NOVEL EXPRESSI ON VECTOR W TH ENHANCED GENE
EXPRESSI ON CAPACI TY AND METHOD FOR USI NG THE SAME The
present invention relates to a novel expression
vector which is capable of enhanci ng gene expression
in mamualian cells. The expression vector conprises,
in addition to the gene to be expressed, a nuclear
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Another conventional gene expression method widely used to express
said human recombinant proteins is a mammalian expression system. A

mammalian expression system uses mammalian cells because of their ability to

undergo post-transtational modifications and peri-translational modifications.
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It has been observed that a mismatch repair (MMR) system in human
cells strongly suppresses gene amplification. See Lin et al., 2001, Nucleic Acids
Res 29, 3304-3310; Chen et al., 2001, Proc Nat] Acad Sci USA 98, 13802-

13807. Thus gene expression enhanced by gene amplification is strongly

suppressed in MMR™ (MMR-normal/MMR-proficient) cells. HCTI116 cells are



HCTlI 16 cells allow gene expressi on enhancenent by
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introduction of a cDNA whiéh carries a wild-type hM.H
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inverted repreat (IR) element which comprises two lateral nucleic acid

sequences, each being complementary to the other. The expression vector is an
episomal vector and is further characterized as being capable of transfecting a
mammalian cell. Preferably, the IR element contains a central sequence which
is inserted between the two lateral nucleic acid sequences and is different from
each of the two lateral nucleic acid sequences. Also preferably, the expression
vector contains one IR element, such as pGT02-GFP, and most favorably, two
IR elements, such as pGT03-GFP and pGT04-ID. In the case where the
expression vector contains two IR elements, these two IR elements can be the
same or different.

The gene in the expression vector either encodes a protein or can be

transcribed into a non-coding RNA. The protein encoded by the gene includes,



but is not limted to, signal peptide, growth factor,
hornone, cytokine, chenokine, neuropeptide, antigen,
anti body, enzyne, clotting factor, anti- angi ogenic
factor, pro-angiogenic factor, transport protein,
receptor, ligand, regul atbry protein, structura
protein, reporter protein, transcription factor,

ri bozyme, fusion protein, and drug-resistance
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The nuclear-anchoring element is preferably an EBV (Epstein-Barr Virus)
gene encoding an EBV nuclear protein EBNA-1 and an EBV replicon oriP.
The expression vector is capable of enhancing the expression of the gene
in the mammalian cells.
Another aspect of the present invention provides an expression vector
- which is organized as an inverted dimer (ID). The expression vector is a circular
nucleic acid molecule having two long nucleic acid sequences se.parated by two
inverted repeat (IR) elements. Each of the two long nucleic acid sequences 1s

complementary to the other, each containing at least a gene and a nuclear

anchoring element; each of the two IR elements comprises two lateral nucleic



5 acid sequences; each being conplenentary to the
other. The two IR elenents are identical to or
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present invention; Fig. I Cis a map of an expression
p@mﬁ@ﬁnnﬁmeawﬁERHMMcabcordance with the present
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vect or %3 GFP in Fig. | C Fig. 3Ais a photograph
Ofoc réK&hNBHG ) cells transfected with pGI03-G-P
or 04/1D wherein the transfected cells were

treat Q%ﬁé\{' éﬂ}ecﬁggs, advantages and novel features of the invention will
become more apparent from the following detailed description when taken in
conjunction with the accompanying drawings.

IN THE DRAWINGS

Fig. 1A is a map of an expression vector pGT01-GFP in accordance with
the present invention;

Fig. 1B is a map of an expression vector pGT02-GFP in accordance with
the present invention,

Fig. 1C is a map of an expression vector pGTO3-GFP in accordance with
the present invention;

Fig. 2 is a flow chart of generating an expression vector pGTO4/ID from
the expression vector pGT03-GFP in Fig.1C;

Fig. 3A is a photograph of DLD-1 (hMSH6) cells transfected with
pGT03-GFP or pGT04/1D wherein the transfected cells were treated with 400

ug/ml or 1000 pg/ml of hygromycin B;



g/m or 1000 g/m of hygronycin B; 6 Fig. 3Bis a
phot ograph of HCT 116 (hM.H I-) cells or HCT 116+hM.H
| cells transfected with pGro2- G-P, pGro3- G-P or
pGr0o4/ 1D wherein the transfected cells were treated

with 1000 pg/ml of hygronyein B; Fig. 3Cis a bar
chart show ng the survival colonies of the

transfected cells in Fig. 3A; Fig. 3Dis a bar chart
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expression of the cells in Fig. 4A. Non-transfected DLD-1 cells were used as
negative control. Control of protein loading level was performed w-ith anti-actin
monoclonal antibody in the gel of cell exfracts (data not shown).

Definitions

The term “expression vector” as used herein, refers to a vector, and in
particular, an episomal vector. A vector is generally a plasmid that is used to
introduce and express a specific gene into a target cell. The expression vector
allows production of large amounts of stable mRNA. Once the expression
vector is inside the cell, the protein that is encoded by the gene 1s produced by the
cellular transcription and translation machinery. The plasmid is engineered such
that it contains a highly active promoter which causes the production of large
amounts of mRNA. An episomal vector is capable of self-replicating

autonomously within the host cells.



amounts of nRNA. An episomal vector is capable of
self-replicating autononously within the host cells.
7 The term"gene," as used herein, refers to a set
of segnments of nucleic acid that contains the

i nformati on necessary to pfoduce a functional RNA
product in a controlled manner through a

transcription process. This RNA can then be used
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Reporter genes are generally used to o _ ,
neuropeptide, antigen, antibody, enzyme, clotting factor, anti-anglogenic factor,
pro-angiogenic factor, transport protein, receptor, ligand, regulatory protein,
structural protein, reporter gene, transcription factor, ribozyme, fusion protein,

and drug-resistance protein. The protein is of natural origin or grtiﬁcially ”

modified.

The term “reporter gene,” as used herein, refers to a “oene” that 18
attached to another gene of interest in cell culture, animals or plants. Certain
genes are chosen as reporters because they are easily identified and measured, or
because they are selectable markers. Reporter genes are generally used to
determine whether the gene of interest has been taken up by or expressed in the

cell or organism population. Commonly used reporter genes include, but 1s not



determ ne whether the gene of interest has been taken
up by or expressed in the cell or organism

popul ation. Commonly used reporter genes include, but
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Various IRs can be found in many different regions of the human
genomes. The human genome IRs information is available to the public. For
example, Boston Univeristy has an Inverted Repeats Database (IRDB) public

repository, which provides information on IRs in genomic DNA and contains a

variety of tools for their analysis. See hitp://tandem.bu.eduw/cgi-bin/ irdb/




repository, which provides information on IRs in
genom ¢ DNA and contains a variety of tools for
their analysis. See http7//tandem bu.edu/ cgi - bin/
irdb/ 9 irdb.exe. These currently include, the

I nverted Repeats Finder al@gorithm query and
filtering capabilities for finding particular repeats
of interest, repeat clustering algorithns based on
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SuRsesMent RENALeoretically, the linear DNA substrate containing the two

terminal IRs is converied to the dumbbell-like DNA intermediate via proceeding
by exonuclease or helicase/nuclease within a éeli. Two types of circular IDs can
be generated depending on specificity of the exonuclease/helicase. In the first
type, a double-stranded 5° — 3’ or 3’ — 5’ exonuclease can expose the two
terminal IRs as protruding single—stranded DNA on opposite DNA strands.
Formation of terminal hairpin loops at the inverted repeat sites then converts the
DNA into a dumbbeli-like intermediate with terminal loops. Subsequent DNA
replication converts the dumbbell-like DNA into the circular inverted dimer. In
the second type, the same or a different exonuclease/helicase can convert the

linear DNA substrate into a single-stranded DNA. This can be achieved by



replication converts the dunbbell-like DNA into the
circular inverted diner. In the second type, the
same or a different exonucl ease/ helicase can convert
the linear DNA substrate into a single-stranded DNA.
This can be achi eved by 10° either a single

exonucl ease or helicase working processively from one
end. Annealing the IRs on the single-stranded DNA
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&e@@é cidar MOgh%eﬁﬁheIt Q{Egﬁorﬁﬂi 4 gedcaengrik Byththucloas

rnan an nni s 1, Nucleic Acids Res.

8%%&%%5 3 Izllg(r;]lg%rgan ﬁ&’i%@eﬂgﬁ 19@151(:1@5” Gﬁ‘lq{dt nehieh %ﬁﬂtEB‘ﬁ

has been shown
that the, anc in fec a
GENGFHOLDEGRE ]’ Clﬁ?fgiﬁoﬁ?f‘? {“%ﬁf t\}“ﬁ?&y S %Nngﬁ‘ﬁ%\é
the oriP sequence JankeIeV|%R et al 1992 %N%g tib
20, EBY 65211765 aWEBM 1§PHE0, O =1?9@@°V‘\‘71‘P18|061§§P° jcation
9- 17) and an interaction of oriP with the or|% 6
bind g agopvousiange EBNAgen; or a polyomavirus (Py) origin (PyQOri) and

large T (LT) antigen gene (PYyLT). See Heffernan and Dennis, 1991, Nucleic
Acids Res. 19:85-92).

The ﬁreferred nuclear anchoring element is _t_h_e EBV gene.and the EBV
origin. [t has been shown that the anchoring effect of the EBV. gene and the EBV
origin is due to a high-affinity matrix attachment of the oriP sequence
(Jankelevich et al., 1992, EMBO J., 11, 1165-1176; Mattia et al., 1999, Virolog -
262, 9-17) and an interaction of oriP with the origin binding protein, EBNA-1
(Lupton and Levine, 1985, Mol. Cell Biol. 5, 2533-2542; Polvino-Bodnar and
Schaffer, 1992, Virology 187, 591-603; Yates et al., 1984, Proc. Natl. Acad. Sci.

USA 81, 3806-3810).



(Lupton and Levine, 1985, M. Cell Biol. 5,

2533- 2542; Pol vi no-Bodnar and Schaffer, 1992,

Virol ogy 187, 591-603; Yates et al., 1984, Proc.

Natl. Acad. Sci. USA 81, 3806-3810). 11 1In
accordance with of the pre§ent i nvention, the
expressi on vectors conprising at | east one inverted
repeat el ement or organized as an inverted diner are
const nylgé@edanthesd of gol pesnaine ettt tistaxatessot eediers

sel ected for increasing gene expression

%rﬁ‘ﬁ%ﬁ Ald¥e onNBILr RN PERES 1 Bfle of BFdafi-ad ELardan@ted dimer
agal nst a selection agent, the celTs may be sel ect ed

re cgn&églte%h ﬁ%@ec@&wr?yegﬂgl% ﬁ L QNbe QAL ThPineRGsing
oteins expresse e expression vectors
can be obt ai.ned and e ~
iteatesrie drn <P Sty ﬁX%‘“S%%‘E £lssisEnks Rt MR
pr esent |nvent| n IS fo £ i
Crist enept Gercrd mau ot s L eaPertdet tncs i iy Sb e B
(a) preparing an expression vector conprisi
hesas in eirvesteny chreteins cxpTsRend| ghe CERRERYON ‘é’%“qr%%\fg’t Sepfgained
gene; and at | east one inverted repeat elenment; (b)
tnmmghadtﬁhgnmheﬂexmnbﬁéRohuvﬁnﬁdﬁ into a manmal i an
cell to generate a transfected cell; (c) culturing
t he trapshesbeth &ebidaptcwalh tiovpragnt ingedtionrs feqraticing at
cell to produce a protein which is encoded by the

9&@@0116%&6(@1}1 Bag Xr?(fédrﬁ‘;ﬁls%@ﬁwﬁbﬂb@iﬂg stcheefpreferred

i'an cells to be used in expressing the genes

carri e@ le%éa%%e %&L gs%ﬁ)'n%ct%?%ﬁgrlélﬂg thulgﬁst oﬁélﬁuéléﬁ

not ot €se hanster ovarfan s,
@B%Q@ét N en&; ?a:gt (?f%y %élHEaK%g%l)l_?a%eérleslw&féﬁ_%ﬁeat eigment

+ +
a 11(%) (t:rggsfegt{]n% the explr%s(ssmmM/Lel(_:ltolr)Iﬁto a mammalian cell to generate

a transfected cell;

(c) culturing the transfected cell and allowing the transfected cell to
produce a protein which is encoded by the gene; and

(d) harvesting the protein.

The preferred mammalian cells to be used in expressing the genes carried
by the expression vector include, but are not limited to, Chinese hamster ovarian
(CHO) cells, human embryonic kidney (HEK293) cells, human colorectal
carcinoma with hMLH 17 cells (HCT116, HCT116+ch3, and HCT116+hMLHI),

human colon cancer cells (DLD-1 (hMSH67)).

The following experimental designs are illustrative, but not limiting the

scope of the present invention. Reasonable variations, such as those -occur to



human col on cancer cells (DLD-1 (hMSH6-)). The
follow ng experinental designs are illustrative, but
not limting the scope of the present invention.
Reasonabl e vari ations, such as those occur to 12
reasonabl e arti san, can bet?2made herein w t hout
departing fromthe scope of the present invention.
EXAMPLE | Construction and Transfection of Expression
renhalls aMisti capbemededetadn Without deparsing dipreiheisapneyot the
avai | able pEG-P-N I plasmd (Contech, CA), an
EBnbmsediqp220. 2 plasnmid derived froma comercially
avai |l abl e pDR2 plasmd (O ontech, CA) and a
commercially available pMAVheo plasnmd (d ontech,
CA) were used to construct a pGrO-GFP plasm d. The
PEGFP-N1 plasm d has rrgb@\imngql oning sites

an

conprising a Bglll a BamH and an Xhol
restriction sites, T j

with Bgll A0e. pEEER: N Bl a5 0 wag,.di gest ed
elimnate the Xhol_ restriction site from [
cl ont NGsTergenda Fig g Ropeameer S REERFY ! B
The linear pEGFP-N | DNA un?erv,\g t, setJf-Ii ation
loutechnGulross EGRI-DpeAPE 2R APAHIC $Haved) oM ASDRGHTClally
-of Xhol site was checked with the digestion by EcoR .
ArnilxblelpDR 7 plastaidepEGHPON ) ang 2o miner cighy abﬂékﬂé\@ned.
An EGFP gene having an EGFP codi ng sequence (CDS)
FWMhé&pl@ﬂnﬁQB?omém €14 veard usedGbopstorrbe pfiTO iGA thg
he EGFP CDS were obtained by the digesting
gj&g}mﬂql -elimnated peEG-P-N1 plasmd with Af711 and
aLl restriction enzynes.
The pEGFP-N1 plasmid has multiple cloning sites comprising a Bglll

and a BamHI and an Xhol restriction sites.

The pEGFP-N1 plasmid was digested with Bg/il and BamH]1 restrictionr
enzymes to eliminate the Xhol restriction site from the multiple cloning sites and
to obtéin a linear pEGFP-N1 DNA. The linear pEGFP-N1 DNA underwent
self-ligation after agarose gel pﬁriﬁcation. The elimination of Xkol site was
checked with the digestion by EcoRl. An Xhol-eliminated pEGFP-N1 plasmid
was obtained. An EGFP gene having an EGFP coding sequence (CDS)
encoding an EGFP protein and a CMV promoter driving the EGFP CDS were
obtained by the digesting the Xhol-eliminated pEGFP-N1 plasmid with Aflll and
Apall restriction enzymes.

With reference to Figs. 1A, 1B and 1C, a plasmid pGT01-GFP has a
nuclear-anchoring element, a gene for hygromycin B resistance, a gene for

ampicillin resistance, an Hind!11 restriction site, an AfI11 restriction site, a Pvull



Wth reference to Figs. IA IBand IC, a plasmd
pGTA - GFP has a nuclear-anchoring el enent, a gene
for hygronycin B resistance, a gene for anpicillin
resistance, an Hindl |l restriction site, an Aflll
restriction site, a Pvull 33 restriction site, an
Xhol restriction site and a BanH restriction site.
The EGFP gene was inserted into the BanH

L8SLEdLdile0m 8hd18c@ficRordanen d BB ANCiee@ictioBitd) OTlie GFP
enent conprises an EBV gene encodi ng an EBV nucl ear

e
ﬁnas % E}'nseﬁ%d t&ﬁ@%nﬁ-@l EBMcfisPhitcan QhkPThIRbclear-

was obtained primarily fromthe

zﬁwﬁwt@oeig r%oamrﬁ%?ﬁﬁ??;@% S R

ea an ising two H segnents as

érhrmLﬂgﬁébeeﬁ ?ﬁ”g quences and a P segnent as a
central sequence of an inverted S
bt a1 Helpsnif, BCHIIHE BT Utk Pt her BN BSSH (720
generated from pBR322 (Bi and Liu, 1996, Proc Nat | .
Plogdid vEd a BwBNIF3indBl Gagag)t. Of‘ﬂfrﬁepl‘iﬁﬁﬁfhl’hﬁ%ﬁ%w@ was
formed as an HPH tet cassette in the pHPH plasm d
and was HPgdnegtrient, daingah ivanted otgeaingementasd coppiigng two

of the functional tetracycline gene, depending on the

P["ée@ﬂ%ﬂfs hOMRhl diR&iPaci8 egRNtes ahbe Pshrgnicanach ddRtdal
fragnent was obtained froma pHPH plasmd (Lin et

gx‘l(%] :gego% an uﬁl‘éﬁ{eﬁ' ?npdo‘i:éigl%eﬁe%as QBtaindd ¢Rms38 hEP 1Y adMiidl

P, was generated by

gbéghﬁggﬁ%%lﬁsgars:g;ea%ﬂ;fnggpgﬁz%@ SR it .

SN IS Gertharba i FofeREnd binsCRdtiy
cassette in the pHPH plasmid and was a genetic switch controlling transcription
of the functional tetracycline gene, depending on the orientation of the P
segment.

The shortened HPH fragment was obtained from a pHPH plasmid (Lin
et al., 1997, Nucleic Acids Res. 25, 3009-3016) by Nrul digestion.

A plasmid, pGT02-GFP, was generated by cloning the HPH fragment to
the blunted BamHI site as a first inverted repeat element and cloning an EGFP
gene to the AfJH restriction site.

A plasmid, pGT03-GFP, was generated by further cloning the HPH
fragment as a second inverted repeat element to the Pvull restriction site of
pGTO02-GFP in an opposite orientation of P to the first inverted repeat element.

The relative orientations of the first inverted repeat element and the second

inverted repeat element were determined by restriction enzyme digestion.



fragment as a second inverted repeat elenent to the
Pvull restriction site of pGI02-G-P in an opposite-
orientation of Pto the first inverted repeat

element. The relative orientations of the first
inverted repeat el ement and# the second inverted
repeat elenent were determ ned by restriction enzyne
di gestion. 14 Wth further reference to Fig. 2,
PCTO3y@aPrupaer Airgesdcad ri. Dhp&oB-GNz waedigededindargohe
gel -purification to obtain a |inear pGr03- GFP DNA
%rﬁgdelaﬂgﬁﬁd&% e%eﬁ?ﬁri%id?l dbBn & RelSarRAr(z0GF P IDNeA.

erted repea ement and the second repeat were
respectively | t t . j
pGro3 e EE GERATA L FuS B and ¥ HlDRREe ropeat
DNA sol utjon containing a singl t randed | i near
O A0 DRAOT e FOS B ETPEETE G ERBSH
pGT03- G-P DNA was achi eved by al kal | %@naturati?n
wi th dhedingarer@FOBCTPNPNAGHES JeRaERse PRI MmBcEfelged N
HCI plus one tenth volunme of | MTris (pH _7.8)_was
BOdesbltidort dumtaieing raingtestraddd linear @il 0&43?‘1% BPNAe THNA
solution. The neutralized DNA solution was briefly

bafubat &dofhe Bi&rbGTOIAG AP DN evat hehicved iy allah degaguration
Each of the |l ateral nucleic acid sequences (H

WWH@%Q?()M}@]@U}& i nverted repeat el enent was
all owed to be annealed to the other; and so was each

of t e h h 1 BbiAHC ENAGEAREHERRES Hhmb Be1 36T0R Gt

repeat. airpin-like structure was forned near each

3@8%%5&%%%? 83{3}[?{“2‘.?(‘ ar?d fﬂg{eﬁyﬁh&mqﬁg DNASA teion. The

na se anneal 1 ng sing

e e BTON G, B WAL s

sel f-anneal i ng single stranded |inear pGI03- G-P DNA.
on 1ce.

Each of the lateral nucleic acid sequences (H segments) of the first
inverted repeat element was allowéd to be annealed to the other; and so was each
of the lateral nucleic acid sequences of the second repeat.

A hairpin-like structure was formed near each of the two ends of the
single stranded linear pGTO3-GEFP DNA to obtain a self-annealing single
stranded linear pGTO3-GFP DNA. With reference to Fig.2, a gap was formed
between the ends of the self-annealing single stranded linear pGT03-GFP DNA.
A DNA polymerase and a ligase may be employed to treat the a self-annealing
single stranded linear pGT03-GFP DNA to seal the gap and to obtain a

dumbbell-like DNA (Lin et al., 1997, Nucleic Acids Res. 25, 3009-3016; Lin et
al., 2001, Nucleic Acids Res. 29: 3529-3533).

The self-annealing single stranded linear pGT03-GFP DNA was



A DNA polynmerase and a |igase may be enployed to
treat the a self-annealing single stranded |inear
pGT03- GFP DNA to seal the gap and to obtain a

dunmbbel I -1i ke DNA (Lin et al., 1997, Nucleic Acids
Res. 25, 3009-3016; Lin etts al., 2001, Nucleic Acids
Res. 29: 3529-3538). The sel f-annealing single
stranded |inear pGT03-GFP DNA was 15 introduced into

a . [ . , ~all - .
b et S i

e
dunbbel | -1.i e d '
gn%e;m@fa%mg@&@a lpd i B eS shown
i gestion [ [
Ve S At PRERLHE b L BEIRANR,

pGro4/1D, being used as expression vectors, were
dgedionand tanbican nreedcdMeEs By 04eect ropor at i on

using a comercially avail abl e Nul eof ect or system

( Amax &he cGesirmatey)p(HOHeG HP rrfs TR-OFE, pehti-adtind pGd 04/1D,

i nstructions. Transfected cells were cultured for

Béind 8sdiorephetion ecadg] whmmsed tGBargfart ingd céilsgyomyci n
B for selecting stable clones. The main objective in

?ﬁ:g@gﬁé&ﬁ&% Widdl ENBmBFRARMvailie Nul@fedarsybiememineaxae

e expression in transfected cells. To this.

g%grﬁ #ﬁ@%t}%&éﬁ{ﬂ?%%@%ﬁ%&ﬁ%ﬁ sGARARIEnO T @i chGpdel B Grere

_ esigned to allow for the

persi e&;g & | ecul es.. ov r ﬁf% i f

DSk eSSl TR R LR G IR Ip RS derR!

In the exallrrpl e, the nucl ear-anchoring el ement

é@‘ﬁﬁiflgss_é%b ¢REONEBNA- | and the oriP. A vector or an

expression vector containing EBNA-1 and oriP is alhso

knowrhcasainnbEBive/iaecerrdance WEkths SESCRARNGRUPR S fegphance

vectors anchor to the nuclear matrix through a

hhgperafdkiprdstipn tratransfeced cetlhndotthis ¢gil.dhe SENERIN WEoFhe
capable of replicating in human cells was designed to allow for the persistence of
molecules over prolonged periods of culture by containing the nuclear-anchoring
element. In the example, the nuclear-anchoring element comprises the EBNA-
1 and the oriP. A vector or an expression vector containing EBNA-1 and oriP is
also known as an EBV vector. It has been shown that EBV vectors anchor to the
nuclear matrix through a high-affinity matrix attachment region containing the
oriP sequence (Jankelevich et al., 1992, EMBO ], 11, 1165-1176; Mattia et al.,
1999, Virology, 262, 9-17). Furthermore, interaction of oriP with the origin
binding protein, EBNA-1 is required for EBV vector replication, segregation,
and retention in primate cells (Lupton and Levine, 1985, Mol. Cell Biol. 5,

2533-2542: Polvino-Bodnar and Schaffer, 1992, Virology 187, 591-603; Yates

et al., 1984, Proc. Natl. Acad. Sci. USA 81, 3806-3810). With further reference



ori P sequence (Jankelevich et al., 1992, EMBO J., 11,
1165-1176; Mattia et al., 1999, Virol ogy, 262,

9-17). Furthernore, interaction of oriP with the
origin binding protein, EBNA-1 is required for EBV
vector replication, segredgéation, and retention in
primate cells (Lupton and Levine, 1985, Ml . Cel

Biol. 5, 2533-2542; Pol vi no-Bodnar and Schaffer,
1992, Vi ol 7 : ! frangeh84,
A Ry RS R TR S

furth reference 16 ' t
BBy B Borar e e et an o phae i dine
by at.|east one.inverted repeat el nt_can.fupt.her
Sraiiee TRty BranTeRg Bosolror Bubmeeres Fire b e
drug sel ection and'thevgene copies, the _ex rESSiOQH{
PHISHOB VeBhISAONANYNERY Velanis andh lpaghone dpetted Hpeat (IR)
inverted repeat (IR) elenent were constructed as
dencitivied cadtneted Bk de €GB gleave. die ddiTyzens enpegme an
protein driven by a CW pronoter was cloned into each
pGFP heotEixREESS bpa CMEGransteawancigeetkintofach of thetelpriession
reference to Fig.2, the inverted diner, pGro4/I D,

vas,:t ke, DNA Ry @dpste: @eRelRtedid 1, om inGH3-daRer, phiTfoadh,
an | R-nedi ated rearrangenent. EXAVPLE 2,

Pr epar:at| gl Bl-mediated
dar @ﬁen@\]n%%\?moﬁaﬁinlﬁﬁtﬁe I?)g %ﬁ%ﬁp g[gt) 2% ned from Dr.
C. R Bol?nd (ucsb, CA) (Koi et al., 1994, Cancer
REFangeEAeNt.0308- 4312; ATCCHCCL- 247). Plasm d pCOM_HWI
harboring the wild-type hM.H cDNA (under the
control of CW pronoter) were obtained frombDr. B.

Vogel stein. Plasm d pCINMLHWI was used to transfect
HCT116 cells by EXAMPLEZ,

Preparation of Cells

HCT116 (human colorectal carcinoma with hMLH17) cells were
obtained from Dr. C. R. Boriand (UCSD, CA) (Koi et al., 1994, Cancer Res. 54,
4308-4312; ATCCHCCL-247).

Plaélnid pCOMLHWT harboring the wild.—type hMLH! cDNA (under
the control of CMV promoter) wére obtained from Dr. B. Vogelsteiﬁ.

Plasmid pCOMLHWT was used to transfect HCT116 cells by
electroporation to restore the mismaich repair function (Lin et al., Nucleic Acids
Res. 29, 3304-3310). The resulting G418-resistant clone expressing the hMLH1
protein was termed HCT116+hMLHI. HCT116+hMLH1 cells were cultured in
the presence of 100 pg/ml of G418.

Another colon cancef cell line DLD-1 (hMSH6) (ATCCHCCL-221) was

obtained from Dr. Thomas A. Kunkel (NIEHS, NC). DLD-1 cells were cultured



el ectroporation to restore the msmatch repair
function (Lin et at., Nucleic Acids Res. 29,
3304-3310). The resulting (418-resi stant cl one
expressing the hMLH 1 protein was terned HCT
16+hM.HI . HCT116+hM.H celll’s were cultured in the
presence of 100 Itg/m of (418. Another col on cancer
cell Iine DLD- I (hMsH6-) (ATCCHCCL-221) was obtai ned

Inc rgbgsq ur egi?b%7 sw&ﬁém&ﬁ\lk&@ﬂa 0o/ NEkal bokdre ket | s

in conplete RPM nedi um
suppl enented with 10% fetal bovine serum EXAMPLE3
Enri chnent Assay About | x 10" of subconfluent cells

were seeded in 100 x 2 ure dishes with

conpl ete RPM -1640 or %ﬁ%ﬁ%ﬁggﬁun1supplenented Wi th
10% commercially avail able fetal bovine serum

(G bco) 24 hrs prior B 8pgBl 48 ,ction. As nutrition
of the medi um consunmed and cell wastes accunul ate

t he agdedt | meldi’ ofiswimonfieaneorlts wereseqsiofipd0Gr 2 ima Cwﬂffﬁ
a fresh medium Followi ng nmediumrenewal, hygromycin

BsvR svigdeethlbte RRNI-¢ 64@ed DM medm snpplemewad with 10%
plate. The culture dishes were incubated in a 37C

éd?ﬁfHa%ta@l? S HDMIE Rl Wl ine B9mQQibedDep drdirivg todrup kelection.
cytotoxify induced by the hygronycin B, cells were

{X? B hﬁ‘g 0}?} rb?ﬂg"én%‘iuﬁ{ Sy af & ftestdceah iy, fhohgd

ays rvival colonies were observed after
Pﬁ@ﬁi@‘ th geng‘&f; %1@%0 éje“sngéeg{l ngg%%gf céédluﬁgc?br% %fz:\w 1 O X
%{% wm;yge%g%ggfggﬁoﬁpycan Cougél C{l %m‘a}@etgg ?Jélﬁ%h?&g@fs t®Lach
Einalgean”iglsedcu%ureeegishl:ésuv%rg?ncc%ggtgd I1311r g S%(P 111§:Ebat01) supplied with 5%
CO,. Depending on the cytotoxity induced by the hygromycin B, cells were
replenished with fresh medium after treatment for 2 to 4 days. Survival colonies
were observed after 10-14 days of growth. The plating efficiency of cell lines

was determined by seeding 500 cells in a 100 x 20 mm culture dish and counting

the colonies after 10 days of growth.

EXAMPLE 4

(1) Measurement of Enhanced Green Fluorescence Protein (EGFP)

Production

Cells were washed once with PBS, trypsinized, and resuspended in PBS.
The green fluorescence of EGFP was measured at an excitation wavelength ol
480 nm and an emission wavelength of 525 nm using a FACS Vantage cell sorter

(Becton Dickinson, Mountain View, CA).



Production Cells were washed once with PBS,
trypsini zed, and resuspended in PBS. The green
fluorescence of EGFP was neasured at an excitation
wavel ength of 480 nm and an em ssion wavel engt h- of
525 nm using a FACS Vantagé€ cell sorter (Becton

Di cki nson, Mountain View, CA). 18 (2) Enhanced
Reconbi nant Gene expression The human col on cancer

2% EhBandd Rebombiedh: A apstiel 16+hMH 1,  wvere

transfected with each of the expression vectors and

sel ectgd h[u%@n §(}vgf?tl:iﬁqcef3éémel§LW { &P RYAM Hefr] 16-hMLHI,

hygr ony I"e stable clonal cells of each

(érek%gangﬁectgg éhﬂth\lfle\cér H%" MLt hr%gsm}x véct&%%]nﬁ tabl€q Fdr%e[hgle

o X colon Ccancer mere se

an urther c ured in 0

P it b g teargraww;ﬁfmep% R Pl et e
reference to Fl B, col on cancer
Jent wefd ausredpl 19" %tM}R)dOéﬁ&Cqu%’ﬂ% e&@ fupri. 0! %%ngef cells
transfected with pGro4/I D gave rise to over 50 ti
weresseedddanid dsrtiten anlnged insmedlivm eantaieiag eitemnd0p m%éwt%d 600
repeat el enment upon selection with 1000 Itg/m of

hyalomhebdncinVBt h further reference to Fig. 4A the
I ncreased yields of EGFP were observed in cells upon

cul t urgith MudRe rakidhcoto Hi0O3 A9/3H, 30fand\3dy, enyaicanddr byl
flow cytonetry. EXAMPLE 5 Western Blottine A

%R%{f*{ﬁé 1 I‘Emﬁ%%ﬁél%ﬁzm%' (RITVIRF Scdlls, Pandfesied RetOSGTO4/1D

ease i'tors wth = broad speC|f|C|tyfor t he
rot ease
ggbearﬁq t8 OVB g(}[ R 13356?% %31‘%&#%%132 c§§§ \'rvﬂﬁ at l%%sct %g% E’ﬁ/erted
of protea h
repegt eiemegteuplorri] slelgclztso%r\%ltﬁgo& ug }rr% 0?' hygromycin B. With further
reference to Fig. 4A, the increased yields of EGFP were observed in cells upon

culture in 400 pg/mi or 1000 pg/ml of hygromycin B by flow cytometry.

EXAMPLE 5
Western Blotting
A cocktail of protease inhibitors is a mixture of protease inhibitors with
broad specificity for the inhibition of proteases such as serine, cysteine, aspartic
proteases and aminopeptidases. A cocktail of protease inhibi;;ors may contain
4-(2-aminoethyl)benzenesulfonyl fluoride (AEBSF), pepstatinA, E-64, bestatin,
leupeptin, and aprotinin. A cocktail of protease inhibitors may contain no metal
chelators. A cocktail of protease inhibitors may be commercially available.
Cell extracts were prepared in lysis buffer (50 mM HEPES pH 7.6, 0.5%

SDS, 1% sodium deoxycholate and 5 mM EDTA) containing a cocktail of



4- (2- am noet hyl ) benzenesul fonyl fluoride (AEBSF),
pepstatinA, E-64, bestatin, |eupeptin, and
aprotinin. A cocktail of protease inhibitors nay
contain no nmetal chelators. A cocktail of protease
i nhibitors may be commerci &1y available. Cel
extracts were prepared in lysis buffer (50 nmM HEPES
pH 7.6, 0.5% SDS, 1 % sodi um deoxycholate and 5 nmM

ERTAke ﬁ@x‘iﬁﬁﬂré‘(ﬁ@n@) Cﬂﬁﬁket Ahdurdd oflftoteR! QheRSBvere separated

I nhibitors Slgna Sanme anmounts of protein sanples
h K
APl %ée%‘%r?ﬁ?ﬁgﬁ\ﬁ&ﬁla%?‘%m Mo anes
rsha . ti,body, aga
it o eRinanan ol Ry S55 CLPRT cfMravyy)
Santa Cruz Bi ot echnol.o
RS R AHIINNS PRRIRY. aC%Qoﬁ’yﬁ.ag}t @WF%&%F%@OEO&H} g g o
wi th horseradi sh peroxidase (Si.gma) . and enhanced
@ﬁéywumvﬁeﬁégb@ﬁ*é@g(mn yorent hediys %@&L@me&é’@ Qgperadish
detection. Wth further ref_erence to qu? t he
paoxease(Piyine) ais! axhaEGRRhoms umitssesnge (¢ 1R /%s@msgarubb'ﬁre
culture in 50 g/m, 400 gg/m or 1000 g/m of

hyar orveieeidh. by Western blotting. RESULTS The
exanpl es shown above clearly denponstrated that the

expr esgii@rurH &Gt Rfer@O RS Bighh Bgtheahdtedsbé y RUBIFTGFP was
anchoring el ement and the IR el ement(s) enhanced the

OBFFT[}%&?% cefig BB&%&]&% Qlfﬁ(gﬁgﬁg A0 RohhoMIR0 andl MR-

e experinments of pr esent i nventl on were

arried.o ting an expression vector
SRTOmYHiH %P%EgFgga&éﬁghoring el enent, one or two
IR el enents, two drug-resistance genes (i.e.,

hygronyci n B-resi stance gene and an anpicillin gene)

and a reporter gene (i.e., an EGFP gene) to the human
RESULTS

The examples shown above clearly demonstrated that the expression
vector containing both the nuclear anchoring element and the IR element(s)
enhanced the transgene expression of genes in both MMR™ and MM R™ cells.

The experiments of the present invention were carried out by
transfecting an expression vector containing a nuclear anchoring element, one or
two IR elements, two drug-resistance genes (i.e., hygromycin B-resistance gene
and an ampicillin gene) and a reporter gene (i.e., an EGFP gene) to the human
cells. As shown in Figure 3, the transfected cells demonstrated a drastic
improvement in drug-resistance (i.e., hygromycin B-resistance), as
demonstrated by the finding that more clones survived in 1000 pg of
hygromycin B. Also, as shown in Figure 4, the concentration of EGFP in the

clones that survived in higher concentration of hygromycin B was significantly



cells. As shown in Figure 3, the transfected cells
denonstrated a drastic I mprovenent in

drug-resi stance (i.e., hygronmycin B-resi'stance), as
denonstrated by the flndlng that nore cl ones survived
in 1000 g of hygronycin B Also, as shown in Figure
4, the concentration of EGFP in the clones that
survived in higher concentration of hygronycin B was
S eichdrcRbdd yirA0ed i lghver cdrtantrdthvasss hygroviyeedB iand irothver
concentration of hygronmycin B and in the contro

éoWﬂJ F@gﬂﬁ?wﬂ&ﬁot&faﬁﬁﬁ&%@ beeh thé%@ioﬁ X BHES SdsARmBEF A by

nst r at ed he el evat ed intenS|ty of
qu resgenc ;
et GaER leR ﬂ“g?ﬁsgéa%?%% I e
nfirmed, that t e Lifjcat X ssi on
Héﬁacéﬂﬁﬁff@e%f PWC@%%W%S%”&%H’% B gRolpl e
nlflcantl , the i enment S dln
firatipe PRATARIETTAD WELDARCCH lamﬁ%'%a@%ﬁ}fﬂé@
anplification and expression), but also_in M\/R
peuficaitbnthedaiprey e B spicuily fyaddn MY Redefisiant eflls
suppressing gene anplification and expression).
Antdcly didhet veppress geve empliScationsind gspressiom), biialsorie SEVMR-
invention, the pGro4/1D expression vector structured
Eﬁ)f’fcf&ﬂt @dlrsqwlhﬂﬂh shoviraed thdi afeict §f' Jubbdessipg gatiedmeblifioetion
i ghest drug-resistance effect and EG-P concentrati on
iy LheedRss. cells. A skilled artisan would
understand’that the drug-resistance genes and EGFP

gene as, H%f ﬁ'e %Flgh vEflls anﬁl%EJ:SQQE the ‘éﬂrésl%nﬂnggrﬂﬁm the

encodi'ng elns as gr factors
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antl-anglogenlc factors %‘ eni c factors h
Providsdone highett drygsTesisaRen £UF %tan ONCEUERGPR g host
pr ot ei ns,

cells.

A skilled artisan would understand that the drugures-istalice genes and
EGFP gene as used herein can be replaced with a gene encoding other proteins,
such as growth factors, hormones,rcytokines,lchem_okincs, neuropeptides,
antigens, antibodies, enzymes, clotting factofs, anti-angiogenic factors, pro-
angiogenic factors, transport proteins, receptors, ligands, regulatory proteins,
structural proteins, transcription factors, and ribozymes. Therefore, the present
invention has demonstrated that the expression vector can be used for large
production of therapeutic proteins and for screening the best expression systems

or cell lines for protein production.

Even though numerous characteristics and advantages of the present



structural proteins, transcription factors, and

ri bozynmes. Therefore, the present invention has
denonstrated that the expression vector can be used
for large production of therapeutic proteins and for
screeni ng the best expressilon systens or cell lines
for protein production. Even though nunerous
characteristics and advant ages of the present 21

InDURRLhIAR: PaeePRRI B ehe foldolomg destigtidnOtR@Mendith details
description, together with details of the structure

Igﬁﬁ% ét?\?cg#é Gtid ?éﬁt\%le?o%[ﬁg GREhG8h, tﬁ{:@isabﬁﬁé ?ssiﬂ?ﬁreajt§e only.

Ive on anges nmay Dpe made in

‘details, especiall,y in.matter. |.Z€,...AN

E Ry B e Rore st e Pk S Ll FABE pLlege e
invention to the full extepnt .i.ndicated by t br oad
HEMSFREN AL RATLH § TP RETNEP qfﬂ’%ﬂ?’%fﬁloflﬁ%)(’hep"ggﬁééeag
clains are expressed. 22 CLAIN%g);,l. An expresg%gn
vdiseisd by dhpbiosd ggnerabmeaningse! the fame in whifhdhe appende
anchoring elenent; and at |east one inverted repeat
¢hiR)s &t expnagsedhi ch conprises two lateral nucleic
aci d sequences, each being conplenentary to the
other; wherein said expression vector is capable

oftransfecting a mammalian cell; and wherein said
expression vector is an episonal vector in said
mammal i an cell. 2. The expression vector according to

claim1, wherein said gene



encodes a protein which is selected fromthe group
consi sting of signal peptide, growth factor,

hor none, cytoki ne, chenoki ne, neuropeptide, antigen,
anti body, enzynme, clotting factor, anti-angi ogenic
factor, pro-angi ogenic facdor, transport protein,
receptor, ligand, regulatory protein, structural
protein, reporter protein, transcription factor,
Ctﬂﬁﬁﬁgﬁ’ fusion protein, and drug-resistance
protein. 3. The expression vector according to claim
2, wherei ' Lo f.patural origin or
arti fie?'ci a nf?h%éﬁ??gg#&f&nﬁ%}%g;pr essi on vector
accor di ng Ho glainxs, wherein said reporter protein
is an enh&nE&42§ 8en fluorescent protein (EGFP). 5.
The expression vecéor. a cordi.nlg to claim1, wherein
sai d gene?P¥clegranieraadgFRt 8™n RNA which is one
selected fromthe group consjsting of tRNA TrRNA
ant i sense 2RkASt ofF BRETIRRIEPEAHAR HBIGRFR! WhiFh RRfBRTRRAYC 23
6. The expression vector according to claiml,
Inteesleiuclcsmacid sevamesi einh beinig dogpiempmin telreothey;,  The
expressi on vector according to claim®6, wherein said
human celdherdn gaiticgpratsidm v epai is cgebleci féransiehiR'g
cell. 8. The expression vector according to claim?7,

Waeh&libnsaildhMVR- cell is HCTI 16 (hMH1-) cell or a
DLD-1 (hMSH6") cell. 9. The expression vector

accordi ng t0 Gl ai: j al lin kasd @
i st ch rUafih ST Rprat o PR A clpmaL R

ex re%si on.,vector according to claiml1, wherein the
BaanGilnori ng el ement conprises an EBV

GHRER R I TR,
encodes a protein which is selected from the group consisting of signal peptide,
growth factor, hormone, cytokine, chemokine, neuropeptide, antigen, antibody,
enzyme, clotting factor, anti-angiogenic factor, prq-angiogenic factor, transport
protein, receptor, ligand, regulatory protein, structural protein, reporter protein,
transcription factor, ribozyme, fusion protein, and drug-resistance protein.

3. The expression vector according to claim 2, wherein said protein 1s
of natural origin or artificially modified.

4. The expression vector according to claim 3, wherein said reporter
protein is an enhanced green fluorescent protein (EGFP).

5. The expression vector according to claim 1, wherein said gene is

transcribed into an RNA which is one selected from the group consisting of

tRNA, rRNA, antisense RNA, micro-RNA, and double stranded RNA.



11. The expression vector according to claim1,
wherein said IR elenent further conprises a centra
sequence which is inserted between said two |atera
nucl ei c acid sequences and is different fromeach of
said two lateral nucleic #&cid sequences. 12. The
expressi on vector according to claiml1, wherein said
at least one IR elenent contains one IR element. 13.
The expr egi efprv@airofecat@oEstidng ibolaghdl whai2in sfer ei n
said expression vector is pGlro2-GFP. 14. The

H{ b%@lleeaCﬁLfPﬁana&ﬁor ding to claim1, wherein said
eas

one IR el enent contains two IR el ements;

and wher eﬁ%%grgssﬁ Jt I@;@g@%ﬂ{g?tﬁ%ia% d, 80feh £ @lid homak

dlfferent eac e expfe33|on vect or

ordln cla Nj! a|d expression

cabEgmiE E%F °6"-“F“E@$6§) 24 16IO The
expreSS|on vector .according to clal erein
expr e&si o PgEEPISHSipsVeipatsFerie @rﬁlﬁé‘f‘ﬂcvr‘i" e&‘bﬁaégmﬁ‘
of said gene in said mamualian cells. 17. A human
cell Is I6GTpHa @iMIgH 5 aball expPe&xil §iMEEGDSElaccor di ng t o
claim11. 18. The human cell according to claim 17,
wher ep.n salit@ dypreasio etdtoi mcarding Braaiohd, wherein said human
repair-deficient (MVR- cell). 19. The human cel

Q60 Linnehdiéh iepai-FokitiensieNeRN @lli d human cell is a
m smatch repair-proficient (MR cell). 20. An

?TB; es§i on vep QL nAlGaRveedr ascodding RVEETET, wihetiarthe
nuclear-anchoring element comprises an EBV (Epstein- Barr Virus) gene
encoding an EBV nuclear protein EBNA-1 and an EBV replicon oriP.

1. The expression vector according to claim 1, wherein said IR
element further comprises a central sequence which is inserted between said two
lateral nucleic acid sequences and is different from each of said two lateral
nucleic acid sequences.

12.  The expression vector according to claim 1, wherein said at least
one IR element contains one IR element.

13.  The expression {rector according to claim 12, wherein said
exXpression {rector is pGTO2-GFP.

4. The expression vector according to claim 1, wherein said at least
one IR element contains two IR elements; and wherein said two IR elements are
identical to or different from each other.

15.  The expression vector according to claim 14, wherein said

expression vector is pGT03-GFP or pGT04-1D.



conprising a circular nucleic acid nol ecul e having
two | ong sequences separated by two inverted repeat
(IR) elements; wherein each of said two | ong
sequences is conplenentary to the other, each
containing: at |east a gend; and a nucl ear anchoring
el ement; wherein each of said two IR el enents
conprises two |ateral nucleic acid sequences; each
bei ng sconphesBittaion tetd Aeccoting o clael ewhersal did wo | R
el enents are identical to or different from each

Ol RESion ARG WRELEI e SRLhaBXRE R SleQRoNVER R gdnS iR baid

epi sonal vector in said mammalian cell. 21. The

XPressi vector according to claim?20, wherein said
% ﬁg%&ékgggés a protein which is selected fromthe

group,.consi stin f signal peptide,. r f

hor more, 2&Q%ﬂ?ﬁ%$“%ﬂgﬁgﬁﬁﬁ%f %%H?%B%%Fﬁ@%&xgﬁfﬁéé%,
anti body, 25 enzyne, clotting factor,

@ﬁﬂmlangiogenic factor, pro-angiogenic factor,
transport protein, receptor, ligand, regulatory )
prot eith, dhehemangell W@t‘gll“%}t,o Jaipolr/s wheisipe pman cell isa
transcription factor, ribozyne, fusion protein, and
chisngatclesdpsiraieteiepr 0 ¥iRAcelP2. The expressi on vector
according to claim20, wherein said mnmamualian cel

i 'S a fumamhedkinan 28l addoaliex @y @sigi I whetiosaidiooardéailgs a
to claim22, wherein said expression vector is a

miéﬂatsﬁ&gﬁﬁgﬁbﬁci&%f(&vmﬁ%elg.elI- 24. The expression

vector according to claim?22, wherein said

i)e(lplr éf(?.i O Sgptrggsidnsve@to%ﬁémh%ﬁ ab SR RIVEFRY @k LI BN
comprising a circular nucleic acid molecule having two long sequences
separated by two inverted repeat (IR) elements;
wherein each of said two long sequéences 1s complementary to the other,
each containing:
at least a gene; and
a nuclear anchoring element;
wherein each of said two IR elements comprises two lateral nucleic acid
sequences; each being complementary to the other; wherein said two IR
elements are identical to or different from each otﬁer; and
wherein said expression vector is an episomal vector in said mammalian
cell.
21.  The expression vector according to claim 20, wherein said gene

encodes a protein which is selected from the group consisting of signal peptide,

growth factor, hormone, cytokine, chemokine, neuropeptide, antigen, antibody,



25. A human cell conprising said expression vector
according to claim20. 26. The human cell according

to claim25, wherein said human cell is a msmatch
repair-deficient (MR- cell). 27. The human cel
according to claim25, wherein said human cell is a

m smatch repair-proficient (MMR cell). 28. A nethod

for expressing a gene in a mammalian cell conprising:
dnzomsf @etinp Gacs@, enxupgiegsiiofciegirorangogenidifavgpr] Dansport
claiml1l to said mammalian cell to produce a

;Sarh%n? frc?o‘éfﬂ%?‘, 1§l ; reguibdory bﬁ?eiﬁ,&iﬁ@cﬁu&@?ﬁét@ﬁt, egosel grotetno

oW sal d transfected cell to produce a protein
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n-from’sal n ce 97 The .net hod
accordi ngto claim?28 . wherei (o a
o ot éin wAne RS ERTie il dEe RS A R0G B EA AR
consi sting, of signal peptide, gromh factor,
Wémﬁﬁﬁ@?c Yisorean eleoki ne, neur opeptide, antigen
anti body, enzyne, 26 clotting factor

ant i 28ngi dheskrrepaen WICOTFERRTENGI 1B G 22 whegin said
transport protein, receptor, ligand, regulatory
prpodssion, vestor isct misthatgr wpeir-defieieporetler pr ot ei n,
transcription factor, ribozyne, fusion protein, and
dr ug-Jesi ghareprcpsion etator 6ordityoriing?, abewimdiany t o
claim 28, wherein said gene is transcribed into an

%é@’fﬂn%do? OB SB4IEE tepdirfpromitfechr oup consi sting
0 tRNA, rRNA, antisense RNA, mcro-RNA and doubl e

stranfed BNy id celf BBkt REEIEMAD dobr Ghaihg &

wher ei'n sai an ce a human cel

claim 20.
26.  The human cell according to claim 25, wherein said human cell is a
mismatch repair-deficient (MMR cell).
27.  The human cell according to claim 25, wherein said human cell is a
mismatch repair-proficient (MMR™ cell).
28. A method for ekpressing a gene in a mammalian cell comprising:
transfecting said expression vectdr according to claim 1 to said
mammalian cell to produce a transfected cell;
culturing said transfected cells to allow said transfected cell to produce a
protein which is encoded by said gene; and
harvesting said protein from said mammalian cell.
20.  The method according to claim 28, wherein said gene encodes a
protein which is one selected from the group consisting of signal peptide, growth

factor, hormone, cytokine, chemokine, neuropeptide, antigen, antibody, enzyme,



32. The nethod according to claim 31, wherein said
human cell is a msmatch repair-deficient (MVR-)
cell. 33. The nethod according to claim 32, wherein
said MVR- cell is HCT116 (hM.HP-) cell or a DLD-1
(hvsH6") cell. 34. The metfiod according to claim 31,
wherein said human cell is a msmatch
repair-proficient (MWR) cell. 35 A nethod for
E¥ERE $HtdtYardi-geiezenit Aciwapralahgingest factconpaispomgrotein,
transfecting said expression vector according to

Ii_élr:ﬂjt&] £0arldOre3Blafbry PRStER sibr&al protetn, PEREMIE Brotein,

nsfected cCell; culturing said transfected cells to

e R T R
_ ; sting said
prot &1k f I'Tgemnse%io% a@%gi t%%laql%l 2!8‘, wherein said gene 15
'transcribed into an RNA which is one selected from the group consisting of
tRNA, rRNA, antisense RNA, micro-RNA, and double stranded RNA.
3],  The method according to claim 28, wherein said mammalian cell is
a human cell.
32.  The method according to claim 31, wherein said human cell is a
mismatch repair-deficient (MMR?) cell.
33.  The method according to claim 32, wherein said MMR™ cell 1s
HCT116 (hWMLHI) eell or a DLD-1 (hMSH6) cell.
34.  The method according to claim 31, wherein said human cell is a
mismatch repair-proficient (MMR") cell.
35. A method for expressing a gene in a mammalian cell comprising:
transfecting sald eﬂxpression vector _aéco_rding toa qlaim 20 to said
mammalian cell to produce a transfe{-:ted cell;
culturing said transfected cells to allow said transfected cell to produce a
protein which is encoded by said gene; and

harvesting said proteiri from said mammalian cell.



