DESCRI PTI ON  THERAPEUTI C AGENT FOR DRUG RESI STANT HYPERCALCEM A TECHNI CAL
FI ELD The present invention relates to a therapeutic agent for

drug-resi stant hypercal cema, which conprises, as an active ingredient, a
substance capable of inhibiting the binding between parathyroid hornone
related protein (PTH P) and a receptor. BACKGROUND ART In drug therapy
(i.e., pharmacot herapy) for hunoral pggeregfieqm a of malignancy (HM a
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(e.g., bisphosphFHERAPEUTIC AIGENPROR DREUGRESIFTANT HYPERCAECEMIA €nd Of
the drug therapy is an admnistration of calcitonin or a bisphosphonate

al one and conbi nation of calcitonin and a bi sphosphonate. The cal citonin
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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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It is poorly effective in patients with high blood levels of PTH P (12

pnol /L or higher), and has a shorter duration of action. It is attenuated
in its action when adm nistered repeatedly. For repeated adm nistration,

it is required that it be adm nistered at intervals of at |east one week
for the purpose of confirmng the response induced by the initial

adm ni st raéf'ltléapise Jlgy sonetimes cause hypocalcema. (2) Calcitonin: Its
effect on the redtiction of calciumlevels reaches maximumwithin 12 to 24

hours after the-l@ﬁga H$ eiradtivein pAeeR vaitt KBE 81034 184 of PTHERY 1 PPmbIAL or
performed thereafter, however, Fhe effect may show a re-ascent within 4 to

5 days af tigphdri) @nad #as DitrfeAlhaiion $Hcloni S known as the so-called "escape
phenonenon”. For the reasons set forth above, these drugs are limted in

their clinical udeisditeniatedinets acfidrewheat fhigikfeteadaepeardlys e Fobyepestpdat ed
adm nistration or the devel opment of resistance to the drugs. Mreover,
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is to provpupos dficenfineing the regpente ihduced by gherieitiabadunitistriygrer cal ceni a, whi ch
conprises, as an active ingredient, a substance capable of inhibiting the
bi ndi ng bet ween phmayisomefinesesusposaleemiad protein (PTH P) and a receptor
thereof. The present inventors have made extensive and intensive studies
for over co kgleitaBin: dr awbacks set forth above. As a result, the inventors
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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



capabl e of inhibiting the binding between PTHrP and a receptor thereof. The
substance may be an antagonist for the PTH P receptor, an anti-PTH P

anti body, which nmay be nonocl onal or polyclonal, preferably of nonocl onal
type. The nonocl onal antibody nay be a humani zed or chineric nonocl onal
anti body or a human anti body, or a fragnent of the antibody and/or a
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bone resorpedified fostn afithé fragraeptnt TheTienanined antisalyphayoe hunfwnkried #23-534671 may
i ncl ude a bi sphosphonate, calcitonin and so on. The bi sphosphonate may

i ncl ude, fastibadsnnpiihe dreg-tesiglenhhnpercalsemiaomayibe eausedtby ¢ancerdr onat e.  The

calcitonin may igcl] de,",f%;"exarrpl,e, calcitonin, el catonin and sal non
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m t hrawcg@fﬁm%ﬁag(@k%ﬁpe present invention will be illustrated in

detail . ~Thi's 'spe _ipatl_o'n i ncludes part or all of the contents as
disclosed in t herh%pﬁﬁigtﬂeﬁ%hﬂi}percalcemia" as used herein refers to a class of hypercalcemia

which exhibits resistance to a drug having a therapeutic efficacy on hypercalcemia when the
drug is administered repeatedly, such as hypercalcemia resistant to a bone resorption-inhibiting
agent, a calcium excretion-promoting agent, an agent for inhibiting gastrointestinal absorption
of caleium and a loop diuretic, preferably a bone resorption-inhibiting agent.

The bone resorption-inhibiting agent may include a bisphosphonate, calcitonin and so
on.

The bisphosphonate may include, for example, alendronate, pamidronate and
incadronate.

The calcitonin may include, for example, calcitonin, elcatonin and salmon calcitonin.

The calcium excretion-promoting agent may include calcitonin and a loop diuretic.

The agent for inhibiting gastrointestinal absorption of calcium may include a
glucocorticoid and an inorganic phosphate.

The loop diuretic may include furosemide.

The osteoclast-inhibiting agent may include an anti-cancer agent, such as actinomycin
D, cisplatin and mithramycin.

Hereinbelow, the present invention will be illustrated in detail.
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and/ or draw ngs of Japanese Patent Application No. 11-192270, which is a
priority docunent of the present appliction. The present invention rel ates
to a therapeutic agent for drug-resistant hypercal cema, which conprises,
as an active ingredient, a substance capable of inhibiting the binding

bet ween parathyroid hornone related protein (hereinafter, referred to as

"PTH P") and a rEgeffeificatiddshgadesphf'op éf_?_%f {tfe'contefk 8 ﬂﬁao%e‘a iRthe spddififation

receptor”). As used herein, the term HrP.receptor”™ refers to any

receptor tdndlor dfvikes st ThpuneRtdnt ApPREUtiDA N PRG92B/ 00K AR ii:be?ﬁric'brﬁy Japanaie
Nat i onal Phase Lai d-open Publication No. 6- 506598), regardl ess of whether

or not tha)flﬁia—presenewi‘cﬁﬁn,i S present on a target organ (e.g., bone,

ki dney). As used herein, the term"a substance capable of inhibiting the

bi ndi ng bet ween ThePrissentcindention eslatpd ora thérapanic agent Fotdrih-ra et bypercalehsds,s to
any substance that can bind to PTH P to prevent the binding of the PTH P
t 0o a PTHr Pvhielt eghypmises,sas @h activedngradient; #3wlsAncacdpable df inhibitingthb diralinpebdtedn
can bind to a PTH P receptor to prevent the binding of the PTH P receptor
to PTHr P, paathyrail hommane relpted mrotesngtheneinafter, Rfeirdd toas ERTIrP") andataceptor

ant agoni sttg, speci fi cal Ify a peptide having replacement or deletion of at

| east one ¢ ingfter sefermrd togs {RBHPeeeptorpept i de or a partial sequence of
the PTH P peptide; or.a conbinatjo hereof . The anti-PTH P antibo

i ncl udes those dbsURY bRt eﬁm?ﬁﬂ?&dewea@rarqﬁ%rmﬂnyéacepmh%s&y,lng¥munan

[ai o- opon REPAe5hes dnse s ferCubeiin insbiy NAASHAAS FOmoRpE PR disagon No. & |
ol yo onal U5 SRR heatel e hotBl ERREheorpBs Pl bt WA BRAL AR 5. The

PTHr P ant %ggilﬁgneigzcl udes, but is not limted to, a polypeptide or a | ow
mol ecul ar wei'g ibst ance. An exanple of the PTH P antagonist is a

substance that - bigyded birefh, BERR *AABHARE dBHIoRITkBARRIAS LiRaRRYERIATR! NSt
PTHP, such as a PIHP (7-34), PIH P (8-34), PTH P (9-34), PTH P (10-34),

or mut ant sPYHWPrdfa redeped: tIRACE (a PEHIRELEREH)! refiah & drybubdtard dhdt c@ibiaf tat

| east one am no acid residue. The additional exanples thereof include
pol ypept i dERHiPatw iprayentithe bindmgrof shel RTEPto wiPTHrR gedeptok, sbdiisRinamticRE&P bed in
Japanese Patent Application Laid-open No. 7-165790; Japanese National Phase
Lai d- open dxtibody; any substance that can bind to a PTHrP receptor to prevent the binding of the PTHyP
receptor to PTHIP, such as an antagonist against a PTHrP receptor (a PTHrP antagonist),
specifically a peptide having replacement or deletion of at least one amino acid residue in the
PTHzP 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 antagonist is a

substance that binds to a PTHrP receptor in an antagonistic manner against PTHrP, such as a
PTH:P (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.
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5-509098; Peptides (UNI TED STATES), 1995, 16(6) 1031-1037; and Bi ochem stry
(UNI TED STATES) Apr. 281992, 31(16) 4026-4033. These poI ypeptides may have
del etion, replacenent, addition or insertion of at |east one am no acid
resi due, as long as they can have an equival ent |evel of PTHP

antagoni stic activity, which are al so enconpassed in the PTH P antagonists
of t he pr eS?ré@&OQiSanmdbmﬁJN]mED S’EA’HESst?HS i1 6063 hd3 10103 7aandaBioeheniptre (AN THI

substance _ﬁﬁ%e of inhibiting the i ndi ng_between PTHP and a PTHrP
receptor” AprR8 o, éﬁﬂq}d 4933, H@e%‘mﬂl eptides may hae daletignt i - PTHr P
body T P bod t h t. t
one. as. | orgriaBpdt aiinophinspol of AfFash e trﬁm&#??@%%@#”%q Be FELFE e
hyper cal ceff @uivaRafledbITPTR,P! 'aﬁﬁg&gﬁ{ccfuéﬁ?’ use E%?dga?sred RO Pene! )

and configuration. The anti-PTHr | n t e présent 1 nvention

can be pr caitapedistyyofdley/priesenatinventihhod as a pol ycl onal or nonocl onal
anti body. Preferably, the anti-PTH P antibody is a nonoclonal antibody
derived from a nBibPpresenhinvertionss aneaxample shbsiarice sapableoafiinhibiting thte s

t hose produced froma I dpm ths b e eering
t echni quedtf P@Hgg Pﬁl]ﬁg[%t ‘g? étﬁg %‘c@%ﬁgﬁ%@%‘%@ﬁ WW@%‘?"&
carrying apaspe for the antibody. The antl body can bind to PTHP to
prevent the binding of the PTHrP to a PTH PTHrP receptor, thus bl ocking

t he signal transduction of the PTH P and consequently inhibiting the

bi ol ogi cal actjvity of the PTHrP. A specific exanple of such antibody is
#23-57- 1371 MH@ tiRdEh can be produced wth a hybridoma cl one

rouse mouse. hybits %ﬁ?@?‘%ﬂﬁ#@%@s ARG JereR B R B SEHEN TSPRE B ne
Sudapest s i oot 19ROl jlcutlals HOSIL bl RLoCE

and Human-t echnol ogy, ‘Agency of ustrial "Sci ence an echnol ogy

(1-3, Hi ga(ntunodlonﬁ@mpolyiﬁbuﬂmbmdedmﬁguﬂahanakl, Japan) under the accession No.
FERM BP- 563 1. Ant i bﬁg\% pr.oduci n hybri doma A nonocl onal

ant i body- pr oduci Y a¥idr i kS aatibedy us }5’( ¢ gresent AavepBon esncbe proguced By any known

method as a polyclonal or monoclonal antibody. Preferably, the anti-PTHrP antibody is a

1))

monoclonal antibody derived from a mammal. The mammal-derived monoclonal antibody
includes those produced from a hybridoma and those produced by a genetic engineering
technique from a host transformed with a recombinant expression vector carrying a gene for
the antibody. The antibody can bind to PTH:P to prevent the binding of the PTHrP to a
PTH/PTHIP receptor, thus blocking the signal transduction of the PTHrP and consequently
inhibiting the biological activity of the PTHrP.

A specific example of such antibody is #23-57-137-1 antibody which can be produced
with a hybridoma clone #23-57-137-1.

The hybridoma clone #23-57-137-1 has been designated "mouse-mouse hybridoma
#23-57-137-1" and deposited 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.

2. Antibody-producing hybridoma

A monoclonal antibody-producing hybridoma can be produced as follows. That is,



5 PTHrP is used as an antigen for inmunization in accordance with a
conventional inmunization nethod. The resulting i munocytes are fused to
known parent cells by a conventional cell fusion nmethod, and nonocl onal
ant i body- producing cells are screened fromthe fused cells by a
conventional screening nethod. First, a human PTHP, which is used as an

sensi ti zi NPT fsa8el 40 RSSOk RftbieaticAh 'a@é?)?d’mcé with %%Bﬁ“&ér‘ﬁoﬁéi 151?&%%?161{' g

t he PTHrP gene/am no acid Sequence disclosed In Suva,

Sci ence ( 198&hbd.23The RHdtindinGhRY ek 4R fHRAUE RESWE PArest d&ﬂs b 5 cE’ﬁRJéhP oﬂa§ cell
inserted into a known expression vector, and a suitable host cell is

t r ansf or mefision iethdib agkipoascorab am&%tljﬂ-lproduﬂﬁg cBllHrP sere@icdiffdom ﬂletﬂi&ﬂ ceBbyad ed
and purified fromthe transforned host cell or froma culture supernatant
of the tr acwiventivnd] seeehingehdthddy any known nethod. Then, the purified PTH P
protein is used as a sensitizing antigen. Alternatlvely, a 34-amno acid
peptide of the I\Flrﬁ,rahm R’Hbi?pwhmh istused B densitiginp entigenrforplotycisy thichesi zed
as the sen5|t|2| ng anti The manmal to be imMmunized with the sensitizing
anti gen i saniigp msmne bY wprewngéhf: PTHR gonefamintecidrsaqrenceidiscinsed i SuviayL.
selected taking into consideration of conpatibility with the patent cell
used for chet alfsl§§{| > (18833} 893 o pusdesiide sequgnee epsoding the RTHR Asrinsented into

ensiti ifl wegf e v%%%ga«f@mﬁ%“hz%hégmm“ FREEIea b (RGBSR VB Fod.
for exarrp@h tlnglaﬁnée se zing &n t _

Selaed pad gl i EReifPrged KR Cdbordiam 2
:am irggﬁr: ; Wéﬁn&aﬂwﬂf@g%ﬂf&?ﬁgﬁl S48 f%g%d tQ megat e- bufferedI rs]gI i ne
(PBS) or yS| o g| ca I N PEs uﬁs kﬁ’?vﬁf ﬁl Y suspension is
e Xed i & PHaapARP PHATRARY s @Mﬁﬁ%ﬁ@% gl iRl |

Freund' s conplete adJu e an enul sion sion1s
to a manmy-aameicill peplidess Bt N-RhRdPrksiof bf thelPrIRd ch'éﬂﬁcail?% t}'xesmed
I muni zation, the senS|t|2|ng antigen may be attac %%
carrier. a&ftheﬁenhimﬁmgrmﬂgunzatlon the serum anti body Ievel i s checked. Wen
the serum antibody level is confirned to reach a desired |evel,
i munocyt es ar e Tieahatmdl tbrbrannmﬂmlzedmmhiﬁhe sonsitilzing Antpdy ie abeshriicul B limited.
f usi on. AIPIr ef erabl e i munocyte is a spleen cell.
owever, the mammal is preferably selected taking into consideration of compatibility with the

patent cell used for cell fusion. Generally, a rodent (e.g., mouse, rat, hamster), rabbit or
monkey may be used.

The immunization of the mammal with the sensitizing antigen can be performed in
accordance with any known method, for example, by injecting the sensitizing antigen to a
mammal intraperitoneally or subcutaneously. More specifically, the sensitizing antigen is
properly diluted with or suspended to phosphate-buffered saline (PBS) or physiological saline,
the resulting dilution or suspension is then mixed with an appropriate amount of a conventional
adjuvant (e.g., Freund's complete adjuvant) to give an emulsion. The emulsion is injected to a
mammal several times at intervals of 4 to 21 days. For the immunization, the sensitizing
antigen may be attached to a suitable carrier.

After the immunization, the serum antibody level is checked. When the serum
antibody level is confirmed to reach a desired level, immunocytes are isolated from the
mammal and then subjected to cell fusion. A preferable immunocyte is a spleen cell.

The parent cell used for the cell fusion (i.., the counterpart of the cell fusion with the
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The parent cell used for the cell fusion (i.e., the counterpart of the cel
fusion wwth the 6 inmmunocyte) is a nyelona cell derived froma mammal . The
nyel oma cell is of any known «cell line, and, for exanple, P3
(P3x63Ag8.653) (J. Immol. (1979) 123, 1548-1550), P3x63A98U.I (Current
Topics in Mcrobiology and | nmmunol ogy (1978) 81, 1- 7) NS-1 (Kohler, G

and M| st einfimuiocyfe)is-a ryelbriBdElPierived %680 a framedal SHY Kﬂ@‘!’ﬁ)ﬁa i fsWaﬂ#kh&ﬁn D.
H et al., Cell (1976) 8, 405-415), SP2/0 ( Shul man, ure

(1978) 276cellAff; &) For eK@npIIEP3 BBx6TAG. 653)~‘§J IEunn@I (13979) 193, Ibmssxi Met hods
(1980) 35,1-21), S194 (Trowbridge, I. : (1978) 1

313-323) OP3:@AAGSUG(Clurrent Tapiastin chmbi‘d@dggrr&d([ﬂaﬂlﬁ%logi ?19785:’»&} 133) NSQel I
fusion of the i mmunocyte to the nyelonma cell is basically perforned in
accor dance(Kahid, G.rgndlMﬂstmnn@IEde Immuinok 61 A76¥6,1Hd 1450 6), MP@A11 $hatgulied, DalH. et
(Kohler, G and Mlstein C ,k  Mthods Enzymol. (1981) 73, 3-46). Mre
speci fi cal aly Celli{EO76) 8] 44541 DrSB0 (Rhmtmanydli et AloNatura (H78) 276, 269256 E6X [denal
nutrient culture nedi um in the presence of a cell fusion pronoter. The

cel | fusi odt Brethot-& etalyJ Jamysel. )P‘&th@dséh%mjﬂﬁbﬁl)( BEW) (Toowbridgent 8i, JVExpis
.( 23?2‘8?'nStkﬁ&téﬂ@&)aﬁée%@?{zsi‘%@ﬁ?iod@aa%@.cs ey el oo 785 RELAGI 3R T oxi de
Col 15 or the. carfil FEERaA LR IBBocR e Prebsed iy e E%e%?&ﬁ%g'yfgi‘
modi um us e PRR A 1510@%?'@?@?%%%@%@9@?%&%& Re5ab (KR et hEw
medi um sui kg g@ﬂeﬁl £o Métﬂ?c}s(%r&%ngl ggp?%?)b{?%e nmentioned nyel oma cell |i nes

or ot her I un ¢énven e culture of such cell lines. If

desired, a Serum{oﬁlbgleélﬁ@ﬁl}tthe% ﬂ’hsﬁﬁugﬁ rgrﬁglfor FH&@E?@ nvelB¥nal fu@dfied

to the culture med The“ctel | fusion orne 'y " m'XIrng given

anount s of culthfe mediHNGE YHeqfeRAick ofta @11 "fﬁﬁbﬁ)ﬁ%nﬁﬁér' SThé‘cetlll"!ﬁsﬁH }dﬁﬁcﬁ%ﬂhﬂg%g AL

addi ng a PEG solution (e.g., nmean nol ecular weight: about 1000

(whi ch haq;dbmlmylmeglyaw@EGmermmmb@wma%Qhﬁhaﬁ@ RS ofTagali BVISU lY toO
a concentration of 30-60% (wv), and then m xing the resulting soI ution,

t her eby prdssised, fier the perposesifiimpirovirg the fusidnl effi¢iency, an diditivedactnss) dimethyl
Subsequent | an appropriate culture mediumis added to the culture

sol ution ssyzfe ¥ide may|bg incomepratedt ri f uged to renpve the supernatant. This

The ratio between the immunocytes and the myeloma cells for the cell fusion may be
any one. For example, the immunocytes are used in the amount 1-10 times larger than the
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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procedure is repeated several tinmes to renove the cell fusion pronoter or
the like that are wundesirable for the growh of the hybridomas, fromthe
culture nedium 7 The obtained hybri donas can be selected by culturing in a
conventional selective nedium such as hypoxant hi ne-am nopterin-thym di ne
(HAT) nedium The culturing of the hybridomas in HAT nmediumis perforned

for the time of nErdigueAiohS GA4SSHOEHFolufilinh BinifbAI GBS an

t he desired hybri orras t hat usua or sever al

days to seyfifl sitRes hyp ocx'dﬁﬁnﬁﬁ%'ilh& en }iﬁ&lhé ff'i!ﬁp hh%x&x: ”‘:’I‘h@bﬁ ingrbf@ffet hod

is perforned for screenl ng and nono- |ng 0 domas t are

secreting KybgideRas AR MIRRE peﬁ%m@edﬁ%% {Hé%n% S¥eribd 8Rbudh ¢ 8dus theldath of

hybri domas by i nmuni zi ng a non-hunan mammal w th the antigen as descri bed

above, a hihgeelld otherhieythe desned Bebidonss (i.¢. Sstlvttabfail g iise), ubuallytfoOsevadfddys en
subj ected the sensitized | ynphocyte to cell fusion to a human-derived

myel oma cefolsevagaideks.of Subséquently conventidnal lingtingdilubion eiettiodds perfurmed fant | body
having a binding activity against the PTH P (Japanese Patent Publication
No. 1-59878}eenitigtand menoweddning af thébytaidoaas itimb are secretingsthe Bl antiyodye
prepared by injecting PTHFP as an antigen to a transgenic aninmal that has
the entire reperA®smsthodfothenthen pspating the hybridemasbyimminizingmnembimaPTHr P
anti body- producing, cell, and then immortalizing the cells, thus produ0| ng

t he human mampab w?r the antigemas deserified 8boves @ humpn hymphoeyte may b sensitized wath

Publ i cati s, WO 94/ 25585, WO, 93/1222 92/ 03918 and WO 94/ 02602)
The nonocl %ﬂ%&ﬂ@%éﬂ@&ﬁ%ﬂ‘ﬁﬁﬁ?ﬂ%ﬁw e dgcelkfuggn jea bﬁlﬁa’b'éer“’

ﬁ.:gfgg%w;%y el 3o SR st rr%a%ﬁ?hgo fﬁga Huigh oé?f ‘élpﬁaqmg
2u| !tu?i %g {Cﬁ%Monﬁ I J@&%&%@“W%ﬁ%ﬁ“@ﬁ% fﬁghgl /{d&e 1"& ea and

|1 Jolal:! t hat
F(rjlvole\cl'[elsn%u ectl ng &l ’a"ﬁyg’?&c}hﬁgyt%ﬁg%%ﬁﬂ n% % Q@%Iﬁ:{geﬁ br?dorra
to grow t heandydié ﬁiﬁﬂﬁl fhit Bl Ehe émmberediﬁs ePhirRsd éﬂi‘ﬂo&)hg d&X’EHMé&ﬁB% aﬁlraﬁﬁl the

ascites of the manmal. The fornmer nethod 1is suitable Tor producing the

ant i body |mmmmwy-pMduMg béll, bhé@thed ihflortaRiih®the icells; ks pRIRIcIngthe WirRGUCI Ng
the antibody in a | arge anmobunt. 3. Reconbi nant anti body .

antibody from the immortalized cell (International Patent Publication Nos. WO 94/25585, WO
93/12227, WO 92/03918 and WO 94/02602).

The monoclonal antibody-producing hybridoma prepared as above can be subcultured
in a conventional culture medium and stored under liquid nitrogen for a long time of period.

For the production of a monoclonal antibody from the hybridoma, a method may be
employed that involves culturing the hybridoma in accordance with a conventional technique
and collecting the monoclonal antibody from the culture supernatant, or that involves injecting
the hybridoma to a mammal compatible with the hybridoma to grow the hybridoma in the
mammal and collecting the hybridoma from the ascites of the mammal. The former method
is suitable for producing fhe 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
8



In the present invention, a reconbi nant-type nonocl onal antibody may be
used, which can be produced by cloning an anti body gene fromthe

hybri doma, integrating the antibody 8 gene into a suitable vector,

i ntroduci ng the vector into a host, and then producing the antibody from
the host according to a conventional genetic reconbination technique (see,

for exanpl gne g 34a1HABe v&torl\{‘ng,@&uc%f the veltor 1% e Qﬁd‘im? PRoin %Paﬂz—llrﬁédi 75,

1990) Specifically, nRNA encodi ng vari able region of "an e;g 113 ]
ant i body i fomits&hddt 8sbobdiRgiotd @naitio Eficar@édnli’ﬂﬂéﬁoﬁrté&ﬁ'flﬂjg @gs FbgpiRe, The
I solation of the mMRNA is perforrredngy-gégrepari ng a total b{ any Known
net hod, suVindasngyAnMlieusn, Buk.Ur Bivehdri (T 9aptiop veretsoooshi rgwin, J. M et
al ., Biochemstry (1979) 18, 5294-5299) and AGPC nethod (Chontzynski, P.
et al., Anal. BiSbifivally, HFBYA ehéolinglvhiableV) regivh dffag@anti{PTRHRGLfELdylE
desired nRNA fromthe total RNA using nmRNA Purification Kit (Pharnmacia) or
the |ike. wblatedfiooim thelayti-PTHEP afibbdygrodicing Hybrigompar Het isolathmt ofithe/mRINA is
Qui ckPrep mMRNA Purification Kit (Pharmacia). Next, cDNA for the antibody
V-regi on ieeroymed by preparifg ototal RN ArRNanykidwemethod speh ast gumnilium pt ase.  The
synthesis of the cDNA is perfornmed using AW Reverse Transcriptase

Fi r st - st r araceniifugstionivecthed (Ghirgwse JiMMgetial, Binchermistry 61979b18,t88445289) anthe

hesi zed. and anplified nmet hod ( Frohman,

by 5'-RACE
VA et ot ASBETenSd fiomcapis, Pocial. Rogiabiocot)198) 1650569083 6ipavaky.
PAcE Kt (e eiited kDA e B o] RNACKTEIRSA PETICARES Kit (RBAmacE
e ; .8 b.sql d j fied f h l. t,i P
broduet . e Rk O Kttrpirivch? B BRGATREY A0 bk AR TSE TR 5884 o
The reconbp&%ﬁggﬁgtgphérﬁlag@troduced into a host such as E. coli, and a

colony containing a desire econbi nant vector is selected. The nucleotide
sequence of the g @INAFSSRE HtiHoly Wfeo RGO FRIINADE] ¥EM!RE RN A Wikl d 1ebdsdY
for exanpl e, dideoxynucleotide cha?’n tgrri nat 1 on net hodta m %R}k encosl ng

the anti - RiddsBligiasel DTHY sthieRfs Fthe DR iSpfRAmed BEnPNMVY Rev @ VFab@task Nt O
an expression vector containing a DNA encoding a desired anti body' "const ant

(C) regi orFirst-sipand DN ArSysithesii &t (Sbikhgukuavrporktiod) Br hetlike0dYhe!/SBE Al hay 4180 be
present invention, the
synthesized and amplified by 5'-RACE method (Frohman, M.A. et al., Proc. Natl. Acad. Sci.
USA (1988) 85, 8998-9002; Belyavsky, A. et al., Nucleic Acids Res. (1989) 17, 2919-2932)
using 5'-Ampli FINDER RACE Kit (CLONETECH) in combination with PCR method, or the

like.

A DNA fragment of interest is isolated and purified from the resulting PCR product
and then ligated to a vector DNA to obtain a recombinant vector. The recombinant vector is
introduced into a host such as E. coli, and a colony containing a desired recombinant vector is
selected. The nucleotide sequence of the DNA of interest in the recombinant vector is
confirmed by, for example, dideoxynucleotide chain termination method.

Once DNA encoding the anti-PTHrP 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.
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anti body 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 transformed with the expression
vector to express the antibody. 9 In the expression of the anti body gene, a
DNA encodi ng heavy (H) chain and a DNA encoding light (L) chain of the
anti body may be y i ' I

]h%@&{}ﬁés A rs%gﬁ of e aﬁﬁﬁ@dyaéeﬁe Wﬁ%ﬁb%%ﬁ&%g t(ﬁ?echa?ﬁ‘ﬁhcf NpRR

host cell is co-tran wth the resulting reconbl na Xpressi on

vectors. éﬂcb&ih@ﬁ?hﬁ/&b ¥haik 8f ﬁxe%ﬂﬁbd@%@h?‘%eﬁ%ﬁd‘ 3%k r@t@@xé@?si@%cf‘d?&om ng

L-chain of the antibody may be In rated together ihto a single

expr essi oOnandahés host Béll {58 Aradsfafféd with the'FBSGIRD rebdrbiRiM eRREss¥niveclohe
resul ting reconbi nant expression vector (WO 94/11523). For the production

of the recAltanaivdly, bothithoDNA arbiig $-tiken akibme DA baARG IN6isdin o£Bk htibodly
transgenic animal may al so be used as a host. For exanple, the antibody
gene is imsebt iegrattdtogethecidrt £singlo exbreision vetton agd denarhosrictignay iy ot ei n
i nherently produced in the mlk of an animal (e.g., goat a -casein) to
obtai n a finaishmmegd mdth the Pbidtihg rgombinanteaxpressiomgedtdrd W@ O411D52D).
gene-introduced fusion gene is injected into an enbryo of a goat, and the
embryo is then Eqartthmggmon of theaegombinast argthody, besidésthe hbovgonentioned hest t he
enbryo ther?li n bears _a ,transgenic¢c goat. The antibody of interest is

secret ed i $llg+irapsgeni¢ aamal may also he uvedios agostt  Her example; theraptibodsr gene is For

t he purpose of .,ncreasjng the amoynt of the anti bqdy-containing mlk from
the trans g@ﬁ?@dd’gﬂtapr%‘ir?egﬁﬁpg SHe af%g%rmmﬂén%pmﬁfén nbgreatly prodaced ip theyailk

z;angaie?! AR B0 bowtng peBt R oaibe %@?e%ﬁ%@&%éﬁ% FiReaH ng
e oL BB ke aBRARRA Rl TR POl R B og Aol MABERRMERY o
a_huMmeni 2eefiodagi inbh3emalthd | Qtle KLA00G: 85vine bt S BRIG bl & e
foll owi ng known nmethods. A chineric antibody usabFe i n the presen

i nventi on gaRpdiic féPaTR kol SfihieR@t fsi6crefelilth BB HAK féin HErAREROLYA! or a

V-region prepared as set forth above to a DNA encoding a human™ antibody
C-regi on, progegrthéreol) Foetheipdfios©of iBEreskinng the Bioustbfeddrtibsd P Bontdaingminand
i ntroducing the resulting reconbi nant expression vector into a host to
produce t hirom Hheteanisgerdegoanaiyappropriate hormone may be administered to the transgenic goat

(Ebert, K.M. et al., Bio/Technology (1994) 12, 699-702).

4. Modified antibody

In the present invention, for the purpose of reducing the heterogenisity against a human
body or the like, an artificially modified recombinant antibody may be used, such as a chimeric
antibody and a humanized antibody. These modified antibodies can be prepared by the
following known methods.

A chimeric antibody usable in the present invention can be prepared by ligating the
DNA encoding the antibody V-region prepared as set forth above to a DNA encoding a human
antibody C-region, integrating the ligation 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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A humani zed antibody is also referred to as a "reshaped human anti body", in
which the conplenentarity determ ning regions (CDRs) of an antibody of a
non- human mamual (e.g., a nouse) are grafted to those of a human anti body.
The general genetic reconbination 10 procedures for producing such

humani zed anti body are al so known (EP 125023; WO 96/02576). Specifically,
a DNA seq | ' LSRR ' %@%, i ] h r amewor k
regi ons (gggjeﬁg%'é%mrﬁg% anti%ggl?h?gé%ar?p i |§g%§$l%?gﬁ %%%%ém% several
ol i gonucl esg/f .as priners which have been designed to have regions
overlapping to the termnal regions of the CDRs and the FRs. The resulting
DNA is ligated smcmcaw,\am,qdéqwncanhﬂﬁa{maﬁgelahﬁﬂoﬂyfemkgh&n%gateadhrbbg,
ligation product is integrated into an expression vector. he resulting

r ecombi nanfrarmesperk segions (FRS) offa luBndn'tntibetiycis dmiplified By PORImethdPiisiipysepe@tiuci ng
the humani zed anti body (EP 239044, WD 96/ 02576). The FRs of the human

anti body | oliganecledtides agprimérs whidkshaze beaxadesipheditodmve repionisheerGipping toalre f orm a
suitable antigen binding site. If necessary, an amno acid(s) in the FRs of
the anti bletyingl regignoof the (*DiRs and thedRed  Jthetrésuiting AN ADREgaséd toreeDNAsinapdidg
human antibody can form a suitable antigen binding site (Sato, K et al.,
Cancer Res?hyhaoatibady Casgiopzmyl therligation peaglugtis tegrafed i1t0 A expressiontvieateni zed
ant i body y be _any hu antibody G regjon, such as Cy 1, Cy 2, Cy 3
or Oy 4 fgfh@tll?@ﬂﬂn%mﬁ,gﬂ%&xareﬁSImbYe@w méedeged n@@ﬂ»@ﬁtﬂﬁwreh@mmm the

anti body GC-regio e LE]e r pur pose of inproving the stable
producti o W&Wg%ﬁg‘?‘gﬁg%g%‘g&ﬁé%@g?@ml body i s conposed of V-regions
derived froma u anal.i a nt i bod d G=feqions derived.fr a
human ant i body.ﬂ%ﬁg&n Shumap ﬁlgh?‘?]%@%@e‘f@%‘sﬁ@}?s@af‘%%‘eéﬁ@egé? Fj\?gﬁlef(%%ﬁ a
non- human rﬁgﬁ!‘ | k c | deg s man
anti body. é?ﬁe u%&gﬁf@gﬁgﬁgﬁgi&gi@éugg megsg!:rsf gﬁggl?: q%éd(&ﬁﬂélﬁ%@l?%ﬁt{tﬂ?or t he
t her apeut i £Be@PY-ehioh AeyHeSsRRted | b SREbG! he
ant i body agai n?{] a Snanybggsﬁi S rsﬂﬁ%@%Rﬁ%@??@?%?%%?@?ﬁﬂ%&n‘P&nf
hurmani zed pgfiiabledtipentithding Bitd ﬁ;@toEK@@ﬁﬂ'I, Chidee Res. Q19939 53/85TEge3ed
#23-57-137-1 anti body; in which the CDRs are derived from nousSe-derived
#23- The C-region of the chimeric or humanized antibody may be any human antibody C-

-

region, suchas Cy 1,Cy 2, Cy 3 or C y 4 for the H-chain, and Cx or CA for the L-chain.
The human antibody C-region may be modified for the purpose of improving the stable
production of the antibody.

The chimeric antibody is composed of V-regions derived from a non-human
mammalian antibody and C-regions derived from a human antibody. The humanized
antibody is composed of CDRs derived from a non-human mammalian antibody and FRs and
C-regions derived from a human antibody. The humanized antibody is useful as an active
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
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57-137-1 anti body; the L-chain is conposed of the CDRs |igated through
three FRs (FRI, FR2 and FR3) derived from human anti body HSU 03868
(GEN-BANK, Deftos, M et al., Scand. J. Inmunol., 39, 95-103, 1994) and a
FR (FR4) derived from human anti body S25755 (NBRF- PDB); and the H-chain is
conposed of the CDRs |igated through FRs derived from human 11 anti body
831679 ( NBRELGHES3 1670 GNBRE:PDH) Cilikinki, 2M. et B BurJJ. IhfiuboloD3, 128,118,199318,
1993) in which a part of the amno acid residues in the FRs is replaced so
that the rwisiblppertbfthenndesiacidrdsidaedy thaFR eishiepladedao thai thegeshapedistinamized
activity. The E. coli strains containing the plasm ds having DNAs encodi ng
t he H chaiantibody ¢dnexhibiteinantigabindiag hetivdtyi zed #23-57-137-1 anti body,
respectively, are designated Escherichia coli JMLO9 (hNMBClHcDNA/ pUCL9

(for H-chain) & Hsohetriinhiantaimng thelgenidshaiig ONAs ené¢qulis@liby H-¢lwin and the
L-chain), respectively. These strains have been deposited under the terns

of the = Buetghaisof thedmmpnized K23;5%1 374 antibely, wspachiveliare designated Jischenickiaspli
B NSRRI oo ei S Bk S FoAPL R 30Tk
e b BB M s s R el B s
E i chi i JM 109 19). 5. i i T
TN 5 S o e R
(e act v FoBiohnbdBr RAEER Fie B Fanbpiflon G Pl ey ™™
| S o . . .

- chai n Py Hgra ol Y i KSR, R B o R

sui tabl e | jNaksy (MIRGHIEDICAKIUG 195,458 vl (ROshte i HANE HERM BP-S&30rppduced by

cleaving the antibody with an énzyne (e.g., papain, pepsin) into antibody
f ragment s, Eeehetishi£€oisIM LoSX (hvMB @I LgepI@93.0di ng the anti body fragnment and
inserting the gene into an expression vector and introducing the resulting
reconbi nant expression vector into a suitable host cell, thereby

expressing the anti body fragnent (see, for exanple, Co, M S., et al., J.

| unol . (S.9%oibodyt 8@jants2968- 2976; Better, M & Horwitz, A H, Methods in
Enzynol ogy (1989), 178, 476-496, Academ c Press, Inc.; Plueckthun, A &
Skerra, A., MetHsestibedynied irvihegresentagantioymay g @ fragment thereof or a modified

form of the fragment, as long as it can bind to PTHrP and inhibit the activity of the PTHrP.

For example, 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
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496, Academ c Press, Inc.; Lanoyi, E., Methods in Enzynol ogy (1989) 121,
652-663; Rousseaux, J. et al., Methods in Enzynol ogy (1989) 121, 663-669;

and Bird, R E et al., TIBTECH (1991) 9,132-137). A scFv can be produced
by linking the Hchain V-region to the L-chain V-region 12 through a
| i nker, preferably a peptide |linker (Huston, J. S. et al., Proc. Natl.

S i s
descri bedaqﬁﬁ%'iﬂ 5 -58%@ | Pife HlcRARIY- W%idﬂ‘an@ tRAB-chilR V- lcﬁﬁh%seﬁh@%ea”y

single ch eptide, fo exanpl e, 19 amno acid re5|dues The "DNA

encodi ng tBived FrénCaAy dre oPﬂf%%ﬁS&,&&ydeﬁérfb‘éH herRl. | Tk peptideMikerwhioH bids tHee
H-chain V-region and”a DNA encoding the L-chain V-region of the antibody

separ at el Wlt§1 Bay Béhyf sﬁﬁ%ér%kﬁnﬁéiﬁi@@'ﬁﬂeﬁéﬁﬁal@@fﬂ-@%ﬁﬁh@&l@fesﬁu@@rt of
the Hchain t i ncludes the V-region and a DNA fragnment encoding the
entire region Orheﬁ)NAreInc@dlngﬂﬁ stFe &l b préjaired Mchinstianpliffing \d-DNAgncadiagthe
tenplates and priner pairs that define the term nal ends of the DNA

f ragment s; Hahain V-peghornand 4 DNidAngncadibpithednclmdn Ngregion of etantibodyi sekantelysusing =
DNA fragrrent encoding the peptide linker as a-tenplate and a priner pair
that defi leNaizagresntenciding this entire ragionniva partrafgheekitc gmthatamclm Ithet\érr%lwal
end of the peptlde linker is ligated to the Hchain V-region and th

L- chai n V-andgi BNA fragmsst encpding, @t&@emﬁ@wm&iﬂgwmﬂ%mlwsyéﬁé{mr ed,

an expression vector. carr ing the nd, a host_ transfor with the
expr essi onfegPaEs temaplaten,andpraper nays Bipt é‘?fﬁ\?éhﬂegﬁ‘é@l i %D%‘gtf’@g@&m ®dn be

of °?E§egnir518%“aviy9 fgpead ﬁ%%’&ggﬁgiﬁfﬁsﬁaﬁ 6 SR a oA Faprgs “°‘*f@g@qi%{b§g;§ﬂhs
??E’lgﬁéﬁg Sf iy ?éﬁég%@?t&a RRRREPei e e AR pflaﬁﬁlf%ﬁweﬁt.yon
As glﬁﬁ]gp{r

ant ?- g‘?’le Pﬁ?én%ﬂé% COI’IJ uga%g ‘?g anggﬁgqeg% Ibig?k ﬁédeﬂEFPet yl én%‘ gI ycoI )

may al so P&hﬁ%go nTesebiiRgy. antibodies are al so enconpassed in the
0

"anti body" he present invention. The nodified antibodies can be

prepared by cheph&ahe DDA EhdaingdnSscPl i§ Prep@sd, dacsdpRssionViRtor chgving e DNA
nodi fication techni ques suitable for this purpose have already been

est abl i sheghd ahdshansformed with the expression vector can be prepared by conventional methods.

The scFv can be produced from the transformed host by a conventional method.

The fragments of the antibody may be produced by preparing genes for the fragments
and expressing the genes in suitable hosts as described above. The antibody fragments is also
encompassed in the "antibody" of the present invention.

As a modified form of the above-mentioned antibodies, for example, anti-PTHrP
antibody conjugated to any molecule (e.g., polyethylene glycol) may also be used. Such
modified antibodies are also encompassed in the "antibody" of the present invention. The
modified antibodies can be prepared by chemical modifications of the antibodies. The
chemical modification techniques suitable for this purpose have already been established 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
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art. 6. Expression and production of reconbinant anti body or nodified

anti body The anti body gene constructed as descri bed above can be produced
and expressed by known nethods. For the expression in a mammlian cell, a
conventional useful pronoter, the 13 antibody gene to be expressed and a
pol y(A) signal (located downstreamto the 3' end of the antibody gene) are

bly 14 v
homan oyt comSedy oo 8 S Red & eaﬁﬁz;@%%oé#%‘ A LSRG he FXRIEFIRD.
Q her pr orgi®bd e pie Pélop %Bﬁqu(e&’sqfﬂr%xéf (}E‘f. Vgg%*ro ﬂ@%ggw te?ﬁ»%y

used in the preSent invention include t

retrovi r ushunifl dyestBegaldviras immediae \éhﬂjﬂﬁroﬂiwerfehﬁarﬁer NistetSméPbd @¥¢40) ) an d

t hose derived frommanmalian cells (e.g., human elongation factor |

(HEF1 a). \Wen (BiéOpromoteplesignesigstenl usdbld iafthd expr&sion of the aBghslyaised ﬁﬁﬁé on
may be perforned readily by the nethod of Mulligan et al. (Nature (1979)
277, 108) . pbsent héiition ingudmthosr deginbhfromrvisipet (e.y, raroviras] polyomagans,
expression may be performed readily by the nethod of Mzushima et al.

(Nucl ei ¢ Arasienevirsand ¢ihg80yinisi0 (5¥40)) and those Herived frops siammalian Eellsqelgi, human
conventional useful pronoter, a signal sequence for secreting the antibody
of int er estlongation fastar i HEEFlgekhe may be operably |inked. As such a

pr onot er, IaCZ% ter or araB pronoter rmay be used. Wen | acZ pronoter is

used, the geneWisihs¥4Q prmnaierienbencasystsrmis asesl, thergenerermmessiopmaphecpegiormaed
(Rature (Agal e it Noupace b 08 28 9850 e, 2020,
Seet ool AL bt B S SR 0
intere_st alfl Q&gpgﬁglsh?lﬁgeﬁafgﬁ&g&Q%WﬂKaesp@bb@ géf%space of the E. coli,

pel B sign sequence (1987) 169, 4379)
may be used. Th%rii&éx?%moﬁ antl b(ﬁ'}v‘&g cEx‘%lsusQﬁfl R angﬂﬁ%@%ﬁeﬁl g{%?' at ed

and then refol ded so that t propf uration

for use. the anfiBodyedTlinterbt 48 11 AflibBdy bHTRayIRI dpeRlly Y| AR a
(e.g., Sv40, gﬂ%yoma Vi ryﬁgll adenovi r us, b%\éll ne Bg%:’ oma)fw rus (BP\/)) or

the |i ke nmymbter,iaiprotote bfl&aBtpporniter fag be 1d. When lacZ promoter is used, the

gene expression may be performed by the method of Ward et al. (Nature (1098) 341, 544-546;
FASBE J. (1992) 6, 2422-2427). 'When araB promoter is used, the gene expression may be
performed by the method of Better et al. (Better et al., Science (1988) 240, 1041-1043).

Regarding the signal sequence for secretion of the antibody, when the antibody of
interest is intended to be secreted in a periplasmic space of the E. coli, pelB signal sequence
(Lei, S. P. et al., J. Bacteriol. (1987) 169, 4379) may be used. The antibody secreted into the
periplasmic space is isolated and then refolded so that the antibody takes an appropriate
configuration for use.

Regarding the replication origin, those derived from viruses (e.g., SV40, polyoma virus,
adenovirus, bovine papilloma virus (BPV)) or the like may be used. In order to increase the
gene copy number in the host cell system, the expression vector may further contain a selective
marker gene, such as an aminoglycoside phosphotranferase (APH) gene, a thymidine kinase
(TK) gene, an E. coli xanthine-guanine phosphoribosyltransferase (Ecogpt) gene and a
dihydrofolate reductase (dhfr) gene.

For the production of the antibody used in the present invention, any expression system
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gene copy nunber in.the host cell system the expression vector may further
contain a selective nmarker gene, such as an am nogl ycosi de
phosphot ranf erase (APH) gene, a thym di ne kinase (TK) gene, an E. coli
xant hi ne- guani ne phosphori bosyl transferase (Ecogpt) gene and a

di hydrof ol ate reductase (dhfr) gene. For the production of the antibody

used in t*’s%cl?5@%&&@‘6&&‘2%3%{3@%%%@@%@?% .e@he%ﬁk%ﬁ'gﬁb t?eﬁlciﬁéﬂi@ésym Ic

and prokaryotic cell syst _ eukaryotic udes _
est abl i shedipfHedcel fifedf aRRhdTR{eSy. (BarfmalsREEER, froldshhe T, yER4HS Bfed fungi,

yeast). The prokaryotic cell includes bacterial cells such as” E. coli
celI's. |t prokdtyeicelitheluddddactshial cBIN ibREYEUSHItell the present invention be
expressed in a nmammlian cell, such as a CHO COCS, nyel oma, BHK, Vero or

HeLa cel | . Nextlt istpaefeiabRrthdtahemlibbdstsedén theipdesent ihvintion beexprégsed ra i n vi vo
to produce the anti body of interest. The culturing of the host cell may be
per f or med mymmaliakesilysuches RGEHO, TGOS, mydloma BHK Vermon$labh eclher ei n may be
DVEM MEM RPM 1640 or | MOM nedium The culture mediumnay contain a
serum suppl emer¥extshe trausforined dlostaall fis adturad i FiD®) or if vivodo prodiicsithe antibody of
purification of antibody The antibody expressed and produced as descri bed
above may itergstol Brecitiringiof the hest icplb may be pprdommed by any kaowh owthodnd Theri f i ed
touniformty. The isolation and purification of the antibody used in the

present i riAYEs wedipmyusalle pereingpape BMEM, MEM.RANI FoA0psdMOM gdiwa. ofhe 5
protein A colum i.ncl ude er D P and Sepharqse F.F. (Pharmacia). The
et hod i o SHST Betiim e f ATIE, SRR R ok A 10 48l SSRGS na |y ised
for the isolation and purification of an anti body may al so be enpl oyed.
For exanpl e, various chromatographs using colums other than the

above- nent4 - af Liani 1. afislbtration, ultrafiltration, salting out
1. Q08 dhlt Bk S 0h Bl
’ e ased singly or T

and di al ysi's nmay n conbination to isolate and purify the

anti body of i | i : '
a0t body o TR/ Ebody 0t 2001 59 phod LALLM et ol i Bt
activiti esorGhe hb¥® afiftal BOHYanbarided ﬁflﬁiiﬁﬁhit%n e i5618 A ndGRATBATG ITdhe
activity (Antibodies A Laboratory Manual, Ed. Harlow, David Lane, Cold
Spring Hardmibodyinedadh theyprestdByention hiag be poifbinicdron acifiinityt sol@gal NEtandples of

a protein A column include Hyper D, POROS and Sepharose E.F. (Pharmacia). The method is
not particularly limited and other methods conventionally used for the isolation and
purification of an antibody may also be employed. For example, various chromatographs
using columns other than the above-mentioned affinity column, filtration, ultrafiltration, salting
out and dialysis may be used singly or in combination to isolate and purify the antibody of
interest {Antibodies A Laboratory Manual. Ed. Harlow, David Lane, Cold Spring Harbor
Laboratory, 1988).

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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| igand receptor (Harada, A et al., International | mmunology (1993) 5,
681-690) of the antibody used in the present invention may be perfornmed by
any known net hods. The nethod for the determ nation of the anti gen-binding
activity of the anti-PTH P antibody used in the present invention nay be
ELI SA (enzyne-1linked i nmunosorbent assay), 15 EIA (enzyne immunoassay),
RIA (radi OEYATENGHES Hithufbasshy), RIA! @AESRmA0AsBO DY 2 fivdfescd aflddy. Whgh enzyne
i mmunoassay i s enployed, a Sanple solution containing the anti- PTHP

anti body (e&aghple, avhet eiing isiHR@ioaRbR B eniiflo §dlsa3?‘ﬂ§_ Rlatdn RthiniRE SN Y
cells, or theplanti -PTHrP anti body?i nn?lp}l?lglfi ed form is adde% to a plate
on whi ch PTFHP £itibddy (6.5, a @IlRYe mﬁsﬂnﬁtaﬁpata@d-PmrP%ﬁWpro&miﬁ , drakel ed
with an enzynme (e.g., alkaline phosphatase) is further added to the plate.
The pl at e ai-PTHrbattibddpince purifted dornd is addetitas plafteosn which PATEYPEl-34xisg. ,

p- ni trophenyl phosphoric acid) is added to the plate, and the absorbance of
t he sol ut i pravionsly coated| oA secondarp astibody 14bsledweith et enzyme (agt alalinelphosphatpse)
activity of the antibody. To confirmthe activity of the antibody used in

t he presenis fivihesaddediio the plate: r Bhe plateds ingubated and wrshedhe Avmbistratdfor(the gnzyme
anti-PTHr P,_anti body rrﬁ%gbe determ ned. 9. Routes for adm nistration_ and

phar maceut (€ - sphomp acidhisiadded toitke platerandshe absorbspessefithe solutéon inon
yper cal oot &l e KAyALits fhe RYRSR DTS AEVIRA T e sBRboancer - | nduced

of Pl | gnancy. - EERERBSRIRNE of e wpERnSH i RS i Biorh a SN P ol
THECt hor apiivitt B B BHLERR, (o 81 dut ¥THEP WMBIRAL BORCBERARE 3 DIPOCTR Com &

I ngredient according to the present invention may be adm nistered orally
or parentggral ly, pref e.r'ab&%/ ag}grenteral[y. The therapeutic agent may take
any dosage®-Rewigs fox admipistrefion and phennrasentiopl prapasationse. g., an agent .

adm ni stered wi,th {he hel p of devi ce such as a nebulizer), a nasogastric
agent, a transdeiHeRHERAEe .ogth,e PeeseBtBYRILioR panby used ferithe patmentan.
ARttt C T KSRRECITEN AR W W SRR SR RN
subcut aneolcdrthdel %efo(? roth%}’%;pg.m Xn%;rcax}lﬁg 'o‘f’ﬁmle c%ﬁicrgr-ri'r'l utc&ﬂy'pg s hy-ll;gﬁz cgrlﬁgae of

of malignancy.

Examples of the non-cancer-induced type include perinatal hypercalcemia in gravidas

and lactating women and neonatal hypercalcemia.

The therapeutic agent comprising the anti-PTHrP antibody as an active ingredient
according to the present invention may b?administered orally or parenterally, preferably
parenterally. The therapeutic agent 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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adm nistration may be properly sel ected depending on the age of a patient
and the conditions of diseases. An effective single dose may be sel ected
within the range from0.001 to 1,000 ng per kg of the body weight,
preferably 0.1 to 50 ng per kg of the body weight, nore preferably 0.5 to
10 ng per kg of the body weight. Alternatively, the dose to a patient may
be sel ect eglithif thé fahprbR.412#AD0/000 !iﬂg@odﬁéb%&fe;% DRD5000 heBydy, Rioeé €r ably 1
to 5000 ny/ body, nore preferably 10 to ng/ body. However,” the dose of
t he t her apgreferdbl 08 S SODAAEHOE. NHdviSer, Bi¥ dosEdHhE tifdpehRsiyoenf comtisigement

I nvention is not particularly limted to these ranges. The therapeutic
agent nay dafi-PUHPamibededf the pesoatin@itiordis ndhpartié gy limied tothesg rixglesr e or
after the devel opnent of drug-resistant hypercal cem a. The therapeutic
agent nmay al so He therdpéutic agentenhydie adhdnisteredeo whhationt bt wmydege) iagoding before or
weight loss is predicted in the patient. The therapeutic agent conprising
t he anti - Raftdr theadevelopurentad daug-resistauthypepaledingnt The théngpeutic egemhmaiy mlsebei on
may be formul ated by any conventional nethod (Remi ngton's Pharnaceuti cal
Sci ence, | afdninistesed atithastageawherethe|devdloprgentofpaight lossis predictedsajthe patient.
preparation may,further conprise pharnaceytically acceptable carriers apd
addi tives. Exanpt ergpeutis AP SPRPBHEE e AnieE rPoiéggq’d?&sea@cmwedwm of the

boryi i BEReb i BRI HrbRRgS 7 kSl Bt Remlioan ) O
cel 1 ul ose. pifite Rl STAEE Yarddh BlitioR Wk PBIiGAREmRY) Bhat0ludde Tdex! ran,

sodi um car boxynet hyl starch, pectin, nethy ose,
xant hane gprgparaistitngy filbther conaystye Fnharﬁﬁaéuﬁcm} ¥Repirble Rerrigksyhaladdidived. ycer i n,

gl ycerin, propylene glycol, vaseline, paraffin, stearyl alcohol, stearic
aci d, human serExangildswfisock ddiigrs andudditives inchajelater] phanhadenteally soehtable
surfactants acceptabl e as pharmaceutical additives. In the practical use,

t he addi t i organis splvenss cbllagsa) padydulylfatcohol helywinyleyrrodidoes, sarboxywiny] pelyngry or

i n conbi nation degendieggy on (wWthout |limtation) the dosage form enployed.
For exanptodium garbepsaneikyl sellylpses pelatspdiummonylateh sodimmiargimte,Pwaten Sobidlg of t he
purified f&rxg; Is .dissolved in .a solvent ( physi gl ogi cal saline, a

buffer, a AR sodym cabpxymethy] stard. pachn, ra%hi%éf&%lp&}, E%ha{l mlléwﬁﬂaﬁglag@gws
.g., T 80,. T 20 I [ h ' ' .

(529 o™i HheieT B8R, 3 BB v B e P omisns ety B e,

re- const %ﬁ%@m ﬁé&leaﬁgo%be rsfeggc Lc%,rﬂum%'sgxﬂrﬂ eﬁbﬁhﬁls(ﬂs\ﬁ%fj mgﬁargi%'i,%o%%t%l, laltzc%se} he

formul ati
and surfactants acceptable as pharmaceutical additives.

In the practical use, the additive is properly selected from the above members either
singly or in combination depending on (without limitation) the dosage form employed. For
example, for use as an injectable form, the anti-PTH:P antibody of the purified form is
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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freeze-dried dosage form an excipient such as a sugar al cohol (e.g.,
mannitol, grape sugar) or a sugar may be incorporated. BRI EF DESCRI PTI ON
OF DRAWNGS Fig. 1 is a graph showing the results of the pharnmacol ogi cal
study in bisphosphonate- resistant hypercal cemia nodel animals. 17 Fig. 2
Is a graph showing the results of the pharnmacol ogical study in

bi sphosphonat e-g; i St ' ' . 130 ¢ ' raph
showi ng t he reslﬁg'ﬁfso%fg’i%eﬁéﬁg{lgﬁégﬁg{(%sﬁ%fa{ﬁgﬁaﬁ%g&{@lg%Isglid?(131%1| lrslf-)}?()g@-il 0s%fl%nt
hyper cal cegkig brcalRERB Moddlafimats, | S @ graph showing the results of the
phar macol ogi cal study in calcitonin-resistant hypercal cem a nodel aninmals.

T L, BTN as R T bl S s o

will be describ in greater detail w OW n

Ref er ence lypertalcemizndddbaanplles, whi ch should not be construed as limting
t he technical scope of the invention. [ EXAMPLE 1] Pharnacol ogi cal study in

bi sphosphonat e-Figs4 stagmiphshpeinpathe figules GRaBe phardBtd1edisal (s’éh)i%/ @beAitonitereSistahh e

study To produce a nodel animl of hypercal cemia resistant to a

bi sphosphdmpperealesintegmadel lapineaical ceni a nodel ani mal (a human tunor-i npl ant ed

nude rat), and to examne the therapeutic effect of a humani zed nonocl onal

anti-PTH P anti body on blood calciumlevel in the nodel animal. (2)

Met hods As_a nodel aninal, a nude rat ir}BI anted with human large cell |ung
t

car ci noma BESEMOBEX M CARRYDG OFd THRINYENHON t ute for Experi nental

Ani mal s] was used., Lt i s_known that a nude rat inplanted with human |arge
cell lung car cﬁg‘?ﬁ‘& ¢lowgthe Ressent Apvention wilk bejdesridbnd ib greaten detajl axith refezence to

i ncreasi nqg,t t uno ol u and devgel ops ,wei gh 0 and so on.. After the
over opronbe T ettt R et Mich sh A ap! b fonsiciss timiting
adni ni st er g £RCA'EGorthd fvalRdr onat e,

[EXAMPLE 1] Pharmacological study in bisphosphonate-resistant hypercalcemia model
animals

(1) Objective of the study

To produce a model animal of hypercalcemia resistant to a bisphosphonate using a
hypercalcemia model animal (a human tumor-implanted nude rat), and to examine the
therapeutic effect of 2 humanized monoclonal anti-PTHrP antibody on blood calcium level in

the model animal.

(2) Methods

As a model animal, a nude rat implanted with human large cell lung carcinoma LC-6
[purchased from the Central Institute for Experimental Animals] was used. It is known that a
nude rat implanted with human large cell lung carcinoma LC-6 shows an increased blood calcium
level as increasing the tumor volume and develops weight loss and so on.  After the development
of hypercalcemia was confirmed, the model animal was administered repeatedly with alendronate,
which is a kind of bisphosphonate, until no amelioration in blood calcium level was observed, in

other ward, until the model animal acquired resistance to the bisphosphonate. In this manner,
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which is a kind of bisphosphonate, until no anelioration in blood cal cium

| evel was observed, in other ward, until the nodel animl acquired

resi stance to the bisphosphonate. In this nmanner, 18

bi sphosphonat e-resi stant hypercal cem a nodel ani mal was produced. The human
| arge cell lung carcinoma LC-6 was subcultured in vivo using a

BALB/ c- nu/ ] ‘ t he
humani zed H?T%bﬁggﬁﬁﬁgﬁe lfgﬁ;]sftér?hgétrcal Q mdd 1}1%1}2% Vg?&{ﬂcbd) atheAtminl18et caf

bi sphosp hq{iﬁ%@ar&ﬁéﬂnﬁ 20§ way &%cﬁ%&@m ﬁv&"ﬁ§n€¥ BAIB/eSuutnidé BRBGSICIBA body
wei ghts and blood calciumlevels in the ra For the eval uation of

phar macol ogpglinget i ons of the humani zed nonocl onal antibody, 5-weeks-old
mal e F344/ Jcl mJ nude rats (CLEA Japan, Inc.) were purchased and
acclimatized forThe aeilsratibh effect i tHei iugnafizes alohoclbshl aatittodyen theinmlchritewithv t h
the tunor, and the rats with increased bl ood calciumlevels and reduced
body wei ghtisphosphonateedsisiant hyperealcanhia avis avatuated withiresptt to Bty weights and blood

bi sphosphonat e-r esi st ant hypercal cem a nodel animals were produced and

di vi ded i ndalcigmadewets inthedats. f ol | owi ng manner. The subcul tured human |arge

cell lung carcinoma LC-6 was renoved fromthe nude nouse, and then finely
cut into 3- nm difséhesvabiationef phrmrsagotegical petipns ofibe hamericed m@mclonal antibody,
subcut aneously inplanted into each_ of the rats at the |at I gion at a

rati o of ohwepksceld male F3AMN dcl-mny syde @tsrf@ﬁﬁ?* tapan, dng hyvere pog ased taﬁ

wel ght s (1 aealimatiaegiiGh Eueet v THeroRBE SR FT Bo P Bt G Py
ar oups. vier 26 REPHBiRTSR LERE relfith lﬁ‘“f%@rgﬁ es?hivwﬁﬁﬁ"’gﬁﬁ%{*%&c SLYLS?“""
el o | el °9%%°1%§§%1%§*?5}8?5n (e DA S B A epl B nls

2 Gose’l etv%’ o BfRGEPRERIN ARG rodfh BpfoloRigBabiRl MR bR Hmdte) ™
vwas  adm NagpkeR tripQaf@tdnAL.CHWiSBRMoIEPHS The fild niitiRE5a it fin]y @ alto 3-

animals via the tail vein twice a week. In the al endronate-adni ni stered

nmodel ani n@tiScubk EBRCRNI Mk Fesultingttin@br blocksavert subicatahesushf ifrpldntedrintol cacisiof
calcium |l evel was observed after five-tine adm nistrations of al endronate

(i.e., adntheras atrthellateraldegion 81 a Bitio 6f oddpiacechet A)ouseer eAboait @ grointheahdeashalfradter

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 level 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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bi sphosphonat e-r esi stant hypercal cem a nodel aninmals. On day 17, the
recogni zed nodel aninmals were divided into groups so that bl ood cal cium

| evel s and body weights of the animals in the individual groups were
averaged. 19 Exam nation of the therapeutic effect on

bi sphosphonat e-resi stant hypercal cema was perfornmed in the foll ow ng
manner. In a tesExagtigationQff thd Werahifib Hed QR HhbShbSAt e rdsistany R Ceifh Fas
nodel animals (which were produced and divided into groups as set forth
above), eiperformad imthk follviwing funmeni Zec tef pesipaTahe Bisphosphbhkte-ragiétaiody or 2.5
ng/ kg of al endronate was adm ni stered to each nodel aninmal via the tail
vein. | n thyperakemid moda apimalBhickaseragroducat andativited macgroopislsepfottial vi a
the tail vein. The determ nation of blood calciumlevels and body weights
was per f oré#hsseleithtagangke ofg hirfanized mombclbfalntieR THiPantibodynort § migikgrofof

ei ther alendronate or PBS. On day 17, the nodel aninals in the

al endr onat densonats wasedsainistenedowechomadal aniow! viatthe gioeiss dwthercantrél group,
calcium |evels and body weights of the animals in the individual groups
were aver a%%%?"af’ torqgeh modelianygpal issthe ik vedr a hunani zed nonocl onal
anti body or al engdropate.was aggﬂbn%stered. In the  control group, PBS was
admi ni st er ed. terpingfign ot blped caleipm lavels sndhody preightovas peaformadion davs 3,

el gt w4 OnkE@ A 1R o iof S o - BRRRAE of RESph QP RY o7 ol e%_%‘é'f’d
oV ni ze

ffi . Jhe Lci um |evel d ' whol e bl ood i
cal o um | YT 4R R et e i e S 5 e BRERATG,

U510, 8 NRWAEL! Sl L AORLHAIES 1R RO oty TR R e
bi 5phos photgefnioh KA hurRGALKEIE HRH6PHCAGRR I YasaRiSERL DY he

repeatedly adm nistrating a bi sphosphonate tiive tines in tota I nterval s

of tw ce aongekgroup, PBIWwiPdlintifidtefsdn 0OnASS 4 and 7 Qﬂéb’th@ﬁdrﬁﬂ%hﬁﬁ&?@%e

i nvention could aneliorate the blood calciumlevels in the

bi sphosphdnmianized miaibelohalaptibsdyalr aleatimnae il blved kalciund feivél and he Bodlytwaght
anti body-adm ni stered group, the restoration of body weight was al so
observed (Wergmeajured-foyeathadpalite detetrsine the pharmarohgidahelficadye hunmani zed
monocl onal anti-PTHP anti body is useful as a therapeutic agent for
hyper cal ceni a oflhediloasraleiym levst wagdpterminedras ¢i whadgoleod ipniged calcium level, by

drawing blood from each of the animals via the tail vein using a hematocrit tube and applying

the blood to 643 model Automatic Ca/pH Analyzer (CIBA-CORNING).

(3) Results

Model animals of bisphosphonate-resistant hypercalcemia were successfully produced
by repeatedly administrating a bisphosphonate five times in total at intervals of twice a week.
The humanized monoclonal antibody of the present invention could ameliorate the blood
calcium levels in the bisphosphonate-resistant hypercalcemia model animals (Fig. 1). In the
antibody-administered group, the restoration of body weight was also observed (Fig. 2).
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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bi sphosphonate. [ EXAMPLE 2] Pharnmacol ogical test in calcitonin-resistant
hypercal cem a nodel animals 20 (1) Objective of the test To produce a
nodel ani mal of hypercalcema resistant to a calcitonin using a

hyper cal cem a nodel aninmal (a human tunor-inplanted nude rat), and to
exam ne the therapeutic effect of a humani zed nonocl onal anti-PTHrP

ant i body Or(l?bgﬁgtl\?f&ﬁh%’{&{ evel in the nodel animal. (2) Methods As a
I nude ra

nodel ani ma I mpl anted with human |arge cell |lung carci nona

LC & [ pur chasedrq biaghidifmflbhial bOildlchnt s SKPAD WTRRIBAinASnER! o] ves

used. It is known that a nude rat ante uman | arge ce | ung

car Ci NoNMa JufrefeaRiRANS mele] laffifid 25 Riind RRr-ifplakicd FhdMp)| ariiolcREmBRHg t he
tunor volu and devel ops wei ght loss and so on. After the devel opnent of

hyper cal cefliegap¥@ic Ffof 4faREhaniZ8 nitaeelondRhHTHIR Sntifdgy dnaidad catbiim lekkined
with elcatonin, which is a kind of calcitonin, until no anelioration in

bl ood cal cihgmddeVslimahs observed, in other ward, until the nodel ani nmal
acquired resistance to the calcitonin. In this mnner,

cal citonin-resistant hypercal cem a nodel ani mal was produced. The human

| arge cell lung carcinoma LC-6 was subcultured in vivo using a

BALB/ c- nu/ (@ Metbiedsrouse (CLEA Japan, Inc.). The anelioration effect of the
humani zed nonocl onal antibody in the nodel rats with calcitonin-resjstant
hyper cal ceni a wads amadgbanimalng nude retimplantedwith bymogelagge cell dvrg wrdeema B&Hei um

levels in the rats., For the eval uatjon of pharnacol ogi cal actions of fhe
humani zed FASFYRRSH T i Gopal Instieie for Rapeaienip AORRIRLHY ed.. it 5 pawn tate

A GBS 1 o i,
WD 0ot et AU A ST LS AR
ani mal' s we ﬁho%gr%qrg@grg@%gllc %h}ﬁ: \’d%%ohﬁfrﬂecpﬁ%liﬂfdé :ﬁliﬁﬂ?wgé)#h%éﬁ adlNg&red TE

subcul ture _ | carci noma O Was re romthe nude
mouse,  andyjh @Rkafonie WhidhUs a kiHaQf3aiRHehis UREi no amelioration in blood calcium level was

observed, in other ward, until the model animal acquired resistance to the calcitonin. In this
manner, calcitonin-resistant hypercalcemia model animal was produced. The human large
cell lung carcinoma LC-6 was subcultured in vivo using a BALB/c-nu/nu nude mouse (CLEA
Japan, Inc.).

The amelioration effect of the humanized monoclonal antibody in the model rats with
calcitonin-resistant hypercalcemia was evaluated with respect to body weights and blood
calcium levels in the rats.

For the evaluation of pharmacological actions of the humanized monoclonal antibody,
5-weeks-old male F344/N Jcl-rnu nude rats (CLEA Japan, Inc.} were purchased and
acclimatized for 1 week., The resulting 6-weeks-o0ld rats were implanted with the tumor, and
the rats with increased blood calcium levels and reduced body weights were used as
hypercalcemia model animals. The calcitonin-resistant hypercalcemia model animals were
produced and divided into groups in the following manner. The subcultured human large cell
Iung 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

21



of blocks. The resulting tunor bl ocks were subcutaneously inplanted into
each of the rats at the lateral region at a ratio of one piece per nouse.
About a nonth and a half after the 21 inplantation, the rats with increased
bl ood cal cium | evels and reduced body weights (i.e., hypercal cem a nodel
animals) were divided into groups so that blood calciumlevels and body

wei ght s ofj; ' ATV, AL N

(el e  oni AR tieats N 134 Rlod CHEIHARICNAL e Yy R0k

admi ni st er Rheh@IRARImMBel AnBEAYRVE dﬁf&’ed'é‘%‘t@%&%‘; Eg 'gltymﬁieilciaﬂ{ @%Cl) m{d'z@odg,he

tail vein twice a day at a dose |evel I nterva

hours) . ASwéigﬁ@mﬂ‘lﬂiHra&%eﬁ&ﬁvﬂﬂ@@é@s%e@é’avéré%e&ﬁm of another group of the
hyper cal cem a nodel animals via the tail veintwice a week. In the

el cat oni n- adni ni Bleatogid (MBditénia hijemios” frbMOsRhPOhNca Th@usthiCH 13Q.) was
anelioration effect on blood calciumlevel was observed after twelve-tine
admi ni st r aadnninistepéd toleact affe grop ofthe hypaedlcentia arodel aimalayh the tall veth tvdce 4 and
5 twice a day) were recognized as the elcatonin-resistant hypercal cem a
nmodel ani nédysat aTlose kevel of i) 2Bk (ab iitérvals ofiid bours)r e Adiavdoriizol, PBS avay mdmjrsistered
that bl ood calcium | evels and body weights of the animals in the individual
groups wer e eaglyef sngther gronp of thethiypercaltemiaanadebanipelstviathe tfibedin twice a week.

el citonin-resistant hypercal cema was perforned in the follow ng nanner.
In a test %‘rtgﬁﬁlcﬁpnmr?émléﬁefeéﬁmdei animalsathoseaniiapls in whishao amstieratign effe¢t on
(whi ch wer oduced and divided into groups as, set forth above), either a
humani zed ﬁﬂﬁ%ﬁﬁ%‘ﬁ% evgl was Pwﬂmﬁ’ %g‘SP"PSe ﬁ%PKWaBPWSIW% #®i>ni st er ed
to each el . aniyml . vi tail i.n. Ln.the control, group, .PBS was

b o ot o BippistRH aa B 1,253 Aana Y% o tpe GEPISon A Crdleatmmmar ot o
bl ood cal C.?#Jé}éa%ﬁn!l' | r _— 4. 5. and 6 after
the adm ni i ration %?gg‘?ta%@&gl glg}%g%%ﬁg %ﬁﬁgggﬁ q%ﬂ%g&eée}%ﬂg@n&g@wso%ody
wei ght s : : . % i 5 5.5
and 6 aft %?@%ﬂ@é%&%ﬁmg}[ el | %Sh%frtﬁee ca?l(%) Fﬁ? tgleg?dlélgg?l %‘f’Ppgay , the
nodel ani n@legaged. t he el catonin-adm ni stered group were divided into groups
so that bl ood calciumlevels and body weights of the animals in the

i ndi vi dual gr oupExaninstion\f tirghetapdutic @ffedt odfeldidRin-1@EStdAchypeichidemiwiu mani zed
nonocl onal anti body or PBS was administered. In the control group, PBS was
adnmi ni st erpedfor@ed thethe following manner. In a test group of the elcitonin-resistant hypercalcemia

model animals (which were produced and divided into groups as set forth above), either a
humanized monoclonal anti-PTHrP antibody (3 mg/kg) or PBS was administered to each
model animal via the tail vein. In the control group, PBS was administered to each model
animal via the tail vein.

The determination of blood calcium levels was performed on days 0.5, 1,2, 3, 4, 5
and 6 after the administration of either elcatonin or PBS. The determination of body weights
was performed on days 0.5, 1, 1.5, 2,2.5, 3, 3.5, 4, 4.5, 5, 5.5 and 6 after the administration of
either elcatonin or PBS.  On day 6, the model animals in the elcatonin-administered group
were divided into groups so that blood calcium levels and body weights of the animals in the
individual groups were averaged. In each of test groups, either a humanized monoclonal
antibody or PBS was administered. In the control group, PBS was administered. On days 1
and 3 after the administration of the humanized monoclonal antibody or PBS, the blood
calcium level and the body weight were measured for each animal to determine the

pharmacological efficacy. The blood calcium level was determined as a whole blood ionized
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and 3 after the adm nistration of the humani zed nonocl onal anti body or PBS,
the blood calciumlevel and the body wei ght were neasured for each ani nal
to determine the pharmacol ogical efficacy. The bl ood cal cium | evel was
determ ned as a whol e blood ionized 22 calciumlevel, by drawi ng bl ood from
each of the animals via the tail vein using a hematocrit tube and applying

the bl ood dafiéft Iev¥R A drAWing BRIol Frorpédeh ofiiR! a\ﬁﬁﬁﬂ% il m'%@\&ar Iéefn?b)tocrit

Results Model animal§ for cal citonin-resistant hypercal ce

successf ul tue IMdapBRAL e blcodas 635 incatNARSMAKE ShHRtARYyRr (ABA-CORNING)E! ve
times in total at intervals of twice a day. The humani zed nonocl onal

anti body successfully aneliorated the blood calciumlevels in the
calcitonin-resistant hypercal cem a nodel animals (Fig. 3). In the

ant i body- a@yResutser ed group, the restoration of body weight was al so
observed (Fig. 4). Fromthese results, it is found that the humani zed
nmonocl onal ant i -¥oé¢l Rnibmels foo dgicitenintsasistant hgpeacaldeariapers succesgfally pfoduced by
hypercal cem a of nalignancy which acquires resistance to a cal citonin.

[ REFERENCEuRSesswely adiniristegting atcalsitonin twglve tiolesrirstotal aidnteivals afitwicerddyP The 34)
nouse nonaocl onal anti body bridomas capabl e of producing a nonocl onal

ant i body diy@ranized sensslopaliantibedy. sugepssfoltramelipraged theshloodscadciom lawls inthe
#23-57-137-1,. were prepared as foll (see Sato, K _ et _al., J, Bone

M ner . Resqa}cg’gongh@glgt@g&yfg@ ;m%o%@ai%@?&g. 3bqUBteangibodyradministeredTHr P
(1- 34) is_sho in SEQ I r 75.. For use.as ap,i. nogen, .PTH P _( 1- 34)

( Peni nsul a%rm(}%\égecrgﬁﬁo[?g‘g?ngm‘ﬁelghtc‘ﬁqsr#@rwsw&@%hy rogt Bsta qeﬁﬂés‘it?'?g

car bodi i m | 4 ; R lugat ed HP,.(1- 34) wa

i ol yzed o0k 8 Rmaidf KGO SR TRGF GRS HERT o1  icrape it bR
The resulyd | ] | ' ' (Difco) at a

m Xi ng ratl?}g)e%?ﬁ %‘%@%@?@ﬁ %ﬁ%@g{&%ﬁ%étg%uwt%mMS injected to 16
femal e BALB/C mice 11 tinmes subcutaneously at the back or
intraperitoneally at a dose |evel of 100 ,u g/ nouse for each injection,
thereby i[RBFERANCE EXAMPLE 1] For the primng inmunization, Freund's

conpl ete adjuvant was used; while for the boosting immunization, Freund's

i nconpl et ePrephraticandf hybridemachrodumidy aki-RTIEP (1F04) nask mloficclogs agtiodym ned for
its antibody titer in the serumin the

Hybridomas capable of producing a monoclonal antibody against human PTHrP (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 Miner. Res. 8, 849-860, 1993). The amino acid sequence of the human PTHrP (1-
34) is shown in SEQ ID NO:75.

For use as an immunogen, PTHrP (1-34) (Peninsula) was conjugated with a carrier
protein thyroglobulin using carbodiimide (Dojinn). The thycloglobulin-conjugated PTHrP (1-
34) was dialyzed to obtain a solution having a protein concentration of 2 gz g/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

folowing manner. That is, each of the mice was blood-drawn via its tail vein, and the anti-
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foll ow ng manner. That is, each of the m ce was bl ood-drawn via its tail
vein, and the anti- 23 serumis separated fromthe blood. The anti-serum
was diluted with a RIA buffer and m xed wth 1251-1abeled PTH P (1-34) to
determ ne the binding activity. The mce that were confirned to have a
sufficiently increased titer were injected with PTH P (1-34) w thout a

carrier priqghfy sieﬁ.%r&t%ﬁ ol %g Sy Fhe Q‘ﬁg&?‘?‘ﬁﬁ Qiufl wih d R %%n& Hixdde

final immunizatio ree ys after t i muni zat1 on, nouse 1S

sacrifi cedygnuriiaR &P BEP (155) td Mﬁf?&t{hgﬁhﬁfﬂ ivitf1e ﬁﬁ'nﬁ@@t}ﬁghjel% were

subjected to cell fusion with nouse nyel oma c I ne P3x63Ag8U. 1 in

accor danc eonfiretodady & BhffieRRatly ieRused RENREe U§tas wREPTEY ef-bY) Witut gl ycol
4000. The fused cells thus prepared were seeded to each well of eighty-five

96-wel |  papiepratindnitepesitongaldf atd dosd RUEIEISD . 1 iithouse dorahe fibdlématmeatied i n
HAT nmedium as follows. The screening of hybridomas was performnmed by

det er mi ni ng t he Thresdays aftef theTihtilRmmuatagon, thomoasetis esitieal dnd thé splesal wasyr e
supernatant of the wells in which cell growh had been observed in HAT
medi um byremovédithpiefrom. RIThespletrocklls Treee subjecteddmesl] fusion witi ieuseanydlomarcelt he
well's in which the binding ability to the PTH P-recognition antibodies had
been conf ilinedPx63Ag$#e.1hy bedordanes with a sonventipmed §nows msthod awing S0P mpalysdpnibnel 640

medi um cont ai ni n& 15% FCS _ suppl enented wi th OPI-suppl ement (S'irﬁgma ,
fol | oned HEYehAPPQ atTherfused celethy preparsdarsrarseeded; taieashiwelliof eightyriviedibwrll

Thus, two types of hybrjdong, clones, #23-57-154 and #23-57-137- 1 coul d be
obt ai ned, IB%‘FWW#"@FP &Tﬁ‘f‘@ﬂfbi rw@rr%wmﬁqeeeqﬂmiﬂ mfc]hsm as {l}oWs-dorma
cl one #23-57-137-1 was .desi.gnated "nouse-.nou ri doma, #23-57- =",
Snd has_ beon dopibiERanE A EHE s MRS DO DB JHETBETBTRE Byt KBS 15,
1996 at t i 0S| f . .BLosci ng. Hu -t echno Agency
of 1 ndust reee Bl Bbodi Bk e bl RaGRERR, Fetls AT GOR N eeh
Tsukuba- shy ' ) i O ;TSR Bhe
[ REFERENCIrEB bﬁ?fk%g@éf i S"ﬁ‘?ﬁj%ﬁ%%%ﬁ%ﬁﬁﬁ% ved }ogﬁs of‘%r?r}g%g@e&e‘l f_mm
monocl onal theWellPRAVhieR Blebihdihe MRty e P THrP-REdgniti A HnBBodbs FA¥AReR BGTHed.
the V-regions of a nobuse nonoclonal antibody against human PTH P (1-34),
#23- 57- 137FHe hybeidomasy thas oBdined wab Sushelded intd RPNARIGA0- medium containing 15% FCS

supplemented with OPI-supplement (Sigma), followed by unification of the hybridomas by

limiting dilution method. Thus, two typeé of hybridoma clones, #23-57-154 and #23-57-137-

1, could be obtained, both which had a high binding ability to PTHxP (1-34).

Hybridoma clone #23-57-137-1 was designated "mouse-mouse hybridoma #23-57-

137-1", and has been deposited 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 PTHrP (1-34), #23-57-137-1, was performed in the following manner.
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24 (1) Preparation of nRNA rnRNA from hybridoma #23-57-137-1 was prepared
using Quick Prep nRNA Purification Kit (Pharmacia Biotech). That is, cells
of hybridoma #23-57-137-1 were fully honpgenized with an extraction
buffer, and nmRNA was isolated and purified therefromon an

ol i go(dT)-Cel |l ul ose Spun Colum in accordance with the instructions
included in the kit. The resulting solution was subjected to ethanol
precipitation to obtain the nmRNA as a precipitate. The nmRNA precipitate

was di ssol (1§ Prdparationdf 4R buffer. (2) Production and anplification of
eDNA for gene éencodi ng nouse Hchain V-region (i) CI oni ng of cDNA for

#23-57-137-1 anthﬁﬁTﬂi}@tlﬂoﬁ(a#EEBMBﬂlgﬁﬁ%rw 1elhpfepn§RNAgl on of
t he nouse nonocl onal antibody agai nst human "PTH P was ¢l oned by 5' - RACE
net hod ( Fr Birificatiod/KitAPharimasia Biofeclo)c . Tha ik, cels athybfidoma WER57857-1 were fully
8998- 9002, 1988; Bel yavsky, A et al., Nucl ei ¢ ACi ds Res.

17,2919-2 9&2110%12)% vﬁﬁmn&'xh'amuffet, BndimBRaNA pas fsolatsdcind putifiedtherdfiphi orfdrdNDER
RACE Kit (CLONETE in accordance with the instructions included in the
kit. In theligof@Drcellulosed pun Cobmmninecdrdance syitht the frisgructions Biluded &n GbikR. P ner
(SEQ ID NO 1 whlch s ca able of hybridizing to nouse Hchain Cregion.
The above-¥fdfng uﬂwaq isgted 1o ethafiol prasiritationto ebtain sl RNA dsarpredipitadONA
synt hesi s, ) wi,th MHC2 priner (10 pnoles). The resulting m xture
was reacte Mépﬁé%tﬁ@é”a\sﬂ&ﬁﬁ@ﬂﬁmaé@ém&n@ﬁ% for 30 mnuets to effect
the reverse transcription of the nRNA into cDNA. The resulting reaction
solution was added with 6N NaOH to hydrol yze any RNA remai ni ng therein (at

Sﬁdpr?{fi&e Bhotut i AR R ?“f‘c?&li éfe?;%‘?l%'fo TarRA et VyBee §°i 5 ¢
Anpli FIN F‘%}W DRDER,! T4 RNA
Ihirrgalse at I@?gﬁ é: hour@)s“(@%%q13’4}?11> ﬁﬁ gltn %é?n&f {aﬁsgﬁ :a?gr\gl 1Eor 16

As
brimer (SEQ 1D NOPGS crealing TRt ikl w Hoplte ‘“‘“ﬁ‘ﬁe Rt ol e AR "
al ., Biot ephwsH ﬁﬁs’cloﬂed t%BSHIﬂ&@E)neﬂﬁ)H ﬁ)ﬁﬁﬁn MhA EGER, PRICUNMPAGANR 5S4, 56T

50 111) 10 nM Tri s-HC 8.3), 50 MM KCl, 0.25 25
8998-9002, 1988; Belyavsky, A. et al., Nucleic Ac1ds Res. 17,2919-2932, 1989). The 5'-

RACE method was performed using 5'-Ampli FINDER RACE Kit (CLONETECH) in
accordance with the instructions included in the kit. In this method, the primer used for
synthesis of cDNA was MHC2 primer (SEQ ID NO: 1) which is capable of hybridizing to
mouse H-chain C-region. The above-prepared mRNA (about 2z g), which was a template
for the cDNA synthesis, was mixed with MHC2 primer (10 pmoles). The resulting mixture
was reacted with a reverse transcriptase at 52° C for 30 minuets to effect the reverse
transcription of the mRNA into cDNA.

The resulting reaction solution was added with 6N NaOH to hydrolyze any RNA
remaining therein (at 65° C for 30 min.) and then subjected to ethanol precipitation to isolate
and purify the cDNA as a precipitate. The purified cDNA was ligated to Ampli FINDER
Anchor (SEQ ID NO: 42) at the 5' end by reacting with T4 RNA ligase at 37° C for 6 hours
and additionally at room temperature for 16 hours.  As the primers for amplification of the
¢DNA by PCR method, Anchor primer (SEQ ID NO: 2) and MHC-G1 primer (SEQ ID NO: 3)
(S.T. Jones, et al., Biotechnology, 9, 88, 1991) were used.

The PCR solution comprised (per 50 u 1) 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 0.25
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mV dNTPs (dATP, dGTP, dCTP, dTTP), 1.5 nmM MyCl2, 2.5 units of TaKaRa Taq
(Takara Shuzo Co., Ltd.), 10 pnoles Anchor priner, and | g 1 of the
reaction m xture of the cDNA to which MHC-GL prinmer and Anpli FI NDER
Anchor priner had been ligated, over which mneral oil (50 12 1) was

| ayered. The PCR was perfornmed on Thermal Cycler Mdel 480J (Perkin Elner)
for 30 CyCﬁMdNT!‘PS?(dKI'TedG?PP,CHGTPQHFTP?g, $.5lVIgER, 28 Gmits ﬁoraﬁakﬁl'raﬁ?l“a%ﬁfﬁ-? and
72 Cfor 2 min. (ii) Goning of ¢ for #23-57-137-1 ant i body L-chain
V-regi on ASheeCeiady] 1gprholehahshoY pfidet, afd 0f ;1 bEtheveRdommnattedfdie cDXAROY
agai nst human PTH P was cl oned by 5'-RACE net hod (Frohman, M A et al.,
Proc. Nat | whidhaHCSGI1 prikdSPend3émpli FRIBERQhdOFEhertold besskyated\ovatwidth ,

Nucl eic Acids Res. 17,2919-2932,1989). The 5'- RACE nethod was perfornmed
using 5' - Ampderalfeiln(G@r u BAGE liyared, CIBRNETROW s penformed on Therom! Giyeler Model 480)
instructions included in the kit. In this nmethod, oligo-dT primer was used
as the pri tRerkin &lmer) for3dziyelen yndeprs. comditiont 84 e - fargarsed; 6HRNG fordosec.; and u

g), which was a tenplate for the cDNA synthesis, was m xed with oligo-dT
prinmer. Thé2r &sforgmig mixture was reacted with a reverse transcriptase at
52 Cfor 30 mn. to effect the reverse transcription of the nRNA into
cDNA. The resulting reaction solution was added with 6N NaOH to hydrol yze
any RNA repniping t in ( for 30 min.).. The resulting solution was
subj ect ed gﬁ@?ﬂﬂ&&%ﬁé&%ﬁ%&ﬁé&‘ﬂ @?@Vﬁ%&%ﬁ*ﬁ@f”?f ied the eDNA as a
precipitate. The, cDNA thus .synthgsi zed s ligated to Anpli .FI NDER.Anchor
B CThe 5 end  byAeBat chgiagLrator Xediat of 8w iSfo Sl ARDoy b yyiiar

D veis desh REMBEQBAAIP RS el ARLBRHT, "ot PG TR Al %ég&}ﬁf?%ﬁ
C i i i s i Bl 1 P
ol ut 1 on comer 12y Be R A B e P Y OB 9 1 e T 35 s

MM dNTPs  (RATR me&dE was! omféHBh% SLAMpHVIAEF RACP KR '\(IGOEEOQ\E'I@C li Taq
(PERKIN ELMER), 50 pnoles of Anchor primer (SEQID NGO 2), and | 11 i of
t he react i aRordaxéanvith te indthetishdicihdedif ite kit Gn (ERettidd NDigodIT privdler WY dsed
FI NDER Anchor were ligated, over which mneral oil (50 111) was | ayered.
The PCR r eascthé primenfor senthesiziegicBNATh Fheraboveyprémred hBYA (abBR2 (1RDy WhithBvaser )
for 35 cycles under the conditions: 940 C for 45 sec.; 60 C for 26

a template for the cDNA synthesis, was mixed with oligo-dT primer. The resulting mixture was

reacted with a reverse transcriptase at 52° C for 30 min. to effect the reverse transcription of
the mRNA into cDNA. The resulting reaction solution was added with 6N NaOH to
hydrolyze any RNA remaining therein (at 65° C for 30 min.). The resulting solution was
subjected to ethanol precipitation to isolate and purified the cDNA. as a precipitate. The
cDNA thus synthesized was ligated to Ampli FINDER Anchor at the 5' end by reacting with
T4 RNA ligase at 37° C for 6 hours and additionally at room temperature for 16 hours.

A PCR primer MLC (SEQ ID NO: 4) was designed based on the conserved sequence
of mouse L-chain A chain C-region and then synthesized using 394 DNA/RNA Synthesizer
(ABI). The PCR solution comprised (per 100 1) 10 mM Tris-HCl (pH 8.3), 50 mM KCl,
0.25 mM dNTPs (dATP, dGTP, dCTP, dTTP), 1.5 mM MgCl,, 2.5 units of AmpliTaq (PERKIN
ELMER), 50 pmoles of Anchor primer (SEQ IDNO: 2),and 1 1 of the reaction mixture of
the ¢cDNA to which MLC (SEQ ID NO: 4) and Ampli FINDER Anchor were ligated, over
which mineral oil (50 1) was layered. The PCR reaction was performed on Thermal Cycler
Model 4807 (Perkin Elmer) for 35 cycles under the conditions: 94° C for 45 sec.; 60° C for
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45 sec.; and 72 Cfor 2 mn. (3) Purification and fragnentati on 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 Sieve GIG agar ose
(FMC Bi o. Products). For each of the Hchain V-region and the L-chain
V-region, an agarose gel segnment containing a DNA fragment of about 550 bp
was exci segk géco%%l??ﬁfo sEagh of the gel segments was subjected to
purification of e Fragmant of interest using GENECLEAN |1 Kit
(BIOL01) in accordance with the instructions included in the kit. The
ggrif:eddD!\lA was precipitated wth ethanol, and the DNA precipitate was

| ssol ve Wi ofFUR Bhodi 10 MM Tris-HO (pH 7.4) and 1
mV EDTA. Aﬁﬁlgﬁ?gﬁh&m%&diﬁ%@%ﬂ?ﬁm DNAﬁilsogIhﬁ? i on was di gest ed( IOWi th 351
restriction enzypgh§Tahe DNAVdonent taphifiel & PCRametBdd Gesceibedlaboat waa separated
further digested with a restriction enzyne EcoRl (Takara Shuzo Co., Ltd.)
at 37 C f oby dgdieid'gel dibcropHb@sis bh 3% Nu SieverG TG agarader(BME&BiovPrdduptsndiorand
chl orof orm and then precipitated with ethanol to collect the DNA. In this
manner, t weachiAtHerFghsin (Vs regiont and thenkr-chaig Sheegime anlagaposrgobegienheontaining a
region and a gene encodi ng nouse L-chain V-region, respectively, were

obt ai ned, DN‘Ahﬁng'rhcmofhbcdltéﬁDEpmexc&ﬁd@mﬂ@ﬂeke@aéhégmﬂeltﬁﬁgmsmsm and

ont a1 i ngsubyapeniklo U BRI oF SieJANA fingarent oL iniers WP EGENECLEAR: Bl AL OL)
nouse L-chain V-region, respectively, r eparatel y.lj ed to .pUCL

hain §o8erdBRcE It (e SrBGnS Rnakidsebin e kit e Fpities PR i
EﬁztorLi E]a?i gtg_ ﬁb}l ver &Eﬁ)}ﬁ&ar a. %Q{JZO %g L fj(% inl calda E? rﬁ?ﬂ#ﬁ?ﬂé;ﬂng
i nstructi of&9® AT ProgRitate xyps 1?’8”8% m 3% # uoaf(l;"’)S ougl phenﬁng% i on
m xture was.. Oy + ' bl 3
£ ool i, oI FALRRCL i R, Bl dtchliia” ) B Bk PR SAURGH B afBiS O
stand on | genaGhettiH Shoymeitd (Rel ngland Biola e H4dCtbONBbnd Fhrder n. - on

ice. The resulting ce m xture was 300 ti 1 of SOC medi um

(Mol ecul ar gfebged G5th afedtBRNES e EMIIUThkarSSAlTK, Lial) a637°, CJok ¢ hopr i Mhe
Har bor Labgrgzeitory Press, 1989) and then incubated §at l)37 C for 30 mn. The

resul ting ggkiticaQoliionRvad@strithel with pitenbBarfigloroRoei A drenZxetIpitutal witl ethanol
to collect the DNA.

In this manner, two DNA fragments containing a gene encoding mouse H-chain V-
region and a gene encoding mouse L-chain V-region, respectively, were obtained, both which
had an EcoRI recognition sequence on the 5' end and an Xmal recognition sequence on the 3'
end.

The EcoRI-Xmal DNA fragments containing a gene encoding mouse H-chain V-
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 u1) of the ligation mixture was added to 100 121 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 1 of SOC medium (Molecular Cloning: A Laboratory
Manual, Sambrook, et al., Cold Spring Harbor Laboratory Press, 1989) and then incubated at
37° Cfor30min. The resulting cell solution was plated on LB agar medium or 2xYT agar
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medi um (Mol ecul ar C oning: A Laboratory Manual, Sanbrook, et al., Cold
Spring Harbor Laboratory Press, 1989) containing either 100 or 50 u g/m
of anmpicillin, 0.1 mMof IPTG and 20 ,u g/m of X-gal, and then incubated
at 37 C overnight. In this manner, E. coli transformants were prepared.
The transformants were cultured at 37 C overnight in 2 m of LB or 2xYT
medi um c M| ' L hChd i1 1de: ;
fraction \j\qgélﬂg%p(p?) éﬁfﬂ!%@&lél@%%&@??ﬁéﬁé@%ﬁ%@ k( {?Iuég'aggldl él;bg]l? ‘ﬁ%ﬂéosr,
Ltd.) or Q448 ' i 4G 0,, g} : h § nIAF

pl asm d DNA W%g@iﬂgbﬁg,ﬂﬂ?ggf%ﬂg@@%ﬁﬁﬁ 4I)N} %éeqﬁg/r?gl?)r%m ﬂg%’n%e'g encoéii 1:%
mouse antih@P0 Yrg/@WbPRal ARd HéaiRRbiee 26PHUERFRmAht! NB thidhihrmed BNEolf €gi on
carried on the plasmd was determned i n DNA Sequencer 373A (ABI:

Per Ki n- El niesmkfommbing weyeprdpared.nat or Cycl e  Sequencing Kit (PerKkin-Elner).
ML3 Prinmer M4 (Takara uzo Co., Ltd.) (SEQID NO 5) and M3 Prinmer RV
(Takara Shuzo Cdlhe ttansfoymérBERetelRulited @) 3T Cooveatghtds 2 nilef /B o T Medium
sequenci ng, and the nucl eoti de sequence was confirmed in the both

di r ect i onsconftiming kitlsmil 60 oo$l ai ghmd @f amgiziltin.e nEluodelidravtions easiappirdno Plasmal on
derived from hybridoma #23-57-137-1 was desi gnated "MBCLHO4", and the

pl asmi d coexteicter B 160(&meabodndustiiesgltdgws Q1Aprep Sipin Rlasraigi Kin (QXGENitof givena
hybri doma #23-57-137-1 was designated "MBC | L24". The nucl eotide
sequences RlasiddNAg Theplespid rveessequentedmsdellans. sequences) of the gene
encodi ng the nouse #23-57-137-1 anti body-derived Hchain V-region in
plasm d MBClHO4 and the gene encodi ng the nouse #23-57-137-1

ant i body-g@g'ﬁved cLihChEi n V-regjon ingﬁ% aam'é}d MBC 1 H24 were shown in SEQ
IDI I\IOZ:tiSdes ivfe, Ay %%’Efar‘%r{’é?v _rg;ﬁ‘_?ﬂi‘; tﬁ)? g‘ﬁf{oﬁg?gen?re: im; e e shown
' 310N The Misleofial betucnch SFHEAPRUA sorSereaten ﬁalrr;%% e BBt Virng

fear gnat od MLt TS sEayeiCes 7 h' (T Fth e iR IR SltBler Dl 1 ©

JMLOY ( MBEdqddicing KRIPERILPIRleY). MESErither 018!(Takdtd §28 %}Lﬁg??ﬁ}% g?%:i g)ed

under the terns of the Budapést Treaty at the Nationa

Bi osci encemdM13prer ReqitietoShtzo AAGREY (SEQ ID di:te) vithe S6eld 28 @R pitkrs for
Technol ogy, Japan (1-3, Higashi 1-chone, Tsukuba-shi, 28

sequencing, and the nucleotide sequence was confirmed in the both directions.

The plasmid containing a gene encoding mouse H-chain V-region derived from
hybridoma #23-57-137-1 was designated "MBC1H04", and the plasmid containing a gene
encoding mouse L-chain V-region derived from hybridoma #23-57-137-1 was designated
"MBC1L24". The nucleotide sequences (including the corresponding amino acids sequences)
of the gene encoding the mouse #23-57-137-1 antibody-derived H-chain V-region in plasmid
MBCIHO04 and the gene encoding the mouse #23-57-137-1 antibody-derived L-chain V-region
in plasmid MBC1H24 were shown in SEQ. ID Nos: 57 and 65, respectively. The amino acid
sequences of the polypeptides for the H-chain V-region and the L-chain V-region were shown
in SEQ. ID NOs: 46 and 45, respectively.

The E. coli strain containing plasmid MBC1HO04 and the E. coli strain containing
plasmid MBC1L.24 were designated "Escherichia coli JM109 (MBC1H04)" and "Escherichia
coli JM109 (MBC1L24)", respectively. These E. coli strains have been deposited under the
terms of the 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,
R



| bar aki, Japan) on August 15, 1996, under the Accession No. FERM BP-5628
for Escherichia coli JMLO9 (MBCLHO4) and FERM BP-5627 for Escherichia coli
JMLO9 (MBCLlL24), respectively. (5) Determ nation of CDRs of npbuse

nonocl onal anti body #23-57-137-1 agai nst human PTH P The H-chain V-region
and the L-chain V-region have general structures simlar to each other,

each of Whefk)3spahPe Ahgamw%s rlﬁﬂbpﬂﬂé A&E&%)o INJIEERM BPO32R féms%ﬁenchm)

hypervari abl e "regions (| e., conplenentarity etermnl ng regions

The ami no @i M EBINERC t?fanHlFERI\EB?-S%SQ? féﬁEs@héﬁ&!a\’co‘lﬂMl@C{WMP whi l e
the amno acid sequence the CDRs have an extrenely high variability
(Kabat, E.mBspeetivély.., "Sequence of Proteins of | munol ogi cal Interest”, US

Dept . Health and Human Servi ces, 1983). In view of these facts, the

honol ogy in am no acid between t he V-regions of the nouse nonocl onal

ant i body agai nst human PTHrP was determined with reference to the database
of amino ad) Deweminatiowef CDRawof moust mencelinabiiitibodyl by Kabat et al. Thus, the
CDRs of the V-regions were determ ned as shown in Table 1. The am no aci d
sequences of CER&-57-137ilragaivet hundweR THIY- r egi on are shown in SEQ ID Nos: 59
to 61, respectively, and the am no acid sequences of CDRs 1-3 in the

H chain V- reg| ohh %11%1@ ainKregion addhg bcmg V-mmﬂmmgcm&@;s&emwymlaréml e-1

L Chai V-SG5 Wi bisd v s ms Tk Fr e EROE A Do RSbree g B o
of S et o ﬁ%ﬁ:ﬁ@%@ s%%%ﬁﬁg%g@?% 15 S Lo
o Serom ¢ PR oI EBER 3 Bttt ek oLBELIR b ReRC,
MBCL- S1 ( SEehdelyYigh (ariatfify (RIVATEA. L%t YR AR PR8N immunological

Interest”, US Dept. Health and Human Services, 1983).

In view of these facts, the homology in amino acid between the V-regions of the
mouse monoclonal antibody against human PTHrP was determined with reference to the
database of amino acid sequences of antibodies established by Kabat et al. Thus, the CDRs of
the V-regions were determined as shown in Table 1.

The amino acid sequences of CDRs 1-3 in the L-chain V-region are shown in SEQ ID
Nos: 59 to 61, respectively; and the amino acid sequences of CDRs 1-3 in the H-chain V-

region are shown in SEQ ID Nos: 62 to 64, respectively.

Jable 1
V-region SEQIDNO. CDRI1 CDR2 CDR3
H-chain V-region 57 31-35 50-66 99-107
L-chain V-region 65 23-34 50-60 93-105

[REFERENCE EXAMPLE 3] Construction of Chimeric Antibody

(1) Construction of chimeric antibody H-chain
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sequence encoding the 5 region of the | eader sequence of the V-region and
to have both a Kozak consensus sequence (Kozak, M et al., J. M.

Biol., 196, 947-950, 1987) and a Hindlll- recognition sequence. A forward
primer MBCl-a (SEQ ID NO 8) was designed to hybridize to a DNA sequence
encoding the 3" region of the J region and to have both a donor splice

sequence and G sBadHdndi &%VLIQ gequence. The PCR reaction was perforned
usi ng TaﬁQRa Ex Taq Fﬂazkara Sh oo Co., Ltd.) and a buffer appended

thereto. The PCRoIRatéto@A ex%@mﬂ eRfdr éﬂﬁfm Q%eﬁbn% DN A éf min&H Hithamg-d
MBC1HO4 as a tenplate DNA, 50 pnol es of a and 50 pnoles of MBCIl-Sl as
primers, Zegbhfy JakaBanékDNaceR0ding niduss TN HAhPS-regioh whembdified by PORer whi ch
50,u 1 of mneral oil was | ayered. The PCR was run for 30 cycles under the
condi t i onsmetAdd.C A backivard pricneSMBC ST (SEQINNO: 72 wés Hesignd 1o hybrithe tORNONA
fragnents thus anplified by the PCR nmethod were separated by agarose gel

el ect r ophoegunse emcoding3he Nuegior vEthEladdgaqusee ()ﬁﬂdE:VEeglonFand debave)botlihen, an
agarose gel segment containing a DNA fragnent of 437 was exci sed, and

t he DNA f rkepakconseasussaquenceazakMdfetaly LMM@@EJ\E‘@%%O 1887) a(nsla@lodl)ﬂ-u n
accordance wth the instructions included in the kit. The purified DNA was

co: | ect ed rsgog@zmﬁequenm ech porvard primeraMBCL weGSF& XNy 8)ywandesigngd lto lgfbridize

10 v T, HCl  (pH . A 1
oy of ?23%83 d l“ls%%mw{aﬁw restnR gt : ot saiay @étfli”w%e &w?ﬁ' Hipes
BanH H L 1 T
d?gest ?(r)]n S§|8net5‘|9?|?ﬁ‘f£ 9@?‘@? &u lﬁ’an\ﬁfquﬁnft@ﬂqeﬁégt@i@emﬁﬁw %ﬁ&*‘{Sﬁ%
Fi ol 11 - oo s Sh 3 b kG BogioR ekt THmeR e
M chal n \-doa 8 iRS0 BUPENPRES gﬁkﬁlmﬁc%%ougﬁa%m BRDNAdsBERRdpgest ed

with Hin I ng plasm equenced

Sequencer MEIA-{ 30 finolEd SRUBCINING diler£0l TP MK XA Maé]ﬁalmmﬁvms
prinmers and Dye Termnator Cycle Seduencing Kit (Perkin-

resul t, a iphtiesaffer WveeWhithrs0i b migaaleibhvaslaydredt ﬁﬁmhe@funcmlr SEeyddce
encodi ng the nouse H chain V-region derived from h}/brl doma #23-57- 137-1
and had a uddentht cenditiagnP47 €hfos dapinn6s” dhfbrd nknz a8 efpr@nim. oThe DNA'
region and a BanHl-recognition sequence on its 3' region was obtained,
whi ch was fiaemiegtsthesamplified by the PCR method were separated by agarose gel electrophoresis on

a 3% Nu Sieve GTG Agarose (FMC Bio. Products).

Then, an agarose gel segment containing a DNA fragment of 437 bp was excised, 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 u 1 of a solution containing 10 mM Tris-HC1 (pH 7.4)
and 1 mM EDTA. An aliquot (1 1) of the resulting DNA solution was digested with
restriction enzymes BamHI and HindIlI (Takara Shuzo Co., Ltd.) at 37° C for 1 hour. The
digestion solution was extracted 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
HindIll and BamH). 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 Xit (Perkin-Elmer). As a result, a plasmid which carried a gene of correct
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"MBCl H puUC19". (ii) Construction of Hchain V-region for preparation of
cDNA-type of nouse-human chinmeric Hchain To ligate to cDNA of the human
H chain Cregion Cy 1, the DNA encoding the nouse H chain V-region
constructed as descri bed above was nodified by PCR nethod. A backward
primer MBCIHVS2 (SEQ ID NGO 9) for the V-region was designed to cause the

r epl acenmenjucibtil®seqaaseRicaiitgBe Afouse HAhRRNPHI d@ivel RInSIBAMHABME #2R59di ng
the front part of 'the |eader sequence of the chain V-region by glycine

and to havis7al #aiiaid LIndHNEes 'ﬁ&ﬂb%ﬂ&ﬁ:e@i@é%za%e_qﬁéno@'on,its~5-' reidn-anBiaol . ,
196, 947-950, 1987) and H ndlI'l- and EcoRl- recognition sequences. A
forward prBameHI-Ms6gitioh/EuétseQ@nlifs 3N@giohGyasfobtainddpwhich waks designatedlyi on was
designed to hybridize to a DNA sequence encoding the 3' region of the J
regi on, to'MBOEtHHUH KX he 5 region of the C-region and to have Apal - and
Smal -recogni ti on sequences. The PCR reaction was perforned usi ng TaKaRa Ex
Taq (Takara Shuzo Co., Ltd.) and a buffer appended thereto. The PCR
solution conprised (per 50 g 1) 0.6 u g of plasmd MCIH pUCL9 as a

t enpl at e DMACoBgrustion eEHwhaiBéregispion prepsntipnof JINAftypBd mouseshpman chimetisr s |
2.5U of TaKaRa E)i Tag and 0.25 nmM of dNTPs in the buffer, over which 50 ;u
1 of mineral ofke¢ | ayered. The PCR reaction was run for 30 cycl es under

8 i Bl o [ ol
aoar ose. garous JrERA Vo fonii xR hgh v op it WA el B
0.0 S O TR ST B R
cont i ni G AD AT T D reRPE A PR ROR et el e et o

(1 u 9) wase Ha8@Skqebnét bfthé BEEHAEVLegiof BY gweﬁle RO R haRd Kovhk ebmendutakar a

Shuzo Co., Ltd.) at 37 Cfor 1 hour. The digestion solution was extracted

W t h phendequede (RdzakoMoetal ahdMolBivlp196;i9471980.£198W) idd EinHHNAInd BRoRE! | ect
the DNA. The obtained EcoRlI-Smal DNA fragnment, which containing a gene

encodi ng treeognitiomesehenkes. n Aforward primer MBC1HVR2 (SEQ ID NO: 10) for the H-chain V-

region was designed to hybridize to a DNA sequence encoding the 3' region of the J region, to
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 solution comprised (per 50 1 1) 0.6 . g of plasmid
MBCI1H/pUC19 as a template DNA, 50 pmoles of MBC1HVS2 and 50 pmoles of
MBCIHVR2 as primers, 2.5U of TaKaRa Ex Taq and 0.25 mM of dNTPs in the buffer, over
which 50 11 of mineral oil was layered. The PCR reaction was run for 30 cycles under the
conditions: 94° C for 1 min; 55° C for 1 min.; 72° Cfor 1 min. The DNA fragments
amplified by the PCR reaction were separated by agarose gel electrophoresis on a 1% Sea Kem
GTG Agarose (FMC Bio. Products). Then, an agarose gel segment containing a DNA
fragment of 456 bp was excised 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 precipitated with ethanol and then dissolved in 20 11 of a solution
containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA.

The resulting DNA solution (1 1 g) was digested with restriction enzymes EcoRI and
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regi on, was subcl oned into pUCl9 vector that had been digested wth EcoR
and Smal. The resulting plasm d was sequenced on DNA Sequencer 373A
(Perkin-Elmer) using ML3 Prinmer M4 and ML3 Priner RV, and Dye Term nator
Cycl e Sequencing Kit (Perkin-Elnmer). As a result, a plasm d which

contai ned a gene of correct nucl eotide sequence encodi ng nouse H chain

V-regi on dyhAMIeEkdra SHZOEY. | It YRt #7236 184url  GRe d{é&ﬁio‘ﬁ%ﬁﬁﬁbg%@ extracted

H ndl Il -recognition sequence$s and a Kozak sequence on its region and
Apal - - and iRbhérRf AT ¢Hlrefbra Rl MnGTedpitatdd WithPethAR tPELINBShO PINK Nefhe Whi Ch
was designated "MB C 1 Hv/pUC 19". "(ii11) Construction of expression vector

for chi merdtgained ECsRIYSokI ONA Fragbldif, GAith@oitaiting dgerltifcdddhig the Fitus@ALHARNY -

H chain Cregion Cy 1 was prepared as follows. nRNA was prepared froma

CHO cel | imgionywaciubblohdd iato pXOT Eetcdthat Bad béen dijdsidd bbifh FRIRI BMI $mbl. ( SBR WO
92/ 19759) encodi ng the genom ¢ DNAs of humani zed PML anti body Hchain

V-regi on aeshltmgrplasmidtwassequeheahe DNE- Seggerasr 3 13AL(Petkin-Bikerl) asinp M13 Primer
Cell 29, 671-679, 1982) and an expression vector RV1-PM a (see WD 92/ 19759)
encodi ng tMé ang MG RrimeNRY aod Dye Terminatdr Sxtle Sequebcidy Kit @orkimEMaerkgi Ana and
human anti body L-chain K chain G region had been introduced. Using the
nMRNA, ¢ DNAeEBh e plasmidywhich caufainad a gene efigorrgetmubleatjderseqhenica encodingimonsa®l t he
human anti hody. C-r.egi on y 1 was cloned by RT- PCR nethod, and then
subcl oned § noVﬁFﬁgﬁgf]‘EF‘ff bxbrtdﬁ@aréﬁ%éﬁrll%]éaaﬁmhaéiﬁcem-md&mdlgerqmwg,
a plasmd which ha tﬁezagorrect nucl goti.de segéince was obt ai ned, which was
desi gnat ed“IBFRIFE B 219Z BRW@"WP‘&%F%%%‘?W 13 Pprgecognitionsequegees ary

i n which t - Hi .site.located . bet 4 ter and a DHFR gene
and an Ecgglgpgelagt“;e_I|l %ggcél}{tggééoMe‘ﬁasé%@ée‘y\gﬁ@%&[&% humani zed PML

anti body H chain V-region gene had been del eted, was prepared for the
construction of an expression vector for cDNA containing the humani zed PM

anti body Hk; | ' hHWR 1 bedy.:C-region Cy 1 gene.
The pl asmrtgg(r%ﬂgﬁ%%ﬁ%e Ig%{l\k/lﬁlf"%%f)m% was ?ﬁnggé‘%@g% h BanHl, bl unt-ended

32 with Kl enow foDNAesitainigcthé DNARE hGin@ aktBRdWEL thaldi QG dibn CIPEWRPYrepared
obtaining a blunt-ended Hi ndlll-BanH fragnment. The bl unt-ended

Hi ndl | | - BaastfblldwsaagnERINAWess prépaeddefiorh @ GHE celby &hithbottoaeskprdssioh bbct&i t e-
and EcoR site-del eted expression vector DHFR- AE- Rvh-
DHFR-AE-RVh-PM-1-f (see WO 92/19759) encoding the genomic DNAs of humanized PM1
antibody H-chain V-region and human antibody H-chain C-region IgG1 (N. Takahashi et al.,
Cell 29, 671-679, 1982) and an expression vector RV1-PM1a (see WO 92/19759) encoding the
genomic DNAs of humanized PM1 antibody L-chain V-region and human antibody L-chain
 chain C-region had been introduced. Using the mRNA, ¢cDNA containing the humanized
PM1 antibody H-chain V-region and the human antibody C-region C y 1 was cloned by RT-
PCR method, and then subcloned into plasmid pUC19 at the HindlII-BamHI site. After
sequencing, a plasmid which had the correct nucleotide sequence was obtained, which was
designated "pRVh-PM1{f-cDNA",
An expression vector DHFR- A E-RVh-PM-1-f in which both a HindIII site located
between SV40 promoter and a DHFR gene and an EcoR1I site located between EF-1 o
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 v 1 gene.
The plasmid obtained (pRVh-PM1f-cDNA) was digested with BamH]I, blunt-ended
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PML-f that had been digested with Hndlll and BanH . Thus, an expression
vector Rvh- PM 1 f-cDNA was constructed which contai ned cDNA encodi ng the
humani zed PM | antibody H-chain V-region and the human anti body C-region
Cy 1. The expression vector Rvh-PM f-cDNA containing the cDNA encoding the
humani zed PML anti body H-chain V-region and the human anti body C-region Cy
1 was  di oRiEh Rlenth! faghitat, add $urbritilgestaohith HRNIT th% bt abRinfiendede

H chain Cregion was collected theref rom The res i ng fragnent was

i nt r oduc e ddind!10-BahiIdtpaieht Mﬁ@blmidéﬁ&éd@li%dnbahmmmra@ﬁ@ﬂt mg%’%ﬂ% e h Apal
and BanmHl . The plasm d thus prepared was designated "MBClHc puUC19".

This pl as mhdvemmaommld{mﬂmpsmnaﬂE@U&h@d&tﬁexp&MmmerlﬁmmmRW&gi on
and the human antibody C-region Cy 1, and had EcoRl - and

Hi ndl | | - r eRMd+fithatdad beapdigeseesl veith Hirgl[lband BamHh. alishsparBanpréssior vegtor RVbn
sequence on its 3' region. The plasm d MBCI HCDNA/ pUC19 was digested with
EcoRl and BdiifDN& whsconstrudbdwhich gondained i Ai epcodingithe lotnenized BMIeantibodse
encodi ng the_ chineric antibody Hchain. The resulting DNA fragment was

i nt r oducedicheld Vriegiapandshe bemenantibedyCaegional. had been digested with
EcoRI and BanHl,__t hereby givi ng{an exgi)gesm on vector for the chineric

3221{ (t;(r)d%/ whi chwm?’bﬁ u5| HEF 1811130 %ﬁg‘;‘;ﬂimﬁ?@xpwsm on
e et ng cRep b7 I Bt e el 65 Keomini o ana
or epari g %{% e it AP rﬁe“ﬂ%@ilp pots POV FRedens con B e HeBinCinpeioh e 1
cont ai hi ngLeHEs SRR} C AP il &%ﬁ“ﬁ?ﬁ@%@%@l&ﬁ.ﬁﬂ?”&as
W th Ecor TaRGTRAYY ™ B s dab P h AR A G R T

anti body, whY &hRighagd TRBCIMRDNA/pMEToL l‘n@léiaaﬁd%htamedidm eﬂéb@n%ﬁé BR8N
vector pCHO was constructed u3| ng DHFR- (c)E-rvH-PM -1t (see

92/ 19759) dwyibdéy Hichain Vhegied arahtha hudad adtibdyly geregion\C ¢i19@thadrEcle—fandECORl
and Smal, and then ligating it to EcoRI-Notl-BanH Adaptor (Takara Shuzo
Co., Ltd. )HindIlI-recognition sequences on its 5' region and a BamHI-recognition sequence on its 3'

region.

The plasmid MBC1HcDNA/pUC19 was digested with EcoRI and BamHI to give a
DNA fragment comprising a nucleotide sequence encoding the chimeric antibody H-chain.
The resulting DNA fragment was introduced into an expression vector pCOS]1 that had been
digested with EcoRI and BamHI, thereby giving an expression vector for the chimeric antibody,
which was designated "MBC1HcDNA/pCOS1". Here, the expression vector pCOS1 was
constructed using HEF-PMh-g v 1 (see WO 92/19759) by deleting therefrom an antibody
genes by digestion with EcoRI and Smal, and then ligating it to EcoRI-NotI-BamHI Adaptor
(Takara Shuzo Co., Ltd.).

For preparing a plasmid for the expression in a CHO cell, the plasmid
MBC1HcDNA/pUC19 was digested with EcoRI and BamHI to obtain a DNA fragment
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

"MBC1HcDNA/pCHO1". Here, the expression vector pCHO1 was constructed using DHFR-
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(2) Construction of human L-chain C-region (i) Preparation of cloning
vector To construct pUC 19 vector containing a gene for human L-chain
Cregion, a Hndlll site-deleted pUC 19 vector was prepared. pUC 19 vector
(21 g) was digested in 20 u 1 of a reaction solution containing 20 nM
Tris-HC1(pH 8.5), 10 nM MyC12,1 nM DTT, 100 mM KCI, 8 U of Hindl Il (Takara
Shuzo Co. , AIB-#H-PR1-BEeCWM@H2/19759Y by déi@ﬁndg @ertohdh eﬁﬁ'tiﬁ&?ﬁ %éh@ bg/%ﬁ’éddﬁd)rpﬂ'it}i"as
extracted with phenol and chloroform and then subjecte o ef hanol

preci pi t at EQRI ah@ SHAIL! 26 thenhRzafthyit & ELIRIENSHBamBIA DT ¢ RikhROSRE0 (RS Ltd,).
reacted in 50 it 1 of a reaction solution containing 50 mM Tris-HCI(p
7.5), 10 M MgC12, 1 mM DTT, 100 nmM Nad, 0.5 mM dNTPs and 6U of Kl enow
fragnent (G BCO BRL) at roomtenperature for 20 min., thereby rendering the
term nal e@)€ondtructien BRMunbdnLHchaid iegiogact i on mi xture was extracted with
phenol and chloroformand then subjected to ethanol precipitation to

col | ect t h@) RreparatiorDdfAloniigevectart or DNA t hus col | ected was reacted in 10 ,u
1 of a reaction solution containing 50 nM Tris-HC1l(pH 7.6), 10 nM Myd 2, 1
mM ATP, 1 v DTTlo ®wustruct plJ (8 Ivpesohgantaining glggnofor Banan hrlaid. Gragiard, a TindIiNA

| i gase (G BCO RLﬁ at 16 C for 2 hours,_to cause self- ligation of the

vect or DNATH &1 Drecten wasipsepared. - pUGLdwsetordd éck)tvers digested in 2¢f uhofa
solution containjng conpetent cells of E. _coli, JMLO9 (N ppon Gene Co.,

e ) andepoRalon ST A ST CA T Rl 10 MEEhoh e Do OBBN .

o5 ¥k U SRR B0 b5, vl TR
o sB  ShLOAR P R B 1888 TR Bcpion

applied (Ml OlH: NG Laborat ory Manual, Sanbrook, et al., Cold
Spring Har g@%%r%ﬁér@@??&? 1989), and then cultured at 370 C

over ni ght, ther efhe IIRANEAE] Wad fedéted ﬁfs_qalru 1 ofﬁgga&ibﬁ@ahﬁsmaiggg gg%rwr ed

in 2xYT medium (20 m) containing anpicillin ( it g/m) at
over ni ght . Tris-H® (g1 735 10 ikadeCRN #iM DT, ¢00 i NaCE @ 34M aNPPasid 6UBNA 34
was isolated and purified using Plasmd Mni Kit (QAC;EN) I n accordance
with the Klesdwdirighmens(GIBOOUBRL) atrodheerspératutefer PUiid.| thereby acidednyehe
digested with Hndlll. The

terminal ends of the DNA blunt.  This reaction mixture was extracted with phenol and

chloroform and then subjected to ethanol precipitation to collect the vector DNA.

The vector DNA thus collected was reacted in 10 121 of a reaction solution containing
50 mM Tris-HCl (pH 7.6), 10 mM MgCl,, 1 mM ATP, 1 mM DTT, 5% (v/v) polyethylene
glycol-8000 and 0.5 U of T4 DNA ligase (GIBCO BRL) at 16° C for 2 hours, to cause self-
ligation of the vector DNA. The reaction solution (5 u1) was added to 100 1 of a solution
containing competent cells of E. coli, IM109 (Nippon Gene Co., Ltd.), and the resulting
solution was allowed to stand on ice for 30 min., at 42° C for 1 min., and additionally on ice
for I min. SOC culture medium (500 1) was added to the reaction solution and then
incubated at 37° C for 1 hour. The resulting solution was plated on 2xYT agar medium
(containing 50 u g/ml of ampicillin) on which X-gal and IPTG had been applied (Molecular
Cloning: A Laboratory Manual, Sambrook, et al., Cold Spring Harbor Laboratory Press, 1989),
and then cultured at 37° C overnight, thereby obtaining a transformant.

The transformant was cultured in 2xYT medium (20 ml) containing ampicillin (50
i g/ml) at 37° Covernight. From the cell fraction of the culture medium, a plasmid DNA
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plasmd that was confirned to have a Hndill site-deletion was designated
"pUCL9 (c)H ndlIIN. (ii) Construction of DNA encodi ng human L-chain ).
chain Cregion Human anti body L-chain A chain Cregion is known to have at
| east four isotypes including McgKkeOz , Meg-Ke Oz , Mcg Ke Oz' and Mcg- KeQz
(P. Dariavach, et al., Proc. Natl. Acad. Sci. USA, 84,9074-9078,1987). A

search mW&ﬁatE&’hnﬁgﬁ’iﬁ@%gﬁalrlﬁﬁgﬁc inj Kﬁg@ﬂqGEg‘gﬁiébr X %e grol ogous

to the #23-57-137-1 use L- aln regl omt dat abase.

As a resuljhstrickionPmchabd s thORk. t ke gél&m%%s%&%sé &8etdd iR HidRNTROL | body
L-chain 2 chain (Accession No. X57819) (P. Dariavach, et al., Proc. Natl.

Acad. Sci .pla#afid thed was Qorfirifeddo hdRS/NinalTovedddi&RonhvahRsipnded RIC BN ARHAlIPYY
to the #23-57- 137-1 nouse L-chain | chain Cregion, wth a 64. 4% honol ogy

in terms of amno acid sequence and a 73.4% honology in terns of

nucl eoti de sequence. Then, a gene encoding the human anti body L-chain |

chai n C- r gy ©onstastion ofiBNAuatceding huB@RLAdkainod. chhin Grégimr s for t he PCR were
synt hesi zed usi n}g 394 DNA/RNA Synthesizer (ABI). The synthesized priners
were as fol | ows:HupanaitibodGEQhriD RO.chdin)C-regruh iskndvBBto(lBFSal Ieaskifour 1®fypebot h
having a sense DNA sequence; and HLAVB2 (SE+Q 1D NO. 12) and HLAMB4 (SEQ ID
NO 14), bstlkdingyiMee % QntMegKe©zHMcaToei0e and Megi 6 OzZp(R PeriavachtetphiBrgc.a
conpl enent a% sequence of 20-23 b’fB on the both term nal ends. External
primers HJ 1 PSR4, DOT4-2008. LRENBRA(ssrzch mas made fg)a humen astibedydees
honol ogous ;t 9 the.prigers AMBI an L spectivel y., ANBS .

cont ai ned BeBRA ch%:h(g% 19”&91’&0 %gqﬂs% E’f%r]bﬁ']g’@ﬁ -g}ga,m gﬁdéﬁm\%%mn
cont ai ned g nitipn sequence..ln.the first-round ,2,CR reaction,
Che. react i Tymm RSN EAARRE 1 R0 RSN i bt S MR K7 o ia ver o
per f or med. : r t hong,: mqt : ' CR
product s m}é‘@g&en?\[nﬁlggﬁf In’"@%ﬁi \za:agar%ﬁ'&gcﬁgﬁ [ :B'eggmz%?ﬁﬁﬁgﬁa‘g&g’eﬁ’?&%'%ﬁe
second- r ougghPSH. CRh Qy74- r | ?ﬁ B¢ \ -57.
ext er nal p“&r?e%i Hﬁ%&%@gd%ﬁ%&?}%?’??{ggﬁc I on &ft@gﬁ%@&gg%%gtsgd to
t he third-rIpnshotée cRéft L 0Bhdi® Cagpilohf with B84 494 horhS108H i tEINY of Aikdadid PCR
reaction was perfornmed using TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) in
accor dancesegidrige bhda 78494 highologsin tagtsidedclettideeqidnte. | n the first-round

PCR reaction, 100 u |

Then, a gene encoding the human antibody L-chain A chain C-region was
constructed by PCR method. The primers for the PCR were synthesized using 394 DNA/RNA
Synthesizer (ABI). The synthesized primers were as follows: HLAMB1 (SEQ ID NO: 11)
and HLAMB3 (SEQ ID NO: 13), both having a sense DNA sequence; and HLAMB2 (SEQ ID
NO: 12) and HLAMB4 (SEQ ID NO: 14), both having an antisense DNA sequence; each
primer containing a complementary sequence of 20-23 bp on the both terminal ends.

External primers HLAMBS (SEQ ID NO: 15) and HLAMBR (SEQ ID NO: 16) had
sequences homologous to the primers HLAMB1 and HLAMB4, respectively. HLAMBS
contained EcoRI-, HindIlI- and Blnl-recognition sequences, and HLAMBR contained an
EcoRI-recognition sequence. In the first-round PCR reaction, the reactions between
HLAMBI and HLAMB?2 and between HLAMB3 and HLAMB4 were performed. After the
reactions were completed, both of the resulting PCR products were mixed in equivalent
quantities, and then assembled in the second-round PCR reaction. The reaction solution was

added with the external primers HLAMBS and HLAMBR. This reaction mixture was
subjected to the third-round PCR reaction to amplify the full length DNA.
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of either a reaction solution containing 5 pnoles of HLAMB 1, 0.5 pnol e of
HLAMB2 and 5U of TaKaRa Ex Taq (Takara. Shuzo Co., Ltd.) or a reaction
solution containing 0.5 pnole of HLAMB3, 5 pnoles of HLAMB4 and 5U of
TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) was wused, over which 50 L 1 of

m neral oil was |ayered. The PCR reaction was run for 5 cycles wunder the

ditions: 94 e o #iizB Col
condi tions GRPOR Rhdtion Wi p@rff)ﬂx'.ied]us.;ﬂg't"l;?t 8 F&2rafy (T%ralSHllzB Col S’Ln?gga ,

second-round PCR reaction, a m xture of e reaction solution

1 each) vmsordssd witvibe indiruetiorsGnelidedfin fHek® alin PlelfiraSunEYER 9hetidi & 05CR)
reaction was run for 3 cycles under the conditions: 940 Cfor 1 mn., 60 C

for 1 m n.ofaittlerZPrefitionrsolutioh BonthifingSeprhéled &HDMI?@BK/SI@&S& ALAMBE and 5U
reaction solution to which the external prinmers HLAMBS and HLAMBR (50

prol es  eacdf)TaKeRe Eaclitiq (Takasa Sined Colled PGR: feaetivn solutio Sorfitiifing! 05 pBlefc! es
under the conditions: 94 Cfor 1 mn., 60 Cfor 1 mn. and 72 Cfor 1 mn.
The DNA f rigAMB3, Sipmedilescf HiyAMB4 antliSUdofi TaliaR a PR at € BakiataShusa Cos U poed to
el ectrophoresis on a 3% | ownelting agarose gel (NuSieve GIG Agarose, FM)),
and separwedvarwhish S0 ué@fnnwaltoﬁevagéayemi.n gotion| wasitin forSlapees) i n
accordance with the instructions included in the kit. The DNA fragnent

obt ai ned v%&ge’aﬁh@é%q onsh94 (ioed min. 601 & foud mincand 72) Géenlawiting 50 M
Tris-HCl (pH 7. 10 C 1 m\ DTT, . 100 NaCl and 8U of EcoRI
(Takara Shuzo Cig‘?hiﬁbﬁom'gﬂnéécg Ipastion, aigiyture pf Rothithrasaction selations GR wds

by the. ot raRRNRaRE Bve e 3 b e Al ‘%a?‘i@f?r@eﬁ'ziﬁf’& ' E%%i%?xa{@??f:nf )
pas d pOCEi Al FPs oG Sy R i Sl 8 S R T e
manner s set {94 b @IS SR HABESH WA-AREN 0B RS RUPHS A frimers .

phenol / chl orof orm extraction an anol precipita

a di gest edIDARMEE #hd WUAAEBR (90 (Rad1bd eacﬂ%k%e%&&}e?l}f% I—II%%@? Buﬂzg}y% Téam 2a

reaction solution (50 u]) containing

and al kal ifoe3(ptyadshatiashe (dnditiksi 94C76;for Taka] 60°SOUWBP1 &ln. anbi7d® )C &r 13%inC f or
30 mn. to dephosphorylate (i.e., BAP-treat) the plasm d. 36 The reaction

sol ution was sulijhe ONeA ftagmehicoteditetByothe fhirdnoend PER rbation aad sitjectddNd was
electrophoresis on a 3% low-melting agarose gel (NuSieve GTG Agarose, FMC), and

g

separated and purified from the gel using GENECLEAN II Kit (BIO101) in accordance with
the instructions included in the kit

The DNA fragment obtained was digested in a reaction solution (20 g I) containing
50 mM Tris-HCI (pH 7.5), 10 mM MgCl,, 1 mM DTT, 100 mM NaCl and 8U of EcoRI
(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 the ethanol precipitation.
The DNA was dissolved in a solution (8 1 1) containing 10 mM Tris-HCl (pH 7.4) and 1 mM
EDTA.

The above-prepared plasmid pUC19 AHindIII (0.8 g g) was digested with EcoRI in
the same manner as set forth above. The digestion solution was subjected to
phenol/chloroform extraction and then ethanol precipitation, thereby giving a digested plasmid
pUC19 AHindIIl. The digested plasmid was reacted in a reaction solution (50 zI)
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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coll ected therefromby ethanol precipitation. The DNA t hus obtai ned was
dissolved in a solution (10 ji 1) containing 10 MM Tris-HCl (pH 7.4) and 1
nmv EDTA. The BAP-treated plasm d pUC19 AHindlll (1 ;u 1) was ligated to the
above- obtained PCR product (4 ;u 1) using DNA Ligation Kit Ver.2 (Takara -
Shuzo Co., Ltd.). The resulting plasm d was introduced into a conpetent

cel | of E TisofeactiohbRffion s gibjectél totztﬂléxibiifcﬁfomn extRRtibh g ftl&rIUHAtw%aS
cul tured overnight in 2xYT medium (2 m) containing 50 ,

anpi ci | | i neollectednthebefroneby ethawsl ipreeipitatie  PriRINA th@ssobtﬁﬂémwk‘él\iéﬂ ith Apr ep
Spin Plasmd Kit (Q AGEN). The plasm d obtai ned was sequenced for the

cl oned DNssobetiom.(10he Doegtairing by Tris-bEG (pH el and 1 3MI/EDT Sequencer (ABI)
using ML3 Primer M4 and ML3 Priner RV (Takara Shuzo Co., Ltd.). As a

result, it was f'Hl@rﬁlAl’ﬁlmted pkasaidpidd 1 DM i 41 MI)b@SdlgaE’dth)ﬂletaheVGEI n. The
pl asm'd was desjgnated "C 2, A/ pUCL9". Then, for making up for the del eted
part, pri n@?@n %W%WSWPMHIMWtW®mhMQ¢OW®) nékkiey
synthesi zed, . .and a DNA of correct sequence was reconstructed using these

primers b ﬁéjm&el@mkﬂlwamnm@cwmaemﬂﬂem@ﬂ polipM19%do givasnid C 2, A

/[ pUC 19 having the del tlon t herein was ,used as a tenpl ate and the
reaction \?’5 g’é‘i’%tr 55% TEAH was cqlwgddqveﬁgghtg@ggYBmedpm@g SOBLAPNDEE

Cecond. routth el FE ke RePr8Re] falEncRglebmiEies APBR RGeXiantel n e

third-rou reaction product of the second-round PCR
reaction \C%ﬂﬁ)%éé?@ﬁt exmrnal primers HLAMBS and HLAMB4 and anplified

Sol Ut on (100" p FicTd obBied ohy biftehdeliTbr (EL IR A BE . 19 ?lﬁé“‘a?“
ei ther 50 mpelasd oh 3735 DNX StdiRnf (ABDSsiHAYBSPAREY lyg%}%m% é@ﬁgggra o

each of the prinmers HCLMS and HLAMB4, "and 5U of TaKaRa
Co., Ltd.)Stms Gosddd.).0vAs a wBilght Wik fouhd Bt fhe BRmad DNA haaaél:i-ay géleon ﬂi&%uPCR
reaction was run for 30 cycles under the conditions: for 1 mn., 60

for 1 mi n.Theplasniid waSdesignatedTiChl ATpECPER [Fhedfot mabhgtdpefoxf the ﬂé}eibdlpaﬂ, PCR
reacti on, HLAMBS- HCLMR (236 bp) and 37
primers HCLMS (SEQ ID NO: 17) and HCLMR (SEQ ID NO: 18) were newly synthesized,
and a DNA of correct sequence was reconstructed using these primers by PCR method.
In the first-round PCR reaction, the plasmid C 1 A/pUC19 having the DNA deletion
therein was used as a template, and the reaction was performed with each of the primer sets of
HLAMBS and HCLMS and HCLMS and HLAMB4. The PCR products were purified
separately. In the second-round PCR reaction, the PCR products were assembled together.
In the third-round PCR reaction, the reaction product of the second-round PCR reaction was
added with external primers HLAMBS and HLAMB4 and amplified to give the full length
DNA.
In the first-round PCR reaction, a reaction solution (100 g 1) containing 0.1 4 g of
CA AApUCIY as a template, either 50 pmoles of each of the primers HLAMBS and HCLMR
or 50 pmoles of each of the primers HCLMS and HLAMB4, and 5U of TaKaRa Ex Taq
(Takara Shuzo Co., Ltd.) was used, over which 50 11 of mineral oil was layered. The PCR
reaction was run for 30 cycles under the conditions: 94° C for 1 min., 60° C for 1 min. and 72
° C for 1 min.

The PCR products of the first-round PCR reaction, HLAMBS-HCLMR (236 bp) and
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HCLMS- HLAVMB4 (147 bp), were subjected to el ectrophoresis separately on a 3%
|l ow- nelting agarose gel to isolate the DNA fragnents. The DNA fragnents
were collected and purified fromthe gels using GENECLEAN Il Kit (BIOL01).
In the second-round PCR reaction, 20 A 1 of a reaction solution containing
40 ng of each of the purified DNA fragnents and | U of TaKaRa Ex Taq

(Takar a SHICDMSPHLAMBS {1475p),usde sutjecssd wﬁéle@ﬁoﬁﬁ)rééis]se?iraﬁiﬂﬁf 289 1owl vas

| ayered. The PCR reaction was run for 5 cycles under the conditions: 94 C

for 1 m nmelti6 aGardbsergel toikslateadDKA fragntntsl e DNA flap@ehth week dodledd BER
reaction, 100 It | of a reaction solution containing ,ul of the

reacti on smirifted dronotiegielaning\GENMECERANHH Kit(BiCO1HATR Iethe s¢cond-r&hdPCR es  of
each of external prinmers HLAVBS and HLAVB4 and 5U of TaKaRa Ex Taq (Takara
Shuzo Co. ,reactivn) 2Gvais! ofl areactioonselutiom cartaibing 40 ngfof wacheofdhe mirifiedd 3N A fiagmedts
The PCR reaction was _run for 30 cycles wunder the conditions: 94 C for 1
mn., 60 cddU of FakeRadixdTand TakarnPhuzorGas, Ltd) mas used, ovspwdiioh 2fg zal dhixsineral
fragnent of_ 357 b the third PCR product). The DNA fragnment wag subjected
to electr dﬁhﬂ%@}’gf n BheBER sactien waswundeist exslesyaderthe sanditions: 94eC

f . _Th |t ) I d and purified usi

GENECL EAN TR 6051 S8 ) BAAn7 0ot LR i gy of the DNA | ragment {hus.

bt ai ned di . wi th L h bel oned. into pl asni 19

(0 Hondi it natt e a T reastidly Tod el pEReRRGotPh et Phot

i d i nto. . cal ). of E . coli 9 f

o i S SR o ol R ST oo
a o : f > U .
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The puri f i\@@d RiveSwhith ¥BS 4§ 6ﬂﬂ%ﬁ%il%s@2%@w§@g}1@ﬁﬁT on sﬁaﬁ'rhn Pozi%g: Ms

Primer M@ and ML3 Prinmer RV (Takara ShuZo Co., Ltd.). e asmd that was

confirned doder the ¢enditiense®4°r €ofor Mutth 0607 dBfos eaniaNaa 70 tOTSH 1 ARY, tHakBy i on was
designated "C 2 /pUC 19". (iii) Construction of gene encodi ng human L-chain

x chai n C-abtajning a/ DNAAsbmennafiBs7 &p heitlig] POR produlbs)i nTheDBRafifprhert &@kOn was
cloned fromplasnmd HEF-PMk-gk (WO 92119759) by PCR nethod. A forward

pri mer HKARBje¢BE® ¢lectiaphoresio pnwdds theeinging agarosogl 6 isoEtaRt DNAfragibnt. and
Bl nl -recogni ti on sequences, and a backward 38
he resulting DNA fragment was collected and purified using GENECLEAN Kit (BIO101).
An aliquot (0.1 u g) of the DNA fragment thus obtained was digested with EcoR],
and then subcloned into plasmid pUC19 AHindIII that had been BAP-treated. The resulting
plasmid was introduced into a competent cell of E. coli, IM109, 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 plasmid 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-, HindIII and BinI-recognition sequences, and a backward
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primer HKAPA (SEQ ID NO 20) was designed to contain an EcoRl-recognition
sequence. These priners were synthesized on 394 DNA/ RNA Synt hesi zer (ABI).
A PCR reaction was performed using 100 ,u 1 of a reaction solution
containing 0.1 u g of plasm d HEF-PMLk-gk as a tenplate, 50 pnoles of each
of prinmers HKAPS and HKAPA and 5U of TaKaRa Ex Taq (Takara Shuzo Co.,
Ltd.), ovesrimiRAP I P L i gﬁﬁg ' was
run for 3 r%:ﬂ;/féc}: es u%éggbtlgfeNg‘on |vﬁsgggbégzt§80 }%%ﬁrﬁea%q%oy%g ﬁ?%cﬁefi&% n.
and 72 C fTlesd pfiners wérb 8yfthsi-all vh 394 BNAIRNN SphikdsiRf (880, bp. The DNA
fragnent was isolated and purified by el ectrophoresis on a 3%l ownelting
agarose, and t hes PCRolehativherhs pedfomuud dsingd 00S i of SrdcfbidNition déhtaidifs G104 .
The DNA fragnent thus obtained was digested with EcoRl, and then cloned
into pl asofipdaspdiCHER-PMiKgktab atterniplate p5EpmEAP e f dach bLprimdR ST APS hid HE AHAaS i d
was introduced into a conpetent cell of E. coli, JMLO9, to forma

t r ansf or meand. SUrpETakaRadhoFage(Takana Shuzo (o Lirtd ), averwhich50 jurd of miheralf oiDwasT

medi um containing 50 Li g/m of ampicillin. Fromthe cell fraction, the

pl asni d walgyeged-i f ThedPCR resgtiay wps wp foplcyelea under the conditionsiMy . C Torel min.j 60 ed
plasm d was sequenced on,373A DNA Sequencer (ABl) using ML3 Prinmer M4 and
ML3 Pri ner of TaRigy 2pdsf 76 Tetol min.¢ thereby ghvinga %@%rﬂ?@@ﬁfaﬁf?&ﬁﬁépcoﬁhﬁpm to
have the cprrect nucl eotjide sequ ch was _desjgnated "C ' _ [pUCL9". (3)

Const ruct i t #ias pelafed ‘&’?‘Buﬁi Y eleFtEaphorssis OB &3 % o WrEeltig agaross 3né Senon
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regi on C rig@ Hébmpeds8dll 62151, AL, & foliQ taasdhhi YESEMForkid t‘gy n

digested with ECORl to separate thé gene for the chimeric anti bo

L-chai n. Tdutugdnsemdght i edl 0N 2y Tindd it EntAKRE S9S i QAmY Cdicillfh atFrém thé  DNA
fragnment encodi ng #23-57-137-1 anti body L-charn V-region was cloned from

pl asm d NMBElfracfidn,lilye pl@miderds pdrified ising QlAmep Spin RlieniBERR (GTAGENVer e 39
The purified plasmid 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 cotrect nucleotide sequence was designated "C « /pUC19".

(3) Construction of chimeric antibody L-chain expression vector

An expression vector for the chimeric #23-57-137-1 antibody L-chain was constructed.
A gene encoding #23-57-137-1 L-chain V—region was ligated to the HindIII-Blnl site (located
just in front of the human antibody C-region) of each of the plasmids C 1. /pUC19 and C &
/pUC19, thereby obtaining pUC19 vectors that contained the DNAs encoding the chimeric
#23-57-137-1 antibody L-chain V-region and either of the L-chain A chain C-region or the
L~chain « region C-region, respectively. Each of the resulting vectors was then digested
with EcoRI 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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separately synthesized using 394 DNA/ RNA Synt hesi zer (ABI). A backward
primer MBCCHLI(SEQ ID NO 21) was designed to contain a

H ndl I | -recognition sequence and a Kozak sequence (Kozak, M et al., J.
Mol . Biol. 196, 947-950, 1987), and a forward prinmer MBCCHL3 (SEQ I D NO
22) was designed to contain Bglll- and RcoRl-recognition sequences. The

PCR reacti o] t
R TR S b o i P R P e e i SR R

MBCI L24, 510113(1@19!;13 SRR 229 wa§ He¥Rned E@&rﬁw&& IRRUTINEEESgnRicandqdenté atd »f
Anpl i Taq (PERKI' N g% over which 50 4 1 ofam neral oll 1Wasql ayered. The

PCR react | Rgzdkasquiesite zaBCM &t RMINBRI. 19629470981, 1987 sand Wfokvdrd prififer sec.
60 C for 45 sec. and Cfor 2 mn. A PCR product of 444 bp was

el ectrop homm(%@m Ny 22 inias Bepighed tosataie Bgllirud ReoRI-eacbgnitiamd
purified using GENECLEAN Il Kit (BIO 101). The purified PCR product was

di ssol ved sequétdes.t 1 of a solution containing 10 MM Tris-HC1 (pH 7.4) and 1
nmv EDTA. The PCR product (1 u 1) was digested in 20 | of a reactlon

sol ution cont ai nTegPQR reartian wes Pmomeﬂ;l)uslﬂg £90 121 of anvesipoisplution spntaiming Hh

co.. L, ymbd it o B3t b 4 gud sk oo Bl S B, e
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<(axt racted with gé?r’]d} nycggﬁg?g%%ﬁgmyﬁgﬁégé%ﬁk%%&%ﬁ h% a%@éetge% 3?? \gﬁf

by et hano'c&fe@&&&h&?ﬁﬁﬂé&us BENAcreaNtiisaPver ol e uﬁﬁ&ipca prédust wag
containing 10 nmM Tr1s- HCl 7.4) and 1 EDTA.” The AP-treat ed pl asm d

puUC 19 (1 dissolyedinsol !ug@f@dolhﬁoﬁ étﬂltﬂiiiﬁg &0 AN A RHICRPR 7.4y aaduchM BDTAL) The
using DNA Ligation Kit Ver. 2 (Takara Shuzo Co., Ltd.). The resulting

pl asmi d waBCRtrodudtiled: 1) mias digestedrine(ent 1 afel readtion Solutionh tontaiMbgd 0 @MphrontHCene
Co., Ltd.), in the sanme manner as set forth above, to forma transformant.
The transf@ﬂ-h%.ﬁ), 19asMMg€hal M DTT, 50 mM NaCl, 8U of HindIII (Takara Shuzo Co., Ltd.)

and 8U of EcoRI (Takara Shuzo Co., Ltd.) at 37° Cfor 1 hour. The digestion solution was

ﬂ'

subjected to phenol/chloroform extraction, and the DNA of interest was collected therefrom by
ethanol precipitation. The DNA was dissolved in 8 121 of a solution containing 10 mM Tris-
HCI (pH 7.4) and 1 mM EDTA.

In the same manner, plasmid pUC19 (1 pn g) was digested with HindIII and EcoRI,
and subjected to phenol/chloroform extraction and then ethanol precipitation. The obtained
digested plasmid was BAP-treated with alkaline phosphatase (E. coli C75; Takara Shuzo Co.,
Ltd.). The resulting reaction solution was extracted with phenol and chloroform, and the
DNA was collected therefrom by ethanol precipitation. The DNA was dissolved in 10 z1of
a solution containing 10 mM Tris-HC1 (pH 7.4) and 1 mM EDTA.

The BAP-treated plasmid pUC19 (1 1) was ligated to the above-obtained PCR
product (4 p 1) using DNA Ligation Kit Ver. 2 (Takara Shuzo Co., Ltd.). 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
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40 2xYT agar medium containing 50 ,u g/m of anmpicillin and cultured at 370
C overnight. The resulting transformant was then cultured at 37 C
overnight in 2 mM of 2xYT medium containing 50 u g/m of anpicillin. From
the cell fraction, the plasmd was purified using Q Aprep Spin Plasmd Kit
(QAGEN) . After determ ning the nucl eotide sequence, the plasmd that was
conf i r med 2x¥Thae ndeliRine 8ritAfiing 30C Lofh] sfanstdlpgd cwidgred e53 N EtRemight.

"CHL/ pUC19". Each of plasmds C.. /pUCL9 and Cis /pUC1l9 (1 g g each) was
di gest ed iTheA@syltidg tradsfamanteds then adtutdd 20 37C dhdvnipingn 2Gnindd 2k Tsméediiop H
8.5, 10 M Mwd,, 1 mMDIT, 100 nMKC, 8U of H ndlll (Takara Shuzo Co.,
Ltd.) and otanfin®350 p gmakaframpitillino Ermm thetcell fraetion, 88 plastmid whs parified uBineg

di gestion solution was extracted with phenol and chloroform and the DNA
was col | ecd@Expreph8piafPlasmid Kit(HAGEN)pr Afepddtetiining themuclobiddesegudrl;sthe eat ed
at 37 C for 30 mn. The reaction solution was extracted with phenol and
chl or of or rylasmid thay avabisnfinmed te bivedhe eatrachrucldotidesdspenseteasalesignased pi t at i on.
The DNA was dissolved in 10 ,ul of a solution containing 10 mM Tri s-HCl
(pH 7.4) akdl¥pHUIBHTA. The plasnmid CHL/pUCLY (8 ;u g) that contai ned DNA

e Sane e bbbl Ll A A et ]
(nen-vol | cRGRRhSuf PRGN G oL H e KB oL R el 1
(o 0% SR b St sdiasnply oS PR 4 R Clie SR ] L

subcl oned 4pt e gl i Hﬂﬁr OfrhE AfplstRin dst?ﬁon Wéﬁt’i&?etd%ﬂp%%ﬁpi ﬂgfcggrof(ow‘?kfnd

Crc /pUC 19, and then intrdduced 1nto a conpetent coli,

109, to fohRWawdd @Meéed TR fron| et_hﬁrﬁﬂ'%fééfﬂi‘ﬁﬂ&n.Y‘%e@NA%ﬁ‘B&V-%ﬂE&EBT nc3
m of 2xYT medium containing 50 j g/m of anpicillin. Fromthe cell .
fraction, fohgopimsnTkt agionisSRtieh s eftthoRiditH Siénbisdndthidréidfe PandRhe DRIARS M d
Kit (QAGEN. The two plasm ds thus prepared were designated "MBC 1

L(2.)/ pUC wé&¥'coliacted WMBreéfrdm by ethangl ppedipithon. rEeNAiwsldissokadin tF pl efam ds
MBCLL(2,)/pUC1l9 and MBCLL( rc )/pUCl9 was digested with EcoR and then
subj ect ed sotuteheontaoibpt EmM Tris-HC1 ZpH [7alrand | mMEDRKRr ose gel . A DNA

The plasmid CHL/pUC19 (8  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 agarose gel, and then collected and purified from the gel using GENECLEAN II Kit
(BIO101). The DNA was dissolved in 10. u1 of a solution containing 10 mM Tris-HCl (pH
7.4) and 1 mM EDTA.

The DNA for L-chain V-region DNA (4 1) was subcloned into 1 g1 of each of the
BAP-treated plasmids C A /pUC19 and C « /pUC19, and then introduced into a competent cell
of E. coli, IM109, to form a transformant. The transformant was cultured overnight in 3 ml of
2xYT medium containing 50 1 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 "MBC1L( 1 )/pUC19" and "MBCIL(  )/pUC19", respectively.

Each of plasmids MBC1L( A )/pUC19 and MBCIL( k )/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 (BIO1 01),
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fragnent of 743 bp was isolated and purified fromthe gel using GENECLEAN I
Kit (BIOL01), 41 and then dissolved in 10 g | of a solution containing 10
mM Tris-HCl (pH 7.4) and 1 mM EDTA. An expression vector (plasmd

HEF- PM k-gk) (2.7 g g) was digested with ECORI and then extracted with
phenol and chloroform and the DNA was collected therefromby ethanol
preci pi t atandrthenldissobg ih 100 pe 6 a ¥elatid Ontdigag e0lmM TesHEpHWY @&l ¢ gnio

el ectrophoresis on a 1%l ownelting agarose gel. Fromthe gel, a DNA
fragment oED®A61 bp was isolated and purified therefromusi ng GENECLEAN |
Kit (BIOL0O1). The purified DNA fragment was dissolved in 10 ,u | of a

sol uti on cont ai nAngxfressitv vecios (phinid PHEFZPX kakdi(217 nive) whsTdigeshRvith EedRId HEF
vector (2 gl) was ligated to anEcoRl fragnment (3 L.c 1) of each of

pl asmi d NVBEId then extiacied@ith phevolMBd thiorafoint, mod . DINAewisi cptiedtedthprefidmchy was

introduced into a conpetent cell of E coli, JMIO9, to forma
t r ansf or magthano} peecipitatiert. o rtheMIN Admgment wassBAP-treated andithenovijented itaim
containing 50 L. u g/m of anmpicillin. Fromthe cell fraction, the plasmd

was purifi SectpphergSISOngrldploghmeltmeagaiose seli Fromubewpl, a TNA fagmentad 656 hbpri d
(55 8 9715 b bbb Rom el B RO B Bt A

Tt + e frafitht S affbolkedin 10 2R AR porSning 3 sMOis HCL L 4 Taidl M

I nserted i%l)tiﬂe correct orientation, or gave digestion fragnents of
4378/ 2926 bp1f the fragnment was inserted in the reverse orientation. The

lasm d that was R ' ' t jeON
e desi gnat ed "RBE TTEER P nasTE hESyid RARRTh ob B CERGER) (P LFRGR ol
L(, ¢ )/ neoplaéiid MBCIB( ?/pm Ind MBCID(RHUED, (Fh 1ibEASHeGkd Was Hirddtled’
cell To evaluate the antigen-binding activity and the neutralizing activity
of the chi ity 4 Competérit BAULES. colinIMEOR ke ForinQtrPkRSHhES TheRaEsinAkOwEs Wer e

separately expressed transient [ y ina COS7 cell. The transient expression
of the chiemtrel in2mbef@xdT mediupenhainmd50 i gl efatpieillit.heFrom the cell fraction,
the plasmid was purified using QIlAprep Spin Plasmid Kit (QIAGEN).
The purified plasmid was digested in 20 1 of a reaction solution containing 20 mM
Tris-HCl (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 fragment was inserted in the reverse
orientation. The plasmid that was confirmed to have the fragment in the correct orientation

was designated "MBC1L( A )/neo" for plasmid MBC1L( 4, )/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 ( A )/neo and plasmids
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conbi nations of plasmds MBC | HcDNA/pCOS 1 and MBC 1 L (2.)/neo and

plasmds 42 MB Ci HcDNA/pCOS 1 and MBC 1 L(ic )/ neo, by co-tansfecting a

COs-7 cell with the plasm ds by electroporation using Gene Pul ser (Bio

Rad). That is, the plasmds (10 ~u g each) were added to a CCS-7 cell

suspension (0.8 m; 1 x 10" cells/m) in PBS(-). The resulting solution

vas app! | MBEIHRDNA/SEDS and MBE AR & PiRlolby Co RfREh Y €Sl AWK plashdias™
of at  roo

to cause electroporation. After 10 mn. recovery perio

t enper at urigy elediopot-tioh USIRG Grhe BulsGYBIGRAB! © THASR RISk '
(4 BCO co]%{ ai ni rll)g 2% Ul tga Lowulsg feté{at?9 cal f seru%sﬂzlg?%wggﬁg}j%rgn

cul tured usidedtea COSCTTelldubpunsiodi(6.8 miN1 & 10CRILAAVRFBR(-). AThe Fesuﬁigkrsb!ﬁﬁ&g
for 72 hours, a culture supernatant was collected and centrifuged to renove
cel |  debrwss applied with polsevatdadldotrostatiecapaciey FFd(R00V dndn tRrosdaasequent

ELISA. In this procedure, the purification of the chineric antibody from
the COS-7 dedttoporatipnr eAfterkr min efitecovesy pariydfap rovaltenerigurdf the klebposdted A
MAPSI| Kit (Bio Rad) in accordance with the instructions included in the
kit. (5) Hellsaets susprnded in RMEM mediuna(GIREO)contaimben?¥ediliraf.odnlgBlieGlcglf at e
for determ ning antibody concentration was prepared as follows. Each well
of a 96- \AB‘?WEG@Q@:&P%‘}@W&RLW@ psingwAEemedtureatisheid aG Qingdtatory Aftef a
coating buffer %O@é M NaHCCB, 0.02% NaN3) suptpl emented with | ;u g/m of
goat anti -%ﬁwang QG2 bowrs; p elinre sunemptangwas eqllepted pad resrifigeditozemoye ¢elbf  a
dilution byff.er [[50 M Tris-HCl, | nM Cl121 0.1 M Nadl, Q.05% Tween 20,
0.02% NaNa‘?erbi’% \Wﬂﬁé’r%‘%‘imﬁv%&ﬁ@ﬁamﬁsﬁ% ﬂllﬁ subsequent Bl g this procedae.p| at e

e PSRN L ab s e R0 0 e e e, o
added v e b ResS0 el A YASSE X oRohnal LMoL U e BB o

1 hour andnvasded té kg PBS- Tween 20. Each well of the plate was then added
with 100 ,u 1 of a solution of alkaline phosphatase-conjugated goat
anti-human 1gG anti bodies (TAG). After the plate was incubated at room
tenperature for I hour and washed with PBS- Tween 20, each well was added
with 1 ng/(6) EbISA substrate solution ("Sigma 104", p-nitrophenyl phosphoric
acid, SIGVA). The solution was neasured

(i) Determination of antibody concentration

An ELISA plate for determining antibody concentration was prepared as follows.
Each well of a 96-well ELISA plate (Maxisorp, NUNC) was coated with 100 p1ofa coating
buffer (0.1 M NaHCO;, 0.02% NaN;) supplemented with 1 4 g/ml of goat anti-human IgG
antibody (TAGO), and then blocked with 200 1 of a dilution buffer [50 mM Tris-HCI, 1 mM
MgCl,, 0.1 M NaCl, 0.05% Tween 20, 0.02% NaN;,, 1% bovine serum albumin (BSA); pH 7.2].
Each well of the plate 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. The plate
was incubated at room temperature for 1 hour and washed with PBS-Tween 20. Each well of
the plate was then added with 100 u1 of a solution of alkaline phosphatase-conjugated goat
anti-human IgG antibodies (TAGO).  After the plate was incubated at room temperature for 1
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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on its absorbance at 405 rimusing Mcroplate Reader (Bio Rad) to determ ne
the anti body 43 concentration. In this determnation, Hu 1gd@ 2 Purified
(The Binding Site) was used as the standard substance. (ii) Determ nation
of antigen-binding ability An ELISA plate for the determ nation of
antigen-binding ability was prepared as follows. Each well of a 96-well

ELI SA pl at @ne@iratieR! e thisidetedationl HRf1g&1 Q0Ftukifigg PrHel Bihding $Pe} RARIN8 ds Wet h
| vg/m of human PTHrP (1-34) (Peptide Research Institute), and then

bl ocked W gtimBRPslstan@f 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 chineric antibodies had been expressed, or added wth each of the
serial dilutions of each of the chineric antibodies per se in a purified
form Aft efii) Determiiraition vhantigen-bbnaiirgchbilityr oom t enper ature and washed with
PBS- Tween 20, each well of the plate was added with 100 ;u 1 of a solution
of al kali ne phoApELISA platofor tipalettmipation efdntigen+bimdingaBiliy tviab prépared @3 ACO) .
After the plate was incubated at roomtenperature and washed with

PBS- Tween fotlows.achachavell effa 3 welh ELISA plate wasdwetgd wiithht 00 md/ofa codting tauflsst r at e
solution ("Sigma 104", p-nitrophenyl phosphoric acjd SIGVRA) . The solution
vas measure@plsmentsd vty e et emanBTHAY (JophdPantide Rescoreh Tngiits), and Gios

L i 1 i i R
it oS MR Kot ity i b it

" eharn ohdef cpa o gl Ve odehiS e Ve ANt SaFER i BiRPRE i per
onel Doty RS PR RRRL [ it B8 oo WS reiiGuld & borh RhDarfle i SvelbIRMGE °C

of chi meri pPBQUTWeRRd0.85cH el of Aelplaibiwas sdilell with®0C aR3Ph SoldtioPbLAkingg t he
chinmeric antibodi es stably, the above- prepared expression plasmds were

i ntroduc e%ﬁo@ﬁl&tﬁe@oﬁj@%ﬁt&d %@X%ﬁ-humaﬁ) _lgbG Btitddies PTAGOYE NAREY thé plad wad | Ne
capabl e of producing the chineric antibodies stably, either of the
f ol | owi ng inoubatedodt reons tedipetdtare axd wasisdorithPBS-Twden 20)readi-eelt of the phite waed:

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
PTHxP (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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44 NMBClI HcDNA/ pCHO and MBCI L( ;L)/neo; and MBC1HcDNA/ pCHOL and MBCIL( ic

)/ neo. A CHO cell was co-transfected with the plasnids by el ectroporation
usi ng Gene Pulser (Bio Rad) as follows. The expression vectors were
separately cleaved with a restriction enzyne Pvul to give linear DNAs. The
resulting DNAs were extracted with phenol and chloroform and coll ected by

preci pi t atNBTIHONLHORHA and MBCPLEE Fhéb; %U\MB@H%WI ﬁﬂégm@lmfekect ed

to electroporation. That is, each of "the plasmd each) was

added to Oyfeol AOCH® &flWasTdIRBERERDwath ﬂ&é@ﬁﬁhk _§¥ ERctrSdration (ubihkGene Pulser

cells/m). The resulting solution was applied with pul'ses at an

el ect r ost aBic Radadollow The2RP¥éssiditvedtors Wefe sepirhtely cléivedivith aQEstri@gsaver y
period at roomtenperature, the el ectroporated cells were suspended in MEM

a nedi um (éazPRePvabiotgivelinegr DBl eTht resaltihg DN AN WESeRTidted Whi phamlbid ng
suspension was cultured using three 96-well|l plates (Falcon) I1n a CO2

i ncubat or . chirofdma and pollaitddovy precipietionowitlt ethinoly BEierydasntid DAL thtihprepmdd um
was replaced by a selective medium [ribonucl eosi de- or

deoxyr i bonversabieeied foraectiopmation. nethiatis ¢achREMe pasmid DNAwr(100%g each) wasal f
serum (A BCO) and 500 ng/m of GENETICIN (G418Sul fatg; A@BCO]. Fromthe
cul ture meidaddo 0.8 mliof aicpll suspemsion ofKHQ sellvaRBSYartx A sellsimb o d Theresviting

rptueed Bkl o S i i Sl Bl i
Cw ituri Ing of Pr{egglﬁg% |)g‘{?e%£%Wi %te ccapaﬁ?%_ o@ccsnglnf %r%ﬁﬁ‘?t F%’r?ngf’nt he
geéx???bomm é‘?’ nglggfgre b E&ﬁ%&%ﬁ%@%lﬁﬁ ﬁ%zn%%sqﬂﬁ}r aéhgé)vé#ﬁggoy%glg ﬂtl:ealf

serum On éﬂmﬁritﬁ%gﬁﬂ% dddtedt t0f mbdiSm %'&%&e%q?iatéaﬁcﬁw Msalu?iiﬁ%@@gﬁméo@% y@as

col | ected and Iltered on a 0. 2- lter ( to renove
cel | debrideokirdtioriiclensiddred MEML & Omeditimt (GIBCO) BBhithidind 0D et eaiflséam t he CHO
cell culture supernatant was perfornmed using PORCS Protein A Colum

( Per Sept i (GIBCOY yad 566G nghnl EGIREBTICTNGG4 18841f4té; GIBEO)I.n Bromahél alege wetiun, he
i nstructions included in the kit. The purified chinmeric antibodies were
provi ded fasils inde whirhdberpitibody genetwis inteodnced watd selecefl. nEhe seddotive ngpdivm isvi t y
and

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 2 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-  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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for the exam nation of therapeutic efficacy in hypercal cem c nodel aninals.
The 45 concentration and the antigen-binding activity of the purified
chinmeric antibodies were determ ned using the sanme ELI SA system as set
forth above. [ REFERENCE EXAMPLE 4] Construction of humani zed anti body (1)
Construction of humani zed anti body H-chain (i) Construction of humani zed
H chai n V-gongértiation BidBRiaatger?BiRdiag nditylof e plRdY chintdiRidati¥GBehgduced by
CDR-grafting technique by neans of PCR nethod. For the production of a
humani zed detdnfinedhiinglthe sdihd BDIHA $ystehpadbef fopthsbeve. ' @") having FRs deri ved
from human anti body S31679 (NBRF- PDB; Cuisinier, A M et al., Eur. J.

| mmunol ., 23,110-118,1993), the followng six PCR priners were used:
CDR-grafting priners: MBCLHGPI (SEQ ID NO 23) and MBCIHGP3 (SEQ I D NO
24) (both HEREN GG EXAMRBEE 4DNConstuction @f hamanid&dGnkibéilsP2 (SEQ | D NO  25)
and MBCIHGP4 (SEQ ID NO 26) (both containing an anti sense DNA sequence),
all of which containing a 15-21 bp conpl enentary sequence on both term nal
ends thereof; and external priners; MBCIHVSI (SEQ ID NO 27) and MBCI HVRI
(SEQ 1 D Ndil) Senstristipm gf bumanized)aptjhodydchainCDR- graf ting priners MBC 1 HGP 1
and MBC 1 4, respectively. The CDR-grafting primers MBCIHGPI, MBCl HGP2,
MBCI HGP3  aponsties hpgrapized HoehineM-18#i0B N ur ea- denat ured pol yacryl ami de

| (Mol I i ng. . Sanb k,,et_ al., Cold Spri
Par bor Labor at ord ratieed 2587 15 T antoadbitt chiin ven greomrHHG DR rafibEind- coak.
thod (Mo I .ng; L t Va l., K | d
e e P G e T TR e
pol yacr yi cotngly Hedkair Geflth £6) B0 LR e RO A R S TR0 VR e
DNA . : | . . P | thi
o OO T SEDBOCURBNG By G5 B IEARRLISE NATIA Db L0 b paE! (P
h- and- ) ] - . f
ol Ut on G Mg L e T By L PEC I GPs
reaction WSEQH NQx: adyi(both coptalitili@ Reerfsy DNW séqhiakicd) andSIBI HEP2 (SEQID NOERS)
PCR reaction solution (100 /21) conprised 1 41 of each of the
above- nentandrMBCCBRPYr(SEQ IGNO: 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: MBCIHVSI (SEQ ID NO: 27) and MBCIHVR1 (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 11 of a solution containing 10 mM Tris-HCl (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 1 121 of each of the above-mentioned CDR-grafting

46



46 primers MBCI HGPI, MBCI HGP2, MBCI HGP3 and MBCI HGP4, 0.25 nM dNTPs and
2.5U of TaKaRa Ex Taq in the buffer. The PCR reaction was run for 5 cycles
under the conditions: 94 Cfor 1 min., 55 Cfor 1 min. and 72 Cfor 1 mn.
The resulting reaction solution was added with the external priners

MBCI HVSI and MBC1HVRI (50 pnol es each). Using this reaction m xture, the

PCR reacti B MBCIHGP, ROBG IHEPRMEBC 1563 >0 b
The DNA frggﬁent thus anplified was separat ﬁ%@gﬁg%wgdﬁa%ﬂj

el ect r ophosfERiKaRaExaTad i e bubfeeV ETHETE R BAERSIEWATIME 16 Peyci¥s A& B eonfiftions:
agarose segment containing a DNA fragnent of 421 bp was excised, and the
DNA  fragn®ht Cufes 1 mini, 55 fond meif amh 728 | © JorGENECL BAWIrésulfini rémtioh 8dlhtibiiwas
accordance with the instructions included in the kit. The DNA fragnent

t hus puri faddgd meth the extemit primers MBO1HES hanbMBO1TVRE (50dinssied eaehl). | WUs this!
of a solution containing 10 MM Tris-HCl (pH 7.4) and 1 nM EDTA. The

resul ti ng martiongaixtyre thePCRueastion was smdof addisertat B®ayoes unflertthe sdb/conitgsent
into plasm d pUCL9 that had been digested with BanH and H ndlll, and
subsequent T§e BN@ fiegmens thug empliffed weeseparateddyragetose pelglastraghmiresisnersa 4% Nu
determ ned,. A smd having the correct nucl eotide sequence was

desi gnat edSie %ﬁﬁgﬁ@@e@lﬁi I%Pi Brogem®)t r ucti on of H-chain V-regi on of

Humani zed H-chaip cDNA To ligate to cw r humani zed H chain_Cregion Cy
1, the DNA for tHB3HOFEREY cprRipnga I é?%%&ﬁé%lr%Wéﬁjeﬁcﬁe@*?é‘dM@A

veal rveo vl SR buhes APPSR wire Gt Ea R KBTI &7 e e e B on
equonce (Resiony ajuced Bk B, VRREBNATgRted Sud BEERGULS MR R ER * ong

ECOR! - 1 eciBitol keNtheR BI46816&Bin 20N 13¢ b 6 1MBSS cdfidiR 16/%44"1*11‘3%{(??@;#@ £3ad to
d he e

hybri di ze to both the DNA sequence encodi ng region o regi on

and the DNAMSEDJANCGheR&alingPCR Raction thiséir® %a®hisedt6r éﬁb&l%ﬂi'ng%fmm have
Apal - and Smal -recognition sequences. The PCR reaction was perforned using

TaKaRa Ex ffagmdnt idta phshid gidC Bothat Rddbepn digestedwith BafiHIRQ SR, hkier et 0. The
PCR reaction solution conprised 0.4 a g of hMCHv/pUCL9 as a DNA tenpl at e,
50 pnol es sbsesucntlyothe kBdkéfids2equredcdifthe-Mésiltiag plapmidwisdetiminddof ATplkeiid Ex
Tag and 0.25 nmM dNTPs in the buffer. The PCR reacti on was

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 v 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 MBCIHVS2 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 HindIII- 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 Tag and 0.25 mM dNTPs in the buffer. The PCR reaction was

47



47 run for 30 cycles under the conditions: 94 Cfor 1 min., 55 Cfor 1 mn.
and 72 Cfor 1 mn. The DNA fragment thus anplified was separated by
agarose gel electrophoresis on a 3%MNu Sieve GIG agarose (FMC Bio.
Products). A gel segnent containing a DNA fragnent of 456 bp was excised,
and the DNA fragnment was purified therefromusing GENECLEANI | Kit (Bl OL01)

i n accor dane ford0tdycled @nder st donditiofs 947 nC fsrdeadinl, 35t NE fisi I min! Bsd PNAC foprgnent
thus purified was precipitated with ethanol and then dissolved in 20 it 1

of a sol utminn Ghe DN Aifragmest thid dhiplifieliGras GefdratedDy @iacosk gelé‘i/éﬂaﬁﬁorei@@n FCR
reaction solution thus obtained was used for subeloning of th

fragment i3% duySieenGUGpgabse (MMC BiaPrbdrs).di gested with EcoR and Smal , and
then the resulting plasmd was sequenced. As a result, a plasnid was

obt ai ned whi ch cbgelaegmentaontaidingmbdidi fragmant 6436 iphahsexidised,gind thed®Niv ed
from hybri doma #23-57-137-1 and al so contained EcoRl - and

Hi ndi | - r ediagment was pwificdrthersfremasing IGENECEBANEKE (BIO 0B pinsdccordgricerwithethel
Apal - and ,Snal -recoglyltlon sequences on the T regi on, which was desi gnated

" hMBC1Hv/ ﬁmmm dechinghe kibt | e NAdTegmentthonpurifiadovastpoecipitatedwvitle d
anti body (Al fhd eR ditopedia e d b Con dooaibivg fmﬁ%-‘ffﬁ%ﬁﬁ%%mm
The DNA Pﬁa&?@ﬁﬁ‘%ﬁ?ﬁ?&mﬁﬁﬁ%lﬂﬁ%ﬁmﬁf é’é‘ﬁanig&%e PR belenDe of it td
been di ge %Q @Bﬁlﬁiﬁa%wl' e ‘ﬁ tsﬂé %lgs gﬁfﬁéﬂa

"hVBC 1 HC % i e b Rl P B R e e

_ i _ h
numan £ Sﬁﬁ%ﬁ“@ i R RERRS A 4 st RS i e e ﬁ?q%%d 8¢
sequences INAteRBoding mofsH mhﬁﬁﬁl/-?egﬁﬁméhvé&ﬁeﬁ Bh&%gné#ﬂy%‘i?? 3%l BR

regi on. The nucl eotlde sequence and the corre pon I ng am no acl sequence

of the hurseniaied BdoRhaind HIGITHreogndtionGBhvidness HA atmﬁak ﬁ&éi)dw@@ région
HcDNA/ pUC 19 are shown in SEQ ID NO 58 and SEQ | respectlvel y.

The pl asniadd AYBE!and Sl pédghition Seqlieges oa the/s’ &égl&gaﬂﬁcham cB@i@rﬂtedO give a
DNA fragnment contai ning a DNA encodi ng the H chain. The DNA fragnment was

i nt r oducedhMBC1Hv/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 v 1 and had EcoRI- and HindIII-recognition sequences on the 5'
region and a BamHI-recognition sequence on the 3' region. The nucleotide sequence 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 hIMBC1HcDNA/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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48 into expression plasmd pCOS 1 that had been digested with EcoR and
BamHl . As a result, an expression plasmd for a hunmani zed anti body was
obt ai ned, which was designated "hMBCILHCcDNA/ pCOS i ". To produce a plasmd
used for expression in a CHO cell, plasm d hMBCLHcDNA/ pUC19 was di gested
with EcoRI and BanH to give a DNA fragnment containing a DNA encodi ng the

H chai n. Th® Yo, S1oX or £t hat
had been dll ges eg&%ﬁ?l@ﬂd%@@glng{agam_‘ %H(Al‘isgeg%% ,Rla%ﬁe%égﬁgm%n p asm d
for the htumg%l@l A Ia»smiﬁo WREmaRiza Yorhs SHOR:

"hMBCl HcDNA/ p oRp C(r:)nst ructi oﬂﬂ%?dL chg?%ﬁ%g;ﬁ?d Vi%tr(ggll oarl\tec(!l )

Prepar at i GMCH%DNAﬁR&)sll"hybrl d anti body A gene for the FR hybrid L-chain
havi ng both FRs from a humani zed anti body and FRs from a nouse (chineric)
anti body was cori prodaced, plasntid evel fopéadessiad fin & EBI®eelL, plastite  hunani zat i on.
In this step, a hybrid antibody having FRI and FR2 both derived froma
human ant i B¢ 1HeDNARBUEHY wakdigestedwith FcoRBarfd BamH] torgieeca BNA fragtyentas
prepared by wutilizing the Aflll restriction site |ocated on CDR2. Pl asmids
MBC | L(; L9ontadaing adNAvB@otlingthe Hyvhato (The DINA fregumit wasrintradyped at@expression
digested in 100 1 of a reaction solution containing 10 nM Tris-HO (pH
7.5), 10 rﬂﬂ%@pﬁ 1 thathgdbeen lsgstmwnhﬁpomwﬁmﬁw \As coksulisan expressipny of
AM ( Takar kﬁ‘ 'go Lt.d. 37 Cfaor 1 hour. The reaction solutions
were subj or tbe bumary P@D’W?F?P@%’q @‘(hwhrﬂéﬂstdeﬁ’@lﬁg‘ér ose gel, thereby

gi ving 2 bp (referred to as ) and 1022 bp

(referred g%kggﬂﬁ@@ﬁfﬂgﬁgﬁfthe plasmd MBC 1 L( ;L)/neo or DNA fragnents of
6282 bp (referred to as ) and 1022 bp (referred to as "h2") fromthe
plasm d hMBCLL( A. )/neo. These DNA fragments were coll ected and purified

fromthe obstihde ( | 0101) . Each of the cl and hl
fragments@i g%rf%\iﬁ Eﬂgnfr eat é . The DNA fragment was extracted
wi th phenaf gﬁgﬁﬁmrmmqlh@gﬁa %M%et hanol precipitation, and then

di ssol ved i'n p 1 of a solution containing 10 mM Tris-HC (pH 7.4) and 1
mM EDTA. 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 AfII restriction site located on CDR2.

Plasmids MBC1L( 4 )/neo and hbMBC1L( A Yneo (10 u g each) were separately
digested in 100 11 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 AfIII (Takara Shuzo Co., Ltd.) at
37° Cfor1hour. 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 MBC1L( 2 }/neo or DNA fragments of 6282 bp
(referred to as "h1" ) and 1022 bp (referred to as "h2") from the plasmid hAMBC1L( A )/neo.
These DNA fragments were collected and purified from the gels using GENECLEANII Kit
(BIO101).

Each of the ¢1 and h1 fragments (1 u g each) was BAP-treated. The DNA fragment
was extracted with phenol and chloroform, collected by ethanol precipitation, and then
dissolved in 10 121 0f a solution containing 10 mM Tris-HCI (pH 7.4) and 1 mM EDTA.

49



49 The BAP-treated ci and hi DNA fragnents (1 j 1 each) were ligated to the
h2 and c2 DNA fragnents (4 u 1 each), respectively, (at 4 C overnight).
Each of the ligation products was 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 plasmid was kg BAP&ttatedic1Gn&h DR frainBntS PSH Ehelff Werk WoAGHR the HRRRA
purified plasm d was digested in 20 u 1 of a reaction sol utlon containing
10 MM Tri &2 BINK frirprifersy (4 101 eadh)Mesdedtivaly, (M £TE oventigit).t eich e |
(Takara Shuzo Co.i,‘gnth d(.)]f%r 83 of Bam-ﬁ,r(%dTakara Sh%lg)o Co., %{J%}%I.h)gﬁg%

Hi ndl | | ( Tpioduets Glagiintro@aced ihfod. compbtedilcell of B0 Eold; TMIWD; tolfhrmVa Srafidfoesdned Tipat
if the cl-h2 was ligated correctly, this digestion reaction would give
fragment s tinsfgsentwasulesdip 2obof Ch¥ TApeditm dograimirigd?) op/nil bfgmpieiltin of

7134/ 269 Dbp (by the BanH /Hi ndfll digestion). Based on this expectation,

t he desi r eBropl theweld fractinme theipdasntid WaepurifiddasingQgsepoSpin Pidsmid KitqQIAGEN)he
human FR1, 2/ mouse FR3, 4 hybrid antibody L- chain was designated "hi mvBClL(
,)/ neo". On the &Wlﬁ?éﬂiﬁsnﬂ werdigesie 0f gr] of aeedstion boluttendootaiging B mM

¢ esul iy TREERHPIRd. 197BMMEChak mt SHEH anhiben ZVESE Apebl Giakars Saies Go.,
Pumani zea HRDRBAW oA SERH (1a6ur SBiT0u biadnd SpTLAGR S Copidaaien: &
ant 1 body LRI A et Sipeciet ki ok o7 Sed e omeei e Cuiod SOARBS 11 on
The Kabat - ToUBE rerfiol B ssbofasq At 6 METR] ARt e RERead F B Dy
cach) wer o Rap e Bap AL GurbiohoBeler oot HiSianbar e bevfel et iite; g

10 mM Tri sidekdified(pH 7.5), 10 mM MgC12,1 nM DTT, 50 mM NaCdl, 0.01% (w v) of
BSA, 16U of Hindlli and 4U of Afll at 37 Cfor 1 hour. The reaction

sol utions were sSHpesxptastiyn setdprambaiing the hahRA FRIDAGHERFR 3M hybrRPAdHB¥ayEl t i ng
agarose gel, thereby giving a DNA fragment of 215 bp fromPplasmd MBC 1
L(. )/ pUC dain wax desrgnated Sh/agVIBE2L(' )} Y/acn!. a Obitke dthaghmnd; sinde 43dik foptHerharo1
each of plasmds hMBClLa 2 /pUCL9 and hMBC 1 Ld 2 /pUC19 (referred to as
"hal "' ankpuld 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 h(MBC1La A
/pUC19, which contained DNA encoding a humanized antibody L-chain V-region without any
amino acid replacements, and plasmid tMBC1Ld 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 MBC1L( 1 )/pUC19, h(MBC1La 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 1 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( 1 }/pUC19 (referred to as "c2") and a DNA fragment of 3218 bp from
each of plasmids h(MBC1La A /pUC19 and hMBC1Ld A /pUC19 (referred to as  "hal™ and
“hd1™, respectively). These DNA fragments were collected and purified using
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"hdl"", respectively). These DNA fragnents were collected and purified
using 50 GENECLEANII Kit (BI0101). Each of the hal' and hdl' fragnments was
ligated to the c2' fragnment and then introduced into a conpetent cell of
E. coli, JMI09, to forma transformant. The transformant was cultured in 2
m of 2xYT nmedium containing 50 ;u gim of anpicillin. Fromthe cell
fraction, GENEQLEANNKie®IQU01) i ed using Q Aprep Spin Plasmd Kit (Q AGEN).
The plasnmds thus prepared were designated "nm hMBC La 2 /pUCL9" for the
hal ' fragnment - cdidchiofithechal fendhidil drapnentsrdsMated to B 2' friddient Bnd fher t he hd
| fragnent-containing plasmd. Each of the plasmds mhMBC 1 La X /pUC 19
and m hivBGntrbdiuded ingg/@ competast cetliof Es tal) IM 10D, tEforsl a trafforbAt. f rgeniforhant43
bp was el ectrophoresed on a 2% | ow nelting agarose gel, and then collected
and pur i f i wep euilredrin 3rmlafi2ay Tepedioneantpining 50 1 @nld vOampicillie rErom the ngll DNA
fragment was dissolved in 20 u | of a solution containing 10 nM Tris-HCL
(pH 7. 4) dkertionsthe plovmid wagcpurified msing QUAptepipinePlasmidKit (QTAGEN). e plasyrided

to the aboye-obtained BAP- treated REF vector (1 j 1). The ligation product
was i nt r odtiEEPrepse W&f%@ﬁt&@%@&f’ Bclbka E/pUCH"for n?l f@b fragmentogontaining
- in 2 2xXYT i
Pt R ST TR RS A U
bl ashi 5 uas 3?5%%?3%%%@%@@2%%épc‘fké%%%ﬁ%qﬁﬁéﬂ{pﬁqﬁﬂﬂéaf%' Ikn'wed
oo ' 8 b ST

Shuzo Co. SRt BOTT 1REDAA heletobad 8 AR ey oy e oy o
"% cor r aoqting BRRGAL a8 hen coli e A ok BRT RIS ulils BEBRO LI 0

5104/ 2195 (BRO19her 988 rdshitind DNAUrabmea R didsSlved RS EH Efﬂjd dsolitonRbaaHish 10"
the reverse orientation, this digestion would give digestion fragnents of
4378/ 2926 1hM THHHOD (113 7140 apNAMEDTIENt | fi ed based on the expectation. The
pl asm ds thus obtained were expression vectors encodi ng nmouse FR1, 2/ human
FR3, 4 hybri d antBdsbdfthe-DNAdragmentsi(4 hyheach) daslignet mdheatpvesbiadaed®AP-Or s
"mhvB C1l Lal /neo" and "mhMB C1 Ld 2L. / neo", respectively.

treated HEF vector (1 p1). 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).

Each of the purified plasmids was digested in 20 ] of a reaction solution containing
20 mM Tris-HCl (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 4 /neo” and "m/hMBC1Ld A/

neo", respectively.

(ii) Preparation of FR1/FR2 hybrid antibody
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(i1) Preparation of FR1/FR2 hybrid anti body 51 An FR1/FR2 hybrid anti body

was prepared in the sanme manner as set forth above wutilizing a SnaBl

restriction site |ocated on CDRL. Plasm ds MBCLL(2)/neo and h/ mvBClL(2

)/neo (10 g g each) were separately digested in 20 ,cc 1 of a reaction

solution containing 10 MM Tris-HO (pH 7.9), 10 M MyC12, 1 nmM DIT, 50 niM

Nadl, O. 01-%(WAﬂFRﬂ/m%}%ﬁ@aﬁﬁbMyv%}3ﬂpafemh% ‘iﬁéﬁmgp setfofth)abife 37 C
ti urther ?I gesteé1

for 1 hour. The resulting reaction’sol ons were In 50 u

| of a reamilizinp SShdBliredtricivaisite Moa@ddd CORITri s-HC (pH 8.5), 10 nM MyC121 1
mM DTT, 100 mM KCI, 0.01% (w v) of BSA and 6U of Pvul at 37 C for 1 hour.
The resul ting reRlatrmids MBCLIL( Ayiseovund &/mBWBO 1A 2 ke Y1) 66§ 6ath) Were separatel

el ectrophoresis on a 1.5% 1| ow nelting agarose gel, thereby giving DNX
fragnent s digesAa@bin 20p w(lrif p reastioR Sa1Btidipcontaidihg 16 md This-HEIpHiI70)VEGHM MeCl/, neo
and DNA fragnents of 4955 bp (hm) and 2349 bp (hn2) fromthe plasmd

h/ mvBC 1 LI mM IS 50 T NaCONLO 1% £orfvd of BStheand 6E1061 SnaBE (Takmd Shows Chi, Bell.f atom
the gels ugi,ng GENECLEANII Kit (BI4101). Each of the DNA fragnents

obt ai ned Wb &f%bh%rd e nesulting regetion sadutianis overe fmthen digestediio SV Tof 8- HCI
(pH 7.4) and 1 m\/{ EDTA. The ml and hm fragnents (1 u | each) were |igated
to the hneeagiensplufion Gantaining 20 mM Tris-HEE (H 8.55 Jfaeli MeCly, 1 mM PId; 16

5 T AT L o™

I din 2 mpof 2xYT ' I ni 0 . icillin. F

o T SRR Mol Al SR
CLACEN, Seo o o TR S PN L e
o et 3 o e ranay o omb A sl o st TR B,

Co., Ltd.) at 37 Cfor 1 hour. Tt was expecte

|i gated cohidg floyh the PRsAITRENBC1LERVhRN THAQRUDN Adfrinddts wae TBMictddf and304 bp
(by the Apal di gesti?n) or fragrren?gy%f 5560/ 1246/ 49%nbp (by t ce AaélaLI

di gest i on)purified ffoniitiie geRnRing CGENEQL EANIT RAMBIO 19| HRABFARDNRA fdpmehfte Apal
di gestion) or fragments of 3535/2025/1246/498 bp (by the Apall digestion)
for hm - nobtained was dissolved in 40 1 of a solution containing 10 mM Tris-HCl (pH 7.4) and 1 mM

EDTA.

o

The m1 and hm1] fragments (1 1.1 each) were ligated to the hm2 and m2 fragments (4
r1leach), 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 2xYT medium containing 50 1 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
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-hm2, and would give fragments of 6538/766 bp (by the Apal
digestion) or fragments of 3535/2025/1246/498 bp (by the ApalI digestion) for hm1-m2.
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 *"hmmMBC1 (2
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Based on this expectation, the plasmds were identified. As a result, an

expression vector encoding a human FRI/nmouse FR2, 3,4 hybrid anti body

L-chain (designated "hmmVBCIL(I 52 )/neo") and an expression vector

encodi ng a nouse FRI/human FR2/ nmouse FR3,4 hybrid antibody L-chain _

(desi gnated "nmhmvBClL(2)/ neo") were obtained. (4) Construction of hUITB.SI Eed

anti bod ' H z = ' ' e y
Y Difedey dﬁdﬁnﬁgﬁ%&?&cﬁﬁ%nﬁﬁ%m&&%%ﬁﬂgﬂaﬁ 1 follse¥IE3 Pk

CDR-grafti'ng ‘technique by neans nmet . For the prepardt|_n of a
hunmani zed ﬁﬂBo@L&Bﬁnldes@%htebﬂﬂﬂ&nMBC@Lmf{g&i"gb\a@fédbﬁiﬂedt. hat contained FR1,
FR2 and FR3 derived from human anti body U03868 ( GEN- BANK, Deftos M et
al., Scand. J. Imunol., 39, 95-103,1994) and FR4 derived from human

anti body S25755 (NBRF-PDB), six PCR prinmers were used. The six prinmers were
as fol | ows(4) Costaretién of iginpmnized astibdde Licha@P 1 (SEQ ID NO  29) and MBCI LGP3
(SEQ ID NO 30), both having a sense DNA sequence, CDR-grafting priners
MBCI LGP2 ( SEQ | DA M@maizgd #2365 WEI-L @tibod$ECrHai W préfdred bpCDRhgrafting an

anti sense DNA sequence, all of which had a 15-21 bp conpl enentary sequence
on the botWMW%YanﬂB@fRamh@(t dlontlie ppepiaration olBBUnetEred £BST-BND.  33)
and MBCILVRL (SEQ ID NO_ 34) having a horml_ﬁc})éy to the CDR-grafting priners
MBC 1 LGP antihpdy Imshain (versign "a") thapeentained KR1, FRG aodRRGrderivech foprhiumanantvBelyl

O o AR g 2t . Ut B et o
ot by Skt S oI B St ™
R g Lo T L e
ongth acs) s PEICHIHE (SEREi N2 301, B0 llartnl PG LN AMEHhef ok BRI,
e 0s [ B mOnd e el ML IO NOF IPEUTIRRE

met hod. The col | ected DNA fragnen I SSO

cont ai ni NGintifens®/DNA SeqoéddePdtl df WhicRR&H 4 151 BPEompithRnBEscgféch ol the'Bisth
performed usi ng TaKaRa Ex %g!{q (Taﬁara Shuzo go ,thd.) anég °

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 11 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 ulofeach
of the CDR-grafting primers MBC1LGP1, MBC1LGP2, MBC1LGP3 and MBC1LGP4, 0.25
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a buffer appended thereto. The PCR reaction solution conprised (per 100 u
1) 1 111 of each of the CDR-grafting prinmers MBC1L LGP1, MBC 1 LGP2, MBC 1
LGP3 and MBCI LGP4, 0.25 53 mM dNTPs, 2.5U of TaKaRa Ex Taq in the buffer.
The PCR reaction was run for 5 cycles under the conditions: 94 Cfor 1
mn., 55 Cfor I min. and 72 Cfor 1 mn. The resulting reaction m xture
was added mM ENBDs, p5U 65 T4 aRaFH TR in ikebultel. © ' THRIPOR fdaBlich WRGR Y5 &etks
MBCI LVRI. Using this reaction m xture, the PCR reaction was run for
addi t i onal uriiiér thecbrditionn 8¢t @ foe 13%a% 55T fdrilanie, anB72® DMoff I &6Te MThetrbisting
anplified was separated by agarose gel electrophoresis on a 3% Nu Si eve
GTG agar osteagtiohiiniRiure wis adtied tvith S0melgesfeach sPhoexternabpriaens MBCH VN and
fragnent of 421 bp was excised, and the DNA fragnment was purified
t her ef r om MBGIGVBINECsingNhis rédictiog Biixdhe] heiPCRamactiotavaseunfdriadditional 30 cycles
instructions included in the kit. The PCR reaction m xture thus obtained
was used funder theisame ppnditiests. t Kbe DNA fragmens thusiamplifipd wassaparatsdilsy dgardse peld
been digested with BanH_and HindlIl. The resulting plasm d was sequenced.
The pl asHedropherssis o p3YelufieyeEEG gearossd FMGRBCProsucts®” . I1n this plasnid,
however, the 104-position am no acid (corresponding to the 96th am no acid
i n accordance wifthagHeseesgaentsopaming 4 BNiAohggnemt bwas exsisadaad e DNA

o oy NEERERES O Py °4r§%@8%%?ﬂak@%§§ﬁ§§gﬁ§é2af%{éﬁﬁ o cf%a‘iw’ )ttbedR

i ing.. T ., .) and a
bur  er _appanesOps BiRE ahE R PRI feat R il s e et Forbo ™ )
of the pr ?%%*?%@?ﬁi?%&%%&#@@%@%@%@ h%%&a%%&f%ﬁ%?@ﬁ

BOre ﬂ%m 3 [

(Sggz?ucij ,%/ahgﬁll';yered:gﬂ‘gr%e PCR re%gﬁﬁgh%s'%éﬁfaﬁg?&/%s %@%‘é%\ggﬁgﬁﬁ
condi t i ons"hMBCG/PUR19L. Minthis phisnfid, hetveverh8 10£p6sitleh dminBlacili (BbrfespditBnd A
fragnent thus anplified was separated by agarose gel electrophoresis on a
3% Nu Si evike G815 angjac acié in {dcbfdaiiconittPthe Kabhts)prestrifiion) 9€ ODRAA waiepRLEH Y 2
DNA fragnment of 421 bp was excised, and the DNA fragnent was purified
t her ef r om argining. GENEBE BatdtioKiof thiBiring @4ixl to tyrasineg hdamestioniprimer he

instructions included in the kit. The PCR reaction m xture thus prepared
was used fMBCILGPIOR (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 z1) 0.6 u g of the plasmid h(MBCL/pUC19 as
a template DNA, 50 pmoles of each of the primers MBC1LVS! and MBC1LGP10R, 2.5U of
TaKaRa Ex Taq (Takara Shuzo Co., Ltd.) and 0.25 mM dNTPs in the buffer, over which
mineral oil (50 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° Cfor 1 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
HindIII.

The plasmid was sequenced using M13 Primer M4 and M13 Primer RV. As a result,
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subcl oning of the DNA fragnent into plasm d pUC1l9 that had been di gested
with BanHl and Hindlll. The plasm d was sequenced using ML3 Prinmer M4 and
ML3 Prinmer RV. Asa result, 54 it was confirned that the plasm d had the
correct sequence. The plasmd was then digested with Hndlll and Blnl, and
a DNA fragnent of 416 bp was separated by el ectrophoresis on a 1% agarose
gel . The Gy, YRAR) ePM il 2 lcBfedrsbfaehde ANIThe Kidsmidiva théd Higested
accor dance vvia§% t he Fr%??lu%%gﬁﬁ% uglgd in the kit,band t hen int rggduced
into pl asmjyfih QiddIIl RPGE, bktpd D!Nasdfrhm%ﬁém df mﬁssmfﬁdaweghratdungldlécn-aphbr&imn aThe
resulting plasm d was designated "hMBClLa 2 /pUC19". This plasm d was

di gest ed W%hghoeRkell 0TH¢ DB Afraiert wag perified wipeGENECLEANTT KadBIOttim. The
DNA fragment was introduced into plasmd pCOS 1 so that the initiation
codon for ddeerdancewith ¢ ibstmbtidns inelsddddn steddt, andihsn indemducad intoeplasmid CA
pronoter. The plasm d thus obtained was designated "hMBC | La X /pCOS 1 ".
The DNA skpljig9dbat(tiad beerddigestedheitc Hind83 podBlndg B resulting glasaiqimcgyigmted he
humani zed L-chain version '"a" is shown in SEQ ID NO 66. The am no acid
sequence ofhMBE1Laldphnl9"a" This phassdd sasdigested wilEEcol ta@ivesyDNA fragraentzed
L-chain version "b" was prepared using_nutagenesis by PCR methqd. _ The
version " benm@g@@magmfsc@m t Hhe DNAefragm éﬁaﬁﬂmdﬁ%?%tﬂaiggﬂm PEOSeso

ing tq, the 43t ' id,i d ith th '

%?222??B?P%h?t%éﬁ%ﬁcgéem%s&%%&%ﬂ%&ﬁf%% ineaE st 6 00

sin r di 1 49t h ' ' ' ih '
o escri pt | B adpapiteiadis phand i iednted ABCAEE AlOS) . et °
per f or med ' I ] ClL t [ s
pri e Ve ot el R e G 3 e Rpb SRR ol PR
ragnment okje ' ' | | Gyt ' k
fragmont v S AEyE APRCER"LTH, pifSskid FALEL Ot Vet g B sHiGRALET
sequenci nggpéip WOagyi d was digested with Hindlll and Afl 11, and the
resulting digestion fragnent was ligated to plasm d hMBClLa | /pUC19 that
had been di gest efl WaRizedil Ahlainl vepdich 1" Ivids prépatednisigihitagenesis bp PERaethuds

desi gnated "hMBC Lb A /pUC19". This plasmd was digested with EcCoRl to
gi ve a DNATh¢ egsionb'twad ddsigined) suchfhi tiend3epositipnt aneind acid glycad (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 2 /pUC19 as a template and a mutagenic primer MBCILGP3SR (SEQ
ID NO: 36) and a primer MBC1LVS1. The DNA fragment obtained was digested with
BamHI and HindIIl, and the digestion fragment was subcloned into the BamHI-HindIII site of
pUC19. After sequencing, the plasmid was digested with HindIIl and Af11l, and the resulting
digestion fragment was ligated to plasmid htMBC1La A /pUC19 that had been digested with
HindIIT and AfIII.

The plasmid thus obtained was designated "hMBCILb 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 @ promoter. The
plasmid thus obtained was designated "/hMBCI1Lb A /pCOSI".

A humanized L-chain version "c" was prepared using mutagenesis by PCR method.
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L-chain. The DNA fragnment was introduced into plasmd pCOS 1 such that the
initiation codon for the humani zed L-chain was | ocated downstreamto the
EF1 a pronoter. The plasmd thus obtained was designated "hMBC 1 Lb |
/pCCS 1 ". A hunenized L-chain version "c" was prepared using nutagenesis
by PCR nethod. 55 The version "c" was designed such th;t the 84- p05|t|o_nth
ani no aci dTevdrsien (€ovdsienigne feh ot HRB4-RUtRnaHiNCadE sine TeARSPEHBILR tHd
the Kabat's prescription) was repl aced by&%rol i ne. The PCIg reaction was
performed 8Gthamim &idinthebdandeayith thé Kbak passcRpidWadteplapd bﬁgrdmte.agm c
primer MBCILGP6S (SEQ ID NO 37) and a priner 3" Primer RV.” The DNA
fragment oBCRiresstiomass gerferated dsing plasiiddNVBO1da Ri/pUCLY agnenipias asdibcl oned
into pUC 19 that had been digested with BamH and H ndl 1 1. After

sequenci ngmutagenip priswr MBGH. GRGSSEQUIDNOL 3 Bednila primkr Adt SPiiner RVId TheDNA
resulting DNA fragment was ligated to plasmd hMBC 1 La |, /pUC 19 that
had been dftagmens @btained vs digested mithRangil asd HinAE! gidatbern shbtlonsd Ditd pUGE9 thans
designated "hMBC 1 Lc X/ pUC 19". This plasmd was digested with EcoRl to
gi ve a DNahadbesndigested withiBanddl anddiwdlBacodi ng the humani zed L-chain. The

fragment was introduced into the EcoRl site of plasm d pCOS1 such that the
i ni '? i ation codon‘g‘gﬁrseﬂ%c%n@ﬁip Hlliwé?ﬁg?ﬁt%@tﬁ@é@ﬂ aefl ov Ellrandithe sselting

] ' ' d "hMBC :
I e A R R R
dosi gnod coa ey THChBHARS o B e BB B L RIC S OBty 1o
the 87th ] Q3 d : ' ' f hption),.
o Srnn ARG RA S RS LI TOR oSafBh pSES RO R
cach of pl RRRRIIIA THe ol ps mtBOdCeH B BRI RS PG O skl
Sg(r: Si gn ] efhyt tha ihitidédRodon ﬁ)?kht@%ﬂan(ﬁe@ I SHRESWRotdd dowRERRR b HRIBE] 25 a
tenpl ate, a nut ag_ergéec prilger NBClL@llI?bh( SEBQ&IChD NQL3_8) angﬂa p{ ihmérml\_l/l#81
SEQ ID rhojer. Piadinif] tmgrobitinddhas debigaat MBE$LEAgeCOSH!. Wi a
gandQHi nd:\llc?man?:lert hen subel oned i nltlo pUCngﬁ]at had been digested wth
BamHl and Hi ndl | Hum#sdfizes L-shajo sersiong;'d", Fe? apt 4 ivete alse pebipgredtusithgwinitigddesisiby |

and Binl, _and the resulting digestion fragnent was ligated to plasnmd C |
/ puUC 19 t hBERmetbade e Thaiversions §d™, "e" and "f* 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 "¢, respectively. For -
each of the versions "d", "e" and "f", a PCR reaction was performed using each of plasmid
hMBC1La A /pCOS]1 (for version "d"), A(MBC1Lb 2 /pCOS1 (for version "e") and hMBC1Le¢
% /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 HindIHl and then subcloned into pUC19 that had been digested
with BamHI and HindIII.  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 "hAMBC1Ld A /pUC19" (for
version "d"), "hMBCl1Le A /pUC19" (for version "e") and "hMBCILf 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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with Hindlll and Blnl. The plasm ds thus obtai ned were respectively
designated "hMBC 1 Ld 2. /puUC 19" (for version "d"), "hMBClL Le A /pUC 19"
(for version "e") and "hMBCL Lf 2.. /pUC 19" (for version "f'). Each of

t hese plasm ds was digested with EcCORI to give a DNA fragnent containing a
DNA encodi ng the humani zed L-chain. The DNA fragnment was introduced into

the EcoRl sie®fldsmidpOOS$ Sich RADR: thithHioh chitat fo{']ﬂ'l% hufiahized L%ﬁaﬁ%&poéa%d the

humani zed L-chain was | ocated downstreamto t EF1 a pronoter o

pl asmi d. Tduwiptreanitsithe BRISy QibRbREOS e pRsmid:S mtpuasﬁhds ttiesotamaseHerenVB C 1
Ld A /pCOS 1" (for version "d"), "hMBC 1 Le AL /pCOS 1 " (for version

"e") and msmmelyﬂemgﬂmmcmm /pCOSI" ¢for vEYsjon "G YEHNMBEILE AHROS1 "g
versions "g" and "h" were al so prepared using nmutagenesis by PCR nethod.
The ver si ovegsiony"e"pamtl WB@éLﬁleglﬁc{ﬂ)rmbnt"lﬂal t he 36-position am no acid
hi stidine (corresponding to the 36th amino acid in accordance with the
Kabat's prescri piumagizediashain peives "¢f)antdy'ht sierealsorprepured esing motgémiis bpd
"d", respectively. The PCR reaction was erformed using a nutagenic priner
MBCI LGPIR R SRapatiivd\OThe yprsions 3¢ and bl wene &axgnecbmb ihhad threMSepabition afaing pit 19
as a tenpl ate, An addi ti onal PCR was performed using the PCR product thus
obt ai ned ansdins(corespepding tgythe gpthrampigo &ﬁé lwﬁ%maﬂcmmﬂ@ Kabaps pregetiotiod  as

a tenpl ate The rent obtai.ned was_ | gested with Hndlll and Bilnl
and t hen YW{(% Illéé‘}ﬁ‘ffrs@l)%ﬁ f‘lé R Frasiewes ¢ h

per 1 or Led”ﬁeﬁ%% e%ﬁﬁ%?&#%@%@é%ﬁ%%@@%ﬁ E@’é ilém?%a? e Bgen Rl por
R e AT S S o e

had been dpmimﬁcﬂmwob%aﬂkd WB??H& N RS MR SBHIISEI 1PL Bucto

sequenced. Plasmds that were con to“contaln e correc uence

ver e desi giRaiteiplabdVBGhe DNJA'fra@ﬂ'eQ dbtained WaY d1 &Ee’%l'\ﬁ"m HEhdlT %H@Blﬂiﬁﬂﬂ:ﬂm A.

/puC 19" (for verS|on "h"). Each of these plasm ds was |geste EcoRI

to give a solohediptepiasmidt AipUOL thatdNA beacdigesta Wik HivtTH2hd Blnll - U%ﬂ}%ltﬂis
The DNA fragnment was introduced into the EcoRl site of plasmd pCOS 1 such

that the plasmidas a templatd onPCRredction wasmperforad bsiop primerBOILGPEER(SBQIDF eam
to the EFl__a pronoter. The plasm ds thus obtained were respectively
desi gnat edNOh#Bend @/IB\CHQWB:L ‘The PCR fragment obtained was digested with Apal and HindIII

and then introduced into either of plasmids hMBC1La A /pUC19 and hMBC1Ld A /pUC19 that

had been digested with Apal and HindIll. The plasmids obtained were sequenced. Plasmids
that were confirmed to contain the correct sequence were designated "hMBC1Lg 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 EcoRI 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 4, /pCOS1"
(for version "g") and "hMBCILh A !pCOSl " (for version "h").

Humanized L-chain versions "i", "j", "k", "1", "m", "n" and "o" were also prepared
using mutagenesis by PCR method. The PCR reaction was performed using plasmid
hMBC1La 4 /pUC19 as a template and a mutagenic primer MBC1LGP14S (SEQ ID NO: 41)
and a primer VIRV (1) (SEQ ID NO: 43).  The resulting DNA fragment was digested with
Apal and BlnI and then subcloned into plasmid hMBC1Lg A /pUC19 that had been digested
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(for version "g") and "hMBC 1 Lh A /pCOS 1 " (for version "h"). Humani zed
L-chain versions "i", "j", "k", "1", "nm', "n" and "0" were al so prepared
usi ng nut agenesi s by PCR net hod. The PCR reaction was perforned using
plasmd hMBC 1 La A /pUC 19 as a tenplate and a nutagenic prinmer MBCl
LGP14S (SEQ ID NGO 41) and a prinmer V1 RV (A) (SEQID NG 43 ). The

o pl oy B PRrEAL ) e ARTY SOl Nas ARl wrd M BREinl WReARKT N

Blnl. The mh@Gioh threhirveiaoh Wasink@aHRAGRE selded ! lhﬁzecﬂl%%d ks OpiHeR Bvdshe

nmutation for each version was introduced was sel ected. The plasmd thus
obt ai ned wdsignaied "IVBCITx NPBCTY x4, kALK, AQr b} Thisipldﬁnﬁdvﬁ%di@eﬂéd ®ith -

This plasmid was digested wth EcoRl to give a DNA fragnment containing a
DNA encodi BeRIhe give adDN A €thgesihé@nthinidd 8 DNANndod @B huri@fzdd -6 C eThd Nt 0
the EcoRl site of plasmd pCOS 1 such that the initiation codon for the
humani zed DNAgmenh wal int@tiectddotonisd Ee®Rhsite of plesiid pGOSIr sush that the Hhidiation
plasm d thus obtai ned was designated "hMB C | Lx 2 /pCOS 1" (x =i, j, Kk,
1, in, norcogpn fortthe hummizedduehate wag logated dowgstiehm to ther EBlpm nptomgteani Hee aci d
sequences) of the versions "j", "1". _ "nf and "o" are shown in SEQ ID NGCs:
67, 68, 6oPlasyeidtms qb&&?é‘c\tf@ﬂxﬂ@ﬁlgnatqm&ﬂ\éﬁ%bx APCOSEeiehn i &sl, of, nar@3.e The
ver si ons aléﬁ al so shoywn in SEQ ID Nos: 48, 49, 50 and 51, respectively.
Hurmani zed PNASAVEnGes daclwding the corrgspondipg amingacighsequencesyeif thegszsiopscil, YWich

(e s O GRS WSRO B ST ISR o R e s e e o

Si fﬁaéfede;%hﬁ%fé%‘#ﬁ FBfging g A b SﬁQﬁbfﬁos‘iﬂs;‘ﬁ?sgﬁ&ﬁ;f %'gebtée@t o
h [ " " . n Iﬂ n ¥ 1. . n

contai ning  cor, PR ea ol vaRGnd ol R WA SRR 8RS il -

expr essi 0MhRitRaHEnind throsthe) Wéf‘@gﬁ“éd gqsglﬁﬂtlcilz%iix Afh%‘r’ﬁrgif)ﬂg nin 0.3... ndi@ e g

renoved site, an AorSIH "restriction frdgne n tHe  éxprlession

plasm d  yBGédecivelR ClhesdMirsibns Were i AR AR A RPN relirichifipsith Fle
entire FR4, was ligated, so that the 91-position amno acid tyrosine

( cor r espormiidreplacing that Sietdf each sfaheedrsions Mg CEorEyeorWot by tHatsiteadtake Fersion
prescription) was replaced by isoleucine. The resulting plasmd was
sequenced."BA cThatés, ah AeatiilobsttictionfeagsientsS 14 bp) conjtdining DR 3, 'paetiofl FRA and n
whi ch 91-position amno acid tyrosine (correspondi nq to the 87th am no
acid i n adheeuis&BAwareremayed fiom ansexpression plasmid hMBC1Lx A /pCOS1 (x =1, j, m, I or

0). To the removed site, an AorS1HI restriction fragment (514 bp) in the expression plasmid

hMBC1Lh 4 /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 §7th 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" "I" 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" "1" and "o" were designated versions "p", "q", "s",

"r" and "t", respectively. The obtained plasmid was designated "hMBC1Lx A /pCOS1 (x =p,
q, s,rort). The DNA sequences (including the corresponding amino acids) of the versions
"q", "1", "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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prescription) was replaced by isol eucine was sel ected. These nodified

versi ons respectively corresponding to the versions "i", "j", "m "I" and
"0" were designated versions "p", "qg", "s", 'Y and "t", respectively. The
obtai ned plasm d was designated "hMBC 1 Lx 2 /pCOS 1 (x =p, q, S, r or t).
The DNA sequences (including the corresponding am no acids) of the versions
"g", "r", "s" arplasnhid WMBCERPAWHOOS 19k42 difshaswithHind IR and’ BedHI%nd 4hen ,
respectively. The amino acid sSequences of these versions are also shown in
SEQ | D Nossub8idnedbisto SldsniidUET9 thit BEPBEdn digdsied with IFindHIhsH BARE. 1 ThélpshICOS
1 was digested with HndlIl and EcoRl and then subcloned into plasmd
pUCL9 t hattheecbthinedwds designerdd thMBC1Lgdi HUCAOD EcoR . The plasmid thus

obt ai ned was designated "hMBC 1 Lg 2 /pUC 19. The positions of the replaced
am no aci ds in tThe positious ofi thé repiaced aminociids irethe dmdividesl dersions loéithe hananizedwn
in Table 2 below. Table 2 Positions of replaced amno acid in sequence
listings I-ehdinereshowninfdde 2bglown accordance with the Kabat's
prescription) Versions 36 43 45 47 49 8087 ab PD CP dlI ePI PI
gYhY!l i YKJYKD k YKV [IaMeZ v D

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 I
e P D 1
i P I
g Y
h Y I
i Y K
j Y K D
k Y K Vv
1 Y K Vv D
m Y D
n Y Vv
0 Y \ D
D Y K I
a Y K D I
r Y D I
s Y Vv D 1
t Y Vv D 1

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 htMBC1HcDNA/pUC19 and bMBC1Lq A
/pUC19 were designated "Escherichia coli IM109 (h/MBC1HcDNA/pUC19)" and "Escherichia
coli IM109 (bMBC1Lq 4 /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 JM109
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MmYD nYV oYVDpYKI qYKDI rYDI sYKVDI tYVDI
In Table 2, capital letters represent the followi ng am no acids: Y.
tyrosine; P:. praline; K lysine, V. valine; D aspartic acid; and I:

i sol eucine. E. coli strains each containing plasm ds hMBCLHcDNA/ pUC19 and
hMBClLg | /pUCLl9 were designated "Escherichia coli JMLO9

(hMBC1Hc RINAMUCEHCHRATFERNIBP-SEI0 for BB B Mig 2"
respectively, which have béen deposited under the terns of Budapest Treaty
at the Natjpigh)l nstitute of Bioscience and Human- Technol ogy, Agency of

| ndustrial “Sci ence and Technol ogy, Japan, (1-3, Hi gashi 1-chone,
Tsukuba-shi, |baraki, Japan) on August 15, 1996, under the accession No.
FERM BP- 5629 for Escherichia coli JML09 59 (hMBCLHcDNA/ pUC19), and FERM
BP- 5630 f of5) Eeamfectiohing COSH7 ¢BMLO9 (hMBClLg 2. /pUC19). (5) Transfection
into COS-7 cell . For the evaluation of the antigen-binding activity and

t he neutral i zi ngFadheé evaluatioh of the antigenrbinding tétivitgtiand themeutrileziig activity efithe
#23-57-137-1 anti bodi es, the above-prepared expression plasmds were
expressed kybsidsingihodigs and tisOBuRanizad| #2.3-Fel3 7+ hanttbodies,i theaboygpreperidexpreksiome
L- chain hybrid anti bodies, each of the follow ng conbinations of plasmds
were co- t r PIAETids mete exprassedatransiently M@Sﬂweas-ecﬁqr%wraalsxemﬁm@sﬁgn ckthe Ipul ser
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PBS(-) (IX3QhaRimbe ﬂa 2 WHE? hﬁﬂﬂleﬂ-lc\ﬁl\tiﬂlp%g] £ THRRIE R Z,O/fne(g;h €
hMBC1HcDNA/pCOS1 and m/hMBC1Ld 4 /neo; ’(MBC1HcDNA/pCOS1 and hmmMBC11(
A)neo; and AWMBC1HcDNA/pCOS1 and mhmMBCIL( A )/neo. That is, a cell suspension

(0.8 ml) of COS-7 cells in PBS(-) (1x10’ cells/ml) was added with each combination of the
plasmid DNAs (10 ugeach). The resulting solution was applied with pulses at an
electrostatic capacity of 1,500V and 25 uF. 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
hMBC1HcDNA/pCOS1 and hbMBC1Lx 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 Xit (Bio Rad) in

accordance with the instructions included in the kit.

(6) ELISA

(1) Determination of antibody concentration



plasmd DNAs (10 jig each). The resulting solution was applied with pul ses
at an electrostatic capacity of 1,500V and 25 ;u F. After 10 mn. of
recovery period at room tenperature, the electroporated cells were
suspended in DVEM nmedi um containing 2% U tra Low IgG fetal calf serum

(A BCO, and then cultured using a 10-cmculture dish in a CO02 incubator.

After culturing £ofr A E@Hﬁl{j g%‘rﬂlﬂg Fﬁﬁ@&?%ﬁﬂ&hﬁ-&ﬁ%ﬂ@% fepdreFhelians

centrifuged to ‘renove utions thus prepared were

provi ded f ' RteQWaxisdtp, NIENCY whsesatsd vaixtd1 606 i 06T adfoati
humani zed %&@-dﬁ‘?ﬁi@gﬁ%%?es%ﬁ asin;i) ds ofj hIVBC1Hc DNA/ pC%lSI and be

hVBC1Lx 2/\@8t0.{ M NaBCO0,, 0182% Nudi,} échilihiag e g gl 6f goatafi-FRumaelgG amibody Gene
Pul ser (Bio Rad) in the sane manner as described for the hybrid antibodies
above. TheTaGOY 4 thetDslbaledavitts200end ofadiiatiebufed [$0 mM TeistIC 1 mdé MgCly, he
ELI SA bel ow. The purification of the hybrid antibodi es and the humani zed
ant i bodi esg.ii M NaCh®.0395Twéerc20,10.02% NeNg 1$bberimeteant albnesn (BSA), pHetiZ)u s iBagh
AffiGel Protein A MAPSII Kit (Bio Rad) in accordance with the instructions
i ncl uded i of thérevelis tvas 4dided BlithAck of thDetrial dilutinnis ofithefCQM célbadipreipematanti on
60 An ELISA plate for determ ning antibody concentration was prepared as
fol |l ows. hich ensh of thé hybrgimantibodiesandsie nmanizedvasibediessvaseaResssedagr addsd ed
with 100 ji 1 of a coating buffer (0.1 M NaHCO3, 0. 02% NaN3) conha(%nin 1
g/ m of gowithgagh ofithevsenial dilutions phrsaly of the hgbyid antibodics An Propanized gt BmE |

L Pl Rl B o
Super nat antwreh 2. ufeegfig Fecht i ilis R e WS 106 Juf it b Ghtase-
antb0d 5 ygs capleoasth of, AR PAGAEN 8 e EEhad WA o
each of th‘éo%‘f&?% og‘%ﬁ?’rflﬁ lgnéns n Hﬂﬁa |z€(?i)c'ant|lgo res 1n a purl(#led form
The plate e&a@&uwﬁﬁﬂo@f%a@@eﬁm@f Yiveer 96, HASITRL Wl wiBS-

Tween 20. Subsequen _ the wells was adclisedggévt\{uth 180 ji 1 of
al kal i ne phoRaRAlAE fig/ kst \aBitakk ﬁ)ﬁﬁionf("Si-FmBllUHQ plififroRhy bﬁ@phéﬂeﬁ@hﬁl,- The
or

pl ate was | ncubated at room tenperature 1 hour and washed wt
PBS- Tween BfGMAYLSERISHitioh in@achwell whsimesstddoniaabsatagd andddnth usipgni  of a
substrate solution ("Sigma 104", p-nitrophenyl phosphoric acid,

Microplate Reader (Bio Rad) to determine the antibody concentration. In this determination,

HulIgG1 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 was prepared as follows.

Each well of a 96-well ELISA plate (Maxisorp, NUNC) was coated with 100 11 of a coating
buffer containing 1 z g/ml of human PTHrP (1-34) and then blocked with 200 n1ofa
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 ditutions 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

u 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,
61



SIGW). The solution in each well was nmeasured on its absorbance at 405 nm
using Mcroplate Reader (Bio Rad) to determ ne the anti body concentration.
In this determnation, Hu Igd | Purified (The Binding Site) was used as
t he standard substance. (ii) Determ nation of antigen-binding ability An
ELI SA plate for determ ning antigen-binding ability was prepared as

(o100 FeMAR® tnedonfich Siatlenairkd HyOhiRbahdluts89 i ushlghiertitare Road e

with 100 a ‘coa er containing 1 ji g human PTHr P
(1-34) and@g@m | ocked with 200 ji | of a dilution buffer. Subsequently,
each wel | s added with each of the serial dilutions of the COS-7 cell

cul ture supernatant in which each of the hybrid anti bodi es and humani zed
anti bodi es was expressed, or added with each of the serial dilutions of
each of th@@éﬁﬁ}ﬂaﬁ@qﬁh&gqﬁ@s and humani zed antibodies in a purified form
The plate was i ncubated at room tenperature and washed wi th PBS- Tween 20.
Subsequent {jyBvahaion W€ himésisedbabainwi th 100 ji 1 of al kaline

phosphat ase- conj ugat ed goat anti-human |1 gG anti body (TAGD) . The plate was
i ncubat ed at r oclwias fiquexiahat ae aatilsbdyhetiegd bofhtahneBSi phappversigh Secandrt | v,
each well was added with 1 ng/m of a substrate solution ("Sigm 104",

p- ni t r ophechimptio &pdbain exhibited thegamslawohyf PTiEE-kinding aetivityas that 858 CEeHs |t s

absorbance at 405 nmusing Mcropl ate Reader (Bio d). (7). Confi tion
of activitémsibody) Busragult Fugzeys thatithavemsioa "af aghigves ﬂ?%ﬂ%ﬁ%"%&ﬁ@ﬁm
ant i body having both a humani zed H-chai.n_versjon "a".and a .chiner.ic

L- chai n” exKimsgioadn ﬁ?@egréﬁﬁn‘l’%i‘@ eyalugte theupapizatiop. aéqlﬁefﬂ???’ the EPWQRIZ%% Hy

chineric antibody. ,This resylt.suggestss that .the versi aq s the
umani 2t | GRREerENE " Wi S e 4 hprbeieedanied T Rin P BN ALEC |
humani zati gn. .Therefore, the humanized H chain version "a" was provided
for use as*¥P ¥t zed anti body Hchain in the followng experinents. (ii)
Activity of hybrid antibodies (ii-a) FR1,2/FR3,4 hybrid anti body When the
L-chain was h/mvBClL( | ), no antigen-binding activity was observed.

(ii) Activity of hybrid antibodies
(ii-a) FR1,2/FR3,4 hybrid antibody
‘When the L-chain was /mMBC1L( 1 ), no antigen-binding activity was observed.

In contrast, when the L-chain was either m/bMBC1LaA orm/hMBCILd 2, 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 mhmMBCIL ( 1), no antigen-binding activity was observed.
In contrast, when the L-chain was hmmMBCIL( % ), 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.

(iif) Activity of humanized antibodies
The antigen-binding activity of the humanized antibodies having the L-chain versions
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In contrast, when the L-chain was either mMhMBC 1 La 2 or mMhMB C 1 Ld 1,
the sane | evel of antigen-binding activity as that of the chineric
#23-57-137-1 anti body was observed (FIG 7). These results suggest that
FR3 and FR4 have no problem as hunmani zed antibodies but FRl1 and FR2
ﬁogt a:jn am BO acid residue(s) that need to be replaced. (ii-b) FRL1FR2
y ri ant,i bodyu n - ' UnSHR: I ndin
aﬁt ivity }Aést%o%s\é%?f}mﬁr Jﬁregeg(%{té}xg‘é@?. \r/\%g%@ ﬁ]ugt, ‘t“%ﬁg?l%ldmtg% mﬂVBC&fBL(I )?
t he sane : ' - hi ndj Gitd Vet Yo naGynt At v @fn t ey g it

{6 iy SEL-BRBOBIRYy & Y TR O o) IR T e

ﬁéﬁﬁ? 137- was obs 8).  These’resul ts suggest that
_has nq,pr. okl SR PG 'gtﬁg,- HPEYthE WhinfeRe af@tdyl Nns am no aci d

resi due(s) a@%a&e nfefg?to_nge ?%p aclzlggs (rin) Aclt ivity of humani zed

anti bodi es The antigen-binding activity of the humani zed anti bodi es havi ng

the L-chain versions 62 "a" to "t", respectively, were determned. As a
result, 't,(s)f@&gglgﬁn@%nt SECHONRE] e BspabRMbS sableipiodiicion bfartibody he L- chai n
J l, n n n n

versions "j", ' o', "g", "r", "s" and "t" exhibited the sane
| evel s of PTHr P-restabi¢shitsytd celltlineaapdbeasf stdbld produdtiomef humanizédsntipodies pach
Est abl i shnent of CHO cell |ine capable of stable production of antibody For

est abl i shisfshealeweiprépars axpreatibe plasmiss atas éntrodockdcinioonCBP aell BRBIAY
anti bodi es, each of the above- preipar ed expression plasnids s.introduced
into a CHO cel | Thax, the)establichmentof 4 ¢edl linstcapahie e prodyctiop| alhiuﬁ’éﬂ@ﬁ‘gabl e

of stable production of a humani zed = anti body S perfo d .ysi ng _each of
the fol | ovantodpwes performed using sachotithrsTolewing o fins Qﬁéﬂ%&?‘és ?so"g‘PEF&&%

b S o RIS SR 10, o
-ur . ;
(er s Fa) BBEIERAL A, SRR, R GEL MBS CRaR Do

Wi th restriGh Pv i i .
r]’ﬁl?l?(ﬁ\?\.,é ?,Zﬁé‘ 1. ’Flge dﬁlg\:;.n{gdy Setd d?)@t?e[ns% fit8 4N Sell Y Bleb@Sprdtiond

DNA fragme extrac h phenol an | or of orm and” t hen

preci pi t at ' e TROL:SrédHien vREBRANAE safately SREvedN
t he subseqﬁégﬂrﬁ\b%%eﬁlg%ggirca%l n. Qﬁrﬁéggﬁe?lg?, theﬁ)g)él asmd DNA f?agmen}tds (10 jig

each) wer eyffldathidton@ndyid PRIl t8 ghRlline& DNA Tighien®f Thereselihg 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 z g each) were 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
cells thus treated were suspended in MEM- o 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-a  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

63



PBS(-) (Ix10" cells/m). The resulting solution was applied wth pul ses at
an el ectrostatic capacity of 1,500V and 25 ,u F. After 10 min. of recovery
period at roomtenperature, the cells thus treated were suspended in MEM
a nmedium (@ BCO containing 10%fetal calf serum (G BCO, and then
cultured in a CO2 incubator using 96-well plates (Falcon). On the day

follow ng th i Q%i Eg ted, the nmedium was repl aced by
ri bonucl eoaé?‘gg?%twb(?g%%yrl oﬁ%%:l €osi de-free MEM a sel ective nedium

containing 10%f : i
(Ga18sul f at e; a%ﬁtﬁ@%%%hg%ﬂ%‘?@% iuﬂ]mg?:%ag plofuédoblof kidthdics

anti body ggaes uiﬁ'iﬁ LGS BEHINRER e 2 HRAEAEbsIdED Br EddkitibubRotiterre@ MEM- o
repl aced by a tresh one. About two weeks after the nediumreplacenent, the

cell's wer eme@ﬁﬁ?éoﬁ%ﬁﬂ% 0 PTRATI Rl fetal bAlR semBat Oafeactt 6ff dayGednd dgy dwifthenas
observed, the amount of the antibodies produced was determ ned b

convent i onadltitink3he talture sipeimatann was colizkctedahd fittered on(arﬁbkmmd?tlﬂenﬁ\/liigp@elto
forth above. Among the cells, those cells which produced a |arger 63 anmpunt
of ant i bodiegfoverelt detaistharefiomTh&he phrifivation obthe hhmanigeddpitibodiesi froml the pulhse
capabl e of stable production of antibodies was scaled up in a roller
bottle usi sypematinbofiihe GH cells-wasrperfoumd using RRROS Prefeint CelmmMPerSepdii um
containing 2% U tra Low I gG fetal calf serum On each of day 3 and day 4 of

the cul tggf?gsw?ﬁxwf@n%p%@éiﬁékﬁap@rﬁ) ingggordanceastiche aprended ErEoph o
2-,u mfilter (N I pore) to renpve. cell, debris therefrom The . s
pﬁr i fi cati Ghe bymanizedanthedisewergprovided fosuse iy e[C{FéﬁrE’H}aﬁlﬂP Q%H%Flﬂﬁlaﬁtﬁfﬁyof
t_eCHOceII was perfaqrped using P Protein, A Col u e, Sepijve

Bi 0 f yst ems ?n‘g??%ﬂ%ﬁﬁ ‘1% @gg"@afﬁpﬂ%?ﬁgﬁy Fmgg’fﬁcﬁcﬁgﬂ%@ﬂ%ﬂit&&ﬁ?%g g%lﬁ ended

I nstructions. The humani z ant | | BS: |de gﬁﬁb'

d;a]'E er m nat FReepa &?PH?‘P% %%%8" E&dﬁ\%datcg&t%\ﬁf&ﬁ %%ﬂ%@?& P%a%&%? p adrdn%gco %gi cal
efficacy in.vber ' ‘ I e concentration and the

ant i gen- bi ﬁ ng a‘gﬁg’%%ﬁgg%g%m%n i lglgia@t}%rrhni zed antibodies were
determined by the ELISA systemas set forth above. [REFERENCE EXAMVPLE 51
Determ nation of neutralizing activity The determ nation of neutralizing
activity OfREPFERERCEERAMBIENS]Deteridifativhiofbeitealizigtactiadi es and t he

humani zed anti bodi es was perforned using rat nyeloma cell line ROS17/2.8-5
cells. The ROS17/2.8-5 cells were cultured in Ham S F-12 nedi um (G BCO

e

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 u 1Awell and cultured 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 11 of Ham's F-12 medium containing 1 mM
isobutyl-1-methyl 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 zg/ml, 3.3 pg/ml, 1.1 pxg/mland 0.37 p g/ml], [10 x g/ml,
4



containing 10%fetal calf serum (G BCO in a CO2 incubator. The ROS17/2.8-5
cells were seeded into each well of a 96-well plate at a density of 104
cells/100 It 1/well and cultured for one day. After the culturing was
conpleted, the culture nediumwas replaced by Hami S F-12 nedi um (G BCO)
containing 4 mM Hydrocortisone and 10% fetal calf serum After culturing

ST AR S O VR LD YR PR
con i i oy 0% L3R Yhad TR Ko B BN SUEUR A o1

mn. The cpli gﬁg F: ib?gy' : &R ] t.j L es
and the h%ﬁ?g anti Eﬁgggp?fo Ee t%?’?éfd_ orﬁﬁlé%%ra%isﬂgﬁgﬁgﬁi%@%re
previ ousl yadheli 46 BAERSHAL 2lth ¥adhwell, B2 £l bsttbeatidh b EABIniBodytecard 8 qHartkr BF
3.3 ug/mM,;1.1 ug/mM and 0.37 u'g/m], [10 ug/mM, 64 2 u'g/mM, 0.5ug/mn

and 0.01 uthe/abbte-mefitidned Qortcedirifion of the &Htibdy, and®adéofllinBly tHe PBcdntidfion of and
0.31 a g/m]. Each of the diluted antibody sanple solutions was m xed with

an equi vaPTHYP gixbd Becsthe 4 npail Adier i€ itheBin{eht &4dom Tdreparatatd for MY miih. xthe
solution (80 ul) was added to each well. In each well, the final

concent r at culturefupeamkananis tenehyved endile residpeavdasavashéd witlhhBB& bloree timesit i oned
concentration of the anti body, and accordi n&llty the concentration of PTHP

(1- 34) bec8uesequangyreAMRiin the celeway exdnacted witht 1000 orhof @ 838 HiG98 %6 gharpband n. |

the culture supernatant was renoved and the resi due was washed w th PBS
t hree ti meten exinesated using § watenjppaspiraton éo reanqve theedChethanpdt ethegesidua wes ML of

£ 0,30 SRR 1 DR SRR BB B 5
TPEIOeD oA M s o 4 R R B 5
0,250 ST SO AR DA B, P AR e
S 0o O ANt 0e oS R, ST B SR 08R g i

anti bodi es . aln versions . . o nicl
91- posi ti Ofs i SFh\EnidRSc hﬂlﬂoﬁ?ﬁﬁo@énﬁﬁéﬁié‘s%'vﬁ%b% Pirkigfls tdrers)ngh b n

neutralizing activity to that of the chineric antibody, and _ha_t ant | body
havi ng a L¢ifikhich the 91-Position grosad Wil repldcdd sy iSélequias) ekhibRed the lsinditag
activity.

neutralizing activity to that of the chimeric antibody, and that antibody having a L-chain

version "q" exhibited the strongest neutralizing activity.

SEQIDNO: 1 Synthesized DNA
SEQIDNO:2 Synthesized DNA
SEQID NO:3 Synthesized DNA
SEQIDNO: 4 Synthesized DNA
SEQID NO:5 Synthesized DNA
SEQIDNO: 6 Synthesized DNA
SEQIDNO: 7 Synthesized DNA
SEQIDNO: 8 Synthesized DNA
SEQID NO:9 Synthesized DNA
SEQ ID NO: 10 Synthesized DNA
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,u Listing Free Text SEQ ID NO 1 Synthesized DNA SEQ ID NGO 2 Synthesized
DNA SEQ ID NO 3 Synthesized DNA SEQ ID NO 4 Synthesized DNA SEQ ID NO
5 Synthesized DNA SEQ ID NO 6 Synthesized DNA SEQ ID NO 7 Synthesi zed
DNA SEQ ID NO 8 Synthesized DNA SEQ ID NO 9 Synthesized DNA SEQ I D NG
10 Synthesized DNA 65 SEQ ID NO 11 Synthesized DNA SEQ ID NO 12

Synt hesi ze EQ | ! thesized DNA SEQ I D NO 14 Synthesi zed
DNA SEQ |%@H§-Eg/ngp{§%§@§ SEQ ID NO 16 Synthesized DNA SEQ ID

NG 17 Syn | . . 18 Synthesized DNA SEQ ID NO 19

BKE hgsEbz?%EWQEg\‘ﬁﬁyﬁg%%g@%\‘t hesi zed DNA SEQ I D NO 21 Synt hesi zed
. oyn ' SEQ ID NO 23 Synthesized DNA SEQ ID

NO 24 Syn?%@z%é’ %%9@56%%1%& 25 Synthesized DNA SEQ I D NO 26
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SEQ ID NO: 15
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SEQ ID NO: 24
SEQ ID NO: 25
SEQ ID NO: 26
SEQ ID NO: 27
SEQ ID NO: 28
SEQ ID NO: 29
SEQ ID NO: 30
SEQ ID NO: 31
SEQ ID NO: 32
SEQ ID NO: 33
SEQ ID NO: 34
SEQ ID NO: 35
SEQ ID NO: 36
SEQ ID NO: 37
SEQ ID NO: 38
SEQ ID NO: 39

Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
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Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA
Synthesized DNA



SEQ I D NO 28 Synthesized DNA SEQ ID NO 29 Synthesized DNA SEQ ID NO 30
Synthesi zed DNA SEQ ID NO 31 Synthesized DNA SEQ ID NO 32 Synthesi zed
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 SEQ ID NO 37

Synt hesi zed DNA SEQ ID NO 38 Synthesized DNA SEQ ID NO 39 Synt hesi zed

DNA 66 SEQEETHRNOARD S j SEQ I D NO 41 Synthesized DNA SEQ ID
NO 42 Synt h(gm zed %)NAS(%SEE%%% I 43 Synthesized DNA SEQ ID NO 44

Synt hesi zegE®NA Nb! 41Ul Ath&kJeaTNAPat ents and patent applications cited
herein are incorporated by reference in their entirety. | NDUSTRI AL

APPL| CABI L§HY IBNOEECT BhaBestiR@ DNAt he present invention provides a
t herapeutic agent for drug- resistant hypercal cem a, which conprises, as an

active i ngSEQIBNO: 48 sShahéed DNWwabl e of inhibiting the binding between
PTHrP and a receptor thereof. According to the fact that when adm ni stered
with the sSBQTBNG:;44 hBymhesizedDNAon of bl ood cal ciumlevels and body
wei ghts was observed in a nodel aninmal of drug-resistant hypercalcema, it
is found that the substance is useful as a therapeutic agent for
drug-resi st ant Ahﬁ/pereal,cem a. 67

publications, patents and patent applications cited herein are incorporated by

reference in their entirety.

INDUSTRIAL APPLICABILITY

As described above, the present invention provides a therapeutic agent for drug-
resistant hypercalcemia, which comprises, as an active ingredient, a substance capable of
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.



L rxafrpe tee 1 rprer 11 [ eLb s 1l CLAIMS 1. A therapeutic agent for
drug-resistant hypercal cem a conprising, as an active ingredient, a

subst ance capable—of inhibiting the binding between parathyroid hornone

rel ated protgfms (PTH P) and a receptor thereof. 2. The therapeutic agent
accordi ng td%EﬂifEi ?i.:n Dil) t he drug-resistant hypercalcema is
resistant to'@t

capabl e of inhibiting

a Ment for hoRg | cemi a other than a substance
t fe bi ndi ng bet Weean%THrP and a receptor thereof. 3.
The therapeutic agent according to claim1l or 2, wherein the therapeutic
agent for hypercalcema is a bone resorption-inhibiting agent, a calcium
excr et i on-1pr anbkiafentRegskt foPdrug2&8fint fh? erbd)Ednkih kbxﬂﬁriéiﬁl%,%hh a&iveqﬁge&ieﬁﬂr gn
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of calciumor a |oop diuretic. 4. The erapeuti c age according to claim

| or 2, whebstime clmblefrintibiting ﬂle&ﬁﬁdih%]ﬁétWeeﬁy@ﬁhﬁ%l&Wné felRtedPiO®in
resorption-inhibiting agent. 5. The therapeutic agent according to claim4,
wher ei n t {ETHd)and azereptor theréafhi bi ti ng agent is 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

t herapeutic agent according to any one of clains 1 to 5, wherein the

subst ance % s Tan thesapentieagentacsardingiayelail. 1, Whereiththe dpwresistanigepercalcemiais ng t o
any one of ¢laims I to 5, wherein the substance is a fragnent of an

ant i - PTHr Besistantio,ahezangntis agention hypesealeesniapther thaea substanes eapable of infibiting 111
9. The th eyti ¢ agen ccording to claim?7, wherein the antibody is
monocl onaﬁf.;e 1&&“&&?&‘“?%5’2@@%? a @ﬂ?“&%’i%f'di ng to claim?7, wherein the
anti body is a human anti body, or a humani zed or chineric antibody. 11. The
t herapeutic agent according to claim7, wherein the antibody is in a
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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-PTHP 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.



13. The therape mc gent a g to any one of claims | to 12, wherein

the drug-resist m,’”m’”ﬁmfl I s caused by cancer. 69

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.



