DESCRI PTI ON  TRANSFECTI ON DEVI CE UTI LI ZING SERICIN 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to a transfection device for
‘transferring an exogenous gene sanple (for exanple, single-stranded or
doubl e- stranded deoxyri bonucleic acid (DNA), ribonucleic acid (RNA),
aptanmer and a chemcally 10 nodified derivative thereof) into an ani nal
cell. BACKGROUND ART [0002] A device for transfection (gene transfer)
havi ng a gene sanple inmobilized on a 15 solid-phase support can be used
for various applications, such as ggRERIPEI@RY and gene analysis. As
transfection device techniques that have been reported, there can be
mentioned a technique in which a gene sanple is immbilized with Extra
Cel | ul ar NRANSFECHEHOW DRVICEUEILIZNGG SERIgENat i n and fibronectin (see

Pat ent Docunents 1,2 or Non-Patent Docunent 1), and a technique in which a
gene sanpl e, together with cal cium phosphate 20 salt, is deposited on a
sol i d- phaFECHNIGKIeFIEHde Non- Pat ent Docunments 2 to 6). Patent Docunment 1:
U S Pat E&E%ib 6,544,790 Patent Docunent 2: U S. Patent No. 6, 905, 878
Non- Pat en ment 1. J.Zi auddin and D. M Sabatini. Mcroarrays of cells
expr essed def i Abel prE)NAB iniattionereldtds 607 - ﬂﬂrﬂfe(cﬂ@ﬁ)ldevi%fcbﬂorhraﬁenﬁng an

Docunent I oI a C t cel |l

m croarrays. ég?rend Eﬁ%JB épj g%ﬁﬁEBSE%& %{fﬁg%s qj{{lo E@Hﬁ en E;I'%géclumant

3: T.Cchi ;iaowbanuclmvmml DAY B @m@lnnf ccich| (B&VAX apisndrnand veo chergicaly

at el oggl | ﬁﬂﬁiﬁeﬁsdeﬁv%e&h%oﬂ%t%h%mﬂ%ll“ﬂ nipellet. Nature Med. 5, 707-710

(1999) Non-Patent Docunent “4: K Honma et al. Atel ocoll agen-based gene

transfer in cells allows 30 high-throughput screening of gene functions.

Bi ochem BW@R@QNMD- 289, 1075-1081 (2001) Non-Patent Docunent 5:

T. Yoshi ka Transfection mcroarray of human mesenchymal stemcells

and on-chﬁ%’dé RNA gene knockdown. J.Controll ed Rel ease 96, 227-232 (2004).

35 Non- Pat ent Dammetfoﬁuaﬂsfddnbn gene teinstatl). hﬁn@gmetyampw erholsilizel orPL12
cells g)as rstandi n cul es:

qh&)ﬁi‘ t he r0 c;erv I 4 of. t he Eﬁle Ofe%%wlmlﬁ L&
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Neur osci ea@yﬂmt t As mfeaﬁemiemeoayhmqwssmm bekn TieportadyENArE Gidn  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



[0003] 5 However, in the conventional transfection device techni ques
described in the above-nentioned docunents, ECM nol ecul e and derivatives

t hereof are required, in addition to the gene sanple and the gene delivery
material. The ECM nol ecul e, such as fibronectin and col |l agen, includes

nol ecul es that directly affect cell functions, by binding with an integrin
receptor on a surface of a cell and inputting an external stinmulus to the
10 cell. Therefore, in the case of the transfection device using ECM
TOLECH! & o PELS ol RindONGERI NEkuoSablecTUACHTOM-Aispbiyas [ erent | ation
i nduction, increase o ression o roli efatlon her than gene
transfer may be triggered as a side effect In the transfection device to
be used f gyisex@SURMOFefiEprvERTIONNe sanpl e transfer on cell functions,

it is desired to use materials causing no side effects. 15 [0004] The
present i i on was nmade under such a circunstance, and the object is to

provi dg a novel Hotwaerd e@tth@aoﬂemsmftﬁrnsﬁeﬁ&mrdmag té E@@ks@mewlhhhal gh

gene naterjal transfe effici Yy, with fewer
Ide ort cepsvepeERd dsopgrinECH e lﬂﬁ%ﬂe}bﬁé@fb‘f@%ﬁo&&r‘w&rﬁ% Qe A pect
of the pr e&mﬁbn itcnﬂﬁrgen@samplhand tlreagmé delwemn ntigariate TiesE@Vninsleoule, such as

sample: - a TRtEeth R, ElPBRE o TR Aoy R oL Rereds SEN Sk By e o
t he groupvdtnai Bidgng reéepi@rdc lsurfaeh;fdr cdlly et mputtiog eof gxtanal stinphesnodht | y
modl Thed RN O0RRk e SEMLLA. OF e H‘Xﬂféﬂn‘\?ﬁa&e@l&hﬁﬂﬁi cw?ﬁmﬁ&%%egé%taon

and effect>"The trans 1 on devl ce resen nvent1on exhi
equi val encomgerhihgheell ferwtions Esanlsaéﬁlféqrmtmn@n@dl@ﬁmr iapreathLRl BIDPression g6

compar ed WidifRedaii6C BIAGE Mk MBhe thd8RPNAAY 11N nilakione ol Th WMleCBtTERE BN

sanpl e, ene ' very terial and the nol ecul e or
manmal - deF[iaK} ectiondRyiento he disednfen pramiameopifeqie og GePe SpRES Ao ool n

addi ti on ﬁ!xr{@:nbﬂ@1ﬁ9&¥ﬁ'&ﬂlt@ﬁ®|m£téﬁﬂ§f:ﬁgidg% fi@vifiRts. there is a concern that
t he s &@? support containing ECM nol ecul e or manmmal -deri ved
corrpo cause cell differentiation or proliferation (hereinafter,

referr ed to as The g:lﬂesaitflﬁ@etnﬁ)m wWas rhdde wmideesuchhiaeicbumstanté eanfdriks ebject is to

invention ther no e ng i 5 d,
ot hue" e 8 Shrd athBR- A 1R For TR L i TRRDRRR eefle Rucie

provi ded. trws:fbr effitiescyf andthigherepratdutibility, avith fesves sitle effegts.of t he transfection
devi ce ar (@;5 ected to be enhanced. 2 Mreover, sericin is a water-sol uble

conmponent ined during refining of silk, and thus no change in
activ2®i es t her Borf agningsthe wbiechibeve, dntaoSrshvaspems al e aresent dveson, ahe t he -

ot her 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.



hand, the ECM nol ecul e or mammal - deri ved conponent | oses bioactivities
after autoclave/heat sterilization, and thus differs wdely fromthe
-sericin conmpound (sericin, 5 hydrolysate thereof or a chemcally nodified
product of sericin or a hydrolysate thereof). Furthernore, due to its
antioxidant effect and cell-protective effect, the sericin conpound 1is
expected to alleviate cytotoxicity which nmay otherw se be caused during
transfection. Another advant age lies in that, while the ECM nol ecul e
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[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



[0009] In a thrid aspect of the present invention, the gene delivery
material includes at |east one nenber selected fromthe group consisting
-of a cationic polyner, a cationic lipid, 5 and a mneral. [0010] <Action
and effect> A gene delivery material is a material for inducing
endocytosi s, pinocytosis, phagocytosis, and fusion with cell nenbranes,
upon transferring the gene sanple into a 10 cell. Wen the gene delivery
material contains at |east one nenber selected fromthe group consisting of

a cationig, Hﬁﬂe&ﬁ@ reacfiof 3 a%sbéo@ﬁ@iabaﬂ%otﬁ‘tﬁé f&f‘ée@g otdil€ gene sanple can

be efficie transferred Into a ce 011 fourth aspect of the
present i ion, the mxture further includes one of the 15 foll ow ngs:
at | east One compg K 898C ol TpEQBA iAGerfioNUhe aeldsnwfrg ntfteri] Gsdsdes at
sucr ose, cogen, . gl utam %e %nl ne, .histi Jys ne, threoni ned
trypt ophatll‘fas ejagmbez selastag 0“5%9 oW copsistingof a m%ef’% qHOGIC R

conpongnt shd®h nfikdkluri ng cell; and pure water. [0012] <Action and effect>
20 As neni&ﬂﬁd above, when the mxture further incl udi ng one of the

fol | ow ngs® | east one conpound sel ected fromthe group consisting of
gl ucose, sugrtiosend gifaccogen, gl utam ne, arginine, histidine, |ysine,

t hr eoni ne, trypto %‘P?en%?ﬁ/?h}r Ine terfil q%" 2 'f ggiay%rnﬁjd{wﬂéoéndg&os@gpﬁ@gﬁ% 5N the

medi um conponen ng cel
sol i d- phapbagupiosiss andg&nsmntwnlmsﬂbmeeﬂfrmew feansfemang tieagrne dampis into 2

cowpaqu \e/hi h $f€n gﬂgtaémngfge“ apaf gﬁg&ﬂﬂapl%ﬁétccﬁle' RetBiCRIdchE B6H%he

e gene very CM. nol ecul e are |nnnb|I|zed

on t he solgrculpmﬁa@éhngsqf@g@npmcmbmqrm@mew lipid, aad p eaineral, ﬁh?egeﬁﬁ‘é%ﬂlﬁ

i nvention g@ﬁid;)&ﬁlfyqlraﬁgfeﬁgdgﬁggcgﬂansfer approximately 2 to 10 tinmes as
effici entlé/qll(lt ough 1t varies fromcell to cell), and as a result, high

reprodUC|$ ﬂy can be secured. Accordingly, the utility of the

transfection 3¢ @lmesp@ct eXfirqirédnt mvamoemm@mmre ﬁﬁﬂﬂ:ﬁincludesioﬁa éftthe
aspec i nvention of the solid- se support is

f
ool ectss FeibaE 3 Pt was SntpaRid AT i brob foRdidng & MG W88k L
and a nat gh@bgenpqiytamine, 2bgihin®,] Histidife} Iysinea titeafifie ctryptdphan, valme, 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 mcludmg one of the followings: at
least one compound selected from the group consisting of glucose, sucrose, glycogen,
glutamine, argimine, 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>



In a case where the solid-phase support is nmade froma hard plate (e.g.
glass, plastic, and netal), it provides an appropriate environnment as a
'support for cell array. Especially in a case of a support having a high

| ight perneability property, a mcroscopic observation is easily
perfornmed, while in a case of a conductive support nade of netal, it 5
becones possible to neasure a potential change. In a case where the support
is made froma soft plate (e.g. polynmer film, it can provide a

transfection de\{+ i%ecais@\n@ieﬁ:hﬁi@esoﬁfi-pﬁaé bort 3¢ niade FRih iaCiaRd ?la‘t@( g Palagd)

support or the ke. In a case where the support is in a formo ggrtlcle
or pol ynemlasties and mefal), §t proyidss sn; eppeRrEiaie eRAranment g3 afppost for cell array.
contr ol | edzspeli@BST SEHPOF b s_ﬁﬂ;drhﬁadiﬁé(@ hidBRIdHE pEInRERITET bfoNe ¥, aftfcrd3RAME NGS

[0015] Fig., 1 is a diagrami st,r.atlng one.exanple of a nmethodfor . .
Fabr 1 bat | gscvatkes s CaRS IREOTBRD QU EE A GPaCGs SPIRyY YO TRERE B0 fel it
in\éent"son blélsdnﬁ@ﬁbsgbhssnﬁaktdéa@ﬁte&ﬁh]{d&aﬁ}base support. Fig. 2 is a diagram
schematically illustratin ne_ex e of. a nmethq ' I\ng.
transfection de&‘?@é:a%efwbﬁrg t%? %@@Hﬁ%%ﬁﬁo a&éﬁﬁgﬂg?‘%& éoﬁ%hcﬂ%‘)agec%gs
sol i d- phageowdepdrhsfe@ibnFdeyicedn shehape oDk shéatnorcis mpplidableciosa prtclb@ipparir es
used in %ﬂﬁé& 1. Fig. 4 shows a fluorescence i mage of the transfection
devi ce of € present invention. Fig. Sillustrates a summary of a, |,
procedure for pénfaotase rwhere dles fupporiols inse dermn of Pagicls ar DRIXMET FAHFIECHiBn
devi cqqof agpﬁca%[ﬁﬁ%ﬂtin ‘vﬂz\ﬁ%%ﬂz?‘?,-qo%ﬁ‘oﬁécgrele@séﬂfb%rt%rEﬂe‘{ﬂ{e‘?scence i mage (a)
and a phase-=contrast 1mage (b) "wth respect to the plasmd

transfection device of the present invention. Fig. 7 illustrates a sunmary
of a procagEF hRSCRETIONORTHE BRIWRIGON using an  si RNA transfection
device of the present invention. Fig. 8 is a graph showng a result of
transf ect iBAUsi ng the si RNA transfection 30 device of the present

i nvention. Fig. Fiillisss dRigesn dllastmiag yoref exanple of dumeethat fare fdboicatingg a

L 08U BRSNS B A ORGP B SRR b B RSSBge on

transf ect isapportlevi ce of the present invention (neasurenent result of an

L ansf ect isappordevi ce of e t of an
11 shows Sol ut | G1F chbacr RS SRRty My bR WSRRISRPH Akt forl O

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.



Fig. 12 is a graph showing a result of transfection using the si RNA
transfection device of the present invention (retention of an activity of
a sericin hydrolysate solution after heat sterilization). Fig. 13 shows a
solution conposition of a mxed solution used in Exanple 6. 5 Fig. 14 is a
graph showing a result of transfection using the si RNA transfection device
of the present invention (alleviating effect of sericin on cytotoxicity).
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [0016] 10 Before describing the

enbodi ments of }Tg'e 19&@5%% N %w%g QQesuthfﬂ@angﬁ@ﬁ'oﬂ fisih§ he ﬁmmmﬁm&uwe
specification w be explal ned bel ¢ es of

Exa
the gene gavise of ths nresent erafemor% ﬂsteav@s @%{m ARt tﬁeoqqsqw Olysatg s Blufion

si ngl e- st agded:t g&nlqjﬁubh)e stranded deoxyribonucleic acid (e.g., plasmd
DNA),  ri bonucl godl fied

C and. a ch al I
derivative of t ? E‘[W%]qu"((@e‘f?é‘lﬂﬁ%ﬁ‘io%’iﬁ nﬁﬁ?deﬂh% I‘Pp];% the gene
delivesy mat eri Eig tm ibe gnspiﬂsholwmgle rmlﬁsafrtransfevmn ising ﬂﬁOs:RNasi tnatfsfecaon

o opt 1 oRRIFO Sl e Bt iRHeBeh (fisEieBRE Bed ol S o BRRS RN Ty o ° an

chem' cally rmdl fied product of sericin or a hydrolysate thereof) 25 The
"sericin' Btﬁﬁ'fbﬁ ? :R Aﬁg %S@Utl“l* ﬁ@*’ER‘T ARans a natural protein
present i cocoon anen raw SI and is obtained in a formof a
non- hydr oll§&l#&ie from cocoon f| | ament or raw silk. The ' "hydrol ysate of

sericig” to be waggde 'd@sctnlBﬁl[ngl@%?‘Igﬁrodirﬂééﬁi‘bf A PRENE ifveREBA, 8ns BSed in the

pol ypepti de having a gene a |I|ty such as: a mxture of peptides
or 30 polclﬂp}éﬁﬁlﬂ SPF?f\‘/ﬁ“r@QOVéI‘F il be sxpiamed bElgF- wei ghts obtained by hydrol ysis
of naturalo qplcm using an appropriate acid, alkali, enzyme or the like; a
pepti de or g %?K}PESI de having a specific am no acid sequence obtai ned when
natural s&FFRS§ hydr ol yzed; and a peptide or pol ypeptide having such a
speci fic am no Eghdlplkepfethe egaiet fsdnilplé abl e abidimehe presehie idveation dyoitdeesi s
or ge tlce gi.ne tsh d;be a he 1] O
hvents on SngeeuRRdrd, 1 R sFRO o ABPaRPh NS " heidy ey APRRE JhNAY
appr oxi mamb;mcﬁe;lﬁ acidt{eg4 6LRODY), aﬁa.mer, and a chermcally 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.



Exanpl es of the chem cally nodified product of sericin or the hydrolysate
thereof to be used in the present invention include: sericin or a
hydr ol ysate thereof having an appropriate substituent (al kyl group or the
‘like) introduced thereinto; and sericin or a hydrolysate thereof in which
an am no acid sequence has del etion, substitution, insertion 5 or addition
of one or nore of am no acid residue. The chemcally nodified product is
not limted to these, as long as it has a gene transfer ability. [0020]

(Sol i d-phase suppghbiks Emmeh@lﬁmﬁlfl Haalfféatp%d@{ opstent:ﬁeorw h}dm SFEtHBHRPOr t
to be used in the present ver]tlo i n¢l.ude, E,re % t:g;ted to, a
synt het i cthbe%F méh?cﬁ”&@"dﬂ‘é’r’é@oné%‘f‘ > (SPRCIR | 4 Y RES¥G {RFTER, RaVRHAR: a
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anp es a. sna 0 e SOl | hase ,suppor a | ca e sen
| nvent | on DFARINSEE. ey inWaich gp apiing pad Sedengs haLOsletal sbmtuton; PyERT

pl at e, 5 woveaddiabi iof oneeedicre olﬁ@ﬂﬁmSacfld besidue. arTthe whamiiall mddifiiil prod¢ddb vent )
Exanpl es of ol vent to .be us RS ant nvention include: an
aqueous SBP[J@P%%A@&H?S&?ﬁlﬂﬁgﬁstfg%sa%geng%a% rgbutr?,él sel ected fromthe group
consi st i n§0@0] gl ucose, sucrose, glycogen, gI utam ne, arginine, histidine,

| ysi ne, tqug j @#ﬁé ophan, valine, 20 alanine, glycine, proline, and
serine; ous ion containing a nmedi umconponent for culturing

cell; and pur e Waamples of ol matqriat jof they golifbphase supRathript be used i hei prepeng
dev' C?i)(t 0 La%nﬂ&‘?glchﬂe,tlgﬁ alty Iﬁﬁ%te'drw e«f@)‘nﬁfénb b6 y'tiﬂz? ,suglh‘ﬁs h& sy%ﬁhé@i@treé:h m t ed

jet printer and |iqujd-handling devi ce éﬁ?he cel |
| nt o whi cBnd sEntheifefibengl metalm paugal 24 y Bigh u%sl @Slnr

de;/lt ce g}‘ Efxﬁﬁ 6 @F tﬁ@ﬁaﬂeg)\gﬁ&t dolif- h@é’%uﬁﬁéﬂt aﬁlﬁﬁablelt@gﬁq)r@s%nﬂ mﬂ@ntibﬁtméludeit aOI
cu ura | C I NCl U e no e
to. Hela Dl @Iﬂ(ﬂﬁﬁﬁﬁrﬁeé %Lsaﬂ@mﬁﬂw 5519, M P Fitego hesle afa SRt o of

the presenhd bendenti on w II be described with reference to the draw ngs.
<Firs&5 n‘i&ﬂ nt> 35 Fig. 1 is a diagramillustrating one exanple of a
met hod” f o ricating the transfection device (glass array) of the
present i l(&cdment))n using a glass slide as solid-phase

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 agueous 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 sanple (e.g. 0.1 gto 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 m xture 5 is stirred to
allow the reaction to proceed under predeterm ned conditions (e.g. at room
tenperature for 20 mnutes). After a predeterm ned reaction tine, to the
reaction liquid is added at | east one conpound selected fromthe group
consistingq% Sericin, a hydrolysate thereof and a chenically nodified
product o ericin or a hydrolysate thereof in an ampunt _of 0 0

exanpl e, 0.001 éStSbOWﬂri% 1 ride)i HoahRRIQPRAtEe SoRtaINeF sych %EPH%}d@H{/mé?ﬂéB%r e a

m Xefl sol Eﬂé)ﬁmﬂe %Q?-’ﬁh ety )61§ dﬁsbél%ﬂ iﬂ"‘ﬂlElsglve&(@(,e graorp@ @by, epri at e
printi ng

m xed sI | d 3 as
sol i d- phaé‘@“ psrlieq VF‘WéP%B?i &ppf% E@Ptgﬁ%ﬁ% aaﬂ&{e
al | onegl t g gired ﬁOﬂlopeﬂ{eqremﬂw th rmasefeaqmuempl(egmmmnsﬁmons (ag sahmumi n

Fig. 1(b), the s.sli.d 3 having the spots forned thereon is placed in
a dish 5, %%tg{e 2@5’%‘5’3 ion 4 containing an appropriate type of cell

is poured and sadged p@édetdmmldasa:timhitﬂne 3o tBy réantiorbtiquidgs ndded asdedst one he

f | .
Pransfor SYEPOBELFRICE Rl e gobpgiiaising B JEEH, & Wuarfias titch AAE
printed ( r:heampa]i;pmﬂoduﬁgi profduct] @tbmicm aBachyitolysso dhereeft in m gmopng of, ylor
di agr g %%@E (?r ané% (ltadcé %%%%ﬂg@ e X@MRlC Other@by BiepAY of Afxed 38lution

fabri cating the present invention using a
nultiwelllplate as solid-phase support. The desired gene sanple and an
appropri atgygggne delivery material is dissolved in an appropriate sol vent
to thereb ob ain a solutiqgn to the solution is fur her

n ed_at
| east one conpodi§dt £&(sBeWRdn f r%)rﬁ%k’hé‘s’&rgcﬁﬁ'pa%?g‘fa& PHBHRE %Vé‘?q ﬂ&? € mgixed
hydr ol ysafs@uﬁb@r rirdd and aas@bl&macal dojidphdief supgomp tothereby dbrnsgpotcthereon, a

hydr ol sat her t hereby prepare a nmnixed solution. The m xed
solutrg ' grrgéﬁior"ﬁi‘% fI's 6 of the multiwell plate using a |iquid

handl i ng deV| ceForpérfaﬁmhngmansﬁaadom Keeme dransfdr)ynag thovacindig. 1(b). theegladsysligbt ai n
a ftransfg ' g r%ge‘”oﬁisefo {1: i ‘féoﬁ:%ﬁia@@d ﬁnraa‘ﬁiﬁﬂgcéddoe{‘ce(l% nE{oﬂflséo%Ee)imn

pr edet er m ension tontal ppropriate
type of cehlappeppatetypk aﬁmbl]s]e@dwdmnd@a@d@dm] the tglass shde By mcubatmg 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



whi ch the gene sanple and the |ike has been i mobilized. By incubating the

cells, the 8 gene transfer is conpleted. [0027] (Exanple 1)

Conventionally, transfection devices have been fabricated using ECM

nol ecul e, 5 such as fibronectin. On the other hand, in the present

Exanpl e, a transfection device was fabricated using the sericin

hydr ol ysate (nol ecul ar wei ght: approximately 5,000 to 40,000, nanufactured

by Seiren Co. Ltd.), instead of using adhesion nolecules or |iving

organi sm i anent s ot her than ECM nol ecul e (e.g., al bum n conpl ex

and al bu%&gle)t.i{&%%?%&fﬁ%% t he present Exanple, pEGFP-N (plasm d DNA

whi ch expi®®3¢s a green fluorescence protein EGFP) was used as gene sanple

( DNA) . Tthﬂnzpiéﬁl DNA (pEGFP-N), which had been undergone an endot oxin

renoval process, s dissolved in steri gqle dli)JFSti || ed e\gat er ﬁ@%ai ?i n

nei ther DNase n&pnygierally; Banstestion depicephave bpen fahricatefiusing L

adg! ]E ! 93, sﬁchqyﬁmj rc&xi%@ﬁﬁ.‘() L@& 6 othérdang AR kied st E.ﬁmplagmtrsns@elfcﬁau Idbﬁ‘ce:w'aﬁ

nodi fie gl e iu medi ym.c onents for cylturing ce S as

S0l vent . GdicaieR B8 e HHB AT Fast e AP DR g DAy B o 8

( manuf a?:t u{z%dfag%uég\byt Beigen r?chOI:ﬂdc)[ dhstedt) Jof \msmgmdﬂesaxﬁl geoleculies! iov diving

mat eri al . i ng t sol utjon asitifan . .

fifty-si xof%?ﬂ??'%?rlvle ecoma;ggganssog#q}tﬁh Slf(?@g%o:leecgﬁ 1?%'%" gwercgh%}%%g?ded.

Wt h respatbuntin). each of Sanples 1 to 8, fibronectin was used instead of

t he sg(gi ci(ébjgidrol ysate. On a glass slide of the device, nine spots were
f &

print ch sanple. Next, HeLa cells (5x104 cell/nL) were seeded, 25
and after 48- holir thenpresenti Expmple.f PEGFR-IN¥le fiolasmigdaldl Ao While cxppressps a green

fl uoresce [ E [ f b anslf d
gene sarrp?@gﬁ%%e% g?&E@Nﬁﬂg‘%&%ﬁéﬁ%%%ﬁor, et g?mﬁi n%%lt er ?r&ﬁot
the trans OHRIC

(RGN D oukich had

1
beenrylergons 28 SBAPORIN TPRAYAl Breceshvas disokrd n 4. As

a result, delijn@stlicduistet Bttaihihg reAiEl DPNasshdtRNER, Rethefbd phopdfeod 19alel.
exhi bited 30Q equivalent or higher transfection efficiency and |ocalization

as cokpar MWPRh the sanples using fibronectin. [0030] (Exanple 2) Using
a multiwell plateaidiion)ga DBSBMRIqusousNNEGohSaHtalihy coapayer® af éulbecco'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 (5x1 0* 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 fiuorescence
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 (ome embodiment of the



35 No. 153613 Geiner 1536 Bl ack flat bottom 782092 (with clear bottom

H -Base)) as a solid-phase support, a plasmd DNA transfection device (one
enbodi ment of the 9 transfection device of the present invention) was
fabricated. [0031] Using the fabricated plasm d DNA transfection devi ce,
transfection was perfornmed under conditions described below, to thereby
determ ne whether or not the 5 sericin hydrolysate can effectively
function in the plasm d DNA transfection device. [0032] As shown in Fig.

5, the geﬁgnﬁﬁé{mn%e%%f’fh%" ré@nPinOhtionPwhs fabfdated.Ne gene delivery materi al
LF2000 (0.5 L - 8.0 L), stéﬁlllzed pure water (40 L - 49 L), and a 0.2

ng/ mL - 8IORPIML sericin hydrol ysate sol ution (nmanufactured by Seiren Co.

Ltd-éI (5I 10 L ‘U‘éfﬁg'—éhe\/\&ﬁ‘&idﬁiééﬁe%las&ﬁdfP@T&?ijﬁfe@ﬁaﬂlied@iﬁxmbl sfertiohi wms The
m xed sol ution S I spensed i nt. S t Liwe te vol une
of 0.5 L. Peuomnedaindsg phailpry deseriprd, Brigvh dn dbetiRy Hebimine oyt Gres B0
~dri ed sonpésdiehydrelysite vaseffsatiovlgriuzctiontn theqrlasmid DNA Thesfectimpmevice.mat el y 500
cells peré(\j&gh of HeLa cells were seeded, and after 15 24-hours

i ncubatin fl uorescence image of the green fluorescence protein (EGP)
gener at ed by expsehsivaninafigt Be ther mf@mp@p@@ﬁB-Mh@ﬁeﬂ@N@-‘gp!Ewe ERE was

bt ai ned ' | ' | XK1l b
Cor por ot 1 S0y pfbr LEPOGE (I SRSEORE ) Jerllzel BV MAE] LHPRL PUOAPREY ace.

The f1 uor @cmghel i Baye/nls seriedmhydrolysate golugpn (mangfagtored 3y $eireader- titdh O wi t h
respegh torcedd ng BerPAbed {&ﬂher%ﬁy afo a TiRRPSAGESHT IS imixBR G6lutivRHas

obt ai ned 0Si ng a phase- cont rast roscope, . for €8term'giag whet her, or not

there is dispgnsehaptgevalls ofdhg mﬁ*ﬁ%bﬂéﬁyﬁté‘a‘lﬁ’é‘éﬂcﬂ Syitlot PEyve ga
phase- conligastt hirdBEE dedice D1 AME 1iks, ridodriél Bompleflyl Whttachdamsivan? hoursiog.
6(a), in the plasm d DNA transfection device of the present Exanple, high
transfect ™H%ef fici ency was confirmed, and at the sane tinme, as is apparent

fromthe resul t TaQwpptoximbtgly 6¢0)ells pert tvell wf el céllsawpteescedahemdaifiey no
Fcoogn zod ey BuBime &SRR Bk, of U Bl bRrakils itfiE EOED)
wel |'s ( NUNEner586 byvexpressiom oBalwetr@isétred, genpisarhipie 708A (@EGE&NB) phnsktaiedport
an si RNA {(ansEeGhl QfkadiMbbEedp "B ST Ak ued §'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 siRNA transfection device, transfection was performed under
conditions described below, to thereby determine whether or not the sericin hydrolysate

10



transfection device of the present invention) was fabricated. 35 Using the
fabricated si RNAtransfection device, transfection was perfornmed under
conditions described below, to thereby determ ne whether or not the sericin
hydrol ysate 10 can effectively function in the si RNA transfection devi ce.

[ 0036] The gene sanpl e pDeRed2-1 used in the present Exanple is a plasmd
DNA having no pronoter which thus cannot perform expression, and in the
present Exanple, it 5 was used sinply as a carrier for nucleic acids. In

addi ti on, czlnhéfecﬁjvélgmu%ﬁﬁgﬁggsso fectil &eRidgad been undergone an

endot oxi n " renoval process ved 1n sterile distilled water
cont ai ni nﬂ)oﬁé]ther DNase nor RNase, to thereby prepare a 1 g/L solution.

The gene sanpl eTgd @%sé d JoeReRe- 1pﬁ@aemtth@ﬁe§ehe5m ledis e ghkmide DOGL T ol
10 si RNA (manuf act ured g‘ a en: cat %}}g nunber é %'F di sg Iveq d‘?
sol vent f BRVIngipe PRIMQIALWAIC SHPITSIO AP 1Y EPTE R oM Fodt i on
of m2)0 M qad us%d g&lasw%m{mnméaﬁwaedams Dhhr mddition, ihis. plamtiaDNj&
nunber 00- riliz u ter. was Vv

LF2000 m&’%&zé 80P & o4 °t°¥’6‘rre%‘3‘?¥%rPg?‘%§s i‘% ‘1%%5{"8 [ﬁgl ue
reagent (ﬁtbhletcﬁmlkdf whter yoritdinig RBEher DN aseamurfRINasey todthbrebPpospatraa 1 pg/ul
Corporatlor% .was used. [0037] As shown in Fig. 7, there were m xed

pDeRed2- 1% %ngg 2.0 g) and 20 M si RNA (negatlve control siRNA or
si CONTROL TOX (ke gemafdmaple sSRNAS ymsedfre thecpresant dixamply quexa)negptive cantrph | )

as ge r if- aosc?lOerh)for pure
wat erW%gﬁbE (5% andlgi)’abdé(%El ?%f’% ﬁﬁ%ﬁ%@@gﬁ@?}g%&keﬂ ym

sol uti on disselmingasi @d(m@u%lhﬂ%nghb Qiagep)) iq 5 |concapiyaign ‘?’{)%p bynd
prepare ag @C?Wﬁl@)@'ltﬁx anuflaﬁremb&%ﬁbwd Bt WaRldH mﬂs@s@d@@%b&meﬂsip of
the mul tiwel ate at a predeterim oI urre 43723 per %}Gum ng
a |liquid handli ﬁtj’néléﬁ?ﬂ @ge&atqrﬁgsms Yt Bhﬂ‘faéf‘é ﬁ\aglé

over 2 hoﬁfa&rﬁl NDFgr &ﬁetrﬁpMeﬂfﬁtBiﬁBﬁiey rB&i3nt e{dilated2 5i-fodd waatlhl PBSeLa
cel | s vvere se ded,, and after i ncubating, CellTiter-Blue reagent was

ou

added]° t h@3gp E“?zgalé‘y ré’fnceg?&o@r WaiHtF% hen the intensity of

fl uorescel[@ns7¥\a nonitored with a plate reader. [0038] It should be noted
that, for con

was conpared bef’\ﬁé@%ﬁ@@éﬁpﬁ%ﬁyg?@n%&&%b&mﬂ rve %ont r 5'% gl?nggﬁ?mv\glel

i n whi ch iR f(eegation corrad siRMSA e ¢iCONAR Qlh EOXeQarainadtes simply| refermiiAg agnd

tsi*ﬁo‘)“()’e' | G205 14, ST 4kt sihplahing Rehd AIRERChERAAI IFRRO0(O5 TR 861 N

' 20 pL), pure water (30 uL - 48 pL), and a 0.2 mg/mL - 8 mg/mL sericin hydrolysate solution
(manufactured by Seiren Co. Ltd.) (5 pL - 50 pL), to thereby prepare a mixed solution.

The mixed solution was dispensed into wells of the multiwell plate at a

predetermined volume (0.5 pL - 4 pL. 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 transféction was performed were also prepared, and the intensity of fluorescence

11



[0039] In addition, in order to evaluate cytotoxicity in the si RNA
transfection device of 35 the present Exanple, wells containing untreated
HeLa cells (approximately 500 cells) with which no transfection was
performed were al so prepared, and the intensity of fluorescence 11 thereof
was al so neasured together. The negative control siRNA is siRNA which
cannot cause cell death of HeLa cells even when transferred into the cell,
whil e si TOX is si RNA whi ch can cause cell death of HelLa cells when

transferregd % shred TodefhePt h€r words, the cells into which the
negative contro Si '

I's transtferred are ble, while t tehll ﬂto
whi ch si TOX i s Themsgaivecrpnial siB&A g FM‘%)WW GREgt CRISE § aﬂ fb‘jﬁ
Cel | Ti t er cBiEydneREBN trahFerk @] il Hhd 6411, NghikeHITON aDERNA whiidhhedn cm:ses:eldance

based on an ahi] |ty Vi cel.l.s to canvert a redox dye (resazurin)
into a fl 4&#B& g?&écﬁliso‘éi}ﬂﬂ ang@”@ﬁé‘%ﬂlﬁ‘f"ﬁ intensity of which is

propor§ional toli bherwokisetheetlls evnhichlthe ﬁégmlvemmtttﬂ siRNA ic trarisfernddrage t he

ot o b e i s D S R e OB B P ) Bl

can be nease4acdd by transfectlng the cells W|th the negative control siRNA

or siTOX, ¢ hecl%f g% it ue r gntqg fcfrqg&ﬁt §11‘inefbﬂltﬁll{hTﬂl#o?éscé{déebz{s@@GE n_t

and then conpar e ce coun |nten5| [ uor escence)
t her ebet wanrabll[tg of 1jvirs ceilsdwvonnerl: iagredex dY¢1 (IGH@U@JJ}?WP pritupsessenceorodiesti ce

of the pr m]ﬁa} & tHE {12810R3 0 0int. the intensity of
fl uoresce ce be en sgtycozgse msmoﬁ%gﬁsfectl an eWas (r)]ot %erfo#m q('?p
cells were seed& qtharowardse|fer somfiraning 1 on, g1 g eckiofpihy

referred tQndgrred @Wﬁtdﬁdce)ll Fﬂ&ﬂf@atfo%sﬂ aya@ra@ d bﬁteﬂ@ﬂadﬂdvﬁuﬁﬂ&t fratsfatiBhA was
transfected (in Fig Si

referred to ative.contro
al nost no e@&l@%cmaelwe s‘é"ﬂ?g@t‘wﬂ% %?ﬂﬁc‘?fg‘é © pegativ %5%%mg5| fTOX
was ht rans fsﬁm}édc}(ebl&ng lvmbﬂgcy OE ithaee Yell €tvith r@ﬂﬁmT-BmehmagEﬁ»( apd thea:scampapaf ged
with t u nd. t ativ Lo the intensity o
£ uorég r‘(&f’é’ ?‘é Q}ﬁ}ng DEEYPF@B‘Uﬁ?C)mWi%h Feberem, y small, and thus it is
consi der ed00413t si TOX was sur el y transferred into the ceI | s, confi rm ng

i gh transtection ghthchengys | yshowld b alied delol of itk

Exampl e, the va tween negati ve cont P&? and sj TOX was
0.409. Thitkers uggsesittﬂe td:ﬁ'trenweme ﬂnasmmsmgsfr QHQYGSWW diebirea Rncaspewhere

i ntensity Ef,]ée.% rﬁ%g@ . tdha8s %?ﬁle\jkée\ﬁﬁd %Btar\ﬁ?éllédlﬂalﬁin %ﬂuﬁQ in

suggestin e SI trans ection | ce of tth present W
exhi bi2fs %1@}8, mmlmrefpmqh’@faé u@;‘qa,tqgll“b 1 case where the negatlve control siIRNA was

transfected (in Fig. 8, simply referred to as "negatwe 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



[0042] (Exanple 4) TRAIL (tunor necrosis factor-rel ated apoptosis inducing
| igand) is one type of 35 cytokines identified to have an

apoptosi s-inducing activity, and it is known that, when «cells are

i ncubated 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-Bl anc et
al. that siRNAs shown in SEQID No. 1 to 5 in Fig. 9 (siSRP54c, si SRP54d,

si SRP72a, si SRP72c, and siDR4) can inhibit apoptosis induced by TRAIL in a
| i qui d- phg@g1 (t)sr@nsfect lon screening using 384 5 wells (see prior art
docunent ecul ar Cell, Vol.12, 627-637, Sept 0043] Ln the
present Exanpl eOnghg %eqh@%ﬁ@@ﬁmgaqrﬁg&yﬁ%\ﬁgggﬁ%gﬁhg@[ SSEORBI 1 to
5, an si RNAQ IIPNR! € 5%5@@\9 ismmcfgskpm@mamd, SISRWBB: amhﬁmmdan

whet her or not I nhi, bL Si RNAs fo po D| S %&n?’

r epr oducedhil lbaP‘@ﬁQﬁﬁ rﬁg‘éc@e }‘?ﬁ%f‘r@ﬂ? &S

1536- wel | wellk (e pHasat d@crummf Mblbaﬂaﬂé&ll 3e].12 rsémm\&qmnbnwaoa) SEQ | D No
1tob5 Wer(? 4Siansferred to HeLa cells, and it was determ ned whet her or
not therelf%3kn inhibition effect on TRAIL-induced apoptosis. 15 Using a
mul tiwel | pl at elrhe iprogeritTBampdd, lusing Khidoveiesoribed sifhihs Swva ipISHQE No.

No. 164708 ;8 sol rliggét &t doRBEG

exanple o ﬁe i!rlﬁahn‘gf@rgﬁ% on Eﬁw ce offﬁl% dF é'gd;ﬁtvga?nd\?entlo ?’Eahém%m :
fabri cat emmwlaomsﬁecw@ft@m@%ﬁ#pbe ap@émsiganlbmwdmdt he present Exanple is
the saye Ee gene 20 sanple in Exanple 3. The negative control siRNA as

gene sarrpl ed in the present Exanpl e was epar.ed by ssol vi a
negative controUS@B%eeiﬁWfé@t shstsan oYﬁldﬁeﬁ‘ A I1§t%r]§3g@a§?l§£&@6ﬁtrol
?' RNAf cal@h i ti'bﬂgé@[celﬂl%7s?ﬁﬂhs|§ﬂoﬁm§ﬁ| SEM DN, Wik S alere m@nseidiiio Hela
manu actur agen) to.a.cqncentration o
sanpl es) §F||§irvﬁﬂ$/ﬁ‘”§€ et;egnmgg th hEF Bot gellsa?“g]@ﬁ']%ﬁtbon %qc Wﬁl%’g‘g
the base gpgpt @gjge of SRP54 gene whi ch can be expressed duri ng apopt osi s,
and di solved | ) i nts f d| d by
Q age|]§ each to @E‘E‘Bh’t itl?cl 015% W@Wﬁ ene s %ﬂéﬁn I n
SEQ | D No¥o. 13543081) 4 solid-plamse stpput, c&nfsiBNéntransﬁ@tlpagle@ws (ofe ek i
sequence QL SERT2 GRS oMl e bRl inVEAPRESABcAAT NG apOptosi's, an

[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 pM.

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 pM.

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 pM.

siRNA (gene sample) shown in SEQ ID No. § 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
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di ssolved in respective solvents for dissolving si RNA (manufactured by

Q agen) each to a concentration of 20 M siRNA (gene sanple) 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

di ssol ving si RNA (manufactured by Q agen) 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 m xed pDeRed2-1 (0.5 jig - 2.0
g) and 20 M%a% NA (si RNAs shown in SEQID No. 1 to 5, or negative control

si RNA) (1ni 10 L) as gene sanple, 5 the gene delivery material LF2000
(0.5 L - g0®6]), pure water (30 L - 48 L) and a 0.2 ng/nL - 8 ng/niL

ﬁ)eri tciont Egcrire gl ng%;%a\?gle%?b&? ;&rﬁ@{w?mw gﬁé by 0Sgiy @il €0. Nt SRNA( BIRNAs 50
corr es pondh‘h‘ggtﬁgSEﬁeID Ié{goi;éfl gftgrtsr@%a@\rrg é(%téﬁﬁq&m&g s%(; '6%6 m%géétﬁﬁa%#pl e
msl g') §p§@§@geﬂedrate§vewhﬂa$er{a&mbd)@ 0.PEL - Sl purefwatére(30ult - 48h1L) uidast @2 ( 1536
handl | ng ¥/mle SrE @?q‘?qéé?&iw"ﬁ%#%i sBhiD Ay e S B 1 o
or more, i p}LP?fo}?MreB?tp?éqafeasikn@tsf&mikﬂil saletiorse6 siinples) epyesporiding tl 16500

per . a S . i i
the pr eseﬁgg"%}f‘&fﬁﬁ%@éﬁ %yllfﬁ%c&elﬁgr ?‘\l([ gt(:a %%9%8% %gl‘gée\slrjé}%? %‘UE‘E‘EW@ERW e?lsf[ Re
rlrgdlg ;J m W;;lq)el; ;wgh;ﬂ?:)emfthé mmmdkﬂatc;ﬁlémla)rﬂi alysdeBSimingsladame 2@5 a4 Lo, 5

y ) . | 4G L . h:1.20 Y H

reage ( HEhd Qﬁ%‘%}ﬁéé‘ ly@lfy&)%%%&%glga&r&%g%ﬁﬁa{? ilpﬂ(gn’) %@?dgﬁlkﬂ%%?iag%s
left for bveolhourantmoteety thawby ebting trgnsfyctionjdg@¥eRscence was nonitored with

a plate reader. _ﬁg.?,ﬂaét{ﬁpﬁatgﬁ?dotzc%u@g@r ROPYIHED: E1B- wekd secdefCmdahd@ibhted

speci nens wer e incl t f I = 8),

was cal culfar #&hquss indthe Fresenss|od DRIV @EEO%WS@@T@&B&Q%%%‘TQ%‘%%@ \z;glhue

O P S e A e e g i e

transflérr e%/l(lha apd (j‘?‘eﬂbl,cug"rt}?ﬁl ff‘?f ap %‘r%ﬂzg‘)‘% gglﬁtffggmﬁgge,n{@?%gﬁ%ﬁ% 8

"si SRP72a"by PromeRPTamoratiog) was a4, the platewpeleftiforel Jyyr, and thew thefintensityrf

cells was ﬂs}_&ﬁ;nl frcantly incr.eased gygl?&' nearly all HelLa cells into which
T

the negat ix TSP 3yas Wr%vg 3Bl %d (inFig. 10, sinply referred to
as negat[0947]jcontrol siRNA") were killed in the presence of TRAIL. From

t he above, it i i hensi fodh Gy Bt 5
prefornmed in t@fgg%ﬂ\%\e#%ﬁgl E‘tﬁégg %%{g&@?@%ﬁn e\%ﬁé.m&h&a inone

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", "siSRP72¢" 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.
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30 [0048] (Exanple 5) Since living organi smderived nol ecul es, such as
fibronectin, will lose their activities after heat sterilization, for
-sterilization of such nolecules, 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 conponent
during a refinenent process. 14 Using a sericin hydrolysate solution
(I'mg/ mL: manufactured by Seiren Co. Ltd.) which had been heat-sterilized
n an autocl aveghadad ﬁcﬁ%f{i ygidWthiifon @ h@iﬁL‘AﬁﬁnuﬂétaféﬂfWSﬁ&nlcﬂmea

cells on a nmult ate [ da
made wit hvwhidnbad @f:ena easrstesilizedh yai @@ @ﬂ%sr}aq é‘?ﬁ‘gé‘l l.%ﬁ nP i@%ﬁf@ asd%#{é’l:%?ed by
Seiren 5 Gansibdrel intdAEC cdiBbneRItvdil Slare(1 536 mlzsgcbnuau donpRriEdDR dekility

(manufactured b t h d
022 pm PO T HEA 0T 86 ROR Y SO LF AN e U RO ORI oy el
preseng EWVIDJKP warh had @pai GtteldsterilifdalsitigngP WDRefilat (manufanired by Nilipore

( manuf act agen.. cat al 0 er 1022076) in a solvent for
di ssol vi n _ %ﬁé‘?ﬁﬁ@&? lBDé%&%V éfaggﬁ? concentration of 20 M In
addi tion, [&) as gene sanple were prepared by di ssol vi ng si TOX

(manuf act ured by, Dh

KIFl 1-7 ( manuf i@? l??éag%%o& tréﬁ%ﬁN&%%geﬂg s%%se?ﬁ%@%; I'n respect ive
sol vent s fppapamidRMA d1$51v(lrrga|auﬂmatlw aonisgl Q%%r(}nanbﬁéwqdob& BEENEHAPE on of
20 W 10" g q op3re) ¥Rl ol fd%“-:ﬁss%fv%gﬂ QA - (niRfablubar Bgchiagednel £Cti on

Reagen nanu agen: cata nunber 301702) waS used as gene
del i very nan@ntraﬂlonf)[?@(}@d] Six different m xed solutions (Sanples 57 to 62)

ug?/: ggogo?ﬁgsaww Wimgmsf&- slefle skﬂn wr\@r@rﬁ@@mﬂ bydidsspevard siTOX
ate a predet erm e
vel 1), andmaryagtuiednpy dokarmagsa, hﬁ'\? gomfmr&é‘?epﬁc}g{ﬁ"o 3035_ %35&&@1?
':rans]t ec': (@aneavirg. byA@'&i n: tclbial ?ﬁj%lmr(ﬂlmesmm)nhcresﬁmeu%%vm for siRNA
ransf ec |on Vi C e 5 105 /) were seeded at an
amount? of (Eap %Y'&a ﬁf?o%?‘?ﬂfeﬁl at’?fnoé?@ 25 di oxi de incubator for
48 hours. For C)Ste(mieéd pureGedltbe' waens&l ae soleergemd HiRenbidch diranséettion Reagentga

Cor por at i R?%ﬂ% %Z;\y é?%@? g;@gﬁﬁ% 56'16105 5%13%&%9@3@ &e%Qeﬁ%it@nQn cel

prolifera
[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 pL - 6 pL 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 10° cells/mL) were seeded at an amount of 4 pL 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
KIF11-7, 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
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'As a result, as shown in Fig. 12, in a case where the negative contro
SiRNA was 30 transferred into cells (in Fig. 12, sinply 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 si TOX and
K1F11-7, which had been confirned to have a suppressive effect on cel
proliferation were transferred into cells (in Fig. 12, sinply referred to

as "si TOX, riﬁu? A etéliler%"is nc?’éha % ﬁ'xte'a\'fﬁJnY}) of QHEB (Eﬁ]ﬁn&h@h%&leﬁ:ta%{d targfd and

aut ocl ave-g sericin sate ~ sol utions showed an apparent

i nhi bi ti oreflédiencyd cvan adier thegatorc] Wéﬁ@fl%ﬁmnﬁom these results, it 15 was
found t hat gp_qre is no change in the activity of sericin (enhanC| ng nucl ei c
aci d trang? efficiency) even after the autoclave sterilization. [0052]
(Exanpl e @x@nﬂiﬁé)sol id phase gene transfer includes a step of drying the

sol utign, after Theiselid Pﬁhse g Salstiriigdiudes a&té?litﬁfhﬁymg tRusdlmgpnt hfterdpririting

step, conp ne ts dissolved in . the sol.ution epe. one
cnobs | o B Sl b 8 S p i HeaRE Arhe Sep LM ReRS DRSNS i B Roldol O
t he case Qﬁayt be depesitefieaid an solaw icasescio mhay mppgasﬁ ickl mrehiferam,onl hey gemsvte

been somet | sery t hat t | Ut 4 i t
oyt ot ot i T dhe 58, of 8, BilsRlcyiSg dihicP boARES b RBENRER! e
effect. | tbemsomatamsrcéﬂervemﬂlah‘éc pgat jadutionieempesition gendraies eijotekicE¥t on

cytotgyicity iny n i RRAI Son.
[0053?6The gene 1Fsgf%b gé&pé(&&g ? use Cl?as a“%él!l ﬁoéidg?té%%%%nppte% ef[i(he sgme as

t he gene vilstlsempn@mhas aﬂpWéUIE effors 0§|%‘€f‘@9’8§1%% thedrAnsieation deyics, using
present BE{ANph&tnas: Rnipas & ve control si RNA (manufactured by Q agen:

cat al og nunber 1022076) di ssolved in a solvent for dissolving si RNA

( manuf act JP@eEp] by Q agen) to a concentration of 20 RM Sterilized pure water

and an Opti -NEMIrﬂe e Ty, pDaREAD- & dsddlinlthy pickary Brampld iCdiema@tas i) gener e
usednzg sol ve nd EF% 00 was used as gene delivery material. For
cyto ryswé@ql?l Pl -te reagent (manufactured by Promega Corporation) was

used. [0054] WThe slilélﬁﬂexstgehe) sirthpleaseg drs tHei prasent Esamplerwis gynegaBiye tchmrcd wer e
d

egat] ve SO PoimartBierta by b Jaltod HipHEnCRRTH SR hORETRdeohetttr, |

cont ai ni nghssbbnmeNdeﬂmanafapumaﬂar Qidgex)L to poosesntmAipiEeDYDYMand t he thl - VEM

medium - and theryldigel sl wafk thhoh SpH-NER nRARRN{mARlHIARA BPLR bR O

t her eby prepare a m xe
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 comtaining 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 uL - 6 pL) 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 10° cells/mL) were seeded at an amount of 4 uL per well, and incubated in a carbon
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Wth a sericin hydrolysate solution (4 ng/nL) which had been dissolved into
sterile distilled water, or a fibronectin solution (4 ng/nm) which had been
di ssolved into 30 sterile distilled water, the m xed solution was dil uted
at a predetermned rate (1.5 to 20 folds), dispensed into wells of the
multiwell plate (1536 wells) at a predetermined volunme (1 L - 6 L) per
well, and dried conpletely with vacuumto thereby obtain a 1536-wel |
transfection device. [0055] 35 After the vacuumdrying, onto the 1536-wel |
transfect agﬁt&é%@o%tqr%r@s Sl s £ «%ﬁ)mé&yl@éll‘?ﬁéﬂ%%éa Q¥R mm@ae@s an

amount of |ncubat car b?n 16 di o ubat for
48 hours. Pmmegaﬁ@nemlgn) ey pserd; and efferss P r}ft%.%er omppehe

Cor por at i H%hfgﬁﬁoﬂ,@@féevgﬂgtegffects of the nucI ei c aci d- transferred cel | s on
cel | pro ratlon were evaluated. [0056] 5 As a result, as shown in Fig.
14, as co &d with the transfection device in which dilution was made
using & fibronepkiaresgit,uis Showi i Figg14,1ds campared widf thertehsfeotiars device in

“fibronectin an apparent alleviatin t erved
i tho ¢ pas afite PRCERL vine G EhbaR ol it LR BEhS eteE (Pl
hydr ol ysat'ﬁbmﬁbdﬁn? Qnarf i appateny ail&vﬁatusg raffeyt roaf eptotnkidity axes” ebservsidnin thea o
| NDUSTRI A AP ILLTY 0 0 a
transfecti fpét\?%%gvrc& t r%‘%s?gdruﬁgrt}s%%g&gxog%ﬁl\éﬁ’ghgﬁeine}d& Iﬁ%ﬁé ne(lﬁ
exanpl e, §lgigl4eﬂmplya1a&emdm aszltsand:le")st randed 15 deoxyri bonucl eic acr d
(DNA) ynribonucleic acid (RNA), aptanmer and chemcally nodified derivatives
of thereof) into an animal cell. 17 Cains 1. A transfection device having
a m xt ur e INBRSTRIALAPRIACARIBITY- phase support, the nixture conprising: 5
a gene sag@d@l a gene delivery material; and a rri xture cont ai ning at | east
one conpoun el ected from the rou nsi stl .iCLn, drol ysate
thereof, and a &BeRFEaNY VV?MHf B?%g‘%ﬁ‘{ a(ﬁ ‘?ﬂ ﬁe‘a‘fe t? W&%‘T‘%
thereof. 3Qogenous 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.
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2. The transfection device according to claim1l, wherein the gene sanple is
at |l east one nenber selected fromthe group consisting of single-stranded
-or doubl e-stranded deoxyribonucleic acid, ribonucleic acid, aptaner, and a
chemcally nodified derivative thereof. 15 3. The transfection device
according to claim1 or 2, wherein the gene delivery material conprises at
| east one nenber selected fromthe group consisting of a cationic polyner,
a cationic lipid, and a mneral. 20 4. The transfection device according to
any one oélclalns 1 to 3, wherein the mxture further conprises one of the
foll ow ng | east one conpound sel ected fromthe group consisting of

gl ucose, sucrose, glycogen, glutamne, arginine, histidine, |ysine,

t hr eoni ney trypm@gﬁ@ tHohHevite ha fH e @intibllBed B @l sol@-phadetuppurt, ks 25 a

medi um corrponent tur| ng ce an pure water. 5. The transfection
devi ce acn?éxlmerﬂ?ntp@isﬁlﬁy one of cl a| ms 1to 4, wherein a material of the
sol i d-phase supé)géﬁe Slaﬁl rel ected fromthe group consisting of glass, a

synthetic 30 po a nmet al, d a natural polynmer. 18
Y - Paed géne dehvery material; and POty

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.
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