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Iepapxikn / MpoypappatilOuevn
AuvTtoopyavwan

{Hierarchical / Programmed Self-assembly}

ARPLPIAO HOPLO KOl TIOAVUEPH



AuTtoopyavwan Attt diwv g€ vepo

(B)

lipid molecule L protein molecule

molecule § protein molecules (©

TEM ukpoypagia TOuAG MeEUPpavNg amo  avBpwTtivo
KUTTOPO KOl OXNMOTIKI QVOTIOPAOTAON TWV CUOTOTIKWY

™nc.
Chapter 10, Membrane Structure, Molecular Biology of the Cell,
4t edition. Alberts B., Johnson A,, Lewis J,, et al. New York:
Garland Science; 2002.
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http://www.garlandscience.com/textbooks/0815341059.asp
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(area=a)
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ovpaA
(volume =V
length =[)
Packing parameter:
V Appipiia
P . HOpLa - ATTiOLa

a-|

Isrealachvilli, ). N., Mitchell, D. J,, Ninham, B. W.J. Chem. Soc., Faraday Trans. 2, 1976, 72, 1525.
Hager, M., Currie, F,, Holmberg, K. Top. Curr. Chem. 2003, 227, 53.
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AuToOopyavVwan— ZUUTTOAUUEL

Moploko
AUPLPLAO HOpLO
(pwoatidulo
XOAivn)
MW~ 1kDa

JUUTTIOAVUEPEG
~5-10 nm3
>5 kDa



AuToOpYAVWON— ZUUTTOAUUEPN
mﬂ;:’:l (hydrophobic) Head-fp'oup (hydrophilic)
\ / repulsion

.................................

fa

ayl, 3 2
Spherical Non-spherical Vesicles Bicontinous Inverted
micelles micelies or bilayers plane structure
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TOToL Sopwv TIov oxnuaTi(ovTal Ao (o) AVTOOPYAVWAON CUUTIOAVHEPWVY KAL SIXAVUATWY ToUG (b) ot AeTtTeg
MEUPBPAVEG KaL (Y) OTNV ETTLPAVELX UTIOCTPWATWV.

(o) Block copolymer microstructure formed in bulk and solutions
- Spheres S.phereg
Micele  (FCC)  (BCC) .
k. h;\ T Ha:{agﬂnall}r packed
Cylindrical m|::e1IE E /L.W

eylinders (HEX)
block copolymer
_ & ™ .
- l F-surface
Vesicle Gyroid Q
‘ ' . P-surface

Lamellae | “S8°  perforated  Cubic bicontinuous Island
LAM)  omellae  amellae structures Surface micelles
(MLAM) (PLANM)
Forster, S., Plantenberg, T. , Angew. Chem. Int. Ed., 2002, 41, 688.
Zheng, W., Wang, Z. G. , 1995, 28, 7215.
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()
Nature of Spheres Cylinders Double gyroid Double diamond  Lamellae
patterns (SPH) (3D) (CYL) (2D) (DG) (30} (DD) (3D) {LAM) (1D}
. — 3a b s (a) anpaTu’m OHATIOPACTAON TWY K)\ocoothuv
HOP@OAOYLWV UN-KPLOTOALKWY GUUTIOAU LEPWV
To JMAE OUOTOTIKO TIEPIBAAETOL OO  TO
e |1 OUOTOTIKO/UNTPO  TIOU  KOTOAQMPAVEL  TOV
e P MEYOAVTEPO OYKO.
Volume
fraction 0-21% 21-33% 33-37% 37-50%
of A block
(b)

o, o gy, S

A B c

(b) ZxnuaTIKA oUOTIOPACTOCN TWV KAQCGCIKWY

r n. r pop@oAoylwyv  cupmoAuvpepwyv  ABC. O
: ' W , ; OUVOLOIOMOG TNG OElPAG TWV  TIOAUHEPLKWVY
TuNuatwy (ABC, ACB, BAC), tng ovotaong Kat

2. TWV MOPLOKWY Papwv odnysl o TANBwpa
POYY
e f g h
DY <
i j k I

Park, C., Yoon, J,, Thomas, E.L. Enabling nanotechnology with self assembled block copolymer patterns, Polymer, 2003, 44, 6725.
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Polymer Vesicles

Dennis E. Discher'* and Adi Eisenberg?

(a) Amtidlo (Pwo@aTIOUAO-XOALVN)-
KAGOOIKO  OUCTOTIKO  TWV  (PUOLKWV

ATTOCWHATWV,
(b) JUMTIOAV LEPEG TTIOAVOK PUALKOV -
TIOALOTUPEVIOU (polyacrylic acid-

polystyrene, PAA-PS) -kaBilavelr pe Tn
HoppoAoyia kuoTidiov Otav TpootiBeTal
VEPO OTOV OLOAUTN,

(c) PS—poly(isocyano-L-alanine-L-alanine) —
oxnNuatidel piypo KUoTISIWV/IVWVY ag O&LVECQ
ouVvOnNkKeg,

Kal

(d) Mn-tovtiko OUUTTOAULIEPEG
polyethyleneoxide-polybutadiene (PEO-
PBD) —oxnuatifet kvotidla og vdATIKA
SloAvpaTa.

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967.



(A) Awaypoappo @aong PS319-PAAs, og Stoéavn/vepo.

A

Vesicle

Sphere
P \ ‘Rod

—_
<=

Copolymer
concentration (wt% )
soluble

S
oy

0 5 10 15 20 25 30 35 40 45
Water content (wt% in dioxane)

1 B T

B . 20.0% 245% 286% 39.4% L?OO"/D 667%
o Water ~ 0 °o° ;oo

content < -1 O OO

200 nm

200% 245% 286% 394% 500%

add THF/dioxane (44/56 . l

(B) AVTIOTPETOG OXNMUOTIOMOG Kol avamtuén Twv uTeEpSOUWV PS3p0-PAA,, mou elkadeTtal OTL
Baoiletal pepika o dlepyaoieg ouvevwang kat dtaomaong Twv dopwv (C).

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967.



A) Mechanism of vesicle fusion B) Mechanism of vesicle fission

v

c: Contact and adhesion Spher‘lcal vesicle
C: Coalescence and formation
of center wall Elongation
Destabilization
of center wall
Internal waist formation
Asymmetric detachment
of center wall
Narrowing of external waist
Retraction of center wall
into outer wall
Formation of Complete separation
uniform outer wall

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967.
Luo, L., Eisenberg, A. Langmuir 2001, 17, 6804.



Stability

Fluidity e
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L _ Permeability

> MW

| | | |
102 100 100 10°
Liposomes

Polymersomes

daltons

ZXNUOTIOPOC TIOAVUEPOCWHATWY (polymersome)

Ko LOLOTNTEC HEUPPAVWV:

A) Opowx pe TO AMOCWMOTA, T KLOTIOX

B)

OUUTIOAVEPWV UTIOPOUV Vo
KOTOOKEVOOTOUV HE EVUOATWON MG AETITNG
UEMPBPAVNC TOV GUUTIOAUME POUC.

ZXNMOTIK OVOTIOPACTACON TwV OOTATWY
TWV  PEMPpavwyV  Twv  KLUOTWOIWYV  TIOU
oxnuotiovtal oMo TPWTEG UAEG  Me
SLPOPETIKO HOpPLOKO Papog. Ou HETPNOELS
BaoloTnkav 0O METPNOEL MEUOVWHEVWV
KLOTISIWV.

n.a. Eidn mov dev cucowpaTwvovTaL

To AUTOOWHOT KOl OVOAOYX HE QUTA CUOTAPOTO YEVIKA
I PAOKELALOVTAL ATIO APPIPLAC popLa pe MW <1 kDa.

Ta

TIOAVUEPOCWHATA  UTIOPOUV VA  TIOAPOCKEVOOTOUV  OF

VOATIKA  OLOAVPOTO  XPNOWWOTIOWWVTAG  peyoAuTtepoy MW
APPIPLAQL.

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967.



Copolymer
concentration (wi%o )

! kgmol™

b
=
i

Molecular weight

-
P
1

E Semi-crystalline lamellae

i,
(=

=
[

a3 %

0 5 10 15 20 25 30 35 40 45
Water content (wt% in dioxane)

(b)

Sponge cwb
phase
Interconmesied

Vesicles
Dispersed
Vasicles

.lllun..rﬂanm

1.0

0.8 0.6 0.4 0.2 0.0
Concentration in Water / wiw

PS319-b-PAA:,

PBO-b-PEO

Discher, D. E., Eisenberg, A. Science, 2002, 297, 967-973
Battaglia, G., Ryan, A. J. Macromolecules, 2006, 39, 798-805.


http://pubs.rsc.org.sci-hub.org/en/content/articlehtml/2012/cs/c2cs35115c

AuToopyavwan— 2UUTTOAUUEPN

(a) Spherical Micelles
PSz00-b-PAAzy

(e) Large Lamellae
PSss-b-PAA

{b) Rods
PSia0-b-PAAz

(c) Bicontinuous Rods
PS1g0-b-PAAzg

(d) Small Lamellae
PS32-b-PAAzs

(f) Vesicles
PSy410-b-PAA;;

(g) HHHs
PSa410-b-PAA;;

%
o

(h) LCMs
PS200-b-PAA,

Mai Y., Eisenberg, A.
Cameron, N. S., Corbierre, M. K., Eisenberg, A. Can. J. Chem., 1999, 77,1311-1326

TEM pikpoypa@nuota Kot
OXNMOTLKN QVATIOPACTOON
LOPPOAOYLWV TIOU
oxNMaTilovTal Ao Ap@i@AX
OUMTIOAUEPT
PS,,-b-PAA,. Ho. O

0
/\0 Br

HHH: hexagonally packed hollow
hoops,
LCM: large compound micelles

, Chem. Soc. Rev., 2012, 41, 5969-5985.


http://pubs.rsc.org.sci-hub.org/en/content/articlehtml/2012/cs/c2cs35115c
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http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35115c/unauth
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AUTOOpYé(VU)OT] ZU}J.T[O)\UHED(DV : (PALVOUEVO VOPOPOPIKOTNTOC

100 nm



AUTOOpYé(V(L)OF] ZU[J.T[O)\U[J.Ep(bV ; (PALVOLEVO VOPOPORBIKOTNTAC

200 nm




AUToopyé(vwcm ZU}J.T[O}\U}J.Ep(bV ; (PALVOLEVO VOPOPORBIKOTNTAC

Mai Y., Eisenberg, A. Sell-assen ‘ , Chem. Soc. Rev., 2012, 41, 5969-5985.

Li, Z H|IImyer M A. Lodge T P Macromolecules, 2006, 39, 765-771

Gilroy, J. B., Gadt, T., Whittell, G. R., Chabanne, L., Mitchels, J. M., Rlchardson R. M, Wlnnlk M. A., Manners, I. Nat. Chem., 2010, 2, 566-
570.

Zhong, S., Cui, H., Chen, Z., Wooley K. L., Pochan, D. J. Soft Matter, 2008, 4, 90-93.

Zhang, L., Eisenberg,A. Macromolecules, 1996, 29, 8805-8815.
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Bates S. et al. Multiblock Polymers: Panacea or Pandora's Box? Science, 2012, 336, 434.



[taTi ToAUVUEPT);

Xas™ Xac

» Xoc/Xap  YTOBETIKO OXHA AUTOOPYAVWONG
evOG ABCA' gupmoAupepoug
otaBepng ovoTaong pe

(Na + Na)/2 =Ng = N¢

=f-1 ’__ﬁﬁ KalXAB = XACI
8 |, omov § =N,/ N,

(A) KaBwg avéavetatro Aoyog

A BC A A B C A

P . A Xac/Xas: N EAOXOTOTOINON TNG
2 T 2d 4 SIETILPAVELOKNC EVEPYELOG TIPOKOAE
(MEOow TNG pelwong Tou eppadov
T E>1 NG Steripavelag BC, Ag, wg Tpog

TO eUPASOV (Apc +Aug) OF
MOPPOAOYIKN HETAPOON aTTO
lamella (UAAQ) o€ KLAISVPOUG Kal
OTN OUVEXELQ OE OPALPEC.

No order
Order

(B) AvopuevopeveG YEWUETPLEG
opyavwong ABCA' GUUTIOAVEPWV
0€ OUVAPTNON PE TN HOPLOKN
YEWMETPLA.

BatesS. et al. Multiblock Polymers: Panacea or Pandora's Box? Science, 2012, 336, 434.



[taTi TToAUVUEEY),

“fop-down”
h : .
a —
3 10w functional
® — device
2 AT um ™~ .
"'"q"%.kf —_— i sLpenatlica
I — i — =
|.l _bp. sa's e 100nm T~ nterfaces
= F microcompartments
e 10nm ozl
8] léj] aymmetry "boblom-up”
————— s chemical
1nm Tunctianalily

ALPOPETIKA ETITIEON LEPAPX G TNV AVTOOPYAVWGCN CUUTIOAVUEPWV.

Forster, S., Plantenberg, T. Sell-Craanzing Polvmers 1o Nanahvbrid and Blamaterials, Angew. Chem. Int. Ed., 2002, 41, 688-714.
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Staalth-Function
Encapsulation

Permeation

Function Action principle Example
PEO, polyacrylic acid,
I polysaccharide,
Actuatar stealth hydrophilicity poly(vinyl alcohol),
PVP
Storage chemically inert y<30 N m-2 PDMS, teflon, PIB, PU

Recognition

hydrolytically or

biodegradable enzymatically PGly, PLac, PA
degradable polyester
adhesive
cell adhesion glycoproteins,
fibronectin

Release

s

immunoglobulins

-
Adhasion

cell detection vectors (IgG), RGD sequence
. membrane .
cell permeation compatibility PEO, lipids

salt actuator

polyelectrolytes PAACc, poly-L-Lysine

temperature actuator

phase separation PPO, PNIPAM

pressure actuator

phase transition

le micell
through ultrasound metastable micelles

glucose actuator

tetraphenylene

complex formation . .
P boronic acid

2XNMOTIKA QVATIOPACTACN TWV OLO@POPETIKWYV AELTOVPYLWY TIOU UTIOPOVV VA

Forster, S., Plantenberg, T.

TIPOCOMOLWGCOUV Ol AVTOOPYAVWHEVEG OOMEG TIOAUMEPWV.

s, Angew. Chem. Int. Ed., 2002, 41, 688-714.
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Circulating Polymersomes (@

20 40 60
Circulation time, t (hrs)

D. E. Discher, A. Eisenberg, Polymer Vesicles, Science, 2002, 297, 967.



Theranostics

0 Imaging agent \ Drug A

ﬁﬁ Specific targeting moiety ~ Stimulus-sensitive agent A

-(:& Biocompatible polymer ‘ Drug B

* Cell-penetrating agent _ Stimulus-sensitive agent B

Ferrari, M. Cancer nanotechnology: opportunities and challenges, Nature Reviews Cancer, 2005, 5, 161-171.
Hamblin et al., Multi-Functionality in Theranostics Nanoparticles: Is more always Better? J. Nanomedic. Nanotechnol. 2012, 3:e120.
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http://openwetware.org/wiki/Biomod/2013/Dresden/project

Virus-assisted loading of polymer
nanocontainer

Graff A., Sauer, M., Van Gelder, P, Meier W. PNAS, 2002, 99, 5064-5068.


http://www.pnas.org/content/99/8/5064.full
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PDMS, poly(dimethylsiloxane

PMOXA, poly(2-methyloxazoline)

N
oA

octyl-POE, octyl-polyoxyethylene

Graff A., Sauer, M., Van Gelder, P, Meier W. PNAS, 2002, 99, 5064-5068.


http://www.pnas.org/content/99/8/5064.full
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Idea — Use vesicle as a viral capsid!

PMOXA PDMS PMOXA

Hydrophilic Hydrophobic Hydrophilic

PDMS /
PMOXA
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http://textbookofbacteriology.net/phage.html

Bacteriophage lambda

: DNA

¥ EH?CHTCH;Q{":FC""{’ \/\r N-CH cH;-D
¥
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IXNUOTIKA avamapaotaon Twv kuotdiwv PMOXA-PDMS-PMOXA tmou mepiexouv. O A
PAayog SeoUEVETAL OTNV TIPWTEIvN LamB protein pe amotéAdeopa va peta@epetal to DNA oto
E0WTEPLKO TOU KUOTLOIOU TOU CUPTIOAUPEPOUCG.

Graff A., Sauer, M., Van Gelder, P, Meier W. , 2002, 99, 5064-5068.


http://www.pnas.org/content/99/8/5064.full
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Graff A., Sauer, M., Van Gelder, P, Meier W. PNAS, 2002, 99, 5064-5068.
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: DNA
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IXNUOTIKA avamapaotaon Twv kuotdiwv PMOXA-PDMS-PMOXA tmou mepiexouv. O A
PAayog SeoUEVETAL OTNV TIPWTEIvN LamB protein pe amotéAdeopa va peta@epetal to DNA oto
E0WTEPLKO TOU KUOTLOIOU TOU CUPTIOAUPEPOUCG.

Graff A., Sauer, M., Van Gelder, P, Meier W. , 2002, 99, 5064-5068.
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Broz, P, Benito, S.M., Saw, C,, Burger P, Heider, H., Pfisterer, M., Marsch, S., Meier, W., Hunziker, P ;
, Journal of Controlled Release, 2005, 102, 475-488.
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Lemercier, G., Johnsson, K. Chimeric streptavicding with reduced valencies, Nature Methods, 2006, 3, 247-248.
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M. Grzelakowski, O. Onaca, P. Rigler, M. Kumar, W. Meier Small 2009, 5, 2545-2548
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NavopETAPOPELG ATILOLWV-TIOAVPEPWV PE EAEYXOMEVN
dLATIEPATOTNT

Nano- hole (A) ZXNUOTIKA QVOTIOPAOTOON TWV

Protein channel VPPLOIKWV VOVOUETAPOPEWV TIOU
OTIOTEAQUVTAL OTIO VA ASLATIEPAOTO
KOLAO TIOAUHEPLKO IKPLWHA UE EVAL ULKPO
QVOLY MO KL TO WPEALO POPTIO
TIAYLOEVUEVO ECT OTO IKplwpa. M
oLVOETIKN HeUPpavn ATidiwy Tov
gUTIEPLEXEL KaVAALX MscL oppayilel To
QVOLY Q.

A
Polystyrene scaffold

Lipid bilayer

Payload

B MscL: Lipid bilayer

(B) Tour Tou povTEAOU TOU
VOVOUETAPOPEA. TUTILKEG Lo TAOELG ~ 1
UM SIpeTPOog Kot ~100 nm Ttdxog
Scaffold p.E}J.Bpé(VI’]C.
[ | (C) MKpOypO@NUATO TWV IKPLWHUATWV.

Dudia, A., Koger, A., Subramaniam, V., Kanger, J.S.

Nano Letters, 2008, 8, 1105-1110.
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H Cl. .NH,
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Supported lipid bilayer

BrinkerC.J. et al., T

| p d bllaye S, Nature Matertals 2011 10 389 397
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IXNUOTIKY  OVOmOPAOTOon  TWYV  SISOXIKWY  BNHATWY  METOPOPEC
POPTIOL ATIO TOUG VavopeTaopeig (protocells):

1. moAamAn (TtoAuoBevng) deopeuaon, 2. evBUAGKWON KAl PETAPOPA OTO
EOWTEPLKO TOU KUTTAPOU, 3. aTeAsLBEPWON POPTIOV Kall 4. EVTOTILOHOG

(pOPTIiOL OTOV TIVPAVAL
Brlf?\kerC.J. et al., The targeted delivery of multicomponent cargas to cancer

" lipid bilavers, Nature Materials, 2011, 10, 389-397.
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XOPOAKTNPLOUOG OTOXEVHIEVNG LETAPOPAG POPTLIOL.
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EEEAIEN cUOTNUATWVY UETAPOPAC PAPUAKWVY
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Protein-based DDS
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Avayvwplopeva amd tov FDA kot eumopika SLaBECLO TTAPAOKEVATUATAL.
[l TAnpoopieg: Drugs@FDA.

Zhang, Y., Chan, H. F,, Leong , K. W. ire, Advanced Drug Delivery

Reviews , 2013, 65, 104 -120.


http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://ac.els-cdn.com/S0169409X12003213/1-s2.0-S0169409X12003213-main.pdf?_tid=afb40408-510e-11e3-ba15-00000aacb360&acdnat=1384861107_e8277375379f9048311ea23e5b244817
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/

MeTapopd PapUaKWVY UE ATTTOCWUATX
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2XEOLOOUOC ALTTOCWHATWY YLX TNV ETITEVEN ETIBLVUNTWV WOLOTHTWV OTIWG:
A. ATtoBnkeuon Kail EAEYXOHEVN ATIOSECUEVTN TOV PAPUAKOV,
B. AvTipeTwrion TG Taxelog EKKaBapLong amo ToV OPyaVIGUO,
[. EVOOKUTTOPIKA LETAPOPA TOU (PAPHUAKOU.

EvéokuTtwon péow vmodoxea (otdxevon peocw ligand),

EAeyxopevn amodeopeuon,

MeTa@op& VOUKAEIVIKWY 0&EWV/DNA,

YUVOVOOTIKEG BepaTeiec,

[TOAVAELITOVPYIKA OKEVATUATO,

KAWiKN avamtuén.

Allen, T. M., Cullis, P R.
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Reviews 2013, 65, 36-48.
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MeTapopd PapUaKWVY UE ATTTOCWUATX

Product Drug Indications Year approved

Approved products
. ) . Fungal infections 1990 (Europe), 1997 (USA),
AmBisome (Gilead) Amphotericin B Leishmaniasis, 2000
Kaposi's sarcoma 1995
. Ovarian cancer 1999
Doxil/Caelyx (Johnson & Doxorubicin Breast Cancer 2003
Johnson) Multiple
myeloma + Velcade (Europe, Canada) 2007
DaunoXome (Galen) Daunorubicin Kaposi's sarcoma 1996 (Europe), 1996 (USA)
Breast
Myocet (Cephalon) Doxorubicin cancer + cyclophosphamid 2000 (Europe)
e
Amphotec (Intermune) Amphotericin B Invasive aspergillosis 1996
Abelcet (Enzon) Amphotericin B Aspergillosis 1995
Visudyne (QLT) Verteporphin Wet macular degeneration 2000 (USA), 2003 (Japan)
DepoDur (Pacira) Morphine sulfate Pain following surgery 2004
Cytosine Lymphomatous
. meningitis
DepoCyt (Pacira) Arabinoside Neoplastic 1999
meningitis
Diprivan (AstraZeneca) Propofol Anesthesia 1986
Estrasorb (King) Estrogen Menopausal therapy 2003
L!po—Dox (Taiwan Doxorubicin Kaposi's sarcoma, breast 2001 (Taiwan)
Liposome) and ovarian cancer
Marqibo (Talon) Vincristine Acute Iymphoblastlc 2012 (USA)
leukemia
Exparel (Pacira) Bupivacaine Nerve block Phase Il
Allen, T. M., Cullis, P R. L1 i rug delivery syste : D} Advanced Drug Delivery

Reviews 2013, 65, 36-48.
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MeTawopda QUPUAKWVY UE AITTOCWUAT

Product Drug Indications Year approved
Productsin clinical trials
SPI-077 (Alza) Cis-platin Solid tumors Phase I (development terminated)

CPX-351 (Celator)

Cytarabine:daunorubicin

Acute myeloid leukemia

Phase II

CPX-1 (Celator) Irinotecan HCI:floxuridine Colorectal cancer Phase Il

MM-398 (Merrimack) CPT-11 Ggstrlc and pancreatic cancer Phase II
Glioma and colon cancer Phasel

MM-302 (Merrimack) ErbB2/ErbB3-targeted doxorubicin ErbB2-positive breast cancer Phasel

MBP-436 (Mebiopharm) Transferrin-targeted oxaliplatin Gastric cancer anq gastro- PhaseII
esophageal junction

Brakiva (Talon) Topotecan Relapsed solid tumors Phasel

Alocrest (Talon) Vinorelbine Newly diagnosed orrelapsed solid Phasel
tumors

Lipoplatin (Regulon) cisplatin Non-small cell lung cancer Phase III
Adult relapsed ALL Phasel

L-annamycin (Callisto) Annamycin Pediatric relapsed ALL and acute Phasel

myelogenous leukemia

Doxorubicin-resistant breast cancerPhase II (development terminated)

ThermoDox (Celsion)

Thermosensitive doxorubicin

Primary hepatocellular carcinoma

Phase III

Refractory chest wall breast cancer Phase Il

Colorectal liver metastases Phase II
. . . Pancreatic cancer PhaseII
Endo-Tag-1(Medigene) Cationic liposomal paclitaxel Triple negative breast cancer Phase II
) ) ) siRNA targeting transthyretin (TTR) TTR amyloidosis Phasel
ALN-TTR ALN-PCS ALN-VSP siRNA targeting PCSK9 RNAi Hypercholesterolemia Phasel
(Alnylam) N . ;
targeting liver cancer Liver cancer and liver metastases Phasel
i i . RNAi targeting polo-like kinase 1 Liver tumors Phasel
TKM-PLK1 TKM-ApoB (Tekmira) (POLO) RNAi targeting apoB High levels of LDL cholesterol Phasel
Stimuvax (Oncothyreon/Merck) Anti-MUCI cancer vaccine Non-small cell lung cancer Phase III
Exparel (Pacira) Bupivacaine Nerve block Phase Il

Allen, T. M., Cullis, P R.

Advanced Drug Delivery
Reviews 2013, 65, 36-48.
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polymer conjugate-based
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Duncan, R., Vicent, M. J.

JuQUYN TTIOAVEPWV - POPAKWV YLX
ouvvovaopeVn xNUeLoBepaTeia.

(@) TAEOVEKTAMOTA XOPNYNONG
TIOAUPEPIKWY POAPHAKWY O OXEON
L€ TNV XOPryNnon Tou, XaUNAOU
MOPLAKOU BAPOVG, PAPUAKOU.
(b) Mepapatikad amoTEAEOPATA
KUTTOPOTOEIKOTNTAG PAPUAKWV
(Dox) kat cuuYywWV TOUG e
TtoAvpepn (HPMA-Dox-AGM).
{Duncanetal., J. Control. Release, 2007, 117,
28-39.}

, Advanced Drug Delivery Reviews,
2013, 65, 60-70.
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OcPATTEVTIKN UE TIOAUUEPT) - TIASOVEKTNUATA

(a) biological phenomena that can theoretically influence nanomedicine fate

Duncan, R., Vicent, M. J.
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Sub class Examples Composition Status
Copaxone Gly, Ala, Tyr copolymer Market
Polymeric drugs Vivagel Lysine-based dendrimer Phase III
Hyaluronic acid Hyalgal, Synvisc Market
. Renagel Phosphate binding polymer Market
Polymeric sequestrants Welchol cholesterol binding Market
. e Styrene maleic anhydride-
Polymer—protein conjugates Zinostatin Stimaler neocarzinostatin, (SMANCS) Market (Japan)
SuliXen Polysialylated insulin Phase I/11
Cimzia PEG-anti-TNF Fab Market
Mircera PEG-EPO Market
Peg-intron PEG-Interferon alpha 2b Market
PEGylated proteins Pegasys PEG-Interferon alpha 2a Market
Neulasta PEG-hrGCSF Market
Uricase-PEG 20 PEG-uricase Market
ADI-PEG 20 PEG-arginine deaminase Phase Il
Macugen PEG-aptamer (apatanib) Market
PEGylated-aptamer E10030 PEG—ant!—PDGF aptfamt'er : Phase Il
ARC1779 PEG-anti-platelet-binding function Phase II
of von Willebrand Factor
CT-2103; Xyotax; Opaxio Poly-glutamic acid (PGA)-paclitaxel Phase II/III
Prolindac HPMA-copolymer—DACH platinate  Phasell
Polymer—drug conjugate PEG-SN38 IC\I/Iu.Itlar.m PEG-camptothecin Phase Il
erivative
XMT-1001 Polyacetal-camptothecin conjugate Phasel
NKTR-118 PEG-naloxone Phase Il
SP1049C aci)é;)“reublcm block copolymer Phase /I
Block copolymer micelles NK 105 Paclitaxel block copolymer micelle  Phasell
NK-6004 Cisplatin block copolymer micelle Phase Il
: Polymer conjugated-cyclodextrin
Self assembled polymer conjugate fr-101 nanoparticle-camptothecin Phasell
nanoparticles CALAA 01 Polymer-conjugated cyclodextrin- Phasel

nanoparticle-siRNA

Duncan, R., Vicent, M. J.

, Advanced Drug Delivery Reviews,

2013, 65, 60-70.
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[loloTnTo

< H xpnon véwv TTOAVPEPWY 1] CUPTIOAUMEPWY (TIoLu SEV €XOUV TIPONYOVUEVA gyKPLOEl
ylo xprion otov avBpwto) amautel €gtaon, os KABE TEPIMTWON XWPLOTY, OAWV TWV
KPLOLMWV XOPOKTNPLOTIKWY TIOU QPOPOVV TNV QOPAAELQ.

< AVAYKN YLt EAAXLOTOTIOINGN TNG ETEPOYEVELOCG OTA TIOAUMEPN KOL TO TIOAUAELITOUPYLIKA
ovotApata. ‘EAgyxog Twv ouvBeTIKwY PEBOSWVY, EAXXLOTOTIOINGN TWV TIAPATIPOIOVTWY
KOl TWV KaTaAoimwy ovvBeanc/otdxeuonc.

< EAeyX0G TNG TOPAYWYNG O BLOUNXAVIKN KAHOKO YIX VO €E00QOALOTOUV QTIOSEKTEC
KOl QTIOAUTO QVaTIAPAYWYLHEG Ttpodlaypa@eg. H avénon tng KAHOKOG Ttapaywyng Kot
TNG ATIOPOVWONG TWV TIOAVUEPWV/VAVOCUOTNHATWY S&V ElVaL TIAVTA TIPOPAVIG,.

< Avamtuén Tou KATAAANAOU OKELACHATOG WOTE va eEao@aAileTal n otabepotTnta
KOAT& TNV amoBnkeuon Kot Tnv xopnynon (m.X. amousia Twv CWwHPaTIOwY KATA TN
SLapKeL EVOOPAEPLACK).

< AvamTtuén ETKUPWHEVWY OVOATIKWY PEBOSWY yla TOV XOPOAKTNPLOMO TOU
BEPATIEVLTIKOU TIAPACKEVACPATOG TOU TLOAVPEPOUG (/POPUAKOU) KAl TNG 0TABepOTNTAG
TOVL.

< Katavonon tng Sldkplong HETaE) «BepATIEVTIKOU TIOAUPEPOUG » Kol EKSOXWV (TTou
elval emiong ev Suvapel TTOAUUEPN) TIOU XPNOLUOTIOLOVVTOL WG TIPOOBETA.

Duncan, R., Vicent, M. J. , Advanced Drug Delivery Reviews,
2013, 65, 60-70.


http://ac.els-cdn.com/S0169409X12002566/1-s2.0-S0169409X12002566-main.pdf?_tid=9e15ce24-50f6-11e3-9a28-00000aacb361&acdnat=1384850769_0659d59f213475d053fd655f95097da8
http://ac.els-cdn.com/S0169409X12002566/1-s2.0-S0169409X12002566-main.pdf?_tid=9e15ce24-50f6-11e3-9a28-00000aacb361&acdnat=1384850769_0659d59f213475d053fd655f95097da8
http://ac.els-cdn.com/S0169409X12002566/1-s2.0-S0169409X12002566-main.pdf?_tid=9e15ce24-50f6-11e3-9a28-00000aacb361&acdnat=1384850769_0659d59f213475d053fd655f95097da8
http://ac.els-cdn.com/S0169409X12002566/1-s2.0-S0169409X12002566-main.pdf?_tid=9e15ce24-50f6-11e3-9a28-00000aacb361&acdnat=1384850769_0659d59f213475d053fd655f95097da8
http://ac.els-cdn.com/S0169409X12002566/1-s2.0-S0169409X12002566-main.pdf?_tid=9e15ce24-50f6-11e3-9a28-00000aacb361&acdnat=1384850769_0659d59f213475d053fd655f95097da8
http://ac.els-cdn.com/S0169409X12002566/1-s2.0-S0169409X12002566-main.pdf?_tid=9e15ce24-50f6-11e3-9a28-00000aacb361&acdnat=1384850769_0659d59f213475d053fd655f95097da8

ATQOAsia Kol ATTOTEAEQUATIKOTNTA

MOVO GPTLO XA PAKTNPLOREVO TIOAVUEPH EXEL VONUO VO UTIOKELVTOL O BLOAOYLKEG
MEAETEC WOTE VA SLog@OAI(OVTOL OUCLAOTIKA CUUTIEPACUATA.

O oplopog Kat N BeATIOTOTIOINON TWV KPILOLUWVY XOPOKTNPLOTIKWY TOU TIPOIOVTOG
TIOU EAEYXOLUV TNV QOQPAAELR, TNV AELTOUPYIKOTNTO KAL TNV OTIOTEAECUATIKOTNTA
TOV.

Katavonon otL ot mapapetpol ADME (xoprynon, KAtavour, UETABOAIGUOG Kol
ameKKpLon) Ba elval TTOAU OLAPOPETIKOL OTO TA AVTIOTOLXQ, XAUNAOU HOPLOKOU
B&poug, POAPUOAKEVTLKA.

Avamtuén vewv peBOdwv ywa in vitro KAl in vivo €TOPKN XOPOKTNPLOUO OF
TIPOKALVLIKEG EAETEG.

Avamtuén e€&eldilkeupevwy yla KGBe TIPOIOV TIPOKAWIKWY MEAETWY Yyl TNV
QAOPAAELD, TOV TPOTIO KAl TNV 60coAoyia xoprnynong.

Avamtuén KOTGAANAWY HOVTEAWV Yla N VItro KoL in vivo HEAETEG YlX TOV
TIPOCOLOPIONO  TwV  PLOAOYlKWY  SEIKTWV (T  QPOPHOAKOKIVNTLKN) KAl  TNG
BepatevTikng amodoong TOU OKEVACGHUATOG.

Duncan, R., Vicent, M. J. , Advanced Drug Delivery Reviews,
2013, 65, 60-70.
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Polymer, chemistry, novel concept

Controlled polymerisation techniques

Examples

Reversible addition-fragmentation chain
transfer polymerisation (RAFT) and atom
transfer radical polymerization (ATRP)

Status/product

Recombinant/genetic ligation of
biodegradable polymers to proteins—an
alternative to

PEGylation

XTEN polypeptide technology
Aequus Glycopolymer technology

VRS-859 for type II diabetes in Phase I
VRS-317 for growth hormone deficiency in
Phasel

Biodegradable polymers

Polyglutamic acid (PGA)

Anticancer conjugates in Phase II/III

Hydroxyethyl starch (HES)

Market as a plasma expander

Dextrin

Market as a peritoneal dialysis solution

Polyacetal (Fleximer)

Anticancer conjugates in Phase I/II

Poly(sialic acid)

Bioresponsive polymer—protein conjugates

Polymer-masking-unmasking-protein
therapy (PUMPT)

Dextrin-PLA,in vitro proof of concept
Dextrin-rhEGF in vivo proof of concept

Combinations

Polymer—drug conjugates + free drug

Anticancer agents in Phase II
Opaxio + platinates

Type 1 Opaxio + temozolamide
Opaxio + radiotherapy
Tvpe 2 Polymer—drug conjugate + polymer—drug In vitro
P conjugate
Type 3 zlr:ggle polymer chain carrying more than 1 In vivo
Polymer-directed enzyme prodrug therapy In vivo
Types (PDEPT) In vitro

Polymer—enzyme liposome therapy (PELT)

Self-assembling polymer therapeutic
nanoparticles

Cyclodextrin-containing polymer
conjugate-based nanoparticles (30—40 nm)

Anticancer agents in Phase I/II
CALAA 01for siRNA delivery
IT-101 for camptothecin delivery

Duncan, R., Vicent, M. J.

, Advanced Drug Delivery Reviews,
2013, 65, 60-70.
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Out of clutter, find simplicity...
From discord find harmony...
In the middle of difficulty lies
opportunity.”
---Albert Einstein
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