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NOVEL REGULATORY ELEMENTS

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

The invention concerns the field of cell culture technology. It concems novel
regulatory elements as well as a method to Improve expression of polypeptides
from nucleic acids such as cloned genes and the production of various

polypeptides in eukaryotic host cell using said novel regulatory elements.

BACKGROUND

The market for biopharmaceuticals for use in human therapy continues to grow at
a high rate with over 800 biopharmaceuticals being evaluated in clinical studiss
and estimated sales of 50 billions in 2010, Currently, an increasing number of
biopharmaceutlicals is produced from mammalian celis due to their ability fo
correctly process and modify human proteins. Therefare the recombinant proteins
are compatible with humans both funclionally and pharmacokinetically. A
shortcoming compared (o prokaryolic expression systerns is often the significantly
ower protein expression level. Successful and high yield production of
biopharmaceuticals frorm mammalian cells is thus crucial and s govermed by
various faclors including host cell ling, expression system, cell growth and
productivity, culiure and feed media, production and purification process, protein
structure and sequence, protein stability and formulation.

Expression of the recombinant protein requires an expression vector encoding the
desired gene of interest. Several methods have been employed to optimize
expression vectors for efficient protein production. Gene expression is reguiated
on transcriptional and translational fevels. Hence many methods pertain to the
identification end oplimization of strong promoters and enhancers o improve the
efficiency with which protein encoding genes are franscribed. Examples of these
are the CMV immediate early promoter and enhancer, SV40 promoter and
enhancer, elongation factor (EF) promoter, Polvoma enhancer, and chickan [beta]-
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actin promoter. Likewise, strong polyadenylation signal sequences that stabilize
mRNAs and enhance transcription fermination are also used to augment the
protein expression from genes encoded by the expression veclors, Among the
methods to improve the efficiency with which the resuttant mRNA is translatad are
the use of translation initiation sites (AUG), optimal ribosome binding sites such as
the Kozak sequence (GCCGCCACCAUGG; AUG constitutes the start codon) or
internal ribosome entry sites (IRES).

One of the methods employed to optimize expression vectors in order to obtain
higher levels of recombinant gens expression in eukaryolic cells pertains to the
use and selection of polyadenylation signals. A variety of polyadenvlation signals
are used in vectors for the expression of recombinant proteins. The most
commonly used include for example polyadenyiation signals from bovine growth
hormone (BGH} (US §5,122,458), simian virus 40 late and sarly region, rabbit beta-
globin, mouse or human immunoglobulins, polyoma virus tate region,

In eukaryotic messenger RNA {mRNA) the 37 untranslated region (3'UTR) is an
impartant regulatory element. In many instances it dictates mRNA stebility and it
can also regulate transiation efficiency. Polyadenylation signals are nucleotide
sequences within the 3'UTR that direct binding of a polyadenylation protein
complex lo an AAUAAA sequence within the signal sequence. The complex
contains an endonuclease that cuts the mRNA about 14 o 30 nucleotides
downsiream of the AAUAAA sequence and a polymerase that incorporates post-
transcriptionally a string of approximately 160 to 200 adenine nucleotides {polyA
tail) to the cleaved 3" end. The polyA tall is believed fo influence many aspects of
mRNA metabolism, including stability, translational efficiency, and transport from
the nucleus to the cytoplasm. Typically, the polyadenyiation signal consists of two
recognition elements flanking the cleavage and polyadenylation site: a highly
conserved AAUAAA sequence approximately 14 to 30 nucleotides upstream of the
cleavage site and a poorly conserved G/U- or U-rich region approximatety 20 to
50 nuciectides downstream of the AAUAAA sequence. Cleavage betwsen these



two elements is usually on the 37 side of an A residue. In vivo, the efficiency with
which different polyadenyiation sites are processed varies considerably. The
assembly speed of the polyadenylation protein complex is a mullistep process and
correlates with the strength of the polyadenylation signal sequence. For example,
due to faster assembly rate cleavage in the strong SV40 late polyadenylation
signal occurs more rapidly than in the weaker SV40 early polyadenyistion signat
{Chao st al,, Molecular and Cellular Biology, Vol.18 (8), 5588 — 5600, 1999}.

There is the need o identify allernative strong or even very strong potyadenylation
signals 1o accelerate the generation of high producer call lines for the producti(on of
recombinant proteins. The use of strong or even very strong polyadenyiation
signals enhances transcriptional termination which In wrm resulls in increzssd
production, stabitity, nuclear exporl and/or transiation of vector encoded mRNA.
This should lead to higher mRNA levels and hence result in higher productivity of
producer cells.

SUMMARY

Here we describe a new polyadenylation signal isolated from the growth hormone
of the Chinese hamster (Cricefus griseus). Surprisingly, it has been found that this
newly identified polyadenylation signal, named HGH, outpsrforms the strong
nolyadenylation signals BGH and SVA40 late. When using vectors comprising HGH
as polyadenylalion signal sequence protein titers In transient transifections of
CHO-DG44 cells were increased up to 35 % compared 1o cells comprising BGH.
In stable cells high specific productivities up lo 45 pgleel/day aﬁd titers in fed
bateh processes up (o 8.3 gil were obtained.

One embodiment of the present disclosure is a polynucieotide sequence comprising
at least one HGH polyadenylation signal and at least one heterologous nucleotide
sequence encoding a product of interest. The HGH polyadenylation signat is
downsiream and operably linked {0 the heterclogous nucleotide Séquence(s).
Another embodiment of the present disclosure is a novel vector comprising at least

one heterologous nucteotide sequence encoding a product of interest and at least
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one HGH polyadenyiation signal. The HGH polyadenyiation signal is downstream
and operably linked to the heterclogous nuclectide sequence(s). A further
embodiment of the present disclosure is a novel vecior or polynuciectide sequence
comprising at least one HGH polyadenyiation signal operably linked to an
upstream multiple cloning site which allows the cloning of the gene of interest via
racoghition sequences for restriction endonucleases. Yet ancther embodiment of
the present disclosure is a eukaryotic cell, preferably a mammalian cell, comprising
the HGH polyadenylation signal. Yet a further embodiment of the present disclosure
is a method for producing a product of interest comprising culturing eukaryotic
cells, preferably mammalian cells transfected with vectors or polynucleoctide
sequences comprising the HGH polyadenyiation signal. In a preferred embodiment
the product of interest is a polypeptide and the desired polypeptide is recovered
from the culture medium,.

The data of the present disclosure show the impact of the HGH polyadenylation
signal sequence on he transient expression of siCAM (Figure 8), Surprisingly, the
highest siCAM expression is obtained with the polyadenylation signal sequence
dertved from the growth hormong gene of hamster. The iter 5 increased up i
21% (transfection series #1) compared 0 cells transfecied with the vector pdR110
containing the BGH polyadenylation signal and increased up to 40 % (transfection
series #1) compared (o cells transfected with ths vector pJR106 containing the
SV40 fate polyadenyliation signal.

The data of the present disclosure furthermore show the impact of HGH
polyadenylation signal on the fransient expression of an ,%;QGA‘L antibody.
Surprisingly, titers obtained with the HGH polyadenyiation signal sequence are on
average 35% higher than for the BGH polyadenylation signal {Figure 7).

The data of the present disclosure additionally show a test of different HGH varianis
{Figure 8), The shoriest HGH seguence of 113 bp contained in the expression
vector pJR135 teads fo & up to 78 % reduced siCAM expression in cosﬁparéson fs]
the HGH sequence of 324 bp contained in the expression vector pJR131.
Whereas the HGH sequence of 188 bp contained in the expression vector pJR134
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results in & very good sICAM expression comparable io the expression level
achieved with BGH (Figure 7). The best exprassion result is achieved with the
HGH sequence of 324 bp contained: in the exoression vecior pJRTS"I {Figure 8},
which s much better (35%) than the expression achisved with BGH
polyadenyiation signal (Figure 7).

This shows that between the HGH region of bp 180 o 324 of SEQ ID NO&
seguances are logated which coniribute to an efficient expression of a gene of
nterest.

The data of the present disclosure furtherrmore show stable expression of prcxtaigs

at high fevels using the HGH polyadenylation signal. Cell pools and cell clones
with specific productivities in the range of 10 - 45 pg/celi/day and titars in fad batch
pracesses of up to 6.3 g/l are obtained (Figure ).

‘The disclosure relates to a potyadanyiafion signal comprising a nuclsic acid
comprising a sequence ait isast 75% identical to SEQ 1D NO:9. The disclosure

further relates o & fmiyac’ienyiatien signal comprising a8 nucleic acid comprising a
sequence having at least 75% identity to SEQ 1D NO:8. The disclosure furthermors
refates to @ polyadenylation signal comprising & nucleic acid comprising &
seguence with at least 75% identity fo SEQ ID NC:9. The disclosure specifically
refates {o a pi}iyacﬁanyfaiio—n signal comprising a nucleic acid consisfing essentially
of & sequencs at least 75% identical io SEQ 1D NOS.

The disclosure preferably relaies to a polyadenylation signal comprising & nucleic
acid consisting of a sequence at least 78% idenfical o SEQ 1D NG, The
disclosure furthermore relates to a polyadenylation signal comprising a nucleic acid
comprising SEQ (D NO:©,

in 2 spacific embodiment the disclosure relates to a polyadenyiation signal
c@mﬁ;ﬁ&ing a nuclsic acid comprising a ssguence al lezst 75% dentical to SEQ 1D
ND:S.Vi‘h:-: disclosure specifically relates o a bolyadanmaﬁon signal comprising 8
nuclelc acid consisting essentidlly of a sequence at lsast 75% ideritical to SEQ ID
NO:8. The disclosure preferably relates to a mfyadeny%a‘ii&m signal comprising a

nucieic acid consisting of 2 seguence at least 75% identical to SEQ 1D RO:8. The



disclosure furthermore relates to a polyadenylation signal comprising a nucleic acid
comprising SEQ 1D NO:8.

in a further embodiment of the present disclosure the polyadenylation signat
comprises a sequence at least 80%, 85%, 90%, 95% or 88% identical to SEQ ID
NO:9 or SEQ ID NO:8. In one aspect, there is provided a

polyadenylation signal comprising a nucleic acid comprising a seguence at least
85% identical to SEQ 1D NO: 9. In anocther specific embodiment the disclosure
relales o a polyadenyiation signal comprising a nudleic acid comprising 2
seguence al least 85% identical o SEQ 1D NO:8. In a specilic embodiment the
disclosure refates to a polyadenylation signal comprising & nucleic acid comprising

a sequence at least 85% ideniical to SEQ ID NOB. In another specific
embodiment the disclosure relates fo a polyadenylation signal comprising a nucleic

acid comprising a sequence at least 95% identical to SEQ 1D NO:8.

in another aspect, there is provided a nucleic acid the sequence of which comprises SEQ ID
NO:9. Preferably, the disclosure relates o a nucleic acid the sequence of which

consists essentially of SEQ ID NO:©Q. More preferably, the disclosure relates to a

nucleic acid the sequance of which consists of SEQ 1D NO:G.

The disclosure relates to a nucleic acid the sequence of which comprises SEQ ID
NO:8. Preferably, the disclosure relates to a nucleic acid the sequence of which

consists essentially of SEQ 1D NO:8. More prefarably, the disclosure refates to a

nucteic acid the sequence of which consists of SEQ 1D NO:8.

Irt 8 preferrad embodiment said polyadenyiation signal is isolated. In a preferred
embodiment the disclosure relates to an isolated polyadenylation signal comprising

a nucleic acid comprising & sequence at least 75% identical to SEQ 1D NO9. In
another preferred embadiment the disclosure relates to an isolated polyadenylation
signal comprising a nucieic acid comprising a seguence at least 95Y%, identical to
SEQ ID NO:9. In still another preferred embodiment the disclosure relates to an

isolated polyadenylatiors signal comprising & nucleic acid comprising SEQ D



NO:©. In a further preferred embodiment the disclosure relates 1o an isolated
polyadenylation signal comprising a nucleic acid comprising a seguence at least
75% identical to SEQ 1D NO:8. in another preferred embodiment the disclosure
ralates o an isolated polyadenylation signal cormprising a nucleic acid comprising
a seguence at least 95% identical to SEQ 1D NO:8. In stifl another preferred
embodiment the disclosure relates 1o an isolated polyadenylation signal comprising

a nucleic acid comprising SEQ 1D NQ:&.
Preferably, the disclosure relates io an isolated nucleic acid the sequence of which
comprises SEQ 1D NO:9. More preferably, the disclosure relates to an isolated

nucleic acid the sequence of which comprises SEQ 1D NO8.

In a preferred embodiment said polyadenyiation signal is operably iinked o a
heterologous coding sequence. In a specifically preferred embodiment said
bﬁ!yadenyiatian signal is characterized by that the fiters / expression levels
obtained with the said polyadenylation signal are at least 10%, preferably 20% and
most preferably 30% higher than those obtained for the BGH polyadenylation
signal. In a most preferred embodiment they are at least and/or on average 35%
higher than those obtainad for the BGH polyadenylation signal.

The disclosure specifically relates {0 a nucleic acid the sequence of which

comprises SEQ 1D NO'9 operably linked to a heterologous coding sequence.
Alternalively, the sequence of which consists essentially of SEQ 1D NO:Q operabty
linked to a heterologous coding segquence. Preferably, the sequence of which
consists of SEQ 1D NO:9 operably linked to a heterologous coding saquence.

The disclosure furthermare relates o a nucleic acid the sequence oft.%;vhich
comprises SEQ D NO:S operably Hnked to a heterologous coding saquence.
Allernatively, the sequence of which consists essentially of SEQ 1D NO:8 operably
linked to a heterologous coding sequencs. Preferably, the seguence of which
consists of SEQ 1D NO:@ operably linked to a heteroiogous coding seguence.

A nucleic acid the seguence of which comprises SEQ ID NO8 or 8 and has
terminator function. Preferably said nucieic acid has terminator function and is

operably linked 1o a heterologous coding sequence.
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The disslosure furthermore relates to a vactor or polynuclevtide segushoce which
cormprises ény' ore of the polyateriyiation sighals or nudleic acid saduences as
describad above. inanother aspest, there s provided a vector or polynuciestide
séguence comiprising any one of said polyadenylation signals of said nudleic acids as
defined herein. In a specific embodiment said polyadenyiation signals or nucleic

acid sequences are oﬁavab;y tinked to an expression unit / ekpre;ssim cassetie, in
another embodiment of the disclosure the vector comprises the selection and/for
amplification marker dihydrofolate reductess (DHFR), giutaming synthatass or
neomycin phosghatase (neo). In a preferrad' embodiment of the preseént disclosure
the vector or polynucieotide sequence comprises a heterologous gene of injerest
sncoding for & heterologous product of interest, P%e'ferabiy said product is &
polypeptide. Preferably said polypeptide is an antibody, antibody fragment or
fusion profein.

‘in another aspect, there is provided a csll comprising any one of the vectors or
polynuciectide sequences as desoribed above, Preferably, the cell comprises any
one of the polvadenyiation signals or nucleic acid seguencas as described above
operably linked to a transcription unit encoding a product of interest.  Preferably
~ said product of interest i3 & nucleatide / nucleic acid of interest. I another
smbodimant of the oell said product of interest is a polypeptide of interest encoded
by a gene of interest. Preferably said polypepiide s an antibody, asribody
fragment or fusion protein. ‘

In a speclfic embadimertt said cell is a eukaryotic cell, 8 mammalian call, a
hamster cell or a murine cell. Preferably said cell is 3 hamster cefl. More
preferably, said cell i1s Chiness hamster ovary (CHQO) cell. Mostforeferably said
celt s & CHO DG44, CHO-KT or DUKX-B11 cell. In another preferrad
ambodimeant said cell is 8 NSO cell. In a preferred sniboadiment said cslis Bs
described are cultured cslls.  Preferably, said cells are culfured in serum-free
medium.  Preferably said cells are grown it suspension cuiture.  n another
preferred eribodiment of the present invention the cell is characterized by that the
fiters / expression tevels obtained with said polyadenylation signal or nucisic acid

seguence are at lsast 10%, preferably 20% and most prefarably 30% higher than
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thoss obtained for the BGH polyadenyiation signal. i a most preferred
embodiment they are at least and/or on average 35% higher than those obtained
for the BGH polyadenylation signal. Preferably, said cell has 35% higher
expression levels.

In another aspect, there is provided a method of making a polypeptide of interest
encoded by a gene of interest, the method comprising:
() vaid’mga host cell comprising a veclor or polynuciectide sequence
as described above or providing 2 cell as described above,
{b) Cullivaling said cells, under conditions which allow the proliferation
of the cells and the expression of the gene of inlerest,
{c) Harvesting the poiypeptida of interest and
(dy Purifying the polypeptide of intarest.
In a specific embodimeant of said method the cell is a eukaryotic cell, 8 mammalian
cell, 2 hamster cell or a murine cell. Preferably said cell is a CHO cell, most
preferably a CHO DG44, CHO-K1 or DUKX-B11 cell. Furthermore preferred is a
NSO cetl.
tn a preferred embodiment of said method the polypeptide of interest s a
recormbinant protein, preferably a secreted polypeptide, more preferably a
- therapeutic protein. Most preferably the polypeptide of inferest is an antibody,
such as a monoclonal, polyclonal, mullispecific or single chain antibody, or 2
fragment thereo!, e.g. Fab, Fab’, F(ab')2, Fc and Fo'-fragments, heavy and light
immunoglobulin chains and ther constant, variable or hypervariable region as weli
as Fv- and Fg-fragments. In another preferred smbodiment of said method the

polypeptide of interest is a fusion protein or a scafiold protein.

The disclosure further relates io a use of the cell as described above for the
manufacturing of proteins.

in another aspect, there is provided use of any one of the polyadenylation

signals or nucleic acids as described above as an insulator.



Additionally, the disclosure relates to a use of any one of the polyadenylation

signals or nucleic acids as described above for the generation of improved host
cell lines. :

The disclosure specifically relates to a use of any one of the polyadenylétion signals
or nucleic acids as described above for the use in gene therapy.

in another aspect, there is provided a kit comprising any one of the polyadenylation
signals or nucieic acids as described above, 2 vector, a cell and a cell culure
medium for cultivation of said cell.

DESCRIPTION OF THE FIGURES

FIGURE 1: BASIC EXPRESSION VECTORS

Figure 1 schematically shows the expression vector designs used for the
transfection of CHO-DG44 cells. "P/E” means a composite unit that contains both
CMV enhancer and promoter element, “P" a promoter element and “T" &
fermination signal for transcripiion, which is required for polyadenylation of
transcribad messenger RMA.  The polyadenylation signals "BGH", “SV40L" ang
“HGH” are termination signals for transcription derived from the 3° untransiated
region of bovine growth hormone (SEQ 1D NO:12), the SV40 late gene region
{SEQ ID NO:11) and 3" untranslated region of Chinese hamster growth hormone
(SEQ ID NO:8), respectively. These polyasdenylation signals are flanked by
restriction enzyme sites for “SfI" and “Xbal”. The position and direction of
transcription initiation within each transcription unit is indicated by an arrow. For
cloning of the gene of interest a seguence region with multiple cutting sites for
restriction endonucleases (multiple cloning sites — "mcs”) is insérted sfter the
promoterfenhancer element. The amplifiable selectable marker dihydrofolate
reductase is ebbreviated to “dhi” and the selectable marker neomycin
phosphotrensferase is abbrevialed to “npt”.
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FIGURE 2: ISOLATED GROWTH HORMONE GENE REGION OF CRICETUS
GRISEUS

Figure 2 shows the nucleotide sequence of the growih hormone gene region which
was amplified from genomic CHO-DG44 (Chinese Hamsler Qvary cell ling;
Cricetus griseus) DNA using nested PCR with in total 362 bp (SEQ (D NO:7). The
arrow indicates the direction, length and position of the gene specific primer GH
for2 used in the amplification reaction, the primer sequence ifself is highlighted in
italics (SEQ 1D NO:2). The stop codon TAG of the growth hormone gene
sequence is highlighted by underiined bold letters and is followed by 324 bp of the
3" untransiated region.

FIGURE 3:  ALIGNMENT OF 3" UNTRANSLATED REGIONS OF GROWTH
HORMONE GENES

In this alignment the isolated 3" untransiated region of the Cricetus griseus growth

hormone {(SEQ 1D NO:8) is compared to the 37 untranslated growtht hormone

region of the syrian hamsler Mesocricetus aurafus (Genbank S$S66299), Mus

musculus {Genbank Z46663), Ratlus norvegicus (Genbank V01239 and Bos

faurus (Genbank J00008). Shading indicates nuclectides differing from the C.

griseus sequence.

FIGURE 4; HGH DELETION DERIVATES OF 3" UNTRANSLATED REGION OF
CRICETUS GRISEUS GROWTH HORMONE

I this alignment the deletion derivates of the 362 nuclectide Cricetus griseus
growth hormone (HGH) sequence (SEQ 1D NO:7) containing just the 3
urdranstated region are shown. Al derivates have an identical 5 end and differ in
their 3" ending. The longest derivate with SEQ 1D NO:8 consists of 324
nucleotides. SEQ 1D NO:Q consists of 188 nucleotides and SEQ 1D NO:10 of just
113 nucleotides. The stop codon TAG of the growth hormone gene sequence is
highlighted by underlined bold lefters and the potential binding site for the
polyadenylation protein complex AATAAA is highlighted in ialics.
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FIGURE 5: RECOMBINANT EXPRESSION VECTORS FOR EVALUATION OF
HGH PERFORMANCE

All recombinant expression veclors encode the gene of interest "sICAM” under the
controf of the CMV enhancer and promoter element ("P/E"}. sICAM transcription is
either terminated by the 37 untranslated region of bovine growth hormone “BGH"
(SEQ ID NO:12), the SV40 late gene region “SV40L" (SEQ ID NO:11) or the 3
unlranstated region of Chinese hamster growth hormone “HGH" (SEQ 1D NO:8,
SEQ 1D NO:9, SEQ 1D NO:10). The size of the latter in basepairs is indicated.
These polyadenylation signals are flanked by restriction enzyme sites for “Sfil” and
“Xbal’. "P" indicales a promoter element and "T" a termination signal for
franscriplion. The position and dirsction of transcription initiation within each
transcription unit is indicated by an arrow. The amplifiable selectable marker
dihydrofolate reductase is abbreviated to "dhft”.

FIGURE 60 EVALUATION OF HGH PERFORMANCE IN  TRANSIENT
TRANSFECTIONS

In two independent series CHO-DG44 cells are transfected with expression
vectors pJR106, pdR110 and pJR131 all of which encode sliCAM under the CMV
enhancer/protroter. For termination  of transcription either the SV40 lale
polyadenylation signal (SEQ 1D NO:11), the 3" untranslated region of bovine
growth hormone BGH (SEQ 1D NO12) or the 3untransiated region of Chinese
hamster growth hormone HGH (SEQ 1D NO8) are used. After a period of 48 hours
the slCAM titers in the supematants are determined using ELISA. To correct for
transfection efficiency cells are co-transfected with the plasmid pCMV-SEAP and
the SEAP acitivity is measured. Using HGH as polyadenylation signal the titer is
increased up to 21% compared to termination with BGH and up to 40% compared
io termination with SV40 late.
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FIGURET7: EVALUATION OF HGH PERFORMANCE IN  TRANSIENT

EXPRESSION OF AN IGG4/KAPPA ANTIBODY
CHO-DG44 cells are co-transfected with the vector combination pBID/igG4 and
pBi/kappea {(n=6) in which the transcription of the ﬁeavy {lgG4) and light chain
(kappa) of the antibody is terminated by the 324 bp 3'untranslated region of the
Chinese hamster growth hormone HGH (SEQ 1D NO:8). As a control CHO-DG44
cells are co-transfected with the veclor combination pBID-B/igG4 and pBIN-
B/kappa (nh=6) which contain the BGH polyadenyistion signal (SEQ 1D NO:12).
Aside of the different polyadenylation sequences the genetic setup of the various
vectors are identical.  After a period of 48 hours the antibody liters in the
superatants are delermined using ELISA. To correct for ransfection efficiency
cells are co-ransfected with the plasmid pCMV-SEAP and the SEAP acitivity is
megsured. Using HGH as polyadenylation signal titers are on average 35% higher
than for BGH polyadenylation signals.

FIGURE 8 TEST OF DIFFERENT HGH DELETION VARIANTS IN TRANSIENT
TRANSFECTIONS

in two indspendent series CHO-DG44 cells are transfected with expression
vectors pdR131, pdR134 and pJR135 all of which encode sICAM under the CiV
enhancer/promoler. For lermination of franscription either 324 bp (SEQ 1D NO:8),
189 bp (SEQ 1D NO:8) or 113 bp (SEQ 1D NG:10) of the 3untranslated region of
Chinese hamster growth hormone HGH are used, All varianis have an identical 5
end but differ in their 3" end. Aside of the different polyadenylation sequences the
genelic setup of the various vectors are identical. 48 hours post transfections the
SICAM titers in the supernatants are defermined using ELISA. To correct for
ransfection efficiency cells are co-transfecied with the plasmid pCIVIV-SEAP and
the SEAP acitivily s measured. Compared o cells transtected with wvectors
containing the 324 bp HGH seguence calls transfected with vectors containing the
189 bp end the 113 bp HGH deletion variants show & reduction in siCAM
expression levels of 23% and 78%, respectively.

13-
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FIGURE 90 HIGH LEVEL PROTEIN EXPRESSION IN STABLE TRANSFECTED
CELLS USING HGH

In Figure 9 the specific productivities and titers of stably transfected CHO-DG44
cell clone or cell pools expressing 1gG1, IgG2 and IgG4 antibodies or igG1 and
lgG2 Fo fusion proteing in fed-balch processes performed in bioreactors or shake
flasks are summarized. Specific productivities are in the range of 10 - 45
pglcelliday and titers are in the range of 2.1 — 6.3 g/L. The genetic setup of the
vectors used for expression of the various proteins is identical. All contain the 324
bp 37 untranslated region of Chinese hamsier growth hormone (SEQ 1D NO:8J as
polyadenylation signal to terminale the franscription of the gene of interest. 2 days
post transfection stable cell pools are selected using a DHFR- and NPT-based
selection followed by 2 successive DHFR-mediated gene amplification steps by
addition of 100 nM and 800 nM MTX to the culture medium. Single cell clones are
obtained either by dilution cloning or a FACS-based deposition of single cells into
wells of a 96 well plate.

DETAILED DESCRIPTION OF THE INVENTION

The general embodiments “comprising” or “comprised” encompass the more
specific embaodiment “consisting of.  Furthermore, singular and plural forms are
nol used In a limiting way.

The present invention provides novel regulatory elements and methods of
preparing and selecling mammalian cell lines which allow a high expression of
heterologous gens products, preferably biopharmaceutically relevant polypeplides
or prateins, The processes according o the invention are based primarily on the
use of novel polyadenylation signals isolated from the growth hormone of the
Chinese hamster (Cricetus griseus). Surprisingly, it has been found that this newly
identified polyadenylation signal, named HGH (SEQ 1D No:8), outperforms the
strong polyadenylation signals BGH and SV40 [ate leading to higher productivity of
producer cells.

Terms used in the course of this present invention have the following meaning.
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The terms "pi)iyadenyiatian signal®, “polyadenylation site”, “polyA signal”, “polvA
site” or “termination signal” or “terminator” refer (o nucleotide seguences within the
3'UTR that direct binding of a polyadenylation protein complex 1o an AAUAAA
sequence within the signal seguence. The complex containg an endonuciease that
cuts the mRNA about 14 to 30 nucleotides downstream of the AAUAAA sequence
and a polymerase that incorporates post-ranscriptionslly a string of approximately
100 to 200 adenine nucleotides (polyA tail) to the cleaved 37 end. The polyA tail is
believed to influence many aspects of mRNA metabolism, including stability,
transiational efficierrcy, and transport from the nucleus {o the cyloplasm. Typically,
the polyadenylation signal consists of two recognition elements flanking the
cleavege and polyadenylation site: a highly conserved AAUAAA sequence
approximately 14 to 30 nucleotides upstream of the cleavage site and a poorly
conserved G/U- or U-rich region approximately 20 to 50 nucleotides downstream
of the AAKUAAA sequence. Cleavage between these two elements is usually on
the 37 side of an A residus, Various polyadenyiation signals are known such as tk
polyA (Cole et al., Mol. Cell Biol[5, 2104 - 2113, 1985), SV40 late (Schek et al,
Mol. Cell Biol. 12, 5388 — 5383, 1982) and early polvA or BGH polyA (described
for exampie in .S, Pat No, 5,122 458).

VWhite in the polyadenyiation signal the AAUAAA sequence described above is
preferred, it might be substituted with other hexanucleotide sequences with
hamotogy to AAUAAA as long as they are capable of signaling polyadenyiation of
mRNAs. Examples of homologous hexanucleotide sequences include AAAAAA,
AUUAAA, AAUAUA, AAUAAU, UAUAAA, AAUUAA, AAUAAG,  AGLIAAA,
GAUAAA, AAUGAA, AAUAGA, AAGAAA,  ACUAAA, CAUAAA, AAUCAA,
AACAAA, AAUUCAA, and AAUAAC. Therefore, in one embodiment the HGH
polyadenvlation signal comprises a hexanucleotide sequence selected from the
group consisting of AAAAAA, AUUAAA, AAUAUA, AAUAAU, UAUAARA, AAJUAA,
AAUAAG, AGUAAA, GAUAAA, AAUGAA, AAUAGA, AAGAAL, ACUAAA,
CAUAAA, AAUCAA, AACAAA, AAUCAR, and AAUAAC rather than the present

AAUAAA a8 long as these hexanucleotides are capable of signaling
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polyadenylation of mRNAs,

Polyadenylation signals might be also used as “irfsu&awrs" or “insulating
sequences”. Insulating sequences are segments of DNA that block interactions or
inferference of neighboring gene sequences. For example, insulators can reduce
the transcriptional read through from a promoter of a neighboring gene or spurious
promoters in adiacent nucleotide sequences. Or they block the interaction of an
enhancer on ong side of the insulating sequence with a promoter of a neighboring
gene on the other side of the insulating sequence. The defining characleristic of an
insulating sequence within the meaning of the preseni invention is its ability to
insulate or protect a defined franscription unit which is operably linked o 2
regulatory element from the influence of an upstream or downstream interfering
genetic element, For this purpose the insulating segquence is placed between the
(potential) interiering genetlic sequence and the regulatory sequence of the
transcription unit to be insulated. The insulating sequence might be placed on
gither or both sides of the franscription unit in one or more copies. in a preferred
embodiment of the presant invention the insulating sequence is a polyadenylation
signal. In a preferred embodiment of this invention the polyadenylation sequence
is the HGH potyadenylation sequence.

it is also possible o use functional derivatives of the HGH polyadenylation
sequence such as subfragments or subsequences as well as functional
mutants/variants of the complete ssuuence or subfragmenis thereof which have
been modified, for example, by substitution, inserfion, addition and/or deletion.
Corresponding  subfragments or subseguences, mutanis or varianis are

hereginafter also referred o as "modified termminators” or "derivative”,

A "modified terminator” or "derivative” is a functional derivalive of SEQ 1D NO:§,
which includes subfragments or subsequences and functional mutants/variants,
and preferably leads to expression levels of a product of interest comparable ©
expression levels obtainad with the nucleotide sequeance given in SEQ 1D NOB. A
modified terminator proves to be useful for the purposes of the invention if the

expression tevel of a operably linked reporier gene is at least 60%, preferably at
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least 75%, more preferably at least 90% and most preferably at least 100% of the
expression level oblained with the SEQ ID NO:8 in a comparative reporter gene
assay. Particularly preferred are modified terminators which have a minimum
seqguence homology 1o the wild-type sequence SEQ 1D NO:B ¢of the hamsier
growth hormone polyadenylation signat or its complementary sequence of at least
75%, preferably at least 80%, preferably at least 85%, more preferably at least
95% and most preferably at least §7% and lead lo corresponding expression

tevels in a comparative reporter gene assay.

in a corresponding comparative "reporter gene assay” the lerminator fragments to
be tested including the reference sequence SEQ 1D NO:8 are cloned downsiream
of a reporter gane. This reporter gene codes, for sxample for luciferase, secreted
alkaline phosphotase or green fluorescent protein (GFP). Allernalively, other
polypeptides or proteins, for example an antibody or siCAM, can be used as
reporter genes. These constructs are subsequently introduced into the test cells,
e.g. CHO-DG44, by transfection and the influence of the modified terminaior in
guestion on the exprassion level of the reporter gene is determined for example by
measuring the protein conient of the reporter gene. A corresponding test is

described in examples 2, 3 and 4 of the present invention.

A preferred HGH polvadenylatiors signal is the nucleotide sequence comprising the
saquence of SEQ 1D NO:8 or subseguence thereof comprising the sequence of
SEQ 1D NO: 9. In other embodiments, the polfyadenylation signal is a nucleotide
ssquence which camprises or consists of a nucleotide sequance with homology or
sequence identity to SEQ 1D NO7, SEQ D NO:8, SEQ ID NO:8 or SEQ 1D NO10.
As used herein, two sequences have sequence identity or homology when the
nucleclide sequences are homologous or identical by at lsast 75%, preferably
80%, preferably 85%, more preferably 90%, and even more preferably 85% or
more. Substantial identity also exists when the nucleic acid sequence will hybridize
under stringent conditions to the compiement of the strand.

As used hersin, the term “hybridizes under stringent conditicns” describes
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conditions for hybridization and washing which are known to those skilled in the
art. Generally, siringent conditions are selected to be about 5 - 10°C lower than
the thermal melting point (Tx) for the specific sequence at a defined ionic strength
and pH. The Ty is the temperature (under defined ionic strength, pH and nudleic
acid concentration) at which 50% of the probes complementary fo the target
hybridize to the target sequence at equilibrium. Stringent conditions will be those
in which the salt concentration is less than about 1.0 M sodium ion, typicalty about
0.01 fo 1.0 M sodium ion concentration (or other salis) at pH 7.0 to 8.3 and the
temperalure is at least about 30°C for short probes (e.g. 10 to about 50
nucleolides) and af leas! about 60°C for long probes (e.g. greater than about 50
nucleotides). Exemplary stringent condilions include hybridization at 80 to 85°C in
a hybridization buffer with 5xS8C and washing at 42°C with 0.2xS8C/0.1% SDS.
A positive hybridization signal is al least 2 times above background hybridization.

The polyadenyiation sequence of the hamster growlh hormone and modified
terminators, which may also Include, for example natural occurring nucleotide
sequences further upstream or downstream of the isolated HGH sequence of SEG
1D NO:T7 or selected fragments thereof, may be obtained by a skilled artisan with a
knowledge of the sequence or homologous sequences using various standard
methods known in the art and a suitable method is also described in the present
invention in example 1. Starting from the sequence described in SEQ 1D NO.7 a
suitable fragment may be selected, for example, and an oligonuci=olide probe
conlaining the sequence of this fraclion may be chemically synthesized. A probe of
this kind may be used for example (o clone the hamster growth hormone gene or
the 3" untranslated region or other fragments thereof, for example by hybridization
from a library of the hamster genome. Using the reporier gene assay described
above the skilled artisan is in & position to identify functional terminator fragments
without any great efiort and use them for the purposes of the present invention,
The 3" untransiated region or special fragments thereofl can easily be obtained by
PCR amplification with corresponding primers from genomic DNA or a genomic
library. Fragments of the 3' untransiated region may aiso be obtained by limited
exonuctease i digestion from larger DNA fragments. Such DNA molecules may
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also be chemically synthesized or produced from chemically synthesized
fragments by ligation. Deletion, insertion, addition and substitution mutants may be
produced by site-specific mulagenesis, PCR-based mutagenesis techniques
and/or chemical synthesis known to those skilled in the art. Preferably, @ mutant is
altered at up to 3, 6, 10, 20 or 50 bp paositions. Preferably a mutant is altered at 6
bp positions,

A sirnitar approach as described in the present invention in example 1 can be used
o isolate for example the polyadenylglion signals of the mouse, rat or gyrian
hamsler growth hormone or growth hormones of other species. Thelr performance
can be tested in reporter gene assays as described in examples 2, 3 or 4 of the
present invention. By cross-hybridisstion with probes derived from the hamster
growih hormone sequence, preferably from the 37 unirensiated region, it is also
possible to identify and isolate suitable terminator sequences from corresponding
homologous genes of other, preferably mammalian, species. Suitable techniques

are known 1o those skilled in the art,

® I FEI S

The terms “homology”, "homologous”, “identity”, “identical”, "sequence identity” or
“nomologous sequence” are used interchangeably. Methods for calculating
‘homology” or “identity” are well known in the art. For sequence comparison
typically one sequence acls as a reference sequence to which test sequences are
compared. The sequences are aligned for maximal correspondence. Gaps can be
infroduced in either of the nucieic acid sequences in the comparison for oplimal
alighment. Percent identity befween two sequences s a function of the number of
identical positions shared by the sequences, taking into account the number of
gaps aﬁd the length of sach gap which need to be introduced for optimal
alignment of the two sequences. The comparison of sequences and delermination
of percent identity between two seguences can be accomplished using
mathematical algorithims. Default program parameters can be used or alternative
parameters can be designated. The seguence comparison algorithm  then

calculates the percent identity for the test sequence(s) relative 1o the reference
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sequence, based on the designated or default program paramelers. One example
of an algorithm that s suitable for delermining identity is the BLAST algorithm
(Altschul et al., J. Mol. Biol. 215, 403 — 410, 1980; Gish et al,, Nature Genetics 3,
266 - 272, 1993; Maddan et al., Meth. Enzymaol. 266, 131 ~ 141, 1936, Zhang et
al., Genome Res. 7, 649 — 656, 1997; Alischul et al., Nucleic Acids Res, 25, 3389
- 3402, 1997). Other computerized implementations of alignment aigorithms are
GAP, PILEUP, BESTFIT, FASTA and TFASTA in the Wisconsin Genetics
Software Package. However, percent identity can be also determined by manual

alignment and visual inspection and calculation.

The term "vector” as used herein relates to naturally occurring or synthetically
generated constructs for uplake, proliferation, expression or transmission of
nucleic acids in a cell, e.g. plasmids, minicircles, phagemids, cosmids, artificial
chromosomes/mini-chromosomes, bacteriophages, viruses such as baculovirus,
refrovirus, adenovirus, adeno-associated  virus, herpes  simplex  virus,
bacteriophages. Methods used to consfruct vectors are well known {0 a persen
skilled in the art and described in various publications. In particular techniques for
constructing suitable vectors, including a description of the functional and
reguiatory  components  such  as  promoters, enhancers, termination and
polyadenylation signals, selection markers, origins of replication, and splicing
signals, are known to the person skilled in the art, The eukaryotic expression
vectors will typically contain also prokaryolic seguences that facilitate the
propagation of the vector in bacteria such as an origin of replication and antibiotic
resistance genes for selection i bacteria. A variety of eukaryotic expression
vectors, containing a cloning site into which a polynucleotide can be operably
linked, are well known in the art and some are commercially available from
companies such as Stratagene, La Jolla, CA; Invitrogen, Carlsbad, CA; Promega,
Madison, Wi or BD Biosciences Clontech, Palo Alto, CA.

A preferred embodiment of the invention are vectors or polynuciectide sequences

containing one or more transcription units encoding genes of interest which
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comprise at least one HGH polyadenyiation signal for transcript termination and
stabilization andfor as insulating sequence. Also preferred according o the
invention are vectors  or  polynucleotide  sequences  comprising  HGH
polyadenylation signals for transcript termination and stabilization andlor as
insulating sequence which instead of genes of interest have only a multiple cioning
site which allows the cloning of the gene of interest via recognition sequences for

restriction endonucieases.

The {erm “promoter” denotes s polynucleotide sequence which allows and controls
the transcription of the genes or seguences operably connecled therewith. A
nromoter contains remgmtidn sequences for binding RNA polymerase and the
initiation site for transcription {transcription initiation site), In order 0 express a
desired sequence in a certain cell type or a host cell & suitable funclional promoter
must be chosen. A large number of promaolers, including constitutive, inducible
and repressible promoters from a variety of different sources, are well known in
the art (and identified In databases such as GenBank) and are available as
separate elements or elemants cloned within polynuclectide seguences from
commercial  (e.g. depositoties such as ATCC as well as other commercial
sources) or individual sources. In inducible promoters the activity of the promoter
may be increased or reduced in response to a signal. For example, the
tefracycline {felj promoter containing the letracyciine operator sequence {telQ) can
be induced by a tetracycline-regulated transactivator protein {{TA}. Binding of the
{TA 1o the tetO is inhibited in the presence of tet. Examples for other inducible
promoters are jun, fos, metallothionein and heat shock promoters. Of the
promoters which are particularly suitable for high expression in eukaryotes, there
are for example the ubiquitin/5273a prormoter of the hamster (WO 87/15664), SV 40
early promoter, adenovirus major late promoter, mouse matallothionein-i promoler,
the long terminal repeat region of Rous Sarcoma Virus, the early promotar of
human Cylomegalovirus (CMV). Examples of other heigrologous mammalian

promgoters arg the actin, immunoglobulin or heat shock promoter(s).
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The aforementioned promoters are well known in the art. A corresponding
heterologous promoter can be funclionally connected to other regulatory
sequences in order (o increase/regulate the transcription activity in an expression
cassette. For example, the promoter may be funclionally linked to enhancer
sequences in order to increase the transcriptional activity. For this, one or more
enhancers andfor several coples of an enhancer sequence may be used, eg. a
CMV or SV40 enhancer. Accordingly, an expression vector according to the
invention, in ancther embodiment, contains one or more enhancers/enhancer
sequences, preferably a CMV or §V40 enhancer.

The term “enhancer” denoles a polynucdieotide sequence which in the cis location
acts on the activity of 2 promoter and thus stimulates the transcription of & gene or
coding sequence 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 unit, 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 a considerable distance from the promoter, it
is also possible to have a physical and functional overlap with the promoter. The
skilled artisan will be aware of a number of enharncers from various sources (and
deposited in databanks such as GenBank, e.g. SV40 enhancers, CMV enhancers,
polyoma enhancers, adenovirus enhancers) which are available as independent
elements or elements cloned within polynucieotide sequences (e.g. deposited at
the ATCC or from commercial and individual sources). A number of promoter
sequences afso contain enhancer sequences such as the frequently used CMV
promoter. The human CMV enhancer is one of the strongest enhancers identified
hitherto. One sxample of an inducible enhancer is the metallothionein snhancer,
which can be stimulated by glucocorticoids or heavy metals.

"Transcription-regulatory elernents” normally comprise a promoter upstream of the

gene sequence {0 be expressed, transcription initiation and termination sites and &
polyadenylation signal.
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The term “transcription initiation site” refers to a nucleic acid in the construct
cerresponding to the first nucleic acid incorporated into the primary transcript, i.e.
the mRNA precursor. The anscription iniliation site may overlap with the
promoler sequences.

The term "transcription termination site” refers to a nucleotide sequence normally
reprasented at the 3' end of the gene of inlerest or of the stretch of sequences o
be transcribed, that causes RNA polymerase to terminate transcription.

1" £

A “transcription unit”, "expression unit” or “expression casselie” defines a region
withiny a veclor, construct or polynucleotide sequence that coniains one or more
genes lo be transcribed, wherein the genes contained within the segment are
operably linked to each other. They are transcribed from a2 single promoter and
franscription is terminated by at lsast one polyadenyiation signal. As a result, the
different genes are at least franscriptionally linked. More than one protein or
product can be transcribed and expressed from each franscription unit
{mullicistronic  transcription unit). Each franscription unit will comprise the
regulalory elements necessary for the transcription and transtation of any of the
selected sequence that are contained within the unit. And each transcription unit
may contain the same or different regulatory elements. For example, each
transeription unit may contain the same terminator. RES element or introns may
be used for the functional linking of the genes within a transcription unit. A vector

or polynucltestide sequence may contain more than one transcription unit.

“Transiation regulaiory elements” comprise a transiation initistion site (AUG), a
stop codon and a pelyA signal for each individual polypeptide o be expressed. An
intemal ribosome entry site (IRES) may be included in some constructs. IRES is
defined below. In order to optimize expression it may be advisable to remove, add
or alter 5 andfor 3'-untranslated regions of the nucleic acid sequence to be
expressed (o eliminate any polentially extra inappropriate aliernative transiation
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inftiation codons or other sequences that may interfere with or reduce expression,
either at the level of transeription or transiation. Consensus ribosome binding sites
(Kozak sequence: GCCGCCACCAUGG (SEQ D NO:13); AUG constitutes the
start codon) can be inserted immediately upstream of the start codon to enhance
translation and thus expression. Increased A/U contents arcund this ribosome
binding site further a more efficient ribosome binding. To produce a secreted
polypeplide the gene of Interest usually includes a signal sequence encoding a
leader or signal peptide that directs the newly synthesized polypeptide to and
through the ER membrane where the polypeptide can be routed for secretion. The
leader or signal peplide is often but not universally at the amino terminus of a
secreted protein and is cleaved off by signal peptidases sfter the protein crosses
the ER membrane. The gene sequence will generally, but not necessarily, contain
its own signal peptide sequence. Where the native signal peptide sequence is
absent, a heterologous signal peplide sequence can be fussed o the selscted
sequence. Or the native signal peplide sequence can be replaced be a
heterologous one. Numerous signal peplide sequences are known (o the skilied

artisan and deposited in sequence databanks such as GanBank and EMBL.

An “internal ribosome entry site” or “IRES" describes a seguence which
functionally promotes translation initigtion independent from the gene 5'of the
IRES and allows two cistrons (open reading frames) (o be translated from a single
franscript in an animal cell. The IRES provides an independent ribosome entry site
for translation of the open reading frame immediately downstream of it. Unlike
bacterial mRNA which can be polycistronic, i.e., encode several different
polypeptides that are transiated seqguentially from the mRNAs, most mRNAs of
anirmnal cells are monocistronic and code for the synthesis of only one polypeptide.
With a2 polycistronic transcript in a eukaryotic ceil, translation would initiate from
the 5'most transiation initiation site, terminate at the first stop codon, and the
transcript would be released from the ribosome, resulting in the transiation of only
the first encoded polypeptide in the mMRNA. In a eukaryolic cell, a8 polycistronic
transcript having an IRES operably linked to the second or subsequent open

reading frame in the transcript allows the seguential transtation of that downsiream
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open reading frame to produce ihe twoe or more polypeptides encoded by the
same transcript. The IRES can be of varying length and from various sourcss, e.q.
encephatomyocarditis virus (EMCV), picornavirus (e.g. FMDV), polio virus (PV), ar
hepatitis C virus (HCV). Various IRES sequences and their use in vector
construction have been described and are well known in the art. The downstream
coding sequence is operably linked to the 3'end of the IRES at any distance that
will not negatively affect the expression of the downstream gene. The optimum or
permissible distance between the IRES and the start of the downstream gene can
be readily determined by varying the distance and measuring expression as a

function of the distance.

The term “intron” as used herein, refers (o a non-cading nucleic acid sequence of
varying length, normally present withirm many eukaryoﬁc genes, which is removed
from & newly transcribed mRNA precursor by the precess of splicing for which
highly conserved seguences at or near either end of the intron are necessary. in
general, the process of splicing requires that the 5'and 3'ends of the intron be
correctly cleaved and the resulting ends of the mRNA be accurately joined, such
that & mature MRNA having the propsr reading frame for profein synthesis is
produced. Many splice donor and splice acceptors sites, meaning the sequences
immediately surrounding the exon-intron- and intron-exon-boundaries, have been

characlerized and described and are known {o the skilled artisan.

The terms "gene of interest”, "desired ssguence”, “polynucieotide of interest” or
“desired geng” as used herein have the same meaning and refer © &
polynucieotide sequence of any length that encodes a product of interest. The
selected sequence can ba full length or a truncated gene, a fusion or tagged gene,
and can be a cDNA, a genomic DNA, or a DNA fragment. it can be the native
sequence, Le. naturally occurring form(s), or can be mutated or otherwise modified
as desired. These modifications include codon optimizations to oplimize codon
usage in the selecied host cell, humanization or tagging. Furthermore they can
include removal or additions of cis-acling sites such as (cryptic) splice donor,
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acceptor sites and branch points, polyadenyiation signals, TATA-boxes, chi-sifes,
ribosomal eniry sites, repeat sequences, secondary structures (e.g. stem loops),
binding sites for transcription factors or other regulatory factors, restrictiors enzyme
sites efc. 1o give just a few, buf not limiting examples. The selected sequence can
encode a secreted, cvioplasmic, nudear, membrane bound or cell surface

polypeptide.

Within the scope of the present description the terms "functional lnking”,
“functionally linked” or “operably linked” means that two or more nucleic acid
seguences of sequence elements are positioned in a way that pemits them to
function in their intended manner. For exarnple, a promoter/enhancer or terminator
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 ofs position. Generally, but not
necessarily, the DNA sequences that are functionally linked are contiguous and,
where necessary fo join two polypeptide coding regions or in the case of a
secretion signal peptide, contiguous and in reading frame. However, aithough an
operably linked promoier Is generally located upsiream or an operably linked
ferminator is generally located downstream of the coding sequence, it is not
necessarily contiguous with it. Enhancers do not have {0 be contiguous as long as
they increase the transcription of the coding sequence. For this they can be
located upstream or downstream of the coding sequence and even at some
distance. A pelyadenylation site is operably linked 1o a coding sequence if it s
located at the 3'end of the coding sequence in a8 way that transcription proceeds
through the coding sequence inlo the polyadenylation signal. Linking is
accomplished by recombinant methods known in the art, eg. using PCR
methodology, by ligation at suitable restrictions sites or by annealing. Synthetic
oligonuciectide linkers or adaptors can be used in accord with conventional

practice if suitable restriction sites are not present.

The term “nucleic acid”, “nucleic acid sequence”, “nucleofide sequence”,

“polynucleotide”, “polynuclectide sequence” or “DNA sequence” 25 used herein
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refers to an oligonuclectide, nucleotide or polynucteoctide and fragments and
portions thereof and to DNA or RNA of genomic or synthetic origin, which may be
single or double stranded and represent the sense or antisense strand. The
sequence may be a non-coding sequence, a coding seguence or a mixture of
both. The nucleic acid sequences of the present invention can be prepared using
standard technigues well known to one of skill in the art.

The temm "encoding” of “coding” refers to the inherent property of specific
sequences of nucleotides in a nuclsic acid, such as a gene in chromosome or an
mRNA, to serve as templates for synthesis of other pelymers and maccomolecules
in biological processes having a defined sequence of nucleotides (i.e. rRNA,
tRNA, other RNA molecules) or amino acids and the biological properties resulting
therefrom. Accordingly, a gene codes for a protein if the desired protein is
produced in a cell or another biological system by transcription and subsequent
translation of the mMRNA. Both the coding strand, the nucleotide sequence of
which is identical to the mRNA sequence and is usually provided in sequence
listings of databanks, e.g. EMBL or GenBank, and non-coding sirand, used as the
template for the transcription, of a gene or cDNA can be referred o as encoding
the protein or other product of that gene or cDNA. A nucleic acid that encodes a
protein includes any nucleic acids thal have different nucieotide sequences but
encode the same amino acid sequence of the protein dus fo the degeneracy of the
genetic code. Nucleic acids and nucleolide sequences that encode proteins may
include introns. in the Sequence Listing the sequences are presented as DNA
rather than RNA sequence. For example, when presented as DNA the start codon
is presented as ATG rather than AUG,

The term "cDNAT In the context of this invention refers to deoxyribonucieic acids
produced by reverse transcription and typically second-strand synthesis of mRNA
or other RNA produced by a gens. if double-stranded, a ¢DNA molacule has both
a coding or sense and a hon-coding or antisense strand.

The term “expression” as used herein refers to transcription and/or transiation of a
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heterologous nucleic acid sequence within a host cell. The ievel of expression of a
desired product int & host cell may be determined on the basis of efther the amount
of corresponding RNA or mRNA that is present in the cell, or the amount of the
desired polypeptide encoded by the selected sequence. For examiple, mRNA
franscribed from a selecled sequence can be guantitated by Northern blot
hybridization, ribonucieass RNA protection, in situ hybridization to cellutar RNA or
by PCR. Proteins ancoded by a selected sequence can be quantitated by various
methods, e.g. by ELISA, by Western blotting, by radioimmunosassays, by
immunoprecipitation, by assaying for the biological aciivity of the protein, or by

immunostaining of the protein followed by FACS analysis PCR.

The ferm “polypeptide” is used interchangeably with “amino acid residue
sequence” or the term “protein” and refers to polymers of amino acids of any
length. These ferms also include proteins that are post-transiationally modified
through reactions that include, but are not limited to glycosylation, glycation,
acetylation, phosphorylation, oxidation, amidation or profein procassing.
Modifications and changes, for example fusions to other proteins, amino acid
seguence substitutions, deletions or insertions, can be made in the structure of 2
polypeptide while the molecule maintains its biological functional activity. For
example cerfain amino acid sequence substitutions can be made in a polypeptide
or its underlying nucleic acid coding sequence and a protein can be obtained with
like properlies. Amino acid modifications can be prepared for exampie by
performing site-specific mutagenesis or polymerase chain reaction mediated
mutagenesis on its underlying nucleic acid sequence. The term "polypeptide” thus
also inciudes, for example, fusion proteing consisting of an immunoglobulin
component, e.g. the Fc component, and a growth factor, e.g. an interteukin.

As used herein, the term “antibody” includes a polyclonal, monocional, bi-specific,
mufti~~spéc§-ﬁc, hurnan, humanized, or chimeric antibody, a single chain antibody,
an antigen-binding fragment of an antibody {(e.g., an Fab or F(ab'), fragment), a
disulfide-linked Fv, etc. Such antibodies may be produced through chernical
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synthesis, via recombinant or transgenic means, via cell {e.g., hybridoma) culture,
ot by other means.

Fab fragments (Fragment antigen-binding = Fab) consist of the variable regions of
both chains which are held together by the adjacent constant region. These may
be formed by protease digestion, e.g. with papain, from conventional antibodies,
but similar Fab fagments may alsc be produced in the mean fime by genstic
engineering. Further antibody fragments include F{ab')2 fragments, which may be
prepared by proteciytic cieaving with pepsin.

Using genetic engineering methods it is possible o produce shortened antibody
fragments which consist only of the variable regions of the heavy (VH) and of the
light chain (VL). These are referred lo as Fv fragmenis [Fragment variable =
fragment of the variable part). Since these Fyv-fragments {ack the covalent bonding
of the two chains by the cysteines of the constant chains, the Fv fragments are
often stabliised. L is advamag'eous io link the variable regions of the heavy and of
the fight chain by a short peptide fragment, e.g. of 10 to 30 amino acids, preferably
15 amino acids. In this way g single peplide strand is obtained consisting of VH
and VL, linked by a peptids linker. An anfibody protein of this kind is known as a
single-chain-Fv {sckv). Examples of scFv-aniibody proteins of this kind are known
from the prior art.

in recent years, various sirategies have been developed for preparing sckv as a
multimeric derivative. This is intended to lead, in perticular, o recombinant
antibodies with improved pharmacokinetic and biodistribution properties as well as
with increased binding avidity. In order to achieve multimerisation of the scFv,
schy were prepared as fusion proteins with multimerisation domains. The
muttimerisation domaing may be, e.g. the CH3 region of an oG or cofled coil
structure (helix structures) such as Leucin-zipper domains. However, (here are
also sirategies in which the interaction between the VH/VL regions of the scFv are
used for the multimerisation {e.g. dia-, tri- and pentabodies). By diabody the skilled
person means a bivalent homodimeric scFv derivative. The shortening of the
Linker in an scFv molecule o 5- 10 amino acids leads to the formation of
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homodimers in which an inter-chain VH/VL-supetimposition takes place. Diabodies
may additionally be stabilised by the incorporation of disulphide bridges. Examples
of diabody-antibody proteins are known from the prior art.

By minibody the skilled person means a bivalent, homodimeric scFv derivative. {t
consists of a fusion protein which contains the CH3 region of an immunogiobulin,
preferably IgG, most preferably igG1 as the dimerisation region which is
connected to the scFv via a Hinge region (e.g. also from IgG1) and a Linker
region. Examples of minibody-antibody proteins are known from the prior art.

By triabody the skilled person means a: trivalent homotrimeric scFv derivative.
Scfv derivatives wherein VH-VL are fused directly without a linker sequence lead
to the formation of trimers.

The skilled person will also ba familiar with so-calied miniantibodies which have 4
bi-, tri- or letravalent structure and are derived from sckv. The multimerisation is
carried out by di-, tri- or tetrameric coiled coil structures. In 3 preferred
embodiment of the present invention, the gene of interest is encoded for any of
those desired polypeptides mentioned above, preferably for a monocional

antibody, a dertvative or fragment thereof.

The “polypsplide of interast”, “protein of interest” or “product of interest” includes
proteins, polypeptides, fragments thereof, peptides, fusion proteing all of which
can be expressed in the selected host cell. Desired proteins can be for example
antibodies, enzymes, cytokines, lymphokines, adhesion molecules, receplors and
derivatives or fragments thereof, and any other polypeptides that can serve as
agonists or antagonists and/or have therapeutic or diagnostic use.

Especially, desired proteins/polypeptides or proteins of interest are for example,
but not limited {o insulin, insulin-like growth factor, hGH, tPA, cylokines, such as
interleukines (1L}, e.g. Ib-1, [L-2, IL-3, IL-4, IL-&, IL-6, IL-7, IL-8, IL-0, IL~10, IL-11,
H-12, IL-13, -14, IL-15, [L-16, IL-17, 1118, interferon {IFN) alpha, IFN beig, IFN
garmima, IFN omega or IFN tau, tumor necrosisfactor (TNF), such as TNF alpha
and TNF beta, TNF gamma, TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1, VEGF and
nanobodies. Also included is the production of erythropoietin or any other hormons
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growth factors and any other polypeptides that can serve as agonists or
antagonisis and/or have therapeutic or diagnostic use. The method according to
the invention can also be advantageously used for production of antibodies, such
as monocional, polyclonal, multispecific and single chain antibodies, or fragments
thereof, e.g. Fab, Fab’, Fab’)2z, Fc and Fc'-fragments, heavy and fight
immunoglobulin chaing and their constant, variable or hypervariable region as well
as Fv- and Fd-fragments.

The “product of interest” may also be an antisense RNA, tRNA, rRiNAs, other
RNAs being part of riboproteins or other regulatory RNAs.

The method of the present invention may be performed in all eukaryotic cells.
Cells and cell lines may be present e.g, in a cell culture and include but are not
fimited 1o eukaryotic cells, such as yeast, plant, insect or mammalian cells. For
example, the cells may be ooeyles, embryonic stem cells, hematopoletic stem
cells or any type of differentiated cells. A method i preferred wherein the
eukaryotic cell is a mammalian cell. More preferred is & method wherein the
mammatian cell is a human, simian, murine, rat, rabbit, hamster, goat, bovine,
sheep or pig cell. Preferred cell lines or “host cells” for the production of
biopharmaceuticals are human, mice, rat, monkey, or rodent cell lines. More
preferred are hamster celis, preferably BRK21, BHK TK', CHO, CHO-K1, CHO-
DUKX, CHO-DUKX 81, CHO-8 and CHO-DG44 cells or the derivatives/progenies
of any of such cell lines. Particularly prefarred are CHO-DG44, CHO-DUKX, CHO-
K1, CHO-5 and BHK21, and even more preferred CHO-DG44 angd CHO-DUKX
cells. Furthermore, murine myeloma cells, preferably NS0 and Sp2/0 cells or the
derivatives/progenies of any of such cell lines are also known as production cell
lines for biopharmaceutical proteins. Examples of murine and hamster cells which
can be used in the meaning of this invention are summarized in Table 1.



TABLE 1. Eukaryotic production cell lines

| CELL LINE | ORDER NUMBER
N&0 "ECAGC Tio. 857110503
Sp2f-Agie ATCC CRL-1587
BHK21 ATCC CEL-10
BHK TK ECACC No. 85011423
Hak ATCC CCL-15
2254620 (BRK-21 derivative) TRTCC CRL8544

CHO

ECACC No. 8505302

CHO wild type

ECACC 00102307

CHO-K

ATCC CCL-61

FCHO-DUKX
(= CHO duk’, CHO/dh{r)

|ATCC CRL-80858

CHO-DUKX B11

ATCC CRL-9010

CHO-DG44 Urlaub el al., Cell 33 (2, 405 - 412, 1883
;{CHO Pro-5 %ATOC CRL-1781 i
EHOS Invitrogen Cal No. 10743-029

Leci3 tanley P. et al, Ann. Rev. Genelics 18,

525 552, 1884

V79 ATCC CCC-83
| BI4AF28-G3 ATCC CCL-14

HEK 283 ATCC CRL-1573

COS-7 ATCC CRL-1651
1266 ATCC TiB-198

HUNS1 ATCC CRL-8844
| Per.C8 {Fallaux, F.J. et al, Human Gene Therapy

9 (13), 1909 - 1917, 1998
ECACC No. 87111906

‘CHL
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Host cells are most preferred, when being established, adapted, and completely
cultivated under serum free conditions, and optionally in media which are free of
any pratein/peplide of animal origin. Commercially available media such as Ham's
F12 (Sigma, Deisenhotfen, Germany}, RPMI-1840 (8igma), Dulbecco’s Modified
Eagle's Medium (DMEM; Sigma), Minimal Essential Medium {(MEM; Sigma),
fscove’s Modified Dulbecco’s Medium (IMDM; Sigma), CD-CHO (Invitrogen,
Carisbad, CA), CHO-8-8FMIL (Invtirogen), serum-free CHO Medium (Sigma),
protein-free CHO Medium (Sigma), EX-CELL Media (SAFC), COMACHO and
SFMACHO (HyClone) are exemplary appropriate nutrient solutions. Any of the
media may be supplemented as necessary with a variety of compounds examples
of which are hormones and/or other growth factors {such as insulin, transferrin,
epidermal growth factor, insulin like growth factor), salts {such as sodium chioride,
calcium, magnesium, phosphate), buffers (such as HEPES), nucleosides (such as
adenosine, thymiding), glutamine, glucose or other equivalent energy sources,
antibiotics, trace elements. Any other necessary supplemenis may alse be
ncluded at appropriate concentrations that would be known to those skilled in the
art. In the present invention the use of serum-free medium is preferred, but media
supplemented with & suitable amount of serum can also be used for the cultivation
of host cells. For the growth and selection of genetically modified cells expressing

a selectable gene & suliable selection agent is added to the culture medium.

The “transfection” of eukaryotic host cells with polynucleotide sequences or
expression - vectors, resulling in genetically modified cells, recombinant or
transgenic cells, can be performed by any method well known to the skilled
artisan. Transfection methods include but are not limited {o liposome-mediated
transfection, calcium phosphate co-precipifation, electroporation, polycation (e.g.
DEAE dextran)-mediated transfection, protoplast fusion, microinjection and viral
infections. Preferably, the transfection is & stable transfection. The fransfection
method that provides optimal transfection frequency and expression of the
hetarologous genes or polynucleotides in the particular host cell tine and type is
favored. Suitable methods can be determined by routine procedures. For stable

transfeclants the consiructs are either integrated into the host call’s genome or an
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griificial chromosome/mini-chromosome of located episomally so as o be stably
maintained within the host cell.  For generation of genetically modified celis
axpressing the product(s) of interest all required heterologous genes can be
located on a single vector or polynuciectide sequence in mono- or multicistronic
transcription units. in this case the host cell is transfected with single vectors or
polynuclectide sequences. The heterologous genes can also be positioned on
different vectors or polynuclestide sequences. in this case host cells are either co-
transfected with all vectors or polynucieotide sequences and/or are transfected in
successive rounds with the vectors or polynucieotide sequences encoding the
genes of interest.

By definition, every polynuclectide sequence or every gene inserted in a host cell
and the respective protein or RNA encoded thereby is referred fo as
“heterclogous, "heterologous sequence”, “"heteroclogous gene”, “heterclogous
coding sequence”, “transgens” or “helerologous protein” with respect {o the host
cell, This applies even Iif the ssguence o be introduced or the gene o be
introduced is identical o an endogenous sequence or an endogenous gene of the
host cell. For example, a hamster aclin gene introduced into & hamster host cell is

by definition a heterologous gene.

The term “endogenous” means naturally being contained in the cell or organism.
An endogenous gene is accordingly a gene which is found in the genome of the
un-manipulated wild type cell.

The term “selection marker gene” refers to a gene that only allows cells carrying
the gene to be specifically selected for or against in the presence of a
corresponding selection agent. By way of llustration, an antibictic resistance gene
can be used as a positive selecieble marker gene that allows the host cell
transformed with the gene to be positively selected for in the presence of the
corresponding antibiotic; a non-transformed host celt would not be capable of
growth or survival under the selection culture conditions. Selectable markers can
be positive, negative or bifunctional. Posifive selectable markers allow selection for

celis carrying the marker by confarring resistance o a drug or compensate for a
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metabolic or catabolic defect in the host cell. In contrast, negative selection
markers aliow cells carrying the marker 1o be selectively sliminated. For example,
using the HSV-tk gene as a marker will make the cells sensitive fo agents such as
acyclovir and gancyclovir, The selectable marker genes used herein, including the
armplifiable selectable genes, will include recombinantly engineered mutants and
variants, fragments, functional equivalents, derivatives, homologs and fusions of
the native selectable marker geng so long as the encoded product retains the
selectsble property. Useful derivatives generally have substantial sequencs
similarity (al the amino acid level) in regions or domains of the selectable marker
associated with the selectable property. A variety of marker genes, well known to
the skiled oariisan, have been described, including bifunctional {i.e.
positive/negative) markers (see eg. WO 82/0879¢ and WO 94/28143),
incorporated by reference herein. For example, selectable genes commonly used
with eukaryotic cells include the genes for aminoglycoside phosphotransierase
(APH), hygromycin phosphotransferase (HYG), dihydrofolate reductase (DHFR),
thymidine kinase (TK}, glutamine synthetase, asparagine synthetass, and genes
encoding resistance o neormycin (G418), puromycin, histidinol D, bleomyein and

phieomycin,

The "selectable amplifiable marker gene” usually encodes an enzyme which is
required for growth of eukaryolic celfls under those conditions. For example, the
selectable amplifiable marker gene may encode DHFR which gene is amplified
when a host cell transfected therewith is grown in the presence of the selective
agent, methotrexate (MTX). Accordingly, host cells genetically modified according
to any method described herein are encompassed by this invention, wherein the
selectable amplifiable marker gene encodes for example for a polypeptide having
the function of dihydrofolate reductase (DHFR), glutamine synthetase, CAD,
adenosine deaminase, adenylate deaminase, UMP synthetese, IMP 5
dehydrogenase, xanthine guanine phosphoribosyl fransferase, HGPRTase,
thymidine kinase, thymidylate synthetase, P glycoprotein 170, ribonucleotida
recduciase, easparagine synihetase, arginosuccinate synthetase, ornithing

dgecarboxylase, HMG CoA reductase, acelylgiucosaminy! ransferase, threonyl-
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{RNA synthetase or Na'K'-ATPase. For a review of the sxemplary salectable
amptlifiable marker genses listed in Table 2 see Kaufman, Methods in Enzymology,
185, 537 ~ 566, 1990,

One particular selectable amplifiable marker gene is the gene encoding
dihydrofolate reductase (DHFR) which is necessary for the biosynthesis of
purines. Cells lacking the DHFR gene will not grow on medium lacking purings.
The DHFR gene is therefore useful as a dominant selectable marker to select and
amplify genes in such cells growing in medium lacking purines. The selection
agent used in conjunction with a DHFR gene is methotrexate (MTX).

Another selection and/or amplification marker Is the glutamine synthetase (GS)
gene, The GS gene encodes the glutamine synthetase enzyme which is required
for synthesis of the amino acid glutamine. Cells lacking the GS gene or expressing
fow endogenous G5 favels will not grow in giutaminé—free media. The GS gene is
therefore useful as a dominant selectable marker to select and amplify genes in
such cefis growing in glulamine-free madium. The selection agent used iIn

conjunciion with the GS gene is methionine sulfaximine (MESX).

Table 2: Selectable amplifiable marker genes

 Selectable Amplifiable | Accession Number | Selection Agent
Marker Gene i

Dihydrofolate reductase M19868¢ (hamster) | Methotrexate (MTX)
E00238 (mouse)

Metatiothionein 010551 (hamstery | Cadmium
M13003 (human)
M11784 (rat)

CAD (Carbamoyl- | M23852 (hamster) | N-Phosphoacetyl-L-aspariate
phosphate D785886 (human)
| synthetase:Aspartate
transcarbamylase:
Dihydroorotase)
Adenosine deaminase K02567 (human) Xyl-A- or adencsing,

10318 (mouse) 2 deoxycoiormycin
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AMP
geaminase

{adenylate)

DA2775 (human)
J02811 (rat)

| Adenine, azaserine,
| cofarmycin

UMP synthase

JO3626 (human)

| B-Azauridine, pyrazofuran

P 5 dehydrogenase

J04209 (hamster)
JO4208 (human)
M33834 {mouse)

 Mycophenotic acid

Xanthine-guanine
phosphoribosyliransferase

X00221 (E. coli)

| Mycophenolic acid with
Mimiting xanthine

Mutant HGPRTase
mutant thymidine kinase

or |

JOOOB0 (hamster)
M13542, KOZ581
{human)

J00423,
MBs483(mouse)
MB3983 (rat)
M36160
{herpesvirus)

Hypoxanthine, aminopterin,
Jand thymidine (HAT)

Thymidyisate synthetase

DO0SSE (human)
M1301¢ (mouse)
L12138 (rat)

5-Fluorodeoxyuridine

 P-glycoprotein 170 {(MDR1)

AFG16535 thuman)
JO3398 (mouse)

Muttiple drugs, eg.
adrigmycin, vincristine,
-colchicine

Ribonucleotide reductase

1124223,
(mousej

K02927

“Aphidicolin

Giutaming synthetase

AF150961 (hamster)

Methionine sulfoximine (MSX)

U0e114,  MB0803
{mouse)
M28579 {rat)
Asparaging synthetase M27838 (hamster) | B-Asparty! hydroxamate,
M2Z27396 (human) Albizziin, 5 Azacytiding

LU38940 (mouse)
U07202 (rat)

Argininosuccinate
‘synthetase

XO1830 (human)
M31690 (mouse)
M261S8 (bovine)

Canavaning

: Ornithine decarboxylase

M34158 (human)
JOB733 (mouse}
M16882 (rat)

o-Diftuoromethylomithine

HMG-CoA reductase

1L.O0183,
(harnster)

M12705

M11058 (human)

Compactin
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| N-Acetyiglucosaminyl M55621 (human) Tunicamycin
transferase

{ Threony!-RNA synthetase | MB3180 (human) Borrelidin
‘Na'K'-ATPase JO50986 (human} Ouabain
M14511 (rat)

i
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Selection may also be made by fluorescence activated cell sorting (FACS) using
for example a cell surface marker, bacterial B-galaciosidase or fluorescent proteins
{e.g. green fluorescent proleins (GFPY and their variants from Aequorea vicloria
and Renilla reniforrmis or other species; red fluorescent proteins, flucrescent
proteins and thet variants from non-ticluminescent species {e.g. Discosoma sp.,
Anemonia sp., Clavularia sp., Zoanthus sp.) to select for recombinant cells.

The term “selection agent” refars (0 a substance that interferes with the growth or
survival of a host cell that is deficient in a particular selectable gene. For example,
to select for the presence of an antibiolic resistance gene like APH
{aminoglycoside phosphotransierase} in a transfected cell the antibiotic Gensticin
{G418) is used. The selection agent can also comprise an “amplifying agent”
which is defined for purposes herein as an agent for amplifying copies of the
amplifiable gene if the selectable marker gene relied on is an ampiifiable
seleciable marker. For example, MTX is a seleclion agent useful for the
amptification of the DHFR gene.

A further embodiment of the above mentioned methods relates o a method,
wherein the polypeptide(syproduct{s) which is/are encoded by the gene(s) of
interest and being expressed in said host cell, is/are isolatad from the cells or the

cell culture supematant, if secreted into the culture medium.

Said production cells are cultivated preferentially in serum-free medium and in
suspension culture undéer conditions which are favorable for the expraession of the
desired gene(s) and isolating the protein of interest from the cells and/or the cell
culture supernatant, Praeferably the protein of interest is recovered from the culture
medium as a secrefed polypeptide, or it can be recovered from host cell lysates if

expressed without 2 secretory signal. it is necessary to purifly the protein of
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interest from other recormbinant proteins, host cell proteins and contaminants in a
way that substentially homogenous preparations of the protein of interast are
obtained. As a first step often cells and/or particulate cell debris are removed from
the cufture medium or lysate. The product of interest thereafier is purified from
contaminant soluble proteins, polypeptides and nucleic acids, for example, by
fractiongtion on immunoaffinity or jon-exchange columns, ethancl precipitation,
reverse phase HPLC, Sephadex chromeatography, chromatography on silica or on
a cation exchange resin such as DEAE. In general, methods teaching a skilled
persion how 1o purdy a hetarologous protein expressed by host cells, are well

kniown in the art.

The practice of the present invention will employ, unless otherwise indicated,
conventional  technigues of cell biclogy, molecular biology, cell  cullure,
immunotogy and the like which are in lhe skill of one in the art. These technigues
are fully disclosed in the current literature.

The following examples are not limiting. They merely show possible embodiments
of the invention. A person skilled in the art could easlily adjust the conditions fo

apply it to other embodiments.

EXAMPLES

ABBREVIATIONS

AP Alkaline phosphatase

BGH: Bovine growth hormons

bp: Base pair

CHO: Chinese hamster ovary

DHFR: Dihydrofolate reductass

ELISA: Enzyme-linked immunosorbant assay
FACS: Fluorescence-activated cell sorter
HGH: Hamster growth hormone

HT: Hypoxanthine/thymidine

HRPO: Horseradish peroxidase
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g immunoglobuline

IRES: intemat ribosomal entry site
kb Kilobase

mAbD: Monoclonal antibody

MTX: Methotrexate

NET: Neomyein phosphotransferase
nt: Nuclectides

PBS: Phosphate buffered saline
PCR: Polymerase chain reaction
SEAR: Secreted alkaline phosphatase
sICAM; Soluble intraceliular adhesion molecule
UTR: Untranslated ragion

MATERIALS AND METHODS

Cell culture

CHO-DGA4/dhfr™ cells are grown parmanently in suspansion in the serum-free
medium  CHO-8-SFMHE  {invitrogen) supplemented  with  hypoxanihine  and
thymidine (HT). Cells are incubated in cell cutture flasks at 37°C in a humidified
atmosphere containing 5% C0,. The cell number as well as the cell viabiiity are
determined with 2 CASY1 Celi Counter (Gchaerfe System, Germany), a Cedex
{innovatis AG, Germany) or via trypan blue dye exclusion. Cells are sseded at &

concentration of 1-3x10° cells/mb in fresh medium every two o three days.

Transfections

Transfections of CHO-DG44 cells are conducied using Lipofectamine Plus reagent
(Invitrogen). Per fransfection Bx10° exponentially growing cells in 0,8 mL
hypoxanthinefthymidine (HT}supplemented CHO-S-SFMI medium are seeded in
a well of a 8-well chamber. A mixture of plasmid DNA, 4 pl Lipofectamine and 6
ul Plus reagent in 2 volume of 200 pl is generated for each transiection and
added to the cells, following the protocol of the manufacturer. After incubation for 3
hours 2 mL of HT-supplamented CHO-5-8FMI medium is added,

AQ-
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Transient transfections are performed in triplicate and supernatant and cells are
harvested 2 days post ftransfection. For a DHFR-based selaction of stable
transfected CHO-DG44 cells the medium is replacad with HT-free CHO-S-SFMIE
medium 48 hours post transfection. DHFR-based gene amplification is achievad
by adding MTX in the range of 5 - 2000 nM {Sigma} as amplifying selection agent
fo the medium. In case of co-transfections a DHFR- and NPT-basad selsction of
stable fransfected CHO-DG44 cells is performad by transferring the cells 48 hours
post transfection into HT-free CHO-S-SFMIt medium supplementad with G418
{(Invitrogen) in a concentration of 200 — 400 pg/mi..

Expression veolors

fukaryotic expression veciors are derivalives of the pAD-CMVY vector (WO
9201055y and mediate constitutive expression of the heterciogous genes driven by
the CMV promoter/enhancer. For termination and polyadenylation of the transcript
of the gene of interest veclors contain either the SV40 late polyadenylation signal
(SEQ ID NO: 11) or the BGH polyadenylation signal (SEQ 1D NO: 12}, pBID
vectors encode a DHFR mini gene as amplifiable selection marker (sse for
example EP 0 393 438) whereas pBIN vectors encode a NPT gene as selection
marker under the control of the SV40 early promoter and a thymidine kinase
polyadenylation signal (Figure 1} .

Genes of interest encoding for humen siCAM, heavy and light chain of monocional
anttbodies (IgG1, IgG2 or lgG4 isotype) or Fc fusion proteins are cloned info the
vectors using the multiple cdloning sites located between promoter and
polyadenylation signal.

ELISA

sICAM titers are quantified by ELISA with standard protocols using two in house
developed sICAM specific monocional aniibodies (as described for example in US
patents No. 5,284,831 and 5,475,081}, whereby one of the antibodies is a HRPO-
conjugated antibody. Purified siCAM protein is used as a standard.
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mAb titers are quantified by ELISA with standard protocols using an goat anti-
human IgG Fe fragment (Dianova) and an AP-conjugated goat anti-human kappa
fight chain antibody (Sigma). Purified mAb antibody of the same isotype as the
expressed mAD is used as standard.

Samples are analyzed using @ Spectra Fluor Plus reader (TECAN, Crailsheim,
Sermany).

Cell productivity (pg/cell/day) is calculated with the formula pg/((CH-Co) t / In (Ct-
Cojy whereby “Co” is the cell number at the time of seeding, “Ct" the cell number
at the time of harvest and “t” the cultivation period.

SEAP assay
SEAP activity is determined with the SEAP Reporter Gene Assay according to the
orotocot of the manufaciurer (Roche Diagnostics).

EXAMPLE 1: ISOLATION AND CLONING OF THE TRANSCRIPTIONAL
TERMINATION REGION OF THE HAMSTER GROWTH HORMONE (HGH)

For the isolation of the complete polyadenylation sighal region of the growth
hormone gene from CHO-DG44 genome (chinese hamster, Cricetfus griseus) an
adapter-igated genomic CHO-DG44 DNA serves as template in a nested PCR.
The primary PCR is conducted with a primer combination with complementarity to
the adapter sequence and a growth hormone gens sequence, respectively, The
gene specific primer GH fort (5 -GAGACCTACCTGCGGGTCA TGA-3™; SEQ ID
NCO: 1} is designad on basis of a cDNA sequence of the growth hormone of the
syrian hamster (Mesocricelus auratus; Genbank SB6289) and is located 35 bp
upstream of the stop codon. A secondary PCR is performed on the primary PCR
products with a combination of an inner adaptor primer and 2 second, nestad gene
specific primer  GH for2;, 5-AGTGCCGTCGCTTTGTGGAAA G-37; BEQ 1D NO:
2), positioned directly downstream of the GH fort primer position. The resulting
DNA fragments are subcloned in a TA cloning vector (Invitrogen) and further
analyzed by sequence analysis. The longest DNA fragment containg aside of the
GH for? primer sequence further 13 bp of the 37 end of the coding region followed
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by a stop codon ang 324 bp of the 37 untranslated region of the growth hormone of
Cricetus griseus [Figure 2; SEQ 1D NO: 7).

To obtain just the 37 untransiated region with in total 324 hp (SEQ 1D NGO 8)
another PCR is performed using the primers  GH Sfi for1 (SEQ 1D NO: 3) and GH
Yba revt (SEQ 1D NO: 4). Thereby the above mentioned 382 bp DNA fragment
(SEQ 1D NG 7), subcloned in the TA vector, serves as template in the PCR. The
amplified sequence (SEQ ID NO:8) has the foliowing homologies to the growth
hormone 3'uniransiated regions of various species: 72.1% o the ssquence of the
syrian hamsier Mesocricetus auratus {Genbank $66289), 71.6% io the sequence
of Mus musculus (Genbank Z48663), 61% to the sequence of Ratius norvagicus
{Genbank V(01238) and 50.4% fo the BGH sequence of Bos fawus (Genbank
J00008) (Figure 3}

The PCR-based approach is also used for the generation of subclones with
various deletions of the 3™ end of the isolated 3° untransiated region. Using the
primar combination GH Sfi for 1 (SEQ 1D NO: 3) and GH Xba revZ (SEQ 1D NO: 5)
2 189 bp fragment of the 3" untransisted region is generated (SEQ 1D NO: 8) and
with the primer combination GH 8fi for 1 (SEQ 1D NO: 3} and GH Xba rev3 (SEQ
D NO: 6y a 113 bp subfragment is generated (SEQ 1D NO: 10). Thus, all amplified
fragments of the 3 unfranslated region have an identical 5 end which
correspands o the first nucleotide after the stop codon and a variable 3 end
{(Figure 4).

PCR products are digested with Sfit and Xbal and the resulling restriction
fragments are used to replace the SV40 late polyadenylation signal sequence in
the vector pJR106, which encodes human siCAM (Figure 5). The resulting veciors
pdR131, pdR134 und pJR135 contain now a polyadenylation signal sequence
derived from the growth hormone of Cricetus griseus, called for short HGH, with a
size of 324 bp (SEQ 1D NO: 8}, 189 bp (SEQ 1D NO: 8) and 113 bp (SEQ 1D NO:
10), respectively (Figure 5).

43



20

28

30

EXAMPLE 2, IMPACT OF HGH POLYADENYLATION SIGNAL SE-QUENCE ON
THE TRANSIENT EXPRESSION OF SICARM

To evaluate the impact of the polyadenylation signal sequence derived from the
Cricetus griseus growth hormone (HGH) on the expraession of a gene of interest,
stCAM, independent of chromosomal integration siles transient transfections are
performed. CHO-DG44 cells are transfected with the plasmid pdR131 which
conteins 324 bp of the 3" UTR of the hamster growth hormone (=HGH, SEQ 1D
NO: 8} (Figure 5). Vectors containing either the SV40 late (pJR106) or the BGH
{pdR110) polyadenylation signael sequences are used as control (Figure 5). Apart
from the different termination sequences the genetic setup of the various vectors
for the expression of siCAM is identical.

Supernatants are harvesied Z days post iransfection and the siCAM tiers
determined using ELISA. To correct for iransfection efficiency cells are co-
ransfected with the plasmid pCMV-SEAP {100 ng DNAJtransfection reaction),
which encodes the secreted alkaline phosphatase, and the SEAP activity is
measured.

Figure 6 shows the data of 2 independent transient transfection series performed
in duplicate. Surprisingly, the highest siCAM expression is obtained with the
polyadenyiation signal sequence derived from the growth hormone gens of
hamster. The titer is increased up o 21% (fransfection series #1) compared to
cells transfected with the vector pJR110 containing the BGH polyadenyiation
signal and increased up o 40 % (fransfection series #1) compared io cells
fransfected with the vector pdR106 containing the SV40 late polyadenylation
signal,

EXAMPLE 3 IMPACT OF HGH POLYADENYLATION SIGNAL ONM THE
TRANSIENT EXPRESSION OF AN IGG4 ANTIBODY

To evaluate the impact of the polyadenyliation signal sequence derived from the
Cricetus griseus growth hormone (HGH) on the expression of a gene of interest,
humanized lgG4lkappa mAb, independent of chromosomal integration sites

transient transfections are performed. CHO-DG44 cells  are co-transfected with
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the vector combination pBID/IgG4 and pBiN/kappa. Both vectors contain 324 bp
of the 3" UTR of the hamster growth hormone (=HGH; SEQ 1D NO: 8) as 2
polyadenylation signal sequence. As a contral CHO-DG44 cells are co-ransfected
with the vecior combination pBID-BligG4 and pBIN-B/kappa which contain the
BGH polyadenylation signal (see Figure 1 for basic vectors). Aside of the different
fermination sequences the genetic sefup of the various vectors for the expression
of the igG4/kappa mAD is identical.

Supematants are bharvested 2 days post ifransfection and the 1gG4 titers
determined using ELISA. Per vector combination £ cell pools are transfected. To
correct for ransfection efficiency celis are co-transfected with the plasmid pCMYV-
SEAP {100 ng DNA/ransfection reaction), which encodes the secreled atkaline
phosphatase, and the SEAP activily is measured.

Surprisingly, titers obtained with the HGH polyadenylation signal sequence are on
average 35% higher than for the BGH polyadenylation signal (Figure 7).

EXAMPLE 4 TEST OF DIFFERENT HGH VARIANTS

Two 37 deletion clones of the 324 bp HGHM sequence derived from the Cricefus
griseus growth hormone (SEQ 1D NO: 8) are generated by PCR and placed a5 &
polyadenylation signal sequence downsiream of the siCAM gene. The resulting
veciors pJR134 und pJR135 (Figure 5} contain a shorter stretch of the HGH
sequence of 189 bp (SEQ ID NO: 9) and 113 bp (SEQ 1D NO: 10), respectivaly,
which have a common 5 end position (Figure 4,

To evaluate the impact of the HGH deletion variants on the expression of a gene
of interest, sICAM, independent of chromosomal integration sites transient
transfections are performed. CHO-DG44 cells are transfected with the veclors
pdR134 and pJR135. Vector pdR131 containing the 324 bp HGH sequence is
used as control (Figure 5). Aside of the different termination sequences the
genetic setup of the various vectors for the expression of siICAM is identical.
Supernatants ere harvested 2 days post trangfection and the sICAM titers
determined using ELISA. To correct for transfection efficiency cells are co-
transfected with the plasmid pCMV-SEAP {100 ng DNA/transfection reaction),
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which encodes the secrated alkaling phosphatase, and the SEAP activity is
measurad.

Figure 8 shows the data of 2 independent fransient transfection series performad
in duplicate, Both HGH deletion variants lead (o reduced siCAM expression levels,
The HGH sequence of 188 bp contained in the expression vecior pdR134 resulis
in & more moderate reduction of up to 23 %. Thus the 188 bp fragment shows a
performance comparable to the BGH and SV40 late polyadenyiation signal (see
example 2 and 3). However, the shortest HGH sequence of 113 bp contfained in
the expression vector pJR135 leads to a up to 78 % reduced sICAM expression.
This shows that between the HGH region of bp 190 to 324 of SEQ 1D NO:8
sequences are located which contribute to an efficient expression of a gene

intarest,

EXAMPLE 5: STABLE EXPRESSION OF PROTEINS AT HIGH LEVELS
USING THE HGH POLYADENYLATION SIGNAL

CHO-DG44 cells are co-transfected with vector combinations encoding either for
the heavy and light chain of mAbs of various isotypes {lgG1, 1gG2, 1gG4) or for F¢
fusion proteins wheraby the Fc part is derived from IgG1t or IgG2. The basic
veciors pBID and pBIN (Figure 1} used for expression contain the 324 bp HGH
sequence (SEQ 1D NO:8) as polyadenylation signal sequence positioned
downstream of the gene of interest. Stable cell poois are selected using & DHFR-
and NPT-based selection 2 days post transfection. The first seleclion of stable
transfactants is foliowed by two successive DHFR-mediated gene amplification
steps by adding to the culture medium 100 n MTX in the first round and
subsequently 800 nM MTX, Bingle cell clones are obtained either by dilution
cloning or & FACS-based deposition of single cells into wells of g 96 well plate.
The experimental data show that hgh expression of a protein of interest in siable
fransfactants can be achieved using the HGH polyadenylation sighal from Cricetus
griseus. Cell pools and cell clones with specific produstivities in the range of 10 -
45 pg/eeliday and titers in fed baich processes of up to 6.3 g/L are oblained
{(Figure 9}.
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SEQUENCE TABLE:
SEQ ID NG

SEQIDNO: 2

SEQIDNGC: 3

SEQ D NO:4

SEQ D NG5S

SEQIDNGS

SEQ D NO7

SEQ IDNOSB

SEG D MOS

SEQ 1D NOO

SEQ D NO

SEQ D NO2

SEQ D NO3

Primer GH fort

Frimer GH for2

Primer GH $fi fort

Primer GH Xba revl

Primer GH Xba rev2

Primer GH Xba revd

Cricetus griseus, growth hormone sequence,
part of 3'coding region and 3”7 untranslated
region (362 nucieotides)

Cricetus griseus, 3 untranslated region of
growth hormone (324 nucleotides)

Cricetus griseus, 3° untransiated region of
growth hormone {188 nucleotides)

Cricetus griseus, 3° untransiated region of
growth hormone (113 nucleotides)

Sv4l, late termination and polyadenylalion
saquence {222 nucleotides)

Bos taurus, termination and polyadenylation
sequence of  growth  hormone (208
nucleotides)

Kozak sequence, consensus ribosome

binding site (13 nucieotides}
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CLAIMS

A polyadenylation signal comprising a nucieic acid comprising & sequence at least
85% identical to SEQ 1D NO:9.

The polyadenylation signal according fo claim 1 comprising a sequence at teast 30%,
95% or 98% identical o SEQ ID NO:8.

The polyadenyiation signal according to claim 1 or 2 comprising SEQ 1D NO:g.

A nucleic acid the sequence of which comprises SEQ 1D NG:9.

The polyadenylation signal or the nucleic acid according fo claims 1 to 4 wherein
said polvadenylation signal or said nucleic acid is operably linked to a heterologous

coding sequence.

A vector or polynucieotide sequence comprising any one of said polyadenylation
signals or said nucleic acids of claims 1 fo 5.

The vector or polynucleotide sequence of claim 6 comprising a heterologous gene of
interest encoding for a heterologous product of interest.
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10.

1.

12.

13.

14.

The vector of claim 7, whereby the product of interest is 2 polypeptide of interest and
said polypeptide of interest is an antibody, antibody fragment or fusion protein.

A cell comprising the vector or polynucleotide sequence of any one of claims 6 to 8.

The cell according to claim 8, said polyadenylation signal or said nucleic acid of
claims 1 to 5 is operably linked o a transcription unit encoding a product of interest
and whereby the product of interest is a polypeptide of interest encoded by a gene of
interest.

The cell according to claim 9 or 10, whereby said cell is a hamster cell.

A method of making a polypeptide of interest encoded by a gene of interest, the

method comprising:

(a) Providing a host cell comprising a vector or polynucleotide sequence according
to any one of claims 6 to 8 or providing a cell accarding to any one of claims § to
11,

(b) Cufiivating said cells, under conditions which allow the proliferation of the cells
and the expression of the gene of interest,

(c) Harvesting the polypeptide of interest and

(&) Purifying the polypeptide of interest.

Use of any one of the polyadenylation signals or the nucleic acids of claims 1o 5 as
an insulator.

A kit comprising any one of the polyadenylation signals or the nucleic acids of claims

1 to 5, a vector, a cell and a cell culture medium for cultivation of said csil.
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