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Imaging component of multifunctional Imaging component of multifunctional 
pharmaceutical nanocarrierspharmaceutical nanocarriers
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PHARMACEUTICAL CARRIERSPHARMACEUTICAL CARRIERS

• soluble polymers
• microcapsules
• microparticles
• cells
• cell ghosts
• liposomes
• micelles
• niosomes
• metal particles
• solid lipid particles
• lipoproteins

INDIVIDUAL PROPERTIES OF PHARMACEUTICAL INDIVIDUAL PROPERTIES OF PHARMACEUTICAL 
NANOCARRIERS THAT CAN BE COMBINED IF REQUIRED: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 agentsDifferent requirement for different agents

Delivery ofDelivery of imaging agents imaging agents requires good requires good 
relative accumulation (high targetrelative accumulation (high target--toto--nontargetnontargetrelative accumulation (high targetrelative accumulation (high target--toto--nontarget nontarget 
ratioratio

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

DNA double helix

Nucleosome 
(H2A, H2B, H3, H4)

Histone H1

a b/c ce, as s o to
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. (Iakoubov et al.,Cancer Detect Prev, 1998; 22(5):470-5)
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Surface binding of mAb 2C5 to different human Surface binding of mAb 2C5 to different human 
tumor cell lines as shown by flow cytometrytumor cell lines as shown by flow cytometry

Cells only,           
Fluorescein-conjugated goat anti-mouse IgG
Isotype matched control antibody UPC10, 
mAb 2C5

Preparation of immunomicelles
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transfer from organic solvent 
into water (external force 

required)

fragment of the 
liposomal membrane
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Schematic structures of a micelle and liposome: 
formation and loading with contrast agent
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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
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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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Cytotoxic effect of IgG-Doxil® and mAb 2C5-
Doxil® on 4T1 cells
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Murine 4T1 cells. A – Cytotoxic effect of different concentrations of IgG-Doxil® (■) 
and mAb 2C5-Doxil® (●) on 4T1 cells, and B – cytotoxicity of various preparations at 
the fixed concentration of IgG-Doxil® and 2C5-Doxil® (as 100 µg/ml free 
doxorubicin) and same concentration of 2C5-liposomes (as lipid)
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Cytotoxic effect of IgG-Doxil® and mAb 2C5-
Doxil® on LLC cells
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A – Cytotoxic effect of different concentrations of IgG-Doxil® (■) 
and mAb 2C5-Doxil® (●) on LLC cells
B – cytotoxicity of various preparations at the fixed concentration of IgG-Doxil® 
and 2C5-Doxil® (as 100 µg/ml free doxorubicin) and same concentration of 2C5-
liposomes (as lipid).
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111In-labeled 
long circulating 
immunoliposom

es

111In-labeled 
long circulating 

liposomes

Tumor-to-normal ratios after 48 h for 111In-labeled 
long-circulating liposomes and 2C5-immunoliposomes in 
different tumor models as measured by tissue-accumulated

111In radioactivity.

5.82.6LS-174T

16.34.5PC-3

6.02.7COLO-205

* % 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 111In-labeled liposomes

4T1

Control 
liposomes

IgG-modified 
liposomes

mAb 2C5-modified 
liposomes

LLC

Circles indicate tumor locations
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Whole body gamma-imaging of 4T1 and LLC tumor-bearing 
mice  12 hr after injection with 111In-labeled liposomes

4T1

Control 
liposomes

IgG-modified 
liposomes

mAb 2C5-modified 
liposomes

LLC

Circles indicate tumor locations

4T1 mouse model

Control liposomes IgG-liposomes 2C5-liposomes

Whole body imaging of 4T1 tumor-bearing mice, 4 hr after injection with 111In-labeled 
liposomes: Arrows indicate tumor locations.

Low signal 
intensity

High signal 
intensity

LLC mouse modelLLC mouse model

Control liposomes IgG-liposomes 2C5-liposomes

Whole body imaging of LLC tumor-bearing mice, 4 hr after injection with 111In-labeled 
liposomes: Arrows indicate tumor locations.

Low signal 
intensity

High signal 
intensity
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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 
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Therapeutic activity, expressed as tumor volumes (A) 
and tumor weight (B) of 2C5-modified Doxil® 

against control preparations in LLC implanted mice 
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Tumor-associated relaxation rate (R1) values of mice injected 
with ( ) 2C5 modified ( ) 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 Blood vessels in tumors and other 
disease spots are leakydisease spots are leaky

Blood vessels in tumors and other Blood vessels in tumors and other 
disease spots are leakydisease spots are leaky
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SINGLE POLYMER CHAIN MICELLE

MICELLE FORMATION
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Poorly soluble
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Chemical structure of PEGChemical structure of PEG--PEPE
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micelles and 111In-labeled PEO95 kDa)-containing liposomes in 
popliteal lymph node after subcutaneous injection into dorsum of 
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- tumor
- muscle - non-infarct

- infarct

In vivoIn vivo micelle accumulation in the pathological micelle accumulation in the pathological 
areas with increased vascular permeabilityareas with increased vascular permeability

Accumulation of PEG-PE micelles in 
murine Lewis lung carcinoma tumor

Accumulation of of PEG-PE 
micelles in the area of experimental 

myocardial infarction in rabbit

0

25

50

75

AU
C

do
se

/g
 o

f o
rg

an

0.0

0.1

0.2

0.3

0.4

D
os

e/
g 

of
 ti

ss
ue

 (%
)

PaclitaxelPaclitaxel--loaded PEGloaded PEG--PEPE--based based 
mAb 2C5mAb 2C5--immunomicelles immunomicelles in vivoin vivo

free paclitaxel
plain micelles
2C5 immunomicelles
plain micelles

free paclitaxel
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2C5- immunomicelles

free 
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2C5 immunomicelles

2C5- immunomicelles, muscle
plain micelles, tumor
2C5 immunomicelles, muscle
plain micelles, tumor

Tumor accumulation of 
paclitaxel-loaded mAb 2C5-

immunomicelles in Lewis lung 
carcinoma model 

Tumor accumulation of 
free paclitaxel

Inhibition of Lewis lung 
carcinoma growth in mice by 

various preparations of 
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Schematic diagram of micelle formed of block Schematic diagram of micelle formed of block 
copolymers containing radiopaque moleculescopolymers containing radiopaque molecules
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core 

Water or saline

PEG shell
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MPEG-PA
dicyclohexylcarbodiimide , NHS

CH3O O (CH2)2 COOH

P(CBZ)LLH2N COOH

NHZ NHZ NHZ

Synthesis of the block copolymer MPEG-PA and poly[ε,N-
(triiodobenzoyl)-L-lysine]
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heart liver spleen

pre

Use of Iodine-Containing Micelles for Blood Pool, Liver 
and Spleen CT Imaging in Rabbit

5 min

30 min

120 min

SPION-micelles

• Dry film of mPEG2000-PE and SPION was 
rehydrated using HEPES-buffered saline, pH 7.4 
and vortexed for 10 min.

• Unincorporated SPION removed by external p y
magnet.

SPION-micellesSPION-micelles

Magnetic susceptibility of SPION-micelles
SQUID measurements

0 hr 2 hr0 hr 2 hr
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No coercivity is seen indicating the super 
paramagnetic behavior of SPIONs.

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

mouse antibody as 
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Binding of mAb 2C5 SPION-micelles to murine 
adenocarcinoma MCF-7 cells in vitro

Fluorescently labeled Fluorescently labeled 
formulations were formulations were 
incubated with  incubated with  
MCFMCF--7 cells for 2 h.7 cells for 2 h.
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fluorescence was fluorescence was 
measured.measured.
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NMR relaxivity of SPION micelles
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Measured using a bench 
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SPIONSPION--micelles offered improved T2 relaxivity signal at micelles offered improved T2 relaxivity signal at 
low concentrations when compared to plain SPIONslow concentrations when compared to plain SPIONs

HBS, pH 7.4

Binding of mAb 2C5 SPION-micelles to murine 
adenocarcinoma MCF-7 cells in vitro

5.2 ± 0.05 s-14.3 ± 0.02 s-1“Plain” SPION-
micelles

0.70 mM 0.35 mM 

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

5.2 ± 0.05 s-14.3 ± 0.02 s-1“Plain” SPION-
micelles

0.70 mM 0.35 mM 

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

5.2 ± 0.05 s-14.3 ± 0.02 s-1“Plain” SPION-
micelles

0.70 mM 0.35 mM 

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

5.2 ± 0.05 s-14.3 ± 0.02 s-1“Plain” SPION-
micelles

0.70 mM 0.35 mM 

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

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

Cells were then removed  from plates and associated (1/T2) signal Cells were then removed  from plates and associated (1/T2) signal 
was measured using 500 MHz NMR machine.was measured using 500 MHz NMR machine.
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7.1 ± 0.02 s-15.6 ± 0.01 s-1mAb 2C5 SPION-
micelles

6.0 ± 0.02 s-14.3 ± 0.00 s-1Bovine IgG SPION-
micelles

7.1 ± 0.02 s-15.6 ± 0.01 s-1mAb 2C5 SPION-
micelles

P <0.05P <0.05
6.0 ± 0.02 s-14.3 ± 0.00 s-1Bovine IgG SPION-

micelles

7.1 ± 0.02 s-15.6 ± 0.01 s-1mAb 2C5 SPION-
micelles

6.0 ± 0.02 s-14.3 ± 0.00 s-1Bovine IgG SPION-
micelles

7.1 ± 0.02 s-15.6 ± 0.01 s-1mAb 2C5 SPION-
micelles

P <0.05P <0.05

Endocytosis (a) versus transduction (b) Endocytosis (a) versus transduction (b) 
for intracellular drug delivery for intracellular drug delivery 

a               b

Endocytosis:
1 – Binding of a drug delivery unit to a specific ligands
2,3 – Formation of endosomes
4 – Endosome-lysosome fusion
5 – Degradation of the endosomal content by lysosomal 
enzymes 
6 - Possible endosomal escape, and delivery of drug to 
the cytoplasm  

Transduction:
7,8 – Drug delivery units cross the cell 
membrane and enter the cytoplasm in the intact 
from and in a receptor-independent fashion
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11-mer TAT-peptide:

G GTyrGlyArgLysLysArgArgGlyArgArgArg

NANOPARTICLES DELIVERED 
INTRACELLULARLY BY CPPs

• Paramagnetic iron oxide nanoparticles – 40 nm
• Liposomes – 100 nm, 200 nmp ,
• Micelles – 20 nm
• Polymeric nanoparticles – 30-50 and 100-300 

nm
• Quantum dots – ca. 5 nm

12 Hours 18 Hours 24 Hours

B1A1 C1

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.

B3

B2

A3

A2 C2

C3
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3 Hours 6 Hours 9 Hours

B1A1 C1

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.

B3

B2

A3

A2 C2

C3

A

Intracellular trafficking of Rh-PE-labeled and 
FITC-dextran-loaded TATp-liposomes within 

BT20 cells after 2 h

A B

C D

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

Cardiomyocytes transfected withCardiomyocytes transfected with
TATTAT--liposomeliposome--pEGFPpEGFP--N1N1

A B

A, B - H9C2 cardiomyocytes visualized by fluorescence microscopy at FITC channel,
C, D - brightfield image of the same H9C2 cells. 

C D
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In Vitro Transfection of U-87 MG Live Cells at 
N/P 10, 5 µg DNA/100,000 Cells

Plain lipoplexes

TATp-lipoplexes

Bright field FITC fluorescence

eca

Fluorescent and light microscopic images of 
Lewis lung carcinoma tumor

ecb

a,b; Untreated control tumor. c,d; Tumor injected with 100ul liposome/GFP pDNA complex (72 hrs
post injection).
e,f; Tumor injected with 100ul TAT-Liposome/GFP pDNA complex (72 hrs post injection).
Tumor sections at 50x objective magnification

TT TT

In Vivo Transfection of U-87 MG tumor cells in 
intracranial model

BATBAT BATBAT

Plain lipoplexes TATp-lipoplexesControl
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+

Lipid

PVIII protein

Binding 
peptide

Liposome+

Lipid

PVIII protein

Binding 
peptide

Liposome

Drug-loaded liposome or micelles targeted by the pVIII protein.  
The hydrophobic helix of pVIII spans the lipid layer and 

binding peptide is displayed on the surface of the nanoparticle. 
The drug molecules are shown as hexagons.

Amphiphilic polymer 
(PEG-PE conjugate)

Micelle

Amphiphilic polymer 
(PEG-PE conjugate)

Micelle
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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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