; >?@\BCe3eDM{ AppqTut v z6 { TA{ h~DESCRI PTI ON THERAPEUTI C AGENT FOR
DRUG RESI STANT HYPERCALCEM A TECHNI CAL FI ELD The present invention rel ates

to a therapeutic agent for drug-resistant hypercal cem a, whj NGRS,
as an active ingredient, a substance capable of inhibiting ‘ﬂﬂﬂll@“ﬂm\m\m
bet ween parathyroid hornone related protein (PTHP) and a r or..
BACKGROUND ART In drug therapy (i.eESQREYTI@0Ot her apy) for hunor#f®

hyper cal cem a of malignancy (HHVM), a suppl enental infusion/a |oop diuretic
or a bone resorfHERAPERNIIC AGEY TaRRIDREGERESHTROND SPrREREAL ChiMEAal ci t oni n)
is adm nistered. Current trend of the drug therapy is an adm nistration of
calcitonin or a bisphosphonate al one and conbi nation of calcitonin and a

bi sphosphonate. The calcitonin adm nistration has a quite rapid onset of
acti on, HeOHtNHE€AThEEApeuti c effect is expressed within several hours after

the admnistration. Calcitonin is effective primarily due to its bone
resor pt i on- i nhTl presant atention rafees wpptheeaentimageat Badeyg-waistanphypasealeaipiact ed

to a patient intramuscular]y or intravenously twice. a day (in. nojni and
eveni ng)Whigh goagisesops amagtiyeduergdichls a spbsianssitaritie abinbibiingthe Mﬁs{%ﬁﬁg\‘ﬁﬁ?f&h
is effective due to its very pote e resorption-inhibitory action. It
has a s|RARAt Wé’é‘fh%‘Fn(H’@tlF]@FFd\mg@Hl&3&89?3%&?%8&0{'0 four days until the
therapeutic effect is expressed. Then, a conbination therapy consisting of
a calcitonin and a bi sphosphonate (Which is not rapid acting but has a

pot ent Bﬁ%ﬁﬁ@@@%%&fm biting action) is also enployed. Unfortunately, a

bi sphos citonin may have the following [imts in use. (1)

B Sonesoronat oy MG SR AL KIARS SRR hijstpeet

whi ch requikgsa blppléiénthiQnfilion/LRYP diiRétid ot dorchespest-inhibiting agent (e.g.,
bisphosphonate, or calcitonin) is administered. Current trend of the drug therapy is an
administration of calcitonin or a bisphosphonate alone and combination of calcitonin and a
bisphosphonate.

The calcitonin administration has a quite rapid onset of action, and the therapeutic
effect is expressed within several hours after the administration. Calcitonin is effective
primarily due to its bone resorption-inhibitory action. For application, a calcitonin may be
injected to a patient intramuscularly or intravenously twice a day (in morning and evening) in a

- dose of 40 to 80 units.

A bisphosphonate is a compound which is effective due to its very potent bone
resorption-inhibitory action. It has a slow onset of action which requires three to four days
until the therapeutic effect is expressed. Then, a combination therapy consisting of a
calcitonin and a bisphosphonate (which is not rapid acting but has a potent bone resorption-
inhibiting action) is also employed.

Unfortunately, a bisphosphonate and a calcitonin may have the following limits in use.
(1) Bisphosphonate:

- Although it can inhibit the bone resorption, it cannot improve the calcium excretion
in the kidney.

- It has a slow onset of action which requires three to four days until the therapeutic
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effect is expressed. It is poorly effective in patients with high bl ood

| evel s of PTHP (12 pnol/L or higher), and has a shorter. duration of
action. It is attenuated in its action when adm nistered repeatedly. For
repeated admnistration, it is required that it be adm ni stered at
intervals of at |east one week for the purpose of confirniing the response
i nduced dffect Isexprassédal adni nistration. It nmay sonetines cause

hypocal cemia. (2) Calcitonin: Its effect on the reduction of calciumlevels
reaches maxi munht v paoirky effective vpatiouts svids high bided laxpls of RTHeR (I@nmalfenr a
repeated adm nistration is performed thereafter, however, the effect may
show a rlegherd.end hap e lshorter dust®ndystieri.t er t he administration, which is
known as the so-call ed "escape phenonenon”, For the reasons set forth
above, these dilidiatierBated i itsection whes sdngpisteredaepeaiedlgy el ororeperiedat t enuat ed
ei ~1 cacy gcaused by repeated adm ig(} ration or the deyel opment of resjstance
to the dAUYSISURBPEdLE AW égatng"g nangstered atigtezyals of afdeast gne week Mgl ement

i f HHM ti 1s. | SCLOSURE, OF , THE | NVENTI ON.The. obj t f th
L esent Pbaa fEonfEhis (58 BpaBeAyed RY Gl M AURISERIOR, o eol st ant

hyper cal cem a, 'I\é\@r%a%o }%ﬁg{%?ﬁ‘zﬁer@%@c&ﬁ& ve ingredient, a substance

capabl e of inhibitrng ween parat hyroi d hornone rel ated
pr ot ei n((e d a receptor tliereof. The present inventors have nade
ext ensi vzg-gjr?yﬁl)oﬁl?{e?nsi ve studies for overconm ng the drawbacks set forth

above. As a refubffectloRGhd RUGRES &H&?Mﬁmg%éjretaa‘?és 1ﬁaﬁ¢]{9ﬁf@¥iﬁﬁx Qﬁg%'rﬁu&f

i nhibiting the bindi ng between PTHP and a receptor thereof cou

anel i or aifeerINPLIARiFATbA. I WefladBbeatdd fhinlstrafon RYAREHED theAd2RE, HoWever
hyper cal cem a such as bone resorption-inhibiting agents. This finding [ ed

t he accottipleffebiraayg sifw b he-asdeuewithiant toACdasAfeaihg adifi@s@atRSE Bhidi ¥ RAbWA RS
provi des a therapeutic agent for drug-resistant
the so-called "escape phenomenon".
For the reasons set forth above, these drugs are limited in their clinical use due to the
attenuated efficacy caused by repeated administration or the development of resistance to the

drugs. Moreover, these drugs are not so satisfactory for improvement in QOL of HHM

patients.

DISCLOSURE OF THE INVENTION

The object of the present invention is to provide a therapeutic agent for drug-resistant
hypercalcemia, which comprises, as an active ingredient, a substance capable of inhibiting the
binding between parathyroid hormone related protein (PTHrP) and a receptor thereof.

The present inventors have made extensive and intensive studies for overcoming the
drawbacks set forth above. ~ As a result, the inventors have found that a substance capable of
inhibiting the binding between PTHrP and a receptor thereof could ameliorate hypercalcemia
‘resistant to existing therapeutic agent for hypercalcemia such as bone resorption-inhibiting
agents. This finding led the accomplishment of the invention.

Accordingly, the present invention provides a therapeutic agent for drug-resistant

hypercalcemia comprising, as an active ingredient, a substance capable of inhibiting the



hypercal cem a conprising, as an active ingredient, a substance capabl e of
inhibiting the 2 bi ndi ng between PTHP and a receptor thereof. In this
regard, the drug-resistant hypercal cem a may be resistant to a therapeutic
agent for hypercal cem a other than a substance capable of inhibiting the
bi ndi ng between PTHrP and a receptor thereof. The substance nmay be an

ant agoni gihdi@betvitn PP dnAGeREY or thEredNt | nRilishépapithb@e). reWiah MY be
nonocl onal or polyclonal, preferably of nonoclonal type. The nonocl onal

ant i bodyhypRycah@nia Mayerirégstamto ahhémpaticriRBRcbPRReréddédniia Gyhe@had dWiBBENCe
anti body, or a fragnent of the antibody and/or a nodified formof the

f ragmentcapable diirtabitiag dhebindingdetwesy FRHPumar 2eehtéitBeredf. 1 3Thelsuditahdtodiy
The drug-resistant hypercal cem a may be caused by cancer. The "drug" in the
" dr ug-r elsd &t amthgdypdoctht PEHR resepiorm anyP THiR) amibodgewhich sndyegnasocldnal sr
therapeutically effective on hypercal cem a, such as a bone

r esor pt i poly¢lnhalppriefargbla @€ ntonoealonall typelm Erecneno adonab aotitetdy myayalgen hymamizedent
for inhibiting gastrointestinal absorption of calciumand a | oop diuretic.
The " dr ughimetic sraxclonglantibatly end humas antgadiyher afragmesit@f thet antibody asd/ond

hyper cal cem a which exhibits resistance to a_drug having a therapeutic

ef f i cacym@difiegierm of therdragmanen Thehwmayzedaniibedy maytbstwimanizsd #2ad7yl37slich
as hypercal,cem esistant to a bope resorption-inhibiting agent, a cal cium
excret i oﬂltwpﬁwoﬁ f\‘w‘gg‘é‘@érﬁ??ta%hyé’ﬁ cepi ma beisAsed Yf48¢5Toi nt est i nal
absorption of refera

| ¢l | di i f b
r esFr gt i on-i nh"r:rg? '? élﬁgl %@ﬁ? c'lru%%gs%t:gﬁt;ﬁ)%p'ggdg}%ml% n‘pf]%hiﬁ%f Eﬁ‘%%é&gmt a}igne as
el ude, Tl RERRAI URen FAUPLIANAANG S0 0« R P BT B R o
cal cit On&eﬂciﬂﬁﬁeﬂcp& 0 %ﬁomfoﬂﬁg gé@l{?;pt{neargeﬁ?‘fof 'iﬁlﬁﬁ'i'tiﬂﬁ lg%t?o%tggi lljg%%ggfé&r@gm .

cal ci tonin. e cal ci'umexc I oh-pronot1 ng age may 1 nc

and a | ogficidindtd lop Bige@@ent for inhibiting gastrointestinal absorption
of cal cium may include a glucocoi~ticoid and an inorgani c phosphate. The
| oop diuretic mhy"drglresigahtihypealicdmia TRtised heell Redrs toWelais dfMypagarRtmidy
i nclude an anti-cancer agent, such as actinonycin D, cisplatin and

m t hr anywhith exdbiteis resétance to laairpg badng a itherapetitio nffidaty obdypdrtals¢mmtvelteni the
detail. 3  This specification includes part or all of the contents as

di scl osedrugris admingiersil frepsatedlys sechosdrypdrcaleemigsresistaphisembare sarption-inhibiting
Application No. 11-192270, which is a priority docunent of the present,
appl i ct i #gEnt ARl GHBSERTCORWEPMPURE AEaNhtaRALERt ﬁér inhibiipe gestoinigdingl absprption
drug-resi F%ﬂint h %er cal cem a, V\/rP cg conpri ses, .as,an .active ingredient, a
subst anc®t ¢aigum and ¥ lopp divsetis. peptenshlyg brfiedgs PRttt ERg 888A0i d hor none

rel ated protei ereinafter,. referred to as 'PTH,P') and a receptor
Chereot {ner of iar EPE RintBp agh Bl 8oy Bhelidg f tiwhp SPicoRie, EIRTE pp 9 e
term"PTERP receptor” refers to any receptor that can bind to PTH P (such
as those as described in Japanese National Phase Lai d-open Publication No.
6506598) , r egamyl 8&phodphvhak Ry iREBE fof SRPIENdrerdBGRIL, %ﬁ%%@%ﬁ@t on a
target organ (e.g., bone, kidnéy). As used herein, the term "a substance
capabl e gfcadiroibfel ti ng the binding between PTH P and a receptor thereof (a
PTHrP receptor)" refers to any substance that can bind to PTH P to prevent
t he bi ndi ng of ThhealeKbhiR may incRidel for exarpie odalcitonid) eRatonin &t dalhdide&citonin.
anti body; any substance that can bind to a PTH P receptor to prevent the

bi ndi ng of t he ThElerleiune exgtion-ponidiingRgesunhy aslhale calvitaginnindta lagaidivsética
PTHr P r ecept or 5@2 PTHr P ant agoni st), specifically a peptide having

repl acenent or Thelagentdar imhitating gastrointestinalndbsorption of casiugumay indlnde PTHr P
peptide or a partjial sequence of the PTH P peptide; or a conbination

t her eof . gineacfepidpmdap ingreameahospheteudes t hose of any known types, such as
a humani zed antj body, .a human anti body (WD 96/ 33735) or a chineric antibody
(Japanese Pat ehjtheg@éﬁl@%ﬁ“icdﬁawépwdﬁ Qseides- 228089), and an anti body

produced from hybri doma #23-57-1371 (i.e. 23-57-137-1 anti bqdy). .The .
anti body may b PSE?S%?PB%@ ting Agentmay g ‘&ﬁ&ﬂ‘eﬁnt‘fﬁﬂb‘é?r 4Baht; 5‘1“'2?%@&5%‘“@5?1“
nonocl onﬁ t%Fa?. Tge PTHr P ant agoni st includes, but is not limted to, a
pol ypept i aé 19 \W‘FHIF“&YEII“ar wei ght substance. An exanple of the PTH P

antagoni st is C i - 1 TH P receptor,in an antagonistic
manner agai nst %ﬁﬁﬁg@%@@ﬁ@%&ﬁg&%@%ﬁugﬁ%@n&g@h) , PTHrP (9-34),
PTHrP (10-34), or nutants thereof which have replacenent, deletion or
addition of at |east one am no acid residue. The additional exanples

t hereof include pol ypeptides having an antagonistic activity agai nst PTH P
as described in Japanese Patent Application Laid-open No. 7-165790;
Japanese National Phase Lai d-open No.



4  5-509098; Peptides (UNI TED STATES), 1995, 16(6) 1031-1037; and

Bi ochemi stry (UNI TED STATES) Apr. 281992, 31 ( 16) 4026-4033. These

pol ypepti des may have del etion, replacenent, addition or insertion of at

| east one am no acid residue, as |long as they can have an equival ent |evel
of PTHrP antagonistic activity, which are al so enconpassed in the PTH P
ant agoni st s ofTHikiepqeifechdon irchwiespawor all of tHeecopteasentdidcivsedin e spadfieation
exanpl e of the "substance capabl e of inhibiting the binding between PTHP
and a PHddRr devepgoof Japamesa RatenPApplication N dy- M22T0, vdhigxislagirivedy de¢wnent 1.
Anti - PTH P anti body The anti-PTHrP anti body used in the present invention
may be aryjhoprgses appligiions it can exhibit a therapeutic effect on

drug-resi stant _hypercal cem a, regardl ess of its source, type (nonoclonal or
pol ycl onal ) anBhecRsgsanginvaniiorelarpieto sriherapquicrgsnt fob Belg-esisiant hynercalgsmizent
i nvention can be produced by any_known nethod as atpol c| onal or, nmonocl onal
ant i bodyWhigh é?’@P&EﬁSyaS %@tlaﬁtmgl PdFFlPtPa éh‘hsﬁ%l)?al?@é’ &0 mﬁ&n@ﬁm Bdingdsdyeen

derived fro The manmal - deri nocl on jbody |ncludes
t hose pr%ﬂ?&@‘ﬁ%@%%@%ﬁ&l%{h@q {er €88 &%Faj {ﬁﬁi’ t3 IECR neeri ng

techniq ﬁ t t ansf or H\A_ﬂ; re,gonbl nant expression vector
carryi né grea refne) etr’hrg L t%ﬁﬁﬁl eregi?‘ﬁt?lb dy can bind to PTH'P to prevent
t he bi ndi f S R ' I
T oa e L

consequen ogr cal

t t I 37-1
anti body? TGl & iBse & GRER J%ﬁ@%ylﬁ aﬁgﬁ%le%%'éd QLZ%*’%W%%%W%
hybri dongygzbey)eedhtdessior vetHer faaﬁotbtﬁ@ PTERP 'rQ&%fd%(ils 1EBLAS Bn HRMSEr SH (Lo
#23-57-137-1" and deposited under the terns of the Budapest Treaty on

August IbonelRidBeyt the National Institute of Bioscience and

Human-t echnol ogy, Agency of Industrial Science and Technol ogy, Japan (1-3,
Hi gashi 1- chonAs uislikauéia; thhiterm aasubktanceleypable of iddbitihg eheiinding betwdsa.

FEl uvl BP-5631. 2. Anti body-produci ng hybridoma A nonocl onal

ant i bodyPBrRtiansd mrgchptor thdraofl (x BRHR resepiat)d ecfersdo fapy behwetancd Heat casbing to  PTHr P
is used as an antigen for jimrunization in accordance with a conventi onal

i muni zak TR teerawent tfﬁi@nﬁil@g @IfiheﬂbT Hnﬂmrsao%l}lﬂé’sreamom sudicpstas AP ar ent
cells by a,cqnventi onal c slon and nonocl onal

ant i bodya‘B analwgugaﬁwt téag é‘gﬁﬁ nﬁePﬂ&O‘f‘Bé’é‘aV%? edipging of the PTHrP

convent| roe@gpl)tor torIel‘:_ﬁrllj,1 glc%s an a'ntagomst against a PTHrP receptor (a PTHrP antagonist),

specifically a peptide having replacement or deletion of at least one amino acid residue in the
PTHTrP peptide or a partial sequence of the PTHrP peptide; or a combination thereof.

The anti-PTHrP antibody includes those of any known types, such as a humanized
antibody, a human antibody (WO 96/33735) or a chimeric antibody (Japanese Patent
Application Laid-open No. 4-228089), and an antibody produced from hybridoma #23-57-137-
1 (i.e., #23-57-137-1 antibody). The antibody may be of polyclonal type or monoclonal type,
but preferably of monoclonal type. The PTHrP antagonist includes, but is not limited to, a
polypeptide or a low molecular weight substance. An example of the PTHrP éntagonist isa

substance that binds to a PTHrP receptor in an antagonistic manner against PTHrP, such as a
PTHrP (7-34), PTHrP (8-34), PTHrP (9-34), PTHrP (10-34), or mutants thereof which have
replacement, deletion or addition of at least one amino acid residue. The additional examples
thereof include polypeptides having an antagonistic activity against PTHrP as described in

Japanese Patent Application Laid-open No. 7-165790; Japanese National Phase Laid-open No.



First, a human PTH P, which is used as an sensitizing antigen for producing
the anti body, is prepared by expressing the PTH P gene/am no acid sequence
disclosed in Suva, L. J. et al., Science (1987) 237, 893. A nucl eotide
sequence encoding the PTHFP is inserted into a known expression vector, and
P

a suitable host cell is transforned wth e p siop_vector. T

pr ot ei n Sr3090RBPeptideat SN HHA S %E?aégb%f b(’kgl Hgsxlt‘ { éf‘%‘ﬂﬁ&‘f?‘ﬁl&sttryc(gﬁ\{ Il%gﬁr
froma su t , af an . known

et hod. SHAEST AR O i BB T o T he POl adfides et hb Ao Oan e | gen.
Al t er nat | s A } i fanki t84i 1 i tHhe
A B s o e
to be i mmequraknnicybl 6T I@naitddonistig aativityyehidhsaraatsopacdmpassat inythe PFHIRd.

However, the mammal is preferably selected taking into consideration of
conpat i lantagoyistsiafihe prespddmentie] | used for cell fusion. Generally, a
rodent (e.g., Jmuse, rat, hanster), rabbit. or, key may ,be.used.. The

i muni zati on tht{%@eﬁ%{m’%ﬁe ’P’I‘?Staﬁézxglgﬂgiotfiﬂ}q ﬁg‘ggﬁ?%/eg%x%gﬁfﬂgﬁ%gpg g}enpd_ in
accor darb%?diiﬁ‘g BQtv@é@?{ PPN TR P 1%96pt@rx,3dﬁpeln%»P"PMrP Mty el xpRARL | Zi ng
antigen to a nmammal intraperitoneally or subcutaneously. Mire specifically,
the sendeldwi Nng antigen is properly diluted with or suspended to

phosphat e- buf fered saline (PBS) or physiological saline, the resulting
dilution or suspension is then m xed with an appropriate anount of a
conventional. adj.uyant .g., Freund' s conplete adjuvant) to give an

enul si oﬁ.'%ﬁ‘éﬁgwgfltbl?? s injected to a mammal several tinmes at intervals
of 4 to 21 dayppe erH’TH‘?P bARBYAyZREA Rlthe EFE%@I&QH%IMO&!M B Udydsie 388 it
attached to a suitable carrier” After the inmunization, the serum anti body
| evel i scagleghibiich the¥epoutidheffee ou dragatesistdyhyevelcensacogindlese df tosquess by
desired | evel, imu tes are isolated fromthe nmammal and then subjected

noc
to cell @mioéﬂvnawrmcéyvﬁ?%) ad GoREIEBYPR i s a spleen cell. The parent cell

d for th | fusi e . the. t ' i h
6 hmmunocyt of g PR Ghbody O Pk EERIhbertlon cAf b€ Boauctd b Bnbhhdyh "
is of anyethBQws agRlycldrialss monsklodd antbadyp| BrefEidblyPBxGIATEI 8T ntibddy byumol .

(1979) 123, 1548-1550), P3x63Ag8U.1 (Current Topics in M crobiol ogy and
| mrunol omyngclerd enghodylderived Roma prohhdr | The masemaltdesived mongeloggl antipody

6" 305. JnbioeebbrobIORHEH A afybadome A e pE ey Y s fke S Angingre | o) (e
o) oy e ko O A Bk Sl B

G et al the ablbodye (ThkQABpody/dan bind tclBTHrD to fitevdnt theshindingfof theeP THYRUtoaC Yyt € t o
the nyeloma cell is basically performed in accordance with any known

met hod, BUHPHIrR teeenias Hoyg tacking e signakiransfuctiorgritas PTHP apgicanseaueatly, . |
Met hods Eﬁ?uzqw%gs?g%gﬁ%é?caf%digﬁgﬁé%e PPy speci fically, the cell fusion is

per f or med, _ nventional nutrient culture nmediumin the
presence of a qeddecfidixampRy LR hntibddg i€#23-57USTAnaribeaP welich @y, Hegroduced
pol yet hyl ene glycol (PEG or a Sendai virus (hemagglutinating virus of

Japan; Hwdith.a Hybridesiarcdahe #23:5%-h37-pur pose of inproving the fusion
efficiency, an_additive such as_di nmet h%sulfoxi,de n;fly be incor qio%at ed. The
rati o between tIhe hybsideme gloas #a3rd7tld- bssR desigpated gRoywssameuse hYPRdPEA may
be any o r I . j i - | JBS
| ar ger tﬂg?fsl? ﬂé 7§Tlge lor?;'ﬁ’p %ste]{é?s .n%%%h%z)rf @eﬁ%ﬁ@%‘?ﬁtd@gﬁ?? or %e{ IC%IIPQ? fﬁ"%fﬁgn
is, for smacRAlgnsttiMof HidRidmRE bhd T RmaMEd TRy gendyadfi Iaddsbrialtetenge and h of
t he above-nentioned nyel oma cell lines, or other medi um conventionally used
for the dettnotagypiapandh-3cHigashi helsome,fTsdkeahiarshdl Ibarakizdapang upderdheacessiencNoas
feral calf _serum(FCS), may be added to the culture nedium The cell fusion
i's perfoFWW'? 'y m xi ng given anounts of the imunocytes and the

nmyel oma cells in the culture nmedium adding a PEG solution (e.g., nean

nol ecul ar wei ght: about 1000.-6000) (which has been previously warned to
about 37,0 %ﬁ cEhe i xture uaually to a concentration of 30-60% (wv), and
then m xPn@PHReIY-BOGPeing WYBEHOM2 o t hereby produci ng the desired fusion
cells (i.e., hybridomas),. bse ]V, r i di I
added to the c pwpgclgg%llﬁnlﬁgﬁé}g rg)?gélg &’éﬁf}d&ggaggfé%ﬁ@%‘ gégae%fq{ogogg'notgattl%e
supernatant. This procedure is repeated several tines to renove the cell
fusion pronoter or the like that are undesirable for the growth of the
hybri domas, fromthe culture nmedium 7 The obt ai ned hybri donas can be
selected by culturing in a conventional selective




medi um such as hypoxant hi ne-am nopterin-thym di ne (HAT) medium The
culturing of the hybridomas in HAT nediumis perfornmed for the tinme of
period enough to cause the death of the cells other than the desired

hybri domas (i.e., cells that fail to fuse), usually for several days to
several weeks. Subsequently, conventional limting dilution nethod is

per f or meRTHIdY is sisedeasdnmantigen fordmmwdizationgn efcaréi@chyith alcorersntidred irmmenization
secreting the desired anti body. As a nethod ot her than preparing the

hybri domasthby. i Fharesulting immuoncytenam fnsedrtalknoivn parehé cellstiygreerresnidest e¢lbed
above, a human | ynphocyte may be sensitized with PTHFP in vitro, and then
subj ectfusioneetheth ahd moagclopaantibodepraslugisig| cetly siegsracaedirpumthn fered icoldsby a
nyel oma cell capable of infinite growh, thereby produci ng a human anti body
havi ng acosverfiong! sceeaning Jedigdi nst the PTH P (Japanese Patent Publication
No. 1-59878). Alternatively, a human anti body agai nst, PTH P .be prepared
by injecting p&lrﬁt;ﬁh%marhggﬁﬁ’,d@ﬁc 6 Ued 7S ahsSHIZnERNSER [RHRIPOYGIRS e

SEH %ﬁd;a.er&%éaﬁé% E%p%%p S R ih %"rl#ﬂﬁ?é%elszﬁét‘%ﬁ@%%gﬁq%?‘%%sh S8 s g
: _ ; | cett |
Lo el h R L 38 Ao 8588 Sl PASKAR TP fibuss o
The mn%k@&% e)gx}ags%dyecp&p 4 QP00 's%ﬁg{%ﬁﬁgd aghqﬂp&aoﬁmnhgaon
I'n ed u 7 qui

subcul ture conventi ohal culture nedium and stor nder

nitr ogenTgl@PTﬁﬂi gﬂﬁeih i9BeRfisoPREd Sith plrfied AEmRROANEHREdHosBcdIPHpd AR

anti body fromthe hybridoma, a nethod may be enpl oyed that 1nvolves

cul turi ngultuhe sipehiatae BB tHetragfRmdanest ity Mydaavanhédsdl techni que and

col l ecting the nonocl onal antibody fromthe culture supernatant, or that

i nvol ves i nj ecThay thdgurlfidd P eFeprlokimistaedat a considindhstigsnt h Allfeenaiiyblyj sloma
to grow the hybridoma in the mammal and coll ecting the hybridonma fromthe
asci tes ®4-atniveo addrpeptideTifehd Nrtepninaktegme ofshe BTHaP heyfterchpmichliyisygthesized
antibody in high purity, while the latter nethod is suitable for producing
t he ant i &ty sensitizinganiigennount . 3. Reconbi nant antibody In the present

i nvention, a reconbi nant-type nonocl gnal, anti hody may he used, which-can be

produced by cl dhf AmHARlAR OF pOEYGFEA eI S SeRdiHDE APRsRS nPhR"é@?‘H%r!lX]Bmétﬁé-
oot e TR b Refis s R B b G B6 Sabp 0 e

n N et Papn RN Eor BT e pabeH e b3 GRus 3 PR b bERF S
MRNA enc&q)' gyé?wbglﬁlsgq(\/) region of an anti-PTH P antibody is isolated
fromthe allr}Fl - 'P anti body- produci ng hybri doma. The isolation of the nRNA

is perfornmed byhpL8RAMIAHR of Meharfiial RthaRY sérBRidthg Ekiaes carShCherfistmed in
guanidiumul tracentrifugation nethod (Chirgwn, J. et al., Biochem stry

( 1979) a&or&idé vahofhy kandnARRibodEfonethntSIBaTinjeesikg theRensitiziak antigéado.a .
Bi ochem (1987) 162, 156-159), and then producing the desired nRNA fromthe
t ot al RNAanshalgnirigditéhenlly oc stboatankously. PHepreaspeaifically, tthesenkitieing antigen is
Alternatively, the nRNA may al so be prepared directly using QuickPrep nmRNA
Puri f i capraperliidilutedhzitinecsuspended to phesphatermrter¢desadine (BBY)or\physigilagical saline,
synthesized fromthe nRNA with a reverse transcriptase. The synthesis of

t he cDNAthesrepding dilatipn ey sygpommipnns thengaixed avthean gpseriate aypunitof ge@nyenijgnal

Synthesis Kit (Sei kagaku Corporatjon) or the |like. The cDNA nay .also b
synt hesi a@wvarﬁde@mﬁmmdgcfompqste AHAEROE giyg ap " Theemisiogis mjestestto a

e T e SN O

i n combi nat.i on vvi})h gaCR thocltb r the like. A DNA fragment of interest is

i sol at ed 2HEFTPY PF BHETS ?ﬁ‘é’ari%mrflf’rhg PCR product and then ligated to a
t DNA t [ Ondi . j t i

Pt oduced i nt e b GERRRUTHE sk it Ribody BRECHRART WHRE IR sk, g

reconbi "aRlibd 0k i %ﬁﬁl&%&‘i’eacﬁfaede&*ﬂéd ROL, ?@ﬁgg&ﬁ%ﬁe ?sfolététffé%hef

interest 1'n the reconbl nant vector Is confif r exanp

di deoxynyel o 481 whakibjd RN BfiofEt AQefeAHEiMNNSRAOR I NP1deRell.
anti-PTH P anti body V-région is obtained, the DNA is Integrated

The parent cell used for the cell fusion (i.e., the counterpart of the cell fusion with the

6



into an expression vector containing a DNA encodi ng a desired anti body
‘constant (C) region. For the production of the anti-PTH P anti body used in
the present invention, the antibody gene is integrated into an expression
vector so that the antibody gene can be expressed under the control of
expression control regions (e.g., enhancer, pronoter). A host cell is

t r ansf orinedundcyte) isemarioneseilaerived fiom 4 maexpales The heyelma badblig.of any khowt he
expression of the antibody %ene, a DNA encodi ng heavy (H) chain and a DNA
encodi neeelliligte agd. forgxample P3t(Rx et £H6%8) (dyreli (1029 X3 d548+ B5®epar at e
expression vectors, and then a host cell is co-transformed with the

resu lj ti n@&@ﬁ@%ﬁh%@;{mﬁ& BPRISS iIbMizrebiOdw ar?Al! Inﬁmrmlq;]gyeﬂlwslg%lgﬁ-i)hblsbﬁi\lA

"1t ogr a1 GPNSIgB: He Ve £ Sk SnERBPE 6L 00 ov Sbe 51, MG hGHatE s . dhie
b ) . i .

04! 1152351 GEAUTTS eBaddch &i’%Zq“J%Erﬂ?réi@ﬁeaiahgﬁé‘ttuaq‘?é%%ﬁi%&%@éﬁ&éi’mé\;@

b - ' d i j . :
For - exandh SToPnS Bt pdalrimufiel Me’%ﬁ%%%?@@'ﬂﬂ?@l?%lﬁ%&i?w%?ﬁg%ﬁﬂ siﬁlt Exgr s
Gont (5 R HoRsPIA 317 2R 6 B e R R Rl P a8 g ¢ he

bod . e s . _ ¢
and the. enbr yolr FRfeleSEin: iBliRRoBRRT, I oo S W halichlly BRRbaRaty 2, 9°°
havi ng tﬁ&omw@imfaﬁ? &hwh RiRod shERRASHE M AP MiITRA ARl IROHEr &, dnfdt er est
is secreted inthe mlk fromthe transgenic goat or a progeny t|r1ereo . For
the pur peEBtedi, G.nMedadk Bazimel. argsinty3of-ashe anti body-containing milk from

the transgenic goat, an appropriate hornone may be administered to the

transgeni ¢ goaMor&beacificalyMhe etll fdsion iSipetfoanéd) dboam(pld) 9 i cdventiffal tiidjent 4.
Modi fi ed anti body In the present invention, for the purpose of reducing the
het er ogeenlgire medyan imsthe présanceofizoct)l fusiohipeothoter, Ehe eiltfifion padrhgtermmey be ed
reconbi nant anti body may be used, such as a chineric antibody and a

hunani zepolyethyleoe glycrh@HG)msdi Jandai wirisi (bewpggluiinatingeyinus of Japad; Y 1).helf
follow ng kn thods. A.chinmeric antibody usable in the present

i nventio esg&ay%é{%w%&prxqvgs&ﬁhﬁ@l%%e neh@@dEddHiversechiat dipsdy!

V-regi on ‘Hfoﬁ‘?‘ir ed Fs.set fotr h above to a DNA encodi ng a human anti body
C-regi on® PaY PRYCRO™ ™ at i on product into an expression vector, and

o0kl 9 b DR SRR YA At B DA e

! SR SRR LSS e
myeloma cells. The culture medium used for the cell fusion is, for example, RPMI 1640
medium or MEM medium suitable for the growth of the above-mentioned myeloma cell lines,
or other medium conventionally used for the culture of such cell lines. If desired, a serum
supplement, such as feral calf serum (FCS), may be added to the culture medium.

The cell fusion is performed by fully mixing given amounts of the immunocytes and
the myeloma cells in the culture medium, adding a PEG solution (e.g., mean molecular weight:
about 1000-6000) (which has been previously warmed to about 37° C) to the mixture usually
to a concentration of 30-60% (w/v), and then mixing the resulting solution, thereby producing
the desired fusion cells (i.e., hybridomas). Subsequently, an appropriate culture medium is
added to the culture solution successively, and centrifuged to remove the supernatant. This

procedure is repeated several times to remove the cell fusion promoter or the like that are

undesirable for the growth of the hybridomas, from the culture medium.
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nouse) are grafted to those of a human anti body. The general genetic
reconbi nation 10 procedures for produci ng such humani zed anti body are

al so known (EP 12S023; WD 96/ 02576). Specifically, a DNA sequence in which
nmouse anti body CDRs are |ligated through framework regions (FRs) of a human
antibody is anplified by PCR nethod using several oligonucleotides as
primers which iTayebhard 19baHGAEdcAnDbRLIIED CUlSriay &f 4 appicitofhid) stlb&ive

term nal regions of the CDRs and the FRs. The resulting DNA is ligated to a
DNA encogietdiging shchahhgpoikaihihe-dminegiedn-th@nidind@IAT)gasdiom. pMhddakurig of the
integrated into an expression vector. The resulting reconbi nant expression
vect or i hybridonedin #TAT niediuan sqetformédfeitlye fime ddiperigd edvmgh tiorasmisz elek death dody
(EP 239044, WD 96/02576). . The FRs of the human anti body |igated through

t he CDRstharcells ethecthad thod¢sirad hybid@DiRS(i.c anelisathat fail s ftsaly ieualytfogsavetsl ddyang
site. If necessary, an amno acids) in the FRs of the antibody V-region may
be repl atestveral weeks. t HaibgpRenidy, coneentiondld priging dituhommetlinddy peraerniedrior a
suitable antigen binding site (Sato, K et al., Capcer Res. (1993) 53,

851- 856) scregungapdpionp-chmingefl e hxbrdemas thaf ara secretingdhe dedwd antihode any

Eﬁ?ﬁQbﬁ:t Lgﬁf%éﬁ;lﬁgt‘hﬁéﬁbﬁe‘r’ﬁﬁn&%@%f b ﬁybﬁriﬂ%@q%% %mgazf afyo%?@géﬁﬁn may
e_m)i ie r.& pur.pose i.Py QVi N teslta e production.

magypa i e Setorive aDgp bt DS A cher 0uized Wiih

ﬁgﬁll- ES%@T ﬁnglilan I I god . ng }gc-r gﬁ 1 ?Perhi v g fb}ft a. h[{ma n l&’?%gd
The hurmh ST e afi el 3HioBR i RAERENRRRoLHS 6 bThdiondR R by &2 h
ranmal | a%}%%’f‘l%gegyca?ﬂgle nt?rﬂﬂe Sroh B HRRS, om\fag%zel%a@@g ranﬁ@;@tlﬂagyggg@mmg €

humani ze y s useful as” an activ ngr e U1 eutic
agent of a&t'ikﬁtypz[g%ﬁﬁmhe!WdJ%nchﬁ?uBB@atﬁﬂtN&q05ﬂ7f8{h%ltéﬂﬂ@tié’é@,gbc’dy

agai nst a hurman body is reduced. A specific exanple o e humani ze

ant i body hufmahkgtibétyt 4pRiret PFHRP nia\beprépafed By Hjeoting PAMrP 28 ah dntl@ofrtd a

anti body; in whi chyidh% CDRs are ger iri):r/epolzl fr%ym rmusg-deri ved #2357-137-1

ant i body trahipenic-aidanthashasalipagire rgiertoties éNRenan gaibedy peuesug brdducean hiks
(FRI, FR2 and FR3) derived from human anti body HSU 03868 ( GEN- BANK, Deft os,
M et al PTHSEantibody-piloducingicel], 28d th@Ginirodrtaliziiegithe zalds, shusRrédiring the humad
from human anti body 525755 (NBRFPDB); and the H-chain is conposed of the
CDRs | i gandbpdyriremdhe mmoralizedsgll (ngarnatinnahPatent PWFMO%@@%@W&FWB,

O 1 el o s s s 1 1% 10 e
L DS RS R Kok e
L- i i 57-137- ' I ' . .

PR R L e L I R

Escheri chia colpor 4 JB8udMBE almbsbclonal RM§bolrdnh Ble HybFidaind) a nfe@RRGREY ¥E! V-

These strains have been deposited under the terns of "t he Budapest Treaty on
August 1ompl&RQ tRit ihtevébdulenab thdipfbridehR infacErasfeeniafa afflentional technique
Humant echnol ogy, Agency of Industrial Science and Technol ogy, Japan (1-3,

H gashi hndkoletingshkndaedbhal antiBédikirom i aljure sinsbenatiritporahatciasoloes ivectig-RM
BP-5629 for Escherichia coli JMLO9 (hMBCI HcDNA/ puUC 9), and under the
accessi orthd\bybrideRM B8R hedthal compatiie withhhahyhridonddMoQ@owhhEhy trioma ihphiCl 9) .
5. Antibody variants The anti body used in the present invention nmay be a

f r agment mammebindogollgchmgiihieihybiridemanfiom theas¢itespfithe mammal.onfheaforiner mathodi nd

to PTHP and inhibit the activity of the PTHP. o
is suitable for producing the antibody in high purity, while the latter method is suitable for

producing the antibody in a large amount.

3. Recombinant antibody
In the present invention, a recombinant-type monoclonal antibody may be used, which

can be produced by cloning an antibody gene from the hybridoma, integrating the antibody
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For exanple, the fragnent of the antibody includes Fab, F(ab')2, Fv, or a
single chain Fv (scFv) conposed of a Hchain Fv fragnent and a L-chain Fv
fragnent |inked together through a suitable linker. Specifically, such
anti body fragnments can be produced by cleaving the antibody with an enzyne
(e.g., papain, pepsin) into antibody fragnents, or by constructing a gene
encodi nggdeén®y s@ble VecrgRNddrig thesestb Mg 4 hestgaidethempRdating Xy &8ibooy
vector and introducing the resulting reconbi nant expression vector into a
sui t abl efrbmsthe hestlaccérdigaby conpagivaalngntiiereaombimadyn techgitmea(see sfoe exdmyple,
example, Co, M S., et al., J. hnmunol. (1994), 152, 2968-2976; Better, M
& Hor wi t ¥andamrhe, A N#t etcds Eun ] BBoghah od 99Q)118R9Y67-178,1980%- 496, Academ c
Press, Inc.; Plueckthun, A & Skerra, A., Methods in Enzynol ogy ( 1989)
178, 476496, ASpefitallyPmBéA enersling variabla (V)Eegiomef hoduti-PAHER 2ptibddygy ( 1989)
121, 652-663; Rousseaux, J. et al., Mthods in Enzynol ogy (1989) 121,
663- 669; isgltedsirent therantEP THEP antibodytBodaing hggidong. ~ iThe-isgdatyon of the mRNARS be
produced by linking the Hchain V-region to the L-chain V-region 12

t hr ough Beermes by merdringamtolal RN by i28E knpwi sethad, suchas guanidunat gl ., Proc.

(E'?‘ELa; Ecﬂﬂr;aeéﬁ%ﬁda‘iﬁé\@ %@g@ﬁfﬁrﬁé?ﬁ? )ﬁ@f&%ﬁaﬁ%‘fiﬁéﬁay L#,esﬁhé-@;%:gw?es
ol e cASTHE Patiad ChoRERstE Rt AL el a7 o2 S e Bone " orun

encodi ng SCH ; fii | iy acad]

- chai n_gheeig the SRR ERNARRIE hettial FOPA uR R IrficRlith RAGPHAARld o
separate i n ?% TRRAY 1 td; 1 f the
H chain %}%al?é: ng}l% es f%ﬁl\g?- regﬂ?ﬁgggﬁag’egﬁﬁaﬁﬁﬁgﬂ '%gi!rrll o) |§ll§ﬁglﬁgmel\gf§i re
regi on opyafibaldn Rf (PREmhcighai n that includes the Vregion as tenplates and
primer pairs that define the term nal ends of the DNA fragnents; and then
anplifying a DNRxERDNA fgr thb entiteidlyi Vigedibmisasynihesingd frofNAe RAYABIIth £ RSNy
the peptide linker as a tenplate and a priner pair that define the term nal
ends of trhesciipthsé.r afhesntlssistdfahe ealNA ik perfonadd wsiitg AMY Revpp Tragcdiptaseer i s
ligated to the Hchain V-region and the L-chain V-region, respectively.
Once t heFissstemd ol Syhthesis Kut (SsikagalpnCerporationpepthe dikieon The cDYIA may risorhy
the DNA and a_host transformed with the expression vector can_ be prepared

gy convefvitberitedradmepified by Sé-%%ﬁ% Histhpd (f'ﬁr@ma&f\g sgalt, K&og. Mﬁlsf%@z%&fi-hgst

Eh&??ﬂ&fﬁ%ﬁ%ﬁ# 35 ol ond Bt N, -t%fﬁr@é&%wsféih%ﬁlg%a@wﬁ%ﬁs?ﬁaﬁﬁ%é‘? ﬁ
i . T j i . i

Tont ; boay inEs -ARELFREEER RACERHAOMETERITR bk iefof SR KERRRARES of the' "

above- nmepjLoned antibodies, for exanple, anti-PTH P antibody conjugated to
any nol ecul'e (e.g., polyethylene glycol) may al so be used. Such nodified

anti bodi es are gapym ﬁ@gﬂ@ﬂ@&%ﬁt@résﬂismﬁa{é@%& Eﬁ‘:‘i‘ﬂé'd £mlthe rRURDBEPCR gx\b‘ﬁﬂéﬂ on.
The nodified anti bodi eS can be prepared by chem cal nodifications of the

ant i bodi gfd theRgigahedntb @alecit® N A €abbtaih 4 Rebmbidasveaetir! althe rdcambidiing vesisiiese
have al ready been established in the art. 6. Expression and production of

r econmbi namttrodmoéd hmalw host socllad Eesblianhd boolpn¥ kentainingd® dysigd meconshisdnt wedterlisas
descri bed above can be produced and expressed by known net hods. For the
expr essi eele¢tad.a Themedleatidecefuence of treJ@NA| afinteragtisfthe rqeoorbinaat yedtéres 13

anti body gene to be expressed and a_ poly(A) signal (located downstreamto
the 3' esenimediey, fenaxboune, ddeexymcteotide ehain yemiipgtion methed.exanpl e, as the
useful pronoter/enhancer, system a _human cytonegal ovirus i medi ate ear I-%/
pr onot er / enfMiseINAencadingtie anti-PE-EP antibody V-region is obtained, the DNA is integrated

into an expression vector containing a DNA encoding a desired antibody constant (C) region.
For the production of the anti-PTHrP antibody used in the present invention, the

antibody gene is integrated into an expression vector so that the antibody gene can be

expressed under the control of expression control regions (e.g., enhancer, promoter). A host

cell is transformed with the expression vector to express the antibody.

9



O her pronoter/enhancer systens usable in the expression of the antibody
used in the present invention include those derived fromviruses (e.g.,
retrovirus, polyoma virus, adenovirus and siman virus 40 (Sv40)) and those
derived frommammualian cells (e.g., human elongation factor 1 a (HEF1 a ).
When SV40 pronoter/enhancer systemis used, the gene expression may be

per formed readiltde B¥préROELHO Bntiodilpehé, aeDNat erbding Mabwy €1)(chAifBnd2/IBNA
108). Wien HEF1 a pronoter/enhancer systemis used, the gene expression nay
be perf CHnEfSﬂin% it (1)) chyintdfehawitiody elayMezusiataed Bito sdparafd\exressibnAeictdss,Res.
(1990) 18, 5322). For the expression in E coli, a conventional useful

pr onot erandahén ghedt cek e tansfomesieeitietliengsiultuey moomborint eXpressioarvestorand t he
anti body gene nay be operably |inked. As such a pronoter, |acZ pronoter or
ar aB pr offbitrentivealy, both the @NAvheodihg EZchpinamt e DISAeneading hechgémef thg prideasiyon
may be perfornmed by the nethod of Ward et al. (Nature ( 1098) 341, 544-546;
FASBE J.mgy be Mtegated Aogetizer dmtp a spirle exprassio viebireand then g bgst cel anayehte
expression may be perfornmed by the nethod of Better_et al. (Better et al.,

Sci ence tarségined agith the 1esulingsiecombipanifxpeessng verighalY SYLEHSe for secretion
"n & per pl asnter By ardughon fbig recopmhinard g alygheideS e e pBn SO, o
o SR i ST AP ST B RS
Fepl | oat ISHreaTnG) moreRrEurgA i % pP bl adhoinn TEHAL PHaSHr 4 R he milk,
adenovi r s, BeNENE PaRIak | BIsYih) Wo tgﬁ\é)ﬁlsigﬁ gbhe | A ENATBYNRS: éb?f;%éénin'gr’the

order to Increase tfhe gene copy nu In the host cell system e

expr essi piineas eehe- M dhEed HRIonGRAE & ijcRtcdGhRGnl b8R8 oSS AR the albresisan
am nogl ycosi dé phosphot r anf er ase (APH& gene, a thym di ne ki nase (TK) gene,

an E. colHenXadduicB®ie afernsle poas piei fopall doathafisy aeentrgedietdin este aand a
di hydrof ol ate reductase (dhfr) gene. For the production of the anti body
used in trhgsgeniepont. iTheamtibody ofinyerest py esmitahingis itk fiein thestnaisgersc goat or a
eukaryotic and prokaryotic cell systens nay be used. The eukaryotic cell

i ncl udesprgenapthesévdd. Eet the lpurpese of ingrdasing $he amgunt oftheanitibody-nerteining milkds
and fungi, yeast). The prokaryotic cell includes bacterial cells such as E
coli cel from the tiagsgenist gqabAnpPERDTiatezOrEONE Biad\be addannistered-fe the warsgenic goat

i nvention_be expressed..i nma| i el ch as a CHO CGCs, nyel ong,
BHK, VeréE]?ﬁ“’ﬁeg’laCE%lhl .loﬁé%ﬁ?Wehtqsgn@Pérbg'r@g)'host cell is cultured in
vitro or in vivo to produce the antibody of interest. The culturing of the
host cell may be perforned by any known nethod. The cul ture nmedi um usabl e

herein y %M M RPM 1640 or | MDM nedi um The cul ture nmedi um may
cont ai nrrg. Igfez’?bm sup%@tsnt, such as fetal calf serum (FCS). 7. Isolation

and purificati ' |l . &g b Rt MR human
descri bed aboglgﬂlr?g{/re%g{ 1@% g?nétdf@ﬁ‘vrﬁgr&ﬁ Jt%%gy?:lgﬁélag og t he hogét ani mal body and
puri fi edpbgy Uikl dyartifioRIlySRéBfiEORcOMBinAHT aﬁmﬁa? in@y Wfustfeudinhé HoBiyndied
in the present invention may be perforned on an aftfinity colum. Exanples
of a protgiibody #dl damanigddudeibbitperTHase RO doantibSdiph aarolseprepared by the
(Pharmacia). The nmethod is not particularly |limted and other nethods
convent i doldwingknednfmethedse i sol ati on and purification of an anti body may
al so be enployed. For exanple, various clu~omatographs using colums other
than the above aimerigrnatibed usableyindhs present inviention tamhbe mep&rag by tigatingthe
salting out and dialysis_may_be used singly or, in conbination to isolate
and pur i NAmaceding hsaptigpdy Nreegton prepased ot &erthaboygde ad N4 epeorling a hpman
Harl ow, Davi d Lane,, Cold Spring Harbor Lgbor.atory, 19881)1. 8. Determ.nation
of the acitibedy @sreg}pn,tlﬁgegaqﬂqggggl}‘ganon product into an‘expression vector, and introducing

the resulting recombinant expression vector into a host to produce the chimeric antibody.
A humanized antibody is also referred to as a "reshaped human antibody", in which the
complementarity determining regions (CDRs) of an antibody of a non-human mammal (e.g., 2

mouse) are grafted to those of a human antibody. The general genetic recombination
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The determ nation of the antigen-binding activity (Anti bodies A Laboratory
Manual , Ed. Harlow, David Lane, Cold Spring Harbor Laboratory, 1988) or the
inhibitory activity against a ligand receptor (Harada, A et al.,

I nternational |nmunol ogy (1993) 5, 681-690) of the anti body used in the
present invention nmay be perforned by any known nethods. The nethod for the
det er ni nabvcohrestfot prodasing geeh imatingl antibody aie dfo kimevadil 125028PWMIt | body
used in the 5present invention may be ELI SA (enzyme-|inked i mmunosor bent
assay), %802576).A (enzyme inmunoassay), RIA (radi oi munoassay) or a
fluorescent antibody. For exanple, when enzynme | munoassay is enployed, a
sanmpl e sol uti %pﬁcefmi/lx,i TP saquergetip iiplpmansq didbpdy £1Rs arg ligated dhrough
supernat ant of antj-PTH P anti body-gr oducing cells, or the anti-PTH P

ant i bodyfrirework fegiong Py ohp humaggatibodinisanpldied byP Gk mathosrpging geversd) s
Bl Kol | neollarBSpkatdasds PrerLMpIfb A eeH 455 He T Pveuieee SpFRRP o e ubat ed
e addederaehR el e (ke B U 0 Spurife PhA TGRA B ERRAGfbef
cont 1 m & EmEE FRURAE Gl o BN RASh 2oe) o hlobsRe hF Bl Rt o

ot er m nilt Rgffing heotiftark Bo@NioR 0ebort S itrogubfl I d Wb, ARHdy Al R

The therppaiMib&d Ad®oHy PEP DG4 §86@W6/G2syENt i on can be used for the
treatnent or anell ora¥i on of drug-resistant hypercal cem a. The

drug-resi st anThOI¥RE bE Helftiian dHEYoDE]i Pited EHRE@IIT the BIBREare\sBR cRH s8R thd §DRs
An exanpl e of the cancer-induced type is hypercal cem a of malignancy.
Exanpl escaif forihe suitableantigen bindingaitet yHametesshydan painonidis) inytpeFRabEdri a i n
gravidas and | actati ng wonen and neonatal hypercal cem a. The therapeutic
agent coangitiosly 'Myre¢gien sy ibe Pafadedmntthds sy CRR sanf the teishapeid hygmedi aatibodjc caor fdrmg
to the present invention may be adm nistered orally or parenterally,

pr ef er ab# guigablesntigen bindingrsite (Sat, Kp stiali, CangerResrhlFBARS, &rly8¥dsage form
such as a trapspul nopary. agent (.e.g,, an agent admnistered wth the help
of a device SiBRCERNRshE phimesic oahm@atgﬁwlzoadagw be anst humaraticdy &gent
(e.g., ointnent

e 0 o Bhn AERM, F 2% TGN O gRATRLES o8l cfa ol Ch R B0 1 G

i ntraperi | 1 n-ect el . [ Ry ] . elG,. or
e T e S

sel ected efgh thevage of a patient and the conditions of diseases.
An effecplfl@g Sll ngﬁgtgg rcx)slcl);ﬂ\:a y be selected within the range from0.001 to

1,000 ng per KHeehinidiR HABYIYRIBRipost] 6f BLréPots QerivddFrHR afdnAftimdsg of the
body wei ght, nore preferably 0.5 to 10 ng per kg of the body weight.

Al t er nat madlialidnretidodpaidCaepiohs @dtiveddyorha halacintilodyy The Humhdhizdde range
fromO.0l to 100,000 ny/body, preferably 1 to 5000 ng/body, nore preferably
10 t o 50@ntibpdydsigompiosed\od ICDRhéertied dramh anoe-huhenapautiati am gatitiody eng FRsi ang
the anti-PTH P antibody of the present invention is not particularly
limted Coreginasderivedrom arpumarhantibodyit | Thalemaniped/ansibodylis wicfulas ed acbven
patient at any stage, including before or . ) .

ingredient for the therapeutic agent of the present invention, because the antigenicity of the

antibody against a human body is reduced.

A specific example of the humanized antibody usable in the present invention is

humanized #23-57-137-1 antibody; in which the CDRs are derived from mouse-derived #23-

57-137-1 antibody; the L-chain is composed of the CDRs ligated through three FRs (FR1, FR2

and FR3) derived from human antibody HSU 03868 (GEN-BANK, Deftos, M. et al., Scand. J.

Immunol., 39, 95-103, 1994) and a FR (FR4) derived from human antibody S25755 (NBRF-

PDB); and the H-chain is composed of the CDRs ligated through FRs derived from human

11



after the devel opnent of drug-resistant hypercal cem a. The therapeutic
agent may al so be adm nistered at the stage where the devel opnent of wei ght
loss is predicted in the patient. The therapeutic agent conprising the
anti-PTH P anti body as an active ingredient of the pr esent invention may
be formul at ed bg any conventional nethod (Renmington's Pharmaceutica

L.
Sci ence, antigpdy 83 el % (NBRF-DE K Guiginies -y SobpBrg . Impvend, 23)3A9-11§193) in
preparation may further conprise pharpmaceutically acceptable cayriers d
addi ti veshickraag dsheamingasidresiduas i@ the fRa auieplaged sq ?%éf) @aéeieﬁﬁ%{ bumangén
pharmaceutjcally acceptabl e organi c solvents, coll agen, polyvinyl alcohol,
pol yvi nyantbedy gan erdnbit ap aptigsyRINGYE 360V iPher . sodi um car boxynet hyl

co bl 5, o potimh e ek oA A A

h ] bi. i . | | | i gl i M
o yeer i - SretB By s £t 07 HeRina P PR Gt i dio et Flla
aci d, huﬁ?ﬁ'O@ @Mﬁ@%ﬁ?ﬂaﬁpg@mfomgﬂaﬁ lzrélg?%f?éﬁc%a (fdlf" ?@@ﬁhl\@ﬂélLﬂ A

surfactants accepta S ceutl ca trves. n the practical use,

the addi @g@odaigfg%gﬁ&ﬁ@ér%ﬁéc?%gﬁ fl*'h@f@i érﬁ%@}ﬁ%%eém@b%mea%ﬁdaﬂhe%m% 3 e

i n conbi out mtation) the dosage form enpl oyed.

For exanp| gapebOTreliSnRudfit 1 5 1@%«%{9{1@ Nfoal IB6uebf BidddikiRcamntitRgasn-of the

purified formis di'ssolved in a solvent (e.g., physiological saline, a

buffer, fécEﬂi@lB%y, %I@ﬂéy §0Indhiteia) Sclditetdnd Mealinclelso I4ian ¢ n-3p Heyahi i-Bhoragent
(e.g., Tween 80, Tween 20, a gelatin, human serum al bum n) is added

t her et 0. Toikabhshi, dpealtij lapagk nhderfthé aeemmiasNnt FERVERP15629 faryEschedche coln a
reconstitutable freeze-dried form which is dissolved before use. For the

f or mul at i 08 ThMBE bR A481C Y, atdamger therangession ¥ IFERM BRsbGH) o5 a sugar

al cohol ](_Ee.g.', manni tol, r%)e su%ar or. a sugar may be incorporated. BRI EF
DESCRI PT. EQhCGFhWWJMi@%(gM Qg2 PYeEDh showing the results of the

phar macol ogi cal study in bi sphosphonate resistant hypercal cem a nodel
animals. 17 Fig. 2 is a graph showing the results of the pharnmacol ogi cal
study in_bis Qo honat e resi stant hypercal cem a nodel animals. Fig. 3 is a
gr aph shév\f‘ﬂg Va8 t s of the pharmacol ogical study in

Che rosul ts. of TEABTAN RS B g L RaCRI R AT b akenibRofoff ARkiRa0M N0

it ot nbel o O e T B D e e ST wi

r ef er enc@of @xample, the fragment of the antibody includes Fab, F(ab"),, Fv, or a single chain Fv (scFv)
composed of a H-chain Fv fragment and a L-chain Fv fragment linked together through a
suitable linker. Specifically, such antibody fragments can be produced by cleaving the
antibody with an enzyme (e.g., papain, pepsin) into antibody fragments, or by constructing a
gene encoding the antibody fragment and inserting the gene into an expression vector and
introducing the resulting recombinant expression vector into a suitable host cell, thereby
expressing the antibody fragment (see, for example, Co, M. S, et al., J. Immunol. (1994), 152,
2968-2976; Better, M. & Horwitz, A. H., Methods in Enzymology (1989), 178, 476-496,
Academic Press, Inc.; Plueckthun, A. & Skerra, A., Methods in Enzymology (1989) 178, 476-
496, Academic Press, Inc.; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
Rousseaux, J. et al., Methods in Enzymology (1989) 121, 663-669; and Bird, R. E. et al.,
TIBTECH (1991) 9, 132-137).

A scFv can be produced by linking the H-chain V-region to the L-chain V-region
12



the foll ow ng Reference Exanpl es and Exanpl es, which should not be
construed as limting the technical scope of the invention. [EXAMPLE 1 ]
Phar macol ogi cal study in bi sphosphonat e-resi stant hypercal cem a nodel
animals ( 1 ) Objective of the study To produce a nodel animal of

hyper cal cem a resistant to a bi sphosphonate using a hypercal cem a nodel

ani mal  (tArdughaninkenprefeniplyenpeptida lidker (@ustonahd. ebalePacd. Matk Pead i ap@At i c
ef fect of a humani zed nonocl onal anti-PTH P anti body on bl ood cal ci um | evel
in the nbaéd) EnbREI-588D) WathbdsiAY-egimdeld theLadlajin ¥-rogide in dte schphaytbed

wi th human | arge cell lung carcinoma LC-6 (purchased fromthe Central

| nsti t utderived filexpani omendfahe Amtibodics]des@mbed herkin.| t Thespdptidesinkérawhiah binde tlreat
inplanted with human large cell lung carcinoma LC-6 shows an increased

bl ood caYdegians @ablbeagyismleecé@im@ptlae fouernample] afrid- hamimeeeldossidues. ght | oss

and so on. After_the devel ogrrent of hypercal cem a was confirned, the nodel

ani mal was adhiaPBieercgdingdaasein eanheirierarechby raemplififing » ONA gngadies the
P e o b e RS AR AR L BT e S
odel PR e otk Bed TR i 158 Ol I CB PR e S

subcul tur W VEVO_USin BALB/ ¢.- nu/ nu nude e ( Japan,, | pc.). The
amel i or aqq%g%bﬁﬁ gemegt etnﬁ%‘ﬁﬂﬁ en?r’gié%reﬁboﬁlo(gla a&ITg%ISI? Fb%’igﬁhﬁ%ﬁ@dﬁ%@‘& Trats
W th bis z Iy St VDRI ' | ct o
body vei SHD Aad pissana BE prE e SR h e M e FEDNA BbiRRSTing
phar mac L : L i dERnI® j s-old
e A A A R e P

accl i mat peggide liakerlasweelnplaldgnd £ptimkt palr firaveetise the Grindts3 eXEY 6 thepinat ed with
the tunor, and the rats with increased bl ood cal ciumlevels and reduced
body wei fihgrmemmso ehateach @sminaperidaf the peptideditdler &riigasddto tHdH-chain V-region and

bi sphosphonat e-resi stant hypercal cem a nodel ani mals were produced and

di vi ded thatlechain¥pregion, téspedtvelyowi ng manner. The subcul tured human | arge
cell Tung carcinoma LG-6 was renoved fromthe nude nouse, and then finely
cut into 3nm QoeretheDNAsnkeding He scEy ig prepgred.anexprissioryeelor earsying thedd¥aus| y
inmplanted jnto each of the rats at the lateral] region_at a ratio of one

pi ece petndpies trapgformed,with thcxpressigniygeior san ke prepared by canventiosnl metheds: at s

ith i bl 9od | i I I d d d bod i gh i.e.,
LB BT S B G A NGBt St car o
I I db .. ah t ' i.ndi vi . d.
R T T
e el ST g P SORMRAN iy 614 Sk NGNS e 0%

hyper cal ggishibasRdsh 11R1aNBbSdy" oF thdisreleht invegiion t wi ce a week at a dose | evel
of 2.5 nmg/kg. As a control, phosphate buffered saline (PBS) was

adm ni st ered 1Ag agacdified f@fvshBe absvedpetioncdantiiies; fbrcxahpldyade/PTanPmal s
via the tail vein twice a week. I n the al endronat e-adm ni st ered nodel

ani mal s, atitaslg canjugated to Anyumiobdeulede grplol yetlat éreglpédl pmiy alvoleaned. c awwhum
| evel was observed after five-tinme adm nistrations of alendronate (i.e.,
admi ni st sodifiasiangihgdicareRlsorencompassdd imhe\ianigbadyt ofjiereeseatinvbmgion. The
bi sphosphonat e-resi st ant hypercal cenmi a pnodel animals. On day 17, the

r ecogni zBWdHisdantizadispran bepiepaed by shemirabmgddisgtonsofithe anthading. cdbei um

| evel s and bo i.ghts of the animals ip the individual groups were
aver age dghe_fgica mgﬁiﬁ%attion techniques suItab e ?or tIIis purpose have already been gstablished in the

art.

6. Expression and production of recombinant antibody or modified antibody
The antibody gene constructed as described above can be produced and expressed by

known methods. For the expression in a mammalian cell, a conventional useful promoter, the

13



Exam nation of the therapeutic effect on bi sphosphonate-resistant

hypercal cem a was perforned in the following nmanner. In a test group of the
bi sphosphonat e-r esi st ant hypercal cem a nodel animals (which were produced
and divided into groups as set forth above), either 3 ng/kg of a humani zed
nonocl onal anti-PTH P antibody or 2.5 ng/kg of al endronate was adm ni stered
t 0 each antbedy gamiertalbe ekpresded andialpolygiAn sighal {dvateclaluiwistregn daithe IPBS! oftbe

adm nistered to each nodel animal via the tail vein. The determ nation of

bl ood cahtibody ganeghre apathboliykedei dlotr sxamaple pasrthonsefiel womdtey/sniynces sys@m, 24
and 17 after the adm nistration of either alendronate or PBS. On day 17,

t he noddiumaniaytdregatoving immedintoeaityeprameiarienhancetsysiaau magdeased.vi ded i nt o
groups so that bl ood calciumlevels and b_od%/ wei ghts of the animals in the
i ndi vi dual grlpspiREIaterEnBARLEE dYStems Bsible ipfthe expression ofithriprdibody e inghe
humani zed nonocl onal , ant.i body or. al endronate was adm ni stered. .In the

cont r ol REESUpINVERIDNREIUdE HasP dpdyeromyyiyssss(e £ d/HOvArugs PRy omp yirus,

adm ni stratiqn of .the humani oclanal .antibody or al endronate, the

b1 004 CANER N QORIHEAN YT 4D o0y F0 g e BRI atpm B FBES i Bt e

det ermi %?%ﬁé}ﬂog?%wgl ﬁ-‘?ﬁﬁf‘la efficacy. The blood cal cium | evel was
S a

det er m ne ol e blMood Iohi zed cal cium | evel, by draw ng bl ood from

each of the i [ ' ' ' b i ng
each, of L IRy A yh kBl KA Blsh s RS b sy VPRI 10,
Model  ankamlyshPihe BhGREPSPDRNA A<k 85 (RAAR! (19yPLI 2Rk 69 aynel BEyecessful Iy
produced by repeatedly adm nistrating a bi sphosphondte five tinmes in total
at i nt eryahdrfenhMeesyiahe Blused tBe BB pr&dioRIRACH ORRforRRl reRsy 1yfihd he
present 1~.ivention could aneliorate the blood calciumlevels in’the

bi sphosphehal ef Migushimatt dlyQauddt eeidsRendooopms, mabe).(Fig. 1). In the

anti body-adm ni stered group, the restoration of body weight was al so
observed (Fi gFordhe efprossidnhiade cobsaibarentional ssdfoluprdmblesta ¢ipeal lseqrence foo
monocl onal anti-PTH P antibody is useful as a therapeutic g‘?(gnt for

hyper cal ssereting dhe antibiogn ahinjerestand sheantibedy gers meyhe eperebly linksghodphatha e.
[ EXAMPLE 2] Phar macol ogi cal test in calcitonin-resistant hypercal cem a
nodel ar@reEIoter, lac promgferer argB premetsemag de used. pr Whe acg prodeter i ssdd thef

( %pﬁﬁﬁi'ngce?%”ﬁ%pr?ﬁﬁbﬁﬁ ‘e by fth%%h%?og%ﬁ Ebl f@%ﬂr‘é?ﬂ%@ﬁ??&fﬁ‘%&f‘;
. FabY e . i

rode %{?fﬂ%ﬁﬁ‘}( l@??%é%%@é-%% Vet o rdiioler e PE e R e O

For - Expeb T aLEd oy A el R T L A B e A R O ot 0

wi th human | apgerélslthd HFﬁhl%@(ﬁﬁn@@f@ sbérefoiS DOIE agfibddICWRES Bt dkiBedy 6@l ci um
| evel as increasing the tunor vol unme and devel ops weight | oss and 'so on.

After thmteiested DparIBd tobe SacpaedRl SRS PIasHfs spavRlof e, colihpel al 8dtjuehde Was
repeatedly adm nistered with elcatonin, which is a kind of calcitonin,
until no(lzieS.Poetadli, drBaaterinl od@8Pal 69, 4B7Y)aust bevased obThe ustihodyseattedrintocthel,
until the nodel animal acquired resistance to the calcitonin. In this
manner, paipdasunispageds isotatgst ardythen tedbldedrs@thad thelantihddpatiakevean appoctuicsl. The
human | arge cell lung carcinoma LC-6 was subcultured in vivo using a

BALB/ c- negdiguration faplsse ( CLEA Japan, Inc.). The anelioration effect of the

humani zed nongcl ogal ianti ody in, the, nodel, r@ts with cal citonin-resistant
hyper cal cem aRggardingdhe sapdigatign origindhese deriyed 5 vigisgh{se-ant 48 RASPIBAYBP: M

o 2 SRR GRsine P g s LR LogbaRE MY Hauiapd: o ctocn o Reie S

CLEA J . lne. hased and |i mat i f K. .Th .
Fesul 1 no sl pumptE T BERER SyuERLNRE ol o B R fowhlh stestve
| ncr ease bl gt ¢l 6f W SXEb31 20041 SGRO BOUNNRISN S 0oL 6, AT Rose

hyper cal cema ani mal's a ni n-resi yper C em a nodel

per TR ststant hyjpet Sl
Cuboul ¢ uf BT g R PEE Y aint BhEpEANRT bR (ELDH PR BRPELC nude

nmouse, agfhyiRfEHlald ReLdae BhfrNi&e3- ™ cube of blocks. The resulting tunor
bl ocks weré subcutaneously inplanted into each of the rats at the | ateral

{ﬁgi on at a r &bt heProditloR bR AMEbodPYEd-in fiROPresent RBALR Ay 8xpesdiorpdyisfin
e
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21 i npl antation, the rats with increased bl ood cal ciumlevels and reduced
body weights (i.e., hypercal cem a nodel aninals) were divided into groups
so that bl ood cal ciumlevels and body wei ghts of the rats in the individual
groups were averaged. Elcatonin ("Elcitonin Injection” from Asahi Chem cal

I ndustry Co., Ltd.) was adm nistered to each of a group of the

hyper cal Sclehaaemi@dmtlcaﬁmdrmblgrwm eellesystrinls may be vaidc e Tae dalyarpoticceddseluies el

of 10 U kg intervals of 12 hours). As a control, PBS was adm nistered
to each @fab sﬂaﬁdrr@il lies gpammal s gqyp@nwl%m@tsm@ﬂés and fung,yeesth tHe tail
vein twice a week. In the el catonin-adm ni stered nodel aninmals, those

ani mal s BA WP‘(‘:%C‘ﬂbmﬁh@W Brsgriad gelds sushas ncoli 8dls- cal ci um | evel was observed

after twelve-tine ad n| stratlo s _of el.catonin .,. adm ni stered on days
0, 1, 2, 3, AtiRyeir} the odiepeed r‘@glﬁbﬁ’fﬁe@gl“é@“m’fé be e HL# esi st ant

gﬁg_ﬁgfs}ﬁf&ﬁ%ﬁ&ﬁ*ﬁ@iﬁu@w e Ehéﬁﬂvﬁ?%w&gﬁé Bl L LR
el'ci  oni - r ooNSRRIE Ry BEFBER BaTheal hae BEre i of I vk & BRreg ﬁ@eﬁéﬁ@ o,
a test gié;fé‘:'@s&m Tl&xj@gﬂﬁjrg‘fg ?%{B&?%élﬂrﬁ?tbeq%et Fxfi ?ﬁ%&ﬁkt&/@?ﬂneﬁ rmlﬁle(wh' ch

Wer e proauce roups S er a

humani zeaﬂ Rx%hﬁﬁ?{:sa@{ktlﬁerﬁyf‘ﬁf @@el i Mn EMRPKE1 620 OE’E\%D@@%%&@‘D' gher ed

to each animal viat the control group,

admi ni St&ﬂﬁﬁe medRAF thafReftairPd sdFii s\ibﬁle?n@ﬁt %@dﬂ asVi%ia[‘caIFE@ruﬁiﬁ(F@rSW nation of
bl ood cal cium |l evels was perforned on days O. 3, 5 and 6 after
the adm nistration of either elcatonin or PBS The determ nation of body
wei ghts was perforned on days 0.5, 1, 1.5, 2, 2.5, 3, 3.5 4, 4.5, 5 5.5
and 6 af1.dsolatien amthpurifsdatiah bbantifodgi t her el catonin or PBS. On day 6, the
nodel aninmals in the el catonin-adm nistered group were divided into groups
so that bl oodThasrsibedy Ieﬁmls@daamd phodivedwes déscabed alidve naayi braisslaied ftdwe the cells
i ndi vi dual _groups, wer averaged. In each of test groups, either a

humani ze®f e A8t 2pias b&ﬁwasé@ynﬁﬁd i fpamityd il e itolation and purifieationrafithe

group, PBS. was ad stered., On days and_ 3 after the .adm nistration of
the huneffitpe Hﬁé}&ﬁbﬁg{%gﬁﬂpg@&gng}w ,erfoﬁ'@eﬁpﬁéﬂ agféﬂlﬁ’ W@veﬁxﬁﬁﬂleﬁ ﬁ%

of 1! cacy® PR edTiAR haiRas ReG 3. hEROF g ShohiRaSt o inrata) ol B rusifbls
22 cal ﬁét%hc%‘l’eﬁty lug}{%c‘lj{ﬁ#ﬂﬂgr 'e%ﬂ ES R %?Aﬁm leed ﬂg ﬁg;fgﬁhag p& the tail

vei n using-‘a ocri y| ng Aut omati c

Cal pH A”ﬁthﬁ&Eloﬁ@%amlyl}@y algg’})e ?lﬁy@& Megedx IWaﬁousoéhéo%atographs

cal citonin-resi stant hypercalcem a wefe successful I'y produce

successi ¥ghy caldifing ofter &anbe abalmbhitited affivyV@ LiirABHltriation, Qﬂﬁéﬁl&huémts@l&mgl S
of twice a day. The humani zed nonocl onal anti body successful | y ameliorated

t he bl oodutcaaldciialysis maglte used singlyaslin combinatioe i SbRM ardymneife decamibadyofliel
animals (Fig. 3). In the antibody-adm nistered group, the restoration of
body wei pitrestddntibedieoAdabosdoryRVignual)Ed. Haplow, Dagial LasyCokd Spring Barbound

t hat the humani zed nonocl onal anti-PTHP antibody is useful as a

t her apeubporalgentl 988k hyper cal ceni a of nalignancy which acquires resistance
to a calcitonin. [ REFERENCE EXAMPLE 1 ] Preparation of hybridomas producing
anti-PTH P ( 1-34) nouse nonocl onal anti body

8. Determination of the activities of the antibody

The determination of the antigen-binding activity (Antibodies A Laboratory Manual, Ed.
Harlow, David Lane, Cold Spring Harbor Laboratory, 1988) or the inhibitory activity against a
ligand receptor (Harada, A. et al., International Immunology (1993) 5, 681-690) of the
antibody used in the present invention may be performed by any known methods.

The method for the determination of the antigen-binding activity of the anti-PTHrP

antibody used in the present invention may be ELISA (enzyme-linked immunosorbent assay),
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Hybri domas capabl e of produci ng a nonocl onal antibody agai nst human PTHr P
(1 34) (SEQ ID NO 75), #23-57-154 and #23-57-137-1, were prepared as
follows (see Sato, K et al., J. Bone Mner. Res. 8, 849-860, 1993 ). The
am no acid sequence of the human PTHP ( 1 34) is shown in SEQ I D NO: 75.
For use as an i mmunogen, PTH P ( 1-34) (Peninsula) was conjugated with a
carri er Bld(eizgmehiypmoglostsal), RlAdradgoicaninodssay) oea {IDoesaen) antibfody.  For

t hycl ogl obul i n-conj ugated PTH P (134) was dialyzed to obtain a solution
havi ng acienle) whaszsmeramniugeashy & emplpyad, a shaplesolitionmgntadning therangias

m xed wth Freund' s adjuvant (Difco) at a mixing ratio of 1:1 to give an
ermul si onP THEP SuhrdbdF gn AvuTaeematn; of ang-F BHAT antihedBreodicins aellst orfbs

o/ movse.ma b BaiRcr ot Fons s et M EEPTbF (EheT o i o

| run > abteSipush it < A OB Eea tady T sl 35 Sha et Gkl oRRR Lo
maner POt AE g 4 TR B8Rl sk Biet Bpd e R ateliR oEins bt
wth o HOZRrRESAEBhGRRHCRAM q BnPpRREand B ARUIAGL S SGibn ] PO
"hor eage e i medsifed ool W BASAAMMRERELR OOUE BB LD PO Y e n
i ntraperitonegbloynfitm thedRu0it) 878l aatibé@l aed 9 fARYREsehPinveMor, aMRlitralizing

i muni zation. Three days after the final imuniZation, the nouse Is

sacri fi cadivantftitheastilods e pa anti PTOULAntibedy9 niBMe dhantipdeen cells were

subj ected to cell fusion wth nouse nyeloma cell |ine P3x63Ag8U.1 in
accordance with a conventional known met hod using 50% pol yet hyl ene gl ycol
4000. Th cel.ls .thus prepared were.seeded. to each well of eighty-five
96- wel | ?ﬂ% etgggc{ragmalgﬁtgéﬁoyaéxﬁp%ag{nel%uﬁ%ﬂqpa B domas were screened in

HAT medi um ashe ltllle‘?xs\%'}]xgggg?rﬁ %@_ﬁfe&ir@&npfnvmt%ﬂ %r@ﬁ)sgg?%rgﬁlé l{\rgétﬁ{eﬁgo y

determ ning the pre recognition ant e culture

super nat giNeliSfatibh 81 WRlgl Bsisant i pelat@hlia. 9 P druBadsiDashyPRRAIRH hiay!HR bf
medi um by solid phasé R A net'hod. The hybri donas were “Col | ect ed f?lom t he
wel I's i ncatvetihdubed Bips @i btheaBipel t Wntexaiple 6ThE ParicREa@iicéd ?‘ibe 3 hypeeckl @migad
been confirmed. The hybridomas thus obtai ned was suspended i nto RPM -1640
medi um cofimaliphaigy15% FCS suppl enmented with OPIl - suppl enent (Sigma),
followed by unjfication of the hybridomas by limting dilution method,
Thus, two typ&xagplaspdihennmecasreniaducedtygpsinchule psrinatablypscalcemia ingigvidape

obt ai ned awhi a ' i ndi ility to PTHFP ( 1-3 4).

Hybr: don%n%%tg%gwg%%%ﬁe?h%gﬁd%g%ag%gﬁgh : m%use- nouse gybri do?m #23- 57
137-1", and h j . : : on
Aigust 15, 1990 e PG RaE e (b ful FTPEP Ahibaly AR inkr ok
Human- t egbdeeliag Yo (HRAGRBEN Rivehtidiinhy bahdEiifaes ot di@hétany, prdRraly (1- 3,

H gashi 1-chone, Tsukuba-shi, Ibaraki, Japan) under the accession No. FERM
BP- 5631. phieshfeREINCH HeXidyibdutidlagent may take any dosage form, such as a transpulmonary

agent (e.g., an agent administered with the help of a device such as a nebulizer), a nasogastric

agent, a transdermic agent (e.g., ointment, cream) or an injection. Examples of the injection
include an intervenous injection (e.g., drops), an intramuscular injection, an intraperitoneal
injection and a subcutaneous injection for systemic or topical administration. The route of
administration may be properly selected depending on the age of a patient and the conditions of
diseases. An effective single dose may be selected within the range from 0.001 to 1,000 mg
per kg of the body weight, preferably 0.1 to 50 mg per kg of the body weight, more preferably

0.5 to 10 mg per kg of the body weight. Alternatively, the dose to a patient may be selected
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Cl oni ng of DNAs encodi ng V-regions of nouse nonocl onal anti body agai nst

human PTH P (1-34) d oning of DNAs encoding the V-regions of a nouse

nonocl onal anti body agai nst human PTH P ( 1-34), #23-5 7-13 7-1, was

performed in the follow ng manner. 24 (1) Preparation of nRNA nmRNA from

hybri doma #23-57-137-1 was prepared using Quick Prep nRNA Purification Kit

( Phar maovighiBitlot ogd fromha01 ts] 0;€00 mghbdhyirefedaiy 1 #2 3087 meAody, meree ful |y

honogeni zed with an extraction buffer, and nRNA was isolated and purified

t her ef r qureforablnl Gta YW wFbode! | Hovseershgrlogppiitha therapeiitio rget cempiristetthe

instructions included in the kit, The resulting solution was subjected to

et hano! 3aticRTHIR antibedy phthsinresent inwentifNAngspatipylady pimiteddo thege rapgse

precipitate was dissolved in an_elution buyffer. (2) Production and

anpl i fi cati onlksrthemRputichgentnay bp admimsense i 8 PRUGH Af AnXAtaggyinshudqing befosnding

- of cDNA for #23-57-137-1_anti bqody H-chain V-regjon A gene encodi ng H-chain
V-1 egi orpfbr theflevaigpaen egaﬁsa=ftar§ﬁt>/i>%a(}%aai 2 heraieitionaen AL 2P hed by

5095, Sogmmipaisd 4aReYaes heis thé e Hopmeg: OF wellhlgss & RgticRn tiuieRes
1989). Th ' i ) = i Ki
) e 5 ﬁfé%e%@%%%ﬁaﬁémoﬁﬁﬁ%ﬁﬁmg A PR atﬁ%h* af AN R e R %Ié%nt ofI the

(Cl, ONETECH) 1n ac e Instructions included Int

this metheshnt ifventdsd ﬂi&fr b $@emfifed sy ah{eshvendbnd BhALyER Milagtop’si mer ( SEQ | D
NO 1) which is capable of hybridizing to nouse Hchain Cregion. The

above- prBipamaceuiBi/Sdjateeyintet edigyn, Mirk dtublisising CoempabytEastan; UiSAg. ¢ Divé,
synthesis, was mxed with MHC2 prinmer (10 pnoles). The resulting mxture
was r eacpreparatiothmay fetter semprishplarmeceisisally agzptableargers gndaddisvesn ef f ect
the reverse transcription of the MRNA into cDNA. The resulting reaction
sol uti on was Bermerleswt sichRangery-andadditives ipciedewgternhamaaegptically aceatahley (at
65 C for 30 mn.) and then subjected . to ethanol precipitation,tq isolate,
and puri PFEREORERR Bkt P@Eﬁmﬁz cehﬁlrgﬁlyamﬁpyﬁelgﬂ%cvffgxwv P@@E%,RNA
npl i nehor i e end. reacting w
[ Gase. atodameapiRmtESTrARIqe nodloRm iy Rio Phul pielBis silrdolde 16
hours. - ASpAfiR QISR AmAD] WhihotActh, AEpLEIRRN By RS OsnAOR0
21y ToPuaebic cph, sty polytRl R ubibol, T o, SRlcehih toR AR pYedh, BRIn”
dCTP, dT &thffinl st‘éa%/hlwﬂﬁl,zst.eéfricéadimiHuﬁldﬁfserl[ﬂﬁ.al’aﬁm-[ﬂ(l-ISI@,KﬁéxﬂlitSlllsbfbiﬁ,l),-lactose,,
n

Ltd.), 10 pnoles chor priner, and 1 a 1 of the reaction m xture of the
CDNA t o uid alifavtdaisGhegptabie s phamboplticaFaddiislRsAnchor pri mer had been
| i gated, over which mineral oil (50 ~c 1) was |ayered. The PCR was |
perforned on Ihéepeacticglaserthypdditiva goropely sdlerted famythe abovzonembera sitherder
the conditions: 94 C far 45 sec.; 60.C for. 45.sec,; ,and 72 C for 2.mAn.
(i) Ol oPRy iin EomneGpn dspshanizion viont fisayT- b dhres e rBRloNertor
encodi ng L 8! fr Ysd £%nIBjetfabld WriPHE GnfiP19EPUEboAY bt MO PiriRIF S ishuman
dissolved in a solvent (e.g., physiological saline, a buffer, a grape sugar solution) and then an
adsorption-preventing agent (e.g., Tween 80, Tween 20, a gelatin, human serum albumin) is
added thereto. The therapeutic agent of the present invention may also be in a re-
constitutable freeze-dried form, which is dissolved before use. For the formulation of the
freeze-dried dosage form, an excipient such as a sugar alcohol (e.g., mannitol, grape sugar) or a

sugar may be incorporated.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a graph showing the results of the pharmacological study in bisphosphonate-

resistant hypercalcemia model animals.
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PTHrP was cl oned by 5'-RACE nethod (Frohman, M A et al., Proc. Natl.
Acad. Sci. USA, 85, 8998-9002, 1988; Bel yavsky, A. et al., Nucleic Acids
Res. 17, 2919-2932, 1989). The 5 RACE net hod was perforned using 5 -Anmpli
Finder RACE Kit (CLONETECH) in accordance with the instructions included in
the kit. In this nethod, oligo-dT priner was used as the prinmer for

synt hesi zi ng IRNAs alfiapBiaienp tiePreaes RNAphahRublogicalst@dy inVﬁ]hlﬂﬁsq}%a@:—
tenplate for the cDNA synthesi's, was m xed with ol 1 go-dT primer. The

resul ti ngsistant wpercabentieanidetandintls. a reverse transcriptase at 52 C for 30
mn. to effect the reverse transcription of the mRNA into cDNA. The

resul ti ng redtgi dis sgdapb slowing shadelts ofi thé phdinidatlidgioal dtydly o gat@tonimyreRishnt
remai ning therein (at 65 Cfor 30 mn.). The resulting solution was

subj ect diypercabemamoiodpk uinglst ati on to isolate and purified the cDNA. as a
precipitate. The cDNA thus synthesized was |igated to Anpli FI NDER Anchor
at the 5 endFigy4 issagraphghawing theiremnlts ¢f the pharatacgipgcal grdpimenleitonimiesistant
additionally at roomtenperature for 16 hours. A PCR primer M.C (SEQ I D NO
4) was dodekalegniaswdebanimgls. conser ved sequence of nmouse L-chain ~, chain
C-region and then synthesi zed using 394 DNA/ RNA Synt hesi zer (ABlI). The PCR
solution conprised (per 100 ,u 1) 10 MM Tris-HCO (pH 8.3), 50 MM KClI, 0.25

(PR N BERERIOTEG R SRR G, TR RRIEPECS 5 Xa ™) and T~ 1 0t the
anchor wer o | 1N InE PR i) s e ehegtyed i enied aRR( pHRpelersle R

reactio %!gpép Q@@ Myde j - f:ar 35
cycl es tr]trtl1 eruc{lﬁiggg(on i?%’g: 4 %r e§ec.%h%%gg?&g?;eggﬂﬁﬁfg%ég@@%nd
72 C forgg tdihRical opBer e iadddtdn. and fragmentation of PCR products Each of
the DNA fragnments anplified by PCR nethod descri bed above was separated by

agarose gel electrophoresis on a 3% Nu Si eve GIG agarose (FMC Bio.
Products). For each of the Hchain V-region and the L-chain V-region, an
agar ose [EXAMRIBE] Pleontaclogicgl studiINA Hisphospinnhatresibant hypleteaiyemiamodsti sed
fromthe gel. Each of the gel segnents was subjected to purification of the
DNA fragamdmialsof interest using GENECLEAN Il Kit (BIOL01) in accordance wth
the instructions included in the kit. The purified DNA was precipitated

wi th ethanol, and the DNA precipitate was dissolved in 20 a 1 of a solution
cont ai ni q’llg mM Tris-HC (pH 7.4) and 1 nM EDTA. An aliquot ( 1 ,u 1) of

t he DNA S@l ?%We\ﬂééhecﬁt&héted with a restriction enzyme Xmal (New Engl and

Bi ol abs) at 37.C for 1 h d her digested with a.restriction.
EcoRt ( Takar o SEAGEh 2 1ideh Btine) SEbolelaeliehgs kit a Rgr Rt dBrEt: o

t n . i o A
12 cor' oAbl sRRRT R e GILAY LR TRAR L RRBERE B AE o hano
encodi NgIRHRALHEEFNRIP a HuRBhRRd AhoBlcdSNGHEPTALH Miqa'ay 28 s @iduit1E®IiRN

respectively, were obtained, both which had an EcoRl Fecognition sequence
on the 5thegh6dadafingd). Xnal recognition sequence on the 3' end. The

EcoRI - Xmal DNA fragnments contai ning a gene encodi ng nouse Hchain V region
and a gene encodi ng nmouse L-chain V-region, respectively, were separately
|igeted to pUC 19 vector that had been digested wth EcoRI and Xmal at 16 C
for 1 ho(2) Methnds DNA Li gation Kit ver.2 (Takara Shuzo Co., Ltd.) in
accordance with the instructions included in the kit. An aliquot (10 ~c 1)
of the |igati odsrimpdel@nivagl, agudadrat implented withdfunsansletagtdetl dung eareinpinad.C-6
competent cells of E. coli, JM 109 (N ppon CGene Co., Ltd.). The cell

m xt ure lRgchaseditem the Cenfalingtitutecior ExperimeniplnAnimals]avaswsedr B inknpwnthgt a

additionally for 1 mn., on ice, The resulting cel i xture was added with
300 ~c.1084e wermBied HiNBIEE lae ceﬂldﬂvsqga.rcm%mﬁéﬁ-é%wsnamma}se%g}?@ﬂ&a{s;um
et al., | d Sprin rbor Labpratory, Press, 1 and then incubated at 37
S tor 301aehas HHEABE Js AT SBIP AP RAEEN e hOm O ot aet Hedetpamen
2xYT agar .27 di.um (Mol ecul ar, Cl oni,ng. Labar at 0 nual .. Sanbr.ook, et
2 Cor e Elpereesnb i Bafred e maR a8im Rop ot Bl HReSrnan g pn
ag/nm o I.Gl:] 0 = f.1%.0a nd. t.hen ., .
noubat od i is Kind Bebidornephoite, b Chd ileiitation B Ghodbaidiy By A Seighga,in
pr epar ed 1ur i in

o Dy T o Sk A FleTROACE AR Gt sEilyBhocid the BEGHAPAAIac. ' 1 it
fraction was applied to Plasm d Extracter,Pl-100( (Kurabo Industries, Ltd.)
or QAprep Spin Plasmd Kit (QAGEN) to é?ve a plasmd DNA. The plasm d DNA
was sequenced as follows. (4) Sequencing of genes encodi ng nouse anti body
V-regi ons The nucl eoti de sequence of the cDNA coding region carried on the
plasmid was determined in DNA Sequencer 373A (ABI; Perkin-El ner) using Dye

e o ~ Y o AR M I N " — ~



plasmd MBC 1 L24 were designated "Escherichia coli JM 109 (MBC 1 HO4)" and
"Escherichia coli JM109 (MBC 1 L24)", respectively. These E. coli strains
have been deposited under the terns of the Budapest Treaty at the National
Institute of Bioscience and Human- Technol ogy, Agency of Industrial Science
and Technol ogy, Japan ( 1-3, Hi gashi 1-chome, Tsukuba-shi, 28 | bar aki ,
Japan) bisphesphetatdsesist@atiypemdeemitmoded cegsilomsiwoduceiRM Bie beaan fapge cell
Escherichia coli JM 109 (MBC 1 HO4) and FERM BP-5627 for Escherichia coli
IJM 109 {uvig Brdindiad).C-6 eepeubiunliated in(Bjo Benga BiAld/con/mfnudorRsoust (Gblide
nonocl onal anti body #23-57-137-1 agai nst human PTHrP The H-chain V-region
and t helapaphlicn. V-regi on have gener al structures simlar to each other,
each of which has four framework regions | i nked. t hrou

h t
hyper vari abl e Thegmshierationeftectefithe bﬁ@ﬁtlléﬁﬂs Wﬂ@@@@% enRbody még‘? B el r@t%l}h
The am no acid sequences of the FRs are reI atiy wel | nser
{he_ am REPRETRIOSEATENEENPPE e comi ™A A GHC b RE P aOry: oGy ng%asm@w
(Kabat , "Sequence of Proteins of Immunol ogical Interest”

'Eeptl Hégicf‘ﬁngeﬁ'ﬁﬁslllﬂr‘rlé War vi ces h1983) In view of these facts, the
\/

ant  body agar et e araRe b BPlatrGelel e Bt i ErERRE SR ERe Fhibets e

Of am ng ﬁ%l% 518%‘?9???4/&%?%] ARy té(ggkﬁja\‘gﬁﬁ'ﬁgcﬁ%e@%hﬁhd% Thus t he

i ons  were determ ne e ani no aC|d

Se q ue n C e¢1§cl"ﬂJ;xat938~':f'o11I %/ebﬁ t 4Eﬁe besfiltiab's-Wedi@W18 ?at@%rélmﬁhtéd‘ wﬁﬁ%é QnNﬁ‘sand5 9

to 61, respectively; and the amno-acid sequences of
H chai n ge fa%Q{VﬁH i1XdrBased BWd Al Al chER 1Vl Nl re@@ce’ﬂ%o@ﬁweﬁ@ﬁﬁ%ie‘ ﬂé@di ){s V‘ regi on
SEQ I D NO. CDR2 CDR3 H-chain V-region 57 31-35 50-66 99-107 L-chain
V-regio fhyﬁércaﬁeﬁﬁ’a 53d8nBRals 05 ThEGIEREsYaE dtxAddRitint By p&roisémisahbded animals
Chimeric Antibody (1 ) Construction of chinmeric antibody H chain

were produced and divided into groups in the following manner. The subcultured human

,US

large cell lung carcinoma LC-6 was removed from the nude mouse, and then finely cut into 3-
mm cube of blocks. The resulting tumor blocks were subcutaneously implanted into each of
the rats at the lateral region at a ratio of one piece per mouse. About a month and a half after
the implantation, the rats with increased blood calcium levels and reduced body weights (i.e.,
hypercalcemia model animals) were divided into groups so that blood calcium levels and body
weights of the rats in the individual groups were averaged.

Alendronate in the form of a known pharmaceutical preparation for hypercalcemia
(alendronate sodium hydrate injection, "Teiroc Injection" from Teijin Limited) was
administered to each of a group of the hypercalcemia model animals via the tail vein twice a
week at a dose level of 2.5 mg/kg.  As a control, phosphate buffered saline (PBS) was
administered to each of another group of the hypercalcemia model animals via the tail vein
twice a week. In the alendronate-administered model animals, those animals in which no
amelioration effect on blood calcium l¢ve1 was observed after five-time administrations of
alendronate (i.e., administered on days 0, 3, 7, 10 and 14) were recognized as the
bisphosphonate-resistant hypercalcemia model animals. On day 17, the recognized model
animals were divided into groups so that blood calcium levels and body weights of the animals

in the individual groups were averaged.
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29 (i) Construction of Hchain V-region To |ligate to an expression vector
carrying a genom c DNA of human Hchain Cregion Cy |, the cloned DNA
encodi ng mouse H-chain V-region was nodi fied by PCR nethod. A backward
primer MBC1-SI (SEQ ID NO 7) was designed to hybridize to a DNA sequence
encoding the 5 region of the |eader sequence of the V-region and to have
both a Kozak dxasemsion ofdhptbampeyticoffaet omvbisphosphonatgresigiant hgpeycalcemmeyas
947-950, 1987) and a Hindlllrecognition sequence. A forward prinmer MBC 1l-a
( SEQ | Dpridorngyd inethe fdkivgng thanpethy bt # $sg eropp o tpnshogoimate-BHEBE ng t he 3
region of the J region and to have both a donor s I%C'hce sequence ?Qrglka

BanH - r d¥BefRrlceie Bedel @ptaals ﬁ‘ﬁ’é‘cbﬂﬁrer%@étl?eélr?“\%’é‘“g 40 BEWPS &5 5 aRa Ex

T Tak Sh Co., Ltd d buf f t hereto. . Th CR
Solut 1 oribeBnpREea ke ob himapized pnogloplgpudl LAh AMREY 9 2o A gkERt

tenpl ate ., 50 pno| es. of C l:a SO0 es.,of . VB -S 1. a rimers,
250 of AR XTI BETeS SSeaharR ! PRAG NG dpdbSsniER By 3
o ks Sl SRt YA on TR PR Sl Rl £Yc! 5% Under Lhe

el ot ophor o o4 GHG oG b AR RARE, AR R BERARRS s PUrPaRPORanR,
he DA 7 bt R At RS Al B A TER, 1R AR T3R80

) in accRiHARGe M ddhdibifitd-Adrhiniktére® Bfouphedrd deddédintdi@rolips so tHaeblpod clcigh DNA
was col |l ected by ethanol precipitation, and then dissolved in 20 ~u | of a
sol uti one¢dlhd PodyOwdighEMf THe snitnels if Hd ifd¥}duahgrolipsriviereibragd. aln epchtof thel
,u 1) of the resulting DNA solution was digested with restriction enzynes
BamHl andstidrowps) ¢itheF abarmmnized nonGolonallandibpdaor dZndZohate wasladministéted. In the

di gestion solution was extracted with phenol and chloroformand then

preci pi taneadl giouh, BB S avasladministetede c Ontdays prand Grafien theradministraéonoef the ned

Hi ndl || - BanmH DNA fragment, which containing a gene encodi ng t he nouse

H chai n hamanizedrmongedonal petibady @t rlepdrosele. thy ealcipmdevel and thehpdyi Waghted
with Hndlll and g nH . The resHI ti n.% %Ilasl?n‘i d V@a .s%g:ﬁjpced on DNA
SequenceVergmgesyusd ey epeh aaimal jQ Aefgryne hephapmacqipeig 3 Primer RV as
primers and Dyg, Term nat or cle S encl i Rer ki.n- :

result, a pl asﬁb%lgmfl gﬁlc&ﬁ? félégfdw%\s (geg%gug#d%o%}él%l% bg(ﬁ)éﬁ BH?S&E%%{%@E o glq t%nce
encodi ng chai - i i : J : ; nd
R e O e R e T
and a B Rty aIPrte] [ : QT ORSOGY.ai ned, whi ch was
desi gnatafggﬂbldl\?%%g%q%(%l %gl (%ft):é;@grélt?drlizcetr F%%‘%F H chai ?1 V-region for
preparati on of cDNA-type of nouse-human chineric Hchain To |[igate to cDNA
of the human H-chain Cregion Cy |, the DNA encodi ng the nouse H chain
V-r egi on(3y@esiiltaict ed as descri bed above was nodified by PCR nmethod. A
backward prinmer MBCIHVS2 (SEQ ID NO 9) for the V-region was designed to
cause the repl Moelebartimals afftésphesphodatarrisistanicdiypercalnsariayerregucedssfubly psedpsedce
encoding the front part of the |eader sequence of the H chajn _V-region by
gl yci ne bnepeatedlnadminisiating ¢ bisphosphenate Hue Hanes ikipsal jat intervals of twice 3 wagk) -

Biol., 196, 947-950, 1987) and Hi nd]]|- and . EcoRlrecognition s nces. A
forward ph¢ hemanged momﬂznilsetﬂoﬁy he pepseRtdpvenggn coy aﬁ“FFh\?Péﬁ,ﬁ%:ﬁ%

i on. EUCWRSHFAGH Fdrshorinals Ton EhECRAEOHe Hrdc BRAbArIoA . Tl

oo Ry P RREREE G up, e Rl SPSH S WAERGL I BeHRLPig 2 2R B

From these results, it is found that the humanized monoclonal anti-PTHrP antibody is useful as

a therapeutic agent for hypercalcemia of malignancy that acquires resistance to a

bisphosphonate.

[EXAMPLE 2] Pharmacological test in calcitonin-resistant hypercalcemia model animals
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a buffer appended thereto. The PCR sol ution conprised (per 50 ,u 1) 0.6 ~c
g of plasmd MBCIH pUCI 9 as a tenplate DNA, 50 pnoles of MBCLHVS2 and 50
prmoles of MBC 1 HV R2 as prinmers, 2.5U of TaKaRa Ex Taq and 0.25 mM of
dNTPs in the buffer, over which 50 ~c 1 of mineral oil was |ayered. The PCR
reaction was run for 30 cycles under the conditions: 94 Cfor 1 mn.; 55 C
for 1 m IQI)'OBJ%c@d‘@chétdﬁ n. The DNA fragnents anplified by the PCR reaction
wer e separated by agarose gel electrophoresis on a 1 % Sea Kem GIG Agar ose
(FMC Bi 0. Prodiepeucelhmindelamiragaifispegalcemboiesistancond aldiiongh esihNd f r agment
of 456 by was excised and the DNA fragnment was purified therefrom using
GENECL EAlypEtcakiemid Blo@dlGhjmalnadooandemoeimplhhtet hedé res), and td examinaithleuded i n
the kit. The purified DNA was precipitated with ethanol and then dissol ved
in 20 a therepeuticdfegt dlomhwoarntizédrinagocionalmnt=PiIdirRa@ntibedy an WpodnalciinniavEDTA.
The resulting DNA solution (1 a g) was digested with restriction enzynes
EcoRl arilie 8ipdel ®xmpl.( Takara Shuzo Co., Ltd.) at 37 C for 1 hour. The

di gestion solution was extracted with phenol and chl orof orm and then
precipitated with ethanol to collect the DNA. The obtai ned EcoRI-Snmal DNA
fragment ., _whi ch containing a gene encodi ng the nouse H-chain Vregion, was
subcl one@)MﬁﬂéPdﬁUCI 9 vector that had been digested with EcoRl and Smal. The

ESULL1 19 P S e SR BN R T LR R
gﬂ’g ‘é'ot” : [§'grcs éée-d #5m Id B8k Infinhk ?‘érﬂ%ﬁoe%le@&l %%?&Qfsﬁ%%s fi‘seg? N4 i9 8‘%3{1 .rtlga‘i &
quence encodl ng nopuse al n -redl on erive from ybridoma

#23- ST e oAt 60 Ruma 1t bbar ok GRAAGR |CO0SRRAENGER T 50 022K

sequence on Its regi on an an I -recognition sequences on its

3" regi oMas 10R Ak RFeasiaitRE RS VdRRhe B @&e’id}ﬁ@é%ﬂ'ﬂ%ﬁt&d %8'on. ( 'S'&g\} the

Construction of expression vector for chineric antibody H-chain c

cont ai ni deyetdpeneBOE hyferdali®hiia &k confibmdd; HeahoddCahighl Was EepeatedWoddniineiaedd
as follows. nMRNA was prepared froma CHO cell into which both an expression
vect or DiithelRatoniByiwHrdl ik-afkind efcaléddiind, 1afibAY ameliodtiog it bleod esloiinclebRlAvanf
humani zed PM 1 anti body H chain V-regi on and human anti body H-chain

C- r egi onotsg@et], inNvtheFakatiasttil thet medel ani@adllacq@irededis@iigs toltbg 2ylciborin.anin this
expression vector RV1-PM a ‘gsee WD 92/ 19759), encodi ng the genom ¢ DNAs of
humani z e@amgr;icalgitongbesgistang hypascaleqnaigingrieh arimal wah peaduresb dyThe lumanarge

chain G regi on had be i ntroduced. ing the cont ai ni ng

humani z e@?@wg &WPI"SS@@F@‘H%% W%?/‘?lf‘gﬁ‘#b Bh‘”gﬂ d‘SWﬁm&ﬁ‘g@W BBé?m@ll?ee@IdrE{" Cy
1 was cl%ned Ibg RTPCR met hod, and then subcloned into plasmd pUC 9 at the
Hi ndl 1 | -BRARIE)t e, After sequencing, a plasnid which had the correct

nucl eoti de seq . i i . [ " -P QPI@ An
. expression vec?ggwtlﬁ?éﬁwﬁ?gﬁ\@#&%@aﬁ?ﬁ!%? %ﬁ%oﬂ?%ﬁel%ﬁlg oétéll]t ed
bet veen GY4R P hapeteAcORERuBeRANARA ith REAR 1S bidy hifehlseslalbdapen
EF-1 a pronoter and a humani zed PML anti body H-chain V-Tegion gene had been
del et ed, calsiamPleoslaiethefrats. t he constructi on of an expression vector for cDNA
cont ai ning the humani zed PM 1 anti body H chain V-region gene and the hunman
anti body G- r egFonth€ eyalhati@nef phihtadul agival cctitiscoMmbehfmiibedPMotodlogdDRA)ibadrs
digested with BanHl, blunt-ended 32 wth Klenow fragnent, and further
di gest edSwreeks-bildmiklel 348 idbyu abdarats (CLIGA Bhpam Iren)deete ifurchiasdd-aadnH
fragment. The blunt-ended Hindlll-BamH fragnment was ligated to the
above- meseclioméigedford| weeksi {lde raswlr&meekﬁi-pglrdtﬂ were dmpleptedseitlothevempnand
DHFR- D E- RVvhPM -f that had been digested with Hindll|l and BanH . Thus, an
expr essi 81§ 1o Yig inapased bloed eapinmydsiels apd redyeedbodynweights gyara prddasc DNA
encodi ng, t he humani zed, PM 1 antj body.H chain V-region and the hyma
ant i bodyhYRerejeapiamagdel anipls. o Miecalaitgpingiesisignt -r%iﬁememeb%mrsn\m t he

CDNA encodldn he u enlizedrPM 1 nt0 od H-chael n M-Teqion anigll rtnhe r}uggal
ant i bodyPCIHERS] YK EVifled IRig graHpgeR VHEAPAIEnd Fultusrd humpi jere
fragnent, cont ai.ni n he H-chain,Gregi on was coll ected.therefr The

Feonl b1 nb R PABRLERE S AR Ry i e s Ry B PE hAE S Bl e B
had been g e i ?&?Eﬁ! h 0 £ d

desi gnat 8@)@@% %ﬁrﬁ%&%mﬁ% i ser%g%g&&bg%gﬁrf %‘}‘ﬁg‘?e@ Bﬁﬁ%écg‘c% I %éat§ ﬁte
nouse any :haj . i na J - i 1, and
nad Ecoriie ! AR p{h #bEPAPpRRE PRI ARL » B fd ERUPHAG dhe

BanHl -recogniti on sequence on its 3' reghpn. The plasm d MBC 1 HcDNA/ pUC 19
was digested with EcoRI and BanH to givé a DNA fragnent conprising a

nucl eoti de sequence encoding the chinmeric antibody H chain. The resulting
DNA fragment was introduced into an expression vector pCOS 1 that had been
digested with EcoRl and BamHl, thereby giving an expression vector for the

e 1T R AN A a1 e~~~ oA "



genes by digestion wwth EcoRI and Smal, and then ligating it to

EcoRI - Not | - BanHl Adapt or (Takara Shuzo Co., Ltd.). For preparing a plasmd
for the expression in a CHO cell, the plasmd MBC 1 HcDNA/ pUC 19 was
digested with EcoRI and BanH to obtain a DNA fragnent containing a gene
for the chinmeric antibody Hchain. The DNA fragnment was then introduced

i nto an isxpamsiserotheatsswitline@iesdd bload chlatinblesalsdndestuedd hbdihwEiphI (i.and
BanHl to give an expression plasmd for the chinmeric antibody, which was
desi gnat lexperevBemimoTons) @iﬂ]ﬂ@@?“erd—{én@ed tifte gaoypsee $has hlacelodabriump@eidls avasbody
constructed usi ng DHFR 33 DE-rvH PM -f (see WD 92/19759) by deleting
therefroW?%htSé}fttﬁ%@éﬁqu%@dbvd@ﬂl@é@msOwrmvﬂia@doRl and Smal, and then
ligating it to FcoRl Not |- BanHl Adaptor (Takara Shuzo Co. Lt d. %' (2)
Construction oF CRipRHH Elcé’ﬁ’éir}ﬂ“@cﬁléﬁl fam( AsahpChemical Indystay Col. drid Yagector To

A B RS0 s St TSI 6 8 B e
S O S o BRI 7B A e ook

L d ol

L85 o B oSN A0S BB SR ESASY,

et ontip SRAin bt ficiied k1 MRaROUGEE L BihalBR L REF b6 Hrlcllpion eftbeth
DTT, 100paivh batelom Rvel Wi SNIR:daRd: fhd1ey- tdﬁ'e%@ﬂl\f‘ﬁlgtrr&m Py efc‘i‘oﬁ% RBRL) at

roomterrperaturefor 20 mn., thereby rendering the termn s’of the

DNA bl ungdm{Hitered 68 GRS 17X U5 endBEyiesh dapt wekeWeddpnieane kheaélsiat&hh%ﬁétgﬁtm

and then subjected to ethanol precipitation to collect the vector

vect or Dhifperduleentiamceiel admats Mhect@gnized hiddetarlimals were adleDHtS dsabg@@

containing 50 M Tris-HO (pH 7.6), 10 MM M 2, 1 mM ATP, 1 mM DTT, S%

(v/v) pothatblepd ealeivgh Lwollsaﬁd(bbd)amlgbuﬁoﬂﬁhoammlﬂmhé irgliidud] GrAGO vialRe) at 16
C for 2 hours, to cause self ligation of the vector DNA. The reaction

sol ut i onayesageg- 1) was added to 100 ~c I of a solution containing conpetent

cells of E. coli, JML09 lep on CGene ., Ltd.), and the resulting solution

was al | oned t oEXFEHLAR Of the't faﬁp%mﬁfﬁqct ongglcijonipresistant hypercalcgpn was

Fhe T eacptrimiih i s Maing hammer o estE-Gyr Shthe ldiionin-rsislant Rrpsvalcarie; ng
| 50 / f .

Sopici 11 TR S CRn ol oAb g“%@é 5%%43@ 3 B albed. eitsreng: A

Labor at opy, 5@9&?&0 QHK-IP"I‘H ntlboé‘?fa{J ngP adhﬂgg{e%doﬁyeag ess,

1989), an en cu ture at 37 over ere ta| ni
t ransf or gyt anTllﬂﬁl m aiesthdive?an tin WaRsconttb! %roag PBS %ﬁdﬁiﬁqktﬁf@d(tggafﬂ thodel
containing anpicillin (50 a g/m) at 37 overnight. Fromthe ce fraction
of the canhiinal eiantheltailmeim pl asmid DNA 34 was isolated and purified using
Plasmd Mni Kit (QAGEN in accordance with the instructions included in
the kit. The pih¢fleterminhemoiiblead calciyeslesels widsipetforitiéd dn daysa). D,I BB M4, tshat
was confirmed to have a H ndlll site-del etion was designated "pUC 19 O

Hi ndl | | " anqd ¢ piteribp sdministrasioncif eithex ebertenin nyPBSaThe deteamination ofibody @eightsi on

Human antibody L-chain ~, chain Cregionis lalOM| to have at |east four
i sot ypes Wappeifermegd MR8l 1S\ Keds 85, 4, #5515 and 6 affar thie gdmdnisizatiam of

Do b S i A By xniﬁap»%géﬁég&%m%%%ws (o
e 2 e b R i D o S N e
hoad Soid AR HARGES ETaBR | SRR erolE) B wRanfied o Rnabr oy
5 ¢ or o PG PBIRASRILn AL Tn (OB Tr b6, PRS WS nfipitfrdl TORRRRY
sequencegnd Bafer fhe 48MGISRARAI JTIhd MEniHise ﬁ&dla%i'xn&?&d;vadtrh BY, bBd

C-regi on was constructed by PCR net hod. e priners wer e
synt hesi Zggiupienel &8%%% ﬁvw&&%ea?sef d(6B¢ach primers
were as fol lovs: HLAVB 1 (SEQY ed fBFe ﬁLKE/g@als%Emﬁghﬁ%He 13), both

having a ﬁﬂﬂfa@o%aﬁﬁﬁuweThé%dd%l@@m(l&%@vda@d%@rm%ﬁ a@@%ﬂ&%ﬁdﬁéﬁ&d D

NO 14), both having an antisense DNA sequence; each prinmer containing a
conpl enentary sequence of 20-23 by on theg both term nal ends.



External prinmers HLAMBS (SEQ I D NO 15) and HLAMBR (SEQ ID NO 16) had
sequences honol ogous to the primers HLAMB 1 and HLAMB4, respectively.
HLAMBS cont ai ned EcoRI -, Hindlll- and Blnl-recognition sequences, and
HLAMBR cont ai ned an EcoRI -recognition sequence. In the first-round PCR
reaction, the reactions between HLAMB 1 and HLAMB2 and between HLAMB3 and
HLAVB4 wealadupeleies byedrawing blootlfeom eanit ofohes anierads doenip tatledin isitiga bématberit
resulting PCR products were m xed in equivalent quantities, and then
assenbl etdibg and ppplyimgahe blagdrid 6pTRadebautonmtic adpl dawd yzen (G AHOQRINIG).added
with the external priners HLAMBS and HLAMBR This reaction m xture was
subjected to the third-round PCR reaction to anplify the full |ength DNA
35 Eacr%aPCR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Co.,
Ltd.) in(GAd&sklfance with the instructions included in the kit. In the
first-round PCR r ilct.io , 100 ~ 1 of ,eittlfyr a [geaction sol ut i on cont ai ni ng
5 pnol es of HLAMS) animaks forgplcitopinpipsigipnt hypgrealgepna wareacassiuly produsre by

S el S T R P ol S,
3" oycl estimatzed hefothiErBhe® RS bl B R gL I el
so ut i oneloidhib e BRI ARR KBRS rielaf” HhifCainaflplilficfGaCt ' O
| ayered. g 9,6 ioﬂ@ges][t@ﬁﬁbh %Pbg\@yZvnvgig'%\tz {25 aBo S¥SrEd GF{i‘%Q#?.ht PRt ?%_gé I‘ésﬁfgé E;‘ &%4 C

for 1 mn., or 1 mn Cfor 1 mn. e thi rou

react i onfound@hitaRE hinBhnised tHoh6dlohsl avtiiFETHAP I tBYER IRkl bl ABctapdulVBSeR Tk
HLAMBR (50 pnol es each) were added was used. The PCR reaction was run for
30 cycl ehypurcdcerhiaefamdlignah@nwhicR4cquifesresistande to a@dlciohisr 1 nmin. and 72 C
for 1 mn. The DNA fragnent obtained by the third-round PCR reaction was
subj ected to el ectrophoresis on a 3% | ow nelting agarose gel (NuSieve GIG
Agarose, FMC), and separated and purified fromthe gel using GENECLEAN I I
Kit (Bl ORBH ?\EN@%EléﬁMﬁhEé]with the instructions included in the kit. The
DNA fragnent obtai ned was digested in_a reaction solution (20 ~ 1

cont ai ni hffParatignafihypridopy progueing guti-PIFIRN W impuse merpeipmral aptibodiv NaCl
and 8U of EcoRl (Takara Shuzo Co., Ltd.) at 37 C for 1 hour. The digestion
solution was extracted with phenol and chloroform and the DNA was

SELLFEE Ton (5 Fiyertoiés AL AR ydIR R oo bOdy KBt B BB U
_ . T TS . |
T the SOOI QL IR TR shBGe ST Sl pRAR TR L e R R

to phenokl chiBeheMing:, Res! $1GuDBBE0ANSH3 herr i bRl il -
giving a di gested plasm d pUC 19 I[‘)gbl—%il)ndl l??ﬁ%@c&?é@?&@%&%}%@%rg&wggﬁw(1

reacted B4) B shewfitih SEQID MO:95 (50 ,u _|) containing 50 nM Tris-HO (pH

9.0), 1 mMM My z and al kal i ne phosphatase (E. coli C75; Takara Shuzo Co.,

Ltd.) at 37 C ffor uSDasamimrhanaephBEHIO¢1yB4)t @ehinswa) wBACdHjugadd withe cpirismi d.

3 protein thyroglobulin using carbodiimide (Dojinn). The thycloglobulin-conjugated PTHtP (1-
34) was dialyzed to obtain a solution having a protein concentration of 2 pg/ml. The
resulting solution was mixed with Freund's adjuvant (Difco) at a mixing ratio of 1:1 to give an
emulsion. This emulsion was injected to 16 female BALB/C mice 11 times subcutaneously at
the back or intraperitoneally at a dose level of 100 1 g/mouse for each injection, thereby
immunizing the mice. For the priming immunization, Freund's complete adjuvant was used;
while for the boosting immunization, Freund's incomplete adjuvant was used.

Each of the immunized mice was determined for its antibody titer in the serum in the

following manner. That is, each of the mice was blood-drawn via its tail vein, and the anti-

pA



The reaction solution was subjected to phenol/chl orof ormextraction, and
the DNA was col |l ected therefrom by ethanol precipitation. The DNA t hus

obt ai ned was dissolved in a solution (10 ~ 1) containing 10 nM Tris-HC (pH
7.4) and 1 nmM EDTA. The BAP-treated plasmd puUC 19 D HndlIl ( 1 ~c 1) was
ligated to the above obtained PCR product (4 ~.1) using DNA Ligation Kit
Ver. 2 (Tsekan & SpezedGiom thd blodd. Thiee ambsdriimngagpdibsed dithaRliAnbuffatuaé thikat o a
conpetent cell of E. coli, JM109, to give a transformant. The transfornant
was cul twitletFlobelad §THP G1-241 ) deeatinime (12 bidding ecttvaiyni Tge Glce-thgl wereof
anpicillin. . Fromthe cell fraction, the plasm d was isol ated using

Q Apr ep epifinnBd &shave dsuffi¢ieatiGEReascitgepasintcedtvatmBtHWA 6l -3équidhawd f or
the cloned DNA part. The sequenci ng was perfornmed on 373A DNA Sequencer

( ABI) us¢amrgen\nrgtemmﬁreperww%%a v 3lops lewelofR) (ure{use K ihoofie immunigajionas g
result, it was found that the cloned, DNA had a 12-by deletion therein. The
pl asmi d was deShigpsdargefter the figgl imprunizption;he mouse is saarficryl and the pplegpwas

I g bkl i
gggorﬁgygﬂ&V@‘ﬁPA@? ??%ﬁ”@ cpfd e e Sedlep TF baci L) Bl cbh iR n_-%ﬁé :
ﬁl%%g lgggt.?f?tqs?t Cotf 2%1(%‘?}\981. %ﬁf&%ﬁer@@ér’é?ﬁeﬁqﬁ @A’ngegﬂﬂr?gbgﬁllgvc\)& the

third-ro eact1 on, e reaction product of the second-roun

reaction was a@ﬁ@@cr\é@ﬁ%@%%ﬂrﬁﬁba@@dﬁfeﬁoﬂh daetnidHVRE paien@erpH@d to

give the full l'ength n the first-round PCR reaction, a reaction

sol uti onrecdPiltioh adtibcatiaiti eituPe dupetha@ariof the-wel( ihpidficH el Bgroavth BaEPb&ine,
ei ther 50 pnoles of each of the prinmers HLAMBS and HCLMR or 50 pnol es of

each of bberywd inHAT Hctivim,yckolid Akt RN theBlddof ThakyBdddmasTaere(cblketed fishuzo
Co., Ltd.) was used, over which 50 ,u 1 of mneral oil was |ayered. The PCR
r eact i onthsasellslin which 6@ bindihg sbilitydterthe REFHrBiedagnisios: anéibodies bad Geemiconfirmsel. C
for 1 mn. and 72 Cfor 1 mn. The PCR products of the first-round PCR
react i onThehpnvBRmGItE ¢aBedpps anspeaded inlgRRBIIHI6ANBAcdium Topigjningbp % FCS
subj ected to el ectrophoresis separately on a 3% | owrel ting agarose gel to

i sol at e SHRPlEmpnteq IssupplemephiSigma) fakewed Ry B“‘@G?‘F%‘?fghe gﬁ@‘%tﬁqsﬁiyed

react i onlinstins o oL T, SuP (NAEDRT BEFESA SIgnsio tys AT A dEn For- T He T
b used Bl SEAPRRIeD B which g 2R Bhicite (8ol IR CHA R | oot b
Bnd 72C for 1 R e T R Rl Bl by BRoina 20 STt on
sol uti on 1891t 2 I8 béerr epbsREd under the terms of the Budapest Treaty on August 15, 1996 at

the National Institute of Bioscience and Human-technology, Agency of Industrial Science and

Technology, Japan (1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki, Japan) under the accession No.

FERM BP-5631.

[REFERENCE EXAMPLE 2]
Cloning of DNAs encoding V-regions of mouse monoclonal antibody against human PTHrP

(1-34)

Cloning of DNAs encoding the V-regions of a mouse monoclonal antibody against

human PTHirP (1-34), #23-57-137-1, was performed in the following manner.
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t he reaction solution obtained by the second-round PCR reaction, 50 pnoles
of each of external prinmers HLAMBS and HLAMB4 and SU of TaKaRa Ex Taq
(Takara Shuzo Co., Ltd.) was used, over which 50 ,u 1 of mneral oil was

| ayered. The PCR reaction was run for 30 cycles under the conditions: 94 C
for 1 mn., 60 Cfor 1 mn. and 72 Cfor 1 mn., thereby obtaining a DNA
fragment of 357 by (the third PCR product). The DNA fragnent was subjected
to el ectrophoresis on a 3% | ow nelting agarose gel to isolate the DNA

f r agment(1) PreparationlofinigNBNA f r agnent was col | ect ed and purified using
GENECLEAN Kit (BIO1 O1l ). An aliquot (0.1 a of the DNA fragnment thus
obt ai ned was dinge¥A dwmmhybridosuRi23-5Hd37 wmmx%wng Ruickdrap ri %d%uc 19 O

H ndl Il that had been BAP-treated. The resulti nqﬁ asm d was introduced
into a clwpecatian Kde(Hhagnagia Bigipeh). jihatgs, celly of ybijdogna #23n%F- (l)?v?n&rwere TWly

. ia“jLﬁ;mmégnwmﬂfﬁés}agp& lehlh S RO
P Kl T

anc D SR SR PR

RV (T ]

R T2 SR, Sk R A 5ol R,

19", (il ﬁ(ﬁ}@ i (L-chain ~ chain Cregion A
DNA frag Jrl;jé% enco Yg%%%g’tdig%ﬁg?ﬁd@% ﬂal n -regl on was cloned fromplasmd
HEF- PM k gk (WD 92/19759) by PCR nethod. A forward prinmer HKAPS (SEQ I D NO
19) was designed to contain EcoRI-, Hndlll and Blnl-recognition sequences,
and a bagkwasalcdidn and aiFEAcANNYF P b dNeendfinyBouseHidnRadVEegiegnt ai N an
EcoRI -recogni tion sequence. These priners were synthesized on 394 DNA/ RNA
Synt hesi @eCldniit of cBNRGSr #2BRST41GN- Mastibpdy tHhelmie¥-1eglong 100 ~¢ 1 of a
reaction solution containing 0.1 a g of plasmd HEF-PM k-gk as a tenpl ate,
50 pnol es of edcgensfenpoding HschdiAWSegivd dfiiPRoasein@babénal akdétiRaly Bgaifisichuman
(Takara Shuzo Co., Ltd. ), over which 50 ~c 1 of mneral oil was |ayered.
The PCR PE&HeP wss cmdrbmﬁ -Reﬁrc%meélwﬂ (Frohypane M.t et gbrRtiioei Nath - Awg. S:le UBA1 85,
mn., 60 Cfor 1 mn. for. 1 mn, hereb%alw aPCR E_roduct of

360 bp. $HS-DROR. fh%&r%ﬁb’a‘(ﬁ&& $§6Iah{7§HCISWd°“B@ﬁRFﬁ ad I hor 8¢ 3-on a

7 R B e R R BN BN

osul 1 ngcisraaie SEe ARk ot o e ki bTfls BRpBRE pAter bEATHET, o0

to form t of
2T PSR OAIRA g IRCT AR ASERT D AT, 10 Wit SapUiE B Biindilog 7 2}
plasm d wass®H-EHdig d-tégiond %é\@b@\lib parePnERNA {alfduit 2( G HGhich wioren teipldté ed

pl asm d was sequenced on 373A DNA Sequencer (ABI) using M3 Prinmer and

ML3 Pri mésr thY cDRN gyrahdsin) nas Gfixed Mtﬁ MHC’ﬂiﬁmﬁHrQS(DTpﬂholdﬂﬁt ’Pl&sreﬁlﬂﬁﬁg fii%tdrd O
have the correct nucl eoti de sequence was designated "C ~ /pUC 19". (3)
Const r uctwasmeastedcwithre reersartraniseniytade-at #al nC éxplamirivets tve&bdrthmvewpr essi on
vector for the chinmeric #23-57-137-1 anti body L-chain was constructed. A
gene encdunseyiptipg-of therBRNA inte hBINA.V-r egi on was ligated to the Hindlll-BInl
site (located just in front of the human antibod C—reglo of each of the
pl asmids C ~, /Thecrsultngreaction yoheion yas added avth 1y29anpeRNgY s
anti bo

L ehai n VePegg g @Aﬁa“é?@%&’:ﬁﬁe Weaeﬁabef%esﬁfb?eefé%ﬁ%éa%é@prswpa?nm ipolaai n
éf;grei?gﬁ” iR e TN BE A ot it SRR Sy el 61 °rpﬁb?é°@?faﬁ§ha. n
T Feo

1L2§bg ABTEH 3% P I SRET R SR R ANt 8 o7 Oy FORRAP e
synt hes?/zag agg’?&ﬁ&%ﬁfﬁwm&éﬁﬂ% F;d;rslltih:o ru ?ﬁﬁ%@%ﬁg{’&‘? i@é%&phrf Ll%%tg(?{ @é@%}l—ml
(SEQ I D NBNZ gﬁz%gﬁdc%%h&oprﬁeé}t(sgqv@ N9 Lid MBSOL biier és%zgg?) aag d

a Kozak sequence (K Bi oI 196, 947-950
a forwar ¢spr ToRs, mg&eﬁggﬁ,@ 4. 194Y) wiesustsi gned to contain Bglll- and

RcoRl - recogni ti on sequences e PCR reacti on was performed using 100 a 1
of a reaction SHHeRCRRokABH d3bMbgedi@er 50 12 1) 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 0.25
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mM Tris-HO (pH 8.3), 50 MM KCI, 1.5 MM Md z, 0.2 M dNTPs, 0.1 a g
MBC1L24, 50 pnoles of each of prinmers MBCCHL1 and MBCCHL3 and 1 ~u 1 of
Ampli Tag (PERKIN ELMER), over which 50 ,u 1 of mineral oil was |ayered. The
PCR reaction was run for 30 cycles under the conditions: 94 C for 45 sec.,

60 C for 45 sec. and 72 C for 2 mn. A PCR product of 444 by was
el ect r ophdt aNdEs AR, 36 TP dCHBIAT Y, hganMekh ?-5%’&5@8@]&%%%@3%%kmri fied

' 20 (SR D) BROLEATSN Fy SR 11 L Ticiesqoh ke ab e CNARDT A

The PCR pr! ~Cc 1 ' in 20 ~ 1 of [ | ut.i

c?ﬁt aim ﬁbﬁﬁé\ﬁﬁﬁ(ﬁi reaqcend Avnet ERDER Angppesimtr Bad Ry ka?*e’éSo:win‘v’mE%i "8U
Hndlll (T S oo qb 8U EcaRl T .

L) a0 A RS ey qub PR ELpeoriie fa Gt Yifocton

Pher of r heBy R TRENGY 10 St AP B B2, Gl RELeelal QYRR g,

sol uti on7?yor@f~g Qilﬁ%- 10 MM TrisHA (pH 7.4) and 1 nmM EDTA. In the sane
manner, p asm d p 9 (1 ,ug) was digested with HindlIl and EcoRl, and
subj ected to phenol/chl orof ormextraction and then ethanol precipitation.
The obtai ned di gested plasm d was BAP-treated with al kali ne phosphat ase (E.
col i C75¢i) (akamg oPRDRA £ #231970137-1 FhebddgTULhain Y/ -F&pa&t | on sol ution was
extracted 'wi th phenol and chloroform and the DNA was col |l ected therefrom
by et hanol pregiginkahtsting LhhaldNA-régisn df #ahyesd ménokfbmal dntibbd@ agaihstthuasan
containing 10 nM Tris-HO (pH 7.4) and 1 nM EDTA. The BAP-treated plasm d
pUC 19 (PTH:tR wh} clumsd by §aRACE method (Rtndwenobf. aA.re¢ dl. AGRc. pYat vatad (SciaUSA, 85,
using DNA Ligation Kit Ver. 2 (Takara Shuzo Co., Ltd.). The resultin

pl asmi d 6RQ8-PAA2, d88&:Relyawsky.ad.cd abaesieicdalids Res. K7, 2H19-293IMIBI)( hﬂb@g‘n Gene
Co., Ltd.), in the same manner as set forth above, to forma transformnt.

The t r anBAGE-mgthodies periarmed ying §'-Anmpliviindey A GE G (FLONELEGHGn50 ~ g/ m
e oS 2 B o A SR AR B
& hpr op. SR B IPL IR ey | APpabStspe el riRabilal dh Yffen B
sequence® g BE MDA liEif s MItEh oih bR PR TRE SloptE Bl o
~C / pUC & clediwith §r&RERIraeGipla8as 52U @ for30 mih. do &fect tiededrbdRarietiplidPbf

containing' 20 nM Tris-HCO (pH 8.5), 10 MMM 2, 1 mM DIT, 100 nM KCl, 8U

of Hi ndl e hRAamo SDNAQ (he rehilting readtor2bélefioBivad addbakata6SNEOH . , Ltd.)
at 37 Cfor 1 hour. The digestion solution was extracted with phenol and
chl or of ohydrobyre anp ®NDANfemaininpathérent @t65'h &t fofr 30minmy). e Thanesultprgesolytionawason.
The DNA was BAP-treated at 37 C for 30 min. The reaction solution was

ext r act edubje¢thd phethaio! aratiptation ¢d solate amidpurifedDACIINA. a0 precipitdtet hdhef r om
by et hanol N;])torgeci pitation. The DNA was dissolved in 10 a 1 of a solution
cont ai ni eGNVo thuwisyrthesized wepligaredstp Ampli FINMERDRnchorié thel % end By cractipg@ith (8

(00 o R R 0 R et e oSl 8 i

g: \g/gs;egNA frag of azg}% Q‘Io gH HES f)r égrrent el,ectr ophor esed otnoa 3%
Powrmel ting agarbEbRgatmer i ChER Ty N o SR ept PIsraan IR HE ST G8 g
GENECLEA ' 01 Q.1 ». T i i - :

ot it 1 on OLBlouSh ki7" Hain &:redilf alhelf35ufiesian) ke bl RARIA Jhndhesizer
solut ! . . . .

5Ap 1 o AFTHTER RN udihion sohhpitB3 Gt 0ORAYT1) BN Fris HCE (L 8SROR AMKES, . o
a_conpet gis Rk INTPs EdAﬁP'dePJ&tgﬁ,%ﬂ‘ﬂBi C1203N iR LR AmpI TG (PERKIN

. 8
transformant was cultured ovefnight in”3 ni of X YT medi um c_orﬁ ng 50 ~c
g/ m of FINER),I0pmbIESHT AREnd: Primdr (SEQ IIWNOE h{, aBl as i 1b RS reh & rieineeuR vyt
purified using"Q Aprep Spin Plasmd Kit (QA . The two plasm ds thus
prepar ed (yeEONACGI viiiah BHE.C MEG ID NO: 4) and Akdpli FINDERI AnblorGrdre lligated) wC
19", respectively. Each of plasmds MBC 1 L( ~, )/pUC 19 and MBC 1 L( ~c
)/ pUC 19 wisieh dhigerslt@b(5@1 () Bas Rlyesadd (The PCRutgaetidredas perédratironiierasal €ydar a
3% | ownelting agarose gel. A DNA fragment of 743 by was isolated and
puri fi ed Modeh48HE(Reekin ey feEMNECydigsNIndekihe coBditivas: 94, C for 45 sec.; 60" C for
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41 and then dissolved in 10 ~,1 of a solution containing 10 mM Tri s- HC
(pH 7.4) and 1 mM EDTA. An expression vector (plasmd HEF-PMk-gk) (2.7 ~c
g) was digested with EcoRI and then extracted wi th phenol and chl orof orm
and the DNA was col |l ected therefrom by ethanol precipitation. The DNA
fragment was BAP-treated, and then subjected to el ectrophoresis on a 1 %
| ow- el t45n@ca@ad6§e @é(brhﬁm)mthe gel , a DNA fragnment of 6561 by was
i solated and purified therefromusing GENECLEANII Kit (BIO1 O1 ). The
purified DNA fragnent was dissolved in 10 ,u 1 of a solution containing 10
MM Tris-HA (pH 7.4) and 1 nM EDTA BAP-treated HEF vector (2 ~ 1) was
| i gat ed ¢3bPanﬁEumarﬁrfaaﬁmmat(® of ’CR pstduetich of plasmid MBC 1 L( ~, )/pUC
19 and MBC 1 L The ligation product O\é\{aqs?é troduced into a

Gt

19.
conpetent cel | <Ef) the QNA fragments amplifisd by GIF B edpheve Wéﬁ%%ﬁ%t
was cultured in 2xYT ne

From t heP %%gqroﬁer@ég‘eﬁ?ﬁ"p}t%%s%ﬁ’%g :3%1 netvgmag‘agﬂmﬁ%ﬁ@cglﬂpé’é%n%ﬁm | asm d
B N 5 BT e AT
KCl 8 I k 2 f h

S L:J dﬁi\]‘%t gr‘?e (&c?% O%r%g%p%%%%lsregg@t% ona%aveE#'ho ftfvgél S% g agrre g gfz °
5104 219
oave i ouperdd ol UGB e ARIA MIREILEOr inferl R RRUIARECEEARI K OO
the r evefnsd%ctg{]eﬁ% Rith e lng-@@ct%gﬁi@lﬁheﬁhﬁ”thé’ﬁﬁ e (Purrﬁ?%q ﬂIQArWé’seprtaaﬁltated

fragment correct orientation was designa

pl asm d Wi ethdnbl, and MR Al SrebipitatyRiak didsokvelline0" ulofa leaﬁﬂh doxﬂ(BinGlgll(LﬁlM~
)/ puC 19. (4) Tr ansfection of -7 cell To evaluate the antigen-binding
acti vi t yTeisICle el tandllimMBDEAL | \Art gliqubt (Iheu 1) loif ther DI Aasul utiodweasdigedted
expression plasm ds prepared above were separately expressed transiently in
a COS- 7 with|a regthietiom alwmmxn@kﬁﬂ@sﬁne}andelolhbS)@hﬁﬁerﬁl &rdnhqlb@aﬂwhvas
performed using each of the conbinations of plasm ds MBC and
MBC 1 L digested withon resiaichpm engyme E@RI (W@r ﬁémsm‘ﬁacbsl )lata% QB"@!LI beunc The

)/ neo, by co-tansfecting a COS-7 ce h the plasm ds by el ectropor

usi ng Gefligestinmssolutiqn waa%tﬂljactemfh Plseml md ehlarofprasand then pfecypitaiedyyithg

dded t 0.8 nm; 1 10 I1s/m PBS .Th

?esﬁl ti ﬁ&aﬁtﬁﬁﬁﬁﬂéssgggﬂlzho& gh pul ses ai( an efgct?ost;tzg capgci)ty ofe

1,500V and 2 ~ F.t. I t Q d

oo copr S0P YEOFLER AP L A PR O 3m

(G BCO ?{g‘&%ﬂﬁ Qg%r?e/engha !Lgﬁﬁaﬁr?i/atle ! fesp &'ENETZ( %ﬁ%am@d"%o{lmﬂlch
ure di t

cultured uUsing a cmec In a |ncuba After culturing f
72 hour s hadaf BebRI RcoplAbA dqRhce RS thed bRTARTarAfhal fRbEitiA Seljlehcé SMTTHES'
cell debris, and was provided for use as a sanple for the subsequent ELI SA
In this pﬁ@cedure, the purification of the chinmeric antibody fromthe COS-7
cell culture supernatant was perfornmed using AffiGel Protein A MAPSII Kit
(Bi o Rad) in adberftaRiXmal DNuhftagmeits cattaioing d genk edestlingintonse Kr¢hair( )
ELI SA (i) Determi nation of antibody concentration

region and a gene encoding mouse L-chain V-region, respectively, were separately ligeted to

pUC19 vector that had been digested with EcoRI and Xmal at 16° C for 1 hour using DNA
Ligation Kit ver.2 (Takara Shuzo Co., Ltd.) in accordance with the instructions included in the
kit. An aliquot (10 1) of the ligation mixture was added to 100 u 1 of a solution containing
competent cells of E. coli, JM 109 (Nippon Gene Co., Ltd.). The cell mixture was allowed to
stand on ice for 15 min., at 42° C for 1 min. and additionally for 1 min. onice. The resulting
cell mixture was added with 300 11 of SOC medium (Molecular Cloning: A Laboratory
Manual, Sambrook, et al., Cold Spring Harbor Laboratory Press, 1989) and then incubated at

37° Cfor30 min. The resulting cell solution was plated on LB agar medium or 2xYT agar
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An ELI SA plate for determ ning antibody concentration was prepared as
follows. Each well of a 96-well ELISA plate (Mxisorp, NUNC) was coated
with 100 a 1 of a coating buffer (0.1 M NaHC03, 0.02% NaN3) suppl enent ed
with 1 ~c g/m of goat anti-human 1gG anti body (TAGOa, and then bl ocked
with 200 a 1 of a dilution buffer [50 M Tris-HCI, 1 mM MgCh, 0.1 M NaCl,
0. 05% TueeliuRQMdAedi220MaiNdg: A 1%bbeatonyeMserals amhtroolt,ret (BS291d Spiing HkborEach
wel | of the plate was added with each of the serial dilutions of the COS-7
cel | culltabosatsnyfressal 28%) contaiing éitlead G0 of 50 he gihl okarmpicahn,i bbdiMof BREGbeen
expressed, or added with each of the serial dilutions of each of the

chi neri andri0i hoglind of Pegalsand theminsubated etB T oCnovemtighip| dn ghipamnpercBbealed at
room tenperature for 1 hour and washed with PBS- Tween 20. Each well of the
pl at e wasansfoemantddeste pigpared00 , u 1 of a sol ution of al kaline

phosphat ase-colr%éjgat ed goat anti-human_ | gG anti bodj es (1TAGO. After the

pl ate was i ncubbg Gepsfarmegtsnvere spkvigd @ 871 §r overaight inahml RASReY A%t [imedium

oy o N e T

i 4 i M I R I d
e e R L
o S TR TR Pt B g e O pubstance (1)

determ nation of antigen-binding ability was prepared as follows. Each well
of a 96-well ELISA plate was coated with 100 ,u 1 of a coating buffer

suppl ene i : l}ﬁ@g R - (Peptide Research

I nsti tut@??gg%ggk%rﬁgﬁéﬂnecga#t 2883%&]?(\(;#%6%? lution buffer. Each well
was added w t hrgaghicidtidenBqedick aF tHé DN A Q8ingfrefi0f chied bnGRE blasmid whe
supernatant in which each of the chineric antibodi es had been expressed, or
added w ddediabd if DNeS&giehedr 303 AWABINBerlin-Elnér) afing MeyecTermirata Gyelé bodi es
per se in a purified form After the plate was incubated at room

t enper at Seqeacidg it (ReckiniBlmePBS MR Brinzd Me@akamdhiuzo Cot, Had p(SER RE¥Oadded
with 100 a 1 of a solution of alkaline phosphatase-conjugated goat

ant i - hunaid M]3 BrimerdOd (Eakarartaap . Conf kidr) (EQ B BiQs 6)aere weediss tleipritners din
tenperature and washed with PB S-Tween 20, _ each wel ] ﬁf .the plate was added
with 1 npaveneng.and hepycigatids sequanss was sprfipmedan the bothditeghiisny| phosphori ¢

acid, SIGW). e sol uytion was neasured..on its ot bance, at, 405, pm usi ng
M cropl ate Rea}gf’ pfagnbcs pOHi§inIngA gene fogpding mouge "fsrlﬂ’fﬂl TR dceﬁ¥‘°'q:ﬁ'f)’f’?eri c
ant i bodi had a Ll to bind " Hr -34) .an he ¢ d
nouse angﬁ?fb(gﬁm\&%g?ﬂh?ihﬁﬁ %gngﬁs?r g@?@ g][—[ E%Ctagcrl étie r? ?—%ﬂ% Cg?{.a"ﬁ?g vvgg&al so
found th wast RRaifi f&5 J is b 1 ) shiRg_it - 34)
bet ween Ceotdc I?rlgrl C gﬁ%‘?&@%?ﬁ“’@c&%ﬁ2}?@&%&%#%?8?#2& loﬁaggr%‘{@ﬁga

chi meri cromic ody. \Mrh@nbcw&?derseq-@e&eﬁ(iﬁc}ﬁdiﬁlggh@ébneEb&ﬁcﬁﬁ%a@ﬁnot zibﬂ_ismégﬁéﬁcégd
anti body L-chain ~, chain was used for construction of the L-chain Cregion
of the hypiRigead eadtidi mdg #E845ab137s hamiBodgfdetivEd Eethain Vargvariaplamid
stabl e production of chinmeric anti bodies To establish a cell |ine capable
of produddBQ1HD¢ and ihesgene eacudikpdhic esowst #BB15,7-137el atthoelypleeivad EechaipV asgioon
plasm ds were introduced into CHO cells (DXB1l). For the establishnent of a
cel | |iné plapmid MBS 1Howersishgwntie SER). AN es: §7and 68 respestizelyy , Th¢ amino agid
the follow ng conbinations of the expression plasmds for CHO cell was
used: 44 sequeBcsiofibepplypentives frdhaH-chain Veregionyand dlae Lphainvi-region mermilioyamH0 1
and MBC 1 Ll(i ~C l)I'\/gqr)leo. A CHO cel |, was co-transfected with the plasm ds by
el ect r opdt SEQuID NPHF0@BA 45 PgsRetiveli 0 Rad) as fol | ows. The expression

o o ST b B it KEACLAML AR LB S R o

er e subpitu NBELEE ReitissiEheb B SR cou 489 B ARIL TPl BiotHERg 2
j - NG .

(1x10 " cSpnIPRUE R 20TirefisudF, . TRHSERSY Bl VT AR dopoli@a fiirhe

el ectr OStt&EdsconﬁQ ﬁﬁhéﬁéspf re&t’y?q(np B¢ RAGhraP 1itifute §‘1‘ %g{sizi%gcéﬁ%rﬂ} HQﬂlaﬁ-;Igg'gx%?(%;gyNENa

period at roomtenperature, e el ectroporate S were suspe

medi um ( i 0% ; 1- r j.
suspensi (C)Ané% \%a)z Ogu tg{rr %&Qﬁg%%gﬂn{dﬁlﬁeggn%gé&é?ﬁlp a%’(eﬂslg%%ll cczi);%%el' ﬁsﬁgth%gﬂ ’

i ncubator. On the day follow ng the cultuz'si ng being started, the nedi um was
repl aced by a sel ective nedium|[ribonucl €osi de- or deoxyri bonucl eosi de-free
MEM a nedium (G BCO containing 10%fetal calf serum (G BCO and 500 ng/ m
of GENETICIN ((Al18Sulfate; G BCO]. Fromthe culture medium cells into

whi ch the anti body gene was introduced were sel ected. The sel ective nedi um
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anti bodi es was scaled up in a roller bottle using ribonucl eoside- or

deoxyri bonucl eosi de-free MEM nedi um containing 2% U tra Low I gG fetal calf
serum On day 3 and day 4 of the culturing, the culture supernatant was
collected and then filtered on a 0.2- ~c mfilter (MIlipore) to renove
cell debris therefrom Purification of the chineric antibodies fromthe CHO
cel | cullbamaki,Jegpae) nattagustids 1 9@, fundersitie sicesyi FROROS BR Nt BP 15628 €l Eacherichia
(Per Septive Bios stem&)ﬂ on ConSep LC 100 (MIlipore) in accordance with the
instr uctdod)\rJMl(?ﬂ:&/MH@di fi) andeFKRM BR+562p der Eschearidhia aeli V188 (MK [ wer e
provi ded for use as sanples for the deterniination of neutralizing activity
and for espech¥eldi nati on of ther apeutic efficacy in hypercal cem ¢ nodel
animals. The 45 concentration and the antigen-binding activity of the
purified chinmeric antibodies were determ ned using the sanme ELI SA system as

set fort bove. [REF CE MPLE 4]  Copstruction of humani zed anti body
(1) cOns@P@dqw%wnwgm%@gﬁl&q%ﬁﬂ%@&%wdm) Construction of

humani zed H i - ion A hu ized #23-57-137-1 anti body H chain was
produced by %&%Fé#f%@‘?%&uwmﬁ%y means of PCR nethod. For the
production of mani z6e -o¢-137-1 .antibody. Hchain, (version. "a")

havi ng FRs der??/‘ggn%‘% bnmgﬂrlﬁ%%i agéég%%&éalg%é%g%%wal& cstlm}??gw,lﬁ%.toM et
al ., Eur : : - . Qh:L oW j i

ver e useih QYRR bT which hat ol idfpedd R Hpgioh VR PR ot R B AR T
(SEQ I D &lond '.e.(Mﬂlerﬁ@xﬂhﬁ’g’ﬁ&&nﬁniﬁg@%ogﬂﬁlmpeqﬁghnﬁm adygger%leh@?of(tQEQ
D NO 25) and MBC I HGP4 (SEQ I'D NO ) (both contal ning an anhtisense DNA
sequencepRs arlelreRtivalivedil cpRérabdivitdlethd amddo 5did 6&lRh&IENhe CDREKHRRBE ON
both term nal ends thereof; and external primers: MBCLHVS1 (SEQ ID NO 27)
and MBClédRnd]lphighlvaribbility € atag \B. Agetaal h dS@juegye 6fProteins@Rngh@ddlogigalpr i ner s
MBC 1 HGP 1 and MBC 1 HGP4, respectively. The CDR-grafting priners
VBC1HGP1IntdvBE1, RS DepiviBieslitesd duhantSerdicé4P28¥er e separat ed on an

ur ea- denat ured_pol yacrgl am de gel (Ml ecular Coning: A Laboratory Manual,
Sanbr ook, et alnvieggfdhespdagis thishempelopy iwaminer acidbetween thgddyegiantiofther act ed

t herefrom by crush-and-soak nmet hod (M) ecul ar ¢ oni ng: A_Laboratory Mnual,
Sanbr ookmogge mpnoclenal gnipodyagainst ynan BEHFER wes detoprained withargjerpnpertp dhe
follown nner.. Each.of the - gr.aftin J er.s 1 nmol e) was. s at ed
on & 6v6 SRSRBRRE PE AT 4 s o piodiesbuBlinel B K L. I bR GDRs of
resultin QM f. t . f ing a desired | ength was

i denti figlg on %5SI |H§§%tgeg?“ iﬁspﬁg{@pg@]?\r{r adi ation of UV ray and then

col | ected ther 8‘5& iRy adtd Eﬁﬂeﬁ&@'ﬁ@%m—tshﬁghe ngﬁle&s-%éi%W%SE%H) .

dissolved in 20 a 1 of a sotution containing 1 Tris=

M EDTA. NbbeseR I, fapédtivelyiasd BRI nfindaeidushihcEa6PEBREN -3 afthe TRKR4ia VBhuzo
Co., Ltd.). The PCR reaction solution (100 a 1) conprised 1 ,u 1 of each of
t he abovgegignire @hewn GDREQIEf No§1%246 64, respentivelyVBC 1 HGP 1, MBC 1 HGP2, MBC
1 HGP3 and MBC 1 HGP4, 0.25 mM dNTPs and 2.5U of TaKaRa Ex Taq in the
buffer. The PCR reaction was run for 5 cycles under the conditions: 94 C
for 1 mn., 55 Cfor 1 min. and 72 Cfor 1 mn. The resulting reaction

sol ution_was added with the external piableds MBCIHVS1 and MBCIHVR1 (50

prnol es each). Using this reaction mxture, the PCR reaction was run for
addi ti ondrreg@ercycl es _undSEQ Ha NQne €BRdi ti ofPRIhe DNRRF agment t hus
anplified was separated by agarose gel electrophoresis on a 4% Nu Sieve GIG
agar ose CFEpRiIBVoregmoduct sP7 An agar dds3seg 6@ont a?%ilB§ a DNA fragment

of 421 b exci sed, and _the DNA fragnent was purified therefromusin
GENECI_EAKH‘_SLE%}_K‘I@B@% 1.0 16§ Ln arrnzg’g’r‘}re \A/islol"ﬁ(fhp i $19%icti ons i ncl udgd
inthe kit. The DNA fragnment thus purified was precipitated with ethanol
and then dissolved in 20 ~c 1 of a solution containing 10 nM Tris-HC (pH
7.4) and 1 nmM EDTA. The resulting PCR reaction m xture was used for

subcl oning of the DNA fragnent into plasm d pUC 19 that had been digested
with Ba ' [, sequent | he nucgl eptide sequence of the
resul ti mﬁggﬁw&gpﬁ\é%grﬁKté)’(?sg'*%&né’é#ﬁmﬁ’é{%%@%f’% correct nucl eotide
sequence was designated "hMBCHv/ pUC 19". (ii) Construction of Hchain
V-regi on of Humani zed H-chain cDNA To |igate to cDNA for humani zed Hchain
C-region ] £ ar. ni.zzed H chain V-region constructed in
t he abovélc)s %%Str&ggﬁm%%c%@%@ngbﬁgd. For the PCR nethod, a backward
primer MBC 1 HV S2 was designed to hybri Q'?/ze to the sequence encoding the
5' region of the | eader sequence for the V-region and to have a Kozak
consensus sequence (Kozak et al., J. M. Biol. 196, 947-950, 1987) and
HindlI1- and EcoRIrecognition sequences; and a forward prinmer MBC 1 HVR2
was designed to hybridize to both the DNA sequence encoding the 3' region

- RN I A o




The PCR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.)
and a buffer appended thereto. The PCR reaction solution conprised 0.4 ~. ¢
of hMBCHv/ pUC 19 as a DNA tenplate, 50 pnoles of each of MBC 1 HV S2 and
MBC 1 HVR2 as primers, 2.5U of TaKaRa Ex Tag and 0.25 mM dNTPs in the
buffer. The PCR reaction was 47 run for 30 cycles under the conditions:
94 C f ofi) CamshuctippofdiichpinlVr¢gion and 72 C for 1 min. The DNA fragnment thus
anplified was separated by agarose gel el ectrophoresis on a 3% Nu Si eve GIG
agar ose (FMC Biodigats WrncpPyessian yertos syypang a gsmmicdPNG of orpensi-ghaa - of 456

R AT TR U I S TR L
e oo B AT S S S RSB BB LA
T, 2 ERT T O PSSR LISy 00 RS B O
with Ec qgﬂzg?’lgn 3 seﬁﬂgrtc%ﬂﬁ%aélb%a.rﬁiﬂ,' 1.9, Bgﬁgw&#%ﬁ%ﬂﬂ a Iftlﬁ,glé}kai .

result, asm d was ‘obtai‘ned Whi'ch contai ne ncodi hg ‘nouse

V-regio [ hyhr § 23 Iz t £l ~4;and
i | e e B R NG RVERE @Rty i

Apal - ang amh-gegﬁ@ﬁeiehbmngﬁme%g% &Mthé Degion hfdioAhve BBICHdNRS spigsd gnat ed
"hMB C 1 Hv/pUC 19". (2) Construction of expression vector for humani zed

ant i bodyselthdiltaiaid BB Drdoinifidh deduefddNA THRIFOR Béactios dpedamasdosifgor hPM 1
anti body H-chain was digested with Apal and BanH to give a DNA fragnent

cont ai ni TeKaRaATAq EGkentShueo Cai,1itd] aad Baffenampandgl thbetdt chia PCRsokagoon.
The DNA fragnment was introduced into plasmd hMBC 1 Hv/pUC 19 that had been
di gest eccomnrisedgar SQndl) B g of hlasmist IQIB@H{QA assniechplate DN Hhpmelgs ohMVBC 1
HcDNA/ pUC 19". This plasm d contai ned both a DNA encodi ng the humani zed
#23- 57- IMBCll-aard H ppoles A MBC-Slaasi nsinerpd- 3U plAaK AR a Fxnkpatand OxddaM dNERaI n

oot on. aRdSbUBEH £ St 0 46T ERREHL a AR ThEBCR TS LAY st
ver'si on et e BpdoRS P CE B RN RIS FUTNAMEU o Sk 28 1R LOH 1 D NO.
ai gost ed T ERRRpATELRT YEReBOE BN A iadhudf 2o ilforhgifion
ol asm d one e T d e M ATt oR and BanHi . As a result, an
gé glr g:‘] Z It g 3 Pl apRer] ah Qpards ETRBEAEH RARtailRgY DIRA RihRLDSU3 MY Whs ¥assed, and
the DNA fragment was purified therefrom using GENECLEAN II Kit (BIO101) in accordance
with the instructions included in the kit. The purified DNA was collected by ethanol
precipitation, and then dissolved in 20 1 1 of a solution containing 10 mM Tris-HCI (pH 7.4)
and | mM EDTA. An aliquot (1 x 1) of the resulting DNA solution was digested with
restriction enzymes BamHI and HindIII (Takara Shuzo Co., Ltd.) at 37° C for 1 hour. The
digestion solution was exﬁracted with phenol and chloroform and then precipitated with ethanol
to collect the DNA of interest.
The obtained HindIII-BamHI DNA fragment, which containing a gene' encoding the
mouse H-chain V-region, was subcloned into pUC19 vector that had been digested with
HindIIl and BamHI. The resulting plasmid was sequenced on DNA Sequencer 373A (Perkin-
Elmer) using M13 Primer M4 and M13 Primer RV as primers and Dye Terminator Cycle

Sequencing Kit (Perkin-Elmer). As a result, a plasmid which carried a gene of correct
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"hMBCI HcDNA/ pCOS 1 ". To produce a plasm d used for expression in a CHO
cell, plasmd hMBC 1 HcDNA/ pUC 19 was digested with EcoRl and BanH to give
a DNA fragnent containing a DNA encoding the H chain. The DNA fragnment was
i ntroduced into expression vector pCHOl that had been digested with EcoRl
and BanHl . As a result, an expression plasm d for the humani zed anti body
was obt aiuekdtidekeqiznvasoddsigghatmedse HMBEINHE bbEop Geiited frorh ybadomt #RBH5i7on of
L-chain hybrid V-region (i) Preparation of FR1,2/FR3,4 hybrid anti body A
gene f orl¥heakdkhinydHigll-rebegnitidrasaqnendecint afRszak sequeachomitn b zegioarani body
and FRs from a nouse (chineric) antibody was constructed, and eval uated
each regBamHigecoghsionsearinzaon its 3' Tegionhvas ahtaiped, avitiglowasidesigniateddy havi ng
FRI and FR2 both derived froma human antibody and FR3 and FR4 both derived
from a nBUBE1HPUEEAY was prepared by utilizing the Aflll restriction site
| ocated on CDR2. Plasmds MBC 1 L( ~, )/neo and hMBC 1 L( ~. )/neo ( 10 a g
each) were separately di gest ed in 100 ~c 1 of a reaction solution

containing 10 mM Tri 10 mM mM DTT, 50.mM Na(Cl 01
% (W v) G Gemaasiipna 3 T b ATk rqgllmtfpauaéﬁpara@ﬁ 25 EﬁA-wﬂe&fyn%e@uma@ berg
hour. The re hon solutions were subj ected to el ectrophoresis on a 2%
Iowrrelti ng aéi' gel thereby gi vi ng DNA fragrrents of 6282 by (referred

o ms e L " NI bIeIA b BEALARH H MR c i € ATHAONA RIgIEE L L
(referred o ﬁschaﬁ2 )re% %Qﬁc@d%gg&{ﬁwgbﬁé as modifidE By P-&@%EANI' At

fragnents were co purifi romt ge S usi ng” GENECL

(BI OL01) a&%bd gﬁmfebfmc ﬂHVBQ é@Eé 1D"ROTSNoS the - re?an onsksiphs) BARndd Bat ed.

The DNA ragnent was extracted wth phenol and chloroform “col |l ected by

et hanol RipBfeRichPéf tAE secdnd alniedadid e5phrBEhe) Hf the sedhehcdéncddi@! thd fiofit part of
containing 10 nM Tris-HO (pH 7.4) and mv EDTA. 49 The BAP-treated c 1

and h 1 {iAeddengeprhéce ¢f the &-dhabaVhegivarty dly¢ia¢ el tochdvhe KnzakedneAsusNA
fragments (4 a 1 each), respectively, (at 4 C overnight). Each of the

| i gat i ons@enkcectieozakbMi ettal o dudel Biolt,d 98, 26RHEQ, dﬁB7)c%1lemfiIIE and(ﬂquIJM 1009,
to forma transfonnant. The transformant was cultured in 2 nil of

medi um ctﬂ@pamﬁpngewnmg/ dt fasardpsiraen MBE1HVR2{IBR IRYQ: 1P der iher Chéne V-

| d f d Pl d fied
Pl S 4 Fettotgs disSepetiio Bibrtizh ok DA Bhabencsrreptine tiny SHPhP RN TeonNe
T HC d.eit
Shuse Cochdtding b regwnoqﬁgsdmfgwm g BEratd ShrpfirecSmfiBR st ees™

k h )
LT was 11 ot dHeRSH HabidH wif portdsfild b ok okl PAEFaIRERD gﬂuwﬁéaaﬁ%t?gd of
5560/ 12464488, BhehBd &@Fet&pame ﬂcm%meﬁkoﬂbnsé@@epm B 16,6 50 iy (by

the BanHl /H ndI'l'l digestion). Based on this expectation, e desired

pl asm ds MBCEH Rspimm §d £mplite DA FEHhoRs hSﬁMB(L‘lIQVSth@QObhﬁ)léELUan

FR1, 2/ nouse F hybri d ant| body L chain was designated "h/mvBC 1 L( ~
)/ neo”. MMBCHHVRZ & primes, 2.5UE TalaRh Brelafand OS5 aMleLdNTEoi the boffer) aver
obt ai ned reconbi nation on a pUC vector was performed and then the

resul ti ngvmeitﬁﬁrbul ofintingraloliwas lagered! ofbel PCRt reactioBFassan forr 30 ¢ysleshinder the
procedur e, a‘gl asmd hMBC 1 La ~. /pUC 19, which contained DNA encoding a .
humani ze&onditiphs@¢° LCderal min; 58 giCofer Limie A2’ afyforhinie aEh@Dl\bﬁofrag@ﬁ@ms,
and plasmd hMBC 1 Ld ~, /pUC 19, which contained _a DNA encodi ng

hunani ze@xrmliltﬁea@ayhﬂeﬁarpwwnw@gp sepagatethb &ﬁgaaﬁf%el 5@9&%@5%@:@%% a¢a ke

2ocor aaniElGsos aL Ml Bio. Srofeisdr s Thero i o6 a%r’o?%%ﬁ ééé%%g%ﬁ‘aéf@%‘i'gms

L P ) pursemsif b5 B Weg eilsednol SR I troeo thpaliiiea hireiom Rty o
DT 28”%@@%%&8%?%6 Rfefiahg Hithahleductong N iy TN
C for H@O% dBT@AWé%%}c{?@ta?QA Eth%ﬂﬁn&‘?&rﬁ tﬁ&pg{s%%r gzgglmfe&dsomlon

el ectropHoresis on a I'ng agarose g giving a

fragment g ta%ﬁﬁ%lzgr%y%p%@ggﬂf M%%JIHM'EDTAPUC 19 (referred to as "c2"")

and a DNA frag each of plasmds hMBC 1 La ~, /pUC 19

and hMBC 1 Ld ~The reshid@DNAEAuSE(It & @pwadidigdsted with@esttistioh enzymes EcoRI and
respectively). These fragnents were collected and purified using
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50 GENECLEANIl Kit (BIOL OL ). Each of the hal' and hd 1' fragnments was
ligated to the c2' fragnment and then introduced into a conpetent cell of E.
coli, JM09, to forma transformant. The transformant was cultured in 2 m
of 2xYT nmedium containing 50 a g/m of anpicillin. Fromthe cell fraction,
the plasmd was purified using QAprep Spin Plasmd Kit (QAGEN). The

pl asni dSnidi(Fakareprad el @. )cbe§7gr@ltf@dl Horh MBI digestion solyldg & extracted he
hal ' fragnent-containing plasmd and "mhMBC 1 Ld ~, /pUC 19" for the hd 1'
f r agmentwitopteab hanchbdrasarimdandehem precipitatedpyidisetharl e hNB(C,t thelRNA, /TheC 19
and mMhMBC 1 Ld ~, /pUC 19 was digested with EcoRI. The DNA fragnment of 743
by was @Ib@@mfrdoﬁfmﬁie%éﬂ IaNAafragmerrtsmbuch|cargta@g£@g@egémodlaa@qm@wed&cm@t\éd
and purified therefromusing GENECLEANI| Kit (Bl OLO1). The resulting DNA

f r agmentregign, Wasswibrlpaed into pHCLE vectsr that Bayd B?@Fld%g%&ﬁlt‘éiiﬂh EpgRhandmyaty | . dheg

Lo 1 ho ABBHGHRED Q?sasﬁgﬂé:q@sipgéﬂﬁg%\?@%{cs A Bpeykin Tt vopha MIA Tl Betuct
E
(T ans o S%Eﬁvmahé? ; “txéﬁnwﬁmf@agﬁueycweIéf?l’ﬁ%%{f%ama

containin

f | h i | d
ouri 11 o AgTaig Mg BId A s Bty tRelfive wRhes et MR B

AT S?ﬂéﬁ%@ﬁﬁ vl brtiofh 12310007 PR ERIAEe R BRI fion
(Takara g ‘Eegﬁhd a kbshk's egﬁéhc%ldnq{s ﬂéﬂlor( IRk APA- ShW BfhafPecoghiti®nkeffendds dn

for 1 hou I't was expected that if DNA fragnment was inserted in the

pl asni d jign'ge &4 HaS bbtalne@ WhRich s de ?ﬁat%@ll@[ﬁ@l@ﬂ/}d@@'ld" .gi ve digestion
fragnents of 5104/2195 bp, whereas it the DNA fragnment is inserted in the

plasmd in the reverse orientation, this digestion would give digestion
fragnments of 4378/2926 bp. The pl asmd DNA was identified based on the
expect at(iiConshractdrmsiaxpsestion vectot firrvhtmenir antibegy Esehiaim vect or s encodi ng
nouse FR1, 2/ human FR3, 4 hybrid anti body Lchain, which were designated

expr essi on vectdNA confainpethe DY A-for humen anikpdyi+ehai Q-ragionC v 1 wegprepared
respectively. (ii)_Preparation of FRL/ FR2 hybrid . anti body 51 An FR1 / FR2
hybrid a#stflews valNs) spapepared frome addie criAHervhich eh ap&ﬁpwsa%vector

) Z) h'ebi;ﬁfﬂﬂﬁﬂa%?éhi’hﬁ'?@‘?? R0 42?1)47%5?%&%3%‘@ %oﬁgp@?% B %ﬁfﬁ? B
a (0] Le L, on 0Ut|0 Cont

MuCl 2, TP REChian Viéaom ahd fogingitbody ot I Faghespi QAL
Furt her Grdrez) -G, 2 itap %XB%E%S‘% FoGol BY HEMIGEERF0 00N 0730} breBtBR IR 2
(pH 8. 5)% n%ﬁu@ﬁl\l@gfzhurﬂar{%dWI aﬁﬁ@odﬂ%ﬁ‘ém \ﬂréklor?/ar{d’\ﬁﬁéﬁaxpintﬁgﬁy a0¢habl) of

Pvul at 37 C for 1 hour. The resulting reaction solutions were separately
subj ect et tchaigl @eédiophat Behdnwodiked.. SUsinguhemRN AgDIjArc0aRiIges thethnaraained
giving DNA fragnments of 4955 by (m) and 2349 by (n2) fromthe plasmd MBC
1 L( ~, PMiemtibndy BNAain ¥eepiohsind fthed@bbarbgntibody C-legimdC 234@adhglofdihipy) RTr om
the plasmid h/ MvMBC 1 L( ~, )/ neo. These DNA fragnents were coll ected and
puri f i edP€Ranethbd, ayldltbenm‘bnl@n@iiﬂmlaémud PUCH9 el %QPEOCHI) BamilIsitof ARer DNA
fragments obtained was dissolved in 40 ~c 1 of a solution containing 10 mv

Tri s- HC sqqpencing)a plaanid whieleiprathe Taereet nuglegtigprpequengenwsn ebtgined, whighhway wer e
T gated Eigséng?edh W%\FH‘IQM”{% C{)E\ﬁg,nent s (4
An expression vector DHFR- A E-RVh-PM-1-f in which 1lboth a HindlIII site located
between SV40 promoter and a DHFR gene and an EcoRI site located between EF-1 ¢
promoter and a humanized PM1 antibody H-chain V-region gene had been deleted, was
prepared for the construction of an expression vector for cDNA containing the humanized PM1
antibody H-chain V-region gene and the human antibody C-region C vy 1 gene.

The plasmid obtained (pRVh-PM1{-cDNA) was digested with BamHI, blunt-ended
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,u 1 each), respectively. Each of the resulting ligation products was

i ntroduced into a conpetent cell of E. coli, JM 109, to forma
transformant. The transformant obtained was cultured in 2 m of 2xYT nmedi um
containing 50 a g/m of anpicillin. Fromthe cell fraction, the plasmd was

purified using Q Aprep Spin Plasmd Kit Q AGEN). Each of the purified

pl asmi dovitlaKlenoyefagsaentamgfurtheridigested wish Elindlil, demehy InaisBigablanhended mv
Tris-HA (pH 7.5), 10 mM Mgd 2, 1 nmM DTT, and eithetr 8U of A;?,al (' rakara
Shuzo CATinAIH-BayEbrraamen. ABhe pluptrendsddindlllBamsil fragrent wes igated tp She 1

g?;%ét | Ghove: efx igﬁéﬁlﬁﬁdﬂl"f%it%-fear%f?%%é%ﬁﬁg%?ed“ﬁe%ﬁesls%g%&%f ﬁf@f%% EfYar on
5360/ 1246/ 498 . . | di i . -

voul d g0 e e fesad i ingty BT BRET, i qeerPleny S YT PEE B o o

3535/ 2025/,1248(A498 b Ll di | f ng. . &N

expeot a9 NG Braeld et ER o e PV R PEUSNS

(dosi gnareaim B R o R R B O e P assi on vestor encoding a

rouse ERL huafy FERL e R RN FADNK Ebidiiks 6RSDNA dRsiasiec

"mhmvBCl L( ~ wer e tai ned. (4) Construction of humanized anti body

L- chai n fyrhatiedd 299 aidBody HIRdinlv 28ibR ady the Hihdin antibs dp CeiegiondC byl was
CDR-grafting techni que by nmeans of PCR nmethod. For the preparation of a

hunani zeglpéstct with in@BhiMIgnd a DM Rrafvertsdontainiag thé HadhaitoOiregioadvasR 1,
FR2 and F derived from human anti body HSU03868 ( GEN- BANK, Deftos M et

al ., Scagullectkd therefioml . Thd9esuBinglDRA fiSfdntaved ifiRddwbed iinte dhef plasmituman

anti body 525755 (NBRF-PDB), six PCR priners were used. The six prinmers were
as f ol | oMBCIEDRpYICAPtthatdhagd beeredigesi@iwithlAGRI and SEBQHID (Kbe pomid tlsusiypepared GP3
(SEQ ID NG 30), both having a sense DNA sequence, CDR-grafting priners MBC
1 LGP2 (wsmdesipnamd "MBC1HeBDNBeULC 10Gp4Thisptasnid gentaiped BNGPRing e apouse

e
d MBC 1.L SEQ.I1 D NO. 34) having.a h he. CDR- fti '
or rer s Wigalikegsnitionrarcet o0 €64, RS A BEMIL e g sl TR e

MBC 1 LG 1. MBC 1 LGP2, MBC 1 LGP3 and MBC 1 LGP4 were separated on a
ur ea-den’éﬁgh%d pol yacryl am de gel (Mol ecular C oning: A Laboratory Mnual,

Sambr 0ok et - al qpe (lph; ﬁcgﬂ{ng?ﬁgg_a%gfwaéhgg;ex%ﬁ%ﬁmco@m EHER! digch ed

t herefrom by crush-and-soa ecul oni ng: A Laboratory Mnual,

Sambr 0ok pg§A #agmefédnpriding's nﬁf@é&ﬁfe se@halca bRty e ThinkdfPantibeas M-ehaikne

CDR-grafting priners (1 nnole each) was separated on a 6% denat ured

pol yacr yTaereialtig DNANeagnikan twak intedduoed dito tubexfisdisién agmmmiCO$1 thathad bexah

| ength was performed on a silica gel thin plate by irradiation of UV ray.
The desi dipgstOlivifr BepRd raind BesnIEh theeetyegl vingem exipeesgion viogtor farghe elrithesio aktibody,
met hod. The coll ected DNA fragnment was dissolved in 20 ,u 1 of a solution

cont ai ni mpictowasvlepignstedMBEHHITDNA/BGEST " mHEroTHe cRpEessioR veelae PEOR 1 Wers

e emmconanatd e o T 0SB s B o s o 1
appende : ¢ a

of each of the CDR-graftin ri s _MB L 1, MBC .1 2 GP3 and
MBC 1 Leeal}eSchz!?g%%n With %‘?@P&é}‘@% %ﬂ% ‘%’Skg%lt‘%‘t ﬁ%cﬁc‘?#ﬁﬂ@'%c%‘tﬁ!aaﬁ‘ﬂ‘é
PCR reactign r f 5 cycles under the conditions: 94 Cfor 1 mn., 55
Cfor 1 ﬁi‘?iﬁara\ggﬁ”z?%%ﬁ@r)'l mn. The resulting reaction nmixture was added
wi th 50 pnol es of : i V. L . MBCLLVRL.

Usi ng th!os reagfc))Irgﬁe%%ﬂ%’%ngagﬁ}lﬁ}é&rﬁ%%é%pgg%%ﬁﬁsav\%ggrlﬁ#, ﬁlggplgs%gfiti onal 30

cycles u g\ff%blﬁlaﬁl\ﬁgfg@élg?%stdigé%&d Wit EEDYY AHPERRA 4 BgirAPNA Fagmuss

separated by agaro
containing a gene for the chimeric antibody H-chain. The DNA fragment was then

introduced into an expression plasmid pCHO1 that had been digested with EcoRI and BamHI
to give an expression plasmid for the chimeric antibody, which was designated

"MBCI1HcDNA/pCHO1". Here, the expression vector pPCHO1 was constructed using DHFR-
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el ectrophoresis on a 3% Nu Si eve GIG agarose (FMC Bi o. Products). An
agarose segnent containing a DNA fragnent of 421 by was excised, and the
DNA fragment was purified therefromusing GENECLEANII Kit (BIO1 O1 ) in
accordance with the instructions included in the kit. The PCR reaction

m xture thus obtai ned was used for subcloning of the DNA fragnent into

pl asnmi d HBGVIBPMiaf (shallv® &2 9a5 Ydst dadeting theBamtd arsardibeidp gbhd by dipesticeswith i ng
pl asm d was sequenced. The plasm d thus prepared was desi gnated "hMBCL/ pUC
19". | n BdoRg apd 8amal hndhbeveligatingtihte FdR] pdsti-Baori lahdapeora@akhrg Shnze€pohtd.ng
to the 96th am no acid in accordance with the Kabat's prescription) of CDR4
was replaced by arginine. For the correction of this amno acid to
tyrosine, a correction prinmer MBCILGP1OR (SEQ ID NGO 35) was designed and
synt hesi(ZpgonstrstiprRf hemen LechaieS-rpgiphior med usi ng TaKaRa Ex Taq ( Takara
Shuzo Co., Ltd.) and a buffer appended thereto. The PCR reaction sol ution
conpr i sdé) Rrppratigmotclaning vectar g of t he plasmid hMBCL/ pUC 19 as a tenpl ate
DNA, 50 pnol es_of each of the prinmers MBC1 LY S 1 and MBC 1 LGP 1 _OR __2.5U
of TaKaRa Ex TEyCQUplkell GHuvestansontaining ajgens tpr dunmn hplatirPsregions A&l er |

géeéyﬁ‘ﬂ‘eﬁt@wﬁ%ﬁ&?& S’hg:f%%ﬁét??.wéa%?epér’%ﬁc' PRI Sepir @ 5505&%3&%‘&8%@ R
1 mn, T ; L

el cct r opiiel o ipn SRTRE 2 2R HRHC AT 88T SRR BB i SVERT T i

Fr agnent und Do HindIR M RMIRO Lo LI ER Y SRR ORS¢ sy B g on
accor dang@nl Pad éa&raic&atwi%ﬁ&eﬁadmlglfém, And BRnklibjectth % E’t‘ﬁ%&lﬁﬁ@éih&ﬁion
m xture thus prepared was used for subcloni'ng of the DNA fragnent ihto

pl asm d wellkctInd DMA baghitdregn di gested with BanHl and HindllII. The plasmd
was sequenced using M1 3 Primer M@ and M 13 Priner RV. As a result, 54

it was confirnEkke DDA célleetgd vassreactédith 30 ey tof 4 eatticegldtivieconidigingl58aiMd  was
then digested with Hindlll and Blnl, and a DNA fragnent of 416 by was

separ at ebribAG (pd 7 Hp ho mdd iMgCh, amM WG4 00 seMAECL, T.HenIININTPagmkély ofias
purified using GENECLEANII Kit (BIO1 O1 ) in accordance with the

i nst r uct Klenewi fragnens §GIBCOHRRL) at roemdempengture for gdueiad thereby pindsimgithe ~
/pUC 19 that had, been digested w.th Hindlll and BInl. The resultjng, plasmd
was desi GBI en%wé@ﬂelgbl% gl,““?-pl]@‘i?a."“%%"twea‘%ﬁ KURES d’i"{:}bBli‘-’é’&i #d h EcoRl

to give fra nt encaodi ng humani zed L-chai The ment was

|t Poducauonl Bl s BB B ition o plco e shon R T he

humani zed L-chaj t EF . T ‘.

pl asm d t hus ogbgi"%@% Q/aﬂs%‘a%@g F%ﬁe\aﬁbgd&gﬁ%éngg) ~’f 1 %%%Etﬁ&%_oqﬁ%%n %%Xumng
sequencesd g Hyudi rle Hg 1 i f ni zed
L ohai n e TR (P76 TOSRRPRECR LA RIE Y ANEBTL S pob M
the ver sgi9Bol- 8001 snda. 5 U STMDN AN SEQ(GIB OO BRY) at F1UCHBE Z Bduls; ol dtube #f-Si on
"b" was prepared using nutagenesis by PCR nethod. The version "b" was

desi gnedligativin dfhlé védier BRApoSTiHeireactiamisoiutiaai(f gllywanelded oo 18 pehdf agolutoi he
43th am no acid in accordance with the Kabat's prescription) was repl aced
by pr ol i ecmntainthgtdoenpégenp oclis ofdh calij 102 (Mippys Gere Cogilité3 pmddheipsultinghe 49t h
am no acid accordance with the Kabat's prescription) by aspartic acid in

t he ver ss@ntiomwas FileweloR stanslaan ise fors3d) purfa dae dC & hgirp) ddlittaveity pnliee ~

/pUC 19 as a tenplate and a r_mtagenic prinmer MBC. 1 LGPSR (SEQ I D NO 36)
and a prfordrmyBCHQIS pultyngangipmn (G nae bt Wanadded thgaeactipg sekutign and theganti

Bt - 1 spbaied ot 470 lOEbout " AeTEogung sl Mot ARG CTom I ARE TBE G oo
1 i 0 o 5 SR

pl-as : ) : . ¢ ~ r
Thi s i abTinEe Lapyatis el SembRion 8 ?%ﬁigm&“’ﬁ%&ﬁéﬁwl’wﬁﬁ frcﬁiﬁlg%g)a
DNA : N . ' . . . :
" asﬁnéogfk%%e%@}}c R Rp g eriel, B R SRl e L chai 1 vas
desi gnat e~ nBRe Repgrohff: st ufta A AET mifEnROB M Cobiim BhAblIGH (e
prepar ed PsifPatBi agenReightY Fréi thetdiPfaction of the culture medium, a plasmid DNA
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55 The version "c" was designed such that the 84-position amno acid
serine (corresponding to the 80th amno acid in accordance with the Kabat's
prescription) was replaced by proline. The PCR reaction was performnmed using
plasmd hMBC 1 La ~, /pUC 19 as a tenplate and a nutagenic prinmer MBCLLGP6S
(SEQ ID NO 37) and a priner M3 Priner RV. The DNA fragnment obtained was
di gest edvanitdlaiBdmill pariflediusiep Plasaid MiheKitQbs GEMNYdn aot@daidewith theat had
been digested with BanmH and HindlI1. After sequencing, the plasm d was

di gest ednstidchioBstreludaddn therlol. HThegndified @lasesd Was dipeEiRA wWithaldimdfill. Walse | | gat ed
to plasmd hMBC 1 La ~. /pUC 19 that had been digested with BstPl and Aor51
H . The plésmsiditbattwassonfitméehtochana Wiadilhsita-deletionvBa@s designated 'ppldd 91 dvHinghil's

pl asm d was digested with ECORI to give a DNA fragnment containing a DNA
encodi ng the hurmani zed L-chain. The fragnment was introduced into the EcoR
site of plasmd pCOS 1 _such that_ the |n|t|at|on codon for the humani zed

L- chai n M§0pae%&t@a of LA epeeding Bumap Leghamn aﬂp%ﬁb@éﬁgmrhe pI asmd thus

Yo e and ° i ARy B aftoaIE EERI s FORBEIE Doy SARS RSO
acid t Sfiaé b ( MeBKs ShraliE ReCenotieks ”ﬁmglﬁbﬁa (R he
e v NREARPSLOPSA'S SERATR ! | & S Radd e S 3fRlaR BRub v
Lerci on VRS £ CHEptdn iih a3 ?PL*%%%&?’X?%SE . Shpi P Phpty EleBfion

/pCos 1 ﬁr&‘ﬂrthé’ El\@BE 'E!ataEas)e 54%53101%931{ k¥ folfid that ﬁ{mbagge M%:S PRILRGEHY the PT 1 T

MBC 1 LGP 11 R (SEQ | 8) and a pri mer NO  44). The DNA
f r agment hurharsamibody mﬁﬁla\i&ﬁsl dc@eﬁ {&ckewdibh NBax5l78 B9)QP Hbmwabh a0dl. 1166 Natl.
subcl oned into pUC 19 that had been digested with BanH and HndlIl. After

sequenci Agad. Sek U8 As8H, 09078, J087 eshowiet thd-highést degred oBhorhologndo tHee#23-57-
resulting digestion fragnment was ligated to plasmd C ~, /pUC 19 that had
been di gE¥t-ednonise h- ¢h’a'mjm | cleaind CBlegion, With agiderhdmol dgysindtrnes o‘fadlimea@'d
respectively designated "hMBC 1 Ld ~, /pUC 19" (for version "d"), "hMBC 1
Le ~, / piogQuance wfi@ﬂa{%émmloymtams oftveleotide fequenggUC 19" (for version

cont ah Eiaﬁg 2 kb aeas E@qﬁw“@% 25 attibodiLehn e %mg%}%%ﬁ?%}??? g I
i i 6 CCS 1

Do instrltaRa b B Ridledohe Eéﬁigts Yo erPl SvePS ot A0 e 84 VAR A
Gosi anot %ﬂ%ﬁﬁ’bﬁ% (4B PHRAh s IOEoREBRU S of MiRnEP LA IRER FRRE LY TEL

1" (forg (NfBB SSEQQM\IOhﬁ@Fb&%HaHm%\He aPNA sé«{eu‘aﬁcé' HAMB2XSEQ ID .

Hurani zeg a| n versions SO pr pare usi ng rrut agenesi s
by PCR nﬁbhqd) aJJIHLmBuQSEQ 19 N d4), BothVigive fdasaiiReskeINIA sehddnct@ch
36-position amno acid histidine (corresponding to the 36th amno acid in
accor danggmet tdnthihihgkeadvaiplsmphtaBCidqpéncevf 2023 treen aeadtbieriiabéndse i n the
versions "a" and "d", respectively. The PCR reaction was perforned using a
mut ageni ¢ pri nExteMBCpiimeBPHRANMBS (SBQND N89 ) 5) MidBHPAMBR (REQEfING: 6)rhall
hMBC 1 La ~, /pUC 19 as a tenplate. An additional PCR was performed using

t he PCR mqudw homedogsius 4 thecprimmess MLYSVIBi and HIMIMEY, pespeetivelian dpANEH d
hMBC 1 La ~, UC 19 as a tenplate. The DNA fragnent obtai ned was di gested
with Hi nmntmnaﬁﬁ EeelRhy HinddlIt n@Bhﬂtxémﬂwq wgbqupa@mi HIAMBR eantained ghat had
been dig with Hindlll and Usi n d as a tenplate, a
PCR reacﬁF%ﬁgﬁﬁ&Qgﬁé‘PF 6?‘11'\98‘3%&1%{‘?)#}'%‘?‘? qu_c%@n,ltg]gre(agg@sl stiesn 40) and

Nod ¢ hen HEAVEY g T A MEE e Bt TR A0 8 anl HZNER st DefiBiined) “%fﬂe Hhec
L0 = LPHGehSnLbat hadhegh il 9Est ot b degloaad Lol e plagm ds
gg rg:tcte dgﬁ@ﬂﬁﬁg oy A5G OR e VIR ol PO KR T oglgs;hiug N
| Gest o0 1 i O o e P VARSI RTBR! nirng r@a@uﬁ[gmgﬁgmg the

humani ze aln ragnent was I ntroduced into t site of
plasm d pGEdd BIER uslba}o&nt@cmédc%ﬁ &ﬁarﬁaqigrthé Al feflgth AN zed L-chain was
| ocat ed downstreamto th a pronoter he plasni ds t hus obt ai ned were
respectively designated ' hNBC 1Lg ~ /peEsS 1 (for version "g") and
"hI\/BCI Lh ~, /pCOSI " (for verS| on "h"). Humani zed L-chain versions "i", "j

“,o "k, "1t "nf, "n" and "o" were also prepared using nutagenesis by PCR
rret hod The PCR reaction was performed using plasmd hMBC 1 La ~, /pUC 19
as a terrpl ate and a rrutagenlc prlrrer IVBC 1 LGP 14S (SEQID NO 41 ) and a

A=~ 1 ™~



wi th Apal and Blinl. The plasm d obtai ned was sequenced, and the clone into

whi ch the mutation for each version was introduced was sel ected. The

pl asm d thus obtai ned was designated "hMBC 1 Lx ~, /pUC 19 (x=i, j, k, |,

m n or o)". This plasmd was digested with EcoRI to give a DNA fragnent

contai ning a DNA encodi ng the humani zed L-chain. The DNA fragnment was

i ntroduced i ntBachiRCEceHRtios wae peifformheaisusing PBORAES Ted (Takata SHveo iCoi, titdd) iron

codon for the humani zed L-chain was | ocated downstreamto the EFl a

pr onot eraCCmfdéﬂl?ﬁl withitlee mbtmections dichei¢dwatheddsi gnabheirst-round R tedckion;, 100p@dS 1
(x = |, m n or o). The DNA sequences (including the

corres po@fcﬁltrhgr ardeatiomeoluticeenrssioing)s pholeh ef HEANBMS0.S jpmole of HLAMB2and 55"

are shovvn in D NGs: 67, 68, 69 and 70, respectively. The am no acid

s equenc H@%@T%Q@k%rﬁs§}%¥% Cat.dddg ﬁb@vﬁeﬁcﬁmss@lil@l s@r8aining 0.3 pmokoofand

resp Yy d L-chain v
vvere desﬁéﬁ‘@éﬁéiﬁ:ﬂm?pi‘;a fﬁé@?“ﬁ’@glsﬁﬁé %W&Eﬁ%(wglmuﬁ@ﬁw&édﬁéﬁﬁaced

by isol eucine in.,t

These versiy ver\)@é’i"gl ?)Q/ gf’g ”lf'l;"i‘llmlzw%'ﬁgla%?{eqkor ”ghengﬁ rF%Cé‘P;‘lvésﬁg‘E?‘ng
and 1 epl %ﬁep%etaﬁﬁltﬁ)lng 994@f Cel.%ﬁ.}l]nﬁtm%pe (Y%rsl' R Iagd 12 HI(J: fdésltrpfr{:t i olr'l f ra;O"

by that e of € Version ment

514 b d
rom an exor ol theSedth %ﬁ‘}]@g’i&{‘&@"‘?ﬂg&m"?m wfaciidh sYfiipnd BT YA
the renmyRM) dat ﬁsedaave%%@cl;Sb'" u'i %C&fgﬁhéﬁl' Alwh B ?@i%ﬁt ﬁ"ﬁ%g&g@gﬁgfbnt\bfs run g‘?r

expression plasm d hvBC confal ni ng part

FR3 and 3b@clemﬁndeetlﬁ%ndnﬂ>$1sl94oacetﬂr 1 96in} he‘t ¢ h& 19hi98d Y20 fF INQiAci d
t~Crosine (corresponding to the 87th amno acid in accordance with the
Kabat' s prescr lmphe ai}d-véaumd PR eaetor)thd &@btecucsdnﬂlonﬁb&vrﬁ&ﬁﬂietdxf&n&'pﬁmﬁ was
sequenced. A clone of each of the versions "i", "] m "1" and "0" in

whi ch 91HbA=l\dBS(andi{hAanﬁt(ﬁ) jiyoles eavh) Wenerackisdmadlunql t (THelRCR fédatiosviwvae raci d
in accordance with the Kabat's prescription) was replaced by isoleucine was
sel ect ed or?ﬁéézéleﬁﬁaqlefrutwcwntsqr@n% r §sf9adtmipe|69” cEfprk pimdind g2 othblel min.

ver si ons. gg "0" were designated versions "p"

"r* and ' ', r ?)Q(I,‘{A @égvenmalﬁﬂibi’ﬂ@dhlﬁd‘&%ﬁ@ Q\Bﬁwgng\fﬂaﬁweﬂm 1 Lx
~, | pCOos 0 enc i ncl udi t he

corres poﬂa?tﬁfb‘)hﬁﬁﬁsﬁg’na‘b?%sl)’wéme%’i‘?g AGUOS§ 6‘?45&%5“,"‘3%%6 Aggrosg, Ct)"a“éir e shown

these erErane ipifiied T i 4t vanBRAATRELE AL KEQHDIOR) fragoriee VRS
respectiygl; VBl Lg ~, /pCCSI was digested with Hindlll and
EcoRl %l% Séﬁ‘%gﬁ l5one {ﬂ gf asm d pUC 19 that had been digested with

Hi ndl | | and Ecof Dﬁ@ﬁa@hﬁﬁ%ﬁa&@ﬁm@@ig@é@@% M‘@e%cﬁ'@r?é(ﬂﬁ‘l%rﬁéio W&rﬁaﬂnﬁlg

/pUC 19. The positions of the replaced amno acids in the individual

ver si onss@mMN&isFHORGIE 23),10GHR M@l 1 SoMDTTN 00aRMENZCPAdO8Y oPEsbR] Ons of
replaced amno acid in sequence |i St ngs (amno acid nunbering in

accor dan€kakegat $huzp €okd3d) 'as 3 pr €Sfor il gtouo n)The digestion solution was extracted with

Ver si ons36434547498087abPDcPdl aPDI f Pl gYhYI i YKj YKDYKV1YKVDmYDnYVoYVDpYKI qYKD

| rYDls lemmvamdwcmgmf@m and alps DA Wese ccdkestqdem@ﬁemtbyt the efhaholquecipitatitinn o

acids: Y; rosine; P:. proline; K ine, V: valine; ai~tic acid,

and | : B? M@s Esolcyéqi rn%f?qlailm(Seaeh C@@ﬁartlhﬁlml‘?]gll\él"fa@ﬁﬁ@%&ﬁ\/h@ and 1 mM
Djll" and hMBC 1 Lq , /I pUC 19 were designated "Escherichia coli JM

109 (hI\/B A DN pUC 19)" and "Escherichia coli JM 109 (hMBC 1 Lq ~, ./pUC

Trealy ot the HEF %%%?f?ﬁrﬁﬂg?ﬁpﬁeé?&%éfﬁ°§ifbﬁ€uf’&$§rxﬂtaﬂ%aé %&e”?m@?v&?ﬁfc%%é ey

of | ndushﬁ s%l-nl rngnEP &s %egg 6{{}) be})r\llgl O(ﬁ{é diJg%Etlon’ soﬁlilhon was s%%Jec ed]fé chore,

Tsukuba- s
phenol/chloroform extraction and then ethanol precipitation, thereby giving a digested plasmid

pUC19 AHindIIl. The digested plasmid was reacted in a reaction solution (50 1)
containing 50 mM Tris-HCI (pH 9.0), 1 mM MgCl, and alkaline phosphatase (E. coli C75;
Takara Shuzo Co., Ltd.) at 37° C for 30 min. to dephosphorylate (i.e., BAP-treat) the plasmid.
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on August 15, 1996, under the accession No. FERM BP-5629 for Escherichia
coli JMLO9 59 (hMBC 1 HcDNA/ pUC 19), and FERM BP-5630 for Escherichia
coli JM109 (hMBC 1 Lq ~, /pUC 19). (5) Transfection into COS-7 cell For
t he eval uation of the antigen-binding activity and the neutrali zing
activity of the hybrid antibodies and the humani zed #23-57-137-1

ant i bodi B&¢ re?ﬁg’na?@w@np‘f’@p%‘bﬁ@teéﬁﬁ pherlishlopotasmicaacitnme aek hred BN A dvas

transientl For the transient expression of the Lchain

hybri d a?ﬂlféﬁf&guﬂéﬁ‘éefr@&g’afl SO BIepPitRHOR-n gl RoHiANRUS Bbigingd yasalissobisd hiere

S - nsior i byt Gesering 13 M e Gp P A M BB DAl pocs 1 and

FCPNAT éoé""fgn L @esm%@&%wﬁ@cu FEbHiER 5ol GEE0K rhmveC
p

e PR AR s T

gaﬁiﬁ.%y <3i1ink BB RS B UbpANRE ARRILRLCMG R B SRR BBt oo <

tenper at i forkdARt. €| B  ARRY:f ﬁfngﬂdl %6&@%?%@%%? fn@dweﬁﬁgdgﬁ% ning

containing 2% U tra Low I gG feta seru

usi ng a 90- ¢ pisiWftasipicilins h Frémah&eal fra&;bblamrplasﬁm%s%ﬂlma Sl (I pfed
hours, a culture supernatant was coll ect ed and centrif uged to rermve cel |
debris. Spie Pamil KinQIAGENpr epared were provided for use in the ELISA
bel ow. For the transient expression of the humani zed #23-57-137-1

anti bodi es, pl Bsnpldsmisf othaiB&l Watisdohen@dd6r theahehed VBTA paktx  The/spg¥dhcihg (Was=
a-t) were co-transfected into a COS-7 cell using Gene Pulser (Bio-Rad) in
t he sameparfommed oasi7dédaNALRutnver {ABDnysing M 13 RrirherdVid snd BolEPrifieeRY Takara
supernat ants were prepared and provided for ~ase in the ELISA bel ow. The

purifi cabBe GF kide. hyisa rgswhil Wefound thag thermlonedrRNAZmd aahd-bpddietien thersint he
VARSI | KIS HaEl e SRR A da T BOR B ¢ eeth Aatimeline ondor e Eira@taeﬁ'ngﬁf\t he

ol i o oI M D Bk afd E?;ﬂﬁ\éﬂ (SRR B imets el syatesizeckach
coat i ng BT R OF Frige et AT AR Ru bl 1S pERRSEy PR gy - °

anti - human | gGpagt TIPQQMUI(JP@@)reé’dm)nt ﬁ@?lﬁhﬁ@@ﬁd’)’ptﬁ@@%w the ﬁNﬁ?dgl'e} ﬁél on
buffer [50 MM Tris-HC, 1 mM My M NaCl, 0.05% Tweenn 20, 0.029

1% bovi nhefef was ﬁéddltﬁ‘arteﬁlﬁﬁ&) 1an@ Eheﬁe&]honﬁﬁ&s%e@fonh@@ Wi dash WRtheafifRG sWsto?
each of the serial dilutions of the COS cell culture supernatant in which
each of HhAMBSanhd HCItMBead d3ChENMS etddeHhAlIVEBn Z eTheaPCR ppod1REs Were panipie@ssed,

or added with each of the serial dilutions of each of the hybrid antibodies
and hunesepa@telynt ingbel seeond-mowndoRER freatiof pthenP CRaproghiets Wevmsssemblehab@dheﬂ
roomtenperature for 1 hour and washed with PBSTween 20. Subsequently, each
of the thg thigdsroyad & Rireaptiam ghe-reactisin profadtiof thepicoephetuad R jeagtvredag oat
~anti-huma G.anti bod&}réTAGO) The plate_was incubated at roomtenperature
For 1 hoted ftetsianl Rt B MiECHOGLASS sedsmplijed e o RHEREh |
was addeﬁ ith 1 mg/m of a substrate solution ("Sigma 104"

p-nitrop | phosphoric acid, SIGVA). The solution in each vveI | was

Hor o e e B ALTRGRBRGFPER Aol Hkth MISAAPUR® (T BabinkE €1 S 2of ©
Dot o1 m nCHIRIECDS B0 e, URRr SOBhAIS: STARCRbARR YA PEANIES tagﬁﬁm@
anti gen- b qihmglea BF La&,yof\eﬁé @&@M@ﬂmss d{ M%%%a%p@ﬁaﬂl@%

ELI SA pl ate (Maxisorp, was coate a coatl ng buffer

cont ai ni mkﬂraﬂhuﬂé Wo. crjtd waarasé%lTHwE% \‘/hﬂzh%) (mﬁ* nhifi&al Hi %K?ﬂ'ei’!dt h T%?Q’CR‘ 1

of a dilution buffer. Su sequently each was added each o

seri al dichctiorowas i foh80 Sdes/umiet thecdsohliitiofs: P eCrfol dRtinl, BOWT ¢t 1eAGH aﬁcﬂ 7phe
hybrid anti bodi es and humani zed anti bodi es was expr essed, or added with

each of tHefedria. dilutions of each of the hybrid anti bodi es and humani zed
antibodies in a purified form The plate was i ncubated at roomtenperature
and washed wi t FhéBSRTweduct206f thSiipstaquehPCR, resaion, WEJAMBSsHEUNERI (286tHp) 200
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~c 1 of al kaline phosphat ase-conjugated goat anti-human | gG anti body
(TAG) . The plate was incubated at roomtenperature and washed with

PBS- Tween 20. Subsequently, each well was added with 1 ng/m of a substrate
solution ("Sigma 104", p-nitrophenyl phosphoric acid, 61 SIGW) . The
solution was neasured on its absorbance at 405 nmusing M cropl ate Reader
(Bi 0 RadJCLIMY-HCHNIBAT®RYT b)), dferaagibisctdd toeldctrpplytasisi adpagdiel9fonustanowed
Hchain It was found that an anti body having both a humani zed H chain

ver si on meltingagdarasepdlneisotatd theBINA feagmidnitd. e dTHel TN Aafiry henteiversf collected and

PTHr P- bi nding activity as that of a chinmeric antibody. This result suggests
t hat t hepuriredifoom thee' gddc tsiny EENBELIBANAD K2afBION00Y.  tIhéhdbechmd-mouddrRER on i n

t he degree enough to eval uate the humani zati on. Therefore, the hunani zed
Hchai n vierationn2 ar 1 pAs reaction a@ldtwworuglelw()algwt‘mﬁhEE&CMIfdeHf&mwts n
t he foIIovanﬁ experinents. {“ ) Activity of hybrid antibodies (ii-a)

FR1, 2/ FRwd4l 95??@%4@(6@@& ahgEnShure Qo drdDivdsased/ avpprhich 25 w1 9f miggral

L N T T

activity as the c ric,#23-57- 137 1 anti body was observed (FIG
7). Thesré‘“}"eé(ﬁ bﬁ%&éﬁ‘é‘s?n éfﬁfi%é’ﬁ‘ﬁ FR4 have no probl em as humani zed
ant i bodi es but F

ol aced. (i1 By uR i RAE GGt Thly TorE st ERbT S Sah ChalFR o Rae 1 |

L. chal b t@’ésgﬁ%ﬁ%ﬁ%@ ufof Bl it SeeolfSo SUERCK Sehcoh %ﬁ?ﬁg?’ﬁaﬂgﬁ s
that of phaceigses 46 Tnt8Tula ot dinbumuns. slenesd e Thase

results suggest t t FRL has no problemas a hu zed ant |
cont ai nsysed] ower Mich 5@Si uLmindrélatil waekdyéred beThe PCRG@Sktioni Was)ruﬂ\(féﬂ 30 épeldf

humani zed anti bodi es The anti gen-binding activity of the humani zed
ant i bodi esdeh#hd cogditims1943h &l fior ¥ enigi, 605 GZor 1 min. and 72° C for 1 min., thereby
obtaining a DNA fragment of 357 bp (the third PCR product). The DNA fragment was
subjected to electrophoresis on a 3% low-melting agarose gel to isolate the DNA fragment.
The resulting DNA fragment was collected and purified using GENECLEAN Kit (BIO101).
An aliquot (0.1 pu g) of the DNA fragment thus obtained was digested with EcoRI,
and then subcloned into plasmid pUC19 A HindlIII that had been BAP-treated. The resulting
plasmid was introduced into a competent cell of E. coli, JM109, to form a transformant. The
transformant was cultured overnight in 2 ml of 2xYT medium containing 50 u g/ml of
ampicillin. From the cell fraction, the plasmid was isolated and purified using QIAprep Spin
Plasmid Kit (QIAGEN).
The purified plasﬁlid was sequenced on 373A DNA Sequencer (ABI) using M13
Primer M4 and M13 Primer RV (Takara Shuzo Co., Ltd.). The plasmid that was confirmed to

have the correct nucleotide sequence without any deletion was designated "C A /pUC19".

(iii) Construction of gene encoding human L-chain « chain C-region
A DNA fragment encoding the L-chain « chain C-region was cloned from plasmid
HEF-PM1k-gk (WO 92/19759) by PCR method. A forward primer HKAPS (SEQ ID NO:

19) was designed to contain EcoRI-, HindIIl and BlnI-recognition sequences, and a backward
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"a" to "t", respectively, were deterniined. As a result, it was found that

t he humani zed anti bodi es having the L-chain versions "j", "1" "m', "o0o",
"gq", "r", "s" and "t" exhibited the sane | evels of PTHrP-binding activity
as that of the chimeric antibody. (8) Establishnment of CHO cell line
capabl e of stable production of antibody For establishing a cell line

capabl e poime tHBABAXSEOUERY Nén 26) whsidemigreddo aontaimoai kR 1eacdgnitfon feguence.
above- prepared expression plasm ds was introduced into a CHO cell (DXB 11
). That These phimerssverbisyrthesizad arf 3% BRA/RNASyshesitsr éABf). st abl e producti on
of a humani zed anti body was perforned using each of the faollow ng.

conbi nat i ons ok PEIRaxeactRn was pstfyreed using 8Pt o 9f pagacsionselutien contpipes Q.1 1 g
HcDNA/ pCHO1 and hMBC 1 Lm ~, /pCOS 1; hMBC 1 HcDNA/ pCHO1 and hMBC 1 Lq -,

/ pcos 1:of phastH/BEE PMisnely ssaHemplaies Sonmedles of each of primsrs HKARS #iddkidda wer e

) “SAES R AT e Y LA B BB BT
i i |t i i . i .
S O L T
N el L L
adied, Lo Sl SUSHRIY B0 EROLSH] |51 PES(0) oKA0 e
el ect r osiiebied aAPBEILY Hind CEMRCEARANAP kit Hlo101).er 10 min. of recovery

period at roomtenperature, the cells thus treated were suspended in MEM a

medi um (G BCO) TEODNA fiagidedQf0d SBt@hed Mab dig@ét@ﬂ‘vx(i(ﬁ' mharﬁﬂﬂeﬁ bRAc& Hité ur ed
a

in a Q02 incubator using 96-well plates (Falcon). On the day follow ng the
cul turi ngasisidndJG1a(Hiadlll thachadbkeuB AR Srentep) athel rdsyltinglpdamndl ewsiinteodueed
deoxyri bonucl eosi de-free MEM a selective nmediumcontaining 10%fetal calf
ser um ( GnBCOporapeteri®e!l! rof Entolnf MO o a iGk8Bmantit efhe@dadSfoymaitwas t he
culture nmedium cells into which the anti body gene was introduced were

sel ect eccultprrd eyarnightanZagl ofdxvak medpina cefaiming G riegnlafempagibin  trpmitbeks

after the di um repl acenent tge cells were obsei?\léed i croscoﬁoi cal ly. Wen

a sati stetiErsfionethe PlAsBUR WanauriBes e RIAPKE SR ] MHQIAEbdi es

Poncontrat on oS BURpR SR SeauoR of o7 EA Lot Sehftsen CRBD RBingd ' PO

pr oducedy . akpek, 413 pATRY Ny PlaANdfodices 981e $6L senst NG CUlirRg, of
%n& ? Stap’e i bR O anttlﬁocﬂ

the establ | shed i ne capabl'e of produc €s "Was

scal ed Upajeth@cbipddh BliclBSide RqiiSicBhvaR debiBRRLE "€ RFpBe190r
deoxyri bonucl eosi de-free MEM a nedium containing 2% U tra Low |1 gG fetal

calf serum On each of day 3 and day 4 of the culturing, the culture
supernatant was collected and filtered on a 0.2- ~, mfilter (MIlipore) to
renove c@)lCoehidtiontdfehiherivantibbéy prghain @qiréssivnofectope humani zed anti bodi es
fromthe culture supernatant of the CHO cells was perforned usi ng PORCS
Protei n A Col ukm expeasSeptvector fair dlss/cimesy #2% SCai3Iebantidod® 0-¢hdit wap comstructed.
accordance with the appended instructions. The humani zed anti bodi es were
provi dedAfgsne gaeoding #2e5ddBérinkwhainohregiomwas Heated tonihe dLndNI-Binlsitd (located
exam nation,  of pharnmacol ogi cal effi i.n hypercal cepj c . podel animals. The

concent r Bt Brirom @t thechuman eibody Edﬁe(ég)%ief Fashia) thy Plesmaids b 4 1Rl handhbirzed
O T B A e T BRI AR S By TR Simerc
deter T 351997 LGHARAL KU Ak b Sl RSB ROREG LR g e
nyel oma E?Ahlairl i A eregion C-region, respectively. Each of the resulting vectors was then digested
with EcoRlI to separate the gene for the chimeric antibody L-chain. The gene was subcloned
into HEF expression vector.
That is, a DNA fragment encoding #23-57-137-1 antibody L-chain V-region was
cloned from plasmid MBC1L24 by PCR method. Primers used in the PCR method were
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ROS 17/2.8-5 cells. The ROS 17/2.8-5 cells were cultured in Ham S F-12

medi um (G BCO containing 10%fetal calf serum (G BCO in a COz incubator.
The ROS 17/2.8-5 cells were seeded into each well of a 96-well plate at a
density of 10" cells/100 ~ 1/well and cultured for one day. After the
culturing was conpleted, the culture nediumwas replaced by Hand S F-12

medi um &€aBOSy syothesized wang3PAVDN ROy ItBeHEer 4AH] 0%%@%191’3@&}"1‘“%& um
After culturing for three to four .days, the, cuhtn;ﬁﬁd cells were vvashgd W th
260 ~c MBECHAH EEQ HxNQ:dilninag desensd 10 gaptaima lidHagei ¥ B IUC S % Bar s

F-12 nmedium containing 1 mMisobutyl|-1- Y, t b I ' SIGVA) . 10%
fetal c&ozakseqyenemdozaknih F\EiiEgm?Lgl?lggé&%H% E?%e&ﬂ?&ﬂ%ﬁﬂi“ﬁ% at 37
C for 30 mn. The cu e di ums .of 1 he us ti ies, the.chimeric
ant i bodiM@C%@@ﬁ&%ﬁgﬁi%W%ﬁg?% asop ‘rbggﬁgsaf‘gggﬁpgi'rﬁ%o lrtlalﬁi zi ng
activity weregrevi ously diluted serially in the follow ng dilution series:
[ 10 , ~SEA¥ARC®8. 3 ~¢ g/m, 1.1 ,~ g/m and 0.37 ,u g/m], [ 10 ,u g/m, 64

2 ~g/m, 0.5 , . ERGY Y
om0 b3 o TR raRoR y A o Bitd o G0 A Pofa SaPlion SIS nidingA0T
sol ution smg@{\go )B%(?gl%@?%&nfﬁ's%m Iﬁg@wzﬂb.z%dePmo.p}‘ b EMBE11.34,34) .

The resul'ti ng mX O'a 1) wasS added to each well. In each well,

the fin maeé‘sﬁéycﬁ%?gﬂ&e@mgnhh@pmmﬁmmda Quiasft mnphiTad (RERKIN

above- nenti1 oned concentration of the antibody, and accordingly the

concent rEILM@Rt),OéveE’Wd% £0 17 Bé) mbeesaiod viasrigyered. AThePCRheadtioaatasenn fat30r oom
temperatur a for 10 min., the culture supernatant was renpved and the

resi due yRkeswagdéate vonditifB: 841 I & 45isees60°Sibfeddenc. apd 72AMP fom2 nhie cel | s
was extracted with 100 ~u 1 of a 0.3% HO -95% et hanol and then evapor at ed
usi ng a water A@CRipmiduat afi4didbpreasmalecttopborestd en  3olow-melingagamnse ek and

di ssolved in 120 ~. 1 of EIA buffer agl?encjed to cCAVP_El A Git Y%N
CHEM CAL¢dBected ang prrified vsing GRWECHRAR I &t (B 0 A hgaaur @éﬁﬁ ugkyag
AWP EIA Kit (CAYVAN CHEM CAL'S) in, ' [ £
iCncI udeddirsslleqgﬂein%Ot 1 10f agohdion %P{agqlgéi@%ﬁﬁﬁ'%il&ﬁ Zﬁé Iﬁ‘ﬁ ﬁ Wrﬁﬁ%i 2 &he
ti bodi havi th N |.s of anti ~pi ndj V1
the chi rECRGTAMA ooy D Phouecilit Rl AP IE oL R b g i

“s* and "t (in whi e 91 pasitj i i 69! £Hp) ne
exni b ¢ et R SURMEPards ) M BT CAM KPP 1 o BERIARTEREK sl O £ 1)
ti bod ' i ' e TKE' digdtioRisbReioh hen

C T ongea D o b e ot 1 et g o oxt S 1D N

1Synt hes} @ﬁ&t%%%émm@of&&&tﬁeﬁm Qfld BNASRQ bOndekst @Y BbNesi zihereRNATED
I D NO 4Synt hesi Zed DNASEQ | D NO 5Synt hesi zed DNASEQ I D NO. 6Synt hesi zed

DNASEQ | Bihbika] pré&ipitdiivni z atie DIASRERs|dsbived 85§ nuH ef a selitibhiosmEaining NOmM Tris-
9Synt hesi zed DNASEQ | D NO 10Synt hesi zed DNA 65 SEQ ID NO 11 SEQ I D NO
12" SEQ | BAVGpHT3)Sn@ IBMEDTA4 SEQ 1D NO 15 SEQ ID NO 16 SEQ ID NO 17

SEQ IDNO 18 SEQ ID NO 19 SEQ ID NO 20 SEQ ID NO 21 SEQ ID.NO, 22 SEQ
ID NO 23 SEQ hiDtheGamens&Eer; phiswdd pPE18KD 1E)NEs dwsgécyflﬂbgﬂémﬁdée“%

NO 28 SEQ ID NO 29 SEQID NO 30 SEQ ID NO 31 SEQ IQ NO, 32.SEQ.ID NO
33 SEQ | Bndysbjgatedsiegphieno .lomﬁorswtlraetlmn%leseé?apg NGPP!??“%EQ’&B%Q&‘“‘%)

52 S s B S BB E ST RIS o
S o SRR R S BB R g e -
(o o A USSR DU iR o DRt Ao s

DNA Synt t hesi zed DNA Synt hesi ze

Synt hesi zg : [ X i PNAVEEDTASEQ | D NO.

40Synt he@iS%L%ﬁ%%g‘ﬁ%}@%%ﬁ?ﬁ@gﬁé%g%dmsm D NO. 42Synt hesi zed

DNASEQ 1 D NG %A?ﬁféa&%gﬂmﬁ&%gd@ MOy, B3y ighved it @ dBbdke-HBthined PCR

publications, patents and patent "applications cited herein are incorporated

by refer epg@uds (4 t 29 IsiONAEL dpatibNRUSTIR AN TRERISHIABIAM., TXd.). The resulting
plasmid was introduced into a competent cell of E. coli, IM109 (Nippon Gene Co., Ltd.), in the

same manner as set forth above, to form a transformant.  The transformant was plated on

40



As descri bed above, the present invention provides a therapeutic agent for
drug resistant hypercal cem a, which conprises, as an active ingredient, a
substance capable of inhibiting the binding between PTHrP and a receptor
t hereof. According to the fact that when admi nistered with the substance,

TRl i S R
v cofferiulfevinBintoc S BRTEFRRITT . et e

; Rgi gi ﬁFW&aTEI:,% t hdﬂiﬁ’?‘ @f‘?ﬁé‘é‘ﬂmpa&té'f’wp?)f%{ ﬁS?t}Pd‘nS‘erpéi‘sé?‘ avagrp&@.%ﬁ%?lﬁ% P)
wher oi n QLABTeR Sril PLsd K5 IATRE] SRRHA-rer PRl RSRRICY soqbefe il

ei n YR P ThErdp:
b nai ng P BSHEERY BeE RIS hat AR Pt ARae, SRR AR ot

accor di REHT ﬁb:fut).m 1 or 2, wherein the therapeutic agent for hypercal cem a
Is a boné resorption-inhibiting agent, a cal cium excretion-pronoting agent,

an agent for imihRBFpiaemhids't 29pUCAD 28 EOE g;Ucom af cabashyWaedigesle@dp20 11
diuretic. 4. The therapeutic agent according to claim1l or 2, wherein the

t her apeyf b ¢eRH6A ko ufbN R¥REMER! 2EHN Tris-HCh@PES SRI0mAM PO NN TY, Hgent .

5. The therapeutic agent according to claim4, wherein the bone

resor pt ingI-KOis) &f Hihddld €Tdkar£$Shuzo Co., Ltd.) and 2U of BlnI (Takara Shuzo Co., Ltd.) at
37° Cfor 1 hour. The digestion solution was extracted with phenol and chloroform, and the
DNA was collected therefrom by ethanol precipitation. The DNA was BAP-treated at 37° C
for 30 min. The reaction solution was extracted with phenol and chloroform, and the DNA
was collected therefrom by ethanol precipitation. The DNA was dissolved in 10 ulofa
solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA.

The plasmid CHL/pUC19 (8 w g) that contained DNA encoding #23-57-137-1 L-
chain V-region was digested with HindIII and Blnl in the same manner as set forth above to
give a DNA fragment of 409 bp. The DNA fragment was electrophoresed on a 3% low-
melting égarose gel, and then collected and purified from the gel using GENECLEAN II Kit
(BIO101). The DNA was dissolved in 10l n 1 of a solution containing 10 mM Tris-HCI (pH_
7.4)and 1 mM EDTA.

The DNA for L-chain V-region DNA (4 1) was subcloned into 1 1 of each of the
BAP-treated plasmids C A /pUC19 and C « /pUC19, and then introduced into a competent cell
of E. coli, JM109, to form a transformant. The transformant was cultured overnight in 3 ml of
2xYT medium containing 50 p g/ml of ampicillin. From the cell fraction, the plasmid was
isolated and purified using QIAprep Spin Plasmid Kit (QIAGEN). The two plasmids thus
prepared were designated "MBCIL( 4 )/pUC19" and "MBCI1L( « )/pUC19", respectively.

Each of plasmids MBC1L( 2 )/pUC19 and MBC1L( « )/pUC19 was digested with
EcoRI and then subjected to electrophoresis on a 3% low-melting agarose gel. A DNA

fragment of 743 bp was isolated and purified from the gel using GENECLEANII Kit (BIO101),
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a bi sphosphonate or calcitonin. 6. The therapeutic agent according to any
one of clains 1 to 5, wherein the substance is an antagonist for the PTH P
receptor. 7. The therapeutic agent according to any one of clains 1 to 5,
wherein the substance is an anti-PTHrP antibody. 8. The therapeutic agent
according to any one of clains 1 to wherein the substance is 5:1 f ragment
of an arfd-thenflisscdyrd iBddy Halrﬁf/ao%OhBloﬁt?ﬁpTairéﬂgi%P}MJfrlstlﬂgl fthgifeand 1o8M° o
The theh%]Beutlc agent according to claim7, wherein the antibody is

nonocl o A10. The t her apeutlc agent according to claim?7, wher ein the

e
i o ) i

d 'ragg Ar2 esy b‘flﬁ y: 85I c%ﬁigﬁ\ﬁéé ?réélﬁglétdw %i‘égﬁﬁegfed %@‘Pthen subjeSiedt

252 :_ OfpIs Rl Wa o AR AR Ae s Peke P R BT E‘A‘?N/ﬁzfri\%%e% RS RY. no
X qu y ?}é?‘é @EE a[?ag @Egég@ 5@0&%31%? AEREAREXNIEKARIBIO 101). A TheFurfliédASNAAY-

fragment was dissolved in 10 1 of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM
EDTA.

BAP-treated HEF vector (2 1) was ligated to an EcoRI fragment (3 1) of each of
plasmid MBC1L( A )/pUC19 and MBCI1L( « )/pUC19. The ligation product was introduced
into a competent cell of E. coli, IM109, to form a transformant. The transformant was
cultured in 2 ml of 2xYT medium containing 50 1 g/ml of ampicillin. From the cell fraction,
the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN).

The purified plasmid was digested in 20 p 1 of a reaction solution containing 20 mM
Tris-HCI (pH 8.5), 10 mM MgCl,, 1 mM DTT, 100 mM KCl, 8U of HindIII (Takara Shuzo Co.,
Ltd.) and 2 U of Pvul (Takara Shuzo Co., Ltd.) at 37° C for 1 hour. This reaction gave
digestion fragments of 5104/2195 bp if the fragment was inserted in the correct orientation, or
gave digestion fragments of 4378/2926 bp if the fragmpent was inserted in the reverse
orientation. The plasmid that was confirmed to have the fragment in the correct orientation
was designated "MBCIL( 4 )/neo" for plasmid MBC1L( 2 )/pUC19 or "MBCIL( « )/neo™ for
plasmid MBC1L(  )/pUC19.

(4) Transfection of COS-7 cell
To evaluate the antigen-binding activity and the neutralizing activity of the chimeric

antibodies, the expression plasmids prepared above were separately expressed transiently in a

COS-7 cell.
The transient expression of the chimeric antibodies was performed using each of the

combinations of plasmids MBC1HcDNA/pCOS1 and MBCIL ( 4 )/neo and plasmids
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The plate

hour and washed with PBS-Tween 20, each well was added with 1 mg/ml of a substrate
solution ("Sigma 104", p-nitrophenylphosphoric acid, SIGMA). The solution was measured

on its absorbance at 405 nm using Microplate Reader (Bio Rad) to determine the antibody
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(ii) Determination of antigen-binding ability

An ELISA plate for the determination of antigen-binding ability was prepared as
follows. Each well of a 96-well ELISA plate was coated with 100 pu 1 of a coating buffer
supplemented with 1 1 g/ml of human PTHrP (1-34) (Peptide Research Institute), and then
blocked with 200 p 1 of a dilution buffer. Each well was added with each of the serial
dilutions of the COS-7 cell culture supernatant in which each of the chimeric antibodies had
been expressed, or added with each of the serial dilutions of each of the chimeric antibodies per
se in a purified form. After the plate was incubated at room temperature and washed with
PBS-Tween 20, each well of the plate was added with 100 p 1 of a solution of alkaline
phosphatase-conjugated goat anti-human IgG antibodies (TAGO). After the plate was
incubated at room temperature and washed with PBS-Tween 20, each well of the plate was
added with 1 mg/ml of a substrate solution ("Sigma 104", p-nitrophenylphosphoric acid,
SIGMA). The solution was measured on its absorbance at 405 nm using Microplate Reader
(Bio Rad).

As a result, it was found that the chimeric antibodies had an ability to bind to human
PTHrP (1-34) and the cloned mouse antibody V-regions had the correct structures (FIG. 5). It
was also found that there was no difference in the ability to bind to PTHrP (1-34) between the
chimeric antibody with L-chain A chain C-region and the chimeric antibody with L-chain &
chain C-region. Therefore, the humanized antibody L-chain A chain was used for

construction of the L-chain C-region of the humanized antibody.

(6) Establishment of CHO cell line capable of stable production of chimeric antibodies

To establish a cell line capable of producing the chimeric antibodies stably, the above-
prepared expression plasmids were introduced into CHO cells (DXB11).

For the establishment of a cell line capable of producing the chimeric antibodies

stably, either of the following combinations of the expression plasmids for CHO cell was used:
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chloro orm an? collected by precipitation with ethanol. The plasmid DNAs thus prepared
were subjected to electroporation. That is, each of the plasmid DNAs (10 u g each) was
added to 0.8 ml of a cell suspension of CHO cells in PBS(-) (1x10’ cells/ml). The resulting
solution was applied with pulses at an electrostatic capacity of 1,500V and 25 pF.  After 10
min. of recovery period at room temperature, the electroporated cells were suspended in MEM-
o medium (GIBCO) containing 10% fetal calf serum (GIBCO). The resulting suspension
was cultured using three 96-well plates (Falcon) in a CO, incubator. On the day following the

culturing being started, the medium was replaced by a selective medium [ribonucleoside- or
deoxyribonucleoside-free MEM-a medium (GIBCO) containing 10% fetal calf serum
(GIBCO) and 500 mg/ml of GENETICIN (G418Sulfate; GIBCO)]. From the culture medium,
cells into which the antibody gene was introduced were selected. The selective medium is
replaced by a fresh one. About two weeks after the medium replacement, the cells were
observed under a microscope. When a satisfactory cell growth was observed, the amount of
the antibodies produced was determined by ELISA as set forth above. Among the cells, those
cells which produced a larger amount of antibodies were screened. _ .

Then, the culturing of the established cell line capable of stable production of the
antibodies was scaled up in a roller bottle using ribonucleoside- or deoxyribonucleoside-free
MEM medium containing 2% Ultra Low IgG fetal calf serum. On day 3 and day 4 of the
culturing, the culture supernatant was collected and then filtered on a 0.2- 4 m filter (Millipore)
to remove cell debris therefrom.

Purification of the chimeric antibodies from the CHO cell culture supernatant was
performed using POROS Protein A Column (PerSeptive Biosystems) on ConSep LC100
(Millipore) in accordance with the instructions included in the kit. ' The purified chimeric

antibodies were provided for use as samples for the determination of neutralizing activity and

for the examination of therapeutic efficacy in hypercalcemic model animals. The
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[REFERENCE EXAMPLE 4] Construction of humanized antibody

(1) Construction of humanized antibody H-chain
(i) Construction of humanized H-chain V-region

A humanized #23-57-137-1 antibody H-chain was produced by CDR-grafting
technique by means of PCR method. For the production of a humanized #23-57-137-1
antibody H-chain (version "a") having FRs derived from human antibody S31679 (NBRF-
PDB; Cuisinier, A. M. et al., Eur. J. Immunol., 23, 110-118, 1993), the following six PCR
primers were used: CDR-grafting primers: MBC1HGP1 (SEQ ID NO: 23) and MBC1HGP3
(SEQ ID NO: 24) (both containing a sense DNA sequence) and MBC1HGP2 (SEQ ID NO: 25)
and MBC1HGP4 (SEQ ID NO: 26) (both containing an antisense DNA sequence), all of which
containing a 15-21 bp complementary sequence on both terminal ends thereof; and external
primers: MBCIHVS1 (SEQ ID NO: 27) and MBCIHVRI (SEQ ID NO: 28) having a
homology to the CDR-grafting primers MBC1HGP1 and MBC1HGP4, respectively.

The CDR-grafting primers MBC1HGP1, MBC1HGP2, MBC1HGP3 and
MBC1HGP4 were separated on an urea-denatured polyacrylamide gel (Molecular Cloning: A
Laboratory Manual, Sambrook, et al., Cold Spring Harbor Laboratory Press, 1989), and
extracted therefrom by crush-and-soak method (Molecular Cloning: A Laboratory Manual,
Sambrook, et al., Cold Spring Harbor Laboratory Press, 1989) in the following manner.

Each of the CDR-grafting primers (1 nmole) was separated on a 6% denatured
polyacrylamide gel to give DNA fragments. From the resulting DNA fragments, a DNA
fragment having a desired length was identified on a silica gel thin plate by irradiation of UV
ray and then collected therefrom by crush-and-soak method. The resulting DNA was
dissolved in 20 u 1 of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA. The
PCR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.). The PCR

reaction solution (100 1) comprised 1 1 of each of the above-mentioned CDR-grafting
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of TaKaRa Ex Taq in the buffer. The PCR reaction was run for 5 cycles under the conditions:
94° C for 1 min., 55° C for 1 min. and 72° C for 1 min. The resulting reaction solution was
added with the external primers MBC1HVS1 and MBC1HVRI1 (50 pmoles each). Using this
reaction mixture, the PCR reaction was run for additional 30 cycles under the same conditions.
The DNA fragment thus amplified was separated by agarose gel electrophoresis on a 4% Nu
Sieve GTG agarose (FMC Bio. Products).

An agarose segment containing a DNA fragment of 421 bp was excised, and the DNA
fragment was purified therefrom using GENECLEANII Kit (BIO101) in accordance with the
instructions included in the kit. The DNA fragment thus purified was precipitated with
ethanol and then dissolved in 20 u 1 of a solution containing 10 mM Tris-HCI (pH 7.4) and 1
mM EDTA. The resulting PCR reaction mixture was used for subcloning of the DNA
fragment into plasmid pUC19 that had been digested with BamHI and HindIII, and

subsequently the nucleotide sequence of the resulting plasmid was determined. A plasmid

having the correct nucleotide sequence was designated "hMBCHv/pUC19".

(ii) Construction of H-chain V-region of Humanized H-chain cDNA

To ligate to cDNA for humanized H-chain C-region C y 1, the DNA for the
humanized H-chain V-region constructed in the above step was modified by PCR method.
For the PCR method, a backward primer MBC1HVS2 was designed to hybridize to the
sequence encoding the 5' region of the leader sequence for the V-region and to have a Kozak
consensus sequence (Kozak et al., J. Mol. Biol. 196, 947-950, 1987) and HindIlI- and EcoRI-
recognition sequences; and a forward primer MBC1HVR2 was designed to hybridize to both
the DNA sequence encoding the 3' region of the J region and the DNA sequence encoding the
5' region of the C-region and to have Apal- and Smal-recognition sequences.

The PCR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and
a buffer appended thereto. The PCR reaction solution comprised 0.4 1 g of
hMBCHv/pUC19 as a DNA template, 50 pmoles of each of MBC1HVS2 and MBCIHVR2 as
primers, 2.5U of TaKaRa Ex Taq and 0.25 mM dNTPs in the buffer. The PCR reaction was
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min. The DNA fragment thus amplified was separated by agarose gel electrophoresis on a
3% Nu Sieve GTG agarose (FMC Bio. Products).

A gel segment containing a DNA fragment of 456 bp was excised, and the DNA
fragment was purified therefrom using GENECLEANII Kit (BIO101) in accordance with the
instructions included in the kit. The DNA fragment thus purified was precipitated with
ethanol and then dissolved in 20 1 of a solution containing 10 mM Tris-HCI (pH 7.4) and 1
mM EDTA. The PCR reaction solution thus obtained was used for subcloning of the DNA
fragment into plasmid pUC19 that had been digested with EcoRI and Smal, and then the
resulting plasmid was sequenced. As a result, a plasmid was obtained which contained a
DNA encoding mouse H-chain V-region derived from hybridoma #23-57-137-1 and also
contained EcoRI- and HindIII-recognition sequences and a Kozak sequence on the 5' region

and Apal- and Smal-recognition sequences on the 3' region, which was designated

"hMBC1Hv/pUC19".

(2) Construction of expression vector for humanized antibody H-chain

Plasmid RVh-PM1f-cDNA carrying a cDNA sequence for hPM1 antibody H-chain
was digested with Apal and BamHI to give a DNA fragment containing a DNA fragment
containing a DNA encoding the H-chain C-region. The DNA fragment was introduced into
plasmid hMBC1Hv/pUC19 that had been digested with Apal and BamHI. The obtained
plasmid was designated "hMBC1HcDNA/pUC19". This plasmid contained both a DNA
encoding the humanized #23-57-137-1 antibody H-chain V-region and a DNA encoding the
human H-chain C-region C y 1 and had EcoRI- and HindIII-recognition sequences on the 5'
region and a BamHI-recognition sequence on the 3' region. The nucleotide sequ.ence and the
corresponding amino acid sequence of the humanized H-chain version "a" carried on the
plasmid hMBC1HcDNA/pUC19 are shown in SEQ ID NO: 58 and SEQ ID NO: 56,
respectively.

The plasmid hAMBC1HcDNA/pUC19 was digested with EcoRI and BamHI to give a
DNA fragment containing a DNA encoding the H-chain. The DNA fragment was introduced
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an expression plasmid for a humanized antibody was obtained, which was designated
"hMBC1HcDNA/pCOS1".

To produce a plasmid used for expression in a CHO cell, plasmid
hMBC1HcDNA/pUC19 was digested with EcoRI and BamHI to give a DNA fragment
containing a DNA encoding the H-chain. The DNA fragment was introduced into expression
vector pCHOL1 that had been digested with EcoRI and BamHI.  As a result, an expression
plasmid for the humanized antibody was obtained, which was designated

"hMBC1HcDNA/pCHO1".

(3) Construction of L-chain hybrid V-region
(i) Preparation of FR1,2/FR3,4 hybrid antibody

A gene for the FR hybrid L-chain having both FRs from a humanized antibody and
FRs from a mouse (chimeric) antibody was constructed, and evaluated each region for the
humanization. In this step, a hybrid antibody having FR1 and FR2 both derived from a
human antibody and FR3 and FR4 both derived from a mouse antibody was prepared by
utilizing the AfIII restriction site located on CDR2.

Plasmids MBCIL( A )/neo and hMBCI1L( A )/neo (10 pu g each) were separately
digested in 100 1.1 of a reaction solution containing 10 mM Tris-HCI (pH 7.5), 10.mM MgCl,,
1 mM DTT, 50 mM NaCl, 0.01% (w/v) of BSA and 10 U of AflII (Takara Shuzo Co., Ltd.) at
37° Cfor 1 hour. The reaction solutions were subjected to electrophoresis on a 2% low-
melting agarose gel, thereby giving DNA fragments of 6282 bp (referred to as "c1" ) and 1022
bp (referred to as "c2") from the plasmid MBCI1L( A4 )/neo or DNA fragments of 6282 bp
(referred to as "h1" ) and 1022 bp (referred to as "h2") from the plasmid hMBCI1L( A )/neo.
These DNA fragments were collected and purified from the gels using GENECLEANII Kit
(BIO101).

Each of the ¢l and hl fragments (1 pu g each) was BAP-treated. The DNA fragment
was extracted with phenol and chloroform, collected by ethanol precipitation, and then

dissolved in 10 1 of a solution containing 10 mM Tris-HCl (pH 7.4) and 1 mM EDTA.
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From the cell fraction, the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN).

The purified plasmid was digested in 20 1 of a reaction solution containing 10 mM
Tris-HCI (pH 7.5), 10 mM MgCl,, 1 mM DTT, and either 2U of ApaLl (Takara Shuzo Co.,
Ltd.) or 8U of BamHI (Takara Shuzo Co., Ltd.) and HindIII (Takara Shuzo Co., Ltd.) at 37° C
for 1 hour. It was expected that if the c1-h2 was ligated correctly, this digestion reaction
would give fragments of 5560/1246/498 bp (by the ApaLl digestion) or fragments of 7134/269
bp (by the BamHI/HindIII digestion). Based on this expectation, the desired plasmids were
identified.

The expression vector encoding the human FR1,2/mouse FR3,4 hybrid antibody L-
chain was designated "h/mMBCI1L( A )/neo". On the other hand, since a clone for the hl-cl
could not be obtained, recombination on a pUC vector was performed and then the resulting
recombinant product was cloned into a HEF vector. In this procedure, plasmid htMBC1La A
/pUC19, which contained DNA encoding a humanized antibody L-chain V-region without any
amino acid replacements, and plasmid hMBC1Ld A /pUC19, which contained a DNA encoding
a humanized antibody L-chain V-region with an amino acid replacement at the 91-position
amino acid tyrosine in FR3 (i.e., the 87th amino acid in accordance with The Kabat's
prescription) by isoleucine, were used as templates. |

Plasmids MBCI1L( A )/pUC19, hMBC1La A /pUC19 and htMBC1Ld A /pUC19 (10 1
each) were separately digested in 30 1 of a reaction solution containing 10 mM Tris-HCI
(pH 7.5), 10 mM MgCl,, 1 mM DTT, 50 mM NaCl, 0.01% (w/v) of BSA, 16U of HindIII and
4U of Aflll at 37° C for I hour. The reaction solutions were separately subjected to
electrophoresis on a 2% low-melting agarose gel, thereby giving a DNA fragment of 215 bp
from plasmid MBC1L( A )/pUC19 (referred to as "c2") and a DNA fragment of 3218 bp from
each of plasmids hMBC1La A /pUC19 and hMBC1Ld 2 /pUC19 (referred to as  "hal™ and

"hd1", respectively). These DNA fragments were collected and purified using
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was cultured in 2 ml of 2xYT medium containing 50 p g/ml of ampicillin. From the cell
fraction, the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN). The plasmids
thus prepared were designated "m/hMBC1La A /pUC19" for the hal' fragment-containing
plasmid and "m/hMBC1Ld A /pUC19" for the hd1' fragment-containing plasmid.

Each of the plasmids m/hMBC1La A /pUC19 and m/hMBC1Ld A /pUCI19 was
digested with EcoRI.  The DNA fragment of 743 bp was electrophoresed on a 2% low-
melting agarose gel, and then collected and purified therefrom using GENECLEANII Kit
(BIO101). The resulting DNA fragment was dissolved in 20 1 of a solution containing 10
mM Tris-HCI (pH 7.4) and 1 mM EDTA.

Each of the DNA fragments (4 11 each) was ligated to the above-obtained BAP-
treated HEF vector (1 pn1). The ligation product was introduced into a competent cell of E.
coli, IM109, to form a transformant. The transformant was cultured in 2 ml of 2xYT medium
containing 50 p g/ml of ampicillin. From the cell fraction, the plasmid was purified using
QIAprep Spin Plasmid Kit (QIAGEN).

Each of the purified plasmids was digested in 20 1 of a reaction solution containing
20 mM.Tris-HC] (pH 8.5), 10 mM MgCl,, 1 mM DTT, 100 mM KCl, 8U of HindIII (Takara
Shuzo Co., Ltd.) and 2U of Pvul (Takara Shuzo Co., Ltd.) at 37° C for 1 hour. It was
expected that if the DNA fragment was inserted in the plasmid in a correct orientation, this
digestion would give digestion fragments of 5104/2195 bp, whereas if the DNA fragment is
inserted in the plasmid in the reverse orientation, this digestion would give digestion fragments
0f 4378/2926 bp. The plasmid DNA was identified based on the expectation. The plasmids
thus obtained were expression vectors encoding mouse FR1,2/human FR3,4 hybrid antibody L-
chain, which were designated expression vectors "m/hMBC1La A /neo" and "m/hMBCI1Ld A/

neo", respectively.

(ii) Preparation of FR1/FR2 hybrid antibody
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utilizing a SnaBl restriction site located on CDRI1.
Plasmids MBCI1L( A )/neo and /mMBCIL( A )/neo (10 pu g each) were separately
digested in 20 1.1 of a reaction solution containing 10 mM Tris-HCI (pH 7.9), 10 mM MgCl,,
1 mM DTT, 50 mM NaCl, 0.01% (w/v) of BSA and 6U of SnaBI (Takara Shuzo Co., Ltd.) at
37° Cfor 1 hour. The resulting reaction solutions were further digested in 50 u1ofa
reaction solution containing 20 mM Tris-HCI (pH 8.5), 10 mM MgCl,, 1 mM DTT, 100 mM
KCl, 0.01% (w/v) of BSA and 6U of Pvul at 37° C for 1 hour.
The resulting reaction solutions were separately subjected to electrophoresis on a
1.5% low-melting agarose gel, thereby giving DNA fragments of 4955 bp (m1) and 2349 bp
(m2) from the plasmid MBCI1L( 1 )/neo and DNA fragments of 4955 bp (hm1) and 2349 bp
(hm?2) from the plasmid Y mMBCI1L( A )/neo. These DNA fragments were collected and
purified from the gels using GENECLEANII Kit (BIO101). Each of the DNA fragments
obtained was dissolved in 40 1 of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM
EDTA.
The m1 and hm1 fragments (1 1 each) were ligated to the hm2 and m2 fragments (4
u 1 each), respectively. Each of the resulting ligation products was introduced into a
competent cell of E. coli, IM109, to form a transformant. The transformant obtained was
cultured in 2 ml of 2x YT medium containing 50 u g/ml of ampicillin. From the cell fraction,
the plasmid was purified using QIAprep Spin Plasmid Kit QIAGEN).
Each of the purified plasmids was digested in 20 1.1 of a reaction solution containing
10 mM Tris-HCI (pH 7.5), 10 mM MgCl,, 1 mM DTT and either 8U of Apal (Takara Shuzo
Co., Ltd.) or 2U of ApaLl (Takara Shuzo Co., Ltd.) at 37° C for 1 hour.
It was expected that if the fragments were ligated correctly, the digestion reaction
would give a fragment of 7304 bp (by the Apal digestion) or fragments of 5560/1246/498 bp
(by the Apall digestion) for m1-hm?2, and would give fragments of 6538/766 bp (by the Apal
digestion) or fragments of 3535/2025/1246/498 bp (by the ApalLl digestion) for hm1-m?2.

Based on this expectation, the plasmids were identified. As a result, an expression vector

encoding a human FR1/mouse FR2,3,4 hybrid antibody L-chain (designated "hmmMBCI1L( 4
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(4) Construction of humanized antibody L-chain

A humanized #23-57-137-1 antibody L-chain was prepared by CDR-grafting
technique by means of PCR method. For the preparation of a humanized #23-57-137-1
antibody L-chain (version "a") that contained FR1, FR2 and FR3 derived from human antibody
HSU03868 (GEN-BANK, Deftos M. et al., Scand. J. Immunol., 39, 95-103, 1994) and FR4
derived from human antibody S25755 (NBRF-PDB), six PCR primers were used.

The six primers were as follows: CDR-grafting primers MBC1LGP1 (SEQ ID NO:
29) and MBC1LGP3 (SEQ ID NO: 30), both having a sense DNA sequence, CDR-grafting
primers MBC1LGP2 (SEQ ID NO: 31) and MBC1LGP4 (SEQ ID NO: 32), both having an
antisense DNA sequence, all of which had a 15-21 bp complementary sequence on the both
terminal ends; and external primers MBC1LVS1 (SEQ ID NO: 33) and MBC1LVR1 (SEQ ID
NO: 34) having a homology to the CDR-grafting primers MBC1LGP1 and MBC1LGP4,
respectively. |

The CDR-grafting primers MBC1LGP1, MBC1LGP2, MBC1LGP3 and MBC1LGP4
were separated on a urea-denatured polyacrylamide gel (Molecular Cloning: A Laboratory
Manual, Sambrook et al., Cold Spring Harbor Laboratory Press, 1989) and extracted therefrom
by crush-and-soak method (Molecular Cloning: A Laboratory Manual, Sambrook et al., Cold
Spring Harbor Laboratory Press, 1989).

Each of the CDR-grafting primers (1 nmole each) was separated on a 6% denatured
polyacrylamide gel. The identification of the DNA fragment of a desired length was
performed on a silica gel thin plate by irradiation of UV ray. The desired DNA fragment was
collected from the gel by crush-and-soak method. The collected DNA fragment was
dissolved in 20 u1 of a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA.

The PCR reaction was performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and

a buffer appended thereto. The PCR reaction solution comprised (per 100 ©1)1 ulof each

of the CDR-grafting primers MBC1LGP1, MBC1LGP2, MBC11L.GP3 and MBC1LGP4, 0.25
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electrophoresis on a 3% Nu Sieve GTG agarose (FMC Bio. Products).

An agarose segment containing a DNA fragment of 421 bp was excised, and the DNA
fragment was purified therefrom using GENECLEANII Kit (BIO101) in accordance with the
instructions included in the kit. The PCR reaction mixture thus obtained was used for
subcloning of the DNA fragment into plasmid pUC19 that had been digested with BamHI and
HindIII. The resulting plasmid was sequenced. The plasmid thus prepared was designated
"hMBCL/pUC19". In this plasmid, however, the 104-position amino acid (corresponding to
the 96th amino acid in accordance with the Kabat's prescription) of CDR4 was replaced by
arginine. For the correction of this amino acid to tyrosine, a correction primer
'MBCILGP_IOR (SEQ ID NO: 35) was designed and synthesized. The PCR reaction was
performed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and a buffer appended thereto.

The PCR reaction solution comprised (per 100 1) 0.6 u g of the plasmid hMBCL/pUC19 as
a template DNA, 50 pmoles of each of the primers MBC1LVS1 and MBC1LGPI10R, 2.5U of
TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and 0.25 mM dNTPs in the buffer, over which
mineral o0il (50 p 1) was layered. The PCR reaction was run for 30 cycles under the
conditions: 94° C for 1 min., 55° C for 1 min. and 72° C for I min. The DNA fragment
thus amplified was separated by agarose gel electrophoresis on a 3% Nu Sieve GTG agarose
(FMC Bio. Products).

A gel segment containing a DNA fragment of 421 bp was excised, and the DNA
fragment was purified therefrom using GENECLEANII Kit (BIO101) in accordance with the
instructions included in the kit. The PCR reaction mixture thus prepared was used for
subcloning of the DNA fragment into plasmid pUC19 that had been digested with BamHI and
HindIIL

The plasmid was sequenced using M13 Primer M4 and M13 Primer RV. As a result,
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accordance with the instructions included in the kit, and then introduced into plasmid C 4
/pUC19 that had been digested with HindIII and Bln]. The resulting plasmid was designated
"WMBCl1La A /pUC19". This plasmid was digested with EcoRI to give a DNA fragment
encoding humanized L-chain. The DNA fragment was introduced into plasmid pCOSI so
that the initiation codon for the humanized L-chain was located downstream to the EF1 o
promoter. The plasmid thus obtained was designated "hMBC1La 4 /pCOS1". The DNA
sequence (including the corresponding amino acid sequence) of the humanized L-chain version
"a" is shown in SEQ ID NO: 66. The amino acid sequence of the version "a" is also shown in
SEQ ID NO: 47.

A humanized L-chain version "b" was prepared using mutagenesis by PCR method.
The version "b" was designed such that the 43-position amino acid glycine (corresponding to
the 43th amino acid in accordance with the Kabat's prescription) was replaced by proline and
the 49-position amino acid lysine (corresponding to the 49th amino acid accordance with the

| Kabat's prescription) by aspartic acid in the version "a". The PCR reaction was performed
using plasmid hMBC1La A /pUC19 as a template and a mutagenic primer MBCILGPSR (SEQ
ID NO: 36) and a primer MBC1LVS1. The DNA fragment obtained was digested with
BamH]I and HindIll, and the digestion fragment was subcloned into the BamHI-HindI1I site of
pUC19. After sequencing, the plasmid was digested with HindIII and Af1II, and the resulting
digestion fragment was ligated to plasmid hMBC1La A4 /pUC19 that had been digested with
HindIII and AfIIL.

The plasmid thus obtained was designated "hnMBCI1Lb A /pUC19".  This plasmid
was digested with EcoRI to give a DNA fragment containing a DNA encoding the-humanized
L-chain. The DNA fragment was introduced into plasmid pCOS1 such that the initiation
codon for the humanized L-chain was located downstream to the EF1 o promoter. The
plasmid thus obtained was designated "hMBCI1Lb A /pCOS1".

A humanized L-chain version "c" was prepared using mutagenesis by PCR method.
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PCR reaction was performed using plasmid hMBC1La A /pUC19 as a template and a
mutagenic primer MBC1LGP6S (SEQ ID NO: 37) and a primer M13 Primer RV. The DNA
fragment obtained was digested with BamHI and HindIII and then subcloned into pUC19 that
had been digested with BamHI and HindIII.

After sequencing, the plasmid was digested with BstPI and Aor51HI, and the resulting
DNA fragment was ligated to plasmid hMBC1La A /pUC19 that had been digested with BstPI
and AorS1HI. The plasmid thus obtained was designated "hMBC1Lc A /pUC19". This
plasmid was digested with EcoRI to give a DNA fragment containing a DNA encoding the
humanized L-chain. The fragment was introduced into the EcoRI site of plasmid pCOS1 such
that the initiation codon for the humanized L-chain was located downstream to the EF1 «
promoter. The plasmid thus obtained was designated "hMBC1Lc A /pCOS1".

Humanized L-chain versions "d", "e" and "f" were also prepared using mutagenesis by
PCR method. The versions "d", "e" and "{" were designed such that the 91-position amino
acid tyrosine (corresponding to the 87th amino acid in accordance with the Kabat's
prescription) was replaced by isoleucine in the versions "a", "b" and "c", respectively. For -
each of the versions "d", "e" and "f", a PCR reaction was performed using each of plasmid
hMBC1La A /pCOS1 (for version "d"), hMBC1Lb A /pCOSI1 (for version "e") and hMBClLc
A /pCOS1 (for version "f"), respectively, as a template, a mutagenic primer MBC1LGP11R
(SEQ ID NO: 38) and a primer M-S1 (SEQ ID NO: 44). The DNA fragment thus obtained
was digested with BamHI and HindIII and then subcloned into pUC19 that had been digested
with BamHI and HindIIl. After sequencing, the plasmid was digested with HindIII and Blnl,
and the resulting digestion fragment was ligated to plasmid C 4 /pUC19 that had been digested
with HindIII and Blnl.

The plasmids thus obtained were respectively designated "hMBCI1Ld A /pUC19" (for
version "d"), "hMBC1Le A /pUC19" (for version "e") and "hnMBCI1Lf A /pUC19" (for version
"f"). Each of these plasmids was digested with EcoRI to give a DNA fragment containing a

DNA encoding the humanized L-chain. The DNA fragment was introduced into the EcoRI
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version "e") and "hMBCILf A /pCOS1" (for version "f").

Humanized L-chain versions "g" and "h" were also prepared using mutagenesis by
PCR method. The versions "g" and "h" were designed such that the 36-position amino acid
histidine (corresponding to the 36th amino acid in accordance with the Kabat's prescription)
was replaced by tyrosine in the versions "a" and "d", respectively. The PCR reaction was
performed using a mutagenic primer MBC1LGPIR (SEQ ID NO: 39), M13 Primer RV and
plasmid htMBC1La A /pUC19 as a template. An additional PCR was performed using the
PCR product thus obtained and M13 Primer M4 as primers and plasmid hMBC1La A /pUC19
as a template. The DNA fragment obtained was digested with HindIII and BlnI and then
subcloned iﬁto plasmid C A /pUC19 that had been digested with HindIII and Blnl. Using this
plasmid as a template, a PCR reaction was performed using primers MBC1LGP13R (SEQ ID
NO: 40) and MBCILVS1. The PCR fragment obtained was digested with Apal and HindIII
and then introduced into either of plasmids hMBC1La A /pUC19 and hWMBC1Ld A /pUC19 that
had been digested with Apal and HindIII. The plasmids obtained were sequenced. Plasmids
that were confirmed to contain the correct sequence were designated "hnMBC1Lg A /pUC19"
(for version "g") and "hMBC1Lh A /pUC19" (for version "h"). Each of these plasmids was
digested with EcoRI to give a DNA fragment containing a DNA encoding the humanized L-
chain. The DNA fragment was introduced into the EcoRlI site of plasmid pCOS1 such that
the initiation codon for the humanized L-chain was located downstream to the EF1 o
promoter. The plasmids thus obtained were respectively designated "hMBC1Lg A /pCOS1"
(for version "g") and "hMBCI1Lh 4 /pCOSl " (for version "h").

Humanized L-chain versions "i", "j", "k", "I", "m", "n" and "o0" were also prepared
using mutagenesis by PCR method. The PCR reaction was performed using plasmid
hMBCl1La A /pUC19 as a template and a mutagenic primer MBCILGP14S (SEQ ID NO: 41)
and a primer VIRV (1) (SEQ ID NO: 43). The resulting DNA fragment was digested with
Apal and Blnl and then subcloned into plasmid hMBC1Lg A /pUC19 that had been digested
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designated "hMBCI1Lx A /pUC19 (x=i, j, k, 1, m, n or 0)". This plasmid was digested with
EcoRI to give a DNA fragment containing a DNA encoding the humanized L-chain. The
DNA fragment was introduced into the EcoRlI site of plasmid pCOS1 such that the initiation
codon for the humanized L-chain was located downstream to the EF1 o« promoter. The
plasmid thus obtained was designated "hMBC1Lx A /pCOS1" (x =1,j,k,l, m,noro). The
DNA sequences (including the corresponding amino acid sequences) of the versions "j", "1",
"m" and "o" are shown in SEQ ID NOs: 67, 68, 69 and 70, respectively. The amino acid
sequences of these versions are also shown in SEQ ID Nos: 48, 49, 50 and 51, respectively.

Humanized L-chain versions "p", "q", "r", "s" and "t" were designed such that the 87-

position amino acid (tyrosine) was replaced by isoleucine in the versions "i", "j", "m", "1" and
"o", respectively. The_se versions were prepared utilizing an Aor51MI restriction site on FR3
and replacing that site of each of the versions "i", "j", "m", "1" or "o" by that site of the version
"h". That is, an Aor51HI restriction fragment (514 bp) containing CDR3, a part of FR3 and
the entire FR4 were removed from an expression plasmid hMBC1Lx A /pCOS1 (x=1i,j, m, ]l or
0). To the removed site, an AorS1HI restriction fragment (514 bp) in the expression plasmid
hMBCI1Lh A /pCOS, which containing CDR3 and a part of FR3 and the entire FR4, was ligated,
so that the 91-position amino acid tyrosine (corresponding to the 87th amino acid in
accordance with the Kabat's prescription) was replaced by isoleucine. The resulting plasmid
was sequenced. A clone of each of the versions "i", "j", "m" "1" and "o" in which 91-position
amino acid tyrosine (corresponding to the 87th amino acid in accordance with the Kabat's
prescription) was replaced by isoleucine was selected. These modified versions respectively
corresponding to the versions "i", "j", "m" "I" and "o" were designated versions "p", "q", "s",
“r'" and "t", respectively. The obtained plasmid was designated "hMBC1Lx A /pCOS1 (x =p,
g, s,rort). The DNA sequences (including the corresponding amino acids) of the versions
"q", "r", "s" and "t" are shown in SEQ ID Nos: 71, 72, 73 and 74, respectively. The amino

acid sequences of these versions are also shown in SEQ ID Nos: 52, 53, 54 and 55,

respectively.
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10" 610%4& () - 4! 10%1& 9! 10%‘EL

1094H& ( Frldy! ml&tqgla%wélpq(émm a$111@ﬁ%1glge)stegm )% Iglx@ru and EcoRI. The plasmid

thus obtained was designated "hMBC1Lq A /pUC19.
The positions of the replaced amino acids in the individual versions of the humanized
L-chain are shown in Table 2 below.
Table 2

Positions of replaced amino acid in sequence listings
(amino acid numbering in accordance with the Kabat's prescription)

Versions 36 43 45 47 49 80 87

a

b P D

c P

d 1

e P D I

1 P I

g Y

h Y 1

i Y K

j Y K D

k Y K Vv

1 Y K \ D

m Y D

n Y A\

0 Y \Y D

p Y K 1

a Y K D I

r Y D I
- S Y \ D I

t Y \Y D I

In Table 2, capital letters represent the following amino acids: Y: tyrosine; P: proline; K: lysine,

V: valine; D: aspartic acid; and I: isoleucine.

E. coli strains each containing plasmids tMBC1HcDNA/pUC19 and hMBC1Lq A
/pUC19 were designated "Escherichia coli IM109 (hWMBC1HcDNA/pUC19)" and "Escherichia
coli IM109 (hMBC1Lqg A /pUC19)", respectively, which have been deposited under the terms
of Budapest Treaty at the National Institute of Bioscience and Human-Technology, Agency of
Industrial Science and Technology, Japan, (1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki, Japan)
on August 15, 1996, under the accession No. FERM BP-5629 for Escherichia coli IM109
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(5) Transfection into COS-7 cell

For the evaluation of the antigen-binding activity and the neutralizing activity of the
hybrid antibodies and the humanized #23-57-137-1 antibodies, the above-preparéd expression
plasmids were expressed transiently in COS-7 cells. For the transient expression of the L-
chain hybrid antibodies, each of the following combinations of plasmids were co-transfected

into a COS-7 cell by electroporation using Gene Pulser (Bio Rad): hMBC1HcDNA/pCOS1
and /mMBCI1L( 1 )/neo; hMBC1HcDNA/pCOS1 and m/hMBCl1La A /neo;

hMBC1HcDNA/pCOS1 and m/hMBC1Ld A /neo; h(MBC1HcDNA/pCOS1 and hmmMBC1L(
A )meo; and hMBC1HcDNA/pCOS1 and mbmMBCIL( A )/neo. That is, a cell suspension
(0.8 ml) of COS-7 cells in PBS(-) (1x107 cells/ml) was added with each combination of the
plasmid DNAs (10 u geach). The resulting solution was applied with pulses at an
electrostatic capacity of 1,500V and 25 pF. After 10 min. of recovery period at room
temperature, the electroporated cells were suspended in DMEM medium containing 2% Ultra
Low IgG fetal calf serum (GIBCO), and then cultured using a 10-cm culture dish in a CO,
incubator.  After culturing for 72 hours, a culture supernatant was collected and centrifuged to
remove cell debris. The solutions thus prepared were provided for use in the ELISA below.

For the transient expression of the humanized #23-57-137-1 antibodies, plasmids of
hWMBC1HcDNA/pCOS1 and hMBC1Lx A /pCOS1 (x = a-t) were co-transfected into a COS-7
cell using Gene Pulser (Bio Rad) in the same manner as described for the hybrid antibodies
above. The culture supernatants were prepared and provided for use in the ELISA below.

The purification of the hybrid antibodies and the humanized antibodies from the COS-
7 cell culture supernatants was performed using AffiGel Protein A MAPSII Kit (Bio Rad) in

accordance with the instructions included in the kit.

(6) ELISA

(i) Determination of antibody concentration



#10% 0& () - 10% 0& ()-10% 0& () - MPQRSXxmbC! 10L#10% & ()- 10'0 10'o

10' 0L<109% 0& ()-9: Mb109% 0& ()- 8g 109% 0& () - %9$10% 0& () - UJEnbCl

10L910% & ()- 10% & ()- L$10% & ()-s10% & ()-F 10% & ()- 10% & () - SZdEnbCl
10L6& 10% & ()-9' $10% &' () @ $10% &' () - @A0% & () - &s" 10% & () 10% & () -

X[\ =1 10! &VB10 n& o " 1 9
" EOE’/& J&-_ guﬁxg%éfg la @r at@%%l?%antxbgdy concoe¥1t1é|ftc1)c§n v]\'/gs\ Sé%gre as g‘(?llows
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10% & ( )bulggrl 8)0/? f%[ f\Ia 25 88‘24’0) Né% 8 cof%a{r}mg 1 ug/ml of goat anti-human IgG antibody
(TAGO) and then blocked with 200 1 of a dilution buffer [SO mM Tris-HCl, 1 mM MgCl,,
0.1 M NacCl, 0.05% Tween 20, 0.02% NaN,, 1% bovine serum albumin (BSA); pH 7.2]. Each
of the wells was added with each of the serial dilutions of the COS cell culture supernatant in
which each of the hybrid antibodies and the humanized antibodies was expressed, or added
with each of the serial dilutions of each of the hybrid antibodies and humanized antibodies in a
purified form. The plate was incubated at room temperature for 1 hour and washed with PBS-
Tween 20. Subsequently, each of the wells was added with 100 1 of alkaline phosphatase-
conjugated goat anti-human IgG antibody (TAGO). The plate was incubated at room
temperature for 1 hour and washed with PBS-Tween 20. Subsequently, each of the wells was
added with 1 mg/ml of a substrate solution ("Sigma 104", p-nitrophenylphosphoric acid,
SIGMA). The solution in each well was measured on its absorbance at 405 nm using
Microplate Reader (Bio Rad) to determine the antibody concentration. In this determination,

Hu IgG1 A Purified (The Binding Site) was used as the standard substance.

(ii) Determination of antigen-binding ability

An ELISA plate for determining antigen-binding ability wag prepared as follows.
Each well of a 96-well ELISA plate (Maxisorp, NUNC) was coated with 100 11 of a coating
buffer containing 1 u g/ml of human PTHrP (1-34) and then blocked with 200 ulofa
dilution buffer. Subsequently, each well was added with each of the serial dilutions of the
COS-7 cell culture supernatant in which each of the hybrid antibodies and humanized
antibodies was expressed, or added with each of the serial dilutions of each of the hybrid
antibodies and humanized antibodies in a purified form. The plate was incubated at room
temperature and washed with PBS-Tween 20. Subsequently, each well was added with 100
1 of alkaline phosphatase-conjugated goat anti-human IgG antibody (TAGO). The plate
was incubated at room temperature and washed with PBS-Tween 20. Subsequently, each well

was added with 1 mg/ml of a substrate solution ("Sigma 104", p-nitrophenylphosphoric acid,
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10H 7&d I(_'1) Evaluation of humanized H-chain
It was found that an antibody having both a humanized H-chain version "a" and a
chimeric L-chain exhibited the same level of PTHrP-binding activity as that of a chimeric
antibody. This result suggests that the version "a" achieves the humanization of the H-chain
V-region in the degree enough to evaluate the humanization. Therefore, the humanized H-
chain version "a" was provided for use as a humanized antibody H-chain in the following

experiments.

(ii) Activity of hybrid antibodies
(ii-a) FR1,2/FR3,4 hybrid antibody

When the L-chain was /mMBCI1L( 1), no antigen-binding activity was observed.
In contrast, when the L-chain was either m/hMBC1LaA or mvhMBC1Ld A, the same level of
antigen-binding activity as that of the chimeric #23-57-137-1 antibody was observed (FIG. 7).
These results suggest that FR3 and FR4 have no problem as humanized antibodies but FR1 and

FR2 contain amino acid residue(s) that need to be replaced.

(ii-b) FR1/FR2 hybrid antibody

When the L-chain was mhmMBC1L ( 1), no antigen-binding activity was observed.
In contrast, when the L-chain was hmmMBC1L( 1), the same level of antigen-binding activity
as that of the chimeric #23-57-137-1 antibody was observed (FIG. 8). These results suggest
that FR1 has no problem as a humanized antibody but FR2 contains amino acid residue(s) that

need to be replaced.

(iii) Activity of humanized antibodies
The antigen-binding activity of the humanized antibodies having the L-chain versions
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same levels of PTHrP-binding activity as that of the chimeric antibody.

(8) Establishment of CHO cell line capable of stable production of antibody

For establishing a cell line capable of stable production of humanized antibodies, each
of the above-prepared expression plasmids was introduced into a CHO cell (DXB11).

That is, the establishment of a cell line capable of stable production of a humanized
antibody was performed using each of the following combinations of plasmids as expression
vectors for a CHO cell; hMBC1HcDNA/pCHO1 and hMBC1Lm A /pCOS1;
hMBC1HcDNA/pCHO1 and hMBC1Lq A /pCOS1; and htMBC1HcDNA/pCHOI and
hMBCI1Lr A /pCOS1. The plasmids were co-transfected into a CHO éell by electroporation
using Gene Pulser (Bio Rad). Subsequently, the expression vectors were separately cleaved
with restriction enzyme Pvul to give linear DNA fragments. The resulting DNA fragments
were extracted with phenol and chloroform and then precipitated with ethanol. The DNA
fragments thus prepared were used in the subsequent electroporation. That is, the plasmid
DNA fragments (10 u g each) were added to 0.8 ml of a cell suspension of CHO cells in
PBS(-) (1x107 cells/ml). The resulting solution was applied with pulses at an electrostatic

- capacity of 1,500V and 25 pF. After 10 min. of recovery period at room temperature, the
cells thus treated were suspended in MEM-a medium (GIBCO) containing 10% fetal calf
serum (GIBCO), and then cultured in a CO, incubator using 96-well plates (Falcon). On the
day following the culturing being started, the medium was replaced by ribonucleoside- or
deoxyribonucleoside-free MEM- o selective medium containing 10% fetal calf serum
(GIBCO) and 500 mg/ml of GENETICIN (G418Sulfate; GIBCO). From the culture medium,
cells into which the antibody gene was introduced were selected. The culture medium was
replaced by a fresh one. About two weeks after the medium replacement, the cells were
observed microscopically. When a satisfactory cell growth was observed, the amount of the
antibodies produced was determined by conventional ELISA for determination of antibody

concentration as set forth above. Among the cells, those cells which produced a larger
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Biosystems) on ConSep LC100 (Millipore) in accordance with the appended instructions.

The humanized antibodies were provided for use in the determination of neutralizing activity
and examination of pharmacological efficacy in hypercalcemic model animals. The
concentration and the antigen-binding activity of the purified humanized antibodies were

determined by the ELISA system as set forth above.
[REFERENCE EXAMPLE 5] Determination of neutralizing activity

The determination of neutralizing activity of the mouse antibodies, the chimeric
antibodies and the humanized antibodies was performed using rat myeloma cell line
ROS17/2.8-5 cells. The ROS17/2.8-5 cells were cultured in Ham'S F-12 medium (GIBCO)
containing 10% fetal calf serum (GIBCO) in a CO, incubator. The ROS17/2.8-5 cells were
seeded into each well of a 96-well plate at a density of 10* cells/100 p l/well and culturéd for
one day. After the culturing was completed, the culture medium was replaced by Ham'S F-12
medium (GIBCO) containing 4 mM Hydrocortisone and 10% fetal calf serum. After
culturing for three to four days, the cultured cells were washed with 260 1 of Ham'S F-12
medium (GIBCO), and then added with 80 .1 of Ham's F-12 medium containing 1 mM
isobutyl-1-methy! xanthine (IBMX, SIGMA), 10% fetal calf serum and 10 mM HEPES. The
resulting mixture was incubated at 37° C for 30 min.

The culture mediums of the mouse antibodies, the chimeric antibodies and the
humanized antibodies to be tested for neutralizing activity were previously diluted serially in

the following dilution series: [10 ug/ml, 3.3 pg/ml, 1.1 pg/mland 0.37  g/ml], [10 u g/ml,
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0S8 e(x)tr-act the cAMP therefrom. The cAMP was determined using cAMP EIA Kit (CAYMAN
CHEMICAL'S) in accordance with the instructions included in the kit. As a result, it was
found that, among the humanized antibodies having the same levels of antigen-binding activity
as that of the chimeric antibody, those antibodies having L-chain versions "q", "r", "s" and "t"
(in which the 91-position tyrosine was replaced by isoleucine) exhibited the similar

neutralizing activity to that of the chimeric antibody, and that antibody having a L-chain

version "q" exhibited the strongest neutralizing activity.

Sequ Listing Free T )
SEQID NO: 1 Synthesized DNA
SEQID NO: 2 Synthesized DNA
SEQID NO: 3 Synthesized DNA
SEQID NO: 4 Synthesized DNA
SEQID NO: 5 Synthesized DNA
SEQID NO: 6 Synthesized DNA
SEQID NO: 7 Synthesized DNA
SEQ ID NO: 8 Synthesized DNA
SEQID NO: 9 Synthesized DNA

SEQID NO: 10 Synthesized DNA
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SEQ ID NO: 13  Synthesized DNA

SEQ ID NO: 14 Synthesized DNA

SEQ ID NO: 15 Synthesized DNA

SEQ ID NO: 16 Synthesized DNA

SEQ ID NO: 17 Synthesized DNA

SEQID NO: 18 Synthesized DNA

SEQ ID NO: 19 Synthesized DNA

SEQ ID NO: 20 Synthesized DNA

SEQID NO: 21 Synthesized DNA

SEQ ID NO: 22 Synthesized DNA

SEQ ID NO: 23 Synthesized DNA

SEQ ID NO: 24 Synthesized DNA

SEQ ID NO: 25 Synthesized DNA

SEQ ID NO: 26 Synthesized DNA

SEQID NO: 27 Synthesized DNA

SEQ ID NO: 28 Synthesized DNA

SEQ ID NO: 29 Synthesized DNA

SEQ ID NO: 30 Synthesized DNA

SEQID NO: 31 Synthesized DNA

SEQ ID NO: 32 Synthesized DNA

SEQ ID NO: 33 Synthesized DNA

SEQ ID NO: 34 Synthesized DNA

SEQ ID NO: 35 Synthesized DNA

SEQ ID NO: 36 Synthesized DNA

SEQID NO: 37 Synthesized DNA

SEQ ID NO: 38 Synthesized DNA

SEQ ID NO: 39 Synthesized DNA
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9m inhibiting the binding between PTHrP and a receptor thereof.

According to the fact that when administered with the substance, the amelioration of
blood calcium levels and body weights was observed in a model animal of drug-resistant
hypercalcemia, it is found that the substance is useful as a therapeutic agent for drug-resistant

hypercalcemia.
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2. The therapeutic agent according to claim 1, wherein the drug-resistant hypercalcemia is
resistant to a therapeutic agent for hypercalcemia other than a substance capable of inhibiting

the binding between PTHrP and a receptor thereof.

3. The therapeutic agent according to claim 1 or 2, wherein the therapeutic agent for
hypercalcemia is a bone resorption-inhibiting agent, a calcium excretion-promoting agent, an

agent for inhibiting intestinal absorption of calcium or a loop diuretic.

4. The therapeutic agent according to claim 1 or 2, wherein the therapeutic agent for

hypercalcemia is a bone resorption-inhibiting agent.

5. The therapeutic agent according to claim 4, wherein the bone resorption-inhibiting agent is

a bisphosphonate or calcitonin.

6. The therapeutic agent according to any one of claims 1 to 5, wherein the substance is an

antagonist for the PTHrP receptor.

7. The therapeutic agent according to any one of claims 1 to 5, wherein the substance is an

anti-PTHrP antibody.

8. The therapeutic agent according to any one of claims 1 to 5, wherein the substance is a

fragment of an anti-PTHrP antibody and/or a modified form of the fragment.



9. The therapeutic agent according to claim 7, wherein the antibody is monoclonal.

10. The therapeutic agent according to claim 7, wherein the antibody is a human antibody, or

a humanized or chimeric antibody.

11. The therapeutic agent according to claim 7, wherein the antibody is in a humanized form.

12. The therapeutic agent according to claim 11, wherein the humanized antibody is

humanized #23-57-137-1 antibody.

13. The therapeutic agent according to any one of claims 1 to 12, wherein the drug-resistant

hypercalcemia is caused by cancer.



