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The present invention relates to a process of tar-
geting the integration of a desired exogenous DNA to a
specific location within the genome of a mammalian cell.
10 More specifically, the invention describes a novel meth-
od for identifying a transcriptionally active target
site ("hot spot") in the mammalian genome, and inserting
a desired DNA at this site via homologous recombination.
The invention also optionally provides the ability for
15 gene amplification of the desired DNA at this location
by co-integrating an amplifiable selectable marker,
e.g., DHFR, in combination with the exogenous DNA. The
. invention additionally describes the construction of
novel vectors suitable for accomplishing the above, and
20 further provides mammalian cell lines produced by such
methods which contain a desired exogenous DNA integrated

at 'a target hot spot.



- 2- Backgr ound Technol ogy for expressing reconbi nant

proteins iWo gga164s POt h prokaryotic and eukaryotic organi S”Bbem‘égd/&sﬁsSt ab-
| i shed. Mama ?lan cells offer significant advantages over bacteria or

yeast for protein production, resulting fromtheir ability to
correctly assenble, glycosylate and post-translationally nodify
reconbi nantly expressed proteins. After transfection into the host
cells, reconbi nant expressi on constructs can be maintained as 10
extrachronosonal elements, or may be integrated into the host cel
genone. Ceneration of stably transfected manmal i an cell lines usually
I nvol ves the latter; a DNA const rutt2 encodi ng a gene of interest
along with a drug resi stance gene (dom nant sel ectable marker) is
intro- 15 duced into the host cell, and subsequent growh in the
presence of the drug allows for the selection of cells t hat have
successfully integrated the exogenous DNA. In many i nstances, the

gene of |nterg$£%%ﬁxﬁ%ﬂ%ed to a drug resi stant sel ectabl e marker

whi ch can | at supj ected 20 to gene anplification. The gene

encodi ng di hydr of ol¥chnology I &t Céasfe s SHIR) rééoﬁBihaﬁe ivzed f or
thi s purpose. G owm h of ceIIs I n the presence of hotrexate, a com
petitive inhihqnh'pﬂbH§#¥Qti@%§ndt@ukmnye@sedorﬁﬁﬁusms 1spmedﬂcbsmaﬂnl

means of anplif,i on of the DHFR gen As fl anking regions of DNA
will also bec&ﬁ? | i Mamgmalian c?iﬁﬁr%@@??aﬁ%gﬁbgﬁﬁﬁﬂFlééWﬁ@ﬁa@ESa DHFR

i nked 9e | Qe M}%}#é Wp'sehsd £51!ptbee:8BrbaRde} 8 "¢L8Ri¢d ng
PCT/ US98/ 0393%rom their ability to correctly assemble, glycosylate
and post-translationally modify recombinantly expressed
proteins. After transfection into the'host.cells,
recombinant expression constructs can be maintained as
10 extrachromosomal elements, or may be integrated into the
host cell genome. Generation of stably transfected
mammalian cell lines usually involves the latter; a DNA
construct encoding a gene of interest along with a drug
resistance gene (dominant selectable marker) is intro-
15 duced into the host cell, and subsequent growth in the
presence of the drug allows for the selection of cells
that have successfully integrated the exogenous DNA. In
many instances, the gene of interest is linked to a drug
resistant selectable marker which can later be subjected
20 to gene amplification. The gene encoding dihydrofolate
reductase (DHFR) is most commonly used for this purpose.
Growth of cells in the presence of methotrexate, a com-
petitive inhibitor of DHFR, leads to increased DHFR
production by means of amplification of the DHFR gene.
25 As flanking regions of DNA will also become amplified,
the resultant coamplification of a DHFR linked gene in

the transfected cell line can lead to increased protein



-3 WO 9%416#ficti on, thereby resulting in high | evel exPFrEYSI#RI3S

of the gene of interest. Wil e this approach has proven
successful, there are a nunber of problenms with the system because of
t he 5 random nature of the integration event. -These problens

exi st because expression |levels are greatly influenced by the effects
of the | ocal genetic environnent at the gene | ocus, a phenonena wel |
docunented in the litera- ture and generally referred to as "position
effects” 10 (for exanple, see Al -Shaw- gt-al, M. Cell. Biol.,

10: 1192-1198 (1990); Yoshinura et al, Mdl. Cell. Biol., 7;1296- 1299
(1987)). As the vast mpjority of mamrali an DNA is in a
transcriptionally inactive state, random i ntegration nmethods offer no
control over the 15 transcriptional fate of the integrated DNA
Consequently, wide variations in the expression |evel of integrated

genes can occlprodupehanngtbareby sesaléfing in higydaveln. exoresshopl e,
.integration ogﬁgx enous DNA ., into inactive, or transcriptionally
"silent" regi eogene; RE 4BEEHESH'1| result in little or no expression.
By contrast i aLi ' r Ccrinti v site
may result in high @%‘?ées{s:?g% 'aBbQo%c‘h ?lggT%é:?) té’l g{'?’\.{.c%'%egé%l%% g%l?;'l?ll‘ﬁ%f t he
work is to obtgid & numberhb@hpkeyalemel waehe teed et bedsahse yPI €5L! Y

the de- 25 sired outconme of genetic engineering nethods, it is

gener al | ySnecesardgmt ongturenoffathe nutiegratdfont reamsitec- These prolbbems

find such a high, roducingepggngéssion 1ev%9398&41645 .

PCT/ US98/ 03935%ist becau P are greatly influenced.
by the effects oflthe local genetic environment at the
gene locus, a phenomena well documented in the litera-
ture and generally referred to as "position effects"

10 (for example, see Al-Shawi et al, Mol. Cell. Biol.,
0 10:1192-1198 (1990); Yoshimura et al, Mol. Cell. Biol.,
7:1296-1299 (1987)). As the vast majority of mammalian
DNA is in a transcriptionally inactive state, random
integration methods offer no control over the
15 transcriptional fate of the integrated DNA.
Consequently, wide variations in the expression level
of integrated genes can occur, depending on the site of
integration. For example, integration of exogenous DNA
into inactive, or transcriptionally "silent" regions of
20 the genome will result in little or no expression. By
contrast integration into a transcriptionally active
Site may result in high expression.
Therefore, when the goal of the work is to obtain a
high level of gene ex@ression, as is typically the de-
25 sired outcome of genetic engineering methods, it is
generally necessary to screen large numbers of transfec-

tants to find such a high producing clone.



-4- Addi tionally, randomintegration of exogenous DNA into
the genone can in sone instances disrupt inportant cel l ul ar genes,
resul ti ng We 9841645t er ed phenot ype. These factors can PERAIS98e3935
generation of high expressing 5 stable manmalian cell lines a
conplicated and | abori ous process. Recently, our |aboratory
has descri bed the use of DNA vectors containing translationally
i mpai red dom nant sel ectabl e markers in mamal i an gene expression.
(This 10 is disclosed in U S. Serial No. 08/147,696 filed Novem
ber 3, 1993, recently allowed). These vectors contain a
translationally inpaired neonyci n _pRosphot ransf erase (neo) gene as
t he dom nant sel ectable marker, artificially engineered to contain an
15 intron into which a DHFR gene along with a gene or genes of
Interest is inserted. Use of these vectors as ex- pressi on constructs
has been found to significantly _ reduce the total nunber of drug
resi stant col oni es pro- duced, thereby facilitating the screening
procedur e i n Additipahadiyen resdomianiagnsdiomafhlexogenguee sBNAnineot or S.

i gnificant percentage of the c obt ai ned usi ng

Furt her nore, Si | pnes ,
this.systen1agaehgﬁﬁogprQESFﬁg?@WﬁhéQStances'éiﬁﬁ?ﬂqﬂﬁWQ%r%ﬁ%tapparentIy
attributable £@1{§i¢ar eneg?dlk'fe!s?ﬂ.tt!i?@s ipde téiéél%d“éﬁg?qeei%%é‘pl e marker.

Due to 25 the translational inpairiment of the neo

transfected cthésewfhttoet pandumadkeethe]yemraiiaireiof tiigh expfesying drug

sglectiog, thgéggXedgg&ggigg% Lgilogigg; a complicated and laborious
process.

Recently, our laboratory has described the use of
DNA vectors containing translationally impaired dominant
selectable markers in mammalian gene expression. (This

10 is disclosed in U.S. Serial No. 08/147,696 filed Novem-
ber 3, 1993, recently allowed).

These vectors contain a translationally impaired
neomycin phosphotransferase (neo) gene as the dominant
selectable marker, artificially engineered to contain an

15 intron into which a DHFR gene along with a gene or genes
of interest is inserted. Use of these vectors as ex-
pression constructs has been found to significantly
reduce the total number of drug resistant colonies pro-
duced, thereby facilitating the screening procedure in

20 relation to conventional mammalian expression vectors.
Furthermore, a significant percentage of the clones
obtained using this system are high expressing clones.
These results are apparently attributable to the
modifications made to the neo selectable marker. Due to

25 the translational impairment of the neo gene,

transfected cells will not produce enough neo protein to

survive drug selection, thereby decreasing the overall
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nunber of drug resistant colonies. Additionally, a hi gher percent age
of the surviving clones will contain t he expression vector integrated
into sites in the genonme where basal transcription |evels are high,

5 resulting in overproduction of neo, thereby allow ng the cells to
overcone the inpairnment of the neo gene. Concomtantly, the genes of
interest |linked to neo wll be subject to simlar elevated | evel s of
transcri ption. This sanme advantage- is also true as a result of the

10 artificial intron created within neo; survival is dependent on
the synthesis of a functional neo gene, which is in turn dependent on
correct and efficient splicing of the neo introns. Moreover, these
criteria are nore likely to be net if the vector DNA has 15
integrated into a region which is already_ highly transcriptionally
acti ve. numberfaifl ciug resigfant opobenies. vebdditipngld vir an-

scripti-onally_active regi on, gene lification is,per- _ . f ormed by

sel ection fof PABSSHRERAREAR 0 ThF SUTELVEAT; EAPHPS HidLoEaRoRdki bl e
to obtain clones ted ' | '$ tr (50nM,
cont ai ni ng fe&'f%Le %§ﬁ¥é§§%°?xﬁﬁ%§§%Pg?%§&%%§¥§r ﬂﬁ%cﬁggggréﬁé% %bh | evel s
of pr ot glehdmed SR#¥e| bd skl ) transshepebor, lebedscatebbiigh, achi eved
in arelatively short period of tinme. However, 25 the success in

anpl i fi cdli onresuwldringb|in Sogproductienngérnpei ohhkrkebycEillewinedhannot

ggT?EEBéIb%SS%% 1s to ovg¥%§§g4tq§5impairment of the neo gene.

Concomitantly, the genes of interest linked to neo will
be subject to similar elevated levels of transcription.
This same advantage is also true as a result of the

- 10 artificial intron created within neo; survival is
dependent on the synthesis of a functional neo gene,
which is in turn dependent on correct and efficient
splicing of the neo introns. Moreover, these criteria
are more likely to be met if the wvector DNA has

15 integrated into a region which is already highly

transcriptionally active. _

Following integration of the vector into a tran-
scriptionally active region, gene amplification is per-
formed by selection for the DHFR gene. Using this sys-

20 tem, it has been possible to obtain clones selected
using low levels of methotrexate (50nM), containing few
(<10) copies of the vector which secrete high levels of
protein (>55pg/cell/day). Furtherwore, this can be
achieved in a relatively short period of time. However,
25 the success in amplification is variable. Some

transcriptionally active sites cannot be amplified and




- 6- therefore the frequency and extent of anplification from

a particulwp dglqigysi S not predictable. . Overal |, tpeTH%98/69034 hese
translationally inpaired vectors represents a significant 1| nprovenent
over ot her 5 nmet hods of randomintegration. However, as discussed,

the problem of |ack of control over the integration site remai ns a
significant concern. One approach to overcone the problens of
random integration is by neans of gene targeting, whereby the 10
exogenous DNA is directed to a specific locus within the host genone.
The exogenous DNA is inserted by neans of honol ogous reconbi nati on
occurring between sequences of DNA i§ T he expression vector and the
correspondi ng ho- nol ogous sequence in the genone. However, while
this 15 type of reconbi nati on occurs at-a high frequency nat u-

rally in yeast and other fungal organisns, in higher eukaryotic
organisns it is an extrenely rare event. In manmmal i an cells, the

frequency of [ - ?Qg&g gQHS ; Lategration)
r econbi nationlaﬁg%eepori-e%bw%@? oc¥a%%% rom &goar%\%f#gg‘sb%ﬁoﬁoh
exanpl e, see a partGaRAcENisithei BHotot H¥dedPECad 282 (1989); Morrow and
Kucher |l apati, Curr. Op. Biotech., 4:577-582 (1993)). One of the

earliest reports déswmrding theolwp et thesereranblabionalily dmpesdiviegh

cells conprised an artificial 25 system created in nouse fibrobl asts
(Thonmas et al VEEHQTS representy 4 4 Nt WREPYEWPRE OBRTaPRPSF a

mutated, 5 RUHUE U on S QA 1 &S 80w EGRE, | ALegE LG gL O

the problem of lack of control over the integration site

remains a significant concern.
One approach to overcome the problems of random
integration is by means of gene targeting, whereby the
10 exogenous DNA is directed to a specific locus within the
host genome. The exogenous DNA is inserted by means of
homologous recombination occurring between sequences of
DNA in the expression vector and the corresponding ho-
mologous sequence in the genome. However, while this
15 type of recombination occurs at a high frequency natu-
rally in yeast and other fungal organisms, in higher
eukaryotic organisms it is an extremely rare event. In
mammalian cells, the frequency of homologous versus non-
homologous (random integration) recombination is report-
20 ed to range from 1/100 to 1/5000 (for example, see
Capecchi, Science, 244:1288-1292 (1989); Morrow and
Kucherlapati, Curr. Op. Biotech., 4:577-582 (1993)).
One of the earliest reports describing homologous .
recombination in mammalian cells comprised an artificial
25 system created in mouse fibroblasts (Thomas et al, Cell,
44:4195-428 (1986)). A cell line containing a mutated,

non-functional version of the neo gene integrated into
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-7- t he host genone was created, and subsequently targeted
wi th a second non-functional copy of neo containing a di fferent

mut ati on. Reconstruction of a functional neo gene could occur only by

gene targeting. Honmol ogous 5 reconbi nants were identified by selecting

for 418 resistant cells, and confirnmed by anal ysis of genom c
DNA i solated fromthe resistant clones. Recently, the use of
honol ogous reconbi nation to repl ace tthe heavy and |i ght

I mmunogl obul i n genes at 10 endogenous |l oci in antibody secreting cells
has been reported. (U S. Patent No. 5,202,238, Fell et al,

(1993).) However, this particular approach is not wi dely applicabl e,
because it is limted to the production of imunoglobulins in cells

which 15 endogenousl y express i munogl obulins, e.g., B cells and

nyel ona cel | s.th¢ shosexgeasseowaiss areatiesh andisipsequentlycpgrgered| evel s

because co-anpljfication after onnloqyus rqg&&?ination.

h t
i ncl uded. The %’fhoﬂ ?gfmnd nopﬁtfﬂ"ﬁ‘é:rtl@m hedf %ec?%‘&?ll ?S‘nﬁf_go?v\o
separate 20 di9£89§ﬁ£' f tQ‘l‘ﬁ% S AR dREHARE {idh rspdéégfuﬁcéyaﬁgiogéb

I mmunogl obul i n7" one

has been reported in NS/0 cells, where reconbinant 25
i munogl obul i nceaprbaRpRESs Werley Idemiidfdask by seleclivi®i foriehlnto the

;ggrpggi?gﬁlgnrggggga%é Egiﬂg, and ég§¥ffﬁ%éﬂbf“ané ;gqgaé%ogg%oggéent
DNA isolated from the resistant clones.
Recently, the use of homologous recombination to
replace the heavy and light immunoglobulin genes at
10 endogenous loci in antibody secreting cells has been
reported. (U.S. Patent No. 5,202,238, Fell et al,
(1993).) However, this particular approach is not
widely applicable, because it is limited to the
production of immunoglobulins in cells which
15 endogenousiy express immunoglobulins, e.g., B cells and
myeloma cells. Also, expression is limited to single
copy gene levels because co-amplification after
homologous recombination is not included. The method is
further complicated by the fact that two separate
20 integration events are required to produce a functional
immunoglobulin: one for the light chain gene followed by
one for the heavy chain gene. .
An additional example of this type of system has
been reported in NS/0 cells, where recombinant
25 immunoglobulins are expressed by homologous
recombination into the immunoglobulin.gamma 2A 1oéus

(Hollis et al, international patent application #

or the I'rght chain gene followed one for the
heavy chain gegéne could occubnoadgi biyormnee xamet inig I hi BohyPegelissyst em
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- 8- wo 98/i¥edé | B9S (00014).) Expression |evel s obtai nedpét/pgsigibss
site were extrenely high - on the order of 20pg/cell/day froma

single copy integrant. However, as in the above exanpl e, expression
is limted to this | evel because an 5 anplifiable gene is not
contegrated in this system Al so, other researchers have reported
aber r ant gl ycosyl ati on of reconbi nant proteins expressed in NS/ 0
cells (for exanple, see Flesher et al, Biotech. and Bi oeng. ,
48:399-407 (1995)), thereby Ilimting the 819 applicability of this

appr oach. The cre-| oxP reconbi hati on system from
bact eri ophage P1 has recently been adapted and used as a means of
gene targeting in eukaryotic cells. Specifically, the site specific
I ntegration of exogenous 15 DNA into the Chinese hanmster ovary (CHO
cell genone using cre reconbi nase and a series of |ox containing

vectors have giegrapscioders) (Fukespressaofd bewels obtainBdoErdwatdhisicad.
Sci. USA, 89: 7905 7909 (1992). ﬁ Thi s systemis attractive in that it
Y

provi des for siage we:e@rmme ekpgbssi on éhetﬁﬁdgﬁn@fcﬁnomg@idl/day

| ocati on. Fbmever no, eﬂg%r made to |deﬂ ¥ hronnigggl site
from which g SO r BT ?%pﬁp%?ﬁﬁ9rant QRAVEE - | ASt AB &by Zhpl e,
expression i gl iH1ed dfression 19 £1mPPY¥d! BYCLAILNILDET BLYGIBe AlSO. 1t

I S
5 amplifiable gene is not contegrated in this system.

Also, other researchers have reported aberrant
glycosylation of recombinant proteins expressed in NS/0
cells (for example, see Flesher et al, Biotech. and
Bideng., 48:399-407 (1995)), thereby limiting the

10 applicability of this approach.

The cre-loxP recombination system £rom
bacteriophage Pl has recently been adapted and used as a
means of gene targeting in eukaryotic cells.
Specifically, the site specific integration of exogenous

15 DNA into the Chinese hamster ovary (CHO) cell genome
using cre recombinase and a series of lox containing
vectors have been described. (Fukushige and Sauer,
Proc. Natl. Acad. Sci. USA, 89:7905-7909 (1992).) This
system is attractive in that it provides for

20 reproducible expression at the same chromosomal
location. However, no effort was made to identify a
chromosomal site from which gene expression is optimal,
and as in the above example, expression is limited to
single copy levels in this system. Also, it is

25 complicated by the fact that one needs to provide for
expression of a functional recombinase enzyme in the

mammalian cell.
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-9- The use of honol ogous reconbi nati on between an

I nt roduced DNA sequence and its endogenous chronosonal | ocus has al so
been reported to provide a useful neans of genetic mani pulation in
manmal i an cells, as well as 5 in yeast cells. (See e.g., Bradley et

al, Meth. Enzynol ., 223:855-879 (1993)7 Capecchi, Science,

244:1288- 1292 (1989); Rothstein et al, Meth. Enzynol. 194: 281- 301
(1991)). To date, nost manmal i an gene targeting st udi es have been
directed toward gene 10 di sruption ("knockout") or site-specific

nmut agenesi s of sel ected target gene | oci in nmouse enbryonic stem (ES)

cells. The creatlo%(g &gge§¥ ﬁgm@fgg& ? gg?ﬁﬁégon betw@ %ﬁgbgggnine

scientists to examne Specl ron | SSUG

the bi ol ogi calnt¥odude® TNA! n@enaﬁdasjtgf eflBU§ENnEABEShrohdisonide! d of
research al so has inportant inplications in ternms of potential gene

t her apy appl i decusndas alSO beenﬁtspervgdtb@sphavedeeaensbfuﬁem@anﬁxwted
by Cell - tech Kent, i whi ch, dI arf targeted_to 20
transcripti onSf TR %ﬁa@ﬁ?%gp AN 1 IW . t 1s, aspye ﬂeéﬁtre

?5384??%@%% g\?ﬁlaégﬁrb ® ?éee rrrrun%ogl oﬁaﬁi secre%'ng%r :tg]otrrEZse 057
unanplified c@nzymol., 223:855-879 (1993); Capecchi, Science,

244:1288-1292 (1989); Rothstein et al, Meth. Enzymol.,
194:281-301 (1991)). To date, most mammalian gene
targeting studies have been directed toward géne

10 disruption ("knockout") or site-specific mutagenesis of
selected target gene loci in mouse embryonic stem (ES)
cells. The creation of these "knockout” mouse models
has enabled scientists to examine specific
structure-function issues and examine the biological

15 importance of a myriad of mouse genes. This field of
research also has important implications in terms of
potential gene therapy applications. .

Also, vectors have recently been reported by Cell-

tech (Kent, U.K.) which purportedly are targeted to

20 transcriptionally active sites in NSO cells, which do
not require gene amplification (Peakman et al, Hum.
Antibod. Hybridomas, 5:65-74 (1994)). However, levels
of immunoglobulin secretion in these unamplified cells
have not been reported to exceed 20pg/ce11/day,‘while in

25 amplified CHO cells, levels as high as 100pg/cell/day
can be obtained (Id.). |



have not been reported to exceed 20pg/cell/day, while in 25 anplified

CHO cel | s, as high as 100pg/cel |/ day can be obtal ).
WO 98/ 4164‘¥b%}‘ﬂ6%5 PCT/ US98/ Ogggﬁﬁgm%gs

-10- It would be highly desirable to devel op a gene
targeting system which reproduci bly provided for the I ntegration of
exogenous DNA into a predetermned site i n the genone known to be
transcriptionally active. 5 Also, it would be desirable if such a gene
targeting systemwoul d further facilitate co-anplification of the
inserted DNA after integration. The design of such a system woul d

al low for the reproduci bl e and hi gh | evell0 - expression of any cloned
gene of interest in a mammalian 10 cell, and undoubtedly woul d be of
significant interest to many researchers. In this
application, we provide a novel manmalian expressi on system based on
honol ogous reconbi nati on occurring between two artificial substrates

contained in 15 h if erent . Cif] : | S. system uses a
conbi nati on of tmlﬁ\é@‘éﬁiﬁarﬁﬁ%pﬁgﬁﬁgg%ésﬁ%ﬁ%v& ?;és‘},éioﬁm‘r%ef%?red to as
a "marking" vesrgetfng systamgahied' reprodwdidly provided fokESggatially,
the marki ng vector enables the identi- 20 fication and marking of a site
in the mammal inakegeaphen of exppgeviuss DNAansdd & ippedldtermined, site., a
site at which, ene expressi on %Eyels are high. This site can be

regarded as at®hbhesgeROmEnkpRENGERoRE trARSCTiRtdgnally active.

5 Also, it would be desirable if such a gene targeting
system would further facilitate co-amplification of the
inserted DNA after integration. The design of such a
system would allow for the reproducible and high level
expression of any cloned gene of interest in a mammalian

10 cell, and undoubtedly would be of significant interest
to many researchers.

In this application, we provide a novel mammalian
expression system, based on homologous recombination
occurring between two artificial substrates contained in

15 two different vectors. Specifically, this system uses a
combination of two novel mamﬁalian expression vectors,
referred to as a "marking" vector and a "targeting"”
vector.

Essentially, the marking vector enables the identi-

20 fication and marking of a site in the mammalian genome
which is transcriptionally active, i.e., a site at which
gene expression levels are high. This site can be
regarded as a "hot spot" in the genome. After integra-
tion of the marking vector, the subject expression sys-

25 tem enables another DNA to be integrated at this éite,
i.e., the targeting vector, by means of homologous

recombination occurring between DNA sequences common to



tion of thé”%?’ﬂ%ﬁ vector, the subject expression sys- 25 PCIHSAHM9P% s

another DNA to be integrated at this site, I.e., the targeting
vector, by nmeans of honol ogous reconbi nati on occurring between DNA
sequences conmon to WO 98/ 41645

PCT/ US98/ 03935 - 11 - bot h
vectors. This system affords significant advant ages over ot her

honol ogous reconbi nati on systens. Unl i ke nost ot her honol ogous
systens enployed in manmal i an cel I.s,1this system exhibits no

backgr ound. 5 Therefore, cells which have only undergone random i nt e-
gration of the vector do not survive the selection. Thus, any gene of
interest cloned into the targeting plasmd is expressed at high

| evel s fromthe marked hot spot. Accordingly, the subject method of

gene expres- .10.sion substantially or completely elinnates the problens
i nherent to s§%?%§my?ﬁt955doﬂi$ﬁ?eéYQEFHngggPE s&gmrficant (et aj| above.

, thi | ologous | 2t | l
Mor eover, t |%dwgﬁégéﬁﬁfwwéfSOEEQEOHH&ol gou Egbﬁmﬁﬁﬂ m%ﬁ%yéggﬁﬁﬂﬁbnally

expression of any rec I nant pro- t at the sane
active site in the Urifike maosel behegehon®logblsagdstiets eafISEW!4,{ication
may be effected at this particular transcriptionally active

site by incl udmammanianptetlabl ehisnsranemsekbdbabeeno backmardkerd (e. g.
DHFR) as part ,of 1 mar Ki vect or j ects of the Invention 20
Thus, it Ts arﬁfﬁﬁeéh‘gcfr%'f GHELS nV%ﬁ?PohaYS Bpg\% yadergone, gandamviciEeret hod
for targeting AU & BHe 1Peltor do not survive the selection.
Thus, any gene of interest cloned into the targeting
plasmid is expressed at high levels from the marked hot
spot. Accordingly, the subject method of gene expres-

10 sion substantially or completely eliminates the problems
inherent to systems of random integration, discussed in
detail above. Moreover, this system provides reproduc-
ible and high level expression of any recombinant pro-
tein at the same transcriptionally active site in the

15 mammalian genome. In addition, gene.amplification may
be effected at this particular transcriptionally active
site by including an amplifiable dominant selectable

marker (e.g. DHFR) as part of the marking vector.

Objects of the Invention
20 Thus, it is an object of the invention to provide
an improved method for targeting a desired DNA to a
specific site in a mammalian cell.
It is a more specific object of the invention to
provide a novel method for targeting a desired DNA to a
25 specific site in a mammalian cell via homologous recom-

bination.



specific site in a mammlian cell. It is a nore specific object
of the inyention to provi de a novel nethod for targeting a desired

DNA to a X044 fic site in a manmalian cell via honol ogB8GL/USSRS

bi nati on. WD 98/ 41645

PCT/ US98/ 03935 - 12 -

It is another specific object of the invention to provi de novel
vectors for achieving site specific inte- gration of a desired DNA in
a manmal i an cel | . It is still another object of the invention to
5 provi de novel manmalian cell |ines which contain a de- sired DNA
integrated at a predetermined site which pfo- vi des for high

expressi on. It is a nore specific object of the invention to
provi de a novel nethod for achieving site specific inte- 10 gration of a
desired DNA in a Chinese hanster ovary (CHO cell. It is
anot her nore specific object of the invention to provide a novel

rammal i an cel | & at L 18° SHORHEE SHACLEig oA Mnd el flRe (o

mammal i an cells at 15 pre sites that provi

hi gh expresitiennovel vectord tfors aumild\eing peitid | SpoPi £Le Qhtbhe
invention to ., provide novel vectors and vector conbinations suitable
for integrati@gak#Rine§l abdeisirgsh &3 dgd araamnalaian cell.

It is still another object of the invention to
5 provide novel mammalian cell lines which contain a de-
sired DNA integrated at a predetermined site which pro-
vides for high expression.

It is a more specific object of the invention to
provide a novel method for achieving site specific inte-

10 gration of a desired DNA in a Chinese hamster ovary
(CHO) cell.

It is another more specific object of the invention
to provide a novel method for integrating immunoglobulin
genes, or any other genes, in mammalian cells at

15 predetermined chromosomal sites that provide for high
expression.

It is another specific object of the invention to
provide novel vectors and vector combinations suitable
for integrating immunoglobulin genes into mammalian

20 cells at predetermined sites that provide for high ex-
pression.

It is another object of the invention to provide
mammalian cell lines which contain immunoglobulin genes
in;egrated at predetermined -sites that provide for high

25 expression. -
It is an even more specific object of the invention

to provide a novel method for integrating immunoglobulin



20 cel | sy@bsmreasiet ermined sites that provide for high ex- PCT/USISARNES 5 on
It is another object of the invention to provide mammal i an cell |ines
whi ch cont ai n i nmunogl obul i n genes integrated at predeterm ned sites
that provide for high 25 expr essi on. It is an even nore
specific object of the invention to provide a novel nethod for

I ntegrating i mmunogl obulin WO 98/ 41645

PCT/ US98/ 03935 - 13 - genes
into CHO cells that provide for high expreggion, as well as novel
vectors and vector conbinations that provide for such integration of
I mmunogl obul i n genes I nto CHO cells. 5 In addition, it is a
speci fic object of the inven- tion to provide novel CHO cell lines
whi ch contain inmu- nogl obul i n genes integrated at predeterm ned
sites that provi de for high expression, and have been anplified by
met hot r exat e sgémebi dntbo CHEC elld s\t ty peadieirdeanfom tisi gl OexppésEiiont i onal
i mmunogl obul i ns. Brief Description of the Figures Fi gure
1 depicts a mapSoVedlnaskneyed ¥&atens @nd-vector <F<Prgbmath@nsnv@ntu on

f d mnd h | h f I
S wol | as a BESVIRRNEar PHPH artiesraribi of TRRivetoReh e ghned " ('

Figure 2(a) shouwsoachmpcefia targeting plasmd referred to "Ml ly".
Mol Iy is shown here encoding the
5 In addition, it is a specific object of the inven-

tion to provide novel CHO cell lines which contain immu-
noglobulin genes integrated at predetermined sites that
provide for high expression, and have been amplified by
methotrexate selection to secrete even greater amounts

10 of functional immunoglobulins.

Brief Description of the Figures

Figure 1 depicts a map of a marking plasmid accord-
ing to the invention referred to as Desmond. The plas-
mid is shown in circular form (la) as well as a

15 linearized version used for transfection (1b).

Figure 2{a) shows a map of a targeting plasmid
referred to "Molly". Molly is shown here encoding the
anti-CD20 immunoglobulin genes, expression of which is
described in Example 1.

20 Figure 2(b) shows a linearized version of Molly,
after digestion with the restriction enzymes Kpnl and
Pacl. This linearized form was used fof transfection.

Figure 3 depicts the potential alignment between
Desmond sequences integrated into the CHO genome, and

25 incoming targeting Molly sequences. One potential ar-



anti - CD20 innunoglobulin genes, expression of which is described in
Exanple 1. Figure 2(b) shows a linearized versi g9 3%,
after di g@&?sé‘ﬂﬁﬁ th the restriction enzynmes Kpnl and Pacslgmgl'dhi S

| i neari zed formwas used for transfection. Figure 3 depicts the
potential alignment between Desnmond sequences integrated into the CHO
genone, and 25 I ncomng targeting Mdlly sequences. One potential ar-

WD 98/ 41645 PCT/ US98/ 03935 _

- 14 - rangenent of Molly integrated into Desnond after honol o-
gous reconbi nation is al so presented. Figure 4 shows a Sout hern
anal ysis of single copy Desnmond clonkes. - Sanpl es are as fol | ows: 5
Lane 1: [err]H ndlll DNA size marker Lane 2: Desnond cl one 10F3

Lane 3: Desnond cl one 10C12 Lane 4: -Desnond cl one 15C9 Lane 5:
Desnond cl one 14B5 10 Lane 6: Desnond cl one 9B2 Fi gure 5 shows
a Northern anal ysis of single copy Desnond cIones Sanpl es are as

foll ows: Panel _A; nQLt her t QQR RFE L3 4
i ndi cat ed rﬁ%ﬂeFﬁBtf?§u§§lﬂﬁgn%@%§f%¥%ﬁ.ca e northnern, €%$%5%§§°l?h 15
CAD and Hi sD p@@QQSreaanb&ﬂa%abQﬁ is B@RPresuNHRE., | oaded in panel s
A and B are as foll ows: Lane 1: clone 9B2, | ane 2; clone 10C12, | ane
3: clone 14B5, Fligneed4 shows Ese@uﬁhgnn!anaiyaﬂSﬂOﬂ%$imgba1Cb§y
transfected with a H sD_and DHFR cont ai ni ng plﬁ?qid, 20 | ane 6;
unt r ansf ect ed @pﬁpond clones. Samples are as follows:
] Lane 1: AHindIII DNA size marker

Lane 2: Desmond clone 10F3

Lane 3: Desmond clone 10Cl2

: Desmond clone 1435

2
3

Lane 4: Desmond clone 15C9
Lane 5
6

10 Lane 6: Desmond clone 9B2
Figure 5 shows a Northern analysis of single copy
Desmond clones. Samples are as follows: Panel A:
. northern probed with CAD and DHFR probes,.as indicated
on the figure. Panel B: duplicate northern, probed with
15 CAD and HisD probes, as indicated. The RNA samples
loaded in panels A and B are as follows:
Lane 1: clone 9B2, lane 2; clone 10C1l2, lane 3; clone
14B5, lane 4; clone 15C9, lane 5; control RNA from CHO
transfected with a HisD and DHFR containing plasmid,
20 lane 6; untransfected CHO.

Figure 6 shows a Southern analysis of clones
resulting from the homologous integration of Molly into
Desmond. Samples are as follows:

Lane 1: AHindIIT DNA size markers, Lane 2: 20F4, lane 3;
25 5F9, lane 4; 21C7, lane 5; 24G2, lane 6; 25El, lane 7;

28C9, lane 8; 29F9, lane 9; 39Gl1ll, lane 10; 42F9, lane

11; 50G1l0, lane 12; Molly plasmid DNA, linearized with



Figure 6 shoesam4sBout hern anal ysis of clones resul ti nSCF’PS%%’?%%S
honol ogous integration of Mlly into Desnond. Sanples are as foll ows:
Lane 1:_[err}Hnratt+t—DNA si ze markers, Lane 2: 20F4, lane 3; 25 5F9, | ane

4; 21C7, |ane 5 24! ladeane 6, 25E1, |ane 7; 28C9, lane 8; 29F9, |ane
9; 39G&ﬂmﬂ | ane 11; 50Gl0, lane 12; Molly plasni d DNA

I|near|ze -15 -

Bgl I (to with Bglll and Kpnl (I ower band), |ane 13;
unt r ansf ect ed Desnond. Figures I®&- #N and 7P-7X contain the
Sequence Listing for Desnond. 5 Fi gures 8A-8N and 8P-8X
contain the Sequence Listing for Molly-containing anti-CD20.

Figure 9 contains a nap of the targeting plasmd, "Mandy, " shown
here encodi ng anti-CD23 genes, the expressi on of which is disclosed
in Exanple 5. 10 Fi gures 10A- 10N and 10P—10U ontain &he sequence
listing of " IVHBQQLTIdﬁFPPammﬁj and G -wipn Behbt ard Kpnl (lewpgsed in

Fﬁsgﬁlﬁoﬁ provPG@Q?Etﬁlled 4&#%&‘%& %%%@g?égﬁéﬂéllng a desired The

exogenous DNA at a &:%Q&teél'me ﬁ/ﬂfcmght”f@ contaigepBgesefuanteniakicanccel |
vi a honol ogous reconbinati on. Al so, the invention provides novel :

vectors for aclfoevDegmond. the site specific |ntegrat|on of a DNA at a
Speci i calf y, the SEEREER [Gh HF PR prOREain the; SegupBres e g dpehi fi c
I ntegration of rdﬁ%lfyiéggkéfhing anti-CD20.
Figure 9 contains a map of the targeting plasmid,
"Mandy," shown here encoding anti-CD23 genes, the
expression of which is disclosed in Example 5.
10 Figures 10A through 10N contain the sequence

listing of "Mandy" containing the anti-CD23 genes as

disclosed in Example 5.

tail Descriptio f t nvention
The invention provides a novel method for integrat-

15 ing a desired exogenous DNA at a target site within the
genome of a mammalian cell via homologous recombination.
Also, the invention provides novel vectors for achieving
the site specific integration of a DNA at a target site
in the genome of a mammalian cell.

20 More specifically, the subject cloning method pro¥
vides for site specific integration of a desired DNA in
a mammalian cell by transfection of such cell with a
"marker plasmid" which contains a unique sequence that
is foreign to the mammalian cell genome and which

25 provides a substrate for homologous recombination, fol-

lowed by transfection with a "target plasmid" containing

THIS SHEET HAS BEEN
REPLACED




a mammalian cell by transfection of such cell with a "mar ker plasm d"
whi ch contwOns/M4Bs48Ni que sequence t hat Is foreign to tpeTmsosENIzAN
cell genonme and which 25 provi des a substrate for honol ogous
reconbi nati on, fol- | owed by transfection with a "target plasmd"

cont ai ni ng WO 98/ 41645

PCT/ US98/ 03935 - 16 - a
sequence whi ch provi des for honol ogous reconbi nation wi th the uni que
sequence contained in the marker plasm d, and further conprising a
desired DNA that is to be integrateg Lnto the mammal i an cell.
Typically, the 5 integrated DNA will encode a protein of interest, such
as an i munogl obulin or other secreted mammali an gl ycoprot ei n. :
The exenplified honol ogous reconbi nati on system uses the neonycin
phosphot r ansf erase gene as a dom nant 10 sel ectable marker. This
particul ar marker was utilized based on the follow ng previously -
publ i shed obsar ggquence whigks provides for Homoldgousnnesowmhirdtabnl ity to
target and resto function to a nutated version of the neo gene '

(cited 15 @&Fheéhf— FRgque sequence Gantajpediei| dppeRerker
beon arti - PLasfEIERG curcH SN SO A Mool bl B FRAR 208D
inserted in the LAtegrakied ity Whe MRARONMN BELLON “TAY: cal 85! ghépl iced
and translated in vivo, producing a func tional protein and thereby
conferrirg AigtegzatednDNAowill endadue raeqrdteein cef | ipognéat | osuchn this
application Lhe., inmiacgdburih 2 dendk Sddieted mmmaljan " ¢ 0N O
glycoprotein.
The exemplified homologous recombination system
uses the neomycin phosphotransferase gene as a dominant
10 selectable.marker. This particular marker was utilized
based on the following previously published observa-
tions;
(i) the demonstrated ability to target and restore
function to a mutated version of the neo gene (cited
15 earlier) and
(ii) our developﬁent of translationally impaired
expression vectors, in which the neo geﬁe has been arti-
ficially created as two exons with a gene of interest
inserted in the intervening intron; neo exons are cor-
20 rectly spliced and translated in vivo, producing a func-
tional protein and thereby conferring G418 resistance on
the resultant cell population. In this application, the
neo gene is split into three exons. The third exon of
neo is present on the "marker" plasmid and becomes inte-
25 grated into the host cell genome upon integration of the

marker plasmid into the mammalian cells. Exons 1 and 2

are present on the targeting plasmid, and are separated



neo i s prepeps/dxsasthe "marker” plasnid and beconmes inte- 25PCTESIM3T nto

the host cell genone upon integration of the mar ker plasmd into the
manmal i an cells. Exons 1 and 2 are present on the targeting plasmd,
and are separated WO 98/ 41645

PCT/ US98/ 03935 - 17 - by an
intervening intron into which at | east one gene of Interest is

cl oned. Honol ogous reconbi nati on of the targeting vector with the

I nt egrated marking vector results-nzxorrect splicing of all three
exons of the 5 neo gene and thereby expression of a functional neo
protein (as determ ned by selection for (418 resi stant : col oni es).
Prior to designing the current expression system we had
experinmentally tested the functionality of such a triply spliced neo

construct in mammalian 10 cells. The results of this control experlnent
i ndi cat ed by tamtinterveréagnépteeBninker vhichpat Jeant Qe grpe of

t her ef ore suggest ed the, fea |b|||ty b ent

However, mhilgiFH%r %sbﬁt ﬁ98ﬂf|o E°i§§8§g &%%%@blﬁgglgﬁégﬁgqgh neo
gene, and norg iﬁgabé&tartmehetﬁel hhtegrate@e%aﬁ@dl% thgs@sner al
met hodol ogy should be efficacious ot her don1nant sel ect abl e

mar kers. resultd#\sini sonzeed splgceagepfdaﬂalkhndé%gxdﬂuaqﬁeﬁhmt

i nvention affords nunerous advantages to conventlonal 20 gﬁne expressi on
met hods, $ncl wh@PRe aREnEbRAFERY egiRIYession GfoR 4 MRR i ng

;ngpggam SPeCEA el (hBCdetermiflll BY' sbRLERLA" Uy %ﬂ%ﬁ edELgg vhi ch

colonies). Prior to designing the current expression
system, we had experimentally tested the functionality
of such a triply spliced neo construct in mammalian

10 cells. The results of this control experiment indicated
that all three neo exons were properly spliced and
therefore suggested the feasibility of the subject
invention.

However, while the present invention is exemplified

15 using the neo gene, and more specifically a triple split
neo gene, the general methodology should be efficacious
with other dominant selectable markers.

As discussed in greater detail infra, the present

invention affords numerous advantages to conventional

20 gene expression methods, including both random integra-
tion and gene targeting methods. Specifically, the
subject invention provides a method which reproducibly
allows for site-specific integration of a desired DNA
into a transcriptionally active domain of a mammalian

25 cell. Moreover, because the subject method introduces
an artificial region of "homology" which acts as a

unique substrate for homologous recombination and the



allows for site-specific integration of a desired DNA into a
transcri ptyglghieis acti ve domain of a mammalian 25 cell. p&bwsssnse3s

because t he subj ect nethod introduces an artificial region of

"honol ogy" which acts as a uni que substrate for honol ogous

reconbi nati on and the WO 98/ 41645

PCT/ US98/ 03935 - 18 -

insertion of a desired DNA, the efficacy of subject i nventi on does not
require that the cell endogenously contain or express a specific DNA
Thus, the nethod is generically agpllcable to all mammalian cells,
and can 5 be used to express any type 5% reconbi nant protein.
The use of a triply spliced sel ectabl e narker, e.g., the exenplified
triply spliced neo construct, guarantees that all (418 resistant
col oni es produced wi Il arise froma honol ogous reconbi nati on event
(random 10 I ntegrants will not produce a functional neo gene and
consequent| y WideoloRub¥i ¥eaEd1ieRehRAl | 0Rk effitacy of dulsedth] ect

i nvention makes 1t easy to screen for t he desiréd honol ogous event.

Furt hernore, thevémteimendyesfnot reqaddet thatl thendehli erepgEricassly n a
cell that has under- 15 gone a honol ggous _reconbi nati on event a pears to
be | ow. contaPasel SRPYAsSf 8r egspﬂg,lq PNAs aFhavsentthenmetd

ni fi cant advantage po

reduces the n ?r’o‘]%aig)?olﬁgég%hgﬁelngg;ggg i g‘t@?lgé"ﬁé&% 0 qrﬁirﬁ%&fy hi gh
producer gl ongss Jig&d:t&Ckkpress any type of recombinant protein.
The use of a triply spliced selectable marker, .
e.g., the exemplified triply spliced neo construct,
guarantees that all G418 resistant colonies produced
will arise from a homologous recombination event (random
10 integrants will not produce a functional neo gene and
consequently will not survive G418 selection). Thus,
the subject invention makes it easy to screen for the
desired homologous event. Furthermore, the frequency of
additional random integrations in a cell that has under-
15 gone a homologous recombination event appears to be low.
Based on the foregoing, it is apparent that a sig-
nificant advantage of the invention is that it substan-
tially reduces the number of colonies that need be
screened to identify high producer clones, i.e., cell
20 lines containing a desired DNA which secrete the corre-
sponding protein at high levels. On average, clones
containing integrated desired DNA may be identified by
screening about 5 to 20 colonies (compared to several
thousand which must be screened when using standard
25 random integration techniques, or several hundred using
the previously described intronic insertion vectors)

Additionally, as the site of integration was preselected



20 |ines WQA¥46A%3 ng a desired DNA which secrete the corre- PCT/US98/Q83di ng
protein at high |levels. On average, clones containing integrated
desired DNA nay be identified by screening about 5 to 20 col oni es
(conpared to several t housand whi ch nust be screened when using
standard 25 random i ntegration techni ques, or several hundred using

the previously described intronic insertion vectors) Additionally, as
the site of integration was preselected WO 98/ 41645

PCT/ US98/ 03935 - 19 - - 19 - and
conprises a transcriptionally active domain, all exogenous DNA
expressed at this site should produce conparable, i.e. high levels
of the protein of interest. Mor eover, the subject invention is
further advanta- 5 geous in that it enables an anplifiable gene to be

I nserted on integratlon of the narkll%.vector Thus, when a desired

gene is target 28 t GOMRFises; & fransc kXxﬁEF¥€%dﬁ%mﬁa@vonllthe

bj t t t furth
enhanced by 10209880880 D, eopredsdi e SHAY fied KholFfs & h%eg Ber
reported in fresmpheablleer dt.er.e Hik 1diveiy &1 ﬂh@“ﬁ?ételn §h£§§e

different capacities for gene anplification nkot et a

Cell Biol., 7:1415- M@Z&OV@QB?Fbe subjectﬂmnuannmgntﬂnsfmfmh@rqaévaﬁta-

further agvantageous as I ws for the placenent of a desired gene
i nt er est ougiig § @Elﬂlcgﬁ G5hAN iAdiH ablehgenettonkel y acti ve

ST A S, VP R e, e
when a desired gene is targeted to this site via
homologous recombination, the subject invention allows
for expression of the gene to be further enhanced by

10 gene amplification. In this regard, it has been
reported in from the literature that different genomic
sites have different capacities for gene amplification
(Meinkoth et al, Mol. Cell Biol., 7:1415-1424 (1987)) .
Therefore, this technique is further advantageous as it

15 allows for the placement of a desired gene of interest
at a specific site that is both transcriptionally active
and easily amplified. Therefore, this should signifi-
cantly reduce the amount of time required to isolate
such high producers.

20 Specifically, while conventional methods for the
construction of high expressing mammalian cell lines can
take 6 to 9 months, the present invention allows for
such clones to be isolated on average after only about
3-6 months. This is due to the fact that conventionally

25 isolated clones typically must be subjected to at least
three rounds of drug resistant gene amplification in

order to reach satisfactory levels of gene expression.



20 Specifically, while conventional nethods for the

constructi gh expressing mammalian cell |ines can s L0 9
nont hs, tﬁgaggéggﬁt i nvention allows for such clones toO gﬁ@%go at ed
on average after only about 3-6 nonths. This is due to the fact that
conventionally 25 I sol ated clones typically nust be subjected to at

| east three rounds of drug resistant gene anplification in

order to reach satisfactory |levels of gene expression. WO 98/ 41645
PCT/ US98/ 03935 - 20 - As the
honol ogousl y produced cl ones are generated froma presel ected site
which is a high expression site, fewer ~ “rounds of anplification should
be required before reach- ing a satisfactory | evel of production. 5
Still further, the subject invention enables the repr oduci bl e
sel-ection of high producer clones wherein the vector is integrated at
| ow copy nunber, typically single copy. This is advantageous as it

enhances the as theShahblbhpush ?&o@m Alhed Qirds ggﬂ@fa@@ae@%ﬁ' aad-
e

10 verse side-effects associa th high copy nunber.
descri bed suppagsehecsgajeatehwhnhmgcusarénqmbmxpnaas1on 51sqstﬁeweses t he

conbi nation of a d" .and "targeting plasmd" which are
descri bed i n hgiRd ﬁe? mﬁ&1%1c5§| Sﬁgyld be regydn r9&§°Eﬁa§%$ﬁh whi ch

is used to ﬁgagdsamsf LB fl\év%l”oafn HdRldeqagl |y hot spot will

conprise at | east t OW ng seq ences
5 Still further, the subject invention enables the

reproducible selection of high producer clones wherein
the vector is integrated at low copy number, typically
single copy. This is advantageous as it enhances the

stability of the clones and avoids other potential ad-

10 verse side-effects associated with high copy number. As
described supra, the subject homologous recombination
system uses the combination of a "marker plasmid" and a
"targeting plasmid" which are described in more detail
below.

15 The "marker plasmid" which is used to mark and
identify a transcriptionally hot spot will comprise at
least the following sequences:

(1) a region of DNA that is heterologous or unique
to the genome of the mammalian cell, which functions as

20 a source of homology, allows for homologous recohbina-
tion (with a DNA contained in a second target plasmid).
More specifically, the unique region of DNA (i) will
generally comprise a bacterial, viral, yeast synthetic,
or other DNA which is not normally present in the

25 mammalian cell genome and which further does not
comprise significant homology or sequence identity to

DNA contained in the genome of the mammalian cell.



(i) a regi NP W4IBM t hat i s heterol ogous or unique t o PRPUSWABMRS of
the mammal i an cell, which functions as 20 a source of honol ogy, allows

f or honol ogous reconbi na- tion (wwth a DNA contained in a second
target plasmd). More specifically, the unique region of DNA (i) wll
generally conprise a bacterial, viral, yeast synthetic, or other DNA
which is not normally present in the 25 manmmal i an cel | genonme and which
further does not conprise significant honol ogy or sequence identity
to DNA contained in the genome of th®lnammalian cell. WO 98/ 41645
PCT/ US98/ 03935 - 21 -

Essentially, this sequence should be sufficiently different to
manmal i an DNA that it will not signifi- cantly reconbine with the
host cell genone via honol ogous reconbi nati on. The size of such

unique DNA 5 _ wil]. era be | east t . Ki es in

si ze, or hi ghe‘??sﬂﬁ{;éggigfekféélsySgt%‘ﬂeélas Sﬂﬁalﬁb&éa%giéﬁg ever al
other investigglpesrBa¥etBOMAhmAN iafE MBS &that it WiEOUEHEYsPEniatiget ed
reconbi nation as the size of the honol ogy region is increased
(Capecchi, Scieagely t8comPisel2A4hl 292 (HEB9)gell genome vidhe upper size
limt of the unique DNA which acts | as a sjte for honol ogous
reconbi nat i on hpmplageugusseembinatian + helRe bR t@F geich cvndauesDNAr gel y
di ctated

15  may E%tpg@iéésgﬁ9g§%§é§{5%%%ﬂ:#t %ﬁg %%ﬁgggﬁipé%% %%ﬁbggsggoihargeit
size, or higher, more preferably at least about 10kb, as
several other investigators have noted an increased
frequency of targeted recombination as the size of the
homology region is increased (Capecchi, Science,

10 244:1288-1292 (1989)).

fhe upper size limit of the unique DNA which acts
as a site for homologous recombination with a sequence
in the second target vector is largely dictated by po-
tential stability constraints (if DNA is too large it

15 may not be easily integrated into a chromosome and the
difficulties in working with very large DNAs.

(ii) a DNA including a fragment of a selectable
marker DNA, typically an exon of a dominant selectable
marker gene. The only essential feature of this DNA is

20 that it not encode a functional selectable marker pro-
tein unless it is expressed in association with a se-
quence contained in the target plasmid. Typically, the
target plasmid will comprise the remaining exons of the -
dominant selectable marker gene (those not comprised in

25 "targeting" plasmid). Essentially, a functional
selectable marker should only be produced if homoclogous

recombination occurs (resulting in the association and



difficulties in working with very | arge DNAs. (i1) a DNA

I ncl udi ng f nt of a selectable mar ker DNA, typi on of
a doninanfﬁgé ggggble mar ker gene. The only essenti al ?ggbﬁ?g&gﬁgthis
DNA is 20 that it not encode a functional sel ectable nmarker pro-

tein unless it is expressed in association with a se- guence
contained in the target plasmd. Typically, the target plasmd wll
conprise the remai ni ng exons of the dom nant sel ect abl e marker gene
(those not conmprised in 25 "targeting" plasmd). Essentially, a

functi onal sel ectabl e marker should QnLy be produced if honol ogous
reconbi nation occurs (resulting in the asSociation and WO 98/ 41645
PCT/ US98/ 03935 - 22 -

expression of this marker DNA (i) sequence together with t he
portion(s) of the selectable marker DNA fragnent which is (are)
contained in the target plasmd). As noted, the current

i nvention exegRlpreisds di&f thilks endfkdNEDNIEO(V/ | Selidsdd ot bgacherasga taene
as the dom - nant sel ectable marker which is "split” In the two vec-

tors. However thet pertdsireltlabife the keskectalel migkehePNA fraguensbl e,
oS o2t BRS80Sl ol M SAETSEE oo SePELINGTOMVCID
T e pung: A Hoced, ShgIULARP SIS A8 tHdes cne
(iii) a DNA whiseh ofnatre hebuywdi i phvdplsst eaisfdfase gene as the domi-
nant selectable marker which is "split" in the two vec-
tors. However, 6ther selectable markers should also be
suitable, e.g., the Salmonella histidinol dehydrogenase
gene, hygromycin phosphotransferase gene, herpes simplex
10 virus thymidine kinase gene, adenosine deaminase gene,
glutamine synthetase gene and hypoxanthine-guanine
phosphoribosyl transferase gene.
(iii) a DNA which encodes a functional selectable
marker protein, which selectable marker is different
15 from the selectable marker DNA (ii). This selectable
marker provides for the successful selection of mammali-
an cells wherein the marker plasmid is.successfully
integrated into the cellular DNA. More preferably, it
is desirable that the marker plasmid comprise two such
20 dominant selectable marker DNAs, situated at opposite
ends of the vector. This is advantageous as it enables
integrants to be selected using different selection
agents and further enables cells which contain the en-
tire vector to be selected. Additionally, one marker
25 can be an amplifiable marker to facilitate gene

amplification as discussed previously. Any of the



mar ker proweiosi4isesi ch sel ectable marker is different 15  fACHHS9R@INIS

sel ectable marker DNA (ii). This selectable mar ker provides for the
successful selection of mamali - an cells wherein the marker plasmd
I s successfully integrated into the cellular DNA. Mre preferably, it
I's desirable that the marker plasm d conprise two such 20 dom nant
sel ect abl e marker DNAs, situated at opposite ends of the vector. This
i s advant ageous as it enabl es i ntegrants to be sel ected using
different selection agents and furth®? @nables cells which contain

t he en- tire vector to be selected. Additionally, one marker 25

can be an anplifiable marker to facilitate gene anplification as

di scussed previously. Any of the WO 98/ 41645
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sel ect abl e mar gﬁﬁhéﬁgegF@gdggﬂlé*th%éf“%%géﬁa in (iypléaﬁsbgtﬁgsa as

general ly kno Moreover, the marker plasmd may

optional ly fur{agn as othed®derrerally dasswivnie! Easearestriction site.
This is 5 potentially desirable as this may facilitate cl eavage.

| f present, such raMeneamaﬁAnﬁhﬁ1mﬁxk&%kﬁiﬂ%W%ﬁe@ﬁYu@Etlona11Yegu€Fb§€ to
the mddle of the unique regiont cts as

at . _@,Substrate %ﬁ“ .
honol ogous rec6RBPRAEFOR. TOET SUIITHC eaéeéﬂ%ﬁtgﬁﬁﬁkﬂ%esﬁﬁ?r bePaf f&ast
about 12 nucl eﬁé?%%%%ﬁ%é& QeHiEdiid oduicthog reéyafgayﬂeﬁééremgsqagyeeak by

simlar een reported to enhance the frequen

of honol ogous fecpraiseait, Osudi-hite kbeet rictiddl site should be situat-
ed close to the middle of the unique region that acts as
a substrate for homologous recombination. Preferably
such sequence will be at least about 12 nucleotides.

10 The intrcduction of a double stranded break by similar
methodology has been reported to enhance the frequency
of homologous recombination. (Choulika et al, Mol.
Cell. Biol., 15:1968-1973 (1995)). However, the
presence of such sequence is not essential.

15 The "targeting plasmid" will comprise at least the
following sequences: |

(1) the same unique region of DNA contained in the
marker plasmid or one having sufficient homology or
sequence identity therewith that said DNA is capable of

20 combining via homologous recombination with the unique
region (i) in the marker plasmid. Suitable types of
DNAs are described supra in the description of the
unique region of DNA (1) in the marker plasmid.

(2) The remaining exons of the dominant selectable

25 marker, one exon of which is included as (ii) in the
marker plasmid listed above. The essential features of

this DNA fragment is that it result in a functional



Cell. Biol., 15:1968-1973 (1995)). However, the presence of such

sequence %ﬁﬁgﬁéssent lal. 15 The "targeting pl asnpgdrrydobhzonpri se
at | east fol |l ow ng sequences: (1) the sanme uni que
regi on of DNA contained in the mar ker plasm d or one having
sufficient honol ogy or sequence identity therewith that said DNA is
capable of 20 conbi ni ng vi a honol ogous reconbi nation wth the uni que
region (i) in the marker plasm d. Suitable types of DNAs are
described supra in the description of the uni que region of DNA (1) in
the marker plasm d. (2) The remai ni ng exons of the dom nant

sel ectable 25 mar ker, one exon of Wk @% i-s included as (ii) in the

mar ker plasm d |isted above. The essential features of this DNA
fragment is that it result in a functional WD 98/ 41645
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(sel ectable) marker proteinn only if the target plasmd I ntegrates via

honol ogous reconbi natj on (wherein such reconbi nation results_in the
associ ati on ofSeheStaihe) markey; PROERdN, QRLY flrfaéﬂ%ntta(ﬁg?%ep Bt abl e

ket O e GRRLAR T, Aot 006 (Ll i

all ow for esire ypl - calTy; "this DNA

Wil conpriseréBsmbEARENbAJresaANEsOfint BBe assocseltadmie vRIKasNnDNA whi ch
are separated by an intron. For exanple, this DNA nay conprise the

first two exomsthlfhe ofhehefmagmgaheodntheheedmdtabls awmkemeINAonpri se
the 5 contained in the marker plasmid) and further that it
allow for insertion of a desired exogenous DNA. Typi-
cally, this DNA will comprise the remaining exons of the
selectable marker DNA which are separated by an intron.
For example, this DNA may comprise the first two exons
10 of the neo gene and the marker plasmid may comprise the
third exon (back third of neo).

(3) The target plasmid will also comprise a de-
sired DNA, e.g., one encoding a desired polypeptide,
preferably inserted within the selectable marker DNA

15 fragment contained in the plasmid. Typically, the DNA
will be inserted in an intron which is comprised between
the exons of the selectable marker DNA. This ensures
that the desired DNA is also integrated if homologous
recombination of the target plasmid and the marker plas-

20 mid occurs. This intron may be naturally occurring or
it may be engineered into the dominant selectable marker
DNA fragment.

This DNA will encode any desired protein,
preferably one having pharmaceutical or other desirable

25 properties. Most typically the DNA will encode a
mammalian protein, and in the current examples provided,

an immunoglobulin or an immunoadhesin. However the



third exowd$amiess hird of neo). (3) The target BFESMG w1

al so conprise a de- sired DNA, e.g., one encoding a desired

pol ypepti de, preferably inserted within the sel ectabl e narker DNA 15
fragnent contained in the plasmd. Typically, the DNA will be
inserted in an intron which is conprised between t he exons of the

sel ectabl e marker DNA. This ensures that the desired DNA is al so

i ntegrated if honol ogous reconbi nati on of the target plasm d and the
mar ker plas- 20 md occurs. This intropgmy be naturally occurring or
It may be engineered into the dom nant sel ectabl e marker DNA
fragnent. This DNA will encode any desired protein,

pref erably one havi ng pharmaceutical or other desirable 25 properties.
Most typically the DNA will encode a manmal i an protein, and in the
current exanpl es provided, an i mmunogl obul i n or an i nmunoadhesi n.
However the inwhtoBoédl1bd45not in any way limited to the production of
PCT/ US98/ 03935 - 25 -

i nvention is AGWYROGHFOPRAIRFinited to the production of

| obul Asqd
Imemggg P I|n: sui%%b?%s?BF's a b§8v§8§g1&r e%h%u§§ﬁjeté}ges nolfr% %ﬁ?re
for efficacy tmts@MaﬁpeCfBrCaﬁymhmam&@qwlqe as it d¥esauenses be

present. In general, such mamal I an cells will conprise those
typlcalIy5usedrinrepf0reeﬁf1cacy ehpteQQWOﬁpegqjlc(mqmmaﬂiqn sgehense
cells, COS cells, BHK cells, Sp2/0 cells, 3T3 %Pd FbLglceIIs. I n
the 10 examA%esSeHERERCES| PSP ellgnw&QQQHﬁ ation lan

advant ages th%ééfis'QEinSOEB§1§¥aEh%gQ'Hﬁbf@%f%ﬁtiggéafor protein

expression, e.g., CHO cells, myeloma cells, COS cells,
BHK cells, Sp2/0 cells, NIH 3T3 and Hela cells. 1In the

10 examples which follow, CHO cells were utilized. The
advantages thereof include the availability of suitable
growth medium, their ability to grow efficiently and to
high density in culture, and their ability to express
mammalian proteins such as immunoglobulins in biologi-

15 cally active form.

Further, CHO cells were selected in large part
because of previous usage of such cells by the inventors
for the expression of immunoglobulins (using the'trans-
lationally impaired dominant selectable marker contain-

20 ing vectors described previously). Thus, the present
laboratory has considerable experience in using such
cells for expression. However, based on the examples
which follow, it is reasonable to expect similar results
will be obtained with other mammalian cells.

25 In general, transformation or transfection of mam-
malian cells according to the subject invention will be

effected according to conventional methods. So that the



growh medium their ability to grow efficiently and to hi gh density
in culture, and their ability to express manmal i an prpé&fiy as
innunogloﬁﬁ??ﬂg“¥% bi ol ogi - 15 cally active form Eﬂ%?%gr, CHO
cells were selected in |arge part because of previous usage of such
cells by the inventors for the expression of imunoglobulins (using
the trans- | ationally inpaired dom nant sel ectabl e marker contain-

20 i ng vectors described previously). Thus, the present | abor at ory
has consi derabl e experience in using such cells for expression.
However, based on the exanples which follow, it is reasonable to
expect simlar results w il be obtaipgd-with other manmalian cells.
25 In general, transformation or transfection of mam mal i an
cells according to the subject invention will be ef fected accordi ng
to conventional nmethods. So that the WD 98/ 41645
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i nvention may be better understood, the construction of exenpl ar
vectors and théinventdgpn imayrkriueetee¥ naederstoodgr Bhes cpasgayetilosd afh t he
exanpl es bel ow. d thei EXAMPLE é S

Desi gn and PrefXeTRIGTHVeErRes and their usage 14, ,progqueing dnSessni 4 DNA

Vectors ' LebRakBi 85 pd1bg .as " Desnond”
was assenbl ed fgrrgnqtt giéngclI OV\]A::Igr?!é]é‘éDl\nilAI‘ilet:mgrreéF'ljta%:ﬁ of

EXAMPLE 1
5 Desgi d Preparation of Marke

d Targeti Plasmid DNA Vectors

The marker plasmid herein referred to as "Desmond"

was assembled from the following DNA elements:

(a) Murine dihydrofolate reductase gene (DHFR),
10 incorporated into a transcription cassette, comprising

the mouse beta globin promoter 5" to the DHFR start
site, and bovine growth hormone poly adenylation signal
3" to the stop codon. The DHFR transcriptional cassette

was isolated from TCAE6, an expression vector created

15 previously in this laboratory (Newman et al, 1992, Bio-
technology, 10:1455-1460).
(b) E._coli B-galactosidase gene - commercially

available, obtained from Promega as pSV-b-galactosidase
control wvector, catalog # E1081.

20 (c) Baculovirus DNA, commercially available, pur-
chased from Clontech as pBAKPAKS8, cat # 6145-1. |

(d) Cassette comprising promoter and enhancer ele-
ments from Cytomegalovirus and SV40 wirus. The cassette

was generated by PCR using a derivative of expression
25 vector TCAE8 (Reff et al, Blood, 83:435-445 (1994)).

The enhancer cassette was inserted within the baculo-
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(a) Muri YO8#643 of ol ate reductase gene (DHFR), 10 I ncorporated Into a

transcription cassette, conprising

to the DHFR start site, and bovine grow h hornone poly adenyl ati

si gnal

3" to the stop codon. The DHFR transcriptional cassette

t he nouse beta gl obin pronoter 5"

on

was isol ated from TCAE6, an expression vector created 15 previously in

this | aboratory (Newman et al, 1992, Bio-

(b) E. coli [err]-gal actosi dase gene - comercially avai |l abl e,

obtai ned from Pronega as pSV-b-gal act osi ¢gse control vector, cat
# E1081. 20 (c) Baculovirus DNA, commercially available, pur-
chased from C ontech as pBAKPAK8, cat # 6145-1. (d) Casset

conpri sing pronoter and enhancer el e-
The cassette

SV40 virus.

expression

t echnol ogy, 10: 1455-1460).

al og

te

ments from Cyt onegal ovi rus and
was generated by PCR using a derivative of
25 vector TCAE8 (Reff et al, Blood, 83:435-445 (1994)).

The enhancer ViastetIqUeRCe nskhich vashfarehempddfied by thendrysymzde45
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commercially
6017-1.
obt ai ned from Pronega as pGEM Luc (catal og #

abl e,
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%;PQMﬁﬁf?r@?lﬁ%B}?iEﬁoﬁ§n9hgiFﬁ§er- tion of a mult

sequence, Wwhi

cloning site. E. %&zi éﬁscﬁbﬂughg éghg;ggogﬁ%@§e :
(%Lal apl e, purchase Fom O onTec éghﬁgﬁﬁéc%%&;y#

availablé) purehhgefiutrbmr aiengenh, acopwroai,aldat avpil -
6017-1.

(£) Firefly luciferase gene, commercially avail-
able, obtained from Promega as pGEM-Luc (catalog #
E1541).

(g) s. typhimurium histidinol dehydrogenase gene
(HisD) . This gene was originally a gift from (Donahue
et el, Gene, 18:47-59 (1982)}), and has subsequently been
incorporated into a transcription cassette comprising |
the mouse beta globin major promoter 5' to the gene, and
the SV40 polyadenylation signal 3' to the gene.

The DNA elements described in (a)-(g) were combined
into a pBR derived plasmid backbone to produce a 7.7kb
contiguous stretch of DNA referred to in the attached
figures as "homology". Homology in this sense refers to
sequences of DNA which are not part of the mammalian
genome and are used to promote homologous recombination
between transfected plasmids sharing the same homology
DNA sequences.

(h) Neomycin phosphotransferase gene from TN5 (Da-
vis and Smith, Ann. Rev. Micro., 32:469-518 (1978)).

The complete neo gene was subcloned into pBluescript
SK- (Stratagene catalog # 212205) to facilitate genetic

manipulation. A synthetic linker was then inserted into

Vi rus
pl e

5




E1541) . (g) S. typhimurium histidinol dehydrogenase gene

(Hi sD). was originally a gift from (Donahue ne,
18:47-59 ( M&%and has subsequently been incorpora?gg"qsﬁ{llgwge
transcription cassette conprising t he nouse beta gl obin major
pronoter 5 to the gene, and t he SV40 pol yadenyl ation signal 3' to
the gene. 15 The DNA el enents described in (a)-(g) were conbi ned
into-a pBR derived plasm d backbone to produce a 7. 7kb cont i guous
stretch of DNA referred to in the attached figures as "honol ogy".
Honol ogy in this sense refers to sequences of DNA which are not part
of the mammalian 20 genone and are usZ®l to pronote honol ogous

reconbi nati on bet ween transfected plasm ds sharing the same honol ogy
DNA sequences. (h) Neonycin phosphot ransferase gene from TN5

( Da- vis and Smth, Ann. Rev. Mcro., 32:469-518 (1978)). 25 The
conpl ete neo gene mas subcl oned into pBl uescri pt SK- (St rat agene

AL, TRl B 0 e 8 ol

PCT/ US98/ 0393814 51 and 52 of neo, This linker encodéd the nece@-Uni que

Pstl site occurring across the codons for “ani no acid 51 and 52 of

neo. This |iakey PNAoedememtsnécesreate arsant iNA e lenspil sce odoneat e an

artificial splice donor site, intervening intron and splice acceptor

site within Site, {iRESF¥ENIEGe INTHAD AMhSRIG FNACIRIE SE@ el thiBsent -
5 the neo gene, thus creatlng two separate exons, present-

ly referred to as neo exon 1 and 2. Neo exon 1 encodes
the first 51 amino acids of neo, while exon 2 encodes
the remaining 203 amino acids plus the stop codon of the
protein A Notl cloning site was also created within the
10 intron.
Neo exon 2 was further subdivided to produce neo
exons 2 and 3. This was achieved as follows: A set of
PCR primers were designed to amplify a fegion of DNA
encoding neo exon 1, intron and the first 111 2/3 amino
15 acids of exon2. The 3' PCR primer resulted in the
introduction of a new 5' splice site immediately after
the second nucleotide of the codon for amino acid 111 in
exon 2, therefore generating a new smaller exon 2. The
DNA fragment now encoding the original exon 1, intron
20 and new exon 2 was then subcloned and propagated in a
PBR based vector. The remainder of the original exon 2
was used as a template for another round of PCR
amplification, which generated "exon3". The 5' primer
for this round of amplification introduced a new splice
25 acceptor site at the 5' side of the newly created exon
3, i.e. before the final nucleotide of the codon for

amino acid 111. The resultant 3 exons of neo encode the



|y referre¥A%B“A5ne0 exon 1 and 2. Neo exon 1 encodes P%"ésgfsfo??ts 51

am no acids of neo, while exon 2 encodes the remai ni ng 203 am no
acids plus the stop codon of the protein A Notl cloning site was al so
created within the 10 i ntron. Neo exon 2 was further

subdi vided to produce neo exons 2 and 3. This was achi eved as
follows: A set of PCR prinmers were designed to anplify a regi on of
DNA encodi ng neo exon 1, intron anggthe first 111 2/3 amino 15

acids of exon2. The 3 PCR primer resultéd in the I ntroduction of a
new 5' splice site imediately after t he second nucl eoti de of the
codon for amno acid 111 in exon 2, therefore generating a new
smal | er exon 2. The DNA fragnment now encodi ng the original exon 1,

intron 20 and new exon 2 was then subcloned and propagated in a

PBR based vegl.9q owhiify AR i0h : téRoRr 1 gi neheeXars? 51 amitms desielk as a
tenpl ate for anot her Tound of PCR amplification, which generated
"exon3". Theo¥ n@id;mesxon 2 - fithe thextrbdlhd243 amphif peddison angt refited a

new splice 25 acceptor site at the 5',§ide of tgg new y created exon

3. i.e. befoBe thige Fingd PhclLdtaBenQfachescBIYA £ tramslafignaliq 111
The resultant 3 exons of he e WO 98/ 41645

fol | owi ng i nfor Mo e300 lyast PRcbipstabédaribagaeith the ab¥veneo; exon
2 - the next 111 2/3 am no acids, and exon 3 the final 91 1/3 amni no

aci ds pl us t hfedtidsddtiNmaelements into the marking plasmid
"Desmond". Neo exons 1 and 2 were incorporated into the
tafgeting plasmid "Molly". The Notl cloning site creat-
ed within the intron between exons 1 and 2 was used in
10 subsequent cloning steps to insert genes of interest
into the targeting plasmid.

A second targeting plasmid "Mandy" was also
generated. This plasmid is almost identical to "Molly"
(some restriction sites on the vector have been changed)

15 except that the original HisD and DHFR genes contained
in "Molly" were inactivated. These changes were
incorporated because the Desmond cell line was no longer
being cultured in the presence of Histidinol, therefore
it seemed unnecessary to include a second copy of the

20 HisD gene. Additionally, the DHFR gene was inactivated
to ensure that only a single DHFR gene, namely the one
present in the Desmond marked site, would be amplifiable
in any resulting cell lines. "Mandy" was derived from
"Molly" by the following modifications:

25 (i) A synthetic linker was inserted in the middle
of the DHFR coding region. This linker created a stop

codon and shifted the remainder of the DHFR coding




stop codon of the neo gene. 5 Neo exon 3 was incorporated al ong
with the abryssiiess NENtioned DNA el enents into the markin hﬁms
"Desnond". o0 exons 1 and 2 were incorporated into the argeting
plasmd "Ml ly". The Notl cloning site creat- ed within the intron
bet ween exons 1 and 2 was used in 10 subsequent cloning steps to insert
genes of interest into the targeting plasmd. A second
targeting plasm d "Mandy" was al so generated. This plasm d is al npost
identical to "Ml Ily" (some restriction sites on the vector have been
changed) 15 except that the original H sD and DHFR genes cont ai ned

in "Mlly" were inactivated. These chan wer e | ncor por at ed because
t he Desnond cell |ine was no | onger being cultured in the presence of
Hi stidinol, therefore it seemed unnecessary to include a second copy
of the 20 Hi sD gene. Additionally, the DHFR gene was inactivated

to ensure that only a single DHFR gene, nanely the one present in the

Desnmond mar kedgs bhe outoWfd fiendd|pliHdrdficre renddAimpythie@sgeheéng cel |
i nes. "Mandy" was derived from "Ml ly" by the foll ow ng
nmodi fi cati onsonfphctional.(i) A synthetic linker was inserted in the
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PCT/U898/039§éplaced with a PCR generated HisD fragﬁeﬁ@ lacking the
5 promoter and start codon of the gene.

Figure 1 depicts the arrangement of these DNA ele-
ments in the marker plasmid "Desmond". Figure 2 depicts
the arrangement of these elements in the first targeting
plasmid, “Molly". Figure 3 illustrates the possible

10 arrangement in the CHO genome, of the various DNA
elements after targeting and integration of Moliy bNA
into Desmond marked CHO cells. Figure 9 depicts the
targeting plasmid "Mandy."

Construction of the marking and targeting plasmids

15 from the above listed DNA elements was carried out fol-
lowing conventional cloning techniques (see, e.g.,
Molecular Cloning, A Laboratory Manual, J. Sambrook et
al, 1987, Cold Spring Harbor Laboratory Press, and
Current Protocols in Molecular Biology, F. M. Ausubel et

20 al, eds., 1987, John Wiley and Sons). All plasmids were
propagated and maintained in E. coli XLI blue
(Stratagene, cat. # 200236). Large scale plasmid
preparations were prepared using Promega Wizard Maxiprep
DNA Purification System®, according to the

25 manufacturer's directions.
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(ii) A portion of the Hi sD gene was del eted and replaced with a PCR
generated Hi sD fragnent |acking the 5 pronoter and start codon of the
gene. Figure 1 depicts the arrangenent of these DNA el e-

ments in the marker plasm d "Desnond”. Figure 2 depicts t he
arrangenent of these elenents in the first targeting pl asm d,
"Molly". Figure 3 illustrates the possible 10 arrangenent in the CHO
genone, of the various DNA el ement gjafter targeting and integration
of Molly DNA I nto Desnond marked CHO cells. Figure 9 depicts the
targeting plasm d "Mandy. " Construction of the marking and
targeting plasmds 15 fromthe above |isted DNA el enments was carried out
fol - | owi ng conventional cloning techniques (see, e.g.,

Mol ecul ar C oning, A Laboratory Manual, J. Sanbrook et al, 1987, Cold

Spring Harbor Laboratory Press, and EXAMPGEr2ent Protocols in Mol ecul ar

Bi ol ogy, F. M Ausubel 20 t al 1987 C& and Sons). All
pl asm ds were Sﬁ&&&ﬁgﬁﬂ%%¥1é§1ﬁ4§3é§FQ1T—%£2¥¥LL3%E?§bIue

(Stratagene, jcat. éfefﬂoé’éﬁiurbaaﬂa #¢ah8 £Bbed8hd procedquifP At i ons were

prepared usi P ggg X p DNA Purification Systenferr],
accordi ng to&qﬁcﬁP qu%%%%éagggrggii Blrections WO 98/ 41645
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EXAMPLE 2

overnight at 37°C with Bst1107I. Linearized vector was
ethanol precipitated and resuspended in sterile TE to a
concentration of 1mg/ml. Linearized vector was intro-
duced into DHFR-Chinese hamster ovary cells (CHO cells)
10 DG44 cells (Urlaub et al, Som. Cell and Mol. Gen.,
12:555-566 (1986)) by electroporation as follows.
Exponentially growing cells were harvested by cen-
trifugation, washed once in ice cold SBS (sucrose
buffered solution, 272mM sucrose, 7mM sodium phosphate,
15 PH 7.4, 1mM magnesium chloride) then resuspended in SBS
to a concentration of 167 cells/ml. After a 15 minute
incubation on ice, 0.4ml of the cell suspension was
mixed with 40xg linearized DNA in a disposable
electroporation cuvette. Cells were shocked using a BTX
20 electrocell manipulator (San Diego, CA) set at 230
volts, 400 microfaraday capacitance, 13 ohm resistance.
Shocked cells were then mixed with 20 ml of prewarmed
CHO growth media (CHO-S-SFMII, Gibco/BRL, catalog #
31033-012) and plated in.96 well tissue culture plates.
25 Forty eight hours after electroporation, plates were fed
with selection media (in the case of transfection with

Desmond, selection media is CHO-S-SFMII without




Construction of a Marked CHO Cel |l Line 1. Cell Culture and

Tr ansf ect weyogigsedures to Produced Marked CHO Cel | LiR€a/US98/03935

Mar ker plasm d DNA was |inearized by digestion overnight at 37[err]C
wi th Bst11071. Linearized vector was et hanol precipitated and
resuspended in sterile TEto a concentration of 1ng/m . Linearized
vector was intro- duced i nto DHFR- Chi nese hanster ovary cells (CHO
cells) 10 DA4 cells (Ulaub et al, Som Cell and Ml . GCen.

12: 555-566 (1986)) by electroporation as follows. Exponenti al |y
growi ng cells were harvested by cen- trifugation, washed once in ice
cold SBS (sucrose buf f ered sol uti o¥¢ 272nM sucrose, 7nM sodi um
phosphate, 15 pH 7.4, 1nM magnesi um chl oride) then resuspended in SBS
to a concentration of 10[err] cells/m. After a 15 mnute i ncubati on
on ice, 0.4m of the cell suspension was mxed with 40[err]g
linearized DNA in a disposable el ectroporation cuvette. Cells were

shocked usi a I I CA) set at
230 VO ox%%ﬁh%nggr ‘(#arE g{“g&gg‘pé%{ieﬁ %e(cﬁm resi‘stance.
Shocked cel 'ﬁlgeialhatn(mgma wath12g ¥ HEeqmeovar Mihites wekdGhalwWt h

nmedia (CHO S-SFM I, @G bco/ catal og # 31033-012) and plated in 96
wel |l tissue talinadeipl aedectidh meddet fogi gt twodds deyser @t emtiboration,
pl ates were fe wi th_sel ection nedi a |nthe case_of transfection

wi th EE@WBn@f 5BEcYPLYA RENRLFEICHSIS g1 %t%ﬁse cells wp

?8%;1?4% were then removed from the 96 wellpgl._l ateld/ 4Rp3e €xpanded

ultimately to 120 ml spinner flasks where they were

maintained in selection media at all times.

EXAMPLE 3
Characterization of Marked CHO Cell ILines

10 (a) Southern Analysis
Genomic DNA was isolated from all stably growing

Desmond marked CHO cells. DNA was isolated using the
Invitrogen Easy® DNA kit, according to the manufactur-
er's directions. Genomic DNA was then digested with

15 HindIII overnight at 37°C, and subjected.to Southern
analysis using a PCR generated digoxygenin labelled
probe specific to the DHFR gene. Hybridizations and
washes were carried out using Boehringer Mannheim's DIG
easy hyb (catalog # 1603 558) and DIG Wash and Block

20 Buffer Set (catalog # 1585 762) according to the manu-
facturer's directions. DNA samples containing a single
band hybridizing to the DHFR probe were assumed to be
Desmond clones arising from a single cell which had
integrated a single copy of the plasmid. These clones

25 were retained for further analysis. Out of a total of

45 HisD resistant cell lines isolated, only 5 were



hypoxant hiwe osgrieshyni di ne, suppl enented wi th 2nM Hi st i &CRAISIYE98Ta
catal og # H6647)). Pl ates were nain- tained in selection nedia for up
to 30 days, or until some of the wells exhibited cell growh. These
cells 5 were then renoved fromthe 96 well plates and expanded
ultimately to 120 ml spinner flasks where they were mai nt ai ned in
selection nedia at all tines. EXAMPLE 3
Characterization of Marked CHO Cell Lines 10 (a) Southern Analysis
Genomic DNA was isolated fromall stably grow ng Desnmond mar ked CHO
cells. DNA was isolated using the I'vi trogen Easy[err] DNA kit,
according to the manufactur- er's directions. Genom c DNA was then
digested with 15 Hindl Il overnight at 37[err]C, and subjected to

Sout hern anal ysi s using a PCR generated di goxygenin | abelled

probe specific to the DHFR gene. Hybridizations and washes were

carried out ugj 150%%?nﬂﬁteg{eaﬁhgi.m FiuDe 4 shds)a Bdudatml ®Tot 1603
558) and DI G Wash and ock 0 Buf fer Set (catalog # 1585 762) according

to the manu- contaihaoguadl' § dfr sbesensingle RoRY Sesendi eloerea.- singl e
band hybridizing to the DHFR probe re_assu to b Desnond cl ones
arising fromG&epaghPemes Prﬁhgt‘:’ﬁvﬁg\é% in i'j"lent Lﬁrteegl'%?esprqwgl e copy of the
Poral of | rohs PR ER ez, MBS I " es i sol ated, only 5 were v
98/ 416455 Total RNA was isolated fronPGN/IUSERISIIO3IBopy Desmond
T 38 clones using TRIzol reagent (Gibco/BRL cat # 15596-026)
according to the manufacturer's directions. 10-20ug RNA
from each clone was analyzed on duplicate formaldehyde
gels. The resulting blots were probed with PCR
10 generated digoxygenin labelled DNA probes to (i) DHFR
message, (ii) HisD message and (iii) CAD message. CAD
is a trifunctional protein involved in uridine
biosynthesis (Wahl et al, J. Biol. Chem., 254, 17:8679-
8689 (1979)), and is expressed equally in all cell
15 types. It is used here as an internal control to help
guantitate RNA loading. Hybridizations and washes were
carried out using the above mentioned Boehringer
Mannheim reagents. The results of the Northern analysis
are shown in Figure 5. The single copy Desmond  clone
20 exhibiting the highest levels of both the His D and DHFR
message is clone 15C9, shown in lane 4 in both panels of
the figure. This clone was designated as the "marked
cell line" and used in future targeting experiments in

CHO, examples of which are presented in the following

25 sections.



single copy integrants. Figure 4 shows a Sout hern bl ot cont ai ni ng al
5 of thesg, 54' ng#“% copy Desnond cl ones. Cl one nanes arpeTaEgdsnshas i n
the figur ‘1@6 ) (b) Northern Analysis 5 Total RNA was
i solated fromall single copy Desnond cl ones using TRI zol reagent
(G bco/BRL cat # 15596-026) according to the manufacturer's
directions. 10-20[err]g RNA fromeach cl one was anal yzed on duplicate
f or mal dehyde gels. The resulting blots were probed with PCR 10
gener at ed di goxygenin | abell ed DNA probes to (i) DHFR message, (i)
H sD nmessage and (iii) CAD nessage. CAD Is a trifunctional protein
I nvol ved in uridine biosynthesig'(V%hT et al, J. Biol. Chem, 254,
17:8679- 8689 (1979)), and is expressed equally in all cell 15
types. It is used here as an internal control to help guantitate RNA
| oadi ng. Hybridi zati ons and washes were carried out using the above
ment i oned Boehri nger Mannhei m reagents. The results of the Northern
anal ysi s are shown in Figure 5ﬁx§§2L§ngle copy Desnond clone 20
exhi biting the highest |evels of bot e HsS D and DHFR message i s
clone 15C9, shown in | aneExbrd o i bedii gure. This cl one
e

) L3, XL}
was designated as the "markeg Desmog? %ggkgaebggn@ 3¢d In future targeting
experinents in CHO, eXxanples o Ich are presented in the follow ng
25 sections. (c2B8, WOcH3méiG45antibody which recognizes B-cell

PCT/ US98/ 03935 - 34 -
5 surface antigen CD20, has been cloned and expressed

previously in our laboratory. (Reff et al, Blood,
83:434-45 (1994)). A 4.1 kb DNA fragment comprising the
C2B8 light and heavy chain genes, along with the neces-
sary regulatory elements (eukaryotic promoter and poly-

10 adenylation signals) was inserted into the artificial
intron created between exons 1 and 2 of the neo gene
contained in a pBR derived cloning vector. This newly
generated Skb DNA fragment (comprising neo exon 1, C2BS
and neo exon 2) was excised and used to assemble the

15 targeting plasmid Molly. The other DNA elements used in
the construction of Molly are identical to those used to
construct the marking plasmid Desmond, identified
previously. A complete map of Molly is shown in Fig. 2.

The targeting vector Molly was linearized prior to

20 transfection by digestion with Kpnl and Pacl, ethanol
precipitated and resuspended in sterile TE to a concen-
tration of 1.5mg/mL. Linearized plasmid was introduced
into exponentially growing Desmond marked cells essen-
tially as described, except that 80ug DNA was used in

25 each electroporation. Forty eight hours postelectropo-
ration, 96 well plates were supplemented with selection

medium - CHO-SSFMII supplemented with 400 ug/mL Geneti-



EXAVPLE 4 WO 98/41645 Expression of Anti-CD20 Anti bOCryCT/US98/|)3935

I n Desnond Marked CHO Cel | s C2B8, a chineric anti body which
recogni zes B-cell 5 surface anti gen CD20, has been cl oned and expressed
previously in our |aboratory. (Reff et al, Bl ood, 83:434-45 (1994)).
A 4.1 kb DNA fragnent conprising the C2B8 Iight and heavy chain
genes, along with the neces- sary regul atory el enents (eukaryotic
pronoter and poly- 10 adenyl ation signals) was inserted into the
artificial intron created between-ex®ns 1 and 2 of the neo gene
contained in a pBR derived cloning vector. This newy gener at ed 5kb
DNA fragnment (conprising neo exon 1, C2B8 and neo exon 2) was excised
and used to assenble the 15 targeting plasmd Mlly. The other DNA

el enents used in the construction of Mdlly are identical to those
used to construct the marking plasmd Desnond, identified

previously. AcéBmiféds.nibse/BRY Fatalasmh 1013319 . Plates werge
targeting vector L1y was |ijneari.zed prij.or t 20 t rapsf.ection_by

di gesti on mﬁtﬂakﬁg%lg%g ﬁgbféiﬁﬁ%%%ﬂ ied m;ﬁéﬁﬂ%ﬁt%ﬁe 8aﬁaY§eSB§pended in
sterile TE toyAr§9Ne@I1 growtH 'RIOPre ih HHMdlor Lineaptzed pl agphd was

I ntroduced I nto exponentially growi ng Desnond marked cells essen-
tially as desgroWwel, wesceptsuneal tR0[be i Resulas ofecll dnal 26xpansibn
el ectroporation. Forty eight hours postel ectropo- ration, 96 well

pl ates wSre s@fprepingde F4LS Fasdatagt cell. nl?ﬂi%rﬁupwwml from

Egﬁ)bggg?gggséﬁ&hGégg Lr%rsri]s%/a% Cé% Gité ‘were assva\g/egé /6&16482B8 pro-
duction by standard ELISA techniques, and all productive
clones were eventually expanded to 120mL spinner flasks

and further analyzed.

10 Characterization of Antibody secreting Targeted Cells

A total of 50 electroporations with Molly targeting
plasmid were carried out in this experiment, each of
which was plated into separate 96 well plates. A total
of 10 viable, anti-CD20 antibody secreting clones were

15 obtained and expanded to 120ml spinner flasks. Genomic
DNA was isolated from all clones, and Southern analyses
were subsequently performed to determine whether the
clones represented single homologous recombination
events or whether additional random integrations had

20 occurred in the same cells. The methods for DNA isola-
tion and Southern hybridization were as described in the
previous section. Genomic DNA was digested with EcoRI
and probed with a PCR generated digoxygenin labelled
probe to a segment of the CD20 heavy chain constant

25 region. The results of this Southern analysis are pre-

sented in figure 6. As can be seen in the figure, 8 of



- 35 - cin (418, G bco/BRL catalog # 10131-019). Plates mere
mai ntai ned in selection nmediumfor up to 30 days, or

growt h ocR 9841645, some of the wells. Such growt h vvas assune to be
the result of clonal expansion 5 of asingle 418 resistant cell. The
supernatants from all 418 resistant wells were assayed for C2B8 pro-
duction by standard ELI SA techni ques, and all productive cl ones were
eventual |y expanded to 120nmL spi nner fl asks and further anal yzed.

10 Characterization of Antibody secreting Targeted Cells A
total of 50 electroporations with Molly targeting pl asm d were
carried out in this experinent, each of 36 - which was plated into
separate 96 well plates. A total of 10 viable, anti-CD20 anti body
secreting clones were 15 obt ai ned and expanded to 120m spi nner fl asks.
Genom ¢ DNA was isolated fromall clones, and Sout hern anal yses

wer e subsequently perforned to determ ne whet her the cl ones
represented sjng 0gous recomnbi nati.0 ents or et h

Lt &1 onal  rEHAORD; RISBER AURY RLFIREIE A, AR AN et B20 The
met hods for E%@b SO [ KA r e as
described in"the o hﬁdlg?&#ﬁgtépggﬁgﬁgﬁ Gemgﬁéy%aﬁgggi?%ﬁﬁkéﬁéd wth
EcoRl awdnpr bhed ovcirredPGR ddresyentasd 1ok goﬂ;ug:smih tlebet erd

probe to a segnent of the CD20 heavy chai n constant region._ The
results of tﬁg9n55u?ﬁ§?na§@a9ﬁ§39a§£9ﬂw e Prese%ﬂﬂnQ§14¢ﬁ¥¢teﬁ%l6 As can

be seeng n tBSn&(QYrelnﬁl% tive of an additional random integration
elsewhere in the genome.
We examined the expression levels of anti-CD20
antibody in all ten of these clones, the data for which

is shown in Table 1, below.

10 Table 1:

Expression Level of Anti-CD20
Secreting Homologous Integrants

Clone Anti-CD20 c/d
20F4 3.5
15 25E1 2.4
42F9 1.8
39G11 1.5
21C7 1.3
50G10 0.5
20 29F9 0.8
5F9 0.3
28Co* 4.5



WO 98/ 416X¥0 98/41645 PCT/ USeg/ 055550238
- 36 - . the 10 cl ones show a single band hybridizing to the CD20
probe, indicating a single honol ogous reconbination event has
occurred in these cells. Two of the ten, cl ones 24& and 28C9, show
the presence of additional 5 band(s), indicative of an additional
random i nt egrati on el sewhere in the genone. We exam ned
t he expression | evels of anti-CD20 antibody in all ten of these
clones, the data for which is showd7i m Table 1, bel ow 10
Tabl e 1: Expressi on Level of Anti-CD20
Secreting Honol ogous .I ntegrants C one
Anti - CD20, pg/c/d 20F4 3.5 15
25E1 2.4 42F9 1.8
gg%é * %’t‘l%sz:b clones contained adééggonal randomly é g
5F9 imtegrated copies of anti-CD2f¢g+Expression 4.5
24Q2* ledells of ths98¢ldnds therefore reflect a
PCT/ US98/ 03935  contribution from both the homologoud7and ran-

5 dom sites.

Expression 1evgls are reported as picogram per cell per
day (pg/c/d) éecreted by the individual clones, and
represented the mean levels obtained from three separate
ELISAs on samples taken from 120 mL spinner flasks.

10 As can be seen from the data, there is a variation
in antibody secretion of approximately ten fold between
the highest and lowest clones. This was somewhat unex-
pected as we anticipated similar expression levels from
all clones due to the fact the anti-CD20 genes are all

15 integrated into the same Desmond marked site. Neverthe-
less, this observed range in expression extremely small
in comparison to that seen using any traditional random
integration method or with our translationally impaired
vector system.

20 Clone 20F4, the highest producing single copy inte-
grant was selected for further study. Table 2 (below)
presents ELISA and cell culture data from seven day

production runs of this clone.




* These cl ones contai ned additional randomy i nt egrated copi es of
anti - CD20. Expression | evel s of these clones therefore reflect a
contri but i W@ MMbSbot h t he honol ogous and ran- 5 do RCE(USBE03935
Expression | evels are reported as picogram per cell per day (pg/c/d)
secreted by the individual clones, and represented the nean |evels
obtai ned fromthree separate ELI SAs on sanpl es taken from 120 nL

spi nner flasks. 10 As can be seen fromthe data, there is a

vari ation in anti body secretion of approximtely ten fold between

t he hi ghest and | owest clones. This was sonewhat unex- pected as we
anticipated simlar expression |levels frd8 - all clones due to the fact
the anti-CD20 genes are all 15 integrated into the same Desnond marked
site. Neverthe- | ess, this observed range in expression extrenely
smal | in conparison to that seen using any traditional random
integration nmethod or with our translationally inpaired vect or
system 20 Cl one 20F4, the hig#ggt Q[Oducing single copy inte-
grant was sel ected for further study. Pes2 (bel ow) presents ELI SA
and cell culture data from seven day production runs of this clone.
WO 98/ 41645 7 Day Production Run Data forp@@F#S98/ 03935

- 38 -

Day % Viable Viable/ml Tx2 (hr) mg/L pg/c/d
{(x 10%)

(%]
'Y
0

w
S

3 94 2.9 33
4 20 17.4 30

5 73 14

W W O N P
nn W o 9 !
W

10 Clone 20F4 was seeded at 2x10°ml in a 120ml spinner
flask on day 0. On the following six days, cell counts
were taken, doubling times calculated and 1ml samples
of supernatant removed from the flask and analyzed for
secreted anti-CD20 by ELISA.

15 This clone is secreting on average, 3-5pg antibody/-
cell/day, based on this ELISA data. This is the same
levelias obtained from other high expressing single copy
clones obtained previously in our laboratory using the
previously developed translationally impaired random

20 integration vectors. This result indicates the follow-
ing:

(1) that the site in the CHO genome marked by the
Desmond marking vector is highly transcriptionally ac-
tive, and therefore represents an excellent site from

25 which to express recombinant proteins, and



Table 2: WO 98/41645 7 Day Production Run Data for 20i&f/USIS039S  pyy

% Viable Viable/m Tx2(hr) ng/ L pg/c/d :

(x 10[err]) 1 96 3.4 31 1.3 4.9
5 2 94 6 29 2.5 3.4 3

94 9.9 33 4.7 3.2 4 90

17. 4 30 6.8 3 5 73 14

8.3 6 17 3.5 9.5 10 Cl one
20F4 was seeded at 2x10[err]m in a 120my&plnner flask on day
0. On the follow ng six days, cell counts wer e taken, doubling
times cal cul ated and 1m sanpl es of supernatant renoved fromthe
flask and anal yzed for secreted anti-CD20 by ELI SA. 15 Thi s
clone is secreting on average, 3-5pg anti body/ - cel | /day, based on
this ELI SA data. This is the sane | evel as obtained from other high
expressing single ¢ppy that tacgetdnoityaimeshgprelilmmdlogousuretahbtat ory
usi ng the previ ously devel gped trans] atiqgnally jnpaired random_ 20

i ntegration VRRESEPB. camnhbe” peserpliffiechiusinch g FHhiect vecterg: and
(1) that the site_in_th g?g nd, mar ki ng
vector is hi g‘ﬂ?ﬁufﬁaﬁgcgi pti 8%%%1%3;951@}#%%&}/9% ihc\e/%,maa]%% %%%2%6?_%‘3“‘ @
represents anygxgebl 8A8 8ekerbbl@ aATernaMivid) dd LRHSH SihEEQPRE DAL
proteins, and WO 98/ 41645
PCT/ US9850393hethods . - 39 -
(2) that targetin% b% nmeans of honnloqgﬁs rec%gbj- nati on can be
acconpl i shed usi ngTeh&ustibpecfeponssrdtimhe efficacy of this system,
we have also demonstrated that this site is amplifiable,
resulting in even higher levels of gene expression and
protein secretion. Amplification was achieved by plat-
10 ing serial dilutions of 20F4 cells, starting at a densi-
ty of 2.5 x 10* cells/ml, in 96 well tissue culture
dishes, and culturing these cells in wmedia (CHO-SSFMII)
supplemented with 5, 10, 15 or 20nM methotrexate. Anti-
body secreting clones were screened using standard ELISA
.15 techniques, and the highest producing clones were ex-

panded and further analyzed. A summary of this amplifi-

cation experiment is presented in Table 3 below.




occurs at a frequency high enough to make this systema vi abl e and
desirable alternative to randomintegration 5 nmet hods. To
further d¥PW%i%3te the efficacy of this system we Ravaoben>
denonstrated that this site is anplifiable, resulting in even higher
| evel s of gene expression and protein secretion. Anplification was
achi eved by plat- 10 ing serial dilutions of 20F4 cells, starting at a
densi - ty of 2.5 x 10[err] cells/m, in 96 well tissue culture

di shes, and culturing these cells in nedia (CHO SSFM 1) suppl enment ed
with 5 10, 15 or 20nM nethotrexate. Anti- body secreting cl ones
were screened using standard ELI SA 15 4Qeﬁﬂwnques, and t he hi ghest
produci ng cl ones were ex- panded and further analyzed. A summary of
this anplifi- cation experinent is presented in Table 3 bel ow.

WO 98/ 41645 PCT/ US98/ 03935

- 40 - Tabl e 3:

Summary of 20F4 Anplification le 3:

Expressi on Level # W'eliafbs Expression Level # Wlls pg/c/d

from nM MIX Assayed ng/l 96_wel | .Expanded spi nner
10 56 3-13 Summary 03 20F4 Amplaficatign 15 27

2-14 3 15-18 20 17 Expreé%i%& Level
1 ND # Wells Expression Level # Wells pg/c/d from

nM MTX Agsayed mg/l 96 well Expanded spinner

10 56 3-13 4 10-15
5 15 27 2-14 3 15-18
20 17 4-11 1 ND

Methotrexate amplification of 20F4 was set up as de-
scribed in the text, using the concentrations of metho-
trexate indicated in the above table. Supernatants

10 from all surviving 96 well colonies were assayed by
ELISA, and the range of ariti-CD20 expressed by these
clones is indicated in column 3. Based on these re-
sults, the highest producing clones were expanded to
120ml spinners and several ELISAs conducted on the

15 spinner supernatants to determine the pg/cell/day ex-
pression levels, reported in column 5.

The data here clearly demonstrates that this site can be

amplified in the presence of methotrexate. Clones from

the 10 and 15nM amplifications were found to préduce on
20 the order of 15-20pg/cell/day.

A 15nM clone, designated 20F4-15A5, was selected as
the highest expressing cell line. - This clone originated
from a 96 well plate in which only 22 wells grew, and
was therefore assumed to have arisen from a single cell.

25 A 15nM clone, designated 20F4-15A5, was selected as the

highest expressing cell line. This clone originated



Met hot r exaWO 984445 f i cati on of 20F4 was set up as de- PCT/USOR03BRd i n
the text, using the concentrations of netho- trexate indicated
in the above table. Supernatants 10 fromall surviving 96 well

col oni es were assayed by ELI SA, and the range of anti-CD20
expressed by these clones is indicated in colum 3. Based on

t hese re- sults, the highest producing clones were expanded to-
120m "spi nners and several ELI SAs conducted on the 15 spi nner
supernatants to determ ne the pg/cell/dayex- pression | evels,
reported in colum 5. The data here clearly denonstrates that
this site can be anplified in the presence of nethotrexate. C ones
from the 10 and 15nM anplifications were found to produce on 20

t he order of 15-20pg/cell/day. A 15nM cl one, designated

20F4- 15A5, was selected as t he hi ghest expressing cell line. This
clone origi ndimem a 96 wéldnpiate Wl whilch enly W2 eelds yorewwaind grew,
and was th refoEe assuned e_arisen fr le cell. .25 A

t.0_ha a sig%-
15nM cl one, GRS GrRTECE SBF4EEHESA,AE BaVEPEGRT ROT & SingheRall
Eég;ﬁ%;g?g3g e ldD6ne THAS £hoResAbjetaiedo a furfﬂgrggkﬁ%ﬁfﬁxf meth-

froma 96 weldtyddei amphichcasivn2? wel ldesgrdbedaatbove, sewmsltherefore
assunmed to have arisen froma single cell. The cl one was then

subj ect e8 to di¥uriors eHuhlieortudkbupre were platedkdmgcarfd iveldatdbsheds
descri bed above

seri al S iyt of the culture were plated into 96
wel | di shes 3nd CULHEed) Egbrﬁgc%&iésﬁﬁﬁlﬁwa‘ip@ﬁmegﬁm with
200, 300 or 400aM 5@h NQLr £¥8hA- methbt¥ekatel ON@R MBRA ng clones were

screened by ELISA, and several high producing clones
were expanded to spinner cultures and further analyzed.

10 A summary of this second amplification experiment is

presented in Table 4.

Table 4:
Summary of 20F4-15A5 Amplification

# Wells Expression Level # Wells Expression Level

nM MTX Assayed mg/l 96 well BExpanded pg/c/d, spinner
15 200 67 23-70 1 50-60

250 86 21-70 4 55-60

300 81 15-75 3 40-50

Methotrexate amplifications of 20F4-15A5 were set up
and assayed as described in the text. The highest

20 producing wells, the numbers of which are indicated in
column 4, were expanded to 120ml spinnexr flasks. The
expression levels of the cell lines derived from these
wells is recorded as pg/c/d in column 5.

The highest producing clone came from the 250nM metho-
25 trexate amplification. The 250nM clone, 20F4-15A5-250A6

originated from a 96 well plate in which only wells



screened by ELI SA, and several high producing cl ones wer e expanded
t o spi nnerwewsisugses and further anal yzed. 10 A summary ofpciriises/gReond

anplification experinment is presented in Table 4.

Tabl e 4: Summary of 20F4- 15A5 Anpllflcation

# Wells Expression Level # Wells Expressi on Level nM MIrX Assayed
ng/ |l 96 well Expanded pg/c/d, spinner 15 200 67 23-70
1 50- 60 250 86 21-70 4 55- 60

300 81 15-75 3 40- 50 Met hot r exat e
anplifications of 20F4-15A5 were set up and assayed as descri bed
In the text. The highest 20 prbdﬁ%iﬁg wel | s, the nunbers of which
are indicated in colum 4, were expanded to 120m spi nner

fl asks. The expression levels of the cell lines derived from

t hese wells is recorded as pg/c/d in colum 5. The

hi ghest producing cIone cane fromthe 250nM net ho- 25 trexate
anpllflcatl 0 ed froma 96
wel | plate | ?H%EFPQ@ i% Eésjaﬁt% o ?pagfs arid¥id %A ed

-PCT/U898/039§5ng1e cell Taken together, the data in Thbles 3 and 4 grew,
and therefore is assuned to have arisen froma single cell. Taken
t oget her, thstvaepalynindbrases shatqtwo roundsof qumremmtem t Wo

ach

(ounds of UL SRR nalleq g BkEHECHY el RSN IR eRsle
secre- g 60pg/cell/day, which is approaching the maximum secre-
tion capacity of immunoglobulin in mammalian cells
(Reff, M.E., Curr. Opin. Biotech., 4:573-576 (1993)).
The ability to reach this secretion capacity with just
two amplification steps further enhances the utility of
10 this homologous recombination system. Typically, random
integration methods require more than two amplification
steps to reach this expression level and are generally
" less reliable in terms of the ease of amplification.
Thus, the homologous system offers a more efficient and
15 time saving method of achieving high level gene expres—-

sion in mammalian cells.

EXAMPLE 5

Expression of Anti-Human CD23 Antibody
in Desmond Marked CHO Cells

20 CD23 is low affinity IgE receptor which mediates
binding of IgE to B and T lymphocytes (Sutton, B.J., and
Gould, H.J., Nature, 366:421-428 (1993)). Anti-human
CD23 monoclonal antibody 5E8 is a human gamma-1 mono-
clonal antibody recently cloned and expressed in our

25 laboratory. This antibody is disclosed in commonly



tion capacwoes#é4smmunogl obulin in mammalian cells ( RAGT/USB33S oy
Opin. Biotech., 4:573-576 (1993)). The ability to reach this
secretion capacity with just two anplification steps further enhances
the utility of 10 this honol ogous reconbi nati on system Typically,
random I ntegration nethods require nore than two anplification

steps to reach this expression | evel and are generally | ess reliable
in ternms of the ease of anplification. Thus, the honol ogous system
offers a nore efficient and 15 tine sa¥#dng nethod of achieving high

| evel gene expres- sion in mammal i an cells.

EXAMPLE 5 Expression of Anti-Hunman CD23 Anti body

in Desnond Marked CHO Cells 20 CD23 is low affinity IgE receptor
whi ch nedi at es binding of Ig to B and T | ynphocytes (Sutton, B.J.,

and Goul d, H J.., Nature, 366;421-42 19 Ant |- human CD23
nonocl onal an??ﬁ&@?e§E§%§}3}iﬁﬁnﬁ%%ﬁ%ﬁﬁ%é@%@n fi%d on %FEHHPan?Pbody
recently clongdggnd expressed in our 25 | aboratory. This antibody is

di scl osed in comonly WO 98/ 41645

PCT/ US98/ 03935 The heavy and light chain genes of H#B8-were cloned
assigned Serial No. 08/803,085, filed on February 20, 1997.

The heavy andihitghthehaammadian FXHEssoR teokey N5KGL, | at deriwatdmenl i an

PSS! W R ke S8 ot (HOMHA VBardere %e ' £F, VOS85 MBST B B e
pression and Engineering, H.Y Yang and T.‘Imanaka, eds.,
pp27-40 (1995)) and two modifications were then made to
the genes. We have recently observed somewhat higher
secretion of immunoglobulin light chains compared to

10 heavy chains in other expression constructs in the labo-
ratory (Reff et al, 1997, unpublished observations). 1In
an attempt to compensate for this deficit, we altered
the 5E8 heavy chain gene by the addition of a stronger
promoter/enhancer element immediately upstream of the

15 start site. 1In subsequent steps, a 2.%kb DNA fragment
comprising the 5E8 modified light and heavy chain genes
was isolated from the N5KG1 vector and inserted into the
targeting vector Mandy. Preparation of 5E8-containing
Molly and electroporation into Desmond 15C9 CHO .cells

20 was essentially as described in the preceding section.

One modification to the previously described proto-
col was in the type of culture medium used. Desmond
marked CHO cells were cultured in protein-free CD-CHO
medium (Gibco-BRL, catalog # AS21206) supplemented with

25 3mg/L recombinant insulin (3mg/mL stock, Gibco-BRL,
catalog # AS22057) and 8mM L-glutamine (200mM stock,
Gibco-BRL, catalog # 25030-081). Subsequently, trans-



pression and Engineering, H Y Yang and T. |nmanaka, eds., pp27-40

(1995)) and two nodifications were then nade to the geRafssNzHave
recently BOIBNEI somewhat hi gher secretion of inmunoglobulin |ight
chai ns conpared to 10 heavy chains in other expression constructs in the
| abo- ratory (Reff et al, 1997, unpublished observations). In

an attenpt to conpensate for this deficit, we altered t he 5E8 heavy
chain gene by the addition of a stronger pronot er/ enhancer el enent

i mmedi ately upstreamof the 15 start site. |In subsequent steps, a 2.9kb
DNA fragment conprising the 5E8 nodified |ight and heavy chain genes
was i solated fromthe NSKGL vector and i4fkerted into the targeting
vect or Mandy. Preparation of 5E8-containing Mol Iy and el ectroporation
into Desnmond 15C9 CHO cells 20 was essentially as described in the
precedi ng secti on. One nodification to the previously described
pr ot o- col was in the type of culture nmedi um used. Desnond

mar ked CHO c I d i ei:n- e : '

(G beo- bR, EepSpagtaLit R sl oBialiunr che® Ao featun SERLEL, oy
i nsulin (3nom&hts80GEthGabopgBRL, geneticdat.al Qg #MAS2 WHpRrianshB Mo
L- gl utam ne (200mMM st ock, G bco-BRL, catal og # 25030-081).
Subsequent | yeleetneporations weregpgrdezmed and plated into 96 well
PCT/ US98/ 03935 . - 44 - .
cell's were seF8EYEdCHATHRE HEPESredCihiSugFRY. and seqrahed apth

400[ err ko/ mgenei hehneokR 1t BiFS 68XREANEENGL1120f which were assumed

to be clones originating from a single G418 cell.

fected

Twelve of these wells were expanded to 120ml spinner
flasks for further analysis. We believe the increased
number of clones isolated in this experiment (68 com-

10 pared with 10 for anti-CD20 as described in Examplé 4)
is due to a higher cloning efficiency and survival rate
of cells grown in CD-CHO medium compared with CHO-SS-
FMII medium. Expression levels for those clones ana-
lyzed in spinner culture ranged from 0.5-3pg/c/d, in

15 close agreement with the levels seen for the anti-CD20
clones. The highest producing anti-CD23 clone, desig-
nated 4H12, was subjected to methotrexate amplification
in order to increase its expression levels. This ampli-
fication was set up in a manner similar to that ‘describ-

20 ed for the anti-CD20 clone in Example 4. Serial dilu-
tions of exponentially growing 4H12 cells were plated
into 96 well tissue culture dishes and grown in CD-CHO
medium supplemented with 3mg/L insulin, 8mM glutamine
and 30, 35 or 40nM methotrexate. A summary of this

25 amplification experiment is presented in Table 5.

Table 5:



el ect r oporvi@i9ME4eer e perforned and plated into 96 well PCI{USAH®B%1 t ur e
di shes. Cells grew and secreted anti- 5 CD23 in a total of 68 wells, all
of which were assuned to be clones originating froma single G418
cell. Twel ve of these wells were expanded to 120m spi nner

flasks for further analysis. W believe the increased nunber of
clones isolated in this experinent (68 com 10 pared with 10 for
anti-CD20 as described in Exanple 4) is due to a higher cloning
efficiency and survival rate of cel4% grown in CD CHO nmedi um conpared
w th CHO SS- FM1 nmedium Expression |evels for those clones ana-

| yzed in spinner culture ranged fromO0.5-3pg/c/d, in 15 cl ose agreenent
with the levels seen for the anti-CD20 cl ones. The hi ghest producing
anti-CD23 cl one, desig- nat ed 4H12, was subjected to nethotrexate

anplification in ordef _to_increase.its _expression levels. This anpli-
fication was set up in a mﬁWEVnP?aﬁf% ?‘H&’ﬁﬁfés"@r‘i’t?n 20 ed for the
anti-CD20 clone in Exanple 4. Serial dilu- tions gh.exponential |y
growi ng 4H12 cells werg yghated expressidi @ePEr Wei lyelli S U LAL/EUER DI Shes and
grown in CD CHot wrx  ASudda SURPhesBaAd Wi th Bpiihbed NSiPinBer 8MM gl ut ami ne
and 30, 35 or—#tmdnethotrexate—ASumary-of—thrs—25—anptt+f—ecatt+on—
experinment is presented in Table 5. Tabl e 5:

WD 98/ 41645 _ P 98/ 03935
- 45 - 30 100 © 24Surrmatry of 2HL2 Anpl i ﬁl’é_g i on
Expressi on Levss 64 . 4-27 Wl | s Expression Leval-i5# Wl |l's
pg/c/d f gom

96 4-20 1 ND

The highest expressing clone obtained was a 30nM clone,
isolated from a plate on which 22 wells had grown.
This clone, designated 4H12-30G65, was reproducibly
secreting 18-22pg antibody per cell per day. This is
10 the same range of expression seen for the first ampli-
fication of the anti CD20 clone 20F4 (clone 20F4-15AS
which produced 15-18pg/c/d, as described in Example 4).
This data serves to further support the observation
that amplification at this marked site in CHO is repro-
15 ducible and efficient. A second amplification of this
30nM cell line is currently underway. It is antici-
pated that saturation levels of expression will be
achievable for the anti-CD23 antibody in just two am-
plification steps, as was the case for anti-CD20.

20 E PLE 6
Expression of Immunoadhesin in Desmond Marked CHO Cells
CTLA-4, a member of the Ig superfamily, is found on
the surface of T lymphocytes and is thought to pléy a
role in antigen-specific T-cell activation (Dariavach et
25 al, Bur. J. Immunol., 18:1901-1905 (1988); and Linsley
et al, J. Exp. Med., 174:561-569 (1991)). In order to
further study the precise role of the CTLA-4 molecule in -
the activation pathway, a soluble fusion protein com-
prising the extracellular domain of CTLA-4 linked to a

30 truncated form of the human IgGl constant region was



nM MI'X  Assayed ng/l 96 well Expanded spi nner 30 100

6- 24 8 10- 25 35 64 PETAUIS98/03935

2 WRH2{4645 5 40 96 4- 20 1

The hi ghest expressing clone obtained was a 30nM cl one,

I solated froma plate on which 22 wells had grown. Thi s cl one,
desi gnat ed 4H12- 30G5, was reproduci bly secreting 18-22pg

anti body per cell per day. This is 10 t he sane range of expression
seen for the first anpli - fication of the anti CD20 cl one 20F4
(cl one 20F4- 15A5 whi ch produced 15-18pg/c/d, as described in
Exanpl e 4). This data servest§ o further support the observation
that anplification at this marked site in CHOis repro- 15 duci bl e
and efficient. A second anplification of ‘this 30nM cell line
Is currently underway. It is antici- pated that saturation
level s of expression will be achi evabl e for the anti-CD23

antibody in just t ific n _ste as mas the case for
ant i - CD20. ‘E’E ated’ (Elhsley et a1 (ﬁ*) We %%Mﬂolf%%e Expr essi on
of Innunoadhg§$?eggege§gg@d KQdISH@dgyédsproteln in théjmfhﬁ gafErTDer

of the Ig supettamly, 1s foun the surface of T |ynphocytes and
i s thought texpkregsdon vectomobaEEmlanhl@eruwanmﬁé(bfrﬁhﬁlprwémﬂdt|on
(Dariavach et 25 al, Bur. J. Lmmnol., 18:1901-1905 (1988); and

Li nsl ey NEOEPLA| <Bstrn5>t|§ ew'eel 3}7’41‘5’6}1’%’9’ Epyegsiom an eEngp-

furth dy th | e _of myl ecul e
hoti vat iTon pHERBADD aBs 81 IRRE" ARG T BRBRERR c i BP2Y 49 o 1ab8hL-
extracel | ul agndayebp QS:a@iE’eﬁt4ehb&l§QngtQh% c&Q.A 4 tigpRfead edkdpge@f the

human 1 g@ constant regi on was WO 98/ 41645
PCT/ US98/ 03988Bom this vector and inserted between the f&acII and

created (Lingéf¥leglggs .d. h01Yé have recently
Preparation of CTLA-4Ig-Molly and electroporation
10 into Desmond clone 15C9 CHO cells was performed as de-
scribed in the previous example relating to anti-CD20.
Twenty electroporations were carried out, and plated
into 96 well culture dishes as described previously.
Eighteen CTLA-4 expressing wells were isolated from the
15 96 well plates and carried forward to the 120ml spinner
stage. Southern analyses on genomic DNA isolated from
each of these clones were then carried out to determine
how many of the homologous clones contained additional
random integrants. Genomic DNA was digested with BglII
20 and probed with a PCR generated digoxygenin labelled
probe to the human IgGl constant region. The results of
this analysis indicated that 85% of the CTLA-4 clones
are homologous integrants only; the remaining 15% con-
tained one additional random integrant. This result
25 corroborates the findings from the expression of anti-
CD20 discussed above, where 80% of the clones were sin-

gle homologous integrants. Therefore, we can conclude



expressed WOI9SMEBMSA-4 | g fusion protein in the mammalian  PCT/USOBIORBE; on
vector BLECHl1, a derivative of the plasmd NECSPLA (Barnett et al, in
Ant i body Expression and Engi - 5 neering, HY Yang and T. | nanaka, eds.,
pp27-40 (1995)). An 800bp fragnment encoding the CTLA-4 1 g was

I sol at ed fromthis vector and inserted between the Sacll and

Bglll sites in Mlly. Preparation of CTLA-4lg-Mlly and

el ectroporation 10 i nto Desnond cl one 15C9 CHO cells was perforned as
de- scribed in the previous exampl g-elating to anti-CD20.

Twenty el ectroporations were carried out, and pl ated into 96 wel |
culture dishes as described previously. Ei ght een CTLA-4 expressing
wells were isolated fromthe 15 96 well plates and carried forward to
the 120m spi nner stage. Sout hern anal yses on genom ¢ DNA i sol at ed
from each of these clones were then carried out to determ ne

how many of tthmtharhdgexpsressien spatahnedpaddhpﬁhdm yields rsinmyie

i ntegrants. Genom ¢ DNA was digested with Bglll and probed with a PCR
generated di FRBARKRS %!B‘él?gﬁus 1nte§F6855t 6ntﬁé'f Ith?ﬁa”*rF 18531 Qforfsllant

region. The result this analysis indicated that 85% of the CTLA-4
cl ones gr ?é; %%%ﬁ%drntegrants only; the remaining 15% con-

tained one additi gnghr&sgden 18veyafbr ThieShbadllbgouth cTigrrRporates the
findings fromthe expression of anti- CD20 di scussed above, where 80%

of the c$oneslwnes sranged froyl 8-hapol/ ogdlddayt. egTritss isThmmevdiat, we can
concl ude VWO 98/ 41645
PCT/ US98/ 03935igher than the range reported for anti-CP20 antibody

and anti-CD23 antibody clones discussed above. However,

we have previously observed that expression of this

molecule using the intronic insertion wvector system also

10 resulted in significantly higher expression levels than
are obtained for immunoglobulins. We are currently

unable to provide an explanation for this observation.

‘EXAMPLE 7

argetin £i-CD20 to an alternate Desmond Marked CHO

15 Cell Line
As we described in a preceding section, we obtained

S single copy Desmond marked CHO cell lines (see Figures
4 and 5). In-order to demonstrate that the success of
our targeting strategy is not due to some unique propexr-

20 ty of Desmond clone 15C9 and limited only to this clone,
we introduced anti-CD20 Molly into Desmond clone 9B2
(lane 6 in figure 4, lane 1 in figure 5). Preparation
of Molly DNA and electroporation into Desmond 9B2 was
exactly as described in the previous example pertaining

25 to anti-CD20. We obtained one homologous integrant from

this experiment. This clone was expanded to a 120ml




that this expression systemreproducibly yields single targeted
honol ogoua,o:dgh? zants in at |east 80% of all cl ones pCEdIsoa3I3s
Expression l'evel's for the honol ogous CTI Ad-1g 5 cl ones ranged from
8-12pg/cell/day. This is somewhat hi gher than the range reported for
anti-CD20 anti body and anti-CD23 anti body cl ones di scussed above.
However , we have previously observed that expression of this

nol ecul e using the intronic insertion vector systemalso 10 resulted in
significantly higher expression |evels than are obtained for

i mmunogl obulins. W are currently %pable to provi de an expl anation
for this observation. - 48 - EXAMPLE 7

Targeting Anti-CD20 to an alternate Desnond Marked CHO 15 Cell Line

As we described in a preceding section, we obtained 5 single copy
Desnmond marked CHO cell lines (see Figures 4 and 5). In order to
denonstrate that the success of our targeting strategy is not due to

some uni que - t € oh> e etitthd i1 .to this
cl one, %gl&?%]t:rg%%%]éd gﬁ??-eg%%gg%fiﬁggianto% %e%srmndé cll o2 e 9%5&]‘{

(lane 6 in fecpRogcdllfdag.l Thiki dur echpiderapdyatlioner expresiduh|y DNA
and el ectroporation into Desnond 9B2 was exactly as described in the
previ ous exatiphe wereobsarngd with Meldyt tacpeged iatshRgswandnS®dnol ogous

LE;S%;ZEE4gr§Q%ever, Eﬂgg %égeghgeg%tizg%%t%bpg%ﬁgiﬁugégfnd %§§9m§r12ont

5 northern analysis-of the Desmond clones. As can be seen
in Figufe 5, mRNA levels from clone 9B2 are considerably
lower than those from 15C9, indicating the site in this
clone is not as transcriptionally active as that in
15C9. Therefore, this experiment not only demonstrates

10 the reproducibility of the system - presumably any
marked Desmond site can be targeted with Molly - it also
confirms the northern data that the site in Desmond 15C9

is the most transcriptionally active.

From the foregoing, it will be appréciated that,

15 although specific embodiments of the invention have been
described herein for purposes of illustration, various
modifications may be made without diverting from the
scope of the invention. Accordingly, the invention is

not limited by the appended claims.



- 48 - wo9sMI6dSpi nner flask, where it produced on aver agBCTUSPYO3S R i -

CD20/cel I /day. This is considerably | ower expression t han we observed
with Mlly targeted into Desnond 15C9. However, this was the
anticipated result, based on our 5 northern anal ysis of the Desnond
clones. As can be seen in Figure 5, nRNA | evel s Tromctone 9B2—are—

consi derably | ower than those from 15C9, indi catl ﬂlﬂﬂﬂu Ilm
clone is not as transcriptionally active as that in uﬂ! L
this experinent not only denonstrates -1@9 -the reproduci*hi Fity of the*

system - presunmably any mar ked Desnond site can be targeted with
Mlly - it also confirnms the northern data that the site in Desnond
15C9 is the nost transcriptionally active. From t he
foregoing, it wll be appreciated that, 15 although specific enbodi ments
of the invention have been descri bed herein for purposes of

i |l ustrationVEAR TS CLAIMED L3:fi cati ons nmay be nade without diverting
fromthe scope of the invention. Accordingly, the invention is

not limted by the appended cl ai ns.

- 49- CLAIMG . A methodlforAinkBr¥khioanBkbedelomNNSAIting a
desired DNA at a target site in the genone of a mammalian cell which

conpri ses t hedmjdtovsilge siepshe §enome of @i pammednsheceildg wiridh ansf or m ng
a mammal i an cel
comprises the following steps:

5 (i) transfecting or transforming a mammalian cell
with a first plasmid ("marker plasmid") containing the
following sequences:

(a) a region of DNA that is heterologous to
the mammalian cell genome which when integrated in the

10 mammalian cell genome provides a unique site for homolo-
gous recombination;

(b) a DNA fragment encoding a portion of a
first selectable marker protein; and
(c) at least one other selectable marker DNA

15 that provides for selection of mammalian celis which
have been successfully integrated with the marker plas-
mid;

(ii) selecting a cell which contain the marker
plasmid integrated in its genome;

20 (iii) transfecting or transforming said selected
cell with a second plasmid ("target plasmid") which
contains the following sequences:

(a) . a region of DNA that is identical or is
sufficiently homologous to the unique region in the

25 marker plasmid such that this region of DNA can recom-

bine with said DNA via homologous recombination;

THIS SHEET HAS BEEN
REPLACED




with a first plasmd ("marker plasm d") containing the fol |l ow ng
sequences: (a) aregion of DNA that is heterol ogous to

the mamalWaASEF genone which when integrated in the 10 PCTARIRAIN cel
genonme provides a unique site for honol o- gous reconbi nati on;

(b) a DNA fragnent encoding a portion of a first sel ectabl e marker
protein; and (c) at |east one other_sel ectable—+rarker—DNA
15 that provides for selection of mammalian cells been
successfully integrated with the marker plas- mm‘m‘\ L“l“m m\(l i)
selecting a cell which contain the matrkg0 *Nn 1ts
genone; 20 (iii) transfecting transforn1ng sai d sel ected

cell with a second plasmd ("target plasm d") which contains the

fol |l owi ng sequences: (a) -aregion of DNA that is

i dentical or is sufficiently honol ogous to the unique region in the 25
mar ker plasm d such that this region of DNA can recom bine with said
DNA vi a honol ogous reCQE@'”QtDﬁR fragment encoding a portion of the

- 50- (b) a DNA fragment encoding a portion of the

sane sel ect abhmemaekertabieamashein coms akmederinp|thainprker plagmidin the
active sel ectable mar protein sai.d DNA y r oduced
if said fragtBRreiy EEﬁr agkaye 5e %C%ag’g'se 5c('}‘_‘}irt'}‘feo:‘:r1 RIS The l#‘?%%%%n of said
sel ect abl e ke lsrE t metasig dex ssed

(iv) selecti ng ceﬁ?’k V\EI (?Eﬁ o Ii%|an|u|&t@r€1he Jirfargdlgidrgﬂ;fj- I ntegrated at

the target siheaBgogdbegodnn@ifctr thiee fragmerﬂxmiés&ani] sﬁledrﬁeable st

sel ect abl e marker protein.
marker DNA contained in the marker plasmid; and

(iv) selecting cells which contain the target plas-
mid integrated at the target site by screening for the

expression of the first selectable marker protein.

10 2. The method of Claim 1, wherein the DNA frag-
ment encoding a fragment of a first selectable marker is

an exon of a dominant selectable marker.

3. The method of Claim 2, wherein the second
plasmid contains the remaining exons of said first

15 selectable marker.

4, The method of Claim 3, wherein at least one
DNA encoding a desired protein is inserted between said
exons of said first selectable marker contained in the

target plasmid.

20 5. The method Claim 4, wherein a DNA encoding a
dominant selectable marker is further inserted between

the exons of said first selectable marker contained in

THIS SHEET HAS BEEN
REPLACED




10 VO 98/43685 et hod of Claim 1, wherein the DNA frag- PCT/USI8{3p3s

encoding a fragnent of a first selectable marker is an exon of a
dom nant sel ectabl e narker. 3. The nmethod of Claim2, mherein
t he second pl asm d contains the remaining exons—eL—saLd_illgﬂ_

of said first selectable nmarker containeshifn the

5. The nmethod of C aim4, wherein a DNA encoding a donlnant

sel ectable marker is further inserted between the exons of said first
sel ect abl e marker contained in WO 98/ 41645

PCT/ US98/ 03935 the target plasmd to provide for
co-anplification of t he DNA encoding the desired Erote[n.

6. The met hoheotaggetmp3asmict &ion puswide floxjsip-amplirigakiosepéct abl e
mar ker is selected fromthe | sting of neonycin

phosphot r ansFegaBNA ﬁpgppﬁPﬁEF%ﬁéﬂ%Slreéspﬁﬂ ase, dihydrofol ate
reduct ase, hygronycin phospho- transferase, herpes sinplex virus

t hym di ne ki nase, adenosi ne deam nase, gl utam ne synthetase, and
hypoxant hi ne- guanigne phesphethees\Wf tQlansd € asthereif the fird#t domhe
met hod of Claim4, wherein the desired protein is a mamal i an

prot ei n. nant selegtabiiee MaxkeN s ﬂ?%ﬂQﬁqd $¥rRR ek et gEOPPOESN i S

an InnunleOblLtlng of neomyc1n phosphotransferase, histidinol dehy-

sel ect abl e mar ker. 4. The nethod of d aj reln at Ieast
one DNA encoding a desired protein is inserted bH m u"exons

drogenase, dihydrofolate reductase, hygromycin phospho-
transferase, herpes simplex virus thymidine kinase,
adenosine deaminase, glutamine synthetase, and

hypoxanthine-guanine phosphoribosyl transferase.

10 7. The method of Claim 4, wherein the desired

protein is a mammalian protein.

8. The method of Claim 7, wherein the protein is

an immunoglobulin.

9. The method of Claim 1, which further comprises
15 determining the RNA levels of the selectable marker (c)
contained in the marker plasmid prior to integration of

the target wvector.

10. The method of Claim 9, wherein the other
selectable marker contained in the marker plasmid is a
20 dominant selectable marker selected from the group con-

sisting of histidinol dehydrogenase, herpes simplex



9. The nethod of A aim1, which further conprises 15 determning the
RNA | evel sy8hshilgsse! ect abl e marker (c) contained in Pthﬁﬁﬂﬁﬁﬁs

pl asm d prlor to |ntegrat|on of the target vector.

The met hod of Claim9, wherein the other sel ectabl e mar ker contalned
in the marker plasmd is a 20 dom nant sel ectabl e marker selected from
t he group con- sisting of histidinol dehydrogerase—herpes

WD 98/ 41645 - PCT/
-52- _ thym di ne kinase, hydronycin phospho “k%
e

si ne deam nase and gl utam ne synthetase.gy -

Claiml, wherein the mammal i an cell is selected fronlthe group

consi sting of Chinese 5 hanst er ovary (CHO cells, nyeloma cells, baby
hanst er ki dney cells, COS cells, NSO cells, HeLa cells and NI H

3T3 cells. 12. The method of Claim1ll, wherein the cell is a
CHO cel | . 10 13. The nethod of Caim1, wherein the narker

pl asmid cont@hymldheethinéséxth§F°WH61ﬁe@PF§ PROSFRSSrase, adendferase

gene 200 el E9SL B BT IafET LRSS aymonebll (1o xons of Lhe

11. The method of Claim 1, wherein the mammalian
cell is selected from the group consisting of Chinese
S hamster ovary (CHO) cells, myeloma cells, baby hamster
kidney cells, cos cells, NSO cells, HeLa cells and NIH
3T3 cells.

12. The method of Claim 11, wherein the cell is a
CHO cell.

10 13. The method of Claim 1, wherein the marker
plasmid contains the third exon of the neomycin phospho-
transferase gene and the target plasmid contains the

first two exons of the neomycin phosphotransferase gene.

14. The method of Claim 1, wherein the marker
15 plasmid further contains a rare restriction endonuclease

sequence which is inserted within the region of homolo-

gy .

15. The method of Claim 1, wherein the unique
region of DNA that provides for homologous recombination

20 is a bacterial DNA, a viral DNA or a synthetic DNA.



14. The neWOR8/43645Cl ai m 1, wherein the marker 15  plasm d RGE/Y$AS(03935

contains a rare restriction endonucl ease sequence which is inserted
wi thin the regi on of honol o- gy. 15. The method of C aim
1, wherein the unique regi on of DNA that provi ous
reconbi nati on 20 Is a bacterial DNA, a viral DNA ' .

WO 98/ 41645 PCT{M mﬁ“l‘r“w

-53 - 16. The method of Caim1l, wherel eLum que *
regi on of DNA that provides for honol ogo¥% Teconbination is at |east
300 nucl eot i des. 17. The method of C aim 16, wherein the uni que
5 regi on of DNA ranges in size from about 300 nucl eoti des to 20

ki | obases. 18. The method of claim 17, wherein the uni que
region of DNA preferably ranges in size from2 to 10 ki | obases. 10

19. The nethod of Cla&ggggg %E?B e&ge ﬁﬁrf} whereiéeg%gtgg%gugarker DNA

Is split into at F8ast nmet hod. of
Claiml, \Ahegg'ggwgghsﬁugiggu%at Pro%ﬁéw Rr Dind o O¥éEéEbifation

honol ogous rec I na s a bacterial DNA an insect DNA, a vira
DNA or a is s¥nikaktc3bBbAnucleotides.

17. The method of Claim 16, wherein the unique
5 region of DNA ranges in size from about 300 nucleotides

to 20 kilobases.

18. The method of claim 17, wherein the unigue
region of DNA preferably ranges in size from 2 to 10

kilobases.

10 19. The method of Claim 1, wherein the first
selectable marker DNA is split into at least three

exons.

20. The method of Claim 1, wherein the unique
region of DNA that provides for homologous recombination
15 is a bacterial DNA, an insect DNA, a viral DNA or a

synthetic DNA.

21. The method of Claim 20, wherein the unique

region of DNA does not contain any functional genes.

22.. A vector system for inserting a desired DNA at
20 a target site in the genome of a mammalian cell which

comprises at least the following:



21. The nethod of C aim 20, wherein the unique regi on of DNA does not

contain a onal genes 22. A vector sys
i nserti ngn«lo e}szlﬁr"lé:’d DNA at 20 a target site in the genone rp%ﬂﬂs%m”g,s

cell which conprlses at least the foll ow ng: WD 98/ 41645
PCT/ US98/ 03935 -gﬁf;ﬂﬂﬁﬂ_,ﬂ,,_ﬂ_f———{
a first plasmd ("marker plasm d") containing east the Il
sequences: (a) a region of DNA that is mﬂ‘\r\ ﬁ \:ﬂ‘f
the manmalian cell genone which when integrated in thA el
genone provides a unique site for honol 64 - gous retoﬁblnatlon

(b) a DNA fragnment encoding a portion of a first selectable narker
protein; and (c) at |east one other selectable marker DNA

10 t hat provides for 'sel ection of mammalian cells which have been
successful ly |ntegrated with the marker plas- m d; and (i)

a second plasmd (!tar | as ¢h_c t he
fol | owi ng sequenctk? g ctifef®p aSAlghé maﬁﬁFggP%ﬁsm%hD&&%ﬁﬁﬁéls;|%ent|cm
or is f LQ9ALS sk ER@ gnhi que region in the

mar ker pIas&?% %%%%En%ﬁg g ?2 reg#oﬁ gu DNK can recom bine with said
DNA vi a honol ogous recoablnatreglon of DNA that 1s(bptanawuim3@n3mt
encoding a portion of the 20 sanme sel ectabl e nmarker contained .in the
marker pl asrike mammaliwereehlt gengre; voish wherpiategirEed gt &ihe encoded

by 5 ‘mammalian cell genome provides a unique site for homolo-
gous recombination;

(b) a DNA fragment encoding a portion of a
first selectable marker protein; and
(c) at least one other selectable marker DNA

10 that provides for selection of mammalian cells which
have been successfully integrated with the marker plas-
mid; and

(ii) a second plasmid ("target plasmid") which con-
tains at least the following sequences:

15 (a) a region of DNA that is identical or is
sufficiently homologous to the unique region in the
marker plasmid such that this region of DNA can recom-
bine with said DNA via homologous recombination;

(b) a DNA fragment encoding a portion of the

20 same selectable marker contained in the marker plasmid,
wherein the active selectable marker protein encoded by
said DNA is only produced if said fragment is expressed

in association with the fragment of said selectable

marker DNA contained in the marker plasmid.
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The vector systemof Caim22, wherein the DNA fr '
fragnent of a first selectable mark- er is an ex@ﬂﬂlﬁ%ﬂﬂlﬂmm‘lr
sel ectabl e marker. 24. The vecgtpr_system of c o M ed n
the 5 second plasm d contains the remaini ng exons of said first

sel ect abl e marker. 25. The vector systemof Caim 24, wherein
at | east one DNA encoding a desired protein is inserted bet ween
said exons of said first sel ectable narker con- 10 tained in the target
pl asm d. 26. The vector systemof Caim 24, wherein a DNA
encodi ng a dom nanj3 sel egéabbetrarr kgstiem bff lerin 22l twherein tite bEmeen
the exons of said first sel ectabl e marker contained in the target

pl asnmid to priwagieednorencodapyi a fFagmentaidfor dfingte saectaloe mprke
desired protein. 27. The vector _syst of Cl.aim 24, wherein the
first domluﬂﬁrs%$e%@a5¥@nnﬁﬁk€rdP?1§€PECF@&éﬁﬁ§HQQN?arker'group

consi sting of neonycin phosphotransferase, hi sti di nol dehydrogenase,
di hydrof ol ate reductase, 20 hygronyci n phosphot r ansf erase, her pes

si rrplhex virus . 241 hynhdi feckiorasystaterdsidlaite s nadergint e ne

synt he-

5 second plasmid contains the remaining exons of said

first selectable marker.

25. _Thé vector system of Claim 24, wherein at
least one DNA encoding a desired protein is inserted
between said exons of said first selectable marker con-

10 tained in the target plasmid.

26. The vector system of Claim 24, wherein a DNA
encoding a dominant selectable marker is further insert-
ed between the exons of said first selectable marker
contained in the target plasmid to provide for co-ampli-

15 fication of the DNA encoding the desired protein.

27. The vector system of Claim 24, wherein the
first dominant selectable marker is selected from the
group consisting of neomycin phosphotransferase,
histidinol dehydrogenase, dihydrofolate reductase,

20 hygromycin phosphotransférase, herpes simplex virus
thymidine kinase, adenosine deaminase, glutamine synthe-
tase, and hypoxanthine-guanine phosphoribosyl transfer-

ase.



tase, and hypoxant hi ne- guani ne phosphori bosyl transfer- ase.
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desired protein is a manmalian protein. 29. The vector system

of Claim 28, wherein the protein is an innunQ%nggLLgb__ﬂ5———~—— 30.
The vector systemof Caim 22, wherein the ot'her sel ker
contained in the marker plasmd is a dom nant Am“gi\lﬁj‘@mﬂ“m‘

sel ected fromthe group . consisting of histidind ase,

her pes si npl ex t hym di ne ki nase-~ Bgdromyci n phosphotransf erase,
adeno- 10 si ne deam nase and gl ut am ne synt het ase. 31. The
vector system of C aim 22, which provides for insertion of a desired
DNA at a targeted site in the genone of a manmalian cell selected
fromthe group con- sisting of Chinese hanster ovary (CHO cells,

nyel oma 15 cells, baby hanster Kkidney celli,,CCS celb%, Nscgﬁflls,

HeLa cells and NI38 3Tfke|vector system of3flaife2fecMHETEMD diSf O aim
31, wherein the, manmal i an_cell [ $. N 33. The
vector syst SRHFTRE HFTOLD (2 r3i 1Y éilgactgﬁggégf pl asmi d contains the
third exon of the neonycin phosphot ransf erase gene and the target

pl asm d cont ai ns

29. The vector system of Claim 28, wherein the

protein is an immunoglobulin.

5 30. The vector system of Claim 22, wherein the
other selectable marker contained in the marker plasmid
igs a dominant selectable marker selected from the group
consisting of histidinol dehydrogenase, herpes simplex
thymidine kinase, hydromycin phosphotransferase, adeno-

10 sine deaminase and glutamine synthetase.

31. The vector system of Claim 22, which provides
for insertion of a desired DNA at a targeted site in the
genome of a mammalian cell selected from the group con-
sisting of Chinese hamster ovary (CHO) cells, myeloma

15 cells, baby hamster kidney cells, COS cells, NSO cells,
HeLa cells and NIH 3T3 cells.

32. The vector system of Claim 31, wherein the

mammalian cell is a CHO cell.

33. The vector system of Claim 22, wherein the
20 marker plasmid contains the third exon of the neomycin

phosphotransferase gene and the target plasmid contains
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-57 - the first two exons of the neonycin phosphotransferase
gene. 34. The vector systemof Caim 22, wherein the

mar ker plasmd further contains a rare restriction eﬁdev—-5~nuaLea____“

sequence which is inserted within the region of
35. The vector systemof Caim22, wherein the @ mtm’ M’DNA

t hat provides for honol ogous recom bination is &

viral DNA or a synthetic 10 DNA - 57 - 36. The vector systen1of
Claim22, wherein the uni que region of DNA (a) contained in the

mar ker plasm d vector systemthat provides for honol ogous

reconbi nation is at | east 300 nucl eoti des. 15 37. The _
vector systemof C aim 36, wherein the uni que region of DNA ranges in
size from abpyé 898st two RXONROJfIGhd hedlinkti PG 8®Sphot ransferase38. The
vector systemof Caim 37, wherein the uni que regi on of DNA

preferably rgeges in size from2 to 20 10 kil obases. WO 98/ 41645

PCT/ US98/ 3935

34. The vector system of Claim 22, wherein the
marker plasmid further contains a rare restriction endo-
5 nuclease sequence which is inserted within the region of

homology.

35. The vector system of Claim 22, wherein the
unique region of DNA that provides for homoclogous recom-
bination is a bacterial DNA, a viral DNA or a synthetic

10 DNA.

36. The wvector system of Claim 22, wherein the
unique region of DNA (a) contained in the marker plasmid
vector system that provides for homologous recombination

is at least 300 nucleotides.

15 37. The vector system of Claim 36, wherein the
unique region of DNA ranges in size from about 300

nucleotides to 20 kilobases.

38. The vector system of Claim 37, wherein the
unique region of DNA preferably ranges in size from 2 to

20 10 kilobases.
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first sel egigdplgeddar ker DNA is split into at |least three PCT/6R98/0503
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40. The vector systemof C aim 22, wherein the 5 uni que region of DNA

t hat provides for honol ogous recom bination is a bacterial DNA an
I nsect DNA, a viral DNA or a synthetic DNA. —41+—The
vector system of C aim 40, wherein the uni g ' f oes not
contain any functional 10 genes. Lml[mgmmlllmlll F
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39. The vector system of Claim 22, wherein the
first selectable marker DNA is split into at least three

exons.

40. The vector system of Claim 22, wherein the
5 unique region of DNA that provides for homologous recom-
bination is a bacterial DNA, an insect DNA, a viral DNA

or a synthetic DNA.

41. The vector system of Claim 40, wherein the
unique region of DNA does not contain any functional

10 genes.



