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- 1 - DESCRI PTI ON THERAPEUTI C AGENT FOR SPI NAL CORD

I NJURY COWPRI SI NG | NTERLEUKI N-6 ANTAGONI ST 5
Technical Field The present invention relates to a

t herapeutic agent for spinal cord injury conprising
interleukin-6 (I1L-6) antagonist as an active

i ngredi ent. 10 Background Art In today's society, a
person may suffer spinal cord1i-njury due to a notor
vehicle accident, a fall, a tunble, a sports injury
and the like. In Japan, thesanpahy nunber of the

i njured people is about 5,000 with a 15 cunul ative
nunber of patients possibly anbunting to 100, 000.
SynptCHﬂHERhPEBTIEﬂAGENEdFDRj$HBNAarGORErLNJﬂ§WeCGMPRISING
i ncl udi ng per manent @uAGHIRIAYE SanTRIRT spar al ysi s and
sensory paral ysis, bTadder—aﬁd—TECruwrdrsorders
respiratory disorders etc., and the daily nanagenent
20 tfeehebfal ridleddes rehabilitation, respiratory

managenefts pARRdS0r enfd AvYent k@patéshecon@n@gsmutqfc agent
def&catlon nd rination

t her8pet® 11 &G h‘éj‘f‘b\’r C§BPﬁé?“b%rlcTteﬁ}E$§l” o (116
ef f eotryenist Redenodctiveatingnedigre .currently

avaighaRl fourkb ngRd there are only synptonatic

treatnen{s |Qflud|ngClecal stab|I|zat|<SJQf uch asal cord
surgery. TnGrdef TO°preveft Prhe"” g&rava fon fof

pat BaliBgy cie é@néuwm vebigloiacisieps, defnll, a tumble,
admankgb£f €d rjlirkasge tﬂidzamﬁ.kéi esin QdbaRp ﬂ@élﬁr{n&al
haV%PRSSP gg%' ”?Q;&P&I gegg e ab%%%vgrbf R{J

paralysrs I |nJur|es s

inj &PVU{%%%meFﬁJQﬁﬂatB?nﬁﬁ ROASPAY| a‘ﬁ%‘é‘lﬁa}mgcép

act ion, @nal. pIsygpesss dfurshesl teoid 9ayargdestd UklriyoBevere

(569999%% de rﬂJ_F%X)xeM”qu%%l?i@&%' Q\thétﬁ%@%ﬁ/51g Eﬂﬁe

l'i ving he only drug use in i ting t
pr oﬁ?%%%?%r?a&lal%tﬁ' KeGHaar PS5 G Br Fe3eTE STt hy |
pr ednssOtamey Whschddras ebeen aratimhei skétedndamagement

qua@héké&_s :@1%1'\.1@59er&%b&@@(:gﬁ'lérpo%sggratéfy hasaBe88nt,

reported oweve his method Ls
pgedsore prevenglon, gﬁe management of defecation and

urination, and the like.

As therapeutic regimens for spinal cord injury, no
effective methods of treatment are currently available
and there are only symptomatic treatments including local
stabilization such as surgery. In order to prevent the
aggravation of pathological conditions, steroids have
been administered in large quantities, but no results
have been obtained that indicate recovery from paralysis.
Many spinal cord injuries start with an injury (primary
injury) by an external mechanical action and progress
further to tissue destruction (secondary injury) through
reaction pathways in the living body. The only drug for
use in inhibiting the progression of such secondary
injuries is methyl prednisolone, which has been
administered in quantities as large as nearly 10000 mg.

It has been reported, however, that this method is
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- 2 associated with side effects such as the

aggravation of diabetes nellitus and pneunonia. In

the beginning of the 19th century, Ranobn y Cajal, a
neur oanatom st, stated in his book "The central

nervous 5 system (the brain and the spinal cord) of
mamal s i s i ncapabl e of regeneration once it has been
injured,” and since then this2has been believed. In
1980' s, however, the inplantation of peripheral
nervessbotatsfi makhcoOrgk daAHeHEY u oAl d
EXP. qBLbOr e 9%e3317 240 g o8l 10%%nhdét%hg}{?rr%g§rﬁv§iti18ﬁ of
of fetus spinal cord (B &GTEACES. | Dev. Brain Res.,
34: 265- 279! "e8PRIhEviEe hednthepdrtredenting GaloRgy cajal,

t hat aevenrafnaeonspt Nadtsc@bdih MW pobhenpfegeneration

ak%e Q served if an appropriate S

envi ronnent. has been i nt Foguied' st cPRe) 1 imgrgeéd is

si t e "ARAP L ea Chur g gRIaraiti gn ofnqee por hes areaxanglired, " and

r egenrc itbenhanes been baede,sueheas the ﬁsﬁmgt ifQQYeOJer

regened atd9An, i 1 ur, xons hy neurotrophic’factors’

(o el Qo e Pt Va8 gyt sphieal cord

i dent1Hi%at PorP 12 ¥nRitbRE or \J f &ebor Bibf. Déonal-prmMIvs1)

20 (WbrtheDimptardiatioNabar fetdd3s634a#3% 2080k AN 5 .

t he ddkeprasnogest i Ag.bpat,1he eration of o
i nj ured spinal c rd@gi %F%rzy%glr}ay}ggggorﬁveabﬁﬁl fgRprted,
However, tﬁe‘fJ ci'1ai Expn abis exineh @fra Hejury the

i npl&FeaeFehl ot athénfeters spinsatat B¢l oblsSr¥&EYif an

di f fapputbpr dates tedviiRenS t.age ars, and to 25

et hi;¢al, -p5ob] &ns. Eurtﬂg{ nr%rge],og_%}réﬂl?%rrogtué:?ngc%t‘r I"Car e
pluripotent) - undi FereMilitBY CElY $forephet hemyersnal

syst'EAFTAEREh hape oprryatedanducepeatted pascRes of
(selrbggaﬁga;]tciainl ?g iﬁ:mf;éot )é}(oﬁgdbof '(AQé'rB%QSBHfé ¥actors
gengeat e phrge types, of cells neur ons,

ast Sgc%{_}e‘é" eg:l_iaéodg%ﬁro?é)ﬁ é)sgﬂl'c&ﬁég?tuﬁf@ t he
centrs PIdsNs9Et Brhididorastadtorsabscaoncilr girBwthe
adul(Ehemi rMal etond,, thayirar @0 assigad ot 02§80 C A bltgegiike’

repaugddrtidy Whed {4y fact, however, the 0
not . %?ffelrr?n i at eé%e?l?égﬁgﬁ%%%%onaﬂfe?”?‘ﬁ’fetﬁ )F,pléﬁé @prd

35 dit1er éiti 8P TNtdo TGRLAt Lel IHPWENEE ebyhd arliinngal

§ca?%Pllcﬁ¥éPé af etlspdmadbctateRer b$ eRe CydQld 38%nal cord

i Nnvbs wed-y Rifficult due to the shortage of donors and to
ethical problems.

Furthermore, neural stem cells are (pluripotent)
undifferentiated cells of the nervous system that can
propagate and repeated passages (self—replicating
ability) and simultaneously generate three types of cells

(neurons, astrocytes, oligodendrocytes) that constitute

the central nervous system and, as they also occur in the

adult spinal cord, they are assumed to be capable of
repairing injured tissues. In fact, however, they do not
differentiate into neurons after injury, and all
differentiate into glia cells thereby forming scars.

There are sporadic reports on cytokines involved in

differentiation induction in neural stem cells. Weiss et
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differentiation induction in neural stemcells. Wiss
et - 3 al. reported that the differentiation of
neural stem cells derived fromthe striate body of a
nouse fetus into neurons is pronoted by

brai n-derived neurotrophic factor (BDNF) (Ahned, S.
et al., J. Neurosci. 150:5765-5778, 5 1995). Chosh et
al. also reported that the differentiation of neura
stemcells derived fromthe cerebral skin of a rat

f et i neur Qns i r ted neur at r ophi,n-

e e A R e e S W

M K& laf apriveshdrerdtihatringe 100 PfferehPiet iferrusf into
neumalirshem £ eldomotled i ek arué hevedhinppesargpls Offadtor
ral RS [Snddistrugt iviel vy T pduced, | ALO. DAL 0B 5bY

pl atel et-derived néurotrophi ¢ factor g_ , Into

ast r'deyt es PP Eitapy- Mot PBPRTRY frdetofhe (CNTF)

and differeht gadendbocyd s byt bhycalilc bernoae f(rba) thd

(Dong.,cfira lsialy ofGQnLe?t&fQ%Ms E‘rgtcj?’]rl%%ifggrg’o)s romoted by
Furthernore, Taga et al. recently reported t Hat the

di f PEFEAET RIS Sof Vhetlr alCheERm elqts 2der i NRH I dm: BRe
neurl@B, epPihel | &kcKeel dts adf. aeporisel ftétbusthdat o

ast Q¥ snt i3 iBLOBPL AL QY Leukenda i pbi bidoray fachar

(LI'E)., and bone 20 norphogeni ¢ protein-2 (BWP-2)
(NaKABRPHHRAS &I @ Bt ifcedS 2847 WASIAE51vaggg)tnduced
Conphot wewitvese byepbrtesledr-det eed geugak kephid -factor
superbrR) | VirtuChsaso&NE: apdc faryThdsrodrogti@nahcvba
gpl 8 T?C'Chcf§ng sugynlt gf t he c¥}okhne k¥$%§%tor, 3
is Bl eled % PHaute THE Hr PFErhtYat MEHC st hogtmone’ (T3)
neurldPngt ém &l kS - i ntencast PeeytEs . 31RGneV4?),- there is
no |itermmmbata,dﬁwsﬁtrﬁies}aedfe?@uysgéwte@omat the
I Nj Uk r.epaj t i fferentiat]
indgg¥F%%gg$%ﬁégﬁa%£sq%%%éeffgmBvﬂlgygg fﬁ%£3ﬂ§8 FE?6
i s d°Byrblgnidhghieh f6llg 86 *4lQWEE Betws|into astrocytes
st i ful ptéonng fdadly ol e 2krBSF2 hh 51 idityerheton RZF)| bnB bone
Was no dh RGAMAILH r88e /) B f(BRBEN] | AlHQARNEACIY Jhnvo
in Fﬁe# égﬁi fa?foneéﬁ Bf%ynp%éifg? cePFs (%¥.3§n6,5¥£gnce
et 4P%: 47 NBGrelP19B6) Copmon 72 AdESeTREPYHTY ére the so-
was chbletl Tlo beufér tamillyt shamcdd owalF eyd dkifhe Thas, a
I nf LUERLLS, MaGLAYS, which is a subunit of the cytokine
receptor, is believed to induce the differentiation of
neural stem cells into astrocytes.

However, there is no literature that demonstrates
that spinal cord injury can be repaired by the
differentiation induction of neural stem cells by
cytokines.

IL-6 is a cytokine which is also called B cell
stimulating factor 2 (BSF2) or interferon B2. IL-6 was
discovered as a differentiation factor involved in the
activation of B-lymphatic cells (Hirano, T. et al.,
Nature (1986) 324, 73-76). Thereafter, it was found to be
a multifunctional cytokine that influences various
functions of the cell (Akira, S. et al., Adv. in

Immunology (1993) 54, 1-78). IL-6 has been reported to
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functions of the cell (Akira, S. et al., Adv. in
| mmunol ogy (1993) 54, 1-78). IL-6 has been reported
to - 4 induce the maturation of T-lynphatic cells
(Lotz, M et al., J. Exp. Med. (1988) 167,
1253-1258). IL-6 transmts its biological activity
through two types of proteins on the cell. One of
themis IL-6 5 receptor, a Ligand-biding protein with
a nol ecul ar wei ght of about 80 kD, to mhich IL-6

bi nds 166,

067 S ThkalaRfatRon.p? - TRRA R ol niBodhe o
8258828P' Ekp6 MeteptldB8bckait.s 1368~ l@ﬁiy in the
menbr anebe@ueQarﬁQﬁlmst hat @meigrl@ta@saémv%gh tAQo@]nd

exp essed £on t e. cel ane but al as a bl e
YRS &bt BFC c%lnnssl sotnl nge mﬁ q1 §fl t(ﬁéot exXt ?chf ‘lﬁl ar

r eg¥%ﬁ?pfpﬁe ot hleqarids—badpr@m@ﬁ@ibour@ Y orépAu P 3Gight

havé Agautmeb exl) itfo wat ght 10f6 abauk zlfeQ;aKDTt hat 4s., J.

i nvpl ve n ig n

tra%é%uglteldon 9??_7 5‘66 ?Ejijb‘;)drlécg gora’gldrmtﬁt al.

| L-$¢iancs (&e@ph o?r4leoﬁﬁl5e§<2%u cﬁL éf{%}ept@irna%\gr% got

gplaaLy tlmalasm temd @ ebboliogi falm aght vpetrgetoﬁtei; Leordugyh

the,gelsls 61 Eé‘sseE o%t efAL- ceﬁe'n!em()}gr?eg) ’allgés%s 581) .

20AnIL6 nt agoni st |sasusancet its

theSOJt”rbalﬁsEIBcﬁllbef‘Fe@FOBl BPOY AN JaRe F WA % )P fofheL- 6.
Theeset trared lubeencdgiomn so far anti body directed

agai nst rhhk- Brf&ntis alheﬁbngéJ%Bth prHé1Q09¥1§®fﬁ5Jfﬂ$ a

agai -6 re tar eptaor "anti body),
ant’P%oedvlaFr‘é%{%bé)é’galaﬁé?t éBlé’@a‘(drﬁll“ﬁBié%d i1 ‘non-
ant 1 eadyd-biafiiegy e&iglrllél6trmctucal10peptlildésaoﬂ IL-® or

||-t§ebcf§Q%Et @asr@r\gqeg he - %Vié]?—ds RARbprbE- &nrpqgﬁpm{ch, after
ant.,| o SCIrl De i
R 88 S5, Eysr?falo%sa heoBis Fagre1789 i ey of

Huakle; 6 Yo e ege i | (TapgbrT dovfa 2199391 11219621 39 6516,
I ntggmnati onal Patent Publication WD 95-09873, Fr ench

Egteggl 8§LC€U%hng%ﬁégg %z@gsugnk %%a%%@%e ﬁ?ﬁ i)the
t r aNSPISAREF he" tHe bé@ﬁﬁgéﬁ%]nta&tllwtﬂe?%r% ﬁ. ngT*a@gﬁ dieve
( CDRerofknone ©f fdremantabomdysH rantedoatyn M1 TI(Hs r edreci-
Y. IL-6 antibody), antibody directed against IL-6 receptor
(anti-IL-6 receptor antibody), antibody directed against
gpl30 (anti-gpl30 antibody), altered IL-6, partial
peptides of IL-6 or IL-6 receptor and the like.

Anti-IL-6 receptor antibody has been described in
several reports (Novick D. et al., Hybridoma (1991) 10,
137-146, Huang, Y. W. et al., Hybridoma (1993) 12, 621-
630, International Patent Publication WO 95-09873, French
Patent Application FR 2694767, United States Patent US
521628) . Humanized PM~1 antibody was obtained by
transplanting the complementarity determining region
(CDR) of one of them, a mouse antibody PM-1 (Hirata, Y.
et al., J. Immunology (1989) 143, 2900-2906), to a human
antibody (the International Patent Publication WO 92-

19759).
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35 et al., J. Imunol ogy (1989) 143, 2900-2906), to a
human anti body (the International Patent Publication
WO 92- 19759). - 5 - Patent docunment 1: W95-09873
Pat ent docunent 2: FR 2694767 Patent docunent 3: USP
0521628 Non-patent docunent 1: A. Aguayo et al., J.
Exp. 5 Bilo. 95:231-240, 1981 Non-patent docunent 2:
Bregman B.S., Dev. Brain Res.; 34:265-279, 1987

Non- pat ent document 3: Cai, D. et al., Neuron 22:89-

101, 1999 10 pat ent doc nt_.4. Chen, D. et al.
Nat ur e &5§n2§§xa§§nt2god&Nﬁﬂ53§¥%nt document 5:
Ahned, Satent afocum@gnt NelR26947850: 5765- 5778, 1995

Non- pat eat e JOCiHRRLn6: 3 GhashosAieed al ., Neuron 15
15 89- 1 3, 1995 at ent d%gu nt 7: Jo

EhFPTent DERRI50. 151 0. FTUOE K5napat ey ERP-
dod@dﬁnt98.2$kﬂ&%§hiﬁﬁ§lK. et al., Science

284: 479N482pa 1899 420uhon: pat ertghacWH®Nt Bev HE@ANG, Res.
T. £of. 5§5 E&gbA§J (1986) 324, 73-76 Non-patent
|

docunent ra, S. et al., Adv. in |mmunol ogy
(1993) Han- Etatﬁsltr\léﬁcwa%mﬂ :déelimelt er1alLotPeungn @:89-
al .101J. 1Exp. 25 Med. (1988) 167, 1253-1258

Non- pat S I Cel 89)
58, 57378 T v '{e%‘:&%é Yodshtny - %tng%akll\lla%%et
al .4033d3ént&d, (@@97) 241, 825-828 30 Non- patent
docunmentiod4patNaid ellscubkntets:alkhpeddyld.i @éamal. ( 1091) 10,

13 frelA8 shon- %%%5%@%79@99%5 Huang, Y. W et al.
Fybrldona (1993) 12, 621-

Non-paterit document Ghosh A. et al., Neuron

15:89-103, 1995

Non-patent document 7: Jone, K. et al., Gene & Dev.
10:3129-3140, 1996

Non-patent document 8: Nakashima, K. et al., Science
284:479-482, 1999

Non-patent document 9: Hirano, T. et al., Nature
(1986) 324, 73-76

Non-patent document 10: Akira, S. et al., Adv. in
Immunology (1993) 54, 1-78

Non-patent document 11: Lotz, M. et al., J. Exp.
Med. (1988) 167, 1253-1258

Non-patent document 12: Taga, T. et al., Cell (1989)
58, 573-581

Non-patent document 13: Yamasaki, K. et al., Science
(1987) 241, 825-828

Non~patent document 14: Novick, D. et al., Hybridoma
(1991) 10, 137-146

Non-patent document 15: Huang, Y.W. et al.,
Hybridoma (1993) 12, 621-630

Non-patent document 16: Hirata, Y. et al., J.
Immunol. (1989) 143, 2900-2906
Disclosure of the Invention

Thus, there is a need for a therapeutic means that
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an i I Asibeot 1 of agetid ff@&ggit’i(r?{l'_ %%réﬂ%%g%w §Prasiaimg
Corrpiritsf’:r'l@;ﬂéglitrgﬁlt (eILJ'.KF:,?Z_ ARACH IS 62 amagenii st ir$garneéiient .
b If Zfabﬁgea%f%%ﬁqtbéayemafgm Rskol Lbrcﬁziro%gegt Sayitor of
s CSFBFEn bl ca e ek e AN i oy

. Nt i e ] _ .
nonomreﬂﬁéuﬁgﬁgﬁﬁgﬁa }é%%@g8a§s%g§1@gtgchUWannhkgélent.
exanp g}T@ﬁufﬁﬁsﬁﬁﬁo%W?ﬁﬂﬂioanalkm"htoagabgséf 1'.a ggétor of
{Ecég%g%gﬁﬂa@pipg 2n8®@ﬂﬁﬁiQePK@qgkgrggpg%gﬁFSFleukin—6
m);'ééLmalamabbppwta%g%;elgg%%{werera%g?ﬁﬁﬁéi@m-1 ant i body,
t hgr eszgh(égggg?? {@n_é(aﬁﬁﬁ@owsq he ab@f/@ralhm@zgﬁégér}?tlbiebody
ant?i%ﬂﬁftaé i histecamynge émd(id@%CEPéEE agl#ﬁ%tﬂ%&?ﬁﬂq261
?rgrﬂrl@#edyf OrAXAipl § m%@&&%ﬁeggrb&g}o?/dyt,héh@r@anarbabe
as Mtaghégps%ocr?% :amﬁs G F0 "RRPF bows, afrmlibeéiflg@&taﬁgs@
nﬁ?%%ggcgghﬁiqﬁﬁﬁyFog_¢nﬂn@nMDﬁdcléﬁgﬂ Q?Q%Fgﬁf against
i geuse het” hascheeor obuRl pedpby car LLLICL ATty o o
engbneer g %n9§886§'é333nst human I1,-¢ receptor, there
PM-1 antibody, and as a

monoclonal antibody against
there can be mentioned for
Furthermore

mouse IL-6 receptor,
MR16-1 antibody.
6 receptor,

example
r @S an antibody against II,-

there can be mentioned g recombinant

artificially engineering a ge
antibody—producing hybridoma.

Brief Explanation of the Drawings
Fig. 1 is a graph showing that the recovery of
motion after spinal cord injury is greater in the spinal

cord injured mice that received an anti-IL-¢ receptor
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anti body- produci ng hybridoma. Brief Explanation of

t he EXaaﬁggs 35 gig. 1 is a graph showing that the
recovery of nmotion after spinal cord injury is
greater in the spinal cord injured mce that
received an anti-IL-6 receptor - 7 antibody (M16)
as conpared to the spinal cord injured mce .
(control) that did not receive’the above antibody in
t he eval uation of notor function of the | ower Ilnbs

Fi g. a2ti®dg grRpH) Saféo%ﬂﬁaﬁélﬁttot REer L8 ¥09& lnjured
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hat t above n
ot e ol T SRA T % ThD Brgna5 T SHoUBK Ghoienger
t hat'yI%hg FBEMAR: IO dainitred spraathapmecknyed et sint@-IL-
has beegepnbi biritedodp (el 63paBabomEVd ik b y}q@ds(gpngg cord

e tor. anti bod
ggaz:lc;{r%g%awﬁpceawng&k?%)alt%c?org gnrfou eré’cefﬁ’% he above

(corft¥ 6?’[5’33( et "dedTAbtrkdarednt he taiséve antibody. 15

Fig. 4 iBia. grdphashoapmghbhahgltnf bﬁﬁﬁpféﬁmgﬁ$%n at the

bee&p@ﬁ@[ﬂ§§§ﬁl§5u§@@ §ﬂ§nﬂgscgg81|@ﬁyge I A splnal
# W &

d n Ure mce as Co ared
?plh%o dc?r%lalir' aP&CRo RS FaFeLee aI“nJaE}Fy IIFTFgresepsor
t he 2pssbeqn IMR3E) ods a'lqn’mxa$ph0t9’|taiee@pSFFAlT%or%OJ.njured

Feceptor . anii bady ML) et a1 S SReBItEd FhEPEL
0
ar:,ie;ﬁglt o(r:asggg :s atgt%r’\é%%‘pis%‘f’“b%rt@al nLbr e esiopsor Best

Mbd&EEBreXRFesyEAgabuthet oihal ertridonnt Lrdd arittagoni Sks
for spseal rtdrhlelﬁj@w&nlb@VQQtd&rfﬂ:argé Q@ytfgemqfﬁeapyham)
ori ghfy Y% kind, ¥ forugq%/ as long as

| c ‘effect

exhi bit athera gu ‘spinal cord injury.
I)If 6 ant d@on?sfg Hrodesspgnadtlatr afisdustidspholbylated STAT3
andshewiny tththetlpd domghcatram:ltngbEya@fadtli 61-blibepror

t ageTy r Y; anc at h:zﬁlveal an 30
M S CR e B A

IL-% t the splna% cord injured site.

Best Mode for Carrying out the Invention

IL-6 antagonists for use in the present invention
may be of any origin, any kind, and any form, as long as
they exhibit a therapeutic effect on spinal cord injury.

IL-6 antagonists block signal transduction by IL-6
and inhibit the biological activity of IL-6. IL-6
antagonists are preferably substances that have an
activity of inhibiting the binding to any of IL-6, IL-6
receptor, and gpl30. As the IL-6 antagonists, there can
be mentioned for example anti-IL-6 antibody, anti-IL-6
receptor antibody, anti-gpl30 antibody, altered IL-6,
altered soluble IL-6 receptor, a partial peptide of IL-6
or IL-6 receptor, and a low molecular weight substance
having the same activity as these.

Anti-IL-6 antibodies for use in the present
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receptor, and gpl30. As the IL-6 antagonists, there
can be nentioned for exanple anti-IL-6 anti body,
anti-lL-6 receptor antibody, anti-gpl30 anti body,
altered IL-6, altered soluble IL-6 receptor, a
partial peptide of IL-6 35 or IL-6 receptor, and a
| ow nol ecul ar wei ght substance having the sane
activity as these. Anti-I1L-6 @ntibodies for use in
the present - 8 invention can be obtained as

pol y@‘b@ﬂqlonoeamcd&aahed Y Id30gEesn S 193 mBnkBOWL 1

method the anti-IL- tlbodl sfor u he
presenlt é?n?’en |SJOn am]fﬂo‘c”:' ongi antlg %fl Eﬂ-é

par aRiciiosiesaf orarRe iiantior iRfiasenar eﬂ‘5elﬁr1@fner Yﬂ@@IOClonal

Monget il eané £ poidi @%r@ic@lmmﬁlgh@ﬂamnirgiolﬁigiﬂﬂ,C|é&e

tho r ce r and reconbi nant .
?%0 f%%?odﬁggﬁ) onth% %1ﬁﬁu gggﬁaalan'orlgln

t r ah%%ﬁ@eahow tR¥ Césépl?beSasﬂwﬁr\s«é@%rar@oﬁﬁapwﬁgant

genegi t ialdlyy peodh e bgda and $ th ady. cHeRES .beBAeS€ans formed

ant |, i_es ' i ndi 0]

bi nd?ﬁg a%f ef‘#%sbmq’l l"ggt?%ccé)%&g#hla%d&é %ﬁgﬁégfﬁ’m ock

t heSRJgrearedy aMSIRAYT 8ANSY - HinGISEgRB Rt Lok vvw Qifnding

I L- ﬁollm—@ t heocleldhe BxaaptefofiLsacto ant-cbede€stor, and

. " | .
(108 Y et gais e i Bheti o, Nl R e

aI ac ﬂi’étﬁlgf NrT?oﬁ“ﬁBnE‘Pﬁ’ d@{kai Soukai (Gener al

Meet i ng Exbmphes Jep amch mamnidlcolgy s Sbee Bide) MH1ACatMatistada
Ref@[)det( 199 pdd, A66kmaRsh t h%bbtew A@s@zﬂbbsi s sk2
anti bo cin ri ca asi ca
con%’ftrlgyfjgd?g%??fgq{a ég ﬂfl n&&?e%ﬁ?‘é %&%Maﬁggﬁm

bel dsvkathlsenttals Megyihe Qxfsédileas"aaarseh@lumpipmg Society),
antAmnaadRé@o&drmu@igzedzi N 1telze QQ@V@{E iigral met hod

of i n| zgé _ ggti ne cguc§ % ogt ai ngadn are
fused witR Khowh pareh cyelpl SR he Convelt i Shial

cel Pasigildu C‘b‘?%d—’é@éeda‘ﬁ%llft%@n kﬁﬁ‘ﬂ@cﬂmﬁ?@ldure as
antddatybpaoskiciwng cabss HI-& 25ySEs aeded abyat fehsitizing
COMYENIANgha S %%hpgzg@tﬁo@hgo BASRABnat N 3] T2
hybri Speci fica anti_-| ant i 08 qb
oth‘i“‘HJé’c}zraﬁlO‘f he 16 FBW% Pehfekn u?r:d?bté‘kﬁﬁﬁl fere dused
humaith kn6whoparese ca3ls him s@esconzenmtg oanli genl tfusion

Obtﬁgdké%ggiQQgMjE%nmggoclonal antibody-producing cells are
screened by the conventional screening method to prepare
the desired hybridoma.

Specifically, anti-IL-6 antibody may be obtained in
the following manner. For example, a human IL-6 for use
as the sensitizing antigen to obtain antibody can be
obtained using the IL-6 gene/amino acid sequence
disclosed in Eur. J. Biochem (1987) 168, 543-550, J.
Immunol. (1988) 140, 1534-1541, or Agr. Biol. (1990) 54,
2685-2688.

After a suitable host cell is transformed by
inserting the IL-6 gene sequence into a known expression
vector system, the IL-6 protein of interest is purified

from the host cell or the culture supernatant thereof,
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30 obtained using the IL-6 gene/am no acid sequence
di sclosed in Eur. J. Biochem (1987) 168, 543-550, J.

| mmunol . (1988) 140, 1534-1541, or Agr. Biol. (1990)
54, 2685-2688. After a suitable host cell is
transfornmed by 35 inserting the IL-6 gene sequence
into a known expression vector system the IL-6
protein of interest is purifigd_ fromthe host cel

or the culture supernatant thereof, - 9 and the
purified IL-6 protein can be used as the sen t|2|ng

ant PGEn P ARBIRAEHVEL P PEOFRST o1f pP6t BY TS %F ©
| L- @epscmzﬂnngaadtamenJwemipeom@muvelwmyabéuaﬁqnjpastetma of

senghbi zihg g%tcegsnanob Mthat LS deaephof @ntisBQdi&Stne
for use. |n 1 ﬁggesent i nvention can be obtai ned as

pol JEFBhat? %%3 0%f'bnal  anti bodi es using a known
met hod. Astit-Hé-&ntécdntod anetlepties dntibodiies therpuseent

in &heeﬁiﬁfﬁmhniB¥e£ﬁﬂd¥ﬁedlg@QQQbQ@ahaﬁﬂhiQﬁﬁb@§oﬁﬁl
in ticular a mammal i an origi e pr.e r

an%gFﬁﬁg#uﬁhﬁfﬁoﬁlesrgwn me%%ﬁ%alﬂgne%rfp ?%c%ude
t hoSecprlotiucad 1tbgd e hyiori deemlin dhe ph@%@tprl@daeédorby

a hashoahirch hasibegies bansiOrgmdicuiih Ama@XALESSi on
vectaf %ﬁ”ta%”%;ggfegﬁ&%{' Cf'a}&lbycld&%' ”Sﬁgex? a%]%“ §9dé{

genes. odies, via
r ecBpTH?L l%ﬁwﬁFBEf“t%ﬂ?qﬂdﬁdF?ﬁﬁﬁﬂPrPEPBe?(PM |2 gybridoma
r eceptiothosangrbbiecebypyblobist hehitchahsslusddrom rafis £ dwaned

bi %99111 cal Agbyliy, cvfec'tbr 6.4 M0 1t RE &%rlxédt Eﬁgp' es

of such anti bodi es |1 nclude MRL6-1 ant mur a,
ea?l%?eredpéa&lbm |9eNRE ad. Thgc Nt iepd J(efggg)la bENigg
11924 1099 8ecepPhbd, aimthibodyt{driatiang Yof etL-&l o UL-6

|mTE'QQJe tc(r]-g%%)i g—ﬁe’%ﬁeb%/ggg?oglgoﬁ‘)e tQEnét%gt%.o%oof the
ant iéﬁﬁ UK64- tlbggT? r  AUK146- ant i body

(In ?ﬁ&aFCt?¥&§¥1 5o N 19759) and
the |i kexanmdag of hemh PMibcrhitdsbddgliude MFdto-1 antibody

prefeérﬁ\ﬁ% 29, sei gent akby, Ndie .hybrd dom .cekh kimses

ﬂﬂﬁcﬁﬁ92§¢4%nﬁqt'b°%¥ép Pbeen

|nterh§{|onal osi ted U rOV|S|5ns of
t helBUeRRest(17E @ht 1A 3as 2PRR 128 ) JuPy ﬁ%lZ-fgsgnv\}rWy,
t heaPag et alMtébody ganAFRIL Depids ian@i yo®f Naltie@national

Patent Publication WO 92-19759) and the like. Among
them, PM-1 antibody is most preferred.

Incidentally, the hybridoma cell line which produces
PM-1 antibody has been internationally deposited under
the provisions of the Budapest Treaty as PM-1 on July 12,
1989 with the Patent Microorganism Depository of National
Institute of Industrial Science and Technology, of Chuo
6, 1-1, Higashi l-chome, Tsukuba city, Ibaraki pref.,
Japan, as FERM BP-2998. The hybridoma cell line which
produces MR16-1 antibody has been internationally
deposited under the provisions of the Budapest Treaty as
Rat-mouse hybridoma MR16-1 on March 13, 1997 with the
Patent Microorganism Depository of National Institute of
Industrial Science and Technology, of Chuo 6, 1-1,

Higashi l-chome, Tsukuba city, Ibaraki pref., Japan, as
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Institute of Industrial Science and Technol ogy, of
Chuo 30 6, 1-1, Higashi 1-chone, Tsukuba city,

| baraki pref., Japan, as FERM BP-2998. The hybri doma
cell line which produces MR16-1 anti body has been
internationally deposited under the provisions of

t he Budapest Treaty as Rat-nouse hybridonma MR16-1 on
March 13, 1997 with the 35-Pabeat M croorgani sm
Depository of National Institute of Industria

Sci n chnol ogy, of Chuo 6, 1-1, Hi gashi
éﬁ%ﬁgBeTgﬁEﬁba city, |baraki Eref Japan as - 10

_ FERM BPPSBIasHpEPiasHis aotedikT hg SasProF Ligioclonal
r ecaanh@bdgomclb@walaswmandypea@d bes ilngs bcahdwn
ﬁF%fc%ngé' 9 oaes%'}%@d gpél%%ed%ﬁu@S degcribed hel;qw.

recept or used as a, sensitli zl Ng
antt}S@éln S 1R AHRTEAS e 8Pfgts tigmpRézed "according
conenrthieonah varetiload 1 ofie t i RIf Z &tuha, zaFieni. i immune

Celéeﬁﬁ%heﬁugb&@eaq%@dasﬁ fﬂfs%@ WA i MQJ\PFpQ%@@tceCM l'$h

e conventi gnal fusion $r ocess, ~and then

mord Gﬁﬁf’en%lrﬂqal}oéfﬁlbr%‘bﬁkﬂ ngrestiy mAy HRSdWErdanal
by arte bd@yemmanrtingnatl s megnbagsmsdmed by prepar e

t he. fJ&eht €6na NN dQr méﬂﬂ%@'tbcﬁ44ﬁéreaﬁﬁé ddsibeq
rece tqr antlbody may prepared in the foll ow ng
naHHEF

. ? exanpl e, the human |L-6 receptor used as
t he senSpetzfinpldnti geni fldr615eotpmimiang Landy Bl bean
be phRiA-Badi MSiHg fbm@odli-ncﬁ mahBeept CF‘org%El@mple, the human
seqH?QFe/an1no aci ence di close q{qpean
I

Pat’ent ﬁpp??%ﬁﬁ ion Eﬁs ?fnsand Fﬁ%
r ec@ﬁtaeﬂléanarﬁelb@ﬁlﬁ/a%@do%ﬁbﬁ@l{lﬁ% ‘WJ‘G Fbée{)‘t o gene

SeRRee or age o sacudnsepieimoe adi 8 cd et cend Jagadwesie in
20 dhe; g@ghnsgté’%t %gblfgﬂlogqa%boazéMa'a}ld%léﬁJ&%e IL-6

There are two receptor roteins -

r eCEP® Oéx%ﬁ%§§%&b6ﬁl?%%‘ﬁépp ﬁ%%b?ﬁﬁ%reﬁﬁ@F?{_Q§“e
r ecepiuencdet acihred akd dnsédieencel Hiseldyaeaineén( Saparsdse

I'L- tﬁle;Jaﬁ&ﬁQ& 0&3te§1¥a§ui§§¥@aéﬁon6RKé‘ial 43 1B596H1em
(1990) 10 -67 g . -6 receptor
I

anti body ™ ?Eec%‘??p(%’é’dty St aﬁ%. %Fe&ftotrhg oteins: IL-6
extreaeeitbul axpresgiednoonf tidheel L- Gemyerept endbblntd to

t hepLolk oedbf ANRd 2PEmt RS @RY 11 Sembrane (soluble IL-6
receptor) (Yasukawa K. et al., J. Biochem. (1990) 108,
673-676). Soluble IL-6 receptor antibody is composed
substantially of the extracellular region of the IL-6
receptor bound to the cell membrane, and thereby is
different from the membrane-bound IL-6 receptor in that
the former lacks the transmembrane region or both of the
transmembrane region and the intracellular region. As
the IL-6 receptor protein, any IL-6 receptor can be used,
as long as it can be used a sensitizing antigen for
production of the anti-IL-6 receptor antibody for use in
the present invention.

After the gene sequence of IL-6 receptor is inserted
into a known expression vector system to transform an

appropriate host cell, the desired IL-6 receptor protein
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different fromthe nmenbrane-bound IL-6 receptor in
that the fornmer |acks the transnenbrane region or
both of the 30 transnenbrane regi on and the
intracellular region. As the IL-6 receptor protein,
any IL-6 receptor can be used, as long as it can be
used a sensitizing antigen for production of the
anti-1L-6 receptor antibody flor-use in the present

i nvention. 35 After the gene sequence of IL-6

regept gL b§riﬂsé%lr tedy it @ 2ckpon SXpr ewm vect or

systemto transform an _appropriate host cell, the
desiyPEINREABE ECEFLEr UDYBE & ﬁnowrif“etrl?ﬁfi‘ b DU i ed
f r grartiieebOoBL - elekept oa mdtietinema s Upeugatamt thwer eof

USis%glsétKQM% am%tl'ajeg %gcertxgtlp@u fid1LLeifd @gept or

protein may be useéed sensitizing, anti

Al teéapﬁatsw%?ym-éeff?gerem %r & BUMPF B38F ﬁgnl%-e ghe IL-6
I eceyuieptoor protfaisi end prroitdiemr pfotdian may6be resssptagr the
pr ge%lsqtgggnge\rhq;tq%gnpr otein may be used as the
sensitizing anti eri [ i that
has a pfzﬁg}?ﬁ hdI%BF% c&r‘?ﬁé} n?rhag‘ gﬂ%A P

hurreiB IBEFBR r emeptionng 1@3bﬁ>a§nbeénnq d"tvé\anaﬂo@waqqq?ptor
dthQz%i bednungelrnhReoRs DM SHepBSsi 8dd td?@eBuﬂﬂ@QﬁiovI@eahy

Pt nk 1 DY i Sh DLl PAPy BE RaLPana) Juacy S

| nsltq8t9uwetbfthmd’@§?r¢dﬂl%oéﬁéélﬁh@epé’éhﬁ%%fbg%ﬁ Ngf-ional
ChutstBrutle lof Hingashiidr GramBce Tonkukahablygy,| Er akio

ante({’.k)c}dl&gsplfL T l %Scﬁgﬁzﬂe%@uﬁafﬁ cﬁq}l 190430 pree.

present i'fvéntion can bé
obtE#nied as %W@I%ﬁ%?zor monocl onal  anti bodi es
usi ng aaknowsp et hadibdsidshe&oantise gpl 30e ardsdradi es

f OI‘ Yﬁf%gtllgnt F?Jee%%lﬂé&’%%t bgfycchbgn@énc%gonal

ant| 1es o artlcul ar nmanmmal i an orjgggﬂware

pr 1P QﬂlewgoﬁaFn%‘Fﬁ |"}§55‘P83 dts & fraftht
or iggitiboihes utle: tisesén priodpcedehy Enveplipoomerardonal

th%ﬁl@%@@é@e@f hy, @af‘@f&ul%' thﬁﬁﬁalﬁﬁﬁnolﬂf@ﬂﬁf Qr-ged
XRr essi on tor .containing enet {:aa}lllo%l in
eng‘?’?%%rréa ant 06‘8&)]/08% et %@ Th2 antlgl vicat?
bi nidiaigdeotiypiS®rodnpedity Bhaybr hdinvg anef tmsee/plr@deced
I ea8Pta0hos O % hasgPéad0,t ranRdrbhesehy thl 86 kexpression
vector containing genetically engineered antibody genes.
The antibodies, via binding to gpl30, inhibit the binding
of IL-6/IL-6 receptor complex to gpl30, and thereby block
the transduction of the biological activity of IL-6 into
the cell.

Examples of such antibodies include AM64 antibody
(Japanese Unexamined Patent Publication (Kokai) 3-
219894), 4Bl1 antibody and 2H4 antibody (US 5571513), B-
S12 antibody and B-P8 antibody (Japanese Unexamined
Patent Publication (Kokai) 8-291199) and the like.

An anti-gpl30 monoclonal'antibody—producing
hybridoma can be basically created using a known
procedure as described below. Thus, gpl30 may be used as

a sensitizing antigen and is used for immunizing a



10

15

20

25

30

35

the transduction of the biological activity of IL-6
into the cell. Exanples of such antibodies include
AMB4 anti body 30 (Japanese Unexam ned Pat ent
Publ i cati on (Kokai) 3- 219894), 4Bl11 anti body and 2H4
anti body (US 5571513), B- S12 anti body and B- P8

anti body (Japanese Unexam ned Patent Publication
(Kokai) 8-291199) and the |4 ke.-An anti-gpl 30

nmonocl onal anti body- produci ng 35 hybridona can be

basid %%'ek)é g %f‘tn?eq §1' 0g Q\Q’Qtl ocequr ¢ e cells

describ ﬂg e use
serfdiusi QPﬁ@l%ﬁﬁli§§nféﬁ |¥$§95§6°V%rp%4ﬁﬁﬁnF?}%@ ip
conxen@nomahalnﬁdaodf0£1¢ﬂnpnmCzaELanmifMenlﬁmﬁnmbmbeanal

t hus, abtal Do A1 huRed. Widd kaoun. pareat gells in a

conventi on f'usi on process,
nofSEYERAF O ANt IB 6 Y db“tféﬁ%g%y%ﬁ%ﬁa@%r%esued
scra@rédoby. a 5 conventional screening nethod to

pfepafesbéélfk%%ﬂi d mgﬂggld#%qaanéiﬁgaﬁ'm%?lﬁg’obtalned in
I%ngg?antlbo may be obtai ned | he follow n

h=re Nk ergpfiﬂ)r GSEEPES 19 30sBR%ST t3%2ithG
antaeg@ntft@mmrﬁntbgey fenerdatibody cagndyation obimibred

usidug th@dg@é gaae ﬁﬂﬂ e/ 8Bl éh AGifinsesuence
dlsclgéed in éﬁb o Qﬁ% galqlc |gnlEP 411 %%6

Eur
RS B e ROt ™ Al ToAo8 ™, FAHGY 0P RBHTBY:Lon
i nderlPithg the gpl30 gene sequence into a known

expr essh@fer 1b s\ua@taanesy&dtemem hes grb3@ fprmé @iy of
| nterestihg AWiLhsd fLomlhg host; Gel L or fXamthgs;on
uftu g

ré super nat ereot 1 n-a conventional®
net"l’?&&orTﬁés‘b%?rl FPédggbﬁ%G’rOFééép?%rlnﬁﬁéﬁé‘F nt Ty rpéied
useftoas thehsenietlil zb NQF vot itgencul Aldeesnpbived ant

Celéh%r@é?rﬁésé 898%@9%&[1 ?neftHéaO” T%% Bﬁ?iﬂ&j g‘&fmbhe

gpl30 protein and anot protern, use
thé€§§ﬁ§Pf|%¥?ﬁf¥§nF?@e?F URFGugh ?Wﬁaﬁﬁ&ﬁﬁﬁ%%lﬁQ)Q&élgen
| mAltiezedtw¢ty t hellsemngitasaing apititgen ar fusigin

speslokibenl | ¥ ldHd tgg@lao et esdr sn@raﬁo%@kel YrS&d @t ﬁgy be
i n conside atlon heir 25 compatibility wth't

par&nt gel ‘Fosrenﬁééltzhn%é’\“ltlge“

Though the mammals to be immunized with the
sensitizing antigen are not specifically limited, they
are preferably selected in consideration of their
compatibility with the parent cell for use in cell
fusion. They generally include rodents such as mice,
rats, hamsters and the like.

Immunization of animals with a sensitizing antigen
is carried out using a known method. A general method,
for example, involves the intraperitoneal or subcutaneous
injection of a sensitizing antigen to the mammal.
Specifically, a sensitizing antigen which has been
diluted and suspended in an appropriate amount of
phosphate buffered saline (PBS) or physiological saline
etc. is mixed, as desired, with an appropriate amount of
a common adjuvant, for example Freund's complete

adjuvant. After being emulsified, it is preferably
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fusion. They generally include rodents such as m ce
rats, hamsters and the like. Immunization of aninale
with a sensitizing antigen is carried out using a
known method. A general nethod, 30 for exanple

i nvol ves the intraperitoneal or subcutaneous

i njection of a sensitizing antigen to the nanmal
Specifically, a sensitizing,antigen which has been
di l uted and suspended i n an appropriate anount of

phosphat e buffered saline (PBS) or
saldmiei8Bewtdt toj § mRRER); fé(s ae‘)é?rr%ph%?' e oegf £ eo 21

alf&i%@/@,pflﬁireeﬁimliﬂtelgfa fuicabiencad] igranty kf@)ruséﬁélarr‘@l e

und' s conp | ete. f
e ey 45 G e %ﬁ“bce*'zmggem’dl@'e“f §f'

sever aIPsften*elgﬂnemérZy?‘tAO? Pl thgagn lﬁﬁmtaér Rative
SUid-alahgeCar rﬂrﬁér daByrbe arggthody letrest ilretif Serum' the
| %ﬂ;{ zat | 9fs ! ngégn&kﬁ 'fzr'oﬁgtﬁ@trﬁ&ﬁﬁl Ahd eare

| "ZatTon and th
i suthecdes ‘F‘édcealrh |fg‘égi§£]| e&émféglegge?hérlmélglﬁu%m o°Be

i iR ceekl so ate It @kenooutndludm t he rrrtiaRl afd e
sub leecte o gscell f usi on. Preferred i mune cells to

be® jected to cell fusr on .i.ncl ude t
t he sﬁlhéeﬁa‘é‘éﬁjsan TyeTha? r'rherHﬁI'i an %ee%gﬁ%EC%%ésr&r as
th@emm@mparsm fuseld githitole abeve Rt iRPeA tHwne

aboyer %&5@9?&1{%%& edd si.oupr eheumhial li Atheslesuch

{%%?é‘égﬁﬁ%““&%? aqeney F k35, 2 Gopada

15489 1H50)23 , PBX6BALE) 1 (’é:l%-’rw roéee%r%rﬁ I%plés in
M M@Pd&oq%yaaﬂdlimehegy (157B3) 881 147)7) NSK&- 1

(Kohl er, G an thilAH
(Kehlerg) § f\’/ﬁ’ghl fg ul | eE?{r' o k. et elcil, (é;if;?ﬁ;)

(19?53539), 295= 11 5{Ma g5 (il &, M &
'\lah953415b97&)?22656(5h\216&ﬂ270) etF@Y. deNgt:ure(}(ét9H8) 74,
ggébm%])g IFW%Q' saz%x‘}é%hogsdr( 1%%0)3135 J 1-T2d)no 5194
313e32@c}s RPE6) (é%ff]rez“ca Sé% ishigdhode® (Porey-
27Hi=a13119738) 1and 8he-314Ke. RV | (Galdiren BetShedn -1 he
:ggreg? | ne Febhs; ansh the) axelaralaekls may be
I(afel éﬁ?yggcﬁggwéé% %%Cordgquximmune cells and the
myeloma cells may be essentially conducted in accordance
with a known method such as is described in Milstein et
al. (Kohler, G. and Milstein, C., Methods Enzymol. (1981)
73, 3-46) and the like.

More specifically, the above cell fusion is carried
out in the conventional nutrient broth in the presence
of, for example, a cell fusion accelerator. As the cell
fusion accelerator, for example, polyethylene glycol
(PEG), Sendai virus (HVJ) and the like may be used, and,
in addition, an adjuvant such as dimethyl sulfoxide etc.
may be added as desired to enhance the efficiency of
fusion.

The preferred ratio of the immune cells and the

myeloma cells to be used is, for example, 1 to 10 times
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25 wth a known nethod such as is described in
MIstein et al. (Kohler, G and MIstein, C, Methods
Enzynol . (1981) 73, 3-46) and the |ike. Mre
specifically, the above cell fusion is carried out
in the conventional nutrient broth in the presence

30 of, for exanple, a cell fusion accelerator. As the
cell fusion accelerator, for Bxanple, polyethylene

gl ycol (PEG) Sendai virus (HVJ) and the i ke may be

use or@(r}.e unk c@f‘f’ét h%%a ggd@}%l% mi:e?f tO ea%‘g'irgghé’%
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rred?%“‘fed‘tk}é’“aée‘au]ftd’rret ﬁ‘édé%\}éseéjelflorf E%’r%rFYﬂeneffuﬁ%ll
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conventi_onal ture mediumused for this type
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f et &tmurgalcklderam (FFEShyAhymbecedddedre mixpel WellYsimn;he

pregied er duiedr-a&nPiuntist, ok ot e APV erGi m&egkévmm
the nyeloma cells are mxed well in the 10 above

cul #¢ated t@u?’aouti o Whi cFP@ SPBERPS8| uithEsh Sﬁ#é%’r%é’ﬂf“ a
heateth telabolir 3G ghttob £ extadml @ 0a0PES &yt ienaadiédn at

a Q%c%%@gt‘lé}( #'3@*‘%0&0@@%‘# %QQOm cngOfo}:rﬁ‘ th

added a concentration of 60% W v m xeq.

to T‘%?Jrﬁeldhéusbl%%ﬁeel(}sf GeYRR A s (RYHR iRdorFepeathg the
by sepeatting &dditlivnsequentuidiabdddrtiomreofligusdi 4abl e

cul ééﬁterllfhggtﬂora% feRBLEI Ew%tubgengeaﬁ@m\é@ﬂ B€sion
super n%t an usi on ch

undae%?rf P& o‘i%”t% agFome & %ﬂﬁb‘%]ed@ﬁﬁw*é%no% fthe

r enoyked.do8ai damyiyr irgorsedny be sel ected by cul turing

in the s%@dcpwﬁradn@na\bysxeé efd1iceR BB WA1th@fing in the
exaqP'ventlo ai#g%l hEHrge d% u Qae§é%$f£'etk qHAp
contal ni ng oxan ine, o am rio

thyfﬁ*i”&%é) me%‘l“l‘ uv3d ﬁgllFHr%a]tldluHATcoétﬁ%W higekarisine,
condnimspdegenerald whiyaidanger i cd1efiring in said HAT

culture liquid is continued generally for a period of
time sufficient to effect killing of the cells (non-
fusion cells) other than the desired hybridoma, and
generally for several days to several weeks. Then the
conventional limiting dilution method is conducted to
effect the screening and cloning of the hybridomas that
produce the'desired antibody.

In addition to obtaining the above hybridoma by
immunizing an animal other than the human with an
antigen, it is also possible to sensitize human
lymphocytes in vitro with a desired antigen protein or
desired antigen-expressing cells, and the resulting
sensitized B lymphocytes are fused with human myeloma
cells, for example U266, to obtain the desired human

antibody having the activity of binding to the desired
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time sufficient to effect killing of the cells (non
25 fusion cells) other than the desired hybri dom

and generally for several days to several weeks.
Then the conventional limting dilution nethod is
conducted to effect the screening and cloning of the
hybri domas that produce the desired antibody. 30 In
addition to obtaining the abage-hybri doma by

i mruni zi ng an ani mal other than the human with an

ant I eggg/etn o:r:I g‘h@ldse%lggﬁs%’n]MFg Q e§89§é§1‘rﬁe CQWI@n (see

| ynpho esired antigen protein
or J%f@sﬂels@dpaﬁ‘ﬁwléﬁﬁr%%%‘?% Puglfgatighy ({fpgokw) No. 1-
ressigisng 3busensintorzeda B tamypeodyt @sirarle hbused av t h

hun].a é(}y:%llggaofcaeil %’u gxqr mltye Hg@@’canob@bilﬁhxfhfz}é%

desir uman anti b X havi n he activity L
bi n‘tPer‘g the ?ﬁ*él%ee'élotrea e "i%tlgﬁﬁ’t Fé%ﬁe%?l”tghgeg i v%d
ant oigenirexpeesss NG ebinsn (see bodgpamese Peshod xaddd ardded

Eﬁﬁt evré;;{?'gbcgﬂ%%;aa@gﬁ?ﬁéu%a%t %ub@?@gt_%)gn WO 93/12227,

o)
of B9 [S4{GR S ard BU0Y 2 5Rnea b/ Bacy Rl SEA 804 e Mo
t hesafii7gén .or the antigen-expressing cells to

obtain the Q8§béﬁqiahu%@11§5ﬁ}u%ﬁ@)ﬂubﬁné he,pretbBRg thus
descri bed 8[¥e (se Pat ent

e Dr it Se s e 39h o b 8 b6 LS es-638b2.
WO @‘41'(25@85,3-01\1@:961134?@96bﬁrﬁ$%d der 3%135’)101“99‘11?\@710‘1

mongel wkal iant i Hody npredyshng hybridoma thus
constru%{ed .qan [ be %%bcul 1¥%ﬂonﬂ tQStféHHﬂ%EtEQQEJsald
rol on

cul ture IQUIar can ored or anp
per higer idsfuat e Ehad &andb%nt%e&géﬁ WRHCIordef [goridona
obta$rbumﬂuyéhomﬁltﬁHNCbbodnE$bﬁaiomesaod arlkb thybenddrmajies

ogbt%qgeﬁ e, 4584 'sﬂ whj, rﬁ:aI grhé(brﬁétg@aalﬂ which the
cuI ure

e conventlon met hod and, t

ant PyEdema é?eaﬁbvﬁﬁﬁéaeﬁst?H%“%Hﬁ%Vﬂthﬁtma8wa5
net bedpd tibaki ehth heaidhyhbi témer isgdating nirstidoddes carznd

gr o%‘@téﬂbe% mamgl spasi bl '?né""ﬂo'%m%@' e Y 11dOBRI Sl e
the anti bodies are. 20 obt ai 6%@ t he aSC|te%he

10N
for fioF FRICHOGRP S LAl EHBEEY FBr ESE08P W 5e5h B f%ttef
ant i posliiesiblehéoeras ltargel atd g pricslustiemlsife afﬂéilbadles

| arge scale RERAGUE! I0MyBE i adthd }did@sing anti-IL-6
receptor antibody can be constructed using the method
disclosed in Japanese Unexamined Patent Publication
(Kokai) 3-139293. It can be constructed by a method in
which the PM-1 antibody-producing hybridoma that was
internationally deposited under the provisions of the
Budapest Treaty as FERM BP-2998 on July 12, 1989 with the
Patent Microorganism Depository of National Institute of
Industrial Science and Technology, of Chuo 6, 1-1,
Higashi 1l-chome, Tsukuba city, Ibaraki pref., Japan, is
intraperitoneally injected to BALB/c mice‘to obtain the
ascites from which the PM-1 antibody is purified, or a
method in which said hybridoma is cultured in a suitable
culture medium such as the RPMI1640 medium containing 10%

bovine fetal serum and 5% MB-Condimed Hl1 (manufactured by
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For exanple, a hybridoma producing anti-IL-6

receptor antibody can be constructed using the nethod
25 di scl osed i n Japanese Unexam ned Pat ent

Publ i cati on (Kokai) 3-139293. It can be constructed
by a method in which the PM1 antibody-produci ng
hybri doma that was internationally deposited under
the provisions of the Budapest -Treaty as FERM
BP-2998 on July 12, 1989 wth the 30 Patent

M cg ogr %] ! %”MQ%%% t°f¥h8fh ld%!}lé" @ﬁé& g&ne of
| ndustrial® Science a ,

H g&sHILERCERBRR, bYI’sﬁﬂ?GBaBEP’t'y,thlebSFﬁ% Ihymediumg apan
is mmdfamenré@n@aldwcon;agm ethd ahBALBt«€, nircethe PM-1

Obt g@‘%océﬁ e%ep%xflrfﬁ!gh é@ﬁt%'éesﬁ’%ﬂnaa&ltﬂtb‘)dy s

pur r a sald hybridoma is

cul t ur ed\ |rﬁ08m]%{ﬁatrﬁjola§tl]€%‘li¥ Ute Chelif BInRR QEITeSs Py nEhe
RPM ot imeadt uge co feahnbhggl 0% whdehnen fattalboser geme was

and%fbﬁégBfggﬂdfﬂ@x%Jﬂ¥lﬁgHQugﬁﬂ“ﬂﬁ%@ergyed fH%o a suitable
Boenhr1 nger  Mannhei t doma SFM ned

(naﬁ%ﬁ%&vt ihegh b‘y/a%;{)@e@ BP{B Tudes PRERET NGRS Ca be used
( maiufEct predeby EVBOOLIBRLYs ardhochenkl kat idnodyt heee, for
F’Méxa td, badyrordxe cprr kf | efhd naprt be super mammmmc

roc é@?‘:cﬁ;gﬁ'ﬁrﬂagﬁ%%@&%% sé'@iﬁsﬁ"e“ﬁe o ey Giem, b

wasMAGNIGASY PW@M&HE@SW@M db)and integrated into a

EUitab|%p§EQ§i@élMﬁiQ@Nﬂﬁén&hﬁ&giﬁhéodﬁgﬁdﬂkntO)aregion
ost _.can be use t he prese vention.a

rmnocl gjnaldesj'fe{%| adqtl Q P? rllﬁtggagr?m anéor%ro%%aeck
C. Aoxeducdmg Eakks cﬁklc WS EFHEMJE@FPC 'W[?\I%LOGNAEO“ of

Amrhﬁ@lléscopu@d:&e&he;@ bBepiiei ddnitbedl KRmgdamngy for
N, PQ%&HE%&&}Q sddP Vs t§ge§u A Iey, TRNA

enco g the variab regi on esired

antFb‘bwei%rﬁg%b?%\t%hPPoﬁ?}éHQWyJl‘ﬁ p?tocﬁ}cvng cells
suchi@shemilbybyi () The b3YA-€2390M, ofhe ARNA msthod

goﬂn ml&%eﬁ)tgﬁogr ?ﬁ?;}étnglt ot &ha RNA:USHEE, I {10587 e%@ﬂp' Be-
as uan I e u r n
DO T nod SUSues o pe g dung U EACLEL VIR,

18, tmgnw@wg;uftmm@P@hemdefzotp@h@mwm@kmacta) and

et ghe, ly%@a| Aﬁiéﬁﬂﬁﬂﬁveﬁ§98ﬂ§Nle%n ﬁéﬁdiﬂégﬁly ph@pared
t hen_ mMRNA ISQB e red fRE]RmPthe to

using the rep m urifica 1on mangfactured
by Pharmacia).

cDNA of the V region of antibody may be synthesized
from the mRNA thus obtained using a reverse
transcriptase. cDNA may be synthesized using the AMV
Reverse Transcriptase First-strand cDNA Synthesis Kit and
the like. Alternatively, for the synthesis and
amplification of cDNA, the 5'-Ampli FINDER RACE Kit
(manufactured by Clontech) and the 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) that employs polymerase chain
reaction (PCR) may be used. The desired DNA fragment is

purified from the PCR product obtained and may be ligated
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the nRNA Purification kit (manufactured by Pharnmaci a)
and the like. Alternatively, nRNA can be directly
prepared using the QuickPrep nmRNA Purification Kit
(manufactured 25 by Pharmacia). cDNA of the V region
of anti body may be synthesized fromthe nRNA t hus
obt ai ned using a reverse transcriptase. cDNA nay be
synt hesi zed using the AW Rewverse Transcri ptase
First-strand cDNA Synthesis Kit and 30 the I|ike.

A ts%ﬂNiéat\é%' rsgAf orMJJg%véwwer%c%m@man@r@at bircation

nanufactured
by @Ib%ﬁr@&ﬁ)edahfeﬁlﬁﬁew@ a%&d@%tlﬁoant{ WstRANEM A, cold
et atc., Proeo. wiNatll .coAoades Stie s€3Act4988) pr@bare the

899§e§¥¥¥é r@@gﬁﬁQﬁgﬂ% vActSE aITh’e Nggée%éqd%ﬁcgsof&%%e

1989) 17, 2919-2932
30 SaSE0, it haipiak Lhat el Ors PUTELASE as

fraqmenhdesxypnetWMhd fromthe PCR product obtained

and nay(ﬁ@e'tﬁ@“ﬁ@&en%@dlﬁ ‘MﬁQWOEegmgh<ﬂb&%@V§531§bd
reconbj nant veptor % con tr%gted efrom and %?
i s PRGBSI Y BPtRINFY dit mayf‘i’*c’) E%l%

ar ees@lddogethe ocprepaterefeon dés lrﬁedom)emmnaﬁ@smed
Vecs & ibole bﬁ§&1 sequeBgei Ofeded 086 rad eaueegayome

conflrned b n th d h -as t he di
met Wod.°"Oncé ?% %%ﬁ&eqe |ng %Pdl%ﬂ(ﬁ$ o] %éfon of

desthredntahpiboty rb&slb‘éé%r%tmdaulﬁéa an texpgRpspeon vector
|'i gadredh ine nBNBrA enediing the cargtiantof agicoant{body.

region) 1ol otg: 4851486, 40 Al 1At gh o8 U?e{]h?y

|ntegrated In ression vecto ternativ
t hePW“énéBH?W@lqrhe er 2o P IePRel ANTH5E9 A2 De
|ntdgﬁdﬁumédlnéIbwunnszaessxpnbsseohOVectnxnmalasngp[ﬁMA

enc fg%éggeugaéﬁggﬁﬁcggtbgﬁcﬁnkhgogybréél1%5d?5gﬁfétory

produce the anti use in 15 present
i nVETRiGN, fPﬁee’éarﬂFilk?oay gRifE g F‘H‘E‘é@’fsﬁ é’dfoé}gter
des@mbdﬁ@ﬁhebelmw it @xaneexiprres®iconr viezyt dre $oaastdgndye

expy e85 ed ndgdete 1 NQEORKE OdntQlb e X PHRSSb8Nexpressed
regul atary region, for exanple an enhancer and/or a

prombi’ér"" Subsequently, the expression vector may be
transf orlmedceordanas aihbsthealdesgntl iteerdritonbody can
t hesr-dieri@XR1 8§S€ttered recombinant antibody such as

chimeric antibody, humanized antibody, and human antibody
can be used for the purpose of lowering heterologous
antigenicity against humans. These altered antibodies
can be produced using known methods.

Chimeric antibody can be obtained by ligating the
thus obtained DNA encoding the V region of antibody to
DNA encoding the C region of human antibody, which is
then integrated into an expression vector and introduced
into a host for production of the antibody therein (see
European Patent Application EP 125023, and International
Patent Publication WO 92-19759). Using this known
method, chimeric antibody useful for the present
invention can be obtained.

For example, a plasmid that contains DNA encoding
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therein. In accordance with the present invention,
artificially altered reconbi nant anti body such as
chinmeric anti body, humani zed anti body, and hunan

anti body 25 can be used for the purpose of |owering
het er ol ogous antigenicity agai nst humans. These

al tered anti bodies can be produced using known

met hods. Chineric antibody cap he obtai ned by
Iigating the thus obtained DNA encodi ng the V region

t b 30 .DNA di th
ant Fody SACh 1 RoRE! Fitedt Aradt ks aninelbr SoeTan°
veckorl amdibady othrccdsiomtoedh asosPMfbd qur e@Mchion of

;Befeeéﬁéckaqdué%h%@ . (asgld fu{aaﬂﬁgptﬁég@$lasmlds have
i cat.i on an nternatio
Pub |ecnatllngﬁrv\i)tb%#é%@?poﬁstleﬁigu t—knO\f\?nrOf%s oocf,
chi P iBedanesbotpatyeral N§ BB Hﬁé%r@@érﬂcmﬁn@@hﬁron
canrdpcebtigbDed. orFokbexanplie, aophasiird thidahacosdal ns
halnﬂﬁ%qaggs<M;%nd%h§rlafhﬁﬁgp¥r£§$ %?%;%&1ghglmlted
desi gnaﬁéataas%qun%sbeﬂy pPOMI 1s Fé%?)é”cathl\?él yeshappE.
col himarhavithgodhese pkasmas Im@veraﬂa:e;ﬁmntmg the

| e alhathanel e depesthed und $igns; 9f:5 ¢ 4

apes as Kt% %@é I\/% ilokg
resw@ﬁ lvery erofrbaﬁeﬁhaa?waf? ffggixthlr? 198 S Ria® B irRady -
Col irect itbescofplarwtnsheiay dakrivining Badioar b& human

Li ”Aﬂt%%odb‘umf‘ﬁé%‘%n%%lb%oxﬁmlrﬁﬁt' m@‘&%hﬁéhb&ﬁ for
reshaped "human_anti bod een npde

e e e KR (AR Ay
regEmp(e@DR?abéntar&\ppb@dytmn &P b2 agtchéntehaat idrel
hunteelmenftoFusx?éa)Al%tnrmUS@zalr.rhsl@@dy, Into the
conpl enent ar et er m.n
ant | bog‘épefhk é/‘—"lq‘é/(alarqrx\(]eco Avant W}i w@ﬁngF%Jg?/n?d to
pr epiredei she o¢DPsls><:fhman§¢ bt iediy sw bt ks &-Hen wan¢ week 15
Eurﬁﬂﬂﬁwﬁ Rakpndf Apphhcaht MbdyP 1$250Rthadided from several

| nt grath Pi‘igorf’%gk L BUOI SANGO0. M0 A 194294 pping with

Sp ec:| | cal uence desi g
i g%ftee aflﬁéh@DF?fofthﬁoﬁ%s dritsasedy P Ehe (& F‘P’éﬂ%‘%\m K'he
r eghim thiR) olota inenian saht gdiedy tios tisy MiNresinzedifig othe C

Se%&&ﬁbn of human antibody and then is integrated into an
expression vector, which is introduced into a host for
antibody production (see European Patent Application EP
239400 and International Patent Publication WO 92-19759).

For the FR of human antibody ligated through CDR,
those in which the complementarity determining region
that forms a favorable antigen binding site are selected.
When desired, amino acids in the framework region of the
antibody variable region may be substituted so that the
complementarity determining region of reshaped human
antibody may form an appropriate antigen biding site
(Sato, K. et al., Cancer Res. (1993) 53, 851-856).

For example, for chimeric antibody or humanized

antibody, the C region of human antibody is used. As the

C region of human antibody, there can be mentioned Cy, and
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20 di vi ded ol igonucl eoti des having sections

overl apping with one another at the ends thereof by
the PCR nethod. The DNA thus obtained is ligated to
the DNA encoding the C region of human anti body and
then is integrated into an expression vector, which
is introduced into a host for 25 anti body production
(see European Patent Applicattbon EP 239400 and
International Pat ent Publication WD 92-19759). For

t he, FR qf n antib dyI| ated throug h e
in %I’C§ % gn?orf‘ﬁtde% ari tegar&% A ngeruesgl on f“ at
f orreyignf afonakire aantbgen Meivndengoditiedare sebrevteedhe
30 Mhenidesi 5§dantarﬂsbe§ 8€ide bRohhe: fommmweeks I egi on

of the t| body var, be subs tut ed so
Chat e neRinepty AtdibaRy CoA e PRy R tahi s e o o
r eshdgeddiugeni veshtficbody weaynaflophhan tHepr 6pei itean and

antﬂr&er@ Regdi oy Sdi€ed(5ad0, huﬁaneén@ibodycaﬂﬁéfeﬁes
%1n% ?%éd85%3§§d§ §§sf gagp c¢o q%m%ht rIC
antﬂb 8 umani %B
hur%ﬂteéﬁtirlbmjyr%w@seé arxtslbmé d@fl\f‘é?ﬁ éﬁOtﬂfaﬁnﬁfﬁwl
antdtmedy thhhefiee ¢amahean®niheoiedmé&ygriandgiodQandythe C

Qy, J:Ze lg{t dﬁ?ﬂﬁea@/&’omaﬁgﬁmmltggod anf%%g%é@fé? he C

regi uman anti b r ove
themtsltgﬁﬁilF’r'tX/ tgrergati b‘%)d‘;}”‘eolhu{“ﬁ% PRBUbesi BRR
Chlmjsrtlhetaﬂhe;bome censustss ahtibedyafdralkse fegiten of

?yelsgggylg@éﬁtvl%ql froma mammal other than the human
i on derived from human anti bo

V\,her eas®shd ’rgﬁfzeet(fegn?‘i“)%?ﬁﬁ?‘e%ngf st 6‘!”“‘Fﬁézgd antibody
conpdrement ani the rdesenti invegtieyi orhepfe aahi bodyentioned
derjee i EeQme- Maieboa Pt Jl:,%fe rheartihe hdrapa edut t he
fr rk relg %gzP§ 10 region derived from
ﬁf"Fb%ﬁA?c P4Prdgly, antigenicity thereof in
the humEnrboeyndrzs beea meidwededf sraimdnagt heyamr e
useatdtllbaayan&itt&d%ote@y usetd Bmpheys WR$8RY WIMen heman
BRLELEr 6 SnPod! FRnly of, ol ealumnl ged, a0l IAOdY s peq
15 nothe present ‘i nven th can
nerﬂlquﬁed F%n%??ﬁ"?éé Pipa Vei‘r’FthBéﬂyre(gslé@ PAt BYTRL | onal
Pataaiti bBubl i €adstgres¥ed 92n EHESS)ir f &tk tdfeanphege &y ahe

HEtJH§3e0B199££9rHégﬁoBugyrh single chain antibody (scFv) to
select a phage that binds to the antigen. By analyzing
the gene of the phage selected, the DNA sequence encoding
the variable region of the human antibody that binds to
the antigen can be determined. Once the DNA sequence of
scFv that binds to the antigen is clarified, it is
possible to construct an appropriate expression vector
that contains said sequence and then to obtain human
antibody. These methods are already known and can be
found in WO 92/01047, WO 92/20791, WO 93/06213, WO
93/11236, WO 93/19172, WO 95/01438, and WO 95/15388.

Antibody genes constructed as described above may be
expressed and obtained in a known method. In the case of
mammalian cells, expression may be accomplished using a

vector containing a commonly used useful promoter, the
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anti body, a technology that enploys panning with a
human 20 anti body library is known, in addition to

t hose descri bed above. For exanple, the variable
region of human anti body is expressed on the surface
of a phage by the phage display nmethod as a single
chain anti body (scFv) to select a phage that binds
to the antigen. By anal yzi ng;g@5-the gene of the phage
sel ected, the DNA sequence encoding the variable

of the h na ant i body .th bi nd
ant% geﬁ M BE §&t g?m 7Hed’® é%l 8&%1 gg Be e 6’f
schPignhat hai rgent ere heb bhtliigsadiat ' aﬂpﬁpéﬁreqﬁ tihgreof
poss Al ee&@ﬁmtauﬁin@nsaa@pbnmi al-enriBEessi e

Vg%ﬁ%&oﬁgﬁng%kccggg y uma en% a%ngl%ﬁgq Rdiate

ese ne s-are alrea
K@@ Laner et sséenhauerr i n WO 92/01047 WO 92/20791
V\D 93/ 083d B 10AR1193/ 44 236 PWENSSE A RhBAncWD B5Idhl 438, be

sV\Q ?éé 15)%)%%ss R de%gqggg £ trugheghéspre ent

descr bed esse tai ne
a kwa\mth%rthd@erpncerﬁéo%a@@dorlr%mmaﬁr%é%@ncers
expm@ﬁsa@nméﬂxpvbeuaccpwqydmahedrms;rumanovveaiprand simian

cont;ai,ai pg PS\&%WDQBA( ﬁ‘éo@r%t%ggﬁé%ha‘?{c%%t Qéf]&&e fro%o

antibody gene to0 be expresse the poly
A mingaalamazelicefuoperaliyran akerdadtion fdewpisticeam
thergehy) Or a vector containing said DNA  Exanpl es of
t he pronnter/enhancer i ncl ude human cyt onegal oviru

i mredi af 8t %?ﬁ&&ﬂ?y ﬁ¥%ﬁﬁﬁ%ﬁﬁPeﬂﬁ%H¥%F€aﬂd 't %ﬁﬁﬂﬂ%&s ed
as tyhehprostgtesy bénMahtieganeicchl cafMuldigasedRf ¢f. et al.

ex ma%t%%om ofg)antizbodys f10r) uaselh nsxmr@e pRHRASESE /enhancer

i nventio use

prdﬁb?8?§7 Zﬁbéﬁ% mgﬁgﬁP§§ e ?%Vf?ugt alsnghzuShlma’
vi rus angddéa@atianyus - - aleckdig 46149 &ﬁ%’uélﬂéol 0)32and

pr mheﬁ&ﬁm}%%&érsﬂ@ﬁ}amrf ag%sgaamml ian cells
such as_human tion factor %HEFl([

exanpl el" Rﬁﬁeﬁi§|o %n%y %ﬂ%lre86P¥?FS 80WﬁV|%%é%€‘%§§ged
t héoynebhoabof Wnkingan eme@nly(Mdd vgafulRer@oter, a

al .5igna? Q@%} d%e(igzganéﬁgbdylggcﬂéﬁmothﬁﬂdsﬁﬁg)antlbody

pronot e ancer is used, t he net hod

M £ﬁ§ﬁ|ﬁﬁe%ﬁ %ﬁpre ﬁF%US lowedsgy eﬁyr 551?n éhfreof As

Nudihei eroee st Ré@r e:}_gg}@]) ,]_B,heggzcan be mentloned lacZ
promoter and araB promoter. The method of Ward et al.
(Ward, E.S. et al., Nature (1989) 341, 544-546; Ward,
E.S. et al., FASEB J. (1992) 6, 2422-2427) may be used
when lacz promoter is used, and the method of Better et
al. (Better, M. et al., Science (1988) 240, 1041-1043)
may be used when araB promoter is used.

As the signal sequence for antibody secretion, when
produced in the periplasm of E. coli, the pelB signal
sequence (Lei, S. P. et al., J. Bacteriol. (1987) 169,
4379-4383) can be used. After separating the antibody
produced in the periplasm, the structure of the antibody
is appropriately refolded before use (see, for example,
WO 96/30394).



when HEFl[err] pronoter/enhancer is used. In the case
of E. coli, expression may be conducted 20 by
operably linking a comonly used useful pronoter, a
si gnal sequence for antibody secretion, and the

anti body gene to be expressed, followed by
expression thereof. As the pronoter, for exanple,
there can be nentioned | acZ 2pronoter and araB
pronoter. The nethod of Ward et al. 25 (Ward, E. S. et
al ., Natuyr 1989 3 t ,
FASEB JE*LSJ %éé l“ %%2 %ﬁﬂé‘ﬁm%}%urseegag'mﬁg U?égcz

pr offstSEr d?ﬁl FroandVihe RAYRBA B et PEPNBYITYY .
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S1 gha sequenc or antl ecretlon when
pr otRidedYPRERhS SRR B AR HGHoES €0t iinglpdepad piagitabte
sequeikees( Lieé ,arBnoglyebvside phdspBactarsfelras¢ 1987H) gene,
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169tkbe é% gléﬁﬁé)kl%@@ebﬁﬂé)s%nep‘f kercsepahathife thnine

ant | pr oduced eriplasm the structure of

t heP T 86690@51 |t§aﬁﬁf)?’6?ﬁ (1E§P9pﬂef@{ﬂn§edt Ef ore use
( sedihyidop fekarmp|@ducWis 96(BF394yene M ths thkeorigin

of replipgat {0, pﬂd&eelsﬁ%@%n@sgd thasesderhvedk from
Sv40, | yoma virus, adenov oVvi ne gaplllona

Vi RECCBBVIN G e PR K P U RRP er o FaP Pheiecd:
anpfhe ipgatihobl @f Sﬂ$éegefm¥(ﬁﬂ@}bﬂdYﬁRﬁeﬂaﬁth@nh%%ﬁpﬂises

cel{nesyst em r&X @58I 08 YBES @rrsdaaﬂldm@y@aemas As the in
sel ect abl e e e athgglx?ﬁe % ment oned

phosﬁﬁﬁiPang?erasgS(iE Phe ki nase

( TK)rqpews 1ok, sysglem wam@huwl@uan?ﬁ’earm§pﬁeﬂﬁo§sﬂ the
tr qshﬁd‘c&lﬁ:asen(ﬁmgm Wh@enesmpd e sdp by ofcaliat eells.

reduct age, &de( \S%ng@?cq I8¢l Lke. the]uo EQE LNSre the

productlon 0 or use I'n resent
i nvmqugﬁloanwm&ua i o %%Pé‘n?’é%f?‘?lbé:eéééd PlapHe
pr ockiclts, oObr SySierD fee lant i Kyady pnépal atdlds ¢onjurdesed)

t heméxﬂna\illtaﬁocgflst he chna¥i v rereqqgctww Y35 My Monthe
vitro production 3%sten1 re can %§8nent oned

15 iﬁ%HthFB% RAFtER ?%%Veﬁﬁw y§etiika i gotetr &0
andvertre cepiedutl)i ampsybiamasiilshseaplasy Xeprpkargotvites,
celbs. hensthe RUKAr ¥thCaL@leos 3f£1 Used Thber exrae
theplant cells include, for example, those derived from
Nicotiana tabacum, which may be subjected to callus
culture. Known fungal cells include yeasts such as the
genus Saccharomyces, more specifically Saccharomyces
cerevisiae, or filamentous fungi such as the genus
Aspergillus, more specifically Aspergillus niger.

When the prokaryotic cells are used, there are the
production systems which employ bacterial cells. Known
bacterial cells include Escherichia coli (E. coli), and
Bacillus subtilis.

By introducing via transformation the gene of the
desired antibody into these cells and culturing the
transformed cells in vitro, the antibody can be obtained.

Culturing is conducted in the known methods. For
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production systens which enploy aninmal cells, plant
cells, or fungal cells. Known animal cells include
(1) 20 manmalian cells such as CHO cells, COS cells,
nyel oma cells, baby hanster kidney (BHK) cells, HelLa
cells, and Vero cells, (2) anphibian cells such as
Xenopus oocytes, or (3) insect cells such as sf9,
sf21, and Tn5. Known plant_ggllLs include, for
exanpl e, those derived from 25 N coti ana tabacum

whi ch may be Sﬁ% ecged to callus culture.
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col and Bacillus subtilis. By introducing via

tra ormation the gene of the 35 desired anti body
into théseiceriw amddect i isygtehe theamstennesl cell s
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beeZ}PPJ1lﬁta ofzed 3P/t o thﬂeSOaﬁéohPﬁ%\?t%a\?lltl weFngFan be

aniwsdd.antthéhepldntlseardsuden,vitvbapradifoli oramylst,ersn be

thergeL£an be nenti oned those which enpl oy animals

and t hose [ 10 enpl oy plants. Wen animal s are
hege g :

used, th&F FrEaudts o tEpstent WHiccH %ﬁ%l%‘%mals or

margveng sandnd ngec tot ided ek spredates), ipi gech sindapls

m c&y ﬂ@@ltgatédce r@@evep@d usedr( éfk&lﬁileq asehnt IS TN

Bl of echnal gg% Cal%i cheA 1:9? 59,8341 NSt 3,

si 1Yo s ™ ;b ﬁse &N SCarecused P in

t obacicd, :Lfsomleecamlle, prahideel 1us’ehiie milk such as goat B
casein to prepare fusion genes. DNA fragments containing
the fusion gene into which the antibody gene has been
inserted are injected into a goat embryo, and the embryo
is introduced into a female goat. The desired antibody
is obtained from the milk produced by the transgenic goat
borne to the goat who received the embryo or the
offspring thereof. In order to increase the amount of
milk containing the desired antibody produced by the
transgenic goat, hormones may be given to the transgenic
goat as appropriate. (Ebert, K.M. et al., Bio/Technology
(1994) 12, 699-702).

When silkworms are used, a baculovirus into which
the desired antibody gene has been inserted is infected
to the silkworm, and the desired antibody can be obtained
from the body fluid of the silkworm (Maeda, S. et al.,
Nature (1985) 315, 592-594). Moreover, when tobacco is
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Anti body genes are introduced into these animls or

pl ants, and the anti bodi es are produced in such
animals or plants, and recovered. For exanple, an
anti body gene 20 is inserted into the mddle of the
gene encoding protein which is inherently produced
in the mlk such as goat p casein to prepare fusion
genes. DNA fragments containiyyg- the fusion gene into
whi ch the anti body gene has been inserted are

I nj ect nt r and.the e IS
i nt IO uce 8{5319 @r?grgox%a‘%e“arﬁé aesi T e ?b%rd
is ebmeﬁsnse@nf Feateheay pkarp%dlf@édemmnlm Wpﬁnéé%ma@d

goathedaime vhatbhel Yaak rofcdEaaicvesd pdeeibnyoudt as
the ?ffs %&ggﬂtn%n%%01eng OHQSrbBQté QE§§§e g@ﬁ

armu contai Al ng t He desrre an i'b
pr o8uERRF Y tPhECITE Y §H§§e"r‘ﬁ Jigeat ankordhsTes ﬁawtﬁém
gi VEne tdeditedt aanSgeni Erogogie dsagpproprihat eobfdhert ,

K. M(JL?LI%V\D BtO/ TD%C%@OEQQV edrt934) Irﬂa@uno@g(ﬁ%h 24,

VWhen si used, a baculovirus 1 nto
t hel #bsiI8d antl body gene has been inserted is
i nf ect edvhedbathoitbdry disl kwodunecand tvherdesi nedvivo

ant&P&&)’ctﬁ%ﬂ Q?s@&’?sa' nedyi £ amdhe.Bogy, fival Qn@édirﬁf the

wor m (
5922539% © %ﬁﬁfleé’@e?ha%eﬂrtUlf‘aé&@thChalZB )Luggam)[ it
desamneiba@it mbgdye gerparaseinsiortiegdat ed olree aBXPXESSI GIPN

vect okt 4,0Tanpl AL S'hosft%r a??—famr% MR 53Ghu 1Mot 1B or
the_vector jis i l_g?:q nnfg'% @cterlumsugh as
Agrg%cetr&pddﬁ'?t fa&P8ns. Arhd "Satt UMY Phen 5

i nf ectearatedt dbbe co ssnche agxiNiesst paneedtalyacanttohe host
obt a§ nc rdrk@ ogas rek @t tRoMe d mamether i eavesadént he

tob Jul i et al., Eur. J. Imunol.
(19%%912:5%10?3?81%48()11%\%& anti body is produced in
vi tro oAitibeiies 1Ppredutt e SysEens, inysngése Miede
aboxe; iddNA €regakkmgys tltenodip@isl ebaslofH thkako) o4 lUdme

i 99_& ergtgwfm)ol fus@iti %@yempﬁe t%@gé‘{?&ﬁé&ts

[ nte an expfression vector and host s

ar e° raéﬁs‘PGP%edt%?%F“laé{nB%d%quod?d BNx &r{éBal g Firner
H chmgleamtiattheFt Chaivih mmywHiehlBvi sitegrtacedin Mol &

Si NGhLi EXRRSTE QN MEGHAr o AN bR DOSter.

Specifically, antibodies are treated with an enzyme,
for example, papain or pepsin, to produce antibody
fragments, or genes encoding these antibody fragments are
constructed, and then introduced into an expression
vector, which is expressed in a suitable host cell (see,
for example, Co, M.S. et al., J. Immunol. (1994) 152,
2968-2976; Better, M. and Horwitz, A.H., Methods in
Enzymology (1989) 178, 476-496; Plueckthun, A. and
Skerra, A., Methods in Enzymology (1989) 178, 476-496;
Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
Rousseaux, J. et al., Methods in Enzymology (1989) 121,
663-66; Bird, R.E. et al., TIBTECH (1991) 9, 132-137).

scFv can be obtained by ligating the V region of H

chain and the V region of L chain of antibody. In scFv,
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is transforned therewith (see International Patent
Publ i cati on WD 94-11523). Antibodies for use in the
present invention may be antibody fragnments or
nodi fied versions thereof as long 20 as they are
preferably used. For exanple, as fragnents of
anti body, there nmay be nentioned Fab, F(ab')2, Fv or
single-chain Fv (scFv) in whpgh-Fv's of H chain and L
chain were ligated via a suitable |inker.

%;:nl fk,cal I]y ar}t hbokgalllens an etgr e\at eed \évl t hfaﬂl o

exa inor peps 16 "produce an |b88

f r agfﬁféﬁrgblbrll@éﬁ@é m@dulﬁgk@hesxer%mfabbﬂya faemgidat s
ar e inkeBstHwiRd, sagd dthen . i nbresducedli Nh@adn sci. Usa

exp of: W 0 i ch,lS.,expresse n_a suitab
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|mﬁ§ﬁepn 9194)ha152m W%asyz@%ierséﬁﬂefrormaran@f the
Ho rabiotr2 - méhﬂiqnewbbhfﬁbbdﬂés Enzy nil 0@y pt 1889)inkés, for

47 l.yec r ds in
En?' Q“@ %%95;9%%7%& 4%@94632*@1{%&‘#‘“ %@g t hods
in OEﬁlEyh%Jrreﬂgy f€f9893m911?1 16532 gymino Rﬁﬁ%s’é%ﬁb@uei may be
al .uselkt hods i n Enzynol ogy (1989) 121, 35 663-66;

B rd. Rofin loddling JLBTECH gégaaeal%edlégl%@m AERYing

can be obt aj ned % atlng the | i on ain
andPEh8 $'48yi%n tBf %_QHiiPn of &t B d§ € |3PYEFgntibody
24 andh8N¥ eregiddngofhdd Iclvhennamd tthee LVcheagn 0h me@gibn of

chaing apsve RIRfiBHaP! ¥s Itlhgatcaqu@e &yl baﬂsﬁffymg the

prefe ably ep Ilnker u
SF g Tof AREADME i RS ol tane adin sedy)
'Théevueagﬁcﬂmqaﬁ Fh@kﬁhqveaﬁéq@¢n¥e¢ Byr ey offFoftechphaie

i BmﬁQEthﬂ@)@)rﬁ@e@ebayﬁdspfebQﬁyﬁw t¥He bBEN %ndsl thﬁreof
a Qv n nt i_es pepti de e
Iﬁg %hgﬁ%§reg %ngungnthe ?Pﬁggnaﬁg dd& nco&ﬁng

¢hath peptld
g}bﬁu BFRgLAef érlnésaarqﬂrélomzall@ RE1BeT Paigsiviiel

nawebenemaamx ot DNAdEneadsagd SNAY beabi fexabtrai ned H

usi pNﬁ. %d ngn gpe r the Hchain V
re&?gn (fﬁgla ovea%n fesggé% DNA encodhéﬁ the L
£

chai n o?“??n?“@scﬁ%??gthré@FBnh%ﬁe PERB Gt Foody
as ekheetsenpl ateetby enplaihynggthidxe angoathast afrahlh€o BNAL

en%@ghngafJ]%x@%%EE% a}@c@@ra@é.rg be obtained by the
conventional methods, and scFv can be obtained using the
resultant host by the conventional methods.

These antibody fragments can be produced by
obtaining the gene thereof in a similar manner to that
mentioned above and by allowing it to be expressed in a
host. "Antibody" as used herein also encompasses these
antibody fragments.

As modified antibodies, antibodies associated with
various molecules such as polyethylene glycol (PEG) can
be used. "Antibody" as used herein also encompasses
these modified antibodies. These modified antibodies can
be obtained by chemically modifying the antibodies thus
obtained. These methods have already been established in
the art.
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15 sequence anong the above sequences by the PCR
technique wth the priner pair specifying the both
ends thereof, and by further anplifying the
conbi nati on of DNA encoding the peptide |inker
portion and the prinmer pair which defines that both
ends of said DNA be ligated to the H 20 chain and the
L chain, respectively. Once BAAs encodi ng scFv have
been constructed, an expression vector contai ning
host tran for i sai d_expressi o

t hem an

oot o Bah BT RIRRCH e Shete O Aonar SRR gbove
andcacke sapairtecbfapnethaisinggde her 28 tsadel Q%rﬁhehbgtst
by dhe canvendd engl ba%m¢&ed E@%@@héb@ﬁy Separation
fragnents, ean, e produced by, gbtaining the. gene. ...
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antl b(]):dy frqgem?n Ag'd rg)chtfell d acpc;llu%%d gé 'Protein G
antﬁb di 63 aSSOC|a%e% mol ecul es such
poI%R%PWVIen%xiﬂ%k?éIO(Fﬁkﬁ Q%ﬁﬁleﬁ% QEﬁgd}n"F@ﬁlﬂﬁﬂﬁﬁinaé
usethlueheh fe alyge re DC OPQRES €Sephiesse MOAET | & the like.

anhhﬁ%@hggiveﬂfsﬁe ?&é g'?@F 9@ﬁ§§aﬁ§n §§1§%atﬁ

obt ai ne em ca e antib
obt%ﬂ“r‘fé&tlcr‘l*@slé’ EEfo rpa%eawé%?dy Beéﬁe%é'tlatB‘IOP§hé’dY
i n litieaatdn. - 25 Anti bodi es produced and expressed

as descébp@ﬁa&%VQndcé\&l%c%@@@ﬂ al£qnkr QM 115y %H:dgse

or ou%glde of th cel | and(%gfn nag %ﬁa ur| fied
t o HomBGeREFIS T %8&58?%&‘?%&‘”& PLESEPOPY0f the
antdopbdy ihar m@ppmopheaqﬁ,esenom&qmehyl@themaynhbe the
acca@imleLﬁeleﬂl&%dataHmiw R-OREE QA RPRY - £iAsrdthen,
col%ggag f for such gqgllﬂuky g{gf)sﬁc)r ‘%H@ 1 &here
cant B&RBAt TEREE” PPat et "RUE 61 TH Yan rote i'n G*°
colGema Erappites iotludrs cdiori examised 1Pn ¥ dP06t ei n

A dHoBEBoGF £HYY Pakd Ebp RS ch Sedwig@seny, del-and the
I kf‘% 0. AL% eJr{batthgelfé’ke ”%'HQQ@ é‘%{o(r)n%%B§£ Q0L %QF!

pu I cation convent1 onal el Nns can
uséﬂ”ﬂﬁ?ﬁoh?“hﬁvghlPﬁ?@%ﬁ“@ﬁﬁe géﬁﬁbepéﬁm%ﬁﬂﬂraphy
pur(HPLCat i onltafrnbhevant, hegdyrerphiise HPLC can be used.

The concentration of antibody obtained in the above
can be determined by the measurement of absorbance or by
ELISA and the like. Thus, when absorbance measurement is
employed, a sample is appropriately diluted with PBS(-)
and then the absorbance is measured at 280 nm, followed
by calculation using the absorption coefficient of 1.35
OD at 1 mg/ml. When the ELISA method is used,
measurement is conducted as follows. Thus, 100 pl of

goat anti-human IgG (manufactured by TAG) diluted to 1
pg/ml in 0.1 M bicarbonate buffer, pH 9.6, is added to a

96-well plate (manufactured by Nunc), and is incubated
overnight at 4°C to immobilize the antibody. After
blocking, 100 pl each of appropriately diluted antibody

of the present invention or a sample containing the
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in the present invention may be acconplished by 15
conbi ni ng, as appropriate, chronmatography other than
the above-nentioned affinity chromatography,
filtration, wultrafiltration, salting-out, dialysis

and the like. Chromatography includes, for exanple,

i on exchange chronmatography, hydrophobic

chromat ography, gel 20 filtrajdaon and the |ike. These
chr omat ogr aphi es can be applied into high

performance |iquid chromatogra (HPLCO)

Al t 8PRAPPYEl Yr LBU et s fphasen H&.ﬁ%(@aﬁné@cw bYhe
concantER),| @iz aheantdhdy, obt addied hAdt hecdheve a€afbom
be t surenent of absorbance or by
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ovebHi gt cisi@€dtantimvakilize the antibody. After 35
bl ocki ngrhelgqt%?!;&]ﬂL-%a%QrO\Esea%r ‘ERE' S‘w}eeée)ﬁt W&?tdlon

antlbo”¥ resent 1 nvention
confaf fh@%tﬁglwz%f Bireipedye o 61efacq=pf&rr ﬁﬂﬁaﬁO?@GOt
( mahuéaotiur edebyioXARRERL) actakvittdye ot alrdar d Thus, acdded

andaw@y&ﬁtﬁdeattm%no ik eapgsataur @lmrmléﬂ%rr bﬁiéﬁ{g to

washi n 100 fold diluted al kal i ne

phoSph t%ﬁﬁ?pF85eI%ﬁF aftr- EfﬁﬁﬁTIIgépan&ﬂHQ%EFGFe@cTﬁWlty
Bl O f SOJRCERnAstiaciody, iandlegiculsatedl atransooction by IL-
tengerature for 1 hour. After mashing, the substrate
solutio 1S,8 d ncubated I | onwed t he
nmeasur errrhen g ?gsor agncg Ca?ns%blgtﬁ‘gn R %8
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present 1 nvent an act
rec%@?%ﬁeﬁﬁﬂitaoé% anbe considered, 1t is preferably human
IL-6.

Specifically, the secondary structure of IL-6 is
predicted using a known molecular modeling program of the
amino acid sequence, for example WHATIF (Vriend et al.,
J. Mol. Graphics (1990), 8, 52-56), and the overall
effects on the amino acid residue to be replaced is
evaluated. After an appropriate amino acid residue has
been determined, mutation is introduced to effect amino
acid substitution by the commonly used polymerase chain
reaction (PCR) method using a vector containing the base
sequence encoding human IL-6 gene as a template thereby
to obtain a gene encoding an altered IL-6. This is then
integrated, as desired, into an appropriate expression

vector, from which the altered IL-6 can be obtained
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transmt the biological activity of IL-6. Thus, the
15 altered IL-6, though it conpetes with IL-6 for
binding to |IL-6 receptor, does not transmt the

bi ol ogi cal activity of I1L-6, and thereby it bl ocks
signal transduction by IL- 6. Altered IL-6 may be
constructed through the 20 introduction of nutation
by replacing am no acid residuess of the am no acid
sequence of IL-6. IL- 6 the source of the altered

I L' camln%etgf tﬁ@y SQOnb:ﬂré)\mggl&beand 1pur]. Jrcatlon
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bi n}Q'ir{HJmth tbl1f- éeé}ﬁptI@LG()feéépt@!r 10 t!r?esl%%%bV%a’}’d
and does not tran bi ol ogi cal ctivit é’
iR W ehgeP %

LSRRGS, OFnELTE % Bl bl STCFOREr e Phier
r eceptoraljar coabr papt ilde-specidredakslyly @9 bi b8, tipere
preferably 20 -~ 40 amino acid residues.

The IL-6 partial peptide or the IL-6 receptor
partial peptide can be constructed by specifying the
region involved in the binding to IL-6 and IL-6 receptor
in the amino acid sequence of IL-6 or IL-6 receptor, and
by producing some or all of the amino acid sequence by a
conventional method such as a genetic engineering
technology or a peptide synthesis method.

In order to prepare the IL-6 partial peptide or the
IL-6 receptor partial peptide by a genetic engineering
technology, the DNA sequence encoding the desired peptide
is integrated into an expression vector, from which the
peptide can be obtained by the expression, production,
and purification methods of said recombinant antibody.

Preparation of the IL-6 partial peptide or the IL-6
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binding of IL-6 to IL-6 receptor by binding to IL-6
receptor or |IL-6, respectively, and thereby capturing
it. 15 As a result, they do not transmt the
bi ol ogi cal activity of IL-6, and thus bl ock signa
transduction of IL-6. The IL-6 partial peptide or the
IL-6 receptor partial peptide is a peptide
conprising sone or all of _thg ami no acid sequence of
the region involved in the 20 binding to IL-6 and
IL-6 receptor in _the am nqQ aci nce
| R oREaD: 7L o RoR P e gRREr A e et s dshge
- 80an peetéfabiad 26 1ing 58, nghiyoe cgmréyabbydzm -pefide
' t@l%isgsrg&.ll'gté%ssoi—b@ pxs@ BehthadiPept Ldgud draee
gfe tor 25 partial peptide can be constructed
by %’e thg the region involved in the binding to
IL-6 an@ppglslc?aécleypt the methodedapFpidascila Selguetiteudfin
I L - Kaihktbu rm‘ewte&mr toamwbeliaysmeﬁ@d@ﬁ:imgrﬁ@a@u@ircaalsl) ,
Jie aq ”9e a6 d osﬁ%seé‘fe %tgaecé’ %ts'lg eémé edy
suc ds 'a’ geHeti ¢ eng Theer|
peﬁtaird@ksyﬁfm%rs %Ph@‘dﬂ El}“i?té‘-ﬁdewsl]o ﬁﬂaép ?euf’(% The
| L-dp1aar bhake pepithdeiormédid bkeb negeplsr; par tdsalmple,
epti I ri t.he
p pa rde%ckEXoﬁo%?%H ﬁegggér&%% 2894 éogfé?e%goﬁgi/?ge 41

uence enc esired pepti s in rate
|nt %ﬂ%“é}p?%s%HQJEGVEé?%rtO'F@oﬁV0$ﬁ%ﬂ+4?Hel§5cﬁﬁﬂﬁqddé° a
carsuppoaht ahhed iy ihhel@xipr essboganijpr cdlethos, arandhen
purlflcatlon q;t@p%% gf salqn%econblqgnt agtlqu{
Pr éparation® ot th <R paF{laI ped% de 2of "The- 116 -
28 fuynstépnet Paud ARspepri deobgcted Wbt pleaRYRTESES
netdrad ece@ng her i est eshdisiseg, acnetdiatccafmBdy diseee,
1R e g% %SQ’M%EH SuGh. %St M&’%P*&%Scﬂ%heﬁ{éa
iqui d phase synt esl s. eci
netiredtdescin bed ahn szgkwnq)tazlc@hm grrmlpKalfhahsm amino

( Sesiurlp b@ Qeé/eimﬁeaal@fof&a@ngsgmdec@bﬁbledVai +hi4,
Peput| do . Wﬁ Qtlde nthe§|§%dfgggkeg gy elongate

HarUrak] okaha
Theth%@lepél%fﬁ@l@ynt Fleg | 20 st ﬁbelsmwtulﬁ@l aﬂrefshesrl@r
exagyredslira diedackdointd M ebcame@ididnanactite Fmoc

g%nt( ecz@i‘&gg gnschc 8{1 ﬁegﬂ? 13%&)@ 3l ol 419 nBeRELES L0 e
used.

After the synthesis of the desired peptide is
complete, a deprotection reaction and a reaction for
cleaving the peptide chain from the support are carried
out. For cleavage from the peptide chain, hydrogen
fluoride or trifuluoromethane sulfonic acid in the Boc
method, and TFA in the Fmoc method are generally used.
In the Boc method, for example, the above protected
peptide resin is treated in hydrogen fluoride in the
presence of anisole. Subsequently, the protecting group
is eliminated and the peptide is recovered by cleaving
from the support. By lyophilizing, a crude peptide can
be obtained. On the other hand, in the Fmoc method, the
deprotection reaction and the cleavage reaction of the

peptide from the support may be performed in TFA for
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support which is insoluble in organic solvents, and
then an amno acid in which a-am no group or a side
chain functional group has been protected with an
appropriate 15 protecting group is condensed, one
amno acid at atine, fromthe Ctermnal to the
N-termnal direction, and a reaction in which said
protecting group of the a-anppo- group of the am no
acid or the peptide coupled tothe resinis

eI|n1na%ed are %l58%$§¥ éﬁm Qﬁq&gqhgoag$aggate 20

the pepti de 'cha sol | E eptide synthesis
met hodsTa¢ e xHdpi Bedtidh &huse© Fel BthdRRME SFnbt
mstHImd tepeind Bgpanatiwn tay&nepoflnr@tteem NOLtgy @upttion

cagssg qrtl% 4 bhe isryrst §géeecnﬁt9§§ér V%%ret 508 em

r ot ectlon reaction an
r eéé?rtohsf‘%ﬂmmoéll&a‘v}?%g ﬁ%epﬁébﬂrdé’%é?ﬁaﬂ%“%%r an
SUD@@&huﬂIébﬂﬁikﬁbﬁd THH .freotich esragepbnding e the

%% F ogr@H41 r%¥95&9%2thf'HHE&&E%éEiaph obtalned 1s

uor onet hane sul nic acld

an&o*#ﬂFF?Ptﬁﬂg ExBR et ARS aFEedﬁﬁﬁfﬂFl§r?Eﬁﬂf“ §8ufn
t heuBo€iettiwddehot fexdipy epbt betalgove pe otlecta@dlysis

pepts de1sesidt M%lbﬁ@ QG%@ QMQ&@EB@Eoghgoiﬁé¥§§1@ t bge
presence, of:€ % Sﬁuentl the prote

O SRRy esS @ HBp e i TRES pEpTTaeh BT erad 65
cI@avnngaCid(ﬁﬂquhecsuppw*KheBylkWophlI|2|ng, a crude
pept i deS%@@lﬁ@: Reagbiad ngdcnOnithe p@trlﬁeél Q&’e{tﬂ:.ldienot:hﬁie
Frﬂ}% receeéacoirhg)argeg{ Ote tlldgna.{deea tl %e Surb% anese

cl eavage 1 ron1f
Vnﬁéaﬁem¢¢w3ﬁ§§nFan¢#¥qa§F0ﬂ @gﬂﬁéﬂaﬁpﬂ%86QQT gapanese
pr ogedufensd Madtahtt pub hieaabeve (kdig )cruses EPL idd@anese

t h%e??%%&f (ja%%gtb u&%@atqgnt QKOQ_%F)L)CBf 9{16§8S and

separation an ution_ _can
calpitéd obita s §aﬁﬁﬁ%r9%9%%FéﬁF??lq§35@699%%t systen15
that i sTeemmilvwtysed fler IpF6t entegquuuisti €at e dndéhe

an pr%gghgumxpe%l%q'ohl 9p. blmlfntaagid,m QQEE§§M§.QJnn9ft oL-6

rofile of

t
obtcé‘lnnBa ?‘éal%erieefw aq&opysbh%?ﬂaiga %%%'P 5%@&‘. de
fr specofitdis, pbei fieddependent ifured byekeny ectliingine

it (@pbe @RRlYS Budkédh OfeniRi-ecyl Bl yiphehs &y11MBSSe KT3,

SpeCtEgSgoggpeg§%%kyS|fl ng% BSF2 is cultured, to which
IL-6 is added, and the activity can be evaluated using
the incorporation of 3H-thymidine into the IL-6-dependent
cell with the coexistence of the IL-6 antagonist.

Alternatively, U266, an IL-6 receptor-expressing

cell, may be cultured, to which '?°I-labeled IL-6 is added
and an IL-6 antagonist i1s added at the same time, and
then the !'**I-labeled IL-6 bound to the IL-6 receptor-
expressing cell is determined. In the above assay
system, a negative control group containing no IL-6
antagonists, in addition to the group in which an IL-6
receptor antagonist is present, is set up, and the
results obtained for them are compared to evaluate the

IL-6-inhibiting activity of the IL-6 antagonist.
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anal ysis of am no acid conposition, or the analysis
of amno acid sequence, and the |like. Specific
exanples of the IL-6 partial peptide or the IL-6
receptor partial peptide are disclosed in Japanese
15 Unexam ned Patent Publication (Kokai) 2-188600,
Japanese Unexam ned Patent Publication (Kokai)

7- 324097, Japanese Unexaningg Pat ent Publicati on
(Kokai) 8-311098, and United States Patent

Publ i cati on U 1%2160075%%3%6 act_Ll vity. of the |L-6

antagonlst sen |nvent|on of
bl cEEeR§OsI @mtallquwmwmw%haoﬁhﬂameute&neééect in
quiatabadfrﬁimg spieenvestd qralghh:y Emm&n siBt 8. to blel
peci fi n uran ona, ce
I |(ra1te f% %t %ﬁ/ﬁg %ﬁu Lgn}ﬁer m?nrr\%%rpﬁna cel |
| | febKFIt MyRNal e @p@?ﬁféﬁ@ éél Pr%ﬁrﬁr@@b%@ fhynan.
cul tur edhet oharhipeht26 dderfisi Soadsierhalardréihenpoty Wit yhe
ca a S tl
BH'})tx%%eﬁg 1 aded i hQQ kf_é %%auHEQJE@Pefaa eQFPQE qrally or

ine 1nto ndent
coé%@@fféﬁé%llo»f tsrﬁrétﬁrnl@alalm ngh?%%llw t EPRat LR,
U266t ranehbud irseepton -@xdr @sstntp iedhlsionpy be

Cu'ltn% Eflus L@ MNI5G eégﬁén' 31'%% Qge%]i—toﬁlea§ %ﬂ‘e& o and

an L-6 antagoni st | s ad e sane
t heWPCHEAAYBH S |TAFEFEHCT L SGJPBSEhEIOIE’c?St' é“FES%‘mal 1a"age'
r eceplloentexir essitnd ctabletiss deterhd réde tantdwe above

as%@iecéé!ét €dHd %h@eﬁ@tt.lﬁdfc? @QB&?&QE&%%H%&@'H@ '&ﬂoQQn,
oni sts on to

I L-6 u
an PLABP5SOF iR BPPERTH b EnT 5 delnE e donltt s
ancft hbe palsifAnts obtained for themare conpared to

eval uat @né herrdde 6=l @Jﬂéabj‘ei ilagcasééwiftrbmoth& headde 8¢
ant a%?nl iste 10% {ngAs sScri bgd in t.h Exarrpl e bel ow,
- raht

ant’ recep f%ogy exﬁl% & 8° fherapeut|c
ef feg@ini ptrpfaitdrent 1 ERtdprARl Bor doisaparin thee range
sulagfec:t tb01@® nigl, epteferdabliyhe ps exemiy bBYepdtihtl Ma@ be
The C . _t.0 t t
rre;?%ra [ P%]u%gjﬁg ﬁ‘% %Eean& ]?(?fce{arggnxtﬁgtljtl%drs SOfI nal
COladimlle‘ﬁ fofor Ree fo‘f%éﬂatv n%rfénftr}eoﬁaﬁﬁyo%eantl IL 6
admemepteremtlexoﬁ&ertlm arloyinos wiparedmt €rad |l antibody is

sysheabhal 1y 9 b@@@&'é/re e@?ﬁe@%@x@'o%sagle@t FapMenpdsific

In eCtI n suc i nfusio
J mples, }% mg Eb mg per Eg of body weight,

preferably 1 mg to 20 mg, per month (4 weeks) are
administered in one to several doses, for example in the
administration schedule of twice per week, once per week,
once every two weeks, once every four weeks and the like
by intravenous injection such as drip infusion and
subcutaneous injection. The administration schedule can
be adjusted by observing the disease conditions and blood
levels of laboratory tests by, for example, extending the
administration interval from twice per week or once per
week to once per two weeks, once per three weeks, once
per four weeks, and the like.

The therapeutic agents for spinal cord injury of the

present invention may contain pharmaceutically acceptable
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10 i ntramuscul ar injection, intraperitoneal

i njection, subcutaneous injection, suppositories,
intestinal |avage, oral enteric coated tablets, and
the like can be selected, and the nethod of

adm ni stration may be chosen, as appropriate,
dependi ng on the age and the conditions 15 of the
patient. The effective dosaggiis chosen fromthe
range of 0.01 ng to 100 ng per kg of body wei ght per
admnlstrg\tlondfélt%s e|ve the%osaem%he
range 18f°1°% 6" f969 ﬁ)re 3b?y %o % ngy
patdevinifhyabieor20 @h@@@lfﬁs Prfeﬁé?fr’i R FOSAGe]” itives
pr efreyifad m&fm,d% Qfxarxﬁéjd'ﬂ'd'tilS:b[La&&@é'ptailb%ezblﬁcﬁhr}]ﬂ:at :
ing se c ntibody, the
anou E&gg\?he?(gl n p%}f 161 SE&% pf?esent in the

bl myéﬁéyé?ﬁ@&hl@énaosaag”@sfboﬁﬁvsr@é}c|Pfqldmeéxarrpl es,

0 Tafpokomdthymrenenlkge ofodiody wel gdiryl2b poefed, aksloyuum
I n oﬁégagg r@hté}-saﬂ9ﬂig‘45%t@§ﬁksé?fﬂéa¥m@gﬂyf'é%é?é%d

to Several “doses
adANLETr AP O lscRealY 2 G LiPEe p%frhx/beéﬁllbh%?fper
weedanthanceureyveyuyn Bwabieekssedngegehearin, f agar weeks

andﬂ:&g‘i?clekkﬁ S;Q py’ﬂEﬁé‘Vcﬁ%‘& 'Bb?;‘?éﬂrﬂ}le%c!}l?éold“ P

i nf usi gn and Subcut aneous |n ectl

admidvestPat i R S dRBduf e aﬂ)‘é %?j}j’ussttgarbﬁ Hhihr ViURg"
t hesadiugeaseurcigndiHiSRd nsmammd tiollooslorbienedl, s laftose, a

I aqﬂ{a@heeyuﬁﬁﬁﬁybxccé af%aRDk Eac@xiteRdbngnd he ke .
nterval fr per ek 0

tration tw ce nc

e ZaREE b G B P Rosas ddake SEna Nt hkadr Ehe

@b@veméeC@BDl@@rtlfDO@lrthﬁer@@ dwqm IOiﬂkéhe Wage
t hetapeuti c agents for spinal cord injury of the
Presg ?‘ | nventl on may contai n pharnmaceutically
accep 5% e carriers or additives de?endln
t he rou?beoﬂ’resz?dlrﬁ AREER o1l ExaipIRes egPLlaingf 1n more
cardeit@f $s owitaddielfievesce i ticlthdeewat€les and reference

phae%%?%&' caf %%EE&&P% Qanh&wexﬁé}] VeRty &94 | 3988nt

Vi ng al co %%w n¥ yrroli done,
carlﬁ‘d'ﬂ) LAY | L HAYeinL 9ﬁ‘ét3rf§/|a€’éfl P’EVose sodi um
polBxagpyki £ sodi um sodium al ginate, water-sol uble

dextaiaRiaCardexyethys starch sodium pectin, nethyl
Celle.nlilmgig’- etnyl cellul ose,

Adult (18-22g) female c57BL/6J mice were used in all
experiment groups.

Spinal cord injury:

Female mice were anesthetized by the intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (10
mg/kg). The back was shaved, a 20 mm midline skin
incision was made, and then the spine was exposed. After
the thoracic region of the spine was exposed by
separation to the sides of the back muscle, the spinous
process of the T7-T13 vertebra was exposed. Laminectomy
was made at the ninth thoracic spine level to expose the
spinal cord taking care not to injure the dura mater.

The spine was stabilized with forceps and clamps on the
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xant han gum gum Arabic, casein, gelatin, agar, 10
di gl ycerin, propylene glycol, polyethylene glycol,
Vasel i ne, paraffin, stearyl alcohol, stearic acid,
human serum al bumin (HSA), mannitol, sorbitol,
| actose, a pharmaceutically acceptabl e surfactant
and the like. Additives used are chosen from but
not limted to, the 15 aboveser_comnbi nati ons thereof
dependi ng on the dosage form Exanples The present
|nvent|on will now be expl ained,i re details wth
r ef’er ERCeTth THEERaRPTE s&ﬁdaP%fg}%ﬁc}@a%“éXarﬁﬁt ¢, the
| t stigaldbbey netsedlohberver lowkaing Hédepsegent spinal
|1 n\l\//cgc{ligl QHF n@cxl I mag erﬁiaaeo bE/h@Hé |Iﬂ([ﬁﬁéﬁp\é@¥oi gxepgm

s and
fer?ﬁlé’rhESJi’g“L? 6F i Eétg\e?e ﬁ?&gg °F e 5JI P §Je'rg| rredﬁ SHoed
gr oups. aSpehait odr d5i W uroy thEeRAl Jee‘fﬁlcép\}\e#e cord.
anqaihetszegh hd hach 8éd apeti heneatlodea) eat L&vef, and

ket am ne Xyl azi Kk The
bac éﬁg%ewngreagzﬁc%% ry&l | nnépe{a]ture Co é 9)1
rrad@ar@nd tineil ttﬁ@pspahermnéxobsﬂe%.reﬁﬁﬂ:ébll%w
tthLQ%|a%16ﬁgtB3QrﬂnaQﬁaﬂ.hBl§dHerieeﬂ@ﬁl@i@ﬂOSﬁ@ b¥rformed twice

Senaratonuio: £ Ne At deso ol L8 PASK JIisekeastNeheq.

spi‘nous FOCESS 0 verte ra was exposed
LarBaetecamarnt thes ippeet ian cherat mtirAeRaei ELehi ne
|eVﬁceb‘ﬂoeX@me(MRh6 1spinal cord tak| ng care not to
injure ura at e The $pin ed
forceps&%‘ 8t s 26 %ef jur§2 Hagmf %gh% |f ous tgclin
pr otfe soas e aped st helghgamta.dmAme?ewfé byagi ﬁmlg)ffbdy
wslrfﬂxﬂitsaeﬁt&yeallowgleﬂgl&he(t&éalgﬁlGSlpiqi'alup,CﬁHEIjS , and
I N t NY
wel G1R CTRE bl £ o el Bt or b e, B2 106 by
dr opﬁéépsrﬁ@?ﬁaal Rep ght T (ZS‘Grrﬁ?@*ofctlhéJrngfeVe]rS) For
Spimalt caegdcal Misciesuastd sthehbntésehnpaytenes® the both
C|O 53&' n Lﬁge{ﬁﬁra @91t$£5%fa@hﬁéé§ldﬁ”a% BE@QeQSGrdekg
rat

ture- cont
body weight) was performed for two weeks from the day of

surgery in order to label the dividing cells.

Evaluation of motor function:

Using three different tests, the present inventors
evaluated the recovery of motor function after injury.
The functional evaluation was continued to week 6 after
injury.

Evaluation of motor function of the lower limbs: In
order to evaluate the functional effect of SCI, the
present inventors performed a motor function evaluation
by the Basso-Beattie-Bresnahan (BBB) score which has been
commonly and widely used. Three different testers
evaluated individual animals for four minutes in a double
blind manner, and scored (0-21) the function of
individual lower limbs as defined. All tests were
recorded in videotapes.

SCANET: SCANET is an automated analytical system of

animal movement comprising a cage equipped with an
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chanmber until tenperature control is reestablished.
Urination by manual bl adder expul sion was perforned
twice 10 per day until spontaneous urination was
establ i shed. Protocol and the injection of rat
anti-nmouse IL-6 receptor mAb (MR16-1): |Inmmedi ately
after injury, 100 g of MRL6-1 per gram of nobuse body
wei ght was adnministered by a single 15

i ntraperitoneal injection (the MR16-1 group, n=15),

and, he contr ol roup re hej ved the sane ang % ofd
r at "G5 sf"ﬂ??apéﬁmteone 1S A8t PR “(ltrﬁ) rof
grongﬂonwdyey léxﬂraﬂnagﬂopggﬂxpgl gntions (RG), i.e. the

I mynehd.stecheri sals %'tl@h?d%ﬁ o, bh@a@%@ntﬁ&@@% tide
[ ntra erit neai: i nj ection

Q body .
i BB 1 6 1P i SR T PG g gL 40
Sur@efﬁyvqnn témder Iro degbéFuide d-|tv|l§|:ﬁ@l(té:|h|a§ thire is a

Evabsatdionr etanDiolcfiuret hoivnddsSibnget e tdief Rer etdre

tests, the _present inventors evaluated the recovery
of WOt oF f GRet TON Bfter inj ury. 25 The functi onal
eval uat ikoragad evtrdmidéd Tioe viskdgnatedmotiigpupd. four

Eval uatd QrasobvaDidded BWRChL oM ref at heusovar d irebslvimy rod
or dgév & %Y)ﬁhk@gfn 23? leQELE OIQ)Z-H gf g?%o cfforgg thl nﬁice

pr esen I nventors or ned mot or uncti_on

evaFRatdidn 38hpy"etRe Béés%lfs“é’a‘& PPetBf SVIAA g BB 2t
Scosgeadd ©f haslbesnd 16omponlandantdewidsint wded. uihileat

di fferents Last §ES: ¢ SYa t_e@t:efizd %@b\éhsﬂyal ey @@héti&q of

four mnutes in a double rranng and score 1
(0- 295- e trenBe T HT oS Fﬁ%ﬁ‘ \ﬁ"d’&éEF‘tF wkron .tﬂ?-ssmagn value
def amédheAmaxtimeshs were 35 recorded in videot apes.

SCANE{inopGANEEnéRi kAUt onat ed anal ytical system of

ani mal mpri.sing a cage equi pped W

33 mfré’rregegé?lg T S act %mf)nfg oér)swerﬁenane ﬁ}i‘ tized
andby v rexyL at VR 4>%tcé1re&myén@itfweﬁ pedl 4 g e ehyde

i ewai'ﬁiad&@ﬁ?@ia&ﬁytﬁeﬁﬁ&s@i QhQMGEBgmiﬂh MMibChlxed.

qua titates.t i S u o

per Ornéﬁjﬁl F rdiﬁ na#tggcggi %ﬂd gggééﬂégﬁ§k¥h 4%

par P@éﬁ%malﬂ?hyge i &OPHa'fert‘Hf‘erraéuif§ for Fodieti paurs-

st abhstd CRfuel 8habi ONERI PrketyReNnt hes REa&eRkeat 4°C for

24 hours, and placed in 30% sucrose for 48 hours prior to

embedding it in the OTC compound. The embedded tissue
was frozen in liquid nitrogen and stored at -80°C. The
cryosections were made by sagittal section and axial
section at a thickness of 20 micrometers, and stained
with the HE stain or the immunofluoro double stain.

For the immunofluoro double stain experiment, the
spinal cord section was blocked in 0.03% Triton X-100 and
10% normal goat serum in 0.01M PBS (pH 7.4) for 30
minutes. As the primary antibody, rabbit anti-GFAP
antibody, rat anti-Brd-U antibody and human anti-Hu
antibody (as a neuron marker) were used, and incubated
overnight at 4°C. As the secondary antibody FITC-
conjugated rabbit IgG antibody and Texas Red-conjugated
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and the BBB score. Rotarod treadm||: The coordi nated
nmotion of four |inbs was eval uated by placing a
nouse on a revolving rod 10 device conprising a
plastic rod so as to force the mce to wal k. The
nouse was placed on the revolving rod at speeds of

5, 10 and 15 rpm and the latent tine until it

dr opped was nonitored for 1284seconds. The function
of coordinated notion was each evaluated fromthe

Mean val ug o, a0d {06, MaxkmyL, {Amnol st oghemst hy
For "hi s ooglca exanm Hati n, Wier e anest heti ze
by wierRa¥athcsh oftdf el a@fih‘eliialxaaﬂﬂi jogler a

parratiorsml dlelydee. was transcardi acly perfused, and

th f 0O The spinal cord was
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it was quantitated by the a-imager. |
Result:
(1) Evaluation of motor function of lower limbs
For 15 spinal cord injured mice that received anti-
IL-6 receptor antibody (MR16) and 15 spinal cord injured
mice (control) that did not receive the above antibody,
mean values of BBB scores are shown in a graph in Fig. 1.
After spinal cord injury, on day 7 and thereafter, the
recovery of motion was good in the group of mice that
received MR16 antibody, and on week 5 and week 6 a
significant difference was noted.
(2) SCANET
For 15 spinal cord injured mice that received anti-
IL-6 receptor antibody (MR16) and 15 spinal cord injured
mice (control) that did not receive the above antibody,

lateral motion and the number of times of standing up
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center of injury, 4 mm proboscis side and 4 nmm cauda
side) was excised, which was honmpgeni zed in a MAPK
bacteriolytic buffer containing a protease inhibitor,
and 10 sonicated foll owed by centrifugation at 15,000
rpm Protein was separated fromthe supernatant of
each sanple by SDS-PAGE, and blotted to a

pol y(di fluoride) vinylidene 3genbrane by _

el ectrophoresis. After the nenbrane was blocked in a
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a-i mager. Result ? tion”o unc
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Despite the presence of inherent neural stem cells
in the adult spinal cord, the repair of the spinal cord
due to the differentiation of the cells does not occur.
This is probably because the inherent neural stem cells
differentiate into glia precursor cells and further into
astrocytes in the injured spinal cord and thus do not
differentiate into neuronal cells. When the formation of
reactive astrocytes was counted by an immunofluorescent
method using anti~GFAP antibody and anti~BrDU antibody
for the spinal cord of the injured part of four spinal
cord injured mice that received anti-IL-6 receptor
antibody (MR16) and the injured part of four spinal cord
injured mice (control) that did not receive the above
antibody, as shown in Fig. 3, the administration of the

above antibody significantly reduced the formation of
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infjured mce (control) that did not receive the above
anti body. This difference was significant by Fisher's
exact probability test with p<0.05. (3) Rotarod
treadm ||l 10 For 15 spinal cord injured mce that
received anti- IL-6 receptor antibody (MR16) and 15
spinal cord infjured mce (control) that did not
recei ve the above anti body,- 3che above experinment was
performed, with a result that no significant

di fggarc nce w vva rgcotteed 8/{1951 (gﬂe revol vi ng speed 15 of

t he' TOd was ° py (sl Prevolut i ons per mnute) and 15
rpn1<5k/\ﬂtﬂ€é&§nabl®5t @l YasSshown in Fig. 2, on day 358
and thEEfoQ?ffbﬁf sditren fwmaidnﬁﬁéd hDi&irahd ttB@r spinal
recovery, of 1 |na I RLuL t hat
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of fééé%tor, which was then inserted into mpl8 (manufactured
by Amersham). Using a synthetic oligoprimer designed to
introduce a stop codon into the cDNA of IL-6 receptor, a
mutation was introduced into the cDNA of IL-6 receptor by
the PCR method using the in vitro Mutagenesis System
(manufactured by Amersham). The procedure resulted in
the introduction of a stop codon to the amino acid at
position 345, and gave cDNA encoding soluble IL-6
receptor.

In order to express the cDNA of soluble IL-6
receptor in CHO cells, it was ligated to a plasmid pSV
(manufactured by Pharmacia) to obtain a plasmid pSVL344.
The cDNA of soluble IL-6 receptor that was cleaved with
Hind III-Sal I was inserted to plasmid pECEdhfr
containing the cDNA of dhfr to obtain a plasmid
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5 receptor at 12 hours after spinal cord injury was
i nvestigated by Western bl ot analysis. The result is
shown in Fig. 4. The expression of IL-6 receptor was
only observed in the spinal cord injured mce. Also,
as shown in Fig. 5 the adm nistration of MRL6
suppressed 10 the anmount of phosphoryl ated STATS,
indicating that the intraperitaneally adm nistered
MR16 acted in the spinal cord. The foregoing
conf d. that. lL-6 _antagonists pro e er ir
REC AR A e b TSR aab e oRh s g £
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Reference example 2. Preparation of anti-human IL-6

antibody
Ten pg of the recombinant IL-6 (Hirano et al.,

Immunol. Lett., (1988) 17, 41) was used for immunizing
BALB/c mice together with Freund's complete adjuvant, and
this was repeated every week until anti-IL-6 antibody
could be detected in the serum. Immune cells were
extracted from local lymph nodes and were then fused with
a myeloma cell line P3Ul using polyethylene glycol 1500.
Hybridomas were selected according to the method of 0Oi et
al. (Selective Methods in Cellular Immunology, W.H.
Freeman and Co., San Francisco, 351, 1980) that employs
the HAT medium, and the hybridoma that produces anti-
human IL-6 antibody was established.

The hybridoma that produces anti-human IL-6 antibody
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Acad. Sci. USA (1980) 77, 4216-4220) by the calcium5
phosphate precipitation nethod (Chen C. et al., Ml.
Cell. Biol. (1987) 7, 2745-2751). The transfected CHO
cells were cultured for 3 weeks in a nucl eoside-free
a MEM sel ection nmediumcontaining 1 nM gl utam ne,
10% dialyzed FCS, 100 UmM penicillin, and 100 g/ m
10 streptonycin. The sel ected;£HO cells were screened
by the limting dilution net%od to obtain a single
CHO cell clone. The CHO cell clone was anplified in
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Then, the IL—6—dependent mouse hybridoma clone
MH60.BSF2 was used to examine a neutralizing activity
with respect to the growth of the hybridoma by MH166
antibody. MHG60.BSF2 cells were dispensed to 1 x 10%/200
pl/well, and samples containing MH166 antibody were added

thereto, cultured for 48 hours, 0.5 puCi/well of 3H-
thymidine (New England Nuclear, Boston, MA) was added,
and the culturing was continued for further 6 hours. The
cells were placed on a glass filter paper and were
treated by the automatic harvester (Labo Mash Science
Co., Tokyo, Japan). As the control, rabbit anti-IL-6
antibody was used.

As a result, MH166 antibody inhibited, in a dose

dependent manner, the incorporation of 3H—thymidine of
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Al exandria, VA) was coated with 100 | of goat
anti-nmouse 5 1g (10 I/m, manufactured by Cooper
Bi omedi cal, Inc., Malvern, PA) overnight at 4Cin
0.1 M carbonat e- hydrogen carbonate buffer, pH 9.6.
Subsequently, the plate was treated with 100 | of
PBS contai ni ng 1% bovi ne serum al bumin (BSA) at room
tenperature for 2 hours. 10 Afster washing it in PBS,
100 | of the hybridoma culture supernat ant was added
d .t hen S ncub toat
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IL W6H e a@@@lé@d! Fedchliets We actévbHeemt abrbn of
200Re £ eScrghpwe] I3, andegdhren ibheofl tartadihaaath i mitdy
of each well g{gcga washi ng was determ ned by a gamm
co , mma 9000, Beckman Instrunents,
Ful | ert gticAh-6 crecepboRydriidofd YT bhayeragedypy &he
poshdtnel iof Hbheadd <6 bBindimgaassay. & oim.t besemmunol.,

clo st.ghl e nal |
At L2058 a-%%ﬂ%@%ngaﬁ%%%#%éu?%d%ﬁb%%@gted

hyb$$MSﬁaéB 95@%%«# qué&aWaqﬂr?erFmﬁh%hemwalsr

I L- melwd@ntNmmohybng damahel ateachHdds @eBSFEN Wasd

use 1 88 _grfeubial ig] e QQtIVééJyenc\éﬂ tRog &S paat,

tot hof t he hybrld MH166 ant i body,
c’éFFsp‘We‘rféeEh sperneEgnt %y‘il%“al(?e/léobme 6

I /vm:% ,scaiuthidangd s tboimt @l m-1pg rVHABHN Gritenlyd dye Wesres

agf§&hfédyif@19@rfaé %%H%Qcﬁf&rrﬁﬁ mﬁéﬁéﬁadlﬁieglﬁ Akdﬁ

th i ne n R,
sadereriials e el Ehora REFea SR Y A P BER o
houffsanurﬂ@@tg@)e‘éew daker ehemixzedd) onl@ g1 égseﬁhﬁltl@raml“e
pape;sn ana r)]wah;e 0 tlrseaat aacb¥ drie maut @nBidrc maB\é@ﬁﬁﬁiody

Ci yo p

Cont Tt toaphpfrahe TP pet e PRl e S8} are yrashed
r esﬁﬂr’f thEIf6Bl‘a*htﬁh@od‘9‘gFﬁW3m ﬁoeléfer nt R¥§Pare3the
depﬁxhdﬁmuryapmexfletdwem—acmmtatrl oo wf Wddt igai di ne

""ﬁﬁ‘ ,BSF2 cells induced by IL-6. This
revea ed i that IVH166 anti body neutralizes the
activi t)PA&B/FLmBCe "REFeBREE 28k fpie Bimesy Eparatish days
of w@ahth -themahoVve -dartrietept @rridnedbdily6 receptor obtained

from 3 x 10° U266 cells, and then a hybridoma was prepared

using a standard method. The hybridoma culture
supernatant from the growth-positive well was tested for
its activity of binding to IL-6 receptor according to the
method described below. 5 x 10’ U266 cells were labeled
with **S-methionine (2.5 mCi) and were solubilized with
the above digitonin buffer. The solubilized U266 cells
were mixed with a 0.04 ml volume of MT18 antibody bound
to Sepharose 4B beads, and then were washed six times
with the digitonin buffer. 3°S-methionine-labeled IL-6
receptor was eluted with 0.25 ml of the digitonin buffer
(pH 3.4) and was neutralized in 0.025 ml of 1M Tris (pH
7.4).

0.05 ml of the hybridoma culture supernatant was

mixed with 0.0lml of Protein G Sepharose (manufactured by
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5 Anti-I1L-6 receptor antibody MI18 prepared by the
nmet hod of Hirata et al. (Hrata, Y. et al. J.

| munol ., (1989) 143, 2900-2906) was bound to
CNBr - activated Sepharose 4B (manufactured by

Pharmaci a Fine Chem cals, Piscataway, NJ) according
to the attached regi nen, and 10 IL-6 receptor
(Yamasaki, K. et al., Science {1988) 241, 825-828)
was puri fi ed. A human nyel oma cell line U266 was
solubilized wwth 1 nmM p-para-am nophenyl nethane
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was analyzedeBMit revealed that the antibody produced by
the hybridoma PM-1 inhibits the binding of IL-6 to IL-6

receptor.

Reference example 4. Preparation of mouse anti-IL-6

receptor antibody

A monoclonal antibody directed against mouse IL-6
receptor was prepared according to the method described
in Saito, et al., J. Immunol. (1991) 147, 168-173.

The CHO cells that produce mouse soluble IL-6
receptor were cultured in the IMDM culture liquid
containing 10% FCS. From the culture supernatant, mouse
soluble IL-6 receptor was purified using an affinity
column in which anti-mouse IL-6 receptor antibody RS12

(see Saito, et al., supra) had been fixed to Affigel 10
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SDS- PACE to investigate the hybridoma culture
supernatant 5 that reacts with IL-6 receptor. As a
result, a reaction- positive hybridoma clone PM 1
(FERM BP-2998) was established. The anti body
produced fromthe hybridoma PM1 has a subtype of
lgd K. The inhibitory activity of the anti body
produced by 10 the hybri dorasPM 1 on the binding of
IL 6 to human I1L-6 receptor was studied using the

1My Rh o Gelkdl b&s; 266, A human reconbi nant
was prepared fromE. coli (Hirano et al.
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The neutralizing activity of the antibody produced
by the hybridoma on signal transduction of mouse IL-6 was
examined by 3H—thymidine incorporation using MH60.BSF2
cells (Matsuda, T. et al., J. Immunol. (1988) 18, 951-
956). To a 96-well plate, MH60.BSF2 cells were prepared
at 1 x 10% cells/200 pl/well. To the plate were added 10
pg/ml mouse IL-6 and MR16-1 antibody or RS12 antibody at
12.3 - 1000 ng/ml, then they were cultured at 37°C and 5%
CO; for 44 hours, and then 1 uCi/well of 3H-thymidine was
added. After 4 hours, the incorporation of 3H-thymidine
was measured. As a result, it was found that MR16-1
antibody suppressed the incorporation of *H-thymidine by
the MH60.BSF2 cells.

Thus, it was demonstrated that the antibody produced
by the hybridoma MR16-1 (FERM BP-5875) inhibits the



was then injected to the abdonmen of Wstar rats. From
5 two weeks after the admnistration, the animals
were boosted with Freund's inconplete adjuvant. On
day 45, rat spleen cells were harvested, and about 2
x 108 cells thereof were fused with 1 x 10" nouse
myel oma cells P3UL wusing a 50% PEGL500 (manufact ured
by Boehringer Mannhein) 10 acgording to the
conventional nmethod, and then were screened by the
HAT cul ture i um ter _the hybridoma culture
supsfﬁﬁfghpfagg_gdﬁbgﬁf “tHe Pifate coated with
rabbit anti-rat 1gG antibody (nmanufactured by
Cappel ), nouse soluble IL-6 receptor was 15 reacted.
Subsequently, using rabbit anti-nouse IL-6 receptor
anti body and al kal i ne phosphat ase-| abel ed sheep
anti-rabbit 1gG hybridomas produci ng anti body
directed against nouse soluble IL-6 receptor were
screened by ELISA. Hybridoma clones for which

anti body production 20 was confirnmed were subscreened
twice to obtain a single hybridoma clone. The cl one
was designated as MR16-1. The neutralizing activity
of the antibody produced by the hybridoma on signa
transduction of nouse |IL-6 was exam ned by
3Ht hym di ne i ncorporation using MH60. BSF2 25 cells
(Matsuda, T. et al., J. Immnol. (1988) 18, 951-

956). To a 96-well plate, MH60.BSF2 cells were
prepared at 1 x 10" cells/200 Ri/well. To the plate
were added 10 pg/m nouse |IL-6 and MR16-1 anti body
or RS12 antibody at 12.3 - 1000 ng/m, then they
were cultured at 37C and 5% 30 CO2 for 44 hours, and
then 1 RCi/well of 3Hthym dine was added. After 4
hours, the incorporation of 3Hthym dine was
measured. As a result, it was found that MR16-1

anti body suppressed the incorporation of 3Hthym di ne
by the MH60.BSF2 cells. 35 Thus, it was denonstrated
that the anti body produced by the hybridoma MR16-1
(FERM BP-5875) inhibits the - 42 - binding of IL-6 to
IL-6 receptor. - 43 - CLAIM



1. Use of an antibody against interleukin-6 (IL-6)
receptor for the manufacture of a therapeutic agent
for spinal cord injury. 2. Use of an interl eukin-6
ant agoni st for the manufacture of an agent for
pronmoting the recovery of spinal cord injury. 3. The
use according to claim2, wherein the interleukin-6
ant agoni st is an antibody against interleukin-6
receptor. 4. The use according to claim1l or 3
wherein said antibody is at | onal anti body. 5.
The use according to claim4 wherein said antibody

is a nonocl onal antibody agai nst human |L-6 _
recepllor. FseTiod @e addhraingpgainsti mgevhepsin-6 (IL-6)

said _antibaody,is ocl onal _ant i L st e
FReRpePR. hfo e e RRE of b ERE B85 SR, agpHE rox
§b2hHB éokrd Gnjuhrgrein said antibody is a reconbinant
anti body. B. The use according to claimb5 wherein

sai d 2ronobBen&f & iY@ IRJEfHyT 6 nambagonisty Eespthe
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s§pepRLOEord WRIGrYy. antibody. 10. The use according
to any one of clains 4 to 9 wherein said antibod¥his
e
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Lyeme) a0l o) BBl L6 SRl Clood) sdbinbee
antebddykin-8 mecmpitoad PM 1 anti body. 12. The use of

of & frodul AD8r USF ARG 44 dr B rbcPEl 5 SRERFLD said
faHeglsarienticlogdt My 6 (-0 antagori e

di f f eBent i @heomsientaccogidingalid sclaim 4 wherein said
antibody is a monoclonal antibody against human IL-6
receptor.

6. The use according to ;laim 4 wherein said
antibody is a monoclonal antibody against mouse IL-6
receptor.

7. The use according to any one of claims 4 to 6
wherein said antibody is a xecombinant antibody.

8. The use according to claim 5 wherein said
monoclonal :antibody against human IL-6 receptor is PM-1
antibody.

9. The use according to claim 6 wherein said
monoclonal antibody against mouse IL-6 receptor is MR16-1
antibody. '

10. The use according to any one of claims 4 to S
wherein said antibody is a chimeric antibody, a humanized
antibody, or a human antibody against IL-6 receptor.

11. The use according to claim 10 wherxein said
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humanized antibody is a humanized PM-1 antibody.

12. The use of interleukin=-6 (IL-6) antagonist for
the manufacture of a modulator of differentiation of neural
stem cells.

13. The use of interleukin-6 (IL-6) antagonist for
the manufacture of an inhibitor‘of differentiation into

glia cells.



