Available online at www.sciencedirect.com

SGIENOE@DIREOT‘ ;2:|e|";|naalt:?fna'
ol pharmaceutics
ELSEVIER International Journal of Pharmaceutics 259 (2003) 93-101

www.elsevier.com/locate/ijpharm

Nanoparticles bearing polyethyleneglycol-coupled transferrin as
gene carriers: preparation and in vitro evaluation

Yaping Li2P*, Manfred Ogris, Ernst Wagnet, Jaroslav Pelisék Martina Riiffef

2 Center of Drug Research, Department of Pharmacy, Ludwig-Maximilians-University, Butenandtstr. 5-13, D-81377 Munich, Germany
b |nstitute of Materia Medica, Shanghai Institute for Biological Science, Chinese Academy of Science, Shanghai 200031, China

Received 23 November 2002; received in revised form 4 March 2003; accepted 16 March 2003

Abstract

The aims of this work were to determine the stability of pDNA against various conditions during microencapsulation, prepare
transferrin (TF)-conjugated PEGylated polycyanoacrylate nanoparticles (TF—PEG-nanoparticles), and assess its physicochemical
characteristics and in vitro targeting cells association. The open circular forms of pDNA obviously increased when pDNA was
emulsified into organic solution under sonification. When pDNA solution (pH 7.0) contained 1, 3 or 5% (w/v) PVA, after
sonification, average 48.2, 59.4 and 62.1% of double-supercoiled DNA (dsDNA) were preserved, respectively. When medium
of pDNA was 0.9% NacCl (pH 7.0), 0.1 M NaHGpH 8.0) or phosphate buffer (pH 8.0), average 53.1, 69.3 and 56.9% of
dsDNA remained after sonification, respectively. Poly(aminopoly(ethylene glycol)cyanoacrylate-co-hexadecyl cyanoacrylate)
(poly(H,NPEGCA-co-HDCA)) showed a slight influence on pDNAin 0.1 M NaHG@H 8.0) when its concentration increased
from 0.5 to 4% (w/v). TF-PEG-nanoparticles loading pDNA were spherical in shape with size under 200 nm and entrapment
efficiency 35-50%. 0.1 M NaHC{ with 3% PVA (w/v) could largely reduce the damage of pDNA during microencapsulation.
TF—PEG-nanoparticles bore 1-3% of the total PEG chains conjugated to TF molecules, and exhibited the burst effect with
over 30% drug release within 1 day. After the first phase, pDNA release profiles displayed a sustained release. The amount of
cumulated pDNA release over 7 days was: 86.3, 81.5 and 74.4% for 1, 2 and 4% polymer nanoparticles, respectively. The degree
of target K562 cell binding of TF-PEG-nanoparticles was greater than that of non-targeted PEG-nanoparticlesTae4
presence of free TF decreased significantly the degree of cell binding of TF-PEG-nanoparticles, which revealed that the binding
of TF—PEG-nanoparticles to K562 cells was indeed receptor specific. These results suggested that TF—-PEG-nanoparticles were
useful for delivery of pDNA to target cells.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction the viral-based delivery systems can efficiently intro-
duce genes, they are encountered with immunogenity
A major goal to be reached in gene therapy pro- and toxicity in preliminary clinical studiesvan de
tocols is the efficient and specific delivery of thera- Wetering et al., 1998; Tagawa et al., 2008 on-viral
peutic genes into the desired target cells. Although delivery systems including polycations and particu-
late carriers have been researched and proposed as
"~ Corresponding author. Tel: 86-21-6431-1833-403: alternatives to viral vector because their potential ad-
fax: +86-21-6437-0269. vantages, such as relative ease of large-scale produc-
E-mail address: ypli@mail.shcnc.ac.cn (Y. Li). tion, non-immunogenic and relative safetgircheis
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et al., 2001; Cemazar et al., 2002; Hasegawa et al., 2. Materials and methods
2002. However, these non-viral delivery systems
lack efficiency of gene transfer of viruses. Therefore, 2.1. Chemicals
it is one of the most important challenges to find effi-
cient and specific non-viral gene delivery systems for ~ Cyanoacetic acid (purity, 99%), polyvinyl alcohol
researchers interested in gene therapy. (PVA, M, = 16 kDa, 98% hydrolyzed) and polyvinyl-
The long-circulating liposomes with various ligands  pyrrolidone (PVPM,, = 40 kDa) were obtained from
have been investigated to deliver therapeutic genesFluka (Buches, Switzerlandn-Hexadecanol, triflu-
into the target cellsighida et al., 2001; Derycke and oroacetic acid (TFA) and human TF were purcha-
De Witte, 2002; Hofland et al., 2002; Shi et al., 2001, sed from Sigma Chemical Co. (St. Louis, MO).
2002. However, commercialized cationic liposomes pGShiL-2tet coding for human interleukin-2 (IL-2,
have shown some disadvantages, for example, (1) theysupercoiled, 4.3kb) was used and described in
are not stable after purchase, during storage and afterSchreiber et al. (1999}-Boc-NHPEG-NHS |/, =
mixing with the DNA solution; (2) they are strongly  3400) was purchased from Shearwater Polymers, Inc.
influenced by the pH and/or osmolarity of the added (Huntsville, AL). Poly(aminopoly(ethylene glycol)-
DNA solution; (3) most of them are not available, cyanoacrylate-co-hexadecyl cyanoacrylate) (popy(H
except for some formulations such as Genetrafisfer NPEGCA-co-HDCA) was synthesized according to
for use in the presence of fetal bovine serum (FBS) the method ofStella et al. (2000)
due to alterations of their vesicle structures resulting
from interaction with serum component&iuchi 2.2. Sability of pDNA
et al., 1998, 1999 Recently, there is an increase in
interest to develop long-circulating nanoparticles as  The stability of pDNA against various conditions
proteins/peptides and plasmid DNA (pDNA) carriers during the double emulsification microencapsulation
(Quellec et al., 1998; Tab et al., 1998 Li et al., was investigated. First, the influence of organic so-
2001a,b,c Perez et al., 2001 This long-circulating lutions on pDNA was checked up, 0.6 ml of pDNA
nanoparticles compared with other long-circulating containing 3G.g pDNA in water (pH 7.0) was emul-
systems show better shelf stability and ability to sified in 2ml of organic solutions by sonification
control the release of the encapsulated drugsef (Sonifier 250, Branson, output 10 units) for 10s
et al., 1994; Bazile et al., 1995Unfortunately, only in an ice bath. Then, the emulsion was centrifuged at
a few studies have been done for the long-circulating 5000 x g for 10 min (4°C, Eppendorf, Germany) to
nanoparticles with site-specific targeting ligand used break emulsion and separate aqueous phase from oil
to deliver pDNA until today Kao et al., 200} phase. The pDNA was extracted from the aqueous
We are interested in designing a new delivery sys- phase and agarose gel electrophoresis (0.7% agarose
tem for pDNA. This new concept proposed in this gel, 110V/cm in a Tris—acetate—EDTA buffer system
study is to design PEG-coated biodegradable poly- (pH 8.0) for 60 min, and pDNA was visualized using
cyanoacrylate nanoparticles conjugated to transferrin ethidium bromide staining) was used for determining
(TF), an iron-transporting serum glycoprotein which the integrity of DNA. Second, the protection of PVA
binds to a receptor expressed at the surface of mostand PVP on pDNA was investigated, 2 ml of pDNA
proliferating cells with particularly high expression on solution (60wg/ml) with different concentrations
erythroblasts and cancer cell/g§gner et al., 1994 of PVA or PVP was homogenized by sonification
Here, we describe the influences of various prepara- (output= 10 units) for 10 s in an ice bath. Then, the
tion parameters during double microencapsulation on relative fluorescence intensity of pDNA was deter-
the stability of pDNA, systematically investigate the mined by Pico Greéhassay. Pico Gre&hanalysis for
preparation and physicochemical characteristics of double-supercoiled DNA (dsDNA) was performed in
PEGylated polycyanoacrylate nanoparticles with TF 96-well plates with standard fluorescein wavelengths
(TF—PEG-nanoparticles), and in vitro release of pPDNA (excitation: 480 nm and emission: 520 nm) according
from nanoparticles and TF-PEG-nanoparticles-cell to the manufacture’s instructions (Molecular Probes,
association. Eugene, OR) using an automated plate reader (Tecan



Y. Li et al./International Journal of Pharmaceutics 259 (2003) 93-101 95

Spectrafluor Plus, Austria). The lack of interference tion method. Briefly, 1 ml of TF solution (80 mg/ml)
of PVA or PVP in the fluorescence developed by the was mixed with 5Q.l sodium periodate solution
Pico Greeff-DNA was assessed by comparing the (20 mg/ml). The mixture was kept on ice for 90 min.
calibration curves performed with or without each of The oxidized TF was purified by Sephasex G-25
these agents. Third, in order to examine the influence PD 10 column (Pharmacia, 150 mM NaCl, 10 mM
of sonification on pDNA in various mediums, 2ml HEPES, pH 7.3). This oxidized TF (QuBnol) was

of pDNA in various aqueous mediums (@@/ml) incubated with 1 ml of PEG-nanopatrticles. After 1 h
was treated by sonification (output 10 units) for at room temperature, 50 of 1 M glycine solution
10s in an ice bath. Then, fluorescence intensity of was added, and the TF—PEG-nanopatrticles were pu-
pDNA was determined by Pico Gre®rassay. Fi- rified to remove excess free TF by centrifugation at
nally, the influence of poly(bNPEGCA-co-HDCA) 39,000x g for 20 min (Rc5c, Sorvall Instruments).

on pDNA was investigated, 0.6 ml of pDNA in 0.1 M

NaHCGO; solution (60wg/ml) was emulsified in 2ml 2.4, Physicochemical characteristics of

of dichloromethane (DCM)/ethyl acetate (1:1) con- TF—PEG-nanoparticles

taining different concentrations of polymer by soni-

fication (output= 10 units) for 10s in an ice bath. The pDNA encapsulated in nanoparticles was deter-
The emulsion was centrifuged at 500Q; for 10 min mined by suspending 10 mg of nanopatrticles loading
(4°C, Eppendorf, Germany). The ratio of supercoiled 1.4-1.8.g DNA in 1 ml of 10 mM Tris—EDTA buffer

to degraded pDNA from the aqueous phase was quan-(pH 7.4), then, adding 2 ml of DCM and shaking, fol-
titated densitometrically using a Kodak Scanner (Ko- lowing centrifugation at 500& g for 10 min (Eppen-
dak digital science, electrophoresis documentation dorf, Germany). The amount of pDNA in the aqueous

and analysis system 120). layer was calculated from the fluorescence by Pico
Greef? assay. The integrity of pDNA was checked up
2.3. Preparation of TF-PEG-nanoparticles by agarose gel electrophoresis after the other portion

was precipitated by the addition of EtOH.

Poly(HoNPEGCA-co-HDCA) nanopatrticles (PEG- The morphology was examined by transmission
nanoparticles) loading pDNA were prepared by electron microscopy (TEM, CM12, Philip) following
a water—oil-water solvent evaporation techniques negative staining with sodium phosphotungstate solu-
in advance. Briefly, 0.6ml of pDNA in 0.1M tion (0.2%, w/v). Size distribution ang-potential of
NaHCG; solution (60wg/ml, pH 8.0) was emulsi-  nanoparticles were measured by laser light scattering
fied in 2ml of DCM/ethyl acetate (1:1) containing following their resuspension in 10 mM NacCl (pH 7.2)
poly(H_NPEGCA-co-HDCA) by sonification in an  using a Zetasizer 3000 HS (Malvern Instruments, UK).
ice bath for 5s (Sonifier 250, Branson, outptl0 For assay of TF bound to PEG-nanoparticles,
units) to form primary emulsion (W/O). Then, the TF-PEG-nanoparticles and TF standards in HBS were
first emulsion was poured into 10ml of the PVA bound to a nitrocellulose membrane (Schleicher &
aqueous solution (1.0%, w/v) and treated by sonifi- Schuell, 0.224.m pore size). The TF content of each
cation in an ice bath for 5s (outpat 10 units). The sample was determined by exposing the membrane
double emulsion (W/O/W) was diluted in 20ml PVA for 4h at room temperature to a mouse antibody
solution (0.3%, w/v) under moderate magnetic stir- (Chemicon MAB 033-19/1), and then exposed for 1 h
ring. The magnetic stirring was maintained for 1h to to the second antibody (Alexa FIfo#88, A-11001).
allow solidification of the nanopatrticles, and organic Finally, the fluorescence analysis of the membrane
solution was eliminated by evaporation under reduced was performed with standard fluorescein wavelengths
pressure (Rotavapor R-114, Bichi, Switzerland) at (excitation: 495 nm and emission: 520 nm).
37°C. Finally, the nanoparticles were collected by
centrifugation at 39,008 g for 20 min (Rc5c, Sorvall 2.5, In vitro release experiment
Instruments).

TF-PEG-nanoparticles were prepared by coupling Release experiment was carried out in 33mM
of TF to PEG-nanoparticles using periodate oxida- phosphate buffer (pH 7.4). Twenty milligram of
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TF-PEG-nanoparticles was suspended in 1.5ml of
phosphate buffer preserved with 0.02% sodium azide
at 37°C under horizontal shaking (300 rpm, Ther-
momixer, Eppendorf, Germany). At predetermined
time intervals, the suspension of nanoparticles was
centrifuged at 39,00& g for 20 min (Rc5c, Sorvall
Instruments) and the supernatant collected for further
pDNA analysis. The nanoparticles were resuspended
in the same volume of fresh medium and incubated
again under the same conditions. The amount of
pDNA released in each time interval was determined
by the Pico Greeh assay.

2.6. Cell association assay

K562 cells (ATCC CCL-243) were cultured in
RPMI-1640 medium with 10% fetal calf serum (FCS)
and 1%rt-glutamine at 37C in 5% CQ humidi-
fied atmosphere. The pDNA was labeled with the
cell-impermeable fluorescent dyes YOYO-1 (Molec-
ular Probes) with a ratio of 1 dye molecule to
300 bp. For binding experiments,x110° K562 cells
were resuspended in 1ml of RPMI 1640 medium
with 10% FCS containing 5mg of nanoparticles,
and was incubated for 1h at°@. To examine the
specificity of the TF-receptor-mediated binding, cells
were incubated with excess dose of TF (&) at
4°C for 20 min, and then binding assays of nanopar-
ticles were performed in medium containing excess
dose of TF (5Q.g) at 4°C. Before analysis, cells
were added 1ml of ice-cold PBS, and centrifuged
at 3000x g for 5min, then analysed using a FACS
calibur flow cytometer (Becton Dickinson, San Jose,
CA) equipped with an Argon ion laser (488 nm emis-
sion wavelength) and a diode laser (635 nm emission
wavelength).

3. Results and discussion
3.1. Sability of pDNA

It is one of the most important issues that the sta-
bility of pDNA is maintained when nanopatrticles are
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Fig. 1. Stability of pDNA under sonification (10s) in the presence
of organic solvents. Lane 1, pDNA control; lane 2, pDNA in water;
lane 3, pDNA emulsified in DCM; lane 4, pDNA emulsified in
DCM:ethyl acetate (1:1); lane 5, pDNA emulsified in DCM:EtOH
(2:1); lane 6, pDNA emulsified in DCM:ether (1:1); lane 7, pDNA
emulsified in DCMn-hexane (1:1); lane 8, pDNA emulsified in
DCM:acetone (1:1).

circular forms during the microencapsulation and re-
sult in a significant reduction in gene expressibond
etal., 1999; Wang et al., 199N lot of the processing
parameters during microencapsulation, for example,
emulsification energies, high interfacial tension at the
DCM-water inter-phase, organic solution, polymer
concentration and stabilizers, can influence the stabil-
ity of pDNA. Our experimental results showed that
sonification could obviously turn dsDNA into linear
and open circular formsg. 1, lane 2), which is in
accordance with the reports @fapan et al. (1999)
During microencapsulation of pDNA, organic solu-
tion had to be used because of hydrophobic property
of polymer. The pDNA in water without any stabi-
lizer was influenced by organic solution, for example,
DCM, mixture of DCM and ethyl acetate, acetone,
ether, n-hexane and ethynol (1:1) after sonification
(Fig. 1, lanes 3-8), particularly, open circular forms
of pDNA obviously increased.

The protection of pDNA by PVA or PVP was shown
in Fig. 2 When pDNA solution (pH 7.0) contained
1, 3 and 5% PVA, after sonification, average 48.2,
59.4 and 62.1% of the original fluorescence intensity
of pDNA were preserved, respectively. PVP showed
a weak protective effect on pDNA compared with
PVA. This difference could result from properties of
PVA and PVP. A great deal of foam occurred when
pDNA solution with PVA was treated by sonification,

designed as carriers of pDNA. Free pDNA possesseswhich could form a layer of membrane around pDNA,

some unique features, its supercoiled form that is
more efficient in gene expression than the relaxed
form is susceptible to convert to the linear and open

therefore, indirectly reducing the damage from soni-
fication. However, no obvious foam occurred during
sonification of pDNA solution with PVP.
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Fig. 2. Stability of pDNA under sonification in the presence of
PVA and PVP. Data were given as mearg.D. for n = 3.

The influence of various mediums on stability of
pDNA was showed ifFig. 3. When medium of pDNA
was 0.9% NacCl (pH 7.0), 0.1 M NaHCJpH 8.0) or
phosphate buffer (pH 8.0), after sonification, average
53.1, 69.3 and 56.9% of the original fluorescence
intensity of pDNA remained, respectively. In con-
trast, the original fluorescence intensities of pDNA
were preserved 33.5% when medium is water, or no
more than 50% for PBS (pH 6.0 and 7.0). This can
be explained by cations neutralizing the backbone
charge more efficiently, thereby reliving the repulsive
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Fig. 3. Stability of pDNA in different medium under sonification.
Data were given as meanS.D. for n = 3.
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interaction between the negatively charged phosp-
godiester backbone of the paired stranBerstrom
et al., 1998; Walter et al., 1999In addition, it also
can be relation with their pH. Two mechanisms can
involve degradation of DNA at low pH: first, du-
plex formation of dsDNA is an equilibrium process.
A heat denaturation process is widely used to sep-
arate single strands from dsDNA and is generally
reversible. An increase in hydrogen ion concentration
also shifts the equilibrium force from double-stranded
helix to a single-stranded coil because protonation of
the bases in the single strand is energetically more
favorable Bergstrom et al., 1998 Secondly, irre-
versible inactivation is probably to a large extent due
to acidic-catalyzed depurination of single-stranded
DNA and chain breaks occurring as a consequence of
depurination I(indahl and Andersson, 1972a; Lindahl
and Nyberg, 1972b

Polymer showed a slight influence on pDNA in
0.1 M NaHCQ (pH 8.0) under sonification. The ra-
tio of supercoiled to degraded pDNA was between
617 £+ 2.8% and 59%.2 + 3.4% when its concentra-
tion increased from 0.5 to 4% (w/v), which showed a
slight decline compared with control (&4t 1.9%).
Preliminary experiment showed that drop of pH did
not occur in the aqueous phase containing pDNA after
emulsification and separating by centrifuge (data not
shown).

3.2. Preparation and characteristics of
TF—PEG-nanoparticles

The characteristics of TF-PEG-nanopatrticles were
summarized inTable 1 The pDNA was incorpo-
rated in TF—PEG-nanoparticles with different encap-
sulation efficiency by double emulsion technique.
TF-PEG-nanoparticles showed a slight increase of
the encapsulation efficiency with copolymer concen-
tration, and the highest encapsulation efficiency could
access about 50% when the concentration of polymer
was 4% (w/v).

TF-PEG-nanoparticles observed by TEM showed
spherical in shapeF{g. 4). The particle size is an
important property of nanopatrticles drug delivery sys-
tem. The main reason is that particle size has a great
effect on drug release characteristics and drug distri-
butions in different organs of the body, particularly,
tumor tissues. In addition, injectable nanopatrticles can
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Table 1
Physicochemical characteristics of TF—-PEG-nanoparticles

Y. Li et al./International Journal of Pharmaceutics 259 (2003) 93-101

Concentration of copolymer (%)

Entrapment efficiency (%)

Particle size (nm) ¢-potential (mV)

0.5 36.4+ 3.6
1.0 40.7+ 2.2
2.0 44.6+ 3.5
4.0 49.3+ 4.2

131.6+ 6.9 —-6.6+1.1
149.9+ 7.5 59+ 27
136.7+ 6.5 —6.8+ 2.4
154.2+ 8.8 -42+13

Mean+ S.D., each batch was measured in triplicate.

Fig. 4. Transmission electron micrographs of TF—PEG-nano-
particles.

of open circular DNA was visible (lane 2). The pDNA
remained to a large extent dsDNA after encapsula-
tion in nanoparticles if inter-aqueous phase was 0.1 M
NaHCG; with 3% PVA (wlv, lanes 3-6). The open
circular pDNA was also present after encapsulation,
but a significantly smaller extent when compared with
pDNA in water as inter-aqueous phase (lanes 7-8),
which meant that 0.1 M NaHC{with 3% PVA (w/v)
could reduce the damage of pDNA during microen-
capsulation.

In order to evaluate the extent of TF conjugation in
TF—PEG-nanopatrticles loading pDNA, the coupling
efficiency of TF was estimated by quantitative anal-
ysis that was performed after rinse of the conjugate.
The average number of TF molecules per thousand

not be too large to pass through a syringe needle. ThepeG chains was calculated by the assumption that

particle size of TF-PEG-nanopatrticles is no more than
200 nm. The nanoparticles loading pDNA exhibited a
slightly negative surface charge (abewt.0—7.0 mV).
Fig. 5 showed that non-encapsulated pDNA was
predominantly supercoiled, although a small amount

Fig. 5. Agarose (1.0%) gel electrophoresis of pDNA extracted from
TF-PEG-nanoparticles. Lane 1, DNA ladder; lane 2, pDNA con-
trol; lane 3, pDNA extracted from TF—PEG-nanoparticles (0.5%,
w/v); lane 4, pDNA extracted from TF—PEG-nanoparticles (1%,
w/v); lane 5, pDNA extracted from TF—PEG-nanoparticles (2%,
w/v); lane 6, pDNA extracted from TF—PEG-nanoparticles (4%,
w/v); lanes 7 and 8, pDNA in water control, pDNA extracted from
TF-PEG-nanoparticles (1%, w/v) and pDNA in water.

the molecular weight of TF is 80,000. It was found
that 1-3% of the total PEG chains were linked to TF
molecules.

3.3. In vitro release experiments

The in vitro release profiles of pDNA were obtained
by representing the percentage of pDNA release with
respect to the amount of pDNA encapsulation in
nanoparticlesKig. 6). The pDNA loaded nanoparti-
cles prepared with different polymer concentrations
exhibited the burst effect with over 30% drug release
within 1 day. In general, the release of drugs from
polymer nanoparticles mainly has two mechanisms,
namely, diffusion through pores or channels formed
during nanopatrticle preparation, and release follow-
ing polymer degradation or solubilization. The strong
burst effect observed for pDNA loaded nanoparticles
was probably due to the diffusion of surface localized
pDNA. For three nanoparticles loading pDNA, the
difference of pDNA release in the first phase could
be from different amounts adsorbed onto the wall of
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Fig. 6. Release of pDNA from TF—PEG-nanoparticles. Data were
given as mead- S.D. for n = 3.

nanoparticles that would be immediately released dur-
ing the initial stage. To TF-PEG-nanoparticles, after
1 day, pDNA release profiles displayed a sustained
release. The amount of cumulated pDNA release over
7 days was: 81.3, 73.5 and 67.1% for 1, 2 and 4%
polymer nanoparticles, respectively. This sustained
release could result from diffusion of pDNA through

Events

polymer pores or channel as well as the erosion and 010', T : ;0; : ey To*
degradation of the polymer. ®) FL1-Height
3.4. Cells association assay Fig. 7. Flow cytometry of K562 cells incubated with

PEG-nanoparticles and TF—PEG-nanoparticles @:4A) with-
out free TF; (B) with free TF; line a: cells control; line b:

It has been known that many ligand/receptor pairs ) . )
y 119 P P PEG-nanoparticles; line ¢: TF-PEG-nanoparticles.

after endocytosis are targeted to lysosomes and de-
graded by hydrolytic enzymes, but the receptor-
mediated endocytosis process of TF is different could avoid problem of immunological incompati-
from them in several respects, for example, after bility for the cytoplasmic delivery of genes because
binding of TF to the receptors on the cells surface, TF is an isologous protein. The data &Gl (no in-

the TF-receptor complexes are internalized to form ternalization) showed that the degree of target cell
endosomes through clathrin-coated vesicles. After binding of TF-PEG-nanoparticles was greater than
internalization, iron-loaded TF releases its iron at that of non-targeted PEG-nanoparticldsig( 7A).

low endosomal pH, whereas iron-free TF-remains The presence of free TF decreased significantly the
bound to the receptor. These complexes are sorteddegree of cell binding of TF-PEG-nanoparticles, and
into exocytic vesicles for delivery back to the cell the fluorescence of TF-PEG-nanoparticles showed a
surface and iron-free TF is released. The entire TF negligible difference from that of PEG-nanoparticles
cycle takes only 4-5min with a mean transit time (Fig. 7B). These results revealed that the binding
of about 10min, and avoids the lysosomal com- of TF—PEG-nanoparticles to K562 cells was indeed
partment Klausner et al., 1983; Bali et al., 1991; receptor specific. It would be valuable to know the
Wagner et al., 199 In this work, we selected TF in vivo lifetime of TF-PEG-nanoparticles on target
as ligand to prepare TF—PEG-nanoparticles, which cells. However, the mode of intracellular delivery and
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the fate of the TF—PEG-nanoparticles need still be Cemazar, M., Sersa, G., Wilson, J., Tozer, G.M., Hart, S.L.,
investigated further. Grosel, A., Dachs, G.U., 2002. Effective gene transfer to

In conclusion, 0.1 M NaHC@with 3% PVA (W/V) solid tumor; usin_g different nonyiral gene delivery techniques:
. electroporation, liposomes, and integrin-targeted vector. Cancer
could largely reduce the damage of pDNA during Gene Ther. 9, 399—406.
microencapsulation. TF-PEG-nanoparticles loading Derycke, A.S., De Witte, P.A., 2002. Transferrin-mediated targeting
pDNA were spherical in shape with entrapment ef- of hypericin embedded in sterically stabilized PEG-liposomes.
ficiency 35-50%. The in vitro release experiment _ Int J. Oncol. 20, 181-187. _
showed that over 30% of drug released within 1 CG'¢ R. Minamitake, Y., Peracchia, M.T., Trubetskoy, V.,
. . Torchilin, V., Langer, R., 1994. Biodegradable long-circulating
dgy. After the flr_St phase, PDNA release proflles polymeric nanoparticles. Science 263, 1600-1603.
displayed a sustained release. The amount of cUMU-Hasegawa, S., Hirashima, N., Nakanishi, M., 2002. Comparative
lated pDNA release over 7 days was: 86.3, 81.5 and study of transfection efficiency of cationic cholesterols
74.4% for 1, 2 and 4% polymer nanopatrticles, re- mediated by liposomes-based gene delivery. Bioorg. Med.
spectively. TF—-PEG-nanoparticles bearing 1-3% of _Chem. Lett. 12, 1299-1302.

. . Hofland, H.E., Masson, C., Iginla, S., Osetinsky, I., Reddy, J.A.,,
the total PEG chains ConJUQated to TF molecules, Leamon, C.P., Scherman, D., Bessodes, M., Wils, P., 2002.

a.nd _eXhibited that the degrge of target K562 cell Folate-targeted gene transfer in vivo. Mol. Ther. 5, 739-744.
binding of TF—PEG-nanoparticles was greater than ishida, 0., Maruyama, K., Tanahashi, H., Iwatsuru, M., Sasaki,
that of non-targeted PEG-nanopatrticles &C4 The K., Eriguchi, M., Yanagie, H., 2001. Liposomes bearing

presence of free TF decreased significantly the de- polyethyleneglycol-coupled transferrin  with intracellular

gree of cell binding of TF-PEG-nanoparticles. These tfg‘glggrllg‘g()perty to the solid tumors in vivo. Pharm. Res. 18,

results suggested that TF—PEG-nanoparticles wereixychi, H., Suzuki, N., Morita, H., Ishii, Y., 1998. Why certain
useful for delivery of pDNA to target cells. Further commercialized transfection reagents must be used in the
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