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 generatioon of reconbinant CHO cells and a
process for generating reconbi nant cHoXcel I's usi ng the sane. [Background
Art] [0002] Various reconbi nant protein production systenms using procaryotes
or eucaryotes as host cells are known. In reconbi nant protein production
systens USING CONSERUCT ARDFROCEESCRORSGERARINTION G RERSMBIQANRI gher
ani mal s ing¢l udi ng humans can _be subjected to post-translational
modi f i cat iGHe YSINF 35| ation, fol ding, and phosphorylation in a
simlar mpragy oftiBvédiRng Produced in vivo,, [0003] The post-translational
nodi ficatiogn i s necessary for the reproduction of physiol ogical activities
of native HWéins bylhedbasrmatveptien delptes atndangbaeicnngtrwauusefuh feyst ens
usi ng mammal cedftiieA ditratiii® SOTEEShYInHRECHO r&ﬁ@!"ahﬁagt y?5égs§! Tor
production systens used in nedicanents that are particularly required to
have such physin&§RiNG regembinant £410 peltrousing theneameesent tine, two protein
product i on{saekyfstid AfJO- DHFR systens and GS-NSO systens, may be nentioned
as main protein production systens using mammal cells that are used in
product i of0Q a comm¥ptires Jeapmbinant t Husteipr ceredustion s\ystems, cistnges t hat
can 1 eal | podaifite8 delaityorls B 1bsPloofls PhrdS Rholu 2C 1P rebdhERER! Ptk ©
chronosones are screened by conbining a selective nmarker contai ec} I'n the
pl asmi d vEFAACtign t SYSEEMT disEng drargmebiceds i o hosbelis. proteins tderiviedr fromn
CHO- DHFR plgHef Maninfis | irﬁlﬁ?ﬁ@ hﬁﬁ'laﬂ@' Chnt 1R SRf&IS) og> léélsq-ltrat?@?ati?ﬁgln
i'ncreased by a factor of several tens, can be streened bY A TGk age
scr eeni ngMsdificatignyigiush as lyassyiatiend feldingetanst pbsspherylpd®05) Howsimidar, it is
known 't haindn@r AP@VSe PFURER iRYREUCt i on systems suffer from problens, for
exanpl e, that the expression level of the target protein is not sinply
al ways i nld@3%ed propdhe i dwst-translational hemadifipatiorof iscopeesssafy t e atmel i fi ed
plasm d v Lok ' : : j ell clones
havi ng an%gégg?gd&fex .rsglsésgﬁ)%arll%lfcgglg ) Otﬁ?ﬁ‘ﬁ%?{bt‘%lﬁ s ibgq'%%grgir){ﬂ g’d‘o{”ﬁi ",]S’V\,hen,
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culture o ' ' | | fr
el cct | ve S Grl pfuBean LERR DU R el dnlits WR dLEPah PR 1
observed fafiuifgdito fave guch phyrielogipal adtivitid. 2002- 541854T, NPL 1: Kim N. S.
(1998) Bi nol . Bi . - . E ' t,-Qrotein
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systems and GS-NS0 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



in general, a target protein is produced by introducing a vector containing
a target protein gene into host cells, screening cell clones in which the
vector has been integrated into chronosonmes, and further culturing the cel
cl ones under proper culture conditions.2[0007]The integration into
chronosones often occurs at random positions, and the target protein
expression | evel varies depending upon the cell clones obtained. Further,
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however, is’'very oubl esonme and takes a | ot of work. Various processes
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inportant fromthe vie in f. gost, as |1 .as fromthe viewpoint, of
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is necessaipf\[(| rto i] ncrease a !cul ture scal e of Iprloducign% cel | ﬁl ones. It is
esti mat ed " FRAFNGY, WiEhlroologous Lecqmblpant celloClphes bayipd ohiph §xpressions ar e
necessar yldvebuare |ppessnti wite djivdre fneqaéh @y in ke rasingihamheadintlon®Pbod: aBrown, M
E. et al. (1992 't ot echﬂo.l og%(, 9, 231- 23.6%, apnd the expression |evel
shoul d beSHEPATEi AUGCta VYK BN ETERPINGFEGOrdin O‘fo}Equ‘lPI@P?'OEe'PE%Et £k B8r ugs

i ncur an freuticedsed culture cost and, at the sane tine, incurs an increase
in cost i l.ved in a,purificatipon, process. proyided to avoid a possibility
of i xi ngmbgjrgﬁi gn mt%eﬁschﬁ'ﬁBen&(ﬁi E%né’ﬁﬁ%ai'oﬁce r&i AgTNg "H@vgl 8l$fent of
a techni quisclosed (BTLUBAIP 200NE16D2¢R).| Clonss hatingta Kigh exprizkibonBidlirign t he
expression level wthout the addition of a selective drug has been strongly
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inlong-termculture. This enpirical clone selection nethod, however, can
hardly realize the acquisition of cell clones that have a stable expression
| evel (NPL 3:Barnes, L. M et al. (2003) Biotechnol ogy and Bi oengi neeri ng,
81, 631-639). [0014] A techni que has recently been studied in which a target
protein



gene is specifically integrated into a target gene locus in a cell genone
to acquire efficiently reconbinant cells that can express a protein for a
|l ong period of time in a stable manner. [0015] An hprt gene may be
mentioned as one exanple of the target 3gene. The hprt gene is known as one
of housekeepi ng genes | ocated on the I ong armof X chronosone, for exanple,
I n humans. Cells after knockout of the hprt gene are resistant to drugs
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the constructlon of a high-|evel a st.abl e.protej n produci. SYS usi ng
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t ar get i ng2iBrewhemn Edenal. (o9 Bytbtechsolofy, OHO3¢l363,. anthibeexpressivn igvalt udi es
on the use_of ,speci.a i ne r]at are deficient in an aprt gene on one

} .cell | S t
chr onosonEY{!d BaFBIINeY [ipt CQRStaBNR! g8 9488- 9502 (1991), NPL 12:
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(1989)). |.n these experinents, a cell_line .in which an aprt,.gene is present
only on ofl® SAMENHEERENEYS AL JNHEASE HBsEOSt RYCI¥Ed Rpp RUSTiEaligh ARGRSFogous
DNA f r agnprividedy &o UsRsld a5 pesEmingy ofir miking \Joreigre Stbfter into medicaments.
Accordingly, the development of a technique for manufacturing of cell clones that
can stably maintain the expression 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, 631-639).
[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



5 honol ogous reconbi nants of approximately several clones to 15 cl ones per
107 cells are acquired. [0021] There is no report on sequences of genone of
an hprt |ocus of CHO cells except for exons. Accordingly, specific gene
targeting to an hprt |ocus of CHO cell £ poses a problemthat, at the
outset, all base sequences other than exons should be anal yzed and
identified [ 0022] Further, CHO cells are femal e-derived cells and thus have
two X chr%qg d%&ﬁt have two hprt | ocuses. Accordingly, when a foreign
gene is i %rate to both hprt |ocuses of the chronpsones, CHO cells
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[0018] However, even when the target is an identical locus, a gene

targeting frequency sometimes significantly varies depending upon the type of
culture cells. For example, in Porter C. G. Itzhaki J. E, Eur. J. Biochem 218, 273-
281 (NPL 5) and Annual Report of the Hiroshima University Research Institute for
Radiation 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-levef
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 celis (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 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 qgy, 9, 231-236. [ NPL. 3]
Barnes, L. M et al. (2003) Biotechnol oy and Bi oengi neering, 81, 631-639.
[ NPL. 4] Koyama Y Et Al ., (2006) Biot echnol ogy And Bi oengi neering, 95,
1052- 1060 [NPL 5] Porter C. G Itzhaki J. E, Eur. J. Biochem 218, 273-281

Rt at 1 on B SR ofekofbiehf bt 5@%1*‘*%#9'?”2%&8’5?5*{ %w%éf%a*ﬁ'“% bt 1"
(1997) PNASls ajesaaqui:@d 9757-9762 [NPL 8] Selva E. M et al., (1995)
Soi - Us JOR Y5100 20 i Pan B duetibed ol nehdid 4R 488 g
Cell. Bi oICHQZeIEs;BE@FBWle){dNBL m;]:onamw 3pecifid g8ne 3azeting 19 ap KB 164]s
CNPL 14]  RHCHQ e REER arorhlent Bin dometilisd ' BHBE SARPHE dPERiTY )
Reports, 8&%on85h@0d ReGhplyzElantddfiemifidechnol ogy and Bi oengi neering, 91,
1-11(2005}4022; 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 102
[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. Cel.
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.
[Citation Lisf]
[Patent Literature]
[0024]
[PTL 1] JP 2002-541854A



[ Summary of I nvention] [0026] The present inventors have found that

reconbi nant CHO 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 taﬁbet protein gene into CHO cells by a
speci fic DNA construct containing a honol ogous DNA fragnent of the hprt
gene. The present invention has been nmade based on such finding.

Accordi ngly, an | 8Fip 8f1ddreshheeEANt i nvention is to provide a 7 DNA
construct useful[lgﬂbrf:ef ?ltci eﬁt generation of reconbinant CHO cells and a

process for genérBt Bhdf 20@bHMA6A2MA CHO cel | s using the sane.

[ 0027] Accor di ng tshe present invention, there is provided a
DNA construct cé‘%r@'r?@ﬁ’rclg?@?fg%ﬁamgbend toward a 3' end, a first honol ogous

DNA fragment, alRHr8kIP BeOi-3205¢Ne, and a second honol ogous DNA fragnent,

the first and s ng{jpgﬁlggg%%-f%fragnents havi ng honol ogy all ow ng for
honol ogous reconbihation"wth a part of a '

hypoxant hiNempRatephigteratorsy| t r ansf erase enzyne (hprt) locus in a CHO cell
genone angodb% ing a chain length of not |ess than 1lkbp. [0028] According to
anot her aspect of the present invention, there is provided a process for
gener ati ng recofiifrihahKinCHO 2.6]1898) Bioteghnot dsergongll, iGFOFEBE. nt r oduci ng t he

vect or cont ai ni t t t, .l 9 cording to the
present inventi %L ?E%%’?\@%%QQP%EC%C%gé%%’S%O%ﬁFigﬁ protein genes
can be acquir ed[NWk.B] Bagneisf Lcbinet gl. §2008)fBielgpebnalpgy RBd iBiderigirseringt 86n of

Dr awi ngs] FQ_%%Q] [Fig. 1] Fig. 1 is a typical diagramof an hprt |ocus of a
CHO K1 ce ITné in Exanple 1. Nos. 1 to 9 represent exons 1 to 9 of the
hprt gene, respiNRL.¢eKpyamady $¢d\ler(2886)oBioiexmotdgy AnthBinengpreesiagt 95.nt r ons
1to 8. 1052-106 Fig. 2] Fig. 2 is a typical diagramof a vector for

honol ogous ?eco ination used in Exanple 2. Fig. 2 (A shows a vector

cont ai ni ng a hofiPlo§bBert®NA Gr bzhrakint. EeEuv ddBiocbemed1 8HB78-2§déne of CHO

Cor sea t Con o RPE B IBadeS6h 4 of B ABLRLURGERLUS IR HHRRITRY, .,
di agr am s Radiatignaiclegpand Mediginamongia(@d98)t gene region of CHO cells, a
Feconbi nant oo S FL0R By oD ENES U8 A oL Bl 0 agr ame
showi ng the res[NRIs8pSelPeE. M dbadip! 9953 Genetics. 139 FI0-1488 Fig. 4 (A) is a
LIPLC2T 200 ST Aot L8 QBB PR, ARl OSIK 68188 15, O
Sout her n hybri diNRit # @jiDemg Ex Bnlapebchilil,gR (19923) BjoisBellsBibhd 2y 8368-837 Df
Sout hern hybri dpgdt fbAs B528REE 0802(1991)
[NPL 12] Somatic Cell. Mol. Genet., 19, 363-375
[NPL 13] PNAS,86,4574-4578(1989)
[NPL 14] Mol Gen. Genet., 212, 301-309(1988)
[NPL 15] Molecular Biclogy Reports, 31, 85-90(2004)
[NPL 16] Biotechnology and Bioengineering, 91, 1-11(2005)
[Summary of Invention]
[0026] 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 fragmeni 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. 5] Fig. 5 is a graph show ng the anount of antibody produced by

reconbi nant CHO cells acquired in Exanple 6. 8 [Fig. 6] Fig. 6 is
a typical diagramof a vector for honol ogous reconbi nati on having a 2.5-kbp
hormol ogous DNA fragment used in Exanpl € 7. [Fig. 7] Fig. 7 (A is a

typi cal diagram showi ng a rel ati onship anong a hprt gene regi on of CHO
cells, a vector for honol ogous reconbi nation, and DNA as an i ndex of genone

PCR of re | L - F : he
resul ts oo Hae st el 5% ol B8l rafion oiOfcomeyi REHol <Lkl

di agr am sihpwodasg far geeraiingegtombinant RO legHs ugieadhe sgingn of CHO cells, a
vect or for | ogous ,4r ) nat L.eQ, 0 r

hybri di zat[lé)\ér?ﬂ)n gExanacg&%quiqg. bﬁg(%@é%&?ﬁgﬁ%&éﬁﬁmeﬁw?hgﬂﬁsu ts of
Sout her n Ippdwideld zafiNAn constExcingdreprising, from a 57 ehg).to@hrd-iag3’ end.Ap first a

| d
Lyprcal O RRARAR DA B 15het 1 BBROHR EBGl nRBGRBLE HHURC | 0"
| eft in FifpgngentA) shows PCR in wld-type CHO cells, the draw ng Iocated at

the center of Fig. 9 3“6‘*1) ocate ng’CIg &1&]6&8&(&0&%?%) Ayprgg@gﬁ&nbﬁm CHO -

cells, and the drawin r|g
honoj unct ihomdggpealledogtion homnoDigous eetembiRaton vithBa pahoWsa hygoxa;ﬂhnh&s of

PCR in Ex

veotor foP ReRETbosttrapaiests fuptsh dliriof e SHO BEE SnBkBitiad,
fragnent anchain Ergtteoling dessuthaprikbpt er used i n Exanple 9. [ Fi g 11]
Fig. 11 i i agram show n e u t

wher e acqi?&eéﬂ recom%gﬁd[w caeq% Fhseqaér:é eghg\éuﬁ%u@gééﬁow(%h orﬁgt%ggér ?sod of
time. provid¢Fagrodeds fBr gendradting recamipnamt| CldDamllanthelmocesy commcing f or
honol ogous_,r econbi nat i i h h 5- kbp honol ogous
DNA fragrré oducing the Ve?{%’rﬁséﬁ%g]m%% %?ojh%ghfclbfoca qill?&ar&r am showi ng a CHO
r econbi narntDOZQctor hawcogrdvidRial éve pezbeht mamtlbunmohmmargdﬁém celiscthabind a

Exanpl o 1EXPHay st B ahes Fap s Sl i Tty 080 brendiSt T onal "
s';](r):/JVgt ;rs[wmmmﬂmsbmﬁggﬁféu[e after the integration. Fig. 13 |(le on
of “an npr 100 8EBLE £ e beiEe Rl P oS pbBrOE RO Ry 4 ST B 2
(O shows imBExanipts 1hationg1 do 9t repodsent ekbad 1N/AF9 D’Sthbrmgeménedsﬂm;ctaemw
pronoter an ructure after t nf;)@)%ati on. [ Fig.

g a chro SQue rt t
14] Fig. iy issqueatf%%e WHEW thegeécfrésore'pﬁss?ni production of CHO
cell's acquired Ipyiga2lCHg. r@cosrbanamlcaleailmgrah*avmfnga MAeRtars ddr i orkolagpdse 11.

Fi 15 s aty agy am. t .vect or
v ng o REHEVEREST HRebf: FRBmBD g o B2 AT Shotdcer EEah e IS or
Paw ng g] hﬁmﬂl@wsabﬂﬂl ﬂamhént?)ﬂeér&mmran'( Ein hsedena dbGHDI eslis2 Fig. 2 (B)

Fig. 1 ig. typica m_sho r i.nant, vect or
haveng o RORTE By vestan piBinie,e bRneRasis oA raae, “B59T BB i of
Enbodyrrenl}-El]‘lO[&OQ:%lli; DNA construct One feature of the DNA
construct accor ng,ﬂgg Rg@resert]t N nt| aQn s 10 rrgé z} wo._honol ogous
DNA fragnents t Mz 9 55 %ﬁ'? ﬂ%’anF ?1‘8#'9&%5% O ABICREL 3B wi t h
a palrt of h _Egrgeldeorsgion of eHO-Celex ld v@ﬂaﬁfm rwmblegmled m\mmbmmba; and @NRK h of
not |ess than si ng_.t.hat cor.di.n truct,
r econbi nafft %@EQPF ge@qﬁe%élﬁgeh 'O\?chC'gﬁgﬁﬁ"ﬂ"?;gﬁFW g Fegzé)ncy
despite tfaadf:aq) atrﬁaﬁag@hi@scsabhmm\eeresmwzoRcimfanmeaz;Accor di ng tootc\lﬁ )
DNA construct of _t resent inventiqgn, as deponstrat 1 iC
w11 be descr i dEor 4t Bia 4h tsck SkirelieSa FEDHPE' DuEaH AR BHODT 3T 7
cells. As b@_sgénd)@@uﬁbeﬂem} t:élwfé‘ dﬁ&tastdrﬂmlﬁﬂogﬁabmbmmnﬁtl@h andmuilbllﬁaneous
L6055 T Radhod it SSBHR nibl i RS Y 46 i

results of Southern hybridization in Example 5.
[Fig. §] Fig. 5 is a graph showing the amount of antibody produced by
recombinant CHO cells acquired in Example 6.



[0032] I n the DNA construct according to the present invention, a part of
the hprt locus is a target region of honol ogous reconbi nati on. The adoption
of a part of the hprt |locus as the target region is advantageous in stably
expressing the target protein gene on high level. Further, the
integration of the DNA construct into the target region is also preferred
fromthe viewpoints of inhibiting the transcription and expression of the

hprt gene to inagtiyate.th t§ f p Lciently
acquiring r econ_ziie'%éﬁlta glgl'l g Léyjr%legg[kla\eediégﬁéﬁlt%na g\gél}%%'ag&rgt%"b&?ﬁguﬁ i ke.

[ 0033] The reeamglinatiayhavring a 2. hrkbp heswivgausRNA fragmesny ubed pr Bpanplg et er mi ned
in the hprt |oc agy | t. i 0 t.a otein gene is
hot inhibited. Wrgnk ol ary ’Pgan%éﬁ%éﬁ@ %W@@ﬁ%fa ﬁ%%‘%‘?“%@k?u@m a

f r agnent s hpdcgensaregidnoef Gbfotellgo @svectaroivhiheatdlagousrrecombimtiont and DNA

consi der aty| : [(-YeX | I I Y. teglion t alni t | east
2 part of 2et mHOE of Bbkithe FH 8F rdButirE CHO el MRk Jele P Bkt ors
have now d@etldChishew thamsulie gf BGEelk. Exdpegiefsical |y, introns 1 to 8 shown in

Fig. 1 which w kd. descri I [ nt.i oned . that have a base
sequence repr esb—h?gﬁ bs aﬁy&ﬁﬂsﬁét’ﬁf"ﬁ’ {@%g_rQ%SQf%WQ%a TN P 2NPY &

regi on acgertdjeng regianhef @HEsexrdls, iamestdri fon homplagms aienombinatibn] sndDNA par t
Y mmy bo SErET Sy’ 8 SPRel oRBAuzEOT o Sl Fardis B Bof daiiered by
access t oskowing thatredhdsef Sonthern duyplidizafion NaExamsle 7Cent er for Bi ot echnol ogy
| nf ormati on of >A. 3 th r.esent invention,. homgl ogous DNA
fragments honol tﬁ@ugi F%g& h@sisrgé%'gﬁji dRgfam ??nreeﬁﬂ?'f"qgggﬁ?ﬂﬁé’?/ 958 ¥oper | y
const r uct @CRofordhe eofomatianiof gernaitinypofya siditype hptt yenars ChE® edlison The

i nformati r e S..of q:;EJRt.hei.r bas uences of jntrons
and exonsgll%ﬁ'ﬁ P ﬁﬁ#ﬁ?‘f Ig 0@3@83% sf’ﬁw?i g~ ! Wild-yps THG telis, t%?rf@amﬂ |
const r uct lowvatest & thg demtarhef Fige8 €A} showe PGR M hetersjgndthve-typeveagmpiaatiNA

fragnents in rated into desired . target regiQn in th rt locus.
Enbodi rrenpi_%c])f p?qﬁe %ﬁ?e@?atqr%‘ﬁ'nﬁni?%&& ("i@“a“i y%'@' iﬁ &6& c‘ﬁ%’?okﬂgr@
di vi ded bhiombpinicioreypet fecombinanih € HINAelonSFigudt (B) (shhwa thgpesilts shiPcR one or
nore exons are. glset ed by the integration of the DNA construct, (3) a type
in which one exon Ts anplified to two by the integration of the DNA

construct and t[fg.DNIB] dtigsti0udd 4 stypicakrdisggtaintod devewen fohaoimlogdiens, (4)
a type in Lch i.ntron re diyided t he int tion of the

const ruct fewgg)%q%ét@bpghsﬁn i Ehﬁﬁgb%m%? Q9P f@ﬁg EIF‘E'"&BF Ay ao@"t*@e

i nt egr at i endagenbhe piitAoteonsed ircExarple & type in which one intron is

i ncreased to twg. by, 1.he. i ntegration of the. constryct and the DNA
construct is inS&ft ?eﬁ Fqutg1b%t fediRoEm ShRYInG{ %%95@%%]%%%511% 'Bhai n

| engt h neErampley 9fwhereoatduigdusecoetimdrit NGHO0 Bells atalsabceilfired GBNS BAgat i on,
as descri beerdoqiléptve the DNA fragnent according to the present invention is
pr ef erabl@ Y IHB%‘US to a region containing at |least a part of introns of
the hprt gene. [&igot2]ifFigl y2 isna typica rdiaghafe8howingt & et SFeR hohfdigjduson, ' t he

first honol ogous ,DNA fr.a nt _an he ,seco honol ogous f r agnent
" accor di ngretCS%{bat'BPé“fgﬂt"ggﬁeg'ﬁfq g%hlagrﬁ?ﬁasggé{‘bﬁgg%"@%%%% ¢Bed in
any of SEQ | D N&iy. 183 Riq PRis0a typiedirdiagrians shpweingea CHEY esdomiiRe Alethite | ower
l'imt of rt]he ch@igl n&tg f)f the partial sequence is 1 bp, and the upper
limit canBE%r¥p |‘f¢f ghulMafed i"HiMAN NECHAIAN | 3Ry Biropaseme
sequencescahasising ¢t vectomintedfratSdGhiols BMO hph Ibéus?dsed thlExample 11. Fig.
13 (A) shows a vector having an MAR non-transcriptional structure and a
chromosome structure after the integration. Fig. 13 (B) shows a vector having a
structure that MAR is transcribed by transcription of an hprt locus and a
chromosome structure after the integration. Fig. 13 (C) shows a vector having a
structure that MAR is transcribed by a CMV promoter and a chromosome structure
after the integration.



[ 0038] The honol ogy between the honol ogous DNA fragnments 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 | ess than 99.9% still br e preferably 100% The honol ogy
may be properly determ ned, for exanple, by analysis with DNA sequencer or
the like. [0039] Further, the honol ogous DNA fragnents have a chain | ength

of not less th 1 . -1 hi i . S, nr j i eying
honol ogous recoiﬂ?hé?ﬂ%@'g{wﬁig %&hg%}ﬂzs ‘ﬁ@g‘f‘%ﬂ”ﬁ'h‘%?’é‘ﬁ‘f#’?ﬁ%@%‘% gﬁ

f r equency CHOeellswsquirédrby aoCH eecoimbinantevegtdr kofving AR mekd go Escaiidhe
fragnments ,i,s preferably not I ess than 2.5 kbp. The upper limt of the chain

| engt h of the honol ogous DNA fragnents is not nore than 7.5 kbp, preferably
not nore than 5[kigpl15]Thig. dppem typitat degdar lsbolwvingea GH@irecarhbiniaet ebcton

| engt h of h fr Y, Ahe p i.n to define
the_chai n "PURG A TRanages A BT SoDeR2 el TR SR EHC, RIRbRR WP e
chai n | endgizhingsa poreblegglarm Iéndtbpf H000Fx D5 (BiysedniorExaprpé d2ably 1 kbp t o 5kbp,

nost preferably 5 t . %ﬁ hai h is |n_the
above-defined r £ﬁ8e1gfﬁg ﬁ?ﬁaé&ﬁ@&?\%ﬂ‘&t isgpﬁfn&gglji]{)ﬁgc?'gh@ﬁﬁrﬁ%ﬁ?r cells
can be kemayiglgmthmplo_gyacmiieng?thg);lsgm agediin Eﬁ;’gzlgﬂmti ﬁn (II))}c\lAt he DNA
construct . S I, g requency. n the construct
accordi ng[%é‘{}wi'°§%§'€ﬁi%&hééﬁﬁli on, the target protein gene preferably
codes for [@03] &iNA consdrekctil as a nedi ci ne. cDNAderived sequences or
structural genes contajning.natucal i ons derived from genonme DNA pay be
suitably utilized as "Pa?%éwep%?t |enB e°.°"§‘3‘é%ti FF%“Q&P& ‘?5 eonﬁsﬁPth
protei ns iime&ntide ianbi badpriss twoZymeslpgeyd @A dsagrientsihats hae® dgmaddgyn

factors, requlatory proteins, and.receptors. Preferr are. non on

ant | bod e8Toy8, B fifetadet mtbina i ith s paft oehag fedtis tCRACERSERH :
plhasm' noggenamtiaral exch revegs elmalh (bmgtl: of abbiegs siedn Viepor St is] i0@AgiRY eaty abl y,

the target pratei en integrated as a ession unit containjng

el ement s AERREr: {p His DA soeidar” secartiinabl, CHEL selie can b asalited mith

t ranscri psigaificaatlyi highi freqaéenal despite e tiee Satintibatt [EHOP RIS Ogage tive ohe
enbodi ment__of the presgnt i.nventij.on et t protein ne is.di sposed as
o expr oo SPEIERFISY o icHordiRg “r R RIVA Sop R of Wit Griselt Ruerin. B

t ranscri pdemonsatednatixambe Joavhisk gk becddseribée [4DBIA 1G0Netombinanficells '
construction . al.so _be gpted in ich the elenent . 12 pecessar or
expr essi oﬁr%‘éﬁ%@egna%e}@gs i°fi %:HO'%SQICF .cn%? salé‘?ﬁ?odf'ﬁﬁ?‘\tphﬁalelsgn\ﬂk‘iﬂ n the
scope of plebaility ehsimuttaaaduorecoiiiritiohlia Hproothsss Efrthé o cheorsesonids on
term nation,si gnal e .proper.ly deter.m ned dependi ng, for exanple, upon
the type %@%%3‘8@”??%&’@?’gf?}%?tt'ﬁl’ag%{rpﬁ?'wg? " gene. Exanpl es of suitable
prom)'lt3 Ier fo0p2Ences i nf wﬂeli)%opstmﬂtaﬁcelrcﬁmltcSN‘@prleBem?eﬁmiorE&afmil6!5 of
suitabl e transcription . termnatiop, sigpal sequences.inc e BGH poly A
Slonal selfispRLlodisi® & aGeDrgon ot nimdSacus Feragnayigbaffis soeRlih e

reﬁul at or paﬂloemmggﬂ_ﬁdbmle!‘sfﬁﬁiter@bt fagiore sadvantfgedus at giblyoeeeddied tixanpl e,
enhancers, |IRES (i.nternal rj 0 entry site) seqguenc P seguences,
FRT sequeltrael et 8he o HiGhane.- o sishe he lnsSaran of Bie bR S be

pL oper Ihy fred epeethrgetd ratped iﬁsagﬁdslq:)refe?fwﬂfro!neﬁﬁéS\ﬂﬁWpéi_ﬂts @Xﬂﬁﬁi@ﬁin@nfr@l her
than the pronoter sequence an e transcription ter ation sjgna
sequence. TERETIRLG ATt apprasanre At trabbd gste 4 etivae Herfopian Gl tog, | o

t he expregéh®andefficigtfeastunthg rdribiear (@RS bl rRYatiVé eeRBOR DEingeE-gasar y
for expressto .may be properly selected by taking into consideration, for
exampl e, Ph egf‘i?ductivity of the target protein. [0044] Preferably, the DNA
construct [0p3apri ses, The a@eddti Ayidm ihhthedlppysert! BIBMich May s tordserly

sel ective nmarker geng. The EOSItlve sel ective narker gene may be properly
di sposed PREIREEENA B8 10t Igeys 38 lpnghgs dhe exerassion) bt dandet BRIPINASSN i s
not inhi bigt @dt ikKBABY.CS Vihers the adHain PRRGEH WAdSlec tiké V& WBRiRIgoasNBNA Ncl ude
neonyci n-h_e3| st ant c%enes, hilgro cin resi %t ant genes, Zeocin resistant
genes, di fPaMsRs| AReespiyfof 4o resp@balipa Are daksminf sengjderaion.The use
of the pofiie fa¥getSeHRAIE (RefdPdtifa @YRM tentaMRNARIBENUS paRt dfhAfrond Bf fHae

sel ection of reconbinant CHO cells, both positive selection and negative
sel ection by inactivation of the holt gene can be applied and, thus,

fal se-positive clones can be significantly reduced.




[ 0045] Vector The DNA construct according to the present

i nvention can be integrated into the vector, followed by introduction into
a CHO cell genone. The vector systemis not particularly limted as |long as
the DNA construct can be integrated i mt® the CHO cell genone by a

horol ogous recombi nation reaction. Preferred are plasm d vectors, cosmd
vectors, phage vectors, or artificial chronpbsone vectors. 13 [0046] The DNA
const ruct ng r e C sing the
N R S L g R e
enzyne cl eaqmer@eseaSpe@ﬁcaﬁydsrardnsghto Gmhcea'cin big. 1AwbidA wmlrm desdriteald a '
vector co t fruct ed SXAID
incorpora!g? n%%éw%%ﬁ?nggﬁgﬁqﬁ%z@én% :r:_\@%gansl%@ﬁgﬁéesée} erge% yb"H’tyh0 %EQ

each consiDNesnt5tmP2, perform ng a cleaving reaction with a restricti on

f DNA
enzyTe T Olodds | CCOUNKLL WeBEIIEDS Seed B o WRSEE TR O P PERIEACSS
per f or m ntheawhbigadi arparealcexans adl;atdsm toethel ihtans. urﬁsnemf[dauﬁ?eiiﬂm vestor DNA

by . i d le, ;b
phonol —cheby 8y it Rl TR bBOnaRieCH 8 Bt BEfe modho BER Bobiprténber
coli. or ;se@mtal sbgl acdesd mkhmnaﬁatagasa}tmrcmmbrm iNatiooll Gemtercanpl e,

t he type 04 rably, the vector according to the present
|nvent|on% 'Eﬁﬁﬁ@§b ?%? operatively ligated to the target

protein gmeS] The exprnetaslmese:ﬁt irveintion) Ignnqegess DiNAcigagh @tts ihghlddrisCHO
hprt | ocu urs .t hrough the ingctivation of t When a vect or
has. the- o1 cdenad, ao s hal Jpeis Fiay By Brorela POEiistast bYrh BeeNoy ¢ ne
CHEFla pr havihgrordindngekinus the dtHbased 6b|iﬁf(ﬁmatl6l$$b0l]t tma bhangéikbhterds | ocus
IS possi bI 049] Pr ef er abl t he vector ac to the ﬁlgeﬁent

i nventi on? f'{eé’ bg S?%FB@?%& '6‘h'°8? apd xgp% npihe; ﬁ'F%“H‘E)Eb

Eucl eua/ matri x adhesi Die [}medihs(tM@sR)aﬁdﬁﬁlngeld thecmfeéém liﬁvdrﬁ'bnlﬁatvm_y\th@f t he
uman r e |S tal ne UQ stru er se | s

e P oot A PsBrnts i BE i soratEs yoce GPared i pg feeidy miheon

site. WenptMdtuaf Eﬂﬂodmmamsimnhe gregratioh rmmal@mwryrpedn wmdmexcmcar@r in

t he above st ctu .reco havi n reSS|on b|||t can be

L oo e e et Phite NR Soeraity R e R AV a0s f atoye

report eddékm‘ts @'efdlsnabg IbydRaéntefiatighalf eble IDNﬁOcmtd‘nm,t(:i) adyse inswhichng

expr esse 1 N

HT1080 cel | line. .a hunan-defi v 1] PTL 4: WD
2004/ 0227ﬁ’i°'hh°damﬂji'g%‘? tmechy dhe @ateﬂ'lfjarirﬁgkﬁgfe{i‘{evég”ﬁég?'?swl.c %“éc%&n’?ﬁﬁ&
273-281). ctﬁwmktets mis"ertia@ uhamwébmh@twwlabhs 20491@ tfypetuﬁrwmai irRfbnd are

nucl eus/ n regi o he first intron of the
uman o AVHEAY 1 niopy =t Shitiey DA ecnsfiuchT8) Atie if mctionnr Wite
. stabi | i zaintroRs afe dél@téifbym mfegtrmamwma Mboﬂﬂﬂ&-tl(@) hQﬂbé Eﬁﬂmbﬁ ohie
contributjon of MAR gtg ent al{ofgled m gratl site. 051&By t he
way, the WHPP i§dRerepsed, i dwe by, HBURRBAT yC%ﬁﬁmtsawdn Fudlfg cHo
I n the hpgéndteets méerﬁdﬂmd bem@eaahemmrddgat difficulties are encountered
in select] jntegration cells. Accordingly, exa Ie of cases where the
ot 1 ooulo0aal "hean - aBan d8e BairbEngit BeteRsken ol OB lagus GEORIRNOR | s
conmon f ofs @AkeE e comeldendtion, disndéseribld | dbove, tHee DNAL frh@méﬁﬂﬁd:diﬁﬂmbhat when
a foreign gene is |nte?P rat ed |nto t he hprt Iocus of CHO, stabl e expression

i s possi bifE Rresent YRR IS preferagciumologaes e @ eI FRMEARING At 1838t Apr ¢

| ocus of &&Oof mtmh§©rtne&b@ﬁ@ntAédoedmgwatn @het@ﬁbcﬁmﬁenﬂ%%@f rBsgmn, and
in 1ntrons has been elucidated for the

a surprisjng fact that MAR IS Eﬁ‘é‘\
first tin@v Qt'qfhéh%rf'é%tefﬂﬂm?'ﬁ%‘ﬂﬁ fregmeqt gnd dae sersnd heatoieaaus BYAnpl e
1t1 blt he f9é@h6mdﬂ@6%|h@ﬁ@m@bﬁé§ehﬂmeﬁm Bohpris® 6 aselseqtithéOubstribrl be
a expresse
S y Xlrr)1 ansysof SEQ ID Nos. 15 to 22 or a partial sequence thereof.
[0037] The lower {imit of the chain length of the partial sequence is 1 bp,
and the upper limit can be properly regulated in a range of chain lenghs of base

sequences described in any of SEQ ID Nos. 15 to 22.



[ 0052] From t he above results, when a foreign gene is integrated into the
hprt | ocus of CHO a person having ordinary skill in the art would consi der
that, in CHO stable expression is possible as in human cells by acquiring
MAR of the human hprt gene intron, nouhling MAR on a CHO reconbi nant
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 real igoghiby nountj t 0 i t] t he
vector i nt[o a]chr ormst‘)_br%q}? 8%“%%%&?'%9 %B@Be\%t W\ a]fsrgérﬁg{:'{g antPthe
ext r achr oipsgomusphraynbe pridperid 4detbthin€dnby Gakiag. jnt@ 1&nsdtaBd® «f19@8) and

NPL 15: 0 r Bj . 31 - .In_these related art
e structlete’ o hhORKRlE B8bordbingfon B 1S déleral ot lete' 15 BB uiner e
MAR per sendre preferabimnetieisbdbarf RRPI9% 4stilomoee preferablyr H00%. wihe oM gyer se

is also tr [ Y. . t | S w it h. an.expectation of fhe
target pr ST 6 BREE P cTefifelirGl o fa@PRT BY aMebasdRr AR bBksPestar kP o
denonstralikel i n Exanpl e 11 which will be described | ater, unexpectedly, in
t he hprt of CHOF hese structures no_significant. effect and
thus are m\@aﬁi sf act orvﬁ'f'%rr ?ﬁ'eohaﬂoi?qﬁugt'g%}\gﬁa&?ﬁr& 4YR.2 Fpainleng e?lTaf ound
that, in aptéssstthaachkisyearst ti$ ehainpleagti Bnpriefertdieirhpctieting Untdlo . as
denonstra}eeq)gi“ﬂ ?%2}.”&"@ é&gAa nece sa.rli structﬂrﬁ.isfthat sl%/ARl_ ﬁ&tfd on
the vect of T PaREEY & nlcg?nﬁéu Wit gignificagtly fiak f%?‘i'@cﬁ-anﬁg &lr s at
EI_Ee vect otip'iitrm;atgeamaﬂ\ mingm of ﬁﬁgmmﬂfgogbinmtra@ﬂ?@islmfmmym QdBsPr 0cess
e reconfina c s accor.di.n e. pres vention can
sui t abl yngbq?elr&aq gg‘g byeljihﬁt PBWCF'W& ?f]éﬁ)@e{f}agf ’?Wﬁg %%@PF@?OQ%Q B
Accor di ngirpgmiehts isawd morecthtn CHOkbp) preferablyr mbtngorecthbhes kiSRS ETHe upyant i on
orefer r o Qi e AR TRl Bl bRt MeoRdogss PURIRBTRE oo
ce: : s, thbeLmnperilpnombirfehetohqi%fllneg&reeghapileragihiMagedaf tifél_eholhﬁﬂ@gﬂgjsnﬂh CHO
cells are_advant agepus..in. st produci ng t t profein as
ot i bodi GLBGERN P SPeBiGaN’ Pe bl fentih de e Strey ", BkE dp 7.8 Kb, Fore
Exommlnl y p;ﬂdramﬁt hd?ﬂ; gr Skami st @réfe:‘ab!hhe.fi rkprlﬁU?tHb(pnt ﬁfl?jérhme/%ﬁéiﬁr :
anpl es uch nethods inc e a cal ci um phosphat e od, an
el ectr opo%&'@ﬁbn'srrﬁ HE%I, atéovrﬁ'%%eﬁaéﬂ?ﬁ’%nm?e&ﬁ en L Aspislionof nbe, a
met hod usrewnebihamaeedsean @adapt goad dviile! dchiEvirei haroliBbhe fedodibitiatonCert | oni ¢
l'ipid. Wign [h&g vec{ﬁor i.§| cgc.lf.i C awrrﬁtfhod may al so be adopted in which the
vector is"§ rGOLRUUWIth JGAGEAYNEN RIPRRY and the | neari zed vector is
thenhi ntr {od40gd i nt o me_tﬁé.DNNQ?a]sfaapleadé?gingp@ the qpesénjctfﬁuvéﬁtiddjethégct (r)]r
or the tayget, protein. in considerati.on of acqui ion effjcienc nd the
ke of r ERGHHTRERIC atbp ReefefAly cBH8D 68l p ot Hedtubes Gimegichiem GONA'zi ng a
r econbi nadérivlz geguanitel @S studtuel! Lgptidssyaitaiming naturkll ilohd derflegmremy al so
be prooperly applLied. This e iment also fajls within the scqope of the
present iﬂ%‘g‘?ﬂ]gohhi[ W?Peségg%ﬂY nﬁtﬂwﬁcéflal 4a||:%et protein gene. Sppe"!f‘ﬁ t he
gener at i oexgmpleesst tapgetrstoting indllide BhEB&TIés,| evGMidsptytakine’! Hoi®ones,
i ntroduction scree]nl pg of reEagnbl nant .CHO cells is preferab%gr carried out.
The step S72GHFNON,; fag18S, BURLRNY| RIOKIRS: byPNHe JRCPRIOTS ol e ETPISHEHasA on
i nact i vat moRoodibnahentipidiesy IO manBopeIes ! EN@ &tftis, GRACidBAS-dpRe
i nt roduced] i gtonreconbitneanm felﬁﬁs, screetni E}émjgf csel | s (I:an bég)%ca?ri ed
out }[NI th HPE&:"%O_@@U@FW 891%" %rgggﬂof '?HQO'B;Z"E P{é‘m%gati ve sel ecti rtoeg@]\‘/avl t hf t he
positive ion. [Pfefsthby, étprbein §éndRONBedrafeacdy Y joR, T0Or
exanpl e, ? rgrmt er tr&% rre’tyhod aan%l ;prgolly _Antra r%t hod mayegg properly
used in cUNbFAABINMG CIEBEEH RefESAREY, Tof RXPITESIgR AL SUER 87 PRRMAISA Sea¥ESNg to

the presesd transcription termination signal sequences into the hprt locus. In one
embodiment of the present invention, the target protein gene is disposed as an
expression unit containing at least a promoter sequence and a transcription
termination signal sequence in the DNA construct.

A construction may also be adopted in which the element



I nvention, culture under serumfree conditions is possible by acquiring
reconbi nant CHO cells and then naturalizing the reconbinant CHO cells to a
chem cal defined mediumor the like. Conditions for the naturalization nmay
be properly determ ned dependi ng upon tRe state of reconbinant cells. 16
[ 0060] Process for producing target protein According to
anot her aspect of the present invention, there is provided a process for

pr oduci ng t Vi

reconbi nanﬁt%c%l—ioé}g fP{)EQé{% cuIrP%F Pel ﬁ@eggf]? ih %HRS 0% gce?g@%’]&g@qlmﬁ%t ei n.
Accor di ng fells withis tb&é@%ofﬂlhwremqumfﬂenel n can be acquired in an

ef ficient stabl e ] S uIture
may be prc;gg%]%/ sel ec?@g @Egmnitgg%;ﬁﬁ onegbﬁ@&% %&'{6@?@‘ qﬂ?@rfn?% State
of r econbipteperhCigeyeine nifiegpfasfexantply, wenutiveftype anﬂcbrumrtnkmentliéwe
culture c I fi consi der at i

pr ef er abl 3§}geﬁgﬂ Hﬁ?%“lés r%?hguppﬁg%ﬁ%ig é\nr%lﬁﬁ&%'l géﬁléeqce emall‘@& 8&Q’arrpl es
of sui t ablpsomettira andcbVidid pedreniecal Eadrmples afeliitable] (KAGiGtoN dedrninatidn
culture bat re, net hod, and
reflux cul Egﬂ%j§n§€%&§§apgaé§)%c§%£ﬂweﬁa&g§ﬁﬂ qﬁ'leﬁg? %1\2@ p%ﬁéo%ﬂg{?ﬁ i ous
nmet hods useduémceshe generat ion of reconbinant CHO cells are described in

B ol ogy. 1M 1 oy e abiseailsy, eghlEieiy eiats 1 aRiclrdcstitesstonuat ch i o

i ncor por atargebygeref farnesamelesi anh@rE;easmliEE]S [(DOFARIT ribosba®e RintdynsREf i on i s
further |II e ollo Ies tha are no ended as a
limtati Onegﬁeﬁ(ﬁeés |q'nvent‘e’gguénce“s Vi&élp sequ “%h ne t"feﬁl i 5\%"&? a&&(

condi t i onsedagniticrasequerees) ghaypshe gacperin Selacted sindi a*sed)raselﬂze' rmémelﬂCR

o ommenalstrsan Mt RPessAblRP Radflre. Spinet¥s EEEnke pBabitanseretiamg 2nd

Efll ti 03 m'rrbnat(dn signal seqﬁbgtaé Dﬁgﬂ;e;gegiﬁaw \Aelé?’gemathmyymbﬁregse\ﬁeﬁobt \&ari ous
asnmid v ne

gequencer%%% @?@?I gﬁitﬁ'& FERIPSHAR) &é’g c%pgng&pgt dRgn Eif’ﬁc*:"')°pe'lif8ﬁnI gr arns 1

The prosent. L pyentron LesREetlye o’oeefwmrwem%c' o e O

it or mat  SROSHERTPE s el PR e e R rofein A

CHO K1 cel0044fne, a CRrefesablyiinsDOA cospuet cahprisdsnn addition e thd s1950e) CRB
Cel | Bank n a CO?2 incupator (37C, 5% CO2)

usi ng an ﬁ%&%’ﬁ%‘ﬁ Eﬁ]s'fRBﬁﬁll?fi'Y%Naﬁﬁr %ljéé;{gﬁ:egd-‘-m%fws('@%éﬂfc g marker gene

may be properly disposed in the DNA construct as fong as the homologous
recombination is not inhibited. Examples of suitable positive selective marker
genes include neomycin-resistant genes, hygromycin resistant genes, Zeocin
resistant genes, dihydrofolate reductase genes, and glutamine 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 vectors.



17 [v/iv] FBS, Ix QutaMAX (G BCO). The culture solution thus obtained was
centrifuged to obtain CHO- K1 cell pellets. The pellets were treated with
DNA Isolation Kit for Cells and Ti ssue?B( Roche Diagnostics K K ) to obtain
genonme DNA. Seven DNA fragnments of hpr | ocus of CHO K1 cells were

obt ai ned by PCR (KOD- Plus ver.2, TOYOBO using the genone DNA as a

tenpl ate. The fragnments were as shown in Fig. 1. PCR priners that had been

used for tbes pr||f|C<‘ﬂhb°lDNNcér’fé@ruZt EagHRTY o RS égeﬁp%?éim W &k Bence to
pri mer secguensé]es described in Zu Z et al._ MNutat R?s 1993 g 522 37-48.

The pri merVe&ls FORESINGShe DNA canstaye are Gbikelly coastaugied Py@mblpa ierepf 5' -
t ct gcagycla testiictiohCafzyRRCleadng (r&Eéadn%\Jpa lib)atuﬁﬁaeaarbtn 1@5&«9586}1%% ugf 1 mmer

5' - acatgtcagc_(g gcaac ccat ttcca -3" (SEQ | 2) Fragnent sense priner

5' - tggaady f"tp@é'"éatﬂ"StDNé consirast ‘IEE"'NBe C@PSW@Q%W exampi¢.shse
i . 3 ool esnia sdamd kSR Syl LI P %0,
anti sense CBF’FQ%H?“" eiit, RartoEminace fleaving Eractian vt a gestictiprsegeyme Nor ti@)No .
SO oSS e g a9 M el AR (]
8) operating sequences within E. coli) by taking-off of gel, an performing a ligation
reaction of the resultant unit.
[0047] The vector DNA constructed by the fligation 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
CHF1a 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 sfructure that causes
expression of the target protein gene by the CHEF1«a prom.oter endogenous in
- CHO, stable expression in the CHO hprt locus 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.
[00560] 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.



Fragnment 5 sense priner: 5 - tgtgtgtatt caagaatatg catg -3' (SEQ ID No. 9)
Fragment 5 antisense priner 5 - gctgagaaaa tttaacagta ttttag -3' (SEQ ID
No. 10) Fragnment 6 sense prinmer: 5' - caaatacaag caagaatttc ccagag -3' (SEQ
I D No. 11) Fragnent 6 antisense prinerlé'- ggacttgaac atctagggag -3 (SEQ
I D No. 12) Fragnent 7 sense priner: 18 5'- acttaccact taccattaaa tacc -3’
(SEQ I D No. 13) Fragnent 7 antisense priner: 5' - gacaatctat cgaaggctca

{1 agnent s SE7T0e Tor BYniioha) e R SRR QR ek 36 doffinH i Bnbun- 1 1
~Fig. 1, DnremwgisgncledingfCHot r dmthe hprt nced o &H@ dhisesadimatedtitt difficullef SEQ | D
No. 15), are encountered in selecting integration cells. Accordingly, examples of cases
where the hprt locus 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 locus of CHO, stable expression is possible
as in human cells. 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 infrons 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.
[00562] 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 chrdmosome 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 vector 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.
[0064] Recombinant CHO celis/generation process

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



intron 2 | ocated between exon 2 and exon 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 bet¥ween exon 6 and exon 7 (SEQ I D No.
20), intron 7 |located between exon 7 and exon 8 (SEQ ID No. 21), and intron
8 |l ocated between exon 8 and exon 9 (SEQ ID No. 22) of hint locus in a

CHO K1 cell line were ' sl ; Chi O
targeting vector Ag&;rafn@w% rén('%g?)g']é? to | n'%é%raé:?g ar‘g gbnﬁeb%gyg/é%tene

i nt o the Wventiot gompaise et exogemogpidargek Dretein el integrated irte dipddiosys.an

ant i body d Fi . | I owi ng
mot hod. A Prétatel RIS orthe i hertibenltB, S tecditihodban el G gy
arm vect otfe firatiohasf theehgrirgeneoissinagtvated. adhe hrec@rBinank XCH@ntdllboarg vect or

except for t titutien. of a ho . ri rom an
hprt geneag‘é%ﬁaeice i‘r'{l %c%ﬁdgéwgr%%%ﬁé%g@%wg%%ﬁtXrﬁgir hgg'd from
a human hpvel.gene sequence and is represented by Fig. 2(B) was constructed.
[ 0069] Acqili Sht.i . agnment honol ogous to human hprt gene

. PiT060tsRy 2Bl ke di B fQ'tf'° erived cel | Line, obtained from JORB Cell
Bank (catal og nunber CBobni8tyl usedsndthedd adce siitdbla fG@HeGatroductionl ofottheDNA
Purification Kit rsh L OSCI e bt ai ENA Next , DNA

f ragnent SV? Vi a%@ﬁ?? ﬂ(%hoabed@gqcsoﬁglﬁcﬂepgt E%gﬂgg z’ggg&f ?d@?th\ﬂér &7l oned
by a PCR emstroporatiokObefthads- 2 Tiyv@BQecticsi ngethiod, geBARwieRiMAR amethddnpl at e.
As shown in FicP' 3 which will be ges?lriine‘gt Iater,tl—ﬁl and I—(I% wer e . et to
sequences TSNST BYBAS TRPSQMEIHAIRMT P MY eUShMEthas ¢1Rs AgraliongdiRd "he

f ol | owi ngWhenihe wetpreis cgelioyea enalbed may alse HeChiopted tim evhich &He yéioiOls HAL
SST1Se T Rl O TSR ST CPIATISTRAST AT RAReR nbSfiReke "
5' - GTCGACHEICAIECCGT TCTGATAAAATCTACAGTCATAGGA- 3" (SEQ 1D No. 24) HA2

T L
5' - ACATGT ¢érdiddranen GEEcAABTRAT EfiCRhCA HaBAINeQKeA DATSConi BNt EIND .a 2i6)-
specific infroduction 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 cells 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 cells.



[0071]In the PCR reaction, a recognition site of restriction enzynes Sse
83871 and Nru | was added to the 5 end of the HAlL sense priner. Likew se,
a recognition site of Sal 1 and Mu | was added to the 5 end of the HAl
antisense primer, a recognition site F*6Sal 1 and Acc Il was added to the
5' end of the HA2 sense prinmer, and a recognition site of Pci 1 and Nru |
was added to the 5 end of the HA2 antisense primer. [0072] A DNA sequence

cont ai nin n s e pllcatlon origin wwthin E. coli
(Escheri cﬂq(%%é ess Ggu =fesi stant gene was cloned by a PCR

reacti on from DNA of ACq:n’E&hQStopbashmied aspectoof ¢t lppe deunt enﬁmnaihpa}here :s

| ndustries Lcid) Thefo% O\M%g:ﬁp S guenfes maee used in th

reacti on. PIRY'49¢k 3@ &S 19 o R c&‘g ARECH P rpég‘f‘?ﬁsct"?@ﬁ”a'ﬁgynes
Pci | andp&sﬂﬂnﬁ@&?el recenkinaitdCHO tdils &hd enuringltieneel® toepidbdate tahargetnse
prlner [0073] Ecoli .sens rimer

ACATGT Eesathestargel-grqtgin\gan be agquifed inan; sense
prl mer:  5EMACERCARPEOBE MARRICCCACLI TTCGGGGAAATGTGS- 3' (SEQ I D No. 28)

[ 0074] HAl and DNA sequence .cqnt [ n_on s uence an n
bt o1 15 9BAT: o ane “TonBRaE CoEg iS4 tePeak e e B4 EORET FOERBY These
t h(r]I ee PNAfrsﬁgmmaﬂom(rjrﬁemb eipedding tuponeahe rsltailbldmeeogﬁmm&t €HIo deISSliﬁ.zt838(7jl,
and Sal |.and _supjected.to a at i ctlntoot'na. .2 sm
Tector TROTBIESY SeuGire Betit a8heh B buBlle sfetridinaRiPicalisn Fodn oy s
Mu 1 andav‘&%kbhlmﬁoOccﬂi%ﬁcfarﬁtchNAnré;ﬁilalﬂycmelmbmulwhis:hoﬂ‘ié\ﬁ)plérh@ntw/\viﬂﬁﬁugnce
containing the on 20_sequ t he I resjstance gene, and HAl
were |i _nkg@ Flive gy oned@%pf ﬁﬁ”ﬂ@b'@m %ﬁ ng W%T?UP?L@?Q"% 2f r agnent
cont a|3n| npos2|estri thmﬁﬂbhﬁﬁcm IhethegoencH bobatit cunas nddthad,fed from
pcDNA3, 1 Invitro Rest ctlo Acc Il sites
wer e addegggg é‘ﬂé‘ "c(e L'15"64 g Pl IO cﬁkﬁfea 9‘{1@%/\? |3(5’i'?|'w?%’l% ﬂl‘? PRlreequence
2. This fre@gment was | inked to DNA sequence Ito obtain a p23HAI 2 plasm d
vect or. Constr tlon of bas ect
pl asmid vg)g’F‘gl was cI etﬂ'l'Pc%l HS‘F‘y Q‘%Bag‘?ﬂerFﬁm" ﬁfdﬁompgﬁﬁﬁrﬁﬁgbt ai ned
by subj SC&ﬂrsgadel d&senbedga @bt @etandfor Ieﬂ&fhbie?-!r?iF(M Ugﬁsdb@i &Il.ﬂﬁﬁit Im@towls
|nserte t i nto oot| as vevt 1], nker 50|g
> CooaTal Helotst: Bt aha NI o 5065 s Nepsterd, B TREY. 365 Fretgere 2a 01 i o
5' GAT CGvBichASIAEDY SdrAtBd@A Tiepdrérdé\d@an A- 3'  (SEQ I D No. 30)
[Examples] '
[0064] The present invention is further illustrated by the following
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 ligafion 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 to first and second homologous DNA
fragments according to the present invention, respectively.
[0065] Example 1: Acquisition of information on hprt locus DNA sequence of CHO

cells

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



[ 0078] A DNA sequence 3 containing an SvV40 pronoter, a poly A signal
sequence, and a neonyci n-resistant gene (an expressi on cassette containing
SV40, neo R, and synthetic poly A was_anplified by a PCR reaction from DNA
of a pQBI 15 plasm d vector (Wako Pure &femi cal Industries, Ltd. ). The
followi ng prinmer sequences were used in the PCR reaction. In the PCR
reaction, a recognition site of a restriction enzyne Xba | was added to the

5' d of x ot A and
& a1 was WAELTRES B PEIRIAXARABE O ” C el bOne oufin JHH Mied ke
primer 5' -ceptrifud@TAcAabtaic GGt gelanpilats - rhe( pEliRts Dvdve. tr&lpd w;th DNAeo R
t

5~ ct 1t AT P IR S A AU EA RO AR RARRRSIGRAAS K- optain genome
ATTgt gggcdidyaabeveradiNh TragiSE@ oD hiot 10883 c[fGDBO]-R'he:elﬂasuarevemamedl by was

I d b 3
fl Sgrgd Wh%%:(ﬁ%}d 'PﬁLsf[ gigrnf g@?@v@%b ﬁﬁ%ecgn%ﬂq asm 8%&%@%% qel' \lfjvgtsl on
of anti bodsaghemniy vedteias shgwredrsitagn CasBERt arimers that had been usédvfar treeb| e

| L& | d | G+ 3A21al

Ustng a peadsgkter gy % Thaalichl fefd baraf b reldis T rpl enienet e owa
and Char adeeciilzesct inofu dfet AhtMuidhBes. mmm(b)n237m| Aeyprevéerlsequéncesnal  of

Ferment at i engi neering. Vol. 82, No. 3, pp. 312- 314,1999) as a
tenpl ate t“gé}g%tgg?@v%\m sequence 4. [0082] | G+ 3A21s priner: 5 - -

TAAAAGGT TG pEA R BarkeAEner3' (SEQ | D No. 33) | G+ 3A21al priner: 5'-

RPM 6226 Ul IF SRRt P P ERTBRIN BENE O LTD.) was used a5 a
tenpl ate, and RE&ERentcsamiérchee nadimert h One-step RT- PCR ki t (QAGEN. A
Co e SRy ARt AR 1L T L o onai O
| G+ Cs priner: Fragment2 sense primer:
5'- tggaaatggc gttgecettga catgt -3’ (SEQ D No. 3)
Fragment 2 antisense primer:
5'- caccttttcb aaatcctcga -3’ (SEQ ID No. 4)
Fragment 3 sense primer:
5'- agcttatgct ctgatitgaa atcagctg -3’ (SEQ ID No. 5)
Fragment 3 antisense primer:
§'- 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 gattgaaagc acag -3’ (SEQ ID No. 8)
Fragment 5 sense primer: '

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

5'- gctgagaaaa tttaacagta ttttag -3’ (SEQ D No. 10)
Fragment 6 sense primer:

5'- caaatacaag caagaattic ccagag -3' (SEQ ID No. 11)
Fragment 6 antisense primer:
5'- ggacttgaac atctagggag -3’ (SEQ ID No. 12)

Fragment 7 sense primer:




5' - CATCGGCCTCCACCAAGGGCCCATCGGTICT -3' (SEQ ID No. 35) IGHCa primer: 5' -
TTAAGCGGCCGCTCATTTACCCGGAGACAG -3' (SEQ ID No. 36) [0085] PCR anplification
was then perforned with a primer set of 1G4+ LS and | G+ Va using DNA
sequence 4 as a tenplate to obtain DNAl8equence 6 with a secretion signal

added thereto. [0086] | GHLS priner:
5' - GGTCGCCACCATGGAGT TTGGACTGAGCTGGGTTTTCCTTGTTGCTATTTTA

AAAGGTGT%%@%%F&&E@@@Q prN'omeés) [0087] Assenbl e PCR

was performed wirsomentrd amtisenee painerGH- Vs and | G+ Ca using DNA sequence 5
and DNA s t sequence 7 conprising both
the seque%ggiaﬁ% Cl?ae%%taggéaga %‘ﬁer. @%@35{“%@%% pri nmer:

TTC&:G(GTUQ&?GGT CGCCADGSWXI’ CAGIETE JwEPHs (:S'IE@d{@tl\fmfr t&@%?[fﬁh@?&}rﬁz F(B:QCGEP f
plasm' a]gﬁﬁ eaction for e introduction o
mut ati on w ﬁ\)at W%t%[fS ﬁg&%&’o&%e&%?zj prinmer set using Prinme STAR MAX
(Takara Shuzo Co., Lt As)sh’ownotnﬁag r, @Nﬂrm«ﬁélﬁtébbf pi asm'fj containing a Not2I2
S|te|ntroduced the CW pronmoter. JQQ90 tl-site-s priner

ATGngccgcATéF@A%&??%?&W?e" §x°'€§€(3dle[’5 IRINCI'-@ST e-a primer

intron 2 located between exon 2 and exon 3 (SEQ ID No. 16),
intron 3 located between exon 3 and exon 4 (SEQ ID No. 17),

intron 4 located between exon 4 and exon 5 (SEQ ID No. 18),
intron 5 located between exon 5 and exon 6 (SEQ ID No. 19),
intron 6 located between exon 6 and exon 7 (SEQ 1D 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 Ne. 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: IF050354) 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.



5' - GACATgcggcc GCATGCGAGGAGACCGEG - 3" (SEQ I D No. 41) [0091] A 0. 5-kbp
fragnment was then anplified with a Notl-spacerA- s/ Notl-spacerA-a priner
set using pcDNA3. 1-hygro(+) (lnvitrogen) as a tenplate and was inserted
into the Nor! site of pmaxGFP+Notl to YBtain a pmaxGFP+spacer A pl asm d.

[ 0092] Notl -spacerA-s prinmer 5 -ttGCGECCGECgaaaaagcect gaactcaccg -3 (SEQ ID
No. 42) Notl-spacer A-a priner 5 -ttGCGECCAECgacggt gt cgtccatcacag -3 (SEQ

| D No. 43%(067(699%] AV é].al n was anplified with a Kpnl-1G4+s/Bglll-1G+a
priner set USI e 7 as a tenplate, followed by replacenment with
G-P in pn@kG@'&M@GrTA}G%ABT@GT%H@RM@G&HMN@G%@n(iSdEQ [DOR4P3)

Kpnl -1 G+ s pri N&WWAMAWC&%C@T%GTTT%G
GAGCTGEG 3" (SE 11-1G+a prinmer:

5' - cct t AGEAFCTBACAACGAAGEIAGIGATAASEHT TALAGTCATAGEHPS5(PER ID No.
anplifi ca? gn was performed with a Mul -spA(lgH)-s2/Mul - CW-IgHL- SVpA-a
primer sing pmax+spacer A+l gH as a tenplate. The anplification product
was cl oned i nt o HAZoeRsBlprmbert - TOPO vector (I nvitrogen), followed by

charn cas SeRIGPALGObARaACABHTT IR RTGETE ICluBRUIRE FEATGH 2

5 -cctt ACGQEI‘P@'&I‘@'@G'@GA@TM@B ¢8EQJD- Bb. ZBEQ | D No. 46)

M ul - CW- | gHL- S trlmar 5'-cttACGCGTAACGTCTCGCCCTTTGGTCTC 3" (SEQ ID

No. 47) [0097] Lant | body Iight chain expression cassette
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 1 and Acc Ili was added to the 5' end of the HA2
sense primer, and a recognition site of Pci 1 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 Pci |
and Sse 83871 was added to the &' end and the 3' end of the sense primer.

[0073] Ecoli_sense primet:
5'-ACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAAC-3' (SEQ ID No. 27)
Ecoli_antisense primer:
5-CCTGCAGGGACGTCAGGTGGCACTTTTCGGGGAAATGTGC-3' (SEQ ID 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 Miu | and Acc Il
to obtain DNA sequence 1 in which HAZ2, the DNA sequence containing the ori



Li kewi se, a plasm d holding a light chain variable region was provided as a
tenpl ate, and the variable region was anplified by PCRwth a priner set of
| GL- 3A21s1 and | GL-3A21al to obtain DNA sequence 9. [0098] I|IG.-3A21s1
primer: 5' - COCAGGTGCCAGATGTGACATCAAGATZAC-3' (SEQ I D No. 48) 23 | GL- 3A21al
prinmer: 5'-GCCACAGITCGITTTATTTCCAACTTTGTIC-3' (SEQ ID No. 49) [0099] RNA
extracted from RPM 8226 culture cells with | SOGEN was provided as a

01 on wa8oRgTeF w s SRR Sl TS apl dF ierein m e IR

t he resul fmmtheﬂf%nds a tenplate to obtain DNA sequence 10. [0100] | G- Cs

primer: 5%z TW J- 5 rimer:
5' - TTAA AACA %m’%' Nég 3 ng%'fﬂﬁ'lg@é %‘%ﬂocat i on
was per f oremgnitionhsite wes robtained fafm [pEGDNAS, thtygrdBl) fARtges). nRéJMctimguence

9,2 2 enpl gl i, OPLal aBNAIP SR GGre Badbd Mo 2" ShE L PR pRACed

ﬁW%TW@mw@& was linked t_o DNA
T GCCTCCCA E . 5 I - a priner:
5' - GOCACASTHEFF &ﬁb%%%%??g %E&BPB No. 233) g

[0076] Construction of basic vector

The p23HA12 plasmid vector was cleaved with Miu | 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'- GATCCtgtAAGCTTictATCGATtatTCTAGAgatA-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, Lid.). 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'- cettTCTAGACcttctgaggcggaaagaace-3' (SEQ ID No. 31)
neo R antisense primer:

5'-cttATCGATICACACAAAAAACCAACACACAGATGTAATGAAAATAAAGATATTTT
ATTgtgggcgaagaactccagea-3’ (SEQ ID No. 32)
[0080] The basic vector Il was cleaved with restriction enzymes Xba |
and Cla I, 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



[ 0103] Assenbl e PCR was perfornmed with a prinmer set of I1G-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 Q.-Vs
priner: 5' -CCTTGGTACCGGTCGCCACCATGGACAREA -3' (SEQ ID No. 54) [0105]A
0.5-kbp fragnent was then anplified with a Notl-spacerB- s/Notl-spacerB-a
primer set using pcDNA3. 1-hygro(+) (I nvitrogen) as a tenplate and was

i nserted i, 1 he Si P+ . 50Nt aiyn + erB

pl asm d. k?{ﬁ@f&@?&lﬁ%%@fﬁ%&are&%og% b&ﬁ:&% t'&"? Baagééﬁgga@%c gtc-3
(SEQ | D N3A2%%5) JoNothal- sh&eementatipn i arer Bidendind@@BGCOBCc8At Noct3, tpgmc8tzggac- 3'
(SEQ I D Laht i nplified with a

Kpnl - | mNgféag%’?)[%gjééB'lﬁ?%ﬁ@g% @gﬁ%%q @es%'quence 12 as a tenplate,

fol | onwed [082¢pbHEAAstprimerh GFP i n pmaxGFP+spacerB to obtain a

oS S es e O AL S A
5'-cctt GOTA 6 gi&%d&ggé?%@?& gc-3' (SEQ ID
No. 57) Bgll |- @&H®8A2refgprimed. - cct t AGATCTct aacact ctcccectgttga -3 (SEQ ID

No. 58) [ %ﬁ%@%ﬁ%%ﬁ@kbﬁ‘b&@&&%&%%ﬁi ¥ St diD No. 34

Hi nd111-spB
[0G83] RNA extracted from RPMI8226 culture cells with ISOGEN

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

{GH-Ca primer: '
5- TTAAGCGGCCGCTCATTTACCCGGAGACAG -3' (SEQ ID No. 36)
[0085] PCR amplification was then performed with a prifner 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 Noti-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] Noti-site-s primer:



CW- | gHL- SVpA-a prinmer set using pmax+spacerB+lgL as a tenplate. The
anplification product was cloned into a pCR-Blunt 1l - TOPO vector, foll owed
by cleaving with a restriction enzyne Hnd |11l to obtain DNA sequence 13
(light chain cassette). [0110] Hi nd11122pB(lgL)-s2 priner

S'-cctt AACCTTctattcctttgecctcggac-3' (SEQ I D No. 59)

H n3- CW- 1gHL- SVpA-a primer: 5' -cttAAGCTTAACGTCTCGCCCTTTGGTCTC—S' (SEQ I D

2, 20 | R AR GTERMAP OB AR UES Fhgavaf LD @ estrietion

cassette) to olNail-siteaalpasier: vect or +neoR+l gL plasmid. [0112] Acquisition of
DNA f ; Genone
DNA 01[ a%—mﬁé%%\%géc%?gﬁ&d%%&g;&éeég%oﬁzéégnlg) PRt By agnments (CHA1 and
CHA2) homj0@®kjus to am Iﬂrﬁ—kbge‘r@rﬁ@tam@aar gmnm\amm_ h‘fie¢l Ouuﬂg eb)odl\l@tl Eﬁi)tgéﬂﬁcz i on
KOD- Pl | e, descri be ater,
g:HAl angséﬁﬁé&\’f@?%ers 1 )pp{)neg é%gg'%glsg?]@%?(}é 6‘{%0@3 d.{\ﬂ'vrltéclﬂe(% a7 teHPRYF exon 3

in the hprndgemes Tiserted! lioti nihepr No®r sitequehcemax@FR+Nsgd tbn dbigin PGR

reaction. ! 01%5 SseNr k-s prinmer
5'-ttCCT Z*g???f&{ agaggaaatat-3'" (SEQ ID No. 61) Mul - CHAl-r
prinmer 5' {mmmspﬁﬁmmrMacagtcat ggg-3'" (SEQ ID No. 62) Bam CHA2-s

o SRR B A g IS, T 6 ()

Acqui si tion of Notephice?Aanprirhedy vect or CHA2 sequence anplified with a
Bam CHAZ- %‘-F &&550%gacggtgtcgtccatcacag -3' (SEQ ID No. 43)
[0093}) A heavy chain was amplified with a Kpnl-IGH-s/Bglil-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-IGH-a primer:

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

Miul-CMV-IgHL.-SVpA-a primer:
5'-cttACGCGTAACGTCTCGCCCTTTGGTCTC -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 ID No. 48)



25 1k-r prinmer set was cleaved with restriction enzynes Barn H and Pci |,
foll owed by replacenent with the HA2 sequence in the basic vector+neoR+l gL
pl asm d. Further, a CHAl sequence anplified with an

SseNr u- CHA1- 1k-s/ M ul - CHAL-r pri nmer sef3was cleaved with restriction
enzynmes 8se83871 and Mu I, followed by replacenent with the HA1 sequence.
Next, DNA sequence 8 (heavy chain cassette) was inserted into the
restriction enzygge {te to obtain a CHO 1kx2 anti body vector shown in
Fig. 2 (A. [01)1/5 3%3'48? ?Iﬁeg'n of HT1080 honol ogy arm vect or

DNA sequeRcOGCACAGTY CETATTATAICOAP)TIEGTC 1 EBEQ@ADiM0.31%) restriction

enzyne M itein Yl r g sm.d t in,an HT1080

honol ogy rdrrg1_9\?/ector S @@\mgﬁé@%%@q(lﬂ?ﬁﬁigklwméga%@ew@? q?ﬁﬁﬁhﬂd@% on of

vect or i nPovidad gs g templatcz and FAT-PCR w@sgperformed with One-stef IRT-CBR kit x 2

ant i body ; . 'FQ%Q/ tor ifi Wit h '

Endofree &e%in%aéﬂ %%'}Jn%étgr%%ﬁﬁf&%ﬁlgw an V\“g{;hgé ?ﬁ@f\?ggy\ﬁ ?%B ua'?(fij@oﬁaowed by
di ssol ut i gaingrtherestltahtwBNiase a tempiate tmoetatr BNAGeqoén& ¢0.L, and t he

sol utions seqd | he follow ng transfection experinment. [0117]
Tr ansf ect ld%rozln%t ?%r%@?f%phg CHO K1 cells were adjusted with

-a nucl eof 8cTCEAAATLANARTCGAACTENGGCTGCACCADS (SHQ th Mlvd50kre ni xed with 2
pg of a Iineari{(Tqu_ I mrd vector. Next, the m xed solution thus obtained
and Nuceof ect or O? maxa) were used to apply voltage with program U 023.
The transdetIAHBCRBCHESCOTIAACATCHICESCOARGT-Bo(SEAH Needtipr . The transfect ed

neubat or PUSAEr condi £ Ane Bl oalieRfef s ASRpR et Priidantice! KEvEea B00)
suppl fenengmﬂjl(m.{?%zﬂml 19 DNAGeduamas Qéﬁ(jﬂ E_G?Fplat?m pbtird A Qéqwnggg& o
t ransf ect : - r was adde i nal concentration; pg :
[0118] Af t%vﬁnf %&% r%#%lﬁgggaélﬁ%rﬁgocti on, (418 (final concentration;

500pg/ nmlL) [0408] BLFGS(frinmext  concentrati on; 50pM (Wako Pure Chemi cal

cul tur e, P ETRE G ERE ARl SRR OGS RG Bt SRRt o5 ver e

i sol at ed. TR QTEGBCTECUAGGCASCIMBITGTGASH -8’ (SEQIDNY. B2¢ results were as
shown in Table LT?EZ{]%ER\% .of (A1816TG resistant clones obtained by the
CHO 1kx2 anti body” Vec £ 6 26 clones per 3 x 106 cells. On the other
hand, in $HECEACFEET TOGHTDHAT BT OTHRACTATGTGHB8(SERSID . $BRNt ¢l ones were not

obt ai ned. [b%‘glo] [TabAseseHblé rB(.JfIQC\I/}IJ&%@gerformed 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] IGL-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 info the Norl site of pmaxGFP+Notl to obtain a
pmaxGFP+spacerB plasmid.
[0106] Notl-spacerB-s primer:
5'-ttGCGGCCGCctgtgatggacgacaccgtc-3' (SEQ ID No. 55)

Notl-spacerB-a primer:

5’-ttGCGGCCGCctattectttgecccteggac-3' (SEQ ID No. 56)
[0107] A light chain was then amplified with a Kpnl-{GH-s/Bglli-IGH-a
primer set using DNA sequence 12 as a template, followed by replacement with
GFP in pmaxGFP+spacerB to obtain a pmax+spacerB+IglL plasmid.



vect or Nunber of 418/ 6TG resistant clones acquired (per 3 x 106 cells)
Nunmber of integrated clones/nunber of clones as determ ned by genome PCR
anal ysi s Number of integrated cl ones/ nunber of clones as determ ned by
Sout hern hybridi zati on anal ysi s 24

[0108] Kpnl-IGL-s primer:
5'-ccttGGTACCGAAGCCGCTAGCGCTACCGGTCGCCACC Catggacatgagggteece
ge-3' (SEQ ID No. 57)

Bglll-IGL-a primer:
5’-ccttAGAT CTetaacactctccectgttga -3’ (SEQ ID No. 58)
[0109] PCR ampiification was performed with a Hindlli{-spB(lgL}-s2/Hin3-
CMV-IgHL-SVpA-a primer set using pmaxtspacerB+IgL as a template. The
amplification product was cloned into a pCR-Bluntll-TOPO vector, followed by
cleaving with a restriction enzyme Hind 11l to obtain DNA sequence 13 (light chain
cassette). _
[0110] Hind!ll-spB(IgL)-s2 primer:
5'-cctAAGCTTetattectitgeccteggac-3' (SEQ ID No. 59)

Hin3-CMV-IgHL-SVpA-a primer:
5'-ctAAGCTTAACGTCTCGCCCTTTGGTCTC-3' (SEQ ID No. 60)

f0111] A basic vectortneo R plasmid was cleaved with a restriction

enzyme Hind il and was inserted into DNA sequence 13 (light chain cassette) to
obtain a basic vector+neoR+IgL plasmid.
[0112] Acquisition of DNA fragment homologous to hprt gene of CHO ceills

Genome DNA of CHO-K1 cells was provided as a femplate, and
DNA fragments (CHA1 and CHA2) 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 CHA2 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 -HCCTGCAGGTCGCGAaggagtttattagaggaaatat-3' (SEQ ID No. 61)
Miul-CHA1-r primer:
5'-ttACGCGTtgataaaatctacagtcatggg-3’ (SEQ ID No. 62)
Bam-CHA2-s primer:
5'-ttGGATCCgactgaagagctacigtgta-3' (SEQ ID No. 63)
PciNru-CHA2-1k-r primer:
5'- HACATGTTCGCGAatcagatccctgggactgga-3' (SEQ ID No. 64)
[0114] Acauisition of CHO 1kx2 antibody vector
A CHA2 sequence amplified with a Bam-CHAZ2-s/PciNru-CHA2-




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 oenone PCR
Genonme DNA was extracted with DNA Isolation kit (Roche) from clones that

ined by the transfection of t%® CHO 1kx2 antibody vector and were

wer e obta

resistant to 418 and 6TG Reconbi nation regiospecific to target hprt
was confirmed by the followi ng PCR reaction using the genonme DNA as a

tenpl at e.
an anal ys

as to con
sequence
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cassette) was inserted into the restriction enzyme Miu | site to obtain a CHO 1kx2
antibody vector shown in Fig. 2 {A). '
[0115] Acquisition of HT 1080 homology arm vector

DNA sequence 8 (heavy chain cassette) was inserted into a
restriction enzyme Miu | site in the basic vector+neoR+IglL 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 pg of a linearized plasmid vector.

Next, the mixed solution thus obtained and Nuceofector Ii (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/well 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;
500ug/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



[0123] DNA (1688bp DNA) containing CHAL(4) and a part of the antibody heavy
chai n sequence (7) and DNA (1752bp DNA) containing CHA2 (5) and a part of
the anti body |ight chain sequence (9) can be acquired fromthe genone only
by honol ogous recomnbi nation and thus cé&f be an index for honol ogous

reconbi nati on. Accordingly, a 1688bp DNA shown in Fig. 3 (A
was set as an index for honol ogous reconbi nati on between CHAL and the

t ar get t .a, P ion, With pr r
crirs/ ot Tes R0 1872, 78 K Sttt e faT LOREORRIodl StliesfBrona
shown in IG@.SI&!T(E#&sith slenesawesnnotnatdainkdr honol ogous reconbi nati on

bet ween target hprt |ocus, and the DNA was detected by a PCR
reacti on%(ﬁliﬁalbﬁg?] I (?JEJCQ/ P':HA? seq-al_as sho bel ow. [0124] CHP?%TS

pri mer 51- TGTTCCTGTGCATACTAGGC- 3'| ( SENumbersf 65) CHA2-seg-al prindr:
5' - CCAGA! TTATTT Giimapensof (QEQ | dtegratesh) [ 1Ml integrateeCR
anpl i fi cat ijpRodiceduct s GO YBt ai |nedongs/runabeiiafz ¢ nsisutmiogriadr edi s on
1. 0% agaf ose,ggbr Theresistantciongsrie as clnew@si n Fil gslongs geyletarthirged) .
In Figs.|3 (B) and ([Cpeauiigders3 1 t ledermipeddpnt |cl ondy Sshitbemed wilth the
CHO 1kx2|anti body vegct ar10°BlIA) t He 16@8Hpe BAR 1752hybriRtiommrialysisat|i on
products|were confirimed in 5 clores andalysithe acquired 6 clones, indicating
that a hphdi@ddtsx 2eiconbi nati on rleaction took pl ace. [0126] Exanpl g 5:

Anal ysi s| by astiedyer nf hybri@i zati gn 5/6 The i&#5egration of the
CHO 1kx2jant vémdy velctor into the target hprt | og¢us by regi ospecifi|c
reconbi nat i 40805 cll ones acquirgd in Exanple 4 was confirmed by tHhe
foll ow ng Swmmdlegyn hybridi@ation.| [OIROFTREST 4 (A) is NOTYREHS®I diggram for
expl ai ni pg ad@twwictas of Sout hern hybridi zation in Exanple 5.
As shown in Fig. 4 (A), a target region (2) in honologous reconbination of
hprt gene (1 iS set so as to cont ain exon 3 (3), and honology arm 1 (CHAl)
(4) and h i,

1b5yample 41 Analysis by geneme RGR so as to be honpl ogous to two

adj acent regions in t@@né:ﬁé&ﬂﬁﬂv@&& Qi&rad??di vJsthrﬁﬁNIbSITahQH kﬂ"(ﬁ%ﬁe)sfé% are

| ocated so as to hold the tar regi on her ebet ween and ar € sent in

the tar geflopeg;taal were Om‘ﬂelﬁ‘egbttm\%ﬁfa@isw ioR hié the iCHOr He@r antiticoly \aetoyrme site
i's absent 3hd W€ rg"QaﬂlezGa% IRQKYT ¥ € CROE MBIV 16'5 e%glcstt)at?ﬁ?eg‘ﬁgﬂ AR

sequence (6) In 1kx2 anti body vector was

pr obe can'%éswﬁﬁ%ﬂfﬁfé‘&d by| the2fe]lowingsReRnreagtim gsing tbﬁ)genmanma@ap DNA
has been ggissiced, it is determned, fromthe position of the Pci |
restriction enzyme sites and the chai n | engt h of the DNA sequence, that the
CHO 1kx2 BMERbody veckigr 3kAkisha Bipi¢aldiagramear explainingedetpils of aoeonslysis the

clone. [ Oéﬁé’hoﬁ%mgo%tré’édnﬁ’&né‘tﬁom&f@ﬁ%y 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 CHA2 (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



28 An NR probe having a sequence conplenentary to a

neonyci n-resi stant gene in the CHO 1kx2 anti body vector was synthesized
according to the foll owi ng procedure. At the outset, the entire length of a
neonyci n-resi stant gene codi ng sequenc®?in the CHO 1kx2 anti body vector was
anplified by PCR, followed by TA cloning into a pGEM T plasm d vector
(Promega). Next, a DI G (Digoxigein) |abeled probe was prepar ed with a PCR

b ' 0130
Pr opar at o SN B ariah thE BHF naRd 17200t dnla sBOWRIN EIE S0 el 1Tl s
ext r act ed iddexnfiot hemﬁlb@ouea;emrmnam betywean CHA2 and ela?a/tmlgw _mmcﬁ’sl arld

0% agar 0 0 Vs AelPeRHan B RSOt oh b e S SHA G et e,
Amaer shamsBowadietovwees). The nenbrane thus obt ai ned was i ncubated at 80C for
2 hr to i on. .the nmenbrane. [0131] Hybridization

The nenbr 1?%%? 'sd with the NR probe. In this case,

prehybri diSZHGTdTGCT(VbGCATFAGU'AGIGCﬁBd pBPhdDdes.85)i on were carried out
according to a ﬂ@éﬁgli ation Manual (Roche). [0132]As shown in Fig. 4
(B), in all of 16,84 cl ones, a 10488bp DNA fragnent was detected
by the NRspcmﬁAGAAAﬂ'A'EKHBQDACmA(PCEmUC(S'E(mIEDNopb‘@tei n by reconbi nant

A the oul&UBT My TRORGRR Ame TP’ REntEEE uf pRlakra hith enalvzad v os

cel I's per epctriopharesisvers 100% tagaesbe gell0 Thb resulfdwans ag sNeh (ih Rigs.rogen)
cont ai ni ng &2&? (final concentration; 500 gg/m.), 6-TG (final
concent r af! ‘50 gM, and FBS (Japan Bio Serum) (5% in the presence of 5%

C2 at 37C. On the flfrt Rigdag (By a0y, mirabérsof td beepresent’ SonédBbiEalidUM Vas

[013a] ottt 8 | GHOGARES rFHisRy vagoEL | BAT the” 16880 Snc” 178¢bRnBHR of
1gGin thamfubamﬁoaedsmme@rdmeanhrﬁedlohys AR ihedaddifred B elopagce at
450 nmw th H Ki t recoated re(aT kara S uzo Co., Ltd.).

. Hyma gG E )
[ 0135] The'r“jté\%"‘\'j1”'93"‘9\5«3"?1 B°9§'A|°§HH gmipngtio 3red 3 clones, the
zzagnunt of [0198) EQémlbIea!g'.eﬂ\rvmiéb\?%uﬂk&j@h@bﬁ&]z@tﬁbrﬁverage, and the CV val ue

The integration of the CHO 1kx2 antibody vector into the target

hprt locus by regiospecific recombination in 5 clones acquired in Example 4 was
confirmed by the following Southern hybridization.

[0127] Fig. 4 (A} is a typical diagram for explaining details of Southern
hybridization in Example 5.

As shown in Fig. 4 (A), a target region (2) in homologous
recombination of hprt gene (1) is set so as to contain exon 3 (3), and homology
arm 1 (CHA1) (4) and homology arm 2 (CHAZ2) (5) are set so as to be homologous
to two adjacent regions in the target region. Pci I 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
length 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




was 14.2% [0136] Exanple 7: Honol ogous reconbi nation with vector having
honol ogous DNA fragnment having chain length of 2.5 kbp Acquisition of
2.5-kbp DNA fragnent honol ogous to hprt gene in CHO cells

In order to manufacture a CHO 2.5kx2 af®i body vector that has a honol ogous
DNA fragment having a chain length of 2.5 kbp and is shown in Fig. 6, DNA
fragments honol ogus to target hprt gene (CHAl-2.5 and CHA2-2.5) were cl oned
by a PCR reaction (KOR.RBLHS- JOY i_n n DNA of CHO K1 cells
as a tenplate. As shcc)ﬁq *ﬁsﬁfuygé %?V'} )Qé\/\%%%%v% ?qnqiﬁg%gﬁgaéy 1D ETUPYHN-

CHAl- 2. 5 gesistanirger®: B ther@16etkx mardibsdy) vectoe wasmyhtigsizredtarcardismg tothe

t ai ni h M, ul - 1- ' d B CHA2-
o mer o BN, Brited i TRUing fser bR eI 1ndlh] dFop SREMETTIRREERS o § e
sequences gene tdodin@Csequeace iinrihe [AHG 7kxSseitibod Cadto? wide- amplifieteby PCR,

5'-ttWt t.qf a tgat.a -3 | D No. 67

NcoNr u- - 2. 5k* prﬁh@ibg 'g“’-%%@%&Fk@%@iﬁ&&?ﬁ&?ﬁ%o&fﬁgﬁ%@o3'

( SEQ | D N¢(Dig68ige[n) iaB¢ledcprobsi was predar&iQvith Sk PZRMHGhpbbeveRitiesis kit

The CHA2- gchsee%ﬁgrg}_e qg}‘yoi fi > wi th the Bam CHA2-s/ NcoNr uCHA2- 2. 5k-r
primer set Was’ av'e% i ChYPEST Y PT BHME ymes Sam H and Nco |, followed
by repl aci@s36] Prepgaratonefitféinsimgeence i n t he basic vector+neo R+l gL plasm d.

Further, the CHAl-2.5,.sequen anplified with the

SseNr u- CHAL- 2. 5ks/ M u -e&g—mf- ﬁﬁﬁ‘r Eﬁé’ oy el plong | wag, sxtrapted fram thecfT6n
enzynes 5se=@38m calody dhd was tlavedwdthoy Paplreseiction ewzyme! hFhElleseguence.
Next, DNA se%e ﬁﬁ&hfavg gehcgi n,cassette S insertﬁd into the
restricti 88" ?m 9] Wap eleqligrhptesed op 3931039 9ghand Bipjted O A shown
iR Fig. 6.ny:ek)m3ajemgués(myhnmdofN{:H@eaxb5mQ mmada@lﬁhmvems@?nbéé)e%r ghed clone
The CHO 2.5kx2 ant.i bo vecgtor was purifi n i neari zed in the sane
nmanner as""'ieﬁ%i]éﬁﬁ?n%nl@ . a“f'ﬁg Walsrfgﬁlft?ag‘é‘a a&,é@‘?%?or%ér 19; lrepkilzg PHAGNR) i zed
water to meodrasstration of 2 g/L, followed by introduction into 1 x 106
cells. [O Xt . .screening with a selective drug was carried out in the
sane manéﬁghtﬁéﬁh&%@é}e 3.g As a result, 418/ GTg}resi stant colonies of 5
clones 30 were isol aTlesl menidrand wasahytsidizdaywieh SRONR ReBe. In this case,
GCenone DNA ?‘?6" xtrac&&g fromclones resistant to 418, and 6TG obt ai ned by

the transP'& Z3fion. ybedieationsand Pabe; 3Rt eISy Cartied OMERCHOBHIAG LS 8n

r egi ospechDiG applicdtion Mangdt(Rbpid). | ocus was confirned by the foll ow ng PCR

reaction ' t he gepo DNA as plate. . [0142]Fig. 7 (A) is a typical

di agram f@rﬁbgﬁpl ai ni r(gs gﬁ?‘%{? I"%El?f %'a(b?'g'ﬁeﬁi%fi tE'L anaFy]zed% clones, ‘a 10488bp '
DNA fragment was detected by the NR probe.

[0133] Example 6: Production of protein by recombinant cells

Culture 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 1gG EIA Kit (precoated) (Takara
Shuzo Co., Lid.).
[0135] The results were as shown in Fig. 5. In the measured 3 clones,
the amount of IgG per plate was 1.29+0.18pg/dish on average, and the CV value




of a honol ogous reconbi nati on reacti on by genone PCR. A
target region (2) of honol ogous reconbination in an hprt gene (1) is set so
as to contain exon 3 (3). CHA1-2.5 (4), CHA2-2.5 (5), an antibody heavy
chai n sequence (7), a neonycin-resi sta%? gene (8), and an anti body |ight
chai n sequence (9) held between CHA1-2.5 (4) and CHA2-2.5 (5) in a vector
DNA (6) are integrated into this region by honol ogous reconbi nati on.

[ 0143] DNA z307h28p DNA) containing CHAL-2.5 (4) and a part of the antibody
heavy chain se nce (7) and DNA (3228 bp DNA) cont aining CHA2-2.5 (5) and
a part of [@W]qﬁ’ﬁrbﬁiéyﬂ Hehtolegousnrenembing @ith breh

genone onl 9@ @gﬁ& éﬂ)d % ’ggd t hus can be an i ndex for

honol ogousm\#'g?g :gﬁ%aﬁ chai teith rflzcwk gl y, a 3075 bp DNA shown in Fig.
-7 (A was set adcguisitiones ‘ gl et \upae IGHOHOP. 5 and
the target,[iggion, and the DNA was detected by a PCR reaction with pri mer
CHAL- seq- Not | - spacer A-s. On the other hand, 3228-bp DNA shown in Fig. 7
(A) was set as an indeb O@erh@mw@mgrere@ﬁﬁbiMXthvy\mmoﬂM Bas5 and

thetarge t \V: PCRre ct|on ith
pri mer 2 l@l}él&é@%‘jéfﬂ %A%f@yﬁgﬁﬁgﬁe‘%@ﬁ”? and Is"hown In Flg.
5' GACACAGG@A@AM@@W OSEQtG rpiet hif9 e BHHAD . aztanplrclmaz :2.5) were
-GITT
arrpl i fi (?actgl on prgoguct s t%act‘o‘?‘gﬁébﬁe%ﬂae\%gé ah%é@e@ewm@l 88?9'85%'?’@3?3 on
1. 0% agar 64048 celistas a tesplate. wérseshmsvrsindiig. 7 m)FWIgjsh will b8estribed@ater,
G0 27k SRR EHA R LR o By ERSBRERe TBRTRadtade SheBlaat f on
product s wentgininghexemaaf tire _mtlgenes MurgHA e paimagri armioBﬁnc(tt@AB& prirddr
anal yai s B @mdn EXMGRE 3t 8 FRIAR oRiher £ Bt %Qetﬁé’%@ﬁ%ﬁg e
i ntegrati im’thefPftIH?teealt’ean 5kx2 anti body vector into the target hprt locus in

hybr 1t zal o) SEYBCERS R ER G STV L Cal aY agram for expiaining details
of Sout heb nttCCTGCAGGTCGCGAgtctgtgtgtatgtttgtgataggc—3’ (SEQ ID No. 67)
NcoNru-CHA2-2.5k-r primer:
5 -HCCATGGTCGCGAtgaaggtitatagagcataggggacec-3' (SEQ ID No. 68)
[0138] Acquisition of CHO 2.5kx2 antibody vector
The CHA2-2.5 sequence amplified with the Bam-CHA2-s/NcoNru-

CHA2-2.5k-r primer set was cleaved with restriction enzymes Bam Hi and Nco |,

()

followed by replacement with the HA2 sequence in the basic vector+neo R+igh
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 Sse8387f and Mlu
I, followed by replacement with the HA1 sequence. Next, DNA sequence 8
(heavy chain cassette) was inserted into the restriction enzyme Mlu | 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



hybri di zation in Exanple 7 As shown in Fig. 8 (A), a target
region (2) in honol ogous reconbination of hprt gene (1) is set so as to
contain exon 3 (3), and honology arm 1 éCHAl 2.5) (4) and honol ogy arm 2
(CHA2-2.5) (5) are set so as to be hor®Pogous to two adjacent regions in
the target region. Only one Eco RV restriction enzyne site is present
around the target region (2), and only one Eco RV restriction enzyne site
is presen‘,ve\p% J?)'lﬂe&he target region. On the other hand, in the CHO 2. 5kx2
ant i body vec only one Eco RV restriction enzynme site is present in
CHA2- 2. 5. {0W1me@y61$rbwwo&'maHCRgene sequence (6) in the CHO 2. 5kx2

[0148] A% shown i 1 Fi goooR R ONGRE prlBotel PERATRIE et Bl ane, 1
det er m ne@7G robtaindrk l;yo:tﬁme |toansc5écttolne oEctbeRKlHQas’z Bkx2 iamtibedy Weete| ta#d and

has boon PCRdRHR eHsPoRES RIHTE s B} obE vep goani e ag e BaVinec ur i ng

of probe PCR reaction using thé\lgehlﬁmprmbBabaWen@!aiesequence conpl enentary to a

neonyci n- i~stant ge ti bod tor s provided in
thems/arre @?&ir as ?npﬁxz:‘lﬁ %%ﬁ%éﬁ?grﬁmaﬁé?é?lﬁ "% ﬁﬁm?ﬁ?l%“afys's
Genone DNAfamoemdgmlrécmhbunatlmaemtmthOhfeomCRhe 6TG resi stant col ony
and was cl eaved with Q Eco RV r? tr]j tiop enz¥ma. he.cl eaved genone DNA
nas tubj octod ton SoRtABER YRR Al oL EonRIOaRN e yinSi L O g, a0 i n
E)ég(r)nzal g 5{1)[i@]£b51]sésassﬂoowmtém dxog. 3(.183)( BX:HAT[\LIZEH (4),8C}-W:292[ Olgrtab ydiﬁdmléboﬁjgones, a
- ragmen ecte ro :
ot 1 ot PBAVL B RasERR, (P EohETRE P EROPRNT HB1S AR} LA EhBr Rl | o

VC\ﬁnI |h r mat chmn;sfequalirm (93 thetu bdvﬁe)ép@fh@i-tz FenarkyCygaras (5)(3? abvé’??]r D?lAl I

et her or..no remmi Ns was_conf.irne e fol | owin
PCR r eact (Ui ﬁénatﬁ%raé%dn@ﬁgﬁﬁ\lﬁ %’?5&?‘9@8'?@8%6‘?{’6@8@&% I’eCO?/TbI nati on °
osoat e(r)rI)I[cg?g mglég]x'ﬁ'\'gnmbg;p Eﬁ)’ ¢ Oj"gg;g:hgfﬂ%ﬁﬁ Efa%bgfméﬁgi ail's
of genone dfyot}ea[vM& Snak e ?(S ol i gRRtaRNg

At the ou{Sjeind 4 peartlottie dntvadydight chiain Qec(u%hcsmg)warPSRacqumd flokytag CHO
Ceconbi nab e oty R HOTdRESys repanEReubs "ol bt A b @rofdsx by

vect gr noh?m?[orgad%caﬁ:mérlll_{ahdnype_ cells, dDNAh(2322hbp) of the ta][ geL regi on
can be anplifie a cti thus, remai ni ng of t |

ol d-type.npr t Betealy B EAme Phadhting Fid & S %A Rrbas 4nndex for

homologous recombination between CHA1-2.5 and the targef region, and the DNA

was detected by a PCR reaction with primer CHA1-seg-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/ CHA2-seq-a4.
[0144] CHA1-seq-s11 primer:
5-GACACATGCAGACAGAACAG-3’' (SEQ ID No. 69)

CHAZ2-seg-a4 primer:
5-GTTTGCTAACACCCCTTCTC-3’ (SEQ ID No. 70)
[0145] Next, the PCR ampliification products thus obtained were
analyzed by electrophoresis on 1.0% agarose gel. The results 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 2.6kx2 antibody vector. Both the 3075-bp and 3228-bp PCR
amplification products were confirmed in 4 clones among the acquired 5 clones,



[ 0154] The drawi ng | ocated at the center of Fig. 9 (A shows PCR in

het er oj uncti on-type honol ogous reconbi nant cells conprising a vector
integrated into an hprt | ocus of one X chronmosone. In one chronosone,

vector DNA (7) (containing CHAL(4), CH%&(S), and an anti body heavy chain, a
neonyci n-resi stant gene, and an anti body |ight chain sequence hel d between
CHAL1(4) and CHA2(5)) is integrated into the target region (2) by honol ogous

reconbi nat : : | ds a target region,
ind e ( 395kl 8 nidfodngeloditbiieh reistBIRAK LS L) 2 bR T eact o
maki ng it [PbEHEi Hinalysis yB6utharn hbridiedioni ng of the wild-type hprt gene.

[0155] On the ot her ha _showa i F AW DG~ AC right in Eig. 9
(A), in honojuncti on-?ﬁlge ﬁ*gﬁg %@%&@6{3@8&@%&%@% ?&E%oﬁﬁﬁ?%qynbeﬁoeect or
i nt egr at edntorthe targehhdtt ddausriv sotleses eoduiredcinditzinmEia t7 WhE\ cosfirment Bsted, and

DNA (2322 ! . ion is not anplified by the PCR reaction.
[ 0156] Bas@ggvgh&tstﬁg%%'?ég@dﬁ%ag%l?hderstandi ng, the 2322-bp DNA shown in Fig.

9 (A was[@®t7]as the Figlék(A)airdg tyfpical tdimgrBiAfod edxptining detailfGH S@athéinon was
carried O‘l‘u&b%i&&i fn aﬁ@ﬂg’?s/ CHA2- seq- al . Next, the PCR
ti S ob

anplificatron product tai ned was anal yzed by el ectrophoresis on 1.0%
agarose gel. The resuAssshewre insFigho®n(A)n Fitarged reBon (10D Honmdloddug 9

B, W s Wi ) d- L 1kx2 tor .int d cl 1, 2, 3,
52 and o) ToePEATer bt Hol BB 1) 156,53 B.tB Contan T Gl ahedORRaY ca ' i
Exanpl e 4armntl (QHBKX25) ¢4t and ihntrg:g:rglyt aon (meaz(zés)t (S)Eéxrerﬁ?r@(;ﬁéltt% %0322 o
2. 5kx2 i ctor inteagrated clones, acguired in e 7. -
PCR gnp?m‘:o%%?ﬁy O\r(llgpkoobﬂ%tagﬁ%gpg FRYRPF rRellier %ﬁﬁtt K10} | ﬁ%p@%é@s%‘énd, P
th huz, t he r@téstmrcenzylﬁnet hige Ve bxér?gypardmpdjtthgea@ev\mgigggj, ramagbgé@né lrg_et]?pt hte_r

and, in t anal yzed r.econbi nant ..cl ane a - a i fication
product V\gs\} rﬁagp?cé%ﬂﬁ"%}{rlga,s'tFH%PEeﬁePﬂg'tﬁWatﬂeﬁﬁ'@e%% in@ﬁﬁh%gﬁﬁeggﬁ%q’e of a
PSTS)jBiJEct irothd OO i205ked2i artibedy ecictar, walty omé embaﬁwebnrceoh@dzy%e%weomsones-

ro t he use

_ t r.esul t.s,, 4t s. confirned,that of 1he vector
accor di ngg][eosré?'ﬁén p¢lélégﬁré'i nﬁﬁepmcm'feﬁ%ﬂ' rgﬁ'&meﬂﬁﬁ?cecl(éhé% tE%ncg’f'psi ng a
target pratskixe qgtihedyhvmﬁq;waedeiighod l[aotﬂiathamrNR ;irlolﬁelsm bethybm@ized.chr BerDSOTTES
to be acqu. Wi th hi requency., k0159 - Long-term st abl e
expr essi ohﬂ‘ig‘??ant i bod{)gﬁi)"%@?)ﬁlﬂ-ﬁa(ﬁ&% Vé‘ﬁr} 3%@83@\%5?%5%%&}?%%0%
pr onot er deetbanre%ﬂi ngnofheQJ@h iﬁbﬂEEﬂ.%a/E@lbdR\// restrigti%n [enzyme shteSHindltha
pr onot er S. jfi AtLh an EF1aP- M ul - -R priper set using a
CHO K1 geéﬁ%q%h 9t e %éﬁeﬁugm?rgggmheﬁgg%ﬁ}f(@&mﬁmﬁﬁor has been
5' - AGAACCTHETaCACINREMBRACCUACHE thie i@ | D No. 71) EFlaP- Xbal -R pri ner:
[0149] Manufacturing of probe
An NR probe having a sequence complementary to a neomycin-

resistant gene in the CHO 2.5kx2 antibody vector was provided in the same
manner as in Example 5.
[0150] Preparation of membrane

Genome DNA of each cell clone 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 all 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




5' - GACGATCTAGAGGTGGTTTTCACAA. ACA-3' (SEQ I D No. 72) [0161] Further, an |gH
gene was anplified with a CW-seq-s/ M ul -CW- 1gHL- SVpA-a prinmer set using
a CHO 2.5kx2 Hneo-L plasnd as a tenplate. [0162] CW-seqg-s priner

5' - AGGGACTTTCCATTGACGTC-3' (SEQ I D No. 323) M ul - CW- | gHL- SVpA- a
prinmer: 5'-ctt ACGCGTAACGICTCGCCCTTTGGICTC-3' (SEQ I D No. 74) [0163] Next,

t he CHEFlaP and |1 gH gene thus obtai ned were cleaved with Xbal and Nhel,
respectively, followed,by,|i at ion. a_band of the aP+| gH
gene was subj ected to%’é%/th%r ?ﬂﬁtt?d’ﬁmjﬁﬁamg%ﬂ%ﬁ'gﬁwﬁdwsg%% rﬂk?gll@f oned

I nto a TOMK2 viedbwing( POR treagon ,usirny Ig@mdwebme estrattedMftdm Marhologowdt a| n a

ool 111 od TERADBANGE £osR pfis GHSF1KR. APfiSaY YRy r.aﬂﬁ”ﬁ&%@é Tk
glenorre DNAntiBody testprl as & tehplbbh] EFlaP-Hi ndl 1 1-F prinmer
RS e SRR S e S

anpl i fi ed pER inoraneIo@bﬁmﬁatﬁaw?lredﬁélr@blaard-hﬁp@did_ 99”a primer set using a |
2. 5kx2_H-neo-L pl asm %%ﬁe ou sertrp{haet (&t rg\}v?nJ in E | fscg%";slz R i 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, énd, 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), CHAZ2(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/CHA2-seg-a1.

Next, the PCR amplification product thus obtained was analyzed
by electrophoresis on 1.0% agarose gel. The resulis 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' - TATGAATTCGTCGCCACCATGGACAT-3' (SEQ I D No. 77) lgLser-Hndll1-R priner

5' - TGTAAGCTTTACCACATTTGTAGAGGTTTT-3" (SEQ I D No. 78) [0168] The CHEFlaP and
| gL gene thus obtained were cleaved with EcoRI, followed by ligation.
Thereafter, a band of the CHEFl aP+l gL 328ne was subjected to gel extraction,
and the CHEFlaP+l gL gene was cloned into a TOPO vector, followed by
cleaving with Hndlll to obtain a CHEFlaP+l gL gene cassette. [0169] The

and o CPEPAREN GR hifineaiat RRLRR NI criilht R WP TREIE A

H neo- EFllhuBeme:)presHBoze of tifet wild-Wpel hort genve wgs aod finiesah 0 SPin thiey bikier hand,t he
CHEFlaP+l t | ted ther t,0 bt ai. . CHO F1P
veotor shil e A EvERY ErifibpnRtianes, e 2P t BCe arbificdionoprodc

r econbi namtas D aoefitreed, indicating that the retombimant atlisowers of adsmedjiunetidnnt o CHO
cells, an SGLEGILD f constr.u CHEF1P vector were carried out
in the sainj‘%D %ﬁg?hgvgc grjrﬁegr%teﬁgﬁ @Cﬁil%é:h% YR P vect or reconbi nant
CHO cel | s[0158171] ConFianmethé oresolts,| ibngad ebnilmteiblt!hatttj&el uscamifithed\);bctor
producti on_of ired CHO

Prerp v oBpErdg o he piseniike Bt afied rcambinant clanes SOMBREIGA O+ n

medi um Admiemederh&%t@@tﬂéﬁ))m@pptre@ nt peuvés of SoFRSchibkidsehssato bel BCO) )
under condltloeqs gh nga 5% CO2 and were used in a tinmely manner for the
measur eneACIYFE W BIGDTFRAUSPCYnt i body production. [0172] Cells during

subcul t ur (0169} eEpaabled ofifongwerna stable éxpiesgvh06f eritibsdy rbya rddintiast sh,
and were cultturedund.er .]o.q tions of 37C and 5% CO2 overnight. The
cul tured €5 A= SPOARPUERQNO 10 3x105 cells/m . The cells

were seeded in MahafamalrinqLdfarleomanﬂanactm of 1.5 m per well and were
cultured. After the e 24 hr fromt tart of th culture, the
medi um was 35 enti re’!\ﬁéﬁrﬁﬁgﬁom%ef P’V@§W"Htgﬁ'ieaﬁ’{' hla‘?) Bt VME’I HEpEaRsed,

fol | oned KpaGRlgrinier Sedusing hCHOTKeE gshome Dlllalafslattémﬁlat‘ehe medi um was

col | ected q1§ﬂ? t he amount of 1gG was neasured by ELI SA assy. Cells adhered

on the bo¥ of the wells were peeled off, and the nunber of cells was
count ed. [0173] ER¢aP-dsiul-Fprivgsre as shown in Fig. 11. The anti body

producti vit f %&3 | S..C LS) P_vector integrated into an
hprt | oculé "éﬁg‘% igh@ﬁ%&%@%ﬁgﬁé@W%%iG weeks under
sel ective drug-EFesP-o@adRpenss; and the productivity was not | owered.
[0174] Ex gd@gﬂ# reconbi nant by vector that has
honol ogoug‘%é& éﬁiﬁ‘%@f@%@%ﬁﬁ '%’gb and expresses
anti body [oieayy chai rFurbmumchrgelng Wds a@pandd MtAta CANL-86g-EMILI-EXLesses
ant i body p?_ﬁl_vg R
VpA-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 ID 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 CHEF1a.P+IgH gene
was cloned into a TOPO vector (Invitrogen), followed by cleaving with Mlul to
obtain a CHEF1aP+igH gene cassette.

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

[0165] EF1aP-HindllI-F primer:



The CHO 2. 5kx2 anti body vector prepared in Exanple 7 was cleaved with a
restriction enzynme Hnd Il and was subjected to slef-ring closing to
prepare a CHO 2. 5kbx2 heavy chain vector shown in Fig. 13. [0175]

Acqui sition of CHO 2.5kbx2 heavy chai n3¢ector reconbi nant CHO cells
Linearlization, introduction into CHO cells, and screening of the
constructed CHO 2. 5kbx2 heavy chain vector were carried out in the sane

manner as gh_ ' Q}—,@ | chain vect or
r ecomnbi nar?t ﬁ%ﬁ?%@?@@%% %éﬁ%ﬁ%ﬁ%#%ﬁel | s per 107 cells
were acquired. [EF1aBIHIEdBRBIrEimiar; Acqui sition of stable expression CHO
cells by ve ﬁ%ﬁ% 1 rt,J.ocus intron and
expresses%aﬁA%% y %g\%;% arn l\/g\ré\%#ﬁ% E%E@FD%T#%% ranscri pti onal
vect or [0166] AnNBR gehp vrddARbplifitdd with wnelg Lsgrr EcalRdrRYIgLser-0lindids
anplifiedgnt L - hpr - bal - hor t VAR-. riner . set using the genone
DNA of an %@ggs%gﬁlmq?ne, g'%éaﬁ-%eec‘ﬂ\yg%nﬂglag qﬁeﬁbo,’astﬁr ovided in Exanple
2 as a tefple{ &lsebECERI-Kalmédmprt MAR-s pri ner:
5'-ttl CTAGA ok l I al - hprt MAR-a pri mer:
5 -tt TUAgiigg{ség‘gg?c@cltagé%@%@g@ﬁsefz‘éggq %%.'Déﬁ- 7?8178] The CHO 2. 5kx2
ant i body vect or Igusepdliredllifpixmenpl e 7 was cl eaved with an restriction
enzyne Xbal | t .H:Lﬁ | btgin an MAR
non-transgrrgﬁrﬁgna @%&gﬁmﬁﬁ?% g(%ébi‘[gﬁeb%%] Manuf act uri ng of
MAR trans{0iig8]i onal vEbé @HEF1aP and lgl. gene tNAR dbi@inbd/ARR)e ekadediyamn hprt
gene intran lified with Ascl -hprt MAR-s/ M ul - hprt MAR-a pri nmer set
usi ng geng%%ﬁﬁei}?yﬁfﬁf@%@, gﬂ?ﬂ?ﬁﬁﬁré (f‘gg’?r%ﬂfilléﬁ Pﬂﬁ%&""‘é&'— 8ef‘§rYfﬁsat e.
[Nglsg]l Aﬁﬂsu?jbﬁueuwawges epiractiam, abd-the W|gtg@baéga@fataﬁ%‘ggrﬁs%?opg§% IDD
N 5] bl T i i bGP PR G A bt

[0169] The CHO 2.5kx2_H-neo vector was cleaved with Hind!ll and was

dephosphorylated, and the CHEF1aP+IgL gene cassette was inserted thereinto to

obtain an H-neo-EF1L vector. Next, after Miul cleaving and dephosphorylation,

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 cells, 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 celis 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° celis/mi.
The cells 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



cleaved with a restriction enzynme Mul, and hprt MAR2 was inserted
thereinto. Next, the product was cleaved with a restriction enzyne Mul,
and the anti body heavy chain expression_cassette of Exanple 2 was inserted
thereinto to obtain an MAR transcripti8ral vector shown in Fig. 13 (B).
[0182] Manufacturing of MAR CW transcriptional vector MAR
(hprt MAR3) of a human hprt gene intron was anplified with a

h / h
aman. der (o apoyed, PR TRF e BTTRL5 i i3] BRp AL oG by Al 2°*
5' _t t AGATCE agthrat Jagodheia guentiy 33f thergedibmNeas g8ledied,| 4ndthe biNauat pf i mer :
L ACATG]g00L 0948l s%gécgb9t§LI§(A 3 saY( SEQs i re # Bk id! éi]t%rﬁggaghg Jwells

pCR— Bl unt heavy chal nexpressi oh casset
Exanpl e 2 Wei§ pepiegvast am:ltthe aum@st of celisomasanmmied Bglll, and hprt MAR3 was

[ ted I nt th t

M to ol an ant s Ao e SASRIRFlS, H1:.o e A TbetE b fHbls] The
pCR- Bl unt »f CHROPCels: comptising |ag‘BHOc6b.i|E|E1é’><\mt¢Gsntﬂgraiad $mtbtam mmnmmedmdsn

EX | 2 1.t | [ B L1l

CCarm o 2UBE SShERNPth Engy SSBLIIRE. B8 PR BN AR

Hi ndl || t eooditians and thﬁmrmwvity ghs rmhmwerecMAR expreSS| on cassette.
[ 0186] The ed X I e cI eavsed W th

arestric
cassette we

restricti ﬂaﬁp@(zﬂﬁ NlnaI | and an antl body Iight chain +MAR expression

cassette ted t her ei nto to obtain an MAR CW transcriptional vector
37 shown in Fig rin ut gé toothat)éxrwéﬁéaeeamtﬂmdlvefe@(l@bﬁﬁﬁt CHO

cells ntrodu nd
screening of t h-erhcé:nH { uc@ggarqsﬁﬁg%gﬁc?F gﬁesoc,alr?% g’fﬁﬂ’ 27CYV3§ CFW@ wifh
transcri pairesictioe enaymartdind/AR abidivas aub;erctq:t tooslef-rikg Al a¥ingves ﬁreqﬁfé laed out

In the sagydBMBLo ARaly cfRiRVBES: Snbfn APER. 5" €conbi nant CHO cell s
[0175] Acquisition of CHO 2.5kbx2 heavy chain vector recombinant CHO cells
Linearlization, introduction into CHO cells, 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 107 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-transcriptional 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 line, a human-derived cell line, provided in Example 2 as a template.
[0177] Xbal-hprtMAR-s primer:
5'-ttTCTAGAtagttatgagcccatgtcce-3' (SEQ 1D No. 79)

Xbal-hprtMAR-a primer:

5-tTCTAGAcggtgaaatcctgtetctac-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).



[0188] Confirmation of stability in antibody production of vector clones
t hat have MAR derived from human hprt |ocus intron and expresses anti body
heavy chain The anal ysiis of anti body productivity of
reconbi nant CHO cl ones acquired by MARP®ector shown in Figs. 13 (A), (B)
and (C) was carried out in the sanme manner as in Exanple 9. [0189] The
results were as shown in Fig. 14. As is apparent fromthe results, clones

that coul %%gm{i)eﬁi!%&UﬁﬁgﬁeﬁMAﬁrt?Qr%hgﬁ&ﬁ% Vg@{cﬁl only clones with a vector

into which MA y by transcription of the
hprt gene at the vect MAR fhetMARZpaf ailumarchprly gene enfrert wds taneplifiedtvith For

cl ones acgyi ﬁgg_%mw_g |9[.hgﬁ|‘g[hs aPri trﬁe[ntgl\@%o?ﬁég)g/\a&sgﬁ tﬁ'ﬁ bg@ﬁle and

structure and a vector havin racture tha tar prot
MAR ar e sianhHmaindetisad/calylings esiadetpiatea CW pronoter, the anti body

productivi%%%cﬂ_wgﬂ_ggﬁﬁgg culture for 7 days. [0190] Exanple 12:

Acqui si ti onol ogous” feconbi nant by vectors that have honol ogous DNA
f r agnent s ShttGGRGEREGagttaigagnccalfat@med (SEQ BOBb. 8Hd express anti body heavy

chain Manuf act g x2 vector and CHO 500bx2 vector

Honol ogous DNA r'%&ﬂ%’ﬁ%%%ggoo and CHA2-200) of target hprt gene were
cl oned by SattRCRGErgotgaaateigictctaoy®| (BE@ thNan8BseNr u- CHAL- 200- s/ M ul - CHA14
prinmer se a Bam Pgi - -.200- | ner set usin none DNA
of CHOKlioc@ﬁls as a teliérrp;@peg'%gl%dgn‘%cmﬁ%beqi@ eéj’?gqu?gfa"a?equence
honol ogousleawed witlyiaorestrintioai enzygnes Mint, Zaref hatMAR2 wgsniaserfée therelmavi ng
primer se d.i . react.ion. [0l SseNru- CHA1- 200- s
D o+ o 8RR R At ABsle Byt Bl S REPERO S et e Wb R et

Pci Nr u- CHAgaW0Chain expressionast etk ol EXTORIECGAWas dnsetethbihg edttodg adtan aaSEQ | D
-No. 86) [%&glrg :s:crﬁﬁiﬁhgl VRE UG ﬂcﬁﬂﬁb%sm d of Exanple 2 was cl eaved

38 withr ri-ction enzynes Barn "I, followed by replacenent with
t he CHA2- D@2} Mapufacturinphef MABJALMV tremsctipiionat veeteed wi th restriction

raomont . Final |y oNPRRENRS) S Ryg=HiTh SERE bufiryet ABnTed MBd 1 nt o
the restrad@glibhpdMARe/Bdlli-hpribiAReatpoinetsat nsing @dDoRRODNA of @6tHKT 1080V aNg a
noml ogeulBRA Rreh 8ay Bheas BBal 1o gene ((CHAL 500 and CHAZ- 500) vier e
cl oned by[0d 8B RgHicyutMAR-g pdpecti vel y with an SseNru- CHALl- 500-s/ M ul - CHAL-r
pri mer se, A aRCBAR RSl & (SERDT09-4Pr | Mer set.
Bglli-hprtMAR-a primer:

5'-ttAGATCTeggtgaaatccigtctetac-3' (SEQ ID No. 84)

[0184] | The pCR-Bluntli-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 Miul to obtain an antibody heavy chain +MAR expression cassette.

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

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



[0194] SseNru- CHA1-500-s priner: 5'-ttCCTGCAGGTCGCGAgat gecct agcat gt acct gg- 3
(SEQ I D No. 87) Pci Nru- CHA2- 500-r pri ner:

5' -tt ACATGTTCGCGAt aagt acaaat ccat ct t gggt,gac-3' (SEQ I D No. 88) [0195] Next,

t he basic vector+neo R+l gL plasm d of anple 2 was cleaved wth
restriction enzymes BamH and Pci |, followed by replacement with the
CHA2-500 fragnent. Next, the product was cleaved with restriction enzynes
Sse83871 andwiid Hig. 3o(|d owed by replacement with the CHAL-500 fragnent.
Finally, DNA sequence (heavy chain cassette) was inserted into the
restricti oR1&HAsquisiion of MARaectorrsacmnhmaat@mm&xz vector having a

honmol ogy arm | ength Oler@QQQaﬁcﬂPthrb&h&ioﬂ éﬁ@)glgﬁ% SAF&I.H@ bE @, of CHO
200bx2 vector and CHO 500bx2 véctor reco |nant _

Li near i zatPBirustad Mﬂ&mnotnansmletl@atbveetqrsi,wﬁ@wttaeweennadg\mtortam;i MAR i
construct “hika ) 'm r In the
sane manngiM as In%@%@)%a\’%ét@lﬁ f‘éw??@dp@?gﬁ??}gggbﬁt % {{u‘@ ’F%ﬂ'nglguct I on
oper at i ontmbt%rarqqoetblmt QN@@@"Sreconbl nant CHO cells were not ach| red at
all in angofggt : [ O]

Exanmple 1
honol ogou AR s:daalrantl body

he?v?/ g[]aihnrt Maglr‘]fea(:t Wh%%ﬂfsm%lﬁmag p\{'g&'icﬁfwty W@éo%”gnt%félgﬁenem s of
ata
J agqmregd by MAR vector shown in Figs. 13 (A), (B), and (C) was carried out in the

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 transcribed 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/MIui-CHA1-r primer set and a Bam-CHA2-s/PciNru-CHA2-200-r primer set using
genome DNA of CHO-K1 cells as a template. CHA1-200 and CHA2-200 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'-tCCTGCAGGTCGCGAtggaatctictaticctgattt-3' (SEQ ID No. 85)
PciNru-CHA2-200-r primer:

5'-HACATGTTCGCGAtcagcactcaggagtcagag-3’ (SEQ iD No. 86)

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



39 CHA2-5k) were cloned by a PCR reaction respectively with an

Nsi Nru- CHAL1- 5ks/ M ul - CHAL-r primer set and a Bcl |- CHA2-s/ BspNru- CHA2- 5k-r
primer set using genome DNA of CHO K1 cells as a tenplate. CHAL-5k and
CHA2-5k were set to a sequence honol ogpgls to a region containing exon 3 of
the hprt gene. The follow ng prinmer sequences were used in the PCR
reaction. [0199] Nsi Nru-CHALl-5k-s priner:

5' -t t ATGCATTCGCGAAL ct caggt gat aggagacat aagac-3' (SEQ | D No. 892 Bcl | - CHA2-s
primer: 5w1t‘ht afictdpasifmeaaGaadilgant £3', co@oadobwdep@@y-men with the

BspNr u- CHA2- 5k-r | mer t TCAT, gg@ﬁ,t, a dsSEQ 1 D
No. 91) [@ﬂfﬁﬂ R@Qtfraglr“@‘utbagihg P/ré’gf’@ﬁfneo + gggﬁ?d;s @' &%grrg?gw% was

cl eaved V\ngsgssgﬂt Bh&t MAN 1edalovesi thméﬂilacammbrﬁcwﬁh ihﬁoﬂ"lﬁﬁeao%ffﬁgé'%?’ﬁcenent
wi th the CHA2-5k fragnent. Xt wtion
enzymes s Sinallyy PNAWSEIYancE. A\Iﬁ?ﬁq\'g\/\%@ r&c,: rep ?@%eﬁtggeﬁ?ﬂﬂWthg réaﬁbﬁ
fragnent. elﬁlzgﬁ,lew;u IR ﬁ)egmamce CHO 280y 2 oleaton hayinges heynoleay @fﬁs@"ﬂgﬁ into
the restriction enzy nngg aé@i' te to obtain a CHO 5kbx2 vector having a

honol ogy &f#0PBSHEWN A7 own in Fig. 16. [0201] Acquisition of CHO
Skbx2 vectgyggieconbdi nag tifeHeireeHand, homologous DNA fragmerdaraf 2atargef hprt

vect or verapnedtHAKB GBS CHAZDHOREoREAIRARH B o CR T8ARdHES ALty X2
As a resulf, $&AQUEHMANSO0HIMARICISADY anmbonsm pad Bxﬁmn-@-m-%sml‘érw

acquired. The frequency of acquisition with the vector having an honol ogy
arm | engt }p!dA2§0§ ABer $8kanpl e 7 was 4 clones per 1x106 cells, indicating

that the NH B HANGOD-prithekb provided better results. 40 [CLAI Mg

[Claim1l] construct nprisin m,a 3" end, a first
honol ogous®’ E'NJQT é%t’ﬂa@gﬁ t%*’@; %Ct%%§ @%8 a seco?zd honol ogous DNA
fragnent, . ptym%_gmj_m-fpnﬁferand second hom)l ogous DNA fragnents have -

honol ogy al | owi ng for honol ogous r.ec f a
hypoxanthiﬁéifﬁ"h/o'g‘ﬁﬁ'!ﬁﬁ&%@t??&éﬁg? %ER%‘??? 2 Wt)é'??qPocus 8?n a CHO cel |
g]engrre and olqggl ng a chaém, Itﬁélg:ida.ld)fvea@tmeasﬂmgiarpldsmp ofo Exadiplp 2 M@Bai m
2] T DNA tons

e o Somond b chamagzies bk M A . Brbliga by BbiBeresand
the CHA2-500 fragment. Next, the product was cleaved W|th restrlct:on enzymes
Sse83871 and Miu 1, 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 cells

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. 7
[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: Acguisition 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




[Claim3] The DNA construct according to claim1, wherein the part of the
hprt locus is a region which includes at | east a part of introns of the
hprt gene. [C aim 4] The DNA construct according to claiml1, wherein the
first or second honol ogous DNA fragrre-n?gi ncl udes a base sequence descri bed
in any one of SEQ ID Nos 15 to 22 or a partial sequence thereof. [Claim
5] The DNA construct according to claim1l, wherein the target protein is an

ant i body, AfALBEY WBre @loﬁ)é& Q%C@r%tm%gf%%WItﬁténo ?mﬁ}cg_i% Sﬁl hg to

regul atory protein, or re cons
claimi, W@h%t—herlmomt apes BelhddHA2-sBspbireQ@HAZ SkargeiemergatausigCl ai m
71 A vect or, r (PN@- r or l ai The
vector ac oﬁg{ﬁ%gmta)(\)%glcgll m ,C%\/\E?rseafl%tmﬁ&% Igja na?raﬁ%(!% 21?“5%”?85} ( MAR)
derived f@osequeiceshomalogays bf aareginmacohiainingyenen i3 ofrdhenthprtngehes ucthea

structur ef&lWl?g EFIIIHSF s%&ilganggg Wré‘h's&&‘ {rf{hetlbéR\{'?%étPon into a chromosone, the

MAR per se IS NSCr | transcription at €' ihtegration site. [Claim
9] The vecﬁQ)‘rQQéwdﬁlrdr(hUAﬂtﬁkfﬁ plime’ or 8 whi ch conprises a CHEF- la gene

Cects “ac BT OB Mph bRt ST IE S 1
pl asm d vector, Baliﬁiﬁnﬁ-ﬁ pviewtror, a phage vector, an artificial
cht OToSors KENG Aok AR AR ?%?fs%a%@?#%e@ﬁzab'eé‘?o? ocordi ng to any
one of cl ai ns 7BspN&u-CHAZ-5k-r primer:
5-tTCATGAaTCGCGAAtcagcactcaggagtcagag-3' (SEQ ID No. 91)
[0200] Next, the basic vector+neo R+igL plasmid of Example 2 was
cleaved with restriction enzymes Bam H! and Pci |, followed by replacement with
the CHA2-5k fragment. Next, the product was cleaved with restriction enzymes
Sse83871 and Mlu |, followed by replacement with the CHA1-5k fragment.  Finally,
DNA sequence 8 (heavy chain cassette) was inserted into the restriction enzyme
Miu | site to obtain a CHO 5kbx2 vector having a homology arm length of 5 kb
shown in Fig. 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° cells
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 resulis.



CHO cell's. [d aim121A reconbi nant CHO cells generated by a process
according to claim1l. [Caim13]A process for producing a target protein,
the process conprising: providing the reconbinant CHO cell according to
claim12; and culturing the cell to produce a target protein.
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[CLAIMS]

[Claim 1] 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 homologous recombination with a part of a
hypoxanthine-phosphoribosyltransferase enzyme (hprt) locus in a CHO cell
genome and having a chain length of not less than 1kbp to 7.5kbp.

[Claim 2] The DNA construct according to claim 1, wherein the first and
second homologous DNA fragments have a chain length of 1 kbp to 5 kbp.

[Claim 3] 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.

[Claim 4] 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.

[Claim 5] The DNA construct according to claim 1, wherein the target
protein is an antibody, an enzyme, a cytokine, a hormone, a coaguiation
factor, a regulatory protein, or a receptor.

[Claim 6] The DNA construct according to claim 1, which further comprises
a positive selective marker gene.

[Claim 7] A vector comprising a DNA construct according to claim 1.

[Claim 8] The vector according to claim 7, 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 transcribe'd by transcription at the
integration site.

[Claim 9] The vector according to claim 7 or 8, which comprises a CHEF-
1o gene promoter operatively linked to the target protein gene.

[Claim 10] The vector according to any one of claims 7 to 9, wherein the
vector is a plasmid vector, a cosmid vector, a phage vector, or an artificial .
chromosome vector.

[Claim 11} A process for generating a recombinant CHO cell, the process



41

comprising introducing the vector according to any one of claims 7 to @ into

CHO cells. _
[Claim 12] A recombinant CHO cells generated by a process .according o
claim 11.
{Claim 13] A process for producing a target protein, the process comprising:

providing the recombinant CHO cell according to claim 12; and culturing the

cell to produce a farget protein.



