1 DNA CONSTRUCT, AND PROCESS FOR GENARATI ON OF RECOVBI NANT CHO CELLS USI NG
SAME [Field of Invention] [0001] The present invention relates to a DNA
construct useful for efficient generatpon of reconbinant CHO cells and a
process for generating reconbi nant CHO cells using the sane. [Background
Art] [0002] Various reconbi nant protein production systenms using procaryotes
or eucaryotes as host cells are known. | n reconbi nant Eroteln producti on

systens uBNACRMRTRUEEIAND ERAesBS FER SENMMBORION QheR FCEMBINGNhi gher

ani mal s i pejeeEngshysmies seffe be subjected to post-transl ational
nodi fications such as glycosylation, foldlng, and phosphorylation in a

si mi | ar nHneldrofdeveniieBe produced in vivo,” [0003] The post-transl ational

modi ficatigaokp Necessar brdht LiRGemRN CddEds @8 #TDRAY sbMiAR: Caderactbyi ti es
of native proteins by reconbinant proteins, and protein production systens

usi ng manmal céfiicienis gesstatione o ofeammginale CHA celivnBidadt PRRGSSEI o

producti on systg@ﬁgré;gs,@qeb&ngﬁghp@m@gglstmﬁ e ticularly required to
have such {)hy5| ol ogical activities. [0004] A% the present tinme, two protein

pr oduct i onlBagkg@med AGMO- DHFR systems and GS— NSO systens, may be nentioned

as mai n prjoel N pr Odu%h&rb 5%§E&ﬂﬁmﬂﬁ{ “%rW' r68Léthont NalsRRR UsRFhd N
producti ons on commercial scale. In these Eﬁ\OdUCtI on syStens, clones that
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plasm d vector wth proper drug sel ection process articular, 1n
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screeni ng process using a Ive drug thotrexate 05] However, it is
known tham%ﬁérﬁibtb‘@ée}@f‘lﬁ@eﬁ '@)Nb’@uctl on systems suffer from probl ens, for

exanpl e, idigfs)t he expiRresi Rt 'tr%H@l'auﬁrﬁalt R oliRE8Edn POt %b@eésfar@mfons' Rl Y

al ways |ncreased proportionall he nunber of copies of the anplified
pl asm d vERRTBAU P th:zitysw!crmalcﬁctlvmﬁs of ativk erpteiop byceeempignbpPraeins. cl ones
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after screening o cl ones having an increased expression |evel,
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sel ective gy HQd t8 ha% %E’H hQBlcRlcafbs@ppaar ance of the expression level is
observed P{F\Hrms es %k o?ca 1: JP 2002-541854T, NPL 1: Kim N. S

(1998) Bi &%ﬂmol ) |3| 6@?@ pr@gnt Bme. b protein production systems CHO-DHFR
systems and GS-NSO systems, may be mentioned as main protein production

systems using mammal cells that are used in productions on a commercial scale.
In these production systems, clones that can realize increased copy numbers of a
plasmid vector integrated into chromosomes are screened by combining a
selective marker contained in the plasmid vector with a proper drug selection
process. in particular, in CHO-DHFR systems, cell clones, of which the
expression level has been increased by a factor of several tens, can be screened
by a two-stage screening process using a selective drug Methotrexate.

[0005] However, it is known that the above protein production systems
suffer from problems, for example, that the expression level of the target protein is
not simply always increased proportionally with the number of copies of the
amplified plasmid vector and that a lot of time is taken for screening of cell clones
having an increased expression level. Further, it is reported that, when, after
screening of cell clones having an increased expression level, the culture of

selected cell clones is continued in a medium free from a selective drug, a



[ 0006] Further, in target protein production systens using mammal cells, in
general, a target protein is produced by introducing a vector containing a
target protein gene into host cells, sereening cell clones in which the
vector has been integrated into chronosones, and further culturing the cel
cl ones under proper culture conditions. [0007] The integration into
chronosones often occurs at random positions, and the target protein
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sel ecti NngpfANIAr GdHeCINEd PREE ce|lDQRRIMg Eél‘?mn%s |ﬁ Wt%ﬁlh@l‘u—ﬁ%ct‘o? Kk SSdgsed in
which a vector 15 |ntegrated into a specific chronosonmal position of nouse
cel I s (PTintegratad ita ghyoesyses And fusther sybudng s el slanesceider diropers ar e
produced pfnge@aamBheant cell clone pool by a vector |oaded with a
sequence having a base sequence honol ogous to i munogl obulin y2A | ocus. A
target chi®®8onal polhei brearation einfouairgmogemest oBen agcerpost tiaodorhat ,
when a f opgiifendanR ihe t'aFﬁé%er@tte?rfiexﬁr%@,miBBQ&féiEVa‘?‘leQ &Hsb%ﬁdﬁlg fh%ncélllevel
t han random i ntegration. ‘Accordi ngly, when rec I na
cl ones ha@icREs LLRRIged-exiprrdhas §ﬁmPe%I clgnes Wé‘géfﬁfpnwpfwlgﬂeefwf&)@mmﬁcy ina
recombi nafHat gkl & RE HQYPE obyj
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popul at i oBC§BD anrﬁ@%ﬁswlowgﬁar(m VeBOL B PIaseoa talk@s realokioh avqpk asWatousNext ,
target prpiddeBsdy AGHEhBGN L ARRS tdiadvol gsueﬁ%r rb@le &S XRCERd YickRy el Of
the marker gene are obtained by selectin ones 1 n
si t e- specPepetingfavatabidFi9aeson has occurred between the plasnid vector _
havi ng t Ndopy get Pr ok B,@RRfk, a80tdchfiql gnféorakéelaéétdem Aifith BV Y asm d
sequence. !$ 0 The above techni que 1's advantageous in reducl ng
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it is inportant that € expression o rofeing 1% ab mal nt ai ne a
hi gh | evePOS'WPﬂ par P t)redmtléhf idardibieg ﬁhlmtmsnﬂmig thate \eim eassfm@lrgﬂ @epk iss
i mpor t ant he.y t 40 t I f i of
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necessar yS¢eenng| @twegt |Vm¢fbdlna§@b§mlaﬂte¢60tr¢hege®tttm Bshrmarpn(IHP&I RaBrbawn, M
E. et al. d4393) Cytotechnology, 9, 231-236), and the expression |evel
shoul d be nai nfained at a constant |level. [0012] Further, selective drugs
incur an [09@Pkased cuftiechnigust fanthe atilizdtons afea tieking mtastsidars iatsor ease
in cost i | i L r e ibility
of i xi ngtForer it b8 200 Searal RopRss RelbbrRishpBlsude B s n:  of
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expressio 0 0, [ trongly
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ext, target protein producing clones that have inherited an expressmn level of

the marker gene are obtained by selecting cell clones in which site-specific



satisfactory technical studies have been nade on the stability of the
target protein expression level. Up to now, in many processes for
generating protein producing system the selection of clones has been
enpirically nade based on accunul ated data on growh rate and productivity
inlong-termculture. This enpirical clone selection nethod, however, can
hardly realize the acquisition of cell clones that have a stabl e expression
| evel ( NFre®@nBanatisn has omwad ketweea (b8 plBingd eehtvo | hegingathe tBigsé mwydtawer i ng,

81, 631- 6§8?&e 2R ﬁh ca P’y&w’g e ratﬁrggepltals‘%,(pgg(%&wdl ed in which a target
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menti oned as one€ exanp tar e hprt gene i's known as one
of housekesphplg, g@ﬁegec@namedt @mIStafe doohguwsﬁy ofiltuxed hithwot theeadditgon efxarrpl e,

in humans, s%?éé(tlgglagrbgrﬁﬁ%ﬁé@ﬁicﬁ%&?tetmetngrr br 9§Pﬁuea£|8 éseﬁhﬁt ShthinkQ 95[

6- Thloguanlne t hus, negative se ection 1s eas
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| ong peri od ti me have been acquire ucing a target roteln gene
into an hpy tmpastand todt thehenpnessien of mtemdsmawaoﬂ@etamed ﬁbat?Ndeg\haia
reconbi na - (B 5 NPL, .4 y t 2006)
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[ 0018] However target 1's an i d a gene Stargetl ng
f requency celbaivisionsars lg&nerssafatrfrcw oleneisgs ket afteruperstapishiyppet @iPlcul t ure

|1 ) | 273-
581 (NEL GESRAPIE £, oF abRiseh CytoldenhbiblR . 2o1- 50 i g b I et
| nst i t ut e shouldRedhaintainedBabh ogystandieneldi ci ne, voI 44 (2003) (NFL 6), it is

reported L(?)I"‘ltzéES cel | &,ang E,Eile%ﬁQe%‘?héé n'?cfu‘?ﬁfﬂ 'Féaes%gl %l €36l a Phg{ in

gene targ frequency and, 1n sona erive ure ce t he
gene t ar géha sgnfer dmeeniogulissan engreasw. inf O@EﬂtQ]n@nldeemoaheluriﬁTaﬁdn eCesel | s
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and the cOnstructton 0 pro el n produci ng system
usi ng CHOAcebidinghathe lnie&alodmmhdéd.te{:lﬁrﬂ@@e} Fdﬂvvaaemfacmm«age‘)fws:!fmdnrrespibat t hat

gene tar9ebh N fidSndifth B ExpRssion level without the addition of a selective drug
has been strongly desired.
[0013] Despite the above circumstances, it cannot be said that
satisfactory technical studies have been made on the stability of the target protein
expression level. Up to now, in many processes for generating protein producing
system, the selection of clones has been empirically made based on accumulated
data on growth rate and productivity in long-term culture. This empirical clone
selection method, however, can hardly realize the acquisition of cell clones that
have a stable expression level (NPL 3:Barnes, L. M. et al. (2003) Biotechnology
and Bioengineering, 81, 831-639).
[0014] A technique has recently been studied in which a target protein
gene is specifically integrated into a target gene locus in a cell genome to acquire

efficiently recombinant cells that can express a protein for a long period of time in



hprt locus of CHO cells. There are only studies on the use of special cel
lines that are deficient in an aprt gene on one chronosone of CHO cells
(NFL 11: PNAS, 88, 9488-9502 (1991), NgL 12: Somatic Cell. M. Cenet., 19,
363-375, NPL 13: PNAS, 86, 4574-4578 (1989)). In these experinents, a cel
line in which an aprt gene is present only on one chronosone is used as a
host, and 2.6 kbp to 4 kbp-honol ogous DNA fragnents are used as honol ogy
arns. As astadgimannes honol ogous reconbi nants of approxi mately several
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recombi natron i n on resume € usl ng
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cel | i ”e%ﬁﬁf%%ea Nurkrhn Tﬁ(aie déa()@c&lﬁbﬁé%@ﬂﬂé %}Su@gbagbﬁrﬂﬂﬂfaﬂf%étw 95,

1052- 1060 a reference eoreti cal
si mul t ane{RIEL SedbnBPGat2dr’ iMm NRb 4 HiaywosoifeEt As, 1@@2 BIPMBBWPGNAM in

femal e- degiyed k.hp;@%é%é X11Gar ﬁeQilnﬁsaH éxﬁé?ﬂ?é#o‘?%?%@&u‘ﬁ%h{y and

the other is I'n d ‘mat er na yAcco pol'ynor phol i sm exi st's
Honol ogy that gdeoh#0 slonesmiirecgmbinagt ¢adlsi mdrot aetls were Iaeqtﬁlr@iqhbwégngoﬁn gene
targeting a f e, e S t a o]
signifi caﬁp Q'ﬁquveelél?ﬂngﬁﬁg{] gencélbg%l%gz[?w%gﬂgg@%ﬁten%@w(ilrgea)?dﬁDg% tbb /igc%?d al .
(1997) Pr bemolgous [AdAtrag®eint aphsmalogy4arn®757- 9762, NPL 8:Selva E M et

et Acalh T S RoHe oG, MRES RTENE B rorfle astpldifpr O
(1992) Mokxamgpld of tBrgﬁltanIQfh%MJW‘SIPTLﬁCdBrﬁﬂW@ ;5078153f\énal e-deri ved
culture mE,ds i gsuch angwgv&e' ven, When! fife! ‘cégg&e;so‘c anP RIeX R4 %hésg‘ L

chr onoso n al so render e frequency acqui sition of reco |nant
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[ Pat ent Li2B&r(BiPLrg]ardof@a)al [Reportlgf the HIGsDit LBbeasitysREFrcl]instiute for

9(1997) - SHNRGAMBn Biology and Medicine, vol. 44 (2003) (NPL 6), it is reported that ES cells
and HT1080 cells are different from each other in gene targeting frequency and, in
somatic cell-derived culture cells, the gene targeting frequency is very low.
[0019] On the other hand, CHO cells are utilized as host cells in
antibody medicinal protein producing systems, and the construction of a high-level
and stable protein producing system using CHO cells have been demanded.
[0020]) However, there is no report that gene targeting has been done to
hprt locus of CHO cells. There are only studies on the use of special cell lines
that are deficient in an aprt gene on one chromosome of CHO cells (NPL 11:
PNAS, 88, 9488-9502 (1991), NPL 12. Somatic Cell. Mol. Genet., 19, 363-375,
NPL 13: PNAS, 86, 4574-4578 (1989)). In these experiments, a cell line in which
an aprt gene is present only on one chromosome is used as a host, and 2.6 kbp to

4 Kbp-homologous DNA fragments are used as homology arms. As a result,



[ PTL 3] JP 2001-516221A [PTL 4] WD 2004/ 022741A [PTL 5] JP 2007-325571A

[ PTL 6] JP 5(1993)-507853A [Non Patent Literature] [0025] [NPL 1] Kim N

S. (1998) Biotechnol. Bioeng., 60, 679-¢688. [NPL 2] Brown, M E. et al.
(1992) Cytotechnol ogy, 9, 231-236. [ NPL. 3] Barnes, L. M et al.
(2003) Biotechnol ogy and Bi oengi neering, 81, 631-639. [ NPL. 4] Koyanma
Y Et Al., (2006) Biotechnology And Bi oengi neering, 95, 1052-1060 [ NPL 5]
Porter C. hemalegauskiecgmbimants pf appropirsetebnsevesal clgge9 81 15 clones ppNpR’ 61
Annual Re i roshima University Research Institute for Radiation
Bi ol ogy a%gn%vgg%(}&rﬁeﬁ\'/ol. 44 (2003) [NPL 7] Datt, A et al., (1997) PNAS
U.S. A 94[0@237-9762 [TRPre 8] nSaeepert BN saquences of genoms)ofGamapitdecusl 89,

1175-1188 ' I, : ' A 89,
5128- 5132 dﬁglfe%e%dﬁdﬁgo%x%% "éé*gg‘é'é‘ﬁﬁﬁi’fn)spgﬁ%sﬁ? el f"ﬁ%ﬂdﬁ’&lz,
3365- 3371 of P10 re)ls PraSs gaproblepsitgnoal theoayts¢iNpll bz Bemances oiler tham| .

Cenet., 1QxoRé3raa b%l\gﬂagezéh FAGe RS0 74- 4578(1989) [NPL 14] Mol Gen.
Genet., 212, 301-309(198
[0022] Further, CHO cells are female-derived cells and thus have two X

chromosomes that have two hprt locuses. Accordingly, when a foreign gene is
integrated into both hprt locuses of the chromosomes, CHO cells become
resistant to selective drugs such as 6TG. The probability of recombination in
such two chromosomes is generally lower than that in male-derived cells. For
example, when the probability of recombination in one chromosome is presumed
to be 10° while using the efficiency of recombination into an hprt locus of a male-
derived HT1080 cell line in Koyama Y Et Al, (2006) Biotechnology And
Bioengineering, 95, 1052-1060 (NPL 4) as a reference, the theoretical probability
of simultaneous recombination in two chromosomes is 10°'%.

[0023] Further, in female-derived cells, one of two X chromosomes is
inherited paternally and the other is inherited maternally. Accordingly,
polymorpholism exists. Homology to genome of homology arms is important in
the frequency of gene targeting, and a difference in base sequence sometimes
leads to a significant lowering in gene targeting frequency (NPL 7: Datt, A. et al.,
(1997) Proc. Natl. Acad. Sci. U.S.A. 94, 9757-9762, NPL 8:Selva E. M. et al.,
(1995) Genetics. 139, 1175-1188, NPL 9: Riele H. et al., (1992) Proc. Natl. Acad.
Sci. U.S.A. 89, 5128-5132, NPL 10:Deng C, D, Capecchi M, R (1992) Mol. Cell.
Biol. 12, 3365-3371). Accordingly, in female-derived culture cells such as CHO
cells, the influence of polymorpholism of X chromosomes can also render the
frequency of acquisition of recombinant cells lower than that in male-derived
culture cells.

Thus, the development of a technique for efficiently generating
recombinant CHO cells that express a target protein gene is still demanded.
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[ NPL 15] Ml ecul ar Bi ol ogy Reports, 31, 85-90(2004) [NPL 16] Bi otechnol ogy
and Bi oengi neering, 91, 1-11(2005) [Summary of Invention] [0026] The present
i nventors have found that reconbinant @O cells can be generated with
significantly high frequency by determ ning a conpl ete DNA sequence
including an intron in an hprt gene of CHO cells and further introducing a
target protein %ene into CHO cells by a specific DNA construct containing a
honol ogous DNA 1PElgAedt 961997hd1ARE2A gene. The present invention has been

made based on S‘fﬁ'ﬁ.%ﬁbﬂ@ﬁ-%@ﬁ@*f@ ngly, an object of the present invention
is to provide a 7 construct useful for efficient generation of

r econbi nant CHOIRE} #EVWAHdO0RA/BR3ELLS for generating reconbi nant CHO cells

using the sanme. pP037)AepE7.40BE;{Q One aspect of the present invention,
there is provided a construct conprising, froma 5 end toward a 3' end,

a first honol ogdtibl BN Bf HIpRS07883A ar get protein gene, and a second

horol 0gougNENAAfHRGIR R ire] the first and second honol ogous
DNA fragments havi ng honol ogy all owi ng for honol ogous reconbination with a
part of alP§4%dxant hi nephosphori bosyltransferase enzyme (hprt) locus in a

CHO cel | genome gad 1pRH NG, 8, E@QBPBL&WL%o%. 56 87d. G 1kbp.

[ 0028] Accordi ng to anot her aspect’ o present invention, there is

provi ded a proc&¥BL2bBrayendyalri eigp!lr 88RbCHtaECDEDIYeP] 231-28& process

conprising intr i e ! CHO
colTs ' [0000) AfUEE R BalS, YO 3 o 2060 BBRREIOBY anE HISkAdfod Y 8177

t hat expr 833-G3% get protein genes can be acquired with significantly high

frequency. [Bi @lpDasioyBila0f @ AlDX B0bBORIaE Ao\ Khd idd ui\%priné, 8,2

typi cal di agram of an hprt locus of a line 1n a
to 9 reprd8eat108Qons 1 to 9 of the hprt gene, respectively, and sequences

petueen L he exongpf epPBRENE. LIHERAA J1E! BuBy. Biochem 2fdlas. Ay P O- 2 15 @

typi cal di agram of vector for honol ogous reconbi nati'on used i n Exanple 2.
Fig. 2 (A showiNBLGEAnopacBapelt of tige dineshima yoiversinReseayale hostifietei foed from

o ogobSCRifler BB ubdel ks 906, 8, Loctof ot o i no 2
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[Summary of Invention]
[0028] The present inventors have found that recombinant CHO cells
can be generated with significantly high frequency by determining a complete DNA
sequence including an intron in an hprt gene of CHO cells and further introducing
a target protein gene into CHO cells by a specific DNA construct containing a
homologous DNA fragment of the hprt gene. The present invention has been
made based on such finding.

Accordingly, an object of the present invention is to provide a



[Fig. 3] Fig. 3 (A is a typical diagramshow ng a rel ationship anong an
hprt gene region of CHO cells, a vector for honol ogous reconbi nation, and
DNA as an i ndex of genonme PCR of recontj nant CHO cells in Exanple 4. Figs.
3 (B) and 3 (C) are diagrams showing the results of PCR in Exanple 4.

[Fig. 4 Fig. 4 (A is a typical diagramshow ng a rel ati onship anong an
hprt gene region of CHO cells, a vector for honol ogous reconbi nati on, and
DNA as an Dhrjeenstrugougefer fprhgxfﬁfnedt sgre@tionnofesenepiinant Ggscells @Ry ahows
the result [Fig. 5] Fig. 5
is a grap O%\/s\nsrﬁpbé}%&“%%{om @éadrgm%&eﬁg(?o ugggsgmer econbi nant CHO cells
acquired |[%0@3€Iarrpl e 6Accgrding to OnﬁFE@DGCM 01’F|'ibe U%@ﬂfa imvgsitionl thewgriam of a
vector TofrGRHRd o A rc%?@fi‘@ét“@édwﬁr“s:?@“‘rﬁ% 3 g én&bcgwggﬁnél 898Hs, Bt
fragnent use is a typical

di agr am ermmqi@ngrlaNétfmmﬂtpa éﬁfﬁﬁbp@tﬂpﬂﬁngew@ ﬁé@p@ﬁﬂ bpmelqoose|INA g
vector forg Wtogous reconbi nati on, and DNA as an i ndex of genone PCR of
reconmbi nant "CHO cells in Exanple 7 Figs. 7 (B) and (C) show the results of
PCR in Exanple 7. the first @nds]sepp@d somjogoslSa QN &rapm@intsgr BAYIBHow ng
arelatio

honol ogou%eﬂowgg?lﬁ T8 %o@%gggugg%gﬁm?ngex 6{? ?@t%tg?fégﬁsy‘%?r%ﬁ?g}el on in
Exanpl e 7. phpisehorﬂoqswa%feda%ﬁ aoFEne Sheilli lngug inea ﬁé&mﬂ aenomEANTERaving

hybri di zatj %lhrb @Egss han 1kbp. [FI9. 9] Fig. 9 (A) is a typical

di agram for exp Ia| ni ng s of "genone PCR for the confirmation of

remai ni ng [6@2@ wi | d- tﬁs@omg tgaarwther axmatcdf] he mesedt dweAtonobwreds| ef t
in Fig. 9 t the
cont et of L UIEGHRTE oF obhpBRY REc B ERt SO SQ18, Hetohies RamP D
cells, andntfmcd?gaweﬂ@clwmwmﬂggm ONA eonptrugt indg CEEdasIsPCR i n

honoj unct i ype rec pﬂq% of
bR i n B 4@6?% %(Li&b% t %‘?éée%t u'fvéhtlo% (v&)onftﬁclg%\ﬁ ?ggr gﬁi]%;waﬁ

vect or f oremmﬁsl t@gm@r@t@meﬁatandw amtreldawtfasmnfﬂwabtﬂy highdiesgensy. DNA

fragment apd Bq%g@?gwg, onoter used in Exanple 9. [Fig. 11]
Fig. 11 |g egli_)a r Ishovmn productivity of antibody in Exanple 9

wher e achDG%Qi [F@cdhbﬁmni Im@wealld;aarra@ﬁ stibodiprtulogds Phe GHOJRY cpérined of
time. 1 Fi t I g for
honol ogous rechFrgo?Aat f%]c())r? t]ggdgll?er{J %xé;nrtrpel&gh%g ttoﬁ%?gﬁlﬁrh i %Q 'be%p%gt?r‘loel%gous
DNA f r agmesitd sequences bgtmegn thgexehgreprgsend intrangpl tad. di agr am showi ng a CHO
reconbi nant vect i:0Q erd f g h e nd a
chr onosone corrpr[lp(g’l' Eg\ﬁ'ﬁe j\\//lchs:%t g"r ﬂlyﬁi?gigr%'tgg?ﬂ n?gag %B%g@? g@t&yy&ggd in
Exanpl e 1Irec@hginalign (wgeds irovisxaaplecd.or FlgavZ nid) awqmawﬁctpf at:rmtalm@gu anal
structure \gpch s f e i B)
shows a vect org?]% ng a%@;n%‘c" Er%@%fé'%"mﬁ Téﬁtdreggﬁsﬁlétl Ii/é:trfI (rB|( ption
of an hprtSﬂOMuQ verlon cohtadning cndostalegausr ONAT fragmeng demtvegrﬁ@mohumang 13
(C) shows ¢ ﬁgushaw ng a structure that MAR is transcri bed by a CW

pr onot er and a chronosone structure after the integration. 9 [ Fig.
14] Fig. 14 is dFgr 8pHFighduihis stigpichi diagram showingdg rgtadidnshipametg apio
cells acq I i i 11.
[Fio 1] HE8eRy rdybh S CARITBIERS vollSF ok otRYloRB,g BEciSafaddh, SHRBAR |
havi ng a hasnah o*gggxa)frgelnen@tHﬁCBfofzemalngAg CHYcellsORd yeanedi ndmgs. \Bed)or

F g 16y e Phar o B hfiing Bl by B Bt T hant. vect or
havi ng a honol od¥igardhHigngt(A) aakbwal dsgcam rshExmg)Iaereiasi.onship among an
hprt gene region of CHO cells, a vector for homologous recombination, and DNA
as an index of Southern hybridization in Example 5. Figs. 4 (B) shows the
results of Southern hybridization in Example 5.
[Fig. 5] Fig. 5 is a graph showing the amount of antibody produced by

recombinant CHO celis acquired in Example 6.



[ Description of Enbodynents] [0031] DNA construct One
feature of the DNA construct according to the present invention is to
conprise two honol ogous DNA fragnents tghat have honol ogy all owi ng for

honol ogous reconbi nation with a part of hprt locus in a CHO cell genone and
each have a chain length of not |less than 1kbp. It is surprising that,
according to the DNA construct, reconbinant CHO cells can be acquired with
significantly hilgh ¢k efigenby idex plypicat hdiageam oha \@avredpt shamolegove X

chr onosongsecor¥sifaticH RSVih® at6. W f r ' t4 on, as
denonst r at e%l0 in E)Lanpiﬂ’éﬁgg j\;\ﬁlkghuhv?n | II Jedégléeggrfrlagg%v?gtgg(?m L:ELE%}ﬂﬁliél'cﬁdrrbi nant
celI's are obtai ff¢8- Per Fisx 70U iger fwpicahgliapsaey sainaforalatigfishireamieny a

est i mat ed ORI bdgioh 8f CROTHLIAREA o fF AERIIIAdLR el BridRialioh 6T BiNAT the

two chronosones is theoretical I¥ 10.12, this result is a surprising fact.
[0032] I n PRETDRASE 8hELRQIBe PAdR 6F (R hinantHeHBroedem Examelst T.onfiga. pdBl  of

t he hprt Iang@?]isﬁo\@tﬁ@y&%qtsroggi@pinoéxm%wgous reconbi nati on. The adoption
of a part of the hprt |ocus as the target region is advantageous in stably
expressing the {Pgek pidotBelM igentyrignl dizargm shaming arigletienshin mong a

i ntegrati gpridfedchRglMNoCer® B d WM@ort fof Ho oUsERBMbinatiBh S RIS ' ed

fromthe viewpoints of inhibiting the t_ransﬁc?ﬁl on_and expression of the
hprt gene 2Fo?f AR PhSOUthesn fuReidizationfintixanmpet 7. olide Balf) bf #i dneram y
acqui ri ng shewAIFhe38uIeedfl Sottern§4BHLY SIS IPELARPIUS N9 6-TG or the |ike.
[0033] The target_region in the présent Invention nmay be properly detern ned
in the hprt | oclid9a8] FénP &) ie WRisrdiggem dpr exelaining eetals afedanagene i s
not i nhi bipice for\he Bohfieh 1Al &t rk@aglity an4 V\}ileﬁybé ﬁ&@ent@g < %%Fﬁs.u\*he

fragments necessary for honpl ogous reconbi nation are ninto _

consi der aff3MnItpeatedlgfein FigyiSoid)ishopiscl €Rab|Wiltatype ol esdiat Hiendiawing | east
a part of |ddatéPBEtHRS cddir oflPighBr(a) 8BRS F R'iﬁ'%@?&un&ﬁ%@fp%%% bﬁﬁ.ﬂ{“ ors
have now det erm ned base sequences. Specifically, Tntron £6 8 Shown in
Fig. 1 whidiowrels bandethe Bawinatlesatedmnyighte ifefitd. oRedAl hehiowsa\RCB ase
sequence 'h@ﬁfoﬁiﬁ%‘ﬂbﬁ%ﬂ%’ réddmidhamESbRdNeS - Fﬂg@ d )2&’]0\'&50&1%4118-gnﬁ8 LAPEg

regi on according to the present invention may contain the whole or a part
of exons HHF%®®Rte 80 the introns. Specifically, exons 1 to 9 shown in Fig 1
may be mentionegrjas {giergxop iBage rgo i by
access to knomg:j'gt atg;se,% for Iexanﬁ?@%%gﬁ%ﬁ gﬁaﬁ Eﬁgﬁ?gr#afo'?&ﬂl lgpgg%nol ogy
| nf or mat i 6PCABRLINEION [thaBFiasn a Hed-pbesbamologeent PO fragmerdgend ONEHO
fragment s cRERBERARYS okt A8SIih Bdah® §n in the hprt locus may be properly
constructed by a person having Ol‘al ary skill in the art based on

i nformati on abolhi9t H&l &ig ahdsrendinasemashbwingi thebprodusiddiyent estibddyi it r ons
and exons gyBrdhe NRhkrd i j j e

construct gc_cordi.ng t{) %&gﬁlﬁﬁgéﬁmgﬂg}éﬁﬁﬁ Cﬁgglianrs ?thecuﬁgn}%:ll ?J%O%EN&IA

f r agment s PEHRAd PEtiNGt egrated into a desired target region in the hprt |ocus.

Enbodi nent s of I i 106! ; in j e

di vi ded by the Fﬁngég?%f%?% ?ﬁgﬁ‘ﬁﬁﬂa@gra%?%u@ﬁﬁ%ﬂvém?%é W%géﬁs one or
Gonebigati hoip B latl@ghat

more exonse igaliet egecon templati@ghal hama 8f5-kie hoNalagons tNA fragh@nt.a type

i n which one ex i al ik ki ; ; [ rat 4

construct and tﬁgg'uil?ﬂag@hgtér%%t{ypgtarﬁ? ?{aﬁé ﬂph@“f%éﬁﬁ@?ﬁc?ﬁﬁn{&&%@%@%& (4)

a type i nhakingh MAR r derivest drat vadbdmby hhe gabegindtonorndf at lsbrddhfsome

ntear ati Saop REUBRRE: Mp AR Pygla GO 1dcA S8y ERRARRTEY, £0°

i ncr eased 1TBo(Awshpyst heVWtOédrae{t'rimmnoﬂ\ﬂltﬂﬁenwaoammtiumt shnidtura eamNAa

construct kSl i - L WO . Ot . 36] t chain

| engt h ”e%@%ﬁz%fﬁﬁgﬁ%ﬁogg%{‘%z%?@o%t iFI(#i {és)@a?(ﬂeog% %tvg\é@gr?sa Pgﬁgr%ti on,

as descri B#dctappbat t DA tfarsgri tac deardicriptiaro afhenphped elvcus neehta on i s

Phe hprt. Soan o eiubB ah EMSTneaRE 1.t (EF St BIeb P holibi 60 The

first honsirdgforstrBrMAR igiremscrisad byleeCHBE prodh dienahod gahsorbbiorhe symeate

accordi ng t invention conprise a base sequence described in

any of SEgtIQbfh%ggt.%’g%%tﬁo 22 or a partial sequence thereof.



[0037] The lower Iimt of the chain length of the partial sequence is 1 bp,
and the upper limt can be properly regulated in a range of chain | enghs of
base sequences described in any of SEQg D Nos. 15 to 22. 11 [0038] The
honol ogy between t he honol ogous DNA fragnents and the hprt | ocus may be
properly determ ned by taking into consideration of the efficiency of

honol ogous reconbi nation but is preferably not | ess than 99.0% nore
preferably not [Egs14hé&in. 9Bt 8@ gitaphl shrovieg mtadidy abl gntib@d@%o prédectitonof ogy

The ko, O B0SH] FRPRNER8ia. CRE RRaRl feng e FITIAEIE WAL Daslh REBHERE G,

of not ledd.than 1 kbp, and this chain length is preferred in achieving

frequency. The Toherdh ek 5 gt e SRR Lhbuid 2 STt FBRBhY vilF

f r agment s hiagingr affemadibgy ot leagth PARD0RXE (BHpandTheCtigheecdmininaniofecthe chai n
| engt h of 0 i ty 7.5 kbp, preferably
not nore th%gﬁgga %Sﬂgﬁér%étﬁfc?%ﬁpﬁi%&ﬁ)tﬂ%dl @‘V?\iex%nﬁﬂﬁﬁg of the chain

| engt h of the hfnp! dGlokig. DBlAs far tygivahtmgnay shewrpdiHY reonbimadt vectdef i ne

t he chain,| t t Aents. Specifically, the
chain len&aﬁi’ﬁ%g&%@ﬁ?@ﬁg%{rry I%ﬁ%ﬂ%’?ﬁkﬁ’%&%@&&%@gi preferably 1 kbp to 5kbp,
nost pr ef éPadriptign Bf Kbpbadynenkd)p. When the chain length is in the

above-defi?‘&d‘ r%ﬂgﬁcnétnﬁtf requency of acquisition of the reconbi nant cells
can be ke[g g(l hi evi ng honol ogous reconbi nati on of the DNA
construct with signifCo@enfféature gifi thee e ons{roCi4 @ tordinge tONAec orestentict
accordi ng; he pres i v i t i r |y
codes. 1 o MiEsHER IR 65 E8heHE 305" RnobbBut BHRIARG AL " HE AELRALEE

st r uct ur alallgeimgsfor dninadlngogs nextomizihationt withsa gharti ol Hpift rlocugenan®HDNAelhay be

it abl i i Mg, ' -
oot o o LRBPEETEad AAIOF EnBhILAUR AT esRIREN i, oIS Fpnhoafid
factors, regoldatgty tipe A menstind, recapbiopst CPHefalls exbrabe ammpuired owdih

ant i bodi es; opa| i e 2r i 0RQj et.LNSx AN LS -specific
pl asm nog%#rﬁg{aﬁﬁgtg g g%qlb}rgﬁﬁﬁl %%S ,fr‘tg té'(h}{ oi%g{ g%%?v%’#?r &eﬁl%oggﬁ re e% abl y,
t he t ar getchprrotsimegensciéadingt tgtla diNAscanstragipoédbe opreamitt inventian, nang

el ement s NeeeSSAbkd A ERUSS) ﬁﬂicﬂfwiﬁ%%hd&scriBEB teﬁrm%e%%%ﬂl%‘?r?aq%%us
transcription termnation srgnal’ sequences Tnto the 'hprt 10ocus.” I'n ohe
enbodi mentaref obtamedr @eentxilveantis.on, At heedcaibgdt apowt, eisimcgethe | estidiatpdsed as

an expressj it i ni e a. ter s g
o oxbr e bl SR8 dlor SRRl AR B e APHEER, fmBiomes
const r uct iimthewesticallg d00% thidopsatisi mswiprisimgtfhet. el enent 12 necessary for
expressi o be end 0 i . LS..enbodi pent fall ,thin the
eope. of IR, ocent ThORAERASorsHlaS FaieRine dhdog PRaEt e T ity on
term nat i dme spdriadusnaya faeggiregienlof hdetadsguusedcompmatipng, Themdegtorpbiea upon
the type an r rti.es of the target. protein.gene. .EX | es _of suitable
promot or S0k BrBE Bolt s Il 0B IS BNAT s iy B Rpa b o
sui t abl e targes prateini gemet @t aihigit level. sifuntier st Uestegestionnaf| thd NBGco psityct A
si gnal SeARENHE tgrggt Sr(\a/éignpgl %Is’g‘ ?Jlrqurarcled Sf?&%'e{%%e%iewpoints of inhibiting the
transcription and expression of the hprt gene to inactivate the function of the hprt
gene and efficiently acquiring recombinant cells by negative selection using 6-TG
or the like.
[0033] The target region in the present invention may be properly
determined in the hprt locus as long as the expression of the target protein gene
is not inhibited. When the chain length and the like of homologous DNA
fragments necessary for homologous recombination are taken into consideration,

the target region is preferably a region containing at least a part of introns of the



[ 0043] For exanple, regulatory elenents for efficient expression of a target
gene (for exanple, enhancers, IRES (internal ribosone entry site)
sequences, LoxP sequences, FRT sequencgg or other reconbi nant enzyne
recogni tion sequences) may be properly selected and used as the el enent
necessary for expression other than the pronoter sequence and the
transcription term nation signal sequence. The regul atory el enent may be

di sposed dprta gpneperFgogittdnen tha plresesk pnexdosn hane t nale pdetdimigedpbase he
propertie |l e e ele : r cted
by taki nggﬁﬁg%ﬁ%eghs{%gﬁg??%?&%% iﬁéﬁﬁ?@‘?ﬁ?ﬁ@%ﬁ?gﬁﬁ“’c &v%@Bgfdétéﬁés%gr get
protei n. [@6447®r ébenaftignedt thet DhlMe adresier seriuenoapepeesitednbyadaly of ®EQ o t he
above el ey 1§ tQ%i tive selective marker gene. The positive selective
mar ker gene nay be properly disposed in the DNA construct as long as the
honol ogoud0@3Fionbi nat iTor tagehoegipnrEchotdit tobenpleesntohventionabig qootdini ve
sel ective rkek es,_k nel i D [,eS] t y i

ot st ant ‘Honigie §E3%ar BE el RERKAL s LRSI BIGAS; BEPERCAll AT B, ang
gl ut ami ne sbpwnhiadég.geneay . beTmentisredbs thweeposi t Base swueotey tharavkem bene i s
advant age 0.t I ect.| f.re .na I 0,
positive g‘%ﬁgfé |o%ﬁtgﬁgé%eégﬁ?n\?gnsg%g@%sgh fé)ry%?%@g&’ \r}ht %ﬁorﬁeﬁ ?Egtegprij gene
can be ap@ivtedhreidgy triiosnatioal afdI$dsiti ve clones can be significantly

reduced. | ] Vector ; . i o the

bresont i 100 on can Thi% ReagrtnLnton SR DsTRR WAl esE R gloB8us

i nt _r;)dgct itoﬁ dasioedh regHion delthe denmb foeus They \kecpmpedy stopsirusteddty paparsonl ialrl y
imted a g nstr can. g e

genons. by M5V REa T SKT fR"5 tiEkaral Bk A A nk Pt

vect ors, cuosithdirbast seqguerpleagd intemtsoars] examsantthé hpit ddcushehomwsiorfég vect or s.

13 [0046] The DNA const C i . K [ i t

vect or conprising the Trﬂﬁzﬁ)régncs%ﬁrgﬁg@g%cﬁcgr%ﬂ ttgéﬁis%ﬁbp%ﬁgb{é%%gﬁgg tng

conbi nat i dwnuflogouseBNA fragroentercaynise oitegratetyinte acdésmredanyed regigatindhe

reaction. AR, ONBhEHG AN oRieRI T FAMRCI BN LGN WRRAbENE gan be

construct ed,” Tor 'exanple, by I'ncorporating a restriction enzyme recognition

sequence alivided by ghdsnteframohofctha SDNA@nstruct, (2) payfeoimivhizhaord eawiang

reaction w [ C1i n t he, e [ L4 e . vi ng

unnecessa\gftogﬁlirésgg%éénogég% %}g%r@?r%?&heoggﬁa%%%ghéﬂég%e%@g)lsé '\B\n%?}ﬁ\%gg coli)

by t aki ng-eoxdbh iefargplifiedatrd type fyothel mdegratiogaifitba DRActdnstruct atthaghe d3NAt ant

unit. [004Z V.eC cl.ed the ligatjion. i i

ur 1 cd. Sebrras i e M BRI et D8V 1 AR Al v 1

host cel | gligded bgsh&.integlkationoof thea3iNs akbotiedSwaitym: tralvhivg omd or more

consi der at,] 0 | -ty e LS. [,004 ref er.abl t he
Vector acdbfanngedsend e ueb ol g Dt e B Rufler oe
oper at i veligtrén jmirededased toeti@bgehe pniggeationgeinthe ThNA expmtressiaod tbé DNAor ei gn
ccurs through the inactivation of

enes integr dnto the CHO. hprt .l ocus.

'?he promtcgpg&gﬁe’ﬁ"bse&tg@t%ﬁp %eéwgg?l%hes FU'GPR t hat causes expression of the
target prdoe3s] gene byWhére tigHERdia |pngihmoderesemgoigpe Mmool egouSHEcosbatatien
expression_in the, CHO hprt .l ocus s ssible. ][00 Pr ef er abl i.n_the
Tantor nods Bk Ty conaBkatioRs S, drbehBeE b0t i RE I EE Mo sonntiBe P
¥ect or hi n]'Et_be Preserrimsatie f n iﬁ mﬁférelnlslhhMtufleOLwZItteaire;;iolnegimain_(riylﬁﬁ) Eeﬁef aved
romthe fjrst..intron t un| rt gene i.s_naintaine suc

st ruct ur e R RS Peiailodti AepBidindlf R pis o rofing e e doS S Peaniar 1 y
occurs at ihventiont &gy &itgt dronsoldbgous\BeIA fidgineht hhe the eoodp hbmpdogduisDNAN | S
mount ed on_t he \{ector i e . " eCco

.|nttg1e abovtstr cture, r. rgt[%i nant CHOEavingd

expr essi or SEHI ALY WU DK EFRT e'Hi’?’y"’d‘e%"é?%‘i'Seed? BB SE R ek

appl i cant dn bayef SECY D tvky 15 6p0P bed gditd! seqlienes thergefne i ntegrated into an
hprt |ocus.js,.stably ressed in HT1080 cell . .line,. a human-deriyved cell
Phe (PTLI05UD 5004 CiByRveE mtiasihe Khag Padifior tbe Rhral sRilEege " §°
Bi ochem 2kfhd thé3udt)limifoan berpropérly sedutated it atargesdfadiidin nghsfadiase
called a nucl eus/ matri dhesi g j LS present in the first
intron of YREHCHE esi%ﬁépgé%ﬁgy eﬂéﬁfg‘if%ém% ?I%‘SG facts, it is estinated
that the stabilization of expression in the human hprt gene is realized by
the contribution of MAR present around the integration site.



14 [0051] By the way, the hprt gene is a gene that is comon in many manmal s
including CHO. In the hprt locus of CHO it is estimated that difficulties
are encountered in selecting integrati@gp cells. Accordingly, exanples of
cases where the hprt |ocus has been used as vector integration sites are
not known. It is common for a person having ordinary skill in the art to
consider that, when a foreign gene is integrated into the hprt | ocus of
CHO, st abll@0#ipr essi ofheshquogsgp betveaen ﬂDEhbwmmOgeM ONAdbagrents ahe that r on
sequence @f, p u erly n t he

hpr t gene%(g){t f}f‘cu@ Hagng‘éaﬁgog)reri |s?fr?§m act bk’ te‘[%@%% Eorﬁ)&g@%ﬂa{ ?ﬁ ?f(r)n r%ns has
been el ucﬁcﬁa:ﬂ%l‘cbyf of hpmldgoustrepomﬂblmon HHJtpE;e;St'ef&rablmvmtt less .tham Qrga@%, as

denonstra [ i ntQ .t | ocus
of CHO cottﬁ% bﬁﬂgtngﬁﬁssetkgﬁiggéj g?b%?gflglré}g 6veT?\8 ‘{}1 en a
forei gn gemay b% prmeétyr@temmhﬁd ofot legample; by canedy sis wmai@N/a speusmer hva\tmcﬂg

ordinary gkill in the art would consider that, in CHO stable expression is

possi ble as in human cells by acquiring MAR of the hurman hprt gene intron,
mounti ng VARYn a CHOFudbenithedmaiegeusr PNAnttagmeesigr aveng ahlaen lesgtioofi nt o

the hprt |QeysOfhafH0x F ahd @ﬁsvﬂtﬁgwsfeﬁigen réaﬁérré@'lﬁlé'cﬂ%’vmr eh&%ﬁ&ﬂ@ﬂé are

knownthat parti al sta 11zation Ized
vect or andee¢embloplign phtheg P eanstivet wﬁbtsaumilcmrtblydw@mffr@nusmm dTheGBI@eor

hol di t ; ) X X t.,

220 501 S0 BB Rin AREK of T RAMAREIERS BUATRLllts plbredfBly FRNppSne

(2004)). Ithan ReBekhrel athsl woper lindt f ribet chainilangthi of tMAFhdrsolnpous éINAN t he
X L ale (N

Lector 20 nekAaReld LA MRPHBIME MEL chBeksh by hEATSRE S5l Nihobhept 2

with an e)tip“ét:@@l thenlowr tlrh‘ié af dingyebaipriength rof ymmompbmscs QNA tragr(nNPIs rmsy is

adopt ed. 0

descri bed %a?%]rpgp\l\ﬁc\g@be'% e(ﬁ;@ygﬁﬁ%%%&ﬁﬁm {é Emzus Afld—ignhgﬁ ?ruct ures
of fer no §1‘8@ma‘nt%an$p€eﬁfﬁ®div thedch#insleagtd lsngz@tfwsbbfcﬂd@ foof . 5 hhg treren
stabl e ex n. e kN f achj t ahl.

expr essi oﬁ;;&n%%t L H)? r}?ocu %éwfégagen’(&;ngﬁg{fs k&% \ng}éﬁgél : "g
necessary I%mg*thcwume i?@ talvaveKafned urange, dhet frequenayorofi scquisitistr dbdde onl y

by transcrip mQHa{IP%OJdn%Q?%;Lt J¥CWh e Q‘&h:&\nﬁg\ﬁ%ﬂo%gdd}tr%%n%%ﬁ%t@hto?

[ 0054] Reco ration
r econbi narie DIH@@@SItwcawdbrsmmfg:amUymﬁgah ﬁm:(amv i nvention can be suitably

generat ed B¥adint rOguChiGnL NENKES Aol RcGHENG S '@O pfesent invention the

Accor di ngl'y he reconbi na S accor pr esent nveht i on
conpri se awgekogﬁamweneap@eraplyoe@ias @emepnorhelegrsafldcha atroedipne. | cONé- I n a

f d £
el 1ot ndoTas FERens b YflcARaNhehtY Eahiing uiF ESRLRERIN o
cel | s ar e gedoaet AydOuvay nb@tsa.hﬂajoiypnmdmﬂ rp taangeet prrotedn r@ersa,lchSaecmc

Cormonty SX8eRest RETro8! Bratein? aBplcr chEReRE, Bhalinet Sk lines nbovnenss
Exanpl es @baguletiomeffididss, | meguldira padteineam phds phegorset hoBrefamed are
et hodusi gD a8 e BanbEelona U 88 <l BfrossTeilben at LBRHE Ske 80t 1 oni
l'ipid. y%msmtueogmaohfvatsrscrycgjram;lpwtembmg an:Hyatarso be adopted in which the
Phon 1 ntr SEHA 1 rro Brfesoy BB BT e g isoR ol b P RSOt o
or the tangé#tcoptanieprslemantsorskssaratforoexpméssonof sudh Mpafnfld:te'r sequeresd t he
ey PR B, e B BBl ub 0 TReiLGT, e 0
be prooperdmbalipented! thEhpesenbodienton, thiestardet! protein tgeina mhﬁsmseﬁwsofant he
present 'Q:-\f(ﬁpéss%r?\ umoé r]talﬁ rge%p'iggstOf Breolnlmtla} rf]\s(?aquence and a transcription
termination signal sequence in the DNA construct.
A construction may also be adopted in which the element



In the generation process according to the present invention, after the

i ntroduction, screening of reconbinant CHO cells is preferably carried out.
The step of screening can be carried oyb by negative sel ection based on

i nactivation of the hprt gene. Wien a positive marker gene has been

i ntroduced into reconbi nant CHO cells, screening of cells can be carried
out with high accuracy by a conbination of the negative selection wth the
positive d@cessdrprior ekK@EESpnImandei endngenous lie CGoweellscr Ebisi embodittentls, f or
exanpl e, A trap nethod may be properly
used in cg%ﬁﬁgﬁﬁgﬁegt gﬁé@%ﬁiﬁ@é}ﬁ ”?Vn ?hé generation nethod according to
t he preseri@043rivent| on, h@uptqm@temmth@érammlﬂptm deminaiionsigral pmsslbée by

acquiring g Wbﬂé;'t@ m%e@% @Puﬂg i Ié'aﬁéicfer\_a‘!h'&ztkglgta}hgﬁ) E&l@l Ijaps CHO

cells to a mca mor the 'li or the
nat ur al i zé@fgéh pielgith@epeop&xbinptRst of rauitebled proemeten gedpemcashscitdst €M

reconmbi nanfoGeldrs - and@Vﬁ@%@%P{%ﬁﬁceé?aﬁlgl p&fompléqtrgﬁ%nﬂg}|oHrt8Prﬁantion

Accordi ng to anot her aspect e pres I'nvention e i's provided a
process f @igns @éguem@sancl@zdge&GkjrmlseM$lgnﬂlesW®ess andnpv4& poy @rsagnadh ng
the recomyipaplcdHO cell's and culturing the cells to produce a target
protein. Accordl ng to this process, the target protein can be acquired in
an effici éd®43dnd st ablFer ra@nmile, [«aNéApHhelamstite foustitient emesslerp off a

culture iR 'a? ér%oe(rr%@ hﬁﬁé e@nhaﬂé@rgoné rabﬁg@#naire% offf n@ﬂtw% on the

state of nant I's but serum I‘'um
t he cul turSQQ&al@@QeSan@R%éepuemaScaFERﬂSnS@(D@tﬂCaS eont akiar remoondoardi deryné on

pr ef er abl o) u nples
0 st + abl &SP FelfleA T hay (0P EBEN heltcifls “anfyBED e Bk denfat
cul t ure neRBERATE ehexessien othaulthan ¢herptdioeter Sequdnmecand thet warsanetibod, and

ref | Ux_culbiufifafis] Aghal! @ ABRLI Cable @5, ity CUBIMNE 1B A0 uichB06F]YaL i ous

met hods used I n e generation of reco are descri in
nmor e det aifropgropogifianphethe expidssians ubiél dep@undirgntupPn othec prapertiesvol Ebell ar

Bi ol , gp%]_g I 9 '

i Ingo?ggrat e %,\ﬁf rng %ér%encg%ﬁ %&%}%Q?#Exm%r%l g%%prféggﬁ%ﬂge&gggégntt%m via“ﬁ i on i's
further ildopsidetation, ty expepiethenrotycExitnpl the tatgst peoteinnot i nt ended as a
lim f[af[i OEO?’%}]t he i ny‘?’?éf.e%blh the DNA c?nstruct HI}HE ? |f1(§o]dﬂmnr}g tﬁé%% }5 nts,

condi tion reactions sucfi as reac riction enzy
react i ons.elementsi gatasiiversededtiverrsanker geset Epe ma&wemlem«vdlmamas gene

d t I 2nd
i 1 on - a0 PruleRs) UsBhsadin TS 1ORA CORFRIOERS: dho B A, RbmtcBLEY, O1S
pl asmi d veetanbiDiiien obtrat n@dbltm Exanoeias eof swtaéaled@bemne reedieative hmarkekA

sequencer 310 FRRGL! feBNALNSELSARR! AGLoB! 6 oRR) Alibresl M) qohBIDL GG, 2 1 2

and 2 corres to fi secon £ uctording to
t he presenesiptantgenes, dingdiodaaievedductase genes, and glutamlne synthase genes.

The use of the positive selective marker gene is advantageous in that, in the
selection of recombinant CHO cells, both positive selection and negative selection
by inactivation of the hprt gene can be applied and, thus, false-positive clones can
be significantly reduced.
{0045] Vector

The DNA construct according to the present invention can be
integrated into the vector, followed by introduction into a CHO cell genome. The
vector system is not particularly limited as long as the DNA construct can be
integrated into the CHO cell genome by a homologous recombination reaction.
Preferred are plasmid vectors, cosmid vectors, phage vectors, or artificial

chromosome veciors.



[ 0065] Exanple 1: Acquisition of information on hprt |ocus DNA sequence of
CHO cel |l s A CHO K1 cell line, a Chinese hanster oocyte
cell Iine, obtained fromJCRB Cell Bank3(Cell No; JCRB9018) was cultured in
a C2 incubator (37C, 5% CO2) using an AMEM nedi um (conposition; Advanced
MEM (A BCO), 5% 17 [v/v] FBS, |Ix utaMAX (@ BCO). The culture solution
thus obtained was centrifuged to obtain CHO K1 cell pellets. The pellets
were treatl®eFli t h DNA TP eensiiuct Repording & Ahel Presantdavgrmtioehand the

Di agnost | %cf@r*&ohﬁﬁir@bﬂwé'mﬁ%ﬁﬁﬁu% saRYSY c@h‘@truét@&’%”ﬁ So@bin3Rbh of| OCUS
of CHO K1 ceIIs wer e obtai ned by PCR (KOD Pl us ver using the

genome DNA ESUCHOBrIZAME. ClPAYNG TageiaTt andvar iakiongmaaien. n A A gongheRt
primers thald H3dcheeRnpiBihg M DRA @Ratubi ea 'b@rbd?'lfstrha%dnérrm‘gswyj‘e

prepared by reference to primer sequences descri bed Zu et al
Res. 1993 B%@}mg263Teatgctiqm@nﬁvmﬁefiecgewueﬁ@@g%% a4 sbatip| ensiRs of peoB6)

Fragnent %oﬁ@ﬂ%@n@ﬁhiﬂ%erf&mn%ﬁt&@é\ﬂ%?aécﬁ%ﬁ%ﬂt@%Cre%ﬁﬁﬁioh?enzgr%gokEﬂwé\b 1)
Fragnment 1 antisense priner acat gt caag gcaacgccat ttcca -3

No. 2) Fr dGFREHIILION SEQEBNGR.| FRIPOViRg - U@W%@@g@% tSFOCeneRs déﬁrgﬁxa@p!e( SEQ | D

No. 3) FragePating2slidh8OSMnI EMBEI) 1y takfidCsh bt bEE ARG JigatigkQ I D
No. 4; Fra mentng3sﬂnge primer: 5' 1) tgygc?t???gct E’t gattta%aarg‘?{(::baacltgl 3" (SEQ

I D No. 5) 'ERGReRftthe remitesbuRie prinmer: 5 - cttcagtctg ataaaatcta cagtca - 3'
(SEQ I'D Ngoody) FragnmenthedvsRMSBNI béfitructed by the ligation reaction is purified,

for example, by phenol-chloroform extraction and can be grown in host cells such
as E. coli. or yeasts selected while taking into consideration of, for example, the
type of vectors.

[0048] Preferably, the vector according to the present invention mounts a
CHF1o promoter operatively ligated to the target protein gene. The expression
of a foreign genes integrated into the CHO hprt locus occurs through the
inactivation of the promoter. When a vector has the structure that causes
expression of the target protein gene by the CHEF1a promoter endogenous in
CHO, stable expression in the CHO hprt focus is possible.

[0049] Preferably, in the vector according to the present invention, after
the integration of the vector into a chromosome, a nucleus/matrix adhesion
region (MAR) derived from the first intron of the human hprt gene is maintained in
such structure that MAR per se is transcribed by transcription that originally
occurs at the integration site. When MAR of the human hprt gene intron is
mounted on the vector in the above structure, recombinant CHO having
expression stability can be efficiently generated.

[0050] The present applicants have previously reported that a foreign
gene integrated into an hprt locus is stably expressed in an HT1080 cell line, a
human-derived cell line (PTL 4: WO 2004/022741 and NPL 5: Porter C. G. ltzhaki
J. E, Eur. J. Biochem 218, 273-281). Further, it is known that a stabilizing factor
called a nucleus/matrix adhesion region (MAR) is present in the first intron of the
human hprt gene (NPL 14). From these facts, it is estimated that the stabilization
of expression in the human hprt gene is realized by the contribution of MAR
present around the integration site.



5'- aagacttgcc cgagatgtca tgaa -3' (SEQ ID No. 7) Fragnent 4 antisense
primer: 5'- ccaagtgagt gattgaaagc acag -3' (SEQ ID No. 8) Fragnent 5 sense
primer: 5'- tgtgtgtatt caagaatatg catgyag3' (SEQ ID No. 9) Fragnment 5
antisense priner: 5 - gctgagaaaa tttaacagta ttttag -3' (SEQ ID No. 10)
Fragnment 6 sense priner: 5'- caaatacaag caagaatttc ccagag -3' (SEQ I D No.
11) Fragnent 6 antisense priner: 5 - ggacttgaac atctagggag -3' (SEQ I D No.
12) Fragnmi®@517 sense Puyi tner way,1®ie5hprt ggsneascacgencatiedtis aaaman dn -dany SEQ | D

g Th R RoRIGREEs, MU fer R GRS B Spapagpiranagioe -3

(Bi gDye are encountered in selecting integration cells. Accordingly, examples of cases
where the hprt locus has been used as vector integration sites are not known. |t
is common for a person having ordinary skill in the art to consider that, when a
foreign gene is integrated into the hprt locus of CHO, stable expression is possible
as in human celis. However, the intron sequence of the hprt locus of CHO is
utterly different from that of the hprt gene of human, and a surprising fact that
MAR is absent in introns has been elucidated for the first time by the present
inventors. In fact, as demonstrated in Example 11, the foreign gene integrated
into the hprt locus of CHO could not be stably expressed.
[0052] From the above results, when a foreign gene is integrated into
the hprt locus of CHO, a person having ordinary skill in the art would consider that,
in CHO, stable expression is possible as in human cells by acquiring MAR of the
human hprt gene intron, mounting MAR on a CHO recombinant vector, and
integrating the vector into the hprt locus of CHO. In line with this way of thinking,
related art are known that partial stabilization has been realized by mounting MAR
on a vector and randomly integrating the vector into a chromosome of CHO or
holding the vector as an extrachromosomal plasmid (NPL 14. Mol Gen. Genet.,
212, 301-309 (1988) and NPL 15: Molecular Biology Reports, 31, 85-90 (2004)).
In these related art , a structure in which MAR is mounted on the vecior at its
position where MAR per se is not transcribed (NPL 14) or a structure in which
MAR per se is also transcribed by a promoter disposed with an expectation of the
target protein gene transcription (NPL 15) is adopted.
[0053] However, as demonstrated in Example 11 which will be described
later, unexpectedly, in the hprt locus of CHO, these structures offer no significant
effect and thus are unsatisfactory for long-term stable expression. It has been
found that, in order to achieve stable expression in the hprt locus of CHO, as
demonstrated in Example 11, a necessary structure is that MAR mounted on the
vector is transcribed only by transcription that originally occurs at the vector
integrated site.

[0054] Recombinant CHO cells/generation process

The recombinant CHO celis according to the present invention
can be suitably generated by introducing the vector into CHO cells.



Term nator v3.1, Applied Biosystens, Inc.). As shown in Fig. 1, DNA
sequences of intron 1 |ocated between exon 1 and exon 2 (SEQ ID No. 15),
intron 2 |ocated between exon 2 and expp 3 (SEQ ID No. 16), intron 3

| ocat ed between exon 3 and exon 4 (SEQ ID No. 17), intron 4 |ocated between
exon 4 and exon 5 (SEQ ID No. 18), intron 5 | ocated between exon 5 and exon
6 (SEQ ID No. 19), intron 6 | ocated between exon 6 and exon 7 (SEQ I D No.
20), intron 7 | ocat edAbetrdegsty, e neddnaridamxC©HC8c|ISE@chbRing to Bi9 presedt | nt r on

8 |l ocated; n_8. an n.9 : 2 rt, locus jn a

CHO K1 cel"f{%wﬁ'g %\?eﬁfbg'gge%nefa %)i%&us[%%%r@é%%g %p:“eglfjar’%s‘?r' 'ﬁgt'lﬁr)p;r]jooéfljg'

t ar get i ng lwvegtreferred embodiment of thelmeserd émvention ninghe a¢@ralpinamit CHOMseligene
into the u t % ant i b - PN di an
ant i body glgéntefu%ér%%ﬁréfp‘?h%s% e@é%%(/?ﬁzi d. t%%& waqishecF(;(:%}:,5 ?"ﬁﬁ"@aé%Q ?%% g | owi ng
met hod.  advantageous in stabiy phetucirfgpotargetinpateisorsuch aseanibrodid$l 0089 Higinol ogy
arm vectorlg\‘r tlhat has the sanme construction as the CHO 1kx2 anti body vector
except for fie substitution of a horol ogous DNA fragnent derived from an
hprt gene [6&Ef)émomluctioicOvedbt s for a honol ogous DNA fragnent derived from
a human hprt gene se S t '

constructed. [0069] A?éﬁﬂgﬁi?g%egfmEﬁ&ag%ggr?g'ﬂ?&ﬁoﬁ%?%egﬁ&?dtu\gﬁﬁﬁr?értlh%prt
gene vector. ExamplenofHSag80netbbtis linciade a walwim derispbatec gldgthdd, nan

obt ai ned fro I k (c - AP =0 e B d with a
GFX Genomecl:ecglloéggl% Bﬁi Aﬁ?&fﬁ?(?l caatrﬁi)cﬁélﬁ%tc nmre ts oéllr:n @lgg\%é%%ncesﬁ?@%gbté{a\? n
genone DNAvnethNedx usinDNAliposogme ntagehHAdndha dipbi&Z)ioh omohod aemgt @ calioripiipidgene as

DA g s CEhE Sl 0eP s Bualer R ERGbUIRa IS b Popist iy 45 ete? s 1O
and HA2 wdineaszdd by asemventesal hoetblod gousthedineariegil orcionds ditkmintexioned i n

the hprt iﬁ?&%l The follow ng priner sequences were used in the PCR
reaction. Ef)‘O?O] HAl sense priner.

5' - CCTGCA@BIEBRCCAT TCCDREEMBNG CABOTIHDATTEAAD- 1B eSED drDhildargeB)protein, in

consideration of acquisition efficiency and the like of recombinant cells, a site-

specific introduction system utilizing a recombinant enzyme such as a Cre/LoxP
system or an Flp/FRT system may also be prooperly applied. This embodiment
also falls within the scope of the present invention.

[0057] Screening of cell line

in the generation process according to the present invention,
after the introduction, screening of recombinant CHO cells is preférably carried
out. The step of screening can be carried out by negative selection based on
inactivation of the hprt gene. When a positive marker gene has been introduced
into recombinant CHO cells, screening of celis can be carried out with high
accuracy by a combination of the negative selection with the positive selection.
[0058] In addition to the above screening methods, for example, a
promoter trap method and a poly A trap method may be properly used in
combination.
[0059] Further, in the generation method according to the present
invention, culture under serum-free conditions is possible by acquiring
recombinant CHO cells and then naturalizing the recombinant CHO cells to a
chemical defined medium or the like. Conditions for the naturalization may be
properly determined depending upon the state of recombinant celis.



HA1 antisense priner: 5' - GICGACAAGGACGCGTITCTGATAAAATCTACAGICATAGGA- 3" ( SEQ
| D No. 24) HA2 sense pri ner:

5' - GTCGACCTCTAGCTAGAGCTI GGCGTAATCATGGTL CCCGAGACTGAAGA GCTATTGTGTGAGTAT- 3
(SEQ I D No. 25) HA2 anti sense primer:

5' - ACATGITCTCTTAAGTCGCGAAGTAGTGTTATGATGTATGGGECATA- 3" (SEQ I D No. 26)
[0071]In the PCR reaction, a recognition site of restriction enzynes Sse
83871 and [0¢a0] Preasssgdderbduointiiergst peneinof t he HA1 sense priner. Likew se,

a recognition site of ,Sal | and My | was ad to th " end of the HAl
antisense priner, a ré\ES%frqf'}q & aQPHEro?SF?QF Oﬁeigﬁoprﬁé%ﬁl lI Weﬁ}é%n’gtggé%??o t he
5' end of prineddth2a serosesspriomgrodadinh aa rteogegnptdtein, ghé epwicefei cdmpning\r u |

was added to.t.he .5 end of t nti sense .prier., ence
Cont a ni ngratigh BeqEEimEabhELE 2Pl RGRS ITE el ¥ Fidieee AT
(Escheri chpretetol i Accoadidg atn  thipipcoddssnie dagiediro@éimeanalse cdogngdd by an PCR
reaction from ENA of. pBl 25 plasm d vector (Wako Pure Chem cal

| ndustri eseff?(i'_? ."’Bn.d %@e%%?l’]ngw ng primer sequences were used in the PCR
reaction. [0061]he PCR Meactediom wseadeiodpaisteppof sultuee oday les praperlycelaney nes

E(r:: m:l,-r én([j6%5.?§]c§§\26313f%0¥1\g§@%§g}e%?ﬁeoﬁgﬁn%eu;?cl)n &%dst%pedﬁ lt%%oﬁ';biﬁeﬂg quiOtc@ﬁs pse
5' - ACATGT GAGRASAAGTGEECABIAFAABBLOACCAREN3he (CBEQd trsi@and2f§ pEdbtationastist sense

[0074] Hat SIS SOTRACEUR T RSOEBN ST g T e syt VS

anpi ci | | i pefeztivetauy. dermnples ef slitabdel meyisPGRludeatierocy! deéapeotadvel y. These

t hr ee DNA ences e cleaved with restrictio Ci 3871,
b cal 1 IOGHCOCES O REAT R Bheome Rt silch 4t BRBH HERuEe Inep ot 3pdo
vector. ThatgHALRuRl methad, wect cafluvasulture melhedvare appiicabesesitbei antueazynmes
Mu 1 and Actﬁgéi” to obtain DNA sequence 1 in which HA2, the DNA sequence

cont ai ni ndn? ‘on 20 sequence and the anpicillin resistance gene, and HAL
were |inkgdog3] t hat oMdebud rroethblie EEedeind thdg @@ABtdtiont bErecamibNAnt Cadrent

containin restrictiaqn enz Barn H recognitjgn sjite ined from
DA, 1 isTs BEE et FireRp SHER T 40 chart 8RB E W, B0sRb” FUERPRIGONTF o Des
wer e addedn tMolebelaeBiclofnl Jawetliky RCR@spNewi Yark| ¢MO89), ¢t aiseid3NAe sfquence
2. This f(ry%grrent. was Iin#ﬁd t% DNA se\g]uence 1 to obtain a p23HAI 2 plasm d
vector. [OU78] 'SCBRIPPIAIEY &Y "B BLE G let or The p23HAI 2
pl asm d vgEkanplas cleaved with Mu | and Barn] H . A DNA fragnent obtai ned
by subjecti inker 2-s oligo,and |inker 2-a oligo to apneal.i was
Chsertea t HORInc ot o 156 Sresitt pRLpRidITE ofirfhe?' IdStrba®B)°Bld NeatiRo
Examples that are not intended as a limitation of the invention.

In the following experiments, conditions for reactions such as
reactions by restriction enzymes, PCR reactions, and ligation reactions were set
by reaction conditions recommended by manufacturers or methods described in
Molecular Cloning 2nd Edition; Sambrook et al.,, Cold Spring Harbor Laboratory
Press. For various plasmid vector DNAs obtained, DNA sequences were
determined with a DNA sequencer (310 Genetic Analyser Applied Bio Systems,
Inc.). Homology arms 1 and 2 correspond o first and second homologous DNA
fragments according to the present invention, respectively.

[0065] Example 1: Acquisition of information on hprt locus DNA segquence of CHO

cells

A CHO-K1 cell line, a Chinese hamster ococyte cell line, obtained
from JCRB Cell Bank (Cell No; JCRB9018) was cultured in a CO; incubator (37°C,
5% CQ,) using an AMEM medium (composition; Advanced MEM (GIBCO), 5%



[0077] Linker 2-s oligo: 5" -CGCGTat cTCTAGAat aATCGATagaAACCTTacaG 3" (SEQ ID
No. 29) Linker 2-a oligo 5 - GATCCt gt AAGCTTt ct ATCGATt at TCTAGAgat A-3' ( SEQ

I D No. 30) [0078] A DNA sequence 3 contakning an SV40 pronoter, a poly A

si gnal sequence, and a neonycin-resi stant gene (an expression cassette
contai ning SV40, neo R, and synthetic poly A) was anplified by a PCR
reaction fromDNA of a p@Bl 15 plasmd vector (Wako Pure Chem cal

| ndust ri edy/vLtRBY,. 17 h@&lutaMABWM GIBGD)) meiThee quititme esolubore theedbhitainetewPCR
reaction. | i tlon, recogniti S| f r LLGL zyme
Xba | was & Hggg?dg%qﬁg?%ﬁ ée'gg }g? e ﬁep eglg&r\SSeO@rei Frélr‘ﬁ:‘:tga% eat(?%set(‘?%g“&\':ﬂ?irbcgﬁQ site
of synt hetlsdatwi KitAfaindel® andt TissuieadRastheoDidgaosticse KK pftot dtdaisegseorpe i mer .
[0079] ne se el 5 - cClt tt.C cce3:. (SEQ | D
No. 31) %r\lﬁﬂh gggerﬁdai\l%ifrsagﬁseentsp%? @éﬂé@ﬁg r}f éﬁ@)gﬂﬁ:gc%%ga\g&% Sbt%me(d E}Q

5' - ct t ATCEXIR CKCAERASAMMCLARCXORCAQATIGT AAT GohaTAMABABATT T@mplate. The

ATTgt gggc 928 ca- 3 =0 . . . 0.7, LC .V of. 11 _was

cl eaved vviqfa% reg&tf &\?eg?i%sng,ré%vg@%sﬁ@bgbl Pgn%sz%ﬁ%% %h%ﬁhoﬁgﬁiggeugs%én%é tge was

| i gat ed t reenpdification obthes 1 fraagbeesis weez papaieb bR refesamiedio pr0&13edtemses uct i on

of antibo . chai [ : : riaple
regi on m?égﬁﬁt?ﬁ%’%ne%?g;b t%&ﬁ?fﬁ? r'{‘%g E)?;é?r’r?réegze)t 28’? 'ﬁSG—BTAflgmgﬁhé?a&-nﬁ lal
usi ng a plwseias fhldws.ng a heavy chain variable region 21 ("C oning of cDNA
and Chara ' j | = F e A Mnocl onal Antibody 3A21": Journal of
Fer ment at ﬁ%ﬁéé fﬁ‘t“ Anf] s m_@% . 82, No. 3, pp. 312- 314,1999) as a
t enpl at e t%- totgcagpctDbXcstequence -3t (FBABEI NbGH- 3A21s primer: 5'-
TAAAAGGTGTCCAGG@M o 3ori QID No. 33) IG+3A21al primer: 5'-
GAGGCCGATGAAACA VM- Q I D No. 34)

5’- acatgtcaag gcaacgccat ticca -3’ (SEQ ID No. 2)

Fragment 2 sense primer;

5’- tggaaatggce gttgecttga catgt -3’ (SEQ 1D No. 3)
Fragment 2 antisense primer:
5’ cacctittce aaatcctega -3' (SEQ ID No. 4)

Fragment 3 sense primer:

5'- agcttatget ctgatttgaa atcagetg -3’ (SEQ ID No. 5)

Fragment 3 antisense primer:

5’- cttcagtctg ataaaatcta cagtca -3' (SEQ ID No. 6)
Fragment 4 sense primer:

5'- aagacttgcc cgagatgtca tgaa -3’ (SEQ ID No. 7)

Fragment 4 antisense primer:

5'- ccaagtgagt gattgaaage acag -3’ (SEQ 1D No. 8)
Fragment 5 sense primer:

5'- tgtgtgtatt caagaatatg catg -3’ (SEQ ID No. 9)
Fragment 5 antisense primer:

5'- gctgagaaaa titaacagta ttttag -3° (SEQ 1D No. 10)

Fragment 6 sense primer:

5'- caaatacaag caagaatttc ccagag -3' (SEQ ID No. 11)

Fragment 8 antisense primer:

5'- ggactigaac atctagggag -3’ (SEQ ID No. 12)
Fragment 7 sense primer:




[ 0083] RNA extracted from RPM 8226 culture cells with | SOGEN (Nl PPON GENE
CO, LTD.) was used as a tenplate, and RT-PCR was perfornmed wth One-step
RT-PCR kit (Q AGEN). A constant region, P/as anplified by PCRwith a priner
set of 1G4+ Cs and 1G4+ Ca using the resultant nRNA as a tenplate to obtain
DNA sequences. [0084] IGHCs primer: 5 - CATCGGECCTCCACCAAGGECCCATCGGICT - 3
(SEQ ID No. 35) IGHCa primer: 5'- TTAAGCGGCCGCTCATTTACCCGGAGACAG -3' (SEQ
| D No. 36)'{a@btRTRaamtabh iteat 30(6E@3DINE3perforned with a priner set of

|G+ LS and IGH-FVa using sequence 4 as a tenplate to obtain DNA
sequence 6 wth%@@ﬁ%—%&é&édded thereto. [0086] | GH LS priner:
- GGT CCCBAY et Ich ReGAEIt Addtg [T ECAOTNGTTHOCTATTTTA
AAAGGTGT GIG 3 LD No. 37) |1 GHVa primer: .
GoooT TR GoceA TR AP ke s pedat eI s, 7, et (BiePYe pr
was per f orTeadinatdriv3al, mp'prlied m@systﬁms @t.)s and | G+ Ca using DNA sequence 5
and DNA sequence 6 as quence 7 conprising both

a n
t he sequences |inked f‘(? Sé‘& 'Bt':eii%r10 Eﬁ%ﬁ%ﬁ’“?'ﬁ%\? pri nmer:
5' - TTCCGGTACCGGTIEEHECACATEAAEIWEED exdh 1(8EQ_a>kdB| NOSEQAD NO0BY] A pmaxG-P

Ut ati on w th 2 Rt 2 STERE PRl el 2 prarrS RE0B Ny B! e STAR Wi
(Takara Shuzo C(mtrorLB ebc)atecbbetlnteenrexanmm)ﬁfblﬂ\l@(SEQI I&sio d1Gont ai ni ng a Not |
site introduced ust Dol of Coliiee T NoR LIS &on EQQI?g]!DI\HE.l 1_8$)| te-s prinmer:
intron 5 located between exon § and exon 6 (SEQ 1D No. 19),
intron 6 located between exon 6 and exon 7 (SEQ ID No. 20),
intron 7 located between exon 7 and exon 8 (SEQ |D No. 21}, and
intron 8 located between exon 8 and exon 9 (SEQ ID No. 22)
of hprt locus in a CHO-K1 cell line were determined.
[0068] Example 2: Construction of targeting vector

In order to integrate an antibody gene into the hprt locus, a vector
(a CHO 1kx2 antibody vector) including an antibody gene and represented by Fig.
2(A) was constructed by the following method.

Further, for comparison, a vector (HT1080 homology arm vector)
that has the same construction as the CHO 1kx2 antibody vector except for the
substitution of a homologous DNA fragment derived from an hprt gene sequence
in CHO cells for a homologous DNA fragment derived from a human hprt_gene
sequence and is represented by Fig. 2(B) was constructed.

[0069] Acquisition of DNA fragment homologous to human hprt gene

An HT1080 cell line, a human-derived cell line, obtained from
JCRB Cell Bank (catalog number; 1F050354) was treated with a GFX Genomic
Blood DNA Purification Kit (Amersham Biosciences) to obtain genome DNA.
Next, DNA fragments (HA1 and HA2) homologous to an hprt gene as a target
were cloned by a PCR reaction (KOD-Plus-, TOYOBO) using the genome DNA as
a template. As shown in Fig. 3 which will be described later, HA1 and HA2 were
set to sequences homologous to a region including exon 3 in the hprt gene. The

following primer sequences were used in the PCR reaction.



22 5' - ATGCggccgcATGTCAATATTGGCCATT - 3

5' - GACATgcggcc GCATGGGAGGAGACCGEG -3' (SEQ I D No. 41) [0091] A 0. 5-kbp
fragment was then anplified with a NothgspacerA- s/ Notl-spacerA-a primner
set using pcDNA3. 1-hygro(+) (lnvitrogen) as a tenplate and was inserted

into the

Nod site of pmaxGFP+Notl to obtain a pmaxGFP+spacer A pl asm d.

(SEQ ID No. 40) Notl-site-a priner:

[ 0092] Notl-spacerA-s prinmer: 5 -ttGCGECCECgaaaaagcct gaactcaccg -3' (SEQ ID

No. 42) Nd907Qpicesensespmener: 5' -ttGCGGCCGCgacggt gtcgtccatcacag -3’

| D No. 43 | 1 | GH
b AR B B A AR TR AR (R I R At O

pri mer set usi ng sequence

ate rep

GFP in pmaxGFPﬂmQMWn a pmax+spacerA+| gH pI asm d. [0094]

%J&%T?E%[\ Fﬁiﬁ%é&(;% -1 a primer: %%MGEBTGGACT

5' -ccttAGAEﬂOZTtcatttacccggagacaggg 3" (SEQ ID No. 45) [0095] PCR
anplification V‘@?A,’P?éﬁs%r erW t h a Mul-spA(lgH)-s2/Mul - CW-1gHL- SVpA-a
prinmer set usin +lgH as a tenplate. The anplification product
was cl oned{GEGGCACETR BIGEGTAGAGOPDGEGEAAT CAT GG TEYERS G GASAGWSAASA
cl eaving w4

chain casse ﬁﬁeﬁéfgg’?gﬁw?? gM}O?g |to?i ?rgﬁ ?i n DNA sequence 8 (heavy

Kpnl - | GH
GACGCTCGG

HAZ antisense pramer
5'-ACATGTTCTCTTAAGTCGCGAAGTAGTGTTATGATGTATGGGCATA-3' (SEQ ID
No. 26)

[0071] In the PCR reaction, a recognition site of restriction enzymes Sse

83871 and Nru | was added to the 5' end of the HA1 sense primer. Likewise, a
recognition site of Sal | and Mlu | was added to the 5' end of the HA1 antisense
primer, a recognition site of Sal | and Acc 1ll was added to the &' end of the HAZ2
sense primer, and a recognition site of Pci | and Nru | was added to the &' end of
the HA2 antisense primer.

[0072] A DNA sequence containing an ori sequence, which is a
replication origin within E. coli (Escherichia coli), and an ampicillin-resistant gene
was cloned by a PCR reaction from DNA of a pQBI25 plasmid vector (Wako Pure
Chemical Industries, Ltd.). The following primer sequences were used in the
PCR reaction. In the PCR reaction, a recognition site of restriction enzymes P¢i |
and Sse 83871 was added to the 5' end and the 3' end of the sense primer.

[0073] Ecoli_sense primer:
5-ACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAAC-3' (SEQ ID No. 27)
Ecoli_antisense primer:
5-CCTGCAGGGACGTCAGGTGGCACTTTTCGGGGAAATGTGC-3" (SEQ 1D No.
28)

[0074] HA1, HA2, and a DNA sequence containing an ori sequence and

an ampicillin-resistant gene were cloned by PCR reaction, respectively. These
three DNA sequences were cleaved with restriction enzymes Pci |, Sse 83871, and
Sal |, and subjected to a ligation reaction to obtain a pHA12 plasmid vector. The
pHA12 plasmid vector was then cleaved with restriction enzymes Mlu | and Acc 1l

to obtain DNA sequence 1 in which HA2, the DNA sequence containing the ori

(SEQ

acenent with



5' - cct t ACGCGIgacggt gt cgt ccat cacag -3' (SEQ I D No. 46)

M ul - CW- | gHL- SVpA-a priner: 5'-ctt ACGCGTAACGTCTCGCCCTTTGGICTC -3' (SEQ ID
No. 47) [0097] Construction of antibodyglight chain expression cassette

Li kewi se, a plasm d holding a light charn variable region was provided as a
tenpl ate, and the variable region was anplified by PCRwith a priner set of
| GL- 3A21s1 and | GL-3A21al to obtain DNA sequence 9. [0098] | d.-3A21sl
prinmer: 5'seGUESABCTGLCOCACATEIBACAESIARGAE @Ge3 'an( IEQ Meréldinkdd)in t28 drdker 3A21al
pri mer: 5}-(3(:%& \GTTCGTTTTATTTCCAACTTTGIC-3" (SEQ I D No. 49) [0099] RNA
extract ed o T\‘?Ing226 culture cells with | SOGEN was provi ded as a

t enpl at e, [@OWH]RT- PCR Wasthperaf DNAeftagmédt camtaisingpa RIstiRERketzyne BamsHant

{he. rosur EAOMHe STk Moo ahtaleh drdfn Hoplils PR ool | Baibfolil "o

primer: 5'enzBEAAATRANSEAXGECTICERESCASBA Bdded (1SEMd Bndp.fobdyed Gy- LR i ner :

5' -TTAA(I:(II:B:?C(%!]AA CI .COBgIGT- 3 (SEQ I Q. No.. 51 0101]PCR anplification
was perforar’?%o' "GR! g@p?q%r é 589”'?(&?— ?S gmis If@?-%%%lgaﬁslf SdD@ds%uence
9 as a temphatrcd 0tobbiaima PRBHASwtaseed Vectoirt h a secretion signal added

thereto. [0076] Construction of basic vector

The p23HA12 plasmid vector was cleaved with Mlu | and Bam] HI.
A DNA fragment obtained by subjecting linker 2-s oligo and linker 2-a oligo to
annealing was inserted thereinto to obtain a basic vevtor Il
[0077] Linker 2-s oligo:
5-CGCGTatcTCTAGAataATCGATagaAAGCTTacaG-3' (SEQ ID No. 29)

Linker 2-a oligo
5'- GATCCtgtAAGCTTtctATCGATtatTCTAGAgatA-3’ (SEQ ID No. 30)
[0078] A DNA sequence 3 containing an SV40 promoter, a poly A signal
sequence, and a neomycin-resistant gene (an expression cassette containing
SV40, neo R, and synthetic poly A) was amplified by a PCR reaction from DNA of
a pQBI15 plasmid vector (Wako Pure Chemical Industries, Ltd.). The following
primer sequences were used in the PCR reaction. In the PCR reaction, a
recognition site of a restriction enzyme Xba | was added to the 5' end of the sense
primer, and a recognition site of synthetic poly A and Cla | was added to the 3' end
of the sense primer.
[0079] nec R sense primer:
5- ccttTCTAGActtctgaggeggaaagaace-3’ (SEQ 1D No. 31)
neo R antisense primer:

5'-ctATCGAT{CACACAAAAAACCAACACACAGATGTAATGAAAATAAAGATATTTT
ATTgtgggcgaagaactccagea-3' (SEQ 1D No. 32)
[0080] The basic vector |l was cleaved with restriction enzymes Xba |
and Cia |, and DNA sequence 3 was ligated thereto to obtain a basic vector+Neo
R plasmid.
[0081] Construction of antibody heavy chain expression cassette

A variable region was amplified by PCR with a primer set of IGH-
3A21s and IGH-3A21a1 using a plasmid holding a heavy chain variable region



[0102] 1 G.-LS prinmer: 5' - GGTCGCCACCATGGACATGAGGGT CCCCGCTCAGCTCCTGEEECTCCTGL
TGCTCTGECTCCCAGGTGCCAGATGTGACA -3 (SEQ I D No. 52) |1 GAL-3A21a priner:

5' - GCCACAGTTCGITTTATTTCCAACTTTGIC 3" (SEQ I'D No. 53) [0103] Assermbl e PCR was
performed with a prinmer set of 1G-Vs and | G.-Ca usi ng DNA sequence 10 and
DNA sequence 11 as a tenplate to obtain DNA sequence 12 conprising both
products linked to each other. [0104] |1 G.-Vs priner:

5' - CCTTGGTASIog CHCEPRBAT (A ASEAT A e ridatiodnSEQAND-Rasd4) MdnbobhAl Anbibkihp

f ragment t.hen anplified wth a Notl-spacerB- s/ l,- spacer B-a _pri mer
set usi ng\g%??mgc."im%&f (el?"e\(%%vpt?’@%eé{?e'g%n%erf'pné{gfézaﬁ\go'mgs angg%f ed

i nto the I¥ae|1999) as aftepiptaté&tdodizin DNA shfuehoe 4. pmraxG-P+spacer B pl asm d.

[ 0106] Not L~ r B- rinmer: 5'-ttGCGECCGCct gt gat ggacgacaccgtc-3' (SEQ ID
No. 55) é‘?ﬁ@é@é&@ﬁ%ﬂ“%r: 5' -tt GOGGCCGCet att cctttgecct cggac-3' (SEQ 1D
No. 56) [ GLOAAAGETGTECAQGAASTIGRAGATPICACGH'WBER I® No. 33)

Konl -1G+s/Bgl |- rimer set using DNA sequence 12 as a tenpl ate,

fol |l oned by repllgbg‘!{%ﬁﬁvﬁr{rﬂer@:P i n pmaxG-P+spacerB to obtain a

pmax+spac &' -BFAGIG L AATGAAACKGTOAQEIAGHATCCAT- &' (BEQYD:No. 34)

e oA GO CaC A OaC AT RS AR8 392 A ABLIKaRS Gt 18deiFQ | O
(NIPPON GENE CO., LTD.) was used as a template, and RT-PCR was performed
with One-step RT-PCR kit (QIAGEN). A constant region was amplified by PCR
with a primer set of IGH-Cs and IGH-Ca using the resultant mRNA as a tempiate

to obtain DNA sequence 5.
[0084] IGH-Cs primer:
5'- CATCGGCCTCCACCAAGGGCCCATCGGTCT -3' (SEQ ID No. 35)

IGH-Ca primer:
5- TTAAGCGGCCGCTCATTTACCCGGAGACAG -3’ (SEQ ID No. 36)
{0085] PCR amplification was then performed with a primer set of IGH-
LS and IGH-Va using DNA sequence 4 as a template to obtain DNA sequence 6
with a secretion signal added thereto.
[0086] IGH-LS primer:
5-GGTCGCCACCATGGAGTTTGGACTGAGCTGGGTTTTCCTTGTTGCTATTTTA
AAAGGTGTCCAGGATGTG-3' (SEQ ID No. 37)

IGH-Va primer:

5-GCCCTTGGTGGAGGCCGATGAAACAGTGAC -3’ (SEQ ID No. 38)
[0087] Assemble PCR was performed with a primer set of IGH-Vs and
IGH-Ca using DNA sequence 5 and DNA sequence 6 as a template to obtain DNA
sequence 7 comprising both the sequences linked to each other.
[0088] IGH-Vs primer;
5-TTCCGGTACCGGTCGCCACCATGGAGTTTG -3' (SEQ ID No. 39)
[0089] A pmaxGFP plasmid (amaxa) was subjected to a PCR reaction
for the introduction of mutation with a Notl-site-s/Notl-site-a primer set using
Prime STAR MAX (Takara Shuzo Co., Ltd.) to obtain a pmaxGFP+Notl plasmid
containing a Notl site introduced just before the CMV promoter.
[0090] Notl-site-s primer:



Bglll-1G.-a primer: 5" -cctt AGATCTctaacactctccectgttga -3' (SEQ I D No. 58)
[0109] PCR anplification was perfornmed with a H ndl11-spB(IgL)-s2/Hi n3-
CW- | gHL- SVpA-a priner set using pmax+gpacerB+lgL as a tenplate. The
anplification product was cloned into a pCR-Bl unt 1l - TOPO vector, followed
by cleaving with a restriction enzyme Hnd |11l to obtain DNA sequence 13
(l'ight chain cassette). [0110] HindlII-spB(lgL)-s2 prinmner:

5' - cct t AAGGRATGICHgccgt ATGTCAATATHBGB CATIEQR (SEMID N 4 0)

H n3- CW- | gHL- SV '-A"‘Fé-grii”%r': 5'-ctt AAGCTTAACGTCTCGCCCTTTGGICTC- 3" (SEQ I D
No. 60) [0111] a8 PEt6r +neo R plasm d was cleaved with a restriction
enzyne H rdGACAEIEguaSCANSEAGAGGABACDNGG 3 8BCdDI8o (41)ght chai n

cassette) btain a,basic, v r +neoR+l pl I 12] >quj sition of
DNA fragrréél(?gﬁorml ogo@s%téoﬁ%ﬁfé%e% giascﬁ%ncgﬁsprsﬁhgd ‘L'%L az E\M’Af?gb‘éce%enorre
DNA of CHE/MdGtl-spatesAvaapripren\setl @dingspeDNART Hatgeo(+anthvidhyen) agnenémplaBHAL and
CHA2) homgl ggous.to_an hprt, gepe a target, were ned. by, .a P reaction
(KOS, P oo 208 2985 s el B "Rt e B B R G PPRBY e gy Fat er
CHA1 and @HrexGRERepaeerA plasm@liences honol ogous to a region including exon 3

i n the hpr . Jhe fol | ow primer sequences were used in the PCR
reaction. [%%%gﬁ%tbggﬁefﬂgaﬁ%%- S priner:
5 -tt CCT dabgtttggagoaagt -8t (SEQ(SE. 14R) No. 61) M ul - CHAL-r
prinmer: 5 -ttA ¢ aaal. cagtcatggg-3'" (SEQ ID No. 62) Bam CHA2-s
prinmer: 5 tt%@ﬁé}a%@% ‘actgtgta-3'" (SEQ I D No. 63) Pci Nru-CHA2- 1k-r
primer: 5'6-t1ICKBATGCIEHCYa0G4a]tcgtgedtcaca)@) REQJIB-NBS. 433EQ | D No. 64)

[0093] A heavy chain was amplified with a Kpnl-IGH-s/Bgill-IGH-a primer

set using DNA sequence 7 as a template, followed by replacement with GFP in
pmaxGFP+spacerA to obtain a pmax+spacerA+IgH plasmid.
[0094] Kpnl-IGH-s primer:
5-ccttGGTACCGAAGCCGCTAGCGCTACCGGTCGCCACCaTGGAGTTTGGACT
GAGCTGGG-3' (SEQ ID No. 44)
Bglll-i1GH-a primer:

5’-cctAGAT CTieatttacceggagacaggg-3' (SEQ ID No. 45)
[0095] PCR amplification was performed with a Mlul-spA(lgH)-s2/Mlul-
CMV-IgHL-SVpA-a primer set using pmax+spacerA+lgH as a template. The
amplification product was cloned into a pCR-Bluntli-TOPO vector (Invitrogen),
followed by cleaving with a restriction enzyme Miu | to obtain DNA sequence 8
(heavy chain cassette).
{0096] Mlul-spA(igH)-s2 primer:
5'-ccttACGCGTgacggtgtegtecatcacag -3’ (SEQ ID No. 46)

Miul-CMV-IgHL-SVpA-a primer:
5'-ctACGCGTAACGTCTCGCCCTTTGGTCTC -3’ (SEQ ID No. 47)
[0097] Construction of antibody light chain expression cassette

Likewise, a plasmid holding a light chain variable region was
provided as a template, and the variable region was amplified by PCR with a
primer set of IGL-3A21s1 and IGL-3A21a1 to obtain DNA sequence 9.
[0098] IGL-3A21s1 primer:
5-CCCAGGTGCCAGATGTGACATCAAGATGAC-3' (SEQ 1D No. 48)



[0114] Acquisition of CHO 1kx2 anti body vector A CHA2 sequence anplified
with a Bam CHA2-s/Pci Nru- CHA2- 25 1k-r prinmer set was cleaved with
restriction enzynes Barn H and Pci I, F,ol | owed by replacenment with the HA2
sequence in the basic vector+neoR+l gL plasm d. Further, a CHAl sequence
anplified with an SseNru- CHAl- 1k-s/ M ul - CHAl-r priner set was cleaved with
restriction enzynmes Sse8387] and Mu |, followed by replacenent with the
HAl sequence. Négt.3AMNA1semuence 8 (heavy chain cassette) was inserted into

th trigt] ' i kx2 anti bod t
shown 1’ S CERPITRATE g AR R GTE A (68 Ho86 &8 arm vector
DNA seql'\JAerﬁctfegsﬂ (heavy Rth iextraetetefrbie) RW%ETESGUE@@ i:éItsOW&hrI%ﬂCB!ENtWQ@HHOSO
enzyne M u e in . the basic +neoR+ to, 0
ool ogy. et 854 SBRAN e TR R PR LR e SR R 0 on o
vect gr dl ntAoceredthrst rggidmewaas a&tspglﬁﬁd (bfyllv(elet\mth a primer set of IGL-Cs ;ﬁhdciGHQ) %kXZ
anti body vector an ono or were purified wt
Endofre)e/ LRI rﬁ/ﬁ% an ml_'g}% pé%g){ﬂé’kg %ﬁg\g\/ﬁ%ﬂ%@ﬁ ru |, foll owed by
di ssol uti ¢g0100] IGL a8 brimed wat er to a concentration of 2 g/L, and the

| uti f t, 0117
?’?ags:‘ Ce)(r:]ts|Sgﬁ-rc’eg‘!&djégﬂﬁ’égﬁ{:%&Aﬁé?&r&-éégg&ﬁwﬁggﬁgﬁ &ﬁgre Eidj US][ ed with
a nucl eof ecti on IGL ptimen (amaxa) to 1 x 106 cells and were mixed with 2

tg of a olution th obt ai ned
andgNuceoféeJq-g‘?‘q(fégg%g&&é@‘&hgT&é\géiﬁarg?§gbtxl @SV\# hI pr ogrg?n U-02|3
ThFl transfietdijon was [FOR @rmsmm:cai{‘m?waslt nmfdraredewnh a/mtrmr seTlfttﬁ 1GL§msf ect ed
cells were_s ate S cultured.,in
hcubat or %Hﬁ?ﬁ ol BriBR O sBudtick o soctmnedo R SAGRIURRSR {500
suppl ementvath avseéretibrBignal addddunensts. (G BCO)), and, 2 days after the

transfecti | nvi trogen) was added (final concentration; 500
1.1g/m). [?ngﬂ%kﬁtéi’ rigpe Elays fromthe transfection, (418 (fi nal

concent r ats - GG TEONCLATAGA N TAGEETIC COGOADAGL TOTTCEBGHTOONGO Pur e
Ater the R TarECRTCERb ABC AN EAe A e ECL Wi 25 617G ¢ osi o ant
col oni es were id6LaBATa grivge esults were as shown in Table 1. [0119] The
o e A SRR Sr EP P DB PP SR RE st stant ol omes
[0103] Assemble PCR was performed with a primer set of IGL-Vs and

IGL-Ca using DNA sequence 10 and DNA sequence 11 as a template to obtain

DNA sequence 12 comprising both products linked to each other.

[0104] 1GL-Vs primer:

5-CCTTGGTACCGGTCGCCACCATGGACATGA -3’ (SEQ ID No. 54)

[0105] A 0.5-kbp fragment was then amplified with a Notl-spacerB-

s/Notl-spacerB-a primer set using pcDNA3.1-hygro(+) (Invitrogen) as a template

and was inserted into the Norl site of pmaxGFP+Notl to obtain a

pmaxGFP+spacerB plasmid.

[0108] Notl-spacerB-s primer:

5-ttGCGGCCGCCcetgtgatggacgacaccgtec-3' (SEQ ID No. 55)

Notl-spacerB-a primer:

5-ttGCGGCCGCotattectitgecctecggac-3' (SEQ ID No. 56)

[0107] A light chain was then amplified with a Kpnl-IGH-s/Bglll-IGH-a

primer set using DNA sequence 12 as a template, followed by replacement with

GFP in pmaxGFP+spacerB to obtain a pmax+spacerB+IgL ptasmid.



clones per 3 x 106 cells. On the other hand, in the HT1080 honol ogy arm
vector, (418/6TG resistant clones were not obtained. [0120] [Table 1]
I ntroduced vector Nunber of 418/ 6TG kgsistant clones acquired (per 3 x
106 cells) Nunber of integrated clones/ nunber of clones as determ ned by
genone PCR anal ysis Nunber of integrated cl ones/nunber of

[0108} Kpnl-IGL-s primer:

5'-cctGGTACCGAAGCCGCTAGCGCTACCGGTCGCCAC Catggacatgagggteece

gc-3’ (SEQ ID No. 57)

Bglli-IGL-a primer:

5-ccttAGAT CTctaacactctcecctgttga -3' (SEQ ID No. 58)

[0109] PCR amplification was performed with a Hindlll-spB(lgL)-s2/Hin3-

CMV-IgHL-SVpA-a primer set using pmax+spacerB+igL as a template. The

amplification product was cloned into a pCR-Bluntil-TOPO vector, followed by

cleaving with a restriction enzyme Hind 1If to obtain DNA sequence 13 (light chain

cassette).

[0110] HindHI-spB(lgL}-s2 primer:;

5'-ccttAAGCTTetattectttgeccteggac-3' (SEQ 1D No. 59)

Hin3-CMV-IgHL-SVpA-a primer:
5'-ctAAGCTTAACGTCTCGCCCTTTGGTCTC-3' (SEQ ID No. 60)
[0141] A basic vector+neo R plasmid was cleaved with a restriction
enzyme Hind [l and was inserted into DNA sequence 13 (light chain cassette) to
obtain a basic vector+neoR+IglL plasmid.

[0112] Acquisition of DNA fragment homologous to hprt gene of CHO cells

Genome DNA of CHO-K1 cells was provided as a template, and
DNA fragments (CHA1 and CHAZ2) homologous to an hprt gene as a target were
cloned by a PCR reaction (KOD-Plus-Ver2, TOYOBO). As shown in Fig. 3 which
will be described later, CHA1 and CHAZ2 were set to sequences homologous to a
region including exon 3 in the hprt gene. The following primer sequences were
used in the PCR reaction.
[0113] SseNru-CHA1-1k-s primer:
5'-tCCTGCAGGTCGCGAaggagittattagaggaaatat-3' (SEQ ID No. 61)
MIul-CHA1-r primer:;
5’-tACGCGTigataaaatctacagtcatggg-3' (SEQ 1D No. 62)
Bam-CHAZ-s primer:
5'-ttGGATCCgactgaagagctactgtgta-3' (SEQ ID No. 63)
PciNru-CHAZ2-1k-r primer:
5'- tACATGTTCGCGAatcagatcectgggactgga-3' (SEQ ID No. 64)
[0114] Acquisition of CHO 1kx2 antibody vector
A CHA2 sequence amplified with a Bam-CHA2-s/PciNru-CHAZ-




cl ones as determ ned by Southern hybridization analysis CHO 1 kb x 2

anti body vector 6 5/6 5/5 HT1080 honol ogy arm vector 0 NOT TEST NOT TEST
[0121] Exanple 4: Analysis by genonme P Genome DNA was
extracted with DNA Isolation kit (Roche) fromclones that were obtained by
the transfection of the CHO 1kx2 anti body vector and were resistant to 418
and 6TO. Reconbi nation regiospecific to target hprt |ocus was confirnmed by
t he fol | ovikagpMER setaeds creavsd vgth hestridivonenzphtesaBara itleand &cel, followed

by replacement with the HAZ sequence in the basic vector+neoR+igL plasmid.
Further, a CHA1 sequence amplified with an SseNru-CHA1-1k-s/MIul-CHA1-r
primer set was cleaved with restriction enzymes Sse8387| and Miu |, followed by
replacement with the HA1 sequence. Next, DNA sequence 8 (heavy chain
cassetie) was inserted into the restriction enzyme Mlu | site to obtain a CHO 1kx2
antibody vector shown in Fig. 2 (A).

[0115] Acquisition of HT1080 homology arm vector

DNA sequence 8 (heavy chain cassette) was inserted into a
restriction enzyme MIlu | site in the basic vector+neoR+IgL plasmid to obtain an
HT1080 homology arm vector shown in Fig. 2 (B).

[0116] Example 3: Introduction of vector into cells

Linearization of vector
The CHO 1kx2 antibody vector and the HT1080 homology arm
vector were purified with Endofree Plasmid Maxi kit (QIAGEN) and were cleaved
with Nru |, followed by dissolution in sterilized water to a concentration of 2 g/L,

and the solutions were used in the following transfection experiment.
[0117] Transfection and screening

CHO-K1 cells were adjusted with a nucleofection T solution
(amaxa) to 1 x 10° cells and were mixed with 2 ug of a linearized plasmid vector.
Next, the mixed solution thus obtained and Nuceofector |i (amaxa) were used to
apply voltage with program U-023. The transfection was performed three times
for each vector. The transfected cells were seeded in a 96 well plate at 350
cells/iwell and cultured in an incubator under conditions of 37°C and 5% CO,
{medium: Advanced MEM (GIBCO) supplemented with 5%FBS, 1x Glutamax
(GIBCO)), and, 2 days after the transfection, G418 (Invitrogen) was added (final
concentration; 500 ug/mL).
[0118] After 4 days from the transfection, G418 (final concentration;
500pg/mL) and 6-TG (final concentration; 50uM) (Wako Pure Chemical Industries,
Ltd.) were added, followed by culture for 6 days. After the culture, all the wells
were confirmed, and G418/6TG-resistant colonies were isolated. The results
were as shown in Table 1.
{0119] The results were as shown in Table 1. The number of
(G418/6TG-resistant clones obtained by the CHO 1kx2 antibody vector was 6



[0122]Fig. 3 (A) is a typical diagramfor explaining details of an analysis
of a honol ogous reconbi nati on reaction by genone PCR A
target region (2) in honol ogous recogﬁ&gation of hprt gene (1) is set so
as to contain exon 3 (3). CHAL (4), A2 (5) and an anti body heavy chain
sequence (7), a neonycin-resistant gene (8), and an antibody |ight chain
sequence (9) held between CHAL (4) and Cl-1A2 (5) in the vector DNA (6) are
iD%egrat ?@_Idr!é@cpeﬁfbi?12‘"e©éllég @hﬁ@{mhf@lgilwh‘ﬁd rrﬁtwhb Em@sho aﬁnno[o%%aﬂn%t&rw%?%
con i.n nd a part o e .anti body heavy chain sequence
and DNA (%%@%@?gt@ghaﬁpﬁ? H%fft:mzo'f(te ®dnd a part of the antibody |ight
chain seq@@ﬂnﬁ[ﬁﬂieqpn be ach|red fron1the genone only by honnlogous

r econbi nationmand-thps—can—be—anj IIUUNU | ll.-)IIUI gUUb reconbimatiom
Accordi ngly, a 1688bp [Nﬁm gpg\p in Fi gnte r S f&imis Ahtb gﬁé(dfor
honol ogoys reconbi nat 96tc|15r‘?<93/r9u’}nb he DNA
was det ectédfrbgfut@dPCRr Sgsqgrgtlé? é@th prcj es%@a&é ﬁe@s 27

shown bel{ow. vExtot he o &6” r31752@eﬂ e gvvn ﬁg,]/ set as
i S e

an i ndex |for honol ogbus, natio Qh hpr t
| ocus, ard t he DNA was dggﬂécte by a E pggctl on W?H pri nmer Eﬁg_ Gs/
1

CHA2- seq- trownbetow—0124} u-rr(lb pl er—

5'-TA TCC ACCC- 3" (SEQ I D ﬁ%ﬁ’}i seq- al %

5' - CCAGAG GCCACCAGE- 3' (SEQ ID 66) [0125] Nex the PCR

anpl i fi catt+gt Sbuuu s—thus—obtat-ped—were—anal-yzed—b uy etectrophoresi s on

1. 0% agar|os e resul.ts were as n Filg (0.
In Figs. fé{%giﬁ& nur?bers 1t Eirieﬁégjgent cl one§ ob.{ggﬁed with the

(O,
CHO 1kx2 ‘ant uYJeu}orveCIt or+——Boet-h—th J.UUUlJlJ arnd—+45 r)bp FOR ClIIIJI H-+eatd on
products were confirnmed in 5 clones anong the acquired 6 clones, indicating
that a hongl 2qSHAEITRAAEIL DY JFdRld PORt 00k pl ace. [0126] Exarrpl e 5:
Anal ysi s by Southern hybridization he i ntéefgratl on of the
CHO 1kx2 anti body vec one BNAhwas @P‘Q’é?feﬁp‘h”tth I%ésoﬂij,“orne@t ) firam
reconbi natdQiasi fhab v REAIBN @ Hh XA 61 ﬁevve S ARKD BBl vEBS
fol | owi ng Soutsheran rgr%g?lzatlg (51 27 m ﬂls a t¥ |cg{}v&l| ag rram for
expl ai ni ng’;\n@ewgrq @S@]targdgt%1r&1and 6TG. ecombmatxon regiospecific to target h

locus was confirmed by the foliowing PCR reaction using the genome DNA as a

template.
[0122] Fig. 3 {(A) is a typical diagram for explaining details of an analysis
of a homolog{ous recombination reaction by genome PCR.

A target region (2) in homologous recombination of hprt gene (1)

is set so as to contain exon 3 (3). CHA1 (4), CHA2 (5) and an antibody heavy
chain sequence (7), a neomycin-resistant gene (8), and an antibody light chain
sequence (9) held between CHA1 (4} and CHAZ (5) in the vector DNA (6) are
integrated into this region by homologous recombination.
[0123] DNA (1688bp DNA) containing CHA1(4) and a part of the
antibody heavy chain sequence (7) and DNA (1752bp DNA) containing CHA2 (5)
and a part of the antibody light chain sequence (9) can be acquired from the
genome only by homologous recombination and thus can be an index for
homologous recombination.

Accordingly, a 1688bp DNA shown in Fig. 3 (A) was set as an
index for homologous recombination between CHA1 and the target region, and the
DNA was detected by a PCR reaction with primer CHPRTs/Notl-spacerA-s as



hybri di zati on in Exanple 5. As shown in Fig. 4 (A, a
target region (2) in honol ogous reconbi nation of hprt gene (1) is set so
as to contain exon 3 (3), and honol ogy,arm 1 (CHA1) (4) and honol ogy arm 2
(CHA2) (5) are set so as to be honol ogous to two adjacent regions in the
target region. Pci | restriction enzyne sites are |located so as to hold the
target region (2) therebetween and are absent in the target region (2). On

t he gt ger sBbdR beldve ROh the bBRY hafdl| DT520PZAYNR sBibWa ih $’|git3’3@l‘)twdsnséé_if% éH-IOZlkxz

anti body vector. A neonycin-resistant gene 1kx

ot body VP! WAECHESHS rerraangic beiilerh QAR EN Inf Blontlt Beibend 0128

As shown itie |FJ'N¥\ whs(dtectotiesy 2046RbRaENA hats hrafer BL-E3Y @HAZ-bed 1 as

det erm ned %r'ékthe position of the Pci | restriction enzyne sites and the
f

chai n Ien&f‘HWB He DNA sequence, that the CHO 1kx2 antibody vector has
been int eqoElQECHPRTS piv@ehprt | ocus of the clone. [0129] Manufacturing of

NR probe R, pr a sequence conplenentary to
a neonyci - &@T&%‘B@TﬁgﬁgApﬁAﬁz%@l §£§2B§¥? P%ddy vect or was synt hesi zed
according to theHad-kegvangpripfercedure. At the outset, the entire length of a
neonyci n-resj st ' S ce i kx2 anti body vector was
anplified %@@@éﬁ%ﬁqgﬁigS&@%ﬁ@#@ﬁFﬁg &rﬁcg&éﬁgo T plasm d vect or
(Promega) [0t ,NeéxtDire (P@Fg@m;gmbat)norl @lﬁ@hﬁﬁs pmuadoebmopwarmweﬂhbﬁ PCR
DI G probe nt hesis kit r.. M3 F rvvard/Re se. p [0130]
Pr epar at oﬁ? rﬁ’EﬁfﬁséFnB” Bt agarode gel Th@erﬁﬁHJg %QW '@e':':' {Séﬁé

Fest i cti o ey, The cl eavad qenans. DNA (5. o C'ﬁzleglv““ phor esed o

0°6% agar ose. gel and 11 6185 GHA Gy R ORE b Sl SDTSBoh 61N MR Ehe.

Amaer ShamvBikDSﬁé e@Heﬁ)1kxfhenﬁW af@emfrhUSBdlbt tHenelG8Bpp amm:ubmm @tCFSOC for
2 hr to |mm DNPadIi gge nfbrane Of;%é]s bri ﬂgezat' g |

The nenbré’r‘i’é"-’\fv&%“%ﬁ wels CANHTMEINR D IORG, e gggred 6 clones,
prehybri diigg@itatiny, thbybwomd@gd&ﬂewdbmbﬂb@ rélgftieattbepeee carried out

accordi ng M)%ea G I I he) .. J|0132]As shown in Fig. 4
(B), in all T 4 &8 DNA fragnment was detected
by the NR probe. [0133']heENﬁa@Bétﬁ)r\60f F?feDQHU i1QK%2 @intip6®F eestobyntbanerthigeant

cells Culture of reconbi napt clone and sa I|n of me
S Lhe ool oph by EaRaBealan rotTaaals ToBBAPY SrofrearE hemsle 4 Was o

cel Its per c@hﬂir@ec&?@twjﬁﬁoliﬁwlﬁgu?@ﬂ{\em rlyfbrmza@b?ﬁfvange%NEM (I'nvitrogen)
containin I na ration

concentraﬁ?fﬁﬁ] 50 FM F '%ng(i’gh§ 2 Jupisd %p%ragg,fqn%qugt%ngl &et?ﬂ%ofnsé’é@%% of 5%
CO2 at 37GybfMizktien fr Eki\ng;@wfromthe start of the culture, the nedi um was
col l ected. The col |l ected di um for th follo ELIS al ysi s.
[0134] Quantitative dé®e SHPWAL i”o\rlﬂ'@%y E’%SA@ targ region VYIZS] n k‘ﬂ@A\é’ﬁBHﬁt of

1 gG i n t hees@hbigatien ofMp@Hugansasl)detser Bb nRdtobyoriTBiASaNdg (Bhear@bﬁ@ﬁblagye at
450 nmw th Human | G EIA Ki t E recoat ed%qé)Takara Shuzo

10138 The AELLIGHA By ArmoyCHad) Y Bfdsshaboas Gbshenglabous

to two adjacent regions in the target region. Pci | restriction enzyme sites are

located so as to hold the target region (2) therebetween and are absent in the
target region (2). On the other side, the Pci | restriction enzyme site is absent in
the CHO 1kx2 antibody vector. A neomycin-resistant gene sequence (6) in the
CHO 1kx2 antibody vector was designed so that an NR probe can be hybridized.
[0128] As shown in Fig. 4 (A), when 10488bp DNA has been detected, it
is determined, from the position of the Pci | restriction enzyme sites and the chain
fength of the DNA sequence, that the CHO 1kx2 antibody vector has been
integrated into the hprt locus of the clone.

[0129] Manufacturing of NR probe




t he amount of 19gG per plate was 1.290.18gg/di sh on average, and the CV
value 29 was 14.2% [0136] Exanple 7: Honol ogous reconbi nation with vector
havi ng honol ogous DNA fragnent havi ng %Qain |l ength of 2.5 kbp Acquisition
of 2.5-kbp DNA fragnent honol ogous to hiprt gene in CHO cells

In order to manufacture a CHO 2. 5kx2 anti body vector that has a honol ogous
DNA fragnment having a chain length of 2.5 kbp and is shown in Fig. 6, DNA
fragments honol ogus t @ntRgEbbE AN iINgea e CobplendntGipdo 2 heometia- cl oned

by a PCR reaction (KOD-Plus-Ver2, TOYOBO) usin enone of . 1 cells

o & TonoresghnRgedd mre (AR B Rt Tech uH 0T st e

CHAL-2.5 amdmﬁg\aa?) ra?éduﬁe.r ﬁ%&hetwt@etseﬂi&leﬁmi@e h@:ﬁ@lhp@fousmcgwcinegéimnt

contal nin exon (0] t he pl’t - -r prlner and,..palt =S

O e et e SeduknsBah ind T0, M s itk ey Bl e ANBIEE BI GRS o1 i ror

sequences follovidtebPGR tlearlyi iato a[EABM] T $8@dvhid- &didr- @Prbrregapr i N@tt; a DIG

5' -t t CCTGCAGGT ct gt gt gt at gt t t gt gat,agge- 3' D No. 67) . ..

Mookt o CLRDBHgRTy BbRkd lobe bt bdtuatif; S EAR I Ruas sVihesisakt. o

(SEQ | D N@Ro&%, drdds38M18ckrvard/Remergt phikarl. 5kx2 anti body vector

The CHAZiOa%Pj uenc an];pl ified with the Bam CHA2- s/ NcoNr uCHA2- 2. 5k-r

primer se %ﬁ%ﬂ@&’@—%@%—b&ﬂ% m iction enzynmes BamH and Nco I, followed

by rﬁpl aceLrent wi th tieenda Mmﬁdhnéélheidﬁ@s%vesV@QtamtelmemnRﬂh@LBTL@ asm d.

Further, the 1- 2.5 sequence a i fied_ w he.

Soenr o AT aBl Gy AT HES CTovERLp & PG restadioa ez r U6 Floeresh

ﬁgzyrreENisg@&Bﬂwél DI&A&SM#)I was éiﬁbthﬂyhﬁiﬂe@d @@golae@@_amsev@élgnbmoﬂtwi]oat@q@ence.
Xt , S uence \/ C n cassette was | nsert I.nto e

Noatrior et R & TN SRR b S L A BeshRS Hor S Vot B9 shown

in Fig.6. néhBRheABasbbidineganweé ifcdattdSdeed aribt Rodyo weeibbilizé MNYbalted cl one

The CHO 2.5kx2 anti body vector was purified and linearized in the sane

manner as TH" Qﬁpl e 3. The linearized vector was dissolved in sterilized
wat er to d0tINeemkidaiation of 2 g/ L, followed by introduction into 1 x 106

Co LS OO Nt e s Bl S VL it
cl ones 3}rawyteidizatibal kbridization and probe detection were carried out according to a

DIG Application Manual (Roche).

[0132] As shown in Fig. 4 (B), in all of the analyzed 5 clones, a 10488bp

DNA fragment was detected by the NR probe.

[0133] Example 8: Production of protein by recombinant ceils

Cuiture of recombinant clone and sampling of medium

At the outset, the recombinant clone was seeded in an amount of
2 x 10° cells per plate and was cultured in 10 mL of Advanced MEM (Invitrogen)
containing G418 (final concentration; 500 pg/mL), 6-TG (final concentration; 50
pM), and FBS {Japan Bio Serum) (5%) in the presence of 5% CO, at 37°C. On
the fifth day from the start of the culture, the medium was collected. The
collected medium was used for the following ELISA analysis.
[0134] Quantitative determination by ELISA

The amount of IgG in the collected medium was determined by

measuring the absorbance at 450 nm with Human IgG EIA Kit (precoated) (Takara
Shuzo Co., Lid.).

[0135] The resulis were as shown in Fig. 5. In the measured 3 clones,
the amount of IgG per plate was 1.29£0.18ug/dish on average, and the CV value



[0141] Analysis by genone PCR Genone DNA was extracted
fromclones resistant to 418 and 6TG obtained by the transfection of the
CHO 2. 5kx2 anti body vector, and reconbpgation regiospecific to the target
hprt | ocus was confirned by the followmng PCR reaction using the genone DNA
as atenplate. [0142]Fig. 7 (A) is a typical diagramfor explaining details
of an anal ysis of a honol ogous reconbi nation reaction by genone PCR
A target neas dh2¢2) of honol ogous reconbination in an hprt gene (1) is set
so as to : , :
chain seq gﬂ%@ ?ﬁ%&% ? = Fre—at
chain seqlwﬂﬁ@aﬁﬁbenhbbvinb@hmdancﬂhm2255b;64) and CHA2- 2. 5
c
[)

DNA (6) are inte

heavy chalg@_ll_sequence (7) and DNA (3228 bp DNA) cont a| ni ng CHA2 2.5 (5) and
a part of the anti body L ttghal

be a ired.fromthe
genore only by honol og(IJAus recor"r%?r?'lua ﬁeegc(g_lé) gﬁ%ﬁn ec@q’qcn%feg? gg
honol ogousa heolegbnabNgniragment havirga ehdinghyth af 239 kbp lapdﬁx\léhmhmvalgw ? g. |
7 (A d r t n an
(he 1 ar gott royR SreBmenlt b Blan® TR d 48 i 8B ek B B BB 200 Wt | e
CHA1- seq- sldniedobl - ap%@l@rmastrOMKﬂibPMSh\éemhar@YOBm&dgm IQHAoBimoWNA rm;Fl gd 7
A re IR on we an

(), vas St PRal e ARl A LEOND EEBTT AP SRR ERTRE G,
pr| mer | QG811 -2CHAN G €3HAZ2. 9 Odetrd] sE&HAG - sesec&(bhcerhcmmologons to a region

- GACACAT pri : ,
S _ GrTrecTRRIE R Er e HEEGS. ndbEHAT B RlR0e erBhiag-s primer
anpl i fi catdesaripediuEtrampleusamd thei imﬁdwmrmlraaral weredudeyl s prdheopdqreeskes on
1. 0% agar 3§?‘,§)g§der‘g%%6esul ts were as shown in Figs. 7 (B) and (O).

In Figs. nunbers 1 to 5 represent clones obtained with the
CHO 2. 5kx20&3i]i SsediruGdtA bL.5kBoptimehe 3075-bp and 3228-bp PCR anplification

i cat ng Tsr CohBEsohofud bR i e ol irice.
NcoNru-CHA2-2 5k-r primer:
o’ -HCCATGGTCGCGAtgaaggttatagagcataggggacce-3’ (SEQ ID No. 68)
[0138] Acquisition of CHO 2.5kx2 antibody vector
The CHAZ2-2.5 sequence amplified with the Bam-CHA2-s/NcoNru-
CHAZ2-2.5k-r primer set was cleaved with restriction enzymes Bam H| and Nco |,

followed by replacement with the HA2 sequence in the basic vector+neo R+Igl
plasmid. Further, the CHA1-2.5 sequence amplified with the SseNru-CHA1-2.5k-
s/MIul-CHA1-r primer set was cleaved with restriction enzymes Sse83871 and Miu
I, followed by replacement with the HA1 sequence. Next, DNA sequence 8
(heavy chain cassette) was inserted into the restriction enzyme Miu 1 site to obtain
a CHO 2.5kx2 antibody vector shown in Fig.6.
[0139] Acquisition of CHO 2.5kx2 antibody vector integrated clone

The CHO 2.5kx2 antibody vector was purified and linearized in

the same manner as in Example 3. The linearized vector was dissolved in
sterilized water to a concentration of 2 g/L, followed by introduction into 1 x 10°
cells.

[0140] Next, screening with a selective drug was carried out in the same
manner as in Example 3. As a result, G418/6TG-resistant colonies of 5 clones



[ 0146] Anal ysis by Southern hybridization The

regi ospecific integration of the CHO 2.5kx2 anti body vector into the target
hprt locus in 4 clones acquired in Exagple 7 was confirned by the foll ow ng
Sout hern hybridization. [0147]Fig. 8 ( is a typical diagramfor

expl aining details of Southern hybridization in Exanple 7

As shown in Fig. 8 (A, a target region (2) in honol ogous reconbi nation of
hprt gene wekrg islatedt so as to contain exon 3 (3), and honology arm1

(CHAL- 2. 5)0§4ﬁ (CHA2-2.5) (5) are set so as to be

honol ogou o] S in the target region. Only one Eco RV
restriction enzyne si teaanoan)mmemasammebd frent aloges resigiann t¢ 2)418a86d onl y

one Eco str|ct|o enzy te is.p tar et n.
The ot ner FshcrBtrieitnBy PR Foaiebor carbhi, Whor 558 it Begrofand
restricti crac@nbryxaeomrégéosmcﬁrcetsehé targeChif2 1obus. wasécmewnﬂigdlby thesmﬁmaﬂg gene
sequence (| the CHO . 5kx2 an ector was designed so that an NR
probe can @Rﬁ%‘?ﬁ"&%&? b@?\ﬁ% }/‘?{ni’ﬂia 8 (A, when 12302-bp DNA
has been det4zjted, it Fig Kj(aﬂt)esmt@sdai <ﬁlagf9nﬁIﬂﬁ@méihihgmecéilstdﬁalf@rﬁalfﬁ{s

t t t d th h I th DNA , that th
G0 2. o ATTHORGo U EeaP b o ERCIah BEPSARE P L he hort I ocus of the

clone. [0149] I Manuf actAutargs reticpr @hef homologous recombinafion NR apr lgre gbay i ng a
t t t
ot body JOlRTOb B Yo Pali BRoY RuCLnrEHRLS A0S 2 ey anaritRssEo)
Pr epar at idd;rceaof/ dmﬁh‘bg?i_ﬂﬂmnce (7), a neomycin- res@%\ﬂr@erﬂ\m)Oén@mhzrallﬁ)tﬁiddycligme was
t t t he re nt c wa th an
Thst iy ot adhastEner ) Gt HeBiee kAN A, ABT AZEE i &y eI
hybrl di zat( Bparealnﬁdgyﬂeﬁ iintio thheeg@ﬁﬁawmﬁﬁb?aﬁs retoE)tﬂnimloa g [ 0151] As sh?wn
Fi 8 cl on nt was
B B
r 'efgnt)i natarmbouy\ hbmbcﬂiuanméqom @h a6H@NAl(B228- Eprtimm)nzedntam:hr@fcriam .5ed
- e ene e er
W1 et e (BPaha A5 B ARy Mo e e oY RRR (D SRE AR TS on

usi ng genwowmr@cmemoﬂdgmmhmnugnmﬁ esanphuatdaanbel anemdek fdie CHO

1kx2 anti thoc’iﬁ/ vector and. the CHO 2.5kx2 anti body vector as a tenpl ate.
onologous recombination.

Accordingly, a 3075-bp DNA shown in Fig. 7 (A) was set as an index for
homologous recombination between CHA1-2.5 and the target region, and the DNA
was detected by a PCR reaction with primer CHA1-seq-s11/Notl-spacerA-s. On
the other hand, 3228-bp DNA shown in Fig. 7 (A) was set as an index for
homologous recombination between CHA2-2.5 and the target hprt locus, and the
DNA was detected by a PCR reaction with primer IGL-Cs/ CHAZ-seg-a4.

[0144] CHA1-seqg-s11 primer:
5'-GACACATGCAGACAGAACAG-3' (SEQ ID No. 69)

CHAZ2-seq-a4 primer:
5-GTTTGCTAACACCCCTTCTC-3' (SEQ ID No. 70)

{0145] Next, the PCR amplification products thus obtained were
analyzed by electrophoresis on 1.0% agarose gel. The resuits were as shown in
Figs. 7 (B) and (C).

In Figs. 7 (B) and (C), numbers 1 to 5 represent clones obtained
with the CHO 2.5kx2 antibody vector. Both the 3075-bp and 3228-bp PCR
amplification products were confirmed in 4 clones among the acquired 5 clones,



[0153]Fig. 9 (A) is a typical diagramfor explaining details of genone PCR
for the confirmation of remained wild-type hprt gene. At
the outset, the left drawing in Fig. 95(A) shows PCRin wild-type CHO cells
having two X chronpsones. A target regron (2) in honol ogous reconbination
of an hprt gene (1) is set so as to contain exon 3 (3). In vector
non-introduced wld-type cells, DNA (2322 bp) of the target region can be
anpl i fi ed ilicatirfgdRat e &otricdsgoiandcomhbination heactienaosk pigcef the wil d-type
hprt, gen e confirped,usi thig. as an index. [0154] The draw ng

| ocat ed aﬁofégé; Sy S5 el il PCR i n heterojunction-type

honol ogous r econbi nantTheeﬂelgB)speﬁincinstieggatlanvﬁcmercﬂmt BGkR2 echtibodp vastohpr t

i 4y, CRseyoRlBEE ey RubiprRe 2y o RBohper ot €T Bk g ene,

and an antfolbmdyg [Sogltierc hgbrdisatiprence hel d bet ween CHAL(4) and CHA2(5)) is

i ntegrated.in,o the t I on S rec Jna On the
ot her hang?%{;ﬁot her c?%%é’g)n% 5}"& 2 ‘%%raab or %&lﬂ%ﬁmgaﬁ%b %Q%’fﬁ‘fr%p) in
t he t ar gethybddizatiorcanExemple i fi ed by a PCR reactl on, nmaking it possible to
confirmthe remaining ,of hhe wilﬁg-i%y 015 t he ot her hand,

i ]

01

as shown in the drawi FORYE el I’—"i‘gI r |oq %d?ﬂ)ﬁ'?me P8HE type
h(ﬁm)l ogougecanbimbliorant hoel denecOnps isst Bg B Memﬁrmalnlendoag:]s Q:E)Sgaggn’:)m?dﬂpgh )
chronosones re Lphant DNA IS ex p), 1n the
target reg @n?w‘m5§EBT*?PPM%@°'?%’°‘B%§?§E§F %ﬁfi (W%fgﬁ%d“s E‘F\e
fﬁregohnl @qmtdegc?xsattditwg adjamrzaéard@p Mlgﬁlrmget iregibh.g. ORIy A)we\/\azoSR&\Y as )
t he index or ion action_was carried aut wt
o er opeaER o ahallE e s HRESER 'aPounding Redel TehioR @b rind B brdT e
product t R rexditictiomeshayee siteis\zeseritwithliretie tapfwaregioa. omnlthe%tlegarasie gel .

Fepr econt AT 2 BB Palifec ot by ok R R dioee e S 55 and

6) repr esgméseCitiOnlRidA2an 6. bodynamayai-resistaor ajced séqresea@)uinr g OMdxanpl e

4, and 2. 2 ve inte rate clones (1. to res 2. 5kx2

ot body el iRy b ER WA SR BB thatef NRRRR ST mByds 1o por
anpl i fi catjpo48]pr oduct %svﬂfo&/mmrﬁlgr&mb wnhem 1230244 UNM’% el @etea@d |tt hUS
t he presenc f t he prt onflrme ot h

P 1 CE S Sy Mark e Rsithl o358 B B B d e, Fiies ag e
product wahalrolengiindfi the INA sedi@fde, thatthaCHMDQ Sieeamiiboaypiecter has weee of a

honoj uncti.on t i,n vvh ch a ve was integrated into both X chronopsones.
[ 0158] Fr Omteﬁ@{%gu?gge Ogg'ﬂﬁ’f’ PREJ that the use of the vector

accor di ng [ov49]hevidaetoting o prbieon al | owed reconbi nant cl ones conprising a
target protein gene i f at eg into both hg Ioches of two X chronpbsones
to be acquired with h%h EHEAYNG B FEGHERSE FBMR eTﬁWgtot%r“ﬁP?ty%‘re

expr essi onesittaattgdpedyn e MDD antit6®) Geclrongs pisvingd GhQnengipgenous
pronoter Manuf act.urjn f CHO CHEF1P vector A CHEF1 a

pr onot er Si! éé@ﬂ\ﬂ R an EFlaP-M ul - F/ EFlaPXbal -R priner set using a
CHO- K1 genons0]Phapastian o Manttirane

Genome DNA of each cell cione was extracted from the 6TG

resistant colony and was cleaved with an Eco RV restriction enzyme. The
cleaved genome DNA was subjected to a Southern hybridization analysis in the
same manner as in Example 5.

[0151] As shown in Fig. 8 (B), in ali of the analyzed 4 clones, a 12302-bp
DNA fragment was detected by the NR probe.

[0152] Example 8: Confirmation of homologous recombination in  two

chromosomes of CHO cells

Confirmation of remained wild-type hprt gene by genome PCR




[0160] EFlaP-Mul -F priner: 5'-AGAACGCGICCACACAATCAGAACCACA-3" (SEQ I D No.
71) EFlaP-Xbal -R priner: 5'-GACGATCTAGAGGTGGTTTTCACAACA- 3 (SEQ I D No. 72)
[0161] Further, an |IgH gene was anpliflg W|th a CW-seq-s/ M ul -

| gHL- SVpA-a prinmer set using a CHO 2.5kX2_H-neo-L plasm d as a terrpl ate.
[0162] CMW-seq-s priner: 5' -AGGGACTTTCCATTGACGIC-3' (SEQ ID No. 73)

M ul - OW- | gHL- SVpA-a priner: 5'-ctt ACGCGTAACGTCTCGCCCTTTGGICTC- 3" (SEQ I D
No. 74) [0163] Next, t kgndthiFdaRoton dvildtipgainet sénms r@béu@brmb veifeneidesy ed

wi th Xbal and heI ectively, followed Thereafter a band
of the m@rt&lapiwngggﬁiqov{ﬁ@cfg%]L@&ge@epam&ew Hacfish ot aRogtuS

C:4EF1aP+I @bbtﬂﬁ?tﬂﬂatll@ﬁ wdr%@edf it &*E%Iﬂg‘% \aaﬁm:ry ook ta'rﬁlgﬁﬂé[ (g:lrgcgi :g?mmﬁ by
cleaving w u to obtain ar+i g gene cassette t he
ot oy handntiBodk ot sy BienBEtsee amal 11 od w th an

EFlaP- H nqb1431F/ EFlaPfig. r@ll(Aj 1sRaalypmr dRgtard SoN@xHERiig. derniensf didres a
terrpl ate. [0165] EFlap-Hi ndI F
CAAGEF TR ERR camgthe Ol Bt $¥)*- EF1aP- Hindl | | -R pri ner:

At the outset, the left drawing in Fig. 9 (A) shows PCR in wild-
type CHO cells having two X chromosomes. A target region (2) in homologous
recombination of an hprt gene (1) is set so as to contain exon 3 (3). In vector
non-introduced wild-type cells, DNA (2322 bp) of the target region can be
amplified by a PCR reaction, and, thus, the remaining of the wild-type hprt gene
can be confirmed using this as an index.
[0154] The drawing located at the center of Fig. 9 (A) shows PCR in
heterojunction-type homologous recombinant cells comprising a vector integrated
into an hprt locus of one X chromosome. In one chromosome, vector DNA (7)
(containing CHA1(4), CHA2(5), and an antibody heavy chain, a neomycin-
resistant gene, and an antibody light chain sequence held between CHA1(4) and
CHAZ2(5)) is integrated into the target region (2) by homologous recombination.
On the other hand, another chromosome holds a target region, and DNA (2322
bp) in the target region can be amplified by a PCR reaction, making it possible to
confirm the remaining of the wild-type hprt gene.
[0155] On the other hand, as shown in the drawing located right in Fig. 9
(A), in homojunction-type homologous recombinant cells comprising a vector
integrated into both X chromosomes, only recombinant DNA is expressed, and
DNA (2322 bp) in the target region is not amplified by the PCR reaction.
[0156] Based on the foregoinig understanding, the 2322-bp DNA shown
in Fig. 9 (A) was set as the index, and, for the DNA detection, a PCR reaction was
carried out with primer CHPRTs/CHAZ2-seq-a1.

Next, the PCR amplification product thus obtained was analyzed
by electrophoresis on 1.0% agarose gel. The results were as shown in Fig. 9 (B).
[0157] In Fig. 9 (B), WT represents wild-type cells, 1kx2 vector
integrated clones (1, 2, 3, 5, and 6) represent CHO 1kx2 antibody vector
integrated clones acquired in Example 4, and 2.5kx2 vector integrated clones (1 to
4) represent CHO 2.5kx2 antibody vector integrated clones acquired in Example 7.



5' - GACGAATTCGCCGGTGGTTTTCACAACA- 3" (SEQ ID No. 76) [0166] An I gL gene was
anplified with an IgLser-EcoRl-F/IgLser-H ndI I1- R prinmer set using a CHO
2.5kx2_Hneo-L plasmd as a tenpl ate [?%6 | gLser-EcoRI -F primer:

5' - TATGAATTCGTCGCCACCATGGACAT- 3" ( SEQ No. 77) lgLser-HndlII-R prinmer:
5' - TGTAAGCTTTACCACATTTGTAGAGGTTTT-3'" (SEQ I D No. 78) [0168] The CHEFlaP and
| gL gene thus obtained were cleaved with EcoRI, followed by |igation.

Ther eaf t eQSZ@—b@MR(ﬁmﬁlh@a%ﬁﬂ@%tsﬁhe&e&mﬂm&dsm eed deitﬂaegeéll£>ahﬂaCt ion,
and t he CHEFlaﬁﬁﬂ L gene

was ned into a TOPO yect 1o
eyt g s Reksence of Hiss ik bechik 95pa Mo coatinets sah fae SRS 185¢. The
CHO 2. 5kx2n HiNAe HRezd MesmBirRay &tbndst Rink 2udiolbp @R wﬁohdeamﬁpmrm at ed,
and t he CHEFlaP+IO%IﬁNgene cassette vv%s |nserted thereinto.to obtain

H neo- EF11Va3cRatgronfiRgRe. ingrc@lipg el the) resemhgagh ge &ﬁa%ﬁﬂ&rwaﬂuaﬁt'ow he
CHEflaF’+I W@mn&;@@%&%ﬁ@ W%lgtmﬁléﬁﬁﬂotﬁmmﬂ?ﬁ@mbgomgfz riup n a CHO CHEF1P

vect or 1. N 19 cqulr sitron,o vVecl or

r econbi naﬁ? Eho cel | sFrom t?we re]su@ " Wail%@ﬂ@%@#ﬁ‘%% H??o‘ﬁ(u&ﬁ ¥Rt 0 CHO
cel It?] an@ca@ﬂd&@wortﬁeqfreédmsm@;nﬁbﬁ la?b\ﬁéd %@nﬁ%ﬁﬂ%&ﬂ%étgmmw{@ Gaarrgieﬁg outt
in e Sahe npnner as I n a 0O a urre vector reco I nan
GO col | 5 Progiy SEne e RS, BRe dioth eCierise S oY 0y cHEPaRRaBBEyS be

product i oracqiuré?a-l(;),tﬁ}rlﬁﬁu?eqm{gqr cl one The acqui red CHO
CHEF1P vegé r mbi |l Ired. _ -free
medi um gﬁ%e REN'S G- Bed)ItHiBb ISR e 6 FBS 2 %8l BCO) )

under condietio®Rforek u&(ﬁqa@qcﬁgﬁ@@anaaglpm@eused in a t| rrel y manner for the
measur enent of e ?m)unt of tb ggy proguctl on. [0172] Cells during
subcul ture wer e%—%@—@@ﬂ%&@—“ 9T9x106 cells in a 100- nm di sh,
and were cul tured UndwCHEdeztpr@ﬁ:%té?fwayé}n@nﬁbcﬁ%tﬁl% PrEfMMINILE/EFaP-

cul tured ceIIs wer e peel ed offqz)i#d dﬂlﬁ%ﬁ&to 3x105 eIIs/m The cells

ver e seedetPdlR BIASL jgd ysing Aofs g %mma Per well and were
cul tured. [¢ddqgr the elapse of 24 hr fromthe start of the culture, the
mediumwas 35 entire rempved. A fresh nmedium (1.5 nml) was di spensed,
foll owed by cul tEtfr1@PfM¥“|f4pW‘er The whol e quantity of the nedi um was

col | ect ed,5* ABAAGECETBOACACALTCABSACEASIN-8USED L NSA7@ssy. Cel |'s adhered
on the bottom OfEFH%%-%éE'I% Vr\ﬁqreer peel ed of f, and the nunber of cells was
count ed. P

5-GACGATCTAGAGGTGGTTTTCACAACA-3' (SEQ ID No. 72)

[0161] Further, an IgH gene was amplified with a CMV-seqg-s/MIul-CMV-

IgHL-SVpA-a primer set using a CHO 2.5kx2_H-neo-L plasmid as a template.

[0162] CMV-seq-s primer:

5-AGGGACTTTCCATTGACGTC-3' (SEQ ID No. 73)

Miul-CMV-IgHL-SVpA-a primer;
5-cttACGCGTAACGTCTCGCCCTTTGGTCTC-3' (SEQ 1D No. 74)
[0163] Next, the CHEF1aP and IgH gene thus obtained were cleaved

with Xbal and Nhel, respectively, followed by ligation. Thereafter, a band of the

CHEF1aP+IgH gene was subjected to gel extraction, and the CHEF1aP+IgH gene
was cloned into a TOPO vector {Invitrogen), followed by cleaving with Mlul to

obtain a CHEF1aP+igH gene cassetite.

[0164] On the other hand, a CHEF1a promoter was amplified with an
EF1aP-Hindll{-F/EF 1aP-Hindlll-R primer set using CHO-K1 genome DNA as a
template.

[0165] EF1aP-Hindlll-F primer:



[0173] The results were as shown in Fig. 11. The anti body productivity of
CRC cells conprising a CHO CHEF1P vector integrated into an hprt |ocus was
kept constant even after subculture f0é416 weeks under sel ective drug-free
conditions, and the productivity was ndot | owered. [0174] Exanple 10:

Acqui sition of honol ogous reconbi nant by vector that has honol ogous DNA
fragment having chain length of 2.5 kbp and expresses anti body heavy chain

Manuf act urg' pGARAGETTTIHATACANBCAGAATBACAXP(SEQED Neitigyody heavy chain
The CHO 2. 5kx2 i %_oﬂ% ﬁe%t olfrmgr_epar ed in Exanple 7 was cleaved with a
restriction enzﬁ%a PRI -R AH8Was subjected to slef-ring closing to
Rreparetamczedglgm§@5dw@kb ycﬁmaiwomh _ M:Asdt"umeoitm rﬁ%gzsﬂf. [0175]I

cqul SI U1 . eav cnal vec rr 0 n cel,
near! i 2dD18H Tt - okl s eeied ek o L SEr EBaR ke Taksef fundir-
const r uct el pfiter 2ebldwg alt13@ 2. S1a_M-NeSL PlasiBitieasCatgrh@dieout in the sane

manner as LN | e. 3 to acquire CHO 2. 5kbx2 heavy chain vector
r econbi naﬂh%ﬁé&c%r'r ‘OPAS” B'PESul t, 130 recombi nant CHO cel | s per 107 cells

wer e acquis aATAANTRIG FeaUUACJATGBAQWTS3 {(5BQ If N6t &bl e expressi on CHO
cells by vector that ha R derived from human hprt |ocus intron and
expresses anti bd@ySHEH0G R AN Manuf act uri ng of MAR non-transcripti onal

veclt o][ g 5’—TGhTAAG%T'|i'T/?1¢S/BRC(AhTm‘tWA/ e %GWTHTMIU%QHDYNO.QEB)G intronhvvas
anplified w a Xbal -_hpr R- s/ Xbal - hprt MAR-a prjner set using the genone
oA of an (4880 col | TNenEMER TGRS S| SR8 L obfaed Beet e mvElanp| o
g as %i_ CtT i@oﬂl?folib@éﬁﬂy nﬁmlonhpn?l&m%r( ﬁar,p‘lé l[i)imﬂiof7t8e c):(tgr—:r1%P+|gL gRe;ene was
-ttt agtt at gagcccat gt ccc- 3! . al -hprt - ner :
S L TCTAGA RSP et B cRnatnel GHEFIEP NI §01° 1O PEYPHENE B SR X2
anti bodg/(bw%@t@,rfgnﬁ@@@b %tléawi@m@lt—mncﬂgw%b@i@a\m%ﬂw &P+ign greastc@Mtzgétt@n
enzyne n prt s ILpserted thereinto to opt .an
non- t ranszpfl?ﬁi onal v @Po?ﬂgn%\ﬁgxf—rﬁﬁre@.vef?r(%? clegye W%g']m%n%ﬁ%a{?f“ﬁri ng
of MAR tr ajsphbbphdroRedd, WettRE CHEF1aP+igl gene cabbdttd as el théretntbusan
hprt gene intron E&éag&l Lfl ed with an As;i\h-l;p{t I\/AR—s/ci\/I ull-h(gprt IVAI?—,a pri mer
set usi ng YUHBARN SEFAh vastasgoNext RiteaMige Flepuinocanq dpphgepharylation,
tenpl ate. the CHEF1aP+igH gene cassette was inserted thereinto to obtain a CHO CHEF1P
vector shown in Fig. 10.
[0170] Acquisition of CHO CHEF 1P vector recombinant CHO cells

Linearization, introduction into CHO celis, and screening of the

constructed CHO CHEF1P vector were carried out in the same manner as in
Example 3 to acquire CHO CHEF 1P vector recombinant CHO cells.

[0171] Confirmation of long-term stability in antibody production of CHO CHEF1P
vector clone

The acquired CHO CHEF1P vector recombinant CHO cells were
subcultured (selective drug-free medium: Advanced MEM (GIBCO) supplemented
with 5% FBS, 1xGlutamax (GIBCO)) under conditions of 7°C and 5% CO. and
were used in a timely manner for the measurement of the amount of antibody
production,

[0172] Cells during subculture were peeled off, were seeded at 2x10°
cells in a 100-mm dish, and were cultured under conditions of 37°C and 5% CO,
overnight. The cultured cells were peeled off and adjusted to 3x10° cells/ml.
The celis were seeded in a 12-well plate in an amount of 1.5 ml per well and were
cultured. After the elapse of 24 hr from the start of the culture, the medium was



[0180] Ascl-hprtMAR-s priner: 5 -ttGGECGCGCCt agttatgagcccatgtocec-3" (SEQ ID
No. 81) Mul-hprtMAR-a priner: 5'-ttACGSCGIcggtgaaatcctgtctctac-3' (SEQ ID
No. 82) [0181] The CHO 2. 5kx2 anti body ygctor prepar ed in Exanple 7 was
cleaved with a restriction enzyme Mul,; "and hprt MAR2 was inserted

t hereinto. Next, the product was cleaved with a restriction enzyme Mul,
and the anti body heavy chai n expression cassette of Exanple 2 was inserted
t her ei nt o entirgiptraimoved MARrdshamegiuinp(i.6nal) Wmﬁwpeﬁw,\ﬂoildiw&ii Gy dtued) -

[0182] Ma uf tur| C\W, tr scrl t ona vect or MAR
(hprt NARB;} o a{‘ huiﬂﬁ W:}/Aqﬁéﬂtéty cHt .@ﬁ%ﬂew ffd the amount of
Bgl I | - hpr tiyBRvas Bgédémélqbrbtyl\/m-sa\ pssyrerc:eelet admre@ @etTeoftih of thrnwklld 080, a

human- deri ved ce ate. [0183 gl 1l -hprt MAR-s primer:
5 -ttAGATc‘f‘ﬁ’"Sj}eeLet 5 F‘@PHE&?%" @Ed"%b%wl.te 3) Bglll-hprt MAR-a primer:
5 -tt AGAT([M:@Qt gaaat Cdmgtmsaitsa(&'eﬂe a$ SEGwvhh Reg. B4) Theléibble productivity

CR-Bl unt 1 ntibod hea Si 0 ssette epared in
Bcanpl o 2 QUG 0600 68 EOc Lot BEH vy AR it "R re T4 5ias

i nserted tkieet euormist}ant Té\enpraﬁdu@ubwlsurteammef fvedkd hundler esdiédtivei Gmg[eﬂgi%gf_rh
Mul to obt |n an a I bod chal n. +MAR expressi on cassette e
pCR- Bl unt 19! %BE’ﬁa?ﬂ ‘6‘8&731’5‘5 &?élwté%‘? '€8si on cassette prepared in
Exanple 2 {wam]cﬂimnmld 10:t Acquisitsih rafdidMo@cﬁlZS/mothhdmt oy debipr tiVARBagas
inserted therel nto.Jthe prod Gl as tak n ff t a restrlctl on.en
Hlndlllts S e -2 0F P

restriction enzyine (I:-IHOOD Elkxz amtibcﬂily \&mtdrtmdyarledgrlﬂzxéh-@llm7 %R:t@a@rdaﬁﬁh on
cassette Warsesltr?%teorntgrgzy%heer-l flloanc? woa%t éaubrjlec%ed I}/Asieq\z%g crzlggligrtlop;;rleggr%l avect or
CHO 2.5kbx2 heavy chain vector shown in Fig. 13.
[0175] Acquisition of CHO 2 .5kbx2 heavy chain vector recombinant CHO cells

Linearlization, introduction into CHO celis, and screening of the
constructed CHO 2.5kbx2 heavy chain vector were carried out in the same
manner as in Example 3 to acquire CHO 2.5kbx2 heavy chain vector
recombinant CHO cells. As a result, 130 recombinant CHO cells per 10’ cells
were acquired.

[0176] Example 11: Acquisition of stable expression CHO cells by vector that has

MAR derived from _human hprt locus intron and expresses antibody heavy chain

Manufacturing of MAR non-franscriptional vector

MAR (hprtMAR1) of a human hprt gene intron was amplified with
a Xbal-hprtMAR-s/Xbal-hprtMAR-a primer set using the genome DNA of an
HT1080 cell tine, a human-derived cel! line, provided in Example 2 as a template.
[0177] Xbal-hprtMAR-s primer:
5'-ttTCTAGAtagttatgagcccatgtcee-3' (SEQ ID No. 79)

Xbal-hprtMAR-a primer:

5'-ttTCTAGAcggtgaaatcceigtctctac-3' (SEQ ID No. 80)
[0178) The CHO 2.5kx2 antibody vector prepared in Example 7 was
cleaved with an restriction enzyme Xbal, and hprtMAR1 was inserted thereinto to
obtain an MAR non-transcriptional vector shown in Fig. 13 (A).



37 shown in Fig. 13 (C). [0187] Acquisition of MAR vector reconbi nant CHO
cells Li neari zation, introduction into CHO cells, and
screening of the constructed MAR non-tganscriptional vector, MAR
transcriptional vector and MAR CW transcriptional vector were carried out
in the sane manner as in Exanple 3 to obtain reconbinant CHO cells. [0188]
Confirmation of stability in antibody production of vector clones that have
MAR der i vdatT9]diaduiaetoring bf MAR transdriptionalardt@xpr esses anti body heavy chain

VAR vect or shoun 1n FRAR GSTHARSY ik R B SeR6 5Pt el SUEMISH HE sane’
manner as dmA&olapiMAR-s/IINL-BPHIIFR Bagithérsserarstnfge SIMMDNA ofFag . HILKDBOAS i S
appar ent frﬁlgﬂ,'éhe\%?l??s] gef?ggqca%nqefﬁngfna]% could mai ntain anti body productl vVity

were only ¢ ifch MAR of human hprt is transcribed
only by trand@raspt- hpnM@a‘R shheim@prt gene at the vector integration site being

i ntegrate cl ones . ac r v or havi ng a human

hprt MAR n(;%ntt{(%aﬁ{g@t&b? 939??%?&8‘88%5a§%®%§'& gﬁ having a structure that
t he target prot inl- ganARqalpMQdarare si mul t aneously transcri bed by a CW
pr onot er od duc , I r during culture for 7 days.
[ 0190] Exangﬁ%\@q(;bq%g?%ﬁq ‘F{Sf?‘ 'ﬁo@%&g\lﬁoﬁg&omi nant by vectors that
have homiDogtus DNA ﬂ‘rhag@biﬂQ $16<\2i agtilsdy nedtenghiréisaredl iA0Rkarapk 30@bs and
CBbes® SRR YodhBldh oMM LA 508 G FAI SH00 Rl B O
CHAt 2h 200)S Nﬁxttmegprclodg(% Wag/e:rth ulsarw;tnlaommdmmnaera@mt o Wit iaad thesgreibbiyel y
Wi an S u r_se a . :

Barn Crio. SR P RCRARSesRH Phoseitend lerie Prtps Baie Hueito o PR 8011 s as
a tenpl at MAm%hszﬂﬂlcﬂrmivé}ﬂé@sm WeFig. $Bt(Bio a sequence homol ogous to a
regi on cor‘t?ﬂégl . . The fo Iovm ng primer sequences
wer e used 1) %

5' t CCTGCAGGT CGCGAL ggaamm(nmw\mt) g:a’ratliulﬁan hﬁE(@dnB iNYon &s ampl'ifled with

Pci Nr u- T cagcactca EQ ID
o 56) | G iugAk F@é%'gﬁipdf%‘goﬁqﬂ”’aﬁr BTG5 o S 8757 i b e ed
38 with résmarctiedvedereyimes aBameplatad Pci |, foll owed by replacement with
t he CHA2- roduct was then cleaved with restriction
enzymes Sﬁ@g%%ﬁgqgﬁ tMptTé]F pp‘lanlowed by replacenent with the CHAL-200
fragnment . %tMAmTt@g%atgemm@c&shsmlmN@l g3cassette) was inserted into

the restrictiongn | site to obtain a CHO 200bx2 vector having a
honol ogy arm | e,%q”ﬁ%gﬁnﬁﬂ#a primer;

5-tAGATCTeggtgaaatcctgtetctac-3' (SEQ 1D No. 84)
[0184] The pCR-Bluntll-TOPO+antibody heavy chain expression
cassette prepared in Example 2 was cleaved with a restriction enzyme Bglll, and

hprtMAR3 was inserted thereinto. The product was taken off with a restriction
enzyme Miu! to obtain an antibody heavy chain +MAR expression cassette.

[0185] The pCR-Bluntli-TOPO+antibody light chain expression cassette
prepared in Example 2 was cleaved with a restriction enzyme Bglll, and hprtMAR3
was inserted thereinto. The product was taken off with a restriction enzyme
Hindlll to obtain an antibody light chain +MAR expression cassette.

[0186] The CHO 2.5kx2 antibody vector prepared in Example 7 was
cleaved with a restriction enzyme MIlui, and an antibody heavy chain +MAR
expression cassette was inserted thereinto. Next, the product was cleaved with
a restriction enzyme Hindlll, and an antibody light chain +MAR expression
cassette was inserted thereinto to obtain an MAR CMV ftranscriptional vector



of 200b shown in Fig. 15 (A). [0193] On the other hand, honol ogous DNA
fragnents of a target hprt gene (CHA1-500 and CHA2-500) were cloned by a
PCR reaction respectively with an SseNgy- CHAL- 500-s/ M ul - CHAl-r priner set
and a Bam CHA2-5/Pci Nru- CHA2-500-r prinmer set. [0194] SseNru-CHAl-500-s
primer: 5'-ttCCTGCAGGTICGCGAgat gcct agcat gt acctgg-3' (SEQ I D No. 87)

Pci Nru- CHA2-500-r priner: 5'-tt ACATGITCGCGAt aagt acaaat ccat ctt gggt gac- 3’
(SEQ | D Neho®8)in Fﬁng!B]([&k)xt t he basic vector+neo R+l gL plasm d of Exanple 2
was cl eav t.h d Pci |, followed by

r epl acerreﬁ&w] R . 3 ﬁE) ICproduct was cleaved with
restriction enzynes 5$e&3:8|2htuandnwbduduonf Dkd QMO d@}dsr epd aceseittg Wf tthe t he

CHA1- 500 fr enc i in_cassette

Thoer tog 1 RISTTRE MAR Harra i 0eDoi SRRfor VN BB AR PR LR
vect or haviMy tearisoripticrgy vactor wengtchrrafd &@Gh tsdbeame makney. aﬂﬁn EB3mp(e0396]
Acqui si ti 200bx and CHO 500bx2 vector reconbi nant CHO
cells ® o%tam recom mazl(\/lgé Q%‘t ion, introduction into CHO cells, and
screeni ng [018&]k©omfmmmttonlcifesdalﬂm®|ﬁ(ﬁﬂﬂhbﬁdwgmmmt:amd)f@elaoﬁaﬂkmez thathave wer e

carried o . . tet e.fact that
t he mtro'ﬁd:zrbIe ’0 : : i 5

were not acquired at éﬂhle arraly,srwobianiﬂh&iy(ibﬂ@dﬂﬁ()hybf\recdimmnan’dCHIQ’)sc6hlé)s500bx2

{hat has TrauseS S8 IEAG Rt SRR 5 @lafB. REREELMEF B Hia P cc e

anti body same manner as in Example 9.

[0189] The results were as shown in Fig. 14,  As is apparent from the
results, clones that could maintain antibody productivity were only clones with a
vector into which MAR of human hprt is {ranscribed only by transcription of the
hprt gene at the vector integration site being integrated thereinto. For clones
acquired by a vector having a human hprtMAR non-transcriptional structure and a
vector having a structure that the target protein gene and MAR are simultaneously
transcribed by a CMV promoter, the antibody productivity was lowered during
culture for 7 days.
[0190] Example 12: Acquisition of homologous recombinant by vectors that have
homologous DNA fragments having chain lengths of 200b and_500b and express
antibody heavy chain
Manufacturing of CHO 200bx2 vector and CHO 500bx2 vector

Homologous DNA fragments (CHA1-200 and CHA2-200) of target
hprt gene were cloned by a PCR reaction respectively with an SseNru-CHA1-200-
s/Mlul-CHA1-r primer set and a Bam-CHA2-s/Pc¢iNru-CHAZ2-200-r primer set using
genome DNA of CHO-K1 cells as a template. CHA1-200 and CHAZ-200 were set
to a sequence homologous to a region containing exon 3 of an hprt gene. The

following primer sequences were used in the PCR reaction.

[0191] SseNru-CHA1-200-s primer:

5-ttCCTGCAGGTCGCGAtggaatctictattcctgattt-3' (SEQ ID No. 85)
PciNru-CHA2-200-r primer:

S’-tACATGTTCGCGAtcagcactcaggagicagag-3' (SEQ ID No. 86)

[0192] The basic vector+neoR+IgL plasmid of Example 2 was cleaved



heavy chain Manufacturing of CHO 5kbx2 vector Honol ogous DNA

a target hprt gene (CHAl-5k and 39 CHA2-5k) were cl ongd by a P]‘Clr:{a?(rarz(r;:isogf
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regi on containing exon 3 of the hprt gene. The follow ng primer sequences
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5 - t t ATGCAVIthOrasEAokion e%\f(j:?%gn gé 2 l‘!%‘%%b %p%b%r”t B - s
Bs:o&?lrj SCA%{QQQ’%%@%Q&@C@WQ{ giaa- ﬂﬁen( SEQVv&dD Wkl rmr)!ctlon enzymes
o O1) | GRoBPREx Ny N IadpUOWRE (i SRS O L T alt & o Eoderarignt 209 1D
\(/:v: teﬁvteﬂevw pt..lqnanye@t[\ﬁ gé%&mymymlﬁbamwwas inspded mt@dhweﬁ%'ﬁtl%errent

n
enzymes S5S¥BIBE M%HS‘M ip Pb"af'b?I(Hd@gzo&?gﬁuthgo\g@ﬁseﬁ{geg%%ﬂj%éwagne%@ﬁt o

fr agment . d'_f'z@@b's‘i‘\owﬁ*%Fy auEeqrg e 8 (heavy ch ette
ai n cass
the restricti | ( y tt ) was inserted into

t
honmol ogy dPAP8lengt h ofo%t%oms%v@%"{do Prich OQL%‘% iﬁgg‘? %ntgﬁthEarB@Vth a
5kbx?2 vect qui sition of
Dot roduc'f| %e%nelrﬁ}[}g@@‘sna%hd@‘ﬂ@\%gbﬁwere c!oned by a PCR rebttimnraspaetiivehy with
vect or wer@n caseNCHl - 4%’?4\(@&5%%5%:% OE‘EE %%?éﬂ%ﬁﬂz SHESiRKRX2
As a res“'tHA@%ﬁ@ﬁpbmai séiHO cells of 7 cl ones per 1x106 cells were

acquired. The fre enc cqui,sition with the vector havin
an honol o
arm | engt h[06194hs§e 5f B'"P®as 4 cl ones per 1x106 cel Igs i ndi cat ?%g

that the h@ﬂ@@@%o@t@@t@@mﬁ@ét &

gEctigearotavetdged bdBESY I HouBt)s. 40 [ CLAI VB
ﬁ A DNA construct co%o S|5n§ froma 5 end toward a 3' end, a fll[’St ]
fom)l ogous DNA f PaiirerttHAZoPYY PEM&Sr ot ei n gene, and a second honol ogous DNA
ragnent, g gACATGTTCGCGAtaagiacaaatceatcttgggtgac-3' (SEQ ID No. 88)

[0195] Next, the basic vector+neo R+Igl plasmid of Example 2 was
cleaved with restriction enzymes Bam HI and Pci |, followed by replacement with
the CHA2-500 fragment. Next, the product was cleaved with restriction enzymes
Sse83871 and Miu | followed by replacement with the CHA1-500 fragment.
Finally, DNA sequence 8 (heavy chain cassette) was inserted into the restriction
enzyme Mlu | site to obtain a CHO 500bx2 vector having a homology arm length
of 500b shown in Fig. 15 (B).

[0196] Acquisition of CHO 200bx2 vector and CHO 500bx2 vector recombinant
CHO celis

Linearization, introduction into CHO cells, and screening of the
constructed CHO 200bx2 vector and CHO 500bx2 vector were carried out in the
same manner as in Example 3.

[0197] Despite the fact that the introduction operation was carried out
twice, recombinant CHO cells were not acquired at all in any of the CHO 200bx2
vector and the CHO 500bx2 vector.

[0198] Example 13: Acquisition of homologous recombinant by vector that has
homologous DNA fragment having chain length of 5 kb and expresses antibody

heavy chain
Manufacturing of CHO 5kbx2 vector

Homologous DNA fragments of a target hprt gene (CHA1-5k and
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hypoxant hi ne- phosphori bosyl t ransf erasezgnzyme (hprt) locus in a CHO cell
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fragnments have a chain length of 1 kbp to 7.5 kbp. 3. The DNA construct
accor di ng GleAZ58) mete cheueimatﬂmfréaatonaMpsmndmarmi NgiNta-GM BSkagnent s

have a chain, | of. 1 kbp t ruct acc rdln to

o e Ry B B o & RSP s N RS Bl i S S ot Ot
| east a payeu"loofe DNArocﬁlﬂB—l@fKﬂd:&!sl'qsra tegemete 5.CHA®-5RNAJADINAR BikGeraaeotdli Ng t o
claim1l, nthe first or second i ncludes a

onpl. Qgous

base sequengé léeer? r TYBROPRYS A9 S FEoioR an%'rf' DI\@QM%%E[F& gﬁn%aufh%l
sequence tfbkoveog pnﬁxer“élaqu@l\bhsomstusedtm H’(BCBCRI mgctien.cl aim 1, wherein the
target pr i S an t,i Qo an enzyme, a cytokine, a horm)ne, a
coagul at i gé?éé;ﬂs Nru gﬁ?l’égﬁﬁ W protein, or a receptor. 7. The DNA
construct M@Eﬁﬂﬂgamﬁmméggtmagbagmtdmjaccﬁjr(@E'QleJsNa g@sitive
sel ective mar kerafgg(?@p\ﬁ rA vector conprising a DNA construct according to
claim1. 9. The E(oods i i ng to claim8, wherein a nuclear/matrix
adhesi on ragiTe@ATOMRActgkaghyetdcigtgtm A (SEQID Naitg®)n of a human hprt gene is
mai nt ai ned suchﬁ% ﬁ& g trha.it after the integration of the vector into
a chronosone, P ﬁ%ﬁ 5 p§nﬁfanscr| bed by transcription at the
i nt egr at i &HHIOATGACAOESAMCIgeaCcRagoagicagad-8' (SEQ D 8lo001P, whi ch corrpri ses
a CHEF- la pr onot perativel ked he target protein.ge
The vect orlgg&@or di ng %Xg @1 h83*8f¥ecqt%rrlr'?§°8k9l§ﬁ‘ glas cgo i 'ﬁxﬁfﬂ%’ev%g%? i's a
pl asm d veddaved withe csstiictioneatzymesaBahadieane €tol, ,folﬁwwbwrréptﬁc@hadxt with
chrom)so rogess . for rati napt CHO cell, the
process ¢ %mak%‘fﬁ%‘? ci ﬁlaxlfﬁrée \%‘g(f"{ff Qgﬁl‘f%wﬁg rgﬁ’y'c e ©BFYBPRi ns 8
to 10 i nt Sse838THMEMIU § foildvedPoy mmaidﬁmm&ntwm-@ec(aﬁMmrfmgnsemg annany,
exogenous r ot ei ene_ i.ntegqr dinto hpr t
¢ conbi natt AREEIR & Bl et 55 ey n3aBPe o the TEHIRRISD BT e
hprt gene Niasl $igeto bbiait avaHed5kEE® véctbe baniby ahbmGHycaint serggner & kil by a
process acgor di.ng to.claimil2.

shown in ¥ig. 16,

[0201] Acquisition of CHO 5kbx2 vector recombinant CHO cells

Linearization, introduction into CHO cells, and screening of the

constructed CHO 5kbx2 vector were carried out in the same manner as in
Example 3.

As a result, recombinant CHO cells of 7 clones per 1x10° celis
were acquired. The frequency of acquisition with the vector having an homology
arm length of 2.5 kb of Example 7 was 4 clones per 1x10° cells, indicating that the
homomogy arm length of 5 kb provided better results.



16. A process for producing a target protein, the process conprising:
provi di ng the reconbi nant CHO cell according to claim13 or 15; and
culturing the cell to produce a target48rotei n.

10.

11.

12.

[CLAIMS]

A DNA construct comprising, from a 5' end toward a 3' end, a first
homologous DNA fragment, a target protein gene, and a second homologous
DNA fragment,

wherein the first and second homologous DNA fragments have
homology allowing for homolegous recombination with a part of a
hypoxanthine-phosphoribosyltransferase enzyme (hprt) locus in a CHO cell
genocme and having a chain length of not less than 1kbp.

The DNA construct according to claim 1, wherein the first and
second homologous DNA fragments have a chain length of 1 kbp to 7.5 kbp.

The DNA construct according fo claim 1, wherein the first and
second homologous DNA fragments have a chain length of 1 kbp to 5 kbp.

The DNA construct according to claim 1, wherein the part of the hprt
locus is a region which includes at least a part of introns of the hprt gene.

The DNA construct according to claim 1, wherein the first or second
homologous DNA fragment includes a base sequence described in any
one of SEQ ID Nos 15 to 22 or a partial sequence thereof.

The DNA construct according to claim 1, wherein the target protein is
an antibody, an enzyme, a cytokine, a hormone, a coagulation factor, a
regulatory protein, or a receptor.

The DNA construct according to claim 1, which further comprises a
positive selective marker gene.

A vector comprising a DNA construct according to claim 1.

The vector according to claim 8, wherein a nuclear/matrix adhesion
region (MAR) derived from a first intron of a human hprt gene is maintained
such a structure that, after the integration of the vector into a chromosome,
the MAR per se is transcribed by transcription at the integration site.

The vector according to claim 8 or 9, which comprises a CHEF-1¢
gene promoter operatively linked to the target protein gene.

The vector according to any one of claims 8 to 10, wherein the
vector is a plasmid vector, a cosmid vector, a phage vector, or an artificial
chromosome vector.

A process for generating a recombinant CHO cell, the process

comprising introducing the vector according to any one of claims 8 to 10 into



13.

14.

15.

186.

41

CHO cells.

A recombinant CHO cell comprising an exogenous target protein
gene integrated into an hprt jocus.

The recombinant CHO cell according to claim 13, wherein the
function of the hprt gene has been inactivated.

A recombinant CHO cells generated by a process according to claim
12.

A process for producing a target protein, the process comprising:
providing the recombinant CHO cell according to claim 13 or 15; and
cuituring the cell to produce a target protein.



