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OCHOBHble npobnemsbl pelaemsblie
NOCTaBKOW NeKapcCTB

* BewecTBo He pacTBOpAeTCA
e He nonagaet B opraH1U3m Npun «yaobHom» BBeAEHUMN
 BbIBOAUTCA N3 OpraHMU3Ma nepea Tem Kak OHO NoaencTeyeT

* PacwennaeTca s opraHname, 4To NpmMBOoANT K CHUKEHUIO
dKTUBHOCTU U (‘-IaCTO) KyBe/1M4eHNO TOKCNYHOCTH

e B3aumopencTeyeT c HeueneBbIMU KNETKaMU U CUCTEMaMMU
opraHu3ma

* []noxo NMPOHUNKAET B LUesieBblE TKAHU N KZTIETKU
— [lnoxaa «rmapognHammKa» B onyxXonax

— Uenesble KneTku otaeneHbl buonornyeckum bapbepom (Hanpumep,
remaTtosHuedanmyeckmm)

— KneTouHble MEM6paHbI N CUCTEMDBI TPAHCIMOKTA

e JleKapcTBeHHaA YCTOMYMBOCTb
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Nnesa KoHTenHepa
3arpyska u Pa3rpyskKa

KoHTelHep 1 nekapcTso

Kabanov & Batrakova, Cur. Pharm. Design, 2004, 10: 1355
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Nnesa KoHTenHepa
3arpyska u Pa3rpyskKa

KoHTelHep n nekapcTso 3arpyskKa

-

Kabanov & Batrakova, Cur. Pharm. Design, 2004, 10: 1355
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Nnesa KoHTenHepa
3arpyska u Pa3rpyskKa

[lyTb K MULLEHMU Pa3rpy3ka

) =)

Kabanov & Batrakova, Cur. Pharm. Design, 2004, 10: 1355
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Size matters....
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MoandunKkauma noBepxXHOCTH
“Stealth” adpdpekT

 Bo nsbexaHune BzanmonencTemnga ¢ benkamu, Knetkam u
OpYrMmMn KOMMNoHeHTan 6uonorm4yeckon cpeabl
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[19TnnnpoBaHue

 Moagudukaumsa HaHoYacTULbl NN MaKPOMOSIEKYIbI
nonmnatuneHrnukosniem (M3l, PEGylation).

Frank F. Davis ,|:/\/O]\
HO 1970

e PactBopumoCTb B BOAE, AUCNEPCUOHHAA YCTONYMBOCTD,
“stealth” adpdpekrT.

e [loBbiWwaeT 6MOAOCTYMHOCTb, BPEMS LIMPKYNALUKN, CHUXaET
Abraham Abuchowski TOKCMYHOCTb, 3alUMLL@eT OT pacLuenneHns epMmeHTamm

Adagen (PEG-adenosine deaminase — SCID, 1990) Macugen/Pegaptanib (PEG-antiVEGF aptamer -
Oncaspar (PEG-L-asparaginase — ALL, 1994) musc. Distrophy, 2004)

Pegintron (PEG-INFa - hepatitis C and B, 2000) Mircera (PEG-EPO - anemia, 2007)
Doxil/Caelyx (dox-PEGliposome, cancer, 2001) Cimzia/Certolizumab Pegol (PEG-Mab — RA &
PEGASYS (PEG-INFa - hepatitis C & B, 2001) Crohn's disease, 2008)

Somavert: (PEG-hGH — Acromegaly, 2002) Pegloticase (Krystexxa) (PEG-uricase — 2010)
Neulasta (PEG-recomb. methionyl hGSF — cancer Omontys/PEGinesatide (PEG-EPO analog -
chemotherapy induced neutropenia, 2002) anemia, 2012)
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KOHbloraTbl noamMmepa n 1eKapcrea

Current
1975

H. Ringsdorf

KoHbtoratbl NnoIMMeEpPa U NEKAPCTBA Ha PbIHKE NN B KIMHNUYECKUX UCMbITAHUAX
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Polymeric Micelles as Drug Carriers

1984 In Germany

Hydrophilic block Hydrophobic block

Cleavable Linker

Insoluble Drug

H. Ringsdorf
1990 Polymeric micelle
In Ja pa n \ ‘ M. Yokoyama, et al. (1990) Cancer Res., 50: 1693
K. Kataoka T. Okano
/ Solubilization . . \
1989 Drug In then Soviet Union
Targeting
antibody _
Small size ca. 10-50 nm
Micellization Narrow size distribution ~0.1
hydrophilic
Micelle

.

hydrophobic

Block copolymer A. Kabanov et. al FEBS Lett., 1989, 258: 34y

MI'Y nm. M.B. JlomoHOCOBA
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Polymeric Micelles at the Clinical Stage

-

SP1049C
2 NK-911
3 NC-6300/
K-912
4 NK-105
5 NK-012
6 NC-6004
7 NC-4016

8 Genexol-PM

doxorubicin

doxorubicin

epirubicin

paclitaxel

SN-38

cisplatin

DACH-platin

paclitaxel

MIY um. M.B. JlomoHocoBa
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anti-MDR, Phase Il
anti-CSC pending
EPR Phase Il
EPR, pH- Phase |

sensitive

EPR Phase IlI
EPR Phase Il
EPR Phase IlI
EPR Phase |

solubilization Approved

Inoperable metastatic
esophagus, upper Gl

Various solid

Breast nos metastatic
recurrent

Breast nos metastatic
recurrent

Advanced, metastatic
triple negative breast

Pancreatic, solid,
NSCLC

Metastatic, colorectal
Breast, NSCL

Yokoyama et. al. J Exp Clin Med 2011, 3:8, updated
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Clinical Trials of SP1049C: SE—
Pluronic Polymer Micelle Doxorubicin

2 Pluronic block copolymers

L-61 — 90% of POP, 10% of POE,
Doxorubicin HO‘KCHZCHZO CHzCHO CH,CH,0 1‘H Mm ~2,000Kd
n/2 n/2
L CHs

F127 — 30% of POP, 70% of
POE, Mm ~12,000Kd

Phase | results (Danson et al. Br. J. Cancer, 2004 90: 2085):
e 26 advanced stage IV cancer patients
e MTD =70 mg/m?
e DLT = neutropenia at 90 mg/m?
e Plasma PK - linear, dose-proportional, terminal elimination phase - circa 50 hrs
e Toxicity profile similar to doxorubicin
e Activity observed in highly resistant cancer:
o esophageal cancer

Phase Il SP1049C-202-UK - open-label, phase Il window (Valle et. al. Invest New Drugs. 2010)
e First line therapy, adenocarcinoma of the esophagus

e 21 patients (19 evaluable)

e 75 mg/m? of SP1049C i.v. every 3 weeks up to 6 cycles

e SP1049C appears active in monotherapy (RR 47%)

e Median survival 9.96 months

e Toxicity profile: predominantly haematological and cardiac

MIY um. M.B. JlomoHocosa |ﬂ UNC
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Pluronic-induced sensitization of multidrug resistant cells

Pluronic/Drug cytotoxicity Inhibition of drug efflux systems
Dnr/P85
Membrane fluidization
x700 Dnr Lipid raft disruption
MDR cell Pgp inhibition

[Daunorubicin], ug/ml
Alakhov et al. Bioconjug. Chem. 1995, 7:209-16

Mitochondrial Membrane: OXPHOS
Cytochrome C release

X

ATP depletion

ROS

X

Batrakova & Kabanov, J. Contr, Release 2008, 130:98-106
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SP1049C Effective Against Cancer Stem Cells (CSC)

Cells extracted for TIC marker
analysis, tumorogenicity assay

K Decreases colony formation \

e Decreases tumor aggressiveness and increases
survival (in new host animals, s.c.)

* Decreases tumor formation frequency
e Depletes CSC marker (CD133+)
* Attenuates Wnt/p-cathenin signaling pathway

e Prevents development of drug resistance

\ ABCG2 (BCRP) & ABCB1 (Pgp) /

@.PLOS | ONE  alakhova, D.Y., Zhao, Y. et al. PLOS One, 2013, 8(8): €72238
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Al

Polypeptide

PVP

(used as blood plasma
expander since WWII)

Poly(2—oxazo|ine)s

0 Poly(2-oxazoline) (POx)
Initiator

Tl

Living cationic ring-opening polymerization (LCROP):

e Strictly linear polymers

* Direct control of polymer chain length by [M], / [I], - ratio

* Low dispersity b = M,/M, ~1.05-1.3

* Quantitative introduction of terminal functional groups

* Introduction of pendant groups via functional monomers & polymer analog reactions

* Block, gradient and random copolymerization of different 2-oxazoline monomers
control of amphiphilicity & distribution of functions

*® "no side-reactions"
* [imited degree of polymerization of about n ~150-200

* POx are miscible with most polymers and soluble in many solvents
* POx show a temperature dependent water-solubility:
LCST that can be fine-tune between (0) ... 4-95... (100)°C

s MY nm. M.B. JlomoHOCOBa
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POxylation: analogous to PEGylation

,Stealth Effect” of POx liposomes
Low Immunogenicity (POx-BSA)

Viegas, et al. Bioconjug. Chem. 2011, 22, 976.
Woodle et al. Bioconj. Chem. 1994, 5, 493.
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Poly(2-oxazoline)s: Water Solubility & Micellization

vy

similar to
PEG
 Tuning by side chain
*Tuning by copolymerization R. Luxenhofer, et al, Biomaterials 2010, 31, 4972
A. Schulz et al. ACS Nano 2014, 8, 2686
SANS measurements and fittings SANS experiments and fittings
V{ v
LSS

O fﬂ{*/ﬁf raspberry-like micelles

Polar hydrophobic core

MI'Y nm. M.B. JlomoHOoCcOBa ﬁ UNC
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Formulation of Paclitaxel with POx

o O
(%)
+
-solvent +water
—_— —
-
- water
PTX loaded micelles:
film micellar « Stable, Small & Clear
solution *R,,=12-22 nm
+ solvent © UnIfOI’m PD = 004'012

» Formulation e.g. with PTX is a stable micellar

solution of small/defined micelles

* No further excipients needed (no cryoprotectants)

» Formulation can be fully reconstructed

* POx is thermally stable e.g. @ 200°C for 24 h

(UV, NMR, GPC, IR identical) @ T 1T

» POx (POx/drug film) can be sterilized i.e. to Taxol Taxol POx-PTX
remove endotoxines dayl day2 day?2

R. Luxenhofer, A. Schulz, C. Roques, S. Li, T. Bronich, E. Batrakova, R. Jordan, A. Kabanov, Biomaterials 2010, 31, 4972.
A. Kabanov, R. Jordan, R. Luxenhofer, PCT Appl. EP2009/004655
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POx

Taxol

Abraxane

NK105

Opaxio

Genexol

POx

Taxol

Abraxane

NK105

Opaxio

Genexol

Unprecedented Capacity for PTX

5 10 » » » « s Drug loading capacity %o (w/w)

1%

y
88 10%
1:100 1:10

Taxol®
’

™

Abraxane®

Drug concentration (mg/mL) in stable formulation

1 2 3 4 5 6 7 8 9

v ———d

| X 45900
L 1:1

POx micelles

40 mg/mL PTX

| - solubilized in 50 mg/mL POx
- solution stabile for at least 14 days
s - solubility increase > x 50.000

B 'njected Formulated

MI'Y nm. M.B. JlomoHocoBa
Jabopatopusa XumMmm4eckoro KoOHCTpyMpoBaHna broHaHoMaTepuranos

A. Kabanov, R. Jordan, R. Luxenhofer, PCT Appl. EP2009/004655
R. Luxenhofer, A. Schulz, C. Roques, S. Li, T. Bronich, E. Batrakova, R. Jordan, A. Kabanov,

\

—
—

Biomaterials 2010, 31, 4972
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Increased safety

Complement activation MTD in NCI nude mice 4 X every 4 days
Formulations 1 Dose | Animal | Weight loss
(mg/kg) | death
20 0/3 3.47%
Taxol 25 1/3 Animal Death
90 0/3 Weight gain
Abraxane 120 1/3 Animal Death
80 0/3 Weight gain
PTX-loaded 100 0/3 Weight gain
POXx 120 0/3 Weight gain
Micelles 150 0/3 Weight gain
R. Luxenhofer, et al. Biomaterials 2010, 31, 4972. 200 2/3 >15%

« Taxol: 20mg/kg (x 4)
 Abraxane: 90mg/kg (x 4)
* POX-PTX: 150mg/kg (x 4)
« POX: = 1000mg/kg (x 4)
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PK and Efficacy of PTX/POx vs. Taxol & Abraxane

Flank model A2780 ovarian cancer in NCl nude mouse Drug concentration in tumor

Start Day 6, Saline Day 6, Taxol Day 6, POx

Tumor growth inhibition

m MI'Y nm. M.B. JlomoHOoCOBa TI_T]T UNC
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- Samples submitted to NCI/NCL

for characterization.
e 10 mg PTX/vial; POx: PTX = 1.25:1

size, PDI distribution, release, endotoxin
levels, stability, drug concentration and
drug loading,

in vitro stability in human serum



We have data on 20+ compounds already

paclitaxel docetaxel SB-T-1213 SB-T-1214 SB-T-1216 SB-T-121302

logP=2.5
SB-T-121303  SB-T-121402 SB-T-121602 17-AAG etoposide bortezomib
° logP=4.7 logP=1.0  logP=0.9
VE-821
ergocaliceferol ritonavir atazanavir efavirenz cyclosporine A
logP=4.6
VE-822
logP=7.3 logP=3.9 logP=4.5 bexarotene
., . logP=4.3

Solubilization: Green — excellent;

— S0-s0 (ordinary); red - poor T
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Micelle Formation as a Result of Polyion Complexation

Block ionomer complexes (BIC)

-~

~

/

Kabanov et al. Bioconj. Chem. 1995, 6: 639
Kataoka et al. Macromolecules 1996, 29: 8556
Wolfert et al. Hum. Gene Ther. 1996, 7: 2123

MIY um. M.B. JlomoHocoBa
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Oligo delivery to retina

*FITC

*DAPI

Roy et al. Nature Biotech. 1999, 17: 476
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Polymer Micelles with Cross-Linked lonic

Core (cl-Micelles) = NanoGELS

Polyion-metal
complex core

Cross-linked

Cross-linked
swollen ionic

condensed core

Ca?*
L — cross-linking
© >
Double v I
hydrophilic Po yion complex
micelie
viock copolymer AFM in air

dialysis
B ——

Shell thickness

TEM
7.82 + 0.24 nm (N=69)

Model of extended
polymer brush

L=6.2 nm

Dy=19.64 £ 0.67 nm
Equilibrium swelling ratio 14.5

core

Protective shell

AFM in solution

D, =55.0 + 3.3nm

vy

MI'Y nm. M.B. JlomoHOCOBA
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Bronich et. al. J. Am. Chem. Soc. 2005, 127(23): 8236
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Differential Trafficking of cl-NanoGels in Normal and
Cancer Epithelial Cells

TJ and cell uptake

Final destination pH-sensitive cl-micelles/Dox

lysosomesca
o~ - =
&
: A
lysotracker,
30 min
MCF7/ADR 120 - MDCK
120 ——
o 100
% * E 80
'§ 80 §
:E 60 ‘cz 60 1
T < 40 1
[Z2NPYY g 20 +
173
0 0 )
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
[DOX], ug/ml [DOX], ug/ml

G. Sahay, et al. Biomaterials, 2009, 31:923-33

MI'Y nm. M.B. JlomoHOoCcOBa ﬁ UNC
S

ESHELMAN
Jlaboparopus Xummnyeckoro KoHCTpyrpoBaHusa brioHaHoMaTepranos CHOOL OF PHARMACY




Delivery of Cisplatin to Tumors Via Folate-Targeted NanoGels

ﬂn.w. ~ 2 x 10° Da +90-95 % H,0 Chain flexibility "\ Targeting

100 nm a
Cisplatin Folic Acid
Hy> /CI
NH~
NHZ/Pt:I/\

Bronich et. al. J. Am. Chem. Soc. 2005, 127(23): 8236

Targetlng in FR Expressing Ovarian Carcinoma A2780

Pt Accumulation in Tumor ’s Body Weight Loss
. Tumor Volume
6 b -]
A 3500 —— dextrose :I* 15 4

5 4 E 3000 4 —¢ nanogel
g 4 m 2500 - II(’\:aDn%ZeI/CDDP NS § 5 -
2 * -8 FA-nanogel/CDDP 4 ‘
o 3 3 2000 - —{+ FA + FA-nanogel/CDDP E" £
o > * o -5 4
= 21 5 1500 2
& = X
= 14 5 1000 1 15 -

ol Nl _

1 . . . . 251 | | |
0 5 0 15 20
0 5 Dlé? 15 20 ay
+FA Y

N. Nukolova, et al. Biomaterials, 2011, 32 (23), 5417-5426
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Proteins in Block lonomer Complexes (BIC)

Molecular caging of active protein

PEG-L-Glutamic acid® {°°"

H
CH3O\I~/\O,I;\/N thH
o)

NH2

‘I,H
Nm

H

PEG-L-lysine®

CH30 V\O1:\/H
)

Manickam, D. S., et al. (2012) Journal of Controlled Release 162, 636-645; Gaydess, A., et al. (2010)
Chemical Biological Interactions 187, 295-8; Rosenbaugh, E., et al. (2010) Biomaterials 3, 5218-26

Summary

» Readily scalable self-assembly process

» Forming stable, biologically active nano-sized particles

» Applicable to positively charged or negatively charged
proteins

Nanozyme » Improved peripheral or brain PK

» Efficacy tested in animal models (hypertension, stroke,
Parkinson’s disease, influenza, uveitis, organophosphate
poisoning, spinal cord injury)
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CATALYTIC SCAVENGER
ORGANOPHOSPHATE HYDROLASE (OPH)

Dimer 72 kDa

O)
D distribution
of charges

blue = -
red = +
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CATALYTIC SCAVENGER
ORGANOPHOSPHATE HYDROLASE (OPH)

Dimer 72 kDa

-
C} distribution
of charges

blue = -
red = +

Ohio Natl. Guard

VX

500,000 casualties a year
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NANOZYME TECHNOLOGY: nano-OPH

OPH nano-OPH (Z,,,=0.5)
5-10 nm 50+10 nm

m MIY um. M.B. JlomoHocoBa ﬁ UNC

— ESHELMAN
Jlabopatopua Xnmmdeckoro KoHCTpyrpoBaHus brioHaHoMaTtepraios OO OF PHARMACY



NANOZYME TECHNOLOGY: nano-OPH

OPH
5-10 nm

Summary

Excellent storage (2 years in solution)
Thermo-stable

Little immune response

Long circulation (15-20 h)

Effective when added before exposure (20 h)
Effective intramuscularly & transbucally

MI'Y nm. M.B. JlomoHocoBa
i Jabopatopusa XumMmm4eckoro KoOHCTpyMpoBaHna broHaHoMaTepuranos

nano-OPH (Z,,,=0.5)
50+10 nm
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Adoptive Cell-Mediated Transfer of
Nanoparticles to Sites of Inflammation

A. Brynskikh et al. Nanomedicine (Lond.) 2010, 53:379
Y. Zhao et al. Nanomedicine (Lond). 2011 6(1): 2542
M. Haney et al. Nanomedicine (Lond) 2012 7(6): 815-33

Decreased brain Inflammation in

Parkinson’s disease model Neuron survival in Parkinson’s disease model
Microglia
(CD11b) Nanozyme-MPs Nanozyme-MPs
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Adoptive Cell-Mediated Gene Transfer
to Site of Inflammation

Gene transfer from macrophages to Anti-inflammatory and neuroprotective effects of transfected macrophages

neuronal cells in Parkinson’s disease mouse model
catalase GDNF
Microglia
(CD11b)
Haney et al. PLoS ONE 2013 8(4): 61852 Zhao et al. PLoS ONE 2014 9(9): e106867
‘@ PLOS | one
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Nnesa KoHTenHepa
3arpyska u Pa3rpyskKa

[lyTb K MULLEHMU Pa3rpy3ka

) =)

Kabanov & Batrakova, Cur. Pharm. Design, 2004, 10: 1355
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HaHomaTepmanbl C ANCTAaHUMOHHbIM YIpaBJiEHUNEM

OpWEeHTAUNOHHOE ABUMKEHNE MAarHUTHbIX HAHOYACTUL, B 3/IEKTPOMArHMTHOM MoJie
CBEPXHU3KOM YacTOTbl (AeCATKM L) MOMKET OKa3bIBaTb CU/Y B AECATKU U COTHU
NUKo-HbloToHOB (MH) Ha MoNEKYbI, CBA3AHHbIE C 3TUMM YacTMLAMKU. Takue cubl
MOTYT «ABUraTb» MaKPOMOEKY/bl U PBaTb XMMUYECKME CBA3MN.

Cnektpbl K[
o 2
Y1obbl “‘noiimatb’ 3T CUAbI, MONEKYNbl pepmeHTa 1 roene nona
6bIIN UCNONb30BaAHbI B KAYECTBE K PEMOPTEPOBY. =) 0
P
OHM 6bIAM NPUKpPEeNNeHbl K HAHOPA3MEPHbIM = A
YyacTMuam MarHeTuTa c N0JIMMEPHOMN 060104KOM 2
O6onoyka . 3
MoNAN3TUNEHTIMKONb depMeHT AKTUBHBbI HeaKTuBHbIN 4 ‘
dbepmeHT dhepmeHT 200 220 240 260 280 300

Bnepsble NOKa3aHo, YTO BO3AENCTBUE HETPEIOLLNX
NnepeMeHHbIX 3N1EKTPOMArHUTHbIX NONEN CBEPXHU3KOM
4acTOTbl MEHAET CTPYKTYPY U aKTUBHOCTb GepMeHTa

MoHHBI 610K N. Klyachko, M. Sokolsky-Papkov, et.al. Angew. Chemie, 2012, accepted.

Takum o06pas3om, MOXXHO co3aaTb HaHOMaTepuarbl C ANEKTPOMarHUTHbIM «pPene», KOTopble B OTBET Ha

ONCTaHUMOHHbIE PaMOBONHOBLIE CUrHamnbl MOTYT COBEpLUATh NONe3Hy paboTy - HanpuMep,
BKITOYATb U BbIKIOYaTb hePMEHTbLI UM BbICBOOOXKAATb NIeKapcTBa «No TpeboBaHMIO»

Jla6opartopus Xumuyeckoro [iusannHa BuoHaHomaTepuanoB

BenyLumin yyeHbii KabaHoB A.B.

Tema Hay4HOro nccnefoBaHvs: “XumMust: XMaMmM4ecKun au3anH 6MoHaHoOMaTepuanoB AN MeAULUUHCKUX NPUMEHeHun”
AoroBop N2 11G.34.31.0004 ot “30” Hos6ps 2010 .
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