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Abstract

We have previously reported that, unlike a lipoplex and mannosylated (Man) lipoplex underwent gene transfer to liver
nonparenchymal cells (NPC) that possess mannose receptors after intravenous administration in mice. In this study, the tissue,
intrahepatic distribution, and subcellular localization of the lipoplex afier intravenous administration were investigated, DC-
Chol liposome was selected as a cationic liposomes. After administration of lipoplex and Man lipoplex, the high gene
expression was observed in the lung and liver, respectively. After administration of {**P]Man lipoplex, about 80% of
[32P]plasmid DNA (pDNA) was accumulated in the liver. As for the intrahepatic distribution, the NPC/parenchymal cells (PC)
ratio of {**P]Man lipoplex was 9.64, whereas the NPC/PC ratio of [*2PJlipoplex was 1.93. The radioactivity in the cytosolic
fraction of liver homogenate of ['''In]Man lipoplex was two-fold higher than that of ['''In]lipoplex, indicating that Man
liposomes facilitate the release of pDNA into the cytosolic space. However, a rapid sorting of the radioactivity from endosomes
to lysosomes was observed with the {''*In]Man lipoplex. Also, amplification of pDNA by PCR suggested that the Man lipoplex
is more rapidly degraded within the intracellular vesicles than the lipoplex. These results suggested that modulation of its
intracellular sorting could improve the transfection efficiency of Man lipoplex. .
© 2004 Elsevier B.V. All rights reserved.

Keywords: Gene delivery; Mannose receptor; Mannosylated liposomes; Cationic liposomes; Plasmid DNA

1. Introduction

The success of in vivo gene therapy relies on the
development of a vector that achieves target cell-
specific, efficient, and prolonged transgene expres-
sion following its application. Nonviral vectors are

* Comresponding author. Tel.: +81-75-753-4525; fax: +81-75-
753-4575.
E-mail address: hashidam@phanm_ kyoto-u.ac jp (M. Hashida).

0168-3659/§ - see front matter © 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j jconre]. 2004.03.021

considered to be less toxic, less immunogenic, and
easier to prepare than viral vectors and are, therefore,
attractive vectors for clinical application. One of the
most promising class of nonviral vectors developed
so far is the cationic liposome-based transfection
system. The lipoplex formation via electrostatic in-
teraction of cationic liposomes and plasmid DNA
{pDNA) facilitates the interaction of pDNA with cell
membranes, leading to transgene expression in the
cells [1]. In an attempt to increase the efficiency of
transgene expression as well as to reduce cytotox-
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icity, several kinds of cationic lipids, such as quater-
nary ammonium detergents, cationic derivatives of
cholesterol [2], diacylglycerol [1,3], and alkyl deriv-
ative of polyamines [4] have been developed. Among
them, some lipoplex have been used in clinical trials
for the treatment of cancer and cystic fibrosis [5,6].

The lipoplex is a useful nonviral vector, but it lacks
specificity in delivery and transfection after systemic
administration. Although the levels of gene expres-
sion vary from study to study, the lung invariably
shows the highest gene expression. The attachment of
a ligand that can be recognized by a specific mecha-
nism would endow a vector with the ability to target a
specific population of cells. In the search for macro-
molecule-based nonviral vectors, several ligands in-
cluding galactose [7,8], mannose [9,10], transferrin
[11), and antibodies [12] have been used to improve
the delivery of pDNA to target cells. Therefore, the
incorporation of such ligands into cationic liposomes
would improve the cell specificity of in vivo gene
transfer by lipoplex.

Mannose receptor-mediated targeting is a promis-
ing approach to achieve cell-specific delivery after
systemic administration because (i) the expression of
mannose receptors is restricted to the liver NPC and
other macrophages, (ii) a complex entering the sys-
temic circulation has easy access to the liver NPC,
and (iii) the liver has a high blood flow. These
physical and biological features give a mannosylated
vector an opportunity to deliver pDNA to the liver
NPC via mannose receptor-mediated endocytosis,
Liver nonparenchymal cells (NPC), including sinu-
soidal endothelial cells and Kupffer cells, can be the
targets for gene therapy because they have been
implicated in a wide variety of diseases [13,14].

In a previous study, we developed a novel man-
nosylated derivative of cholesterol, cholesten-5-
yloxy-N-(4-((1-imino-2-p-thiomannosylethyl)amino)
butyl)formamide (Man-C4-Chol), and used it to pre-
pare a cationic liposome formulation (Man liposome)
[10]. Man-C4-Chol possesses multi-functional prop-
erties, that is, (i) a lipophilic anchor moiety (choles-
terol) for stable incorporation into liposomes, (ii) a
mannose moiety for recognition by the mannose
receptors, and (iii) an imino group for binding to
pDNA via electrostatic interaction [15]. Furthermore,
low-molecular-weight glycolipids are more promising
due to their low immunogenicity, high reproducibil-

ity, and ease of mass production. Although, a high
gene expression in the liver and spleen after intrave-
nous injection was observed for Man lipoplex via
mannose receptor-mediated endocytosis compared
with the lung, its transfection efficiency was relative-
ly low and, consequently, further improvements in
the efficiency of transgene expression are required.
In order to obtain a theoretical strategy to develop
an efficiently targetable gene carrier to the liver by
mannosylation, therefore, detailed information on the
distribution of a Man lipoplex needs to be obtained.
In the present study, we studied the tissue, intra-
hepatic distribution, and subcellular localization of a
**P}- or [''"In]-labeled Man lipoplex afier intrave-
nous administration. The results were compared with
those for a 3p{NV N, N -dimethylaminoethane]-carba-
moyljcholesterol liposomes (DC liposome), which is
a cationic cholesterol derivative, based lipoplex [2].

2. Materials and methods
2.1. Chemicals

N-(4-Aminobutyl)carbamic acid rert-butyl ester
was purchased from Tokyo Chemical Industry
(Tokyo, Japan). Cholesteryl chloroformate was
obtained from Sigma (St. Louis, MO, USA), dio-
leoylphosphatidylethanolamine (DOPE) was pur-
chased from Avanti Polar-Lipids (Alabaster, AL,
USA). [a-*?P}JdCTP was obtained from Amersham
(Tokyo, Japan). '''Indium chloride (['"'In]InCl;) was
supplied by Nihon Medi-Physics (Hyogo, Japan).
Dicthylenetriaminepentaacetic acid (DTPA) anhydride
and 4-[ p-azidosalicylamidojbutylamine (ASBA) were
purchased from Dojindo (Kumamoto, Japan) and
Pierce Biotechnology (Rockford, 1L, USA). Man-C4-
Chol [10] and DC-Chol [2] were synthesized as
reported previously. Mannosylated bovine serum al-
bumin (Man-BSA) was synthesized and radiolabeled
with ['"'In]InCl; as reported previously [16]. All other
chemicals were obtained commercially as reagent-
grade products,

2.2. Construction and preparation of pDNA

pCMV-Luc was constructed by subcloning the
Hindlll/Xbal firefly luciferase ¢cDNA fragment from
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pGL3-control vector (Promega, Madison, WI, USA)
into the polylinker of pcDNA3 vector (Invitrogen,
Carlsbad, CA, USA). pDNA was amplified in the E
coli strain DHS5q, isolated, and purified using a
QIAGEN Endofree Plasmid Giga Kit (QIAGEN,
Hilden, Germany). Purity was confirmed by 1% (w/
v} agarose gel electrophoresis followed by ethidium
bromide staining and the DNA concentration was
measured by UV absorption at 260 nm.

2.3. Animals

Female ICR mice (5-week-old, 20-25 g) were
obtained from the Shizuoka Agricultural Co-opera-
tive Association for Laboratory Animals (Shizuoka,
Japan). All animal experiments were carried out in
accordance with the Principles of Laboratory Ani-
mal Care as adopted and promulgated by the US
National Institutes of Health and with the Guide-
lines for Animal Experiments of Kyoto University.

2.4. Preparation of liposomes

Man-C4-Chel (8.1 umol} or DC-Chol (10.0
umol) was mixed with DOPE (5.4 pmol for Man-
C4-Chol and 6.7 pmol for DC-Chol) in chloroform
(5.0 ml) and evaporated to dryness in a round-
bottomed flask. Then, the lipid film was vacuum
desiccated to remove any residual organic solvent
and resuspended in 5% (w/v) dextrose (2.5 ml).
After hydration, the dispersion was sonicated for
5-~10 min in a bath sonicator to produce liposomes.
The lipesome formulations were passed through a
polycarbonate membrane filter (0.22 pm) for steril-
ization. The liposomal lipid concentration was de-
termined by phosphorous analysis [17] and was
adjusted to 3 mg/ml.

2.5. Lipoplex formation

The mixing ratio of liposomes with pDNA was
expressed as a charge ratio, which is the molar ratio
of the cationic lipids to the pDNA phosphate residues
[18]. The charge ratio (+: — ) of these liposomes and
pDNA complex was adjusted to 2.3:1.0 for cell-
selective gene transfection [19,20]. A solution of
cationic liposomes (0.2 ml) was added to an equal
volume of pDNA solution (0.2 ml and pDNA con-
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centration =0.33 ug/ul) in a polyethylene tube. Then,
the lipoplex was agitated rapidly by pipetting it up and
down twice using a micropipette (PIPETMAN®,
GILSON, Villier-le Bel, France) and left to stand for
30 min. The particle size and zeta potential of the
lipoplex were measured using a dynamic light scat-
tering spectrophotometer (LS-900, Otsuka Electron-
ics, Osaka, Japan) and a laser electrophoresis zeta-
potential analyzer (LEZA-500T, Otsuka Electronics),
respectively.

2.6. pDNA radiolabeling methods

pDNA was radiolabeled with [a-*2P]dCTP by
nick translation [21]. In a separate preparation,
pDNA was radiolabeled with '"'In using a newly
developed method [22]. Briefly, a dimethylsulfoxide
solution of ASBA was added to DTPA anhydride
under darkroom conditions, and the mixture was
incubated at room temperature for 1 h. Then,
pDNA solution was added to the mixture, and the
mixture was immediately irradiated under an UV
lamp at room temperature for 15 min to obtain
DTPA-ASBA coupled pDNA (DTPA-ASBA-
pDNA). The product was purified by precipitation
twice with ethanol, and labeled with ['"'In]InCls.
The purity of each pDNA was checked by Sepha-
dex G-25 column chromatography and 1% (w/v)
agarose gel electrophoresis.

2.7. Gene expression experiments

Five-week-old TCR mice were injected intrave-
nenously with 300 pl of lipoplex using a 30-gauge
syringe needle. Three or six hours after injection,
mice were killed and lung, liver, kidney, spleen,
and heart were removed and assayed for gene
expression. The organs were washed twice with
cold saline and homogenized with lysis buffer
(0.05% Triton X-100, 2 mM EDTA, 0.1 M Tris,
pH 7.8). The lysis buffer was added in a weight
ratio of 5 pl/mg for liver samples or 4 ul/mg for
other organ samples. After three cycles of freezing
and thawing, the homogenates were centrifuged at
10,000 x g for 10 min at 4 °C and 20 pl supematant
was analyzed to determine the luciferase activity
using a luminometer (Lumat LB9507, EG and G
Berthold, Bad Wildbad, Germany). The protein
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concentration of each tissue extract was determined
by the modified Lowry method. Luciferase activity
in each organ was normalized to relative light units
(RLU) per mg extracted protein.

2.8, Tissue distribution of the [**PJlipoplex

The [*2P}lipoplex was intravenously injected into
mice. At predetermined time periods after injection,
the blood was collected from the vena cava under
ether anesthesia. The mice were then killed and the
liver, spleen, kidney, lung, and heart were excised,
rinsed with saline, and weighed. Tissue samples
were digested in 0.7 ml Soluene-350 (Packard,
Merdin, CT, USA) by overnight incubation at 45
°C. Then, 0.2 ml isopropanol, 0.2 ml 30% hydro-
gen peroxide, 0.1 ml 5 M HC], and, finally, 5 ml
Clear-Sol 1 (Nacalai Tesque, Kyoto, Japan) were
added to the digested samples. The radioactivity of
the samples was assayed in a Beckman Model
LSS000TA liquid scintillation counter (Beckman,
Tokyo, Japan).

2.9. Intrahepatic distribution of the [F2P]Jlipoplex

Ten minutes after intravenous injection of the
[**P}Jlipoplex, the liver of each mouse was perfused
with a buffer [16] and the liver cells were separated
into parenchymal cells (PC) and nonparenchymal
cells (NPC) by differential centrifugation. Then, the
32p radioactivity of the cell suspensions was
assayed as above.

2.10. Fractionation of liver homogenate

After intravenous injection of ["''In]Man-BSA,
naked ['"'In]JpDNA or ['''Injboth lipoplex into
mice, the liver was sampled at intervals. HEPES-
sucrose buffer (250 mM sucrose, 20 mM HEPES, 2
mM EDTA, pH 7.2) was added to the liver in a
ratio of 3 pl buffer/mg tissue, then the liver was
homogenized in a Potter-type homogenizer. The
homogenate was centrifuged at 4 °C for 10 min
at 800 x g to remove nuclei and debris. The super-
natant was subsequently centrifuged at 4 °C for 30
min at 100,000 X g and the resulting supernatant
was collected as the cytosol fraction. The pellet
obtained was resuspended with 0.5 mi HEPES-
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sucrose buffer using a syringe and needle. Part of
the suspension was mixed with HEPES-sucrose
buffer and Percoll (Amersham Biosciences, Piscat-
away, NJ, USA) in a centrifuge tube. The final
concentration of Percoll was adjusted to 35% (v/v).
The sucrose solution (65% (w/v), 0.5 ml) was
layered with a syrnge and needle at the bottom
of the centrifuge tube. The gradient was centrifuged
at 4 °C for 25 min at 50,000 x g. Fractions
(approximately 0.4 ml each) were collected from
the bottom of the tube using a peristaltic pump and
the radioactivity or enzyme activity of each fraction
was measured.

2.11. Organelle marker detection

The activity of a fluid phase endocytosis marker,
horseradish peroxidase (HRP), was detected using its
substrate o-phenylenediamine dihydrochloride to
identify the endosome fractions. Five minutes after
injection of HRP, the liver was taken and fractionated
by Percoli density gradient centrifugation as de-
scribed above. Twenty microliters of each fraction
was added to 150 pl 0.04% (w/v) o-phenylenedi-
amine dihydrochloride, 0.012% (w/v) hydrogen per-
oxide in 0.1 M citrate—phosphate buffer (pH 5.0).
The reaction was stopped by the addition of 20% (w/
v) H,50, (50 pl). The activity of a lysosomal marker
enzyme, B-hexosaminidase, was determined with a
fluorescent substrate, 4-methylumbelliferyl-p-p-ga-
lactoside. Twenty microliters of each fraction was
added to 50 pl 1.2 mM 4-methylumbelliferyl-p-p-
galactoside solution and subsequently incubated at 37
°C for 30 min. The reaction was stopped by the
addition of 150 ul 0.5 M glycine in 0.5 M carbonate
buffer (pH 10.0). The fluorescence intensity of each
sample was measured (excitation wavelength 365
nm; emission 460 nm).

2.12. PCR amplification of pDNA

pDNA in the subcellular fractions of the liver was
purified by GenElute Plasmid Miniprep Kit (Sigma).
Then, aregion of about 2.8 kbp of the pDNA contain-
ing the luciferase gene was amplified by PCR using a
forward (5 -GTATCTGCTCCCTGCTTGTG-3') and
reverse (5'-TCCGCCTCAGAAGCCATAGA-3')
primer under standard conditions for 20 cycles.
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3. Results

3.1. Physicochemical properties and gene expression
of the lipoplex

The zeta potential of lipoplex and Man lipoplex
was 978 £ 35 (n=3) and 12.5+4.11 (n=3), re-
spectively. The mean particle size of lipoplex and
Man lipoplex was 287.2+1.2 nm (#=3) and
285.4 + 18.3 nm (n=3), respectively. Thus, physico-
chemical properties of both lipoplex were almost the
same.

Fig. 1A demonstrates the gene expression after
intravenous administration of Man lipoplex at 3 and
6 h. High gene expression was observed in the
liver and spleen, which is expressed mannose
receptor on cell surface. Fig. 1B shows the gene
expression after intravenous administration of lip-
oplex at 6 h. Among these organs, the highest gene
expression was observed in the lung.

3.2. Tissue distribution of the [**P]lipoplex

Fig. 2 shows that the tissue radioactivity after
intravenous administration of [*?P)lipoplex and Man
lipoplex up to 6 h. Both [*?PJlipoplex rapidly
disappeared from the blood circulation. [>’P]Lip-
oplex accumulated in the lung and liver, whereas
[*?P]lipoplex accumulated largely in the liver.

£

—
=)
-

Lo il

10?

Led a il

Luciferase activity (RLU/mg protein)

10? <10' M <1¢?
$o & & A

A N &

Y vy &R Q¥ 4}9

161

3.3. Intrahepatic distribution of the [’P]lipoplex
between liver PC and NPC

After intravenous administration of the [*2P]Man
lipoplex, the radioactivity in the liver was prefer-
entially recovered from the NPC fractions, with the
radioactivity ratio of NPC to PC (NPC/PC ratio on
a cell-number basis) in the liver being approximate-
ly 9.6 (Fig. 3). On the other hand, the [**P]lipoplex
had an NPC/PC ratio of 1.9.

3.4, Subcellular localization of the [ In]lipoplex

Fig. 4 shows the radioactivity of the cytosolic
fractions in liver homogenate after intravenous ad-
ministration of the {'''In]lipoplex and Man lipoplex
up to 60 min. In both cases, the radioactivity grad-
ually increased with time. Thirty and sixty minutes
after intravenous administration, however, the cyto-
solic amount of the ['''In]Man lipoplex was always
greater than that of the ['''In]lipoplex, suggesting
that Man liposomes facilitate the release of pDNA
from intracellular vehicles into the cytosel.

To characterize the gradient of liver homogenate
using Percoll-gradient centrifugation, the enzymatic
activity of B-hexosaminidase, a lysosome marker,
was used for the determination of the endosomal
fractions. As shown in Fig. 5A, p-hexosaminidase
activity was predominantly detected in the lower
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Fig. 1. Gene expression after intravenous administration at 3 {0) and 6 h (@) of Man lipoplex {A) and at 6 h of lipoplex (B} in mice. Each value

represents the mean +5.D. values of three experiments.
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Fig. 2. Radicactivity in blood and tissues after intravenous
administration of [**P]lipoplex (A) ot Man lipoplex (B} in mice.
Each value represents the mean + 5.D. values of three experiments.

seven fractions. In a similar manner, the activity of
horseradish peroxidase (HRP) injected intravenously
into mice was used to confirm the lysosomal
fractions. HRP was predominantly recovered in
the upper seven fractions (data not shown). There-
fore, the upper seven fractions and the lower seven
fractions were identified as the endosomal and lyso-
somal fractions, respectively. To validate this system
for the subcellular sorting of extemally internalized
compounds, the localization of [mIn]Man-BSA, a
well-known ligand for mannose receptors [23], was
then examined. At 15 min after intravenous adminis-
tration, the radioactivity was largely recovered in the
endosomal fractions, then the majority was transferred
to the lysosomal fractions with time (Fig. 5B). These
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Fig. 3. Cellular localization of radioactivity between PC (O) and
NPC (®) 30 min after intravenous administration of [*2P)lipoplex
and Man lipoplex in mice. Each value represents the mean+35.D.
values of three experiments.

results for ['!'In]Man-BSA were in good agreement
with previously reported characteristics of these
ligands as far as mannose receptors [24] were
concerned, indicating the validity of the detection
method.

Fig. 6 shows the endosomal and lysosomal
localization of radioactivity after intravenous admin-

th o
2 2
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Radioactivity (% of homogenate)
— w

Time {min}

Fig. 4. Radioactivity in cytoplasmic fraction of mouse liver
homogenates 5, 15, 30, and 60 min after intravenous administration
of ['*'In]lipoplex (O) or Man lipoplex (@) in mice. Similar results
were obtained in two other independent runs.
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Fig. 5. Each fraction {A) and calculated endosomal (®) or lysosomal {C) localization (B) of radioactivity 5, 15, 30, and 60 min after intravenous
administration of ['!'In]mannosylated bovine serum albumin in mice. Liver homogenate was separated by Percoll density gradient
centrifugation. Solid line in A represents the localization of B-hexosamidase activity. Similar results were obtained in two other independent

nns,

istration of ['''In]lipoplex (B) or Man lipoplex (D).
Sixty minutes after intravenous administration, the
[""'In]Man lipoplex showed a larger distribution to
the lysosome fractions than the ['''In]lipoplex. For
comparison, naked ['"'In]pDNA, which is exten-
sively accumulated in the liver after intravenous
administration but exhibits little pene expression
[25]), was also subjected to this assay (Fig. 6F).
Naked ['''In]JpDNA showed faster transfer to the
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lysosome fractions than both the ['''In]lipoplex and
Man lipoplex.

3.5. PCR amplification

To determine whether pDNA within the subcellu-
lar fractions retained its structure, the luciferase
sequence of pDNA was amplified by PCR (Fig. 7).
When the Man lipoplex was intravenously adminis-
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Fig. 6. Each fraction (A, C, and E) and calcutated endosomal (@) and lysosonal (©) localization (B, D, and F} of radioactivity 5, 15, 30, and 60
min after intravenous administration of ['''In]lipoplex (A, B), Man lipoplex (C, D), or naked [''In]pDNA (E, F) in mice. Liver homogenate
was separated by Percoll density gradient centrifugation. Similar results were obtained in two other independent runs.
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Fig. 7. Amplification of pDNA it endosomal (00) and lysosomal (W) fractions 30 min after intravenous administration of lipoplex and Man
lipoplex in mice. Liver homogenate was separated by Percoll density gradient centrifugation. pDNA (1 ng/ul} was used as a control. Similar

results were obtained in two other independent runs.

tered, the amounts of DNA amplified from the endo-
some and lysosome fractions were smaller than those
after administration of the lipoplex.

4. Discussion

Transgene expression in target cells after intrave-
nous administration of the Man lipoplex involves a
number of distribution processes for pDNA: delivery to
the target cells (tissue distribution), internalization,
intracellular sorting, and nuclear entry {26]. In partic-
ular, the data presented in this study show the impor-
tance of intracellular sorting for efficient gene
transfection of the Man lipoplex.

Since lipoplex was taken up the ccll by the mech-
anism of endocytosis, pPDNA needs to avoid degrada-
tion in lysosomes for improving the transfection
efficiency. Thus, understanding of the intracellular
fate of pDNA will help in the development of better
transfection carrier systems. However, there are only a
few studies that quantitatively investigate the intracel-
lular fate of pDNA under in vivo conditions. Al-
though so far several tracing methods of pDNA
have been used such as *?P-label by nick translation,
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however, radioactive metabolite, which are generated
before and after the cellular uptake of radiolabeled
pDNA, often make it extremely difficult to quantita-
tive analyze the tissue distribution and pharmacoki-
netics of pDNA. In our preliminary experiment, when
the fate of internalized [**PJpDNA in liver homoge-
nate was investigated, we found that [>?’P]pDNA was
not suitable for subcellular distribution studies be-
cause the radioactivity derived from [*?P)pDNA rap-
idly diminishes due to degradation during the
preparation of subcellular fractions. More recently,
we have developed ['"'In]pDNA, an alternative radio-
labeling method for pPDNA [22], in a similar manner to
the preparation of '''In-labeled proteins [27,28], and
demonstrated that the radioactivity of [''In]JpDNA is
slowly released from cells after internalization. There-
fore, ['"'InJpDNA is considered the suitable method
for analyzing the tissue and intrahepatic distribution of
Man lipoplex. In fact, we observed that bath
[JZP]pDNA and [""'In]pDNA mainly accumulated in
the liver after intravenous administration, but the
radioactivity of *?P gradually decreased (Fig. 2). In
contrast, '''In remained at a high level for 2 h after
administration (data not shown). Such differences
were explained by the poorer membrane permeability
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of radicactive metabolites due to the attachment of
DTPA for chelation of ''In. Taking this into consid-
eration, [''In]pDNA was effective rebelling method
for the subcellular distribution stdy of lipoplex.

As shown in Fig. 4, the cytoplasmic radioactivity
was increased with time after intravenous injection of
the ["''In]lipoplex and Man lipoplex; accordingly,
pDNA is considered to be efficiently released into
cytoplasm. On the other hand, the shift of radioactiv-
ity from the endosomal to the lysosomal fractions
after intravenous administration of the ['''In]lipoplex
and Man lipoplex suggests that both DC and Man
liposomes promote pDNA transfer to lysosomes in the
cell (Fig. 6). We previously reported that mannosy-
lated proteins are internalized faster than cationic
proteins, which are internalized by the liver via
adsorptive endocytosis [16). Receptor-mediated up-
take of the Man lipoplex would explain its faster
transport to the lysosome fractions. When naked
['"'In)pDNA was injected intravenously, however, it
showed more rapid transfer to lysosomes than both
pDNA complexes. The lysosomes are where internal-
ized substances are degraded, and it can be considered
that lysosomal delivery is not suitable for transgene
expression. Amplification of pDNA by PCR sup-
ported that the Man lipoplex is more rapidly degraded
within the intracellular vesicles than the lipoplex (Fig.
7). Therefore, these results suggested that modulation
of its intracellular sorting could improve the transfec-
tion efficiency of Man lipoplex.

After administration into the blood circulation, the
lipoplex interacts with various cells and molecules,
such as serum proteins and erythrocytes [29,30]. The
cationic nature of the lipoplex attracts negatively
charged cells and molecules, which eventually leads
to an alteration in the physicochemical properties of
the complex. Generally, cellular uptake of a lipoplex
is considered to be a nonspecific process based on the
interaction of its excess positive charge and the
negatively charged cell membrane, Thus, high accu-
mulation of radioactivity was observed both in lung
and liver after intravenous administration of the
[*?P]lipoplex (Fig. 2). On the other hand, the
[*?P]Man lipoplex did not accumulate in the lung to
any great extent compared with the [nP]lipoplex,
suggesting that nonspecific interaction could be re-
duced by mannosylation of cationic liposomes. This
distribution study may be partly supported by the fact
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that our previous observation involved the liver NPC
selective gene transfection after intravenous adminis-
tration of Man lipoplex [10].

In conclusion, the Man lipoplex showed specific
accumulation in NPC and achieved higher gene ex-
pression than the lipoplex after intravenous adminis-
tration. It was shown that pDNA delivered by Man
liposomes, which is taken up by the mannose receptor,
was more susceptible to intracellular degradation than
that delivered by conventional cationic liposomes, and
this would impair higher gene expression. Also, this
observation leads us to believe that further carrier
development studies are needed for improving the
intracellular sorting of pDNA to avoid degradation.
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