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Abstract
A novel non-viral gene transfection method in which DNA complexes were kept in
contact with a deposition surface (deposition transfection) was developed. We
designed a novel aqueous thermoresponsive adsorbent material for DNA deposition,
which was a star-shaped copolymer with 4 branched chains. Each chain comprised a
cationic poly(N,N-dimethylaminopropyl acrylamide) (PDMAPAAm) block (Mn: ca.
3,000 g-mol™), which formed an inner domain for DNA binding and a
thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) block (Mn: ca. 6,000
g-mol™), which formed an outer domain for surface adsorption. Complex formation
between the copolymer and the luciferase-encoding plasmid DNA occurred immediately
upon simple mixing in an aqueous medium; polyplexes approximately 100 nm in size
were formed. Because the lower critical solution temperature of the polyplexes was
approximately 35°C, they could deposit on the substrate by precipitation from an
aqueous solution upon warming, which was confirmed by quartz crystal microbalance
(QCM) method and water contact angle measurement. When COS-1 cells were
cultured on the polyplex-deposited substrate in a culture medium, the luciferase activity
observed was higher than that observed on a DNA-coated substrate with or without the
cationic polymer before and after complete adhesion and by conventional solution
transfection using the polyplexes. The activity was enhanced with an increase in the

charge ratio (surfactant/pDNA) with permissible cellular cytotoxicity.
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1. Introduction

There are several issues to be resolved regarding clinical applications that use
virus vectors for gene therapy, such as the antigenicity and toxicity of the virus or the
possibility of disease transfection. On the other hand, cationic polymers such as
polyethylenimine (PEI) [1,2] and dimethylamino group-containing polymers [3-6],
which can generate nanoparticles by the formation of polyion complexes, i.e.,
“polyplexes,” with a plasmid DNA, have a high potential to be one of the major carriers
in non-viral gene delivery systems due to the many advantages they offer over viral
systems. However, several research trials using non-viral carriers have not always
achieved the expected results in terms of transfection efficiency; this is because the gene
expression level is not as high as that obtained with viral carriers [7,8]. Therefore, an
efficient technology and methodology of gene transfection based on the designed carrier
materials without the use of virus vectors need to be developed.

The conventional procedure of gene transfection involves complexing the
non-viral carrier with a plasmid DNA and then adding it to a cell culture medium. In
this case, preincubation of the target cells is necessary for at least 1 day before
transfection. In addition, generally, serum cannot be used as the transfection medium
because the DNA-carrier complex often interacts with serum components, leading to
suppressed gene transfection ability. Therefore, a reverse transfection method was
developed as another practical approach for gene transfection [9-11]. This method is
performed by culturing cells on a plasmid DNA-loaded substrate. DNA-loaded
substrates are generally prepared by mixing DNA with cationic polymers that have been
physically adsorbed or chemically bonded to the substrate. The cells were in direct
contact with the DNA-loaded surface during the culture period; this differs from
conventional transfection culture in which the contact time is limited. In addition,

transfectional microarrays that permit parallel transfer of multiple genes into cultured



cells were developed for high-throughput reverse genetics research because the reverse
transfection method can be performed with spatial and temporal control [10,11].
However, it cannot be said that the transfection efficiency of this method is as
satisfactory as that of the conventional transfection method. Therefore, an additional
physical stimulus, such as an electric pulse, was used to enhance the transfection
efficiency [12,13].

Recently, in order to improve the gene transfection efficiency of methods that use
cationic polymers as gene carriers, we designed a series of branched cationic polymers
[3]. The series comprised linear and 3-, 4-, or 6-branched PDMAPAAM polymers that
functioned as novel high-performance gene carriers termed the star vector. They were
prepared by iniferter (initiator-transfer agent-terminator)-based photo-living radical
polymerization [14,15] from their respective multidithiocarbamate-derivatized benzenes
(multifunctional iniferters) and by using DMAPAAmM as a cationic monomer. These
experiments revealed that the transfection efficiency increased with the degree or chain
length of branching [3], or by blocking with a nonionic chain [16].

As a continuation of our study on the star vector, in this study, we designed a
novel adhesive transfection material to improve the reverse transfection method. The
material had 4-cationic PDMAPAAmM branching for binding with a plasmid DNA to
form polyplexes and was blocked with poly(N-isopropylacrylamide) (PNIPAM) chains
for surface deposition on a hydrophobic substrate. PNIPAM is one of the most
well-known thermoresponsive polymers that precipitates in water at above 32°C but is
water soluble at room temperature [17]. Due to this unique feature, PNIPAM has been
utilized for thermoresponsive tissue culture dishes [18,19], in drug delivery vehicles
[20,21], for hemostasis [22,23], and in 3D extracellular matrix materials [24]. The
PNIPAM-blocked complex of the star vector and a plasmid DNA was adsorbed onto a
culture substrate, and cells were then cultured on the complex-deposited substrate.

The transfection efficiency of the newly developed transfection method (deposition



transfection), which is an improved reverse transfection method, was evaluated by
comparing it with that of the conventional transfection method. Further, the

cytotoxicity was evaluated after deposition transfection using COS-1 cells.

2. Materials and Methods

2.1. Materials

1,2,4,5-Tetrakis(bromomethyl)benzene was obtained from Sigma-Aldrich
(Milwaukee, WI).  Sodium N,N-diethyldithiocarbamate, N,N-dimethylacrylamide
(DMAAm), and N-isopropylacrylamide (NIPAM) were purchased from Wako Pure
Chemical Ind., Ltd. (Osaka, Japan). The other chemical reagents were commercially
obtained from Wako Pure Chemical Ind., Ltd. The DMAAm was distilled under
reduced pressure, and the NIPAM was recrystallized with methanol/hexane prior to use
in order to remove the stabilizer. The other reagents were purified before use

according to requirements.

2.2. General Methods

'H-nuclear magnetic resonance (NMR) spectra were recorded in deuterium
oxide (D,0) with a 300 MHz NMR spectrometer (Gemini-300; Varian, Palo Alto, CA)
at room temperature. Gel permeation chromatography (GPC) analyses using
N,N-dimethylformamide as a solvent were performed with an HPLC-8020 instrument
(Tosoh, Tokyo, Japan) using Tosoh TSKgel a-3000 and «-5000 columns. The
columns were calibrated with narrow weight distribution polyethylene glycol standards

(Tosoh).

2.3. Synthesis of PDMAPAAm 4-Branched Polymer and PDMAPAAmM-PNIPAM

4-Branched Block Copolymer



The PDMAPAAM-PNIPAM 4-branched block copolymer,
1,2,4,5-tetrakis(N,N-diethyldithiocarbamyl(poly(N,N-dimethylacrylamide))-block-poly(
N-isopropylacrylamide))benzene was synthesized using the sequential steps of
iniferter-based living radical photopolymerization [3,25,26] with
1,2,4,5-tetrakis(N,N-diethyldithiocarbamylmethyl)benzene as the multifunctional
iniferter and DMAPAAmM and NIPAM as the cationic and thermoresponsive monomers,
respectively. The synthesis procedure is described below.

DMAPAAm (0.86 g, 5.5 mmol) was added to 6 ml benzene solution containing
the multifunctional iniferter (72 mg, 0.1 mmol); this was diluted to a final volume of 20
ml with methanol and placed into a 50-mL quartz crystal tube. After bubbling with
dry N, gas for 5 min to exclude air, the solution was irradiated for 90 min with a 200-W
high-pressure mercury lamp (SPOT CURE; USHIO, Tokyo, Japan) under an N
atmosphere at room temperature. The light intensity was set to 1 mW/cm? at a
wavelength of 250 nm (UVR-1; TOPCON, Tokyo, Japan). The reaction mixture was
concentrated and adjusted to an appropriate concentration in order to facilitate
purification by precipitation in a large volume of ether. Reprecipitation was carried
out in a methanol-ether system. The final precipitate was dried under vacuum to yield
a PDMAPAAmM 4-branched polymer (conversion, 13%). The molecular weight (Mn)
as determined by GPC analysis was 3,700 g-mol™. 'H-NMR: & 1.7-1.5 (br, 3H,
-CH,-CH- and -CH,-CH,-CH,-), 2.0-1.8 (br, 1H, -CH-CO), 2.2-2.1 (br, 6H, -N-CHs),
2.4-2.2 (br, 2H, -CH»-N(CHj),), 3.2-3.0 (br, 2H, -NH-CH,-), 7.8-7.4 (br, 1H, -NH).

A methanol solution (20 mL) of the obtained PDMAPAAmM 4-branched polymer
(650 mg, 0.18 mmol) and NIPAM (1.24 g, 11 mmol) was placed into a 50-ml quartz
crystal tube and deoxygenated by bubbling with dry N, gas for 5 min. The solution
was then irradiated for 90 min under the abovementioned conditions. The reaction
mixture was concentrated and precipitated in 400 ml ether. Reprecipitation was

carried out in a methanol-ether system. The final precipitate was dried under vacuum



to yield the PDMAPAAM-PDMAAmM 4-branched block copolymer (conversion, 19%).
The Mn as determined by GPC analysis was 9,300 g-mol™. *H-NMR: & 1.1-1.2 (br,
-CH(CHjs), of NIPAM), 1.5-1.8 (br, -CH,CH- and -CH,CH,CH,- of PDMAPAAmM), 2.2
(br, -N(CHs), of PDMAPAAM), 2.3-2.4 (br, -CH,N(CHs), of DMAPAAM), 3.1-3.4 (br,
-NHCH, of PDMAAM), 4.0 (br, -NHCH.(CHs), of NIPAM).

2.4. Preparation of DNA Complexes

The PDMAPAAM-PNIPAM 4-branched block copolymer was dissolved in a
saline solution. Aliquots of these solutions (60 ul) were added to the
luciferase-encoding plasmid DNA (pGL3-control) dissolved in 90 ul Tris-HCI buffer
(pH 7.4) to obtain polymer/DNA ratios of from 1 to 15, which correspond to
cation/anion (C/A) ratios. The solutions (total volume, 150 ul; plasmid concentration,
20 pg/ml) were mixed using a pipette to generate DNA complexes.

The mean diameters and polydispersity of the DNA complexes in a saline solution
of the same concentration as that used for transfection at a C/A ratio of 5 were
determined by employing dynamic light scattering (DLS) on an ELS-8000 system
(Otsuka Co., Osaka, Japan) equipped with a 10-mW He-Ne laser. The data are

presented as means + S.D. (n = 5).

2.5. Surface Characterization

The surface wettability was evaluated by measuring the static contact angles
toward pure water using the sessile drop method with a contact angle meter (CA-V 200;
Kyowa Kaimenkagaku Co., Ltd., Tokyo, Japan).

The deposition of the DNA complexes was measured using a quartz crystal
microbalance (QCM) system (QCM922, Seiko EG&G Co., Osaka, Japan). A 9 MHz
AT-cut quartz crystal disk vacuum-plated with gold electrodes (0.198 cm?) on each side

was used as the piezoelectric quartz oscillator. One side of the electrodes was



precoated with polystyrene (around 1 um thick) by casting in toluene solution.

2.6. In vitro Transfection and Cell Viability Assays

In vitro transfection was performed by the deposition transfection method as
follows. An aqueous solution of the DNA complexes (25 ul; plasmid concentration,
20 pg/ml) was diluted with 70 ul saline and then added into each well of 24-multiwell
dishes (the amount of DNA added to the well, 0.5 ug/well).  After incubation at 37°C
for 30 min, COS-1 cells (approximately 6 x 10* cells per well) in 1 ml of Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, Invitrogen Corp., Carlsbad, CA) containing
10% fetal bovine serum (FBS) (Hyclone Laboratories Inc., Logan, UT), penicillin
(200 units/ml; ICN Biomedicals Inc., Aurora, OH), and streptomycin (200 mg/ml; ICN)
were seeded and cultured in an atmosphere of 5% CO, at 37°C for 48 h. The medium
was removed, and the cells were washed twice with phosphate buffered saline (PBS) (-).
The cells were lysed with 0.2 ml of cell lysis buffer (Promega, Madison, WI) and mixed
by vortexing. The lysate was centrifuged at 15,000 rpm for 1 min at 4°C, and 5 ul of
the supernatant was analyzed for luciferase activity using the Luminous CT-9000D
(Dia-latron, Tokyo, Japan) luminometer. Relative light unit/s (RLU) were converted
into the amount of luciferase (pg) using a luciferase standard curve, which was obtained
by diluting recombinant luciferase (Promega) in |lysis buffer. ~ The protein
concentrations of the cell lysates were measured by performing a Bio-Rad protein assay
(BIO-RAD, Hercules, CA) using bovine serum albumin as the standard. The
expressed luciferase represented the amount (mole quantity) standardized for the total
protein content of the cell lysate. The data are presented as means = S.D. (h = 5).

In vitro transfection by conventional solution transfection was performed as
follows. COS-1 cells (approximately 6 x 10* cells per well) were seeded prior to
treatment in 24-well dishes and grown for 24 h in DMEM containing 10% fetal calf

serum in an atmosphere of 5% CO, at 37°C. After 10 min of complex formation,



transfection was performed by adding 25 ul of the complex solutions into each well of
the 24-well dishes with 0.5 ml of OPTI-MEM | (Gibco, the amount of DNA added to a
well, 0.5 ug/well). After 4 h of incubation, the cells were washed once with PBS(-)
and cultured in 1 ml of DMEM containing 10% FBS for an additional 48 h. The
medium was removed, and the cells were washed twice with PBS(-). Luciferase
activity was measured similar to as described above.

Cytotoxicity was assessed by performing a cell viability assay using the
water-soluble tetrazolium-8 (WST-8) method (Dojindo, Kumamoto, Japan). COS-1
cells were seeded 24 h prior to treatment in 96-well plates at 5,000 cells per well. The
cells were treated under the same conditions used for the luciferase assay with 6.2 ul of
the transfection mixture; 0.124 ug of pDNA was added to each well. The cells were
treated under appropriate conditions for 3 h, washed once with PBS, and cultured in 50
ul of DMEM containing 10% fetal calf serum for an additional 24 h.  To each well, 10
ul of WST-8 reagent (5 mmol/l) was added. After 2 h of incubation at 37°C,
absorbance at 450 nm was measured using a BIO-RAD microplate reader (Model 680).

The data are presented as means + S.D. (n =5).

3. Results

3.1. Synthesis of PDMAPAAM-PNIPAM 4-Branched Block Copolymers.

The PDMAPAAM-PNIPAM 4-branched block copolymer, which was
designed as a thermoresponsive adsorbent material for the surface deposition of DNA,
was synthesized by the sequential steps of iniferter-based living radical
photopolymerization as depicted in the reaction scheme shown in Figure 1 [3,25,26].
As the first step, a PDMAPAAmM cationic polymer with 4 branches with an Mn of
approximately 3,700 g-mol™ was obtained when a methanol solution of DMAPAAM

was irradiated with UV for 90 min in the presence of the multifunctional iniferter. In



the second step, the thermoresponsive monomer NIPAM from the obtained
PDMAPAAmM 4-branched polymers was photopolymerized under similar
polymerization conditions. Upon UV irradiation in the presence of NIPAM, the Mn
increased to approximately 9,300 g-mol™ with a minimal increase in the polydispersity
from 1.3 to 1.4. The GPC curve was completely shifted toward a high-molecular
weight region after second polymerization as shown in our recent report [27]. The
'"H-NMR spectra revealed that the peaks of the methyl protons at 1.1-1.2 ppm and those
of N-methylene protons at approximately 4.0 ppm, all of which originated from the
NIPAM unit, were newly detected in the obtained polymers. Therefore, it can be
inferred that graft copolymerization occurred at the terminals of each chain of the
PDMAPAAM polymers to produce a block copolymer with 4 PDMAPAAM-PNIPAM
block chains, comprising PDMAPAAmM and PNIPAM blocks of approximately 750 and

1,500 g - mol™, respectively.

3.2. Preparation and Characterization of DNA Complexes

The resultant PDMAPAAM-PNIPAM 4-branched block copolymer was a
white solid that dissolved readily in water at room temperature. When an aqueous
solution of the block copolymer was mixed with an aqueous solution of the
luciferase-encoding plasmid DNA (pGL3), an increase in the DLS intensity was
immediately observed, indicating the formation of polymer/DNA complexes. The
mean cumulant diameter of the DNA complexes obtained from 150 ul of an aqueous
solution containing 21.6 ug of the block copolymer and 3 pug of DNA, whose mixing
ratio was the same under the charge ratio of 5, was approximately 120 nm with
extremely narrow polydispersity range of 0.129 (Figure 2). The DNA complex
solution was precipitated in the physiological temperature range (Figure 3). The
equilibrium transmittance and lower critical solution temperature (LCST) were

approximately 55% and 36°C, respectively. The particle size of the DNA complex as

10



precipitated at 37°C was approximately 1,000 nm in mean cumulant diameter
(polydispersity, 0.348), which was notably different from the value (approximately 100
nm) obtained for those precipitated from an aqueous solution containing only the block
copolymer (Figure 2). Therefore, upon heating to 37°C, the DNA complexes could be
precipitated for DNA deposition.

The deposition of the DNA complexes was directly measured from weight
increase by using CQM apparatus. Little weigh change in the QCM measurement was
observed even upon placing an aqueous solution (5 ul) containing the DNA complexes
obtained from 720 ng of the block copolymer and 100 ng of DNA on the
polystyrene-coated electrode at room temperature. On the other hand, when the
temperature was increased to 37°C the weight on the electrode was spontaneously
increased to about 200 ng.  This indicated that about one fourth of the DNA complexes
applied was deposited on the QCM surface by warming.

In addition, the contact angle measurements showed that upon deposition and
then air-drying of the DNA complexes obtained from 150 ul of an aqueous solution
containing 21.6 ug of the block copolymer and 3 ug of DNA, the receding water contact
angle on the surface of a poly(ethylene terephthalate) (PET) used as a substrate
extremely decreased from approximately 45° to less than 10°. The PET surface
became highly wettable after deposition of the DNA complexes. The high wettability
remained almost unchanged after incubation with water at 37°C for 1 week, indicating

highly durability in the deposition.

3.3. In Vitro Transfection Efficiency and Cell Viability

The transfection efficiency of the deposition transfection method with the
luciferase-encoding plasmid pGL3 and the 2 types of cationic polymers—PDMAPAAmM
4-branched polymer and PDMAPAAM-PNIPAM 4-branched block copolymer—was

tested by changing the charge ratio from 1 to 15 using the model cell line COS-1 of
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monkey kidney cells and comparing these results with those of the conventional
solution transfection method. In the absence of any polymer, negligible luciferase
expression was exhibited, whereas weak expression was observed in the deposition
transfection method by using cationic homopolymers (Figure 4A). There was little
change in the expression level even upon increasing the charge ratio. On the other
hand, high expression was observed by the deposition transfection method using block
copolymer even in the presence of serum (Figure 4D); this expression was several times
higher than that observed in the conventional method (Figure 4B). The highest
expression (C/A = 15) in the deposition method was almost same value of PEI in the
optimal conventional method in the absence of serum (Figure 4B), whereas the
expression of PEI was extremely low in the deposition method because the polyplex
with PEI could not deposit (Figure 4D). In both methods, the expression level
increased with the charge ratio. Interestingly, the expression level in the reverse
transfection method, in which the DNA complexes with the PDMAPAAM-PNIPAM
copolymer were coated on the substrate by drying, was almost one-tenth of that
observed in the deposition transfection method in which DNA complexes were adsorbed
(Figure 4C).

Figure 5 illustrates the cell viability of the COS-1 cells transfected with the
block copolymer using the deposition transfection method. Cell viability decreased
significantly with the charge ratio. However, even at extremely high charge ratios
exceeding 20, almost 60% of the viability, which was almost same value in PEI at

charge ratio of 6, was maintained.

4. Discussion
In the present study, we designed a unique gene adsorbent material possessing
thermoresponsive properties in order to improve the reverse transfection method [10,11].

In ordinary reverse transfection, it is necessary to coat pDNA on the culture substrate
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with cationic matrix materials to ensure that the pDNA is firmly impregnated in the
matrix adhered or bonded to the substrate. On the other hand, in our method, the
pDNA was precipitated onto a culture substrate using a thermoresponsive polymeric
adsorbent material immediately before the cells were seeded.  Transfection
experiments were performed without preculturing of cells or precoating of genes at least
1 day in advance, these steps are required in the conventional transfection and reverse
transfection methods, respectively. In addition, culture medium with serum could be
used as the transfection medium. Therefore, this novel transfection method, which is a
modified reverse transfection method, is termed the deposition transfection method.
The handling in the deposition method was illustrated in Figure 6.

The adsorbent material, which was the key strategy used in order to execute the
deposition transfection method, comprised 4 AB-type blocked branches, each
incorporating the following 2 different chemical entities: a cationic polymer block
forming an inner domain and a thermoresponsive polymer block forming an outer
domain. Multi-branching of the material was designed for effective adsorption. The
branching number was easily controlled by changing the number of dithiocarbamate
groups derivatized in the iniferter. The block chain lengths were controlled using
iniferter-based radical photopolymerization [3,25,26]. The unique feature of iniferter
polymerization is that it proceeds in a quasi-living polymerization manner in which
“active” and “dormant” propagating chain ends are reversibly equilibrated under UV
irradiation.  Careful selection of appropriate reaction conditions enables either minimal
transfer or termination reactions. In our previous studies, we developed iniferter-based
graft-polymerized surfaces [28,29] and block copolymers as surface coatings [30], both
of which were designed as biocompatible surfaces. Thus, chain length and block ratio
in the surfactant can be easily controlled by iniferter polymerization. The chain
lengths of the cationic and thermoresponsive blocks in the adsorbent material were set

to approximately 3,000 and 6,000 g-mol™, respectively; as a prototype model
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compound (Figure 1). The material was precipitated at approximately 35°C due to
conversion of the thermoresponsible polymer chains from hydrophilic to hydrophobic
(Figure 3). It was considered that chain length of the thermoresponsible chain, balance
of block ratio, and branching number were adequate for the success of the strategy
employed in this study.

The adsorbent material immediately bioconjugated with pDNA upon mixing with
an aqueous medium of pDNA at room temperature to produce polyion complexes
approximately 100 nm in diameter (Figure 2). Even after complexing with pDNA, the
material precipitated in a similar manner as in the case in the absence of pDNA (Figure
3). At over approximately 35°C, the complexes aggregated due to hydrophobic
interaction (Figure 3). As illustrated in Figure 6, the produced aggregates were
believed to precipitate on the culture substrate; this was confirmed by weight increase
measurement using QCM and surface wettability change determined by water contact
angle measurement.

In this study, the deposition transfection method was more effective than the
reverse transfection and also the conventional transfection methods for enhancing the
level of gene expression (Figure 4). The cationic polymers used in the reverse
transfection method had a low adsorption ability on the culture substrate. Therefore, a
low level of gene expression was obtained even in the deposition transfection method.
On the other hand, the expression level was significantly increased when a
thermoresponsible cationic polymer was used, indicating the effectiveness of the
thermoresponsive polymer chain for adsorption (Figure 4D). The pDNA expression
was observed by the following 5 sequential steps: (1) attachment of pDNA onto the cell
surface, (2) internalization of pDNA into the cell, (3) endosomal escape of pDNA, (4)
transfer of pDNA into the nucleus, and (5) internalization of pDNA into the nucleus.
In the deposition transfection method, it was considered that the first step was enhanced

due to continuous contact of the cells with pDNA. Interestingly, when the pDNA
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complexes were firmly fixed by drying from the thermoresponsible cationic polymer,
the expression level was not as high as in the deposition transfection method (Figure
4C). In order to enhance the internalization of pDNA into the cell, it is considered that
pPDNA is required to be weakly impregnated in the matrix. Although the intermediate
steps occurring from the attachment of pDNA onto the cell surface until the gene
expression is unknown, we estimated that the expression occurred in a manner similar
to that occurring in the reverse transfection method.

To enhance transfection efficiencies, many research groups have attempted to
introduce targeting ligands [31] such as galactose [32], mannose [33], transferrin [34],
or antibodies [35] into cationic polymers. On the other hand, a polymeric vector
exhibiting variable physicochemical characteristics under different conditions has
recently been developed. For example, a temperature-controlled gene expression
system, in which a thermosensitive copolymer based on cationized PNIPAM was used,
has been synthesized as a thermoreactive vector [36.37]. Increased cellular uptake of
the polyplexes, which comprise cationized PNIPAM and DNA, at 37°C and their
disintegration by the reduction of temperature to 20°C were demonstrated. However,
the thermoresponsible materials have not been previously applied as the adsorbent
materials for pDNA deposition for transfection, as demonstrated in this study.

PNIPAM was applied as the coating material on the culture substrate for cell
culture. Because the water solubility of PNIPAM is temperature-dependent as
described above, the proliferated cells were collected by changing the temperature alone
and without using any proteases [20]. Similarly, the deposited pDNA complexes may
be able to detach from the culture substrate upon cooling, and hence, gene-transferred
cells can be collected with minimal cellular damage.

In summary, the thermoresponsive cationic material comprised a branched
copolymer with cationic and thermoresponsive blocks in order to meet the initial

requirements of the adsorbent material to complex with pDNA and the adsorption
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ability on the culture substrate although the developed material was primarily designed

as a prototype model. Our understanding of the functionality of the pDNA complexes

will be improved if the Mn can be established and if the surfactant polymer:pDNA

mixing ratio can be optimized. Our future research will be initially directed toward

fine-tuning the composition of the adsorbent material. We will then proceed to verify

the effectiveness of in vitro gene transfection in vivo.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure Captions
Chemical structure of the cationic thermoresponsive copolymer
(PDMAPAAM-PNIPAM 4-branched block copolymer) as an adsorbent
material.
Particle sizes of the cationic thermoresponsive  copolymer
(PDMAPAAM-PNIPAM 4-branched block copolymer) and its polyplex
with pDNA at 25°C and 37°C.
Thermoresponsive changes in the transmittance of the cationic
thermoresponsive copolymer (PDMAPAAmM-PNIPAM 4-branched block
copolymer) and its polyplex with pDNA. Polymer concentration : 10
mg - mL™, pDNA concentration: 5 mg-mL™. Heating rate: 0.5°C - min™.
Transfection efficiency using the cationic polymer (PDMAPAAM
4-branched polymer) (A) and the cationic thermoresponsive copolymer
(PDMAPAAM-PNIPAM 4-branched block copolymer) (D) in deposition
transfection, and in the conventional transfection (B) and reverse
transfection methods (C).
Cytotoxicity of (®) polyplexes prepared by mixing DNA (pGL3-control)
and the cationic thermoresponsive copolymer (PDMAPAAM-PNIPAM
4-branched block copolymer) in different the charge ratio and (©)
polyplexes from the DNA and PEI (Exgen500). Cell viability was
determined by the WST assay.

Illustration of handling in the deposition transfection method.
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