
WO 2004/081167 PCT/EP2004/050280  EXPRESSION VECTORS
COMPRISING THE Pu"iCI V 1E2 PROMOTER FIELD OF THE
INVENTION The invention relates to expression vectors
comprising the promoter of the  5 mCMV-IE2 gene, or a
functional expression promoting fragment thereof,
and/or an  enhancer of the mCMV-IE2 gene, or a
functional expression enhancing fragment  thereof,
wherein the expression vector does not contain any
complete gene of the  mCMV, to host cells containing
such vectors, to methods of producing desired
polypeptides by using these expression vectors, and to
uses of said expression vectors. 10 Expression vectors
comprising the mCMV IE2 promoter and the mCMV IE1
promoter, optionally together with the new mCMV IE2
enhancer, are preferred in  accordance with the
invention, particularly if both promoters are arranged
in a bi- directional architecture. 15 BACKGROUND OF
THE INVENTION Since decades, expression vectors have
been used as vehicles for the  expression of genes or
cDNAs encoding polypeptides or proteins of interest in
host cells.  Strong viral or cellular promoters and
enhancers are being used to express the gene of
interest at high levels by using transient or stable
transfection of recombinant DNA into 20 the host
cells. The immediate early (IE) region of the human
cytomegalovirus (hCMV)  has been shown to be
particularly suitable in this regard, and expression
vectors  comprising gene elements derived from this
region are known e.g. from EP0323997B1. Until today,
the gene regulatory sequences from the murine
cytomegalovirus  (mCMV) have been used rarely,
although mCMV derived regulatory elements were  25
identified to be very powerful and even stronger than
the human counterpart (Kim et al.  2002). US 4,963,481
(de Villiers) discloses expression vectors having a
DNA encoding a  heterologous protein under the
transcriptional control of DNA fragments derived from
the  mCMV IE gene region including an approximately
2270 base pair (bp) restriction 30 endonuclease Pstl
fragment isolated from the viral genome. A 1387 bp
truncated version  of this fragment resulted in
significant improvement in the efficacy of the DNA
fragment  as a promoter for expression of the
heterologous protein. US 4,968,615 (Kozinowski)
describes recombinant DNA molecules containing
transcription enhancers from murine cytomegalovirus
(MCMV) which can be used to WO 2004/081167
PCT/EP2004/050280  



2 enhance the transcription of structural genes in
eukaryotic cells. The mCMV enhancer  was said to be
located within the 2.27 kb Pstl fragment identified by
de Villiers (US  4,963,481). Manning and Mocarski
(1988) analysed the functional importance of the mCMV
5 IE2 region for replication of the murine
cytomegalovirus. To this end, a recombinant virus  was
constructed having the lacZ reporter gene under the
transcriptional control of the  mCMV IE
enhancer/promoter, thus disrupting the IE2 gene.
Indeed no IE2 gene  expression could be observed, and
the virus replicated normally. The authors thus
concluded that the IE2 gene, that is not conserved
among the cytomegaloviruses such 10 as the mCMV and
the hCMV, was not essential for virus replication. No
indication of any  particular utility of the IE2
enhancer/promoter region was disclosed or suggested by
Manning and Mocarski. More recent literature shows a
further difference between the mouse and human  CMV IE
region. The mouse locus expresses a second major mRNA
in the opposite  15 direction of the first IE gene.
This second immediate early gene was termed IE2, and
its  promoter sequence referred to as IE2 promoter
(Messerle at al. 1991). The IE2 region from the mCMV
has not been used in vectors for expression of
heterologous proteins so far. 20 SUMMARY OF THE
INVENTION The present invention is based on the
finding that a vector having a DNA element  comprising
the IE2 promoter region of the mCMV can efficiently
drive the expression of a  gene of interest in
transfected host cells. The invention is further based
on the identification of a new enhancer in the  25
mCMV IE2 region, which is herein called the mCMV IE2
enhancer. This enhancer fulfills  the criteria
commonly applied for enhancer definition, i.e.
enhancing expression  independently from (1) location,
(2) orientation, and (3) enhancing the expression from
a  heterologous promoter. 30 Therefore, a first aspect
of the invention relates to an expression vector
comprising the promoter of the mCMV-IE2 gene, or a
functional expression promoting  fragment thereof,
and/or an enhancer of the mCMV-IE2 gene, or a
functional  expression enhancing fragment thereof,
wherein the expression vector does not  contain any
complete gene of the mCMV. WO 2004/081167
PCT/EP2004/050280  



3 In a second aspect, the invention relates to a host
cell comprising a vector  according to the invention.
A third aspect of the invention relates to a process
for the production of a  polypeptide of interest
comprising the step of transfecting a host cell with a
vector in  5 accordance with the invention. In a
fourth aspect, the invention relates to a process for
the production of a  polypeptide of interest
comprising the step of culturing the host cell of the
invention. A fifth aspect of the invention relates to
the use of a vector in accordance with  the invention
for expression of one or more genes or cDNAs of
interest. 10 In a sixth aspect, the invention relates
to the use of a vector of the invention for  selection
of clones that express high amounts of a gene of
interest. A seventh aspect relates to the use of a
vector in accordance with the present  invention in
DNA-based therapy. 15 BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 shows the sequence of a bi-directional
DNA element derived from the mCMV IE  region for use
in expression constructs. The +1 sites and TATA boxes
of the IE2  and IE1 promoters are indicated,
respectively. The core promoters for both genes  are
shown in a box. Hpal and Xhol restriction sites are
shown in bold. The -682  20 position is indicated with
respect to +1 of IE1. Fig. 2 shows the reporter
constructs A to G. The luciferase reporter gene is
shown as a  bold line and promoters are indicated as
open arrows. A: The negative promoter-less control
(pGL3 Basic). 25 B: An SV40 promoter/enhancer driven
luciferase reporter vector (pGL3 Control).  C:
Luciferase expression IE1 promoter driven (pmCMV
Luciferase, IE1 driven). D: Luciferase expression IE2
promoter driven (prevmCMV Luciferase, IE2  driven). E:
Luciferase expression IE2 promoter driven, IE1
promoter deleted (prevmCMV  30 Luciferase (AXhol), IE2
driven, IE1 minus). F: Luciferase expression IE1
promoter driven, and IE2 promoter deleted  (pBS.MCMV3
Luciferase, IE1 driven (1.4 kb), IE2 minus). G: A
short version of the IE1 promoter drives Luciferase
expression (p-680  Luciferase, IEI driven (short
version, 0.68 kb)). WO 2004/081167 PCT/EP2004/050280  



4 Fio. 3 shows a bi-directional construct similar to
construct C of Fig. 2 (construct C-2) with  the coding
sequence for IL-18BP (bold line) linked to the IE2
promoter. Thus, in  this construct, the mCMV IE1
promoter drives luciferase expression, and
simultaneously the mCMV IE2 promoter drives IL-18BP
expression. Triangle:  5 intros. Closed ovals: polyA.
Fig. 4 shows the Luciferase reporter gene expression
from the different reporter  constructs that are
depicted in Fig. 2, constructs A to G. CHO-S cells
grown in a  serum-free medium (SFM) were transiently
transfected with constructs A to G, or 10 mock
transfected. Luciferase activity is expressed as RLU =
relative light units.  Fig 5 shows Luciferase
expression measured as RLU in stable pools of
transfected  CHO-S cells. The cells were grown in SFM
after transfection with constructs D,  C, F and E, as
depicted in Fig. 2. Luciferase expression was assessed
after 21  15 days of selection. Fig. 6 shows
Luciferase expression measured as RLU after transient
transfection with  900, 500, 300 and 100 ng of the
bi-directional construct C-2 shown in Fig. 3. 20 Fiq.
7 shows the amount of IL-18BP in ng/l in the cell
culture supernatants from the  transient transfection
experiment according to Fig. 6 (construct C-2). Fig. 8
shows the ratio of the amounts of IL-1 813P versus
Luciferase measured in the  experiment according to
Figs. 6 and 7. 25 Fiq. 9 shows the amounts of
Luciferase in RLU (lefty axis) and IL-18 BP in ng/ml
(right y  axis) expressed by 48 individual clones that
were picked 8 days after transfection  with the
bi-directional construct C-2 (as shown in Fig. 3). The
detection limit for  Luciferase was about 500 RLU, and
2.5 ng/ml for IL-18BP. Each increment on  30 the X
axis represents one single clone. Fig. 10 (a) shows
the reporter constructs H to N. The luciferase
reporter gene (Luc) is  shown as a bold line and the
respective IE1 and IE2 promoters are indicated as WO
2004/081167 PCT/EP2004/050280  5 open arrows.
Enhancers are shown as gray ovals: Light gray for the
known IEI  enhancer, and dark gray for the new IE2
enhancer. H: Bidirectional construct with IE2 promoter
driven Luciferase expression; I: Luciferase expression
was IE2 promoter driven, and the IEI promoter was  



5 deleted; J, K, L, M, N: constructs contained
shortened mCMV promoters, the positions  corresponding
to the number of base pairs from mCMVp, relative to
the +1 of  IE2 as reference: J: from - 1076  10 K:
from - 783  L: from - 587  M: from - 387  N: from -189
15 Fig. 10 (b) shows Luciferase expression in RLU from
reporter constructs H to N  according to Fig. 10 (a),
after transient transfection of CHO-S cells that were
grown in a serum-free medium. Fig. 11 a shows further
reporter constructs 0 to Y that combined the new IE2
enhancer  20 (gray oval) with the SV40 promoter. The
gray oval represents the IE2 enhancer  from -587 to
-189, the half gray oval represents the IE2 enhancer
from -387 to - 189. The arrow above the IE2 enhancer
indicates the direction of the enhancer  sequence. The
luciferase reporter gene is shown as a bold line, the
SV40  promoter is indicated as an open arrow. Black
oval: polyA. 25 0: long IE2 enhancer sequence
(-587/-189) cloned 5' of SV40 promoter;  P: short IE2
enhancer sequence (-387/-189) cloned 5' of SV40
promoter; Q: long IE2 enhancer sequence (-587/-189)
cloned 5' of SV40 promoter in the  reverse
orientation; R: short IE2 enhancer sequence
(-387/-189) cloned 5' of SV40 promoter in the  30
reverse orientation; S: long IE2 enhancer sequence
(-5871-189) cloned 3' of the Luciferase gene;  T:
short IE2 enhancer sequence (-387/-189) cloned 3' of
the Luciferase gene; U: long IE2 enhancer sequence
(-5871-189) cloned 3' of the Luciferase gene in  the
reverse orientation; WO 2004/081167 PCT/EP2004/050280
6 V: short IE2 enhancer sequence (-3871-189) cloned 3'
of the Luciferase gene in  the reverse orientation; W:
Control, SV40 promoter and SV40 enhancer in 3' of the
Luciferase coding  sequence 



5 X: Control, Luciferase expression driven by SV40
promoter without any enhancer  Y: negative control, no
promoter at all. Fig 11 b shows Luciferase expression
from reporter constructs 0 to Y as shown in Fig.  11
(a). CHO-S cells grown in a serum-free medium (SFM)
were transiently  10 transfected with constructs 0 to
Y. Luciferase activity is expressed as fold induction
as compared to the control X (value 1), i.e.
expression driven by the  SV40 promoter without any
enhancer. Open bars: long IE2 enhancer (-587 to -
189), hatched bars: short IE2 enhancer (-387 to -189).
X axis is a logarithmic  scale. 15 Fig. 12 shows an
experiment comparing the new IE2 enhancer with the
known hCMV  enhancer. Cells were transfected with
control construct A (pGL3 basic, see Fig.  2,
promoterless), control construct B (pGL3 ctrl, see
Fig. 2, SV40 promoter with  the SV40 enhancer sequence
in 3' of the luciferase coding region), control 20
construct X (SV-Luc+, see Fig. 11.a, SV40 promoter
without enhancer), as well  as constructs 0 and Q (see
Fig. 11 a) or constructs 0-2 and Q-2, in which the
IE2 enhancer sequence (long version, -587 to -189) was
replaced by the known  hCMV enhancer sequence (SEQ ID
NO: 2). Luciferase were measured in RLU (x  axis).
Hatched bars: with known hCMV enhancer. Gray bars:
with new IE2  25 enhancer. Fig 13 shows the
bi-directional vector used for simultaneous expression
of IL-18BP and  Luciferase. El and IE2 promoters are
indicated as open arrows. The triangle  represents
intron A from the hCMV IE region, and the gray oval
the  30 polyadenylation signal. The closed square
represents the signal peptide. Construct #26:
Luciferase expressed from IE1 promoter and IL-18BP
from IE2  promoter. The sequence between both
promoters is as in construct H of Fig I0.a. WO
2004/081167 PCT/EP2004/050280  7 Construct #140:
Luciferase expressed by IE2 promoter and IL-18BP from
IE1  promoter. The IE2 enhancer (- 587 to -189) is
located between the two  promoters. 5 Fig 14 shows the
amounts of expressed Luciferase (RLU, left y axis) and
IL-18BP  (ng/ml, right Y axis) after transient
transfection of CHO calls grown in serum-free  medium
with either construct #26 or #140 according to Fig.
13. Bars: Luciferase  



expression, closed lozenges: IL-18BP expression. Fig
15 shows expression of luciferase (RLU, lefty axis)
and IL-1 813P (ng/ml, right y axis)  10 in stable
pools transfected with either construct #26 or #140
according to Fig. 13.  Expression was measured 7 weeks
post-transfection. The cells were kept under
selection with puromycin (+ puro), or for 3 weeks
without puromycin selection (- puro). Bars: Luciferase
expression, closed lozenges: IL-18BP expression. 15
Fig 16 shows the time course of Luciferase expression
as in experiment of Fig. 15. The x  axis represents
time in weeks. The data shown in Fig. 15 correspond to
the 3  weeks date in Fig. 16. Closed lozenge: #26 +
puro, small square: #140 + puro,  closed triangle: #26
- puro, large square: #140 - puro. 20 Fig 17: shows
time course of IL-18BP expression in the experiment
according to Fig. 16.  legend as in Fig. 16. Fig 18
Individual proto-clones were analyzed for luciferase
expression (squares) in RLU  (left y axis) and IL-18BP
expression (lozenges) in ng/ml (right y axis). Each
25 increment on the x axis represents and individual
proto-clone. Protoclones were established from CHO
cells stably transfected with construct #26 and were
kept  under puromycin selection. Fig 19: As Fig. 18,
but protoclones were established from cells
transfected with construct  30 #140. Fig. 20: The
protoclones transfected either with construct #26 or
#140 were analyzed for  Luciferase expression in a 96
well format, inverted ChemiDoc view. WO 2004/081167
PCT/EP2004/050280  8 DETAILED DESCRIPTION OF THE
INVENTION In accordance with the present invention, is
has been surprisingly found that the  promoter of the
immediate early two (IE2) gene of the murine
cytomegalovirus (mCMV)  is efficient in promoting the
expression of a polypeptide of interest that is not
the mCMV 5 IE2 protein itself, i.e. of a heterologous
polypeptide or protein. This expression vector is  not
supposed to be the murine cytomegalovirus itself, or
contain any complete mCMV  viral genes, but it is a
vector conceived for recombinant protein expression.
Therefore, the invention relates to an expression
vector comprising the  promoter of the mCMV-IE2 gene,
or a functional expression promoting fragment  10
thereof, wherein the expression vector does not
contain any complete gene of the  mCMV. 



In addition to this, a new enhancer has been
identified in the mCMV IE2 region,  which is called
herein the mCMV IE2 enhancer, or the IE2 enhancer.
This enhancer  enhances expression irrespective of its
location or orientation vis-a-vis the gene, and 15
enhances expression from heterologous promoters, thus
fulfilling the general criteria of  an enhancer. The
invention therefore also relates to an expression
vector comprising the  enhancer of the mCMV-IE2 gene,
or a functional expression enhancing fragment
thereof, wherein the expression vector does not
contain any complete gene of the  20 mCMV. The person
skilled in the art will appreciate that the vector of
the invention may  comprise the mCMV IE2 promoter
alone, or in combination with any appropriate known
enhancer. The person skilled in the art will also
appreciate that the vector of the  invention may
comprise the mCMV IE2 enhancer alone, or in
combination with any 25 suitable promoter. In
addition, the vector of the invention may comprise the
mCMV IE2  promoter in combination with the mCMV IE2
enhancer. The mCMV IE2 gene itself is known e.g. from
Messerle et al., 1991. The term "promoter" as used
herein refers to a region of DNA that functions to
control the transcription of one or more DNA
sequences, and that is structurally  30 identified by
the presence of a binding site for DNA-dependent
RNA-polymerase and of other DNA sequences, which
interact to regulate promoter function. A functional
expression promoting fragment of a promoter is a
shortened or truncated promoter  sequence retaining
the activity as a promoter. Promoter activity may be
measured in  any of the assays known in the art, e.g.
in a reporter assay using Luciferase as reporter WO
2004/081167 PCT/EP2004/050280  9 gene (Wood, 1991;
Seliger and McElroy, 1960; de Wet et al. (1985), or
commercially  available from Promega(r)). In
accordance with the present invention, the IE2
promoter may e.g. comprise a  sequence spanning from
position +1 to the TATA box as indicated in Fig. 1.
The IE2  5 promoter may also comprise a sequence
herein called "core promoter" spanning from nucleotide
1 to 39 of the sequence depicted in Fig. I (box). The
person skilled in the art  will appreciate that the
sequence of the mCMV IE2 promoter may be longer or
shorter  than the core promoter, as long as it drives
transcription of a DNA sequence operably  linked
thereto. For instance, the IE2 promoter may also
comprise 100-200 base pairs 



10 upstream of the core promoter. Such promoter region
is also called the "proximal  promoter". The person
skilled in the art will further appreciate that the
terms "promoter"  and "enhancer" (see below) are not
exactly defined and that thus the promoter may
comprise enhancer regions, or enhancer regions may
comprise promoter regions,  depending on nomenclature
and context. 15 The term "vector" refers to any
carrier of exogenous DNA or RNA that is useful  for
transferring exogenous DNA to a host cell for
replication and/or appropriate  expression of the
exogenous DNA by the host cell. The term "operably
linked" as used herein means functionally fusing a
promoter  with a structural gene or cDNA or any other
DNA sequence to be transcribed in the  20 proper frame
to express the gene, cDNA or other DNA under control
of the promoter. The term operably linked, as used
herein, is thus not limited to a direct fusion of DNA
sequences. The term "complete gene of the mCMV" refers
to a viral gene of the murine  cytomegalovirus that
has its own (endogenous, viral) 5' and 3' regulation
elements. 25 An "enhancer region" refers to a region
of DNA that functions to increase the  transcription
of one or more genes. More specifically, the term
"enhancer", as used  herein, is a DNA regulatory
element that enhances, augments, improves, or
ameliorates expression of a gene irrespective of its
location and orientation vis-a-vis  the gene to be
expressed, and may be enhancing, augmenting,
improving, or 30 ameliorating expression of more than
one promoter. Preferably, the enhancer  enhances
expression from more than one promoter simultaneously.
A functional  expression enhancing fragment of an
enhancer is a shortened or truncated enhancer
sequence retaining the enhancing activity. WO
2004/081167 PCT/EP2004/050280  10 The vector of the
invention preferably comprises a fragment including
nucleotides  -387 to -189 of the mCMV IE2 upstream
region, the nucleotide numbering being relative  to +1
of IE2 gene. This is fragment has enhancer function,
and it is herein also called IE2  enhancer short
version. 5 In a further preferred embodiment, the
vector comprises a fragment including  nucleotides
-587 to -189 of the mCMV IE2 upstream region, the
nucleotide numbering  being relative to +1 of IE2
gene. This fragment has enhancer function, and it is
herein  also called IE2 enhancer long version. 



The vector of the invention may also comprise yet a
further mCMV lE enhancer,  10 or a functional
expression enhancing fragment thereof, herein called
the "CMV IE1  enhancer". Such an mCMV IE1 enhancer is
known in the art, e.g. from US 4,968,615. It  may e.g.
span from position -587 to -147, or from position -682
to -147 of the  sequence shown in Fig. 1, the
numbering being relative to +1 position of the IE1
gene. 15 The mCMV IE1 enhancer that may be used in
accordance with the present invention  may further
comprise a sequence spanning from base pair -1330 to
-488, relative to  position +1 of the IE1 in Fig. 1.
The enhancer region may comprise all or part of a
promoter as well. By using a mCMV enhancer in addition
to the IE2 promoter, expression of the  20 polypeptide
of interest may further be increased. In accordance
with the present invention, the vector further
comprises a promoter  that is different from the
mCMV-IE2 promoter, or a functional expression
promoting  fragment thereof. In a preferred
embodiment, the vector of the invention comprises a
first and a  25 second promoter of viral, cellular or
artificial origin, or a functional expression
promoting  fragment thereof. In accordance with the
present invention, it has been shown that the presence
of  a second promoter leads to efficient expression of
a polypeptide of interest from the  mCMV IE2 promoter.
Therefore, in a preferred embodiment, the vector
comprises the 30 mCMV IE2 promoter in combination with
a second promoter, or a functional expression
promoting fragment thereof. Examples for further
suitable promoters include the hCMV  promoter, the
metallothoinein promoter (MT), the SV40 promoter, or
artificial promoter.  Preferably, the second promoter
is a further copy of the mCMV IE2 promoter. Such WO
2004/081167 PCT/EP2004/050280  11 further promoters
may promote constitutive or regulated expression.
Regulated  expression may be inducible or repressible
expression, or both. Preferably, such second promoter
is the promoter of the mCMV-IEI gene, or a  functional
expression promoting fragment thereof. It is thus
particularly preferred that the  5 first promoter is
the mCMV-IE2 promoter, or a functional expression
promoting fragment thereof, and the second promoter is
the mCMV-lE1 promoter, or a functional expression
promoting fragment thereof. 



The mCMV-IEI promoter is known e.g. from WO 87/03905.
It may comprise the  core promoter containing the last
47 bp of the sequence of Fig. 1 (box), or additional
10 100 to 200 bp upstream sequences (i.e. the proximal
promoter), or it may comprise the whole intergenic
region up to position -1330 (relative to position +1
of the IE1, see Fig.  1). In a preferred embodiment,
the vector comprises a DNA sequence of SEQ ID  NO: 1,
including both the IEI and the IE2 promoter as well as
the IE 1 enhancer and  15 the new IE2 enhancer, or any
functional expression promoting fragment thereof. In a
highly preferred embodiment, in the vector according
to the invention, the  promoter, or a functional
expression promoting fragment thereof, is operably
linked to a  DNA sequence coding for at least one
polypeptide. In a further embodiment of the 20
invention, the enhancer of the invention is present on
the expression vector together with  a DNA sequence
coding for at least one polypeptide. Preferably, the
DNA sequence codes for a protein of interest. It is
further preferred that the DNA sequence codes for a
marker protein, or is an  amplifiable gene. 25 It is
also preferred that the DNA sequence codes for a
reporter protein. Should the vector of the invention
contain more than one promoter, any  combination or
sub-combination of protein of interest, marker,
reporter, amplifiable gene,  etc., may be expressed
from the same plasmid, In accordance with the present
invention, the polypeptide of interest may-be any  30
polypeptide which different from the IE2 polyppeptide
itself, be it an extracellular  protein such as
peptide hormones, cytokines or growth factors, or a
transmembrane  protein such as growth factor receptors
or hormone receptors, or intracellular proteins  such
as kinases, phosphatases or DNA binding proteins,
depending on the intended  use of the polypeptide of
interest or host cell in which it is expressed. WO
2004/081167 PCT/EP2004/050280  12 Marker proteins
suitable in accordance with the present invention are
e.g.  negative or positive selection markers, or
amplifiable genes. Examples include proteins  selected
from adenosine deaminase (ADA), aminoglycoside
phosphotransferase (neo),  dihydrofolate reductase
(DHFR), hygromycin-B-phosphotransferase (HPH),
thymidine 5 kinase (tk), xanthine-guanine
phosphoribosyltransferase (gpt), multiple drug
resistance  gene (MDR), ornithine decarboxylase (CDC)
and N-(phosphonacetyl)-L-aspartate  



resistance (CAD), or puromycin actyltransferase (PAC).
Further examples include  genes used for selection by
use of particular metabolic pathways such as
galactokinase (Schumperli et al., 1982), the folate
receptor (Zhu et al., 2001), or  10 reduced folate
carrier (Assaraf et al., 1992). In yet a further
preferred embodiment the polypeptide of interest is a
reporter  gene. The term "reporter gene" or "reporter
protein", as used herein, is intended to  mean a gene
encoding a gene product that can be identified using
simple, inexpensive  15 methods or reagents, and that
can be operably linked to a promoter region of the
invention or an active fragment thereof. Reporter
genes may be used to determine  transcriptional
activity in screening assays (see, for example,
Goeddel (ed.), Methods  Enzymol., Vol. 185, San Diego.
Academic Press, Inc. (1990)), e.g. using Luciferase as
reporter gene (Wood, 1991; Seliger and McElroy, 1960;
de Wet et al. (1985), or  20 commercially available
from Promega(r)). Examples are selected from
luciferase, green fluorescent protein, alkaline
phosphates, 0-galactosidase, or horseradish peroxidase
or intramolecular  combinations with other proteins,
such as e.g. the Green Fluorescent Protein (GFP) or
enhanced GFP (EGFP) with the puromycin
acetytransferase gene (Abbate et al.,  25 2001), or
combinations thereof. Eperimental data the present
invention is based on showed that efficient
simultaneous expression of polypeptides of interest
may be achieved from the IE2 and  IE1 promoter, both
present on the same plasmid. Therefore, in a further
preferred 30 embodiment, both the mCMV IE2 promoter,
and the mCMV-IE1 promoter, or the  functional
expression promoting fragments thereof, are operably
linked to a  polypeptide, respectively. High
expression levels may be achieved if both promoters
are present in a bi- directional architecture.
Therefore, the mCMV-IE2 promoter, or functional
expression WO 2004/081167 PCT/EP2004/050280  13
promoting fragment thereof, and a promoter, in
particular the mCMV-IE1 promoter, or a  functional
expression promoting fragment thereof, are
bi-directionally arranged. The term "bi-directionally
arranged", as used herein, is intended to mean that
the promoters drive transcription in opposite
directions. This arrangement of the  5 plasmid DNA is
also referred to as a "bi-directional architecture' of
the vector. 



The promoters of the mCMV-IE1 or mCMV-IE2 gene, or the
functional  expression promoting fragments thereof, or
any further promoter that may be used in  combination
with the mCMV-IE2 promoter, or in combination with the
IE2 enhancer,  may further include a translation
initiation signal. 10 In a further preferred
embodiment, the promoter of the mCMV-IE2 gene, or a
functional expression promoting fragment thereof, or
the mCMV IE2 enhancer, is linked  to other elements
regulating or influencing transcription. Such elements
may affect  processing, stability or translation
efficiency of RNA. Examples for suitable elements  are
selected from the group consisting of 5'UTRs, introns,
3'UTRs (see e.g. Mazumder 15 et al, 2003), mRNA 3' end
processing sequences (e.g. polyadenylation sites), and
IRES sequences for polycistronic expression (see e.g.
Mountford and Smith, 1995). It is preferred to use an
IRES element for expression of poycistronic mRNAs, in
which the coding sequences are separated by the IRES.
The advantage is that several  polypeptides of
interest may be expressed from the same mRNA and thus
from the  20 same promoter. In yet a further preferred
embodiment, the promoter of the mCMV-IE2 gene  alone,
or in combination with the promoter of the mCMV IE1
gene, or any other natural  or artificial promoter, or
the IE2 enhancer, may be linked to further expression
promoting sequences such as insulators, boundary
elements, LCRs (e.g. described by 25 Blackwood and
Kadonga (1998)) or matrix/scaffold attachment regions
(e.g. described  by Li et al.,1999). The person
skilled in the art may appreciate that the vector of
the present  invention may also contain further
enhancers, such as e.g. the well known SV40  enhancer
or the hCMV enhancer. 30 In accordance with the
present invention, the polypeptide operably linked to
a  first promoter, preferably the mCMV IE 2 promoter,
and the polypeptide operably linked  to a second
promoter, preferably the mCMV IE1 promoter, may be the
same. In this  case, two copies of the same gene are
present on the same vector, but under the  control of
two different promoters. Thus, it may be possible to
achieve an expression WO 2004/081167 PCT/EP2004/050280
14 rate superior to expression from a single copy of a
gene encoding a polypeptide of  interest. In an
alternative embodiment, the polypeptide operably
linked to a first  



promoter, preferably the mCMV IE2 promoter, and the
polypeptide operably linked to a  5 second promoter,
preferably the mCMV IE1 promoter, are different. The
invention thus provides for an efficient vector for
co-expression of two different polypeptides, such as
selection markers and proteins of interest,
co-expression of two or more subunits of the  same
protein, or even of different domains of the same
protein, should it be desirable  to express them
separately from each other, but in the same host cell.
10 The person skilled in the art will appreciate that
several expression vectors in  accordance with the
present invention may be co-transfected into the same
cell and  serve for expression of multiple proteins
and/or subunits of quite complex multimeric  proteins.
It is preferred that the polypeptide operably linked
to a first promoter, e.g. the  15 mCMV IE2 promoter,
is a first subunit of a dimeric or multimeric protein
and the  polypeptide operably linked to a second
promoter, preferably the mCMV IE1 promoter,  is a
second subunit of a dimeric or multimeric protein.
Co-expression of the two sub- units of a dimeric
protein is preferred in accordance with the present
invention. Co- expression of two subunits of the same
protein is particularly advantageous since 20
expression from both promoters may result in
production of similar amounts of  subunits, or of
predetermined ratios of both polypeptides, depending
on the strength of  the promoters used. The subunits
may then assemble in the same cell to form a  mature
protein. Preferred examples for dimeric proteins
suitable to be expressed using a vector  25 of the
invention are the alpha-chain and the beta-chain of a
peptide hormone such as  human FSH, human LH, human
TSH and human CG. Either of the two subunits may  be
linked to a promoter in accordance with the invention,
preferably the mCMV IE2  promoter. The person skilled
in the art will appreciate that hormones from other
species  may be equally used in accordance with the
present invention, such as equine, 30 porcine, bovine
hormones, for instance, depending on the intended use
of the  recombinant polypeptide. In another embodiment
of the invention, the first subunit is the heavy
chain, and  the second subunit is the light chain of
an immunoglobulin, or vice versa. A preferred  example
of a suitable immunoglobulin is an IgG. Such
immunoglobulins may e.g. be WO 2004/081167
PCT/EP2004/050280  15 humanized or human antibodies
for therapeutic use. A highly preferred example for  



such a humanized antibody is a humanized anti-CD11
antibody having the tradename  Raptiva(r). Many
polypeptides of interest may be expressed using a
vector of the invention.  5 In preferred embodiments,
the polypeptide is selected from the group consisting
of  chorionic gonadotropin, follicle-stimulating
hormone, lutropin-choriogonadotropic  hormone, thyroid
stimulating hormone, human growth hormone, interferons
(e.g.,  interferon beta-1 a, interferon beta-lb),
interferon receptors (e.g., interferon gamma
receptor), TNF receptors p55 and p65, interleukins
(e.g., interleukin-2, interleukin-11), 10 interleukin
binding proteins (e.g., interleukin-18 binding
protein), anti-CD11a antibodies,  and muteins,
fragments, soluble forms, functional derivatives,
fusion proteins thereof.  Other preferred polypeptides
of interest include, e.g., erythropoietin, granulocyte
colony stimulating factor, granulocyte-macrophage
colony-stimulating factor, pituitary  peptide
hormones, menopausal gonadotropin, insulin-like growth
factors (e.g.,  15 somatomedin-C), keratinocyte growth
factor, glial cell line-derived neurotrophic factor,
thrombomodulin, basic fibroblast growth factor,
insulin, Factor VIII, somatropin, bone  morphogenetic
protein-2, platelet-derived growth factor, hirudin,
epoietin, recombinant  LFA-3/IgG1 fusion protein,
glucocerebrosidase, and muteins, fragments, soluble
forms,  functional derivatives, fusion proteins
thereof. 20 The second aspect of the invention relates
to a host cell transfected with at  least one vector
described above. The skilled person will appreciate
that the host cell  may equally be co-transfected with
two or more vectors in accordance with the present
invention. 25 Many host cells are suitable in
accordance with the present invention, such as
primary or established cell lines from a wide variety
of eukaryotes including plant and  animal cells,
mammalian or human cells. For example, suitable host
cells include CHO  cells, COS cells, CV1 cells, mouse
L cells, HT1080 cells, BHK-21 cells, HEK293 cells,
NIH-3T3 cells, LM cells, YI cells, NSO and SP2/0 mouse
hybridoma cells and the like, 30 Namalwa cells,
RPMI-8226 cells, Vero cells, WI-38 cells, MRC-5cells
or other  immortalized and/or transformed cells.
Preferably, the host cell is a CHO cell, and more
preferably a CHO-S cell,  described e.g. by Shotwell
et al. (1982, J Biol. Chem. 257:2974-2980). CHO cells
were WO 2004/081167 PCT/EP2004/050280  16 



first cultured by Puck (J.Exp.Med. 108, 945, 1958)
from a biopsy of an ovary from a  female Chinese
hamster. From these original cells a number of
sub-lines were prepared  with various characteristics.
One of these CHO cell lines, CHO-KI, is
proline-requiring  and is diploid for the
dihydrofolate reductase (DHFR) gene. Another line
derived from 5 this cell line is a DHFR deficient CHO
cell line (CHO DUK S11) (PNAS 77, 1980, 4216- 4220),
which is characterized by the loss of DHFR function as
a consequence of a  mutation in one DHFR gene and the
subsequent loss of the other gene. All of these cells
may be transfected with the vectors of the present
invention,  either transiently, or in a semi-stable
(e.g., if vector is episomal) or stable (e.g.
integrated  10 into the genome) manner. Stable
transfection is preferred in order to establish clones
that continuously express the polypeptide of interest.
The IE2 promoter of the present invention, or the IE2
enhancer, may be used as  regulatory elements in the
frame of a technology called "Endogenous Gene
Activation".  15 The vector of the invention may
comprise be introduced into the locus of the genome
which is supposed to be activated by homologous
recombination, thus operably linking  the regulatory
sequence (IE2 promoter and/or enhancer) with the gene
of interest, the  expression of which is required to
be induced or enhanced. The technology is described
e.g. in WO 91/09955. 20 In a third aspect, the
invention relates to a process for the production of a
polypeptide of interest comprising the step of
transfecting a host cell with a vector  according to
the invention. Depending on the nature of the
polypeptide of interest, the process according to  25
the invention leads to a secreted protein or
polypeptide that may be harvested from the  cell
culture supernatant, or to a cell membrane protein or
intracellular protein that may  be isolated from the
cells by known methods. The polypeptide produced in
accordance  with the present invention may serve any
purpose, and preferably it is a therapeutic  protein
intended for administration to humans or animals. 30
Depending on the intended use, the cell itself having
the polypeptide integrated  may be the product of the
process according to the invention. Such a cell may
e.g. be  used for cell-based therapy. WO 2004/081167
PCT/EP2004/050280  17 In a fourth aspect, the
invention relates to a process for the production of a



polypeptide of interest comprising the step of
culturing a host cell in accordance with  the
invention. In a preferred embodiment, the process
further comprises the step of isolating  5 the
polypeptide of interest from the host cells or cell
culture supernatant. This step is  particularly
advantageous and easy to carry out for secreted
proteins that may be  isolated simply from the cell
culture supernatant. However, this step equally
applies to  isolating polypeptides from cellular
membranes, or intracellular compartments, that  may be
isolated from host cells. 10 The process may be used
in transient, stable, episomal or viral expression
systems. As shown in the Examples below, the vector of
the invention resulted in  particularly strong
expression of the desired protein if used in a stable
expression  system. Therefore, in a preferred
embodiment the transfection is stable transfection. 15
In a fifth aspect, the vector according to the
invention is used for expression of a  gene of
interest. Genes of interest may be e.g. the genes
coding for any of the above- mentioned polypeptides of
interest. The vector of the invention may also be used
for  expression of marker genes, reporter genes,
amplifiable genes, or the like. Preferably, the vector
is used for simultaneous expression of two or more
genes  20 or cDNAs of interest. It may also be used
for simultaneous expression of one gene of  interest
and one marker gene or reporter gene or amplifiable
gene, or the like. In the frame of the present
invention, it has been surprisingly shown that a
vector  of the invention, in particular a vector
comprising the IE2 promoter, the IE2 enhancer,  25 and
the IE1 promoter, resulted in the identification of
clones that highly expressed a reporter gene and a
gene of interest. Therefore, in a sixth aspect, the
invention relates to  the use of a vector according to
the invention for selection of clones that express
high  amounts of a gene of interest. 30 In a seventh
aspect, the invention relates to the use of a vector
of the invention  for the manufacture of a medicament
for use in piasmid or DNA based therapy or gene
therapy. WO 2004/081167 PCT/EP2004/050280  18 In an
eighth aspect, the host cell of the invention is used
for the manufacture of a  medicament for cell-based
therapy. Should the cell-based therapy be intended for
human treatment, it is preferred that the host cell is
a human cell or cell line, more  preferably a cell or
cell line derived from the patient that is to be
treated. 



5 Having now fully described this invention, it will
be appreciated by those skilled in  the art that the
same can be performed within a wide range of
equivalent parameters,  concentrations and conditions
without departing from the spirit and scope of the
invention  and without undue experimentation. 10 While
this invention has been described in connection with
specific embodiments  thereof, it will be understood
that it is capable of further modifications. This
application is  intended to cover any variations, uses
or adaptations of the invention following, in general,
the principles of the invention and including such
departures from the present disclosure as  come within
known or customary practice within the art to which
the invention pertains and 15 as may be applied to the
essential features hereinbefore set forth as follows
in the scope of  the appended claims. All references
cited herein, including journal articles or abstracts,
published or  unpublished U.S. or foreign patent
application, issued U.S. or foreign patents or any
other  references, are entirely incorporated by
reference herein, including all data, tables, figures
20 and text presented in the cited references.
Additionally, the entire contents of the  references
cited within the references cited herein are also
entirely incorporated by  reference. Reference to
known method steps, conventional methods steps, known
methods or  conventional methods is not any way an
admission that any aspect, description or  25
embodiment of the present invention is disclosed,
taught or suggested in the relevant art. The foregoing
description of the specific embodiments will so fully
reveal the  general nature of the invention that
others can, by applying knowledge within the skill of
the  art (including the contents of the references
cited herein), readily modify and/or adapt for
various application such specific embodiments, without
undue experimentation, without 30 departing from the
general concept of the present invention. Therefore,
such adaptations  and modifications are intended to be
within the meaning and range of equivalents of the
disclosed embodiments, based on the teaching and
guidance presented herein. It is to be  understood
that the phraseology or terminology herein is for the
purpose of description and  not of limitation, such
that the terminology or phraseology of the present
specification is to WO 2004/081167 PCT/EP2004/050280
19 be interpreted by the skilled artisan in light of
the teachings and guidance presented herein,  in
combination with the knowledge of one of ordinary
skill in the art. 



EXAMPLES  5 EX%i1PLE 1: Evaluation of expression
vectors in transient transfections  Materials and
Methods: materials  Cells: CHO-S, origin Gibco/
Invitrogen (Cat no 11619). 10 Plasmid DNAs constructed
as depicted in Figs. 2 and 3 were isolated from
overnight growing standard cultures with the
Nucleobond PC 500 kit (Macherey-Nagel  Cat. No 740
574) according to the manufacturer's protocol.
Transfection:  15 Lipofectamine (Invitrogen, Cat No
18324-012)  Format: 24 well plates. Cells: CHO-S cells
in exponential growth phase were passaged 24 h before
transfection. To avoid a stationary phase at low cell
density, the cells were diluted to  0.75 x 106
cells/ml. The total amount of cells to be transfected
was 1,5 x 105, 20 resuspended in 100 l serum free
medium SFM 11 (Invitrogen, Cat No 12052-114) per
well, in 24 well plates. Transfection mixes were as
follows:  A) Lipofectamine: 2 l 25 SFM II Medium:48 l
Total volume is 50 gl B) DNAs: I g (50 ng expression
vector + 950 ng carrier plasmid, pBluescript II  KS
(+), Stratagene, cat. 212205-01 30 SFM II Medium:
complement to 50 l. Solutions A and B were mixed, and
incubated for 30 min at room temperature.  This mix
was added to the 100 l SFM 11 Medium containing 1.5 x
105 cells. The  cells were placed back to the
incubator and incubated for 37C, 5% CO2 for 3 hours.
WO 2004/081167 PCT/EP2004/050280  20 Then, 400 pl SFM
II Medium were added in order to dilute the
Lipofectamine. Then, the  cells were incubated for
another 48 hours before sampling for analysis. All
transfections  were carried out in triplicate. 5
Luciferase Measurement: The Bright-Glo Luciferase
assay system from Promega, Cat No E2610 was used  for
Luciferase measurement according to the manufacturer's
guidelines. 



Briefly, the cell suspension was homogenized by
pipetting up and down several  times, and an aliquot
of 50 gl was taken out and put it in a white 96 well
plate (Nunc, Cat  10 no 236108). Then, 50 l of
reconstituted Bright-Glo Reagent was added and
incubated for 5 min at room temperature. Light
emission was measured on a Centro LB 960  luminometer
(Berthold Technologies) during 5 seconds of
acquisition time. Results  15 The expression vector
constructs that were used in a CHO-S cell based
transient  expression system are depicted in Fig. 2.
In this series of experiments, Luciferase was  used as
a reporter gene for evaluation of gene expression.
Vectors having either no  promoter at all (construct
A) or the SV40 promoter/enhancer (construct B), which
is not  highly active in CHO-S cells, were used as
controls. 20 The results from transient transfection
experiments with vectors A to G are  shown in Fig. 4.
In constructs C and F, Luciferase expression is driven
by the IE1  promoter. Both constructs resulted in
Luciferase expression. Construct C further  contained
the IE2 promoter arranged bidirectionally with regard
to the IE1 promoter. This 25 bi-directional
arrangement reduced the expression efficiency from the
IE1 promoter,  construct C, as compared to the use of
IE1 promoter alone, construct F. A short version  of
0.68 kb of the IE1 promoter (construct G) was less
efficient than the longer version  (construct F). 30
Irrespective of the presence or absence of a second
promoter in the same  construct, the IE2 promoter
efficiently drove Luciferase expression (constructs D
and E)  and may thus be used as a promoter element in
expression vectors for expression of  polypeptides of
interest. WO 2004/081167 PCT/EP2004/050280  21 In
contrast to the IE1 promoter, the IE2 promoter was
less efficient if used alone  (construct E) than if
used in a bi-directional architecture (construct D).
It is therefore  particularly suitable for use in
bi-directional expression vectors. 5 EXAMPLE 2:
Evaluation of expression vectors in stable
transfection  Materials and Methods Methods:  Cells:
CHO-S, from Gibco/ Invitrogen (Cat no 11619). Plasmid
DNAs (according to Fig. 2) were isolated from
overnight growing  



10 standard cultures with the Nucleobond PC 500 kit
(Macherey-Nagel Cat. No 740 574)  according to the
protocol provided by the manufacturer. Transfection:
Lipofectamine (Invitrogen, Cat No 18324-012) 15 For
stable transfections, T75 flasks were used. CHO-S in
exponential growth  phase were passaged 24 h before
transfection. To avoid a stationary phase at low cell
density, they were diluted to 0.75 x 106 cells/mi. The
total amount of cells to be  transfected was 5 x 106,
resuspended in 7 ml SFM II medium (Invitrogen Cat no
12052- 114) in a T75 flask. 20 Transfection mixes were
as follows:  A) Lipofectamine: 52,1 l SFM II
Medium:517,9 l  Total volume is 570 l.  25 B) DNAs: 10
gg linearised plasmid DNA, (9g Luc expression vector +
1g  plasmid for selection: SV40 promoter driving
Puromycine resistance gene. All plasmids  were
linearised with Pvul) SFM II Medium was complemented
to 570 l.  30 A and B were mixed and incubated for 30
min at room temperature. 7 ml  containing 5 x 106
cells were added and the cells placed back in an
incubator at 37C  and 5% CO2 for 3 hours. Then the
culture was centrifuged at 800g for 3 minutes, and the
cell pellet resuspended in 5 ml EX-CELL 325 (JRH, Cat
no 14335-1000M), WO 2004/081167 PCT/EP2004/050280  22
supplemented with 1X HT and 4,5 mM L-Glutamine (100X
HT, Invitrogen, Cat.no 11067- 030, L-Glutamine 200 mM,
Sigma, G-7513). 5 ml EX-CELL 325 were added directly
to  the T75 flask in order to resuspend adhering
cells, and added to the suspension. In total,  5 zx
106 cells were in 10 ml EX-CELL 325 medium. 5
Selection Procedure: Selection was applied 48 hours
post transfection by exchanging the medium and
diluting to 1 x 106 cells / ml in EX-CELL 325
containing 10 g/ ml puromycine (Sigma, P- 



8833). Every two days, cells were counted,
centrifuged, and resuspended in fresh 10 selective
medium at 1 x 106 living cells / ml. Viability was
checked at these points. After  21 to 35 days the
selection was completed, and cell viability was higher
than 80  Luciferase Measurement: Two hours before
sampling the culture, the cells were counted and the
culture  15 diluted to 0.2 x 106 living cells/ml. The
Bright-Glo Luciferase assay system from Promega, Cat
No E2610 was  performed according to the
manufacturer's guidelines. Briefly, the cells were
suspended by pipetting up and down several times, and
an  aliquot of 50 gI was taken out and put in a white
96 well plate (Nunc, Cat no 236108). 50  20 it of
reconstituted Bright-Glo Reagent was directly added,
and incubated for 5 min at room temperature. Light
emission was measured on a Centro LB 960 luminometer
(Berthold Technologies) during 5 seconds of
acquisition time. Luciferase activity was then
normalized by the number of living cells in the
sample tested, i.e. typically 1 x 104 cells. 25
Results  Constructs C, D, E and F (see Fig. 2) were
tested in a stable expression system.  The results are
depicted in Fig. 5. Construct E, comprising the IE2
promoter alone,  resulted in the strongest expression
of luciferase in this system. If present together with
30 the IE1 promoter in bi-directional arrangement
(construct D), the IE2 promoter still  resulted in
luciferase expression that was superior to expression
driven by the IE1  promoter, either alone (construct
F) or in bi-directional arrangement with the IE2
promoter (construct C). WO 2004/081167
PCT/EP2004/050280  23 EFAIAPLE 3: Co-e prescion of two
polypeptidee of interest from bi- directional
e:apreoaion vectors Materials and Methods: The
transfections were carried out as described in
Examples 1 and 2. Briefly,  5 CHO-S cells (in
suspension, Gibco SFMII) were transiently transfected
with 900, 500,  300 and 100 ng of vector DNA
(construct C-2, see Fig. 3) in 24 well plates
(triplicates for  each condition). Two days post
transfection, luciferase assays were carried out with
cell  extracts from the triplicates as expressed by
RLU (relative light units). Supernatants from  



the same wells were taken before cell lysis, pooled
and assayed for IL18BP by Elisa  10 (see below).
IL-18BP ELISA The amount of recombinant human IL-18BP
(rhlL-18BP) in the supernatant was  measured by
standard ELISA using a proteinG-purified monoclonal
anti-rh-IL-18BP  15 antibody that was coupled to
biotin. Extravidine-HRP (Sigma) was used as detection
reagent. Fig 9 shows the amounts of IL-18 BP in ng/ml
and luciferase in RLU expressed  by 48 clones at day
90 after stable transfection with a bi-directional
mCMV promoter  20 construct (see Fig.3). The detection
limit for luciferase was about 500 RLU, and 2.5  ng/ml
for IL-1813P. Results  In this series of experiments,
concomitant expression of two genes from  25 construct
C-2, depicted in Fig. 3, was assayed. The marker gene
(Luciferase) was expressed from the IE1 promoter, and
the gene of interest, the IL-18BP gene, was  expressed
from the IE2 promoter. IL-18BP is a secreted protein.
The promoters were  arranged in bi-directional
architecture, i.e. both promoters simultaneously drove
expression in opposite directions. 30 The results of
this study are depicted in Figs. 6 to 9. Fig. 6 shows
the extent of  luciferase expression as expressed by
RLU measured in a transient expression system.  In the
same transient expression system, IL-18BP was measured
by ELISA in the cell WO 2004/081167 PCT/EP2004/050280
24 culture supernatants. Fig. 7 shows the results in
ng/ml of secreted IL-18BP. Fig. 8 shows  the ratios of
IL-18BP to Luciferase in each transient expression
experiment. As shown in Figs. 6 to 8, different
amounts of plasmid DNA were used for  5 transfection.
All amounts of DNA used resulted in expression of both
Luciferase and IL- 1813P. Surprisingly, the best
results were obtained with the lowest amount of DNA
transfected, 100 ng of vector DNA, consistently for
IL-18BP and luciferase. Furthermore, the stable
quotient (Fig. 8) indicates a constant relationship
between the expression potential of both promoters. 10
In conclusion, these data demonstrate that both genes
are simultaneously  



expressed from the two promoter units, further showing
that both expression units are  fully functional in
the bi-directional promoter architecture. 15 Then,
construct C-2 was stably transfected, and the
expression of Luciferase and  IL18BP assayed in 48
independent clones. Stable transfections were carried
out according to the protocol described in  example 2,
with the exception that the medium used after
transfection was ProCho5  (Cambrex, cat. 12766Q). 20
For single cell cloning, the pool was arrayed in 384
well plate (Nunc, cat. 164688)  at a density of 0.5
cell per well (70 pl/well) using a Multidrop dispenser
(ThermoLabsystems, cat. 5840150). 8 days later, 192
clones were randomly picked and  analyzed for
Luciferase expression. 48 clones with highest Luc
expression were chosen  and re-assayed for both
Luciferase (luminometry) and IL18 BP expression (by
manual  25 ELISA, see above). Fig. 9 shows the results
of this experiment. All 48 clones expressed Luciferase
and IL-18BP, albeit in varying amounts. 30 EXAMPLE 4:
Minimal enhancer sequence definition  Materials and
methods Plasmid DNAs WO 2004/081167 PCT/EP2004/050280
25 A set of vectors containing shortened mCMV
promoters were built using PCR  (Polymerase Chain
Reaction) and specific primers matching along the
mCMVp (Table  1). PCR conditions were as follows:  5
Mix: 10 ng DNA plasmid (prevmCMV-Luciferase (L.Xhol),
construct E of Fig. 2) 50 pmol of both sense and
antisense primer (see table 1 below, common antisense
for  all) 200 M each dNTPs (dATP, dTTP, dGTP, dCTP)
10 1X Dynazyme buffer, containing 1.5 mM MgCl2) 4
units of Dynazyme II DNA polymerase (Finnzymes, cat.
F-501 S)  Cycling parameters: 95C, 5'  2 cycles:  



15 95C, 30" 52C, 30"  72C, 1'30  2 cycles:  95C, 30"
20 54C, 30"  72C, 1'30  10 cycles:  95C, 30"  58C, 30"
25 72C, 1'30  15 cycles:  95C330"  60C, 30"  72C, 1'30
30 5 l of each PCR reaction was loaded on a 1% agarose
gel. Bands having the  correct length were cut out and
purified using Qiagen Minilute Gel Extraction kit,
cat.  28606, prior to cloning. Table 1 Position Primer
-1076 CCGCTCGAGACCTTATGTACGTGCCA  -783
CCGCTCGAGCTCCAATGGAACTTTCCTG  -587
CCGCTCGAGACTTTCCTGTTGATTCACC  -387
CCGCTCGAGCAAAACCCAGTGGAAAGTC WO 2004/081167
PCT/EP2004/050280  26 -189
CCGCTCGAGATGCCATATGAGTGTATTA  E1-IE2as
CGGAATTCGATATCCGCGGCTCTC The positions corresponding
to the number of base pairs kept from mCMVp,
considering the +1 from IE2 as reference, are:
-1076,-783,-587,-387 and -189 The cloning strategy for
any of the promoter fragments was the same, PCRs  5
were carried out on full length mCMVp
(prevmCMV-Luciferase (LXhol), i.e. construct E  of
Fig. 2). The fragments were then digested by Xhol/
EcoRl, two restriction sites added  



at the extremity of the specific primer sequence. The
promoter sequence was then  removed from construct E
by digesting it by Xhol/EcoRl, and shorter versions
were  inserted at the very same locus. 10 The
evaluation of the constructs was done by transient
Lipofectamine  transfection followed by Luciferase
measurement. Further materials and methods were  as
described in Example 1. The SFM medium used in this
example was ProCho5,  Cambrex, B-12766Q. 15 Results
Vectors H to N (Fig. 10.a) comprising the mCMV IE2
promoter driving the  Luciferase gene were constructed
in order to define minimal sequences required for high
expression levels from the IE2 promoter. 20 The seven
expression vector constructs H to N were used in a
CHO-S cell based  transient expression system. The
results are depicted in Figure10.b). Construct L is
the  shortest construct retaining strong expression of
Luciferase in this system. Construct M  still resulted
in Luciferase expression the level of which was about
30% of the expression  level reached with constructs H
to L. Luciferase expression obtained with construct N
25 was very low but still significant, indicative of
basal promoter activity as expected for a  productive
transcription start site containing a TATA box and
initiator. In conclusion, these experiments define a
new enhancer in the mCMV IE2  upstream region, herein
called mCMV IE2 enhancer. In the above experiments,
the IE2  30 enhancer increases transcription from the
minimal IE2 promoter retained in construct N. The
minimal sequence required for high reporter gene
expression is within the -587 to  WO 2004/081167
PCT/EP2004/050280  27 189 bp fragment (construct L),
and a construct comprising the -387 to -189 bp
fragment  still enhanced Luciferase expression
(construct M). EXAMPLE 5: The new IE2 enhancer
activates a SV40 minimal promoter 5 Further
experiments were carried out in order to assess
whether the new IE2  enhancer indeed fulfills all
criteria required for enhancer activity, i.e.
enhancing  expression independently from (1) location,
(2) orientation, and (3) promoter identity. In  order
to do so, constructs 0 to V were constructed in order
to asses that the new IE2  enhancer could enhance
expression of an heterologous promoter, the SV40
promoter, 



10 independently of the orientation, distance and
position (5' or 3'), relative to the SV40  promoter.
Constructs W, X and Y were the controls, W containing
the SV40 enhancer, X  not containing any enhancer, but
the SV40 promoter, and Y containing neither an
enhancer nor a promoter. 15 Vector construction A
vector called pSV-Luc (construct X of Figure 11(a))
which contains only the  SV40 promoter was constructed
from pGL3-Ctrl (Promega, E 1741), containing SV40
promotor driving Luciferase gene, and SV40 enhancer
located in 3' of the gene  (construct W), and
pGL3-Basic (Promega, E1751), lacking both promoter and
enhancer  20 (construct Y). Briefly, pGL3-ctrl was cut
with Notl/Xbal to isolate a fragment containing the
SV40 promoter, followed by the Luciferase gene. In a
similar way, pGL3-basic was cut  with Notl/ Xbal and
the vector backbone containing the poly A region was
isolated,  without the 3' enhancer. By combining the
two fragments, pSV-Luc (construct X) was  25 obtained.
The region 5' of the SV40 promoter of this vector was
engineered by cloning the  IE2 enhancer sequence (-587
to -189) in both orientations, called p5'enh-SV-Luc
(construct 0), and p5' reverse enh-SV.Luc (construct
Q). Furthermore, the IE2 enhancer  sequence (-587 to
-189) was also cloned into the 3' region of the
Luciferase gene, in 30 both orientations. Resulting
vectors were called p3'enh-SV-Luc+ (construct S), and
p3'  reverseenh-SV.Luc. (construct U), The same
procedure was carried out with the short version of
the IE2 enhancer,  i.e. having -387 to -189 instead of
-587 to -189, and were called constructs P, R, T and
V, see Fig. 11.a. WO 2004/081167 PCT/EP2004/050280  28
Construct 0, P: Recipient vector was pSV-Luc+
(construct X of Fig11.a) opened  by digestion with
Nhel/Smal. The full-length enhancer was isolated by a
digestion with  Ndel, followed by blunt.ending
reaction using Klenow polymerise, purification and
digestion by Nhel. The same strategy was applied for
construction of the short enhancer  5 construct.
Construct Q, R: Recipient vector was pSV-Luc+(
construct X of Fig11.e) opened  by digestion with
Xhol/Smal. The full-length enhancer was isolated by a
digestion with  Ndel, followed by blunt.ending
reaction using klenow polymerise, purification and  



digestion by Xhol. The same strategy was applied for
construction of the short enhancer  10 construct.
Construct S, T, U and V: Recipient vector is pSV-Luc+(
construct X of Fig. 11.a)  opened by digestion with
BamHl, followed by blunt ending using Klenow
polymerase.  The full-length enhancer was isolated by
a digestion with Ndel/Nhel, followed by  blunt.ending
reaction using Klenow polymerase. Cloning allowed both
orientations which 15 was identified by restriction
analysis. Both orientations were kept for analysis The
same  strategy was applied for construction of the
short enhancer construct. Constructs pGL3-Basic
(construct Y) served as no expression control.
pGL3-ctrl  (construct W) served as SV40
promoter/enhancer vector. pSV-Luc was the control
having the SV40 promoter alone (construct X). 20
Transfections and Luciferase measurements were carried
out as in the previous  examples. Results  The results
obtained with constructs 0 to Y of Fig. 11.a are
depicted in Fig. 11.b.  25 The enhancer-less SV40
promoter construct was taken as a baseline for added
enhancer activity, and the activity measured with
construct X was set as 1. All constructs  having
either the long or the short IF2 enhancer resulted in
expression of the reporter  gene. The long version
consistently resulted in high expression of the
reporter gene from  the SV40 promoter, which was much
higher that the expression level obtained with the 30
combination of the SV40 promoter and SV40 enhancer
(construct 0). Therefore, this  experiment clearly
defines the -587 to-189 sequence and the -387 to -189
sequence as  bona fide enhancers, activating a
heterologous promoter in a position- and orientation
independent manner. WO 2004/081167 PCT/EP2004/050280
29 ENAMPLE 6: comparison bet Teen the long IF-2
enhancer version (-537 to - 9t3O) and the hCIW9M
enhancer Experimental protocols for transfection with
Lipofectamine, followed by  Luciferase measurement,
are described in Example 1. 5 Peculto  In this
experiment, constructs 0 and Q, having the long
version of the new IE2  enhancer in both orientations
in 5' of the SV40 promoter, were used for comparison
to a  



known strong enhancer, the hCMV (human
cytomegalovirus) enhancer. To this end, the 10 mCMV
IE2 sequence was replaced by the hCMV enhancer
sequence (SEQ ID NO: 2) in  construct 0, resulting in
construct 0-2. The same was done in construct Q,
resulting in  construct Q-2. The hCMV enhancer
sequence having Miul sites (Mlul=acgcgt) flanking it,
which  were used for cloning, was as follows: 15
aCGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCA
TTAGTTC
ATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG
GCTGAC
CGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAA
CGCCAA
TAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACT
TGGCAG 20
TACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTA
AATGGC
CCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCT
ACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATG
GGCGTG
GATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATG
GGAGTT
TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCC
CACGCG 25
TGCTAGCCCGGGCTCGAGATCTGCGATCTGCATCTCAATTAGTCAGCAACCATA
GTCCCG  CCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCcacgcgt
SV-Luc+ was digested with Mlul, and treated by Calf
Intestine Alkaline Phosphatase  to prevent self
ligation. The hCMV promoter sequence was cloned in
Mlul site.Both 30 orientation clones were kept for
comparison with equivalent IE2 constructs. Results of
Luciferase expression are shown in Fig. 12. The
Luciferase expression  level obtained with the new IE2
enhancer (long version) were at least twice as high as
the Luciferase expression levels obtained with the
classical hCMV enhancer. 35 WO 2004/081167
PCT/EP2004/050280  30 EF POPLE 7: IE2 enhancer
perfoniiance in a bi-directional construct Two further
constructs were designed to test the new enhancer in a
bi-directional  architecture, called constructs #26
and #140 as depicted in Fig. 13. 5 #26: The basis of
this vector was mCMV-Luc+(construct C, Fig 3). It was
digested with Sacli/EcoRl. The IL-18BP cassette was
taken from phCMV-IL18BP2. By  cutting this vector with
Sacll/EcoRl, a fragment containing the Intron A
followed by IL- 18BP open reading frame and the
SV40polyA region was isolated. 



#140. The basis of this vector was construct L of Fig
10.a. It was digested with  10 Xhol/Nhel, opening the
vector 5' of the IE2 enhancer. A vector expressing
IL18BP from  IE1promoter, called pBS.I IL18BP(IE1).I,
was used as insert donor. By digesting this  vector
with Xhol/Spel, a fragment was isolated containing the
El promoter from Xhol  (see Fig 1) followed by the
IntronA-IL18BP-SV40polyA cassette. The resulting
construct  lacked the sequence between -589 to Xhol of
the original mCMV promoter sequence. 15 Stable
transfections and Luciferase measurement were carried
out as described  in example 2, and the 11-1 813P
ELISA as described in example 3. However, construct
#140 does not exactly mirror construct #26 in that the
El  and IE2 promotors are in reverse orientation.
Thus, Luciferase expression was driven by  the IE1
promoter in construct #26, but by the IE2 promoter in
construct #140, and 20 IL18BP expression was driven by
the IE2 promoter in construct #26 and by the El
promoter in construct #140. The results obtained with
both constructs are shown below, since they are
significant for the simultaneous effect of the new IE2
enhancer on two different  promoters in a
bi-directional expression vector (construct #140). 25
Fig. 14 depicts the results from pools stably
transfected with construct #26 and  #140 in terms of
Luciferase and IL-18BP expression. Construct #140
resulted in higher  expression of both marker gene
(Luciferase) and gene of interest (IL-18BP). In order
to assess stability of expression of Luciferase and
IL-18BP, the pools  were either kept under selective
conditions, i.e. under puromycin treatment, or were
kept  30 without selective pressure (without
puromycin) for three weeks. The results are shown in
Figs. 15 to 17. The expression levels of the reporter
gene Luciferase and the IL-18BP  did not significantly
change overtime, see Fig. 16 and 17. Thus, it was
demonstrated that both constructs #26 and #140 showed
similar  expression levels over time, in presence or
absence of selection pressure. Therefore, WO
2004/081167 PCT/EP2004/050280  31 constructs having
the new IE2 enhancer are suitable for stable and
simultaneous  expression of two genes. As the above
results were obtained in pools, clones were derived by
limiting  dilution at 0.5 cells well from both pools.
5 Clones were cultivated under puromycin selection, in
order to evaluate clonal  expression levels. Then, the
isolated clones were split in presence and absence of



puromycin to eventually monitor their stability. The
results presented in Figs.18 and 19  were taken before
the clones were split in +/- puromycin conditions.
Results from 2  weeks after removal of puromycin
showed no significant difference for both constructs,
10 thus suggesting stability. This study will be
continued for another 10-12 weeks. In order to
evaluate expression of both genes a high throughput
format was used,  namely in 96 well plates: Day 1:
Dilution % of the cells, 100 p1 of ProCho5 culture
medium (serum free) +  100 pl of fresh ProCho5
containing 5 % Fetal Bovine Serum. With 2.5 % FBS
final  15 concentration, cells were able to attach.
Weekly passage of the maintenance plate was  done in a
1/20 dilution factor, all in ProCho5 medium. Day 2:
Medium was discarded, washed once with 200 pi 1x PBS
(Invitrogen,  10010-015), and 75 pI fresh ProCho5
containing 5% FBS added, and incubated for a 24  h
expression pulse. 20 Day 3: 50 pi of the supernatants
were recovered, and 200 l Elisa buffer added  (1x PBS,
0.1 % w/v BSA, 0.2 % v/v Tween 20). 100 gl were
analyzed by ELISA for IL- 1813P. The wells were washed
with 200 pi 1x PBS (discard) and 100 I Glo Lysis
buffer  (Promega, E266a) were added. The wells were
incubated for 30 min at room  25 temperature to ensure
cell lysis. Luciferase measurement was done using 30 l
lysed cells transferred in a white 96 well plate + 30
pl reconstituted Bright-Glo reagent. Light  emission
was measured on a Centro LB960 luminometer during 5
seconds acquisition  time. The analyses of the clones
obtained from stable transfections with construct #26
30 are depicted in Fig. 18, and the ones resulting
from stable transfection with construct  #140 in Fig.
19. The clones depicted in Figs. 18 and 19 were ranked
by their Luciferase value in a  descending manner.
IL18BP expression was indicated as OD value. Since the
Elisa was WO 2004/081167 PCT/EP2004/050280  32 carried
out in high throughput format, real quantification of
the IL-18BP levels could not  be obtained. However,
controls at 2500 ng/ml and 250 ng/ml as well as blank
were  included to monitor plate to plate variation.
Fig. 20 shows luciferase expression on the plates in
inverted ChemiDoc view.  5 This view uses a a CCD
camera (Biorad), allowing to acquire signals coming
from  



chemiluminescence (as in Fig.20). A Software called
Quantity One 4.2.3 allows picture  management like
inverting the signals, which was employed here. As
evident from the results shown in Figs. 18 to 20,
construct #140 resulted in a  lot of non-expressing
clones. However, surprisingly, the few positive clones
expressed  10 both genes extremely strongly.
Therefore, construct #140 allows screening for very
high expressors in very early  cloning phases, thus
omitting the necessity to test and follow-up on high
numbers of  clones in order to identify the few clones
that highly express both genes of interest. 15 WO
2004/081167 PCT/EP2004/050280  33 REFERENCES  1.
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CLAIMS 1. An expression vector comprising the promoter
of the mCMV-IE2 gene, or a  functional expression
promoting fragment thereof, and/or an enhancer of the
5 mCMV-IE2 gene, or a functional expression enhancing
fragment thereof, wherein  the expression vector does
not contain any complete gene of the mCMV. 2. The
vector of claim 1, further comprising a promoter
different from the mCMV-IE2  promoter, or a functional
expression promoting fragment thereof. 3. The vector
according to claims I or 2, comprising a first and a
second promoter  10 of viral, cellular or artificial
origin, or functional expression promoting fragments
thereof. 4. The vector of claim 3, wherein the first
promoter is the mCMV-IE2 promoter, or a  functional
expression promoting fragment thereof, and the second
promoter is the  mCMV-IE1 promoter, or a functional
expression promoting fragment thereof. 15 5. The
vector according to any of the preceding claims,
comprising the DNA  sequence of SEQ ID NO: 1. 6. The
vector according to any of the preceding claims,
comprising a fragment  including nucleotides -387 to
-189 of the mCMV IE2 upstream region, the  nucleotide
numbering being relative to +1 of the IE2 gene. 20 7.
The vector according to any of the preceding claims,
comprising a fragment  including nucleotides -587 to
-189 of the mCMV IE2 upstream region, the  nucleotide
numbering being relative to +1 of the IE2 gene. 8. The
vector according to any of the preceding claims,
wherein the promoter, or the  functional expression
promoting fragment thereof, is operably linked to a
DNA  25 sequence coding for at least one polypeptide.
9. The vector according to claim 8, wherein the DNA
sequence codes for a protein  of interest. 10. The
vector according to claim 8, wherein the DNA sequence
codes for a marker  protein. 30 11. The vector
according to claim 8, wherein the DNA sequence codes
for a reporter  protein. 12. The vector according to
any of claims 3 to 11, wherein the first promoter, or
functional expression promoting fragment thereof, and
the second promoter, or  functional expression
promoting fragment thereof, are bi-directionally
arranged. WO 2004/081167 PCT/EP2004/050280  



35 13. The vector according to any of the preceding
claims, further comprising one or  more regulatory
elements selected from 5'UTRs, introns, 3'UTRs, mRNA
3' end  processing sequences, polyadenylation sites,
and internal ribosome entry  sequences (IRES). 5 14.
The vector according to claim 13, wherein the
regulatory element is an IRES,  further comprising a
DNA sequence coding for at least one polycistronic
mRNA.  15. The vector according to any of the
preceding claims, further comprising one or more DNA
elements selected from insulators, boundary elements,
locus control  regions (LCRs), matrix attachment
regions (MARs), and elements for  10 recombination and
cassette exchange . 16. The vector according to any of
claims 8 to 15, wherein the DNA sequence coding  for
the polypeptide operably linked to the first promoter
and the DNA sequence  coding for the polypeptide
operably linked to the second promoter code for the
same polypeptide. 15 17. The vector according to any
of claims 8 to 15, wherein the DNA sequence coding
for the polypeptide operably linked to the first
promoter and the DNA sequence  coding for the
polypeptide operably linked to the second promoter
code for  different polypeptides. 18. The vector
according to claim 17, wherein the DNA sequence coding
for the  20 polypeptide operably linked to the first
promoter codes for a first subunit of a  dimeric or
multimeric protein and the DNA sequence coding for the
polypeptide  operably linked to the second promoter
codes for a second subunit of a dimeric  or multimeric
protein. 19. The vector according to claim 18, wherein
one subunit is the alpha chain and the  25 other
subunit is the beta chain of a hormone selected from
human FSH, human  LH, human TSH and human CG. 20. The
vector according to claim 18, wherein one subunit is
the heavy chain and the  other subunit is the light
chain of an immunoglobulin. 21. The vector according
to any of claims 9 to 20, wherein the protein of
interest is  30 selected from FSH, LH, CG, TSH, growth
hormone, interferon, TNF binding  protein I, TNF
binding protein II, Raptiva(r), IL-1813P, or muteins,
fragments,  functional derivatives, fusion proteins
thereof. 22. The vector according to any of claims 10
to 21, wherein the marker protein is  



selected from adenosine deaminase (ADA),
aminoglycoside phosphotransferase WO 2004/081167
PCT/EP2004/050280  35 (neo), dihydrofolate reductase
(DHFR), hygromycin-B-phosphotransferase  (HPH),
thymidine kinase (tk), xanthine-guanine
phosphoribosyltransferase (gpt),  multiple drug
resistance gene (MDR), ornithine decarboxylase (ODC)
and N- (phosphonacetyl)-L-aspartate resistance (CAD),
puromycin actyltransferase  5 (PAC), galactokinase,
human folate receptor, or reduced folate carriers. 23.
The vector according to claims 11 to 22, wherein the
reporter protein is selected  from luciferase, green
fluorescent protein, alkaline phosphates, and
horseradish  peroxidase or combinations thereof. 24. A
host cell transfected with a vector according to any
of the preceding claims.  10 25. The host cell
according to claim 24, wherein the host cell is a CHO
cell. 26. A process for the production of a
polypeptide comprising the step of transfecting  a
host cell with at least one vector according to any
one of claims 1 to 23. 27. The process according to
claim 26, wherein the transfection is stable
transfection. 15 28. A process for the production of a
polypeptide comprising the step of culturing a  host
cell according to claim 24 or 25 under conditions
allowing expression of the  polypeptide. 29. The
process according to claim 26 or 27, further
comprising the step of isolating  the polypeptide from
the host cell or cell culture supernatant. 20 30. Use
of a vector according to any of claims I to 23 for
expression of a gene of  interest. 31. Use of a vector
according to any of claims I to 23 for selection of
clones that  express high amounts of a gene of
interest. 32. Use of a vector according to any of
claims 3 to 23 for simultaneous expression of  25 two
or more genes or DNAs of interest. 33. Use of a vector
according to any of the preceding claims for the
manufacture of a  medicament for DNA-based therapy.
34. Use of a host cell according to claim 24 or 25 for
the manufacture of a  medicament for cell-based
therapy. 30 




