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A ycosylation Pattern Technical Field The present Invention relates to
ubi qui t ous mamposenmass processes for establishing cells eapabbmsefiost abl e
hi gh yield expression of a reconbinant gene with human glycosyl ation
pattern, and for establishing stable untversal precursor cells avail- able
for insertion of arbitrary target genes. The invention further relates to
the cells obtainable by said processes. Background of the Invention
Reconbi nant protein production is of central inportance for different
applica- tions. Structural studies of proteins (rational drug design and
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dustrial applications of proteins (enzymes) and clinical use of recombinant pro-
teins have increased the need for their efficient production. As of February 2000,
according to a survey by the Pharmaceutical Research and Manufacturers of
America, 122 biologics, including 20 monoclonal antibodies were either in phase
III trials or awaiting FDA approval (K. Garber, 2001, Nature Blotech. 19, 184-
1185). ' ‘
Depending on the application, native conformation and correct posttranslational
modifications (such as glycosylation) of the recombinant protein are essential.
"~ Prokaryots such as the biotechnology "pet" organism Escherichia coli (E. colf)
lack the ability to introduce posttranslational modification. Only eukaryotic cells
possess the cell machinery necessary for co-translational and post-translational
modifications as they are often required to produce functionally active proteins.
Various eukaryotic systems for the production of a variety of heterologous pro-
teins exist, Fungal expression systems, using e.g. derived from the genus Sac-
charomyces, Candida, Pichia, Hansenula, Aspergilius or Kluyveromyces are well
established (Hollenberg and Gelissen {(1997), Current Obinion in Blotechnology 8,
554-560). To circumvent the problem of plasmid instability sometimes encoun-
~ tered in fungi, sequences coding for heterologous proteins are ideally integrated
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2 into the fungal chronosone via honol ogous reconbi nation. Further problens
encountered with fungal expression systens are overglycosyl ati on of 29-Mar-07
het er ol o- gous proteins and incorrect folding such as incorrect ~viar-
ol i goneri savoaon4mmdss nsuf fi- cient |igand incorporation.pdireessiesy of
het er ol. ogous proteins in insect cells 2 the DNA encoding the
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cellular petign c DNA and the gene encodi ng reconbi nant protein is stably

integrated into the ge- none. If the gene encoding the reconbi nant protein
is associated with a selec- tion marker, cells carrying this cassette can be
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DNA and the gene encoding recombinant protein is stably integrated into the ge-
nome, If the gene encoding the recombinant protein is associated with a selec-
tion marker, cells carrying this cassette can be identified and isolated as stably
transformed cells. Stable transformants have the advantage that the heterolo-
gous protelns are continuously produced. The expression titer is mainly deter-
mined by the strength of the promoter construct, the site of integration into the
chromosome, the copy number and the type of recosﬁbinant protein in question.
Many strong promoters are commercially available, however, their transcriptional
activity varies depending on the cellular level of the relevant trahscription factors
and 6n the chromatin structure at the integration site. For example integration
within the scaffod- or matrix attachment regions (S/MAR elements) of chromo-
somal DNA can augment the activity of promoters -and hence the expression of
heterologous genes- and protect them from. inactivation by the flanking chroma-
tin. Therefore, it is highly desirable to chose a promoter highly active in a specific



29-Mar-07 WD 2004/ 031383 PCT/ EP2003/ 011027 3 cell and to direct
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To solve the first problem unidirectional was established, e.g. by meains of het-

erospecific target sites for both flp and cre. These RRS are recognised by the re-
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gion. Alternatively, the targeting cassette nmay be integrated via retroviral
vec- tors (Karreman S. et al., Nucleic Acids Res., vol 24(9), p. 16]2@-_#11@;_67
(1996)). 29-Mar-07 WD 2004/031383 PCT/ EP2003/ 011027 4 These vectors target
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and the infection dose can be adjusted to create single integration sites.
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" clone of this precursor expression cell (functionalized cell); thirdly introducing the
gene of interest (from here on called "target gene™) coding for the target gene
product {protein) by site-directed integration using a recombinase recognizing
the RRSs incorporated with the first targeting cassette; and finally select-
ing/isolating a stable expression cell capable of producing large amounts of the
recombinant protein. Direct replacement of the starting gene with a functional
DNA sequence containing a DNA sequence coding for the target gene product is

~ also applicable,

It was moreover found that suitable starting cells for the above method are spe-
cific mammalian cells such as human myeloma and hybridoma cells and human
heterobybridoma cells (including human-mouse hetero~hybridoma cells such as
H-CB-P1), which allow the production of proteins having an essentially human
glycosylation pattern. I |



H CB-P1), which allow the production of proteins having an essentially human
gl ycosyl ation pattern. 29-Mar-07 WD 2004/ 031353 PCT/ EP2003/ 011027 %29-Mdsiorg
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" to the startlng cell;

(b) screening for the locus of the starting gene product within the genome of the

starting cell; | '

(c1) replacing the geﬁe coding for the starting gene product with a first func-

tional DNA sequence containing one or more recombinase recognition sites (RRS)

to obtain a functionalized precursor cell; and 7

(d) integrating a second functional DNA sequence containing a DNA sequence

coding for the target gene product into the functionalized precursor cell obtained

in step. (c1) by use of a recombinase recognizing the RRSs incorporated with the

first functional sequence, or '

(c2) directly replacing the gene coding for the starting gene product with a func-

tional DNA sequence containing a DNA sequence coding for the target gene

product;



tional DNA sequence containing a DNA sequence coding for the target gene

product; 29-Mar-07 WO 2004/031383 PCT/ EP2003/011027 6 (2) in a pre%%ggé
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het er o- hybri doma such as hetero hybri doma. H CB-P1 (DSM ACC 2104)) and in-
tegration qf the functional  DNA sequenc%ga)g Is effected at a 1 g | ocus

(pr ef er abfd) A PEefREgd embRAMeRkLA the M (13 #bgve dhestartisp eelids|an

capabl e OfnRbelivdcecall edHRYS Freth & 1PmbAb t 2 0RirAl Py the
et hod-of!rr("?) or (2)C€|6Itbove; (4) a e oA %&Sgiggf Sﬁﬁgwg 2 AL ARRO Y ol

conpr i si ngeteferhyPEBaMeaguchoag Betero 4y baidpmeed Q1§D ACS 24B6)eand B)- a
recur sor - ; g&ﬂﬁ' is RFFELLAO

gxpr essi otr?%ﬁ%dl%@t%gggéépmg‘glﬁgaio%uct -icg@é%%pri sesgt %%tlpgg%i(%lge?%ﬂggl | as

defi ned i@t 3 3garadgast hamdn (9)locus efrspéd cglBne product obt ai nabl e by

Coneene o4 e8P endlfit of St (2 B fRslbn of%ﬁ?géﬁggéﬁ8@&&%&&%@% lg. 1

Concept oVerview, nu roceéss to create expression cel
| i nes conthe miethpdsoft @) spdei) fabovent egrati on of genes into an IgH locus at frt

sites. T, H-.CB- | S S | 1. r
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prot ei n | eadefinesktipu@lce (@)abogpeci fic V, D, and 3 genes rearranged and
posi ti oned..next_ to the h r,.E he. MAR and the Cp codi ng sequences.
Tar get se&}eq’lelées&fsoof %g%gl%rg}%%g' gé%ﬁbog‘?’nation are shown nmarnorate. Via
honol ogoufs)re amthod&di bighbdédeapreseton bf arerds geegupdace WwdishnéempNgyy ont
and "Cp" of _.vector 1 (targetin ctor) an t he genomi c DNA, first
functiona?‘f@é%'%gea&8“%35#%8&"2&%3%9\‘7@%@rf e flanking sequences are

| nt r oduce@)i ntargehgeye product Dbsindtsle dyredoreringed telPBERBed ronm GREBRIMEL.t he
result. The first functionalized sequence contains frt sites (frtFS frtF3
and frt w), an artifical strong pronoter CES (Fig. 1a) or no additional

pronot er peEtAptibh) otled FRARea! the first expressed gene(hobFc). In addition
a blasticidine _or hygromycin rﬁsi stance gene and an ATG del et ed neor%ci n

gene are Herd:iFoNceRk OVERRWS SIBRAPEess Wetiigatr Aigbriield exprassivantelgenome
carries teadddrpridiHg GreldpRBRk ISRGVANGEST HEHQTR 8F ThA 1hAS shfpsRaQMal  DNA.

The IgH locus of H-CB-P1 is represented in the upper graph of figures 1a and 1b.
It contains the variable gene promoter followed by a protein leader sequence and
specific V, D, and J genes rearranged and positioned next to the enhancer Ey,
the MAR and the Cp coding sequences. Target sequences for homologous recom-
bination are shown marmorate. Via homologous recombination between the
flanking sequence elements "Vhprem" and "Cu" of vector 1 (targeting vector) and
the genomic DNA, first functionalized sequences located between the flanking
sequences are introduced into the genomic DNA and a recombinant PBG03 ge-
nome is the result. The first functionalized sequence contains fit sites (frtFS frtF3
and frt wt), an artifical strong promoter CES (Fig. 1a) or no additional promoter
(Fig. 1b) upstream of the first expressed gene(hoch)..In addition a blasticidine
or hygromycin resistance gene and an ATG deleted neomycin 'gene are part of
the flrst functionalized sequence. The recombinant genome carries the first func-
tional sequences integrated in the chromosomal DNA,

FLP recombinase catalyses recombination at frtF5 and frtF3 or at frt wt and frtF3
sites of the recombinant H-CB-P1 genome and véctor 2, the actual gene of inter-
est is introduced and expressed from the artificial or the endogenous VH pro-
moter (Fig. 1a and 1b, respectively). Parts of the first functionalized sequence



FLP reconbi nase catal yses reconbination at frtF5 and frtF3 or at frt w and
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Fig. 3: Cloning strategy for the intermediate vector pVCp containing the flanking
regions Vhprom and Cy.

The 2 kb VH promoter sequence was amplified from PBGO3 cell genomic DNA
using forward primer VHpromF (SEQ ID NO:1) and reverse primer VHpromR
(SEQ ID NO:2), The PCR product VHprom was cloned into the pCR 4BluntTOPO
vector (Invitrogén) and the resulting vector named PVH. The 7.4 kb Cpt region
was amplified from genomic H-CB-P1 DNA as two overlapping fragments, namely
CuMitteR and CuMitteF, The primers CpintV (SEQ ID NO:3) and CpMitteR (SEQ
ID NO:5) give rise to the product CuMitteR and the primers CuMitteF (SEQ ID
NO:6) and the reverse primer CpintR (SEQ ID NO:4) produce the fragment
CuMitteF. Both fragments were cloned into a pCR 4BluntTOPO vector (Invitro-
gen) and the resulting vectors called pCpuMitteR and pCuMitteF. The full length Cyu
sequence was re-established by opening both vectors with the restriction enzyme
Spel and Dralll, and ligating the Spel-Dralll fragment from pCuMitteR into the



NG 6) and the reverse prinmer CpintR (SEQ I D NO 4) produce the fragnent
CoMtteF. Both fragnents were cloned into a pCR 4Bl unt TOPO vect or (Iﬁ/l\,\t 97
gen) and the resulting vectors called pCoMtteR and pCd.iMtteF. The ft

| engt h Cp vamzweomssswas re-established by opening both pegkeimsanidr t he
restriction enzyme Spel and Dralli, &nd ligating the Spel-Dralll fragnment
frompCpMtteR into the 29-Mar-07 WO 2004/031383 PCT/ EP2003/ 011027 8 opend
pCpM t t eFopensepEieiital. AdeveastingrrtonpEiletartigs th@lfuuﬁlmhm@e@legu(@n (Cp
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cont ai ngi phptasetiebtgd gperst vesdoppGuot er © CES and the hobFC fusion gene was

created by ligating an end-filled Swal-BstBl fragnent isolated from
pCESHhobFc into the pVHCp vector that had been di- gested with Pnel .and
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n CES n
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vectors c In SII1 Cl di a as a
pVHCphob Rahent sehited i BERakERHE THb FELGvCukeRor that g brerafici di n

gene. To gwited eithhemehygd @ébﬁbmlﬂﬁvﬁt@ﬁm@emﬁh\#@&ﬂor wn—rdﬂmHaBF@tmd
neomnyci n seqyen érom t he vector %SHhObFC e vector vvaT gested with
EooRl andi2saE1e BRBFC SUPRBLSANG PHANSCCESPTERONeTsANFS PraRAreH Y RITBRATRD

cont ai ni Nghdiied PB&ILO7-E5BI Fraghréiitt RElate® Trorh CHUBSIRoNRS jrlth 9aH Eﬁ‘néI”HP the
previ ously opened pCESHhobFc vector and the resulting plasm d naned

pCEShobFcitsied engddeghosmhiorylated pectopgiybklle and the ATG del et ed neonycin
sequence were .isolated from pCESHhobFc as a Sall Sall fragment and

re-inserted into the Sall site of pCE- ShobFcbl asdel eted. The resulting
pl asm d MSEQEIWMQ&@FMYJ%@E'@@Q@Q WeLtaip FRFFYW@@QFMEF%SW@%%@&@

pVHCPpCES bFa61aB3Hd p\RsE hc‘;!:f gigent  conpri sing the hobFc sequence
and the b astllpdé |°n-Eger?e was |so ate IErgom pCE- ShobFcbl as and inserted into

vect or pVHGpESHid PFENEHBRcWasiushd |§rﬁqnoaﬁu' the blasticidin gene. To delete the
hygromicin gene sequences as well as the FRT5 and neomycin sequences from
the vector pCESHhobFc, the vector was digested with EcoRI and Sall and
dephosphorylated. An Ecol-Sall fragment from pCDNATRD containing the blasti-
cidin resistant gené'"sequence was ligated into the previously opened
pCESHhobFc vector and the resulting plasmid named pCEShobFcbiasdeleted. The
Frt F5 sequence and the ATG-deleted neomycin sequence were isolated from
pCESHhobFc as a Sall Sall fragment and re-inserted into the Sall site of pCE-
ShobFcblasdeleted. The resulting plasmid pCEShobFcblas was used together with
pVHCHCESHhobFc to create pVHCuCEShobFCbIés. The BamHI-Sall fragment
comprising the hobFc sequence and the blasticidin gene was isolated from pCE-
ShobFcblas and inserted into vector pVHCUCESHhobFc opened with BamHI and
Sall, giving rise to pVHCPCEShobFcblas. The vector pVHCuhobFeblas was created
by ligating a BamHI-Sall fragment containing the hobFc gene and the blasticidin
gene into vector pVHCpHhobFc digested with BamHI and Sall.

Fig. 6: Immunostaining of H-CB-P1 clones



Sall, giving rise to pVHCpCEShobFchl as. The vector pVHCphobFcbl as was
created by ligating a BanHl -Sall fragnent containing the hobFc geneimg M]e
bl asticidin gene into vector pVHCpHhobFc digested with BanH and S T:
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t he cl Oneciomé totalre amitegitihateninsgrtionsofahe fedctigriah sequerides] | ght mi croscopy,
is shown in the top left panel. The same clone immunostained with the Texas
Red conjugated anti-I1gG antibody is shown in the top right hand panel. The

bot t om pagigl| 3: phrert inhthosteming of MeCB1l clpasd ahd thfth@# expdrdibn Oci6dd, s can
rosco

be seen when the pictu ta under normal ht
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p VHCNCESh@r s layngnostalnlng visualized with normal I|ght microscopy, is shown in the
top left panel. The same clone immunostained with the Texas Red conjugated
anti-1gG antibody is shown in the top right hand panel. The bottom panels show
pictures of the well post trypsinisation. No cells can be seen when the picture
~was taken under a normal light microscope, as shown in the bottom left hand
panel. The right hand panel shows the same well examined under UV filter WU.
The cells are completely removed from the well and the fluorescent antibody pre-

. cipitate remained in the well and is not attached to the cell surface.

- Fig. 8: Ant-IgM dot blot of cell culture supernatants from induvidual clones
Supernatant of the following clones
1: pVHCuhobFcblas-D6; 2: pVHCphobFcblas-G8;

3: pCEShobFcblas-A3; 4: pVHCpCEShobFcblas-B4;

. 5; pVHCUCEShobFcblas-D3; 6: pVHCUCEShobFeblas-G8 were spotted onto a
membrane and subjected to the ECR staining method. Since the starting cell
population homogenously produces IgM, clones with no detectable IgM expres-
sion result from inactivation of the IgM H gene mediated by the targeting vector.



5: pVHCNCEShobFcbl as- D3; 6: pVHCNCEShobFchl as-G3 were spotted onto a
menbrane and subjected to the ECR staining nmethod. Since the starting.gl-br
popul ati on honogenously produces IgM clones with no detectable | gM expres-
si on resul wofzemsiszacti vati on of the 1gM H gene nedi at eechigpaésa1ier get i ng
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(targeti ng P ve é‘?ﬂ?ﬁgﬁ%ﬁ%b{f??@casﬁ\g?&@%%ﬁ 5|‘3193 g PCR strategy was
appl i ed. p\llpb@uCE%michbhiatDbﬁlIEhélLéﬁdlbgenous cassette of the vector

Chyarony TP iciFEs AriRiDs ()10 GRRES), ORI ot R bR T Fotgine
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V' gene. pr B S0t bR & B nPEngAna pbiRgted, Botnl FCY SR p e b Bz sl i ¢
prinmers Magam AAti-(PEQntibodns: 8 and 9, respectively), which bind

specifically within the first functional sequence. The occurrence of PCR
products is strictly dependent on co-localisation of both primer binding

sequencesf igmiohb@t&tnbnrﬁflW@Magu@e@zﬁhﬁmﬁ&ﬂmﬂwﬂmmonfi rmany posi- tives the
putative ositiv PCR produ ﬁqwas us in a nested PCR reaction W|th t he

pri mers VEpFSthsiheiahe ‘ﬁ@q’ﬁ‘ fon gyRNthad ecqyierad RRIWMEEN the pr i mer
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" Upon recombination the endogenous cassette of the vector containing the CES
promoter, the hobFc gene and a resistance gene (hygromycin or blasticidin) fol-
lowed by the ATG-deleted neomycin gene becomes integrated between the ge-
nomic V gene promoter sequences and the enhancer Ep. The forward primer V5
(SEQ ID NO:7) which binds to the genomic V gene promoter sequences outside
of the fragment Vhprom was combined with primers V6 or V7 (SEQ 1D NQOs:8 and
9, respectively), which bind specifically within the first functional sequence. The
occurrence of PCR products is strictly dependent on co-localisation of both primer
binding sequences and hence homologous recombination. To confirm any posi-
tives the putative positiv PCR product was uséd in a nested PCR reaction with
the primers VHpromF and VHpromR (SEQ ID NOs:1 and 2, respectively).

a: primer position, b: electrophoretic analysis of PCR products

left: first PCR V5, V7

lane 1: 1kb ladder (Invitrogen); lane 2: clone pvVHCuhobFcblas H6;

Jane 3: clone pVHCUCEShobFcblas B10; lane 4: clone pVHCuhobFcblas D4;

lane 5: clone pVHCphobFcblas D8; lane 6: clone pVHCphobFcblas E11;

lane 7: neg control H-CB-P1 '

right: nested PCR
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Fig 12: Generation of a target cell clone using GFP as a model térget gene.

Clone p\'!HCpCEShochbIas'D3 (renamed PBGO4) was transfected with vector 2
comprising a second fuctional sequence ( frtwt, GFP open reading frame and
polyadenylation signal, minimal promoter followed by ATG and frtF5) and plas-
mid pfip comprising a functional expression unit for the flp recombinase {Note:
the vector is unable to express GFP in a naive cell because it lacks a functional
promoter driving expression). After two weeks of selection with G418 individual
stable 'clones strongly expressing GFP are detectable. GFP expression as well as
G418 resistance depends on the homologous recombination event.

Fig. 13: Identification of the rearrangements in the heterohybridoma H-CB-P1
The cDNA for the light and heavy chain genes form H-CB-P1 was sequenced and
compared to database sequences. Genomic genes constituting the heavy gene
genes were identified by homology with unrearranged genomic sequences. Based
on the identification of V1-2, D1, 36 and p a genomic map of the rearranged lo-
cus was constructed. PCR primers were designed using this information, respec-
tive fragments extending 5° to the variable gene V1-2 promoter and containing
the D,J, and p Intron sequences but [eaving out the variable gene ATG were am-
plified and used to construct the targeting vector. '
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The leptin-Fc molecule contains two N linked oligosacharides, one on each chain
of the Fc domain.

Fig. 16: Aminophase-HPLC of [eptinFc
LeptinFc from PBG-04 was generated in roller bottle culture and purified by a ge-
neric process including affinity chromatography, gel filtration and membrane fil-
tration. The protein was digested with trypsin and the resulting peptides were
(déglycosylated by PNGase F digestion. The glycans were labeled with 2~-amino-
benzamide and separated by HPLC on a Phenomenex Hypersil APS-2-column.
Peak numbers represent the fractions which were used in MALDI-TOF-MS analy-

sis.

Detailed Description of the Invention

The present invention provides a method to transform a mammalian starting cell,
in particular @ human cell or human hybrid cell into a stable high yield expressing
cell, To achieve continuous recombinant expression, the gene encoding the re-
combinant product becomes integrated into the genomic cellular DNA. Expression
levels are highly determined by the site of integration of the recombinant gene



in particular a human cell or human hybrid cell into a stable high yield
expressing cell. To achieve continuous reconbi nant expression, the 9eRg . o7
encodi ng the re- conbi nant product becones integrated Into the genomc
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preferably in an anount of - nore than |Ifnol/cell/d (which equals 100pg/.cell
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or the like) and nost preferably is human- nouse hetero-hybri doma H CB-P1
(DSM ACC 2104; previously referred to as ZIM17). If the starting cell is a

human cel in ahotherpiefeetcdl @bttt e starting cdrfié BgstimaboVimoithlided or
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a hu- from B lymphocytes) or tumor cells or genetic modifications thereof,' cell hybrids,

cell lines used generally In protein manufacturing such as HEK293, PER.C6 hu-

man cell lines created from primary cells via genetic immortalization or fusion

with immortal cell lines, preferably it is a human hybridoma or hetero-hybridoma

_cell (e.g. human-mouse, human-rat or the like) and most preferably is human-

mouse hetero-hybridoma H-CB-P1 (DSM ACC 2104; previously referred to as

ZIM517).

If the starting cell is a human cell or hurﬁan heterohybridoma (e.g. as defined
above), it is preferred that said hybrid cell or heteor-hybridoma comprises at
least one human chromosome and/or is capable of -human post-translational
modification. It is particularly preferred that the starting gene product is a hu-
man gene. ;.

The starting gene product is preferably selected from secreted proteins such as
antibodies, cytokines, hormones, enzymes, transport proteins storage proteins,



man gene. The starting gene product |Is preferably selected from secreted
proteins such as antibodies, cytokines, hornones, enzynes, transpordg.mMaro7
proteins storage proteins, 29-Mar-07 WD 2004/031383 PCT/ EP2003/ 011027 14
struct ur al war mbgeziss etc. The starting gene product is p¢t/Rerodnoem a nain
prod- uct of the chosen starting cell 14 So stabl e expressi on of |1gM has been
observed for 'H-CB-Pl or selected in a screening procedure. Screening may be
based on $HEGLIMR)|RIgtgINDret€ohbE FhRrtingt SRt Prasiist iss piRenkeewara mpivppedssi on
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t ransnenbrane Of I ntrace onal

dommi ns atdthHoseiskiiedrinttee mst.conbi ni ng do- mai ns of these protein classes. In
a first opti-on of enbodi nent (1) conprising steps (a), (b), (cl) and (d),
the replacenent of the starting gene is effected by an one step repl acenent
strat- egVhe \MMGH roftthe isvantiom@liows Ithe prodattint ofl any tiecambtin@rproteist r uct

containin functiqgnal .s en sai d, first functlonal se uence

i nacti vat g‘r‘? er&‘ﬁ%l t"b%#.g&f‘wmﬁ?atédﬂg'ﬂg E's’ﬁ F‘E‘?)PBEF ITHtednte GRS gf or the
st art: ng gesar prardusds, %’t&@e&nh'ﬁitﬁ&l mormgsﬁWmmﬂtret@tefg‘ SﬁE@Idblen a two
or nultistep strate erein. the ene codi or the starti en

pr oduct ié’ '8’@ é}eé fgtl €.0n RSP °'§Ha tgmﬁemﬁﬂ%’fﬁ Py iRtgAce aé'dgaﬁ"gﬁ’si vect or
cont ai ni nguiitieagtH antibbdiastdroaatibsBe WRAGENs SN filsidrs profdifs tdoaitahing edislence
being i ncorporat ed at the site of the deleted/inactivated starting gene

product . @ﬁé’tﬁ‘?l%‘eﬁﬁ@ﬁ?tﬁ&g@ﬁﬁ? of the first functional sequence at the
|l ocation of the start- ing genes is facilitated by sequences flanking- the
first. functional sequence in the vector which are honol ogous to the target

gene or aH] aduRk opEam Of @ebodimeat (1} |caﬁmrﬁgwgs$@9§r{@bs(tb)p é%bﬁad {8y ®i& her

from | ambgayaeasdAtor #c<t Dﬁ@ehéhé%ﬁe@@ed 8y éﬁ‘@néts‘i‘éé regsae&hlenpetrg erated
by PCR using starting as a tenpl ate. percent age of cell clones

resul ti ngew,dm«snsetthe étarm@ﬂpkbri%tsolaﬁac'@d with & ve@pr Zonstruct contaimng the
first functional sequence,.said first functional sequence inactivating and partially

or completely replacing the gene coding for the starting gene product. Alterna-
tively, the replacement is effected in a two or multistep strategy, wherein the
gene codihg for the starting gene product is deleted or inactivated and subse-
quently contacted with a vector containing the first functional sequence, said first
functional sequence being incorporated at the site of the deleted/inactivated
starting gene product,

Spedific incorporation of the first functional sequence at the location of the start-
ing genes is facilitatéd by sequences flanking the first functional sequence in the -
vector which are homologous to the target gene or adjacent seguences. These
flanking sequences are obtained either from lambda, cosmid, pac or bac libraries
of the starting celf or generated by PCR using starting cell DNA as a template.

The percentage of cell c!bnes resulting from specific incorporation of the first
functional sequence at the location of the target gene may be further increased
by employing a dual selection strategy, where a positive selection marker is con-
tained as part of the first functional sequence and a negative selection marker
sepafated from the first functional sequence by a homologous flank. Homologous



functional sequence at the location of the target gene may be further
increased by enploying a dual selection strategy, where a positive s pmar07
sel ection marker is con- tained as part of the first functional sequence and
a negati vewsetoeesissa nmar ker separated fromthe first feowvepmomdii®eequence by
a honvol ogous fl ank. Honol ogous 29- Mar1®7 WD 2004/ 031383 PCT/ EP2003/ 011027
15 exchange allows incorporation of the positive selection nmarker in the
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that “sai diFeiBgRREPBre T BRE0ER Afbie SR ety BRFP TR (Pl B i o
| s achi evedentethg. fuhytionzdiséd gaiedwowdr cald frt sites as well as by the.
(wld-type) recognition sites of OC31 integrase. The first functional se-
guence may further conprise sequences sel ected from marker sequences, se-

creted Fr‘meeﬁ:rstger:netmnaplsequmwescoraphmems or mpd)deCRRs(gnsii!isct?@tﬂqrﬂd@m{I ation
sig- nals, | e ts, etc. ' To .create a producer,ce or the target
gene pr oorﬁ%ta%ih%"qe%ﬁ@t F*B%Pfi%bg?'écmaﬂ%r e’g’@”&'((rf FitRR fon FeSOLAFeS Br oducer
as OH] ai %séggrc%:t ﬁﬂe%sth%%b of Misimige?d)i)ma@tosai@geccgmﬁm tmle@é pfd\%ide f[ﬁcﬁgurh_ﬂi-gw) :
e.g.the .one 77),,1S subse- qu coptacted w a
Second. vaERsn JHErHIaNy WHIFS IS aAtEd e PO gRAREEiT: fikes S bold -
functi onals s ewe (RRd-EPray #e%@?nﬁ:i'fbﬂ diRs T oCPN hiafehseRPhe)first Alnctidhal se-
reconbi nases present 1nh the first functional sequence. The second func-

tional seHPEEEMPYIITURBLr COMRTISSe8eqURRCES SRlactacd HIRER JB3TKSE| SAIUEACES: 03"

pronot er creRAUEFRIER gdRtisK PromREsaNeRRands, §RicddighalaNBHoRBaEMNSHoF BRMENCES,
reconmbi - nase recognition sequences differing from RRS of the first

f unct i ondlalsdfESrelements, @tc.The i ntegrati on of the second functional DNA
sequence is effected by reconbi- . : '

To create a producer cell for the target gene product, the functionalized precur-
sor cell (if not alréady' a producer as obtained in step (c2) of second option of
embodiment (1), see below), e.g.the PBGO3 clone D3 (DSM ACC2577), is subse-
quently contacted with a second vector containing the second functional se-
quence. The second functional sequence comprises the target gene and RRS(s)
for said recombinases present in the first functional sequence. The second func-
tional sequence further comprises functional sequences selected from promaoter
sequences, marker sequences, splice donor and acceptor sequences, recombi-
nase recognition sequences differing from RRS of the first functional sequence,

. ete.

The integration of the second functional DNA sequence is effected by recombi-
nases recognising the RRS with or without accessory proteins (e.g., Cre, Flp, ¢
C31 Integrase, resolvase and the like). These recombinase and accessory pro-
teins, mRNA coding for these proteins or viral or nonviral vectors allowing there
transient expreséion are delivered together with, shortly before or after delivery



nases recognising the RRS with or w thout accessory proteins (e.g., Cre,
FIp, ~ C31 integrase, resolvase and the |ike). These reconbinase angg par.q7
accessory pro- teins, nmRNA coding for these proteins or viral or nonvi Tal
vectors al | oMi2np/081883 e transi ent expression are del i vermm/trgsiohmer wi t h,
shortly before or .after dellvery 29- Mate- 07 WO 2004/ 031383 PCT/ EP2003/011027
16 of the_second functlonal uence. A pure popul ation of clones
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rrultl-step s at egy as escribed herein before.. The third DNA sequence may
further contain functional sequences (such as prompters, markers etc.) as
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re red..enb of the
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ocus is t enomi c sequence surrou e functiona ene (heav

chain a, MA( s%%g?qel Q@ﬁy‘ﬂ'ﬁb?rhéc’ '%&f@nﬁ&ﬁﬂ%ﬁ S5t ga?ﬂramog%rscju?/l ng
nat ur at i ongrkefdetc, ﬁabywﬂastt @nmb@@ncgm ish§Berice HBScADBLYN heam. befdrR. | gH
|l ocus is |Located at ch rormsorre 14832 33. In HCB-P1 this |l ocus is forned by

the rear r dRifete@Rd oPEPN; 9fie)bod d1x/phthe WwRBtPN ik BArtAUETlY Prejeredaib t he
JH6- gene lonfik &5k ¥drget B@ne product is to be produced so that the generation of the pre-

_cursor cell is not necessary.

In preferred embodiment (2) of the invention, the starting cell preferably is a
human-mouse hetero-hybridoma cell, preferably is hetéro-hybridoma cell H-CB-
P1 (DSM ACC2104). The integration of the functional DNA sequence is effected at
a Ig locus, preferably at one of the human rearranged Ig loci (e.g. heavy chain or
light chain (A or x)) of the hybridorna cell. The rearranged immunoglobin locus is
the genbmic éequence surrounding the functional Ig gene (heavy chain A orx )
modified from the germ line chromosomal configuration during maturation of the
B-lymphocyte which gave rise to the hybridoma. The IgH locus is located at
chromosome 14932.33. In H-CB-P1 this locus is formed by the rearranged and
affinity matured VH1-2 gene linked via a D-gene to the Jy6-gene linked via the
p-intron to the Cu sequences (DD 296 102 B3). The sequence of the rearranged
VDJ region of the H-CB-P1-IgH locus is provided in SEQ ID NO:12. '



‘p-intron to the Cp sequences (DD 296 102 133). The sequence of the
rearranged VDJ region of the HCB-Pl-1gH | ocus is provided in SEQ IQ_IRQR,_},;.
29- Mar-07 WD 2004/ 031383 PCT/ EP2003/ 011027 17 It is preferred that the
cell s of evoodiowesss (3) and (5) of the invention are decTmewestofioom H CB- P1
(DSM ACC2104). Furthernore, it is.preflérred In enbodinment (3) of the
invention_ that the target gene product is an, antibody. In -such case the

cel | Is pitds QF%for?dF;Eégﬁh? %ﬁ)% %&ﬁg‘?g'}"?eqtﬁ%m}é‘"g Sf tbeiRventiopareidar ar
utilized rif@d frobReHeB+rASEIM ATCHINA) bpGtRSrhdre, & Ekaaetdit&d IMahbblgndritght
chains arg H}actlvat ed di sru ted% or replaced wth a gene coding for sane
or di ff er@Rof{tAe dRyertiondhah the fanget gepe Aeuct is an amtibadidImaydt easerthe t ar get

~gene produgitis REtRANGPEGHY (BME KEC29Y). Oh the @Bole!deNls if Balti@mh Rl CB- P1
possesses a uni que essentially human rglﬁ%/[gl% sxliat ion pattern. 4 E/_copr ot ei ns
[ i

> J Y, hurral .
for ther ai9Eihe @xapssianaet antibodiep iy is; olphischales appinastivated
manuf act | qa(gmaé' i b r | L j.ans such
as N Iinﬂgoygij{/égans ar%ggbeﬁﬂigrfgdsgﬁjsgﬁﬂgsn%&%m Sla:é]rtjﬂ gﬁﬁﬁg%/']cgegagtén%
subst ant i RIodUERpact on phar nmacol ogi cal features of these proteins. A fully
processed N glycan forns a biantennary structure with core fucose and
termnal sialic acids (Fig 15). The majority of proteins, under physiologic
condi t i onMprasyer,i assingitafed pafacat te tavgstsdanesprodduttscolftalnabst by ekprassiofihe

degr ee -at et 1 BN | Y, | ISy driy - pletd ‘ 0 1e cel |
type as_v\%l Cg%-“glra\ Ggeﬁﬁl%éhﬁé'@g—r]\ [ ?g 5039 5’%1? %g%'gg%e%sgﬁ'%ﬁgﬁgﬁlgga%%&n t he
addi t i on sfialidrepstderm.nal sialic acid to the glycan varies and does rich
only 30-40 % for antibodies in.human bl ood. However, a high percentage of
sialinated proteins increases the half |ife of a therapeutic pro- tein in

bl olod. Thglycleﬂ)ﬂotdaihﬂe‘sr daerapeaiticr applidatis Pl pmuttd:u(jals aﬂﬁﬁeléfilegezlme‘r:I a}lpﬁcalllvi ghl y
sialinate cppraqteins in_gconmpaplson to - and, NSO ce wi.dely used in
The. nanur TENHAGEREA o, R Baleh cels tRaldh. Peutrimbne, modactonelauth™

t gg_r a_pGU-astf Ndir‘gde?oglpd:ansea' nas)gaqdrahudcamt/en_tmaxfnngﬁlsr@aﬂsthte‘;rl-mgaaé edbsiehtle t he
aadition 0 - ct ose rycture I S advant S. 0 .ycopr ot el ns
fond t o dnina oo S EREalpoiaT Mt o Sikend o s 2 FAN oroceese N e
dependent foiyik &f Bhedrinayy Istructlirel wiitls lkeek futbse aAdakiGirdBRME idciden Ff 1504

all ows a nore conpl ete process- ing,wth a | ow ,d_e%ree of GO structures (4.3%
on | epti nlLitt: M3HOHLY &F | Rroteipe, UBdghr Fhysiglagjc conditions, carries only truncated

versions of the full structure. The degree at which glycosylation is driven to com-
pletion depehds on the cell type as well as on culture conditions.
So the degree of sialinisation the addition of the terminal sialic acid to the glycan
varies and does rich only 30-40 % for antibodies in human blood. Howe‘ver, a
high percentage of sialinated proteins increases the half life of a therapeutic pro-
tein in blood. The cell lines derived from H-CB-P1, such as PBG04 generate
highly sialinated glycoproteins in comparison to CHO and NSO cells widely used in
the manufacture of glycoproteins as can be seen from Example 5. For therapeu-
tic glycoproteins a low content of glycans terminated before the addition of ga-
lactose (GO structures) is advantageous. So GO Glycoproteins tend to dimerize
.and the ability of antibodies to mediate complement dependent cytotoxicitly Is
diminished. The genetic composition of PBG04 allows a more complete process-
ing with a low degree of GO structures (4.3% on leptin-Fc in a roller bottie'proc-
ess) ' :
Whereas the general biantennary structure is formed by all mammals, some spe-
~ cific structures (linkages between individual sugars) are either specific to, or
completely excluded in humans. These structures affect biological features as



Wher eas the general biantennary structure is forned by all manmal s, sone
spe- cific structures (linkages between individual sugars) are elthe29 Mar-07
specific to, or conpletely excluded in humans. These structures affect

bi ol ogi cal Weabawmsisas 29- Mar-07 WO 2004/ 031383 PCT/ EP28O3k2adm2H21i8 wel | .
Therefore, it is of advantage to use c# s to manufacture gl ycoproteins for
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A small percentage of human proteins contains bisecting N-acetylglycoseamine.
It does not, per se, influence biologic features but the enzyme complex interferes
with another one mediating core fucosylation. Often, in proteins with 'bisecting N-
acetylglycoseamine, core fucose is missing,‘ resulting in more efficient binding of
the Fc-gamma Receptor and in enhancement of antibody dependent celiular cy-
totoxicity (ADCC). Therefore cells have been engineered to express (1,4)-N-
acetylglucosaminyl transferase III to increase the percentage of non-core-
fuccosylated proteins.(US Patent 6,602,684 )

A high content of glycoproteins without core fucose can also be achieved in
mouse cells. However, these protéins contain the disadvantageous features typi-
cal for mouse proteins. A specific hybrid cell of a human a and a mouse with the
right chromosomal composition cell can combine the advantageous features of
both. Cell lines derived from H-CB-P1 such as PBG04 are such cell lines,

The presént invention is further ‘explained by the following éxamples which are,
however, not to be construad to limit the invention.
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present invention is further explained by the foll ow ng exanpl es which are,
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After transfer of the suspension into a Falcon tube (15.m), 133 pi 10%
SIDS and 333 pl protease K were added. Either a 3 h incubation at 55C, or
an over Egggl#g ubation at room fenperature followed. The suspension was
m xed Wt 6-M NaCl -and vortexed for 15 s before centrifuging it
(4300 rpm 4C, 20 min). The supernatant was transferred into a Fal con tube
(15 m) ﬁg%ﬁg[é%ﬁdﬁé’cho&‘r’ m .100% Et hanol . A threadli ke DNA precipitate
formed at™Tl d was renoved with a pipette tip and re-suspended
in 1/z TEMatgdale: The DNA was all owed to conpletely dissolve at 56C before
It was stg ﬁdCIGEin GrechbfdtiesThe PCR method was used to isol ate genom c DNA
sequences—s\‘]p'r‘(%‘pa'r‘érrveﬁﬁ) or to detect certain DNA sequences (anal yti cal
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ml Eppendorf tube and 200 ul PBS added. The tube was centrifuged for 5 min at

13,200 rpm, the supernatant discarded and the pellet re-suspended in 2 ml of
solution A. After transfer of the suspension into a Falcon tube (15 mi), 133 pi
10% SDS and 333 pl protease K were added. Either a 3 h incubation at 55°C, or
an over night incubation at room temperature followed. The suspension was
mixed with 607 p! 6 M NaCl and vortexed for 15 s before centrifuging it (4300
rpm, 4°C, 20 min). The supernatant was transferred into a Falcon tube (15 ml)
and-mixed with 2.5 m! 100% Ethanol. A threadlike DNA precipitate formed at the
interface and was removed with a pipette tip and re-suspended in 2 TE buffer.
The DNA was allowed to completely dissolve at 56°C before it was stored at 4°C.

PCR: The PCR method was used to isolate genomic DNA sequences (preparative
PCR) or to detect certain DNA sequences (analytical PCR).

Preparative PCR: Preparative PCR reactions (50 plf) were set up with the Expand
High Fidelity PCR kit (Roche) according to the manufacturer’s instruction (20-30
ng of template, 5 pl of 15 mM Mg Cl; buffer (10x), 5 yl dNTP mix, 0.5 u! of each
primer (30 nM), 0.5 pl polymerase and filled to 50 pl with water). The PCR prod-
‘ud:s were purified using a QIAquick PCR purification kit (QIAGEN).
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time after each step | after each step
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Table 2: Annealing temperature for primers

Sequence (annealing temperature [°C])

Primer/SEQ ID NO: Producer
VHpromF/1 ATACTAGTCGGCCGCAGGCACATCCACAGTCAC (55) | GIBCO BRL
VHpromR/2 TCCCGGGTATCGATGGAGCTCTCAGGGGATIC (55) | GIBCO BRL
Cpintv/3 CATCGATCCGCTACTACTACTACATGG (55) GIBCO BRL
CuintR/2 CGGCCACGCTGCTCGTAT (55) GIBCO BRL
. [CuMitter/5 AGCTCACCTGGTGCAACT (54) GIBCO BRL
CpMitteF/6 GACCTAAGCTGACCTAGAC (54) GIBCO BRL
V5/7 TCCCTC-CAAAAGCTGTAG (52) TIB
V6/8 ATGGCGGTAATGTTGGAC (52) TIB
V7/9 7 CACARGARTCCGTACAGE (51) TIB
EBVtestR/10 CCTGATATTGCAGGTAGG (52) GIBCO BRL
EBVtestF/11 TACCGACGAAGGAACTTG (52) GIBCO BRL

In bold: restriction sites
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Table 3: Used Restriction Enzymes

Enzyme |Conc. Temp. Buffer Inact. -Produlcer Art. No.
BamHI 20 U/l 37°C 22 65°C BiolLabs RO136L
BgIll 40 U/l 37°C M 65°C Boehringer 1175068
BsaBI 10 /7l 60°C 2 80°C BioLabs . |[R0O556S
Bsiwi 10U/pl  {55°C 3 80°C  |BioLabs RO136L
Bst11071 |5 U/pl 37°C 3 + BSA [80°C BioLabs R0O553S
BstBI 20 U/ul 65°C 4 + BSA [80°C Biolabs RO519S
Clal 10 U/ul 37°C H 65°C Roche 404217
Dralll 20 U/l 37°C 3 + BSA |65°C BioLabs RO510L
Eagl 1o0U/ut - |37°C 3 + BSA 165°C BiolLabs RO505S
EcoRT |40 U/m |37°C  |H 65°C  |Roche | 200310
Hin.cII 10 U/ul 37°C 3 + BSA |65°C Biolabs R0O103S
Hindill 40 U/pl_|375C  [B 5°C 'Roche 798983
Kpnl 10 U/ul 37°C L 65°C Roche 899136
Mfel 10 U/l 37°C 4 65°C BioLabs R0O589S
Notl 10 U/pl 37°C 3 + BSA |65°C BioLabs RO18SL
Pmel 10 U/l 37°C |4 + BSA |65°C Biokabs ° |RO560L
Pstl 10 U/l 37°C H 80°C Roche 621633
Pvull 5U/ul 37°C 3 + BSA [65°C BiolLabs RO150S
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with 29- M%ﬁoéy prd@c@@% Q@é@ﬁ&h@qégﬁaewﬂw{re%&'d with the Klenow frag-

ment (Roche) according to the manufacturer’s instruction. The endfilling reac-
tion was stopped by a heat inactivation step (65°C, 20 min) and the DNA ethanal
precipitated or directly subjected to gel purification.

Dephosphorylatjon of vector DNA: To prevent self-ligation of linearised vector
DNA (see passage "Ligation" below) with compatible ends, DNA was dephos-
phorylated using alkaline phosphatase (AP) (Roche) according to the manufac-
turer's instruction. The AP was heat inactivated (65°C, 15 mm) and the DNA gel
purified (for electrophoresis see passage "Agarose Gel Electrophoresis" below)
prior to use in a ligation reaction.

TOPQO Cloning: PCR amplification products were cloned into TOPQO vectors from
Invitrogen. According to the instruction of the TOPO cloning kit, the purified PCR
product (0.25-2 ul ) was mixed with the salt solution (0.5 pl),water added to
reach a volume‘of 2.5 pl and then the TOPO vector (0.5 pl) added. Following a
30 min incubation at room temperature, the reaction tube was transferred onto
ice, 2 pl of the reaction added to "one shot chemically competent E. coli" and the
cells incubated for 30 min on ice. The cells were heat-shocked (42°C, 30 s),_im-
mediately transferred back onto ice and 250 pl of room temperature SOC me-
dium added. The transformation reaction was incubated for 1 h at 37°C with

i ce,

and
The cells vvere heat shocked (42C, 30

roon1tenperature
\REt/ rﬁzmbwsoﬁu@ RSat 37C



shaking (300 rpm before the m xture was plated on LB plates contai ni ng
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0.1-1 pg ofwo thepbsisgshor yl ated vector and an excess of i REEEP200FIIBOY7eact i on
contained 2 pl T4 ligation buffer (Gco BRL) and 1 pl T4 ligase (Roche),
and were incubated for . two hours at 16C or overni ght "at 4C. The |igation
reaction \ﬁﬁé 'f‘ﬂa(ﬁgpdpﬁ@dbeﬁoﬁ? She sk gvastalatedigpd B piatpe gantagting milEst ed

nhon- r ecomyzRamyzin b %Fidﬂﬁﬁ TR b8R8, tedliraR St B7acs ui t abl e
restriction enzyme' if there was a unique restriction site in the
self-ligated vector. Followi ng the digestion, the ligation reaction was
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et hi di unbrom de/ 100 m agarose added. \Wen the agarose had dissol ved, it

was poured®?io8 a tray and allowed to set. The DNA sanpl e was ni xed with the
| oadi ng buffer Orange G | oaded onto a horizontal gel and run at 40-90 V

wi th 1xTAE as runni ng buffer The DNA/ et hi di um bromni de_conpl exes were
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a passage "Ligation" above)} or with 1-100 ng plasmid DNA (re-transformation) and

Incubated on ice for 20 min. Subsequently the transformation reaction was heat-
shocked (30-60 s, 42°C), the tube returned onto ice and 205 pl SOC medium
(free of any' antibiotic) added and the reaction incubated shaking (300 rpm) at
37°C for 45 min. The transformation reaction was plafed on LB plates containing
an antibiotic (either kanamycin (40-60 pg/ml} or ampicillin (50-100 pg/mti)) and
incubated overnight at 37°C. The bacterial colonies were counted and the effi-
ciency of the transformation reaction calculated.

Agarose Gel Electrophoresis: DNA fragments were separated according to their
length on 0.7-1.5% agarose gels. The agarose was dissolved in 1XTAE buffer and
2 pl ethidiumbromide/100 m! agarose added. When the agarose had dissolved, it
was poured into a tray and allowed to set. The DNA sample was mixed with the
loading buffer Orange G, loaded onto a horizontal gel and run at 40-90 V with

' 1XTAE as running buffer. The DNA/ethidium bromide complexes were visualized
under UV light.



scal pel. Using a Q Aquick gel extraction kit (Q|AGEN) the DNA was extracted
fromthe agarose bl ock according to the manufacturer’'s instructions. yéRiar07
culture Trvpsinisation: Adhesive cells were harvested using trypsin. First
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cell's per m. A volune of 700 pi of,the cell

Table 4: Volumes of citrate, trypsin and PBG 1.0 supplemented with 5% FCS
used for the trypsinisation of the cells growing in different flasks

Tissue culture flask | Citrate buffer (ml) {Trypsin (m!) PBG  1.0/5%FCS
- |y

T25 1.0 0.5 4.5

T85 2.0 1.0 9.0

T180 - - 15.0 2.0 8.0

Counting of Cells
After the cells had been trypsinized they were counted in a Neubauer chamber

(haematocytometer). A small volume of the cell suspension was introduced into
the chamber and the chamber placed under a microscope. Only cells within one
" of the four squarés of the chamber were counted, the cell number multiplied with
~ the factor 10* to obtain the number of cells per mi. To differentiate between vital
and dead cells, the cells were stained with trypan‘ blue prior to counting. Dead
cells appeared blue whereas vital cells did not take up the dye.



suspension ,was transferred into the electropo ration cuvette (peqlLab;
EQUBIO 4 mm and the linearised DNA (10 pg) added. The cells were s9.par-07
el ectroporated at 250 V, 1500 pP and i mredi ately afterwards transfeérreq
into T75 bwtdioesosemnat ai ning pre-warnmed PBG 1.0 nedi um Boppk@oented with 5%
FCS, and incubated at 37C and 5% C022%el ection Selection of HCB-Pl1 Cells:
The el ectroporated H CB-P1 cells were cultured for two days at- 37C and 5%
CoR. On daggngformesionul t ure nedi um was renoved and = non- adhesive -cells

har vest edefy 665t " IPPTedIBe 15 8! delh GardPlletibpdraion Heactidl 16 Yld 8 ©

medi um ( super.nat an rozen 1or later exam nation of transieént

expr essi olinearisedtplgamsicnDNadwers usadhibeuitiramedibe was remiosed estidiieft-om t he

cul - ture i tr .l " Ln Lat ed. Lls were
e suspelad | HORR " s il sFae B Dot "BTpREed B Boredaat ons
of 1x106'TrypdibBatiod" Bbbee).cdhkstell pelieicwadi Farsuspendes fupppteEM gpravi th 5
pg/ M  or / i cldi n.0r Wt pa/ or. 400 /. ro I n.
The sel ecw%?rpgﬁ tﬁ:ﬁ#ﬂ%@%hﬂ%’é&%ﬁ&%ggrﬁ [g 3%'&"1%?‘” %8 'flh -@\Eogﬁt}ilﬁ of

t he H CB- Rispeckionesas transterted into athei edectsapepstioBeuvetts (gaysatd BQUBID® 4vi t al
clones were yvisible,. by.e ay .13 cl.ones re-haryested

trypsi ni sm)oﬂr,'d Bh%tlﬁ%gﬁ[s%'glpwghgd@ aﬁ’éﬁ&egﬁf-‘ r‘f\éﬁ%ge{? @Y%'Eﬂpﬁﬁ?qég A0 when
cel I's werg, 368dqdF and dnifediatdly pif@resrdsatransfietregiomtaiTrdbetticBeforbaiiRlg or 1
cell. The sel ectign éﬁ}; ure (either ’5 or 10 'g_l/ry sticidin aor 200 or
400 po/ m PIFHRERFEI FHCWLD AN ARPITRBIShAU 28h Ues and inRebeter| & wer

I mmuno- st aynednd Godlidd,erenti ate between positive and negative cell clones.
The cell culture nediumwas renoved and replaced with standard nedium

suppl enented with a fluorecently |abeled antibody (2 pg/m) recognizing the

reconbi- naggleprigt €i n produced by the cells. The antibody suspension was |eft

for 4 h on the cell nonolayer hefore it was rgﬁl aced with OQoti Mem 1 suppl e-
nent ed wi £6le H-EBsP: Leallspohg elgeireperatad ExGRi e gelmovare £ultured dacent

m cr oscop. t gHod| ' copy
g e S PO N R R

(WG t hat ner-adhasiveni eels hasvesed 4no caguifugatigseof the cpire enedived Tenlasf red
tranom sol SAESpElln (SRl i3eshralar e ot e RThid of trahfifad YY)
ant i bodi eexpressiogaTiee trywsiiea cethimsmiotayeofandxitiet ealls AMEresied fraradhiercuhe bl ue
ture medium by centrifugation were combined and pelleted. Cells were re-
suspended iﬁ PBG 1.0 medium supplemented with 5% FCS to obtain dilutions of
. 1x10%, 1x10% and 1x10* cells/ml. Each dilution was supplemented with 5 pg/ml
or 10 pg/ml blasticidin or with 200 pug/mi or 400 pg/ml hygromycin. The selec-
tion medium Was changed on days 4, 7 and 10, and the growth of the H-CB-P1
clones controlled via microscopy. Between days 8 and 10 vital clones were visible
by eye. On day 13 clones were harvested by trypsinisation, the cell pellet sus- |
pended in PBG 1.0 medium so that when cells were seeded into 96 well plates, a
Well contained either 5 cell or 1 cell. The selection pressure (either 5 or 10 pg/mi
blasticidin c;r 200 or 400 pg/ml hygromycin) was maintained throughout. On day
10 the cells were immuno-stained to differentlaté between positive and negative
cell clones. The cell culture medium was removed and replaced with standard
medium supplemented with a fluorecently labeled antibody (2 pg/mi) recognizing
the recombinant protein produced by the cells. The antibody suspension was left
for 4 h on the cell monolayer before it was replaced with OptiMem 1 suppie-
mented with 5% FCS. The cell monolayers were examined under a fluorescent

microscope. When Texas red conjugated antibodies were used, the microscopy



spectra (420 nn). Only clones that were large and strongly fluorescent were
considered. Was there only a single clone in one well, the cells wene.Mar-07
further ex- panded. WAs there nore than only one clone in a well, the

i ndi vi dual wol0mnmsi3s§cel | s) were picked with a m crocapirdeEPasditanst erred
into a new 96 wel | pI ate for further2éexpansion (see the follow ng passage
"Mrcopillary Pickin Mcroca i I'larv Picking:. The m crocapillary picking

devi ce usW¥as QOBQM'W ar Eltea&Wé-at ?‘b'sdir?ﬁﬁﬂa!ﬁ?'éleaﬁom‘ﬂ@aﬂswén epedtFd|Thed via a
joysti ck. eldh@dMrEtRCARI Ialberecaaﬁimsmes L WEREir B @geét%? oR YD MRETRA he

Joystlck was controlled fromoutsid Wien™ an Interesting clone was
i denti-fi efilter @VUhéransmissdblesfion |sngctr@@ﬁ ABud Y nEswies Bised fpﬁ vwetszatwn of

"Sel ectio C Ver
cl one, negré | ﬁ?ﬁ%@%?ﬁnﬁﬁygm%rﬁﬁ%ﬁﬂtﬁﬁgé%é%rd?/ﬁary JE‘T&Qﬁ‘ougﬁ' a vacuum punp
and the cepdctygi (@2Gfnmht @nbfstlogaelibdt were large windr sicapgly | Buorescing weme was
noved. ovgf P ) ect ed.
Cryoconser va'ticln%ra]EI E’Earg *%h% Oﬁ rm g@(’)érl\gygecbaé% %ﬂbgﬁc‘g@%@& ﬁﬁftﬁé;n%)?
suspendedpaidetik 08s tthete 10Frec thdrs bnly. ofdecloms lis awsvadl, bkl ietaddus) clones

centrifugati - ) nt. re eceIIs
re-suspen Sﬂgfwep%ﬁ’g‘kregﬁ'ﬁ‘i%n |"?‘|L8 e@a'lrr%e}gq E’Lhé?'?geggécgﬂt?aa gg‘&g%iwg I?]f'tlel ed
with 180 for fOBEr exphri&dh (see theSplianidgtdessadd "MircosiilérysRiskiagy). on transferred
into the DMBQ FCS sol ution. The cryo-vial was stored for 24 h in a speci al
freezing container to freeze the cells gently. For long termstorage the

cryo- vi al Bictecillaramélend ethé m;erobapiuamy psickuhggmmetas&tsa(capméggett@éhedl%C)
Det ection of Protein Prgﬁucts EC—gré r n- Bl j)oyégpnh_gﬁé:ed Chem.| um nscence):

For detectq 8rmgYaRiguE ARes ¥Es-con ‘ﬁ? % toicEr@ppar adathie wer e

mi xed Wi t frrd Qudtie 1RSSBS 20Adi Wisaras BAé §ol/stiek WasTtdhtidlledForm\Vstsidee Wiy
culture medl um expected to c}c@tah‘? :iv'ﬁ’% anti bodies, the culture chum was

not treat &Y NLEreRLNSy GBS Wk F%HFQ’UW%ﬂﬁ‘Q@echﬁ@uﬁlﬁd?Fc %sed in
met hanol  {hlsdcioh, "SURIRA S HAB-PiLMBSOVE)) tnetrﬁ.ﬁ:rc{cﬂapmaw weSlabdeBv&ogdeed i n
pl ot transfer buffer before placing it_on 29-Mar-07 WD 2004/ 031383

PCT/ EP200QP0§:1029’at2"73 PReSSEiEe dmdtetwttamekh%c@e“gaavaé@uﬂm A RACHHEM PHAYY er

buf f er R el th'epH@r&“ EE&%&@QUCI@EOHE&tﬁ@%?%a?ﬁ%rﬁrTlf?e Etm%a& hRoyy 1 eat ed

(IgMantlFEI)odles ture medium were spotted rane and
i ncubat edoyasrthe frﬁsh weth of ﬁ'&ﬂ)WﬁH@'ﬂkﬁ§ﬂdﬁ1"§@@HS ﬂheﬂ?irl)@]ﬁctﬁ}i buf fer, incubated
for half an hour under shaking and three-

Cryoconservation: For long term storage cells trypsinized cells _were re-
suspended at 1x10° to 1x107 cells/ml. The cells were pelleted by centrifugation
(700 rpm, 10 min) and the supernatant removed. The celis re-suspended in cold
pre-conditioned medium (900 pl},a cryo-vial filled with 180 pl DMSO and 720 pl
FCS, and the 900 pl cell suspension transferred into the DMSO/FCS solution. The
cryo-vial was stored for 24 h in a special freezing container to freeze the cells
gently. For long term storage the cryo-vials were transferred into liquid nitrogen
tanks (storage at -196°C).

Detection of Protein Products

EC-Western-Blot (Enhanced Chemiluminscence): For detection of hobFC antibod-
ias 20 pl of cell culture supernatant were mixed with 10 pl 5% SDS and incu-
bated for 2 min at 97°C. Was the cell culture medium expected to contain IgM
antibodies, the culture medium was not treated. A membrane (Amersham-
Pharmacia; Hybond-P} was first rinsed in methano! (1 min), washed three times
in water (1 min), and then soaked in plot transfer buffer before placing it on a



times washed. for 5 min in T-PBS. The bl ocked nmenbrane was placed in a
detect- ing antibody solution (for 1gG 1: 2000 and for |1gM 1:5000) an@d.yar-07

i ncubated for 2 h. Three nore washes, of 2, 5 and 10 min in T-PBS buffer
fol | owed. Woeoomesissane was pl aced in devel oper (AnersheoF/BErmommciza, ECL)
and incubated for I mn. Finally it %&as drained and placed onto 3 MM paper
and wrapped in _cellophane to prevent drying. -The |ight emission was .
observed PiAce ofi3rMMrpanar ﬂE&hﬁ?ﬁ"@dlwmptP&iaﬂ'@mf@hbbﬁea Ht gethengrevreatad
specific h ?A\q%g I ' was to be
i nserted {h%tbgtt ﬁnﬂ' egﬂgn e regl onﬁ%%%ghs@gw‘gnﬁ%&gﬂ %Elr%t%'\-/\%%@aw

anti bodi ewes &Ptbttthoyﬂt@klm @grobrangdance natbeted fat kimin. Thieemefribrahe twarsget i ng
vect or c 0 et ed
genom 1 Bered § oo BAERERBaRL B2 hAPRRNEPRVARE SR Rob PSS on
of 2 kb atnrdlesm.asﬁpdlfnt Baninr iagi-8BSofThe ModkhdlmeMnmmmmﬂamdaswdé&ea Fi g.

o oof =« BEAEAYReT g VB 8 35200 bl PRCRIL3: Y CRRf I TERBR R o o

pCR 4Bl uTi’urE@?@omawt—ae]nes(,lova t5 aayﬂari}) mn'dlnfT-rP@ISI puftemfallowddi The membreiner nanmed

VH see Fi ara on sm ds CE VHCpHhobFc:
‘Fl)'heCBasfc WERAP e-d |n"g'e ?%'r ‘B'Wéﬁ Hgtsarﬁgtc'?t’ag&gﬁngd%@éaﬁsggd Eg' ‘te yet.
EthendO%Hﬁ@W,g it Was aeztmed @adtEacddgntoh® MBE plalbleﬁﬁhﬂrwrﬁbbed fh @ekofiRindedo gene

obFc, three r.e- on sites as wel| as, a romycin resistance
gene and RiFVA B’é“%t ?tﬂo"rt?'é?ﬁ“ FReoRResved i Qtdé’ﬁkf'¥ tnze vect or
pCESHhobFc as a BstDl - Swal frag- nent. The fragment was then endfilled with
Kl enow polynerase and |igate . the basi c targeting vector pVH t hat
had been Efaiarleck: Breparaiion of ] ector spacificfor the laMsegion ¢ $geting
vector wasi gglld ed pVHCpCESHhoch A second vect or pVHCpHhobFc that Iacked

the CES prom)ter construct but con- tained all the other parts of the
endogenouBn& gepsthiBantagens ¥ESAGRe INserted. ine thes {9l -%ﬂﬂﬁ'l‘@?reﬁi"?%&ﬁﬁ@its%as

| sol at ed tﬁ@%ﬂ%&lﬂhﬁﬂeﬁa@a@tﬁd&ﬁg ﬁteEH.ghVex&%sé@d aﬁ& se\é\thQgﬁ
PCT/ EP2003/ 011027 28 Bst11071 restricCtion site Cgéa CIS | rmedl ately

upst r eam falttaegating vigcter hence mquiRRgdsasHentes Htﬂsﬂta @%mhemolngy fohkhe

| sol at ed 7 R a r f
| i gat ed |t%t$‘tg")ét1eB éﬁ—t@ﬁ ; M‘gggre |e(%u§{§'stlzié rgggglte %&%f f g |¥ ﬁ%e resul ting
vect or wagegmn—ioi)ziﬁqkbm tmmqqdntrone'egl@nsof 7.4 kb in Iength were chosen (see Fig.

3). Both regions were isolated as PCR fragments using polymerases with proof-

“reading activity (proofstart polymerase (Qiagen)), subcloned Into a pCR
4BluntTOPO vector (Invitrogen) and finally combined in one vector named pVHC
(see Fig. 3).

Preparation of plasmids pVHCUCESHNhobFc and pVHCUHhobFc: The basic target-
Ing vector pVHCl does not have an endogenous cassette yet. The endogenous

cassette containing the CE promoter, the place holder gene hobFc, three FRT re-
combination sites as well as a hygromycin resistance gene and an ATG deleted
neomycin gene was isolated from the vector pCESHhobFc as a BstDI-Swal frag-
ment. The fragment was then endfilled with Klenow polymerase and ligated into
the basic targeting vector pVHCp that had been digested with Pmel and dephos-
phorylated. The resulting targeting vector was called pVHCUCESHhobFc.

A second vector pVHCuHhobFc that lacked the CES promoter construct but con-
tained all the other parts of the endogenous cassette was also constructed. A
BstBI-Bstl1071 fragment was isolated from pCESHhobC and endfilled. The



pVHCpCSHHobFc and pVHCpHhobFc the active resistance nmarker gene of the
endogenous cassette was the hygronycin resistance gene. An alternatixgysfly
of vectors that contained a blasticidin gene instead of the hygronycin gene
was al so aveawedi3Bonstructi on of pVHCpCSHhobFcbl as andcpNp@pboiibzbl as: To
Create targeting vectors wth the bl @8ticidin gene as marker gene in the
endogenous cassette, the vector PCDNATRD was used as donor for the

bl asti ci d|Bﬁtlg@hIerestmthri gite i%peﬁshhobﬁmsv@mnem@tmunmg@ncﬂf thedrthygsibenyci n
t h t
Pco0 at ed [t B AEH00Re RRE anfitrl the 1508k Bt AR LT FadtfBR MRS (ot (o

vector pc E&mmmotemﬁ‘ halfragrnogdneas MgaﬂedﬂntrRa -S4y Vamtrmlnewebt;Iytdmsted
hygronyci q..ge S, e I p I cin
gonc. e WHE QAR alf TRICTeBaAG! veBRrPalHs SYHCItiEhRe L R e

opened pCESHGpIISEH et dred Wklﬂ]pﬁhm@%d:htoactwanmtistéﬁfmmﬁckbkaﬁnedef elh@d The
second step . ,was the re-in t he.coincidental |y ved ATG et ed
eomyci n EHRBERAE et i U horelnd s 26 dF R BF 1Ry AnCR R PEH Y Bt n

gene was ediods ebatf comapEdShhiohsticidindgéemes éndtead ioftihet hegropeyuit deaet was IOCE-
ShobFchl asFIeI eted., The resulting vector was named pCEShobFcbl as. This vector

now ser ved“2ED 'i%]r vector for the blasticidin gene for plasmds
pVHCpCSHhobFc and pVHOthoch A BanHl - Sal | fragnent was |solated from

pCESHhobFc¢hl and i_n ggg I ég Baﬁl ggl | .opened vect or H CESHhobFc,
giving ri é@—”-g}éu—%@oq-@ygé% b “B'rﬁﬁo%\@‘é‘? rgeting
pVHCphobFgbtiass hWagkinadblbsecidibkiener #Riaeker ddi ma.%cgnd@ééﬁahbas&twa%h@l SO

di gested with SanHl -Sal | and. q ag@g%‘_g’ BanH - Sal | fragnment isolated from

pCEShobFc KPS IRGRAVIRD Mg Yse rtheshiagdeidghagne-nopELre] ggadn-

El ect rOpOQ@Ne@“the"b@raﬁ%eC&" #he M‘@é@nﬂcﬁ?béﬁ@%@ﬁ QHe‘MIéé’tldi\!l:ﬁsg’@r@S To thls
pVHCpCshochbI as, pVHCphobFchl as Fc and pCS In order to
det er m ne enAdhe biarticidin iggRe &Yas ispla froEbPF@NﬁER@ er%lh§ﬁ‘é%]i'§§|1\/f[ agineNtasmi d
29- Mar - 07 %ﬁ AER? 213 P&Yﬁé{.@ a C
control, cg}é\% re e%g'?gsréc?grvat egq?v‘éth gﬁaa%?aér B%rrp e daﬂﬁ%g ??%Rr?s%(ae%tlon
ef fi ci encypndatheredhe dygsomyciap geoR i was EE|OYeds aOwallags zpart of the ATG-

post - el eCHE &4 ‘ﬂebﬂﬂcﬂ?@%ﬁ? ﬁ?]%g%ttéd%@?hﬁ-@t S%Aﬁla% r‘\é N, ) g@ﬁ?é&)wc' 4

or blastlc I'n was ulture ne transf ed cells
wer e into the opened pCESHhobFc and the resulting vector named pCEShobFcblas-

deleted,

The second step was the re-insertion of the coincidentally removed ATG-deleted
neomycin gene. For that a fragment encompassing the ATG-deleted neomycin
gene was isolated from pCESHhobFc and inserted into the opened vector pCE-
ShobFcblasdeleted. The resulting vector was named pCEShobFchlas. This vector
now served as donor vector for the blasticidin gene for plésmids pVHCUCSHhobFc
and pVHCpHhobFc. A BamHI-Sall fragment was isolated from pCESHhobFcblas
and inserted into a BamHI-Sall opened vector pVHCUCESHhobFe¢, giving rise to
pVHCUCEShobFcblas. To create the control vector pVHCphobFcblas lacking the
CES promoter, the vector pVHCuHhobFc was also digeéted with BamHI-Sall and.
again the BamHI-Sall fragment Isolated from pCEShobFcblas ligated into it.

Example 2: Selection of hobFc clones
Electroporation: H-CB-P1 célls were electroporated with plasmids

pVHCuCshobFcblas, pVHCphobFeblas, pVHCuHhobFc and pCShobFcblas. In order
to determine the transfection efficiency, cells were transfected with plasmid



all dead, cells fromthe other transfection reactions were harvested and re-
seeded at a density of either 1 cell or 5 cells per well into a 96 wliiar-o07
plate. Cells were continued to be cultured with nedi um suppl enented with

t he appr opM0840¥8883i bi otic. To optim se the sel ecti on eonEP0BOISOTel | S were
seeded at 104, 105 or 106 cells/20 nR%into T75 flasks two days

post - el ectroporation. The medi um was suppl emented with either.5 or at 10
pg/ m bl asPGE\QNWnA Gndoam mack emteRy mllswg%ﬁ;sa@trﬁpomeawth BANEYRE SagrAler of

clones peypé&tafiectiifl effmem@g wzbefonwfteslse A hHroRimdt R1980%s "85 ﬁzw aghned in

flasks seeded with at 1 x 10 | s that had been trans cted W t

pl asni-ds paitkﬂngtr@mat@slq&ﬁamge@n Gb@/ﬁmﬁ&ﬂh@dw@aﬂmdmﬂw hygremytioner

cl ones wep@salY 8 t6ehScukifle hred rying
the. CES prso!rarl)lﬁqe{r&(ng \Sfret her nor e ese C gweg‘nﬁéﬁqg‘r?%wwaégge&éﬁs&l %'ae(r)se

wi t hout t Al degds gellsnfsewy thertather feansfegtionbrendtiens hueee cbwrwetsée@areicreon of
protein p 175

Pl asks, ¢ R %a CAREY of Rl B of B BERBRIAN L 4 SBahoiEPRY Gelkl™a:
cell s/ vvel werd lcentdnkadi te beeclittwred ovithainmetiumi supplerBeniad dethl dgy a;bprbbaate cidin
or 200 or_4 gglm ‘hygronycin. On day 10 post- seeding, cells were stained
with Anti nti bodi es conjugated with Texas red ~and AMCA | abel ed

anti bodi es against 1gM The results obtained with cells cultured wth

posi t1 ve. 5P SRABYRE FAF Soielion abnGene Hefa e Sefdad ot B ALl s ot
gﬁlr e t Egbﬁﬂllmgmﬂ flasks| tvoedaysep estedisetroatationpEie thadiurn wagsuppletiensacer
y

he, 96, wel | pl at t | | | t ur ed
oth 1001 alhratsras SF af A5 m i eBes ol o HBLBl MY SRFema B Y o
pl ate wasigxhe apohtairest cMmsaper anf waevdetefminkle TG HighdstuahibercoMélandy ng

cells cultured with 5 n1 bl gsticidin where co Advant age of

sel ect i onW\?/Fﬂ%taF'P%f"é gpded Y at dnt F-%oﬁ*’ru@st% DBP&SJE@H&V? gd with
fluorescefa a%'rrﬂtlé‘gaé rthQL@Eﬂ; ramdwmlg RCRholsH Thpedigéd ¢apEd
rapi dIy 29- -07 WO 2004/ 0313 3 PCT/ EP2003/ 011027 30 . The results

obt ai nod WPORS Hese gbiained e s dadbepietrapsTecteds with plasraids Leroing Bie. |

correct i GESGHréFrIoQ&- HurtHeembé 98EdNEloRESIHRNG OV Hs8 WaIE a8 @RESHE Wlt%‘ﬁt tHoN-
expr essi ng l'ones were easily detected with“this technique. The inmuno-
fl uor esceRESSraM9teiy nethod is technically easy, |ower concentrations of
ant i bod-

The effect antibiotics have on the selection of protein producing clones: Following

the expansion of the clones in T75 flasks, the clones were trypsinized and re-
éeeded into 96 well plates at 5 cells/well. The culture medium contained either 5
or 10 ug/ml blasticidin or 200 or 400 pg/mi hygromycin. On day 10 post-
seeding, cells were stained with Anti IgG antibodies conjugated with Texas red
and AMCA labeled antibodies‘against IgM. The results obtained with cells cultured
with blasticidin showed that with the higher antibiotic concentration far fewer
positive clones were obtained. When 10 pg/mi blasticidin were used, 100% more
hobFC negative clones were observed compared to 5 pg/mi. However, only the '
first three rows of the 96 well plate containing cells cultured with 10 pg/ml blas-
ticidin were counted and the resuit for the entire plate was extrapolated wheras
all rows of. the 96 well plate containing cells cultured with 5 pg/ml blasticidin
where counted. ' '

Advantage of selection with fluorescently labeled antibedies: Using the immuno-
fluorescent staining technique large numbers of clones can be screened rapidly.



iles are required than with the nethyl-cellul ose staining technique, and the
prolif- eration of cells is not Inpaired. Wthout any noticeabl e danfgogg,.o7
cells could be immuno-stained before subsequent trypsinization or

m crocapi | My 3o0paaBEsng to transfer cells into new cul t BCHEROF1827 Exanpl e
3: Detection of honol ogous insertion Phto the 1gM I ocus. For the. design of
the targetjng .vectqr the rearyanged {mmunogl obulin heavy_ chai,n | ocus was
assenbl od MALEHISPRABSE I S8 ARk LN ATeaRt A8 Yo & i Adk=ten oo
sequence tdtredtmaiteGfatioho of Nier Balgatihgt BegurredutHth OthefgdridMivapNAdi §sALPt ed by
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V, D and $*RJERYIEY WEPRES VTS L3S Y nfRRetadh LR | visshpiaugndThfel IB1N8ENOT r om

the genonpyyriedcantSitamimy ATROO IO USCHNRSNPRIZRRT IoNeredtiebntrBBBSS of BAtIB&Y-
pl acenent type targetin %/Vg:gttgr cont ai ned i sogeni ¢ sequences fromthe I gM

| ocus  t ole8IarBweaHERG A rdustylreriidiassetainiag terniaeerandEireprolif-
bl asti ci dery @At s 18HR"IRfhaRRAMMA UL HyShaikh i BEfagel €8O BlId Hee

rearranged active IgMlocus on chronosone 14 is present | e starting

cel | |i neimmngpofstained ebefarm | sslsaguentebyapinizatipa noke veisrocapilsret Ritkingbtel i shes
| gM expr egsh, Ihitd sedelpeled fluorescent antibody staining and

super nat aﬁ.t'é %m%u%o {ﬁ-ot t ieng usi ﬁ.geg%e[%nt I-1gM antibody. Western Bl ot (Dot
Blot for IgMand IgG, The.dot blot technique was used to ver- ify the
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products Hsjeted neomycin resistance genes. Since only one rearranged active IgM locus

on chromosome 14 is present in the starting cell line H-CB-P1, the homologous
recombination event completely abolishes IgM expression which is detected by

' fluorescent antibody staining and supernatant immunoblotting using an anti-IgM
antibody. |

Western Blot (Dot Blot) for IgM and IgG: The dot blot technique was used to ver-

ify the results obtained with the direct immuno-staining technique. The super-
natant (medium) of these clones was examined for presence of IgM and IgG. If
supernatant was found to be IgM negative as well as IgG positive, it was con-
cluded that a homologous recombination event had taken place.

PCR for detection of integrated targeting sequences: To verify that the targeting

cassette had become integrated at the IgM locus PCR reactions were set up with
the forward primer V5 (SEQ ID NO:7) and reverse primers V6 (SEQ ID NO:8) or
V7 (SEQ ID NO:9), and genomic DNA isolated from cell clones as template.
Primer V5 binds to the genomic V gene promoter sequences outside of the frag-



strictly dependent on co-localisation of both primer binding sequences and
hence honol ogous reconbi nation. To increase the sensitivity of thi 90gR-07
assay, first- round PCR products were used as tenplates in nested PCR
reacti ons watvogeitsssrs VHpronF (SEQ I D NO 1) and VHpr or&I/EBHG/AIDANO. 2) .
Finally nested PCR prod- ucts were suBlected to an enzyne restriction digest

with Hncll ang Dral to con-. firm that optained sequences we rrect.
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Hyper si | APS— 2-col um
expression - unit for flp recombinase using the transfection reagent effectene

(Qiagen). Vector 2 does not contain a promoter driving the GFP expression unit.
The functionalised cell (PBGO4) is sensitive to Geneticin selection from 200
Hg/ml. Vector 2 misses a neomycin resistance gene sequence which could confer '
resistance to Geneticin. As expected no green fluoi'escence was detectable 1-4
days after transfection.. After two weeks of selection with Geneticin individual
stable clones strongly éxpressing GFP were detectable. GFP expression depénds
on integration in direct proximity to a functional promoter. Geneticin resistance Is
dependent on reconstitution of the neo resistance gene present in the cell line by
the ATG from vector 2. We conclude that in all cases vector 2 hés replaced se-
quences between the frtw and frt F5 sites and functionally linked the CES pro-
moter and GFP as well as the ATG deleted neomycin gene with the ATG.

Example 5: Studies of the glycosylation pattern of Leptin Fc
Leptin Fc from PB604 was generated in roller bottle culture and purified by a ge-

neric process Including affinity chromatography, gel filtration and membrane fil-



(Fig.16). MALD - TO--Ms (BRUKER BIFLE)'") was used with the desialylated, Ia-
bel | ed sanples to further characterize the respective fractions showy \fl o7
Table S. The single N-glycosylation site on Fc carries conpl ex

ol i gosacchave sieesdsgsct ures  which are sialylated at 37%pcrarrmseiicirose to
average sialylation on antibodies in 3human blood. Sialic acids were further
characterized by 'sialidase treatnment, DVB .l abelling and separation on a
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pr eexi st.i Bellahisahplésto furha dalryctbazmnthd respedve frectibes ghowmnsTablBs, above
findings -are summari zed in Table 6. Tab. 5: ldentified oligosacharides as
the result of Results of MALDI-TOF-MS analysis of fractions fromthe
Phenorrenexr.éwﬁﬂ;léu\l g?ESsﬂaﬂ@hLﬁ'ﬂé HeFs Areds é:%nplréwengéﬁa@eh@rtd@s&u&rue@@sed
structure Man3HexNAcl 2 1,4 1402,9 Man3HexNAcl Fuc. 3 8,0
1378, 4 Naw@qu e %‘M&atﬁéﬁ# 3 % b FRREEI0SE B0 BVArRgS, %almﬁ@ﬂe%metﬂmws in5 4,3
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i n NS Nagl e xkcid O ek €84, Sank ag0, M3 oy biedbitocty. Pdially L0, 7

Man3Hex NAC 1,6 1784,5 I\/anSHexNAc Hex2 1889, 7 ManS
acetylneurammtc acld was found. Only 2% were represented by N-

the dominating form In mouse myeloma cells, which
J. Biochem, 17(1):p. 59-62
(1995)). Alpha 1,3 Gal structures, which are not made In human cells and are

glycolylneuraminic acid,
was shown to be immunogenic (Noguchi, A. et al.,

known to increase clearence via preexisting antibodies, were only found in 1.3%
of the glycans. The above findings are summarized in Table 6. -

Tab. 5: Identified oligosacharides as the result of Results of MALDI-TOF-MS
analysis of fractions from the Phenomenex Hypersil APS-2-column

Peak | Area (%) | Monoisotopic mass |Proposed structure
(m/z) '
1 1,2 1256,9 Man3HexNAcl
2 1.4 1402,9 Man3HexNAcliFuc
3 8,0 1378,4 Main High Man5
1377.,9 High Man5
4 1,6 1419,0 Man3HexNAcliHex1
5 4,3 1606,5 Man3HexNAcZFuc
6 3,1 1565,5 Man3HexNAclHex1Fuc
7 2,7 1540,7 Trace HighMané
1581,7 Main Man5SHexNAc
1540,5 HighMané
8 4,7 1581,5 Main Man5HeaxNAC
1622,7 Man3HexNAc2Hex1
9 3,3 1768,8 Man3HexNAcZHex1Fuc
1743,8 Main Man5SHexNAclHex1
10 6,6 - 1784,9 Trace Man3HexNAc2Hex2
11 8,7 1784,7 Man3HexNAc2Hex2
1,6 1784,5 Man3HexNAc2Hex2
12 1889,7 ManSHexNAciHex1Fuc
1930,7 Trace Man3HexNAc2Hex2Fuc
13 10,9 1930,8 Man3HexNAc2Hex2Fuc
14 3,0 1664,5 Bi - 2AB
1946,9 Trace Man3HexNAc2Hex3 (Bi + Gal*)
2093,0 Man3HexNAc2Hex3Fuc (Bi+Fuct+Gal*)
15 25,7 2150,0 Man3HexNAc3Hex3 '




1930, 7 Trace Man3HexNAc2Hex2Fuc 10,9 1930, 8 Man3HexNAc2Hex2Fuc 3,0 1664, 5
Bi - 2AB 1946,9 Trace Man3HexNAc2Hex3 (Si + Gal *) 22 Man3HexNAc2HeX 3folfiar-07
Bl +Fuc+Gal * 15 25 7 2150 O Man3HexNAc3Hex3 29- Mar-07 WD 2004/031383

PCT/ EP2003M@1004M133 16 3 2 N. D. 17 2 8 N.D. 18 0,9 2BGIW/ER20T#9110272AB 14, 2
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Example 6: Preparation of a targeting vector for the light chain lambda locus of
' PBGO4

The structure of the rearranged lambda 'chain- locus was identified by alignment
of the known cDNA of the lambda gene with human genomic sequences. The
gerre consists of a variable gene, J and H segment already joined together.' V3-19
was identified as the variable gene. '
This approach was not suitable to identify the constant gene because the locus
contains 100% identical gene copies. A PCR based on primers in the known
" . leader sequence and in the unique intervening sequences between constant re-
gion genes. Primers V81, V83 (SEQ ID NOs:13 and 14, respectively) gave a cor-
rectly sized PCR product which showed the expected restriction pattern and
therefore allowed to identify J2 and H2 as the genes constituting the rearranged
lambda gene of H-CB-P1l (SEQ ID NO:21). Based on this information the se-
quence of the rearranged locus was proposed and a targeting vector was con-
structed. . |
A 5 flank upstream of the coding sequences of the variable gene V3-19 was cre-
ated with Primers V89 and V94 (SEQ ID NOs:15 and 18, respectively) using
Provestart Polymerase (Qiagen). A 4kb fragment was cloned in pPCR4blunttopo
(Invitrogen). A 3 prime flank was amplified in two steps: overlapping PCR prod-



rectly sized PCR product which showed the expected restriction pattern and
therefore allowed to identify 32 and H2 as the genes constituting the.Mar-07
rearranged |anbda gene of HCB-P1 (SEQ ID NO 21). Based on this information
t he se- quemceoisiishe rearranged | ocus was proposed andPGI/ER0QAIIINIEH vect or
was con- structed. . "flank upstr&am of the codi ng sequences of the

and 18, &gg@%vgr%@rﬂcﬁgg@g-pﬁg&e@@g& AR areer et st NR%iAS f fagnent
was cl onerjglamdpﬁ’@}?ééﬁpéatm@rpp an(:!lllﬂeldt'vrﬁgcﬁlﬂrhrqu‘é SpiT kit pregete warsotanrraé fied in

two steps: overlappin pro 9- Mar - 07 V\020Q4/03 3P EP2003 011027
39 Lot b MR P TBERYE, FH5LRPF s METe/S 9708 INa 248 NPEAT ke (5

17, 19 an@:28), respectively) and lined via a unique Sphl site present |n
both frag- nents. The f]ankjin seﬂaences were cloned into a- si n%I e vector

PVLCL ( SEE pfiownibednsertipd off ¢ ependant ffiam dhospiethe ReepeRBRAtotom.

those in hRAcHEN Hut h?ét@rd@ﬁé@f‘ i fﬁﬂab%ﬁeﬁwéerhéﬁ@rs?st‘éﬁ?%éd debighedaged
repl acenent system was  designed. contains in 5'3'direction a frt F3

site, theCQDW'rEF'lnaﬂ'kﬂﬁ ﬁy%lrfﬁfdl%r arfﬁt E3 S'H@olthevcélﬂvbliﬂtahmrbwhﬁd ArPRWLEr )
ant I trypsj ﬂr@ﬂeby A8 YBRATMBRE (&?Sdr&&r%%ﬁh g@ﬁék%ﬁe rﬂ@r&’hyfnht re$s‘§t§n d an

ATG del ete sti1dinol resistance imarker ts were cloned into
PVLCL to @waskere q@w@falat$1§£g.an$|arbéTGr@elakedahiétuiEmé|reestau§e rm@rk@rr Bhese
reconbi na j n clusively target the
heavy andéliewtégﬁg% '#‘S@ﬁ?{i@\‘?‘{°ng£§%?gh%&§3h§§ start codon to the
neonyci n amerﬁrtswt ana B sitesi mtoaélomarercerrﬁalm@mecspemﬁtyepraoementrveca;gec

open 1 cadiil ok DEALER, BFEEHle NERCAR Gl Y b BONPBo il SR b o

the vec- start coden thehermemmydin wid bistidew! mesistamsal markers asbpdciively. tTo t he
PBG O Si ng

opect e e L BN RS L S RGO it
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2021 0 B, ks OB 3L O 308 S PR MR ce W 3RL TRERORR oo
fl uor escesge- | abel | ed. anti hunman-| anbda- chai n anti body. The resul ti ng ceI I
clones ar S\ll?@l?ala)éﬁ\?gd \ng ttrgr?sfgc)‘ft%r ©ihto Bli'r((:)-lcoﬁfa lLE';?n% 1eléﬂc }'clnp;[c{rgtp lon., Cells were

seeded into a T75 flask and subjected to selection at 200ug/ml Hygromycin, For

3 weeks. Resulting clones were isolated by dilution cloning and clones resulting

from homologous exchange were identified by the absence of an immunofloures-

cence signal using a fluorescence-labelled anti human-lambda-chain antibody.

The resuiting cell clones are analyzed for the expression of alpha 1 antitrypsin.

These clones are suitable for the coexpression of two independent transgenes

which have to be expressed at high level. 'Preferably these Qenes are the heavy

and light chain genes of an antibody. Within a single exthange reaction using flp

recombinase, heavy and light chain genes can be directed to their respective lo-

cations.



These clones are suitable for the coexpression of two independent transgenes
‘which have to be expressed at high level. Preferably these genes are;y8h8.r07
heavy and |ight chain genes of an antibody. Wthin a single exchange

reacti on uswOgo#4031388 econbi nase, heavy and |ight chai n geresro@miie7 direct ed
to their respective. lo- cations. 29-Mfr-07 WD 2004/031383
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V. INTERNATIONAL DEPDSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the powerto represent the
MIKROORGANISMEN UND ZEI.LKULTUR.EN Grabll Intemational Depositary Authority or of autherized official(s):

Address: g'gssc{:umgech 1b | ‘ . . V 6‘/
raunschweig
: L

Dte: 2002-09 18

i Indicats the date of original deposit or, whete 8 new deposit or a transfer has boen made, the most recent relevant date (date of the new deposit or date
of the transfer). .
2 In the cases m}md to in Rule 10. Z(a) (ity and (jit), refer to the most revent viability test,
Mark with a gross the ap%:mhle 0X.
4 Fill in if the information has been requested and if the results of the test were negative. .
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Address: 24 Bra W It, D381 gg w/ /' D-38124 Bmunshweig /V/ | - |~ | DS$e:
2002-09-18 | Indicate the data of origutal deposit or, where a nem/dgﬁgﬁ;$07
or a transfer has been nade, the nobst recent relevant date (date of the new
deposit or date of the trmsfer). r In the cases referred to in Rule
10.2(a) (li) and (iii), refer to the_nost rectal viability tat. r Mark with
a cross the appplicable box. | Fill i* if the information bas been r equest ed
and if the results of the test were negative. Form DSMZBP/9 (sol o page)

12/ 2001 29-Mar-07 31 CLAIMS: 1. An ex-vivo process for preparing a cel
capabl e of stable high yield expression of a target gene product having an
essentially human gl ycosyl ation pattern, which nmethod conprises: (a)
selecting an Inmortalized human cell or human hybrid cell (starting cell)

whi ch iscgigpggd from B | ynphocytes and is capable of stable high yield
expressi o an i mmunogl obulin (1g) being non-essential to the starting
cell; (b) screening for the locus of the Ig gene within the genone of the

starting ghlex-vidd block 8Pt brifhrinl% AANERGAE P Grabl nibRGIdid elbrbboigh 1 1St

functi onal seqlience “contf'al nfng one or nore rec I nase recognition
sites (RRB) targethgehe paoduch riavingnah ieseentishe dwmssy glyebsylationdpg@grni nt egr at i ng
a second“mﬂmqﬁgﬁgako lsagquence containing a DNA sequence coding for the
target gene product i hto the functionalized precursor cell obtained in step

(cl) by (Reseectngr e ommartalised buogni callnyy bwearRigdrid esdr (startingdcel} t h t he
first fu s.onal , g0 i reat [N e ne. ¢odi ng for
the Ig thﬁf,] a‘%‘?&ﬁﬁ‘?ﬁéﬁ%pﬁ@&%ﬁ%‘ﬁgﬁ ﬁ?o‘rﬁz&?ﬁﬁ%cﬂg %ﬂk@sg%’eﬁéeg@codi ng for
t he tar gexprgesien pf adimmungglobuiia (g )dwingsnasr-esseatizhta thewsfartiiarcelli ) the starting

cel | secygf &fednitf fob thPlotli oAtk ig@n@ﬂitﬁfﬁ[&l_@tge%mébftl‘%‘&hrt%ggtellf mol /cel l/d
ypeptid h d f bl re

of a polypeptide chain and nore preferably in an anmount of than 1
f ol / cel K¢%d; reglagingrtheigene; qodingefos tthe 49 mithca first RingtionahndiNmgenueaceel |, the Ig
gene i s @oMHiMMY PRBCor SmordGelirRBiRSR PbcoghRioM ditdd (RRYNALELBLAiMe starting
cell is a human el oma or '

functionalized precursor cell; and

(d) integrating a second functional DNA sequence cdntaining a DNA sequence

- coding for the target gene product into the functionalized prec:u'rsor' cell obtained

in step (c1) by use of a recombinase recognizing the RRSs incorporated with the

first functional sequence, or

(c2) directly replacing the gene coding for the Ig with a functional DNA sequence

containing @ DNA sequence coding for the target gene product.

2. The process of claim 1, wherein

_'(i) the starting cell secretes the Ig, preferably in an amount of at least 0.3
. fmol/cell/d of a polypeptide chain and more preferably in an amount of more
than 1 fmol/cell/d; and/or

(ii) if the starting cell is @ human hybrid cell, the Ig geﬁe is a human gene.

3. The process of claim 1 or 2 wherein the starting cell is a human_myeioma or
hybridoma, or human hetero-hybridoma cell and most preferably is human-
mouse hetero-hybridoma H-CB-P1 (DSM ACC 2104).

4, The process according to any one of claims 1 to 3, wherein the integration of
the functional DNA sequence(s) is effected at a rearranged Ig locus, preferably at
a rearranged immunoglobulin H locus or A locus of said starting cell.



hybri doma, or human hetero-hybridoma cell and nost preferably is human-
nouse het ero-hybri doma H CB-P1 (DSM ACC 2104). 4. The process accord'ﬁ 4@
any one of claims 1 to 3, wherein the integration of the functional
sequence(s) is effected at a rearranged I g |locus, preferably at a
rearranged i mmunoglobulin H locus or % locus of said starting cell.
29-Mar-07 5. The process according to any one of clains 1 to 4 wherein the
| ocus of the Ig gene (i) is known or is determi ned by a screening procedure
conpr i sbntheprocesar acayrdirex iy assoedofatidingsl t 4 2DepsinttRe ocgelof ARt r ophor esi s,
guantitative PCR, RNAse protection, northern blot, ELISA western blot and
conbi nattons thereof; and/or (ii) is selected as to provide for an

essent i ) lisykmewraor g yletmfmlirmdi o apsreening. pcedire qonrisiy miTeardiyng t o any one

of o1 &1 Bhrdsidh Snalpher 907 ol 51 AERIBALBle,. dBBula O, | gl oot od (1) by

an one step repla s>%ont act ed
with a n@mcﬁﬂncmm@wfu(bwtcﬁldﬁa; westgrnt biet éndmﬁlnamahweoéeupdmrce, said first

funct i onglis SEQHENSE LS g.l%k, | 198ah @gﬁaesu@ne Coﬁgxé&pua%ﬁﬁg&iem?f (if) in atwo-

or nmulti-step strate erern g gene is deleted
or inactivated and subsequently contacted W|th a vector construct

cont ai nj Nghe a%céésragt:orﬁm%' R neSF RS ¢ to Salefdid B fap gh%ﬂ%f sequence

bei ng incorporate he site of the de?et ed I nact | 7. The
pr ocess“‘@flgcﬂeaﬁl'ﬁ@f&“@ wherein the first functional DNA sequence (i)

conpri sgp bg% e Q&'bereBB@éﬁl}:ntsgﬂrﬁﬁéﬁdwﬁér@m ﬂh@X&arcmgtcena'&tdon?da@ladat tR sites of

| anbdoi d ﬁ ages, and recognition sites for resol vases or phage C31
i nt egr a¥Hh a pyeskasy &B‘F%ﬁr%ﬁ@fa'&'ﬁ%a@?erﬁ fHﬁFtéﬂﬂaédeﬂBﬁwerlﬁ%Jﬁaﬁl on such as

nmodi f i eginkgerl séddeﬂ@e ?é’b]bd‘lﬁ%(th‘éldeﬁg codRgfdthé itg) of Urt her conprises functional
sequences sel ected from marker sequences, . secretion proteins, pronoters,

enhancef,in §poz OF SPYHaItER SBBTQP&d@H%eH‘t thergene ipding fop ke IREeN@ISnent s:

and/ or aéleﬂeh b ﬁ.—s@wb@d aAd t iDs¥RENEY &mﬁt&@éwemae% tidafor aéghstraapl ogous to
t he tar ene or aﬁJ@aC ent sequences. one of clains

f“ Tg I_é#q)rocess of any

1to 7, RiPiggnthe firsk Hunctignag sae kel Hirst &y H"?'uﬁ%‘iqeﬂﬁ%llbm sequence i s
ef f ect egcéiporatiel sveiel dite of the denatedfinscivateddggni sing the RRS(s) present in the
first functional sequence together with, shortly before or after delivery

of the second functi onal
7. The process of claim 1 or 6, wherein the first functional DNA sequence

(i) comprises one or more RRS(s) selected from loxP, frt, attL and attR sites of
lambdoid phages, and recognition sites for resolvases or phage C31 integrase,
preferably RRS(s) capable of unidirectional integration such as modified loxP
sites and frt sites; and/or

(ii) further comprises functional sequences selected from marker sequences,
secretion proteins, promoters, enhancers, splice signals, polyadenylation signals
and IRES elements; and/or

(iii) is flanked in the vector by sequences that are homologous to the target gene

or adjacent sequences.

8. The process of any one of claims 1 to 7, wherein

(i) the integration of the second functional DNA sequence is effected by
delivering a recombinases recognising the RRS(s) present in the first functional
sequence together with, shortly before or after delivery of the second functional
sequence;

(i) the integrase is selected from Cre, Flp, $C31 integrase and resolvase;



sequence; (ii) the integrase Is selected fromCre, Flp, $C31 integrase and
resol vase; 29-Mar-07 (iii) the target gene product is selected fromyg praro7
enzymes, hornones, cytokines, receptors, antibodies, antibody donalns anJ
fusion proteins conprising the gene product nentioned before; (iv) the
second functional DNA sequence further cmnprises functional sequences

sel ected from pronoter sequences, narker sequences, splice donor and
acceptor sequences, and reconbi nase recognition sequences differing from

RRS of (g thé icirget igeRetirodadt iS aRURRRCrof. erfyehde] PBARBNE, @E‘dk:r%%? of claims 1

to 6, wh t he i f t h d t d th
f::.l)nCtl oﬁefﬁreg Bé"g’ag@ggegr@td?lﬁag|dﬂfc‘){?{j‘sa?%5Nﬁs’g'éHE@%’%’%%OE%HF'H t ‘gf%e?‘\#e ta?get

gene pr pebdutt méPtionkdiederess for preparing a functionali zed cel | conprising
t he st e S functionalized

cor | ob bk} HitesBag FrkriopRigRA s8Gfenct it Fompsses,Ringtonal S8UPERS T "hi gh vi el d
expr essseiacteiﬂ fram propedteg sevriepcas nedrkertdequeraiat esplive dbte grdomesstonf cl ai ns 1

to 9. 1 of cl ai erein t t is an

ant | bodgeeeFey it SrorihiaRk ReodMilschib bise' diShs JEW AR ThEhe o7 %0

cl ai ns fifist fdritionalk8quevdech i s derived fromH CB-P1 (DSM ACC2104). 15. The
cell of claim13 or 14 further having its light chain inactivated or

replaced with a gene coding for the sanme or a different target gene product.
16. A mét Mivel pfaseshofamyyons of daimselstn Grwhdrein thaggee coding farrthddgtis whi ch

CONMPri S Qfectfitdplatal ' With & AflctioRs B84 'sBGGrc8 ANWaifiRg £L'DNA 8Ldlnlg tO 15.

coding for the target gene product.

10. A process for preparing a functionalized cell comprising the steps (a) to (cl)
" as defined in claims 1 to 6.

11. A functionalized cell obtainable by the process of claim 10.

12. A cell capable of high yield expression of a target gene product obtainable by
the process of claims 1 to 9.

13. The cell of claim 12, wherein the target gene product is an antibody,
preferably the cell is PBG04 (DMS ACC2577).

14. The cell of claims 11, 12 or 13, which is derived from H-CB-P1 (DSM
ACC2104).

15, The cell of ciaim 13 or 14 further having its light chain inactivated or
replaced with a gene coding for the same or a different target gene product.

16. A method for high yield expression of a target gene product which comprises
cultivating a cell as defined in any one of claims 12 to 15.



