10

25

30

REGULATORY NUCLEIC ACID ELEMENTS

BACKGROUND TO THE INVENTION

TECHNICAL FIELD

The invention relates to cis-active nucleic acid sequences, so-called TE elements, The TE
elements preferably originate from the CHO genome. Their use in expression vecters, for
example, in stable cell populations permits at least twice as high an expression of a gene of

interest in a desired chromesome locus compared with vectors praviously used.

BACKGROUND

Mammalian cells are the preferred host celis for the production of complex
biopharmaceutical proteins as the post-tranlational modifications are human-compatible
poth functionally and from a pharmacokinetic point of view. The main relevant cells types
are hvdridomas, myelomas, CHO (Chinese Hamster Ovary)-cells and BHE (Baby Hamster
Kidney) cells. The host cells are increasingly cultivated under serum- and protein-free
production conditions, The reasons for this are the associated reduction in costs, the
reduced interference in the purification of the recombinant protein and the reduction of the
potential for introducing pathogens {e.g. prions and virses). The use of CHO cells as host
cells s becoming more and more widespread as these cells adapt to suspension growth in
seram- and protein-free medium and moreover are regarded and accepted as safe

production cells by the regulatory hodies.

In order to produce a stable mammalian cell line which expresses a heterologous gene of
interest, the heterologous gene is generally introduced into the desired cell line together
with a selectable marker gene, such as neomycin phosphotransierase (NPT), by
transfection. The heterlogous gene and the selectable marker gene can be expressed in a
host cell, starting from an individual or seperate co-transfected vectors, Twoto three days

after fhe {ransfection the fransfected cells are transferred into medium containing &
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selective agent, e.g. G418 when using the neomysin-phosphotransferase gene (NPT gene)
and cultivated for a few weeks under these selective conditions. The emergent resistant
cells which have integratedxthe exogenous DNA can be isolated and investigated for the

expression of the desired gene product {gene of interest}.

For biopharmaceutical production, cell lines with a high stable productivity are required,
The expression vectors for production cells are equipped with strong, usually constitutively
expressing promoters and enhancers such as CMV enhancer and promoter, for example, to
allow high product expression. As the expression of the product has to be guaranieed over

the longest possible time, celis ave selected which have the product gene stably integ

in their genome. This is done with selectable markers such as e.g neomyuin-

phosphotransferase (NPT) and dihydrofolate reductase (DHFR),

By the chance integration of the expression vectors in the host cell genome, cells are
obtained with different levels of expression of the desired gene product, as its eXpression 18
not determined solely by the strength of the previous promoter or the promotor/enhancer
combination. The chromatin structure present at the integration site can affect the level of
expression both negatively and positvely. Increasingly, therefore, cis-active clements
which positively influence the expression at the chromatin level are integrated in
expression vectors. These include locus control regions (LCR) which occur for example in
the 3' region of the B-globin genes (Li et al., 2002} and in the 3’ region of the TCRa gene.
They cause high tissue-specific expression of a coupled transgene in the chromatin, which
is characterised by ite independence of position and dependence on copy number. These
properties indicate that LCRs are capable of opening chromatin in their native tissue (Ortiz
et al., 1997). There are various forms of B-thalassaemia in which the B-globin locus is
intact but is not expressed. The reason for the lack of expression is a major deletion in the
5" direction of the B-globin genes. The deletion of this B-globin LCR leads to a closed
chromatin configuration which extends over the entire locus and leads to suppression of
gene expression {Li et al,, 2002). LCRs colocalise with DNAse I-hypersensitive sites (HS)
in the chromatin of expressing cells. The occurrence of HS also indicates open chomatin.

The HS contain a series of different general and tissue-specific binding sites for
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transcription factors. By the interaction of the transeription. factors with the DNA the open
chromatin stracture of HS is produced (Li et al., 2002}, Many LCRs are known fo be made

up of a number of HS the functions of which can be more or less separated from one

" another. The TCRa gene for example is expressed under endogenous control only in

T.cell tissue. The locus exists in varicus chomatin modes depending on the tissue and
expression status. In the 3' region it has a locus control region whichhas 8 HE, H32-6,a
6 kb partigl fragment of the LCR, has 2 chromatin-opening activity and is nof tissue
specific, The tissue specificity is imparted to the T-cell-specific expression in the thymus
by HS7, 8 and 1 (3 kb). Only in the compiste combination of ali the BS 15 the TCRaLCR
functionally coniplete (Ordz et al,, 1997). A more precise subdivision and specification of
the individual HS functions of the TCRaLCR can be found in {(Ortiz et al., 1999). This
Exeraple shows that LCRs are functionally very complex and may be made up of different
control elements such as emhancers, sifencers and isolators. Other Fxamples of the
division of the LCR functions between various domains are the TCRy locus and B-globin
locus. The former is made up of the DNAse [-hypersensitive site HsA and the enhancer
3'Eeyr. The TCRy-LCR, in addition to having its usuai functions, is also thought to play &
part in the reco;nbinaﬁon of of the TCRw genes {Baker et al, 1999). The B-globin locus
has five HS with distinguishable functions which also require the tissue-specific promoter
in order to function fully. LCRs could also play ahother importart role in the tissue-
specific demethylation of DNA, as DNA methylation results in a closed chromatin
structure and the inactivation of genes. A mechanism of activity which acfivaies gene

expression by increased histone acetylation would also be possible (Li et al., 2002).

Scaffold/Matrix Attachment Regions (S;’MARS)‘are DNA sequences which bind with a
high affinity in vitro to components of the mafrix or the scaffold of the cell nuclens. They
form the structural and possibly also functional boundaries of chromatin domaing (Zahn-
Zabal et al, 2001). S/MARs arc capable of interacting with enhancers and of locally
increasing the accessibility of the DNA in the chromatin and in this way can increase the
expression of stably integrated heterologous genes in cell lines, transgenic animals and
plants (Klehr et al., 1991; Stief et al., 1989; Jenwwein et al,, 1997, Zahn-Zazbal et al,, 2001,

However they cannot totally shield a chromosomal locus from nearby elements in order to
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allow position-independent expression (Poliak et al,, 1994} The effect of the MARs can
be used to increase the proportion of (kighly) expressing cell clones or transgenic animals
in a transfection experiment (McKnight et al., 1992, Zahn-Zabal et al., 2001). However,
MARs have alse been reported which do not impart high expression buf play an important

part in the correct regulation of development-specific genes (McKnight et al., 1992).

Isolators are defined as a neutral boundary between neighbouring regions which influence
one another, e.g. between active and inactive chromatin (boundary elements). They may
restrict the effect of enhancers or isolate entire DNA domaing against them and shieid
stably transfected reporter genes from positional effects (Bell and Felsenfeld, 1599
Udvardy, 1999). Thus, these elements render the expression independent of the SENOMIC
position. They may also prevent the silencing of transgenes in the absence ef selection
pressure (Pikaart et al., 1998). Ancther presumed function of isolators is the restriction of
replication territories (Bell and Felsenfeld, 1999). The first isolators that were desecribed
are scs and ses’ from Drosophila. They constitute the boundary for the hsp70 heat shock
genes and suppress positional effects (Udvardy et al., 19835),

As another element with an isolating function, a GC-rich fragment from the difr gene
(Chinese Harnster) was found, contzining CpG islands (Poljak et al., 1994). The fragment
on its own exhibited no influence whatever on Teporter gene expression. Situated bétween
an expression promoting SAR and the reporter gener; however, the fragment was able to
substantially prevent the expressiomenhancing effect of the SAR element. Possibly, this
GC-rich fragment blocks the chromatin-opening mechanism of the SAR element and
consequently acts as an isolator. Elements with extended CPG islands are methvlated with
a higher pmbabﬂify as they are recognised by a DNA methyltransferase which converts
cytosine into S-methyleytosine. Consequently, inactive chomatin is formed (Poljek et sl
1964).

Aronow and colleagues defined in the first intron of the human ADA gene (Adenosin
deaminase} a new regulatory element which substantially contributes to expression which

is dependent on gene copy number but independent of position (Aronow et al., 1995). The
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element is up to 1 kb in size and only functional when 1t flanks a 200 bp T-cell-specific
enhancer. If only one of the two segments is present or if the segments are wrongly
arranged in their sequence and orientation, the element is non-functional as this prevents

the formation of DNAse I-hypersensitive sites on the enhancer.

In their Paient WO 02/081677 the firm Cobra Therapeutics descrive another chromatin-
mfiluencing element, The Ubiquitous Chromatin Opening Elements (UCOEs) are
responsible for an open chromatin structure in chromosomeal regions with ubiquitously
expressed household genes (human hnRNP A2 gene, human B-actin gene, human PDCD2
gene). All these genes have CpG-rich islands in {he untranslated regions which are
relatively weakly methylated. The absence of methylation of CpG islands indicates that
there is active chromatin at this pomt. The UCOEs help to provide 2 strength of expression

which is independent of the genomic environment and the nature of the cell or tissue.

The firm: Immunex also describes cis-active DNA sequences which bring about an increase
in expression (US 6,027,915, US 6,309,851). The element referred to as the expression
augmenting sequence element (EASE} demands a high expression of recombinant proteins
in mamimalian cells, is not active in transient expression systems and does not have the
typical sequence properties found in LCRs and S/MARs. It is also not a seguence which
codes for a trans-activating protein as it does not comtain an open reading frame. The
fragment s 14.5 kb long, originates from the genomic DNA of CHO cells and can increase
the expression of a stably integrated reporter gene eight fold. Over 50% of the activity of
the clement is restricted to a 1.8 kb long segment, while the first 600 base pairs of this
segment are essential for correct function. An additional property of sequence gections
with a high EASE activity is the presence of a number of HMG-1(Y) binding sites. HMG-
I(Y) proteins belong fo the family of the high mobility group non-listone chromatin
proteins. They are aiso referred to as "architechtonic transcription factors” and form & new
category of trans-regulators of mammalian genes. HMG-I(Y) proteins recognise 80-rich
sequences and bind fo their so-called AT hooks (DNA-binding domains} in the small DNA
fork. This can lead to local changes in the DNA topology and consequently to altered gene

expression.
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The authors of US Patent 6,309,841 presume that the effects of EASE are conmected with
the MTX-induced ampiification of the integrated plasmid. In MTX-induced gene
amplification, so-calied breakage fusion brdige cycies ocour. it is easy to imagine a 1ole
for the HMG-KY) proteins in the structural alteration of the DINA which lead to the

formation and removal of the DNA breakages.

Other elements for increasing gene expression in mamsmalian cells are described in Kwaks
et al., 2003, These so-called STAR elements (Stimulatory and Anti-Repressor Elements)
originate from the screening of a human gene Hbrary with 500 to 2100 bp DNA fragments.
The screening was carried out using a specialty designed reporter plasmid. The expression
of the reporter gene was only possible when it was functionally linked with an anti-
repressor elernent from the human geae bank. With the STAR elements thus obtained the
authors were able to protect transgenes from postional effects in the genome of mammalian
cells. A comparison with the mouse genome showed that the majority of these STAR
elements occur in both the human and the murine genome and are ghly conserved within

these two gpecies.

A major problem in establishing cell lines with a high expression of the desired protein
arises from the random and undirected integration of the recombinant vecior in
trenscription-active or -inactive loci of the host cell genome. As a result, a population of
cells is obtained which show completely diffesent expression rates for the heterologous
gene, while the productivity of the cells generally follows a normal distribution. In order
to identify cell clones which have a very high expression of the heterciogous gene of
interest it is therefore necessary to check and test a number of clones, resuliing in high
expenditure of time, labour and costs. Attempts at improving the vector system used for
fhe transfection are therefore directed at even allowing or increasing the transcription of &
stably integrated transgene by the use of suitably cis-active elements. The clis-active
clements which act at the chromatin level include for example the locus control regions,
scaffold-matrix attachment regions, isolators, efc., already described. Some of these

elements shield certain genes from the influces of the surrounding chromatin.  Others
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exhibit an enhancer-itke activity, although this is restricted to stably integrated constructs.
Yet other elements combine several of these functions in themselves. Often it is not
clearly possible {0 assign them precisely to a specific group. In stable cell lines the
expression of the fransgenic product gene thus underlies chromosomal positicnal effects to
& considersble extent, This phenomenon is based on the influence of the chromatin
gtructure and/or the presence of intrinsic re]uatory.elements at the integration site of the
foreign DNA. This leads to very variable expression levels, During the selection of cells,
therefore, frequently clones with a very low or complefely absent product expression are
frequently produced. These chromosomal postional effecis are also the reason why the
generation of stable production cell lnes which express a high level of a therapeutic
protein is generally a time consuming, high-capacity and expensive process. Stable cell
lines with high productivity are usually produced by selection with positive sclectable
markers, froquently combined with agent-induced gene amplification {e.g. dihydrofolate
reductase/methotrexate or glutamine synthetase/methioninesulfoximine), The pools and
clones which are produced with this selection strategy are investigated for high and stable
expression in a complex screening proeess. The majority of the ciones preduce no or enty
average amounts of product and only a few are high producers. The proprotion of high
producers in a mixed population can be increased, for example, by a mutation in the
selectable marker {Sautter und Enenkel, 2005, WO 2004/050884;. However, it is desirable
to further increase the specific productivity of each individual clone as well as the

proportion of high producers within a transfected cell population.

The specific productivity of stably transfected cells, particularty CHO- or other production-
relevant cells, and the proportion of high producers in a transfection batch should be
increased. This should result in the last analysis in a more efficient cell line development.
Consequently more and higher producing cell lines could be established in a shorter time

and thus save on labour, time and costs,
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SUMMARY

The disclosure relates to regulatory nucleic acids, particularly a nucleic acid having
SEQ ID Ne. E known as a "T'E element”, or & fragment or derivative thereof, which leads
to an increase in the transcription or expressmn of & gene of interest in stably transfected
cells. Surprisingly, it has been shown that the use of a TE element of this kind on an
ex.pression vecsor in conjunction with a4 promoter, & product gene, a selectable marker and
optionally an enhancer in stable integration inio a host genome, such as the CHO-DG44
genome, for example, overcomes, shieids or cancels out the chromosomal positional

effects. As a result, both the proportion of high producers in a transfection baich and also

the absolute expression level are increased.

In a first aspect, there is provided a nucleic acid comprising TE-13 (SEQ ID No. i3) or a
fragmenf of TE-13 {SEQ ID No. 15) or the complementary nucleotide sequences thereof or a
derivative of TE-i3 (SEQ ID No. 15) or the complementary rucleotide sequences thereof,
wherein on chromosomal integration said nucleic acid leads to an increase in the transcription

or expression of a gene of interest in an expression system, and wherein the derivative has at

least 85% sequence identity.

In a second asﬁect, there is provided a nucleic acid comprising TE-08 (SEQ ID No. 10) or a
fragment of TE-08 (SEQ 1D No. 10j or the complementary nucleotide sequences thereof or a
derivative of TE-08 (SEQ ID No. 10} or the complementary nuclectide sequences thereof,
wherein on chromosomal integration said nucleic acid leads to an increase in the trapscription

or expression of a gene of interest in an expression system, and wherein the derivative has at

least 85% sequence identity.

In a third aspect, there is provided a nucleic acid comprising SEQ ID No. 1 or a fragment of
SEQ I Ne. 1 or the complementary nucleotide sequences thereof or a derivative of SEQ ID
No. | or the complementary nucleotide sequences thereof, wherein on chromosomal
integration said nucleic acid leads to an increase in the {ranscription or expression of a gene of
interest in an expression system, wherein the fragment or derivative has at least one sequence
region consisting of the nucleic acid region between 1 bp and 1578 bp, and wherein the

derivative has at least 85% sequence identity.
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In a fourth aspect, there is provided a eukaryotic expression vector characterised in

that this expression vector comprises a nucleic acid as defined above,

In a fifth aspect, there is provided a method of producing a eukaryotic expression
vector, characterised by the integration of a nucleic acid as defined above in  an

expression vector.

In a sixth aspect, there is provideed a eukaryotic host cell, characterised in that it

comprises a eukaryotic expression vector as defined above.

In a seventh aspect, there is provided a method of developing a high-producing stably
transfected enkaryotic host cell line, characterised by the following steps:

(a) Integrating at lcast one nucleic acid as defined above in an eukaryotic expression
vector comprising a gene of mterest,

{b) transfecting a eukarvotic host cell with this expression vector,

{c) selecting a highly-productive transtected host cell.

In an eighth aspect, there is provided a method of preparing and selecting recombinant
mammalian cells, characterised by the following steps:

(a) transfecting the host cells with genes that code at least for a protein/product of
interest, a neomycin-phosphotransferase, preferably modified, and the amplifiable
selectable marker DHFR, wherein in order to enhance the transcription or expression
at least the gene (or geneé) of interest is or are functionally linked to at least one
nucleic acid as defined above,

(b) cultivating the cells under conditions which enable expression of the different
genes,

(e) selecting these co-integrated penes by cultivating the cells in the presence of a
selecting agent, such as e.g. G418, in a hypoxanthine/thymidine-free medivum and

(d) amplifying these co-integrated genes by cultivating the cells in the presence of a

R~
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selecting agent which allows the amplification of at least the amplifiable selectable

marker gene, such as e.g. methotrexate,

In a ninth aspect, there is provided a method of preparing a biopharmaceutical
product, characterised by the following steps:

(a) integrating at least one nucleic acid as defined above in a eukaryotic expression
vector comprising a gene of interest,

{b} transfecting a eukaryotic host cell with this expression vector,

{c) selecting a highly-productive transfected host ¢cell and

{d) cultivating the highly-productive transfected host cell obtained under conditions

which allow expression of the gene(s) of interest.

In a tenth aspect, there 1s provided a nucleic acid as defined above for use as a

medicament.

In an eleventh aspect, there is provided a nucleic acid as defined above in a enkaryotic
expression vector, for use in increasing the transcription or expression of a gene of
interest in an expression system in a eukaryotic host cell or for preparing a

biopharmaceutical product.

In a twelfth aspect, there is provided a nucleic acid as defined above for use in

producing non-human transgenic animals or plants.

In a thirteenth aspect, there is provided a nucleic acid as defined above for use in gene

therapy.

In a fourteenth aspect, there is provided a nucleic acid element as defined above for

use as a medicament or in a pharmaceutical composition.

~8h-



The disciosure further relates to expression vectors which contain transcription- or
expression-increasing regions, fragments or dc_:rivatives of SEQ 1D No. 1, preferably the
TE elements TE-00 (SEQ ID No. 2), TE-01 (SEQ ID Na. 3), TE-02 (SEQ ID No. 4), T2~
03 (SEQ TD No. 5}, TB-04 (38EQ ID No. 6), TE-06 (SEQ ID No. 8), TE-07 (SEQ ID No.
9), TE-08 (SEQ ID No. 10), TE-1C (SEQ ID Wo. 12), TE-11 {8EQ [ No. i3), TE-12
(SEQ ID No. 14), TE-13 (SEQ ID Ne. 15), TE-14 (SEQ 1D Ne. 16), TE-15 (SEQ 1D No.
17}, TE-16 (SEQ ID No. 18}, TE-17 (SEQ ID No. 19}, TE-18 (SEQ ID No. 20) and TE-21
(SEQ ID No. 21}, In view of their small size TE-06 , TE-G7 and TE~08 and TE-13 (SEQ
1D No. 15) are particularly preferred.

SEQ 1D No. 1 originates from a sequence region located upstream of the coding region of
the ubiquitin/S27a gene, which was isolated from CHO- cells, the gene coding for an

essential protein in the ribosome metabolism of the cell.

Compared with the eﬁpression vectors used hitherte, the additional introduction of the
cis-active TE eclements into expression vectors results in a productivity of swbly
transfected cell pools, particularly CHO-DG44 cell poots, which i3 up fo seven times
higher. In transient transfections of CHO-DG44 cell pools, on the other hand, no increase
in productivity can be achieved by introducing the TE elements. Thus, the merease in

productivity observed in the stable cell pools is not based on an enhancer present in the TE

-8e-
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elements. Thus, chromosomal integration is absoclutely essential for the increase in
productivity caused by TE elements. This is an indication that TE etements may suppress,

shield or cancel out negative chromosomal positional effects.  As a resulf, cis-aclive

~elements have been produced and identified which are characterised by their particular

suitability for selecting and enriching high producing cells and are therefore capable of
reducing the expenditure on time, costs and capacity i the isolation and identification of

high producing clones.

Possible applications for the invention include the development of hgh producing cell

lines as required for example in the manufacture of biopharmaceuticals, in analytical

based assays, in high throughput screenings of substances or m the production of
recombinant protein products for NMR. spectroscopy, other assays, etc. Because of the
higher specific productivity and the reduction of cells which express little or no product,
more and higher producing cell lines can be established in a shorter time and thus labour
and costs can be saved. Other possible application are the production of robust improved
host cell lines (e.g. the introduction of anti-apoptosis or glycosilation genes), fransgenic

animals or plants and in gene therapy.

The invention does not arise from the prior art,

The nucleic acid with SEQ ID Ne. ! is & nucleic acid sequence isolated from fhe genome
of Chinese hamsters (Cricetulus griseus). Tt comes from a sequence region located

upstream of the coding region of the ubiquitin/S27a gene.

The nucleic acid with SEQ ID Ne.l has an average GC content of 44% and does not
contain any lengthy passages of GC repeats. This GC content is comparable with the
average GC content of about 40% described for genomic DNA of mammals (Deigado et
al, 1998). The search for CpG-rich regions using newcpgseek (EMBOSS sequence
analysis package) resulted in only five.very short sequence regions which have an
absolutely increased frequency of CpG dimers and/er an increased proportion of CpG in

relation to GpC: nucleotides 2242 ~ 2239 (18 bp), 3129 — 3146 {18 bp), 3215 — 3240 (26
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by}, 3417 — 3461 (44 bp) and 3658 ~ 3788 (131 bp) of SEQ ID No: 1. The search results

show that the nucleic acid sequence does not contain any extended CpG islands.

Moregver, SEQ 1D No. 1 contains tWo tandem repeats (nucleotides 2179 — 2244 and
nucleotides 1027 ~ 1080) and two mverted repests {nuclectides § — 47 and nucleotides
1726 — 1766), which were identified by the EMBOSS progfammes efandem and einveried.
TE-08 accordingly containg an inverted repeat. In the sequence region between 1 bp and

1578byp there is therefore one tendem repeat and ope inverted repeat,

Parts of the nucleic acid with SEQ ID No.} have already been described in WO G7/15664:
mucieotides 1579 to 3788 of SEQ ID No. 1 correspond to the nucleotides 1 to 220% of BEG
ID No.5 from WO 97/1 5664, but with a difference. Dtring the production of SEQ 1D No.i

_four additional nucleotides were Introduced, as a yesult of the

cloning process, formed by & reacfion of filling an existing BCOR! cutting site. This
insertion of the additional four nuciectides ok slace between mucleotide 357 and 338 of
sequence SEQ ID Na.5 from WO 97/15664. Nucleotides 1 to 1578 of the nucleic acid
sequence with SEQ ID No. 1, however, constitute new hitherto |

unknown sequence regions which were isolated within the scope of this disclosure. Also,
WO 97/15664 did not disclose that SEQ 1D No.107 fragments

o1 derivatives thereof increase the transciption or expression of a gene of inferest
trrespective of the chromosomal integration site when they are functionally linked to 2
promotes/enhancer combination which allows the transcription of the functionally linked
gene of interest. Rather, WO 97/15664 discloses the use of 5UTR sequences of the
ubiquitin/S27a gene as promoter, while the sequence region from position -161 fo -45
according to Figure 5 in WO 97/ 15664 is essential for promoter activity. This sequence
region is only partly present in the nucleic acid of SEQ ID No. 1 '
and 2 fragment derived therefrom with SEQ ID No.Z (position -161 to -89 according to
Figurs 5 in WO §7/15664). The other fragments and dertvatives of SEQ ID No.l do not
contain this sequence region at all. Moreovet, the nucleic acid of SEQ ID No. ]

when using standard alignment algorithms such as BLAST, show nc

. sequence homologies with {he nucleic acids sequences described in the following patent
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applications, which can aiso positively influence the expression at the chromatin level in
cix

a) UCOF nucleic acid sequences from WO 00/05393

b} EASE nucieic acid sequences from US 6,305,841

¢) STAR nucleic acid sequences from WO 037004704

No extensive sequence homologies to these nucieic acid sequences a} ic ¢) could be found

even with more complex alignment strategies.

DESCRIPTION OF THE FIGURES
FIGURE 1©  SCHEMATIC REPRESENTATION OF THE BASEV BECTORS

The vectors shown under A were used to express a recombinant monoclonal 1gGl antibody
in CHO-DG44 cefls, "E/P" in this case is 2 combination of CMV enthancer and hamster
ubiquitin/82 7z promoter, "P" is merely a promoter element and "T" is a tenmination signal
for the transcription which is necessary for the polvadenylation of the transcribed mRNA.
The position and direction of transcription initiation within each transcription unit is
indicated by an arrow. For cloning TE elements an Spel cutting site ("Spel") is present in
front of the promoter/enhancer combingtion.  The amplifiable selectable marker
dihydrofolate reductase is abbreviated to "DHFR". The selectable marker nEeomycin
phosphotransferase contains the point mutation D227G and is abbreviated to "D227G™
accordingly in the Figure. The "IRES” element originating from the encephalomyocarditis
virus acts a5 an internal ribosomol binding site within the bicystronic transcription unit and
allows transiation of the following freen fluorescent protein “GFPY, "HC" and "LCT code

for the heavy and light chains, respectively, of a humanised monoclonal 1gG1 antibody.

The vector shown under B was used to express the recombinant protein MCP1 in CHO-
DG44. “E/P" is & combination of CMV enhancer and CMV promoter, "P" is merely a
promoter eiement and "T" is 2 termination signal for the transcription which 1s needed for
the polyadenyiation of the transcribed mRNA. The position and direction of transcription'

initiation within each transcription unit is indicated by an arrow. Fer cloning the TE
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element, a sequence region "A" with cutting sites for resiriction endonucleases {adapter) is

inserted before the promoter.

The selectable marker neomycin phosphotransferase contains the point mutation F2401 and
is accordingly abbreviated to F2401 in the figure. The IRES slement originating from the
Encephalomyocarditis virus acts es an internal ribosomal binding site within the bicistronic
transcription unit and allows translation of the subsequent red fluorescent protein "dsRed".

"WMCP-1" codes for human monocyte chemoattractant Protein-1.

FIGURE 2: SCHEMATIC REPRESENTATION OF AN MCP-1 BASE VECTOR

The vector showrn here was used to express the recombinant protein MCP-1 in CHO-DG44
cells. "E/P" is a combination of "E/P" is & combination of UMV enhancer and CMV
promoter, "P" is merely & promoter clement and "T" is a termination signal for the
transeription which is needed for the potyvadenylation of the transcribed mRNA, The
position and direction of transcription itiation within each transcription umit is indicated
by an arrow. For cloning the TE clement, a sequence region "A" with cutting sites for
restriction endonucleases (adapter) is inserted before the promoter. The selectable marker
dihydrofolate reductase is abbreviated to "dhir" in the figure. The IRES eclement
originating from the Encephalomyocarditis virus acts as an internal ribosomal binding site
within fhe bicistronic transcription unit and aliows tansiation of the subsequent red
fluorescent protein "dsRed”. "MCP-1" codes for mmnan monocyte cheroatiractant

Protein-1.

FIGURE 3:  5'SEQUENCE OF THE CHO URIQUITIN/S2Z7S GENE

The sequence Tegion comprising 3788 bp (SEQ ID No. 1) was isolated from the genome of
CHO (Chinese Hamster Ovary) cells and is located upstream of the coding region of the
Ub/S27a gene, which ig a fusion between a ubiguitin unit {Ub) and a ribosomal protein of

the small ribosome subunit (8272},
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FIGURE 4 GRAPHIC REPRESENTATION OF THE TE ELEMENTS 00 TO 12

This figure schematically shows the genomic sequence region of 3788 bp, which was
subcloned in a plasmid, Jocated upstream of the coding region of the CHO ubiquitin/527a
gene. From this genome sequence (SEQ 1D Nr. 1) also known as TE element A, partial
ﬁ‘égments of different lengths, hereinafter referred (o as TE elements, were prepared. TE
element 00 (SEQ ID Nr. 2) was isolated from a subclone of this sequence as a Sac II
restriction fragment and cloned info the Spel cuifing site of the target veciors pBID-HC
and pBING-LC. These contained either the gene for the heavy chain (HC) or light chain of
an IgGl (see fgure 1A). As a result, expression vectors were formed in which the TE
element 00 is positioned in direct and reversed orientation upstream of the promoter. The
TE elements 01 to 12 were produced by PCR with various pairs of primers {see Figures 5
and 6) and cloned info the base plasmid pTR4/MCP-1 (Figure 1B) and pTES/MCP-1
(Figure 2) via BamHL/BsrGL

FIGURE S:  TE ELEMENTS 00 TO 12

This Table shows the size and the starting and end positions of the TE elements 00 to 21,
which were produced from the TE-A sequence (SEQ D No. 1). For the fragments
produced by PCR, the primers used are additionally specified. The size gradations of the
elements are about 500 bp and have deletions at the 5' or 3" end, compared with the starting
sequence TE-A (SEQ 1D No.1).

FIGURE 6 PRIMER FOR SYNTHESISING THE TE BELEMENTS 01 TO 12

ne,

The primers are shown in the 53" direction. Primers with "for" in their name are primers
in direct orientation of SEQ ID No. 1, primers with "rev" are those in reverse orientation,
Each primer consists at the §' end of six nucleotides followed by a BamHI or BsrGl cutting
site and a sequence of about 20 to 30 aucleotides which is 100% homologous with a
sequence portion in SEQ ID No. 1. The region of the primer homologous with SEQ 1D
No. 1 is shown in boid. One for primer and one rev primer was used tc amplify & sequence
region of SEQ ID Nr.l. The resulting PCR product was cloned intc the base plasmid

pTE4/MCP-1 (Figure 1B} or pTES/MCP-1 (Figure 2) via BamHI and BsrGL
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FIGURE7: FACS MEASUREMENT OF THE TRANSFECTION SERIES B

The Figore shows the relative increase in GFP expression in cells with the TE element 00
compared with celts without the TE element 00. For this, CHO-DG4 celis were transfected
with the plasmid combinations pBING-LC and pBID-HC, which differ from one another
only in the presence and orienfation of the TE element 00. After a two to three-week long
selection of the transfected cell pools in HT-free medium with the addition of G418, the
GFP fluorescence was measured by FACS analysis. Hach graph, with the exception of the
untransfected CHO-DG44 cells (DG44) serving as a negative control, constitutes the
average of the GFP fluorescence from, in each case, 10 pools of transfection series B,
20000 cells were studied per pool. "Control" denotes the base plasmids pBINT-LA and
pBID-HC, "reverse” denotes a reverse oritentation of the TE element 00 in the base vectors

while "direct” indicates a direct orientation of TE element 00 in the base vectors.

FIGURE &  FACS MEASUREMENT OF TRANSFECTION SERIES C

The Figure shows the proportion of dsRed2-expressing cells in stable cell populations
which contained the TE elements 01, 02, 05, 06, 08 or 06, compared with celis in cell
pepulations which did not contain a TE element. Tor this, CHO-DG44 cells were
transfected with the plasmid pTE4/MCP-1 or derivatives obtained therefrom, which
additionally contained one of the TE elements mentioned above. After an approximately
three-week long selection of the transfected cell pools in medium with added G418, the
dsRed? fluorescence was measured by FACS analysis. 10000 cells were measured per
pool and the inherent fluorescence of the untransfected CHO-DG44 cells was substracted,
Each value is the average of the percentage proportion of dsRed2-expressing cells from 6

pools of transfection series C.

FIGURE ¢ INFLUENCE OF THE TE ELEMENTS ON THE SPECIFIC
PRODUCTIVITY

This Figure shows the changes in the expression level of IgGi or MCP-1 which are

obtained as a result of the presence of the TE elements compared with controi pools with

no TE element, shown graphically (A} or in table form (B). The cell pocls were produced

by stable transfection of CHO-DG44 celis with the base plasmids pBING-LC and pBID-

14
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HC or pTB4/MCP-1 ("control") and the derivatives obtained therefrom, each of which
additionally contained a TE element ("00" in direct orietnation ("0C direct”) and in reverse
orientation ("00 reverse™), "01" to "12"). After a two to three-week long selection of the
transfected cell pools in HT-free mediom with the addition of G418 (Series A and B} or in
HT-containing medium with the addition of G418 (Series Cand 13} the protein expression
was measured by ELISA in the cell culture supernatant and the specific proeductivity per
cell and per day was calculated. The cultivation of the stably transfected CHO-DG44 cells
was carred out by several passages in 75 em® T flasks with a passaging rythm of 2-2-3
davs, In Series A, 4 pools taken from the plasmid combinations "00 reverse” and "00
direct" were tested and of the control 3 pools were tested over 8 passages in cultere, v
Series B 10 pools of each plasmid combination were tested by 6 passages and in Series C
and D 6 pools of each type of plasmid were tested through & passages. The specific
productivities of the pools of a plasmid combination and series were averaged and the
average of the controls in each scries was setat 1. The averaged specific productivities of

the pools with TE element were compared with this.

FIGURE 10: INFLUENCE OF THE TE ELEMENTS ON THE SPECIFIC
PRODUCTIVITY IN DHFR-SELECTED CELL POOLS
This Figure shows the changes in the expression levels of MCP-1 which resulied from the
presence of the TE elements compared with control pools with no TE element, in the form
of a graph (A) or table (B). The cell pools were produced by stable transfection of CHO-
D@44 cells with the base plasmid pTES/MCP-1 ("conirol™) or derivatives obtained
therefrom, each of which additionally contained a TE element (01" 10 "12") (Series E).
After 2 two to three-week long selection of the transfected cel pools in HT-free medium
the protein expression was measured by ELISA in the cel! culture supernatant and the
specific productivity was calculated per cell and per day. The cultivation of the stably
transfected CHO-DGA4 cells was carried out by several passages in 75 em® T flasks with a
passaging thythm of 2-2-3 days. Six pools of each plasmid variant through 6 passages
were in cultivation. The specific productivities of the pools of 2 plasmid variant were
averaged and the average of the controls was set at 1. The averaged specific productivities

of the pools with & TR element was compared with this.

-15-
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FIGURE 11: TESTING THE TE ELEMENTS FOR ENHANCER ACTIVITY

The transient ransfection of CHO-DG44 cells, when using expression vectors with TE
elements, showed no significant increase in the MCP-1 titre compared with control vectors
without a TE element. TE elements 01 to 12 thus do not act as enhancers and can therefore
onty bring about a significant increase in expression when integrated in the chromosomes.
Six pools were transfected with pTE4/MCP-1 (control} and the derivatives obtained from
it, which additionally each contained aTE element ("01" to "12%). Al the same {ime an
SEAP expression plasmid was co-transfected in order to determine the transfection
efficiency (SEAP = secreted alkaline phosphatase). After 48 hours cultivaiion in a total
volume of 3 ml, the cell cultnre supernatant was removed and the MCP-1 titre was
determined by ELISA and the SEAP activity was determined. The MCP-1 titre was
corrected with regard to the transfection efficiency, determined by SEAP expression. The

Figure shows the average of the 6 paraliel pools with standard deviatior.

FIGURE 12: OTHER TE ELEMENTS

The results thus far indicate that the choice of fragments of Sequence ID No. | ghown in
this Figure could also result in an increase in gene expression, By cloning and stable
transfection of these additional TE elements the intention s to characterise Sequence 1D
No. 1 more clearly in order to locate more precisely the sequence regions which are

important for the function.

FIGURE 13; TESTING OF DIFFERENT POSITIONS AND COMBINATIONS OF
THE TE ELEMENTS

This Figure represents a selection of pessible expression veetors in which different

positions, orientation and combinations of TE elements are used to investigate whether an

additional increase in expression can be achieved in this way. As well as the flanking of

the product gene by TE elements, a number of identical or different short TE elements are

also connected up one behind the other, such as for example TE elements 06 and 08 or the

new TE elements 13 and 14

16-
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FIGURE 14: INFLUENCE OF TE ELEMENTS TE 13 TO TE 18 ON THE SPECIFIC
MCP-1 EXPRESSION
This Figure graphically shows the changes in the expression levels of MCP-1 which resuit
from the presence of the TE elements compared with conirol pocts with no TE element.
The ocell pools were produced by stable transfection of CHO-D(G44 cells wiih the base
plasmid pTE4/MCP-1 ("control") or derivatives obtained therefrom which additionally
each contained a TE element {"13" to "18") (Series F). After a two- 10 three-week long
gelection of the transfected cell pools in HT-supplemented medium +GA418 {400 ug/ml} the
protein expression was measured by BLISA in the cell culture supematant and the specific
productivity per celf and per day was caleulated. Cultivation of the stably transievied
CHO-DG44 cells was carried out by several passages in 75 em* T flagks with a passaging
rhythm of 2-2-3 days. Of each plasmid variant, 4 pools were in cultivation over 3 to 6
passages. The specific productivities of the pools of a plasmid variant were averaged and
the average of the controls was set at 1, The averaged specific productivities of the pools’

with & TE element were compared with this.

FIGURE 15: INFLUENCE OF THE TE ELEMENTS AT VARIOUS POSITIONS AND
IN VARIOUS COMBINATIONS ON THE EXPRESSION OF MCP-1
This Figure graphically shows the changes in the expression levels of MCP-1 which result
from the presence and combination of Gifferent TE elements compared with control pools
without a TE element. The cell pools were produced by stable transfection CHO-DG44
cells with the base plasmid pTE4/MCP-1 {"contro " or derivatives obtained therefrom
which additionally each contained one or two TE elements ("06 and 08, 08rev, 09rev, A
(Series G). After two to three-week long selection of the transfected cell pools m HT-
suppiemented medium +G418 (300 ug/ml) the protein expression was measured by ELISA
in the cell eulture supernatant and the specific productivity per cell and per day was
calenlated. The cultivation of the stably fransfected CHO-DG44 cells was carried out by
several passages in 6-well plates (MAT6) with a passaging thythm of 2.2-3 days. Of gach
plasmid variant, 6 pools were in cultivation over 6 passages. The specific productivities of

the pools of a plasmid variant were averaged and the average value of the controls was set
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at 1. The averaged specific productivities of the pools with a TE element were compared
with this.

FIGURE 16; TESTING OF THE TE ELEMENT TE-08 WITH 1GG-4 ANTIBODIES

The vectors shown here were used for the expression of recombinant monoclonal 1gG4
antibodies in CHO-DG44 cells. E/P in this case is a combination of CMV enhancer and
promoter, P is merely a promoter element and T is a termination signal for the
transcription, which is required for the polyadenylation of the transeribed mRNA. The

position and direction of the transcription initiation within each transcription unit is

_indicated by an arrow. The genes for the light chain (LCZ or LC3) and heavy chain (HCZ

or HC3) were cloned in, in exchange for the MCP-1 - IRES - dsRed? cassette (Figures 1B
and 2). They code for the heavy and light chains, respectively, of a humanised monoclonal
lgG-4 antibody. The amplifiable selectable marker dihydrofolate reductase is abbreviated
i “dhfr®. The selectable marker neomycinphosphotransferase contains the polnt mutation

F2407 and is abbreviated accordingly to F2401 in the Figure.

DETAILED DESCRIPTION OF THE INVENTION

Terms and designations used within the scope of this description of the invention have the
following meanings defined hereinafter. The general terms "containing” of "containg”
includes the more specific term "consisting of". Moreover, the terms “single number" and

"plurality” are not used restrictively.

The term "TE element" denotes regulatory nucleic acids.

The terms "TE element”" or "expression-enhancing element” or “transcription enbancing
clement" or “expression or transcription enhancing nucleic acid element” are used
synonymously in the test. These terms all refer to regulatory nuclejc acid sequences.

By "TE element” or "axpression enhancing element” or “transcription enhancing element”

ot "expression or transcription enhancing nuclete acid element® is meant in particular

Sequence ID Ne. 1, including the complementary sequence thereto, which was isolated

18-
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from the genome of the Chinese hamster (Cricerulus griseus), or any part, fragment or
region thereof or a derivative of Sequence 1D No. 1 or one of the parts, fragments or
repions thereof, which when stably integrated in the chromosomes leads to an increase in
the transcription or expression of & gene of interest.  Also meant are any desired
combinations of paﬂs; fragments, regions or derivatives of Sequence ID No. 1 which
consist of a number of identical or different parts, fragments, regions or derivatives of SEQ
ID No. 1, which may in furn be arranged in any desired orientation and at any desived
spacing relative to one another or may be combined with other regulatory sequences and
which lead to an increase in the transcription or expression of a gene of interest. The term
TE element may refer both to SEQ ID No. 1 itself and to any desired fragments, purty,

regions or derivatives thereof,

Furthermore, the term "TE element”, "transcription enhancing or expression enhancing
nucleic acid element” or fragments, parts, regions or derivatives thereof encompasses, in
addition to paris of the seguence of the Chinese hamster {Criceiulus  griseus),
corresponding  functional homologous nucleotide sequences from other organisms,
Examples of these other organisms include man, mouse, rat, monkey and other mammals

and rodents, reptiies, birds, fishes and plants.

By a "fragment" or "part" or "region® (these terms being used synonymously) is meant a
nucleic acid molecule (single or double stranded) which is 100% identical m its sequence
to a part of SEQ ID No. | or the complementary seguence thereto. It is inown that the
cloning of fragments which are produced either by digestion with restriction. enzymes or by
PCR can lead to modifications in the end regions of the fragment, L.e. additional or absent
nucleotides or nucleotides additionally introduced through primers, which are the result of
filling or breakdown reactions. These variations in the end regions of the fragments are
included in the definition of a fragment, even if these sequence regions have a sequence
identity of less {han 100% with SEQ ID No. 1. "Parts" or "fragments” or "regions” of
Seguence ID Nr, 1 include for example TE-00 {Sequence ID No. 2), TE-01 {Sequence I
No. 3}, TE-02 (Sequence ID No. 4}, TE-03 (Sequence ID No. 5}, TE-04 {Sequence D No.
§), TE-05 (Sequence ID No. 7}, TE-06 (Sequence ID No. 8}, TE-07 (Sequence ID No. 9},

-10-
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TE-08 (Sequence ID No. 10, TE-09 (Sequence ID No. 11), TE-10 {Sequence ID No. 12),
TE-11 (Sequence TD No. 13), TE-12 (Sequence ID No. 14), TE-13 (Sequence ID Neo. 15),
TE-14 {Sequence ID No. 16), TE-13 {Sequence 1D No. 17}, TE-16 (Sequence ID No. 18},
TE-17 {Sequence 1D Ne. 19), TE-18 (Sequence ID No. 20), TE-21 (SEQ ID No. 21}
Preferably, with stable chromosomal integration, the fragment leads to an increase in the
transcription or expression of a functionally linked gene of interest. "Parts® or "fragments”
or "regions” of Seguence ID No. 1, which lead to an increase in the transcription or
expression of a gene of interest, are for example TE-00 (Sequence ID No. 2), TE-01
(Sequence ID No. 3), TE-02 (Sequence ID No. 43, TBE-03 (Sequence [D No. 53, TE-04
(Sequence ID No, 6}, TE-06 (Sequence I No. 8), TE-07 (Sequence ID No. &), TE-UE
(Sequence 1D No. 10}, TE-10 (Sequence ID No. 12), TE-11 {Sequence 1D No. 13}, TE-12
{Sequence ID No. 14), TE-13 (SEQ ID No. 15}, TE-14 (SEQ ID No. 16), TE-15 (SEQ ID
No. 17), TE-16 {SEQ ID Ne. 18), TE-17 (SEQ ID No. l@j, TE-18 (SEQ ID No. 20} and
TE-21 (SEQ ID No. 21). However, the term “fragment” alsc includes all possible other
parts of SEQ ID No. 1 in any desired orientation which lead to an increase in the
transeription or expression of a gene of interest, particularly those which are wholly or at
feast partialiy in the 5" region of TE-00 (5EQ ID No. 2). This corresponds to the partial
region of SEQ ID No. 1 between 1 bp and 1578 bp. Also preferred is the fragment TE-08
{SEQ ID No. 10},

By a "derivative” is meant, in the present invention, 2 nucieic acid molecule {single or
double stranded) which has at least 70% sequence identity, or at least about 80% sequence
identity, preferably at least about 85% sequence identity, particularly preferably at least
about 90% sequence identity and most preferably at least ghout 95% sequence identity
with SBQ ID No. 1 or the complementary sequence thereto or with a part or fragment or
region of SEQ ID No. 1 or the complementary sequence thereto, and which, on
chromosomal integration, leads to an increase in the ranscription o expression of a gene
of interest. Sequence differences from SEQ ID Ne. 1 may be based on the one hand on
differences in homologous endogenous nucleotide sequences from other organisms. On

the other hand they may aiso be based on deliberate modifications of the nucleotide acid

sequence, e.g. on substitution, msertion or deletion of at least one or more nucleotides.
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Deletion, insertion and substitution mutants can be produced by "site-specific mutagenesis”
and/or "PCR-based mutagenesis technigues”. Corresponding methods are described by
way of example by Lottspeich and Zorbas (1998; Chapter 36.1 with further references).
The sequence identity can be brought into conformity with a reference sequence, in this
case Sequence TD No. 1, using so-called standard aligmment algorithms such as for
example "BLAST" (Altschul, S.F,, Gish, W, Miller, W., Myers, EW. & Lipman, J.J.
(1990) "Basic local alignment search tool.” J. Mol. Bicl 215:403-410; Madden, T.L.,
Tatusov, R.L. & Zhang, J. (1996) "Applications of network BLAST server” Meth,
Bnzymol. 266:131-141; Zhang, J. & Madden, T.L. (1997) "PowerBLAST: A new network
BLAST application for interactive or automated sequence analysis and annotation.”
Genome Res. 7:649-636). Sequences are brought'imo conformity when they correspond in

their succession and can be identified using standard alignment algorithms

By a "derivative" is alsc meant, according to the present invention, a nuclsic acid molecuie
(single or double stranded) which hybridises with SEQ ID No. t or with the sequence of a
fragment or part or region of SEQ ID No. 1 or of a sequence o{_)mpiementary thereto,
Preferably the hybridisation is carried out under stringent hybridisation and washing
conditions (e.g. hybridasation at 65°C in a buffer containing 5% 88 washing at 42°C with
0.2% SSC/0.1% SDS). Corresponding techniques are described by way of example in
Ausubel et al,, 1994, Preferably the part or fragment or region of SEQ 1D Ne. 1 includes
all or af jeast parts of the sequence region between nucleotide postion 1 bp and 1578 bp.
This corresponds to sequence region 5 of the TE-00 sequence (SEQ D No., 2). The
fragment TE-08 (SEQ 1D No. 10) is also preferrred.

The term "variant” rofers to the expression vectors used in the particular transfection
mixture. These include both the base vectors (pTE4/MCP-1 or pTES/MCP-1} or the base
vector combination (pBING-LC + pBID-HC) and also the base vectors which coniain one

or more TE elements in different positions, combinations and orientations.

‘In the case of primers, the term "orientation" refers to the arrangement of the primers in

refation to SEQ ID No. 1. All the primers whose sequence order corresponds to the

21-
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sequence in the 5'-3' order shown tader SEQ ID No.1 (= forward primer) are in the same
orientation as this sequence, which is also referred to as "direct orieatation”. Primers
whose sequence order is complementary to the segquence given under SEQ D Na.l
(= reverse primer} are in the opposite orientation to this sequence, which is also referred to
as "reverse orientation”. In connection with TE elements, in the present invention, the term
“orientation” refers to the arrangement in reladon to the gene of interest. The sequence
given under SEQ ID No. 1 represents a genome sequence which is positioned 5' from the
region coding for the ubiquitin/S27a gene, which 1s also referred to as "upstream”. The
continuation of this sequence shown in SEQ 1D No.l in the direction of the coding region
of the following ubiquitin/S27a gene would lead to the start codon of this gene. Thiz
arrangement is therefore referred to as “direct orientation". Analogously, in the present
invention, the TE element is in the direct orientation when the sequence shown i SEQ ID
Ne.l, or any desired part, fragment, region or derivative thereof, is present in the
expression vector on the same DNA strand as the start codon of the gene of interest. If, by
contrast, the sequence complementary to SEQ ID No.l, or any desired part, fragment,
region or derivative thereef, is present in the expression veetor on the same DNA strand as
the start codon of the gene of interest, then the TE clement is in a "reverse orientation”.
Unless stated otherwise, when a TE element is mentioned, both origntations are always

included/meant, i.e. both direct and reverse.

By "chromosomal integration” is meant the integration of any desired nucletc acid
sequence into the genome, i.e. into the chromosomes, of a cell, this integration optionally
being inte one or more chromosomes in any desived nurnber, position and orientation.
Moreover, the term "chromosomal integration” also includes the integration of any desired

mucletc acid sequence into synthetic, artificial or mini-chromeosomes.

Gene of Interest:

The gene of interest contained in the expression vector accerding 10 the invention
comprises a nucleotide sequence of any length which codes for & product of interest. The
gene product or "product of interest" 18 generally 2 protein, polypeptide, peptide or

fragment or derivative thereof. However, it may also be RNA or antisense RNA. The
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gene of interest may be present in its full length, n shortened form, as a fusion gene cras a
labelled gene. It may be genomic DNA or preferably cDNA or corresponding fragments
or fusions. The gene of inferest may be the native gene sequence, or it may be mutated or
otherwise modifed. Such modifications nclude codon optimisations for adapting (0 a
particoiar host cgl‘; and humanisation. The gene of inierest may, for example, code for a
secreted, cvtoplasmic, nuclear-located, membrane-bound  or  cell  surface-bound

polypeptide.

The term "nucleotide sequence”, "muclectide sequence” or "macleic acid sequence”
indicates an oligonucleotide, nucieotides, polynucleotides and fragments thereof as well &8
DNA or RNA of genomic or synthetic origin which occur as single or double strands and
can represent the coding or non-coding strand of a gene. Nﬁcleic acié sequences may be
modified using standard technigues such as site-specific mutagenesis or PCR-mediated

mutagenesis {¢.g. described in Sambrook et al., 1989 or Ausubel et al,, 1994).

By "coding” is meant the property or capacity of a specific sequence of nucleotides in a
mucleic acid, for example a gene in a chromosome O an mRNA, to act as a matrix for the
synthesis of other polymers and macromolecules such as for example rRNA, tRNA,
mRNA, other RNA molecules, cDNA or polypeptides in a biological process.
Accordingly, a gene codes for a protein if the desired protein is produced in 2 cell or
another biological system by transcription and subsequent translation of the mRNA. Both
the coding strand whose nucleotide sequence is identical to the mRNA sequence and is
normally also given in sequence databanks, €.g. EMBL or GenBank, and also the non-
coding strand of a gene or CDNA which acts as the matrix for wrenscription may be referred

to as coding for & product or protein. A mucleic acid which codes for a proteln also

includes mucleic acids which have a different order of nucleotide sequence on the basts of

the degenerate genefic code but result in the same amino acid sequence of the protein.

Nugcleic acid sequences which code for proteins may also contain inrons.

The term "cDNA" denotes deoxyribonucleic acids which are prepared by reverse

trangeription and synthesis of the second DNA strand from a mRNA or other RNA
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produced from a gene. If the cDNA is present as & double stranded DNA molecule it

contains both a coding and a non-coding strand.

The term "ntron" denctes non-coding. nucteotide sequences of any length, They occur
naturaily-in m-;mcroué eukaryotic genes and are eliminated from 2 previously transcribed
mRNA precursor by a process known as splicing. This requires precise excision of the
intron at the 5 and 3' ends and correct joining of the resulting mRNA ends so as to produce
a mature processed mRNA with the correct reading frame for suceessful protein synthesis.

Many of the splice donor and splice acceptor sites involved in this splicing process, i.e. the

i

sequences located directly at the exon-intron or intron-exon interfaces, have B

characterised by now. For an overview see Ohshima et al., 1987,

Protein/Product of Interest

Proteins/poiypeptides with a biopharmaceutical significance include for example
antibodies, enzymes, cytokines, lymphokines, adhesion molecules, receptors and the
derivatives or fragments thereof, but are not restricted thereto. Generally, all polypeptides
which act as agonists or antagonists and/or have therapeutic ar diagnostic applications may
be used. Other proteins of interest are, for exampie, proteins/poivpeptides, which are used
to change the properties of host celis within the scope of so-called "Cell Engineering”, such
as e.g. anti-apoptotic proteins, chaperones, metabolic enzymes, giycosylation enzymes and

the derivatives or fragments thereof, but are not restricted thereto.

The term "pelypeptides” is used for amino acid sequences oF proteins and refers to
polymers of amimo acids of any length. This term also includes protems which have been
modified post-translationally by reactions such as plycosylation, phosphorylation,

acetylation or protein processing, The structure of the polypeptide may be modified, for

example, by substitutions, delefions or asertions of amino acids and fusion with other

proteins while retaining its biological activity. In addition, the polypeptides may

multimerise and form homo- and heteromers.
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Examples of therapeutic proteins are insulin, insulin-like growth factor, human growth
hormone (hGH) and other growth factors, receptors, tissue plasminogen activator ((PA),
eryiliropoietin {EPO), cyiokines, ¢.g. interlevkines (IL) such as 1L-1, TL-2, TL-3, I1-4, IL-5,
L-6, 1L-7, 1L-§, TL.9, IL-10, 1L-11, IL-12, 1L-13, iL-14, 1E-15, -16, IL-17, IL-18,
interferon (IFN)-alpha, -beta, -gamma, »om'ega or -tay, tumour necrosis factor {TNF) such
as TNF-zlpha, beta or gamma, TRAIL, G-CSF, GM-CSF, M-CSF, MCP-1 and VEGE.
Other examples are monoclonal, polycional, multispecific and single chain antibodies and
fragments thereof such as for example Tab, Fab', F(ab",, Fe and Fe' fragments, light (L)
and heavy (H) immunoglobulin chains and the constant, variable or hypervariable reglons
thereof as well as Fv and Fd fragments (Chamov et al, 1999). The antipodies may be of

human or non-human origin. Humanised and chimeric antibodies are also possible.

Fab fragments (fragment anfigen binding = Fab) consist of the variable regions of both
chains which are held together by the adjacent constant regions. They may be produced
for example from conventional antibodies by treating with a protease such as papain or by
DNA cloning, Other. antibody fragments are F(ab"y, ragments which can be produced by

proteolyiic digestion with pepsin.

By gene cloning it is also pessible to prepare shortened antibody fragments which consist
oaly of the variable regions of the heavy (VH) and light chain {VL}, These are known as
Py fragments (fragment variable = fragment of the varigble parf). As covalent binding via
the cysteine groups of the constant chains is not possible in these Fv fragments, they are
often stabilised by some other method. For this purpose the variable regions of the heavy
and light chains are often joined fogether by means of a shost peptide fragment of about 10
10 30 amino acids, prefersbly 15 amino acids. This produces & single polypeptide chain in
which VH and VL are joined together by a peptide linker. Such antibody fragments are
also referred to as single chain Fv fragments (scFv). Fxamples of scFv antibodies are

known and described, of. for example Huston et al., 1988,

In past years various strategies have been developed for producing muitimeric scFv

derivatives. The intention is to produce Tecombvinant antibodies with improved
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pharmacokinetic properties and increased binding avidity. In order o achieve the
multimerisation of the soFv fragments they are produced as fusion proteins with
multimerisation domains. The multimerisation domains may be, for exampie, the CH3
region of an TgG or helix structures ("coiled coil structures") such as the Leucine Zipper
domains. In other strategies the interactions between the VH and VL regions of the scFv

fragment are used for multimerisation (e.g. dia, tri- and pentabodies).

The tenm "diabody" is used in the art to denote a bivalent homodimeric scFv derivative.
Shortening the peptide linker in the scFv molecule to 5 to 10 amino acids results in the
formation of homodimers by superimposing VH/VL chains, The diabodies may
additionally be stabilised by inserted disulphite bridges. Examples of diabodies can be

found in the Hierature, e.g. n Perisic ef al., 1994,

The term "minibody" is used in the art to denote a bivalent homodimeric seFv derivative.
It consists of a fusion protein which contains the CH3 region of an immunogiobulin,
preferably 1gG, most preferably 1gGl, as dimerisation region. This connects the schv
fragments by means of a hinge region, also of Ig(, and a linker region. Examples of such

minibodies are described by Hu et al., 1996,

The term “triabody” is used in the art 1o denote a trivalent homotrimeric scFv derivative
(Kortt et al., 1997). The direct fusion of VH-VL without the use of a hinker sequence leads

to the formation of trimers.

The fragments known in the art as minj entibodies which have a bi, tri- or tetravalent
structure are also derivatives of scFv fragments. The multimerisation is achieved by means
of di-, tri- or tetrameric coiled coil structures (Pack et al., 1993 and 1995; Loveioy et al,,
1993), '

Gene which codes for a fluorescent protein:

In another embodiment the expression vector according to the invention contains a gene

coding for a fluorescent protein, functionally linked to the gene of interest. Preferably,
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both genes are transcribed under the control of a single heterologous promoter so that the
protein/ product of interest and the fluorescent protein are coded by a bicistronic mRNA.
This makes it possible to identify cells which produce the protein/product of interest in
large amounts, by means of the expression rate of the fluorescent protein. Alternatively,

the transcription of the gene coding for the fluorescent protein may take place under the

control of its own promoter.

The fluorescent protein may be, for example, a green, bluish-green, blue, yeliow or other
coloured fluorescent protein, One particular example is green fluorescent protein (GFY}
obtained from Aequorea victoriq or Renilla reniformis and mutants developed fror thamn;
cf. for example Bennet et al,, 1998; Chalfie et al., 1994; WO 01/04306 and the literature
cited therein.

Other fluorescent proteins and genes coding for them are described in WO 06/34318, WO
00/34326, WO 00/34526 and WO 01/27150 which are incorporated herein by reference.
These fluorescent proteins are fluorophores of non-bioluminescent organisms of the
species Anthozoa, for example Anemonia majano, Clavularia sp., Zoanthus sp. 1, Zoanthus
sp. Il Discosoma striata, Discosoma sp. "red", Discosoma sp. "areen”, Discosoma sp.

"Magentac", Anemonia suleatu, Aequorea coerulescens.

The fluorescent proteins used according to the invention contain in addition to the wild~
type profeins natural or genetically engineered mutants and variants; fragments, derivatives
or varianis thereof which have for example been fused with other proteins or peptides. The
mutations used may for example alter the excitation or emission spectrum, the formation of
chromophores, the extinction coefficient or the stability of the protein. Moreover, the
expression in mammalian cells or other species can be improved by codon optimisation.
According to the invention the fiuorescent protein may also be used in fusion with a
selectable marker, preferably an amplifiable selectable marker such as dibydrofolate
reductase (DHFR).
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The fluorescence emitted by the fluorescent proteins makes it possible to detect the

proteins, e.g. by throughflow cytometry with a fluorescence-activated oeil sorter (FACS) or

by flucrescence microscopy.

Orher regulatory elements:

The expression vector contains at least one heterologous promoter which allows expression

of the gene of interest and preferably also of the fluorescent protein.

The term “promoter” denotes a polynuclectide sequence which aliows and controls the
transeription of the genes or sequences functionally connected therewith. A promoter
contains recognition sequences for binding RNA polymerase and the initiation site for
transcription {transcription initiation site), In order to express a desired sequence in &
certain cell type or a host cell a suitable functional promoter must be chosen. The skilled
man will be famih:ar with a variety of promoters from various sources, including
constitutive, inducible and repressible promoters. They are deposited in databanks such as
GenBank, for example, and may be obtained as separate elements or elements cloned
within polynucleotide sequences from commercial or individual sources. In inducible
promoters the activity of the promoter may be reduced or inereased in response o a signal,
One exampte of a inducible promoter is the tefracycline (tet) promoter. This contains
tetracycline operator sequences (tetQO) which can be induced by a tetracycline-regulated
transactivator protein ({TA). In the presence of tetracycline the binding of {TA to tetQ is
inhibited, Examples of other inducible promoters are the jun, fos, metaliothionein and heat

shock promoter (see also Sambrook et al., 1989, Gossen et al., 1994),

" Of the promoters which are particularly suitable for high expression in evkaryotes, there

are for exampie the ubiquitin/527z pmmotés‘ of the hamster (WO 97/15664), SV 40 early
promoter, adenovirus major late promoier, mouse metaliothionein-I promoter, the long
terminal repeat region of Rous Sarcoma Virus, the early promoter of human
Cytomegalovirus. Examples of other heterologous marnmalian promoters are the actin,

immunegiobulin or heat shock promoter(s).
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A corresponding heterologous promoter can be functionally connected to other regulatory

sequences in order to increase/reguiate the franscription activity in an expression cassetie,

For example, the promoter may be functionally linked to enhancer sequences in order to
increase the franscriptional activity. For this, one or more enhancers and/or several copies
of an enhancer sequence may be used, e.g. a UMV or SV40 enhancer. Accordingly, an
expression vector according to the invention, in anofher embodiment, contains one or more

enhancers/ enhancer sequences, preferably e CMV or SV40 enhancer,

The term enhancer denotes a polynucieotide sequence which i the cis location acts on the
activity of a promoter and thus stimulates the mamscription of a gene functionally
connected to this promoter. Unlike promoters the effect of enhancers is independent of
position and orientation and they can therefore be positioned in front of or behind a
transcription wnit, within an intron or even within the coding region. The enhancer may be
located both in the immediate vicinity of the transcription unit and at & considerable
distance from the promoter. It is also possible to have a physical and functional overlap
with the promoter, The skilled man will be aware of a number of enhancers from various
sources (and deposited in databanks such as GenBank, e.g. SV40 enhancers, CMV
enhancers, polyoma enhancers, adenovirus enhancers) which are available as mdependent
elements or elements cloned within polynucleotide sequences (&.g. deposited at the ATCC
or from commercial and individual sources). A mumber of promoter sequences also
contain enhancer sequences such as the frequently used CMV promoter. The human CMV
enhancer is one of the strongest enhancers identified hitherto. One example of an
inducible enhancer is the metallothionein enhancer, which can be stimulated by

glucocorticoids or heavy metals.

Another pbssible modification is, for example, the introduction of multiple Spl binding
gites. The promoter sequences may also be combined with regulatory sequences which
allow control/regulation of the transcription activity. Thus, the promoter can be made
repressible/ inducible, This can be done for example by linking io sequences which are

binding sites for up- or down-regulating transcription factors. The above mentioned
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franscription factor Spl, for example, has a positiv-e effect on the transcription activity.
Another example is the binding site for the activator protein AP1, which may act both
positively and negatively on transcription. The activity of AP1 can be controlled by all
kinds of factors such as, for example, growth factors, cytokines and serum (Faisst et al,,
1992 and references therein). The tramscription efficiency can also be increased by
changing the promoter sequence by the mutation (substitution, insertion or deletion) of
one, two, three or more bases and then determining, in a reporter gene assay, whether this

has increased the promoter activity.

Basically, the additional regulatory elements include heterologous promoters, snhepeers,
termination and polyadenylation signals and other expression control elements. Both

inducible and constitutively regulatory sequences are known for the various cell types.

*Transcription-regulatory elements” generally comprise a promoter upstrearn of the gene
sequence to be expressed, transcription initiafion and termination sites and a

polyadenylation signal.

The term “transcription initiation site” refers to a nucleic acid in the construct which
corresponds to the first pucleic acid which is incorporated in the primary transcript, be. the
mRNA precursor. The transcription initiation site may overlap with the promoter

sequences,

The term "ranscription termination site” refers 1o a nucleotide sequence which is normally
at the 3' end of the gene of interest or of the genc section which is to be transcribed, and

which brings about the termination of transcription by RNA polymerase.

The "polyadenylation signal” is a signal sequence which causes cleavage at a specific site
at the 3' end of the sukaryotic mRNA and post-transcriptional incorporation of a sequence
of shout 100-200 adenmine nucleotides (polyA fail) at the cleaved 3' end. The
polyadenyiation signal comprises the seguence AATAAA about 10-30 nucleotides

upstream of the cleavage site and a seguence lecated downsiream. Various
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polyadenyiation elements are known such as tk polyA, §V40 late and easly polyA or BGH
polvA (described for example fn US 5,122,458}, '

"Transiation regulatory elements" comprise a translation initiation site (AUG), a stop
codon and a polyA signal for each polypeptide to be expressed, For optimum expression it
may be advisabie to remove, add or change 5'- and/or 3'-uniranslated regions of the nucleic
acid sequence which is to be expressed, in order to eliminate any potentiaily unsuitable
additional translation initiation codons or other sequences which might affect expression at
the transcription or expression level. In order fo promote expression, ribosomal consensus
binding sites may alternatively be inserted immediately upstream of the start codon.
order to produce & secreted polypeptide the gene of interest usually contains a signal
sequence which codes for a signal precursor peptide which transports the synthesised
polypeptide to and through the ER membrane. The signal sequence is often but not always
located at the amino terminus of the secreted protein and is cleaved by signal peptidases
after the protein has been filtered through the ER membrane. The gene sequence will
usually but not necessarily contain its own signal sequence. If the native signal sequence is
not present a heterclogous signal sequence may be introduced in known manner.
Numerous signa! sequences of this kind are known to the skilled man and deposited in
sequence databanks such as GenBank and EMBL.

Another regulatory element is the internal ribosomal entry site (IRES). The IRES element
coinpn’ses a sequence which functionally activates the translation initiation independently
of a 5'-terminal methylguanosinivm cap (CAP structure) and the upstream gene and in an
animal cell allows the translation of two cistrons (open reading frames) from a single
transcript.  The IRES element provides an independent ribosomal entry site for the
translation of the open reading frame located immediately downstream. in contrast o
bacterial mRNA which may be multicistronic, le. it may code for munerous different
polypeptides or products which are translated ome after the ather by the mRNA, the
majority of mRNAs from animal cells are monocistronic and code for only one protein or
product. In the case of a muificistronic transeript in a eukaryotic cell the transiation would
be initiated from the translation initiation site which was closest upsiream and would be

stopped by the first stop codon, after which the transcript would be released from the
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ribosome, Thus, only the first polypeptide or product coded by the mRNA would be
produced during transiation. By contrast, a multicistronic transcript with an IRES element
which is functionally lnked to the second or subseguent open reading frame in the
transoript allows subsequent translation of the open reading frame located downstream

thereof, so that two or more polypeptides or products coded by the same transcript are

produced in the eukaryotic cell.

The IRES element may be of various lengths and various origins and may originate, for
example, from the encephalomyocarditis virus (EMCV) or other Picoma viruses. Various
IRES sequences and their use in the construction of vectors are described in the Hterature,
of. for example Pelietier et al., 1988, Jang et al., 1989, Davies et al.,, 1992; Adam et al,,
1991; Morgan et al., 1992; Sugimoio et al,, 1994; Ramesh et al., 1996, Mosser et al., 1997,

The gene sequence located downstream is functionally linked to the 3' end of the IRES
element, i.c. the spacing is sclected so that the expression of the gene ts unaffected or only
marginally affected or has sufficient expression for the intended purpose.  The optimam
permissible distance between the IRES element and the start codon of the gene located
downsiream thereof for sufficient expression can be determined by simple experiments by
varying the spacing and determining the axﬁression rate as & function of the spacing using

TepOorter gene assays.

By the measures described it is possible to obtain an optimum expression cassette which is
of great value for the expression of heterologous gene products. An expression casselte
obtained by means of one or more such measures is therefore a further suhject of the

3

invention.

Hamster-Ubiquitin/S27a Promoter:

In another embodiment the expression vector accerding to the invention containg the
ubiquitin/S27a promoter of the hamster, preferably functionally linked to the gene of
interest and even more preferably functionally linked to the gene of interest and the gene

which codes for a fluorescent protein or a selectable marker,
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The ubiquitin/S27a promoter of the hamster is a powerful homologous promoter which is
described in WO 97/15664, Such a promoter preferably has st least one of the following
features: GC-rich sequence area, Sp! binding site, polypyrimidine element, absence of a
TATA box. Particularly preferred is a promoter which has an Spl binding site but no
TATA box. Alsc preferred is 2 promoter which 18 congtitutively activated and in particular
is equally active under serum-containing, low-serum and serum-free cell culture
conditions. In another embodiment it is an inducible promoter, particularly a pa'ommef

which is activated by the removal of serum.

A particularly advantageous embodiment is a promoter with a nucleotide sequence as
contained in Fig. 5 of WO 97/15664. Perticularly preferred are promoter sequences which

contain fhe sequence from position -161 to -45 of Fig. 5.

The promoters used in the examples of the present patent specification each contain 2 DNA
molecule with a sequence which corresponds to the fragment -372 to +111 from Fig. 3 of
WO 97/15664 and. represents the preferred promoter, e a preferred promoter should

incorporate this sequence region.

Preparation of expression vectors according to the invention:

The expression vector according to the invention may theorstically be prepared by
conventional methods known in the art, as described by Sambrook et al. (1989), for
example. Sambrook also describes the functional components of a vector, e.g. suitable
promoters (inn addition to the hamster ubiquitin/S27a promoter), enhancers, termination and
polyadenylation signals, antibiotic resistance gencs, selectable markers, replication starting
points and splicing signals. Conventional cloning vectors may be used to produce them,
e.g. plasmids, bacteriophages, phagemids, cosmids or viral vectors such as baculovirus,
retroviruges, adenoviruses, adeno-associated viruses and herpes simplex virus, as well as
synthetic or artificial chromosomes/mini chromosomes. The eukaryotic expression vectors
typically also contain prokaryotic sequences such as, for example, replication origin and

antibiotic resistance genes which allow replication and selection of the vector in bacteria.
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A number of eukarvotic expression vectors which contain multiple cloning sites for the
introduction of & polynucleotide sequence are knmown and some may be obtained
commercially from various companies such as Stratagene, La Jolla, CA, USA; Invilrogen,

Carlshad, CA, USA; Promega, Madison, Wi, USA or BD Biosciences Clontech, Pale Alto,

CA, USA.

The heterologous promoter, the gene (or genes) of interest, selectable markers and
optionaily the gene coding for a fluorescent protein, additional regulatory elements such as
the internal ribosomal entry site (IRES), enhancers, & polyadenylation signal and other cis-
active elements such as TE elements, for example, are introduced into the expression
vectar in a manner familiar to those skilled in the art. An expression vector according to
fhe invention contains, i the minimum, & heterologous promoter, the gene of interest and a
TE element. Preferably, the expression vector also contains a gene coding for a fluorescent
protein. It is particularly preferred according to the invention to use a ubiquitin/S27a
promoter as heterologous promoter, Particularly prefeired is an expression vecior in which
the heterologous promoter, preferably a ubiquitin/S27a promoter, the gene of interest and a

TE element are functionally linked together or are functionally Hnked.

Within the scope of the present deseription the term "functional lnking" or “fupctionally
jinked" refers to two or more nucleic acid sequences or partial sequences which are
positioned so that they can perform their intended function.  For ecxzample, a
promoterfenhancer, a promoter/TE element or & promoter/enhancer/TE element is
functionally linked to a coding gene sequence if it is able to control or modulate the
transcription of the linked gene sequence in the cis position. Generally, but not
necessarily, functionally linked DNA sequences are close together and, if two coding gene
sequences are linked or in the case of a secretion signal sequence, in the same reading
frame. Although a functionally linked promoter s generally located upstream of the
coding gene sequence it does not necessarily have to be close to it. Enhancers need not be
close by either, provided that they assist the tfranscription or expression of the gene
sequence, For this purpose they may be both upstream and downstream of the gene

sequence, possibly at some distance from it. A potyadenylation site is fanctionally Hoked

34




A

20

to 2 gene sequence if it is positioned at the 3' end of the gene sequence in such a way that
the trangcription progresses via the coding sequence to the poiyadenylation signal. Linking
may take place according to conventional recombinant methods, elg. by the PCR
technique, by ligation at suitable resiriction cutting sites or by splicing. If no suitable
restriction cutting sites are available synthetic oligorucleotide linkers or adaptors may be

used in a manner known per se,

In one of the embodiments described, the heterologous promoter, preferably a
ubiguitin/S527a promoter or CMV promoter, the gene of interest and the gene coding for &
fluorescent protein are functionally linked together. This means for example that both the
gene of interest and the gene coding for a fluerescent protein are expressed starting from
the same heterologous promoter. In a particularly preferred embodiment the functional
linking takes place via an IRES element, so that a bicistronic mRNA is synthesised from
both genes. The expression vector according to the invention may adéiﬁcﬂally contain
enhancer elements and/or TE elements which act functionally on one or more promoiers.
Particularly preferred is an expression vector i which the heterclogous promoter,
preferably the ubiquitin/527a promoter or a modified form thereof or the CMV promoter,
is linked to an enhancer clement, e.g. an V4G enhancer or 2 CMV enhancer element, and

a2 TE element.

Fundamentally, the expression of the genes within an expression vector may take place
starting from one or more tanscription wnits. The term transcription unit is defined as a
region which contains onme or more genes to be transcribed.  The genes within &
transcription wnit are functionally linked to one avother in such a way that all the genes
within such a unit are under the transcriptional control of the same promoter, promoter/
enhancer or promoter/ enhancer/TE element. As a result of this transcripticnal linking of
genes, more than one protein or product can Ye tranpscribed from 4 transcription unit and
thus expressed, Fach transcription unit contains the regulatory elements which are
necessary for the transcription and transiati.dn of the gene sequences contained therein.

Lach irenscription unit may contain the same or different regulatory slements. IRES



20

elements or introns may be used for the fmctiona! linking of the genes within a

transcription unit.

The expression vecior may contain a single transcription unit for sxpressing the gens {or
genes) of interest, the selectable marker and optionally the gene which codes for the
fluorescent protein.  Alternafively, these genes may also be arranged in two or more
transcription umits. Various combinations of the genes within a transcription unif are
possible. In another embodiment of the present invention more than one expression vector
consisting of one, two of more transeription units may be inserted m a host cell by
cotransfection or in successive fransfections in any desired order. Any combination of
regulatory elements and genes on each vector can be selected provided that adequate
expression of the transcription units is ensured. If necessary, other regulatory elements,
such as TE elements, and genes, e.g. additional genes of interest or selectable markers,

may be positioned on the expression vectors,

Also preferred according to the inveation are those expression vectors which contain one
or more TE elements and instead of the gene of interest have only a multiple cloning site
which allows the cloning of the gene of inferest via recognition sequences for restriction
endonucleases. Numerous recognition sequences for all kinds of restriction endonucicases
as well as the associated restriction endonucleases are known from the prier art.
Preferably, sequences are used which consist of af Jeast six riuciectides as recognition
sequence. A list of suitable recognition sequences can be found for example in Sambrook
et al,, 1989,

Also preferred according to the invention are those expression vectors which instead of the
gene of interest have only a multiple cloning siie which allows the cloning of the gene of
interest via recognition sequences for restriction eadonucieases and which moreover have
one or mere, preferably multiple cloning sites at different positions of the expression
vector, which additionally makes it possible to clone TE eiements via recognition
sequernces for restriction endonucleases.  Numerous recognition sequences for all kinds of

restriction endonucleases as well as the associated restriction endonucleases are known
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from the prior art. Preferably, sequences are used which consist of at least six nuclectides
as recognition sequence. A list of sulfable recognition sequences can be found for example
in Sambrook et al., 1989,

Host cells:

For transfection with the expression vector according to the invention eukaryotic host cells
are used, preferably mammalian cells and more particuiarly rodent cells such as mouse, rat
and hamster cell lines. The successful transfection of the comresponding cells with an
expression vector according to (he invention results in transformed, genetically modified,

recombinant or transgenic cells, which are also the subject of the present invention.

Preferred host cells for the purposes of the invention are hamster cells such as BHK21,
BHK TK, CHO, CHO-K1, CHO-DUKX, CHO-DUKX Bl and CHO-DG44 cells or
derivatives/descendants of these cell lines. Particulatly preferred are CHO-DG44, CHO-
DUKX, CHO-K ! and BHK21 cells, particularty CHO-DG44 and CHO-DUKX cells, Also
suitable are myeloma cells from the mouse, preferably NSO and Sp2/0 cells and

derivatives/descendants of these cell lines.

Examples of harnster and mouse cells which can be used according to the invention are
given in Table 1 that follows. However, derivatives and descendants of these cells, other
mammalian cells including but not restricted to cell lines of humans, mice, rats, monkeys,
rodents, or eukaryotic cells, including but not restricted to yeast, insect, bird and plant

ceils, may also be used as host cells for the production of biopharmaceutical proteins,



Table 1: Hamster and Mouse Production Cell Lines

Cell iine Accession Number : ]
NSO | BCASS No. 85110503
Sp2/6-Agld ATCC CRL~1381
BHEK21 ATCC CCL-10
i BHK TKC BCACC No. 85011423
| Hall ATCC CCL-135
3354632 (BHK-21-derivative) ATCC CRL-R544
CHO ECACC No, 8505302
CHO-K] ATCC CCL-6]
CHO-DUKX ATCC CRL-90%6
(= CHO duk’ CHO/dhfr") !
CHO-DUKX BI | ATCC CRL-9010
CHO-DG44 Urlaub et al; Cell 32[27, 405-412, 1983
CHG Pro-5 ATCC CRL-1781
V79 ATCC CCC-93
BI4AF2E-G3 i ATCC CCL-14
CHL i ECACC Ne. 87111906

The transfection of the eukaryotic host cells with # polynuclectide or one of the expression
vectors according to the invention is carried ouf by conventional methods {Sambrook et al.,
1986, Ausubel ef al, 1994), Suitable methods of transfection include for example
liposome-mediated transfection, calcium phosphate coprecipitation, electroporation,
polycation- (e.g. DEAE dextran)-mediated transfection, protoplast fusion, microinjection
and viral infections. According to the invention stable transfection is preferably carried out
in which the constructs are either integrated into the genome of the host cell or an artificial
chromosome/minichromosome, or are episomally contained in stable manner in the host
cell. The transfection method which gives the optimum transfection frequency and
expression of the heterologous gene in the host cell in question is preferred.. By defnition,

every sequence or every gens ingerted in a host cell is referred to as a "heterologous

3%



15

W0

30

sequence” or "heterclogous gene” in relation to the host cell, This applies even if the
sequence to be introduced or the gene io be introduced is identical to an endogenous
sequence or an endogenous gene of the host cell. For example, & hamster actin gene

introduced into a hamster host cell is by definition a heterologous gene.

According to the invention, recombinant mamuhalian cells, preferably rodent cells, most
preferably hamster cells such as CHO or BHEK celis which have been transfected with one

of the expression vectors according to the invention described herein are preferred.

In the recombinant production of heteromeric proteins such as e.g. monocional antibodies
(mADb), the transfection of suitable host cells can theorefically be carried out by two
different methods. mAb's of this kind are composed of a number of subunits, the heavy
and light chains. Genes coding for these subunits may be accommodated in independent or
multicistronic transcription units on a single plasmid with which the host cell is then
wransfected. This is intended to secure the stoichiometric representation of the genes after
integration into the genome of the hoest cell. However, in the case of independent
transcription units it must hereby be ensured that the mRNAs which encode the different
proteins display the same stability and transcriptional and sranslational efficiency. In the
second cass, the expression of the genes take place within a multicistronic franscription
unit by means of a single promoter and only one transcript 1s formed. By using IRES
elements, a highly efficient internal translation initiation of the genes is obtained in the
second and subsequent cistrons. However, the expression rates for these cistrons are lower
than that of the first cistron, the translation initiation of which, by means of a so-called
"cap”-dependent pre-initistion complex, is substantially more efficient than TRES-
dependent translation mitiation. In order to achieve a truly equimolar expression of the
cistrons, additional inter-cisironic elements may be introduced, for example, which ensure

uniform expression rates in conjunction with the IRES elements (WO 94/05785).

Another possible way of producing a number of heterologous proteins according to the

invention is sequential transfection in which the genes are transfected at separate times,
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imegraied in different expression vectors. For example, the heavy chain and ¢he light chain

of an antfbody may be introduced into a cell one afier the other in two transfection steps.

Another possible way of simubaneously producing a number of heterologous proteins,
which is preferred according to the invention, is cotransfection, in which the genes are
separately integrated in different expression vectors. This has the advantage that certain
proporiions of genes and gene products with one another can be adjusied, thersby
balancing out any differsnces in the mRNA stability and in the efficiency of transcripfion
and transtation. In addition, the expression vectors are more stable because of their small

size and are easier to handle both during cloning and during fransfection,

In one particular embodiment of the invention, therefore, the host cells are additionally
trensfected, preferably cotransfected, with one or more vectors having genes which code
for one or more other proteins of interest. The other vector or vectors wsed for the
cotransfection code, for example, for the other protein or proteins of interest under the
control of the same promoter, preferably under the contro] of the same promoter/enhancer
combination or, particularly preferably, under the control of the same
promoter/enhancer/TE  element combination or under the control of the same
promoter/enhancer combination with different TE elements and for at least one selectable

marker, e.g. dihydrofolaie reductase.

In another embodiment of the invention the vectors used for the transfection may contain

one ar mare 'TE-¢lements in any combination, position and orientation.

In another particular embodiment of the invention the. host cells are co-transfected with at
least two eukaryotic expression vectors, at least one of the two vectors containing at least
one gene which codes for at Jeast the protein of interest, while the other vector contains
one or more nucleic acids according to the invention in apy combination, position and
orientation, and optionally also codes for at least one gene of interest, and these nucleic

acids according to the invention impart their transcription- or expression-enhancing
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activity to the genes of interest which are located on the other co-transfected vector, by co-

integration with the other vector.

According to the invention the host cells are preferably established, adapted and cultivated
under serum-free conditions, optionally in media which are free from animal
proteins/peptides. Examples of commercially obtainable media include Ham's F12 (Sigma,
Deisenhiofer, DE), RPMI-1640 (Sigma), Dulbecco's Modified Eagle's Medium (DMEM;
Sigma), Minimal Essential Medium (MEM; Sigma), Iscove’s Modified Dulbecco's
Medivm (IMDM; Sigma), CD-CHO (Invitrogen, Carisbad, CA, USA), CHO-S-8FMII
(Invitrogen), serum-free CHO-Medium (Sigma) and protein-free CHO-Medium (Sigma).
Each of these media may optionally be supplemented with various compounds, e.g.
hormones and/or other growth factors (e.g. insulin, transferrin, epidermal growth factor,
insulin-like growth factor), salts {e.g. sodium chloride, calcium, magnesiom, phosphate},
buffers (e.g. HEPES), nucleosides (e.g. adenosine, thymidine), glutamine, glucose or other
equivalent nutrients, antibiotics and/or trace elements. Although serum-free media are
preferred according to the invention, the host celis may aiso be cultivated using media
which have been mixed Wi"fh a suitable amount of serum. In order to select genetically
modified cells which express one or more selectable marker genes, ong or more selecting

agents are added to the medium.

The term "selecting agent” refers to a substance which affects the growth or survival of
host celis with a deficiency for the selectable marker gene in guestion. Within the scope of
the present invention, geneticin {(G418) is preferably used as the medinm additive for -the
selection of heterologous host cells which carry a wild-type or preferably & modified
neomycin phosphotransferase gene. Preferably, G418 concentrations of between 100 and
800 pg/ml of medium are used, most preferably 200 to 400 pg G418/ml of medium. If the
host cells are to be transfected with a number of expression vectors, €. ‘if several genes of
interest are to be separately infroduced into the host cell, they generally have different

selectable marker genes.
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A selectable marker gene 18 2 gene which allows the specific selection of celis which
contain this gene by the addition of a comesponding selecting agent to the cultivation
medium, As an iHlustration, an antibiotic resistance gene may be used 28 a positive
selectable marker. Only cells which have been transformed with this gene are able to grow
in the presence of the corresponding antibiotic and are thus selected. Untransformed cells,
on the other hand, are unable to grow or survive under these selection conditions, There
are positive, negative and bifunctional selectable markers. Positive selectable markers
permit the selection and hence enrichment of transformed cells by conferring resistance to
the selecting agent or by compensating for a metabolic or catabolic defect in the host esll,
By contrast, cells which have received the gene for the selectable marker can be selectively
elimimated by negative selectable markers, An example of this is the thymidine kinase
gene of the Herpes Simplex virus, the expression of which in cells with the simuitaneous
addition of acyclovir or gancyclovir leads fo the elimination therecf. The selectable
markers uged n this invention, including the amplifiable selectable markers, include
genetically modified mutants and variants, fragments, functional equivalents, derivatives,
homologues and fusions with other proteins or peptides, provided that the selectable
marker retains its selective qualities. Such derivatives dispiay cousiderable homology in
the amino acid sequence in the regions or domains which are deemed to be selective. The
literature describes a large number of selectable marker genes mxcluding bifunctional
(positive/negative) markers (see for example WO 92/08796 and WO 94/28143). Examples
of seiectable markers which are usually used in eukarvetic cells include the genes for
aminogiycoside phosphotransferase (APH), hyegromycine phosphostransferase (HYG),
dihvdrofolate reductase (DHFR), thymidine kinase {TK), glutamine synthetase, asparagin
synthetase and genes which confer resistance to neomyein (G418), puromycin, histidinel

D, bleomyein, phieomycin and zeocin.

The term "modified neomycin-phosphotransferase (NPT)" covers all the mutants described
in W02004/050884, particularly the mutant 5227G (Asp227Gly), which 15 characterised
by the substitution of aspartic acid {Asp, D) for glyeine (Gly, () at amino acid position 227
and particularly prefersbly the mutant F2401 (Phe240Me), which i1s characterised by the

substitution of phenylalanine (Phe, F) for isoleucine (Tie, I} at amino acid position 240.
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The present invention therefore includes a method of preparing and selecting recombinant
mammalian cells which comprises the following steps: (i) ransfecting the host cells with
genes which code for at least one protein/product of interest and 2 neomycin-
phosphotransferase, preferably modified, wherein in order to enhance the transcription or
expression at least the gene (or penes) of interest is functionally linked to at least one TE
elernent; (i) cultivating the cells under conditions that enablie expression of the different
genes; and (iil) selecting these co-integrated genes by cultivating the cells in the presence
of a selecting agent such as e.p. G418, Preferably, the transfected cells are cultivated in
medium in the absence of serum. Preferably the concentration of G418 is at least 200

pg/mL. However, the concentration: may also be at least 400 pg/mL.
Amphifiable Selectable Marker Gene:

Tn addition, the cells according fo the invention may uptionaily also be subjected to one or
more gene amplification steps in which they are cultivated in the presence of a selecting

agent which leads to amplification of an amplifiable selectable marker gene.

The prerequisite is that the host cells are additionally transfected with a gene which codes
for an amplifiable selectable marker. It is conceivable for the gene which codes for an
amplifiable selectable marker to be present on one of the expression vectors according to

the invention or to be introduced into the host cell by means of another vector.

The amplifiable selectable marker gene usually codes for an enzyme which is needed for
the growth of eukaryotic cells under certain cultivation conditions. For example. the
amplifiable selectable marker gene may code for dihydrofolate reductase (DHFR). in this
case the gene is amplified if 2 host cell transfected therewith is cultivated in the presence of

the selecting agent methotrexate (MTX}.



The foliowing Table 2 gives examples of other amplifiable selectable marker genes and the

associated selecting agents which may be used according fo the inventicn, which are

described in an overview by Kaufman, Methods in Enzymology, 185:537-366 (1990).

Table 2:  Amplifiable selectable marker genes

Amplifiable selectable marker | Accession number

Selecting agent

sene
 dihydrofolate reductase M19869 (hamster) methotrexate (MTX)
E00236 (mouse) |
rnetaliothionein D10351 (hamsier?} cadmivm

M13003 (human)
M11794 (rat)

CAD  (carbamoylphosphate | M23652 (hamster)
synthetase : aspartate ; D78586 (human)

transcarbamylase:

dihydroorotase)

N-phosphoacetyl-L-aspartats

|
!

|

adenocsine-deaminase

K02567 (human)
M10319 (mouse)

Xyl-A- or adenosine,

l 2'deoxvooformycin

AMP (adenylate)-deaminase

D12775 (human)
JOZ811 (rat)

| adenine, azaserin, coformycin

UMP-synthase 103626 (human} G-azauridine, pyrazofuran
IMP 5 -dehvdrogenase J04209 Chamster) mycophenolic acid
1304208 (human) |
M33934 {(mouse)

xanthine-gnamne-

phosphoribosyltransferase

X00221 (E. coli)

mycophenolic  acid  with

limiting xanthine

[mutant HGPRTase or mutant| JOOG6 (hamster)

thymidine-kinase

M13542, K02581 (human)
JO0423, ME8489(mounse}
Ma3983 (rat)

M36160 (Herpes virus)

hypoxanthing, aminopterine

and thymidine (HAT)

A n



thymidylate-synthetase

DO0596 (human)
M13019 (mouse)
112138 {rat)

5-fluorodeoxyuridine

P-glycoprotein 170 (MBR1)

AFQ16335 (human)

several

M29579 (rat}

drugs, e.g.
JO3398 (imouse) adriamyecin, vingristin,
colchicing !
ribonucleotide reductase ‘ M124223, 02927 | apludicoline 1
‘ (mouse) !
| glutamine-synthetase AF150961 (hamster) methionine sulphoximine
09114, M60803 (mouse) | (MSX)

asparagine-synthetase

M27838 (hamster)
M27396 (human)
UJ38940 {mouse)
1007202 (rat)

f-agpartylhydroxamate,

alhizziin, 5 azacytidine

 argininosuccinate- synthetase

X01630 {human)
iM31690 {mouse)
M26198 (bovine)

Canavanin

omithine-decarboxylase

W34158 (human)
303733 (mouse)
MI1698Z (rat)

| g-diftuoromethylornithine

HMG-CoA-reductase

M11058 (human)

LOGI83,M 12705 (hamster)

compactin

N-acetylglucosaminyl- M35621 (human) turicamycin
transferass

tbreq11y1~tRN A-gynthetase ﬁ M&3180C (human} borrelidin
| Na K -ATPase | 705096 (human) ouabain

E

§M14511’ (rat)

Accerding to the invention the amplifiable selectable marker gene used is preferably a

gene which codes for a polypeptide with the function of DHFR, e.g, for DHFR or a fusion
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protein from the fluorescent protein and DHFR. DHFR is necessary for the biosynthesis of
purines. Celis which lack the DHFR genes cannot grow in purine-deficient medium. The
DHFR gene is therefore 2 nseful selectable marker for selecting and amplifying genes in
cells cultivated in purine-free medium. The selecting medium used in conjunction with the

DHFR gene iz methotrexate (MTX).

Mammalian cells, preferably mouse myeloma and hamster cells, are preferred host cells for
the use of DHFR as an amplifiable selectable marker. The cell lines CHO-DUKX (ATCC
CRL-9096) and CHO-GD44 (Urlaub et al., 1983) are particularly preferred as they have ne
DHFR activity of their own, as 2 result of mutation. In order to be able to use the DHFR-
induced amplification in other cell types as well which have their own endogenous DHFR
activity, it is possible to use in the transfection process a mutated DHFR gene which codes
for a protein with reduced sensitivity to methotrexate {Simonson et al,, 1983; Wigler et al,
108Q; Haber et al., 1982).

The DHFR marker is particularly suitable for the selection and subsequent amplification
when using DHFR-negative basic cells such as CHO-DG44 or CHO-DUKX, as these cells
do not express endogenous DHFR and therefore do not grow in purine-free medium.
Consequently, the DHFR gene may be used here as a dominant selectable marker and the

ransformed cells are selected in hypoxanthine/ thymidine-free medium.

The present invention therefore includes a method of preparing and selecting recombinant
mammalian cells which comprises the following steps: (i) transfecting the host celis with
genes which code for at least one protein/product of interest and the amplifiable selectable
marker DHFR, wherein in order to enhance the transeription or expression at least the gene
{or genes) of interest ts functionally linked to at least one TE element, (i) cultivating the
cells under conditions that enable expression of the different genes; and (iif) amplifying
these co-integrated genes by cultivating the cells in the presence of a selecting agent which
allows the amplification of at lesst the amplifiable selectable marker gene, such as
methotrexate. Preferably, the transfected cells are cultivated in hypoxanthine/thymidine-

free medium in the absence of serum and with the addition of increasing concentrations of

4G
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MTX., Preferably, the conceniration of MTX in the first amplification step is at least 100
nM. The concentration of MTX may, however, also be at least 250 nM and may be

increased step by step to 1 uM. In individual cases concentrations of over | uM may also

be used, e.g. 2 pM.

The present invertion also includes a method of preparing and selecting recombinant
mamimalian cells which comprises the following steps: (i} fransfecting the host cells with
genes which code for at least one protein/product of interest, a neomycin-
phosphotransferase, preferably modified, and the amplifiable selectable marker DHFR.
wherein in order to enhance the transcription or expression at least the gene (or genes) of
interest is functionally linked to at least one TE element; (ii} cultivating the celis under
conditions that enabie expression of the different genes; (ii) setecting thesce Go—integrat'ed
genes by cultivating the cells in the presence of a selecting agent such as e.g. G418, n
fhiypoxanthine/thymidine-free medivm; and (iv) ampiifying these co-integrated genes by
cultivating the cells in the presence of a selecting agent which aliows the amplification of
af leagt the amplifiable selectable marker gene, such as methotrexate. Preferably, the
ransfected cells are cultivated in hypoxanthine/thymidine-free medium, supplemented
with at least 200 ug/mL G418, preferably 400 ug/mL or even more G418, in the absence
of serum and with the addition of increasing concentrations of MTX. Preferably, the
concentration of MTX in the first amplification step is at least 100 nM. The concentration
of MTX may, however, also be at least 250 nM and may be increased step by step to 1 uM.

In individual cases concentrations of over 1 pM may also be used, e.g. 2 pM.

It is also possible to setect transformed cells by fluorescence-activated cell sorting {FACS).
For thig, bacterial B—gaiaciosidasé, cell surface markers or fluorescent proteins may be used
(e.g. green fiuorescent protein (GFP) and the variants thereof from Aegquorea vicioria and
Renilla reniformis or other species; red fluorescent proteins and proteins which fluoresce in
other colours and fheir variants from non-bioluminescent organisms such as ¢.g
Discosoma sp., Anemonia sp., Clavularia sp., Zoanthus sp., Aeguoreq coerulescensy for

the selection of transformed cells,
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Gene expression and selection of high-producing host cells:

The term gene expression relates to the transcription and/or translation of a heterologous
gene sequence in a host cell. The expression rate can be generally determined, sither on
the basis of the guantity of corresponding mRNA. which is present in the host cell or on the
basis of the quantity of gene product produced which is encoded by the gene of interest.
The quantity of mRNA produced by transcription of a selected nucleotide sequence can be
determined for example by northern blot hybridisation, ribonuclease-RNA-protection, in
situ hybridisation of cellular RNA or by PCR methods (¢.g. quantitative PCR) {Sambrook
et al., 1989; Ausubel et al, 1994). Proteins which are encoded by a selected nucleotide
sequence can also be determined by various methods such as, for examples, ELISA, protein
A HPLC, western blot, radioimmunoassay, immunoprecipitation, detection of the
biological activity of the protein, immume staining of the protem followed by FACS
analysis or fluorescence microscopy, direct detection of a fluorescent protein by FACS
analysis or fluorescence microscopy (Sarmbrock et al., 1989; Ausubel et al,, 1994). These
methods makes it possible for example to investigate whether the TE element of SEQ 1D
No.1 according to the invention, or any part, fragment or region thersof or the derivatives
or combinations thereof, lead to an mcrease in the transcription or expression of & gene of

mterest,

By "enhanced expression, transcription or productivity" is meant an enhancemernt of the
expression or synthesis of & heterclogous sequence introduced into a host cell, for example
a gene coding for a therapeutic protein, compared to a control. There is enhanced
expression, transcription: or productivity if a cell according to the invention is cuitivaied by
a method described here according to the invention, and if this cell has at least a 1.3-fold or
1.5-fold increase in the specific productivity or preferably a doubling of the specific
productivity. There is also enhanced expression, transcription or productivity if the cell
according fo the invention has at least & tripling of the specific productivity. There is
particularly enhanced expression, transcription or productivity if the cell according to the
invention has af least a quadrupling of the specific productivity. There 1is particuiarly
erhanced expression, transcription or productivity if the specific productivity of the cell

according to the invention is increased at least five-fold, There is particularly enhanced
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expression, franseription or productivity if the specific productivity of the cell according to
the invention is increased ai least six-fold. There is particularly enhanced expression,
transeription or productivity if the specific productivity of the cel according 1o the

invention is increased at least seven-fold,

Enhanced expression, transcription or productivity can be achigved both by using one of
the expression vectors according to the invention and by using one of the methods

according to the invention.

The corresponding processes may be combined with a FACS-assisted setection of
recombinant host cells which contain, as additional selectable marker, one or more
fluorescent proteins (e.g. GFP) or a cell surface marker. Other methods of obtaining
increased expression, and a combination of different methods may also be used, are based
for example on the use of cis-active elements for manipulating the chromatin strochare {e.g,
LCR, UCOE, EASE, isolators, S/MARs, STAR elements), on the use of (artificial}
transeription factors, treatment of the cells with natural or synthetic agents for up-
regulating endogenous or heterologous gene expression, improving the stability (haif-life)
of mRNA or the protein, improving the initiation of mRNA transtation, increasing the gene
dose by the use of episomal plasméés‘(based on the use of viral sequences as replication
origins, e.g. SV40, polyoma, adenovirus, EBV or BPV), the use of amplification-
promoting sequences (Hemann et al, 1994} or in witro amplification systems based on

DNA concaiemers (Monaco et al., 1996),

In a further embodiment the present invention thus also refates to processes for obtaining
and selecting recombinant mamimalian cells which express at least one heterologous gene
of interest and are characterised in that (i) recombinant mammalian cells are transfected
with an expression vector according to the invention and the gene for an amplifiable
selectable marker gene; (ii) the mammalian cells are cultivated under conditions which
allow expression of the geme or genes of inferest, the modified neomycin
phosphotransferase gene and the gene which codes for a fluorescent protein; (i} the

mammalian cells are cultivated in the presence of at least one selecting agent which acts
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selectively on the growth of mammalian cells and gives preference to the growth of those
cells which express the neomycin phosphotransferase gene; (iv) the mammalian celis
which exhibit high expression of the fluorescent protein are sorted out by flow-cytometric
analysis; (v) the sorted cells are cultivated under conditions under which the amplifiable
selectable marker gene is expressed; and (vi) a selecting agent is added to the culture

mediurm which resulis in the amplification of the amplifiable selectable marker gene,

Also preferred according fo the invention is a process in which production vells are
rephcated and used to prepare the coding gene product of interest. For this, the selected
high producing cells are preferably cultivated in 2 serum-free culture medium and

preferably in suspension cultore under conditions which aliow expression of the gene of

interest. The protein/product of interest is preferably obtained from the cell cultwre

medium as & secreted gene product. If the protein is expressed without 2 secretion sigaal,
however, the gene product may also be isolated from cell Iysates. In order to obtain a pure
homogeneous product which is substantially free from other recombinant proteins and host
celi proeins, conventional purification procedures are carried out. First of all, cells and
celi debris are removed from the culture medium or lysate. The desired gene product can
then be freed from contaminating soluble proteins, polypeptides and nucleic scids, e.g by
fractionation on immuncaffinity and fon exchange columns, etharol precipitation, reversed
phase HPLC or chromatography on Sephadex, silica or caiton exchange resins such as
DEAE. Methods which result in the purification of 2 heterologous protein expressed by
recombinant host cells are known to the skilled man and described in the literature, e.g. by
Harris ef al., 1995 and Scopes 1988,

COMPOSITIONS ACCORDING TO THE INVENTION o

The present inventicn relates to a nucleic acid which contains TE-13 (SEQ 1D No. 15)
contains or a fragment of TE-13 (SEQ ID No. 15) or the complementary nucleotide
sequences thereof or & derivative of TE-13 (SEQ 1D Ne. 15) or a fragment thereof or the
complementary nucleotide sequences thereof, and which on chromoesomal integration
leads o an increase in the transcription or expression of a gene of interest in an expression

gystem.
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The present invention relates to a nucleic acid which contains TE-13 (SEQ ID No. 15)or a
fragment of TE-13 (S8EQ ID No. 15) or the complementary nucicotide sequences thereof or
a derivative of TE-13 (SEQ ID Ne. 15) or a fragment thereof or the complementary
nucleotide sequences thereof, and which on chromosomal integration leads to an increase
in the transcription or expression of & gene of interest in an expression system, with the
proviso that the fragment or derivalive comprises at least one sequence region from the
nucleic acid region between Ibp and 1578bp (in relation to SEQ ID No. 01). By a

sequence region is meant a mucleic acid region of af jeast 10bp, 15bp, 20bp, 50bp, 100bp.

The present invention relates to a nucleic acid which contains TE-13 (SEQ D No. 15)ora
fragment of TE-13 (SEG ID No. 15} or the complementary nucieotide sequences thereof or
a derjvative of TE-13 {SBQ ID No. 15) or a fragment thereof or the complementary
nucleotide sequences thereof, and which on chromosomal integration lcads to an increase
in the transcription or expression of a gene of interest in an expression systemn, with the
proviso that the fragment or derivative comprises at least one sequence region of TE-0%
(SEQ ID Ne. 11) or TE-0R (SEQ ID No. 11) or TE-13 (SEQ D Na. 15). By a sequence

region is again meant a nucleic acid region of at ieast 10bp, 15bp, 20bp, 50bp, 100bp.

The enhanced expression of the gene of interest can be measured for example by

measuring the product titre by ELISA.

In & preferred embodiment the invention relates to 2 nucleic acid which containg TE-08
(SEQ ID No. 10) or a fragment of TE-08 (SEQ ID No. 10) or the complementary
nucleotide sequences thereof or a derivative of TE-08 (SEQ 1D No. 10) or a fragment
ﬁﬁereof or the complementary nucleotide sequences thereof, and which on chromosomal
integration leads to an increase in the transcription or expression of a gene of interest in an
expression system,

In & preferred embodiment of the above nucleic acid according to the invention the proviso
is that the fragment or derivative must also include at least one sequence region from the

nucleic acid region between 1bp and 1578bp {in relation to SEQ ID No. 0%).
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In a particularly preferred embodiment of the above nucleie acid according fo the invention
there is the proviso that the fragment or derivative also includes at least one sequence
region of TB-09 (SEQ ID Ne. 11) or TE-08 (SEQ ID No. 11y or TE-13 (SEQ D No. 15},
By a sequence region is meant 2 nucieic acid region of at least 10bp, 15bp, 20bp, 50bp,
100bp.

tn another embodiment the invention relates to & nucleic acid which contains SEQ ID Ne,
1 or a fragment of SEQ ID No. 1 or the complementary nucleotide soquences thereof or a
derivative of SEQ ID No. 1 or a fragment thereof or the complementary nucleotide
sequences thereof, which on chromesomal integration leads to an increase in the
transcription or expression of a gene of interest in an expression system.

In a preferred embodiment of the above-mentioned mucieic acid according to the invention
there is the proviso thet the fragment or derivative also comprises af least one sequenice
region from the nucleic acid region between Ibp and 1578bp (in relation to SEQ ID No.
oy,

In a particularly preferred embodiment of the above-mentioned nucleic acid according to
fhe invention there is the proviso that the fragment or derivative also comprises at least one
sequence region of TE-09 (SEQ ID No. 11) or TE-08 (SEQ ID No. 10) or TE-13 (8EQ 1D
No. 13). By a sequence region is meant a nucleic acid region of at least 10bp, 15bp, 20bp,
50byp, 100bp.

The present invention also relaies fc a nucleic acid (=TE element) for increesing the
transcription or expression of a gene of interest with SEQ ID No. | or a fragment or
derivative thereof or the complementary nucleotide sequences thersof, which leads to an

increase in the transcription or expression of 2 gene of interest.

The increase in the expression of the gene of interest can be measured for exampie by

measuring the product titre by ELISA.

The present invention parficularly relates to a nucleic acid according to the invention,

which hybridises under stringent conditions
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{a) with the region of nucleic acid sequence TE-~13 (SEQ ID No. 15} or TE-08 (SEQ ID

'.No. 1Gyor

(b) the complementary nucleic acid sequences thereof or

(¢) & nucleic acid sequence which has at least about 70% sequence identity, preferably at
least about 80% sequence identity or at least about 85% sequence identity , most preferably
at least about 90% sequence identity and most preferably at least about 95% seguence

identity with (a) or (b},

In & special embodiment the nucleic acid according to the invenfion has a length of at least
511 bp (=length TE-13, SEQ ID No. 15} or at least 1015 bp (=lengih TE-08, SEQ ID No,
10).

In a preferred embodiment the present invention relates to the 5' fragmemnt of the TH
element TE-00 (SEQ ID No. 2). This corresponds fo the part of SEQ I No. 1 between 1

by and 15780bp or the complementary nucleotide sequence thereof,

The present invention particularly relates to a nucleic acid or a transcripticn-enhancing or
expression-enhancing nucleic acid clement (TE element), which contains TE-13 {SEQ ID
No. 15) or TE-08 (SEQ ID No. 10} or a derivative thereof or the complementary nucleotide
sequences thereof, which on chromosomal integration leads fo an increase in the

ranseription or expression of a gene of interest.

The present invention preferably refates to an isolated nucleic acid or an isolated nucieic
acid molecule or an isolated nucleic acid sequence or an isolated franseription-enhancing

nucleic acid element or an isolated TE element,

The present invention particularly relates to an isolated nucleic acid which contains TE-08
(SEQ ID No. 10) or the complementary mucleotide sequence thereof and which on
chromosomal integration ieads to an increase in the transcription or expression of a gene of

interest in an expression system,
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In one embodiment the nucleic acid or the transcription-enhancing nucleic acid element or
the isolated nucieic acid contains a derivative of 2 TE element or of SEQ ID No. I, which
has at least about 70% sequence identity, preferably at least about 80% sequence identity
or at least sbout 85% sequence identity, most prsférably at least about 90% seguence
identity and most preferably al least about 95% sequence wdentity with the corresponding
part of the TE element sequence or the complementary sequence thereof, particularly with
the sequence region between nucleotide position Thp and !578bp in relation w SEQ ID
No. 1. comresponding to the sequence region 5' of the TE-00 sequence, and particularty

preferably with TE-13 (SEQ ID No. 15) or TE-08 (SEQ ID No. 10).

In a preferred embodiment the nucleic acid or the transcription-enhancing nucleic acid
clement or the isolated nucleic acid contains a derivative of a TE-08 nucleic acid (SEQ ID
No. 10} or preferably of a TE-13 nucleic acid (SEQ ID No. 15}, which has at least about
70% sequence identity, preferably at least sbout 80% sequence identity or at least about
85% sequence identity, most preferably at least about 90% sequence identity and most
preferably at least about 95% sequence identity with the corresponding part of the TE

clement sequence or the complementary seguence thereof.

In another embodiment the invention relates to a nucleic acid or a transeription-enhancing
nucleic acid element or an isolated nucleic acid or a derivative of @ TE element, which
hybridise(s) with the sequence of a TE element or with der complementary sequence of a
TE element, particutarty with the seguence region between nucleotide position 1bp and
1578bp in relation to SEQ ID No. 1, corresponding to sequence region 5 of the TE-00
sequence {SEQ 1D No. 2), or hybridises particularty with the TE-08 element (SEQ 1D No,
10). Preferably the hybridisation is carried out under stringent hybridisations and washing

conditions.

In another preferred embodiment the nucleic acid according fo the mvention or the
transcription-enhancing element (TE element) is selected from among: TE-00 (SEQ 1D No.
23, TE-01 (SEQ ID No. 3), TE-02 (SEQ ID No. 4), TE-03 (SEQ ID No. 3}, TE-04 (SEQ ID
No. 6}, TE-05 (SEQ ID No. 8), TE-07 (SEQ ID Ne. 9), TE-08 (SEQ ID No, 10), TE-10
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(SEO 1D No. 12), TE-11 (SEQ ID Ne. 13), TE-12 (SEQ ID No. 14, TE-13 (SEQ ID Ne.
15), TE-14 (SEQ ID No. 16), TE-15 (SEQ ID No. 17}, TE-16 {SEQ ID No. 18), TE-17
(SEQ ID No. 19}, TE-18 (SEQ ID No. 20) and TE-21 (SEQ ID No. 21},

In another embodiment the pucleic acid or the transcription-enhancing element (TE
clement) i characterised in that the nucleic acid is TE-00 (SEQ ID No. 2), TE-06 (SEG D
No. §), TE-10 (SEQ ID No. 12), TE-11 (SEQ ID No. 13} or TE-12 {SEQ ID No. 14),
preferably TE-06 (SEQ ID No. 8).

In a preferred embodiment the nucleic acid or the tyanscription»enhancing element (TE
element) is characterised in that the nucleic acid is TE-01 (SEQ 1D No. 3}, TE-Q2 (3EQ 1D
No. 4), TE-03 (SEQ ID Ne. 5),TE-07 (SEQ ID No. 9), TE-08 (SEQ ID No. 10).

In & particularly preferred embodiment the nucleic acid or the transcripion-enhancing

element is TE-08 (SEQ ID No. 103,

In a particularly preferred embodiment the nucleic acid or the transcription-enhancing

element (TE element) is TE-18 (SEQ ID No. 20).

In another embodiment the nucleic acid or the transcription-enhancing element (TE
clement) is characterised in that it is a fragment ot derivative of TE-C1 (SEQ ID No. 3} is,
preferably TE-13 {SEQ ID No. 15), TE-14 (SEQ 1D Ne. 16}, TE-15 (SEQ ID No. 17}, TE-
16 (SEQ 1D No, 18), TE-17 (SEQ ID No. 19), TE-18 {SEQ ID No. 20}

In & preferred embodiment the nucleic acid according to the invention is TE-13 (SEQ ID
No. 13).

In another embodiment the nucleic acid according to the invention or fhe fragment or the

derivative is an isolated nucleic acid.
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The present invention also relates 1o a nucleic acid according to the mvention which is
characterised in that a nucleic acid containing TE-13 {S8EQ ID No. 15} or TE-08 (5EQ ID
No. 10) or TE-07 (SEQ ID No. 9) or TE-06 (SEQ ID No.8) or a fragment of these
sequences or the complementary nucleotide sequences thereof or a derivative of these
sequences ar a derivative of fragments of these sequences, preferably TE-13 {SEQ ID No.
15) or TE-08 (8BQ ID No. 10} or a fragment of these sequences or & derivative of these
sequences or a derivative of fragmex}ts of these sequences or the complementary nucleotide

sequences thereof, ig linked to a heterologous sequence.

The nucleic acid linked to a heterologous gene sequence may in a preferred embodiment be
an expression vector, for exampie plasmids, bacteriophages, phagemids, cosmids, viral
vectors or particularly a targeting vecior.

The niucleic ackl linked to a heterclogous gene sequence may however also be any other

synthetic nucleic acid molecule such as e.g. synthetic, artificial or mini-chromosomes.

The present invention further relates to a eukaryotic expression vector, characterised in that
this expression vector contains one or more nucleic acids according to the invention or cpe

or more transcription-enhancing elements (1E clement) according to the invention.

In & special embodiment the eukaryotic expression vecior is characterised in that it
contains a promoter and / or a heterologous gene of inferest and / or a selectable marker

and / or optionally an enhancer.

The present invention further relates to a eukaryotic expression vector characterised in that
this expression vector contains one or more nucleic acids according to the invention or one
or more tanscription-enhancing elements (TE element) and a promoter and / or a
heterologous gene of interest and / or a selectable marker and / or cptionally an enhancer

according to the invention,

In another embodiment the eukarvoiic expression vector is characterised in that it is a

targeting vector for the deliberate integration of the gene of interest.
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In a preferred embodiment the eukaryotic expression vector is characterised in thet the
promoter is a heterologons promoter such as the early promoter of human cytomegaly
viras (CMV-promoter), SV40 carly promoter, adenovirus major late promoter, mouse
metallofhionein-I promoter, the long terminal repeat region of Rous Sarcoma Virus, actin-,

immunoglobulin or heat-shock-promotor(s), preferably CMV-promoter,

In another preferred embodiment the eukaryotic expression vector is characterised in that
the promoter is a heterclogous promoter, preferably ubiquitin/S27a-promoter, most

preferably hamster ubigquitin/S27a-promoter.

In a special embodiment the eukaryotic expression vector IS characterised in that it
contains a combination of severai identical or different nucleic acids or TE-elements
according to the invention in any orientation to one another, wherein one or more nucieic
acids or TE-elements are positioned in front of (i.e. 5' of) and / or one or more mucleic

acids or TE-elements are positioned (i.e. 3° of) the gene of interest,

I a preferred embodiment the cukaryotic expression vector is characterised in that the
combined nucleic acids or TE elements are TE-06 (SEQ ID No. 8) and particularly
preferably TE-08 (SEQ ID No. 10).

Preferred combinations of nucleic acids or TE elements are a TE-06 element (SEQ ID Ne.
8) in front of (i.e. 5 of) and a TE-06 element (SEQ ID No. 8) behind (i.e. 37 of) the gene
of interest and threc TE-06-elements (SEQ ID N, ) behind (i.e. 37 of) the gene of inferest
{cf also Figure 13). .

In & particularly preferred embodiment the eukaryotic expression vector is characterised in
that one or more TE-0%-nucleic acid(s) or clement(s) (SEQ ID No. 10j are positicned in
front of (ie. 5' of) and one or more behind (i.e 3’ of) the gene of interest, preferably one

TE-08 element (SEQ ID Ne. 10) in front and one behind {cf also Figure 13),
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Other preferred combinations of TE-nucleic acids or elements are 2 TE-08 nucleic acids

jetements (SEQ ID No. 10) before and / or after the gene of interest.

In another embodiment the eukarvotic expression vector is characterised in that a plurality
of TE-O6-nucleic acids or elements (SRQ ID No. §) are positioned behind (3° of) the gene

of interest, preferably 3 {of Figure 13}

In a preferred embodiment the eukaryotic expression vector is characterised in that a
combination of one ot more TE-08-nucleic acid(s) or element(s) (SEQ ID No. 10) with one
or more TE-06 nucleic acids or element(s) (SBEQ ID No. 8) are positioned in front of(l.e. 5
of) and / or behind (i.c. 3° of} the gene of imterest; the preferred combination is a
combination of & TE-08 nucieic acid or slement (SEQ ID No. 10 followed by 2 TE-06-
sucleic acid or element (SEQ ID No. 8) in front of (i.L‘;< 5 of) the gene of intersst. {Cfalso

Figure 13).

In another embodiment the eukarvotic expression vector is characterised in that one o7
more TE-13 nucleic acids or elements (SEQ 11> No. 15) are positiconed in fromt of (5" of)

and / or behind (3’ of) the gene of interest.

In a preferred embodiment the eukaryotic expression vector i¢ characterised in that it

additionally contains an integrase.

In another preferred embodiment the host cells are co-iransfecied with at Jleast two
eukaryotic expression vectors, while at least one of the two vectors contains at least one
gene which codes for at least one protein of interest and the other vector contains one Or
tmore nucieic acid according 1o the inventions in any combination, position and orientation,
and optionally alse codes for at least one gene of interest, and these nucleic acids according
io the invention impart their transcription- or expression-enhancing effect to the genes of
interest which are located on the other co-transfected vector, by co-integration with the

other vector.
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In a special embodiment the eukaryotic expression vector is characterised in that the

selectable marker is DHFR or Neo, for example Neo F240L

The invention further relates to a2 method of preparing a eukaryotic expression veclor,
characterisedby the integration of a nucleic acid according to the invention in an

expression vector,

The invention farther relates to a eukaryotic host cell characterised in that it contains a

evkaryotic expression vector according to the invention.

In a special embodiment the eukaryotic host cell 15 characterised i that it is 2 high
producer, i.e it has a higher specific sroductivity than z comparabie eukaryotic host cell
without a2 TE element or nucleic acid according to the invention, this host cell having an
expression level which is increased two-fold, three-fold, four-fold, five-fold, six-feld,
seven-foid or ten-fold or one which is increased more than two-fold, more than three-fold,
more than four-fold, more than five-fold, more than seven-foid or more than ten-fold,

preferably up to five-fold or more than three-fold,

In a particularly preferred embodiment the eukaryotic host cell is characterised i that the

expression vector is stably integrated in the genome,

In another embodiment the eukaryotic host cell is a hamster or mouse celi such as for
example a CHO, NSO, Sp2/0-Agl4, BHE21, BHK T, HaK, 2254-622 (BHK-21-
derivative), CHO-K1, CHO-DUKX (= CHO duk’, CHO/dhf), CHO-DUKX Bl, CHO-
DG44, CHO Pro-5, V79, B14AF28-G3, CHL cell, preferabiy & CHO cell and particularly
preferably a CHO-DG44 cell. |

In another embodiment the eukaryotic host cell is a mammalian cell, including but not

restricted to human, mouse, rat, monkey or rodent cell lines.
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In another embodiment the host cell is a eukaryotic cell including but not restricted to

yeast, insect, bird and plant cells.

In another special embodiment the eukaryotic host cell is characterised in that it
additionally contains an anti-apoptosts gene such as BCL-xL, BCL-2, BCL-w, BFL-1, A1,
MCL-1, BOO, BRAG-1, NR-13, CDN-1, CDN-2, CDN-3, BHRF-1, LMWS-HL or CED-
9, preferably Bel-xL or BCL-2, most preferably BCL-xL.

The present invention further relates to a method of developing a high-producing stably
transfected eukaryotic host cell line, characterised by the foliowing steps:

{a) integrating at least one pucleic acid according to the invention or one TE element
according to the invention in a evkaryotic expression vector containing a gene of interest,
(b) transfecting a eukaryotic host cell with this expression vector,

(¢) selecting a highly-productive transfected host cell.

The present invention further relates to a method of developing a high-producing stebly
transfected eukarvotic host cell line, characterised by the following steps:

{a) integrating a gene (genes) of interest in a eukaryotic expression vector containing at
{east one nucleic acid according to the invention or a TE element according 10 the
invention

{b) transfecting a eukaryotic host cell with this expression vector,

(¢} selecting a highly-productive transfected host cell.

In a special embodiment the method is characterised by at least one additional

amplification step.

The present invention also relates to a method of preparing and selecting recombinant
mammalian cells, characierised by the following steps:

(a) transfecting the host celis with genss that codes at least for & proleinyproduct of interest,
& neomycin-phosphotransferase, preferably modified, and the ampiifiable selectable

marker DHFR, wherein in order io enhance the franscription or expression at least the gene
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{or genes) of interest is or are functionally linked to at feast one nucleic acid according to
one of claims 1 to 14,

(b} cultivating the ceils under conditions which enable expression of the different genes,

(c) selecting these co-integrated genes by cultivating the cells in the presence of a selecting
agent, such as e.g. G418, in a hypoxanthine/hymidine-free medium and

(d) amplifying these co-integrated genes by cultivating the cells in the presence of a
selecting agent which allows the amplification of at least the ampiifiable selectable marker

gene, such ag e.g. methotrexate,

in & particular embodiment this method is characterised in that ihe transfected cells are
cultivated in hypoxanthine/thymidine-free mediumn, supplemented with uf least 200 pg/mlL
(3418, preferably 400 pg/mL or more G418, in the absence of serum and with the addition

of increasing concentrations of MTX.

In another pasticular embodiment this method is characterised in that the concentration of
MTX in the first amplification step is at least 100 nM or at least 250 nM and is increased

stepwise to 1 uM or above. In individual cases, the MTX concentration may be 2uM.
I another special embodiment the method is characterised by an additional cloning step.

In another embodiment of the method according to the invention the host cell is a
rodent/hamster cell such as for example a CHO, NSO, Sp2/0-Agld, BHK21, BHK TK,
HaK, 2254-62.2 (BHK-21-derivative}, CHO-K.1, CHO-DUKX (= CHO duk’, CHO/dhED,
CHO-DUKX B1, CHO-DG44, CHO Pro-5, V79, B14AF28-G3, CHL cell, preferably a
CHO ceil and particularty preferably a CHO-DG44 cell.

In & preferred method according to the invention: the expression vector contains a

selectable marker such as DHER or NPT, for example NPT F240! or NPT D227G.

In & particularly preferred embodiment of the method according to the invention the

proportion of high producers is increased up to two-fold, three-fold, four-fold, five-fold,
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six-fold, seven-fold or ten-fold or more than two-fold, more than three-fold, more than
four-fold, more than five-fold, more than seven-fold or more than ten-fold, preferably up

o five-fold or more than three-fold.

The present invention further retates to a method of preparing a biopharmaceutical product,
characterised by the following steps:

{(a) infegrating at least one nucleic acigd according to the invention or one TE element
according to the invention in a eukaryotic expression vector contatning a gene of interest,
() transfecting 2 eukarvotic host cell with this expression vecior,

(2) selecting a highlv-productive transfected host cell and

{d) cultivating the highly-productive transfected host cell obtained under conditions

which allow expression of the gene(s) of interest.

The present invention further relates to a method of developing a high-producing stably
transfected eukaryotic host cell line, characterised by the following steps:

(a) imtegrating a gene (genes) of interest in a eukaryotic expression vector containing at
least one nucleic acid according fo the invention or one TE ¢lement according to the
invention

(b} transfecting a evkaryotic host cell with this expression vector,

{c) selecting a i gh}'y—productive transfected host cell and

() cultivating the highly-productive transfected host cell ohtained under conditions

which allow expression of the gene(s) of inferest.

In a special embodiment the method according to the invention is characterised by at least

one additional amplification step.
In 2 special embodiment the method according to the invention is characterised by the

foliowing additional step:

(e} harvesting and puzifying the protein of interest.
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The present invention further relates {o the use of a nucleic acid according to the invention
or of a franscription-enhancing element (TE element) according to the invention in a
eunkaryotic expression vector, for increasing the transcription or expression of a gene of
inferest in an expression system in a eukaryotic host cell or for preparing a

biopharmaceutical product.

The present invention also relates to the use of a nueleic acid according to the invention or
of a transcription-enhancing element (TE element) according to the invention for

producing transgenic animals or plants,

The present invention further relates to the use of a nucleic acid according to the invention
or of a franscription-enthancing element (TE element) according to the invention in gene

therapy,

The present invention particularly relates to the use of a nucleic acid according to the
invention or of & transcription-enhancing element (TE element) according to the invention

as 2 medicament or in a pharmeceutical composition.

The present invention further relates to a kit consisting of a nucleic acid according to the
invention or (a) TE element(s} according fo the invention, optionally expression vector(s),

optionally hest celi(s) and optionally transfection reagent(s).

In a preferred embediment the present invention relates to a nucleic acid, particularly an
isolated nucleic acid, more precisely a transcription-enhancing or expression-enhiancing
nucleic acid element (TE eiement) with SEQ ID No. 1 or a fragment or a derivative
thereof, which on chromosomal integration leads 1o an incresse in the transcription or
expression of a gene of interest, with the exctusion of the TE element TE-00 {SEQ 1D No.
2.
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In another embodiment the present invention relates to a nucleic acid according fo the
invention with the exclusion of the TE elements TE-00 (SEQ 1D No. 2), TE-04 (SEQ ID
No. 6) and TE-06 (SEQ I No. 8).

In another embodiment the present invention relates to a nucleic acid according to the
invention with the exciusion of the TE elements TE-00 (SEQ ID No. 2), TE-04 (SEQ ID
No. 6), TE-05 (SEQ ID No. 7 and TE-06 (SEQ ID No. 8).

The increase i the expression of the gene of interest can be measured for example by

measuring the product titre using BLISA.

Another embodiment of the present invention relates to a TE element, fragment or
derivative according to the invention, which is over 160 bp long, preferably over 170 bp
long. In a special embodiment the TE element fragment is between 160bp and 1.2 kb or

between 170 bp and 1 kb, preferably over 200 bp and between 200 by and 1 kb long.

In a preferred embediment the TE element fragment ig in the part of SEQ ID Ne. 1
between 1 bp and 1578bp (this corresponds to & fragment 5° of the clement TE-O0 (SBQ ID
No. 2) and is over 113 bp long or over 132 bp and preferably over 160 bp or over 170 bp
long. In a special embodiment the TE element iragment is between 113 bpand 1.2 kb or
between 132 bp and 1.2 kb or between 160 bp and 1.2 kb, preferably over 200 bp and
hatween 200 bp and 1 kb long.

In another embodiment the TE element fragment is present without any adjacent
sequences. By this is meant that the fragment is not part of a larger sequence O 4 sequence

region, for example no other sequences are attached in front of (57) or behind {37) it,

In another special embodiment the present invention relates 10 a nucleic acid according to

the invention which does not contain any CpQ isiands.
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It is apparent from the following experiments that when eukaryotic host cells with and
without TE element are compared, 2n up to seven-fold Increase in the relative change in

the specific producgivity of the gene of interest can be shown.

The coliection of data on the product titre and specific productivity showed that on average
almost all the cell pools with TE elements which were fragments or derivatives of SEQ ID
No.! expressed more genes of interest than cell pools without & TE element. The TE-
clements 01 (SEQ ID No. 3), 02 (SEQ ID No. 4) and 08 (SEQ ID Ne. 10) yielded the
highest productivity in two independent transfection series in which & different selectable
marker (NPT or DHFR) was used in each case. They are capable of increasing the
productivity by a factor of 4 — 7. Certainly, the TE elements 01 (SEQ ID No. 3Y and 02
(SEQ ID No. 4} at 3 kb and 2.5 kb are very large for additionally atfaching to an expression
vector, Of more inferest, on the other hand, is the TE element 08 (SEQ ID No. 10}, which
is only 1 kb in size, which is capable of increasing expression by a factor of 5~ 6. The TE
element 06 (SEQ ID No. 8) in two transfection series yielded a tripling of the specific
productivity with a size of only 381 bp, it is highly advantageous to leave the expression
vectors as small as possible, as smaller veciors are generally more stable and are easier to
handte both during cloning and during transfection. Therefore, the TE-clements 06 {SEQ
1D No. 8 and 08 (SEQ ID No. 10) and 13 (SEQ ID Ne, 15) are particularty interesting for

use as transcription-promoting elements,

The following Exampies also show that the cell pools which contained the TE element 03
(SEQ TD No. 5), 04 (SEQ ID No. 6) or 07 (SEQ ID No. 9} showed an approximately 3- to
3.5-fold expression of the gene of interest and cell pools with the TE elements 10 (SEQ ID
No. 12), 11 (SEQ ID No, 13) or 12 (SEQ ID No. 14) showed an approximatety doubled

expression of the gens of interest

The TE element 08 (SEQ 1D No. 10} in conjunction with NPT F2401 as selectable marker,
at factor 5, demonstrated the greatest increase in the specific productivity of the gene of

interest compared with the control pools with no TE element. In conjunction with DHFR
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ag selectable marker the TE element 08 (SEQ 1D No. 10) shows an even better increase of
about factor 6.0

Furthermore, TF element 02 (SEQ ID No. 4) in the test series with DHFR as selectable

marker shows an increase in the productivity of the gene of interest by a factor 6.8,
The greatest increase {15-fold) 1s brought about by element 13

The Examples that follow alse show that pools with the TE elements 05 (SEQ 1D No. 7)
and .09 (SEQ ID No. 11} in one fest series exhibited no increase in the expression of the
gene of interest and in one test series even showed a lower expression of the gene of
interest than the control pools, These two elements and possibly partial fragments in these
sequence regions can thus have a repressive effect under certain circumstances, although

this is not necessarily the case.

Moreover, in the Examples that follow, the relative changes in the specific productivity for
the different TE-clements tested are achieved largely independently of the vecior system,
i.e. independently of the selectable marker used or independently of the parficular gene of

interest.

The Examples that follow also show that the change in the expression of the marker gene

correlates with the changes in the expression of the gene of interest.

It is also apparent from the following Examples that none of the TE elements tested has an
enhancing effect. It is thus clear that the TE-elements only cause an increase m the

expression of the gene of interest at a chromosomal level.

The Examples that foliow also show that the combination or concatenation of a plurality of

identical or different short TE-elements such as e.g. TE element 06 and 08 or 21 can lead

to an additional expression-enhancing effect.
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EXAMPLES

ABBREVIATIONS

AP: alkaline phosphatase

Asp =DV aspartic acid

bp: base pair

CHO: Chinese Hamster Ovary

DHFR: dihivdrofolate-reductase

ELISA: enzyme-linked immunosorbant assay
FACS: fluorescence-activated cel! sorter
GFP: green fluorescent protein

Gy {(=0): glycine

HT: 7 hypoxanthine/thymidine

1gG: Immunoglobulin G

He (=) soleucine

IRES: internal ribosomal entry site

Kkh: kilobase

mAh: monoclonal antibody

MCP-1: monocyie chemoaitractant protein-1
MTX: methotrexate

NPT: neomyein-phosphotransferase

PCR: polymerase chain reaction

Phe (=F}: phenylalanine

SEAP: secreted alkaline phosphatase
Ub: ubiguitin
UTR: untransiated region
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Methods

Cell culture and Transfection

The cells CHO-DG44/dhfr™ (Urlaub et al, 1983) were permanently culiivated as
suspension cells in serum-free CHO-S-SFMII medium supplemented with hypoxanthine
and thymidine (HT) (Invitrogen Gmbi, Karlsruhe, DE) in cell culture flasks at 37°C ina
damyp atmosphere and 3% CO; The cell counts and viability were determined with a
Coulter Counter Z2 (Beckmann Coulter) or with a Cedex (lnmovatis) and the cells were
then seeded in a concentration of 1 ~ 3 x10°/mL and run every 2 - 3 days.

Lipofectarnine Plus Reagent (Invitrogen GmbH) was used for the transfection of CHO-
D44, For each transfection mixiure a total of 1.0 ~ 1.3 pg of plasmid-DNA, 4 pL of
lipofectamine and 6 pL of Plus reagent were mixed together according to the
manufactorer's instructions and added in & yohsme of 200 gl to 0 x10° cells in 0.8 mL of
HT-suppiemented CHO-S-SFMII medium. After three hours' incubation at 37°C in a cell
incubator 2 mL of HT-supplemented CHO-S-SPMII mediom was added. After a
cultivation time of 48 hours, the transfection mixtures were either harvested (fransient
transfection) or subjected to selection. For the NPT-based selection the cells were
transferred 2 days after transfection into HT-supplemented CHO-8-8FM medium with
400 pg/ml of G418 (invitrogen). For the DHFR-based selection, the cells were
sransferred 2 days after transfection into HT-free CHO-S-SFMI medivm. In DHFR- and
NPT-based selection in the event of co-transfection, in which one expression vector

contained a DHFR and the other expression vestor contained an NPT selectable marker,

. the cells were transferred 2 days aficr transfection into CHO-S-SFMI] medium without the

addition of hypoxanthine and thymidine and also G418 {Invitrogen) was added to the

medium in a concentration of 400 pg/mL.

A DHFR-based gene amplification of the integrated heterologous genes can be obtained by
the addition of the selecting agent MTX (Sigma, Deisenhofen, DE) in & conceniration of 5
— 2000 oM to an HT-free CHO-8-5FMI] medium.
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Expression vectors

To analyse the expression, eukaryotic expression vectors were used which are based o the
pAD-CMYV vector (Werner et al,, [998) and mediate the expression of & heterologous gene
by ‘ihé combination of CMV enhancer/hamster ubiquitin/S27a promoter (WO 97/15664) or
MV enhancer/ CMV promoter. While the base vector pBID contains the dhir-minigene
which acts as an amplifiable selectable marker (cf ¢.g. EP-(0-393-438), in the vector pBING
the dhfi-minigene has been replaced by a modified NPT gene. This is the NPT variant
D227G {Asp227Gly). The cloning of pBING with the NPT varient D227G and the IRES-
GFP gene region was carried out es described in (WO2004/050884). The base plasmid
pTE4 contains the NPT variant F2401 (Phe2401le) as selectable marker and is a derivative
of the plasmid pBING. Apart fromm the replacement of the NPT variant D227G by the NPT
variant F240] the GFP was also replaced by the red fluorescent protein DsRed2 from the
vector pDsRed2 (Clontech, Palo Alto, CA, USA). The base plasmid pTES contains DHEFR
as selectahle marker and is a derivative of the vector pBIDG (WO2004/050884), i which
again the GFP has been replaced by the red fluorescent protein DsRed2 from the vector
pDsRed? {Cloniech, Palo Alto, CA, USA).

In order to express a monoclonal Inymanised 1gG1 antibody the heavy chain was cioned ag
a 1.4 kb Sall/Spel fragment into the plasmid pBID digested with Xbal and Sail, to obtain
the plasmid pBID-HC (Fig. 1A). The light chain on the other hand was cioned as a 0.7 kb
BamHUHindllI fragment into the cutting sites of the plasmid pBING, producing the
plasmid pBING-LC (Fig. 1A}

Human MCP-1 ¢DNA (Yoshimura et al., 1989} was cloned into the corresponding cutting
sites of the vector pTE4 or pTES as a 0.3 kb HindlI/EcoR] fragment, resulting in the
plasmids pTE4/MCP-1 and pTES/MCP-1 (Fig. 1B and Fig. 2 respectively).

FACS (fluorescence-activated cell sorter)

The ﬂow-ay‘cemetrié analyses were carried out with a BD FACScalibur (BD Rioscience}.
The FACS is fitted with a helium-argon laser with an excitation wavelength o_f 488 nm.
The fluorescence intensity is absorbed at a wavelength suited to the particular fluorescence

protein and processed by means of the attached sofiware Ceil Quest Pro.
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ELISA (enzyme-linked immunosorbant assay)

The MCP-1 titres in supernatants of stably or iransiently transfected CHO-DG44 cells were
quaniified by BLISA using the OptEIA Buman MCP-1 Set kit in accordance with the
mantfacturer's instructions {BD Biosciences Pharmingen, Heidelberg, DE}.

The 1gGl mAb in the supernatants from stably transfected CHO-DG44 cells was
quantified by ELISA sccording to standard procedurss (Current Protocols in Molecular
Biology, Ausubel et al., 1994, updated), using on the one hand a goat anti human 1gG Fc
fragment (Dianove, Hamburg, DE) and on the other hand an AP-conjugated goat anti
human kappa light chain antibody (Sigma) Purified Ig(G] antibedy was uvsed as the
standard.

Productivities (pg/cell/day) were calculated by the formula pg/((Ct-Co) t / In (Ct-Co)),
where Co and Ct are the cell count on seeding and harvest, respectively, and tis the

cultivation time,

SEAP Assay
The SEAP tifre in culture supernatants from transiently transfacted CHO-DG44 cells was
quantified using the SEAP rteporter gene assays in accordance with the manufacturer's

instractions {Roche Diagnostics Gmbil, Mancheim, DE).

EXAMPLE 1: Isolation and cloning of the TE element TE-A

Starting from the sequence from the hamster genome described in WO97/15664, which
comprises, in addifion to the coding region for the ubiquitin/S27a gene, adjacent S'UTR
regions including the Ub/S27a-promoter, hitherto unknown sequence regions were isclated
further upstream. For this, adapter-ligated genomic CHO-DG44 DNA was used as the
matrix for "nested PCRs". The first PCR was carried out with a combination of primers
with complementarity to the adapter or to a hamster sequence in the 3' region of the
sequence listed in WO97/15664 under SEQ 1D No. 5 {primer Ub20: 3'-
CTCCACACATTTACACATGGACAC-3 (SEQ 1D No. 39)); corresponds to nucleotides
62 to 85 (complementary sequence) of SEQ ID No. 5 from WO 97/15664). Then a second

PCR was carmed out with a second primer combination, consisting of an inner adapter

270~
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primer and an inner ("nested”) hamster-specific primer (primer UbZL: 5'-
GGGTTTCTCTGTGTAATAGCCATG-3"(S8EQ ID No. 40); corresponds to nucieotides 16
to 39 {(complementary sequence) of SEQ ID No5 from W097/15664). The resulting
overlapping DNA fragments whick started at the hamster-specific primer end with a
known sequence and then merged into new unknown sequence regions located upsiream
were subcioned into pCR2.1 TOPQ vectors {Invitrogen) and analysed by sequencing. In ail
348 bp of a new, hitherto unknown sequence were obtained upstream of the hamster
Ub/S27a gene.

On the basis of this new sequence information, another further upstream DNA region was
isolated using the "nested PCR" described above, This time, the first PCR was carried out
with an adapter primer and the primer Ub33 (5’-ATCTCACTGTGTCTACCAACTTAG-3
(SEQ 1D No. 41); situated in the 57 region of the newly isolated 384 bp segquence;
corresponds to nucleotide 1268 1291 {complementary sequence) of SEQ 1D No. 1) and
the second PCR with an inner adapter primer and the hamster-specific primer Ub32a
located further inwards (5~ TCTGCACCACCACTACCTGACT -3° (SEQ ID No. 42);
located upsiream from the primer Ub33 within the newly isolated 384 bp seguence,
corresponds to nucleotide 1243 — 1264 (complementary sequence} of SEQ ID No. 1). The
amplified material obtained was subcloned into the pCR2.1 TOPO vector (Invitrogen) and
sequenced. It contained another 1239 bp of a new, hitherto unknown sequence upstream
from the hamster Ub/S27a-gene.

The sequence information from the overlapping PCR fragments was used to amplify a
cohesive sequence region from the genomic DNA of CHO-DG44 by PCR, which
comprised all the partial fragments hitherto isolated and extended 383 bp into the 5
sequence region of SEQ ID No. 5 from WO 97/15664, using the primers

a) Ub34 (5'-CTAAGAGTACTTGCCATGAGAGCCTGAA-3" (SEQ ID No. 43,
located at fhe owtermost 5° end of the newly isolated 1239 bp sequence; only partially
present in SEQ ID No.t (nucleotides 1 to 14))

and

b} Ub35  {3-CATTGATACACCACCAAAGAACTTG-3" (SEQ ID No. 44,

corresponds to nucleotides 1941 to 1965 (complementary sequence) of SEQ ID No. I}
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The resulting 2 kb DNA fragment was ligated with the 5" UTR region of sequence ID Ne.
5 described in WO 97/15664 via the endogenous EcoR1I cufting site (position 353 - 358),
although this cufting site was eliminated by a filling reaction with Klenow DNA
polymerase, A second endogenous EcoRI cutting site in the newly isolated genome region
was eliminated in the same way, resulting in the nucleotides 326 to 328 in SEQ 1D No. |
which are additional to the original genome sequence. In all, in this way, 8 eadditional
nucleotides were mseried into SEQ ID No. | compared with the endogencus hamster
sequence. The resulting 3788 bp DNA fragment from 4 sequencs region located upstream
from the hamster Ub/S27a gene was designated TE element A with the sequence 1D No.1

and subcloned into the vector pBluescript SKM (Stratagene, La Jolla, CA).

EXAMPLE 2. Generation of diverse TE exprassion vectors

Starting from the 3.8 kb TE-element TE-A (Fig. 3, Sequence 1D Mo. 1) from the CHO
genome various fragments were produced by PCR whicﬁ had deletions at efther the 5™~ or
3'-end, compared with the TE element TE-A (Fig. 4 and Fig. 5). To svathesise these
fragments combinations of direct and one reverse primer were used (Fig. 5 and Fig.d). For
cloning purstés 2 BamH] cutting site was attached at the 5'~end of the fragment and &
BsrGI cutting site was attached at the 3°-end of the fragment by the primers, In this way 12
TE-elements of different lengths designated TE-01 to TE-12 were generated (Fig. 4 and 5},
After digestion with BsrGI and BamHI these were cloned in direct orientation into the
adapter region of the base plasmids pTE4/MCP-1 (Fig. 1B} or pTES/MCP-1 (Fig. 2).

The fragment TE-00 (SEQ ID No. 2) was isolated from a subclone of TE-A by Sacli-
restriction enzyme digestion and cloned into the base vectors pBING-LC (Fig. 1A) or
pBID-HC {Fig. 1A) in both direct and reverse orientation via the Spel cutting site located

5" of the promoter/enhancer element,
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Sequences of the TE-elements

TE-4 {SEQUENCE ID NG, 1)
ceatgagagectgaagacetpapttpatacccagaacceagaicaagatggaggagapaaccagococaciaagetgleocoty
acceceataaatgectecctatecagttatgecacacaat gataggt gaatacagasanacacccticeitiagacactaagoggatt
ccicttacgeataccagitaagtatagticttagpcticaactoageacittaaanapiitatatitigeaat gotggygactanatiag
ggttgtocacatgetaagtaageacictactittgtatcacattitastanitglaapaattasticgiganatagtaget gagacaatag
attt.gtttctttcatgtgggaactgctgtgtgtgcttcttgctgatgcaaacaaggtcaaatasmattccccagtgf.ctgcctagccctgt
aacactictetattatacaaigaccacaaataatiaggtpagtggaottitgtttcattitanatt gltgetattitagagacaggatttctige
aaacctggﬁggtcttaaactccgtatgtagctgagaatgacbt{gaaaaccttcctgtcccacocctcaaattccagaattatagac:a
cccaccacatggcttaataagtaaacaacaacaataaaagcatgacttctgggtctggagggagggcttgccagﬂaagagcaatg
gatactticocatagaaccigggtiigacicccageaciaacelacat ggtgatagigatgoa geagacatacalgagggeaacaca
cacatgggcacatacacacgcacccgcccaccatggcttttcccccatcaot{agacagccatatttaaacgtag’sggagccaggc
tggggtggtggcccacacctt’aaatcccagcaciccagaaggcagaggtaggcggatctctg‘tgggtttgagaccagcciggtc‘ca
caagagetaghiccapgacagosiceaaagecatagagaaaccelaicicnaasaacigaaacancaacaacaacaaaacaand
taaaaaaacaacaaaagaatcttagtggttcagtgg’ttccacacacaggaaagtagaaagggccttgatgggaaggttttcagagg
gaggagtalggatgagacaggatgatagiganaagaactcaaattaatianatattigaaactatciaagaataaaagctazaatatit
aaaatta.cagtcaggtagtggtggtgcagagggciaagttggtagacacagtgagatccaggooagcc'agggctﬂccwgtgag
accttgttcaaataactaataaaatatacaaa&taaaggagacaccacaataattttgaaatgﬂaaaagactaaatttaccttttatattg
atgag“{tggataaaaaaatcaatttaccagagaacataaag’iagtcccatcaaagacaaaagcaatatatgattaaactctaatttaaa
agtttgttagagcctggcaacgtggcacatacctttaatcccagcaccagggagacagaggccalcctggtctaaaaag’sgatctc
caggacagcoatggctattacacagaga&accctgtctggaaaaacaaaaaattagtgtccatgtgtaaatgtgtggagta’tgcttg‘c
catgccacatacagaggtagagggc-agtttatgggagtcagttcctattcﬁcctttatgggggacctggggactgaactaaggtcat
cag gcttggcagaaagtgcattagctcacggagc-cttatcattg,gcga,aagctctctcaagtagaaaatcaatgtgtttgctcatagt
gcaatcattatgtttcgagaggggaagggwcaatcgttggggcatgtgtggtc&catctgaatagcagtagctccctaggagaatt
aaticcaagiicttipgigetetatcaatgeeotiaaaggggtcaacaacttititiceotct gacaaaactatetiotiaigicctigioect
catatttgaagtattttattctttgsagtgttgaatatcaattctagcacctcagacatgttaggtaa.géaccctacaactcaggttaac:taa
titaatttaactaatttaaccccaacactittictitgtitatccacatitgigzaglpigtgiptatgtsletglgt pigtatgtgtgtaiptat
gtgtgtgtgtgtgtg,tgcgtg’agcgcgcgcgcgcgcgctcggatcattctaccttttgtttaaaaaatgttagtccaggggtggggtgc
actgtgaaagtctgaggg’iaacttgctggggtc:agttctttccactataggacagaactccagg{gtcaactctttactgacagaacc
afceaaatagecetatotaattttagtitittatitatttatittttgtitticgagacagggitictetgiggetiiggagget gicetggaacta
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geteitgtagaceagget ggtctagaactéagagatccacctgcctctgcctcctgagtgctgggattaaaggcatgcgocaccaa
cgotiggetetacctaaitttaaaagagatigtpigtcacaaggotpicat glegoccigtaaceatcCooccCooananaiansas
aaaaaaaacticactgaagctgaagcacgatgamggttactctggcf:ggccaatgagctctagggagtctcctgtcaaacagaat
cloaacaggc gca.gcagtcﬁttttaaagtggggﬂacaacacaggtttttgcatatcaggcattt‘{atctaagctatttcccagccaaa
antgtgtattlipgagoeageagagotasiagatiaaaatgagpsaagageccacacaggitattaggaagataageatcticttiat
ataagacasagecasaccaanciggaggaggictacetitagggat geaspassagacalitagagegtocaatagaaaggeca
ctgagiitgteagstegagaacippgagagsgeecancegetitaacigtontgttttgoctatttittggagaca geacaigticcta
titiicceaggatgegoaatctceacgiecasactigeggtogagpaciacagteatiitgeaggiticottactgtatgpetiitaaaac
gtgeaaaggigaceatinacegtitcacgotgggagggeacgigoggoicagatgoticelctgactyagegccaggagpsgac
tacacggaagaggccac&cccgcmtigggaagac‘icgatt&gggcttcagctggctgagacgccccagcaggcicctcggct-a
cacettcagececgaaigecticoggeccalaacceticoctictaggeatticeg gegaggacccaccetegegecaaacatiog
gccccatcccccggtcc‘{cacctgaatctctaac@cigac‘iccagag’tttagagactataaccagatagcccggatgtgtggaactg
catettgggaceagtagtittagoassaaganagegacgaaasactacaaticocagacagactt gigitacctctettoteatgetaa
acaageccectttanaggasagoecccictiagicgeate gactgigtaaganaggogitigasacatittaatpliggecacacogit

cpappaccgasatgagaaagagceatagggaaacggagegeccgagetagictggeactgegitagacagecgegg

TE ELEMENT 00 (SEQUENCE ID NO. 2}
gatctccaggacagccatggctattacacagagaaaccc&g’ictggaaaaaoaaaaaattagtgtccatgtg‘caaatgtgtggagta
tgcttgtcatgccaca‘tacagaggtagagggcagtttatgggag&cagttcctattcttcctt‘{atgggggacctggggactgaactc
aggtcatcaggcttggcagaaagtgcattagctcacggagccttatcattggcgaaagctctctcaagtagaaaatcaatgtg‘sttgc
tcatag,tgcaatcattatgﬁtcgagaggggaagggtacaatcgttggggcatgt’gtggtcao&tctgaatagcagtagctccctagg
agaattaattocaagttctttggtggtgtatcaatgcccttaaaggggtcaacaactttttttccclctgacaaaactatcttcttatgtcctt
gtccctcatatttgaag,‘tattttattctttgcagtgttgaatatcaattctagcacctcagacatgttaggtaagtaccctacaactcaggﬁ
asctaatttaatttaactaattiaaceccaacactititcittgtitatecacatttgt gpagt gtotetatgtatgtatatotatatptatatet
gtgtgtgtgtg’tgtgtg‘zgtgtgtgtgtgcgcgcgcgcgcgcgctcggatcattc‘;accttttgtttaaaaamgﬁagtccaggggtg
gggtgcactgtgaaag’{c*cgagggtaacttgctggggtcagttctt‘tccactataggacagaac‘sccaggtgtcaactctﬂactgac
agaaccatccaaatagcmtatctaattttagt\:ttttatttatttattttttgtt%ttcgagacagggtttctctgtggctttggaggotg{co&
ggaacmgctcttgtagaccaggctggtctcgaactcagagatccacctgcctctgcctcctgagtgctgggattaaaggcatgcg
ccaccaacgmggctctacctaattﬁaaaagagattgtgtgtcacaagg gtpteatgtogeootgeanccaceocceteccaana
aszaaanadasaapacitcactgaagotgaagcacgatgatiiggttacictggetgeccantgageictagggagictecigicaa

acagastcioaacaggegeagoagictiittianagtgggatiscaacacaggtittt geatatcaggeatitiatctaagetatticeca
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geeaataatgiglatittagag gcagcagagstaa‘{agattaaaét gagggaapageccacacaggiiatiaggaagataageatc
tetttatataasacasaaccasaccasactgpagpagpictacettiaggmatgganganaagacatitagagggigeaatagana
gggcactgagt{tgtgaggtggaggastggg&gagggcgoaaccgct‘ttaactgtcct gitttgectatitittggogacagcacat
gttectatttitcecnggatgggoaateicoacgtccagactigeggic gaggactacagteattttgeagetticettactgtatggoett
ttanaacgtgeasapgeigaccaitgaceptticac grigggagggcacgigogecicagatgeticetotgactgagggccagia
gggggcﬁacﬁcg geagaggecacaccogeactiggpangactogatiigggeticagetggetgagacgeceeagoaggctec
tcggctacaccttcagccccgaatgccttccggcccataacccﬁcccttctaggcatttccggcgagg,acccaccctcgcgccaa
acattcggccccatcccocggtcctcacctgaatctctaactctgactccagag;cttagagactat&accagatagccc ggatgtgle
gaactgratelizgggacpagtagitiiagcanaangaaa gepacgaaanactaceaticecagacagacitgtgitaceteteficte
atgetaaacaageccccitiaaaggansagecectettagtegoate gactgtgtasgaaaggegittgaaacatitiaatgiiggocs

caccgtttogagpaccgaaatgaganagagoata peoasncggagegeccgagetagictggoactgogiagacagecgag

TE ELEMENT 01 {SEQUENCE ID NO, 3)
gttgctattttagagacaggatttcttgcaaacctggttggtcttaaactccgtatgtagctg&gaatgaccttgaaaaccttcctg‘tccc
acccctcaaattccagaattatagacacccaccacatggcttaataagtaaﬂdaacaacaataaaagcatgacttctgggtctggag
ggagggcttgccagttaagagcaatggatactttccca.tagaacctgggtttgactcccagcactaacctac&tggtgatagtgatg
cagcagacataca‘{gagggcaacaca.cacatgggcacatacacacgcacccgcccaccatggcttttcocccatcacttagacag
ccatatttaaac-gtagtggagocaggctggggtggtggcccacacctttaatcccagcac‘eccagaaggcagaggtaggcggatc
tctg‘:gggtttgagaccagcctggtctacaagagotagttccaggac:agcctccaaagccatagagaaaccctatctca.aaaaact
gaaacaacaacaacaacaaaacaaaataaaa&aacaacaaaagaatcttag‘cggﬁcagtggttccacacacaggaaagagaaa
gggccttgatgggaaggﬁ:ttcagagggaggagtatggatgagacaggatgatag‘(gaaaagaactcaaatiaattaaatﬂtttgaa
acta‘tctaagaataaaagctaaaatatttaaaattacagtcaggtagtggtggtgcagagggcﬁaagtiggtagacacag’cgagato
caggccagccagggctacctag’tgagaccttgttcaaataactaataaaatatacaaaataaaggagacaccacaataattttgaaa
tgi‘aaaagactaaat‘ctaccttttataftgatgagttggataaaaaaatcaatttaccagagaacataaag”cag’tcccarcaaagacaaa
agcaatatatgat‘iaaactctaatttaaa&gﬁtgttagagcctggcaacgtggsacatacctt‘taatoccagcaccagggagaoaga
ggccatcctggtctaaaaagtgatctccaggacagccatggct&ttacacagagaaaccctgtctggaaaaacaaaaamtagtgt
ccatgtgtaaatgtgtggagtatgct’(gtcatgccacatacagaggtagagggcagtttatgggagﬁcagﬁc-ctattcncctttatgg
gggacctggggactgaactcéggicatcaggcttggcagaaagtgcaﬁagctcacggagccttatcattggcgaaagctctctca
a,gtagaaaatcaatgtgtttgctcatagtgcaatoattatgtttc:gagaggggaagggta.caatcgttggggcatgtg’tggtcacatct
gaatagcagtagctccctaggagaattaattccaagttctttggtggt'gtatcaatgccctzaaaggggtcaa.caactttttttocctctg,

acaaaactatetictial gtccttgtccctcatatttgaagtattt’cattctttgcag’cgttgaatatcaattctagcacctcagacatgﬁagg



20

30

taagtaccctacaactcaggttaacta&tttaattﬁaactaatitaaccccaacactttttct&tgtttatccacatttgtggag‘zgtgtgtgtg '
tptgtgtetgigigtatatatatatatetalatatatatgtet stgtatgtgogogegegegepegeteggateattctacctifiptitaa
aaaatpitagtccagepotggpigcactgtpansagtct gagoptaactipetgggatcagiictiiccactataggacagaactce
aggtetcaactctifactgacagaaccatccaaatagecctatetaatttagtititattattatitiitgtitticgagacagggtitotct
giggetitggagectgicctggaactagotctigtagaccaggeiggtotegaacicagagatccacetgectctgectoctgagty
ctpgeattaaaggeatgogecaccaacgettggetctanctaatittanaagagatigiatgicacaagggt groatgicgeectges
ACCaccoCooocooaiaasananaaanaasaaacticactgaagetgaageac gatgatttggttactctggciggccaatgagot
ctagggagicicctgicanacagaatctcaacagyc geageagtettitttanagtgg gpttacaacacaggtitttgeatatcagge
attttatciaagetaittcccagecananatgtgtatiftpgapocageagagctaatagatianaal gagpoasgapcceacacagy
ttattaggnagatangeatettcttiatataaaacaaaaccaaaccaaacty eaggaggtctaccittagpgatggaagaaaagacat
ttagaggptocaatagasagpecactgagittgigagetggagpactgggagaggacgcancegctitaactgtoct gititgeet
attitt ggggacagcacatgtmctattttfcccaggatgggca&tctccacgtccaaacttgcggtcgaggac{acagtcatttf;goa
ggtttecttactglatggetiitaaaacgigeaaaggt gaccattaacegiitcacgetgggagggeacst gcggcicagatgoticet
ctgactgagggocaggageeapciacacggaagagaecacacce geacttggraagactegatiigggcticagetg geigag
acgeeccageaggoiccics petacaceticageecegaatgecttoeggeccataacecticonticiaggeatticogaogagy
acccacectegogecaascatic ggccccatooccGgg‘cccmacctgaatctctaac-mtgactccagagtttagagactataacc

agatag

TE ELEMENT 02 (SEQUENCE ID NO. 4}
caaagccatagagaaaccc{atcfcaaaaaactgaaacaacaacaaca,acaaaacaaaataaaaaaacaaoaaaagaatcttagt
ggttcagtggttccacacacaggaaagtagaaagggccttgatgggaaggttttcagagggaggagtatggatgagacaggatg
amgtgaaaagaactcaaattaattaaatatttgaaactatctaagaataaaagctaazzatatttaﬂaattacagtcaggtagtgg’tggt
geagaggacias gttggtagacacagtgagatccaggccagccagggc‘cacc‘nag‘tgagaccttgttcaaat&actaataaa.atat
caanataaaggagacaccacaatanttitgasatgtaaaagactaaatitacetitiatatigat gagtiggatagaaaaateaatitac
caga.gaacataaagtagtcccatcaaagacaaaagcaatatatgattaaactctaattwaaag‘zttgttagagcctggcaacgtggc
acatacciftastcocageaccagggagacagaggecatectggtetaaaaagigatetecaggacageeatggelatiacacaga
gaaacc-ctgtctggaaaaacaaaaaattagtgtocatg_tgtaaatgtgtggagtatgcttgtcatgccacatacagaggtagagggc
agtitat gggagicagttcctattcttcctttatgggggacctggggactgaactcaggtcatcaggcttggcagaaagtgcattagct
cacggagccttatcattggcgaaagctctctcaagtagaaaatcaatggtttgctcatagtgcaatcatia{'g‘ittcgaga.ggggaag
ggtac;aatcgttggggcatgtgtgg‘ﬁcacatctgaatagcagtagc‘iccctaggagaattaattccaag‘t{ctttggtggtgtatcaat
gcccttaa,aggggtcaacaacttttittccctctgacaaaactatcttcttatgtoé{tgtccctcatatttgaagtattttattctttgcagtg
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ttgaatatcaatictageacctoagacat gttaggtaagtacectacaactcaggtiaactaatitaatitanciaattiaaccocaacact
titiettigtttatceacatitatepagtptetgigigtggtgtaigtatigtegtetgtipmgtat gt tgtatatatgtgogeg

cgegegogcpcicggateatictacettttgitianaaantgtiagiccagpgatgggpigoactgigaaagictgagggtaacitge
tgppgicagticiiiccactialaggaca sasctecaggtgicaacictifactgacagaaccatceanatageeatatetaatittagtit
ittaitiattiatitthigitifcgagacaggatiicietptggottippaggelglectggaaciageictigtagaccagecly gtc‘téga
actcagagatceacctgecicigectectgagtpctgpgattaaagpcatgegecaccaacgettggetetacctaatittanaaga

gattgtgtotcacas gggtgtcatgtcgccctgc:aaccacsccccccccagaaaaaaaaaaaaaaaaac:tmact gazgcigany

cacgatgattigattacteiggciggocaatgagetctagggagictoctgicanacagaatetcaacaggegoageagictiftitaa
agtggggtiacaacacaggittttgoatatcaggeatittatctaagctatttcecagecanasatgtgtatttiggaggeageagaget
aatagatiananfpagpgangageccacacaggitattaggangataagealcitotttatatanaacaaaaccanaccaaacigga
geaggtciacetifagggatpgaagaasagacatitagagggigoastagaaaguecactigagiitgioageizgaggacigpen
gagggopeaaccgctitaacigtectgtitigoctattitigggeacageacatgticetatttttcecaggatgggeaateiccacgic
canacitgepptegaggactacagteattitgcaggtitcetiactgtatggottiiaaaacgtgcaraggtgaceatiaacegiitcac
petgggaggegeacgtgegactoagatgoticetetgact gaggaccaggagggapotacacggaagaggecacaccegeactt
gegaagacicgatitogecticagotggotgagacgeeecagoaggctecteggotacaceticageocegaat geoitoeggece
cataaccettecctictaggratitceggegagpacecacceicgegecaaacaticggecceatccceeggtectcacctgaatet

ctaactctgactecagagiftagagactataaccagatag

TE ELEMENT 03 (SEQUENCE ID NO. 5)
acctitaatoocagoaccagggagacagaggecatectgptetaaaaagigatcieragpacagecatggctattacacagagan
accctgtctggaaaaacaaaaaattagtgtccatgtgtaaatgtg’tggagtatgcttgtcatgccacatacagaggtagagggcagtt
tatggpagicagttcctaticticottiatggpppacot gggpactgaactcaggtcaicaggetiggragaaagigatiageioac
ggagccttatcattggcgaaagc’tctc_tcaagtagaaaatcaatgtgtttgctcatagtgcaatcattatgtttcgagaggggaaggg‘t
acaategtiggegcatgtetogtcacatet gaatageagtageiceotaggagaatiaaticeaagticttigatgoratateaatgee
cttaaaggggtcaacaactttttttccctctgacaaaactatcttcttatgtccttgtccctoataﬂtgaagtattttattctttgcagtgtt ga
atatcaattctageaccicagacatgtieggiaagiacectacaacicaggtiaactaatitaatitanctaatitaaceccaacactittic
titgitiatccacattigtggagteiotatstgigtatgiatetstaipiatatetatat statatatet statatetgtgtgtgogegegee
cgegegetcggateatictacctitigittasanaatgttagtecaggeiggeatacactgtgasagtctgaggataactigeigeg
gtcagttctttccactataggacagaactccaggtgtcaactc-tttactgacagaaccatccaaatagccctatctaattttagﬁttttatt
tatitatittiigtittticgagacagpatitctct gigpetitygagact gtectggaactagetett giagaccaggetggictogaacte

agagatccaccigectetgoctectgagtgetgggatiaaaggeatpegecaccaac gettggotctaceiaattitaaaagagatip
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igtotcacaagggtgteat PlCgeCCtgeaaceaccetecooocaaaanaanaananaaanncticactgaageizaageacga
tgatttggttactctggctggccaatgagctc‘tagggagtctcc‘cgtcaaacagaatctcaacaggcgcagcagtottttttaaagtgg
gottacaacacaggittitgeatateaggcatittatclaagetatitceoageoanaaat gtgtatittggag ceagcagagotaatagy

attaa,a,atgagggaagagace&cacaggttattaggaagataagc;atcttctttatataaaac:a.aaaccaaaocaaact gEaggagy

gtctacctttagggatggaagaaaagacatttagagggﬁgcaatagaaagggc&ctgagtttgtgaggtggaggactgggagag 4
fiivsie: Eleld gctttaaotgtcctgtttigoctattttttggggacagcaca,tgttcctatt%ttcccaggatgggaaatatccacgtccaaa
ctrgcggtogaggaciacagicatittgoaggtitecttact gtatg gettitaaaacgtgeaaaggtgaccattaacegiiicacgeiy

ggagggeacgigegeeicagalgeticoicigactgage gocaggagpeeeciacacggaagagpecacaccs geactige
apgactcgatiigggeticaget ggctgagacgccccagcaggctcctcggctacaccttcagccccgaatgcet{cc gpeccata
acectteectictaggeatttocgpegagEacccaceicge gecaaacatfeggeoocatoccec gotectoacetgaatetetaa

ctetgactcoagagtttagagactataaccagaiag

TE ELEMENT 04 {SEQUENCE 1D NO. §)
ctatcttcttatgtccttgtccctcatatttgaagattttattctttgcagﬁgttgaatatcaattotagcacc:tcagacatg’{taggtaagta
ccctacaactcaggttaactaatttaa{ttaactaatttaa.ccccaacacttmot{tgtttatccacatttgtggagtg’sg’cgtgtgtgtgtg
tgtgtgtgtgtgtg‘fgtgtgigtgtgtgtg‘tgtg‘tgtgtgtgtgtgcgcgcgcgcgcgcgc!;cggatcattctaccttttgtttaaaaaat
gﬁagiccagggg’tggggtgcactgtgaaag’tctgagggtaactigctggggtcagttctttccactataggacagaactccaggtg
tcaactcttta.ctgacagaaccatccaaaiagccctaicta,attttagtttmai‘ctatttattttttgtttﬁcgagacagggtttctctgtggc
tttggaggctgtcctggaac:tagcicttgtagaccaggctggtctcgaactcagagatccacctgcctctgcctcctgagtgctggg
attasag gcatgcgccaccaacgcttggctctacctaatmaaaagagai‘tgtgtgicacaag gelotcatgicgecctgoaaccac
ceccococeananazasaanaanaasaacticactgaagct paageacgatgattiggttactetggctggecaatgagoiciags
gagtctcctgtcaaacagaatctcaacaggcgcagcagtcttttttaaag@ggg@tacaac&c-aggtttttgcatamaggcatﬁttat
ctaagctatttcccagccaaaaaigtgtattttggaggcagcagagctaatagattaaaatga gagaagagoecacacagiatia
ggaaga{aagcatcttctttatataaaacaaaaccaaaccaaactggaggaggtotacctttagggatggaagaaaagacatttaga
gg.g‘zgcaatagaaagggcactgagtttgtgaggtggaggactgggagagggcgcaaccgcttta.actgtcc:tgmtgcctatttttt
ggggacagcacatgﬁcctatttttccoaggatgggcaatctccacgtccaaacttgcggtcgaggaétacagtcatﬁttgcaggtttc
cttactgtatggetitiagaacgieocanag 'gaccattaaccg‘ittcacgctgggagggcacgtgcggctcagatgcttcc,tctgac
tgagggccaggagggggctacacggaagaggccacawcgca{:ttgggaagac‘(cga‘cttgggcttcagGtggctgagacgcc
ccagcaggctcctcggctacaccttcagccccgaatgccttccggcccataacccttcccttctaggc&tttccggcgaggaocca
cectegegocaaacatic ggccccatccoccggicctcacctgaatctciaactctgactccagagtttagagactataaccagata

g
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TEELEMENT 03 (SEQUENCE D NO. 7)
caggctggtctcgaaotcagagatccaccigcctctgcctcctgagtgctgggaitaaaggc&tgcgccaccﬂacgcttggctota
Cc:taattttaaaagagattgtgtgtcacaagggtgtcatgtcgcmigcaaccaecoccccoscaaaaaaaaaaaaaaa'aaaacttc
actgaagctgaagcacgatgatttggt’cactctggc‘tggacaatgagctctagggagtctcctgtoaaacagaatctcaacaggcgc
ageagictittitaaa gtggggttacaacacaggtttttgcatatoaggca.ttttatc‘taagctatt‘icccagccaaaaaigtgtatmgg
aggca_gcagagctaatagattaaaatgagggaagagcccacacaggttattaggaagataagcatcttctttatataaaacaaaac
caa.accaaactggaggaggtctacctttagggatggaagaaaagacamagagggtgcaatagaaagggcactgagtttgtgag
gtggaggactgggagagggcgcaaccgctttaactgtcctgttttgcetattttttggggacagcacatgttcctatttttcccaggatg
ggcaatctccacgtccaaacttgcggtcgaggactac&gtcattttgcaggtttccttactgtatggcttttaaaacgtgcaaaggtga
ccattaacogtttcacgctgggagggc:acgtgcggctcagatgcttcctctgactgagggccaggagggggciacacggaagag
gccacacccgcacuggga&gacmgaﬁtgggcttcagctgBctgagacgocccagcaggctcctcggctacaccttoagcccc
gaatgccttccgg@caataacccttcccttctaggcatttccggcgaggacccaccctcgcgccaaacattcggccccatcccwg

gicctcacc‘zgaatctotaaotctgactccagagtttagagactataaccagatag

TE ELEMENT 06 (SEQUENCE ID NO. 8}

Cttgcgg{cgaggaotacagtcaitttgc:agg’tttccttactgm{ggcttttaaaacg‘{gcaaaggtgaccattaaccgtttcacgctg
ggagggcacgtgcggctcagatgcttcctctgactgagggccaggagggggctacacggaagaggécacacccgcacttggg
aagactcgatttgggcttcagctggctgagacgccccagcaggctcctcggctacaccttcagccccgaatgccttccggcccata
acccttcccttctaggcatttccggcgaggacccaccctcgcgccaaacattcggccccatcccccggtcctcacctgaatctctaa

ctotgactceagagtitagegactataaccagatag

TE ELEMENT 07 (SEQUENCE ID NO. 9)
Gcc:tgaagacctgagttgatacccagaacccagatcaagatggaggagagaaceagccccactaagctgtcccctgacccooat
aaatgcctccctgcccagttaf;gccacacaaigataggtgaalacagaaaaacacccttcctttagacactaagcggattcctcttac
gcataccag‘taagﬁgatégttcttaggcttcaactcagcactttaaaaagﬂtatattttgcaatgctggggactaaattagggttgtgc
acatgcicaagtaagcactotacttttgtatcacattttaataattgtaagaattaattcgtgaaatag’zagctgagacaatagamgttmtt
tcatgtgggaactgctgtgtgtgcttcttgctgatgcaaacaaggtcaaatacmattccccagtgtctgcctagccctgtaacacttct
ctattatacaatgaccacaaataattaggtgagtgggttttgtttcattftaaattgttgctattttagagacaggatttc
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TE BELEMENT 08 (SEQUENCE ID NO. 10)
Geotgaagaccigagiigaiacceagaacceagatcaagatpgaggagagaaccagecceactaagotgteceetgaceoocat
aaatgectcoctigiceagttatgecacacaatgataggtgaatacagaaaaacacecticotitagacactaageggaticetettac
gcamccagttaagtgatagttcﬁaggcttca,actcagcac{ttaaaaagtttaﬁattttgcaatgc%ggggactaaaﬁagggttgtgc
acatgctaagizageactictactitigtatcacatittaataatigtaagaatiaaticgtgaaataglageigagacaatagatttgtrtet
tcatgtgggractgetgtaiptectictigeigaigeanacaagicaaatactitaticcecagigictgectageectglaacactict
ctattatacaatpaccacaaataatiaggtsaptppotittatiteatittaaatipgtigetatittagagacaggatiicitgeaaacotpgt
tggtettanactecgtatgtapetgapaatoaccttgaaaaceticetgicecaccoctcaaaticcagaatiatagacacceaccaca
iggcttaata.agtaaacaacaacaataaaagcatgax:ttaigggtctggagggagggcttgccagttaagagcaatggatactttcc
catagaacciggetitgacicecageactaacetacatggtgatagtpatgeageagacalacal gaggecaatacacacatgge
cacatacacacgeacccgeccaccatggettttcocceateacttagacagecatatttaaacglagiggagecaggetgepetys
tggeccacacetitaatcccageactccagaaggeagagglagecgeaicicigiggptttzagaccagectggtetacaagaget

agitccaggacegectccaaagecatagagaaacectate

TE ELEMENT (9 (SEQUENCE I3 NO. 11}
gocigaagacatgagtigatacceagaacceagatcaagalggaggagagaaccageeccactaagetgiceceigacocecat
aaatgectceotgtcoagtiatgecacacaatgataggigantacagaanaacacccticetttagacactaageggattectettac
geataccagttaaglgatagtictiagpeticaactcageacttinaaaagitiatattitgeaatgeigggoactaaatiagegtigtae
acatgctaagtaageactctactittgtatcacatttiaataatigtnagaattanttogteaaataglagotgagacaatagatitgiitett
teatgtoooaactgetotptgtgetictigetgatgeaaacaaggateaaatacitiaticececagtgictgectagecctgtaacacttet
ctattatacaatgaccacaaataatiaggigagippatitigttitcatitiazatigtipetattttagagacaggatttctigeaaacetggt
tggictiaaactcogtatetagetgagaatgaceitganascoticetgtioecaccooteoaaaticeagaatiaiagacacecaccaca
iggettaataagtasacaacaacaataaaageaigactictpegictzgagopaggectigocagitaagageaatggatactitee
calagaacctgggtitgactcecageactaacciacatggigatagizatgeageagacatacalgagggoaacacacacaiggg
cacatacacacgeacecgeecaceatggetificeccoatcacttagacageeataittaaacglagiggasccagpeigesatogs
tggeceacacctitaatcecageaciccaganggeagaggtageegpatcictgipgetilgagaccagectggtotacaagaget
agliccaggacagectccaaagecatagagaaaccciateicaaaaaacigaaacaacaacaacaacasaacasaatanaanad
caacaaaagaatcttagtggttcaptpaltccacacacaggasagiagaaaggocctigatggpaaggtiticagagggaggagt
atggatpagacs ggatgatagtgaaaagaactcaaattaattaaatatttgaaacmtctaagaataaaagctaaaatat‘ctaaaattac
agicaggtagtpptostecagagpectaagitgatagacacagigagatccaggosagecagggotacciagigagacctigtic

aa staactaatanaatatacasaaiaaaggagacaccacaataatittganatptaaaagactasatitacctttiatatigatgaptige
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ataaagaaatoaatttaccagagaacatasaptagicccatcanagacaaaagcaatatatpattasacictaattizasagtiigitag

Bgeciggeaacgtgpeacatacetitaaioccageaccagy

TE ELEMENT 10 (SEQUENCE 1D NO. 12)
gectgaagacotpagiigatacccagaaceragatcaagatggaggagagaaccagreccactaagetgiceertgacecceat
aaatgecteccigicoagitatgecacacaatgataggtpaatacagaaanacacceticetitagacactaageggaticetettac
geataccagtiasgtgatagitctiaggeticaacicageactttanaaagtitatatittgeaatgcigogepactaaatiagepitatoc
acatgctaagtaageactictactittgiaicacatttiaatanttgtasgaattaattcgtoanatagtageigagacaatagatttgtttctt
wcatgtgggaacigetgtgipipctictiget gatgearacasgpteanatacitiaticeceagigtetgectageeetgiaacacttct
ctatiatacastgaccacaantaniiaggigagigoatitiptitcatittanattpttectatitiagagacaggatticttgcaazccigpt
tggtctianactcogtatglageigagaatgaceiigaanaceticcigtcenacoecicaaattceagaatiatagacacecacoeaca
tggetiaataagtaaacaacaacaataaaageaigacticigggietggagegaggectipecagitaagageanigpatactitce
catagaacctgpattipacicecageastaacctacatlggligatagteatecageagacaiacalgagegonacacacacatgpy
cacatacacacgeacccgeceaceatggettitcceoeateactiagacagecatatitaaacglagiggageeaggetggeoigy
tggeccacaceittaatcocageactecagaaggeagaggiaggepgatetetgiggsttigagaccagocipgictacaagaget
agitcoaggacagectccaaagecatagagaaaceciatetcasaaaactgaaacaacaacascaacaaaacaasatasaaass
caacaaasgaatctiagiggticagiggitccacacacaggaaagtaganaggpceiigaiggeangitticagagggaggagt
atggatgagacaggateatactaaaaagaactcaasiiaatiasatatttgasactatctaagaatasaagetaaaatatiiaaaatiac
aglcagptagtgptootecagapggoctaagttpatagacacagtgagatecaggoecagecagggetacetagtgagacettgite
aaataactaataaaatatacasaatanaggagacaccacaataatitigaaatgiaaaagactaaatitacetittatatigatpagtisg
atznaaadatcaatitaccagagaacataaagtagicecateaangacanaageaatatatgattazacictaatitaanagtiigtiag
agectggeaacgiggeacatacctitaalccoagraccagggagacagaggecaicotgpiciaaanagigatetecaggacage
catggciattacacagagaaacocigictggasaaacasaanatiagtgtecatptglaaatgtgtppagtatpeitgteatgocacat
acagaggtagagoocagiitatggpagteagiicctaticticetttatgggegacctggggactgaacicaggtcatcaggettge
cagaaagigcattagefcacggagecttateatiggegaaagelicicicaagtapgaaaateaat gigttigetcatagtgeaateatts
tgﬁtcgagaggggaaggg‘;acaatcgttggggcatgtgtggtcacatctgaatagcagtagctccctaggagaattaattccaég‘ﬁ
cttiggtegtgiatcaatgecctianaggeateaacanctittittcectotgacaaaactatottctiatgtoctigtone

TE ELEMENT 11 (SEQUENCE ID NO. 13)
geetgaagaccigagiigatacecagaacecagatcaagatgsaggapagaaceagecceactaageigiccectgacceceat

aaatgectoectgtecagitaigecacacaatgataggtigaatacagaaanacacecttectttagacactaagoggaticetettac
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geataccagttaagigaiagitctiagpeticancioageactitaranagtitatatitigeaatpetsoppactanatiagggtigiac
acatgclaagtasgeactciactittgtatcacatittaataati gtangaatinaticgiganatagtagoigagacaatagattigtiictt
tcatgipgeaactgotpigtgtgetictigotgatgeasacaaggtcaaatactitaticcecagigictgectagoocigtancacttct
ctattatacasigaccacanataattaggigagtsgatitptiicatttiaaatigitgetaititagagacaggatitetigeaaacciggt
tggtettaaacicogtatgiageigagaatgacctigaaaaceiteotgiceoaceocicanaticoagaattalagacacecaccaca
tggottaataagianacaacaacaatanaagealgacitelgggtolg gagggaggectigecagitaagageaaiggatactitce
catagaaccigggtitgactcecageactaacetacatggtatagtgatgcageagacataoatgaggecancacacacatggy
cacatacacacgeaccegeecaccatggottitococcatcactiagacagecatatttaaacglagierapccaggetgpeeigg
tggcocacacclitaaicocagoaciceagaagcagaggtagge ggatctetgtagptitgagacoageciggtctacaagaget
agitccaggacagectocanagecatagagaanceetatcicaaaanactgaascancancaacaacaasacagaatasanaaa
cascaaaagaatetiagtggticagiggticcacacacagpanagtagasagpgectipatgoonagptittcagaggaapaagt
atggatgagacaggatgaiagipanaapgaacicasattaatiasatatttgnaactatctaagaataaaggctasnatatitaaaatiac
agicageiagtzgtigpigeagaggpctaastigetapacacagigagatocaggecagecagggctacetagtgagacctigtic
aaataactaatzanatatacasaataaaggagacaccacaaiaattttgasatgtasaagactaastitaccttitatattgatgagtizy
ataaanaaatcaattlaccagagaacatasagtagicocaicazagacasaageaatatatgattasactctaattizasagtitgtiag
agectggeaacgigpeacatacctitaatoccageaccagggagacagagpocatectggictaanaagtgatetceagpacage
catggetattacacagagasacoctgiciggaaasacaaaasattagtgiocat gigtazatgtgigpagtat gettgtoatgecacat
acagaggiagagggcagtttatzrragtcagitectaticticetiiatggggaacctgg gactgaacteaggicaicageetigy
cagaaagtgeatiageteacggagectiateattggoganagetctetcaagiaganaateaatgtgtttgcicatagtgeaatcatta
tgtttcgagaggopangootacaatogiiggggcat gigtpgteacatotgaatageagtageteectaggagaatiaaticcaagtt
ctitggtggigtataatgeccttaaagpggicancaactttititcoctetgacaaaactateticiatgicotiglececteatattigaag
tatittattettigeagigttgastatcaaticiageacetcagacatgitagglaagiacectacaactcaggtiaaciaatitaatitaact
aaittasccooancacttiitettiptitaiccacatitgigzagigiptpt piatetptetstgisiptetptpistptplot gty plataty
igtetgtgtgizegegegegegegogeteggateatictacetitiglitanazantgtiagicoaggeategaptgcacigigazag
totpageataacttgotggegteagticiticeactataggacagaactccaggt gicaactetiiactzacagaaccatceazatage
cotatctaattttagttitttatitattiatitittptititegagacaggetiicictgtppetttggaggetgtoctggaactagetettgtaga
ceaggetgptefegaacicag

TE BLEMENT 12 (SEQUENCE ID NG, 14)

geotgaagacoigagtipatacceagaacecagatcan gatggag gagagaaccagecceactaagetgtceoctgaceeecat

aaatgecteocigtecagitatgocacacantgataggigaatacagaaaaacacecticetitagacactaagoggaticcicttac
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geataccagitaagigatagticttaggoticaactcageacitiasaaagiitatatittgeaatpet pgopactanatiagpetigige
acatgctaagtasgeactotacttitpiaicacatiftaataatigtangaatizaticgiganatagtagotgagacaatagatttgitictt
teatptpegaactpetgtptgtgetictigetgal geaaacaaggicanatactiiaticeccagt gictgectageectgtaacactict
ctattatacaatgaccaceaataattaggigagtggotiitgiticatittaaalt gttgctattttagagacaggatttcttgcaaaoctggt
tgotettaaaciceglatgtageigagaatgaceitgaaaaceticcigteccascecteaaaticcagaaliatagacacecactaca
tggcetiaataapiaaacancaacaataanagratgacticipgptetggag ggaggectigecagiiaagageaatggatactitce
catagazcctgeeitigacteceageactancciacatpgtyatagigatgeageagacatacal gaggacaacacacacalgeg
cacatacacacgeacecgeecaccatggetiticeeceateactiagacagecatatiiazacgtagiogrgccaguetggeeteg
iggeecacacctfagicccagoactecagaag ccagaggtagpogpatetotgiggatitgagaccageotggictacaagaget
agttccaggacagcctccaaagccatagagaaacccta’tctcaaaa.aactgaaacaacaacaacaaoaaaacaaaataaaaaaa
caacaaaagaatcttagtggttcagtggttccacacacaggaaagtagaaagggccttgatgggaaggttttcagagggaggagt
atg gatgagacaggatgatag‘;gaaaagaactcaaattaa‘;taaatatttgaaactatctaagaa‘caaaagctaaaatatttaa&attac
agtcagptagtgetestgcagaggeciaagtiggtagacacagigagatecaggeca gecagggctacctagtgagacetigttc
azataactaatasaatatacaaaatasagragacaccacaataatitigiaatgiaaaagactaaatitacetittaintigatgagtteg
atasaasaateaatitaccagagaacataaagtagtoccalcasagacaanageaatatatgattaaactciaatttanaagtitgtiag
ageetggoaacgtpgeacataceittaatoccageaccagggagaoagaggecaiceiggictasaan gigatetecaggacage
cat ggctattacacagagaaaccctgtctggaaaaacaaaaaattagtgtccatgtg{aaatgtgtggagta{ pettgteatgooacat
acagag gtagagggcagtttatgggagtcagttcctattcttcctttatgggggacctggggactgaactcag orcatcaggetige

cagaaagigeattageteac ggagccttatcattggcgaaagctctctcaagﬁagaaaatcaatgtgtttgctca‘aagtgcaatca&ta

' tgtttc-gagaggggaagggtacaatcgttggggcatgtgtggtcacatctga&tagcagtagctccotaggagaattaattccaagtt

cittgetegtgtaicaatgeccttaaaggpetcadcaacttitticectet gacadaactatciicttatgicctigicocteatattigaag
tattitaticiitgeagtgttgaatatcaatictageacctcagacaigtta gptaagiacoctacaacicaggitaactastitaatitaact
astttaaccecaacacititictitgtitatocacatigiggagigtgtigtotgtatatptotatatgtgigigtgtgigtgtataigiatg
tatgtptgtatpegegegegogege goteggateatictacoltitgittaszraatgtiagtecaggeateg gptgeacigigaaag
tetgagpgtaactigcigggpteaghictitccactataggacagaacicoag gtotcaactotifactgacagaaccatccanatage
cctatctaatitfagtttittattatitatittitgtitttogagacaggiticictgtgguttt ggagectgicetggaactagetcttgtaga
ccaggctggtctcgaactcagagatccacctgcctctgcctcctgagtgctgggattaaag geatgogecaccaacgeitgpetct

acctaatiftasaagapgati gtgtgtcacaagggtgtcatgtcgccctgcaaccaccccccccooaaaaaaa&aaaaaaaaaaacu
cactgaa gctgaagcacgatgatttggttactctggciggccaatgagctcta’gggagtctcagtcaaacagaatctcaacagg’cg
cageagictitittazagtg gggtta.caacacaggtttttgcatatcaggcattttatctaagctatttcccagccaaaaatgtgtattttg

gaggcapcagagctaatagatianaatgag ggadgageecacacaggitaitagonagataageatotictitatatanaacanas
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ccaaaccaaacigpapgagptctacctitagpoatepaa ganangacatitagagpetpcantagaaagepcactgagtitotea
pgtggageactppgagegoocgeaaccgctitaacigtcotgtitipectatititigggpacageacatgiicciattiticocaggat

cggoanictccacgiccanactigeggivgaggactacag

EXAMPLE 3: Influence of the TE element variant TE-00 on the expression of GFP and
immunoglobulin G (JgG1)

The effect of the TE element TE-00 on the expression of the cytoplasmically located GFPs
{green fluorescent protein) and a secreted monocional 1eGl-antibody was investigated in
two independent stable transfection series with CHO-DG44 cells, For this, CHO-DG44
celis were co-transfecied with the following plasmid combinafions or plasmid variants:

ay control plasmids pBENG-LC {(Fig. 1A) and pBID-HC {Fig. 1 A) without TE element
by PBING-L.C and pBID-HC with & TE element TE-00 integrated upstream from the
promoter/enhancer in direct orientation

¢} pBING-LC and pBID-HC with a TE element TE-00 integrated upstream from the
promoter/enhancer in reverse orientation

In transfection series A four pools were produced, in fransfection series B fen pools were
produced per variant. Equimolar amounts of the two plasmids were used. In order to arrive
at the same total mumber of molecules, the total amount of DNA used in series A in the
control mixtares was 1 pg, while in the mixtures containing TE element the amount was
1.3 pg. This difference resulted from the different plasmid sizes, as the plasmids with TE
element were larger than the conirel plasmids by a factor of 1.3, As the amount of DNA
used in the fransfection mix can have an effect on transfection efficiency, in series B the
total amount of DNA was balanced out with 300 ng of "mock DNA" (= veetor without
product gene, TE slement and enkaryotic selectable marker), so that the mixture with the
control plasmids also contained 1.3 pg DNA in fotal. As a negative control, a mock-
transfected pool was also run in each transfection series, i.e. treated in the same way, but
without the addition of DNA in the transfection mixture. The selection of stably
transfected cells took place two days after the transfection with ~HT/+G418 (400 ug/ml),
After the selection the proportion of GFP-expressing cells was determined by FACS, The

comparison of the variants in the plot overlay in both transfection series yielded z larger
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proportion of GFP-expressing cells for pools with TE element 00 than in pools with control
plasmids (Figl 7). Between the pools in which the TE element was present in the plasmid
in either direct or reverse orientation, no differences of any kind could be found. The
effect of the TE clement 00, namely increasing the proportion of cells with higher
productivity in a mixed population, was consequently independent of the orientation
thereof.

In addition, the IgG1 titre and the specific productivity of the pools were determined over a
period of six to eight passages (passaging raythm 2-2-3 days), Here again it was
confirmed that the cell pools containing the TE element 00 on average expressed more than
the cell pools without TE element (Fig, 9, series A and Bl In both series, a doubling of the
pool productivity could be demonstrated as a result of the presence of the TE element,
while the orientation in which the element was cioned in the expression plasmid was of no

relevance.

EXAMPLE 4: Influence of the TE elements TE-O! o TE-12 on the expression of MCP-1

The effect of the TE elements TE-01 to TE-12 on the expression of the secreted MCP-1
was investigated in three stable transfection series {Series C, D and B} of CHO-DG44 cells
compared with expression without the TE element. In all three series, 6 pools were
produced per plasmid variant. The base plasmid was pTE4AMCP-1 in Series C and D
(Figure 1B; Selectable Marker NPT - Neomycin-phosphotransferase F24010), pTE5/MCE-1
in Series E (Fig. 2; Seleciable Marker DHFR = Dihydfefolate-reductase}. These coniained
either no TE element (= control mixtures) or one of the TE elements TE-01 to TE-12 in
direct orientation upstream of the promoter/enhancer. In order to minimise the influence
on transfection efficiency caused by different amounts of DNA in the transfection mixture,

1.2 g of plasmid-DNA were used in total, Depending on the size of the TE eclement

-introduced, the plasmid size varied between 6.7 kb and 10.7 kb, However, to ensure that

the total number of molecule of test plasmids could be kept constant in all the mixtures, in
the mixtures with smaller plasmid molecules the total amount of DNA was balanced out
with a so-calied mock plasmid which contained nefther product gene and TE element nore
any eukaryotic selectable marker. As a negative control, for each transfection series, a

mock-transfecied pool was alse run, i.e. treated in the same way but without the addition of
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DNA to the transfection mixture, The selection of stably transfected cells was carried out
two days after transfection, with HT-supplemented CHO-5-SFMII +G418 (400 pg/ml) in
Series C and D and with HT-free CHO-8-8FMIT in Series B,

After the selection, the proportion of dsRed2-expressing cells was determined by FACS.
Figure 8 shows the relative percentage fluorescence of the living transfected cells from

Series C. Compared with the contrel pools, the pools which contained the TE elements

TE-0%, TE-02 or TE-08, contained about 3 {0 3.5 times more dsRed2-expressing cells and

pools with the element TE-06 contained approximately twice as many dsRed2-expressing
cells. In pools with the fragments TE-05 and TE-09, on the other hand, there was no

apparent increase in the proportien of dsRed2-expressing cells compared with the conirol.

In addition, the MCP-1 propduct titre and the specific produciivity were also raised over a
period of & passages (passaging rhythm 2-2-3 days), Figure G (Series C and I¥) and Figure
10 {Series E) shows a relative specific MCP-1 productivities. The element TE-0§ in
conjunction with NPT-F2401 as selectable marker with factor 5.3 showed the greatest
increase in the specific MCP-1 productivity compared with the control pools without TE
clement (Fig. 9). Combined with DHFR as selectable marker, a 6-fold increase was
achieved with this variant (Fig, 10). The TE elements 01, 02 and 03 resulted in a 4 10 4.5-
fold increase in productivity in the NPT.selected pools (Fig. 9) and 2 2.6 to 6.8-fold
increase in productivity in the DHFR-selected pocls (Fig, 10} compared with the control
pools. The TE etement 06 which is only 300 bp long was also able to increase productivity
in all the series by a factor 2.5 0 3.2 (Figs. ¢ and 16). The increases achieved with
fragments TE-04 and TE-G7 were also of this order of magnitude (Fig, 10). Pools in which
the somewhat longer fragments TE-10, TE-11 and TE-12 were used, showed a doubling of
MCP-1 expression (Figs. 9 and 10). Obviously, in all these pools, the number of cells
expressing fittle or no product was reduced and thus overall the proporiion of high
producers in the cell population was increased. This is an indication that the TE elements

are able to suppress, shield or cancel out negative chromosomal positional effects.
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By contrast, the expression could not be increased compared with the contro! by the use of
fragments TE~05 and TE-09, as has already been seen with dsRed2-expression (Fig. §),
and in some cases was even less (Figs. @ and 10). These elements, or partial fragments in

these sequence regions, could possibly thus sven have a repressing effect.

In all, the change in MCP-1 expression observed correfated with the proportion of dsRed2-

expressing cells in the stabie cell pools.

EXAMPLE 5: Test of the TE elements TE-01 to TE-12 on enhancer activity

By transient transfection of CHO-DG44 cells a test was carried ol to see whether the
observed increase in product expression is actually based on a chromatin-opening effect of
the TE elements or whether it is based on an enhancer activity. As the plasmid is not
integrated into the genome in fransient transfection, the genetic information Is read off
directly from the plasmid. Thus, no chromoscomal posttional effects can oecur. If
nevertheless there are positive effects on gene expression these can be put down to
enhancers present in the TE element. Such enhencers can act on the activity of a promoter
in the cis location irrespective of position and orientation and stimulate the transcription of

a functionally linked gene.

In the transient expression study shown in Figure 11 6 pools were transfected with the base
plasmid pTE4/MCP-1 (= control; Fig. 1B) or derivatives thereof, each additionally
comtaining one of the TE elements TE-01 to TE-~12 upstream of the promoter/enhancer.
After 48 hours cultivation in & total volume of 3 mL harvesting and determination of the
MCP-] titre were carried out in the cell cultere supernatant by ELISA. Differences in
transfection efficiency were corrected by co-transfection with an SEAP expression plasmid
(addition of 100 ng of plasmid DNA per transfection mixture) and subsequent
measurement of the SEAP activity, Figure 11 shows the average from the 6 paralie] pools.
The daia show that the MCP-1 titre in the cell culture supernatant were very similar in al}
the pools and there were no significant differences in expression from the control plasmid '
pTE4/MCP-1 without a TE element. Thus the increase on productivity of more than factor

2 brought about by some TE ¢lements in stably transfected celi pools is not based on the
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presence of an enhancer in the TE sequence. Thus for the enhanced expression obtained

by TE elements chromosomal integration is absolutely essential,

EXAMPLE 6: Production of other TE elemenis and testing of different TE element
positions and combinations

Analogously to the method described in Example 2, other partial fragments of Sequence 1D
No. 1 or derivatives thereof can be generated and tested for their positive effect on
produgtivity as described in Examples 3 and 5. Some Examples of possible fragments are
shown in Figure 12, The results obtained hitherto indicate for example that the regions of
Sequence D No; | éiaowsn in Figure 12 could also bring about an increase in gene
expression. In stable transfection series these new TE elemenis are to be characterised
more closely with regard to their effect on specific productivity in order to locate and
further narrow down the sequence regions which are fmportant for the function,
Narowing down of the function to specific sequence regions and the associated possibie
reduction in the fragment length is advantageous for efficient use in expression vectors, as
smaller expression plasmids are more stable and are casier to martipulate both doring

cloning and during transfection.

Furthermore, it is possible to arrange similar or different fragmeni regions in any
orientation o one another and also in any position within the plasmid. The investigation as
to which of the combinations results in the best possible increase in expression can also be
carried out In stable {ransfection series. Some embodiments, which are in no way
restrictive, are shown in Figure 13, Thus, for exampie, the investigation should determine
whether the TE elements TE-06 and TE-08 are able to bring about an additional jcrease in
expression when they flank the product gene on both sides or are arranged one afler
another. Alse, it is conceivable that the concatination of short TE elements, be they
identical or different, such as TE element 06 and 08, for example, could also lead o an

additional expression-enhancing effect,
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EFurther TE Elements

TE-ELEMENT 13 (SEQUENCE ID NO. 15)

gz’sgctatt‘ctagagacaggatttcttgcaaacctggftggtcttaaactccgtatg‘sagctgagaatgaccttg&aaaccttcctgtccc
acccc{caaattccagaattatagacacccaccacaiggcttaata&gtaaacaacaacaataaaagcatgacttcigggtc’tggag
ggagggcttgccagﬂaagagcaatggatacittoccatagaacctggg’ittgactcccagcactaacc:taca.tggtgatag{gatg
cagcagacaiasatgagggoaacacacacatgggcacatac&cacgcaccc goccaccaigpetittcccecatcactiagacag
ccatatttaaacgtagtggagccaggctggggtggtggcccacaccttfaatcccagcactccaga&ggcagaggtaggcggatc

tc‘cgtgggﬁttgagaccagcctggtctacaagagci:agﬁccaggaca gccté:caaagccatagagaaaccctaic

TE-BLEMENT 14 (SEQUENCE ID NO, 16}

caaagccatagagaaaccctatctcaaaaaactgaaacaacaacaacaacaaaacaaaataaaaaaacaacaaaagaascttagt
ggttcagtggttccacacac;aggaaagtagaaagggccttgatgggaaggttttcagagggaggagt&iggaigagacaggatg
atagtgaaaagaactcaaatia.attaaatatttgaaactatcta,agaataaaagctaaaatatttaaaattacagicaggtagtggtggt
gcagagggc‘aaagﬂggtagacacagtgagatccaggccagccagggctacctagtgagaccttgtcaaataacmata.aaatat
acaaaataaaggagacaccacaat&attttgaaatgtaaaa.gactaaatttacctttta{attgatgagttggafaaaaaaatcaatttac

cagagaacataaagﬁagtcccatcaa&gacaaaagcaatat&igattaaactctaatttaaaa gittgitagagcetggeaacgtege

acatacctitasicceagraccagy

TE-ELEMENT 15 (SEQUENCE ID NQ. 17)
gttgctatttﬁagagaoaggatttci‘tgcaaaoctggttggtcttaaactccg‘éatgtagctgagaatgaccttgaaaacct‘tcctgtccc
acccc*icaaattccagaattatagacécccaccacatggcttaataagtaaacaacaacaataaaagcatgacttctgggictggag
geaggpctigecagiiaagageaaty gatactficcoatagaacctg geitigacicecageactaa cctacatgptgatagtpate
cagcagacatacatgagggcaacasacacatgggcacatacacacgcacccgcccacoatggcttttccccc&icacttagacag
ccatatttaaacgtagiggagccaggctggggtgg’{ggcccacacctttaatcccagcactccaga aggeagagotagocsratc
tetgiggaittgagaceagoct ggtetacaagagriagticcaggaca goctecaaagecatagagaaaccotatetcazaaaact
gasacaacaacaataacaaaacaaaatanaaasacancaaas geatctagiooticagt ggttecacacacaggaaagtagaas
gggectigat Bggaaggttiicagaggrapmastatggatragaca ggetgatagigaaaagaactoasattaatianatattigas
actatcta&gaataaaagctaaaatatttaaaattacagtcag glaptggtestocapagppctaagity gtagacacagtgagate

caggecageeagggotacotagt gagaccttgttcaaataactaataaaatatacaaaataaaggagacaccacaataai‘%‘ttgaaa
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tglaaaagactaaattiacetitiatatigaigapitopatananaastcaatitaceagagaacatasagiagtoccaicasagacans

ageaatatatgaitasacictaattianasgtiigitagagooigecancgtggeacatacettiaatcocagoaccagy

TE-ELEMENT 16 (SEQUENCE ID NC. 18}

acctttaatccoagcaccagggagacag&ggccawctggmtaaaaagtgatctccaggacagcna.tggcta‘ttacacagagaa
accctg‘tctggaaaaacaaaaaattagtgtccatgtg‘faaatg*;gtggag‘tatgcttgtcatgccacatacagaggtagagggcagtt
taigggagtcagttcctattcttcctttatgggggacctggggactgaactcagg’scatoaggcttgg,caga,aagtgcattagctcac
geagecttateattggoganageteicicaa gragaaaﬁtcaatgcgtt&gctcatagtgcaatcatmtgtttcgagaggggaaggg
acaatcg’ctggggcatgtgtggtca.catctgaatagcagtagctccctaggagaaﬁaattccaagﬁctttggtggtgtatcaatgoc

cttaaagg,ggtcaacaactttttttccctctgaca_aaactatcttcttatgtccttgtccc

TE-ELEMENT 17 (SEQUENCE ID NO, 19)

caasgecatagaganscoeetateteaaaasact Baaacaacaacaacancasancaasataanasaacancanaagantciiagt
ggrtcag’cggttccacaca,caggaaagtagaaagggcct‘ﬁgatgggaaggﬁttcagagggaggagtatggatgagécaggatg

atagtgaaaagaactcaaatiaa‘ttaaatatttgaaactatctaagaataaaagctaaaatatttaaaattacagtcaggtagtggtgg‘c

gea gagggctaagﬁggtagacacagtgagatccaggccageeagggctacctagtgagaccttgttcaaataaotaataaaatat
acaanataaagpa gacaccacaataattttgaaatgtaaaagactaaatttaccﬂ:ttata‘itgatgagttggat‘aaaaaaatcaatttac
cagagaacataaagtagtcocatcaaagacaaaagcaatatatgattaaactctaatttaaaagtttgttagagcctggcaacgggc
acatacctttaa%cccagcaccagggagacagaggccatcctggtctaaaaagtgatctccaggacagccatggctattacacaga
gaaaccctg‘[ctggaaaaacaaaaaattagtgtccatgtgtaaatgtg;tggagtatgcttgtcatgccacaéacagaggtagagggc
agtttatgggag‘ﬁcagttcctattcttcctttatgggggacctggggactgaactcaggtcatcaggcttggcagaaagtgcattagct
cacggagccttatcattggcgaaagctctctc:aagtagaaaatcaatgtgtttgctcatag‘cgcaatcattatgtttcgagaggggaag
ggtacaatcg*{tggggcatgtgtggtcacatctgaatagcagtagctccctaggagaattaattccaagttctttggtggtgtatcaat

gcecitaaagps gicaacaactiftiticeeictgacaaaactatettottatgicettgtoce

TE-ELEMENT 18 (SEQUENCE ID NO. 20)

gttgctattttaga.gacaggatttc‘ctgcaaa.cctggt’tggtcttaaactccgtmgtagc%gagaatgaccttgaaaaccttcctgtccc
acceoicaaaticoagaatiatagacacccaccacatggotiaatangtnaacascaacaatanas geatgactictgggictggag
ggagggcttgccagttaagagcaa'igga.taotttcccatagaacctgggtttgactcccagcactaacctaca.tggtgatagtgatg
cagcagacatacatgagggcaacacacacatgggcacatacacacgc:acécgcccaccatggctttmccccatcact{.agacag

ccatatfiaanc g’[agtggagccaggciggggfggtggcccacacctttaatcccagcactccagaaggcagaggtaggcggatc
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tetgtppatitpagaccageetggictacaagagetagticcapgacagectecaaagecatagagaanccetaictioaaaaanct
gaaacascaacancaacaaaacasaataaaaaaacaacasaagaatetiagigglicagtggticcacacacaggaaagtagaana
pecctigatgeeragptittcagagogaggagiatggatgagacaggatgatagtgaaaagaacicaaattaatinaatattigan
actatctaagaatanasgetagaatatttaaaattacaptcagetagioptpetocagagepetaagitegtagacacagigagalc
CABECCAgUCATE gctaccta.gtgagaccttgttcaaataactaataaaata{aaaaaataaaggagacaccacaataattttgaaa
tgtaaaagactasatitacetitiatatigatgagtiggataaaaaantcaatitaccagagaacaiagagtagicecatcanagacaaa
agcaatatalgatiaaactciaatiianaagtitgttagagectggeascgigacacatacelttaatcccageaccagggagacaga
geocatectggiciaaasagipatctecaggacagecatggetatiacacagagaaaceetgtetggasaaacaaaanatiagiat
ccatgtgtanatgtprgpaptatgotigicatgecacatacagaggtagagsocagittatggpagteagticetatteticotitatgg
gggacciggpaacigaacicaggicatcaggotigecaganagigoatiageicacggagecitatcatiggoganagetoicica
agtagaaaatcaatgigttigeicatagtgeaateatiatgittogagagpopaageeiacaategitggpooatgtatg gicacatet
gaatageagtagcloectaggagaattaaticoaagiictit getgatotateaatpoecttanaggggicaacaactitititcectetg

acaazactatcttcttatgicettgicee

TE-BELEMENT 2! (SEQUENCE ID NG. 21)

ciigegptogaggactacagicatittgeapgtticettact glatgectittaanacgtgcasagptoaccatiancertiicacely
gagggcacgtgegeotcagatgcticeteigacigagggccagpaggeogciacacggaagageecacaceegeacttggg

aagactegatligggeticagetgpetgagacgececageaggetectepgetacaccticageccegaatgocticogecccata

acceticcotictaggeatitceggegaggncccaccetegegecaaacaticggecccatecccoggiecteacctgaatoliotaa

ctetgactccagagittagagactataaccagatag

EXAMPLE T: Influence of TE elements RE~13 to TE-18 on the expression of MCP-1

The effect of the TE elements TE-13 to TE-18 on the expression of the secrated MCP-1
was investigated in a stable transfection series (Series F) of CHO-DG44 cells by
companson with expression without the TE element, Four pools were produced per
plasmid variant. The base plasmid was pTE4/MCP-1 in all the series (Fig. 1B; Selectable
Marker NPT - Neomycin-phosphotransferase F2401). The varous plasmid variants
contained gither no TE element (= control mixiures) or one of TE elements TE-13 to TE-
18 in direet orientation wpstreamn from the promoter/enhancer (Figure 12). In order o
minimise any influence on transfection efficiency caused by different amounts of DNA in

the transfection mixture, .2 pg of plasmid DNA were used in totsl in each case.
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Depending on the size of the TE element introduced, the plasmid size varied between
6.7 kb and 8.2 kb. As a negative control, a mock-transfected pool was run at the same time
i each wransfection series, Le. treated the same, but without the addition of DNA in the
transfection mixture. The selection of stably transfected cells took place two days after
transfection, using HT-supplemented CHO-S-8FMIT +G418 {400 pg/ml).

MCP-1 product titres and the specific productivity were obtained over a period of 5 to 6
passages (passaging thythm 2-2-3 days). Figure 14 (Series F) shows the relative specific
MCP-1 productivities. Each of the elements leads to an increase in the average MCP-1
expression.  The greatest increase (13-fold) was obtained using element 13, which even

exceeds the 10-fold increase produced by element 08,

EXAMPLE & Influence of the TE elements at various positions and in various
combinations on the expression of MCE-]
The effect of the TE elements TE-06 and TE-02 in varous combinations and at various
positions in the expression plasmid on the expression of the secreted MCP-1 s investigated
in two stable transfection series (Series G and ) of CHO-DG44 cells compared with
expression without the TE clement. In both series, 6 pools are produced per plasmid
variant.  The base plasmid is pTR4MCP-1 {(Fig. 1B; Selectable Marker NPT =
Neemycin=phophotransferase F2401). The different plasmid varients contain either no TR
element {= conirol mixtures) or TE-08 or TE-A in front of the enhancer/promoter element
or the combination of TE-06 and TE-0R in front of the enhancer/promoter element or TE-
08 or TE-09 in reverse orientation in front of the enhancer/promoter element (Series Gy in
Series H the elements TE-06 and TE-21 or TE-08 are used in fromt of the
enhancer/promoter element (B/P} and additionally after the tenmination signal {T) (Figure
13}. In order to minimise any effect on transfection efficiency cavsed by different amounis
of DNA in the transfection mixture, 1.2 pg of plasmid DNA are used in total in each case,
Depending on the size of the TE element introduced the plasmid size varies between 6.7 kb
and 10.2kb. As anegative control, s mock-transfecied poel is run at the same time as each
transfection series, 1.e. treated the same but without the addition of DNA in the transfection
mixture. The selection of stably transfected cells takes place twe days after transfection,

with HT-supplemented CHO-S-SEMII +G418 {300 ng/ml).

90,
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The MCF-1 product titre and specific productivity are obtained over a peried of 6 passages
(passaging rhythm 2-2-3 days). Pigure 15 shows the relative specific MCP-1
productivities of Series G. All the elements lead to an incresse in the average MCP-1
expression. The greatest increase {4-fold) is produced by the element TE-A. The use of
the elements TE-06 and TE-21 or TE-08 before and after the expression cassette also gives

rise to an increase.

EXAMPLE 9: Influence of TE element TE-08 on the expression of two immunoglebulins
Go4(1gG-4)

The effect of TE element TE-08 on the expression of two IgG-4 antibodies is investigated
in a stable transfection series (Series I) of CHO-DG44 cells by comparison with the
expression without the TE element. 24 pools are produced with the base plasmids pBIN-
LCZ or pBIN-LC3 and pBID-HC2 or pBID-HC3 and 24 pools are produced with PBIN-
LC2/TEDS or pBIN-LC3/TEQ8 and pBID-HC2/TE0S or pBID-HC3/TECS (Figure 16;
Selectable Marker NPT = Neomycin-phosphotransferase F2401 and dhfr = Dihydrofolate-
reductase). In order to minimise any influence on transfection efficiency caused by
varying amounts of DNA in the transfection mixture, 1.2 ug of plasmid DNA are used in
total in each case. Depending on the size of the TE element introduced, the plasmid size
varies between 6.1 kb and 7.5 kb. As 2 negafive control, a mock-transfected poot 1s run at
the same time with each fransfection series, i.e. treated the same, but without the addition
of DNA to the transfection mixture. The selection of stably transfected cells is carried out
two days after transfection, using HT-free CHO-S-SFMII +G418 (400 pg/mL).

IgG-4 product titres and the specific productivity are obtained over a period of 4 passages
(passaging rhythm 2-2-3 days). The element 0% leads to an increase in the BVErage
expressiont rate in the expression of 1g(34 antibodies. Moreover, the chance of finding a

high producing cell pool can be increased by the presence of the element TE-0R.
EXAMPLE 10: Infiuence of TE elements on protein expression in 293F cells
The effect of various TE elements on the expression of the secreted MCP-1 is investi gated

in & stable transfection series (Series K) of HEK 203 freestyle cells by comparison, with |

-93.
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MCP-1 expression without a TE element. The base plasmid is pTE-4/MCP-1 (Fig. 1B;
Selectable Marker NPT = Neomycin-phosphotranferase F2401). The elements TE-08, TE-
13 and TE-A are used in direct orientation upstream from the enhancer/promoter and 7-10
pools are produced per plasmid variant. In order o minimise any effect on transfection
efficiency caused by different amounts of DNA in the transfection mixture, 1.2 pg of
plasmid DNA are used 'in fotal in each case. Depending on the size of the TE element
introduced the plasmid size varies between 6.7 kb and 10.2 kb. As a negative control a
mock-transtected pool is run at the same time as each transfection series, i.¢. treated the
same but without the addition of DNA to the transfecfion mixture. The selection of stably
transiected cells takes place two days after the transfection with 203 SFM I medium + 4

miM ghutamin + G418 (100 pg/mi).

MCP-1 product titre and the specific productivity are obiained over a period of 5 v 6

passages {passaging thythm 2-2-3 days).

EXAMPLE 11: Influence of the TE element TE-0% on the expression of an SNZYIe
(SEAP)

The effect of the TE element TE-08 on the expression of an enzyme {SEAP) is investigated
in a stable transfection series (Series L) of CHO-DG44 cells compared with SEAP
expression without the TE element. Six pools are produced per plasmid vadant. The base
plasmid is pTE-4/SEAP. Ti is generated by exchanging the MCP-1 ~ IRES — DsRed2-
expression cassette for SEAP, The element TE-08 is cloned into the adaptor A (Fig, 18;
Selectable Marker NPT = Neomycin-phosphotransferase 2401}, In order to minimise any
effect on the transfection efficiency caused by varying amounts of DNA in the transfection
mixture, 1.2 ug of plasmid DNA are used in total in each case, Depending on the size of
the TE element introduced the plasmid size varies between 6.6 kb and 7.6 kb, As a
negative control a mock-transfected poo! is run at the same time as each fransfection series,
ie freated the same but without the addition of DNA to the transfection mixture. The
selection of stably transfected cells takes place two days after transfection, with HT-
supplemented CHO-S-SFMII +G418 (400 peimll).

94.



The relative SEAP expression is determined using the commercially obfainable SEAP

assay {Clontech) and obtained over a period of 6 passages (passaging rhythm 2.2-3 days}.
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PATENT CLAIMS

1. A nucleic acid comprising TE-13 (SEQ 1D No. 15) or a fragment of TE-13 (SEQ 1D No.
15) or the complementary nucleotide sequences thereof or a derivative of TE-13 {SEQ ID No. 15)
or the complementary nucleotide sequences thereof, wheremn on chromosomal integration said
nucleic acid leads to an merease in the transcripfion or expression of a gene of interest in an

expression system, and wherein the derivative has at least 85% sequence identity,

2. A nucleic acid comprising TE-08 (SEQ 1D No. 103 or a fragment of TE-08 (SEQ 1D No,
10) or the complemeniary nucleotide sequences thereol or a derivative of TE-08 (SEQ 1D Ne. 10)
or the complementary nucleotide sequences thereof, wherein on chromosomal integration said
nucleic acid leads to an Increase n the transcription or expression of a gene of interest in an

expression system, and wherein the derivative has at least 85% sequence identity.

3, A nucleic acid comprising SEQ ID No. 1 or a fragment of SEQ D No. 1 or the
complementary nucleotide sequences thersof or a derivative of SEQ ID No. 1 or the
complementary nucieotide sequences thereof, wherein on chromoesomal integration said nucleic
acid leads to an increase in the transcription or expression of a gene of interest in an expression
system, wherein the fragment or derivative has at least one sequence region consisting of the
nucleic acid region between | bp and 1578 bp, and wherein the derivative has at least 85%

sequence identity.

4, Nucleic acid according to one of claims 1 to 3, characterised in that the increase in the
transcription or expression of a gene of interest in an expression system in comparison to a control
which does not comprise a TE element, is determined for example by measuring the product titre
by ELISA.

3. Nucleic acid according to one of claims 1 1o 4, which

hybridises under stringent conditions

(a) with the region of nucleic acid sequence TE-13 (SEQ ID No. 15) or TE-08 (SEQ ID No. i0) or

-00.



{b) the complementary nucleic acid sequences thereof or
{c) a nucleic acid sequence which has at least 83% sequence identity, preferably at least

20% sequence identity and preferably at least 95% sequence identity with {a) or {b).

6. Nucleic acid according to Claim 5 characterised 1n that this nucleic acid has a
length of at least 511 bp (=length TE-13, SEQ ID No. 15) or at Jeast 1015 bp (=length TE-
08, SEQ 1D No. 10}

7. Nucleie acid according to one of claims 1 to 6 wherein the nucleic acid is selected
from among : TE-00 (SEQ I Ne. 23, TE-01 (SEQ 113 No. 3), TE-02 (SEQ 1D No., 4), TE-
03 {SEQ ID No. 5), TE-04 (SEQ 1D Ne. 6), TE-06 (SEQ ID No. 8), TE-07 (SEQ I} No.
9), TE-08 (SEQ I No. 10}, TE-10 (SEQ ID No. 12), TE-11 (SEQ 1D No. 13), TE-12
(SEQ 1D No. 143, TE-13 (SEQ 1D No. 15), TE-14 (SEQ ID No. 18), TE-15 (SEQ 1D No.
173, TE-16 (SEQ ID No. 18), TE-17 (SEQ ID No. 19) and TE-18 (SEQ ID No. 20).

8. Nucleic acid according to Claim 7, wherein the nucleic acid is TE-08 (SEQ ID Ne.

-100-
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9. Nucieic acid according to Claim 7, wherein the nucleic acid is TE-13 (SEQ ID No.

15).

10. Eukaryotic expression vector characterised in that this expression vector comprises

a nucleic acid according to one of claims [ to 9.

11. BEukaryotic expression vecter according to claim 10 characterised in that it
comprises a combination of several identical or different nucleic acids according to one or
more of claims 1 to 9, wherein one or more nucleic acids are positioned in front of (i.e. 5'

of) and / or one or more nucleic acids are positioned behind (1.e. 37 of) the gene of interest.

-101-
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12.  Eukaryotic expression vector according to Claim 11 characterised in that one or
more TE-08-nucleic acid(s) (SEQ 1D No. 10} are positioned in front of (Le. 5 of) and one
or more are positioned behind (i.e. 3 of) the gene of interest, preferably one TE-08-nucleic

acid mn front of it and one behind.

13. Method of producing a eukaryotic expression vector. characterised by the

integration of a nucleic acid according to one of claims 1 to 9 in an expression vector,

14. Fukaryotic host cell, characterised in that it comprises a cukaryotic expression

vector according to one of Claims 10 to 12

15. FEukaryotic host cell according fo Claim 14, characterised in that it i5 a high

producer, i.¢. i has a higher specific productivity than a comparable eukaryotic host cell
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witheut a TE element, this host cell having an expression level which is increased up to
two-fold, three-fold, four-fold, five-fold, six-fold, seven-fold or ten-fold or one which is
increased more than two-fold, more than three-fold, more than four-fold, more than five-
fold, more than seven-fold or more than ten-fold, preferably up to five-fold or more than

three-fold.

16. Method of developing a high-producing stably transfected eukaryotic host cell line,
characterised by the following steps:

(a) integrating at least one nucleic acid according to one of Claims 1 to 9 in a eukaryotic
expression vecior comprising a gene of interest,

(by transfecting a eukaryotic host cell with this expression vector,

(¢} selecting a highly-productive transfected host cell.
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17. Method of preparing and selecting recombinant mammalian cells, characterised by
the following steps:

{a) transfecting the haost cells with genes that code at least Tor a protein/product of interest,
a neomycin-phosphotransferase, preferably modified, and the amplifiable selectable
marker DHFR, wherein in order to enhance the transcription or expression at least the gene
{or genes) of interest is or are functionally linked to at least one nucleic acid according to
one of claims 1 10 9,

{b) cultivating the cells under conditions which enable expression of the different genes,

{(c) selecting these co-integrated genes by cultivating the cells in the presence of a selecting
agent, such as e.g. G418, n a hypoxanthine/thymidine-free medium and

(d} amplifying these co-integrated genes by cultivating the cells in the presence of a
selecting agent which allows the amplification of at least the amplifiable selectable marker

gene, such as e.g. methotrexate.
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8. Method according to one of claims 16 to 17, wherein the proportion of high
producers 1s increased up to two-fold, three-fold, four-fold, five-fold, six-fold, seven-fold
or ten-fold or more than two-fold, more than three-fold, more than four-fold, more than
five-fold, more than seven-fold or more than ten-fold, preferably up to five-fold or more

than three-fold.

19, Method of preparing a biopharmaceutical product, characterised by the follewing
steps:

(a) integrating at least one nucleic acid according to one of claims 1 to @ in a eukarvotic
expression vector comprising a gene of interest,

{b) transfecting a eukaryotic host cell with this expression vector,

{c} selecting a highly-productive transfected host cell and

{dy cultivating the highly-productive transfected host cell obtained under conditions

which allow expression of the gene(s) of interest.

20, Method according to claim 19, characterised by the following additional step;

{e) harvesting and purifying the proten of interest.

21. A nucleic acid according to one of claims 1 to 9 for use as a medicament.
22, The nucleic acid according o claim 21, wherein the nucleic acid is a transeription-

enhancing nucleic acid element.

23, A nuclee acid according to one of claims 1 to 9 in a eukaryotic expression vector,
for use in increasing the transcription or expression of a gene of interest in an expression

system in a eukaryotic host cell or for preparing a biopharmaceutical product.

24, A nucleic acid according to one of claims 1 to 9 for use in producing non-human

transgenic animals or plants.

[
tn

A nucleic acid according to one of claims 1 to  for use in gene therapy.
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26. A nucleic acid efement according to one of ciaims 1 to 9 for use as a medicament or

in a pharmaceutical composition.
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