
DESCRIPTION  TRANSFECTION DEVICE UTILIZING SERICIN  5 TECHNICAL FIELD
[0001] The present invention relates to a transfection device for
transferring an  exogenous gene sample (for example, single-stranded or
double-stranded  deoxyribonucleic acid (DNA), ribonucleic acid (RNA),
aptamer and a chemically  10 modified derivative thereof) into an animal
cell. BACKGROUND ART  [0002] A device for transfection (gene transfer)
having a gene sample immobilized on a  15 solid-phase support can be used
for various applications, such as gene therapy and gene  analysis. As
transfection device techniques that have been reported, there can be
mentioned a technique in which a gene sample is immobilized with Extra
Cellular Matrix  (ECM) molecule, such as gelatin and fibronectin (see
Patent Documents 1,2 or Non-Patent  Document 1), and a technique in which a
gene sample, together with calcium phosphate  20 salt, is deposited on a
solid-phase surface (see Non-Patent Documents 2 to 6). Patent Document 1:
U. S. Patent No. 6,544,790  Patent Document 2: U. S. Patent No. 6,905,878
Non-Patent Document 1: J.Ziauddin and D.M.Sabatini. Microarrays of cells
expressed  defined cDNAs. Nature 411, 107-110 (2001). 25 Non-Patent
Document 2: R.Z.Wu et al. Cell-biological applications of transfected-cell
microarrays. Trends in Cell Biology 12, 485-488 (2002). Non-Patent Document
3: T.Ochiya et al. New delivery system for plasmid DNA in vivo  using
atelocollagen as a carrier material: the Minipellet. Nature Med. 5, 707-710
(1999)  Non-Patent Document 4: K.Honma et al. Atelocollagen-based gene
transfer in cells allows 30 high-throughput screening of gene functions.
Biochem.Biophys.Res.Commu. 289,  1075-1081 (2001) Non-Patent Document 5:
T.Yoshikawa et al. Transfection microarray of human  mesenchymal stem cells
and on-chip siRNA gene knockdown. J.Controlled Release 96,  227-232 (2004).
35 Non-Patent Document 6: E.Uchimura et al. On-chip transfection of PC12
cells based on  the rational understanding of the role of ECM molecules:
efficient, non-viral transfection  1 of PC12 cells using collagen W.
Neuroscience Lett. 378, 40-43 (2005).  DISCLOSURE OF THE INVENTION 



[0003]  5 However, in the conventional transfection device techniques
described in the  above-mentioned documents, ECM molecule and derivatives
thereof are required, in  addition to the gene sample and the gene delivery
material. The ECM molecule, such as  fibronectin and collagen, includes
molecules that directly affect cell functions, by binding  with an integrin
receptor on a surface of a cell and inputting an external stimulus to the
10 cell. Therefore, in the case of the transfection device using ECM
molecule, there is a  concern that cell functions (such as differentiation
induction, increase or suppression of  proliferation) other than gene
transfer may be triggered as a side effect. In the  transfection device to
be used for examining effects of gene sample transfer on cell  functions,
it is desired to use materials causing no side effects. 15 [0004] The
present invention was made under such a circumstance, and the object is to
provide a novel transfection device for performing transfection with high
gene material  transfer efficiency and high reproducibility, with fewer
side effects. [0005]  20 For attaining the object above, in a first aspect
of the present invention, the  transfection device has a mixture
immobilized on a solid-phase support, the mixture  including: a gene
sample; a gene delivery material; and at least one compound selected  from
the group consisting of sericin, a hydrolysate thereof, and a chemically
modified  product of sericin or a hydrolysate thereof. 25 [0006] <Action
and effect> The transfection device of the present invention exhibits
equivalent or higher  gene transfer efficiency and reproducibility, as
compared with the conventional  transfection derive in which the gene
sample, the gene delivery material and the ECM 30 molecule or
mammal-derived component are immobilized on the solid-phase support. In
addition, in the conventional transfection device, there is a concern that
the solid-phase  support containing ECM molecule or mammal-derived
component may cause cell  differentiation or proliferation (hereinafter,
referred to as "side effect"). On the other  hand, in the present
invention, neither ECM molecule nor mammal-derived component is 35 used,
and thus a solid-phase surface which causes few side effects can be
provided. With  this feature, utility and versatility of the transfection
device are expected to be enhanced.  2 Moreover, sericin is a water-soluble
component obtained during refining of silk, and thus  no change in
activities thereof occurs even after autoclave/heat sterilization. On the
other  



hand, the ECM molecule or mammal-derived component loses bioactivities
after  autoclave/heat sterilization, and thus differs widely from the
sericin compound (sericin, 5 hydrolysate thereof or a chemically modified
product of sericin or a hydrolysate thereof).  Furthermore, due to its
antioxidant effect and cell-protective effect, the sericin compound  is
expected to alleviate cytotoxicity which may otherwise be caused during
transfection. Another advantage lies in that, while the ECM molecule
requires complex  processes for its purification and thus is very costly,
the present invention uses the sericin  10 compound which is relatively
easily separated and purified from a water-soluble component during
refining process, and thus the transfection device exhibiting equivalent
or higher performance can be provided at a low price. It should be noted
that through intensive and extensive studies the present  inventors
elucidated the following knowledge for the first time: by immobilizing, on
the  15 solid-phase support, at least one compound selected from the group
consisting of sericin, a hydrolysate thereof, and a chemically modified
product of sericin or a hydrolysate thereof,  in addition to the gene
sample and the gene delivery material, it becomes possible to  measure
effects of gene sample transfer on cell functions, without being interfered
by, for  example, differentiation induction, increase or suppression of
proliferation, which may 20 otherwise be caused by the presence of ECM
molecule, and thus the utility and versatility  of the transfection device
are enhanced. [0007] In a second aspect of the present invention, the gene
sample is at least one  member selected from the group consisting of
single-stranded or double-stranded  25 deoxyribonucleic acid, ribonucleic
acid, aptamer, and a chemically modified derivative  thereof [0008]
<Action and effect> When the single-stranded or double-stranded
deoxyribonucleic acid or  30 ribonucleic acid is used as gene sample,
overexpression of gene, antisense effect, and  RNA interference or the like
is expected. Accordingly, it becomes possible to analyze a  gene function.
It is expected that these chemical modifications of nucleic acid lead to
stabilization and nonspecific reaction of nucleic acids. When the aptamer
is used as gene sample, a functional inhibition can be obtained  35
utilizing its strong binding with a target protein. Especially in a case of
the  chemically-modified aptamer, it provides, for example, stabilization
and suppression of a 3 nonspecific reaction, as well as specific labeling
of the target protein.  



[0009] In a thrid aspect of the present invention, the gene delivery
material includes at  least one member selected from the group consisting
of a cationic polymer, a cationic lipid,  5 and a mineral. [0010]  <Action
and effect> A gene delivery material is a material for inducing
endocytosis, pinocytosis,  phagocytosis, and fusion with cell membranes,
upon transferring the gene sample into a  10 cell. When the gene delivery
material contains at least one member selected from the group consisting of
a cationic polymer, a cationic lipid, and a mineral, the gene sample can
be efficiently transferred into a cell. [0011] In a fourth aspect of the
present invention, the mixture further includes one of the  15 followings:
at least one compound selected from the group consisting of glucose,
sucrose,  glycogen, glutamine, arginine, histidine, lysine, threonine,
tryptophan, valine, alanine,  glycine, proline, and serine; a medium
component for culturing cell; and pure water.  [0012] <Action and effect>
20 As mentioned above, when the mixture further including one of the
followings: at  least one compound selected from the group consisting of
glucose, sucrose, glycogen,  glutamine, arginine, histidine, lysine,
threonine, tryptophan, valine, alanine, glycine,  proline, and serine; a
medium component for culturing cell; and pure water, is  immobilized on the
solid-phase support, gene transfer efficiency can be enhanced. 25 As
compared with the conventional transfection device in which the gene
sample,  the gene delivery material, and the ECM molecule are immobilized
on the solid-phase  support, the transfection device of the present
invention can perform the gene transfer  approximately 2 to 10 times as
efficiently (though it varies from cell to cell), and as a  result, high
reproducibility can be secured. Accordingly, the utility of the
transfection  30 device is expected to be enhanced. [0013] In a fifth
aspect of the present invention, a material of the solid-phase support is
selected from the group consisting of glass, a synthetic polymer, a metal,
and a natural  polymer. 35 [0014] <Action and effect/ 4 



In a case where the solid-phase support is made from a hard plate (e.g.,
glass,  plastic, and metal), it provides an appropriate environment as a
support for cell array.  Especially in a case of a support having a high
light permeability property, a microscopic  observation is easily
performed, while in a case of a conductive support made of metal, it  5
becomes possible to measure a potential change. In a case where the support
is made from a soft plate (e.g. polymer film), it can  provide a
transfection device in a shape of a sheet, or is applicable to a patch
support or  the like. In a case where the support is in a form of particle
or polymer matrix, it is  10 applicable to an in vivo delivery,
controlled-release support or the like. BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Fig. 1 is a diagram illustrating one example of a method for
fabricating a  15 transfection device (glass array) of the present
invention using a glass slide as solid-phase  support. Fig. 2 is a diagram
schematically illustrating one example of a method for  fabricating a
transfection device of the present invention using a multiwell plate as
solid-phase support. 20 Fig. 3 shows solution compositions of 56 samples
used in Example 1. Fig. 4 shows a fluorescence image of the transfection
device of the present  invention. Fig. 5 illustrates a summary of a
procedure for performing transfection using a  plasmid DNA transfection
device of the present invention. 25 Fig. 6 shows a fluorescence image (a)
and a phase-contrast image (b) with respect  to the plasmid DNA
transfection device of the present invention. Fig. 7 illustrates a summary
of a procedure for performing transfection using an  siRNA transfection
device of the present invention. Fig. 8 is a graph showing a result of
transfection using the siRNA transfection  30 device of the present
invention. Fig. 9 illustrates a summary of a procedure for performing
transfection using the  siRNA transfection device of the present invention.
Fig. 10 is a graph showing a result of transfection using the siRNA
transfection  device of the present invention (measurement result of an
inhibition effect of siRNA  35 transfer on TRAIL-induced apoptosis). Fig.
11 shows solution compositions of 6 samples used in Example 5. 5 



Fig. 12 is a graph showing a result of transfection using the siRNA
transfection  device of the present invention (retention of an activity of
a sericin hydrolysate solution  after heat sterilization). Fig. 13 shows a
solution composition of a mixed solution used in Example 6. 5 Fig. 14 is a
graph showing a result of transfection using the siRNA transfection  device
of the present invention (alleviating effect of sericin on cytotoxicity).
BEST MODE FOR CARRYING OUT THE INVENTION  [0016] 10 Before describing the
embodiments of the present invention, terms used in the  claims and the
specification will be explained below. [0017]  (Gene sample) Examples of
the gene sample to be used in the present invention include:  15
single-stranded or double-stranded deoxyribonucleic acid (e.g., plasmid
DNA),  ribonucleic acid (e.g., siRNA), aptamer, and a chemically modified
derivative of these.  [0018] (Gene delivery material) Examples of the gene
delivery material to be used in the present invention  20 include: a
cationic polymer, a cationic lipid and a mineral. These can be used alone
or  optionally in combination. [0019]  (Sericin, hydrolysate thereof, and
chemically modified product of sericin or a hydrolysate  thereof) 25 The
"sericin" to be used in the present invention means a natural protein
present  in cocoon filament or raw silk, and is obtained in a form of a
non-hydrolysate from cocoon  filament or raw silk. The "hydrolysate of
sericin" to be used in the present invention means a peptide  or
polypeptide having a gene transfer ability, such as: a mixture of peptides
or  30 polypeptides having various molecular weights obtained by hydrolysis
of natural sericin using an appropriate acid, alkali, enzyme or the like; a
peptide or polypeptide having a  specific amino acid sequence obtained when
natural sericin is hydrolyzed; and a peptide or  polypeptide having such a
specific amino acid sequence artificially obtained by chemical  synthesis
or genetic engineering. 35 It should be noted that, in the present
invention, a sericin hydrolysate preferably  has a molecular weight of
approximately 5,000 to 40,000. 6 



Examples of the chemically modified product of sericin or the hydrolysate
thereof  to be used in the present invention include: sericin or a
hydrolysate thereof having an  appropriate substituent (alkyl group or the
like) introduced thereinto; and sericin or a  hydrolysate thereof in which
an amino acid sequence has deletion, substitution, insertion 5 or addition
of one or more of amino acid residue. The chemically modified product is
not limited to these, as long as it has a gene transfer ability. [0020]
(Solid-phase support) Examples of the material of the solid-phase support
to be used in the present  10 invention include, but are not limited to, a
synthetic polymer, such as glass, synthetic resin  and synthetic fiber; a
metal; a natural polymer, such as natural resin and natural fiber.
Examples of a shape of the solid-phase support applicable to the present
invention include,  but are not limited to, plate-like body, multiwell
plate, woven fabric, needle, porous fiber,  and beads. 15 [0021]  (Solvent)
Examples of a solvent to be used in the present invention include: an
aqueous solution containing at least one compound selected from the group
consisting of glucose,  sucrose, glycogen, glutamine, arginine, histidine,
lysine, threonine, tryptophan, valine,  20 alanine, glycine, proline, and
serine; an aqueous solution containing a medium component  for culturing
cell; and pure water. [0022]  (Printing device) Examples of a printing
device to be used in the present invention include, but are  25 not limited
to, ink jet printer and liquid-handling device. [0023]  (Cell) For the cell
into which the gene sample can be transferred using the transfection
device of the present invention, any cell can be used as long as it is a
culturable eukaryotic  30 cell, and examples include, but are not limited
to, HeLa cell (human cervical cancer).  [0024] Hererinbelow, embodiments of
the present invention will be described with  reference to the drawings.
<First embodiment> 35 Fig. 1 is a diagram illustrating one example of a
method for fabricating the  transfection device (glass array) of the
present invention using a glass slide as solid-phase  



7 support. As shown in Fig. 1(a), in an appropriate container, such as
Eppendorf tube, the  gene sample (e.g. 0.1 g to 5 g) is dissolved in the
solvent of (e.g. 10 L to 25 L), to  which the gene delivery material of
(e.g. 0.1 pJ, to 10 L) is further added, and the mixture 5 is stirred to
allow the reaction to proceed under predetermined conditions (e.g. at room
temperature for 20 minutes). After a predetermined reaction time, to the
reaction liquid is added at least one  compound selected from the group
consisting of sericin, a hydrolysate thereof and a  chemically modified
product of sericin or a hydrolysate thereof in an amount of, for 10
example, 0.001 g to 1 mg, and the mixture is stirred, to thereby prepare a
mixed solution  1. [0025] Next, as shown in Fig. 1(b), using an appropriate
printing device 2, the mixed  solution 1 is printed on a glass slide 3 as
solid-phase support to thereby form spots thereon,  15 which are then
allowed to dry. For performing transfection (gene transfer), as shown in
Fig. 1(b), the glass slide  3 having the spots formed thereon is placed in
a dish 5, and a cell suspension 4 containing  an appropriate type of cell
is poured and seeded on the glass slide 3. By incubating the  cells, the
gene transfer is completed. 20 It should be noted that cells with gene
transfer are observed only in a region  where the mixed solution 1 was
printed (i.e., spot region). [0026]  <Second embodiment> Fig. 2 is a
diagram schematically illustrating one example of a method for  25
fabricating the transfection device of the present invention using a
multiwell plate as  solid-phase support. The desired gene sample and an
appropriate gene delivery material is dissolved in  an appropriate solvent
to thereby obtain a solution, and to the solution is further added at
least one compound selected from the group consisting of sericin, a
hydrolysate thereof 30 and a chemically modified product of sericin or a
hydrolysate thereof to thereby prepare a  mixed solution. The mixed
solution is dispensed into wells 6 of the multiwell plate using  a liquid
handling device or the like, and then dried with vacuum, to thereby obtain
a  transfection device. For performing transfection (gene transfer), a
predetermined amount of a cell  35 suspension containing an appropriate
type of cell is poured and seeded in each well to  



which the gene sample and the like has been immobilized. By incubating the
cells, the 8 gene transfer is completed.  [0027] (Example 1)
Conventionally, transfection devices have been fabricated using ECM
molecule,  5 such as fibronectin. On the other hand, in the present
Example, a transfection device was  fabricated using the sericin
hydrolysate (molecular weight: approximately 5,000 to 40,000,  manufactured
by Seiren Co. Ltd.), instead of using adhesion molecules or living
organism-derived components other than ECM molecule (e.g., albumin complex
and  albumin). 10 [0028] In the present Example, pEGFP-Nl (plasmid DNA
which expresses a green  fluorescence protein EGFP) was used as gene sample
(DNA). The plasmid DNA  (pEGFP-Nl), which had been undergone an endotoxin
removal process, was dissolved in  sterile distilled water containing
neither DNase nor RNase, to thereby prepare a 1 g/L  15 solution. In
addition, a DMEM (aqueous solution containing components of Dulbecco's
modified Eagle medium (medium components for culturing cell)) was used as
solvent, and  LF2000 (commercially available LipofectAMINE2000
(manufactured by Invitrogen  Corporation)) was used as gene delivery
material. 20 [0029] Using the solution compositions shown in Fig. 3,
fifty-six types of the mixed  solutions (Samples 1 to 56) were prepared.
With respect to each of Samples 1 to 8,  fibronectin was used instead of
the sericin hydrolysate. On a glass slide of the device,  nine spots were
printed for each sample. Next, HeLa cells (5x104 cell/mL) were seeded, 25
and after 48-hour incubating, a fluorescence image of the green
fluorescence protein  (EGFP) generated by expression of the transferred
gene sample DNA (pEGFP-N1) was  obtained, for determining whether or not
the transfection took place. The fluorescence  image is shown in Fig. 4. As
a result, it was found that the samples using the sericin hydrolysate
exhibited  30 equivalent or higher transfection efficiency and localization
as compared with the samples  using fibronectin. [0030]  (Example 2) Using
a multiwell plate having 1536 wells (NUNC 1536 WELL Assay Plates,  



35 No.153613 Greiner 1536 Black flat bottom 782092 (with clear bottom,
HI-Base)) as a  solid-phase support, a plasmid DNA transfection device (one
embodiment of the 9 transfection device of the present invention) was
fabricated.  [0031] Using the fabricated plasmid DNA transfection device,
transfection was  performed under conditions described below, to thereby
determine whether or not the  5 sericin hydrolysate can effectively
function in the plasmid DNA transfection device.  [0032] As shown in Fig.
5, the gene sample pEGFP-Nl (0.5 gg - 2.0 jig), the gene  delivery material
LF2000 (0.5 L - 8.0 L), sterilized pure water (40 L - 49 L), and a  0.2
mg/mL - 8 mg/mL sericin hydrolysate solution (manufactured by Seiren Co.
Ltd.) (5 10 L - 50 L) were mixed, to thereby prepare a mixed solution. The
mixed solution was  dispensed into wells of the multiwell plate at a volume
of 0.5 L - 4 L per well using a  liquid handling device or the like, and
dried completely with vacuum over 2 hours or  more. Then, approximately 500
cells per well of HeLa cells were seeded, and after  15 24-hours
incubating, a fluorescence image of the green fluorescence protein (EGFP)
generated by expression of the transferred gene sample DNA (pEGFP-N1) was
obtained  using an inverted microscope IX-71 (manufactured by Olympus
Corporation), for  determining whether or not the transfection took place.
The fluorescence image is shown  in Fig. 6(a). 20 [0033] In addition, with
respect to cells incubated for 24 hours, a phase-contrast image  was
obtained using a phase-contrast microscope, for determining whether or not
there is  any change in cell morphology caused by cytotoxicity. The
phase-contrast image is  shown in Fig. 6(b). 25 [0034] As shown in Fig.
6(a), in the plasmid DNA transfection device of the present  Example, high
transfection efficiency was confirmed, and at the same time, as is apparent
from the result shown in Fig. 6(b), in the present Example, especially no
change in cell  morphology was observed, and no cytotoxicity was
recognized. 30 [0035]  (Example 3) Using a multiwell plate having 1536
wells (NUNC 1536 Well High Base Plates,  No.164708) as solid-phase support,
an siRNA transfection device (one embodiment of the  



transfection device of the present invention) was fabricated. 35 Using the
fabricated siRNAtransfection device, transfection was performed under
conditions described below, to thereby determine whether or not the sericin
hydrolysate  10 can effectively function in the siRNA transfection device.
[0036] The gene sample pDeRed2-1 used in the present Example is a plasmid
DNA  having no promoter which thus cannot perform expression, and in the
present Example, it  5 was used simply as a carrier for nucleic acids. In
addition, this plasmid DNA (pDeRed2-1), which had been undergone an
endotoxin removal process, was dissolved in  sterile distilled water
containing neither DNase nor RNase, to thereby prepare a 1 g/L  solution.
The gene sample siRNAs used in the present Example are: a negative control
10 siRNA (manufactured by Qiagen: catalog number 1022076) dissolved in a
solvent for  dissolving siRNA (manufactured by Qiagen) to a concentration
of 20 M; and  siCONTROL TOX (manufactured by Dharmacon, Inc.: catalog
number D-001500-01-05). Sterilized pure water was used as solvent, and
LF2000 was used as gene delivery  material. For cytometry, CellTiter-Blue
reagent (diluted 4-fold with D-PBS:  15 manufactured by Promega
Corporation) was used. [0037] As shown in Fig. 7, there were mixed
pDeRed2-1 (0.5 gg - 2.0 g) and 20 M  siRNA (negative control siRNA or
siCONTROL TOX (hereinafter, simply referred to as  "siTOX")) (1 L - 10 L)
as gene sample, the gene delivery material LF2000 (0.5 L - 8.0 20 L), pure
water (30 gL - 48 L), and a 0.2 mg/mL - 8 mg/mL sericin hydrolysate
solution  (manufactured by Seiren Co. Ltd.) (5 L - 50 L), to thereby
prepare a mixed solution.  The mixed solution was dispensed into wells of
the multiwell plate at a predetermined volume (0.5 L - 4 gL per well) using
a liquid handling device or the like,  and dried completely with vacuum
over 2 hours or more. Then, approximately 500 cells  25 per well of HeLa
cells were seeded, and after 48-hour incubating, CellTiter-Blue reagent was
added, the plate was left for 1 hour, and then the intensity of
fluorescence was  monitored with a plate reader. [0038] It should be noted
that, for confirming the transfection, the intensity of  30 fluorescence
was compared between the well containing the negative control siRNA (well
in which transfection is performed using the negative control siRNA) and
the well  containing siTOX (well in which transfection is performed using
siTOX). 



[0039] In addition, in order to evaluate cytotoxicity in the siRNA
transfection device of  35 the present Example, wells containing untreated
HeLa cells (approximately 500 cells) with  which no transfection was
performed were also prepared, and the intensity of fluorescence 11 thereof
was also measured together. The negative control siRNA is siRNA which
cannot cause cell death of HeLa  cells even when transferred into the cell,
while siTOX is siRNA which can cause cell  death of HeLa cells when
transferred into the cell. 5 In other words, the cells into which the
negative control siRNA is transferred are  viable, while the cells into
which siTOX is transferred may be killed by induced cell death.  [0040]
CellTiter-Blue reagent is for monitoring cell viability with fluorescence,
based on  an ability of living cells to convert a redox dye (resazurin)
into a fluorescence product  10 (resorufin), intensity of which is
proportional to the viable cell count. In other words, for confirming the
transfection, an inhibition effect of the  transferred siRNA on cell
proliferation is used as a criterion, and thus the transfection  efficiency
can be measured by transfecting the cells with the negative control siRNA
or  siTOX, checking viability of these cells with CellTiter-Blue reagent,
and then comparing  15 viable cell counts (intensity of fluorescence)
therebetween. [0041] As shown in Fig. 8, in the siRNA transfection device
of the present Example,  there was little difference in the intensity of
fluorescence between a case where  transfection was not performed (i.e.,
cells were seeded into a well containing nothing; in 20 Fig. 8, simply
referred to as "untreated") and a case where the negative control siRNA was
transfected (in Fig. 8, simply referred to as "negative control"), and
almost no cytotoxicity  was observed in both cases. In a case where siTOX
was transfected (in Fig. 8, simply referred to as "siTOX"),  as compared
with the untreated one and the negative control, the intensity of
fluorescence  25 (viable cell count) was remarkably small, and thus it is
considered that siTOX was surely  transferred into the cells, confirming
high transfection efficiency. It should be noted that, in the present
Example, the value of Z' factor between the  negative control and siTOX was
0.409. This suggests that there was an apparent  difference in the
intensity of fluorescence between the negative control and siTOX, 30
suggesting that the siRNA transfection device of the present Example
exhibits high siRNA  transfer efficiency. 



[0042]  (Example 4) TRAIL (tumor necrosis factor-related apoptosis inducing
ligand) is one type of  35 cytokines identified to have an
apoptosis-inducing activity, and it is known that, when  cells are
incubated in the presence of TRAIL, nearly all of the cells may be killed
by 12 apoptosis.  On the other hand, it has been reported by Aza-Blanc et
al. that siRNAs shown in SEQ ID No. 1 to 5 in Fig. 9 (siSRP54c, siSRP54d,
siSRP72a, siSRP72c, and siDR4) can  inhibit apoptosis induced by TRAIL in a
liquid-phase transfection screening using 384  5 wells (see prior art
document: Molecular Cell, Vol.12, 627-637, September, 2003). [0043] In the
present Example, using the above-described siRNAs shown in SEQ ID No.  1 to
5, an siRNA transfection device was fabricated, and it was confirmed
whether or not  inhibition effects of these siRNAs on apoptosis can be
reproduced. 10 [0044] Using an experimental system shown in Fig. 9, in a
1536-well solid-phase  transfection device, the siRNAs shown in SEQ ID No.
1 to 5 were transferred to HeLa  cells, and it was determined whether or
not there is an inhibition effect on TRAIL-induced  apoptosis. 15 Using a
multiwell plate having 1536 wells (NUNC 1536 Well High Base Plates,
No.164708) as solid-phase support, an siRNA transfection device (one
example of the  transfection device of the present invention) was
fabricated. [0045] The gene sample pDeRed2-1 used in the present Example is
the same as the gene  20 sample in Example 3. The negative control siRNA as
gene sample used in the present Example was  prepared by dissolving a
negative control siRNA (manufactured by Qiagen: Allstars  Negative Control
siRNA: catalog number 1027280) in a solvent for dissolving siRNA
(manufactured by Qiagen) to a concentration of 20 M. 25 Two siRNAs (gene
samples) shown in SEQ ID Nos. 1 and 2 are targeting  different regions of
the base sequence of SRP54 gene which can be expressed during  apoptosis,
and dissolved in respective solvents for dissolving siRNA (manufactured by
Qiagen) each to a concentration of 20 M. Two siRNAs (gene sample) shown in
SEQ ID Nos. 3 and 4 are targeting different  30 regions of the base
sequence of SRP72 gene which can be expressed during apoptosis, and  



dissolved in respective solvents for dissolving siRNA (manufactured by
Qiagen) each to a  concentration of 20 M. siRNA (gene sample) shown in SEQ
ID No. 5 is targeting a portion of the base  sequence of DR4 gene which can
be expressed during apoptosis, and dissolved in a  35 solvent for
dissolving siRNA (manufactured by Qiagen) to a concentration of 20 pM.
Sterilized pure water was used as solvent, and LF2000 was used as gene
delivery  13 material.  [0046]  There were mixed pDeRed2-1 (0.5 jig - 2.0
g) and 20 M siRNA (siRNAs shown in SEQ ID No. 1 to 5, or negative control
siRNA) (1 L - 10 L) as gene sample,  5 the gene delivery material LF2000
(0.5 L - 8.0 L), pure water (30 L - 48 L) and a 0.2  mg/mL - 8 mg/mL
sericin hydrolysate solution (manufactured by Seiren Co. Ltd.) (5 L - 50
L), to thereby prepare six types of mixed solutions (6 samples)
corresponding to the  above-listed different types of siRNA. Each sample
was dispensed into wells (8 wells  per sample) of the multiwell plate (1536
wells) at a predetermined volume (0.5 L - 4 L 10 per well) using a liquid
handling device or the like, and dried completely with vacuum  over 2 hours
or more, to thereby obtain a transfection device. Then, approximately 500
cells per well of HeLa cells were seeded, and incubated  for 48 hours in
the presence of DEME and 10% FBS (fetal bovine serum). Subsequently,  the
medium was replaced with a medium (DMEM and 1% FBS) containing TRAIL (0.5
15 g/ml,), and after incubating for another 20 hours, CellTiter-Blue
reagent (manufactured  by Promega Corporation) was added, the plate was
left for 1 hour, and then the intensity of  fluorescence was monitored with
a plate reader. [0047] The results are shown in Fig. 10. Since eight
specimens were included in one  20 type of sample (n = 8), an average value
was calculated for each sample, and the values  were plotted into a graph
(P < 0.01). As a result, it was found that with respect to the HeLa cells
into which any of the  siRNA sequences shown in SEQ ID No. 1 to 5 were
transferred (in Fig. 10, simply  referred to as "siSRP54c", "siSRP54d",
"siSRP72a", "siSRP72c" and "siDR4", 25 respectively), a rate of living
cells was significantly increased, while nearly all HeLa cells  into which
the negative control siRNA was transferred (in Fig. 10, simply referred to
as  "negative control siRNA") were killed in the presence of TRAIL. From
the above, it was  confirmed that the siRNA transfer was efficiently
preformed in the 1536-well solid phase  transfection device. 



30 [0048]  (Example 5) Since living organism-derived molecules, such as
fibronectin, will lose their  activities after heat sterilization, for
sterilization of such molecules, filter sterilization has  been used. On
the other hand, sericin is characterized in that no change occurs in 35
bioactivity after heat sterilization, since it is an extracted component
during a refinement  process. 14 Using a sericin hydrolysate solution
(lmg/mL: manufactured by Seiren Co. Ltd.)  which had been heat-sterilized
in an autoclave at 121C for 20 minutes, siRNA was  transferred into HeLa
cells on a multiwell plate (1536 wells), and a comparison in activity  was
made with a case of a sericin hydrolysate solution (lmg/mL: manufactured by
Seiren 5 Co. Ltd.) which had been filter-sterilized using a PVDF film
(manufactured by Millipore  Corporate) having a filter pore diameter of
0.22 pm. [0049] The negative control siRNA as gene sample used in the
present Example was  prepared by dissolving a negative control siRNA
(manufactured by Qiagen: catalog  10 number 1022076) in a solvent for
dissolving siRNA (manufactured by Qiagen) to a  concentration of 20 M. In
addition, siRNAs as gene sample were prepared by dissolving siTOX
(manufactured by Dharmacon, Inc.: catalog number D-001500-01-05) and
KIFl1-7  (manufactured by Qiagen: catalog number 5102653770), in respective
solvents for siRNA  15 (manufactured by Qiagen), each to a concentration of
20 W. Sterilized pure water was used as solvent, and HiPerFect Transfection
Reagent  (manufactured by Qiagen: catalog number 301702) was used as gene
delivery material.  [0050] Six different mixed solutions (Samples 57 to 62)
having compositions shown in  20 Fig. 11 were prepared, dispensed into
wells of the multiwell plate at a predetermined  volume (1 L - 6 L per
well), and dried completely with vacuum to thereby obtain a  1536-well
transfection device. After the vacuum drying, onto the 1536-well
transfection device, HeLa cells (1.25  x 105 cells/mL) were seeded at an
amount of 4 L per well, and incubated in a carbon  25 dioxide incubator for
48 hours. For cytometry, CellTiter-Blue reagent (manufactured by Promega
Corporation) was used, and effects of the siRNA-transferred cells on cell
proliferation were evaluated. [0051] 



As a result, as shown in Fig. 12, in a case where the negative control
siRNA was  30 transferred into cells (in Fig. 12, simply referred to as
"negative control"), neither the  filter-sterilized sericin hydrolysate
solution nor the autoclave-sterilized sericin hydrolysate  solution showed
no notable cytotoxicity. On the other hand, in a case where siTOX and
K1F11-7, which had been confirmed to have a suppressive effect on cell
proliferation,  were transferred into cells (in Fig. 12, simply referred to
as "siTOX" and "KIF11-7", 35 respectively), both the filter-sterilized and
autoclave-sterilized sericin hydrolysate  solutions showed an apparent
inhibition effect on cell proliferation. From these results, it  15 was
found that there is no change in the activity of sericin (enhancing nucleic
acid transfer  efficiency) even after the autoclave sterilization. [0052]
(Example 6) 5 The solid phase gene transfer includes a step of drying the
solution, after printing  the solution on a support. During the drying
step, components dissolved in the solution  may be deposited, and in some
cases it may suppress cell proliferation, i.e., generate  cytotoxicity. In
the case of the transfection device containing fibronectin, there have
been sometimes observed that the print solution composition generates
cytotoxicity. 10 It has been known that sericin has a cell-protective
effect. It was examined  whether sericin has an alleviating effect on
cytotoxicity in the transfection device, using  fibronectin for comparison.
[0053] The gene sample pDeRed2-1 used in the present Example is the same as
the gene  15 sample in Example 3. The siRNA as gene sample used in the
present Example was a negative control  siRNA (manufactured by Qiagen:
catalog number 1022076) dissolved in a solvent for  dissolving siRNA
(manufactured by Qiagen) to a concentration of 20 RM. Sterilized pure water
and an Opti-MEM medium (manufactured by Invitrogen  20 Corporation) were
used as solvent, and LF2000 was used as gene delivery material. For
cytometry, CellTiter-Blue reagent (manufactured by Promega Corporation) was
used.  [0054] With respect to the compositions shown in Fig. 13, there were
prepared a first  solution containing the gene samples (pDeRed2-1 and
negative control siRNA) and the  25 Opti-MEM medium and a second solution
containing the gene delivery material (LipofectAMINE2000) and the Opti-MEM
medium, and then the first solution and the  second solution were mixed to
thereby prepare a mixed solution. 



With a sericin hydrolysate solution (4 mg/mL) which had been dissolved into
sterile distilled water, or a fibronectin solution (4 mg/mL) which had been
dissolved into  30 sterile distilled water, the mixed solution was diluted
at a predetermined rate (1.5 to 20 folds), dispensed into wells of the
multiwell plate (1536 wells) at a predetermined volume  (1 L - 6 L) per
well, and dried completely with vacuum to thereby obtain a 1536-well
transfection device. [0055]  35 After the vacuum drying, onto the 1536-well
transfection device, HeLa cells (1.25  x 105 cells/mL) were seeded at an
amount of 4 L per well, and incubated in a carbon 16 dioxide incubator for
48 hours. For cytometry, CellTiter-Blue reagent (manufactured by  Promega
Corporation) was used, and effects of the nucleic acid-transferred cells on
cell  proliferation were evaluated. [0056]  5 As a result, as shown in Fig.
14, as compared with the transfection device in  which dilution was made
using a fibronectin solution (in Fig. 14, simply referred to as
"fibronectin"), an apparent alleviating effect on cytotoxicity was observed
in the  transfection device in which dilution was made using the sericin
hydrolysate solution (in  Fig. 14, simply referred to as "sericin"). 10
INDUSTRIAL APPLICABILITY  [0057] The present invention is applicable to a
transfection device for transferring an  exogenous gene sample (for
example, single-stranded or double-stranded  15 deoxyribonucleic acid
(DNA), ribonucleic acid (RNA), aptamer and chemically modified  derivatives
of thereof) into an animal cell. 17 Claims  1. A transfection device having
a mixture immobilized on a solid-phase support, the  mixture comprising: 5
a gene sample; a gene delivery material; and a mixture containing at least
one compound selected from the group consisting of  sericin, a hydrolysate
thereof, and a chemically modified product of sericin or a  hydrolysate
thereof. 10 



2. The transfection device according to claim 1, wherein the gene sample is
at least  one member selected from the group consisting of single-stranded
or double-stranded  deoxyribonucleic acid, ribonucleic acid, aptamer, and a
chemically modified derivative  thereof. 15 3. The transfection device
according to claim 1 or 2, wherein the gene delivery  material comprises at
least one member selected from the group consisting of a cationic  polymer,
a cationic lipid, and a mineral. 20 4. The transfection device according to
any one of claims 1 to 3, wherein the  mixture further comprises one of the
followings: at least one compound selected from the group consisting of
glucose, sucrose,  glycogen, glutamine, arginine, histidine, lysine,
threonine, tryptophan, valine, alanine,  glycine, proline, and serine; 25 a
medium component for culturing cell; and  pure water. 5. The transfection
device according to any one of claims 1 to 4, wherein a material  of the
solid-phase support is selected from the group consisting of glass, a
synthetic  30 polymer, a metal, and a natural polymer. 18 


