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Abstract Gene therapy has emerged as a potential new approach to treat genetic disorders by delivering therapeutic genes to
target diseased tissues. However, its clinical use has been impeded by gene delivery systems. The viral vectors are very
efficient in delivering and expressing their carried genes, but they have safety issues in clinical use. While nonviral vectors
are much safer with very low risks after careful material design, but their gene transcription efficiency is too low to be
clinically used. Thus, rational design of nonviral vectors mimicking the viral vectors would be a way to break this
bottleneck. This review compares side-by-side how viral/nonviral gene vectors transcend these biological barriers in terms of
blood circulation, cellular uptake, endosome escape, nucleus import and gene transcription.
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INTRODUCTION

Gene Therapy

Genes are the base controlling all human body functions, and gene therapy has emerged as an exciting new
approach to treat human diseases because of its versatility and functionality. Theoretically it is possible to treat a
genetic disease by introducing therapeutic gene such as DNA or small interfering RNA (siRNA) into diseased
cells to eliminate the underlying biological defects or promoting a protective immune response by administering
genes encoded for specific antigens''!. Several devastating diseases were reported to be successfully treated by
gene therapy™*!. Therefore, gene therapy would be the most effective therapeutic method for treating gene-
defective diseases at low cost if it is completely successful®’.

Gene therapy consists of three key components, i.e., the therapeutic gene, the target cells, and the delivery
vehicle or the vector. The gene delivery system turns out to be the bottleneck of gene therapy because it has to
be able to overcome many biological barriers including blood circulation, cellular uptake, endosome or
lysosome escape, cytosolic trafficking, nuclear import and gene transcription to reach the targeted cells and
promote efficient gene expression. At present, many types of vectors have been developed, among which viral
and nonviral vectors are the two mostly studied in gene delivery.
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Viruses are naturally evolved parasites and have developed sophisticated mechanisms to target the host
cells and control intracellular trafficking for efficient delivery and expression of their genomes. Consequently,
viral vectors exhibit very high transcription efficiency. Various viral vectors have been designed in gene therapy
such as retroviruses and adenoviruses'®. Many clinical trials using viral vectors have shown very exciting
therapeutic results'”’, such as X-Linked Severe Combined Immunodeficiency *, diabetes'®), Alzheimer
disease!” '), human S-thalassaemial'"’, red-green colour blindness!'”, cancers including prostate!*"*), kidney!"®!,
ovarian''”! and various solid tumors''® and other devastating diseases'”. However, various safety problems
associated with viral vectors have impeded their clinical applications including toxicity and immunogenicity,
which may cause immediate death®?" and induce mutational hazards such as cancer'** >,

The safety concerns associated with viral vectors have encouraged the development of nonviral
vectors''”**!, Nonviral vectors, most cationic lipids, dendrimers, polymers and polypeptides, can package DNA
into appropriate size, have good biocompatibility and capability for large-scale production, have attracted
considerable attention'* %), However, nonviral vectors constantly exhibit low transcription efficiency, at least
10° times less efficient than viral vectors, even though numerous types of differently structured polymers have
been synthesized and tested.

Therefore, to further design nonviral vectors with transcription efficiency close to that of viral vectors, it is
important to analyze the viral transfection process and learn from them for the nonviral vectors. Herein, we
compare the commons and differences between virus and nonviral vectors from the aspects of DNA package,
circulation, cellular uptake, endosome escape, cytosolic trafficking, nuclear import and gene expression.

Barriers for Gene Delivery

A successful gene delivery system requires a rational strategy to overcome many biological barriers, such as
blood circulation, cellular uptake, endosome escape, cytosolic trafficking, nuclear import and efficient gene
expression. The process of nonviral gene delivery is shown in Fig. 1. To achieve successful nonviral gene
delivery, all the barriers during this process should be overcome. In the following part, we compare the process
of viral and nonviral vectors.
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Fig. 1 Nonviral gene delivery process

(A) DNA package: Complexation of DNA is mediated by electrostatic interactions between the negatively
charged phosphate backbone of DNA and cationic molecules; (B) Extracellular process: The complexes
are injected into the bloodstream and may accumulate in tumor site by EPR effect and active targeting
effect; (C) Intracellular process: The complexes enter endosomes through endocytosis (a), the complexes
or released DNA may escape from the endosomes to cytoplasm (b) or are delivered to lysosomes and
degraded (c), the complexes or DNA in the cytoplasm are transported to the periphery of the nucleus and
internalized (d, e) into the nucleus, DNA is released from the complexes in the nucleus (f), and finally
DNA is expressed and corresponding proteins are produced (g).
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VIRUS AND NONVIRAL GENE VECTORS

DNA Package

Viruses have a large diversity of shapes and sizes, most of which have a diameter between 100-300 nm and a
series of mechanisms have been developed to package their DNA to successfully replicate within living cells.
Some virus particles consist of nucleic acid surrounded by a protective coat of protein called capsid. Proteins
encoded by viral genome will self-assemble to form a capsid, which can protect nucleic acid of virus from
degradation like a shell. Adenovirus is the most common vector applied in gene delivery and some recombinant
adenoviruses have been designed to be efficient delivery vehicles for gene therapy®”. The schematic of the
adenovirus is shown in Fig. 2. Each part of capsid proteins could interact with host proteins and elicit specific
signaling for virus infection. The fiber is responsible for initial cell attachment and plays a critical role in
endosomal release, while the penton proteins take charge of initiating endocytosis and causing endosomal lysis
through conformational change at low pH. In intracellular trafficking, the penton and hexon proteins both play

critical roles®! 32,
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Fig. 2 Schematic of the adenovirus capsid (Reprinted from Ref. [32] with permission from Elsevier)
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Fig. 3 Structures of several cationic polymers for DNA condensation

Being separated from living cells, the capsid is just like a macromolecule of protein. However, different
from capsid, nonviral macromolecules do not have such a manner to compact nucleic acid so effectively. The
most widely used nonviral vector is cationic macromolecules. Condensation of DNA with cationic
macromolecules is through electrostatic interactions between the negatively charged phosphate backbone of
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DNA and positively charged macromolecules, leading to charge neutralization and pack of the DNA, preventing
the DNA from degradation. Commonly used positively charged molecules are PEI®Y, PLLPY, PAMAM
dendrimers™*% and degradable poly(f-amino ester)*”**]. Structures of some types of polycations are shown in
Fig. 3. These DNA condensing reagents could compact DNA to nanoscale particles like viruses. But the
efficiency of this type of self-assembly by electrostatic interaction is much lower than capsid and it lacks multi-
functions as capsid. In order to obtain multifunctional vectors like viruses, different polymers and functional
groups may be combined to execute different functions. The hybrids of nonviral vectors, such as conjugates of
peptides or targeting moieties or hybrids of cationic liposomes and polymers, are promising strategies for gene
transfer®”),

Circulation

As we know, hepatitis, caused by liver infection of Hepatitis B virus (HBV), is a severe disease harming human
health. Our body has evolved many immune mechanisms to defend virus infection, but why HBV still can lurk
without being eliminated by immune system? One reasonable explanation is that HBV has cultivated a possible
immune escape mechanism as a result of an inadequate immune response towards this virus. It has been reported
that hepatitis B virus surface antigen could make myeloid dendritic cells of patients with chronic HBV
maturated and impair their immune function, resulting in viral persistence*”. However, DNA/cationic
nanoparticles will quickly be cleared once being injected into the blood due to positive charge-caused
nonspecific interactions. To improve the serum stability of polymer/DNA complexes, many innovative ideas
have been promoted. Surface modification of polymer/DNA complexes is one of the most efficient ways to
achieve this goal.

Surface-modification with hydrophilic polymers, such as PEG, was proved to have the ability to extend the
blood circulation lifetime of these complexes'*" **. PEG is water-soluble and biocompatible. As a shielding tool,
it can minimize the nonspecific interactions with serum proteins, and make polymer/DNA complexes more
stable in vivo. PEGylation of cationic polymers and subsequent fabricating polyplexes have been used in gene
delivery for this purpose** *l. However, PEGylated vector may reduce its buffering capacity and hinder its
escaping ability from endosome which may reduce the gene delivery efficiency*. To resolve this issue,
linkages for dePEGylation have been introduced. For instance, acid-labile PEG-DOPE demonstrated a good
ability of self-dePEGylation, recovery of an excellent fusogenic capacity of DOPE at low pH and efficiently
escape from endosome!*”. Bio-cleavable disulfide linkage between PEG and polycation segment has also been
developed to trigger PEG detachment. PEG-detachable polyplex micelles based on disulfide-linked block
catiomers showed both a 1-3 orders of magnitude higher gene transfection efficiency and a more rapid onset of
gene expression than PEG-polyplex micelles without disulfide linkages!*”. Besides dePEGylation, there is
evidence that specific cationic charge-density-to-PEG-ratio is also important for efficient transfection and low
cytotoxicity. Meanwhile, PEG molecular weight and PEGylation degree significantly affect not only
physicochemical properties of the formed polyplexes but also their cytotoxicity and transfection efficiency'**.
The cytotoxicity of PEGylated PEI is reduced and the transfection efficiency is decreased*”’.

Polyanion-coating by layer-by-layer deposition was also an effective approach to shield the cationic
charges of the complexes. Some polyanion/polycation/DNA ternary complex systems were devised by using
hyaluronic acid (HA)®", heparin®'!, oligonucleotides®” or PEG derivatives having carboxylic acid side
chains’™ as an anionic protective component. These resulting complexes have negative surface charges, and
demonstrated high stability in the presence of serum proteins. Some of these polyanions are not only serving as a
protective coating, but also a targeting ligand or transcriptional enhancer* **,

Although, many vectors claimed “intelligent” have been designed, their capability of escaping from
immune elimination is low compared with HBV virus. It would be much efficient if the antigens involved in
immune escape of the virus are introduced to the nonviral vectors. Furthermore, the gene delivery efficiency
after the surface-shielding of the positive charges of the polyplexes in vivo applications is inevitably reduced due
to the reduced interaction of the complexes with the cells and thereby slowed cellular uptake.
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Cell Binding and Endocytosis

Viruses enter target cells mainly through receptor-mediated endocytosis™". Different viruses can recognize
distinct receptors at cell surface, including cellular proteins, carbohydrates and lipids, and then attach to it,
helping virus concentrating on the cell surface. There are mainly three types of endocytosis routes for virus to be
internalized into cells: clathrin-mediated endocytosis, caveolae-endocytosis and clathrin- and caveolae-
independent endocytosis, in which clathrin-mediated endocytosis is the major cellular entry way and has been
best characterized®”. How adenovirus (Ad), influenza virus and SV40 infect their host cells have been
particularly elaborated before™. Take Ad as an example. Ad is internalized through clathrin-mediated
endocytosis. As shown in Fig. 4, the fibers of Ad first bind to coxsackievirus-adenovirus receptor (CAR) cell
surface protein. Then the fibers begin to be released and the penton proteins are exposed to o,/ or o, fs through
an Arg-Gly-Asp (RGD) motif. Such an interaction will induce intracellular pathway and local formation of
clathrin-coated pits’®** **. Once the clathrin-coated vesicles form, the Ad is encapsulated in this vesicle and
internalized.
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Fig. 4 Schematic of the Ad infection pathway (Reprinted from Ref. [32] with permission from Elsevier)

Clathrin-mediated endocytosis is also thought to be the most common and effective way for nonviral
vectors. As shown in Fig. 5, the endocytosed cargo is called endosome. If the polymer is not capable of inducing
the release of polymer/DNA complexes (polyplexes) from the endosome, the polyplexes will be delivered to
lysosome and then degraded. However, the caveosome formed by caveolae-mediated endocytosis is neutral and
will not develop to lysosome, which means a more efficient way for endocytosis'®”. Therefore, the exact
endocytosis mechanisms of different polymer-mediated gene delivery systems are critical for gene transfection.
Enlightened by the manner of endocytosis of virus, a lot of receptors overexpressed at the surface of tumor cells
have been applied in non-viral vectors, such as RGD peptide!®"), transferrin'®”, folate!®”, asialoglycoprotein'®¥,
galactose!®, epidermal growth factor receptor (EGFR), integrin'®”’ and mannose!®®. Different ligands may
introduce distinct endocytosis pathways. For well-known PEI polyplexes, caveolar pathway was discovered
when introducing folic acid as a ligand, while clathrin pathway was discovered when introducing transferring as
a ligand'®.

However, no matter what kind of endocytosis is involved, the efficiency of nonviral vectors is much lower
than virus. Fortunately, more and more ligands/receptors are exploited for promoting endocytosis for gene
delivery. Alpha-fetoprotein (AFP) is not expressed in normal human tissues and seems to be a potential ligand
for receptor-mediated endocytosis to tumors’”. Glucocorticoid responsive element (GRE) targeting the
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glucocorticoid receptor (GR), a transcriptional factor, can improve nonviral gene transfer efficiency in the lungs
of mice!”"). Triolein'™”, hyaluronic acid'!, polymalic acid™*, glucocorticoid hormone!””!, FGFR® and Vitamin
B12"7 are also being exploited to implement receptor mediated endocytosis. It appears promising to introduce
tumor cell specific targeting group to obtain only tumor targeting effect and reduce non-specific influence on
normal cells of nonviral vectors.
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Fig. 5 Entry of adenovirus, influenza virus, and SV40 into their host cells (Reprinted from
Ref. [58] with permission from Science)

Endosome Escape
When exogenous materials enter cells via endocytic vesicles, majority of the vesicles are first delivered to

endosomes, where the pH is 5.0-6.5. One risk after endocytosis is the delivery to the lysosome, where is rich in
various kinds of enzymes causing degradation. In order to avoid being delivered to lysosomes, viruses have
adjusted the threshold pH to match the early endosome (pH 6.0-6.5) or late endosomes (pH 5.0-6.0) to be
released into cytoplasm. Different from envelope viruses, nonenveloped viruses lack such mechanisms as
escaping from endosome using fusion-dependent pathway. Two mechanisms have been proposed for endosome
escape of nonenveloped viruses: membrane disruption via a carpet-like mechanism and transmembrane pore
formation via a barrel-stave mechanism. In this process, different viruses make use of distinct proteins to
mediate the escape””’. Taking Ad as an example, membrane disruption mechanisms are involved and the penton
base is responsible for membrane disruption. As shown in Fig. 5, during delivery to endosome, the low pH of
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endosome will induce penton undergoing a conformational change, and exposing hydrophobic regions, which
may insert into endosome membrane and induce the dissolution of endosome membrane and then membrane
collapsel®™™ ™,

As for nonviral vectors, the acidic environment of endosome also has been fully utilized. Up to the present,
endosomal disruption by a “proton sponge” mechanism has been proposed. Both small molecules and
macromolecules have been developed possessing the capability to make use of “proton sponge” mechanism.
Several conjugates that have been proved to promote endosome escape are shown in Table 1. PEI, which has
been widely used in gene delivery both in vitro and in vivo, was reported providing an escape mechanism for
PEI/DNA complexes to protect DNA from nuclease degradation due to such an effect!’””). Primary, secondary,
and tertiary amines of PEI could highly be protonated in acidic compartment, causing a substantial volume
increase in response to increased osmotic pressure and eventually membrane disruption®®. Imidazole ring (pK,
6.04), possessing the buffering capacity in endosomes, has been introduced into other gene delivery systems to
promote endosome escap, thus increase gene transfection efficiency!®'**. Poly(propylacrylic acid) (PPAAc) is a
pH-responsive polymer, showing capability of disrupting cell membranes at low pH, but not at physiological
pH, demonstrating endosomal releasing ability™ *. PDMAEMA, due to the ability of destabilizing endosome,
has been successfully used in gene delivery and various modifications of PDMAEMA also have been
developed™ *!. Chloroquine is a small molecule and uncharged at the neutral pH, and is able to diffuse across
lipid bilayers freely. Once entering endosomes of an acidic compartment, chloroquine becomes protonated and
then incapable to diffuse across membranes, leading pH increase in endosome, osmotic swelling and degradation
of endosomes™"),

Table 1. Conjugates for promoting endosome escape

Molecular ligands Reference Molecular ligands Reference
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Endosomal escape peptides (EEPs) with pH-dependent membrane lytic activity could destabilize the
endosomal membrane and improve transfection efficiency of nonviral vehicles™ *!. The diptheria toxin (DT)
has three functional domains, in which transmembrane domain (T domain) undergoes a conformational change
at low pH and causes release of entrapped cargoes”®”. When the T domain was chemically conjugated to poly-L-
lysine, the gene transfer efficiency was significantly increased””'). Melittin, a 26 amino-acid cationic peptide of
major component of bee venom, possesses membrane penetration properties and also enhances transportation
into the nucleus possibly via the cationic cluster KRKR near the C terminus of the peptide!”. To convert
melittin into gene transfer peptide, poly-melittin peptides were synthesized by the addition of Lys repeats at the
C- or the N-subterminal end along with terminal Cys residues and the gene transfer efficiency of this poly-
melittin analogues was equivalent to PEI in HepG2 cells!”®. Several melittin analogs were designed and
conjugated to PEI, getting up to 70-fold higher activity compared to the corresponding PEI polyplexes”?.
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However, inherent lytic activity at the neutral pH also provokes high cytotoxicity due to plasma membrane
damage.

Unlike viruses that can regulate the timing of endosome escape, nonviral vectors can not be released at the
most appropriate time and place. How to control the endosome escape of nonviral vectors may play a critical
role to enhance gene delivery efficiency. Once in the cytoplasm, traversing toward the nucleus and accumulating
at nuclear periphery are also of great significance.

Cytosolic Trafficking

Cytoplasm is another barrier for gene delivery. Cytoplasm is viscous, crowded and of no opportunities for free
diffusion for macromolecules. Viruses employ the cytoskeleton move through cytoplasm to arrive at nucleus
periphery. Cytoskeleton microtubules have inherent polarity. One end of microtubules exhibits rapid growth by
addition of tubulin dimmers (the “plus” end) while the other end exhibits slower dimmer addition (the “minus”
end). Plus ends of microtubules are usually found at the cell periphery while the minus ends are often found at
the microtubule organization center near the nucleus. There also exist two types of motor proteins with specific
directions of movement on microtubules in cytosol: dynein moving to the minus ends and kenisin moving to
plus ends"*.

As shown in Fig. 4, adenovirus has evolved to utilize microtubule-associated cellular motor proteins as a
navigation to enter nucleus periphery. The capsid can interacts with dynein and be driven rapidly moving along
microtubules making using of minus end-directed microtubules motors”®®.. Besides this, some evidence also
indicates direct electrostatic interactions between Ad and microtubules”, which assist such directional
movement. SV40 is delivered to caveosome after caveolar-mediated endocytosis. Caveosome conducts as a
cargo of dynain motor to move along microtubules and is involved in the intracellular transport of SV40 from
caveolae to the endoplasmic reticulum. Caveolar endocytosis is ligand-triggered and involves extensive
rearrangement of the actin cytoskeleton that promotes cytoplasm trafficking!®®.

Nonviral vectors share the same way for cytosolic trafficking and perinuclear accumulation. In order to find
out the behavior of nonviral vectors after being released into cytoplasm, fluorescence microscopy and confocal
microscopy are used to track the polymer/DNA complexes. PEI/DNA complexes were reported to transport
through the cytoplasm toward the nucleus on microtubule!””. By Live-Cell Imaging, the mechanism for
PEI/DNA complexes employing microtubule associated trafficking was further proved'”. Gene transfection
mediated by liposome also demonstrated the same mechanism. Nocodazole or taxol, disrupting or stabilizing
microtubules, apparently increased the efficiency of gene transfection by preventing transport of liposome-DNA
complexes from endosome vesicles to lysosomes''*"".

All these findings confirm that cytoplasm trafficking is not the limited step for gene delivery. Other steps
following perinuclear accumulation like nuclear entry and polymer/DNA unpacking maybe the possible rate-
limiting processes for gene transfection.

Nuclear Localization
Gene transcription happens in the nucleus, so no matter viral or nonviral gene delivery systems should gain
access to the nucleus. Trafficking between the cytoplasm and the nucleus takes place through pore complexes
within the nuclear envelope called nuclear pore complexes (NPC). The nuclear membrane pore has a diameter of
ca. 25 nm and molecules > 45 kDa must possess a specific targeting signal, known as a nuclear localization
signal (NLS), or they will be excluded from the nucleus!"** '), The best understanding classic NLS sequence is
from SV40 large tumor antigen (TAG) containing a single stretch of basic amino acids (PKKKRK V)%,
Virus nuclear import has been particularly elaborated in other reviews'"”. They employ specialized
proteins with unique amino acid sequences to recognize cellular nuclear transport machine to obtain nucleus
localization. Small viruses, like parvovirus of only 18-24 nm, can directly pass through the nuclear pore without
capsid disassembly in intact form. While adenoviruses are large non-enveloped viruses, which can not penetrate
the nucleus membrane, should exclude affiliated elements except DNA. A series of proteins are demonstrated to
be involved in the process of capsid disassembly. Ad capsid contains conserved specific domains that mediate
binding to the nuclear envelope!'”. When entering nucleus periphery through microtubule, this binding might
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cause its capsid dissembled, and release its genomes into nucleus.

However, for nonviral vectors aggregating at nucleus periphery, nonviral DNA exists either in free or
carrier-bound forms. No matter in which form, they lack nuclear targeting proteins to facilitate nuclear transport.
Nuclear import is still an unmet challenge in gene delivery. As being mentioned above, NLS plays an important
role in nuclear import and has been widely used to promote nuclear uptake of nonviral DNA!'®!. Several factors
have been identified that have direct influences on gene transfer when utilizing NLS, including the type of NLS
peptide, morphology of DNA, and method used to incorporate NLS peptides into nonviral vectors!'®”. Viral
proteins normally mediating nuclear delivery of viral DNA also have been incorporated into nonviral vectors to
facilitate nuclear import. A lipopolyplex containing polyoma virus VP protein increased gene transfer
efficiency due to NLS signal sequence in the peptide!''”’. It has been recognized that majority of polymer/DNA
complexes are localized in nucleus during cell division when the nucleus membranes disappear. For non-
dividing cells, this kind of localization seems useless. Furthermore, this type of nucleus entry is of potential
damage, for it is not tumor cell selective and may cause harmful side effect on the surrounding healthy normal
cells. Therefore, tumor cell-specific nuclear targeting is of great importance. Several proteins targeting tumor
cells selectively have been summarized''"!. Using cell-type-specific nuclear signals seems promising.

Gene Transcription

Besides nuclear import, efficient transgene transcription is also required to achieve maximal transcription
efficiency of gene delivery vectors. It is of great importance for DNA dissociating from its vectors. For
adenovirus, DNA is released outside the nuclear membrane and imported into nucleus individually. But for
nonviral vectors, DNA dissociation can not be controlled. It is unclear how and when DNA delivered by
nonviral vectors is released. If DNA is released near nucleus periphery or at nucleus, gene transfer efficiency
would be highly improved.

Some types of gene vectors have been designed to promote DNA dissociation from its vector, such as
polymers containing photo or thermo-responsive unit, or reductive environment sensitive disulfide. Complex
formation-dissociation was also said controlled by thermo-responsive polymers. This polymeric carrier is
composed of three components: a temperature-responsive unit, a cationic unit and a hydrophobic unit. The
cationic unit is used to interact with DNA and forms a condensed DNA/vector complex, while the hydrophobic
can adjust the transition state of the delivery system!''?). Thermo-responsive copolymer had a lower critical
solution temperature (LCST), above which the DNA and carrier polymers formed, while below which DNA
dissociated from its carrier''"*.

The other technique promoting DNA release makes use of the reducing intracellular compartmental
environment, where disulfide bonds can be reduced and cleaved by intracellular glutathione (GSH), and then
cause DNA releasing!"'*!. A redox-triggered destabilization mechanism could be a promising strategy to design
synthetic non-viral vectors with engineered intracellular release characteristic in respect that cancer cells seem to
show a higher activity of glutathione-S-transferase (GST) and hence higher GSH levels'''> "%, thus showing
enhanced reduction capacity. It is hypothesized that once gene vectors cross-linked by disulfide bond gain
access to the nucleus, it would be reduced by GSH, inducing dissociation of polymer/DNA complexes and
releasing DNA to exhibit its function. Responsive polyelectrolyte complexes for triggered release of nucleic acid
therapeutics was particularly reviewed!"'”). We have further showed that the nanocapsules releasing free DNA
had higher gene expression efficiency once been internalized!"'®.

However, the ideal timing of DNA unloading remains unclear and challenging. The DNA molecules
delivered by 11 kDa PEI to the nucleus do not exist in the form of PEI/DNA complexes, indicating DNA
dissociation from PEI prior to the nucleus entry®”. The site (cytosol or nucleus) for DNA release needs further
investigation in order to develop more appropriate gene delivery vector.

After DNA being dissociated from delivery system, viruses evolved different mechanisms for gene
transcription. Retrovirus inserts genes into host’s genome, resulting in permanent gene expression and providing
full correction of disease phenotype!®.. But this kind of insertion is non-selective, and the insertion to the critical
genes may cause carcinogenesis.



What Can We Learn from Virus in Designing Nonviral Gene Vectors 283

For adenovirus, the possibility of integrating into host’s genome is low. From this point it is similar to
nonviral vectors. It is commonly thought that the condensed plasmid DNA could be decondensed by the
substitution of negatively charged components such as endogenesis DNA or RNA. Gene replication and
transcription are along with cell division of host. This kind of gene transcription is transient and especially
appropriate for cancer treatment, because exogenous gene can be eliminated once the treatment completes.

Gene transcription is a rate-limiting process in gene transfection. A research on quantitative comparison of
intracellular trafficking and nuclear transcription between Adenoviral and Lipoplex Systems demonstrated that
differences of transfection efficiency mainly arise from nuclear gene transcription, not from intracellular
trafficking!"'*".

Gene transcription is regulated by many factors. A remarkable positive nonlinear relationship has been
discovered between dose and transfection activities in nonviral gene delivery systems!'?> '?!!. This suggests that
even if DNA gets access to and is released in the nucleus, gene expression is still cumbered by various factors.
For instance, the released DNA could be bounded and inactivated by histone as heterochromatine, and
methylation of the DNA can be another inactivation mechanism. In order to gain high gene expression level to
implement gene therapy level, further study will be required to identify the factors responsible for the positive
non-linearity between dose and transfection efficiency.

PESPECTIVES

The past decades have witnessed the tremendous progress of polymeric systems for gene delivery. From the
perspective of virology, many innovative notions have been contrived in designing nonviral vectors to obtain as
high transfer efficiency as viral vectors. Multifunctional genes delivery systems have been brought forward to
overcome various barriers both in vitro and in vivo, such as cellular uptake, endosome escape, nuclear targeting
and gene expression. For instance, a unique pH-responsive terpolymer brush has been developed. This polymer
can compact DNA into a virion-like nanocapsule and encapsulate DNA in its core surrounded by a tight
hydrophobic membrane like the capsid of virus at the neutral pH!''"®). Most importantly, the DNA in the particle
is in free form, not complexed by catonic charges. Therefore, the DNA is also released as free form for easy
transcription. How this multifunctional nanocapsule executes its function is shown in Fig. 6. Kogure and
coworkers have devised a multifunctional envelope-type nanodevice as a non-viral gene delivery system which
makes gene delivery to nucleus possible!'*”. In future, much more functional devices like virus should be
equipped into gene delivery systems to overcome various biological obstacles and enhance gene expression
level.
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Fig. 6 Nanocapsule formation by a pH-controlled self-assembly of PCL/PDEA/PEG and DNA (Reprinted
from Ref. [118] with permission from Wiley)

The PDEA chains are positively charged at pH 5 (a) and then self-assemble with DNA to form a
hydrophilic core. The hydrophobic PCL chains collapse and form a membrane surrounding the core, the
hydrophilic PEG chains are incompatible with hydrophobic PCL layer and extend into the aqueous solution
as a PEG outer layer (b). After the solution pH is raised to 7.4, the PDEA chains are deprotonated, become
insoluble and dissociated from the DNA, leaving free DNA in the core (c).
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From the perspectives of nonviral vectors for gene therapy in clinical use, there still needs to substantially
enhance their gene transcription efficiency. Challenges still stand before us and deeper insight in how to
surmount biological and cellular boundaries should be highlighted. If nonviral vectors can be designed as
intelligent as virus, efficient gene delivery would be achieved.

REFERENCES

Wolff, J.A. and Lederberg, J., Hum. Gene Ther., 1994, 5(4): 469
The News Staff, Science, 2009, 326(5960): 1600

3 Hacein Bey Abina, S., Le Deist, F., Carlier, F., Bouneaud, C., Hue, C., De Villartay, J.P., Thrasher, A.J., Wulffraat, N.,
Sorensen, R., Dupuis Girod, S., Fischer, A., Davies, E.G., Kuis, W., Leiva, L. and Cavazzana-Calvo, M., New Engl. J.
Med., 2002, 346(16): 1185

4 Cavazzana Calvo, M., Hacein Bey, S., Basile, C.D., Gross, F., Yvon, E., Nusbaum, P., Selz, F., Hue, C., Certain, S.,

Casanova, J.L., Bousso, P., Le Deist, F. and Fischer, A., Science, 2000, 288(5466): 669

Sheridan, C., Nat Biotech, 2011, 29(2): 121

Daya, S. and Berns, K.I., Clin. Microbiol. Rev., 2008, 21(4): 583

Lu, Y. and Madu, C.O., Expert Opin. Drug Del., 2010, 7(1): 19

Olefsky, J.M., Nat. Biotechnol., 2000, 408(6811): 420

Tuszynski, M.H., Thal, L., Pay, M., Salmon, D.P., Sang, U.H., Bakay, R., Patel, P., Blesch, A., Vahlsing, H.L., Ho, G.,

Tong, G., Potkin, S.G., Fallon, J., Hansen, L., Mufson, E.J., Kordower, J.H., Gall, C. and Conner, J., Nat. Med.,

2005, 11(5): 551

10 Lim, S.T., Airavaara, M. and Harvey, B.K., Pharm. Res., 2010, 61(1): 14

11 Cavazzana-Calvo, M., Payen, E., Negre, O., Wang, G., Hehir, K., Fusil, F., Down, J., Denaro, M., Brady, T.,
Westerman, K., Cavallesco, R., Gillet-Legrand, B., Caccavelli, L., Sgarra, R., Maouche-Chretien, L., Bernaudin, F.,
Girot, R., Dorazio, R., Mulder, G.J., Polack, A., Bank, A., Soulier, J., Larghero, J., Kabbara, N., Dalle, B., Gourmel,
B., Socie, G., Chretien, S., Cartier, N., Aubourg, P., Fischer, A., Cornetta, K., Galacteros, F., Beuzard, Y., Gluckman,
E., Bushman, F., Hacein-Bey-Abina, S. and Leboulch, P., Nature, 2010, 467(7313): 318

12 Mancuso, K., Hauswirth, W.W., Li, Q., Connor, T.B., Kuchenbecker, J.A., Mauck, M.C., Neitz, J. and Neitz, M.,
Nature, 2009, 461(7265): 784

13 Small, E.J., Carducci, M.A., Burke, J.M., Rodriguez, R., Fong, L., van Ummersen, L., Yu, D.C., Aimi, J., Ando, D.,
Working, P., Kirn, D. and Wilding, G., Mol. Ther., 2006, 14(1): 107

14  Schenk, E., Essand, M., Bangma, C.H. and Consortium, G.F., Hum. Gene Ther., 2010, 21(7): 807

15 Lu, Y., Adv. Drug Deliv. Rev., 2009, 61(7-8): 572

16 Xu,J., Jin, C., Hao, S.J., Luo, G.P. and Fu, D.L., Expert Opin. Biol. Th., 2010, 10(1): 73

17  Anwer, K., Barnes, M.N., Fewell, J., Lewis, D.H. and Alvarez, R.D., Gene Ther., 2010, 17(3): 360

18 Nemunaitis, J., Tong, A.W., Nemunaitis, M., Senzer, N., Phadke, A.P., Bedell, C., Adams, N., Zhang, Y .A.,
Maples, P.B., Chen, S., Pappen, B., Burke, J., Ichimaru, D., Urata, Y. and Fujiwara, T., Mol. Ther., 2010, 18(2): 429

19  Cartier, N., Hacein-Bey-Abina, S., Bartholomae, C.C., Veres, G., Schmidt, M., Kutschera, 1., Vidaud, M., Abel, U.,
Dal-Cortivo, L., Caccavelli, L., Mahlaoui, N., Kiermer, V., Mittelstaedt, D., Bellesme, C., Lahlou, N., Lefrére, F.,
Blanche, S., Audit, M., Payen, E., Leboulch, P., Homme, B., Bougnéres, P., Von Kalle, C., Fischer, A.,
Cavazzana-Calvo, M. and Aubourg, P., Science, 2009, 326(5954): 818

20 Nayak, S. and Herzog, R.-W., Gene Ther., 2010, 17(3): 295

21  Frank, K.M., Hogarth, D.K., Miller, J.L., Mandal, S., Mease, P.J., Samulski, R.J., Weisgerber, G.A. and Hart, J., New
Engl. J. Med., 2009, 361(2): 161

22 Kaiser, J., Science, 2007, 317(5838): 580

23 Kaiser, J.. Science, 2005, 307(5712): 1028

24 Check, E., Nature, 2005, 433(7026): 561

O 0 3 N W



What Can We Learn from Virus in Designing Nonviral Gene Vectors 285

25
26
27
28
29
30
31
32
33
34
35
36

37
38
39
40

41
42

43
44

45
46
47

48

49

50
51
52
53

54

55
56
57
58
59
60
61

62

De Ilarduya, C.T., Sun, Y. and Duezguenes, N., Eur. J. Pharm. Sci., 2010, 40(3): 159

Mintzer, M.A. and Simanek, E.E., Chem. Rev., 2009, 109(2): 259

David, S., Pitard, B., Benoit, J.P. and Passirani, C., Pharm. Res., 2010, 62(2): 100

Al-Dosari, M.S. and Gao, X., Aaps J., 2009, 11(4): 671

Morille, M., Passirani, C., Vonarbourg, A., Clavreul, A. and Benoit, J.P., Biomaterials, 2008, 29(24-25): 3477

Fender, P., Ruigrok, R.W.H., Gout, E., Buffet, S. and Chroboczek, J., Nat. Biotechnol., 1997, 15(1): 52

Roelvink, P.W., Lee, G.M., Einfeld, D.A., Kovesdi, 1. and Wickham, T.J., Science, 1999, 286(5444): 1568
Medina-Kauwe, L.K., Adv. Drug Deliv. Rev., 2003, 55(11): 1485

Von Harpe, A., Petersen, H., Li, Y. and Kissel, T., J. Control Release, 2000, 69(2): 309

Laemmli, U.K., Proc. Natl. Acad. Sci. U.S.A., 1975, 72(11): 4288

Yoo, H., Sazani, P. and Juliano, R.L., Pharmacol. Res., 1999, 16(12): 1799

Bielinska, A., Kukowskal atallo, J.F., Johnson, J., Tomalia, D.A. and Baker, J.R., Nucleic Acids Res.,

1996, 24(11): 2176

Fu, H.L., Cheng, S.X. and Zhuo, R.X., Acta Polymerica Sinica(in Chinese), 2009, (2): 97

Lynn, D.M. and Langer, R., J. Am. Chem. Soc., 2000, 122(44): 10761

Zhang, S.B., Zhao, Y.A., Zhao, B.D. and Wang, B., Bioconjugate Chem., 2010, 21(6): 1003

Den Brouw, M.L.O., Binda, R.S., van Roosmalen, M.H., Protzer, U., Janssen, H.L.A., van Der Molen, R.G. and
Woltman, A.M., Immunology, 2009, 126(2): 280

Pei, Y.Y., Wang, W.W., Liu, X.G. and Shuai, X.T., Acta Polymerica Sinica(in Chinese), 2010, (1): 79

Jiang, T.T., Chang, J.B., Wang, C.M., Ding, Z., Chen, J.N., Zhang, J.F. and Kang, E.T., Biomacromolecules,

2007, 8(6): 1951

Kim, Y., Klutz, A.M. and Jacobson, K.A., Bioconjugate Chem., 2008, 19(8): 1660

Liang, B., He, M.L., Xiao, Z.P., Li, Y., Chan, C.Y., Kung, H.F., Shuai, X.T. and Peng, Y., Biochem. Biophys. Res.
Commun., 2008, 367(4): 874

Han, M., Bae, Y., Nishiyama, N., Miyata, K., Oba, M. and Kataoka, K., J. Control Release, 2007, 121(1-2): 38

Xu, Z.H., Gu, W.W., Chen, L.L., Gao, Y., Zhang, Z.W. and Li, Y.P., Biomacromolecules, 2008, 9(11): 3119

Takae, S., Miyata, K., Oba, M., Ishii, T., Nishiyama, N., Itaka, K., Yamasaki, Y., Koyama, H. and Kataoka, K., J. Am.
Chem. Soc., 2008, 130(18): 6001

Zhang, X., Pan, S.R., Hu, H.M., Wu, G.F., Feng, M., Zhang, W. and Lu, X., J. Biomed. Mater. Res. A,

2008, 84A(3): 795

Chen, L., Tian, H.Y., Chen, X.S., Park, T., Maruyama, A. and Jing, X.B., Acta Polymerica Sinica(in Chinese),

2009, (6): 499

Ito, T., Yoshihara, C., Hamada, K. and Koyama, Y., Biomaterials, 2010, 31(10): 2912

Zhang, Q., Chen, S., Zhuo, R.X., Zhang, X.Z. and Cheng, S.X., Bioconjugate Chem., 2010, 21(11): 2086

Chung, Y.C., Hsiech, W.Y. and Young, T.H., Biomaterials, 2010, 31(14): 4194

Sakae, M., Ito, T., Yoshihara, C., lida-Tanaka, N., Yanagie, H., Eriguchi, M. and Koyama, Y., Biomed. Pharmacother.,
2008, 62(7): 448

Ito, T., lida Tanaka, N., Niidome, T., Kawano, T., Kubo, K., Yoshikawa, K., Sato, T., Yang, Z.H. and Koyama, Y., J.
Control Release, 2006, 112(3): 382

Yun, Y.H., Goetz, D.J., Yellen, P. and Chen, W.L., Biomaterials, 2004, 25(1): 147

Decuzzi, P. and Ferrari, M., Biophys. J., 2008, 94(10): 3790

Mudhakir, D. and Harashima, H., Aaps J., 2009, 11(1): 65

Smith, A.E. and Helenius, A., Science, 2004, 304(5668): 237

Mathias, P., Wickham, T., Moore, M. and Nemerow, G., J. Virol., 1994, 68(10): 6811

Won, Y.Y., Sharma, R. and Konieczny, S.F., J. Control Release, 2009, 139(2): 88

Alam, M.R., Dixit, V., Kang, HM., Li, Z.B., Chen, X.Y., Trejo, J., Fisher, M. and Juliano, R.L., Nucleic Acids Res.,
2008, 36(8): 2764

Koppu, S., Oh, Y.J., Edrada-Ebel, R., Blatchford, D.R., Tetley, L., Tate, R.J. and Dufes, C., J. Control Release, 2010,



286

63
64

65
66

67

68
69
70

71
72

73

74

75
76

77
78
79

80
81
82
83
84
85

86
87

88

&9
90
91
92
93
94
95
96

C.H Xuetal

143(2): 215

Cheng, H., Zhu, J.L., Zeng, X., Jing, Y., Zhang, X.Z. and Zhuo, R.X., Bioconjugate Chem., 2009, 20(3): 481

Peng, D.J., Sun, J., Wang, Y.Z., Tian, J., Zhang, Y.H., Noteborn, M.H.M. and Qu, S., Cancer Gene Ther.,

2007, 14(1): 66

Sagara, K. and Kim, S.W., J. Control Release, 2002, 79(1-3): 271

Spaenkuch, B., Steinhauser, 1., Wartlick, H., Kurunci-Csacsko, E., Strebhardt, K.I. and Langer, K., Neoplasia (Ann
Arbor, ML, U. S.), 2008, 10(3): 223

Cemazar, M., Sersa, G., Wilson, J., Tozer, G.M., Hart, S.L., Grosel, A. and Dachs, G.U., Cancer Gene Ther.,

2002, 9(4): 399

Park, I.Y., Kim, I.Y., Yoo, M.K., Choi, Y.J., Cho, M.H. and Cho, C.S., Int. J. Pharm., 2008, 359(1-2): 280

Gabrielson, N.P. and Pack, D.W., J. Control Release, 2009, 136(1): 54

Posypanova Galina, A., Gorokhovets Neonila, V., Makarov Vladimir, A., Savvateeva Ludmila, V., Kireeva Natalya,
N., Severin Sergey, E. and Severin Evgeny, S., J. Drug Target, 2008, 16(4): 321

Dames, P., Laner, A., Maucksch, C., Aneja, M.K. and Rudolph, C., J. Gene Med., 2007, 9(9): 820

Zhang, Z.W., Sha, X.Y., Shen, A.L., Wang, Y.Z., Sun, Z.G., Gu, Z. and Fang, X.L., Biochem. Biophys. Res.
Commun., 2008, 370(3): 478

Jiang, G., Park, K., Kim, J., Kim, K.S., Oh, E.J., Kang, H., Han, S.E., Oh, Y.K., Park, T.G. and Hahn, S.K.,
Biopolymers, 2008, 89(7): 635

Ljubimova, J.Y., Fujita, M., Khazenzon, N.M., Lee, B.S., Wachsmann-Hogiu, S., Farkas, D.L., Black, K.L. and

Holler, E., Chem. Biol. Interact., 2008, 171(2): 195

Dames, P., Laner, A., Maucksch, C., Aneja Manish, K. and Rudolph, C., J. Gene Med., 2007, 9(9): 820

Li, D., Ping, Y.A., Xu, F.J., Yu, H., Pan, H.M., Huang, H.L., Wang, Q.Q., Tang, G.P. and Li, J., Biomacromolecules,
2010, 11(9): 2221

Gupta, Y., Kohli, D.V. and Jain, S.K., Crit. Rev. Ther. Drug Carrier Syst., 2008, 25(4): 347

Seth, P., J. Virol., 1994, 68(2): 1204

Boussif, O., Lezoualch, F., Zanta, M.A., Mergny, M.D., Scherman, D., Demeneix, B. and Behr, J.P., Proc. Natl. Acad.
Sci. U.S.A., 1995, 92(16): 7297

Unal, B. and Hedden, R.C., Polymer, 2009, 50(3): 905

Putnam, D., Zelikin, A.N., [zumrudov, V.A. and Langer, R., Biomaterials, 2003, 24(24): 4425

Chang, K.L., Higuchi, Y., Kawakami, S., Yamashita, F. and Hashida, M., Bioconjugate Chem., 2010, 21(6): 1087
Lackey, C.A., Press, O.W., Hoffman, A.S. and Stayton, P.S., Bioconjugate Chem., 2002, 13(5): 996

Lin, Y.L., Jiang, G.H., Birrell, L.K. and El-Sayed, M.E.H., Biomaterials, 2010, 31(27): 7150

Van De Wetering, P., Moret, E.E., Schuurmans-Nieuwenbroek, N.M.E., van Steenbergen, M.J. and Hennink, W.E.,
Bioconjugate Chem., 1999, 10(4): 589

Dai, F.Y. and Liu, W.G., Biomaterials, 2011, 32(2): 628

Mellman, 1., Fuchs, R. and Helenius, A., "Annual review of biochemistry", Stanford University Press, California,

1986, p. 663

Akita, H., Kogure, K., Moriguchi, R., Nakamura, Y., Higashi, T., Nakamura, T., Serada, S., Fujimoto, M., Naka, T.,
Futaki, S. and Harashima, H., J. Control Release, 2010, 143(3): 311

Moore, N.M., Sheppard, C.L., Barbour, T.R. and Sakiyama-Elbert, S.E., J. Gene Med., 2008, 10(10): 1134

Chenal, A., Nizard, P. and Gillet, D., J. Toxicol-Toxin. Rew., 2002, 21(4): 321

Fisher, K.J. and Wilson, J.M., Biochem. J., 1997, 321: 49

Meyer, M., Zintchenko, A., Ogris, M. and Wagner, E., J. Gene Med., 2007, 9(9): 797

Chen, C.P., Kim, J.S., Steenblock, E., Liu, D.J. and Rice, K.G., Bioconjugate Chem., 2006, 17(4): 1057

Boeckle, S., Fahrmeir, J., Roedl, W., Ogris, M. and Wagner, E., J. Control Release, 2006, 112(2): 240

Leopold, P.L. and Pfister, K.K., Traffic, 2006, 7(5): 516

Leopold, P.L., Kreitzer, G., Miyazawa, N., Rempel, S., Pfister, K.K., Rodriguez Boulan, E. and Crystal, R.G., Hum.
Gene Ther., 2000, 11(1): 151



What Can We Learn from Virus in Designing Nonviral Gene Vectors 287

97
98
99
100

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

117
118

119
120
121

122

Kelkar, S.A., Pfister, K.K., Crystal, R.G. and Leopold, P.L., J. Virol., 2004, 78(18): 10122

Pelkmans, L., Puntener, D. and Helenius, A., Science, 2002, 296(5567): 535

Suh, J., Wirtz, D. and Hanes, J., Proc. Natl. Acad. Sci. U.S.A., 2003, 100(7): 3878

Bausinger, R., Von Gersdorff, K., Braeckmans, K., Ogris, M., Wagner, E., Briauchle, C. and Zumbusch, A., Angew.
Chem., 2006, 118(10): 1598

Hasegawa, S., Hirashima, N. and Nakanishi, M., Gene Ther., 2001, 8(21): 1669

Talcott, B. and Moore, M.S., Trends Cell Biol., 1999, 9(8): 312

Stoffler, D., Schwarz-Herion, K., Aebi, U. and Fahrenkrog, B., Can. J. Physiol. Pharmacol., 2006, 84(3-4): 499
Kalderon, D., Roberts, B.L., Richardson, W.D. and Smith, A.E., Cell, 1984, 39(3): 499

Kalderon, D., Richardson, W.D., Markham, A.F. and Smith, A.E., Nature, 1984, 311(5981): 33

Colledge, W.H., Richardson, W.D., Edge, M.D. and Smith, A.E., Mol. Cell Biol., 1986, 6(11): 4136

Whittaker, G.R., Adv. Drug. Deliver. Rev., 2003, 55(6): 733

Wisnivesky, J.P., Leopold, P.L. and Crystal, R.G., Hum. Gene Ther., 1999, 10(13): 2187

Bremner, K.H., Seymour, L.W., Logan, A. and Read, M.L., Bioconjugate Chem., 2004, 15(1): 152

Wiseman, J.W., Scott, E.S., Shaw, P.A. and Colledge, W.H., J. Gene Med., 2005, 7(6): 759

Wagstaff, K.M. and Jans, D.A., Eur. J. Pharmacol., 2009, 625(1-3): 174

Yokoyama, M., Drug Discov. Today, 2002, 7(7): 426

Kurisawa, M., Yokoyama, M. and Okano, T., J. Control Release, 2000, 69(1): 127

Neu, M., Germershaus, O., Mao, S., Voigt, K.H., Behe, M. and Kissel, T., J. Control Release, 2007, 118(3): 370
Strohmeyer, T., Klone, A., Wagner, G., Hartmann, M. and Sies, H., J. Urol., 1992, 147(5): 1424

Gorozhanskaya, E.G., Korolova, E.Y., Egorova, N.I., Larionova, V.B., Garin, A.M. and Kushlinskii, N.E., Bull. Exp.
Biol. Med., 1998, 125(5): 499

Soliman, M., Allen, S., Davies, M.C. and Alexander, C., Chem. Commun., 2010, 46(30): 5421

Xu, P.S., Li, S.Y., Li, Q., van Kirk, E.A., Ren, J., Murdoch, W.J., Zhang, Z.J., Radosz, M. and Shen, Y.S., Angew.
Chem. Int. Ed., 2008, 47(7): 1260

Hama, S., Akita, H., Ito, R., Mizuguchi, H., Hayakawa, T. and Harashima, H., Mol. Ther., 2006, 13(4): 786

Moriguchi, R., Kogure, K., Iwasa, A., Akita, H. and Harashima, H., J. Control Release, 2006, 110(3): 605

Tachibana, R., Harashima, H., Ide, N., Ukitsu, S., Ohta, Y., Suzuki, N., Kikuchi, H., Shinohara, Y. and Kiwada, H.,
Pharmacol. Res., 2002, 19(4): 377

Kogure, K., Akita, H., Yamada, Y. and Harashima, H., Adv. Drug. Deliver. Rev., 2008, 60(4-5): 559




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


