hrh YME Fule] L e aa |
g 25 23] =717k heF 600-800 e, 2 nmel s}
o AR W BRE A WA £ 93 0 { s=mwas [ woan ]
am olsts) EAEE AL Foh D @A £ glon 2 )

o]
gFo] QJO B FE 10-100 nmA =Y ‘ﬁﬂrzijli Hen = A Figure 3. Ltneo|tE 2 0|85 8ol FH35
o= oEH 013}41)

e deE s 11 379 e B whet AA W) 87 2 Afeled wA s A7 o) Atk Transferrind 2~
o] Eke WA Hid, B@e) Bl B XS 108] o)Ak Akl zol] Hlsh Al ol Weol FEEIL U= A
A QEEo] goa SASE BT U AP we)  OF YHAY A o1& 18kl tmnsferrinol
Wi Aere] glom WheAgsle] daleke] HARE transferrin®] A& FA sl AMS-8HeE Tt A77F o) F
e A AE el A AE R Frske] A Aol ¢ ojA 7 o et el Felgow i LS Sl
s HIEEA T 2 TR BAEe Av)e) JnAgH s of folate =&A ol folate® Ol%f‘ﬂ-&} EA sk WS A
7re] SAs w kHslE Huels TR AlelE A9 ZollE folate $8A7F Al 7] W&ol - Folol =
Al HEI} 7 AL R Hv) et W] A ¥ I, 4A AE R EolE T ?}&UE_ Thekgh SIEAF U
1% (blood-brain barrier, BBB)Z vl $- 9grs) masy  ARAE o)gsel ¥ Ayuy
ololA Y Agale Ar)e sHEA s FA st A5 - Uo7 olet THFE FYSolH el &
£ w3 gy WEo B A3yt Q7w Axelrh UukH At tEo] Ag Xgel wehe wdd A HlE
©8 150 nmoldte] =4 (neutral) EE ok 278 vl 1970'dth £ monoclonal antibody ¢l @} 1980 dtH <) H
(negatively charged) & =% QU v @A L 47 B ATHE 8 DY Jige] @A) oD WAL 7
2 AbolEm AEE 4 glow® 50-100 nm Abele) ekt okxl =514 shgih gzl $9-FAE o) /T mAFddE
B} {(positively charged) & #H3L A3 Wi GA L 43sh = tumor growth factor-a (TGF-a), endoglin (CD105) 9 &
7] Eekx Ao w HA B 2= glgo] BRyg up glrk AZ w402 s9= A7 3 matrix metalloproteinase (MMP),

A e = ﬂ: 9l ZrpHe WMBL AL Bz} integrin, epidermal growth factor (EGE), vascular endoth-
= sele]=, whia wl A%, deld e B3 BT elial growth factor (VEGE) E9 $4AE BHOR
o] Bl o)ate] o roﬁ]?ﬂ =, o] AEHH T Rol & dElA Yk o)F GUFEFAE ol &F A5}
AEo] AEAL 9sted WA gae ZeA 91X} AR 2 human epidermal growth factor receptor 2 (HERZ,
HA "o 254 g4sis olg]d U dgae] By 3 ErbB2. New ol tidt anti-HER2E AH&-3 Aol sl <
A5 BAAE @ =3, 7105 51T FAE Aol A oln g|7tErt £AH rdeAE AE W fUe JHES
FA80] G5te] ool n, BAE T BAe) dee] g SHEHR &AH AoR LA mu}””

ZA TARE Fo3A Hid BRYA] FRI o) W et (aptamer) = BEAEA] Fojxom AgFehs &
2487 =2 A% (affinity) 9 B0 (specificity) 7R3 DNAY RNA oligonucleotide® A E}"c}f g 2he BabE, W
Qow He e oty wgol 4§ BRIk ) 4, @“”4 Aol gler A%, 2H, 71 SRl

Y 7e-8A) (ligand -receptor) 2H-g-¢ll 218k 282 1 1 BolAde i ARE vie R e #48 BTREAM 5
®3<] o2& lectin-carbohydrate, transferrin-transferrin ﬂ“"}wr’})g) Qe Al wisted ke hﬁw o] &elstsl
receptor, folate-folate receptor ¥°| $lth Lecting ARE-%F st @}e}:};\ o elE) waT fA AT S o Hyo] fol
xR AR PLGAE} agglutining AgAIA HEH S BAet He0, 7o) Helnkgel gt H7)7} Kot
WAAES £A0Z e A7 PLGAS lecting A B 28 U2 AR £ 90 JHE @ Al SepE o)

A#A = Mz%-—;— wAHH A2 ool A PEGS lectin S 48 e @A 23 180 nm 271€) PLGA-PEG

341



Hyswon Youn, et al Nanomedicine: Drug Delivery Systems and Nanoparticle Targeting

Nanoshell

Micelle/Liposome IronfVin Oxide

Nanotube

Perifluorocarbon

Nanogold

Microbubble

FeCO

Dendrimer Fuilerene

Figure 4. ol Z5 9l Lt RE(Cai W, Chen X. Smaill 2007.3:1840-1854%%; Cai W, Chen X.
J Nucl Med. 2008:49 Suppl 2:1138-1285% =9 aelg wash %)
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