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(1) Yx=<AF(Nanoparticles)
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AWA A7= vaEE A (Ens) $7F a9y A5 a9 (Es 2AE a9 E
o] gal AMEE SE&ToFE ol e Aot 53] HAVA (HEMN)
A& ol &et= AR F d
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<Fullerene Ceg ball and stick created from a PDB using Piotr Rotkiewicz's iMol>
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(3) 9=z ¥ (Dendrimers)

dEgi s FAAAFE U7 2ok dAsh G FxrF vHgdoE wWo
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g8~ 2 UFE 58 Dendronoll A whe wheta WH Qo)

<Structures of Biocompatible Dendrimers that tested for Drug Delivery Applications>
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(a) PAMAM dendrimer. (b) Polyaryl ether dendrimer.
(c) Polylysine dendron. (d) Polyester dendrimer based on glycerol and succinic acid.

[ZX : Dendrimer; An Overview, M. C. Gohel, in Latest Reviews 2009 Vol. 7 Issue 3 Targeted drug delivery systems]
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<Dendrimer complex docking on cellular folate receptors>

Z 1 www.umich.edu/news/index.html?Releases/2005/Jan05/bakerpic,

Michigan Center for Biologic Nanotechnology]
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A AA kEdE #A A 20019 $19 billionelA] 2004 $40 billion
TEZ Akt 9lom, 201197k 10%2] A8+ A4E (CAGR) o] AgH I
T3 WA Yol (Virginia) ol &AgE At ALY AAIQI Y=rA (NanoMarkets) ©]
H BaAe] oetd, Ywr|e oFEdY Al A" (Nanotechnology —enabled
drug delivery systems)= 2012 $48 billion®l] ©|& ZH oz oA}kl Qlom,
A AA oFEAY AFH Au A 2009 $670 billiong Z2¥4E ZoF
o dst7| = sttt

Uinlol e HlAEE A= oF=9 <3} (Encapsulation) % EFY (Targeting),
WS- 39 (Evasion) % g 71453} (Acceleration) 68 91§ FofollAl 80|
2 Q. o] AS AEE AMREHE vyxsdo] B3 4=, WA
(Immune system) & A=ok= 2 38 ¢ glow, HANLE-& AAlehdA] A3t |
okE L ATA EAS 9 oE AgAE B

UieEgdS 54 Axagosd RS F3s] sl

=7
- ==
antibody) & 9448 4 it} =3 U A7 A (Nanoscale) @] 28 ®r} ¢4
A9 (Cell membrane) & S S5E 5 7] "ol oFE A £% 7t
1 gyE SUAZE F glor, oFE9 ok (Quantity) GAl w9 FuwstA =4
7Vseta, A o r A £ A Ak
m] Nanoparticles in drug delivery
=% %} (Nanoparticle) &+ t}=4 (Nanoshell) & ©E}AIE ] Eo|A]lS Eo]7] 3k
54 dd=23A49 A AFEE 5 vk AEEAS e AdEeAE o] fEH =
vhedlo]l ¢ glo)A (Laser) S o] €3] @55 o] Bjgls= WAoo B4 AIEF oA
AgE2dS WETo =z X7 gt Holds sol= WS o] &35HA Ht)

m] Dendrimers in drug delivery

e

:

=2 (Dendrimer) & W+ (Internal) o] &A= W (Internal) &3tel X =
Heasigrogn Wozl wAgE-S AT = gloH, o= AugEde] W

4% Qe 7le s 7HA "t olF &8l st e W (Chemotherapy) 2
A48 (Cytotoxic) A Eell Qo] 485 HAaA7|=dH 83 935
ot} w3k oe] /e 7152 wuk(Functional end terminal) o] X 8&52S

o Zx WX (High density) 2] ¢F&E o]% W AYdEw =S =7A)Z 4 9k
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(2) X &A|(Therapeutics)

A g2AE et YidH A& 24 (Nanotechnology) i Al &21® (Fullerene) ¥
A& (Nanoparticle) 9 #dste] JFAow A+ - it W A go] =i glrt
Z819S gAksta v (Anti—oxidant) o] 545 7HA 3L Q7] Wil REF 01#6]— 1
A% (Alzheimer's disease) ¥ o] 417482 A2 (Indication) &} A E LAJAkA
23+ (Oxidative disorder) oAl 2 gt&lA] o] o] 7}sd 4 it}

T3 A (Antibody) 2F A3tEo] Qe 25 YAt =444 (Refractive
property) < %A X & (Targeted therapy) 2} #2 o] o]lgd 4 =4,
A 2] A (Infrared light) T+ dlo]A (Laser) ol 252 =ZFAIH o224 Yt
T AEXLES FIst= WS 53 T AA (Tumor ablation) ol &3+
olg= 4 Ut ol JEE HF YxEe B YrEXoldhes HAH Y 3
U= E 2171 4] (Nanoelectromechanical system, NEMS) &= /@ oz 5735)o]
gutatA A7 A e I e v go] Aye 4= )

AREA QA (Cell) 9 A7) 17m FEolx, Hdaola & = Qe EHLEﬂFJOP
(Bacteria) 2] F7|= 1um FEZ AWHHRl MXEHT ¢ 27| o] AXEUZE 35351

HdAd 34s & 7 A "Bk olo]=(AIDS), AES] Pﬂﬁ*WT%Hf
g glolrtt ¥ 2 0.1ym(100nm) 712 A& AnkAQ AZy WAANEE
TAste] Al dE Mg 5 A "Hoh dEde 9T Ve A

T
GUAE AHgete] TR o SHshs vheleage] Hel T4 B s oA
A ols W R ivks Zlo] Abdelth ol#fE Jid e 2R H e Sl
ZIAE elgdhs B eR wrEEoh Huh v A 100nm 2719 v Ah7) A
(NEMS) & ®h5o] 21 Qrell GAA, F4Al, Bz vpeleag F4T 5 9l AME
gol datell FARRE & o] ZIAZE Aol et B wpolH AT BAE o]
%4 FAst] B U= g7t Hehs Hmelko] ¥ty wE st Zlolth

I e
lom, & HIAeAE 2005 79 28%1;4 ‘Nature’ &l

Q

o

SR Rk
iy ATEIAE S AZA] Fokell oA vmhloleHAEEA A&
st A AHE o) skaAl St
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m5 MIT 1971 2005 7€ 2892+ ‘Nature' it $iE F3 Ui
(Nanocel) & ¢+ A ¥ (Cancer cel) & EMAEEE 714S 278, o] Y&
‘Temporal targeting of tumour cells and neovasculature with a nanoscale
delivery system’ ¢ =% (Vol.436, No.7050, pp.568—572)3} 37 ‘Cancer:
One step at a time'¢]2h= HF A Q°F(Vol.436, No.7050, pp.468—469) 0. &

o

s Apdsta, (2) A A9 5425 WEsto]
doltt. o] 712 ol M= (Dual strategy) & A=
2 (Temporal) & o] Fol&of gtthi= FolA Sn]&
7AW, 53] d3s dyshs dH AP AA (Blood vessel—destroying anti—
angiogenics) 7} YW 2@ Azbst FFo] dHs Add A9 gstaey
(Chemotherapy)©] o219l A & glon, gy apd o]F T Uy
HIF1 - a 2= A4kAS (Hypoxia) QA (Factor) 0] Ao 0 @e FUE
A 2 8150 el Widol B 4 vk AHelA 7l L
o gol Ak wrsjar it

o
krt

O
~
)

o
Ach
rlr
o
=)
>

A9} e FAALS sty Yal MIT 7252 %4 (Balloon) ¥ 72 &)
7k 8 (Nucleus) 2ot & WA (Nanocell) 725 wHgo] 1 <te] & 3kt
a71e] wgA 725 2k olF dxAE x5 UEAT 28 3 WA
UweAlzel %9 9uh(Outer membrane) o] £ AEA (Selectivity) & 7HA &=
Pegylated—lipid £]¥] (Envelope) & 3 (Coating) 3to] FFell tfgt 414 (Sensor)
Aes FoJg ¥ 1 ot FIAAAA A (Blood vessel—destroying anti—
angiogenics) & AYA7IaL, Al AAREE A4S 8] WYA|ARO] A &

gl shetA el E skl

4%l
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<Synthesis and characterization of a combretastatin - doxorubicin nanocell>
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(@ 100nm =719 Yiedaes 259 AWs Blue) ¥ Wi Y k=
(Yellow) & -3 ¥ o] .

(b) d¢o = FAb(njection) ¥ F A3 Blue) ol A=A (Selectivity) ol
o] YMEes FFAoR AEgHor HFsta, AT (Blue)
&8 B9 A A (Blood vessel—destroying anti—angiogenics) & &3]
¥ U9 A3 (Endothelial cel) & I AA e IAA 1)

() YeAEZ vFe] 7 HA yrAxs gedEds BEst] FIAELE
I ARA 1T

9 a9l B viel o] okEH
A2 A} (Death) 7} AlzEale] 2]l

g F o Ange due) £ T

‘]
CAHOR o] oA Y& WolF i 9k

AMouse) 2 ttow @ SEAY Avel 4w GuAEs 9% do
A%sel AEe 94 (Angiogenesis) & FEAA O, Fo1o thE 2o
A okRal s Q1514 ok AR AR ofd ekt EEHel WS
AzEck B, Fogol WAH 100k F selele UsAlE Amedol oI 65
&t AEsIglon, txrow HAAEe e dHE Fol B2 ASY AEVIE
Ho 30, FHAE s Fol A &2 A AL VIR 20400k Fhh

w3k ojH A3 Ay Y M¥EE HY(Lung cancer) Htl= S5 (Melanoma) ©ll
O 237F vk ARdo] gralg o, olefst AMdS A& b T7¢l $H(Cancer) ©ll
oial thekst X so] fAel 2 Favt les AARE T dvka & ¢ it
g3 2 AT Ade AR OE AEREY YAl $ ooiyd XEREY %
(Integrative approach) ]l HEiA T 1 7|25 AFs= 7|e2 H7HE W glom,
=t 'Cancer Research UK'®] Henry Scowcroft BfAle] uj2m o] FE1 Eil A=
FAE QtoA 2HEA F A=, EZ0]Y &HuH(Trojan horse) 9} 2o ] T 23]
AZR A AmR o= A e el Boh B AR ATt - e
HQ3AINE ZpAh o] A1 R ER]o] & Floleh= ks Wk 3}93\@
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(3) %7} AA (Tissue Reconstruction)

JEEFA (Noncarbon) % YUi-FH (Polymeric nanotube) = = ©]2) (Bone graft)
Q] F (Exterior) 91, BElg o2 dtX]¥ ¥4 (Titanium replacement joint) 2]
JEr 2 3 (Nonuniform surface) 9|4 %2 A A (Tissue regeneration) o] ©]-&
2 4 vk A2 & 714 (Bone matrix) 8] A4S Bdshs Z2=A)3E (Osteoblast) =
o2 #2128 A%l (Rough) T AZsh= ACE <A Qled], ol &3l =4
A%t (Adherence) ¥ A4S FX5HA Ao ek Yr-FE = A (Liquid) FEZ
FAFele] (Injected) 1L (Solidify) ¥l+= ®24& &3l =2 (Scaffold) & +x&
g4t A =49 ABS FAs7| = gt

4) LI=0|HM(Nanoemulsion)

ol '8 (Nanoemulsion, W8 (L)) = 7152 oF5< 10-9m
1 o]3te] A7|E =4 (Milling) ske] wHsoixl A oujsit}, o]ejst &S
olekFel WA, &, &Y & MAT F Sloy V|E oekEe] AVE
]7E}L A AZR AFORE HAFHAE Fon, 7|E AFed dd &
Aol Tz ALEHA Ay a2y oFe] =94 dd WEE Qlal ok
}5 54 (Toxicity) ©] W3k 4= Q7] wlite] yUeold Al ez A% (Market) ol
AE ZAE7] el JEEA] 2R HEHd e A Aok gk

N

12 = U¥ OHﬂ ke
oo
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5) k=2 LI=HO|EI=ZEX]|

g2 imnbo] @ H A= 2 4] (Nanobiotechnology) oFellA &) 7]=7d A=

A st AAFAE ] AFdate] 2w =20 Ywrls FE2 20014
AA 891l Al 2007l ml=, A, Hdeof olo] AA 49 FFo= Frhika
RO, 7o AR AR oAM= Azl vldl A HA QU= o=
o ity 53] viol v Fobl] A AX= vlwd| V)= AHe] wg-
WS el WEa e AoRE dElA glow, AL A iokddA 19F gy
RE "I 10007 AFE AFPS W, vpo] i sh=o] 53.3%, ¥
TEE 41.7%, BAAEHANM = 51.6%, vlo] LM A LA = 68.3%, A
7le=E 21.7% ol W=al slow, vpo] eufieAlA = obA] vl FA) QF ¥ AL
A= Flow Haxa ot
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« =A% : Supramolecular barrels from amphiphillic rigid—flexible

macrocycles

« A2 : Won—Young Yang, Jong—Hyun Ahn, Yong—Sik Yoo,

Nam—Keun Oh and Myongsoo Lee

* 2% . Center for Supramolecular Nano—Assembly and Department

of Chemistry, Yonsei University, Seoul 120—749, Korea

* UAE AJH : doi:10.1038/nmat1373

* 9i-29F : Precise control of supramolecular objects requires the
rational design of molecular components, because the
information determining their specific assembly should be
encoded in their molecular architecture. In this context,
diverse  self—assembling molecules including liquid
crystals, dendrimers, block copolymers, hydrogen—bonded
complexes and rigid macrocycles are being created as a
means of  manipulating  supramolecular  structure.
Incorporation of a stiff rod—like building block into an
amphiphilic molecular architecture leads to another class
of self—assembling molecules. Aggregation of rod building
blocks can generate various nanoscale objects including
bundles, ribbons, tubules, and vesicles, depending on the
molecular structure and/or the presence of a selective
solvent. We present here an unusual example of
supramolecular barrels in the solid and in aqueous
solution, based on the self—assembly of amphiphilic
rigid—flexible macrocycles driven by non—covalent
interactions. Preliminary experiments show that these
amphiphilic macrocycles are membrane—active. The
amphiphilic macrocycles might thus lead to an excellent
model system for exploring biological processes in

supramolecular materials.
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3. LIHO|QHIA=ZX] AlZ

=AWt Qe Ui EFHE 3l AE A1 AV 95, AlETE Y
T71 A%, 53 B3 W FIHEQ S HAEsteE w8 ol 7|Rko] Ho] AJAHE]
58 AFS AW = ok @A MEE Uwr)E 49 A dAES At
TR} AalAQl AEo g okEZ yo]xz}el (Drug Pipeline) 2 7AsH] 9a HT}h
Ade 7HA % 2o | ds WS F3l o] ot XET Ao o5 & &
nom, olgst A= tiirE Biotech 719 2 A=l Aed + Q=
g et A Ve Aol B o® 3] ARA o ymrio]| QH AEEA
A @S </l Y a8la Al 7F FEekA Sk Aoz didt

1) XHE AIE 2o
(1) A8 A

<Nanobiotechnology Market: Geographical Distribution (World)>

Geographical Distribution

Region
2004(%) 2011(%)
United States 65 50
Europe 20 25
Rest of World 15 25

[£X : Frost & Sullivan]

A =nlo] @ B F % £ %] (Nanobiotechnology) At Aol HFFat= n)=-
ozt & < Q=4 o]+ 20014 A]8¥ National Nanotechnology Initiative
(NND & &8 38272 FAel 7]dg w7t ava & 5 vk T2y d4
Aok AR} nlo] @ H T =2 A (Biotechnology) AFHS o2+ ko wx AAF
o AE]E A, 914 &9 (Human resource) ol that w2 v L7395 H 7|93
Q1% (India), 5= (China) ¥ &2 Ao 29| o}-4/d (Outsourcing) 57}‘6‘4”34
AEoA Ay = YAl 5 (Nanomaterial) AYAF F-ofo| o] ket oI+t &
59 Ho7 unFo] E uf FFoi= % (Far east) A oA] Urgdﬂ}o]iﬂlﬂkéixl
(Nanobiotechnology) A" ok AGAI7E Bt Tl R0z o 4= Qi)
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=, golA AdFe T b QA5E 201147449 AA AEET naRe o
w5 G9e AT A SelA 2u) ole] A FAGE HolR - rk AL
ouleithy @ & Yo

53 Aele] A9 Fo A4 vl eHABZ A/ Ee] thevto] eH 2
wea) Bopw olEakel Wl 1 ) AAY} olAE T Yout m Aeinz
247} B4 geke A, 03 8G9 A Ao (58] AR, FW WD b
Wol A AAA AAe] kA gtk A Bow Qs 531 AdelAe] twule] e

L=<
Hl s 2A] EoF AgAls vlas £L® g Zow Ay gk

<Nanobiotechnology Market: Geographical Distribution (World), 2004>

[£X : Frost & Sullivan]
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<Nanobiotechnology Market: Geographical Distribution (World), 2011>

[£X : Frost & Sullivan]

@) 719 Feol W Ay B4

<Nanobiotechnology Market: Percent Distribution by Type of Organization (World), 2004>

N The United States Europe Rest—-of-World
Type of Organization

(%) (%) (%)
Academia 28.75 7.50 3.75
Start—up 12.50 1.25 5.00
Medium—sized with
nanobiotechnology 7.50 -— -—
capabilities
Multinational
nanobiotechnology 6.25 2.50 3.75
subsidiary
Multinational 10.00 8.75 2.50
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B United States ™ Europe ™ Rest-of-World

Academia Start-ip Medium-sized with Multinational Multinational
nanobiotechnology nanobiotechnology
capabilities subsidiary

[EX : Frost & Sullivan]

u|=2] ¢ ‘the University of Michigan Centre for Biologic Nanotechnology’ £}

713 4 oy shA A g g o g Q] s F AMYEFEN EsZ

43k ¢ Qlok. HZole o]yt g4 AFEHE A VIdE0l

RO o} AR = A ATtel|l 1 BeE T AZAE] 7] wEel
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<Nanobiotechnology Market: Industry Rankings by Country (Europe), 2004>

Rank Country
1 Germany
2 United Kingdom
3 France
4 Scandinavia
5 Switzerland

Key: Scandinavia = Denmark, Finland, Norway and sweden

[ZX : Frost & Sullivan]

3 §FHE A AFY Aol dEo] Ywnvlo] LHAEREA] ol
= slar Jom, E3] ‘Mitsubishi Corporation’ jit+= Y
Aok A X}JQ]*}(Sub&dlary)% 2stal v=ake] SFEUA ] 9o

2) F2 274 ATXIY

U -nlo] @ 8] A= 2 A (Nanobiotechnology) AFlell Qlo] 7 & A ede
U318 (Nanoscience) ol thdt 32212 (Public funding) 8] FAF ofF-of &)t}

g 5 9low], 20034 Z1F A 7 Aol FAAF FAAL s o Eol Lok

ar 1=

E o

<Nanobiotechnology Market: Public Sector Funding (World), 2003>

Region Public Sector Funding ($ Million)
Europe 1,067
The United States 774
Japan 810
Rest—of—World 489
Total World Public Sector Funding 3,140

[&X : Frost & Sullivan]
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(1) ©]= (United States)

n]=r9] U-nlo] @ ] % ZE A= National Nanotechnology Initiative (NNI) <]
g FREow Al Stk 2001d A& AlAE NNI ZE2 9L 2004 o=t
°F $961 million TFEZ FAE s 0w, o]5 F3| National Science
Foundation (NSF)¥ ¥&° =% 87l Nanoscale Science and Engineering
Centres (NSEC) A#& FX35t Ao=w defx St

A Feol o TlFolgelE w=m 7} FUNHEE Uri H AE2 A
(Nanotechnology) & 913t &3t 1129 T2t 213=aL glom, o] (llinois)
FUMNAFS] A= 2003W@xe] ‘Argonne  National Laboratory’oﬂ

‘Centre for Nanoscale Materials’ ZAHS 93] $17 million 7759 A==
A Qsl71 % &t} ‘Centre for Nanoscale Materials's= 2005 %ol ¢y ¢l o,
53] Yx®r4i(Nanocarbon) 7|3 HPo]F7]&  AH #H o]~ (Bioinorganic
interface) ol 5= A= ACxE LA Ut

2004 129 %x0l= &5 493t v]= Yyl e 918 $3.7 billion 759
34 7Nws F7F Adeks Aol " nj=m AR FoUt o] FoAX|V|E ST

‘National Cancer Institute (NCD' 9A] & (Cancer) #oFollA 2] YHAEZEA
(Nanotechnology) 7% 913l 5%t $144 million 129 ZE2IHES X3 sha}
lom, 20059 3€99i= ‘Centres of Cancer Nanotechnology Excellence
(CCNEs)'E &3l ¢H(Cancer) ofellA e =g W X 5A /s 9sh vie
Has=4 A5 #dst vt it

(2) 4 (Europe)

4 A3 (EUS AA &3 9+ YxHIEEA AT s Sl
2003 %] $350 million TR A=& ALkl 9o 20043 2€+= ¢
21999l AE7Fe Ynlol e AEE A ok AAFES 8] Framework
Protocol 68+ X213 &} ‘Nanollife Network of Excellence
(www.nano2life.org)’E TF3H|% 9o, ol& F3l 74 7|52 dHAAE
Gaohi, AF71un 475 e sl v H4e A 98
722 Ve o dEA v
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<Nanobiotechnology Market: Public Sector Funding (Europe), 2003>

Region Public Sector Funding ($ Million)
European Commission 350
Germany 250
France 180
United Kingdom 130
[taly 60
The Netherlands 50
Scandinavia 32
Benelux 15
Total European Funding 1,067

Key: Scandinavia = Denmark, Finland, Norway and sweden

Benelux = Belgium, Luxembourg and the Netherlands

[&X : Frost & Sullivan]

‘Pan—European Forum for Nanotechnology (Nanoforum)'< -3 °l4]9]
UrHIEZRA dds Qs xygdo=zx 2004 12¢€ FHHEHNoH, I
‘Institute of Nanotechnology’ X3l 5d° ‘Association of Engineers
(VDE)’, 229 ‘Atomic Energy Centre Laboratoire d’ Electronique de
Technologie de | ‘Information (CEA—-LETI)’, A% 212 ‘CMP CientlOfica S.L,
divl=F 9] ‘Nordic Nanotech’ 5©| Froislar it}

<Nanobiotechnology Market: Members of the European Nanoforum>

Region Organization Website

Europe European Nanoforum http://www.nanoforum.org
The United )

Kingdom Institute of Nanotechnology http://www.nano.org.uk

Germany VDI Technologiezentrum http://www.vditz.de

France Cea—Leti http://www.minatec.com

Spain CMP Cientifica http://www.cmp—cientifica.com

Denmark Nordic Nanotech http://www.nanotech.dk

Netherlands MalschTechnoValuation http://www.malsch.demon.nl

[£* : Frost & Sullivan]
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(3) 1 & F7F([Rest—of—World)

<Nanobiotechnology Market: Public Sector Funding (Rest-of-World), 2003>

Region Public Sector Funding ($ Million)
South Korea 200
Taiwan 100
China 100
Australia 50
Canada 30
Singapore 9
Total 489

[£X : Frost & Sullivan]

7} FHv ek (Canada)

'National Institute for Nanotechnology'E H|%3l ‘Nano—Quebec’ X273
A3t Ut ‘Nano—Quebec’ Z 2132 A ® (Quebec) FN)AF2 Y
HAE22  FARF(nitiative), 'Quebec National Institute for Scientific
Research'tf®] YxdHlma==% A4 ‘Natural Sciences and Engineering
Research Council (NSWRC)™ Atste] v €4l 2% So2 74 Qi

L}, == (People's Republic of China)

%9  ‘People’ s Republic of China ‘= 20034 200737 Y| T==EA)
ool $240 million TFEZE A]¥S ok v} ¢t} o] %3 ° National Nanotechnology
Centre ‘& 7RG oM, & YrHAaAEZA AEH e EHIE F535=H
TS T Aow dyA Qi

t}. A (Japan)

AEL2 2003 YwHAEZEA] ok vlmrEY ¥ & 5% $810 million
wHE Adsnt glow, AY FH F 90%+v Y AANAA/d (The Ministry
of Economy Trade and Industry, METD) ¥} ¥ X384 (The Ministry of
Education, Culture, Sports, Science and Technology, MEXT) S ZH%E X¥
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3ok Y aszA Fofo] F£8 ¥¥7]#o %= ‘National Institute of Advanced
Industrial Science and Technology (AIST) A% ‘Nanotechnology
Research Institute (NRD)' 7} Qlt}.

*

3=t (Korea)

=t AR 200195E 201097H4) 1070d AZ S Tl vienbo] QA s 2 A
A - S Y3t AFA LS Ayt vt o] AT 3HAE T Yo
Haow, 2005@7k4 F& ¢l (Infrastructure) 7% U <14 29 (Human
resources) rES R o™, 2005 o]F YwHAEEA] Foko] AMEE
ERE skal 9131, 2010974 AlA] AE=7tE dEeete] 2025\ dels s AE 2 A
okl Al AlAl 7918 HE AP AS HEE ek Q)

g A= ol S A es dAska, 10del AA $2 billion o732
FAqE APeta 9oy, YA A (Nanomagnetic), 74 vhel 3 2 A%
(Ferroelectric thin—film processing), +A ZA}7]7] Molecular elctronic
device) E 9|3 B4 Ux%5H (Carbon nanotube), %2} EE (Quantum dots),
oFz2 AFE (Quantum computing), Y=gl A2 18 3 (Nanolithography), %4 A}
E W% A (Single—electron transistor, SET), ¥ % &8 (Surface physics) |
7Ivre & 2318 92k #v)4 (Scanning probe microscope), Wiz 7| 7] AlA| A E)
(Nanoelectromechanical systems, MEMS) 52| HFole} ##dsdte] AR Tz AE
9 sl A7 |HEo] Fofstal vk @A vmHlo] QH A EEA] Fokol A AA|
Ago] o]Fofxl Aip= o] glot &% olldt A WPl et e vk

28l = AdEgurt 20066@7H4 Yx=7]17] (Nanodevice) % A 2g ol
(Renewable energy) & $J8t 7 - /¢ AFAE F5S T3 60Ye wF3l
1270¢] Fokell A wind 507 ©]4e] vkxkel 2007 o]/e] AAbg 18 E wilE

NS 27 7% skt
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vl iRk (Taiwan)

ek RE=A (Semiconductor), 7H1-8 378 2 7€} stolH A (High—tech)
Fokol AAl ANTY VlES EAS 902w,  ‘Industrial Technology
Research Institute (ITRD7F 77 44 98-S 31 Qlth.  ‘ITRI'E
thutke] wlo]l el EZE A R 7lo] =2kel (Guideline) ol Wl F-32F 7S 9%
S = ‘?*ﬂﬂ} Aom, Aol QoA {FHAA 7]EA Lol digh s

ToAE et FaS X1 vt Yerto] QEAEE A FofoA e ATtE
In vivo Y7 ] 7] (Nanodevice), Y414 (Nanosensor), ¢Fexd 9 Ex} 2tk

(Molecular diagnostics) woFllX ] Yz}t 744 55 THOE o]Foix|aL i},

ko] 718y A48 AAyY FHE 5¥F ‘National Science Council
(NSC)'& vxHAEZA ok oy A7/t Z2I3s Hdsta glom,
20041 Wu Maw—kuen ‘NSC' g#e HxE g3l 214719 T2 k2 Y
HAEz2 5 A4s7| = 3kt

vt &= (Australia)
T ANe UxHIasEEA Foke Ads 98 A4 AN s wd
A$100 (US$77) million T+E2 AT Y W A3} xYS Ay Q)

ST+ 98t A (Medical dignostic) % X ZA| AJ2~E]D Fofo] A - 7k

= |
A s HFdty Q= AoR Hriyw Qoen E3] ‘Nanotechnology
Victoria Ltd jit7}F 9928 U+ Victoria AL ‘University of Melbourne’2]
vw=2lzt M3t A]AE, ‘Monash University’?l ©7l54d =34 dA

(Multifunctional polymer particle), @3 Y=< A (Fluorescent nanoparticle)
BA 7 2o B YA Ao siAxdow el 9lth.
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3) Al S& H MY

(1) AF9 & A (Industry Challenges)
rHlo] @ H I &= 2 A (Nanobiotechnology) A17&-2 o}& %7] wA|o]7]
U 29 22 Y859 A4 dAES Fetsta A1 ARS Y =5

S
2 glo] FF BAZA Bedrin 2 5 Uk

o 2

4 2
L

<Nanobiotechnology Market: Industry Challenges (World), 2005-2011>

[tem Challenge
1 Well developed competing technologies
2 Nanobiotechnology manufacturing cost
3 Lack of manufacturing standardisation
4 Lack of volumetric demand for nanobiotechnology materials
5) Lack of standardised nomenclature for manufactured nanoparticles
6 Potential safety issues and lack of safety legislation
7 Pressure from Non—Governmental Organisations (NGOs) for enhanced safety
testing
8 Complex European registration process for new therapeutic products
[£X : Frost & Sullivan]
7F 71 AR

U -Ho] @ H A = 4] (Nanobiotechnology) ©]8]2] GSolA HAA 0w Hd
Hi e VeEe AmA, Fedd, 22 A S FokelA e vimnio]l e

Bz A& o8 T4 483 5 gt

AzA L] B Aoz obx] AREA Fek Ao glo] 7IE okEE]
B, g3 712 A2H A A Mare) PHAE £S5 QA E A
Bl AA 2 A, 7lel=gkel, #d HLaw) o] olv] EAsta Atk

HolM vhenle| | Am A Ag3 24l AATES sk vk & = ik
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o)
N

AgA == gx= — $3F AdAA (Hydrated phospholipids) Z5E TEo]z
A =Z71e] PEsE A4S ¢E Aok BEFY FERE= EXfsE AMEY

=
o
3
=
=
o
=
o
@
=
@
3
o
=
o
=
@/
-15
o
NI
EN
o
=2
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R
o
ol
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£
o
2
2
o,
o,
=z
oo

=
(Immunogenic response) 2 WA 7154 S 7%\_/\] T 23sE 7 4 Sl

53] F%3H(Oncology) Aol oAA F(Tumor) > AFAZA QI FAE S8 B
2 XA (Lipid)& HQE 3k 5AHS 7 Wﬂ Utk Wb B EEL Tl Bt
AA FrEo] A S AR CEZA oF= WE (Release) Whe= AlEE 4 Q7]
o] ol sk 54 o] &F AAAe Fall o] =AY AlAHle] AT
A o QLA vieule] @ Hl AR A AJARIR T QAN HelA ®oh oAtk
g 4 Utk

2 ZF 23| (Monoclonal antibody) €A A A EZeLe] Eo]A] (Specificity) &

=
raa
il &g (Disease) H-912 A& =4d=

sl A = 2Rk ol AGAEN SR oR
AEE 4 gtk ok X5 - A E9 (Attachment) ©] 7Fs3H7] <ol
U AAY (Nanoscale) A|AElog7 AAE FJorl grts Ax AAQQIoRF
Q.
-1 O

ot

% 9l

1/]. ;q]z UJ }\g/\} H]Q_
U AAY (Nanoscale) & A5E52 FA (Weight) ®oll 2lojA] & (Gold) Btk
H]-go] ¢ v L glom, =2 H|go st ojg] QA= T o] &2

= 7 Slth

« Y =A & (Nanomaterials) o] thdk @77} o}z A& AbstoA] vy yAkS
At tiarRe] AEst AAESE FHohe A2 dAL A sl A ekA
%s St

c YA 58] BAtell= 74 <]l o Fo] wE & Ut

s U Als g dst AlRS o= sttt o o2, sk Ald](Genration) ¢
=2 (Dendrimer) & 107} AAR=d] ok 67092 AJ7ko] A Q3
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A A = AR5 E T ﬂi]a(Benchtop) T A AAF
Ha e At @ 4 Qloh e dAl A5 E Alwstal Qe AR EE
1959 A AAERe] W E %3 (Apparatus)-g o] &3l AAtsta 9lS W
A A AELE e A 22 Sle AAFelgta & 4 k. o] # sk A
B3 BAls Al Uwblo]l QH A EE A AlFo] A& (Market) o] #¢]st=4]
o] Al Zrolmeil & FESk=d oE s &  Th

2k A1

Uihlol e HlAE2A = 549 A7E 7hsst = )
As Holstde A 5A4S VA AT diRE Y AEAARS wl
(Benchtop) F<EellA o] Foi#]aL Q1o T
OoFA A= =S ol & ¢ gtk 1
s AvEE, AN el dejstal gl HE V19E)
A8t d=Egn e Qg2 oF 509= (Pound) FE FERIHS ?i%é}i

Jm

o

wew, O oF syl Al o97F EFwstthal wekal Qi whebA
AN = AR Foks Bk A=Al Rokz AAetr] Sls dash tatE,
g3t A e A A o] SR eHA] b= Aot

at el zbel gk 344 E{AA

g2 YeAmss AgtesdEA ESAsH Hed, dA olest 4=
st F214 9l Wi (Nomenclature) ©] Sz AEIZ Q) ofA] 2 FdA 7lol=
gelE Aget=d Qlo] EARe] dvta & 4 Qo *11741 ZA N A5 E
dolsta 7ot WHEC tiEd A47F olFoAALE oy YrRARE
A3A 0 2 (Collectively) EH3 71 glo] o]8LS A1 9= Foloh

53] YA (Nanoparticle) o ¢ Ais st 712 =424 3 (Gold),
T (Tin), €5¥ (Albumin) 7 22 AAETA AHE 59 oY ooFst =d=0]
AHEE DL QlEd], oleld EdE] tiE 7|24 oAt AlfE AR FHEe
doletar & 4 k. TSt A Ao 2004 9€ef 7= MWy
S 71537] Y3l ‘American National Standards Institute Nanotechnology
Standards Panel©c] A9H¥E Ao, FHo4+= ‘British Standards Institution
(BSD’ol 98] yrHlIZEZ A tist ISO 7]& &% EZOS=F ‘International
Organization for Standardization (ISO)’el A|Qto] o]Fo]Zu} Qlt},
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(2) A3 DAl g AAAFA|

<Nanobiotechnology Market: Impact of Top Ten Industry Challenges (World)>

Challenge 1~2 Years 3~4 Years 5~7 Years
Nanobiotechnology manufacturing cost High High High
Well developed competing technologies Medium High High
Lack of manufacturing standardization High High Medium

Lack of volumetric demand for ) ) )
. ] High High Medium
nanobiotechnology materials

Lack of standardized nomenclature for ) ) )
] Medium Medium Medium
manufactured nanoparticles

Potential safety issues and lack of safety legislation Medium Medium Low

Complex European registration process for )
] Medium Low Low
new therapeutic products

[EX : Frost & Sullivan]
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(3) UkvHIAEZA AlF

ofef o] oA HE npe} o] vHlo] | IwmE A Al (Nanobiotechnology
market) 2 U B I EZ %] (Nanotechnoloty) BT} 7RgtctAlo] Slo] HU}
z7|dA e ot & 4 Qlrh oledt AL dFEe yimvlo] QEH AEEA
AF=0] obd e A7 e 4 AE JddAel wFEa 9l AR
A3k Aoz mhory| 1 gl o} YAl E (Nanomaterials) & 7o) 7|0l -5 o]
N Gl vlE)] FFo= Ko wE Sew AP Aow AW itk

<Nanobiotechnology Market: Current Market Status (World)>

Introduction

) Grow Maturity Decline
(Emerging) stowth aurity :

D Nanotechnology market

D Nanobiotechnology market

Market Progression

v

Market Development Stage

[&X : Frost & Sullivan]

Tk otgle e A YrHAERA I9S FAHSE 7 AIEE AdES
RHoF1 9= J&o7 Yynto]leuaEsEx AZAE dAd JrHaszA] AZ2
°F 8%E /338t SQltt.
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<Nanobiotechnology Market: The Market as a Conmponent of the Nanotechnology Market (World)>

Nanotechnology Industry Focus Percentage of Worldwide Industry
Hybrid materials 34
Information technology 20
Semiconductor 17
Micro—-electro mechnical systems 11
Nanobiotechnology 8
Other 10

[ZX : Frost & Sullivan]

(4) Yxrleleela == A A%

<Nanobiotechnology Market: Revenue Forecasts (World), 2001-2011>

Year Revenues ($ Million) Revenue Growth Rate (%)
2001 300.0 —-—
2002 450.0 50.0
2003 600.0 33.3
2004 750.0 25.0
2005 853.8 13.8
2006 971.9 13.8
2007 1,116.7 14.9
2008 1,283.1 14.9
2009 1,501.6 17.0
2010 1,757.3 17.0
2011 2,056.5 17.0

Compound Annual Growth Rate (2004-2011) : 15.5%

[&X : Frost & Sullivan]

_36_



2
ol
Al
=l
30
o
=
o
v
_O‘E
o,
o
ko
[40
it o
Sl
rlr
)
dlo
B
L
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ANFES BT 5 9

wilol QB AERA Hopol AAHE TA Ao FEo] i A (53

i
W3] %) — Seitofe] QA el $E ol val 7H5 aolow A4g
S

HAA I = A — A (Market) o] BAAF ol ek Sr7keclow A-g
- AAANBE TS AFEY ARG EY - AFEY TRl o® ZE
|

- A N T g AlEEY HERoks A Qo] 9% Rolets A -
olg]st AL otA <l THEoM FQ (Needs)o] 293 Fof= olA7x=
EEwottte e 2wl 53] 274 A3 ¢H(Cancer) T2 EofolA]
=& =4 QA4S Hola Sl oEAY ot FEA

ol Yo AYAEL thah B4R o g FHrthurt 97lE s 2011 o]
Bop @e AEFEo] zZF 7Y E9 yo]xzhel (Pipeline) 3 Al &R Ao 53+

g AoF AgE7] o vlo] QHAEEA] A AP R E A A

At ¢ Qo 3 o

Science Foundation’®] 7% 20154 YxHIAEZZX Holo] HA HEE $1

trillion ©]AyC. & AwWdn} 9=, e

AEFE AALY A 7HAE g Alikst dow Qs A AFEE 7H 7 Qe
1=

|
TAR B= 9 g Ak

o
Ir
<

4. 2o =2 719 A7
1) di=2|H(Dendrimer)

(1) Dendritic Nanotechnologies, Inc.

‘Dendritic Nanotechnologies’ jit+= 2001dXo] A5 = o] A A A NA
7FE 27 & J=gH (Dendrimer) ww A A& xRkl Sl 71golth
2005 1€l 't Av)ZA (Dow Chemical)’ ik 191718 53] TEZZ|Q
(Portfolio) o] tfst 2fo]XAA AeksS AAeH 1S, ‘Sigma Aldrich, Inc.,
‘Pfizer, Inc’E H|ZESE og] nl= AG7|d3 8 AAE F55+L Q.
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(2) Koninklijke DSM N.V. (Dutch State Mines)

g = &)= (Heerlen, The Netherlands)el]l €1%%F 'DSM' jiti= 7 #]3}st
A% (Fine chemical product) % WX AA7|FO=E ‘Astramol’ A|F O
a4 9l 1 =X (High purity) @] d=21HE 1980l FE Aaksta glow,
k=Y 4 DNA transfection 52| 2|8H2] 2 g-Fofol] A3st 1oz Adefx Qlrt

(3) Dendritech, Inc.

u)=r w52l Missouri) = (M) ol #1213+ ‘Dendritech’ jiti= PANAM ®l&=2]H
Aare] E3td 719 oz 1000]A (Acre) o] AR o] 2508 (Liter) U
(Pilot) TEE Sd +9o] iz Atk ‘Dendritech’ jite AFE2 ‘Sigma
Aldrich, Inc. jitE &3l = gl

(4) Tokyo Kasei Kogyo (TKK) Co., Ltd.
A& 57 (Tokyo) o 'TKK' jite= FAseAFE AnjAg dlegy AF &
st 712 24S Faols I or 4 A Sl

2) LI=2lXI(Nanoparticle)

(1) Nanophase Technologies Corporation
‘Nanophase' it w7 D x=o] (Illinois) T (M) ol =3l o™, HA = A
&> A 1 =X High purity) 554 W= A(Metallic nanoparticle) ]
3 kAl W QAo =3t 7o)k el A} Fofko| A Uinfo] 9 E H i 7 A
A3t AAaet Zor dHA Q= AAAWU(Sunscreen) 71E LS 93] A3}
obd (Zine oxide) WeSIAFE HUA 2= T SEIIAIQl 'BASE' jitel FHEhs
A3k T A Aol

(2) Capsulution NanoScience AG

=] W& Berlin) ol YA+ ‘Capsulution’ it ‘Max—Planck—Institute
of Colloids and Interfaces’ ZHE A3 Q3 (Spin—off) 3t 7oz A a=49
M&E37) 71 $k LBL—Intra &% (Platform) & 7l v} Qlt} o] Z3F 7|&
A2 7F(Silica) UY=YAZFH wr=oz A7 o 500nm =719 A7t Y4
(Nanoshel) & ©]&€3, ‘Bayer AG jit %  ‘SCA Hygiene Products
GmbH." jite} FHAAE 53t AUtk
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(3) AlnisBiosciences, Inc.

u] =+ Ag] Lo} (California) = () ol Y =& ) ‘Alnis’ jit¥ 10nm =7]9]

A3 ¥<3HE (Oligomeric carbohydrate) WwQAHE ©] &3k ‘NanoGel' °F&
Ag FHES Ndete] &S 7HA AL ik o] E3F Vs dA % A5AG
FAE Y AL RS s AFEEHI e AoE dEA jlor, ol&
A8l A e 7FsAdol e AlES Fetal dwAle] AedEd FEUAS
P g AdgES FAkska Sl

3) Z&{2l1(Fullerene) ¥ L}'=EH(Nanotube)

(1) Mitsubishi Corporation (Supporting Fullerene International Corporation

and Frontier Carbon Corporation)

'Mitsubishi Corporation (&7 (Tokyo), «L¥) jt= AlA 299 ZHH
(Fullerene) AJAF 7]992l ‘Fullerene International Corporation (o}g]Z4
(Arizona) = (M), v]=r) itE ¥]E3& Frontier Carbon Corporation (FCC) (57
(Tokyo), &) kst o2 IEUHE st o™, Fullerene
International’ jit= Ze]¥l Ak el Qlo] Hop v §87adE 1798t A+
z?@ 0 ELZ]:J_ th._

FCC jit= ZHd Az E} Hd3slo] ‘Nano—C, Inc. jitZFE 1At dALEA
(Combustion synthesis) Zeld Ax7]&ES 2ol gk v glow, o 7]%2
o] &3 Ax A|AEHLE %UH (Solvent) 2] ¥ ®3}4 (Hydrocarbon) &2
At A4 (Low pressure combustion) IS AXA Ho}. FCC ks thfXE,
o] Zeldl Ak A8 Aol 231 %5a o, X858 FHo% 954
AHEol 7hsdt e EHAS tg A A% 8 FR1 Aow dHA QT

(2) Nano—C, Inc.
n]= mjAFEA = (Massachusetts) 5 (1) Oﬂ A8t ‘Nano—C' jit&= ‘FCC ik 2}+e]
tf o434 (Combustion synthesis) Z8 W A Zx7]& 2ol A4 o]F 24
a+A) (Combustion synthesis) é%\”%é st om, 3xkd FIkelA =
3t ALEHWEA sHeEAY] 2 A= &H AA
= AAANZ S-S AYaL Utk o] AlA A Yinlo] R H AER

o
= 9% 2 =59 EHds Axska A w3 Sl
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(3) Nanocyl SA

W 7] o] (Belgium) ¢] Sambreville # 9o $1Xsta1 = ‘Nanocyl jit&
‘University of NamurZ%E A3 Q3 (Spin—off) FEZ AHE FALEH
5 AYeA Yx=FH (Nanotube) & AxT F+ U= 2 < HeE 7IYdE =+
stuolth. 200549 3€eE Hlew UxRFE A &S $d ‘Nanodynamics,
Inc. jite} FHAAE =3t St

O

(4) Nanolab Systems Ltd

AF=(Finland) Jyvaskyla Aol A8k Sli=*Nanolab Systems jil= A=3H4]
Agg A YeAls Aabel HFsta e 7]?10]1?} 20051 1€ A4 RO

B UrFH AT ES ghEgow, M E I PSS ] Jyvaskyla
Science Park ¢} FHAAE FF38a Q)

4) X|2M|(Therapeutics)

(1) C Sixty, Inc
)= "ALA (Texas) (M) ol Yx]3t 'C Sixty' jitE Werlo| QHIAEZA]
Holo]l A% 719 F shvt®E Z¢ ™ (Fullerene) 2] &4F3}(Anti—oxidant)
Ao HAFsla Ak S UL Akg AE A (Oxidative stress) & gt
E A A (Neurodegenerative disease) 2] X gl Z4 7FsAdo] A=
I A om, F 7FA ] AFrelA A (Pre—clinical) Al@& %138
3t 7Hx= A "9 A vlol#l A (Human Immunodeficiency Virus, HIV) 9
As Sst Ze93 A7EA s=4F A3 AFA) AAE YE Y
=o]Qle] HIV A &= HJ 22 1’\L Al 5AS Al st AdEo|t,
r) el ZA418 (Lou Gehrig) 23]
A ,

2

o > Jn fu
o,

Hu o

O{N >,\1
E

2
55 3k slo= %Eﬂ%iﬂ A 5

'C Sixty' jitels Zg#e wd FE2 =WlAS FASHHE 9lE= Richard
Smalley ¥A7}F AF2AHE91 o2 Fojstar gl =
(Osteoporosis) % < (Cancer) A&

Co, Inc. it} A4+ Aeke A4kl At}
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(2) Starpharma Party Ltd

S (Australia) ®HEMelbourne) ol $1%]$+  ‘Starpharma’ jiti= FDAE &3l
A gAel 7Rk 3k "dEgm o] A xglel Aust MA HxO 7|doleta
gk 4 QY. VivaGel A AIDS AWS Yt =H-(Topical) ArdA|
(Microbicide) 24 44 174 =l dsl glom, o] ge= AHFHS 3
7rad 4 9 A3skE (Sexually transmitted diseases)ol ojal] ojz] d+7f
AP Qe Aoz d#HA Uk 2005 1€el= ‘Starpharma’ jil,
‘Dendritic NanoTechnologies, Inc.” jit, Dow Chemical Company’ jit7} Q=2
718F A|Z 1} BEste] MAA] 7FY R 2 8§ EEZZ Q (Patent portfolio) o
e & JHAAE TFFH % sk

(8) Nanobio Corporation

vl w] Al (Michigan) 5= (M) o] #1138t 'Nanobio Corporation' jiti= thi-of'dA
(Nanoemulsion, Y-8 (FL#H)) woF AT - 7ol HFsta Sl 719 =
‘NanoStat system’ ©lZ}= 7]& ZHES 3H A A3s AslEd = Sl
timodds AT P o, o] EZEEe VNt 3 AU @ A @A19 670
AFS Y T Ao=x: I vk o] 7] ‘University of Mitchigan

Centre for Biologic Nanotechnology’ Z%E A% X (Spin—off) Hejz AHH
7o wx tigtyfe] gk sted AGAAZE SHolgta & 4 Qo EE FHTel=
o} (Cancer) X ZA9 A A|AES 93 dgw o o]gud Auks 93

‘NanoCure Corporation’ jitgh= A4 719S A¥Qx JE 2 F7F A3 =
=

5) ek8 XEH(Drug Delivery)

(1) Elan Pharmaceuticals
‘Elan’ jitE= vl gl Ho]yol(Pennsylvania) = () ol X8 Ao,
NanoCrystal' 7l Z¥&F /ML= &3 7129 AR goF Axa4gd
‘Nanomilliong reformulation system'el|4] ¢k&E-9] &3 % (Solubility) &+ 24
(Availability) & 7ldste e A+ - 7S X8 Folth o] 7] ZFWELS Merck
& Co i) ‘Emend A|3#3} ‘Wyeth Pharmaceuticals Inc. jite] ‘Rapamune’ #l|3%59]
Aol A A3 dyE $skow, HIel= Johnson & Johnson, Inc.
it ¢} ‘F. Hoffman—La Roche’ jite% =9 &3lx 5715 $3] ‘Elan’ it 9
‘NanoCrystal 7|&< oA~ AAdst vf Qo).
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(2) American Pharmaceutical Partners (APP), Inc.

v = g Yok (California) 7= () ol A=k “APP’ jik= 20059 2€ US
FDAZHE  ‘Abraxane(paclitaxel)’ Aol tst AFFQ1S w2 v}
o] A& Mol ek (Metastatic breast cancer) XHS 9 whalz ojokEa}
st al‘%‘ﬂ U] 2k (Albumin nanoparticle) A0 2 A% &3t 3 HA)
e okFolgta & ¢ ¢lom  APP' ji 9] A} AFQI ‘Abraxis Oncology,

&3l NEE QT o] AFE VIS e FHG Esol AL T
%i&’i‘ﬂ AA U FEEsel FHol 7bsetn, YRS o7 Y &Fvl

5
HRow Qs AH HAse] et ass FaAATE $AE AT gk

32

(3) Flamel Technologies, Inc.

A (France) Venissieux A9 x|dt  ‘Flamel jiti= &
(Poly—amino acid) Y4zt dAg AA®ES 749 F A= ‘Medusa
encapsulation’ ZHEFS LS V0w, o] AAHE o] &3] ¥
SAE A7 T AoE dElA Utk g WAV 7HE X3E AFoRE

‘Basulin' Al#S & & Y=d), o] AES AlY D= (Type I diabetes)
ARnE A AFoxE A 24 dAE Hdsta glor, o] ez A%
(Renal cancer) X &5 $3F IL—-2 XL (native insulin)’ (I 14/24), B3

4 C¥ 7+ X85 93 IFN alpha—2b XL (interferon alpha—2b)’ (I 14+
/27%) 52 A|Eo] Ut}

S o

6) =Z! XljA4(Tissue Reconstruction)

(1) Angstrom Medica, Inc.

‘Angstrom’ it v]= wjAFFEA| = (Massachusetts) = () o] Y& lom,
Z+45 (Calcium) % <1 (Phosphate) Y= AE o]l €3] ‘NanOss'Z I A Q=
Nanocrystalline +%& AAst= 34 &2 (Synthetic bone) o] w3t FsHA
7ol 58tEo] = 7ol o] 7eE F3l = ©]2 (Bone graft) & 9% A
JEfe] w (Bone) 9F A x5 o Ui, FF©
=247z g dede dAS 5+ e TE2E
g 4 3ok ‘NanOss'&= 7|&0 AFEHI e eaEd 7289 =4

S5 #AaN77) 93 7H (Coating) BARLE Abgo] 7}saht)

(T
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(2) Orthovita, Inc.

‘Orthovita’ jit= "= A o]Yyo}(Pennsylvania) =)ol Hx&]
vo] @ 2} = (Biomaterials) 7]9Oo.& <IzFe] w el {ARE Utz 4
Az AT - kel JFshE o Utk vy oldd =dEL YA
A7)0, ABAE SUAIATH, W] JRARl e STATE 5
7FA1 a2 Qlt}. Q1akZg (Calcium phosphate) =2 #3521
9 55 (Australia), 8 A I $AS w2 vf gloH, FtyTE
(Osteoporotic fractures) A5 9 35 (Spine surgery) ol FHA A&
Ak T O AFCZM  ‘Cortoss't A A& (Cortical bone) I} FAFSE
garld AFOo =z, nj=ola] QA JYds A% drdAE Iy T A
a4 A Sl

8,

M2 R A o mo ool

o

(3) PSiVida, Ltd.

B AH A7 # Qinetig¥ FEUA #AE SFE
‘PSiVida’ ;Ti: 3 Perth Aol 91xsta glem, ‘BioSilicon'o]eh= ot
535 Afety Sl o] YxeEAL s
T3 AFEE = Sl ACoE, 2004 12€¢l= AA 59E e A AEH
o] 24 7ls/tE st AFAYAAE FEIE h ‘BioSilicon'<
AE =2 ?5011 i E A 7heAdS 7Ha kol dElA e, AT

s A3 (Osteoblasts) A7 % e A3]s)
o® RiH7|E sl

¥0 ob O
2 ox 1

= -
=)
D
=
o
5
o
=g
o
5
é
fol
£
N
N
%0
i
m X

7) 9137|282 (Academic Research)

(1) Rice University Centre for Biological and Environmental Nanotechnology
(CBEN) and the International Council on Nanotechnology (ICON)
m= A (Texas) (D ol #1218k ‘CBEN'S A &54 ticHbo] QH| A2 A
FllA] st A+ S5 Z2AES Msgstal 1o, 53] ¢(Cancer) ARE
= Y=4 (Gold nanoshell) & o] tist A7} gibsk o7 <ejx Qo).
Administaion) ¥ Z A (Infrared light) & 3] & (Heat)> 7lell=
oA FFAAN et G2 Ayt Yy Ao T Halxo
w o] 7]4& ‘Nanospectra Biosciences, Inc.” o #}o]XA Aekel Zo =z

A

o

o
—
~

12 30 o 12 Ao Mo
it
oo
ko

% (o o b
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‘CBEN’ & %t Z# 9 (Fullerene) 7oA E FQ
vk 2] o} (Bacteria) 7Fgdell ojs] w9t Wojdow ok
vancomycin' ZRAEZS Zgy Bx19} #Hsto] AdY =0l RO
HEsivto] Al (Vancomycin) ol W& 7HA< vldE=0] A2k =9
AA I Qe delA olest A ZEAEE 3
3% (Osteoporosis) X B0l AT Ao glo] Zga A9
A, A AR = k=Y Y 5T
= i

zelgle AY BAZ Abgls A7

+ ‘Conjugate

de A =,

‘CBEN'2 ‘International Council on Nanotechnology (ICON)’¢] A
=

715E st gom, 7195 % 2 FDAS <rdAle] s 4t AegE WE
she g% st vk 'ICON'S 20049 12€e] AHs o, A5 v

TEEAd et gtAkE e Qo] SRl AEE shal itk

(2) Michigan State University Centre for Biologic Nanotechnology (CBN)
'CBN'> UlHlo]| e Hl A=A 7tk - 28 3l AstE 93k of2] LokoA
55 sl gdow, 7)1E2 UAE(Cancer celD)E ZAOE = Xz A ts
dgiy 7gk ke A|AEe fist ZRAEZS 218 Folrty o] ZRAE=
‘National Cancer Institute’ 278 UE& ol ¢ (Cancer) ¥ ##sto] &

(Taxol) EAo] & 5409 dEgu= A} 83= Y2 233t Qu}

'CBN'2 ‘Nanobio Corporation’ jitE A8 QX 7|3 ej= A5t v} oy,
o]5 %3] ‘Nanocure, Inc.” jit 9A] A3}, 'CBN' O Z5FE d=g 7]
st 2ol A Aeks Adste] dz=gy < X*“ AEo] At ste] sk A -

NS F3 Fel Flog dyA

(3) Institute of Bioengineering and Nanotechnology, Singapore

o] AF7|#H A7FEE A*STAR(the Agency for Science, Technology
and Research) AFs}e] 7|# o =m 338rA 7]<3) vlo]| Q| AZZ X7 3% AT
9 AbgstE st dHdelA FEe 2R wFa Stk = ¥4 (Bone
reconstruction) % ex—situ &2 A A (Tissue regeneration) S {3t Y2
(Nano—scaffolds) 7o #3t Z2AEZS FHZAORE  FIstal o,

‘National University Hospitall %  ‘Nanyang Technological University 2F
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A YreAl5e 329 & #2493 (Bone remodelling) o] thgt A T2 AE
A8y Fol7|= sty o] dAF ZEAEE ZIA X (Osteoblasts) ]  #
(Induction), A& 9 2] (Proliferation) 2 =X13&7] 93t Yo A
st W8S Egsta Q)

2, ko
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8) 7|E}

(1) Nanospectra Biosciences, Inc.

= BALA (Texas) T (Dol 982 9= ‘Nanospectra’ ik 9
5o] @A (Tumor specific antibody) 7} F-2¥ o] Q1= A2]7H(Silica) F4H-919]
= Wx4(Gold NanoshelDel sl A7 3 Folm, Rice
University’ 2 7€ 7|=oldA kS A4st vb Qlok. AF Mice) oA o] FEAH
A= A Aoz Baud v 9lor, 2006 ©]F-oi= Mesthelioma®]
A7E A% A IYS FH] FA AoewE dHA Qi

(2) Triton Biosciences, Inc.

nl = A=A = (Massachusetts) = (M) ol 18kl = ‘Triton' ke &
(Cancer) A 2% 93 YA (Nanoparticle) ol A3t A= 7oz
F M E (Tumor celD ol 5o]& <l A (Antibody) 2 FH® (Coating) ¥l Sl+=
H(Iron) HY=JAE ol&sl A5 A3 Folth. Yx=dA+= A7 (Magnetic
field) W35 ol A& 7THo=A TS AAD ¢ 9lon, =43 EEoA
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(3) Do—Coop Technologies, Ltd.

o]~} (ISrael) ¢ Or—Yehuda A9 1At A=  ‘Do—Coop’ Jilki=
Yl 2 Y8 Z=E (Neowater platform)ol] tist A - /TS E3] A/5AS 7FA L
om, o] ZFHELE AxUe 4 (Intracellular water) 3+7 4
U= 2} (Hydrated nanoparticle) 8] FJH A|AEI O 2 FHAIE o] Qi) U2 L9
ARG EAHLS AEY(Cellular membrane)S F3F siRNA, A
(Antibiotics), k= ¢ e AFAS 7l s+ 9 o, 71E9]
AIZF (Cell line) 7|HF 7R 2ol A] Hloju} 21 4l 124|325 &3 In vitro,

!

In vivo oF& 70 WA= Fa Alek 7] A3k2 Folalx

o
[

)
ot
al
o

il

‘Do—Coop’ jit= 20059 o]F 9y HEUAY TS Fll A4
71 Ads F% 94y FEYE 2 Qe dow dEA Ut
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(4) Novavax, Inc.

ul=+ #HAH o] Yol (Pennsylvania) 3 () ol $*3stal A+ ‘Novavax jits=
okE AYS 93t V)& (0iD) ¥ & (Water) 2] o H A (Nanoemulsion) &7 -
Mkel AFata = vol Aol 7[dowm 2003d 10€l= ‘Estrasorb’
AES =& #H7d7] Menopausal) 2] | A~EZZ (Estrogen) WX QA =52
A4S 9% FDA &9l w2u Qlth 3 ‘Androsorb’ olghs AES F3
oJA] Bl AEAHE (Testosterone) X5 LS U4 14 AlE wAlolA 7k Fal
Aow A it

(5) iMedd, Inc.

)= A ¥ Yo} (California) =) el §*]8tar ¢l ‘iMedd’ jiti= ‘Nanogate
system's A7 - L T 7Igoltt. o] AJAEE 100nm o]st A7]9 A=
iz Ade =2317] 9e) AelE Ye¥o] " (Silicon nanopore membrane) o
A o wM kgl HhgFofo] fist JeAS flola, Bt Juwst @

i

O

=

o]g-3tk
dEHAGE AAE FHe7] Yal d54A WE (Release) A2 /s HX=
skal Qi

o] AJAEL HA v AA YU (Nanoscale) 7|42 o]83F 33} (Subcutaneous)
GEATD AFOCZMNE FLeta, HEO AFolgty & 4 oy oS Af
GAl A W& Fol AHow 5}

temperature in solid phase)olA <43 ez w2
WS A - A Folt
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5. LI=HIO|2HII=2X| HMZF

1) 7I19E MZ

Company Material Summary Website Headquarters
Materials Manufacturer
Dendrimer Ramonville St
Dendrichem Dendrimer material www.dendrichem.com
o Agne, France
specialist
Dendrimer Midland,
Dendritech, Inc Dendrimer material www.dendritech.com Missouri,
specialist United States
" Dendrimer Mount
Dendritic . . Pleasant,
) Dendrimer material www.dnanotech.com ) :
Nanotechnologies, Inc specialist Missouri,
P United States
e Dendrimer Heerlen,
Koninklijke . .
Dendrimer material www.dsm.com The
DSM N.V o
specialist Netherlands
Sigma Aldrich . Dendrimer . . St Louis,
Compan Dendrimer material www.sigmaaldrich.com i Missouri,
pany supplier United States
Tokyo Kasei Dendrimer
Kogi//o (TKK) Dendrimer matelrial www.tokyokasei.co.jp Tokyo, Japan
specialist
Frontier Fullerene material
Carbon Fullerene L www.fcarbon. com Tokyo, Japan
. specialist
Corporation
Fullerene Fullerene material i ., Tuscon,
International Fullerene specialist vnVSA/L\évgrlﬁlerenelnternatlo Arizona,
Corporation P United States
Fullerene material Westwood,
Nano-C, Inc Fullerene . WWW.Nnano—c.com Massachusetts,
specialist )
United States
Alnis Nanogel Emeryville,
Biosciences, Nanoparticle polymeric drug www.alnis.com California,
Inc delivery platform United States
Carbon Nanotube material Houston,
Nanotechnolo Nanotube L www.chanotech.com Texas,
. specialist :
gies, Inc United States
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Headquarte

Company Material Summary Website s
Materials Manufacturer
BioNano .

. Nanotube material . .
International Nanotube specialist www.bionano.com.sg | Singapore
Singapore Pte. Ltd P

Nanotube material Sambreville,
Nanocyl S.A Nanotube L. www.nanocyl.com .
specialist Belgium
Nanotube material .nanolabsystems | Jyvlskyll,
Nanolab Systems Ltd | Nanotube L. WwWwW Y }.,V Y
specialist .com Finland
Rosseter Holdings Nanotube material WWW.enanoscience. Limassol,
Nanotube L.
Ltd specialist com Cyprus
Therapeutics
Vivagel for the
. prevention www.starpharma Melbourne,
Starpharma Pty Ltd Dendrimer . . .
of AIDs in clinical | .com Australia
trials
Fullerene
therapeutics for Houston
AIDs and Lou Texas ’
C Sixty Inc Fullerene Gehring's WWW.CSIXty.com )
. . United
disease in
o States
preclinical and
clinical trials
Fullerenes in
. . reclinical ..
National Taiwan b . Taipel,
. . Fullerene testing for the www.ntu.edu.tw .
University Taiwan
treatment of
atherosclerosis
Nanobio Corporation Antimicro bial
. : . . Ann Arbor,
(same people as Nanoemulsion | nanoemuls ions in www.nanobio.com L.
.. . Michigan
Nanocure) clinical trials
Nanospectra Gold nanoshells
Biosciences for Houston,
. cancer treatment Texas,
Nanoparticle . Www.nanospectra. com .
in United
preclinical States
development
Alachua,
Markets ac. ua
. . . www.nanotherap Florida,
Nanotherapeutics, Inc | Nanoparticle nanocosmetic . .
eutics.com United
products
States

_48_



Company Material Summary Website Headquarters
Therapeutics
. Iron nanoshells fo.r . . Chelmsford,
Triton . cancer treatment in www.tritonbiosys
. Nanoparticle . Massachusetts,
Biosystems, Inc preclinical tems.com .
United States
development
Rice University Gold nanoparticles
Centre for . .
. . . for cancer www.cohesion.rice.e | Houston, Texas,
Biologic and Various .
. treatment, fullerenes | du United States
Environmental in drue deliver
Nanotechnology £ y
Drug Delivery
Cancer dru University of
Nanocure Inc Dendrimer delivery s item WWW.nanocure.com Michigan, Ohio,
v sy United States
University of .
Michigan—Centre . Dendr}mer drug www.nano.med.umic | Ann Arbor,
: . Dendrimer targeting system for S
for Biologic . h.edu Michigan
cancer therapeutics
Nanotechnology
Fullerenes for
Luna Innovations cancer targetting in www.lunainnovations.c | Blacksburg,
Fullerene S o
Inc preclinical om Virginia
development
Eiffel .| Gas dispersal www.eiffeltechno ~ Lorth Rvde,
. Nanoemulsion | nanoemulsifying . New South
Technologies Ltd logies.com.au .
system Wales, Australia
Elan Markets Collegeville,
. . NanoCrystal ;
Pharmaceuticals, Nanoemulsion www.elan.com Pennsylvania,
Technology for drug .
Inc . United States
delivery
Partners with Elan
F. Hoffman La . Pharmaceuticals Basel,
Nanoemulsion concerning www.roche.com .
Roche Switzerland
Nanocrystal
Technology
Targetted
nanoemulsion
Kereos, Inc Nanoemulsion for delivery of www.kereos.com saint Louis,

cancer therapeutics
in preclinical
development

Missouri
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Company Material Summary Website Headquarters
Drug Delivery
Partners with Elan
Pharmaceuticals
concerning Whitehouse
Merck & Co, Inc Nanoemulsion | Nanocrystal www.merck.com Station,
Technology, New Jersey
markets
Emend
Markets Estrasorb
topical
. nanoparticle Malvern,
Novavax Inc Nanoemulsion WWW.novavax.com .
hormone Pennsylvania
replacement
therapy
Partners with Elan
Pharmaceuticals
Wyeth concerning Collegeville,
Pharmaceuticals Nanoemulsion | Nanocrystal www.wyeth.com Pennsylvania,
Inc Technology, United States
markets
Rapamune
American Markets varaxane, . Los Angeles,
. . nanoparticle www.abraxisoncol ; ;
Pharmaceutical Nanoparticle cancer 02V COm California,
Partners, Inc . &Y. United States
therapeutic
Calcium phosphate
. nanoparticles .
Biosante . . (CAP) www.biosantephar Llpcgln,
Pharmaceuticals Nanoparticle . Illinois,
for protein drug ma.com .
Inc . . oS United States
delivery in clinical
trials
Polymeric
Capsulution . nanoparticle wwWw.capsulution Berlin,
. Nanoparticle platform for
NanoScience AG .com Germany
custom
drug encapsulation
Water based
nanoparticles
Do—Coop Nanoparticle for the www.docoop.com Or Yehuda,
Technologies Ltd p enhancement ’ D Israel
of fullerene drug
delivery
Flamel . Markets Medusa www.flameltechnol | Venissieux,
. Nanoparticle System for drug .
Technologies, Inc ogies.fr France

delivery
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Company Material Summary Website Headquarters
Drug Delivery
Nanomembranes
for Columbus,
IMEDD, Inc Nanoparticle | controlled drug www.imeddinc.com Ohio,
delivery in United States
development
Magnetic
nanoparticles for
Nanobiotix, Inc Nanoparticle .targettmg cancer www.nanobiotix.com Laberge,
in France
preclinical
development
Nanocarrier Co, . POlymerl.c . . .
Ltd Nanoparticle | nanoparticles for www.nanocarrier.co.jp . Chiba, Japan
drug delivery
University of Researching laser
y . activated . Melbourne,
Melbourne, Nanoparticle . www.unimelb.edu.au .
Australia nanoparticles for Australia
cancer therapy
Markets a range
of Piccadill
Skyepharma Plc Various drug delivery www.skyepharma.com ¥
. . London
systems, including
nanoemulsions
Tissue Reconstruction
Nf:aﬁZ?rl?x for Cambridge,
3DM Inc Nanotube P . WWWw.puramatrix.com Massachusetts,
tissue regeneration .
. United States
in development
Biomimetic Woburn
Angstrom Medica, nanostructured www.angstrommedica. '
Nanotube S Massachusetts,
Inc material in com .
United States
development
Biosilicon for
— tissue .. Perth,
PSiVida Ltd Nanotube . . www.psivida.com.au .
regeneration in Australia
development
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= = |5
2) =2 X= sz
: Disease Technolo
Product Sector Mateiral S 9y Company
Indication Summary
. American
Abraxane D“.lg Nanoparticle Breast Albumm. Pharmaceutical
delivery cancer nanoparticles
Partners, Inc
Nanocrystal
Rapamune DrL}g Nanoemulsion Immunosuppr Technology (Elan Wyeth .
delivery essant ; Pharmaceuticals, Inc
Pharmaceuticals, Inc)
Nanocrystal
Drug . Chemotherapy Technosllogy (Elan
Emend . Nanoemulsion | induced . Merck & Co, Inc
delivery Pharmaceuticals,
nausea
Inc)
Estrogen .
Estrasorb | Therapeutic | Nanoemulsion | replacement S;lnsgriu\?/;t)enr Novavax, Inc
therapy
. . Nucryst
Silcryst Wound care | Nanoparticle Topical burn Nangcrystal silver Pharmaceuticals
treatment particles
Corp
Ultra violet Topically applied Oxonica, Ltd
. ) . (UV) cosmetic involving | (supplier to
Optisol Cosmetic Nanoparticle protection in  titanium dioxide Boots Ltd from
sun block nanoparticles April 2005)
Skin Topically applied
revitalisation cosmetic (note: Nanotherapeutics
Leunesse | Cosmetic Nanoparticle nanoparticles are P ’
and . Inc
anti—agein 400nm in
gemng diameter)
Polymeric
Skin nanoshell
Plenitude | Cosmetic Nanoparticle revitalisation | containing vitamin L’ 'Oreal
and A (note: nanoshell
anti—ageing are 400nm in
diameter)
E%t\r/&)l violet Topically applied
Z Cote Cosmetic Nanoparticle cosmetic involving | BASF AG

protection in
sun block

zinc nanoparticles
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3) & ME

. i f
Product Sector Mateiral D sease Stage o Company
Indication Development
NB-001 . . Herpes labialis Phase II Nanobio
. Therapeutic | Nanoemulsion . .
nanoemulsion treatment clinical Corporation
Flamel
Basulin D.rug Nanoemulsion | Type I diabetes Ph?s.e 11 Technologi
delivery clinical
es, Inc
. . . Phase 1 Starpharma
Vivagel Therapeutic Dendrimer AIDS clinical Party Ltd
Androsorb Therapeutic | Nanoemulsion LOW testosterone Pha§e I Novavax,
In women clinical Inc
NB-004 . . Genital herpes Phase I Nanobio
. Therapeutic | Nanoemulsion . .
nanoemulsion treatment clinical Corporation
NB—-005 . . Herpes zoster Phase I Nanobio
. Therapeutic | Nanoemulsion .. .
nanoemulsion treatment clinical Corporation
IFN Flamel
alpha—2b D.rug Nanoemulsion | Renal Cancer Phg;e I Technologi
delivery clinical
XL es, Inc
Flamel
IL-2 XL D}'ug Nanoemulsion | Hepatitis B and C Pha§e I Technologi
delivery clinical
es, Inc
NB-002 . . Onychomycosis Phase 1 Nanobio
. Therapeutic | Nanoemulsion . .
nanoemulsion treatment clinical Corporation
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: Disease Stage of
Product Sector Mateiral S Compan
oauce cto Indication Development ompany
NB-003 . Therapeutic : Nanoemulsion Vaginitis Preclinical Nanoblo.
nanoemulsion treatment Corporation
NB—-006 . . _Vlral .resplratory .. Nanobio
. Therapeutic : Nanoemulsion : infection Preclinical .
nanoemulsion Corporation
treatment
National
Antioxidant Therapeutic Fullerene Atherosclerosis Preclinical Taiwan
University
Dru Flamel
EPO XL rug Nanoemulsion | Anemia Preclinical Technologies,
delivery
Inc
Flamel
hGH XL D.rug Nanoemulsion Grqwth hormone Preclinical Technologies,
delivery deficiency Ine
Antioxidant Therapeutic Fullerene HIV Preclinical C Sixty, Inc
Antioxidant Therapeutic Fullerene LQu Gehrig” 's Preclinical C Sixty, Inc
Disease
Gold Drug . . Res:efdrch, Triton
. Nanoparticle | Multiple clinical . .
nanoshell delivery . Biosciences
in 2006
Iron Drug . . Res_e?lrch, Nanospectra
nanoparticle deliver Nanoparticle = Multiple clinical Biosciences
p y in 2006
Dendnmgnc Drug . Research University of
drug delivery . Dendrimer Cancer .
system delivery phase Michigan

_54_



[ &ER]

1. A Jain PharmaBiotech Report, NanoBio Technology Analysis,
November, 2007.

2. David Mooney, Cancer : One step at a time, Nature 436, 468—469
(28 July 2005)

3. Frost & Sullivan, World Nanobiotechnology Markets, May, 2005.

4. Fullerene, http://commons.wikimedia.org/wiki/File:Fullerene—C60.png

5. M. C. Gohel, Parikh.R.K, Dendrimer : An Overview, 2009 Vol. 7
Issue 3 Targeted drug delivery systems

6. Michigan Center for Biologic Nanotechnology, Dendrimer,
www.umich.edu/news/index.html?Releases/2005/Jan05/bakerpic

7. Shiladitya Sengupta, David Eavarone, Ishan Capila, Ganlin Zhao,
Nicki Watson, Tanyel Kiziltepe & Ram Sasisekharan, Temporal
targeting of tumour cells and neovasculature with a nanoscale
delivery system, Nature 436, 568—=572 (28 July 2005)

8. Won—Young Yang, Jong—Hyun Ahn, Yong—Sik Yoo, Nam—Keun Oh
and Myongsoo Lee, Supramolecular barrels from amphiphillic
rigid—flexible macrocycles, Nature Materials 4, 399—402 (17 April 2005)

9. LG 344l &A1 A9 st = W3A7]= verls, 2003, 57.

10. 8= 387 B9, Ye—vlole 7], 2007.

_55_



