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PHARMACEUTICAL CARRIERS

soluble polymers

microcapsules
microparticles

cells
cell ghosts

liposomes
micelles

niosomes
metal particles

solid lipid particles
lipoproteins

INDIVIDUAL PROPERTIES OF PHARMACEUTICAL
NANOCARRIERS THAT CAN BE COMBINED IF REQUIRED:

- size and size distribution

- charge

- stability at storage conditions and in vivo
- longevity in the circulation

- biodegradability

- targetability

- ability to carry a sufficient cargo

- ability to release a cargo

- ability to carry a reporter (contrast) moiety
- sensitivity towards magnetic field

- ability to complex DNA

- ability to escape from endosomes

- ability to penetrate inside cells
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Different requirement for different agents

Delivery of imaging agents requires good
relative accumulation (high target-to-nontarget
ratio

Delivery of therapeutics requires good absolute
accumulation (maximum percent dose per
gram of the target tissue)

Anti-nucleosome antibodies and
cancer

¢ The monoclonal non-
pathogenic ANA 2C5,
derived from healthy aged
Balb/c mice, was shown to wl
recognize the surface of
numerous tumor, but not
normal cells via their cell
surface-bound nucleosomes.

In addition to their anticancer
effects, these antibodies can
be used as targeting
moieties for drug delivery
systems.

DNA double helix




Surface binding of mAb 2C5 to different human
tumor cell lines as shown by flow cytometry
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Fluorescein-conjugated goat anti-mouse 19G
—— lsotype matched control antibody UPC10,
—— mAb 2C5

Preparation of immunomicelles
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Schematic structures of a micelle and liposome:
formation and loading with contrast agent
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‘ 5-50 nm
Micelle Liposome

50 - 2000 nm
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Synthesis of amphiphilic polychelate DTPA-PLL-NGPE consisting of
hydrophilic DTPA-polylysyl (DTPA-PLL) moiety and hydrophobic N-glutary
phasphatidyl ethanolamine (NGPE moiety

NGPE Z-protected poly-L-lysine

carbonyldiimidazole
I hydroxysuccinimide

N.a-(8-CBZ-polylysyl)-NGPE

l HeiAcetc cid

deprotected N,a-(-CBZ-polylysy)-NGPE
DTPA cyclic anhydride
T s A

Schematics of antibody conjugation reaction with pNP-PEG-PE
(upper panel), and the immuno-modification of Doxil® using a
post-insertion method (lower panel)
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Ab(PEG-PE),

Antibody-modified
micelles Doxil

Cytotoxic effect of IlgG-Doxil® and mAb 2C5-
il® on 4T1 cells

Viable cells (%)

w
Concentration (ug/ml)

parations at
g/ml free

doxorubicin) and same concentration of 5-liposomes (as lipid)
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Cytotoxic effect of IgG-Doxil® and mAb 2C5-
Doxil® on LLC cells

L
[ No treatment

P<0.001
—_——

Viable cells (%)

Doxil® () on LLC

Tumor-to-normal ratios after 48 h for !In-labeled
long-circulating liposomes and 2C5-immunoliposomes in
different tumor models as measured by tissue-accumulated
n radioactivity.

Win-labeled Un-labeled
long circulating | long circulating
liposomes immunoliposom

* % injected dose per gm of tumor / % injected dose per gm of muscle

Whole body gamma-imaging of 4T1 and LLC tumor-bearing
mice 6h after injection with tIn-labeled liposomes

Control 1gG-modified mAb 2C5-modified
liposomes liposomes liposomes

Circles indicate tumor locations
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Whole body gamma-imaging of 4T1 and LLC tumor-bearing
mice 12 hr after injection with '!In-labeled liposomes

Control lgG-modified mAb 2C5-modified
liposomes liposomes liposomes

Circles indicate tumor locations

4T1 mouse model

Control liposomes 19G-liposomes 2C5-liposomes

Whole body imaging of 4T1 tumor-bearing mice, 4 hr after injection with !In-labeled
liposomes: Arrows indicate tumor locations.

LLC mouse model

Control liposomes 1gG-liposomes 2C5-liposomes

Whole body i i fLLC ring mice, 4 hr

ons.
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Therapeutic activity, expressed as tumor volumes (A) and
tumor weight (B) of 2C5-modified Doxil® against control
preparations in CT26 implanted mice

B

Tumor volume (mm )
Tumor weight (gm)
R
s
—

*PZ0.05-0.005

Time (days) 2C5-Doxil® IgG-Doxil® Doxil® PBS

Arrows indicate treatment schedule, 2 mg/kg/q 5 days. (n= 8-10), * Two way
ANOVA with Tukey’s HSD Post-Hoc test (Results indicated + SD)

Therapeutic activity, expressed as tumor volumes (A)
and tumor weight (B) of 2C5-modified Doxil®
against control preparations in LLC implanted mice

—a—PBS
~8— Doxil
~o— IgG-modified Doxil

—- 2C5-modified Doxil *
s
P<0.05
[ *
0

2C5-Doxil® IgG-Doxil® Doxil®  PBS

Arrows indicate treatment schedule, 2 mg/kg/q 5 days. (n= 8-10), * Two way
ANOVA with Tukey’s HSD Post-Hoc test (Results indicated + SD)

In vivo therapeutic efficacy of Doxil-loaded
liposomes against intracranial U-87 MG
astrocytoma xenograft in nude mice
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Treatmen | _survival pvalue
t time (days)

Untreated 255

g

Percent survival

10 20 30 40 50 60 70 80

Time (days)

1/10/2008




1/10/2008

Tumor-associated relaxation rate (R1) values of mice injected
with (#) 2C5 modified (W) unmodified Gd-PAP-containing
PEGylated liposomes at different post time injection
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3D angiography of mice injected with 2C5 modified (upper
row) and unmodified (bottom row) Gd-PAP-containing
PEGylated liposomes at 0, 4, 24, and 48 hrs

Blood vessels in tumors and other
disease spots are leaky
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normal /
vasculature leaky vasculature
(drug/drug carrier penetrate
into diseased tissue)
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MICELLE FORMATION

SINGLE POLYMER CHAIN MICELLE

Well Poorly soluble
soluble segment
segment

Chemical structure of PEG-PE
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Polyethylene glycol\_

—~
Phosphatidyl ethanolamine

Accumulation of 1111In-labeled PEO95 kDa)-PE/DTPA-SA mixed

micelles and 111In-labeled PEO95 kDa)-containing liposomes in

popliteal lymph node after subcutaneous injection into dorsum of
rabbit hindpaw

Time (min)
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In vivo micelle accumulation in the pathological
areas with increased vascular permeability

Accumulation of PEG-PE micelles in Accumulation of of PEG-PE
murine Lewis lung carcinoma tumor  micelles in the area of experimental
myocardial infarction in rabbit

- infarct
[ - non-infarct

Doselg of tissue (%)

AUC doselg of organ

Paclitaxel-loaded PEG-PE-based
mAb 2C5-immunomicelles in vivo

Tumor accumulation of Tumor accumulation of Inhibition of Lewis lung
paclitaxel-loaded mAb 2C5- free paclitaxel carcinoma growth in mice by
immunomicelles in Lewis lung various preparations of
carcinoma model paclitaxel

[ 25 immunamiceles, muscle [ tree paciaer [ ree paciivel
e mesteoor [ i mielles [ plain micelles

I 2G5 immunomicelle, umor [ 2C5-immunomiceles I 2C5 immunomiceles

% doselg of tumor
Inhibition of tumor grow (%)

Paclitaxell (ng/g of tumor)

Schematic diagram of micelle formed of block
copolymers containing radiopaque molecules

l Water or saline

v

PEG shell

Polymeric micelle

1/10/2008

10



1/10/2008

Synthesis of the block copolymer MPEG-PA and poly[e,N-
(triiodobenzoyl)-L-lysine]

MPEG-PA  CH;OWwww(—(CH,);—COOH
dicyclohexylcarbodiimide , NHS

07(CH1)17C0707\\\9]

o
l HN CoOH P(CBZ)LL

MPEG-PA NHS ester  HO

NHZ NHZ NHZ
MPEG-PA -P(CBZ)LL copolymer
HO

0—(CH;);—CO—O—NH. COOH

NHZ NHZ NHZ

{ HBr/Acetic acid
MPEG-PA -PLL copolymer

HO 0—(CH;);—CO—O0—NH COOH
l NH; NH; NH;
HO 0—(CH2):—CO~0~ COOH
MPEG-PA -PLL copolymer NH: NH: NH:
1.
. trilodobenzoic acid
QC" > N-hydroxysuccinimide ester
1 1 (4]
HO 0— (CHy),—CO—NH: COOH
Wi WEy R
0
1 1
1 1 1
Acetic anhydride
HO 0—(CHp)—CO—NH: COOH
NH; NH; NH-CO-CH
ICPM-forming block copolymer 12 12 3
9 poly co co
1 1
1 n 1

lodine-containing polymeric micelles in rat

VENTRICLE

Time (min) " Time (min)

AORTA 00 SPLEEN

Time (min)
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Use of lodine-Containing Micelles for Blood Pool, Liver
and Spleen CT Imaging in Rabbit

liver spleen

5 min

30 min

120 min
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* Dry film of MPEG,y,,-PE and SPION was
rehydrated using HEPES-buffered saline, pH 7.4
and vortexed for 10 min.

» Unincorporated SPION removed by external
magnet.

SPION-micelles

Magnetic susceptibility of SPION-micelles

SOTITD measnremente

T 260K (SPION-miccllcs
50000
] “SPIONs coated
i o
=

! ‘with oleic acid
o M».J
100000

-2.00E+06 0.00E+00 2.00E+06
H (A/m)

No coercivity is seen indicating the super
paramagnetic behavior of SPIONSs.

Entrapment of the SPIONs within the PEG-PE micelles does
not affect the magnetic properties of the SPIONs
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Tumor accumulation of SPION-micelles in

presence of external magnets
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0.035 -
<0.05
EWith magnet A
9
]
8 5 0025 -
c 5 b <0.05
g < 002-
= p <0.05 =
o *p = 0.0504
o £ ~ P
- 8
E o
S
83
=
S
120
Time (min)
2- Monolayer of
c 18 - nucleosomes was
s 167 used as antigen
~ 14
S _ .
< 12 Peroxidase-
1- ; .
& o0s - —+— Native mAb 2C5 conjugated goat anti-
3 0.6 - & "Plain" SPION-micelles mouse antibody as
g(: 04 - —&-mAb2C5 SPION-micelles used as 2nd antibody

Bovine IgG SPION- micelles
Ty

2 3 4
Concentration of protein (ug/mL)

mAb2C5 SPION-micelles were able to recognize
and bind to the nucleosome antigen in the ELISA
plate.

Binding of mAb 2CS SPION-micelles to murine
adenocarcinoma MCF-7 cells in vitro

Fluorescence at 550/590 nm

4001 plain” SPION-micelles p<oos Fluorescently labeled
8501 g mAB2CS SPION-micelles formulations were
3.001 Bovine IgG SPION-micelles incubated with
250 P<0.05 MCF-7 cells for 2 h.
2.00
150 Cells were then
1'00 removed from plates
0'50 and associated

’ fluorescence was
0.00

0.35 mM PEG-PE 0.70 mM of PEG-PE Measured.
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02 SPION-micelles
N Measured using a bench
Fon top 5 mHz RADX NMR
gm Proton Spin Analyzer in
= HBS, pH 7.4
0.04
SPIONs
[, T T T T 1
0 0025 005 0075 01 0125 015
Concentration of SPIONs (mg/mL)
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Binding of mAb 2CS SPION-micelles to murine
adenocarcinoma MCF-7 cells in vitro

Concentration of PEG-PE
Formulations applied to MCF-7 cells.

0.35 mM 0.70 mM

Plain” SPION 43+ 0025t |52+ 00551
micelles
mAb2CSSPION- | 56, 0015t | 7.0+ 0025t
micelles

N P <0.05

Bovine IgG SPION- | 4 5, (051 | 60+ 0025t
micelles

Formulations were incubated with MCF-7 cells for 2 h.

Cells were then removed from plates and associated (1/T2) signal
was measured using 500 MHz NMR machine.

Endocytosis (a) versus transduction (b)
for intracellular drug delivery
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11-mer TAT-peptide:

TyrGlyArgLysLysArgArgGlyArgArgArg

NANOPARTICLES DELIVERED
INTRACELLULARLY BY CPPs

» Paramagnetic iron oxide nanoparticles — 40 nm
* Liposomes — 100 nm, 200 nm
* Micelles — 20 nm

« Polymeric nanoparticles — 30-50 and 100-300
nm

¢ Quantum dots — ca. 5 nm

12 Hours. 18 Hours 24 Hours

B1
B2
\7 -
2
B3

N/
.
c3
Raman images from MCF-7 cells inoculated with d-DPPC

liposomes for 12, 18, and 24 hours. C-D stretching
intensities are shown in red.
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3 Hours 6Hours 9 Hours

Raman images from MCF-7 cells inoculated with d-DPPC
‘TAT-peptide modified liposomes for 3, 6, and 9 hours. C-D
stretching intensities are shown in red.
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Intracellular trafficking of Rh-PE-labeled and
FITC-dextran-loaded TATp-liposomes within
BT20 cells after 2 h

A-DIC light B - DIC with Rh filter
C - DIC with an FITC filter D - DIC composite

Cardiomyocytes transfected with
TAT-liposome-pEGFP-N1

A, B - HIC2 cardiomyocytes visualized by fluorescence microscopy at FITC channel,
C, D - brightfield image of the same HIC2 cells.
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In Vitro Transfection of U-87 MG Live Cells at
N/P 10, 5 ug DNA/100,000 Cells

Plain lipoplexes

TATp-lipoplexes

Bright field FITC fluorescence

Fluorescent and light microscopic images of
Lewis lung carcinoma tumor

¢ ef = 3
82
TLRR's

'é:r. . 2

ected with 100ul TAT-Liposome/GFP pDNA complex (72 hrs post injection).
0x objective magnification

sfection of U-87 MG tumor cells in
intracranial model

BAT BAT

Control Plain lipoplexes TATp-lipoplexes
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Lipid
Binding
peptide =>=0
+
PVIIl protein
AN N =
Amphiphilic polymer
(PEG-PE conjugate)

Micelle

Drug-loaded liposome or micelles targeted by the pVIII protein.
The hydrophobic helix of pVIII spans the lipid layer and
binding pegtide is displayed on the surface of the nanoparticle.
The drug molecules are shown as hexagons.

Fluorescence
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* Microarray test for Doxil targeting onto streptavidin-
coated wells. Doxil was treated with buffer (1), wild-type
phage f8-5 (2) and streptavidin-binding phage (3).
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