DESCRI PTI ON SYSTEM FOR | NCREASI NG GENE EXPRESSI ON AND VECTOR
COWPRI SI NG THE SYSTEM TECHNI CAL FI ELD The present invention
relates to a nethod for increasing gene expression using pronoters,
enhancers, and the |ike, and an expression cassette for increasing
gene expression, conprising pronoters, enhancers, and the |ike.
BACKGROUND ART Var i ousD8aRIBXpOESssi on pronoters, such as CW
pronoters and CAG pronoters, have been devel oped to increase gene
expression efficiency (patent docunents 1 to 4). However, the use of
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Pat ent docunent JP Patent Publication No
expression using promoters, enhancers, and the like, and an expression cassette

for increasing gene expression, comprising promoters, enhancers, and the like.

BACKGROUND ART

Various gene expression promoters, sﬁch as CMYV promoters and CAG
promoters, have been developed to increase gene expression efficiency (patent
documents 1 to 4). However, the use of these conventional techniques causes
daily problems in the field of biotechnology, such as situations in which almost
no gene expression takes plaée or the amount of thé thus-expressed protein is
extremely low, depending on cell type or gene type. Furthermore, these
problems serve as significant barriers to the development of medical science in
which gene expression is used for diagnosis or treatment.
Patent document I JP Patent Publication No. 2814433
Patent document 2 JP Pater_ﬁ Publication No. 2814434
Patent document 3 U.S. Patent No. 5168062
Patent document 4 U.S. Patent No. 5385839

DISCLOSURE OF THE INVENTION
An object of the present invention is to provide a method for increasing
gene expression using promoters, enhancers, and the like, and an expression

cassette capable of increasing gene expression, comprising promoters, enhancers,

and the like.
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DI SCLOSURE OF THE | NVENTI ON An obj ect of the present
invention is to provide a nmethod for increasing gene expression
usi ng pronoters, enhancers, and the |ike, and an expression cassette

A e
atte ‘i’n"u‘é’l gg%g%n%i?%@ tﬂﬁ"%iﬂﬁwpg d:‘?é%%ﬁéehépgﬁe@éﬁ %%ngeﬂfcquc%/er S

t hat OM/ ge e express er effic

Speci §p&%&a&1y,tﬂa@y hBvY Eora pimRal0d e&ﬁﬁx@é@ﬁﬂoﬁﬁﬂepéam{ﬁes@mnlgvﬂr&ﬂi
resulting from conbi nati ons of pronoters and enhancers for various

genesconfisnatitesof psonidiersprmeisaritancdry dnt vasolrayeed sdcweresdltf that a
gene can be expressed with high efficienc% by causing such gene to
be f Ak BVt IVSriatervstot that presppcan PardrEssehwahddghwi th t he

f t tt
compri GBS BARG R RR BRI bt Mronb o o3RG FARGEES B PatBEiRna o
pol v haaldiaABeoRAUNE st BRh RNe ckpLALRY Aot e hea 1st

pronmoter, as well as an enhancer a 2nd pronoter ligated

down sdxtpeasai oaf cdsb&teDNﬁn@ﬁBéd i DNA cEEhﬁnmtes)ﬁmmm@wegﬁxﬁrts Heave further
di scovered that a gene can be expressed with even higher efficiency
by carpresged hed above Pe&ctﬂlélgglseﬁnumstb@lt aretlocdted dhensteenm af p 15n

el enent such as oly A additio uence UAS, or SV40-ori
Throdﬁﬂmpﬁﬁ’aﬁyﬁﬁo Fﬂﬁpﬁe%o%§gt teﬁh%ﬁ%ggPﬁﬁsﬁﬁﬁﬁoéiﬁ?eSS|on

and tzﬁ‘ﬁAV&%ts%c{% Oﬂpﬁé ﬁfc@gnt ﬂ@a&%f& Eame thepg Htthétnavgéﬁ &Fl] s and

protel n expression ca be st rongly I ncreased | n a ITDSt a
g€nehe expressed with even higher efficiency by causing the above expression

cassette to further contain an element such as a poly A addition sequence, RUS',
UAS, or SV4Q-ori.

Through the development of “a system for increasing gene expression
and the vector comprising the system” of the present invention, protein
expression can be strongly increased in almost all cells and genes.

The present invention is as follows.

[1]1 A gene expression cassette, comprising
a DNA construct containing a gene to be expressed and a poly A addition
sequence that are located downstream of a 1% promoter, and further comprising
an enhancer or a 2™ promoter downstream of the DNA construct.
[2] The expression cassette according to [1], which does not have another
mechanism for gene expression downstream of the ligated enhancer or the 2nd
promoter, but has a structure in which a gene to be expressed is flanked by one
1°' promoter and one enhancer, or one 1° promoter and one ond promoter.

[3] The expression cassette according to [1], wherein the promoter is selected



The present invention is as follows. [1] A gene expression
cassette, conprising a DNA construct containing a gene to be
expressed and a poly A addition sequence that are | ocated downstream
of a 1lst pronoter, and further conprising an enhancer or a 2nd
pronot er downstream of the DNA construct. [2] The expression
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located downstream of the promoter.
[6] The expression cassette according to any one of [1] to [5], comprising at
least any one of the following elements:
(i) RU5 ligated immediately upstream of DNA encoding a foreign protein;
(ii) UAS ligated immediately upstream of an enhancer and/or a promoter; and
(iii) SV40-ori ligated to the most upstream portion of the expression cassette.
[7] The expression cassette according to any one of [1] to [6], wherein the gene
to be expressed is a therapeutic gene that can be used for the treatment of
diseases, or the gene of a protein that can be used for a drug, a diagnostic agent,
or a reagent.
[8] The expression cassette according to [7], wherein the therapeutic gene is a
cancer suppressor gene that can be used for the treatment of tumors.
[9] The expression cassette according to [8], wherein the cancer suppressor gene
is a REIC/Dkk-3 gene.
[10] The expression cassette according to [9], wherein the gene to be expressed
is a DNA fragment of the REIC/Dkk-3 gene.
[11] The expression cassette according to [10], wherein the DNA fragment of the
REIC/Dkk-3 gene is DNA encoding amino acids 1 to 78 of the amino acid

sequence of SEQ ID NO: 18.



[ 6] The expression cassette according to any one of [1] to [5],
conprising at |east any one of the following elenents: (i) RU5

| i gated i mredi ately upstream of DNA encoding a foreign protein; (ii)
UAS |igated i nmedi ately upstream of an enhancer and/or a pronoter;
and (iii) SV40-ori ligated to the nost upstream portion of the
expression cassette. [7] The expression cassette according to any
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[8], wherein the cancer sug&r_essor gene is a RElIC Dkk-3 gene. [10]
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114] A vector, comprising the expression cassette for a foreign gene according to
any one of [1] to [13].
[15] The vector according to [14], which is an adenovirus vector or an adeno-
associated virus vector.
[16] A host cell, containing the vector according to [14] or [15].
[17] A preparation for disease detection or treatment, comprising the vector
according to {14] or [15].
[18] A method for expressing a gene to be expressed using the expression
cassette according to any one of [1] to {13] or the vector according to [14] or
[15].
[19] A method for gene expression, comprising:

ligating an enhancer or a 2™ promoter to a site downstream of a DNA construct
containing a gene to be expressed and a poly A addition sequence that are
located downstream of a 1% promoter;

introducing the resultant into a vector, and then expressing the gene using the
vector.
[20] A method for producing a protein encoded by a gene to be expressed,
comprising introducing the expression cassette according to any one of [1] to
[13] or the vector according to [14] or [15] into a cell, and then culturing the

cell.



[ 11] The expression cassette according to [10], wherein the DNA
fragnment of the RElIC/ Dkk-3 gene is DNA encoding amno acids 1 to 78
of the am no acid sequence of SEQ ID NO 18. [12] The expression
cassette for a foreign gene according to [1], having the structure
of constructs No.2 (Fig. 8) No.4 (Fig. 10), No.6 (Fig. 12), No.8
(Fig. 14)
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according to any one of [1] to [13]. 15] The vector according to

[ 14], which is an adenovirus vector or an adenoassoci ated virus
A_host cel cont ai ni t he vector according to [14] or

vector, [1 n
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hours into a HEK293 cell line using FuGENE (trademark)-HD.

Fig. 2 shows the expression of a KLF gene transfected for 36 hours into
various cell lines using FuGENE (trademark)-HD.

Fig. 3 shows the expression of a KLF gene transfected for 36 hours into
a HEK293 cell line using various reagents for transfection.

Fig. 4 shows the expression of a full-length REIC gene and an N78-
REIC-coding gene transfected for 36 hours into a HEK293 cell line using
FuGENE (trademark)-HD.

Fig. 5-1 is a graph showing suppressed proliferation of and induction of
cell death in a human prostate cancer PC3 cell line by construct No. 14 into
which N78-REIC-coding DNA was inserted (graph).

Fig. 5-2 shows photographs showing suppressed proliferation of and
induction of cell death in a human prostate cancer PC3 cell line by construct No.
14 into which N78-REIC-coding DNA was inserted.

Fig. 6 shows the suppressed proliferation of a human prostate cancer
PC3 cell line by construct No. 14 into which a full-length REIC gene was
inserted.

Fig. 7 shows the structure of construet No. 1.

Fig. 8 shows the structure of construct No. 2.

Fig. 9 shows the structure of construct No. 3.

Fig. 10 shows the structure of construct No.4.



[18] A nethod for expressing a gene to be expressed using the
expression cassette according to any one of [1] to [13] or the
vector according to [14] or [15]. [19] A nethod for gene expression,
conprising: ligating an enhancer or a 2nd pronoter to a site
downstream of a DNA construct containing a gene to be expressed and

a poly A addi.ti equence t hat e | ocated downstream of a 1st
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Fig. 17 shows the structure of construet No. 11.

Fig. 18 shows the structure of construct No. 12.

Fig. 19 shows the structure of construct No. 13.

Fig. 20 shows the structure of construct No. 14.

Fig. 21 shows of an adenovirus construct encoding a full-length
REIC/Dkk-3 gene.

Fig. 22-1 shows the full nucleotide sequence of a pDNR-1r Donor
vector.

Fig. 22-2 shows the full nucleotide sequence of the pDNR-1r Donor
vector (a continuation from Fig. 22-1).

Fig. 23 shows the full nucleotide sequence of a pIDT-SMART vector.

Fig. 24 shows the nucleotide sequence of a CMV i promoter (hCMV +
intron promoter) region.

Fig. 25 shows the nucleotide sequence of a BGH polyA (3 x stop +
BGH polyA) region.

Fig. 26 shows the nucleotide sequence of a CMV enhancer region.

Fig. 27 shows the nucleotide sequence of a human B actin promoter
region.

Fig. 28 shows the nucleotide sequence of RU5’ forward {R segment of
HTLV Type 1 long terminal repeat and a portion (R-U5") of U5 sequence} region.

Fig. 29 shows the nucleotide sequence of RU5’reverse {R segment of



Fig. 1 shows the expression of various foreign genes transfected for

36 hours into a HEK293 cell |ine using FUGENE (trademnark)-HD.
Fig. 2 shows the expression of a KLF gene transfected for 36 hours
into various cell lines using FUGENE (trademark)-HD. Fig. 3

shows the expression of a KLF gene transfected for 36 hours into a
HEK29 L1 ' vari ts f ) tion. .
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14 into.which N78-REI C-coding DNA was inserted. Fig. 6 shows the
suppr E€8Y proliferation of a human prostate cancer PC3 cell |ine by
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hTERT enhancer + SV40 enhancer + CMV enhancer region.

Fig. 35-1 shows the full nucleotide sequence of construct No. 14 vector.

Fig. 35-2 shows the full nucleotide sequence of construct No. 14 vector
{a continuation from Fig. 35-1).

Fig. 36 shows construct No. 15,

Fig. 37 shows construct No. 16.

Fig. 38 shows the nucleotide sequence of a SV400ri-UAS-SV40 enh-
intron A-RU35’ region. Fig. 38 specifically shows the nucleotide sequence of an
insertion portion on the left (upstream side) of the insertion gene (gene of
interest) in construct No. 13,

Fig. 39 shows the nucleotide sequence of a SV40ori-UAS-hTERT enh-
intron A-RUS5’ region. Fig. 39 specifically shows the nucleotide sequence of an
insertion portion on the left (upstream side) of the insertion gene (gene of
interest) in construct No. 16.

Fig. 40 shows the nucleotide sequence of the GFP region in a plasmid.

Fig. 41-1 shows the nucleotide sequence of a plasmid in which the
DNA of a GFP gene was inserted into the insertion gene (gene of interest) region
in construct No. 14,

Fig. 41-2 shows the nucleotide sequence of the plasmid in which the

DNA of the GFP gene was inserted into the insertion gene (gene of interest)



Fig. 7 shows the structure of construct No. 1. Fig. 8 shows the
structure of construct No. 2. Fig. 9 shows the structure of
construct No. 3. Fig. 10 shows the structure of construct No.4.
Fig. 11 shows the structure of construct No. 5. Fig. 12 shows the
structure of construct No. 6. Fig. 13 shows the structure of

construct INo. ﬁ the s ruc ure o{ construct No. 8.
Fig. T?ﬂgﬂbﬂéo?%guggﬁhi d%ém81nﬁﬁﬂ§f’€81 )-Fig. 16 shows the
t t f t .
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Fig. 43-1 shows the nucleotide sequence of the plasmid in which the
DNA of the GFP gene was inserted into the insertion gene (gene of interest)
region in construct No. 16.

Fig. 43-2 shows the nucleotide sequence of the plasmid in which the
DNA of the GFP gene was inserted into the insertion gene (gene of interest)
region in construct No. 16 (a continuation from Fig. 43-1).

Fig. 44 shows the intensity of GFP gene expression when a plasmid
containing an SV40 promoter (construct No. 15) and an hTERT promoter
(construct No. 16). was used.

Fig. 45 shows the nucleotide sequence of a human erythropoietin region
in a plasmid.

Fig. 46 shows the result of the expression of human erythropoictin
using plasmid construct No. 14.

Fig. 47A shows the nucleotide sequence of a human IgG light chain
region (Fig. 44A) in a plasmid.
| Fig. 47B shows the nucleotide sequence of a human IgG heavy chain
region (Fig. 44B) in a plasmid.

Fig. 48 shows the result of the expression of a human IgG light chain
{Fig. 48A) and a human IgG heavy chain (Fig. 48B) using plasmid construct No.
14.



Fig. 25 shows the nucl eotide sequence of a BGH polyA (3 x stop + BGH
pol yA) region. Fig. 26 shows the nucl eoti de sequence of a CW
enhancer region. Fig. 27 shows the nucl eoti de sequence of a human p
actin pronoter region. Fig. 28 shows the nucl eotide sequence of
RUS' forward {R segment of HTLV Type 1 Iong term nal repeat and a
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region in construct No. 17.

Fig. 51 shows the result of the expression of full-length human REIC
using plasmid construct No. 17.

Fig. 52 shows the sequence of a c-myc gene.

Fig. 53 shows the nucleotide sequence prepared by linking BGH polyA
existing downstream of an expression gene in expression plasmid construct No.
14 and 3 enhancers.

Fig. 54 shows the result of the expression of a ¢c-myc gene after
incorporation of the nucleotide sequence (prepared by linking BGH polyA
existing downstream of an expression gene of expression plasmid construct No.
14 and 3 enhancers) into a commercial plasmid.

Fig. 55 shows the structure of construct No. 18.

Fig. 56 shows the structure of construct No. 19.

Fig. 57 shows the structure of construct No. 20.

Fig. 58 shows the structure of construct No. 21.

Fig. 59-1 shows the nucleotide sequence of a plasmid in which the
DNA of a GIP gene was inserted into the insertion gene (gene of interest) region
of construct No. 21.

Fig. 59-2 shows the nucleotide sequence of the plasmid in which the
DNA of the GFP gene was inserted into the insertion gene (gene of interest)
region of construct No. 21 (a continuation from Fig. 59-1).

Fig. 60 shows the result of insertion of a gene of interest into a plasmid
containing an hTERT promoter and the following expression thereof.

Fig. 61 shows the expression after simultaneous transfection of a



Fig. 33 shows the nucl eotide sequence of a SV400ri - UAS- CWi - RU5'

regi on. Fig. 34 shows the nucl eotide sequence of a 3 x
st op- BGH pol yA- UAShTERT enhancer + SV40 enhancer + CW enhancer
regi on. Fig. 35-1 shows the full nucl eotide sequence of

construct No. 14 vector. Fig. 35-2 shows the full nucleotide

sequence ,0of construct No. 14 vector (.a.continuation fromFig. 35-1).
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Fig. 38,84t he nucl eotide sequence of a SV40ori - UAS- SV40
enhintron A-RUS' region. Fig. 38 specifically shows the nucleotide

sequence of mEp. 6Nskewd Gt POAhétdh 6Nhtlen leefihrdpspsid edny shee) of the
insertion gene (gene of interest) in construct No. 15. Fig.
39 shoumesshen mectbeotl e wespme meendifona SV40or i - UAS- hTERT enhi ntron
A-RUS' region. Fig 39 specifically shows the nucl eotide sequence of
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gene (9e08id vEALE Pkt s hPNNnGh, No- 16

Fig. 64 shows the amounts of human erythropoietin produced using the
expression vectors of the present invention. Fig. 64A shows the amount of the
same produced in 25 mlL of each culture supernatant and Fig. 64B shows the
amount of the same produced in terms of 1 L of the culture supernatant.

Fig. 65 shows human REIC protein production using the expression
vector of the present invention.

Fig. 66 shows an ion exchange column chromatogram for a human
REIC protein produced using the expression vector of the present invention.

Fig. 67 shows the amounts of a human REIC protein produced using the
expression vector of the present invention (the amount of the protein produced
in 520 mL of the culture supernatant and the amount of the protein produced in

terms of 1 L. of the culture supernatant).

BEST MODE OF CARRYING OUT THE INVENTION

The present invention will be described in detail as follows.

In the present invention, the term “an expression cassette for a protein
to be expressed” refers to a DNA set for enabling the expression of a protein to
be expressed.

The expression cassette has a structure in which

a DNA construct contains the gene of a protein to be expressed (gene to be

expressed) and a poly A addition sequence that are located downstream of at
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Fig. 40 shows the nucl eotide sequence of the GFP region in a

pl asm d. Fig. 41-1 shows the nucl eoti de sequence of a
plasmd in which the DNA of a GFP gene was inserted into the

i nsertion gene (gene of interest) region in construct No. 14.

Fig. 41-2 shows the nucl eotide sequence of the plasmd in which the
DNA oL@%he GFP gene was inserted into the insertion gene (gene of

i nt er &84 2 lréﬁPg’ﬁt‘?rnm& nstruct No. 14 (a continuation fromFig.

41-1) : %{n F%h%:ielé Rl‘:%%gd %X}%gpfsﬁgg%ﬁg dg%lsﬁgéﬂl %? 15E PREN CEn Iuctt he

pl asm ene was inserted rnto the
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Fig. 42-2 shows the nucl eotide sequence of the plasmd in which the

DNA ofastshige GFFhegprreemasventser, tacdtd mto whikch & geesr td b egmmresedgene of

Interest) region in construct No. 15 (a continuation from Fig.

42- 1) inserted may exgptons youitidpping fife dudhBoESte? BRfUENREHTressRd

pl asm'g1 iré.vmfi:gh t he DI}le ofuiih0 C—IIIZPi ene vas ints rted into the

noer PREMSGRRE e B ¢ mrubelens alf R Tiiopsnet piite A ivpacs
that is recognized by a restriction enzyme. Such an expression cassette that
does not comprise the gene (DNA) itself to be expressed but comprises a site
into which the DNA is inserted as a multicloning site is included in examples of
the expression cassette of the present invention. In addition, a gene to be
expressed may be referred to as a target gene or a gene of interest and a protein
to be expressed may also be referred to as a target protein or a protein of interest.
Also, in view of the construction of the expression cassette, these genes are also
referred to as insertion genes, since they are inserted into regions of target genes
in the expression cassette. Alternatively, these genes may also be referred to as
foreign genes.

Furthermore, the above enhancer or the 2™ promoter is present at the
most downstream site of the expression cassette of the present invention, and no
mechanism for gene expression is present downstream thereof. Specifically,
the expression cassette of the present invention has a structure in which at least
a gene to be expressed is flanked by one 1°* promoter and at Ieast one enhancer,
or a gene to be expressed is flanked by the one 1°' promoter and the one 2nd
promoter. Here, the term “{another) mechanism for gene expression” refers to
a mechanism for expression of a gene other than the above gene to be expressed,
which comprises a promoter, an enhancer, and the like for expression of such a

gene other than the gene to be expressed. In the expression cassette of the

present invention, promoters can be present downstream and upstream of a gene

11



Fig. 43-2 shows the nucl eotide sequence of the plasmd in which the
DNA of the GFP gene was inserted into the insertion gene (gene of
interest) region in construct No. 16 (a continuation fromFig.

43-1). Fig. 44 shows the intensity of GFP gene expression
when a plasm d containing an SV40 pronoter (construct No. 15) and an

hTERT ter (construct No. 16) was used. Fig. 45 shows
tne niEreotedeoaired e Monbibts (BRI B sresmeny bl n-a

pl asmghression efficiefiédor AR SHRWS teh&ph&sult of the expression of
human erythropoietin using plasmd Construct No. 14. Fi g.

47A shows t lghendxpresismeasseneends: pfesenthinv@dtidgi® iht @pbratbdidtora@gi on
(Fig. 44A) in a plasmd. Fig. 47B shows the nucleotide
sequekgeHion vhcinnand gorhesedy digi nreseangilpyentionglsogBpompassespivabni d.
Fig. 48 shows the reﬁult of .the exgtre s{gon of a human 1gG |ight
chai n? {BF19T COBRAER IS CTRIFEHOT G KESW RARTHCPRYeMARB) 48 ng

pl as nélé%cﬁ%@étdgbl%, tho ab&ée enhancer or 2™ promoter is present at the most

downstream site of the expression cassette of the present invention, and a
mechanism for gene expression does not exist downstream thereof. A vector
containing the expression cassette of the present invention does not have any
mechanism for gene expression at a site downstream of the expression cassette.
In the present invention, examples of a gene to be expressed include an
artificially inserted gene (DNA) encoding a foreign protein. Examples of the
same also include such a gene from an origin differing from that of a host cell
and a gene from the same origin as that of a host cell. In this case, in the
present invention, such a foreign gene is also referred to as an insertion gene.
Types of gene to be expressed ére not limited. DNAs encoding all proteins
from which recombinants are produced and DNAs encoding proteins to be
expressed in vivo 50 as to be used for the treatment of specific diseases can be
used. Moreover, examples of therapeutic genes thatrcan be used for the
treatment of specific diseases include an REIC/Dkk-3 gene (the nucleotide
sequence thereof is shown in SEQ ID NO: 17), tumor suppressor genes such as
p53 and Rb, and genes encoding proteins that can be used as drugs such as
biologically active substances (e.g., interleukin 1 (IL-1), IL-2, IL-3, IL-4, IL-5,
1L-6, IL-7, I1.-8, 1L-9, IL-10, IL-11, I1.-12, IL.-13, IL-14, IL-15, «-interferon, p-
interferon, v-interferon, angiostatin, thrombospondin, endostatin, METH-1,
METH-2, GM-CSF, G-CSF, M-CSF, a tumor necrosis factor, a hepatocyte

growth factor, erythropoietin, thrombopoietin, insulin, growth hormone,

12



Fig. 49 shows the structure of construct No. 17. Fig. 50
shows the nucl eotide sequence of a plasmd in which the DNA of

full-length human REIC was inserted into the insertion gene (gene of
interest) region in construct No. 17. Fig. 51 shows the
result of the expression of fuII-Iength human REI C using plasm d

cons! fbedRagt el e D MRe LREEREPED B bl AT

o ) BRI gasian oS

expr essd the Wke ar Ceagyetsgene bkt ebr experiments, studies, and the like at
laboratories. A target protein to be expressed is preferably an extracellular
secretory protein. Also, through artificial Jigation of an enhancer or a promoter
to a site downsiream of an original gene of an organism, the expression of such
an original gene of an organism can also be enhanced. Specifically, examples
of a gene to be expressed in the present invention include original genes of
organisms. The present invention further encompasses the insertion of an
enhancer or a promoter to a site downstream of an original gene of an organism,
so as to control the expression of the gene. The present invention further
encompasses a cell into which an enhancer or a promoter is inserted downstream
of an original gene (of the relevant organism). Further examples of a gene to
be expressed include DNA and the like encoding siRNA, shRNA, miRNA, and
the like having RNA interference action. When RNA having RNA interference
action is used, such RNA is transcribed and produced using a transfer RNA
promoter, so that the suppressed expression of a specific gene becomes possible.

For example, of these genes, a REIC/Dkk-3 gene and the like can be

used for the treatment of tumors. Specifically, not only a full-length gene
thereof, but also a fragment therecof can be used. An example thereof is DNA
encoding a polypeptide that consists of the amino acid sequence starting from
amino acid 1 and terminating at any one of amino acids 39 to 78 in the amino
acid sequence of the REIC/Dkk-3 protein shown in SEQ ID NO: 18 or an amino
acid sequence that has a substitution, a deletion, or an addition of 1 or several
amino acids with respect to the amino acid sequence starting from amino acid 1

and terminating at any one of amino acids 39 to 78 in the amino acid sequence

of the REIC/Dkk-3 protein shown in SEQ ID NO: 18, and has apoptotic activity.

13



I ncorporation of the nucl eotide sequence (prepared by |inking BGH
pol yA exi sting downstream of an expression gene of expression

pl asm d construct No. 14 and 3 enhancers) into a conmercial plasmd.
Fig. 55 shows the structure of construct No. 18. Fig. 56 shows the
structure of construct No. 19. Fig. 57 shows the structure of

construct No. F| 5 t tructure of constr.uct . 21,
fro 84 ishdiae B BT A el B R R R At e &R ¢ e
DNA of m thEFa 9816 7905 th@%ﬁﬁﬁ@gcﬂdr%teguEﬁ@: 6%@@31@)139@ gp&%ﬂe of

interest) region of construct No. Fig. 59-2 shows the
nucl esHoviteirsSEEQEMCH Cofl Stik@rpfeasulyy chsedh Whi ch the DNA of the GFP gene
was inserted into the insertion gene (gene of interest) region of
construct Na\ repprica seonmiayuslee ba chripmidd fpr dgtectipn or diagnosfigf. 60
shows,the result of insertion of a gene of interest into a plasmd
cont af'if45§- an hTERT promoter and the fol | owi ng expression t her eof .

A promoter is a specific nucleotide sequence on DNA for initiation of
transcription with the DNA as a template, and generally has a common sequence.
For example, prokaryotes such as Escherichia coli generally has a TATAATG
sequence at a 10-base-pair site that is a transcription initiation site, and a
TTGACA sequence at a 35-base-pair site. Furthermore, eukaryotes generally
have a TATA box at a 20-base-pair site. The expression cassette of the present
invention may always have a 1°' promoter at a site upstream of a gene to be
expressed and may have a 2" promoter at a site downsiream of the gene to be
expressed. These promoters to be used as the 1% promoter and the 2™ promoter
are not limited and the 1% promoter and the 2" promoter may be the same or
different from each other. Non specific promoters that can accelerate the
expression of foreign genes in all cells or tissues, tissue- or organ-specific
promoters, tumor-specific promoters, and specific or selective promoters such as
development- or differentiation-specific bromoters can also be used herein. For
example, a specific promoter can be used as the 1% promoter and a non specific
promoter can be used as the 2" promoter. Promoters to be used in the present
invention are as follows. Examples of a cancer- or tumor-specific promoter
include hTERT (human telomerase reverse transcriptase), PSA (prostate-specific
antigen), c-myc, and a GLUT promoter. Examples of an ES cell- or cancer
stem cell-specific promoter include OCT3/4 and NANOG promoters. An
example of a neural stem cell-specific promoter is a Nestin promoter.

Examples of a cell stress sensitive promoter include HSP70, HSP90, and p53

14



Fig. 61 shows the expression after sinultaneous transfection of a
plurality of expression vectors into which different foreign genes

wer e incorporat ed. Fig. 62 shows the production of human
eryt hropoi etin using the expression vectors of the present
I nventi on. Fig. 63 shows the purity of human erythropoietin

roduced usin he expressi on vectors of. the present invention.
Eig. @E”Eﬂ@ﬁ%gt%%eéﬁﬁﬁh?%P%geﬁﬂﬂﬁﬂeéPﬁwﬁFdﬂBF@¥?ﬂsﬁpﬁﬂgﬁﬁﬂlusing t he

' f ' - Fi 6 h h
amountoroio” A Gl BF AR ARG ki ERRAAR ool PNEPARRE BRI,

Fi g. G4B-ahgns of Agramewifoffindbsisa iR MRBCELdpiest & dBin®éctibnl Of
t he cul ture supernatant. Fig. 65 shows human REIC protein

pr oduptdsond is a8y 40hmroexoperessi tie lkaect okn efample qfregeiifeianvertilon.
Fig. 66 shows an ion exchange col umm chromatogram for a human REIC
pr ot efREGpHp@IRBeLendT Ay Pl erlakp proyneten vEBetbr specifirallyy Exyeremple,

| nvengé EB promoter, a CMV-i promoter (hRCMV + intron promoter) (SEQ ID NO:
5), a B actin promoter, a CAG promoter (SEQ ID NO: 12), a CMV promoter, or
the like is used and as the 2" promoter, a CMV promoter or the like is used.
Animal species from which a B actin promoter is derived is not limited.
Mammalian  actin promoters such as a human B actin promoter (SEQ ID NO: 8)
and a chicken actin promoter are used. Furthermore, an artificial hybrid
promoter such as the above CMV-i promoter can also be used. The CMV-i
promoter can be synthesized based on the disclosure in the specification of U.S.

* Patent No. 5168062 or the specification of U.S. Patent No. 5385839. Assucha
promoter, a core promoter portion consisting of a minimum sequence having
promoter activity may be used. The term “core promoter” refers to a promoter
region capable of functioning to result in precise transcription initiation, which
may contain a TATA box. Among the above promoters, a cancer- and/or
tumor-specific promoter such as an hTERT promoter can be preferably used for
cancer-targeting gene therapy or diagnosis of cancer with the use of gene
expression. Construct No. 21 comprising the hTERT promoter can be used for
such purposes.
The origin of a poly A addition sequence (polyadenylation sequence,

polyA) is not limited. Examples of such a poly A addition sequence include a
growth hormone gene-derived poly A addition sequence such as a bovine growth
hormone gene-derived poly A addition sequence (contained in the nucleotide

sequence shown in SEQ ID NO: 6 (a sequence following the 13™ base)) and a

15



Fig. 67 shows the amobunts of a human REI C protein produced using the
expression vector of the present invention (the anount of the
protein produced in 520 nL of the culture supernatant and the anount
of the protein produced in terns of 1 L of the culture supernatant).
BEST MODE OF CARRYI NG OUT THE | NVENTI ON The present invention wl|l

be deﬁﬁr’ﬁiagegoxivﬂl ngtn%a‘oirle aé%efc%lrlv% oly A addi’ciI rrll.s:%c{]eengr eésneQ{Mb Q\I/r%n:[ on,
the term §n exXpressi o CaSSGIE te %OO}( a pr OPeI n ]{ 6] %’e expr essea"

refer aeﬂiQe@%%%@Hitf&fse‘aﬂ@imé, RYd Lhe EAPELSPLATD Bfobtn BEALBLAVIL be
expressed. Thé expression cassette has a structure in which a DNA

const polgt A additidmsegiuhec g e n@orghinmdnt @t auth b @obe Aeadali Bsis eejucgentn t 0 be
expressed) and a poly A addition sequence that are | ocated
downstheettipresfsion caspeds resyltgdn imremgérqnsaﬁation efficiency.

Examples of an enhancer are not limited, as long as it results in an
increased amount of messenger RNA (mRNA) generated by transcription. An
enhancer is a nucleotide sequence having an effect of accelerating the action of
a promoter and generally has a length of around 100 bp in most cases. An
enhancer can accelerate transcription regardless of the direction of the relevant
sequence. One type of enhancer can be used in the present invention.
Specifically, two or more (a plurality of) same enhancers may be used or a
plurality of different enhancers may be used in combination. Also, when a
plurality of different enhancers are used, the order thereof is not limited. For
example, a CMV enhancer (SEQ ID NO: 7), an SV40 enhancer, an hTERT
(Telomerase Reverse Transcriptase) enhancer, and the like can be used. An
example thereof is a product resulting from linking of the hTERT enhancer, the
SV40 enhancer, and the CMV enhancer in such order.

Moreover, a plurality of enhancers (e.g., 1 to 4 enhancers) may be
ligated upstream of a DNA construct comprising DNA encoding a protein to be
expressed and a poly A addition sequence. Enhancers to be ligated upstream
thercof are not limited, and a CMV enhancer is preferable. An example thereof
is 4 x CMV enhancer (SEQ ID NO: 11) prepared by linking four CMV enhancers.

When an enhancer is inserted immediately downstream of a DNA
construct consisting of “promoter - gene to be expressed - poly A addition
sequence,” the protein of the gene (to be expressed more strongly) can be
expressed than that in the case of a general conventional gene expression system.

In particular, through the use of a combination of a CMV i promoter
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an enhancer or a 2" pronoter is |igated downstream of the DNA
construct. Also, any gene can be used as a gene to be expressed. In
t he expression cassette of the present invention, a site into which
a gene to be expressed is inserted may exist as a nmulticloning site.
In this case, a gene to be expressed may be inserted into such a
mul ti cl oni site (insertion ﬁjtﬁ% Hsing a_sequence that is,

r ecogfiZ@E MY eabpreqry ipinnst aHARE (hatidyllsh steopeduaiedh c¥y&sdot e t hat
does ri i:tsel f e ressed but. .

corpr b BB b B S bbb e e e P o g
site ﬂﬁg&ﬂQkHdQQrﬁﬂ,Eﬁﬁﬁqyﬁ%hfﬁedéhgi@%ﬁ&ﬁSSiOn cassette of the
present invention. In addition, a gene to be expressed nay be
referred tolasrdot af gat ogenerc MY gdneacals innt @te@sipsangmafprotein to
be expressed may al so be referred to as a target protein or a

pr ot epguexer geeltpin furfies gnhppcag; eupregsiarefl & opreibiagerdfe-8f at he

expr i sette, t enes are also referred to as insertion
GoneRELTIESE RELS Bt a'IPEE SRR Pt BrbSOmo b glE SIaERt ¢ no
SXPr SARKOY3 CBRIRI & o MHCPT BALINE i EaRfRE GRS RYRUeSE Oy eferr ed
to as foreign genes. Furthernoré, the above enhancer or the
2" pramahedrs ase Hsesedpafreiof MOSHmIONSH HIRATHS bk Sreodioh he R essi on
cassette of the present invention, and no nmechani smfor gene

expr exdtianeed depgndienen sppmEt celds(¢ berddépGBpetilinecald HeLa hell line
expres;%%gggasgett of the present invention has a structure in

whi cH&t® €%t "4°Yene to be expressed is flanked by one 1st pronoter
and at | eas enh ; [ e .5 [l anked by
fhe one 16t MbonuRl ARion Blosd ISV e MBI B b e DL

" (angirbgio}erresiaNinSHalk Qli gl BN 6 nEreRE S SIRNEex ph&fs fnSo # sBgkEHAaR: sm f or
expression of a gene other than the above gene to be expressed,

whi chthewip(Fige$ aaddiign®d}. erlt iammpmtaricfer theagpredseord cékmeftoof eepr essi on
of such a gene other than the gene to be expressed. In_the

expr d¥E1Hh IRradepitBalot (MY sabadesids iverlseiagf,liggishormsediatedn be
presqﬂkwg?mmstgean1aqgaggﬁtrean1of a gene to be expressed. These

ream of 4 pol icn sequence. . S
two pronoters arePUsed *for enhancement of the expression efficiency

of the genertAnbe.&¥PRESS]IEQ ID NO: 9)HHEy BXPlLesiitin&AsRRL te of the
present invention is incorporated into an expression vector and then
used.up¥treamprod IBENA dmrvding opratmoodnconpessés Fuekxpreggohdr.(to a

contai ning the expression cassette of the present invention. As
descritsednmsdiptelyupsttapm el antids bt the rolevppigwgbenceis ditesdent at t he
nost .do tream site of the expressi.on cassette of the present
nvertbi it &b ElrTH e PGP B Rre odBP L& ion LS ot B ot

do"m%teﬁt?é}ﬁbtn_lﬂﬁf ﬁ@fzoﬁaﬁﬁﬁtﬂ&wgwgﬁhﬂiﬂ% fiRiE e X RIES Si% en1oAgshalte of

the présent invention does not have any nechanismfor gene

expr €siR end i arfcRinfcdt demrigtreasdd mbidilexpreprioashMmgbdssatibe.

In the present invention, exanples of a gene to be expressed include
an arth¢epE{Mpl.\Calhddiol.e¥ ogehél ), DNAYO&iicodP$y. a IherEpgrf Rbi' énna.
Examp).es .of the sanme _al so include such a gene froman origin

di f f SHISHHOF PBRPTHALC Bt seangiad RIgrioughgmay gare! {RomorHics aftfest i gin
as thatenflndn 8§érea$1|011'duler{ote%h%nc%??%er{ign:[ he present invention, such

a foréign genel so referred to as an insertion gene. Types of
gene to be PXRE&SRAE, BAS MAAY bkilfPat&bio DM i8RCeNiNY 1Blstre Hh QrGINS
fromwhi ch reconbi nants are produced and DNAs encodi ng proteins to
be exphessedndforw porsoeras WAShe atsedingaegioheot r&dibegenalf specific
di seases can be used. Mreover, exanples of therapeutic genes that
can Hasqifen of 6rGAR4 gepednivehsitofiogpeiesdm of Hiseaseresulidnidercased
REI C/ Dkk- 3 gene (the nucl eoti de sequence thereof is shown in SEQ ID
NO 17), tunor suppressor genes sg;h as p53 and Rb, and genes
encodi ng proteins that can be used” as drugs such as biologically
active substances (e.g., interleukin 1 (IL-1), IL-2, IL-3, IL-4,
|L-5, IL-6, IL-7, IL-8 IL-9, IL-210, IL-21, IL-212, IL-13, IL-214,

I L-15, a-interferon, 13- interferon, y-interferon, angiostatin,

t hronbosnondin endostatin METH1 METH-2 GMICSF GCSF MCSF 1



anti body (1gG light chain or 1gG heavy chain), protein G and
protein A), genes encoding proteins useful as diagnostic agents to
be used for detection of diseases and the |ike or reagents to be
used for experinents, studies, and the like at | aboratories. A
target protein to be expressed is preferably an extracel |l ul ar
secretory protein. Also, through artificial ligation of an enhancer
or a PPBtRPTES%"  site downstream of an original gene of an

organi sm the, éBEF%S«)z@Uon f;“ﬁé‘liggteﬂftb%é‘ osgﬁgﬁre%l Bgrtf’ofngn?f't'hﬁm can
al so be enhanced. Specificall'y, exanples of a gene to be expressed
in t heREQSENEadsbNeNt §UR0INRELg8iRIA @A BENASS VR0 @egani Bi¥ertiolhe
present invention further enconpasses the insertion of an enhancer
or a q@irandBVdp geoe antoid Etcddewmsiireamo 6 Vel -t repubtalin gereaseld @mntein
organism so as to control the expression of the gene. The present
i nverfiPe# Ut her enconpasses a cell into which an enhancer or a

pronoter isdnserted downstream of or.i gi.nal ne, (;of .t he rel evant
O gant sy P R Reabi dbmERT RouRlod Bl RanP B! Ao one
and tt@ﬁn"%lﬁ?ctﬁﬂl%ﬁ?'1(@1téd”%n§éﬁ%c%l@ﬁl%n_tﬁrlﬁj%attztlfsé bk iDa Ng RNA
interference action.” When RNA having RNA interference action is
used,exditigin 11NAn tiSodsr ArdSiBub biede gdso0dl ag@dnt o e eaAptassgisiser RNA

pronoter, so that the suppressed expression of a specific gene
becorrehapeski bl e. For exanple, of these genes, a RElI C/ Dkk-3

gene and the.like can_be_us or the.treat t of_t r

Speci fical | ;}g'n'}(;’to ]g‘rgl' %l?aF’fguﬁg2 {Fé%gvg%é%n >Fﬁg%é%f§,5 mal%&?haw
frag : u§§$ e i S, QYA gncodi ng a
poIySE%%P%EQPﬁgguﬁgﬁggg?% 0 Upﬁg'aﬁgﬁgégg%gﬁiﬁﬁggﬁéé sfa?ting from
am n@oagirdetlmapdisoeidiefatedith a¢ tiMyackBEnObf aPladhiaci Bga@Plds®f78 i n
the ami no acid sequence of the REIC/ Dkk-3 protein shown in SEQ ID
NO 1Be epnstrucsiohdtheapicdersdguertom fdramhhngna thaibgtriesuen oh gemes to

del etion, or an édgition of 1 aor several amng _acids with respect to
the & ST@raved ledyde rest@iciNg- fgtig ot SARHECAN Y 41(1aed 0d-¢oRs 1Rt ng

at a of ] ' 78 I ' i e of the
re1 S Tl ARREL NS, Atk 1) ksl R, 20 R dehrtuphte

acti Wd.yr2 (FARDINg), SUsfindhAs . MW%J\E@; BEherdohiNo. @BQedi %)a pepti de
consisting of amno acids 1 to 78 of the am no acid sequence of the
REI Clcokktr@etpiot b6 QFighdWn donstSED N NO(Fig849 5 cpnefertdid.\2ugsd. 5A,
reporter gene may al so be contai ned for detection or diagnosis of

di seagd construct Na 24 (Figt5dy- i S n9thgseciapipde HsEFHde PF@nsBHeieted od DNA
for E@it&ﬁtion of transcription with the DNA as a tenplate, and
generag1y'has a comon sequence. For exanple, prokaryotes such as
Escheri chi a a@ids; @efetdstdic ,%dﬁlﬁéﬁﬁﬁ&@cﬁ%ﬁ&%ﬁﬁﬁg%&n@e*@ﬁ%ﬁ%ﬁ;pa'r
site that is a transcriptioninitiation site, and a TTGACA sequence
at a cdbsthaseNpdil caist@ct Ror Ihendoioastractkds J 6taes tlgehsst ainl whith\e a
TATA box at a 20-base-pair site. The expression cassette of the

pr es enbangiyeatd Baripdyownagem d\each geae opidasser Bar exasiple aspst r eam

f b d h 2nd t t it
dounsETBaH OF F1ie el (<3ehs NBlpr eds. . e TBrombierat g de. used
t t : : : : Lt d the 1st
as Ui 8Ly O8RS A0k bR 21s UG RIES (P08 B L4tk Ladaand the I

pronot er ‘an ronoter na the sane or difrerent from each
ot hefadeNoWirgPeEdthi €100t ehsodiR@ihs al1-a6Geh REACLEDEING @xRY.esalen of
foreign genes in all cells or tissues, tissue- or organ-specific

pr onvhepssntideckispeaiffdonspnonsd et 4 gxlabils spedidct of arcrsaliee tence
pronoters such as devel opnent- or differentiation-specific pronoters
can &EBEesBnaEs IRdherse Hor senafrpruensushaeiBNS grcafimedN7&an be
used as the 1st pronoter and a non specific pronoter can be used as
the 2nd pronoter. Pronoters to belgsed in the present invention are
as follows. Exanples of a cancer- or tunor-specific pronoter include
hTERT (human tel omerase reverse transcriptase), PSA
(prostate-specific antigen), c-nyc, and a GLUT pronoter. Exanples of
an ES cell- or cancer



stemcell-specific pronoter include 0CT314 and NANOG pronoters. An
exanpl e of a neural stemcell-specific pronoter is a Nestin
pronoter. Exanples of a cell stress sensitive pronoter include
HSP70, HSP90, and p53 pronoters. An exanple of a

hepat ocyt e-specific pronoter is an al bum n pronoter. An exanple of a
r adi omg tive pronoter is a TNF-al pha pronoter. An exanple of a
prono for increasing the nunber of copies of an infection plasmd
is a Sv40 pr i

cel | -speci fllg({;g%x%h é?th?s hﬂré&fe&fbnhgp%ﬁ% IOS%E 91%‘%18]}% fi (¥Es)
speci fiigad %)Vepaféﬂorﬁmicﬂ ,comStrh&eNd U JImeTRE 8N A fkddvidnt RhOGMAET
(hCW + intron pronoter) (SEQID NGO 5), a |l actin pronoter, a CAG
pr onoNgB - R ISEQ shghﬂﬁtaanﬂé’ﬁfs;ctaoﬂwqamlemmgelne poiifthaeionidfeanserustld and as
the 2" pronoter onoter or the |like is used. Animal species
from élrsnaﬁiﬁné@ﬁeﬁtsm%@év@mgl@na%rrq%@eﬁt% apfobyer vyad e dlhrpghval i an

1 1
e B b E bt PR e a (R B AT R P TRt B PRI o
hybri g,1p§Qeh R 18Usdheas eh@@deamvc%ngwcﬂ NBMAMREELs G 1%9519 thsed.

The CW-i pronoter” can be synthesi zed based on the discl osu e In the
speci pictEttadidnaff ddnSer RAlsefit o¥ervBd 68062 or the specification of

U.S. Patent No. 5385839. As such a pronoter, a core pronoter portion
consi sting difurdlemmnremmiéeqmeﬁm pRoiteig smpbraeﬁl@maaoftrvt\hmgoiﬂ@yis)e
used. . The (ajerm core r{oter refers to ?rom)terﬁ{egl 0{11 capabl e
of fulSETtBhiHg CFSTBE N ltn 2p LERTCSH OB VS RRG EERBH i ARALRBhCEhi ch

”ay CQH&?AJ&;&J@%}PQB& )@E@s@ﬂ)n t@xb%ﬁp%oﬂﬂ‘é ¥btin @anchgSFJJu gpd/ or

tunor-specific pronoter such as an h ter can preterably
used {fof lﬁgaggfouhanggglmgcg@@e t herapy or diagnosis of cancer with
the use of gene expression. Construct No. 21 conprising the hTERT
pronot er cafnlke psednt orvesuch PNABospssented by th&"h:gckwhge aecgfenaespol y
A addi tion, sequence (Egﬁiﬁadenyl ation sequence, poly

i mi t &P WERahs| 4P Ve S NO way h&vad‘diﬂﬂ%‘r?nésédﬁéh%éu?lﬁ‘éq‘%e a

Bovi ri @?%m@ﬂg Ao R L S SR8 aBl el 37
(cont gloR&d drfind B@lﬂ:‘éﬁh@@%h@lﬁie@l&%ﬂ@d&%ﬁmw&aﬁhpﬁmf Qlc'ﬂcé D@TA( a
sequence following the 13th base)) and a human grow h hor none
gene- det caete potd/ fA @adirticidon s & theeNdledy camstiSVH Of Wier pssateinwadiopol y A
addi tjon sequence, and a human_or rabbit p gbobln gene-derived poly

A addinclwis R¥dusrrediziogritngden seiieest ceidiions FoPPNAbaviar i Bisledisence

th tt dt
of 11 eanehte e abaT ) Tl FRtghind RechBBEE TREH it BR8N, ong
as | tD’N%SHHlﬁ% 2P 18Rt BHGS g@é@gbﬁ@y%smoﬁeﬁﬁ%%&&%w RNA

generated by transcription. An enhancer iS a nucl eotide sequence

havi ngs@anaef pecicubirlapeetabht atgaitey %atbindho Of wathpheo nadiesti and
generally has a length of around 100 bp in nbst cases. An enhancer

caln atrgubeyeathe vy Bnsashi PEQ 4R I}J@ge&r@ll@éstedfusmbgeBBiﬁ\rSgc&Ha@h:hbtfcatl he
{ﬁviﬁﬁ‘éa%?%pﬁ%‘i% Jgpflgt e teiop FUp BI ) TP Mete. enhancer s
my ﬁvc‘g‘éfég o?iﬁle""hBL "’}exra}ﬁ J UQ}J% @éﬁﬂﬁa ??anf?{tisall ¢ BE R84 N

conbi en a dra eren hancers aré”’used,
the ogfenNtheseing 8 paoteid bfrhtp@[jype Qﬂe%ﬁ kg & SMoehancer (SEQ
ID NO 7), an SV40 enhancer, an hTERT Te rrerase Rever se

Tr anssgupt @sledvies laa;mbetututmnda tdlaketiomlemdéaamrbﬁldmelﬂ of Ane exanpl e
thereof is a product resulting from!linking of the hTERT enhancer,
t he NVaeldrwdreeeyerghdl thé0omeieaablinker Si furthee prefeerary 1 or 2 amino
Moreover, a plurality of enhancers (e.g., 1 to 4 enhancers) nay be
| i gat ed upstream of a DNA constru t9 conpri sing DNA encodi ng a
protein to be expressed and a poI;C/l A addition sequence. Enhancers to
be ligated upstreamthereof are not limted, and a CW enhancer is
preferable. An exanple thereof is 4 x CW enhancer (SEQ ID NO 11)
prepared by |inking four CW enhancers.



When an enhancer is inserted i nmedi ately downstream of a DNA
construct consisting of "pronoter - gene to be expressed - poly A
addi ti on sequence," the protein of the gene (to be expressed nore
strongly) can be expressed than that in the case of a general
conventional gene expression system In particular, through t he use
of a coapfnatlon not er ancer

CW i | t
a1 1 RS Pt ol plp aaden R T b, R Rl s AT O B oBEREH B be
XD RIS RTELIR0BR%Y i DN RI2 MK 8 Obtrhiden y&elf?&nsbvre@&fhe?élhon
r eagent sed érein oug any gene 1 s Inserted I'nsertion

of ongfers toDFE iped)haneed s doRtinidilstoFabupst KESHT qf 1% SDBMRAES
results in further enhanced expression of a speC|f|c gene (e.g., a
REI C/ PX3G, 3angeraéripgerd CGDdIIBBlsgaefrﬁémuw@oa&ﬁCeQ IB’eISdM) apd 428€cifi c
cells (e.g., a HEK293 ceII l'i ne or | ine in Exanples

bel ov§venARgEs: stiggenicaon éhfrfaSn%%@“éPez i<r$§é‘»p lﬂe]cf/ Y ra@df ot - a
pro@@nder e ts"c?ltng%n %y%xgée%bén%ﬂd% ILHJ Q@Jmﬁ{}@“‘é@ﬂpﬁ%%%ﬂg on

speci fic ce IT'ne i'n

Exa”pﬁﬁﬁn%)ﬁi M} homology tol & pm 4eqaamca crh-ie(ret bR caldonet ffowdd GW
enhancer to a site upstreamof a pronoter results in only slightly

i ncr eased tigarthe expresshbimationa o SSGhiSDShandeethpaieira cokiigiont aand
Fig. 2). It is inportant for the expression cassette of the present
i nvergiagIpleh amdacopsaBnhiaNEency san he sealizgd é’ﬁondleﬂgetebfdcthemga@ ely

( S0 PR fin DR Triaif s RO RERon rrpstioR iR b B Encodi ng a

Prot &ifhdi@ofie expressed. The expression "..(to a site) immediately
upstrean1o? means that the rel evant sequence is directly ligated
via no ot heExahpi@nifsa heatbnosSipesitionmftiaekpeision daveewerof the shor t
sequence may be contai ned between them as a linker. RU5 is
HTLV-mfesdntéavantiRugingluds Vamledeemmsu%eft a mtﬂeﬁeé,sesa#rn@wmuﬁ vegtoressi on

t hrough |nsertion thereof p. 466-472,
1988)30 4fA8rtSBfHalH BB V9 °fa ao‘FPféE‘trF%ﬁe%B‘pc?s‘ief@"ff&}s ("ﬁ%ﬁor’r%por t ed

pr ev'ﬁ)elllé%] V1Wvg&5'?ealndt§?:%dg{ 9%& @Ect%r 9 &ﬁgﬁ v@tfal %QJ%FEC% % &Pr essi on

due to ancer insertio ernore, UAS nmay be ligated to

a si tgolispradist goyym@st rzeazemfr 1210 \ﬁﬁhhﬁﬁﬁ@ﬁbc&&dé)gfre@uﬂ{ E4RE®RE hadJAS s
a binding region for a GAL4 gene. Insertion of a GAL4 gene into a

si t e WewistrodagadohaiAs ictandwasiunto tells bcr daswd technique such as
infection or electroporation.

At this time, the vector may also be introduced using a known
transfection reagent.

A vector constructed by insertion of the expression cassette of the
present invention is introduced into cells for transfection, so that a gene of
interest can be expressed in the cells and the protein of interest can be produced.
For introduction of the expression cassette of the present invention and
production of a target protein, eukaryotic cell lines or prokaryotic cell lines can
be used. Examples of eukaryotic ceils include cells of established mammalian

cell lines, cells of insect cell lines, fungal cells or filamentous bacterial cells,:
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protei n expression. Mor eover, SV40-ori may be ligated to
the nost upstream portion of the expression cassette. SV40-ori is a
bi ndi ng region for an SV40 gene. Insertion of an SV40 gene into a
site downstream of SV40-ori results in increased protein expression.
Each of the above el enents should be functionally ligated. Here, the

term aﬁ&ggﬁét%gﬂgl yFk%@Ef&%S}féﬂgﬁlﬁgogg%%%lgzii&c %1 P! & sné[)f ﬂ:aasctérgaqs?‘tc%dasso

that 1t can exnhi bi nctron n us e expression of a gene

t 0 berexnira93£doliS BRANANGRBrHlis, and Brevilid@ius biePisf Q’re?e%ablﬂ g. 36,
Fig. 37, Fig. 49, and Fig. 55 to Fig. 58 show various expfession

cassempemncd st ¢allst sichlan Hdle cplieSHRK 10R et OHO sUhCOToNR, BHK may
al so be referred to as the backbone of a plasm d. Exanples of the

const Felbt 91 Oferp wellppesuind. | nkhentioys trasfanttdrivishgelihereeupuesdion of
enes to be.expressed. include construct . 2. (Fi,g..8), construct

Do i iy o oo Ot BaroRgs of TBtegt $37 b petrabrtd; HRY iR tRr g 14)
t re nd+F cqnstd : [ " r.yct

Const e g b, SR ool e R L.

37), DUMSM MEMNRPMI 646] gr IMBM ca®BStusbd bs BQuiidl {fthfen 57 he and
construct No.21 (Fig. 58). Another exanple thereof is a construct

shownthiup eRpressedi protein can be pyrifief bhesaosonsthrigis from tlvutthee obj ect
of increasi n% gene expression, construct No.14, construct No. 15, and
const FURHORYDER 1hse? FHECOEE PIotein fhitem Begthratag Ehely ¥ 1t p goped

(oAb ART A0S Aorh BPOPRYercEOls S Euad Btk E bt OF 1"

use o engt h € asS a gene or 1 nteres FI’UC'[

No. 14protdif cRA QIS Be BrHAESS bPRihENShcouS tRA¢ bR kAs Whatai n the
case of an adenovirus vector (100 MJ, encoding the full-length

REI C/ kel By gdneytorfcsmtaiting dpffersnt debackibianaedf oonbthacie dosuchd
exhibits_an effect of increasing gene expression even in the case of
a gerfelchAgENE Pitreltast Prodeian carbEPrRgeed simultaneousty.

Furthermore, a commercial vector may be modified to contain the
expression cassette of the present invention. For example, an enhancer is
incorporated into a region downstream of the exiaression gene cassette in a
commercial vector such as pShuttle vector and then the vector can be used.
Examples of the vector of the present invention include commercial cassettes
that have been modified.

The present invention further encompasses an adenovirus (Ad) vector
and an adeno-associated virus (AAV) vector containing the above expression
cassettes for genes to be expressed. The vectors enable specific diagnosis or
treatment of disease such as cancer. The vectors can be consiructed by
insertion of the above expression cassette for genes to be expressed into an
adenovirus or an adeno-associated virus.

Adenovirus vectors are characterized in that: (1) transfection can be

performed in a variety of cells; (2) transfection can be efficiently performed
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REI C. For exanpl e, through transfection of human prostate
cancer cells (PC3) with a preparation in which construct No. 14
contains a DNA fragnent encodi ng N78-REIC, significant effects of
suppressing the proliferation of cancer cells and significant
effects of inducing cancer cell death are observed. Through
transfection of human prostate cancer cells (PC3) with a preparation
in whiven far eedls a'l degtHi@ErCpherte (Bthencoads orcedntted byt No. 14,

observairestR TR a ey aeR ekl 1Y B BEI AP et BB Puman
er YU 0PRL BN 8 (1 1SE5 LA SRNSE A b Meddya e GNP F35 P

vector Is constru s are transfect

expr esed GRsee&diRr, and thus the protein can be produced in a |arge
anmount using the cells. In the present invention, DNAs

repr esent ed Asyent dilnnvichestéide e beuent by ghowherapy.tihe falowensSEQ | D
NOs may have a_ nutation(s) in the nucl eoti de sequences, as |long as
t hey ‘f"éf"éﬁ Rayheeer e yalenr b waehd BRIXTBHOR RéenavinugivieytasHLitherphot ei n

or the polypeRii g6 enELAYSeDYeRE PN FXATRIES of SUEN, 2 RA that

can be uSed or’cohstructi'oh o st uct’ € present

i nventy, 9015n@aﬂ%b@ﬂﬁem?rde@étﬁgnmeW@fE&tdbhﬁg@n{ adAndhth @RS to DNA
havi ng a nucl eofi de sequéence conpl ementary to the nucleotide
SequeHIcE 3 stomatin iftone adirsSEEXdr )i NOad EAi fua wengr dMik destS. 8&%i., Proc.

preferab;K at | east 90% furtherfgreferably at |l east 95% and
par t iNail-ak¢ad. Seefléfabl, >93at1312@7a15519 1%&1@&&%@%% damaineandieteiedi de

L oCAERFT R ST He Pt S B ERETRaEt Ondl oot DFe Pof -8 0o cal
| nf Ory58b} gﬁé%‘@@lﬂp}et@f}r fa'&%dg')tlﬁg aﬁfef?éw?ﬂ‘saﬁ'gﬂoﬁle ét?ﬂ]f'EEgﬁ aujrhweldat

initi y set "paraneters DNA encoding a protein or a
poI y [FeptiafiefeCOPHF Shd’@er&l’lacim'd'iﬁga@itlﬁb pregeenaeedténn, Agy adsuddhist ut i on,
a deletion and/or an addition of one or a plurality of or several (1
to lOcciwehar bbhyed wohsut patichlar lppiédtérmably 1 or 2 amino  acids)
am no aci ds Bnth respect to the am no acid ﬁ uence of the protein

or the pol yPapRe @S &BUSHIBYS £ RPSHRAL 2 VIUE PF HRfebfous

condi f [Palel ondi tions
of at%tt%ﬁrmuégg ﬁ‘gJ %ﬁ%%gl%éc# gila(t‘: ar%bfgﬁds’gt?k?eﬁg%%% con |t<|90ns of
aboutexPrd2snSEH, it CxAMKISISW RRLi2GndGB) BVRLIBtnSidckidg et

conditions of about 0.2 x SSC, 0.1% SDS, and 65C. Under nore

st ri migeidinghyiot hoh-Aitidorg edldi tGm@tanmdeomphgl prepars dlbatli gationf o fDNA
havi ng hi gher _honol o y to a pt @g seque an be expected. |t
shoulstP&le Sﬁafl%i PRAS tfﬁ‘én%eﬂ/és bR 1 s (e sge zegpxpLGigion-

temper at ur e \GndhE 1005 QL SXATEL LRy (A5 NSSERRA AL TARERIN PN e

realized by a equa e?s entrat 1on,

a hyRohehigiaki 88 ek thﬁ%a&éeﬁfﬂ% ofatﬁﬁl podast 1rﬁz@ﬁﬂbﬁ IfONS gene to be
Exanpl es of "a vector for insertion of the expression cassette of the

pr esenprdssubatd emblaceydession af theett grtgeauch basxprgpbabeimbe ased
adenovi rus vector, an adeno-associ ated virus vector, a lentivirus
vect dpt defepléon oy treamens alghseage. heﬁpé@ampﬂmf disenssris caneerse MR vi r us

t d | dabl
Voot ohe AN oP R RS HaYSRit L e TS BudF s e S e A A B T R o fuced
™y Bl ALEAUURES LA QER] Sudba R BBOWIC BRI SHER pBSte I ect on

or elect ropor at
expressed in spec1flc cells, the vector is directed to the cells. The cells are

infected and the gene to be expressed is expressed. When a gene to be
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At this tine, the vector may al so be introduced using a known
transfection reagent. A vector constructed by insertion of

t he expression cassette of the present invention is introduced into
cells for transfection, so that a gene of interest can be expressed
in the cells and the protein of interest can be produced. For

i ntroduction of the expression cassette of the present invention and
pr oduttareiFeafis a repeiget eonesueh s adyrdeipse Lenw eppcifictsdlsgrnheokar yot i ¢

[T d.. Ex I f k L lls includ I
of esttipr R Atk RERRsiem B Beriiires, WHER I ottt LB Fikee, °
fungah &8l §drﬂirnl£§t-}:it%ﬁe6"ﬁ QUS RARLBH AlbiG8! Latrcer col G hERTD; eeﬁh;gg-

Exanpl es ‘of prokaryotic cells include cells of bacteria suc

Eschetd gfibétcaQintl, thBachd dub§edWahite dagiindd Bs eMivinacid ddthabimyidcer.
Preferably, mammalian cells such as Hela cells, HELC193 cells, CHO
cel | s& s@@ge celllcgn beHktewtd by the allarayine| vestograd ibeddemmhessabioel

transf.ormed host cells are cuJtured in vitro or in yivo, so that a
pr ot e/ h%Sof Gt ‘éé%tprﬁ%ﬁ%“ %VW@&U&%S .‘h‘ﬁo‘gﬁy &t ng “é‘?qs}l‘&ffeﬁ%ﬁté’c? a
kno nj que. F npl e, a known cul ture nedi um such as DVEM
NEquﬁgﬁﬁ?gggg’SF‘%%Eﬁﬁgan bg ysed as a culture so!ution. The t hus
expressed prQhBkinSRN when RUSdnkl 18 thebdk pRe 68O HIRGAR A O BA, a
culture solution when it is a secretory protein or froma cel

ext r aetgedfgene id bé sxprenonl Secipedsocy iprspdcdiin ceNen thaprt eheicrhibfit
interest is expressed and produced, the protein can also be produced
by silktAapanesatfeesandios ckrpnleafvheal spscilic el a5 Gragercgtiopnddct or s

taining different o L Wth t f h
Cecnardts >4t P SR g o REFG B et i w8 Cancous! v

- Fur t NRILTRI@racRnGAETERE ¢ &lsulRel, YucHBYcaREeMdtdplefde LonsANialnihe
expression cassette of the present invention. For exanple, an

enhanceanta debicarfpbe atigjdci, nhe gend agdpacdoiviss tawamcolls,tdnd tBxpitessi on
gene cassette in a commercial vector such as pShuttle vector and

t hen exhébiteedeorestin chiectss edlhepugpgtdgvgftianhnopaprsyes ¢f dipgrossicedent

i nvention inclugﬁPconnercial cassettes th have been nodifi ed.

t
The BPERERLIT §UahPTEBR L S BRbo SBLRIeERVRHEHEPF 050549 vect or
and a0, AERA-ARRARRHd Pubied AAVncLEE! L (£0NNAY hOG: 0 above

expressi on cassettes for genes to be expressed. The vectors enable
speciihvénttina@hes h s afEert supptd¥Bot geife dichedschimuahRBSCOHICBgend e
vectors can be constructed by insertion of the above expression
cassetseé af grtherapestic gepreinskpreggattl ingt @ Amogdeiioviancess, pastein

adeno- associ ated vi r.us. %%gfvir s._vectors are characterized

in tFaRcer 911%9%&:&@?6?10&5%%@ i £OlRl FRESTof cel | s:
(2) tpraﬁgrsefa?igtclaﬁper?Q‘Halpr%cﬁﬁ fchﬁée?f‘éi%théafl%HPQ, uterine cancer, breast

cancer, adrenal cancer, kidney cancer, renal pelvic and ureteral cancer, bladder
cancer, prostate cancer, urethral cancer, penile cancer, testicular cancer,
osteoma/osteosarcoma, leiomyoma, rhabdomyoma, and mesothelioma. The
adenovirus vector and the adeno-associated virus vector of the present invention
can also be used for treatment of primary cancer and metastatic cancer.

The adenovirus vector and the adeno-associated virus vector of the

present invention can be administered by methods that can be employed in the
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even for cells at the stationary phase; (3) they can be concentrated
by centrifugation such that a virus with a high titer (10 to 11
PFU M or nore) can be obtained; and (4) they are appropriate for
use in direct transfection into in vivo tissue cells. As an
adenovirus vector to be used for gene therapy, the follow ng vectors
have heen develo ed: a second generatlon adenOV|rus vector (Lieber,
A, efield of gepe t‘l?FFatﬂY» suckas gupxascidarerd NESHAGOR; (¢-9+, ingragagousm A
Hum IIQIeHIS ﬁ({ﬂ ar%‘cp ntratgt%'t%rléﬂf%g ndgt?agtmnr}f Perb al %C{n%tnlsq I he E2 or E4

donai A TH & I On onai n oma Tirs generatlon
adenoiﬂtfd—gﬁ%rl‘{(ﬁﬁtap habMi¥@K@on, Snira®hcitlal adRiAGratd, linirAGRUchiRE ! -

US A, 1320, 1996) | acking the E1/E3 domain; and a third

gener ﬁ)drhﬁﬁstaaiﬁj’ig\snbu&aﬂﬁﬁismrdn(lﬁs&iaﬂm,emdﬁﬁnsd&mﬁ addhin@dtratioh. Varol .,
73, 9303, 1999) al nost conpletely | acking the adenovirus genone
(GJTLESS)CUMF-IOW@V@IGHOY@?S veaips fek thegrteap- %ﬁ@l@éﬁ@l%o@mrné the t he
present invention, any adenovirus vector be used w t hout

par t | REFER IPY Rt At Dt strong direciydyc! Oa@galé}c BT PF G815 VBfeh
si ngl g Sk{ A g—? mﬁélgﬂtqusﬁ\;er O%%&'é ?(?rs%é)c\ff& lt'l%squC&lf S

character|ze g-term gene expression;
(2) i Hegodichitisn! @MchONE Ghll ymeaﬁﬂ@ht(aiié pbisibRaBl Bsraveansf ection of

di vi di ng and non- di viding cells. Concataner (conplex prepared by

| i gat ddmingfiragiong leths tadanatedusDNAS)r 4ot tetddeno-assdchaed virus oreator.ow

| ong- ternlgene expr essi on An adenogvirus (Ad) vector and an
adeno- associlRE AP YIGES YoeAs OR/@@taélrenE@ﬁ%%lﬁFﬁd”t“ﬁéfeé%rné@’s n

casse present f O k9 be e es and
enabl%%%Q%ﬁ?ggngﬂ%o?“mﬁhc??reh@aﬁen@”?o be ex%?’gg%ﬁﬁbén %glused

for dess@ahiRPr 4n bE %ﬁ&[ﬁ%&te% RU8ASE sofN s KNSR BieOficldicTeRae 1S
cancer. Wth the use of a peptide (inserted into the outer shell of
an adérnoapiyr usFuvimetmmeordoszgeamrhr— abgoacicht eariad degsendénd o thesuch as
RGD sel ectively binding to Proteln expressed in specific cells,
the s¥eBly pkthginadeelegicnb 09% iget.| gendqh@sechedy ‘ara@fntrﬁ%?@a and the

ene to be ex di.s &X d. Vhe en X sed is
9oNS gsnpife SERUESHRE ore SPEET EP L et StehBub i weg FEBLER

det ecgd%qovas&& bleBRE B3 8d:MaPbe hBidibtSed WER SPSCif by £qlots ar e
cancer cells, through adm nistration of the vector to a subject,

cancesrlrad@emnnerkgt bad s wbjghef prefurably addt @t iad! aﬂd ot:hen'’*thal subj ect can

be di agnosed as having or not having cancer. A single cell can be
det ecgeagmsyks hedawerdyi andsturtier prefarably ﬁéle@d?erha atgs’.b&Xak(bdwalr us
vector of the esent, invention, and thus th be .used.for

det e&qn(?H’e?ka h‘?‘%" bg;‘ﬁcefd‘ VIF%lrgeé‘Qﬁﬁpllséepreseme Fri%‘écr%ﬂté’ when a

gene ¢0uier BXRIEPRAdichS) B ICLARRNIAS og?ﬂeeadal%%s@mta@gd%&usgene to be

expressed IS expr ssed n specific cel hat 1t can exhibit

t her ap@utics afd biRGtdso bOReRXRANb @s “phrtIsRRC! fTie CRtbScAtgingancer
cells and a cancer suppressor gene such as a REIC/ Dkk-3 gene is
used,carhiepughludti andsa etdiprent tiet eof g¢rerals ubjdt thesindth o cancer

t herapeutic gene is delivered to cancer cells of the subject, the
gene HhargaeiugicabprepA e erf Y esrp@Plefa cerikrsitpr bhitpiand 26 her apeut i c
ef fects. 16&@ ﬂcgsent |nvent| on, .encompasses  a dlagno tic or

exc s€ nesi earate a e us S an ueo S
therape re-vira Eara i'on contalnlng "SURH HY T adéto Vect or

or adenqassesd @&ﬁﬁl \éhﬁhlé oy@ﬁagﬁ@nlﬁ&@mlo@ﬁc&ﬁalﬁw@éﬁme%dto&@at ed in
t he present |nvent|on when a cancer suppressor gene such as a human
RE| C/ ddfkvadtgBneed sfatsadmipde.a $idy apautios ngenee uiwel mderghianied nerve
tunmor, skin cancer, gastric cancer, lung cancer, hepatic cancer,

| ynphwith/2hapkeprate solubHizanesent, peatcrsealcdleolc ankyetcohahbd.£5 ect al
cancer, esophageal cancer, uterine cancer, breast cancer, adrenal
cancer, kidney cancer, renal pelvic¢c and ureteral cancer, bl adder
cancer, prostate cancer, urethralzgancer, penil e cancer, testicular
cancer, osteona/ osteosarcoma, |eionyoma, rhabdonyoma, and
mesot hel i oma. The adenovirus vector and the adeno-associ ated virus
vector of the present invention can also be used for treatnent of
nrimaryv cancer and nmetastatic cancer The adenovirus vector



field of gene therapy, such as intravascular admnistration (e.qg.,
i ntravenous admnistration and intraarterial adm nistration),
peroral adm nistration, intraperitoneal adm nistration,
intratracheal adm nistration, intrabronchial adm nistration,

subcut aneous admi nistration, or transdermal adm nistration. In
partlcula{ tqe(ggenovirus vectPr %gd the ad nﬁ- soci ated virus
vect o OBy 1R Xs ULt ® PORIERIS BRIATETE s AP B PRI SHTARF P50 speci fi ¢
ti Ssu&%fb@én Qﬁl Io? theV\ﬁk&rE @Jeldow%st;'@&‘ui)ﬁxz%é Egérﬁngde)ﬁ :ﬂede'lﬁﬁ a target
gene to specific tissues or cells. Hence, ficient diagnhosis and
tr eat bERbLaRI & ROSS] BlcBhHYymhNbE A¥eNIM So@MBMaNiog! rati on of the
adenovirus vector and the adeno-associ ated virus vector.

The adenovi Mgreveert en egprashienacehy-thet owitaine dh exprsssiec tassettapfbe
adm nistered in a therapeutically effective dose. The

t her aPEPIFIEAL 1V @08 COMPEISHRE 8 teRe Péé‘l‘teﬁ‘-‘éhc%aléaé’iel‘ve@léﬁ EricHids by

perso he fie f PY; 1F e, age
can b(;e1r a§|§ %Ig? ‘gcimg\ﬁéarrcl"ﬁé~1 ercl%ﬁjde'%1 .1%18 r}ﬁnrea%sieqver|lé 5.1h ‘Fr@hn Olq“ﬁ

pat hoion'lQlelf?,QrtQ'Othr}écNgén@erG AQ¢., JbQHM lfbﬁb&lhw £251900 (P6EO1.I ce,
and the |ike of subj ect. For exanple, the adenovirus vector ‘or the
adendassaaipdé, eadm wipresivecéaor thay cbetahtniheiespersednataséte of thel | to
2.0 x 1012 viral genone/kg body weight, preferably at 1.0 x 10" to
1.0 mseelizn‘owwn @eﬁ@ﬁh/ﬁl@nﬁmomgmﬂrg@mnﬁwsm@exrﬁCpmzatf@mab| y at
1.0 x 1 01% S ,é% raI ge %% al
genorfE°tER Pgp S%MHC&EP‘H H& 28 ‘é?"’“é "\9 Féﬁ‘-‘“”"n

partigl tﬁ§)11k%f tﬁeh&t?gcj:%rlg\ék?fé%s&f i bﬁoamgum@geﬂa%nvafreyﬁosqesn0ms

and may al so’ be referred to as "particle(s). he vector contains a
carrietluls igirhaeng or ameh@aly @iﬁﬁhl}m‘[ﬁlﬁgaiﬁlhﬁﬂleaﬁlﬁggﬁlm atliydused in the
field of pharmaceutical preparation. For exanple, as carriers for

t abl ekl eptesssoereispitent she pm@lﬁs@vem@ne@a brisadefer arexensing oarhe | i ke
are used. As ueou uid i,njection, | ine or an isotonic
ot utTEBRE LRSSk oF GeBe S b et & Jip RFPRISRS L VRREERE o8 or
exXany L. e &S0l ution nmay be used in conbination with an
appropriate so Gbi li zi ng agent, such as al cohol, polyal cohol (e.g.,
propyl ene girye@kdsen®inv@nfIONi SRk @ abidf Hagd . in ﬁ%ta@lnwﬂhhhffécrbﬂtle%o
sesane oil, soybean oil, or the like is used. As a solubilizing
agentthe solddwing emmnits, béthpoah cheoprasenzipiveriaoisolot hayitérbthesed. i n
conbi nat i on. ‘ Mor eover, an expression vector that contains
t he expression cassette of the present invention conprising a gene

of 1ty %uﬁ%é r%ﬁ&z ﬁ? ﬁ?@o rf%tngaéﬂﬁ‘ﬁr&ﬁ%t%rm vaccine for

cancer a Cin. Oncol. 22,
2122-2132 (@Qgékprelygiwﬁ%lasseaes%ftﬁé pAdsent thveflidh wORCHepared, arfi25- 430
(2009)). For exanple, an expression vector that contains the

expr ebsn ornglasedt t dhefththexpresdntrotdive neromal yzedhhsc W eategene
encodi ng a target cancer-specific antigen protein has been

i ncorpettdized i s adninistered in vivo via subcutaneous injection or
t he III’]EE t he. ant| n i S ﬁX? essed in vivo, and thus the activation
of al ?‘pgesélé’lnl‘i?is {7 or antibody i munity against the

ant i C The expression cassette of the present
mve%ﬁ%osﬁl%ggﬁ%bfefﬁgegpf or prevention or treatnment of disease such as
cancer throgghstrihe Nsel Ishepetd exafeaivaghished asadde s hedvigbove.

The present invention is hereafter described in detail wth

r ef erreometdroipstreaiod fl ogdnegocheasmiressedal FhobgimdaraeBpdbpelytA i nvent i on

is not limted thereto. o )
(bovine growth hormone poly A addition sequence) was ligated downstream of
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Exanpl e 1 Expression cassette conprising CW pronoter The
expressi on cassettes of the present invention were prepared and then
transfected. The thus expressed proteins were analyzed by Western

bl ot ti ng.

(1) Expression cassette constructs Construct No.1 (Fig. 7)

Construct No. 1 is a gene expression plasmd | oaded with a CW

promopar, JRst 'S%%@fﬁ;fallg‘, p(grpsir%&?a gg.le\%(ﬁrt%%lsl 'tthua;vFe\%gétrg?r{ gpg%rg:g?f'og ol'yA

(bovi ne

rowt h*hornon I'tTon"sequence

downsggRary uivalént96MRat oIPLEdr 818 Edipl GRASKLHGki N p1admis thought

to have protein expression capacity equi'valent to that of a
gener addtyinénpk AW iepr@ssi. on pl asmd containing a CW i pronoter

Construct No. 2 (Fig.

8)

Construct No. 2 (Fig. 8)

Construct No. 2 was constructed by inserting a CMV enhancer into a

site immediately downstream of BGH poly A of construct No. 1.

Construct No. 3 (Fig. 9)

Construct No. 3 was constructed by substituting the CMV i promoter of

construct No.1 with a human f§ actin promoter.

Construct No. 4 (Fig. 10)

Construct No. 4 was constructed by inserting a CMV enhancer into a

site immediately downstream of BGH poly A of construct No. 3.

Construct No. 5 (Fig. 11}

Construct No. 5 was constructed by inserting an RUS5’ region into a site

immediately downstream of the human B actin promoter of construct No. 3.

Construct No.6 (Fig. 12)

Construct No. 6 was constructed by inserting a CMV enhancer into a

site immediately downstream of BGH poly A of construct No. 5.

Construct No. 7 (Fig. 13)

Construct No. 7 was constructed by inserting a CMV enhancer into a

site immediately upstream of the human B actin promoter of construct No. 5.

Construct No. § (Fig. 14)

Construct No. 8 was constructed by inserting a CMV enhancer into a

site immediately downstream of BGH poly A of construct No. 7.

Construct No. 9 (Fig. 15)

Construct No. 9 was constructed by reversing the direction of the

nucleotide sequence of the RUS' region of construct No. 7.
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Construct No. 2 was constructed by inserting a CW enhancer into a
site imedi ately downstream of BGH poly A of construct No. 1.

Construct No. 3 (Fig. 9) Construct No. 3 was constructed by
substituting the CW i pronoter of construct No.1 with a human p
actin pronmoter. Construct No. 4 (Fig. 10) Construct No. 4

was constructedeﬁy |.nserting a CW enhancer into a site imedi ately
downstPBERAGINBAY HdeyIR of construct No. 3. Construct No. 5 (Fig.

1) cSRESLENGE (R, 5 ek constructed byoiaseriing, g BUS
reglon|ntoa5|te|rrrred|aey(§ovmst eam of “t'he human actin

Pr ONMDL;@S i R G RRSY TddGnsMRamDr BANSEIIYHA oNeoBtldet Sro. H2) _
Construct No. 6 was constructed by inserting a CW enhancer into a
site Conmaiathad.yl ld@issteam of BGH poly A of construct No. 5.

Construct No. 11 was constructed by inserting 4xCMYV enhancer {four
CMYV enhancers) into a site immediately upstream of the human [ actin promoter
of construct No. 5.

Construct No. 12 (Fig. 18)

Construct No. 12 was construeted by inserting a CMV enhancer into a
site immediately downstream of BGH poly A of construct No. 11.

Construct No. 13 (Fig. 19)

Construct No. 13 is a gene expression plasmid loaded with a CAG
promoter. Specifically, construct No. 13 was thought to have protein
expression capacity equivalent to that of a generally employed expression
plasmid containing a CAG promoter.

Construct No. 14 (Fig. 20)

The results of examining the above various constructs revealed that
gene expression was significantly enhanced via insertion of a CMV enhancer
into a site immediately downstream of BGH poly A. Construct No. 14 was
constructed by further ligating other enhancers (an hTERT enhancer and a SV40
enhancer). As a result, construct No. 14 was thought to be_ better than construct
No. 2.

Adenovirus construct encoding full-length REIC/Dkk-3 gene (Fig. 21)

The full-length ¢cDNA of REIC/Dkk-3 (Ad-REIC) was incorporated into
a pAXCAwt cosmid vector and then transferred to an adenovirus vector by a
COS-TPC method (TAKARA Bio). At this time, an adenovirus vector (Ad-

LacZ) retaining a LacZ gene was used as a control vector. Adenovirus vectors
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Construct No. 7 (Fig. 13) Construct No. 7 was constructed
by inserting a CW enhancer into a site i medi ately upstream of the
human 13 actin pronoter of construct No. 5. Construct No. 8 (Fig.
14) Construct No. 8 was constructed by inserting a CW
enhancer into a site innediately downstream of BGH poly A of

o chituRinobersy PR3y i esbiibBa it 38 Fatent o ABPERE  do.
sequence of FQEGZBH?E &g s%%“p{he%%(ﬁf&%tsehlﬁenc%s of%ft;lfo%h No. 10
(Fig. 16) ruct No. was constructed by |nser§|ng a Cw
enhanebﬁwnni@:ﬁnﬁhhemlnnedlately domnstrean1of BGH poly A of
construct No. 9.

Fig. 22-1 and Fig. 22-2 (a continuation from Fig. 22-1) show the full
nucleotide sequence of a pDNR-1r Donor vector (Plasmid cloning vector having
no promoter (Clontech, Product No. PT3616-5)).

Fig. 23 shows the full nucleotide sequence of a pIDT-SMART vector
(Plasmid cloning vector having no promoter (IDTl)).

Fig. 24 shows the nucleotide sequence of a CMV i promoter (hCMV +
intron promoter) region. The region was artificially synthesized based on the
known information of the nucleotide sequence of the CMV i promoter region.

Fig. 25 shows the nucleotide sequence of a BGH polyA (3 x stop +
BGH polyA) region.

The “TAATAAA” portion in the nucleotide sequence is a very
important portion in the BGH polyA sequence. This sequence was artificially
synthesized based on the known information of the nucleotide sequence of the
BGH polyA region.

Fig. 26 shows the nucleotide sequence of a CMV enhancer region.

This sequence was artificially synthesized based on the known information of
the nucleotide sequence of the CMV enhancer region.

Fig. 27 shows the nucleotide sequence of 2 human B actin promoter
region. This sequence was prepared by obtaining a pDRIVE-h B Actin-RU35’
plasmid (InvivoGen) and then amplifying the nucleotide sequence of the relevant
portion by PCR.

Fig. 28 shows the nucleotide sequence of a RU5’ forward {R segment

of HTLV Type 1 long terminal repeat and a portion (R-US5') of U5 sequence}

region. This sequence was artificially synthesized based on the known
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Construct No. 11 (Fig. 17) Construct No. 11 was constructed
by inserting 4xCW enhancer (four CW enhancers) into a site

i mmedi at el y upstream of the human p actin pronoter of construct No.
5. Construct No. 12 (Fig. 18) Construct No. 12 was
constructed by inserting a CW enhancer into a site i medi ately

d t f B |y A. of t 11, No.. 13 (Fig.
oy iR SR b PR e peiro A T T PR 88 i ¢
a CAQté}BHHRtI%f;eat%%CA dr@ﬁhl@_uggr@@ygé%dgg%ﬁ;%g\é\?ﬁat hought to have

protein expression capacity equi'val ent t general ly
enpl oyed exprigs39 ehopt ash ekl eaddyubllc Qo GARUBN VRt RN {R cOiBéMtwgt No.
14 (Fig. 20) The results of exam ning the.above various

const HIdt'% Typw ddbeg terhdnalyepeatexypr epsitom (Wa¥l 59i gfili'§ iscantnlcy} endiamced
o BOM OIS RCeCHRS T AR Ko HHHAS BES(LIBE GoB TPEPHEION Sigat | ng
resul 1 NEREEIE SRR eI RGRHE T s B PR B sl Pett o
2. and a portion (R-U5") of U5 sequence} region.
Fig. 30 shows the nucleotide sequence of a 4 x CMV enhancer region.
In the nucleotide sequence shown in Fig. 30, each underlined portion is referred
to as namely a “short CMV enhancer.” Because of the presence of the four
underlined portions, the region is designafed as “4 x CMV enhancer region.” In
addition, the term “CMYV enhancer” above is meant to include a “short CMV
enhancer.” The term “CMYV enhancer” generally indicates a long CMV
enhancer. The sequence was artificially synthesized based on the known
information of the nucleotide sequence of a CMV enhancer region.
Fig. 31 shows the nucleotide sequence of a CAG promoter region,
which is the nucleotide sequence of a known CAG promoter region. This
sequence was prepared by obtaining a pCAGGS plasmid that was a gene
expression vector loaded with a CAG promoter provided by Oriental Yeast Co.,
Itd., and then amplifying by PCR the nucleotide sequence of the relevant portion
based on the thus obtained plasmid.
Fig. 32 shows the nucleotide sequence of a 2IRES insert region, which
is the nucleotide sequence of an IRES control gene in Fig. 5 and Fig. 6
(described later). The sequence was prepared by linking the two nucleotide
sequences of normal human DNA, a BiP-IRES region (the lower-case Jetters

surrounded by frame (1) in the nucleotide sequence in Fig. 32) and a Myc-IRES

region (the lower-case letters surrounded by frame (2) in the nucleotide
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Adenovi rus construct encoding full-length REI C Dkk-3 gene (Fig. 21)
The full-length cDNA of REI C/ Dkk-3 (Ad-REIC) was incorporated into a
pAXCAWt cosm d vector and then transferred to an adenovirus vector
by a COS-TPC nmet hod (TAKARA Bio). At this tinme, an adenovirus vector
(AdLacZ) retaining a LacZ gene was used as a control vector.

Ad h ' h S bed in
05 Porcake s AR 3y YPHaOSaBL " RT3 TR RBed DOR SpRRFPELR
sequefe s iafertidg Jeak! OWhﬂQse@Iu@ﬁ@erﬁs quf?&iﬂﬁff sithSsized based onFt'hg 22-1
and Fig. 22-2 (a continuation fromFig. 22-1) show the full

nucl elotawteirdeguatinae oHtheanyrDiRider seoamce swedahe BiR-PRESmedioal xxdi the
vector having no pronoter (d ontech, Product No. PT3616-5)).

Fig. Mgcslﬁ@ﬁsf%’ﬁélful | nucl eotide sequence of a pl DT- SMART vect or
(Plasmd cl hav

shows the n ég Q%t;f/hcefg‘t’sotij(ﬁd’é‘r‘ft '6]16 ] %ff\oﬂr;%to &éﬁa@ UMY %{‘% on
Pr OMOLE1oh, HRGLIPT thmﬁmie%faid%e c%r&faté; flslid o Q%ﬁlrﬁ@%wafgg on

the known’infornmation of the nucleotide seque
pr ontihedrtibagie@s (foreign genfh @ c@D1EROWD. tlhe(bBMCddﬁ@ttrhd? sgguence of a

BGH pol yA (3 x stop + BGH pol yA) region.
sequence was artificially synthesized based on the known information of the
nucleotide sequence of each region contamed in the relevant portion. The
portion surrounded by frame (1) in the nucleotide sequence in Fig. 33 indicates
the SV40 ori region, the portion surrounded by frame (2) in the same indicates
the CMV i promoter region, and the portion surrounded by frame (3) in the same
indicates the RUS' region.

Fig. 34 shows the nucleotide sequence of a 3 x stop-BGH-polyA-UAS-
hTERT enhancer + SV40 enhancer + CMV enhancer region, which is the
nucleotide sequence of an insertion portion on the right (downstream side) of an
insertion gene (foreign gene) in construct No. 14 (best construct). This
sequence was artificially synthesized based on the known information of the
nucleotide sequence of each region contained in the relevant portion. In the
nucleotide sequence in Fig. 34, the uppercase letters surrounded by frame (1)
indicate the BGH polyA region, the lowercase letters surrounded by frame (2)
indicate the hTERT enhancer region, and the uppercase letters surrounded by
frame (3) indicate the SV40 enhancer region, and the lowercase letters
surrounded by frame (4) indicate the CMV enhancer region.

Fig. 35-1 and Fig. 35-2 show the full nucleotide sequence of construct
No.14 vector and specifically show the nucleotide sequence of construct No.14

(best construct) shown in Fig. 20. The full nucleotide sequence also contains a
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The "TAATAAA" portion in the nucl eotide sequence is a very inportant
portion in the BGH pol yA sequence. This sequence was artificially
synt hesi zed based on the known information of the nucl eotide
sequence of the BGH pol yA region. Fig. 26 shows the

nucl eoti de sequence of a CW enhancer region. This sequence was

artif igﬁbﬁl- dMATYPLDSSI @ﬁ&@@ﬁg/rﬁ%ﬁ ?e%mﬁﬂé%@@af {fme%rfgtpb?t?%ogn "1139 ShoVs

nucl eot € sequence o

t he nuolgahé ﬂ@cl%@ﬁ&'@ﬁ@cﬁxe‘ﬂf:e@n regeys- | Ian@@ﬁé ﬂ: P&PP&E&%@QQ@:Q@GCT“' S
sequence was prepared by obtaining a pDR VE-h f3 Actin-RUS" plasmd

el ovant por thon by POR B hows & he mucl ot den

rel evan orti on 1g.

sequeﬁé@1£f3 a2 RUBT hyls WWBWS%QWF@ béjfln‘l’rWEvfaTWethﬁ xnsmgcm erm nal

r epeat nd ort Us') of .US ce |on i § sequence
vas. aPPitFiRsy & e dht s30T MRS Rlretreh i GPreR Sre( the
nucl egf b&?stﬁl%gﬂ%n(f@) pﬁo&m §<Br?%%q% Vo 0ks HE YhJX}p(?VelmleRﬂgnéderm nal

repeat and a portion uence reg Fig. 29

shows plIE-9Ma RGO dctier. sqm{a@cssqfa@ R@SBsay@rﬁﬁd{dat@semm 40forHTLV
Type 1 long termnal repeat and a portion (R U5") of U5 sequence}

r egi ofegidhi(3) selicaine thondBIVaii prdmeiealregiosy(it mediczied thaB&H’ orgiome
known_ j nf rrratl n_of the nucleotide sequence of the {R segnent of
HTLV §yg8 lfateaﬁge et ﬁ#ﬁ% regifedt) Hifirateidr toh IRES @ usglpno@%

Sequeﬂl(a?(}atéseﬁfe%ERT enhancer region, and (7) indicates the SV40 enhancer

region,
(2) Foreign genes (insertion genes)
6His-S100A11-HA

6His-S100A11-HA was prepared by PCR using the cDNA of a normal
human fibroblast as a template, a primer with a 6-His linker added to the 5’ side,
and a primer with an HA linker added to the 37 side.
GFP (Green fluorescent protein)

GFP was prepared by PCR using pEGFP-N2 (GFP expression vector
(the product of Clontech)) as a template and primers designed on the basis of the
template.
REIC/Dkk-3 (full-length)

REIC/Dkk-3 was prepared by PCR using the cDNA of ﬁ normal human
fibroblast as a template and primers designed on the basis of the template.

- N78-REIC-6His

N78 - REIC-6His was prepared by PCR using primers designed so that

6His was added to the 3’ side of the above-obtained full-length REIC/Dkk-3

gene.
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Fig. 30 shows the nucl eotide sequence of a 4 x CW enhancer region.
In the nucl eotide sequence shown in Fig. 30, each underlined portion
is referred to as nanely a "short CW enhancer." Because of the
presence of the four underlined portions, the region is designated
as "4 x CW enhancer region.” In addition, the term"CW enhancer”
above, i s neant é iacl ude a "short CW enhancer." The term"CwW
enhanG&prolEsns §#§ i ndi cates a | ong CW enhancer. The sequence was

artificiall )‘rh%yt'ghﬂe‘ﬁ{%ﬁgog%?fg% ) {18 oW kL f g@%ﬁ@&e&%x%@?@}éhom

nucl eoti de sequence o ancer region.

t he nugliaetihd@neRAURNERHAL s8qleNeePLO ML BlorkhUhBRan DN L) thsBiMe

nucl eoti de sequence of a known CAG pronoter region. This sequence
was pikdifhpent oy Oet leiynilRd Sagqp€AGCS1qdl arsier.d Thatgenasvaa ageéfieially
expression vector | oaded with a CAG Pr onoter provided by Oiental
Yeastsyehhesigedy, Thingengwas Apsrted ynipgihs inpefion gene (fordeniggacksequence

of the r.el evant port.i.on ed. on the.thus obtaine a

o s 2R E NP IR e drimirat oS R LR i

uhi cft { SRS HG G0N ARRETACAIALcditlnd BRG: GPFIJ 3 adioRig kN Fi 0. S
and Fig. 6 (described later). The sequence was prepared by |inking

t he tdwacribed eaet.de sequences of normal human DNA, a Bi P-1 RES region
(the | ower-case letters surrounded by franme (1) in the nucleotide
sequepeé3+¢Hig g. 32) and a Myc-1RES region (the | ower-case letters
sur rounded frame. (2) in the nucleotide s nce in Fig. 32) in
such order. %'vﬁﬂi@'g]glsaw Pr"e@pf“é?%b@ ﬁggduse\gg g‘ecg[ﬁﬁgo?feag’é?fénﬁ‘lgﬁm}ﬂ

| nserd i QR Ae0ey (JAbRuS GO SRGRMASsiBhEd bh i ofag based on
t he kn&hnzgn?o?ﬁat?o% o?&? e ﬁ%@?ggt%déhsgﬁh%%%ggﬂ%ggﬁﬁgﬁglP—IRES
regi aigendishe Myc- I RES region. Fig. 33 shows the nucl eotide
sequence of a SV40ori - UAS-CWi - RU5' region, which is the nucl eotide
sequence of L&R5-hemias prempoed bp® (Ghusing thetDNGY ofia normelr imam gene
(forejgn ?eneg in construct, No. 14 (best construct). This sequence
was atteplast as pyeaplitnand pegenndetensd on b htwh ot HicdrmRidten of the
nucl e@t| ( ce of each region contained in the rel evant
port?%%%ggﬁéggﬁﬁgion_surrounded by frame (1) in the nucleotide
sequence i NTEidnerdse-bNH &aé Brepah HYPCRONsiheIhOEDNBNEF PAbLhAN
surrounded by frane (2) in the sanme indicates the CW i pronoter

r egi drumasnidbiohdasd @s tai tempdate mod pdiedetsydekigarg op3he ibasis lnd thamenplate.

i ndi cates the RU5 region. Fig. 34 shows the nucl eotide
sequdHe®!®©f a 3 x st op- BGH pol yA- UAShTERT enhancer + SV40 enhancer +
CW enhancey. .region, which .is e nhucl.eot.i quence.of an

i nsertion pférLtFﬁgnwaos’n?ﬁe %repibd’h}i?&?‘dlos\}\%%khree%ﬁnﬁg‘i %‘ee") n%rfnaiﬁmf“ﬁgerjti on
gene {1 8bRisBRs JROR a2 P PRt HC e MOned fn (t}@%si&%ﬁltertle'ﬁﬁ:)at@frh' S _
sequence was artificially synthesized based on the known i nformation
of t h®) Mualséattideagiegquanneblot apaghisr@gdBanctaodlt ai ned in the rel evant
portion. In the nucleotide sequence in Fig. 34, the uppercase

| etters sur VeundedeBy (fWamwed (1 §-weldiptadeeto eV BE0potgmllucagion, t he
| owercase |l etters surrounded by frame indicate th RT
oot trass oot Bi tous eaarLauns s BB g i CA OB e (3)
i ndi c Legi. QF e |

Sory SRuBehlio WBATGIRENC Elpoedh e ARSI SURY (RS ER} Ghd

Fig. ﬁénétlmrﬁiigocﬁé(%m\fqtm@%.f Ub}odeU6le8 Ahérd & rSRHYRAGS: Dhut

construct No. 14 vector and specifically show the nucl eoti de sequence
of canstesuthedNo ddnfdieser depspradoicys.shown in Fig. 20. The ful

nucl eoti de sequence al so contains a ] . )
Western blot analysis of the thus expressed foreign genes (insertion
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pl DT- SMART vector portion (the region term nates at the bold portion
on line 10 of the nucleotide sequence in Fig. 35-1 and the region
fol |l owi ng GCGCGC surrounded by the frame on line 24 fromthe bottom
-in the nucl eoti de sequence of Fig. 35-2). This sequence was prepared
by incorporating the insertion portion on the left and the sane on

h f th No. 14
shownt 1T} Srep el by PE AT s REag5ya: nont | oned pl DT- SVART
vector. In Fdegl \gé"e]w@s'ﬁgd':{wgce 1§S§n$’]E’B(Sl(é)hb&ﬁia?@fn?ﬁ“?ltelaesaﬁgﬂ)‘l%cpn

region, (2) icates the QW | onot regl on I‘cates the
RUS r@gnqnsed(&i)thuylﬁs Gares (s0enBIHEEPIRESH g9 0950 oM N4t ¢catgs the Myc
| RES region, (6) iIndicates the hTERT enhancer region, and (7)

i ndi cabdd,tlffe NEv4Q eniMA2EF, ta@%dﬁwSE2§uEbnbkgpe@@me%ngthertion
genes) 6Hi s- SI00A11- HA 6H s- S1I00A11- HA was prepared by PCR
usi ngaRrHBﬂHD@AHM NagsY@rmamMl¥eih 10 BMoBrES: sashat rratmr amact&mpr i mer

Wi th ‘gased%}n d oquer f%‘g%%gt ng%iﬁ_gn t&gé)r&% nl gmgm%s R Isgeerrn a,nps)torbe

i nker a t he uor éscent
G-P \A@@d%@@@&ﬁ&&yﬁ%w@h%m{% N2 sﬁﬁ%%o%mt%%rprmﬁ% Mn(t he

product of Clontech)) as a tenplate and primers designed on the
basi sthefsamaeanicamplofit?ex SREl Gnikdk b3 et uddd- themgtibjected to 5 minutes of
heat treatment at 95°C. Each sample (10 pg protein) was separated by 7.5% or
gradient SDS-PAGE gel (Bio Rad) and then transfefred to a polyvinylidene
difluoride (PVDF) membrane. The blot was subjected to 1 hour of blocking at
room temperature with TBS (Tris buffered saline) containing 10% fat-free milk
powder, 6% glycine, and 08.1% Tween-20. Subsequently, the proteins were
identified using the following primary antibodies (1 : 1000 dilution).
Anti-HA antibody (Cell Signaling Technology)
Anti-GFP antibody (Clontech)
Anti-REIC antibody (rabbit anti-human REIC/Dkk-3 polyclonal antibody)
Anti-6His antibody (MBL)
Anti-KLF16 antibody (Abcam)

The resultants were each sufficiently washed with (.1% Tween-20-
containing TBS (T-TBS), the blot was caused to react with a horseradish
peroxidase conjugate secondary antibody. After sufficient washing with T-TBS,
detection was carried out by an enhanced chemiluminescence detection method
(ECL kit, Amersham Pharmacia Biotech).

Cells were cultured by the following method.

HEK?293 (derived from normal human kidney), MCF7 (derived from

human breast cancer), PC3 (derived from human prostate cancer), Hela (derived
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REI C/ Dkk- 3 was prepared by PCR using the cDNA of a normal hunan

fi broblast as a tenplate and priners designed on the basis of the
tenpl ate. N78- REI C-6Hi s N78 - REIC-6Hi s was prepared by PCR
using priners designed so that 6H s was added to the 3' side of the
above-obtai ned full-length REI C Dkk-3 gene. Control gene (IRES)

by 1| RRPE LB REEDoaepHa (CEaueh BBy B Eo s e ARG Dias,
the BifdREs 0006 H%&H%&f‘@’fﬁ?&ﬂ%@nﬁ?ﬁgn T!yﬂe%{ﬁ&éé’t%%cti {1l s gene was

artificially synthesize i'S gene was I'nserted into the insertion

gene (Raakeilgy) MBNE) Media wadokr&anst bu¢slidNes. 14, thereby preparing a
control gene for the REIC/ Dkk3 (full-1ength) gene and

N78- REER28Bi DMbHi mghBlitcdsa nidgum5 dEnditFégyn) 6 descri bed | ater.

CD133- 6Hi_s . .CD133-6Hi s was prepared by PCR using the cDNA of
a norM&Y 7R HERM highorgete medigm e&%"é‘t’fég%ﬂd primers designed on the

BgiSInSPﬁfelgc tﬁlo Iﬁgt(ﬁ%ﬁiﬁa@q@@ﬁan fibr ob:_gs??- :2\ glafefr{)leg?reegngy PR
pri memsLAesMINehi o chkesdasufie! (haubgsp) ate. Tel onerase-6H s
HepG2: DMEM high glucose medium  (Invitrogen)

The above cell lines were each grown in the above medium
supplemented with 10% (v/v) fetal bovine serum, penicillin (100 IU/ml), and
streptomycin (100 pg/ml) and then incubated under 5% CO- conditions.

Fig. 1 to Fig. 6 show the results.

Fig. 1 shows the expression of various foreign genes that were
transfected to the HEK293 cell line for 36 hours using FuGENE (trademark)-HD.
The protein expression capacity of construct No. 1 was equivalent to that of a
generally used (marketed) expression plasmid containing a CMV i promoter.
Specifically, it can be said that the protein expression capacity of construct No.
2 was significantly stronger than that of such expression plasmids. Also,
similar results were obtained for the following genes. It can be said that
construct No. 2 was superior to gene expression systems that are currently
broadly employed, in terms of the expression of all types of gene.

S100A11: possible involvement in cancer growth; cytoplasmic-nuclear import
protein

GFP: fluorescent protein; cytoplasmic protein

REIC/Dkk-3 (full length): cancer suppressor protein; secretory protein

N78-REIC: protein fragment prepared based on the above gene fragment

(peptide fragment consisting of amino acids 1 to 78 of the amino acid sequence
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Tel onerase-6H s was prepared by PCR using the cDNA of a normal human
fi broblast as a tenplate and priners designed on the basis of the
tenpl ate. KLF16 KLF16 was prepared by PCR using the cDNA of
a normal human fibroblast as a tenplate and priners designed on the
basi s of the tenplate. (3) Transfection and western blot analysis

e T | U A

trans t ) ( )), Lipofectam ne
(tradg%grsﬁ Q%%gg%ﬁl\gﬁl roge‘l;\‘)lseg{glreggi ran gofl?@}gegrﬁg P’gocyte ( TAKARA

Bi 0) . LERGC etk €811 ek &l R iRma1 6AI e Mekr 8811 HeBmsinRe®radt Mmanual s
for these products. Western bl ot analysis of the thus expressed

f or ei protgggnes (insertion genes) was conducted by the follow ng

met hods. Cel Il s were washed tw ce using PBS (phosphate

buf f eT%‘@Hseé‘F%ené‘)VOéW?Welﬁ 38j8% 4T ﬁ]lﬁtlﬁz‘%!%?%ceﬂlﬁf pé?opéwwwm%s pH
1% NP- 40 1 mM PMBF, 5

DI A
jig/ n#??%uwé’%'f‘feﬁien% I PEItED E{S’P%Cﬂpﬁ’i"ﬁ hEglFﬁ\‘ﬁ %4 1 mM NaF, 10 nmM
f3-GP), so tHats PLALeint SYhEass 9P WaF ga{ééf@é} hourdher

centrifugation, the protein anobunts I n Supernatants to be used for

each expdedticans £ vari@isadjl LEhedudifg TG ENAC r &d¥meLRI-HH).I ON,is dhilduhed
with the sane anount of 2 x SDS sanple buffer, and then subjected to
5 mi niptadbcdis K293 eell e CIgtcctiB P CEaeHs sﬂﬁﬁaa eclisl@nflitep§iZotadlsn) was
separ%g ed by .7. 2% or radl ent SDS- PAGE g £ Bi o Rad) and then

t r ansTEMIIY K- B’(‘}IR}r f"’T’l?Iel"B"éﬁéw&ﬁﬁPﬁ‘b‘ﬁﬂ cUpYBE] Meddrddd ® eme bl ot

v SHRLBSLAH R el R 1 Thal UDABTRE pre wi (1 TES

gl ycisyrecifeeud]y) il danTveeiid AQat @t@ﬁﬂﬁﬂﬁﬁtﬂ %, subBB o PIPE SN ‘ﬂ@sfsﬁ)n
identified using the follow ng primary antibodies (1: 1000

di | utsvetems that areHAIretiybodypdlsCahploSe dgnial engs € gbmobggy)sion in all
types of cell.

Fig. 3 shows the expression of a KLF gene transfected to the HEK293
cell line for 36 hours using various transfection reagents. With the use of any
transfection reagent, in the case of construct No. 2, the KLLF16 protein was
expressed at the highest level with the WB method. Construct No. 1 is a
construct containing a CMV i promoter that is generally available and often used.
Construct No. 13 is a construct similarly containing a CAG promoter that is
generally available and often used. Specifically, the use of the construct No. 2
of the present invention realized a protein expression level significantly higher
(significantly improved efficiency throughout the gene expression processes)
than that obtained with the use of plasmid constructs that are currently in
widespread use throughout the world for gene expression.

Fig. 4 shows expression after 36 hours of transfection of the HEK293

cell line with a full-length REIC gene and a N78-REIC-coding gene FuGENE
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Anti - GFP antibody (Clontech) Anti-REIC antibody (rabbit anti-human
REI C/ Dkk- 3 pol ycl onal antibody) Anti-6H s anti body (MBL) Anti-KLF16
anti body (Abean) The resultants were each sufficiently
washed with 0.1% Tween-20- containing TBS (T-TBS), the bl ot was
caused to react with a horseradi sh peroxi dase conjugate secondary

antib ge}él'emgr -E—IDSUf"I“IiFlegie%P %axye\@ SSH{,\Q,Q tl\’{\éﬁ.lt H? -é_{;]::”t?g%k}gg:ﬁg d:iir? E@L\i\ﬁs carri ed

t
out by an enhanced chem M nescence &e I'on me kit,

Aner Sl@ﬁ@i}ﬁhﬁés@?ﬂrﬂsg% g% %Cs(h}gniﬁ@%!lﬂlf WYL eSitlnt Ui BR D¥e Btf‘%oﬁﬁ}ﬁél\?fvc‘;: gg

met hod. (derived Trom normal human ki dney),

(deriNed 4f thamthatnmanhbeeassi canaat)-NoPC3ag faehleddyf thervBuf@hopr ost at e
cancer), HelLa (derived fromhuman uterine cancer), Hep& (derived
f r om ¥naesincHbpdrased enteergsulielfpr then®d wetheddbtlaznkdedostmeAlREGC2(t he

Qgr ;egc “@I%’cga}f%'ghgsﬁ%uﬁ%ﬂ g}((:IEI'ie(S)Sr}OI(X ?g\?e Vaimlolng’colxg)raéts IWoc.“latoul\sl((;) .dI 2h)er ern
and the results for the WB method in Fig. 3 (construct No. 2 exhibited the
highest protein expression level among constructs No. 1, No. 2, No. 11, No. 12,
and No. 13), among the plasmid constructs examined herein, the useful construct
capable of exhibiting the highest protein expression level was construct No. 14.
The protein expression capacity of construct No.14 was strong and equivalent to
that possible with the administration of Ad-REIC (full-length REIC/Dkk-3 gene-
coding adenovirus) at 100 MOI. The right panel shows that results similar to
those in the left panel were obtained when a gene fragment, N78-REIC-6His,
was inserted into construct No. 14. Specifically, the useful construct capable
of exhibiting the highest protein expression level among the plasmid constructs
presented herein was construct No. 14.

Fig. 5 shows suppressed proliferation of and induction of cell death in a
human prostate cancer PC3 cell line by construct No. 14 into which N78-REIC-
coding DNA was inserted.

Cell survival assay

The PC3 cell line was seeded in complete medium at density of 50,000
celis per well of 6-well plates. After 24 hours of incubation, cells were
transfected with a predetermined plasmid in complete medium using a FuGENE
(trademark)-HD reagent and then incubated for predetermined days. After
incubation, cell survival rate was measured using CellTiter 96 (registered
trademark) Aqueous One Solution Cell Proliferation Assay (Promega).

Statistical analysis
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HEK293: DMEM hi gh gl ucose nedi um (I nvitrogen) MCF7: DMVEM hi gh

gl ucose nedium (I nvitrogen) PC3: F12 nedium (lnvitrogen) HelLa: DVEM
hi gh gl ucose nedi um (I nvitrogen) Hep&: DMEM hi gh gl ucose medi um
(I'nvitrogen) The above cell |ines were each grown in the
above nedi um suppl enented wth 10% (v/v) fetal bovine serum

nicillin ((100 .l nd strepto i.n (100 ug/ m) andg.then
Pﬁcubat ed u( %I?n"%lggf g%ﬁ%i‘?’?so?fgfdug%a.bei&taﬂlw BT RIPShow gmgcant
resul LS rmi ' i forei gn genes
ch? 3§?ge?$3ﬁ§%g§%éﬁﬁF§n?#%Ih%%%%éﬂggﬁﬁkﬁgﬁgi §$5§%H%8Urs usi ng

FUGENE ('t r adeyedor HOFigl 3¢ thiy plogifera@¥RldIhé PU3CAMEAKAS Wa®f construct
No. | was equivalent to that of a generally used (marketed)

expr esighdrraptlasuporessatt an dayg?2 anCaficrprdonoiseratiogpdaiohstcadtiNg. 14t can
be saj d that thg}yrotein_ex ression capacity of construct No. 2 was
si gni 1 3R el N8 righlferot gD Nnahadobeeajaperasdy ceuwiness [itBLngrqup to\ so,

simlar. kesul obtai.ned for the fal ] nes. |t .can be
saa Chich DR p SBUREE Sl R SR L MediRE Bortin . ene
t Ihftt e &M]gihgméﬂeu (RrQad s £EPAR%Ehi fik Mt P IRy Qb 11T RG1RXPEES ST on of
a ypes of gene.

induced since the number of PC3 cells had decreased because of administration

of N78-REIC-coding DNA-construct No. 14).

Fig. 6 shows suppressed proliferation of the human prostate cancer PC3
cell line by construct No. 14 into which a full-length REIC gene was inserted.
Cell survival assay

The PC3 cell line was seeded in complete medium at density of 50,000
per well of 6-well plates. After 24 hours of incubation, cells were transfected
with predetermined plasmids in Hank's Balanced Salt Solutions using a FuGENE
(trademark)-HD reagent and then incubated for predetermined days. After
incubation, cell survival rate was measured using CellTiter 96 (registered
trademark) Aqueous One Solution Cell Proliferation Assay (Promega).
Statistical analysis

Mann-Whitney U test was conducted between two groups. A
significant difference was determined to be present when the result was p < 0.05.

As shown in Fig. 6, on day 2 after administration of construct No. 14
into which the full-length REIC gene had been inserted, the proliferation of PC3
cells was significantly suppressed compared with a group to which construct No.

14 containing a control gene (IRES) inserted therein had been administered.

Example 2 Expression cassette containing SV40 promoter or hTERT promoter

37



S100A11: possible involvenent in cancer growth; cytoplasm c-nucl ear
I mport protein GFP: fluorescent protein; cytoplasmc protein

REI C/ Dkk-3 (full length): cancer suppressor protein; secretory
protein N78-REIC: protein fragnent prepared based on the above gene
fragment (peptide fragnent consisting of amno acids 1 to 78 of the
am no acid uence . of the RElIC Dkk- rotei.n shown .in Q I D NO
2) CD 133: CaNCEPTEFEn ‘i?éF‘Tt“‘rf‘a‘ffk%‘F Pf%%@ﬁ?&"§88°a|cg6t%wn& surface

LGR5: ngﬁ‘fﬁx%késcgﬁl{é&%kfﬁf&s Q% ggﬁ% Lﬁséﬂgnggﬂﬁe&refé refared.

trans rane prote onera I NVOl venen r antl-aglng
of Ceﬂﬂ:l%,ce@l&étvﬂﬂl&Qﬁdﬂsfecwcpﬁﬁhﬁhghgﬁﬁﬁssﬂoﬂ%ﬁb%@@Elhd &lﬂ\erpGPPe' n

transcrlptlon nucl ear proteln
expression was observed, so that the expression intensity was analyzed.
Transfection was carried out using Lipofectamine 2000. After 48 hours, GFP
expression was observed under a fluorescence microscope.

The constructs of the expression cassettes used herein were: construct
No. 14 (Fig. 20) used in Example 1; construct No. 15 (Fig. 36) wherein the CMV
i promoter of construct No. 14 had been substituted with an SV40 promoter; and
construct No. 16 (Fig. 37) wherein the CMV i promoter of construct No. 14 had
been substituted with an hTERT promoter. A GFP gene was prepared by PCR
using primers designed with the use of a GFP expression vector (a product of
Clontech), pEGFP-N2, as a template. The GFP gene was inserted into the
target gene insertion part of each construct and then used. A commercial
PEGFP-N1 GFP expression plasmid (Clontech) was used as a control.

Fig. 38 shows the nucleotide structure of a partial fragment comprising
the SV40 ori+UAS+5V40 enh+intron A+RUS5’ region of expression vector
construct No. 15. The nucleotide sequence thereof is shown in SEQ ID NO: 19.
Furthermore, Fig. 39 shows the structure of a partial fragment comprising the
SV40 ori+UAS+hTERT enh+intron A+RUS’ region of expression vector
construct No. 16. The nucleotide sequence thereof is shown in SEQ ID NO: 20.
Furthermore, Fig. 40 shows the nucleotide sequence (SEQ ID NO: 21) of GFP-
coding DNA to which a restriction enzyme site was ligated. Portions
surrounded by frames (1), (2), (3), and (4) shown in the nucleotide sequence in
Fig. 38 indicate SV40 ori, SV40 promoter, intron A, and RUS5', respectively.
Portions surrounded by frames (1), (2), (3), and (4) shown in the nucleotide

sequence in Fig. 39 indicate SV40 ori, hTERT promoter, intron A, and RUS’,
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Fig. 2 shows the expression of a KLF gene after 36 hours of
transfection of various cell |lines using FUGENE (trademark)-HD. It
is said that in all cells (HEK293 cells, MCF7 cells, PC3 cells, HelLa
cells, and Hep& cells) shown in Fig. 2, the protein expression
capacity of construct hb 2 (KLF16 gene expression) was

Si gni I‘ésca%lze\f% t TROYef 1k gatﬂ ntuc fot fe s%c%rl]ésr}cleuocftexp{esmon ch OCI fically,

it can said that "cons i's1SUpert of ene expr essi on
Syst eggsthal N3l Q4QH{J &hidnYa @'F@agih)é v%ﬂh?éf%& isl éﬁo%rl'ﬁsFlgf 408Md
expression in all types of Fig. 3 shows tRe expression

of a KigF4gene tdix&nﬁj‘aemhacdomcl?lghel-lﬂ&l@%e IDeNID: 122he Adgo, 3c hadlir s usi ng
various transfection reagents. Wth the use of any transfection
r eagelength puglpetidaswmughce ohsxprastiomyectpr comdruct NG 1jripteewhiakess

P OBt et oS i e, B ke ARttt from
avai | Ingaigd(gggﬁwe% ) QOB Nne M i i BBRLEHE Lol a1 ¥

cont a pronot €r’'that I's gerera e an

used. fSﬂ@ﬁbsfsh&ﬁ%dtor thestree N 14 neo GAsh ramtp Denc Ra®indehedps esent
invention realized a protein expression |evel significantly higher

('si gnsHomoaimt Fig. #Aplr mMeBi&f#Bi-Z:Kenm;tindmmugfkmutFigh@gelﬁ&EQﬂ@rEQSi on
processes) than that obtained wt asm d constructs

that #Pe dorHent wr?w‘l\ﬁﬂ&es{sﬁeaa%éz)t rﬁ%begﬁdﬁfﬂt He Msisdideor gene

expressi on I WS . expr e n after f

t ranssfegc?llwgnmolflgt ﬁle ‘1%&%@3%2?}@?&&8%%“&1 pmfnm‘fr &enmiﬂz@ gene
and agNESMREI RIS 8806 cEMFENE3 enH)t fé% @&W&f% HPort1dig shebndanel
shoms that the REIC/Dkk-3 protein (full-Tength) was expressed to a

Si gnity framtek Y1 Hi(@hdB) eaﬁde@t) i mhet hecleaisdae saa‘qumnsh:r B 4Rlandatehan t hat

in the case of construct- as reveal ed t he WB net hod.
Speci swaprg;noqsa@e\aﬁwh@m’ewes ycoMIh ) melGErs (1 AFF )

t hi bited t h t | |
Smong SRR Ber o oy oo RET Y HAREs L L EH AR 3% P v et hoo
in Fi rgxclé%tf&%ﬁhéﬁh%tm'\iqﬁoa3 fo&‘i'cg)l'etkﬁdﬂﬁﬁ%réﬂlgﬁ?%f’ Tﬂk@)ehg'P%QEesy on

| evel anobng constructs ’13)
annngwyheRESasmﬂdcﬂmlﬁ&ﬂucpﬁ:Rmanneqﬁmheegan the useful construct
capabl e of exhibiting the highest protein expression |evel was
construct N&onguctihe. br st ep Selxibrvesterebﬁteapéemtyg@fuseeﬁspmct No 14

was strong and. eqylvalent to that p 9 th t he adm ni st
of AGTREITCPITHA- Pelgth 'REE eé ﬁ*en% @8?‘?{5 TFeRSUT TS & fefy 0

ri r t il | ef t
panel Sugr ¢ O AReCR o, RERE LR R RSy ik Qo R SR8
I NS erds@ele dsTinOinCANSAVitEEmNA. wHede tERPBTERTGRbIA id BeprdsRUU: agapst r uct
capabl e of exhibiting the highest protein expression |level anong the

pl asredloonznrectdlsprdbediked herein was construct No. 14.
Fig. 5 shows, suppressed proliferation of and induction of cel| death

in a human pHostatlevedfiedrspts ddgi 41 Pnd: &a%l?s%hom:t eNGSUlinof it o
whi Chc0|1\|n71§erc1a1%Iplgleggressmn\’\@asmlgi j‘Eb‘:l"*(lL N%al G?Hre\z{{lp\r/éa}slsmn 3¢mid

construct No. 14, GFP expression plasmid construct No. 15, and GFP expression
plasmid construct No. 16, respectively. Panels in the upper row in Fig. 44
indicate the bright ficld. As shown in Fig. 44, the CMV promoter, the SV40

promoter, and the hTERT promoter were all observed to exhibit strong GFP gene
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The PC3 cell line was seeded in conplete nediumat density of 50,000
cells per well of 6-well plates. After 24 hours of incubation, cells
were transfected with a predeterm ned plasmd in conplete nmedi um
using a FUCGENE (trademark)-HD reagent and then incubated for
predeterm ned days. After incubation, cell survival rate was

d ' Cel | Ti t. 96 i St dt K On
Sor ut PORCERrT bR vt (e SEER AT Bty 8% AP A SRl
Mann-\hi {H?%%Serh?ﬁ{e B\Qﬁ(bgﬂg dy %Bﬁgr&?twquw b3 QP For %%ngn' fi cant

di fference etermned to be present en the result was p <

0. 05. enhancemerASveh @M ni i ofri PersSvert RArigd 0h ithiemaddnen of the PC3 cel |
| ine was significantly suppressed on days 2 and 5 after

adm ni stration of construct No.14 into which N78-RElI G codi ng DNA had

been inserted, conpared with a group to which construct No. 14
cont diFRRJed BOHEIDIN g ETERRESIOPRIEHR ed t herei n had been

adm ni stereg it can be said that significantly ny. cel | deat hs
mare paccedntickpfiRoR ettt SR BN LA AN g ima®2 1°

adm nNr$i8hdieAn A 2M¥68:iRE et - oq%'n‘é Rk HESarde. k293 cells  Fi Q.
6 showZ sﬁ%pressed pro?igfgegﬁggﬁgﬁﬂgf hes)hunaplﬂn%prostate cagncer PC3
cel | wemeardngfaonsvithahe Naprebdionntassamts ofd theh whd tHisngphesRE frogeine was
inserted. Cell survival assay ~ The PC3 cell line was seeded in
conpl eascansdredrhyalV edtens iblgt. of Trgpsiggidopwies wetrfedogutgsing FubENEes.

Af t 24 h foi bat | , |1 t fect jth
pr egtrs(frgﬁﬁ‘i“(ﬁ)gé's%ﬁasl nfi%ur ﬁhgﬁﬁkﬁgmﬁlgfﬁﬁgﬁogﬂfmg%F%?er‘igreusi ng a
FUGENE; ﬁJ@Qgg&g%}feﬁqﬁ)’ﬁ%gﬁ}h ptdinhen incubated for predeternined

days. Arter 1ncubatio survival rate was neasured using
Cel | Titer 9¢hécegdtti@lofdhé eRFRBILK kafGteaissd GagiSalaytchasntriaNo.

Proliferation Assay (Pronega). Statistical analysis Mann-Witney U
t est Madigodustédn Ferwedn 1t wowhiadupNA @owidipd fymamerydifoperedimce was
det erwrgsni%gerttgd Eli)sea E)e{rggte‘géne lgger%igg gregg)l:” tFi\év.aES gh(fwé)ih%%ucleotide
sequence (SEQ ID NO: 25) of DNA encoding human erythropoietin to which a
restriction enzyme site had been ligated. As controls, with the use of
commercial pTracer (registered trademark)-EF/V5-His-A (Invitrogen) and
pEF6/Myc-His-A expression plasmids (Invitrogen), human erythropoietin-coding
DNA was inserted into the EcoR 1-Xba 1 restriction enzyme site of each plasmid.
Western blotting was carried out using an anti-6His antibody (MBL).
At 24 hours after transfection, 1 mL of a culture solution was subjected to
trapping with 6His amino acid residues. The total amount of the thus collected
protein was used for Western blotting.
Fig. 46 shows the results. Lane 1 shows the results of expression
using pTracer (registered trademark)-EF/V5-His-A, lane 2 shows the results of

expression using pEF6/Myc-His-A, and lane 3 shows the results of expression

using expression plasmid construct No. 14. As shown in Fig. 46, the strongest
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As shown in Fig. 6, on day 2 after admnistrati on of construct No.
14 into which the full-length REIC gene had been inserted, the
proliferation of PC3 cells was significantly suppressed conpared
with a group to which construct No. 14 containing a control gene
(IRES) inserted therein had been adm ni stered. Exanple 2 Expression
cassel & ant IR RYA, BT oL ero oL NTERT BEOMDE EL i Mo aaT 18
expr eSS 6h CASEEEETSF WHe VBt Biett SRR B BEht MGG NeEA (G een
f I uor 56ERLLPHOHShMkaRS Rt BIASk AL G e (b!agﬁl%xﬁ:' HbdBSBG NEM9) is
prepared. Hela cells were transfected with the expression cassettes
and t hestulGo? peudi@ it ONpMASinO S BE el as phirhaicetiiieal §¥PERIS b@h as
intensity was anal yzed. Transfection was carried out using:

Li pof evtkmpaietingdhrgnattiepgdsshaurs geithPRnekpradsians maduahschased
under a fluorescence m croscope. The constructs of the
expr e¥ BB BPADSEPER: used herein were: construct No. 14 (Fig. 20)
used in Exanple 1; construct No. 15 (Fig. 36) wherein the CW i
pronoter of construct No. 14 had been substituted with an SV40

pr onnﬁﬁmplanﬂgglgmgiwq,tfhlﬂglanlgd Fig. 37) wherein the CW i pronoter
of construct No. 14 had been substituted with an hTERT pronoter. A
G-P gene wadhprexpassstbnbgasRER ofthrgprpsdnrenserdiesi gmedniygt Hhifen use of
a G-P exP_ressi on vector (a product of Contech), pEGFP-N2, as a

t enpl lgelishhehagrpnd arumgns§Gbertechaines target genegdinsgeiinn g9msa) ti on

part of each con and then used. A c rcial pEGFP-N1 G-P

expr eS| %rr?pﬁfegsms%ﬁ ff‘lgﬁg?(’)ﬁ? %H}er%\ggnﬁgﬁtﬁdﬁl%t eo?‘ﬁprr‘f)sls?on casset_te’_lfi”&. 38
Showsih b enh il gkﬁgeébf&gfﬂl’%% %al?zeﬁial% walstdrh AgEENIT,GRIRELS) N9 the
SV40 ori +UAS+SV40 enh+i ntron A+RU5" regi on of expression vector
constwasctarNed olbb usibigeFuGENEQtiademsggui@Dc e Afhar Bohoirs, SflRMdmann SEQ | D
NO 19. Furthernore, Fig. 39 shows the structure of a partial

f r agright liglyridvain ppd thenlurgym de @ hiea UASHITERE eehhettract end A«RUS' 1 egi on
of expressian .vector nst ruc . ...JThe nucl eoti de sequence
therecg‘ﬁfuir%sglﬁb’\% ‘?’fhreé%cﬁ‘?ﬁ{ ﬁb&”%‘?méﬁﬂt%mg, Fig. 40 shows the
nucl eoti de $REUBAGEnd:Freht Qxﬁigssi%&) aetERRE Y AGn DNR LR étcl?o.a
restriction enzyne site was 1igat ed. " Portions surrounded y franmes
(1), 142)Fig(R)) usaddn ERansNoWNtd Whidrea AUGLEIEGAE: 1S RENBNGR al Hunkig. 38

indicate Sv40 ori, SV40 pronoter, intron A, and RUS', respectively.
Por t ilefishenyy cbaimdeedibg 1N Aneas asyited 23 a t4Rpt gemd(ifskrtish@enc). n t he

nucl eqt i equence in Fig. 39 indjcate SV40 ori, hTERT pronoter,
T AT s Tt et intionia (NEGAE WU 6 06 SR IMAG D dfe

sequ f. expr i St-ucC ] i ch a, GEP gene
nae [THIR GleqBit £RamORIYEH A GORETET 1A or b h I8Ny Bnfin
fromFig.4783; &) whidbQ tdteior2dnzynfd §i% whab@ightddl - | 2ngthaisichent i de
sequence of expression vector construct No. 15 into which a GFP gene
was ithsesd eficommshawnp Tmackr (regibPertd drvd efriagk)- AR -Has-do(Thiv inttalehpn

fromFig. 41-1)9{%_SEQ ID NO 23). Furthernore, the full-length
nucl @8t iPEE oMyGdhiseA dinditgeensigressédt plasmatss thubempp 1@ light o whi ch

a GFP,gene s.insert i s shown in Fi 43-1 an 19. 43-2

cont IREG AR PORRITEE bty R ey for A S inBted s diEFalbidaed by
frameg o Llesuliddon b3lym@8de G4Ladplabfifuc! €oti de sequence in Fig.
41-1 and Fig. 41-2 indicate CW 1 pronoter (P-CWi RU), G-P gene, M/c
| RES, and 3west@n®essingplesdeftird oueap@gtanvalty sHRosdt ks @uer punded
by frames (1), (2), (3), and (4) in the nucl eotide sequence in Fig.
42 i ridi Zakeurs\4Br praonfscton( PcSVieRUpet ER1 geriein doudtRES ngdndd 3
enhancer§ (pA-3enh), respectjvely. Portions surrounded by franes
(1), Rlapl acjturg sefugian wefesubieqtd @t arng s¢ihetidis armnpjagidsq3 The

i ndi cate hTERT pronoter (P-TiRRU), G-P gene, Myc IRES, and 3
enhancers (pA-3enh), respectivelyy,



Construct No. 15 is a plasmd vector that is advantageous in strong
gene expression in an environnent where the SV40 protein is
expressed at a high level. Construct No. 16 is a plasm d vector that
i s advantageous in strong gene expression in an environnment where
the hTERT protein is expressed at a high level in cancer cells or
thel”ﬁaﬁ 9. 44s§wstheresuts Fig. 44 A B, Cand D
show ¥ %%mttoy'b? tha'(‘ EOReETedi BiPteEEpag ¥5FEssi on pl asnid (pEGEP- N1),

3 5P expresslon AR CONSLT UGt M0 ohdws FESURIES B MRl AS d

const ruct No express on plasmd construct

respegd MghtYGhaB@ﬁﬁtﬂ Fid MEAShHPPRIc et ot thie hunfth IplPhéAlyehbiie bri ght
field. As shown in Fig. 44, the CW pronoter, the Sv40 pronoter, and
t he HRERTh pigpmisennddisc 488, Iainsénn@datteetmmsblﬂofsampmsglo@iel@ne
expression conpared with the commercial plasm d. This exanple

demr&?reaﬁre@eglﬁféfef%H?éerwé@éiiﬁ/b’t5hlé15bzécl@@er?eslwrwwﬁsrem&9fNo 14) can

be used for gene e ers r varied in this
mannet PEXANDI & 87 @E?’e@g. ”@mﬁne gr“@ ngibofeest feexf”essmf‘h
expr &l Pho s eibe 10f 'Ah@o FP‘@S%‘EM\W ﬁi@ﬂe@ﬁ‘lt@@ﬁhﬁ}d}'eﬂgla?umn
erythropoietin as a foreign géne (insertion gene) was prepared.
HEK293 peakion witigther anbteei@dindithh résadisekpreos asiog thasskitee and then
the thus expressed protein was anal yzed by Western blot.
Tr an§pét,ttqron &\ﬁashcefalr i EeB. diiﬁr, th@ﬂﬁg@ﬂﬁ@ﬂ&%ﬂt@@d@ﬁ@b@ﬂﬁbm ffet er 24
hour s, Eﬂ thro‘poN LI culture sg on was  detected
by v@’&f‘%P %‘F‘ét"f"?ﬁ‘é“ t Eeéﬁ ? AgReREfateH até&b‘r@@éﬁ%ﬁt Cassette
used !ﬁ@kﬁérﬂ: éﬁe\’am%gﬂ {NUC&4M s%f'ul(f%l' Iod%QiloH%?ngb{é %&%”%' ﬁe&’f(); 0

ncodi ng human eryt rop0|e In was in ted as a target

gene ;(hlaftﬁQcEeIuln@ﬁ]l geaats Jucl.as4ntisbews, diagnduiel aehtdersequanca (SEQ I D
NO 25) of DNA encodi ng hunman erythropoietin to which a restriction
enzymeewiof gndsa cprpdustion kpseddn ghoe cohtnrashsntwi t h t he use of

commercial pTracer (registered trademark)-EF/ V5-H s-A (Invitrogen)
and pEF6/ Myc-Hi s- A expression plasmds (lnvitrogen), hunan

eryt rﬂﬁ&%l@%'ﬂf&%‘i@??gﬁoﬁ#&@% e%ﬁgﬁxg‘%&;bmsgmtnk@ec% x{%n%tr%%? oy ng was

restrictron en ern

car r ingshifightishs b N GoRhedsthi pﬁthﬁdae&thOQy (MBL). At 24 hours after
transfection, 1 nL of a culture solution was subjected to trapping

with 6H s afhnexmesdonessgtien! tiherésehbinvanoomconfaitihg athwrsn

coll eR(.:é edge%eogseé fnor\évlag% gesn?ad(gls%;tlc\fr\? Zgneg)rlvabsl ;%te});_lreg HEK293 cells were
transfected with the expression cassette and then the thus expressed protein was
analyzed by Western blot. Transfection was carried out using FuGENE
(trademark) HD. After 24 hours, the REIC protein in a cell extract was
detected by Western blotting.

The construct of the expression cassette used herein was construct No.

17 (Fig. 49). Construct No. 17 was constructed by inserting REIC-coding DNA
into the Xba 1-Kpn 1 insertion site of a commercial p.Shuttle plasmid vector

(Clontech), and then inserting 3 enhancers (an hTERT enhancer, an SV40

enhancer, and a CMV enhancer) located downstream of an expression gene of
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Fig. 46 shows the results. Lane 1 shows the results of expression
using pTracer (registered trademark)-EF/ V5-H s-A |ane 2 shows the
results of expression using pEF6/ Mc-H s-A, and | ane 3 shows the
results of expression using expression plasmd construct No. 14. As
shown in Fig. 46, the strongest expression was observed with the
use of expression plasmd construct No. 14. This result denonstrates

that $HITESsdgm P KRYErGt Bihel Dot 18 of®t #s6e dn R amale | dnigsle dirr by
dugt i on .of teins to. b i cal d h
Cr e ne ot dbrfd S hal gLt Ry RPELTRRTHATR yPRARER! Rl °°

Pg%duﬁél&% -lbfi_ﬁﬁﬁjarﬁ@rsge%s §@BﬁGGEWct?%§Hh§teé bPiRE&RRL e RS- human

€ expression cassette o t he present 1 nvention

cont a¢dding DN Aunmncht §Gal i@t € hakerti@nsitaohusanneg&ahpsytiiehai n as
target genes (insertion genes) was prepared. HEK293 cells were
t r ansflesmetivedtoh(Clhsteshpras gisoh cHis SOtsbowarible fiHénuelsetideius

car f%%ﬁgﬁ%’er B FTRRE v FemeripRy erer Cotaiet Mb Aaare "bifd numn
1 gG 1§ i _ e
ool FERGe PP R O dPR”  PRIOERRE BT ah G TGP 2

The c@BShklkidefselidhceX RIS S5®hdiass sliIe -tsiy M Liand WasnHEaBSE N uct
No. 14 (Fig. 20) used in Exanple 1, to which a human 1gG |ight

chai n3xenh) rétaprativélgG heavy chai n-coding DNA was inserted as a
target gene (insertion gene). Fig. 47 shows the nucl eotide sequence
(SEQ |1 D NO Westeyn WettingDvaioraried ot ushig aheHiRig Camihedy anda ¢slnt

chain _(Fi 47A) or_a _hunman | eavy .chai Fi 47B) ... to which a
r est r‘?xé_%cgﬁtoéﬂz‘{fﬂ%% PP@}‘\%]S;&OI ?@a‘?bét(ﬁ?%ﬂsat24rcllgﬁ1‘f i %ﬁtf’r tvr\na%%e?thﬁfé"use of
conmer ci al pf afedhdwe@estaned tradenmdas e/rVartheadelllRviakl #gen)
and pEF6/ Myc-Hi s-A (I nvitrogen) expression plasmds, the human |gG
| i ghtcetBaioncaosed the:xpuraranygGrdieapyoehgilmecddhongs DNArewals of nsedt ed

into the EcoR 1- Xba 1 restriction enzyne site of each BI asm d.
Vst exirast of eelhyirapsfeeisd rvidhy acemmericid PaRudle Yecsrs o which Jdah--( MBL) .
At 24 ourﬁgj\g;ther transfec

aruriedBAG) b a5 R R RS uR St BRe o p ) EumREc ST,

tr apRi e D woid sh @mregsi@i?ivg&m T8 had been constructed by inserting
REIC-coding DNA into a commercial pShuttle vector, and then inserting 3
enhancers into a site downstream of the REIC-coding DNA (downstream of BGH
poly A). As shown in Fig. 51, the strongest expression was observed in the
case of using construct No. 17. The results demonstrate that incorporation of
the portion of 3 enhancers of this system (the backbone of construct No. 14} into
a site downstream of the expression gene cassette of a commercial plasmid such
as a pShuttle vector enables to enhance the gene expression. Specifically, the

results demonstrate that target gene expression can be enhanced by insertion of

the region of 3 enhancers into various gene constructs.

Example 6 Expression of c-myc gene with the use of expression vector
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total anmount of the thus collected protein was used. Fig. 48
shows the results. Fig. 48A shows the result for the human 1gG Ilight
chain and Fig. 48B shows the result for the human | gG heavy chain.
In both Fig. 48A and Fig. 48B, lane 1 indicates the result of
expression using pTracer (registered trademark)-EF/ V5-Hi s-A, |ane 2

shows the resylt of_. expression usin EFG6/ Myc-Hi s-A, and | ane 3

showsC PRl FiEd thaﬁlfg%eﬁpesosficaﬁ%%ff PW@%E’EMNO. 14. Also, Fig. 48
shows the r I f.intr I r i i Lh Xt ract
ond e esant e PrbighasBif R SRt SR SRS ffn P11 LACS

48, ttﬂ?c@tgéﬁ@gﬁﬁttal%é%@x%(iﬁ%r%ﬁ RRsphuedrdparddie KBREIDL IS vRE:
construct No. 14. The results denonstrate that this system (the
backhenafafted omdi thectxpNGsiohddassesteus EFld thiue ex preaskiCpioddin ofaspr ot ei ns
to be used for_pharmaceutical products such as antibodies,

di agrigghized dyelesterpplate adamsieqtipn Wancoriedsyy usingdkEFENE based on

Depr ERHERAOICHD: ARELITbows By REKT Prdein ot 6| EOMMRAHal pl asm d

VECt Qfotected by WlBH¥RLARRI ON cassette of the present invention
contalning a human REIC gene as a foreign gene (insertion gene) was

prepared. HEKZ?dnaekdtwes exprieadish @aitteWstd hehen eprcessirdied dgsett e
and then the thus expressed protein was anal yzed by Western bl ot.

Tr ansfsgtingRElés ceding I8¥AGuto Ueiy FUEENEI(ser Goiesigs kY a liDnofrciet 24
hours, th | C.protei jn a.cell extract was detecte stern
bl ot tﬂsﬁ@f‘tﬁ-’ iﬁEasmlf? T‘Fn“etOEg‘ﬁL"t”r‘ > Hyd thea igsesting i aeaegégtl?%Rﬁed

her ei c r - i r S
: consteEl B%:\j?%é’ %3516 ﬁgg%?%’ga%?g\tgglllangc)eBl\}ig?%?o&t e X%Igjo%-tﬁ%n 1

I NS erekphRfRsiDint @n@fofaxp AEIRINCH 1atm ISBHsthuet Rbasmi(Higyeol ased & ont ech),
and then inserting 3 enhancers (an hTERT enhancer, an SV40 enhancer,

and &x@myplenhatcer)Kpotadie® Uovwestiowarte dbwaptrexprodsks BREIGandingf
expression plasmd construct No. 14 (Fig. 20) used in Exanple 1 into
the KYRALD thedprm of BEE PrEhAST f SPEBNIEE T eAMAdTONHIRe REFOTodi ng DNA

0 SRl LLOh, B AR YAk SERNANER By Afad RO Ko VoSt O

constructe I'nsertrng ng n 1

I nsertdePfosisite o@fa BnHREIERL1IG FhluttPSPLasini @ vREaS T Y& Aas sk @nt ech)
was used. Fig. 50 shows the full nucleotide sequence (SEQ I D NO 28)

of edjhe.e55ilorwy thet rorel eoitst seqaendso(SELY ID N ©: M) ehthREhGrzddi-mycDNA was
inserted. Portions surrounded by frames (1) and (233 in the
nucl &6t¢-def gegdethossithe pigleotde Sptticdae S REIIE B6Yi g obraegivn 3

enha%%g{a?niglgg)i{?@ﬁ)ﬁolgf %Q&f% ie\lllg|a1¥ders contained in construct No. 14.

Western blotting was carried out using an anti-c-myeC antibody (Santa
Cruz Biotechnology, Inc., Cat No.: sc-70469) anld a cell extract (total protein
amount: 10 pg) obtained at 24 hours after transfection.

Fig. 54 shows the results. Lane 1 shows the result of a cell extract of
cells transfected with a commercial pShuttle vector to which an REIC-coding
DNA had been inserted, lane 2 shows the result of a cell extract of cells
transfected with an expression vector constructed by inserting c-myc-coding

DNA into a commercial pShuttle vector and then inserting 3 enhancers to a site
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Western blotting was carried out using an anti-REIC anti body and a
cell extract (total protein anount: 10 lig) obtained at 24 hours
after transfection. Fig. 51 shows the results. Lane 1 shows
the result of a cell extract of cells not caused to express any
foreign protein, lane 2 shows the result of a cell extract of cells
transfected with a comrercial pShuttle vector tqo, which RE| Ccodi ng

DNA hiFvbdesa (fostisggam ofnBCE BHEWS ehibercsiyrcogingliér| #xtract of
cell s ,transfect ith an _expression ye I h n..
constRTLE B phstietird bl RAESRI AR R b e e P S osnuc 11 o
vect Ofqct SN ﬁs%etédrbwnfsmglg%ﬁnﬂamﬁ? DNU i@ StdEmeRUNSIgRam of the
REI C- codi ng DNA (downstream of 'BGH poly A). As shown in Fig. 51, the
st r ongrsér @xprhes Shantings aihaecarednton fihe deasgrein usthege-agrst ruct No.
17. The results denonstrate that incorgoration of the portion of 3
enhareding BN A Kiewssisraane{ B! palokddhad brewcnsesk r s sult14) into a

site downstream of .t he expression ne casseite.of a camrercj al

ol aorfCRGLH GOt ErTOE ISaPUEaI0 BT LGRE S B AR HED GO
eXPr&5s#liBh -of %pgwgfaill:&@lolf Xhigt%'gte% it'ﬂle tb.%cﬁ%@rbsfté‘ oﬁtsﬁuéthf‘%. #zﬂriﬁﬁ} gene
expr e€ssi on can be enhance y 1 nsertion of the region of ‘3 enhancers

I Nt O YA dBHSstEARLo CARTXpHEkfon FpNTksetfe EXPESSEIBHal0hlaSmIty Sudhedie
with the use of expression vector constructed by nodification of
comrer phlalttlplvastird Beetifically, the resdlhdempepstesies trut casssiaen ef dfe t he
present invention containing a human cnycC gene as a target gene
(i nsefeivgnigh ABYANREE 19 EFHIVE BENHERDYTUCR CRR CHRANES I8R5 BT ed Wi t h

the expression .gcassette. The thu XQr ej anal yzed by
et SR OBy TEERA e A RT: SXBLARTES, e Sk R

(tradempsdiionH? enhhh &l BAIQBSTatibRRr R foRiodt & NedhndeGallthRXt r act

was detected by Western blotting. The construct of the

expr eysiean (thadaek i@ eusfadnlignei Nowas) imom stsiteatosdishrgamndeaht i ng

RElI C-coding DNA into the Xba 1-Kpn 1 insertion site of a conmerci al
pShuteFPeessiaisgang apseattsr of Trhsimdd K9T cxpiassiore Al p SV E RARE B RhRHdcer s
(hTERT enhancer hanger, ..and ancer cat ed downstream
of | B SRPABLTbAT Yanes By - arprsuShEn i aBRREPE Bkl BEVRES B o
20) ugedolit Bt MeRicknd Nt Qpd BB AR the FEAM ded OS@FdOMabitce
downstream of the REIC-coding DNA'in the formof BGH poly A + 3
enhane@bscerARraot dNtisedl] faa regaicviticonsdicint edd e linsey & iregnl fioran
c-nmyc-coding DNA into the Xba 1-Kpn 1 insertion site of a conmerci al
pShutaniablipg 5ANECRHPr s IO bigeell) IS8 SHeERingEcges. 5ACK 55 KMy heoT

nucl eoti de sequenc EQ ID NGO, 29) .of, the inserted.c- ene. Fi
55 s Home AT Ao b cursariap s e e Y SerSrie (e | O
cont aj;pi pg .BFH,poly A and 3 enhancers contained in construct No. 14.

Example 7 Enhanced expression upon the use of hTERT as promoter

The expression cassettes of the present invention containing GFP
(Green fluorescent protein) as a foreign gene (insertion gene) were prepared.
HEK293 cells were transfected with the expression cassettes, and the thus
expressed proteins were analyzed by Western blot.  Transfection was carried

out using FuGENE (trademark)-HD. After 24 hours, GFP in cell culture
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Western blotting was carried out using an anti-c-mcC anti body

(Santa Cruz Biotechnology, Inc., Cat No.: sc-70469) and a cel

extract (total protein anmount: 10 jig) obtained at 24 hours after

transfection. Fig. 54 shows the results. Lane 1 shows the

result of a cell extract of cells transfected with a commerci al

pShuttIe vector .to &%lch“gsenlgé odlng DNA had been inserted, |ane
% Ce

2 shoms ? ns?%%ﬁ FC @8 of cells transfected mnth an

expressi on vgetQhGARSIJrYaL %gpxl@¥s1bﬂ%§£§e't@9 ugew&eﬁpwefkg hrhdto a
commercial pShuttle vector and then inserting 3 enhancers to a site

downskis eaiFigd 8paséd aaRxahpRCHapdLynAYyucof Nohegci o, aadizng DNA. As
shown in Fig. 54, the strongest expression was observed when the
expr ésensprucietivol 8 cbhsth woted dy Shﬂ%’eritlif‘h'lg 5. hje- todiiag> DNad igo a
commercial pShuttle vector _and then inserting 3 enhancers into a
site \Xﬁg’tef’ﬁéigr\yof Q%@tfewh%cé&ﬂﬁg g@ﬂﬂﬂ? (gsv\mwéa%%weg@ﬂ poly A)

had begn. .\ egdan APk T paf[g,g{a&erde getn%s Ll Lhe. gene a%gnt%ggafsn. can

be enchance by 1 ncor Ion o e portron O enhancers

syst amsiidng deaclhpnash 1(130&?15é1fv11|&)tnnNQ1t wittke hTER T8 s Sxb e sdaNRSE Bfgqam of
t he expression gene cassette of a comercial plasmd such as

pShutlevd; viedtiarin @peed ddltalahy is tévd wheukinwdereiispeatiesgenhat
insertion of the region_of 3 enhancers to various gene constructs
can eeﬁfﬁafﬁé@ntiaregévﬁctgéne Hoypsvesdpense phéhis gggtor (@qnsﬁwc§N@xéﬁb| e

denonst r,at es_t hat ene._expressi on.i.s en e |ncorporat|on
of " HEVUE el i AR PR PR g WP radlos e 5P
ConStcﬁiﬁC}(gaINOapplf&i ﬂo%e‘ﬂe%h@ﬂa&o? SRV LERAT RbAL MorEhRREFI O 1RENe
cassette of a plasmd for expression of a c-mnyc geng to be used for
pr epamdtthehikef KRﬁsﬂebﬂHo 195 seldsmidrcentthodtghbytinsdeinyagfRASs f or

vari ous types of regeneration nedicine. Specifically, the result
denprisgveiicadnionafite NesEpHRNE 6n FOFISFEN gepedef gancrdrzene ganesssionon

medi ci ne and the s a neans f abling stron ressi on of
e et Aot 63 2 BB A T RO L AR R e R TR e b
t hus t Vi vo or ex
Lo SHBLARPESRR A ) itfids BnTERIOANGRA ARuLAR s plil,

pr omao&nstream of aTBGIEXPIvEA SkQiencasset fasrdfgcnbexpreas@ntveiteent i on
contai ning G-P (Green fluorescent protein) as a foreign gene
(i nsdeensorichdive)l Sheprtapriopardd ERH Bragdiccel Constewad No-@iskect ed with

th te dt th d t

anal VBB ORBLTORA D81 BECr el B3t TR UER e AR POUEA DRI FuGENE

(tr a%ﬁg? EI)O {% '%fft e%ﬁn%f’alkk%'ﬂr %xpxgzg)m'nnve%ﬁlr (cgﬁgt}% %\Ioﬁ%l) utions was:
ct stern

dete ott
containing an hTERT promoter and further inserting an hTERT enhancer

sequence into a site downstream of the BGH poly A sequence. Fig. 59-1 and
Fig. 59-2 (a continuation from Fig. 59-1) show the full nucleotide sequence
(SEQ ID NO: 31) of expression vector construct No. 21. Portions surrounded
by frames (1), (2), (3), (4), and (5) in the nucleotide sequence shown in Fig. 59-
1 and Fig. 59-2 indicate an hTERT core promoter, a minimal CMV promoter,
RU5', a GFP gene, BGH poly A, and an hTERT core promoter, respectively.

Fig. 60 shows the results of expression. ILane 1 shows the results for a
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The constructs of the expression cassettes used herein were:
construct No. 2 (Fig. 8) used in Exanple 1 and constructs No. 18,
19, 20, and 21. Constructs No. 18, 19, 20, and 21 are shown in Fig.
55, Fig. 56, Fig. 57, and Fig. 58, respectively. Construct No. 18 is
a general gene expression vector containing an hTERT pronoter. Such

3 GeneaPLRiEssi ANk Sk AUARLACROUSLLD: SHORN ATTE XPICES! O

in an environnment where expr ésse l'evel™; "t is,
in capleew theldssits andxpestivadisiiesoGanearNG et | NS PEGiNd.clgene 20,
expression is expected. However, the use of this vector (construct
No. 18)d Nesidllt separatelyt r ehebjoweak Fge i, expreedsh ovesarbdetviels hi nder s
t he vector from_bei q clinically applied to gene therapy, protein
(dr ugieISPBEHIEITGR 7 SPER 5 EoRUTICEs Nande Ne [140d0. Borst2dcandN, | 19

is a plasm tr.u . by _insenting.a equence into a site
upstrggh?bfqggqgigﬁgggsgﬁfégﬁgi% mg°%%ﬁ£?§#§dgﬁeyé%ﬁ}g%gf%ﬁ“@ictor

( coNnsiHeUsnsti@ets bler 6@ RirBL Nk pREsstbHEEh Pk ARKEN by PRI HEL ad¥0an, 20 1S
a plasm d constructed by rnserting an hTERT enhancer sequence Iinto a
site ddwnstnéanmsdil forBEhifilaytlA cakaiueng ehofert GRS sddn GENEHhTERT
expressi on vector (construct No. 18) containing an hTERT pronoter.
Const Pig&totripothap gngidegeaicgswpecifisrasne wapeagsion tiuhdes ckgmaly RUST
sequence into a site #Qstreanlof an expression gene of a general
gene XS ELETBHVEPEE!Y (const ruct No. 18) containing an hTERT
pronmoter and further inserting an hTERT enhancer sequence into a
site downstream of the BGH poly A sequence. Fig. 59-1 and Fig. 59-2
(a cobtdmplats Bprietioh bipgn shAulkinshewanbieclivh lwintelpe@hiideosequence
(SEQ ID NO 31) of expression vector construct No. 21. Portions

sur r owpdesidny veatensdmving diff@pnt {@yign(gtnes avdrfdEptdadntheteén nucl eot i de
sequence sh in Fig. H9- and Fig. 59-2 indicate an hTERT core
pronot er, a%ﬁi‘*fféf" t%\)ﬁg’ﬁf‘ifﬁﬁ tanpgysly Wéﬁﬁpla@éﬂé,cowcﬁ%ﬂ YA and
an hT, L . +Fl g: ho the r | t,s of
excpr acey 5a b DOR flos A ERERERL KRkiny Solin B0PY RS bR GRY.E ©

not  q&§S.EXD)} © pEXRTi@ S n @MY cthOLY i8BoRbRLRINY e ARG I RNC€RitZhidhebs Show t he
results of expression using constructs No. 2, No. 18, No. 19, No.

20, dmhsgasgicodsen NG entp. cohstrebioMp. 2 h(IFigg S8BGndexplaessi on was

observed desg%ndi ng order of strength in constructs No. 18, No. 19,
No. ZOISTBCieo PYAREOROratRe FHE-caing PN 4 fitoroppstrastapl 2l taod®k r at e

t hat 4hi , t t ' t t
by oltl Sus XRRANS ABARE Dl oIS, EPRP ML HE bR oF Fotser ui
for siagbd beamdihy FrAUIRNE i(R9d4NEKIENS EXRILRS] %Hilso(ff AR O TERT ROt er

t hat enabl es cancer-specific gene expression but has extrenely weak
gene KBRS seldn Hapaells,yP CExaiipl e85 Ex gl 50 DN d1pehs, ShdCRNeous
transfection with a plurality of expression vectors having different
f or ei’GH S JesIe &3¢ of Woharrde #epadisrpl a normal cefd|line, VM St 2hpdtsect ed

R s P R e AU G e R A Nt R
a pl agdredisC@NShE US 1R PYribNGIE ROLA @gc{gpﬁ%ifﬁgeg%gg%myg@e S

transferase)-coding DNA i nto construct and a

pl asrdete @by Miat & HyttinC OrpArPR dic iy OO0 ngd BNAst BisT-CRfsd T uct
No. 21 (Fig. 58). The thus expressed proteins were anal yzed by

West dPNAbBINASTwarssifre paiiedrb ywarsi fiaalrsyathesist based ng KawGENEINA
(trademark)-HD. As cells, cells of cancer cell lines, HEK293 cells,
Hel a S€8YFES-PC3 cells, Hep& cells, HCT116 cells, and MCF7 cells
wer e used. rthermore.  as cells of a nornmal. | 1ine, OUVS: 24
cell's ( hurraﬁ}-de %e*’r’”f1 \'?g‘gf“fl?b‘?’%%?aégﬁg)"ugﬁa‘“ﬁﬁk a&&-ﬁ?hmmﬁm@f R}
keratinocyte cells) were used. At 48 hours after transfection, each
protein in cell extracts was detegyed by Western blotting. For
DsRed- codi ng DNA and Yeast GST-coding DNA, cDNAs were prepared by
artificial synthesis based on known cDNA sequences. Western blotting
was carried out using an anti-G-P anti body, an anti -



6H s anti body (MBL, used for detection of 6Hi s-added Tel onerase), an
antitubulin anti body (Sigma), an anti-DsRed anti body (d ontech), and
an anti-Yeast GST antibody and cell extracts obtained at 24 hours
after transfection (total protein amount: 10 |ag). Fig. 61
shows the results. As shown in Fig. 61, a plasm d construct

(CoNSECh{¥3dy 2MBICOINER! BE ﬁ&e@ﬂo%?'@ﬁi%@ﬁf{& ?éloirrﬁsrys%i,f ﬁ at®
f nl'y ells i

carryl ng out gene expression specific to o cancer n

var i osuliaRadbo8e ($ignad)dahentiahs el d8ibodpaCiditeat) ¥nd bR ahhil Bedz@se,
genes were expressed strongly only in cancer cells, and gene

expr €8T amiibndnendwkll eatiastscariained st Bphesseafter matshiégionegatall, f or
exanpl e, .gene expression is observed in both human cancer cells and
nor neltTotaR pEopRtt Hblghse of a plasmid construct (construct No. 2)
containing a. r Qnot er t hat .cancer=cel |l -specif.i.c gene

expr essi on g%qrg\){t 18:‘L?g)vs'atc iIS%/“Zig'* ¥ gleos‘%r% frbgﬁ'gﬁb%é’?asg"SIcggﬁi”ﬁ:t

cont aiph N AN PEREoRIPARES | BRI §hdhnoldd i h?éfu?ﬁﬁcc%'ifyqﬁ% busSpafl fic
gene expression can be achieved. Exanple 9 Exam nation of the

pr odusbiresnicanapenifiofo drigaanesydditsapociagions cairtorarlERQY nbym HER3
cells (Human enbryonic kidney cells) transfected with expression
vect otPceBrradliynihhis fasq asace wpreediressed s&vae ooy inlrengrresdng

the. YA HEPEGHBIEStoR ipriios Sty HRDT AGPERECTh o F Aactetss i nus. e
O E DL AR QToRLELET il A%y SHE ¢ SURET BRDEn)

Expr essi vVector) containing construct e sane was

I NCOrcRUE ad €igk txefan PIREACEEodsiRRQE $¢AHsatlct Nadenesihmbh: ¥eor (BE-| a
pronoter, Invitrogen) as a control. As host cells for

secr @rowytasxpr dud icancafcehlispayife gty opprestiomcaB®tibe aghidvadanAs

ki dney-derived cells (FreeStyle 293- Il's (Invitrogen)) at the

| ogarfeEHMT Y Yoo A PHHAEE %&galg@@oeé’dhﬁléﬁi REBHEERTHF 465 h“b%ha%-G x 105

cel | (ORI - . |1 cultured wth shake (125
rpm Scé%rnél%é%%%cﬁ%%% %\%%ﬂg{}gggﬁgg%%%é&w usi ng Freestyle 293
Expression 1 Media (Invitrogen). On the next day, the cell
concentration was adjusted to 1 x 106 cells/nmL. To 125-nL flask to
whi clEx30ipit 9 of E288iatiorldishd atbdvetion seedad of B0mag cepbhomfictin

SGE-EPO- Hi s-tag. plasm d DNA and pTracer (registered trademark)-

)
EF- ERBURe8 RE{Q) BY A4 ¢ TRedlswdteman selrxgnihkidney sa4s beandpciedagent :
293 Eeql i nvi trogen nd then transfection was carried oyt.
our 0 e VEPRE Men@Rab 60 PR b Rt R L e o
37C iivddd@npresence of 8% CO2, and then a culture supernatant was
collected. 18 itL of the culture supernatant was separated on
SDS- PAGE, ahar dchestosy gipreosyh af homah\epethid0ipiint the MNA tifagndmdlogcul ar

wei ght of about 35 kDa was detected by CBB staining (Fig. 62).
EPQO-His tag having the His-tagged C-terminus was incorporated into a vector

(referred to as SGE (Super Gene Expression) vector) containing construct No. 14
and the same was incorporated into a pTracer (registered trademark)-EF vector
(EF-1a promoter, Invitrogen) as a control.

As host cells for secretory expression of human erythropoietin, 30 mL
of human kidney-derived cells (FreeStyle 293-F cells (Invitrogen)) at the

logarithmic growth phase was seeded at a concentration of 5-6 x 10° cells/mL to

48



For estimation of the production anmount of EPO, the human
erythropoietin protein secreted in 25 nL of a culture supernatant
collected 4 days later was purified using histidine affinity colum
chr omat ogr aphy (TALON-Affinity Resin (Contech)). The eluate was
separated on SDS-PACE and then the purity of the EPO protein was

conf’ ATad YRR, SN kol B3 HISHBES O BN B BRe

purifi EPO protein was determ ne

pr ot eBye @ P thy &b&@em%méﬁ@siﬁgﬁe&ftylé 29308 xplr B Sl tNgEga SOl Ut i on
was cal cul ated fromthe anmount of the purified protein in the case
of 25(Imvitodgenhe Ouwl thamexsdiytthere(lRiogceBbtiomnsdaB)djuftsdaoriesuidt ,
human erythropoietin could be produced with the use of the SUE

vect ofelkYmén ebpt xaloflapetemhigdod? md- of ARy Firedisdradthesn seedad. BA t he
case of usin rgcer (regis d trademar k) - EF vectaor.

Ther ekbrah ARSGI PG ToeghiFSEl P abd PLESFE LhpBrerediintemariy 1 s,
about g3 (k1A HRISTRA BN ANGelc G Bled Vith BErH3RLHEH rl’aé'en?:f%éi!he

cul ture solution), was achieved. Exanple 10 Exam nation o

pr oduB¢dton(lanirogend hnd dsantr R o dRedue edrriddxqrtes Sieig H dhyemméral i zed
Cells) protein b}/ HEK293 cel | s (Human enbryoni ¢ ki dney cells)

t r anstraetieeiom. tcgllewmre sultoredvesh shakoat 37°61 ingthe peegane o€ €63 on
cassette of th resent inventio According to the nethod
descriBedep? %ﬁﬂ'ﬁﬁlsﬁp?ﬁ?a%éwlﬂs (‘PQﬂIe%te\%er d34d; &gfbé’oF BIra SERFIBRART at i on

of 1 e . i din
cach i TSR SRR SRS Rt e e Reph IR BP0 RS o

t r anshekicui Wwdiht aMatdok G5 aAM 486 idertcRE5 W eBBostaini e Qvigcts@y.

contai ning construct No. 14) (180 rig) using a transfection reagent:
293 Fectin Fongstimatienpf tiBupiodgcdonaymuaf bEEPOL séinshentnon, cells
were cultured with shake at 37C in the presence of 8% CO2, and thus

cul t (&N ORYEHAPIRtEL Srereteddh et Eadtire shpermatagh selecieddt (18 4)

was s r - P . ' cosylated REIC protein with
a mlogaggllggre?\g\gggﬁﬁ?%fd %%%nggli%gﬁb@?g%% Iéltlzltcehcliorﬁja/m %gt ai ni ng

(Fi 9. (T ON-Affinity RR6inC@1b@etRy. CulhlW)gais WRBIBA4RAMSoYEDHE -LRAGR
concentrated by ultrafiltration from520 nL to 35 nL. The sol vent

was sulsthiet dhegusiiyt tf e HND Hepiesn Baf konfi{nddl bR B stagniSe ghad&s).
(Trademar k) G25M col unn chr gmat ogr aphy. (GE Heal t hcare), and then a
REI C Propiaitgincgrtuat of tke prabed & Qaroteis vecdsarmipgd padiredfordpr ot ei n

adsorptio carried .out using.anion exchan ol

chr orat bt Bl i BB B EGART Shaier kP eedure Toson
Cor pQloRiti AMvas BAR ntHEN 1B bH M NRT FARE A FHRE b 2 A Jé@@%?z?uf fer
(pH 7.2) with a linear concentration gradient (0 Mto 0.7 M o

sodi uni.aifltbe cdeureUndetiorn (Egc 6ndidndoBs OAs & hesudQdiutimncdil b stdetin
concentration of about 0.35 M the lgeak fractions of the REIC

pr ot €ionldvbg pewhitcied reth (Eaets gidthr SGHazestonaies cxprabyior devsy abDS-PAGE,

d th t d of the REIC protein with high
pur | 5P aRE B EG Bra a+68) YPadhppariach (RROUFEIGTReTBOFT | e

REI C x}%rcg)tr?i Wh@@&o?@laﬁ@x@eﬁ%lﬁy%‘gg %?%%%gg%&%{gsﬁ?@ %eﬁm, t%?l?l&? % out

purified protein anmount int e’cu

sol utiisonng §m tchak ofiBe IdeP i G¥eWIl DhtaNed B sbRidISRaPf 1 L of
the culture solution was calculated (Fig. 67). As a result, about 50
nmg ofachleyepurified protein with high purity could be obtained from
the culture supernatant subjected to transfection with the REIC
expression SUE vector. Specifically, it was denonstrated that the

bt ST e e N R G BfRBI Raa 21 0% 2
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| ndustrial Applicability The gene expression cassette of
the present invention conprises a DNA construct containing a gene to
be expressed and a poly A addition sequence that are | ocated
downstream of a 1st pronoter, wherein an enhancer or a 2nd pronoter
is ligated downstream of the DNA construct. The gene expression

casseEkpressiahiia qmlﬁd}emmaacdmrs?@u@khpay @iﬁmgaaéegﬁst(m{&neéxﬂbﬁy%wg h
super - hi gh expression, regardless of cell type, gene type, "and

t r anskidoty onlls)cageritctey path Tgegime vexpr esstianring dssgiriecexpassshm
applied as a reagent in the field of biotechnology and can also be
appl i &% @f\%llev@le?ef&sm‘éefttﬁ’é‘r apeutic protein remedy or for clinical

bene. oxpr es At Rk «Bhe ABhes SRERBRS i R B0aRo T Btak gousSRE i on
t echnjGHASq itH até?n‘ﬁcéﬂt?altﬂm%f b ofEcneHROY%nd %’&?1 :ﬁﬁmL(fT)thre S ution

functional analysis of unknown genes 1 n specific cel |ssues
t hat havscededverhilonattrye 560miDethsknanBhyzaskk ¢a) siypsiey esrent of
t herapeutic effects via loading both viral and non-viral vectors
Wi th ttfwl‘gﬁﬁéﬂnéﬁﬁmf@@s\mh ag JElét expricssige SR hartepithe ¢Stopr epar at i on
of su .cells ca ab{\I f}/\frodum ng | arge ampunts of a specific

8i Atk

huma Wﬂmgo?%ﬂsf Fb B 1% a drangineHaAn seagegt: 293 %@%@t hod
for thq%geg)r b'ﬁﬁ’}}gé Q}%%ta!&l%? E%@Hg%sceﬁfé‘:h r%ls cuint cPw%é LKgs used

in recent 1 on an e Cl en

| NneXpenyrEanihé peckchey o PERAVOL, rhgldrﬁ%%nhﬁreos{ 5@1‘1@&9£}R§We§:e ageiiisqto_be
used for various forns of assay or clinical diagnosis The

DNA équheslénumﬂ sclaessatane(lcsf pkheapsesaatedi avEDB iRMGEamdbeheappl i ed as a

reagent int (5 El d of biot echnol ogy and can_ al so be extensively
appl g estated REIEArotein Xptehmolestias watgbsa! ahewt i Komowss usi ng

%?Rleﬁ;gte%?&i“@{)%é's?a&ﬁﬂg (Efg§%51ext SEQ I D NOs: 1-16, 19-31 Synthesis

The collected culture supernatants were each concentrated by
ultrafiltration from 520 mL to 35 mL. The solvent was substituted with 20 mM |
Hepes Buffer (pH7.2) using Sephadex (Trademark) G25M column
‘chromatography (GE Healthcare), and then a REIC protein-containing fraction
was collected. Thereafter, protein adsorption was carried out using anion
exchange column chromatography (DEAE-Toyopearl (registered trademark) 650
M, TOSOH Corporation), and then elution was carried out in 20 mM Hepes
Buffer (pH 7.2) with a linear concentration gradient (0 M to 0.7 M) of sodium
chloride. Under the conditions of the sodium chloride concentration of about
0.35 M, the peak fractions of the REIC protein was confirmed. Each peak
fraction was analyzed by SDS-PAGE, and thus fractions composed only of the
REIC protein with high purity were collected (Fig. 66). The protein amount of
the purified REIC protein was calculated using absorbance (280 nm) and the

purified protein amount in the case of 520 mL of the culture solution, so that the
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1. A gene expression cassette, conprising a DNA construct containing
a gene to be expressed and a poly A addition sequence that are

| ocat ed downstream of a 1st pronoter, and further conprising an
enhancer or a 2" pronoter downstream of the DNA construct. 2. The
expression cassette according to claim11, which does not have

anot hefo BBCHANA ML Ahe SRNE CARE ST POIRNORIESAM Ao 18 |L1i9ALE

enhancer pronot er, ut has a structure 1 n | a gene to

be exgrigss®r s hlranledibby: Smenglst 12 T@meefp@mn%% enapnGes, or one

r
In pronoter and one 2" pronoter. 3. The expression cassette

accor chulg beowhghiaednfiom wWheceiuretsspe pratamtsebjec g dsel teatsat tfonomith hiee
group consisting of a CW i pronoter, an SV40 pronoter, an hTERT

pr onoREFC expression OB verwt er Srasidicallipas wisclemastraied thaethexpr essi on
cassette.according to a ne of clains 1 to 3, whereip t enhancer
"o acwraged Seielthon . BalY Seflie e S R e Gt Bt SRS PBri G o
enhangef rmads S0 r enhanest sodfifh AN hTERT enhancer. 5. The expression
cassette according to any one of clainms 1 to 4, wherein 1 to 4 CW
enhancers are |igated upstreamof the DNA construct containing DNA
encoding a protein to be expressed and the poly A addition sequence
t hat ladesirisd ftradicdbiMist r eam of the pronoter. 6. The expression
cassette acgording to any one of clainms 1 to 5, conprising at | east

any one of I8 §GFICFRFTYIO8 BEFHSO! teinrers Y GaPseMATRSE R Py
UPS! T GAML AL BBt GREOLIRMC o bOIELARRY BIPL Boty Aldakidtdiy ?édggg&fgﬂ

i mredi atel'y upstred an enhancer an ~a prono _
SV40- Qkiloddtg@d8dnt@ecd @ rADST pidsd e LA ROt A0 R cd e £2P1HSHIOY

cassette.
is ligated downstream of the DNA construct. The gene expression cassette
realizes the mass production of a target protein through super-high expression,
regardless of cell type, gene type, and transfection reagent type. The gene
expression cassette can be applied as a reagent in the field of biotechnology and
can also be applied extensively as a therapeutic protein remedy or for clinical
treatment, examination, and diagnosis using genes. For example, the gene
expression cassetfte can facilitate revolutionary evolution techniques in the field
of biotechnology, such as: (1) the functional analysis of unknown genes in
specific cells or tissues that have conventionally remained unanalyzed; (2)
improvement of therapeutic effects via loading both viral and non-viral vectors
with the gene expression cassetie in gene therapy; (3) preparation of super cells
capable of producing large amounts of a specific human functional protein with
the use of human cells, as 2 method for producing biopharmaceutical products
such as antibody drugs used in recent years; and (4) application for an efficient

and inexpensive method for producing reagents or diagnostic agents to be used

for various forms of assay or clinical diagnosis.
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7. The expression cassette according to any one of clainms 1 to 6,
wherein the gene to be expressed is a therapeutic gene that can be
used for the treatnent of diseases, or the gene of a protein that
can be used for a drug, a diagnostic agent, or a reagent. 8. The
expression cassette according to claim7, wherein the therapeutic
gene is a R/ DK & 98A%1 BAkettS of (RARCEEnSHPAEISOn MR lied as
applicable for the treatnment of tunors. 9. The expression ‘cassette
for aateigehgh gerfielaoddicicoBndlogekad dud alsdebs Higedfieelstapphtarer of
constructs No.2 (Fig. 8), No.4 (Fig. 10), No.6 (Fig. 12), No.8 (Fig.
14), Nenied (EEitgent, @xamijation, (Bl gliagt@pis wiele Boneb4 (Fig. 20). 10. The
expression cassette for a foreign gene according to claim1, having
the structure of constructs No.15 (Fig. 16), No.16 (Fig. 37), No.17
Fig. ; i , and No.21 (Fig. 58). 11. A vector,
(Fig Sfé%%ac%\lﬁles% )%(lﬁ"eg Te§z) (Fig )

conpri expression cassette for a foreign gene according to

any oseQab ®wbai 16l 198 1189ynthddis The vector according to claim 11,
which is an adenovirus .vector or an adenoassociated virus vector.

52



13. A host cell, containing the vector according to claim21l or 12.
14. A preparation for disease detection or treatnent, conprising the
vector according to claim11l or 12. 15. A nethod for expressing a
gene to be expressed using the expression cassette according to any
one of clains 1 to 10 or the vector according to claim11l or 12.
16. A nethod for producing a prQ;e' §ncoded by a gene to be
expressed, conprising introducing € expression cassette according
to any one of clainms 1 to 10 or the vector according to claim 11 or
12 into a cell, and then culturing the cell

1. A gene expression cassette, comprising a DNA construct containing a gene to

be expressed and a poly A addition sequence that are located downstream of a 1%
promoter, and further comprising an enhancer or a 2nd promoter downstream of
the DNA construct.
2. The expression cassette according to claim 1, which does not have another
mechanism for gene expression downstream of the ligated enhancer or the 2™
promoter, but has a structure in which a gene to be expressed is flanked by one
1°* promoter and one enhancer, or one 1% promoter and one 2° promoter.
3. The expression cassette according to claim 1, wherein the promoter is selected
from the group consisting of a CMV i promoter, an SV40 promoter, an hTERT
promoter, a § actin promoter, and a CAG promoter.
4, The expi’ession cassette according to any one of claims 1 to 3, wherein the
enhancer is at least one enhancer selected from the group consisting of a CMV
enhancer, an SV40 enhancer, and an hTERT enhancer.
5. The expression cassette according to any one of claims 1 to 4, wherein 1 to 4
CMYV enhancers are ligated upstream of the DNA construct containing DNA
encoding a protein to be expressed and the poly A addition sequence that are
located downstream of the promoter.
6. The expression cassette according to any one of claims 1 to 5, comprising at
least any one of the following elements:
(i) RUS' ligated immediately upstream of DNA encoding a foreign protein;
(ii) UAS ligated immediately upstream of an enhancer and/or a promoter; and
(iii) SV40-ori ligated to the most upstream portion of the expression cassette.
7. The expression cassette according to any one of claims 1 to 6, wherein the

gene to be expressed is a therapeutic gene that can be used for the treatment of
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diseases, or the gene of a protein that can be used for a drug, a diagnostic agent,
or a reagent.

8. The expression cassette according to claim 7, wherein the therapeutic gene is
a REIC/Dkk-3 gene that is a cancer suppressor gene applicable for the treatment
of tumors.

9. The expression cassette for a foreign gene according to claim 1, having the
structure of constructs No.2 (Fig. 8), No.4 (Fig. 10), No.6 (Fig. 12), No.8 (Fig.
14), No.10 (Fig. 16}, No.12 (Fig. 18), and No.14 (Fig. 20).

10. The expression cassette for a foreign gene according to claim 1, having the
strﬁcture of constructs No.15 (Fig. 16}, No.16 (Fig. 37), No.17 (Fig. 49), No.20
(Fig. 57), and No.21 (Fig. 58).

11. A vector, comprising the expression cassette for a foreign gene according to
any one of claims 1 to 10.

12. The vector according to claim 11, which is an adenovirus vector or an adeno-
associated virus vector.

13. A host cell, containing the vector according to claim 11 or 12.

14. A preparation for disease detection or treatment, comprising the vector
according to claim 11 or 12.

15. A method for expressing a gene to be expressed using the expression cassette
according to any one of claims 1 to 10 or the vector according to claim 11 or 12.
16. A method for producing a protein encoded by a gene to be expressed,
comprising introducing the expression cassette according to any one of claims 1
to 10 or the vector according to claim 11 or 12 into a cell, and then culturing the

cell.
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