ANTI BOGZIO HUMAN | NTERLEUKI N- 6 RECEPTOR BACKGROUND OF THE | NVERTT & €9R.Y
Fiet @ of the Invention The present invention relates.:to antibodies which
specifically bind to a human IL-6 receptor, and a 5 process for the
preparation thereof. (2) Description of the Related Art Interl eukin-6
(hereinafter abbreviated to "IL-6") is a pratein having various inportant
physi o- logical activities and participating broadly in the 10
proliferation and diff-rentlatlon of cells. FurthernDre i t |s reported
that an abnormat produe¥E&RAE UL : i CEBIRR ng vari ous

aut0|nnuge di seases (see KlshlnDto and leano Aﬁn Rev | munol ., 6, page
485, 1988). 15 B 6§C@ﬁ§ &¢ cell nmenbrane, which
speC|f|caIIy bind to IEAgK &g?g anal :?i?éqxfa et al., and the nunber on

each cell and binding &6hst§ﬁ?1?o°fL QPV&#%?G ted (see J. Exp. Med.
196, page 967, 1987) Fur t hghgopLeséht n%ﬁothtés&éesﬂﬁibbdms 20

| sol ated, and the uct er eof s re ed b zaki et
(see Science, 241% gaséfﬁi §§§;Y #gn ?%xyfh é&#%ﬁgl ¥5 QFed3B 3
genetic engiﬁeeripgoaehboﬁohathd prneparatiorstherxeof s expected to becone a
t herapeutic or diagnoskgg aggggr£§£i¥§r$9uéhérﬁgigigé‘Argiseases. For a

mass production and ho eneous
Interleukin-6 (hereinafter abbreviated to

“IL-6") is a protein having various important physio-
logical activities and participating broadly in the
10 proliferation and differentiation of cells.
Furthermore, it is reporéed that an abnormal production
of IL-6 is possibly a factor causing various autoimmune
diseases (see Kishimoto and Hirano, Ann. Rev. Immmnol.,
o 6, page 485, 1988). |
15 - IL~6 receptors on the cell membrane, which
- specifically bind to IL-6, were analyzed by Taga et al.,
- and the number on each cell and binding constant to IL-6
were reported (see J. Exp. Med., 196, page 967, 1987).
Furthermore, the c¢DNA of human IL-§ receptor was
20 isolated, and the primary structure thereof was reported
by Yamazaki et al. (see Science, 241, page 825, 1988).
11.-6 receptor which is prepared by a genetic engineering
method based on these results, is expected to become a
therapeutic ot'diagnostic agent for various immune
25 diseases.

For a mass production and homogeneous purifi-
cation of such IL-6 receptors, the development of an
antibody to the IL~6 receptox as a means for promptly
identifying the IL-§ receptor is required, but a

30 monoclonal antibody capable of recognizing the IL-6
receptor has not been known.
SUMMARY OF THE INVENTION
Therefore, a primary object of the present
invention is to prnvide.various types of antibodies to
35 IL-6 receptor.




cation of""Such IL-6 receptors, the devel opment of an antibody to the IL-6
recept-or as a neans for pronptly identifying the IL-6 receptor is required,
but a 30 nonocl onal anti body capable of recognizing the IL-6 receptor has
not been known. SUVMARY OF THE | NVENTI ON Therefore,. a pri.mary object of the
present invention is to provide various-types of antibodies to 35 IL-6
receptor. -2- To attain this object, the present invention provides
anti-bodi es to human interl eukin-6, receptor, which is capabl e of binding

specifically to a hurE® ?HEatR cthds-9p ftde present inyepti@Bnpre, the
pr esent |nvent|cpr¢w:dedeantwhmdihsmtqwhnhanlﬂ;ﬁhﬁhﬂﬁkﬂﬁxﬁﬂremmpboﬂy havi ng

bracaes forthe ML £0°ebeme BE BLARGN JIUAEIAN Y N, N OffER
| mmuni zi ng a nanga.eE}?%kénhﬁnﬁﬂF¢FﬁQ¥4eukln 6 receptor anti gen, -obt ai ni ng

i mmunocyt esSfrom t he yagERbrmofelsi €ige {F@séﬁﬁﬂlxﬁﬁﬁﬁidﬂtﬁroﬁy@égna cells,
and cloning a hybrld cell lLine ca CO I n hupan ;
interl eukin-6 red gaa??oﬂf?ﬂ%cfﬁ%e BHE onal ‘zhtibody having the

above-mentioned properties.
The present invention also provides a process for

the preparation of the hybridoma, which comprises

10 immuinizing a mammal with a human interleukin-6: receptor
antigen, obtaining immunocytes from the mammal, -fusing
‘the immunocytes with f myeloma cells, and cloning a
hybridoma cell line capabie of recognizing a human - ::
interleukin-6 receptor from the fused cells. -

15 The present invention further provides a process

for the preparation of an antibody to a human

interleukin-6 receptor, which comprises culturing the

above-mentioned hybridoma and recovering a monoclonal

antibody capable of recognizing a human interleukin-6
20 receptor from the culture.

The present invention also'provides & process for
the preparation of a polyclonal antibody to a human -
interleukin-6 receptor, which comprises immunizing a
mammal with a human interleukin-6 receptor antigen and

25 .recovering a polyclonal antibody capable of recognizing
a human interleukin-6 receptor from the immunized
mammal. o

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the reactivity of a T-cell line

P30 Jurkat in which the IL-6 receptor is not expressed
' {curves (a) and {c)], or a Jurkat in which an IL-6 |
recaptor cDNA-containing vector is introduced and the
IL~-6 recéptor'is durably expressed [curves (b) and (d)].,
with the culture.supernatant of MT18 ([solid lines in

35 curves (a) and (b)) or the culture supernatant of PM1
[solid lines in curves (c) and (d)]. The dotted lines
show the results for the cells not treated with the



15 The present invention further provides a process for the
pfeparation of an antibody to a human interleukin-6 receptor, which
conprises culturing the above-nentioned hybri dona and recovering a
nonocl onal anti body capabl e of re66gnT2|2£ a human interleukin-6 20

receptor fromthe culture. The present 1

for the preparat

ention al so provides a process
ion of a polyclonal antibody to a human interleukin-6

receptor, which LSe g a manmmal with a human interl eukin-6
n&ﬁan‘%%% SubdTRUL 2

receptor antige

recovering a polyclonal anti body capabl e of
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SDS-polyacrylamide gel electrophoresis and auto-
radiography;
Fig. 3 is-a graph showing the inhzblting effects of

~ PM1 and MT18 antibodies on the binding-of- IL-§ to.the

15
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35

IL-6 receptor according to the procedure described in
Example 4;

- Fig. 4 shows the results of a comparison of the
bindings of the MT18 antibody {curve {a)] and PMl-
antibody {curve (b)] to U266 cells in the presence
(broken line) or absence (solid line) of IL~6, and the
dotted lines show the results for U266 cells treated
with only IL=~6;

Fig. 5 shows the incorporation of txitium-labelled
thymidine by KT3 cells cultured with various concentra-
tions of IL-6, in the presence or absence of the culture
supernatant of MT18 or PM1l; and

Fig. 6 is a cell distribution diagram showing that
the MT18 antibody binds only IL-6 receptor-producing
cells.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Antibodies of the present invention specifically
recognize a human IL-6 receptor, and include monoclonal
and polyclonal antibodies. The monoclonal antibodies
include antibodies competitively inhibiting the binding
of human IL-6 to a human IL-6 receptor and antibodies
not compétitively inhibiting this binding. The former
antibodies, include, for example, PM1 monoclonal
antibody produced by the hybridoma PM1 of the present
inveﬁtion, and the latter antibodies include, for
example, MT18 monoclonal antibody produced-by-the

g
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culture supernatant; Fig. 2 shows the results obtained by sol ubilizing
ientefnal ly labelled U266 cells, effecting i munoprecipi- tation with an
Mr18 nonocl onal antibody (lane 1), PML 5 nonocl onal anti body (I ane 2),
rabbi t i mmunogl obulin (lane 3) or anti-peptide polyclonal antibody of -
Exanple 3 (lane 4), and subjecting same to SDS-pol yacryl am de gel

el ectrophoresi s and aut o- radi ography; 104 - Fig. 3 is a graph.show ng
the inhibiting effects of PML and MI18 anti bodies on the binding of IL-6 to
the IL-6 receptor according to the procedure described in Exanple 4; Fig. 4
shows the resul tBybridoman¥&iBson of the bindings of the Mr18 antlbody

[curve (a)] and PM anslaadxmhﬁﬁagen(aéédt@bﬁﬁéﬁé é afatiaﬁ BEegpace
(broken line) or absen dotted I%nes show

the results for EEEBEEéFFg PFegPEdP ?ﬁn5n+9”??;§°n20t ere cancpPg 5 shows
t he i ncor por ati omentibnetli amilmabetédiist hywinig nkuhyn KIB-8 ekrésepttbigr ed with

vari ous CONGENt ! BplbdRsdohnl byl shirhbE PRESEREC OLuBSERERaY cRig oul ture

super nat ant of di st rlbutlon d|agra

showi ng that 25 1n9ﬁednw98hawpnbéeylweﬁdgeb%|&ime Bredueingr hpmaa dilms
cel|'s. DESCRI PTI gbic@btbd; EBEFeRERP1G)/BRBhdNIPeloma cell line U266, and

host cells transformed with DNA coding for human IL-6
receptor, for example, animal cell line such as mouse
.iO T-cells transformed with a plasmid comprising cDNA- -:
coding for human IL-6 receptor. Nevertheless, these
' cell lines are not regarded as an effective antigen,
because the quantity of the IL-6 receptor expressed on
the cell surface is small.
15 : Nevertheless, even though such an immunogen is
used to produce an antibody, once an antibody to a human
IL-6 receptor has been obtained, it is possible to
prepare a more effective immunogen by using this
antibody, and to prepare a variety of antibodies by
20 using this immunogen. For example, an immunogen can be
prepared by bonding an antibody to a human IL-6 receptor
to an appropriate solid carrier, culturing cells
producing a human IL-6 receptor, for example, the
above-mentioned cells and lysing the cells, and bringing
25 the cell lysate into contact with the above-mentioned
human IL-6 receptor antibody-bonded solid carrier to
adsorb and concentrate the human IL-~6 receptor in the
cell lysate on the carrier. The kind of solid carrier
is not particularly critical, as long as the solid
30 carrier is capable of binding the antibody and
preferab;y has no serious influence on the growth of an
animal to be immunized. For example, a Sepharose-based
solid carrier, as described in the Examples hereinafter,
is preferably used as the solid carrier in the present
35 invention, because the.binding of the antibody to this
carrier is a simple operation and there are no
influences on the growth of an animal to be immunized.




Antibodi es of the present invention specifically recognize a human IL-6
receptor, and include nonoclonal 30 and pol ycl onal anti bodies. The
nonocl onal- anti bodi es include antibodi es conpetitively inhibiting the

bi nding of human IL-6 to a human IL-'6 receptor and anti bodi es not
conpetitively inhibiting this binding. - Bhe forner antibodies, include, for
exanpl e, PML nonocl onal 35 anti body produced by the hybridona PML of the

present inventiqn, and the |atter antlbodles |nclude for exaqgﬁg MT18.
nmonocl onal anti%@tﬁ)E B phyman IL-6, ‘#m*runogen

used for ,the pre;mcmdimgotfo t&e;exrdtﬂm&ngirm‘eﬁﬂig gfmﬁs,l et exxdmpidpr e

gigrggs;d on the su%‘doéé%%%r e@'éé$§\# ani rral an Hﬁ‘g{eq{ﬁpéicat“n

human- deri ved ce83-37Her ARy FRERREQN Gany é?ﬁeptscﬁd af'-’orﬂ@(am‘ém?%%m
nyel oma celk Ii r@niizﬁ&uﬁmhflpsan cm‘ﬁldgaﬂsgﬁpﬁtdmﬁfl ﬁ:amxm@hag for

human | L-6 receptor exa ani_ mal_ce l,Li ne s
T-cel I s transf ordfeRE %s?h %E“%‘Frg%fﬂ% SR & én& Ejﬂg'b% %c?g?oﬁuﬁﬁﬁ |L-6
receptor. Neverdttdehingtthis peptide Moy ampplmerisyaakxias foreffective
anti gen, becauseeiéh@pﬂé'aatbwtﬁntélfcﬂ i SO R BSasEd. a
' vaccinia virus arranged so that human IL-6 receptor will
10 be expressed after the.infection.also can-be used as an
immunogen. Any of thesé'immnnogens can be used as the
immunogen for the preparation of a polyclonal antibody
and for the preparation of a hybridoma.
The polyclonal antibody is prepared by immunizing a
15 mammal such as mouse, rabbit, sheep, goat or the like
with any of the above-mentioned antigens, according to
conventional proceduxes.
Also, hybridoma can be prepared according to
conventional procedures, for example, by immunizing a
20 mammal such as a mouse with any of the above-mentioned
“antigens, obtaining spleen cells from this animal,
fusing the cells with established myeloma cells, and
then cloning a hybridoma producing a monoclonal antibody
having a desired reactivity.
25 A monoclonal antibody is prepared by culturing the
cloned hybridoma and recovering the monoclonal antibody
from the culture supernataht; Alternatively, a
monoclonal antibody can be prepared.-by intraperitoneally
infecting an animal with the above-mentioned hybridoma,
30 collecting ascites from the animal, and isolating the
' monoclonal antibody. The antibody in the hybridoma cell
supernatant or the antibody in the ascites can be
concentrated according to a conventional procedure, for
example,' by salting-out with ammonium sulfate,—and can
35 be purified by an affinity chromatography, for example,
an affinity chromatography on an IL-§ receptor-
immobillized carrier. | | |



the cell surface is small. 15 Nevert hel ess, even though such an

i fMunogen is used to produce an anti body, once an antibody to a human IL-6
receptor has been obtained, it is possible to prepare a nore effective

i munogen by using this antibody, and to prepare a variety of antibodies by
20 using this i munogen. For exanple, an inmunogen can be prepared by

~ bonding an antibody to a human IL-6 recepéo+ to an appropriate solid
carrier, culturing cells producing a human IL-6 receptor, for exanple, the
- above-nentioned cells and lysing the cells, and bringing 25 the cel
|ysate into contact whld tho PEORERERENEAThERANPFEPRTRELEP OF the

anti body- bonded menotleaal antibodgsotheapdepapatiibhabg the hlymﬁ.dbhraG
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the solid carrier in {H RRRSSRC §§vent599eﬂ?ﬁg bHé@& deser, r'hg of
t he anti body to detaidawitdr defexrenicepite ther &bﬂ.dmwinq ekampless what by
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Example 1 (Preparation .of mouse monoclonal antibody

19 to human:IL-6 receptory

. For preparing a mouse monoclonal’ antibody to human
IL-6 recéptor,'a mouse T-cell line having human IL-§
receptors expressed on the membrane surface was prepared

~ as an immunogen, according to the following process.

15 Namely, pBSF23.236 and pSV2neo disclosed in the Japanese
Patent Application No. 89-39774 were introduced into
mouse T-cells CTLL-2 (ATCC, TIB214) accoxding to a
conventional method, and the screening was carried out

' according to a conventional method using G-418.

20 Finally, a cell line in which about 30,000 IL-6
receptors per cell were expressed 'was established and
named "CTBC3".

Immunization was carried oﬁt in the following
manner. Namely, CTBC3 was cultured by a conventional

23 method using PRMI1640, washed with PBS buffer 4 times,
and was intraperitoneally introduced to CS7BL6 mouse in
a quantity of 1 x 107 cells per mouse once a week, Six
times as a whole.

The spleen cells from the immunized mouse were

30 fused with myeloma cells P3Ul as a parent cell line, ‘
according to a conventional method using polyethylene .
glycol." '

The screening was carried out in the following
manner:; Namely, pBSF2R.236 and pSV2neo were introduced

35 into human T-cells JURKAT (ATCC, CRL8163) negative to
the IL-6 receptor, and after screening, a cell line in
which about 100,000 IL-6 receptors per cell were




Al ternatively, human IL-6 receptor can be prepared according to a genetic
.engi neering process, for exanple, the process disclosed in the Japanese
Patent Application 89-9776, ‘and this receptor can be used as the inmunogen.
5 Still further, an inmunogen prepared by forning a peptide conprising a
part of a human IL-6 receptor and attachihg-this peptide to a polyneric -
carrier for exanple a protein such as oval bumi n can be used. A-vaccinia

virus arranged s : e or will 10 ., Xpressed after
the infection al gﬁbggﬁsgénﬁggdégg%%l%n%’b‘yrf.‘am%gy %‘?&fﬁe'se RfufioGBhs
can be used as t®€ hyhuidgea pepdeptngrapaatibedyivhieh| yereanizent i body
and for the prepRIBC80BoQubR1DYEd | WOER. NELHG £ YEb&dahoBNEEE6GHiza Pr epar ed

by i muni zing a | . such as. npuse. rabbit,.shee goa the |ike
with any of the %@%5%¥ﬁ§§?P8%ggzgﬁtVgg%sﬁpgéthﬁ?n@s?gag%%v%ﬁéigh&ﬁ
procedur es. SAl sohyhybdosanwagsananedpl¥pi8ed aEevthiermore, cbheenohocdbonal .

procedures, for éﬁémbayg)éoiiﬁﬁﬂai By Neh 85 2Rybr {@GHR| wad CHaméqa ~fqge Wi th
any of the above-nenjiqned antigens, obtaining spleepn cells fromthis
by b
ani mal , fusing tRABEEEPRY wit R ES?QBY?EH%Htg?%g%ﬁﬁféﬁkﬁg?aaﬂﬂlph@ﬁscloning a
gybridora p{oduc@egoaiﬁadoahoahé;Féﬂhéhﬂdﬁibﬁvkéﬂeardhsiﬁsﬁitﬁggtkrhkwa 25
t . _ ripdona and-
Cover i ng t he riAGarE,SE" TARRREGLRY SLLbHEC he HobhBBESaRYEEa"

recovering 't he no rom ur e Superat an

Al ternati v8PQy, - a¥atabe-cho Higashi—l-chome--Ibaraki Japan as FERM P-10840
on July 12, 1989, and transferred to an international
deposition under the Budapest Treaty as FERM BP-2999% on
July 10, 13990. The data of Fié. 6 shows that the MT18
antibody specifically recognizes the IL~6 recéﬁéﬁfi In

15 Fig. 6, curve A shows the distribution of '
fluorescein-stained cells, when JURKAT cells are stained
with the MT18 antibody labelled with fluorescein
isocyanate, and curve B shows the result when the
above-mentioned NJBC8 cell is similarly treated.:

20 - Example 2 (Preparation of monoclonal antibody to

- .IL=-6 receptor) ) :

For preparing a mouse monoclonal antibody to IL-6
receptor, human IL-6 receptors were extracted as an
immunogen in the following manner.

25 Namely, 3 x 10° human myeloma cells of cell line
U266 (IL~6 receptor-producing cells) were solubilized
with 1 ml of 1% digitonin (supplied by Wako Junyaku),

10 mM triethanolamine buffer (pH 7.4), 0.15 M NaCl and
1 mM PMSF (supplied by Wako Junyaku). On the other

‘30 hand, MT18 antibody (Example 1), i.e., an antibody to
IL-6 receptor, was attached to Sepharose 4B (supplied by ..
Pharmacia) according to a conventional manner. The
antibody-bonded carrier was mixed with a supernatant of
the solubilized cells to bond the solubilized

3s .IL-S—recéptor to the MT18 antibody on the carrier.
Non—épecifically bonded product was washed off with the
above-mentioned 1% digitonin solution, and the IL-6




nonocl onal anti body can be prepared.-by intraperitoneally inf ecting an
animdl with the above-mentioned hybridoma, 30 collecting ascites fromthe
animal, and isolating the nonocl onal antib% .The .anti body in the

hybri doma cel|l supernatant or the antibody in the ascites can be
concentrated according to a conventional procedure, for exanple, by

chr ot ogr phy, far ar 3’*’“2%“2??. %F‘? Sipnaoss AR Ahoouel Bhehlirde | N LY
recept or - |nnnb|IﬁQ££§ as used nﬁgﬁg §§§Y°P8r pendzafdone on
of the mon'ocl onal ant|undy:nmhmipaznmmaamdnthb prephyatidaref hiybridoma
preparat | on of NSl el andla A B4 Nenen311RG:66 RUBRLEANT il At T on

of the anti body can e carried out accor nown in
the art. The pres@AuShER .wmnzrednewtgépe&spnséalwaéﬁ'aﬁ i t h

reference to the faﬁdwmﬁmad dsmunidgiend o tRmes, ofice tahewesew.pe Be

e, ment on. EXBG LT EP¥A MOS0
|L-6 receptor, a mjé@'lﬂlﬂb‘ll |ag’jan @arentn getdnddnel, - aqc@tmﬁgm $aexpressed on
t he menbr ane surf%mﬁmrﬂ@gé%gﬁg@w%hﬂ%@m@the
foll ow ng process.
10 The screening was carried. out in. the following
" manner. First, a culture supernatant of the hybrxdoma
was mixed with Protein G-Sepharose resin (supplied by
Pharmacia), whereby immunoglobulin in the supernatant
was adsorbed to the resin. On the other hand, 107 uz2es
15 cells internally labelled with 3ss-methionine were
sclubilized, and then, the IL-6-receptor was affinity-
purified on the above-mentioned MTlB antibody-bonded
Sepharose 4B described above, immunoprecipited with the
.above-mentioned'Protein G-Sepharose, and analyzed by
20 SDS/PAGE. As a result, one clone of hybridoma producing
an antibody which specifically binds to IL-6 receptor’
was isolated and named "PM1".  The monoclonal antibody
‘produced by this hybridoma was hamedr“gMI_antibody".
The hybridoma PM1 was deposited at the Fermentation
25 Research Institute (FRI) of Agency of Industrial Science
and Technology in Japan as FERM<P 10839 on July 12,
1383, and transferred to an international deposition
under the Budapest Treaty as FERM BP-2998 on July 10,
1990. -

. 30 . The reactivities of the monoclonal antibodies PM1
and MT18 with the IL-6 }eceptor are shown in Fig. 1.
Namely, the T-cell line Jurkat in which the IL-6
receptor was not expressed [curves (a) and {c) in
Fig. l}fand the cell line Jukat in which cDNA of the

35 IL-6 receptor has been introduced and the IL-6~-receptor
was durably expressed (curves (b) and (d)), werxe |
separately reacted with a culture supernatant of MT18



15 Namely, pBSF2R. 236 and pSV2neo discl osed in the Japanese Patent
Application No. 89-9774 were introduced into nouse T-cells CTLL-2 (ATCC,
TI B214) according to a conventional method, and the screening was carried

out according to a conventional method_uging G 418. 20 Finally, a cel
line in which about 30,000 IL-6 receptors per cell were expressed: was
establ i shed and naned "CTBC3". | nmunization was carried out in the

foll °V“p2ﬁﬂ ggzge[somaﬁehlneﬁ'rggcﬂ@??@Ua Yrand byp p I}xQnF:E@T.I nabr2ss pmlt |h0d
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according to a canv net hod usLn oI The screenin
was carr?ed Sout @ % tSﬁbf&quﬁﬁFﬁjnnﬁﬁﬁé? p y¥ g ﬁ¥%§6 R84 psSv2neo 9
wer e |ntroducedfaioresmmanhdmmnniatglwasJeﬁxﬁﬂhééJCCFoERb&m@Erusqyulﬁuet()
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| L-6 receptors per. ce
neither the culture supernatant of MT18 or PM1l, are

i indicated by dotted lines in boxes (a), (b), (c) and (d4d)
10 - in Fig. 1. °
From these results, it was confirmed that each of
the PM1 and MT18 antibodies can be bonded to the IL-6

receptor.
Example 3 (Preparation of polvyclonal antibody to
15 IL~6 receptor

. For preparing a polyclonal antibody to IL-6
receptor, a peptide: KTSMHPPYSLGQLVPC (K represents
lysine, T represents threonine, S represents serine, M
- represents methionine, H represents histidine, F
20 represents phenylalanine, P represents proline, Y
represents tyrosine, L represents leucine, G represents
glycine, Q represents glutamine, V represents valine,
and C represents cysteine residue) in thch'é‘cystein
residue is added to a peptide correspondiﬂg to a pari of
25 the intracellular region of an IL-6 receptor was
synthesized according to a conventional method.

This synthetic peptide was attached to ovalbumin
according to the process of T. Hirano et al (Proc. Natl.
Acad. Sei. Usa, 84, page 228, 1987). A rabbit was

30 immunized with 0.2 mg of the product S5 times once a
week. The whole serum was collected from the rabbit and ,
subjected to affinity purification on a synthetic
peptide-bounded Sepharose 4B.

The data shown in Fig. 2 indicates that the

35 prepared polycleonal antibody can specifically recognize
the iL-G receptor. Namely, internally labelled U266
cells (IL-6 receptor-producing cells) were solubilized



expressed was established and naned "NJBC8". One cl one of hybridoma
prodlci ng an anti body which recogni zes NJBC8 sol ubil.ized with NP40 and does
not recogni ze JURKAT sol ubilized with_NP40, was isolated and this 5

hybri doma was named "MI18". Furthernore, ige. nonocl onal anti body produced
by this hybridoma was named "MI18 anti body". The above-nenti oned hybri doma
Mr18 was deposited at the Fernentation Research Institute (FRI) Agency of

| ndustri al 'Sci encéltRga Tderasgent, and the obrained @ell lysate was
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transferred to a t a tion.,under the apest Jreafy_as.
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anti body speci fi cihfyaptéogaptide tprlyclanaecoptihedy Ipraparedi gn 6, curve

A shows the sl striRup0s of (Lhier £5Caid- Sidh Mthfelic hogpdURKAT cell s
are stained with thﬁ 18 antlboqg h%Pelled W th” fluoresceln isocyanate,
and curve B showsPPHEAFTELARLIGR FE1 RleH RRphRKRSih and Brtoradiography.

sinmlarly treatedAs28 result,Ekanpde corfimped athat echospcthaalrragt i body
receptor hunan ?*t*.?@f"r'%éég?%@@imﬁ?%”éiﬁ%‘é%@é'@%ﬁgcn@%ﬁ%%s%g?% fad the
fol | owi ng manner .antispeptide pely¢lonal antibadspenisf bramlly| recognieed
line U266 (14-6 resepknrepeedestsds. cells) were sol ubilized
Example 4 (Competitive inhibition of binding of
. IL-6 to II.-6 receptor by PMl antibod .
Labelling of IL~6 and identification of binding of
IL-6 to an IL-6 receptor on cell were carried out
15 according to the method of T. Taga et al. (see J. Exp.
Med., 166, page 967, 1987). 1231-11-6 (14,000 cpm) was
‘reacted with 4 x 10° of U266 cells (IL-6 receptor-
producing cells) at room temperature for 60 minutes.
This reaction was carried out in the presence of
20 . unlabelled IL-6 in 100-fold excess of the number of
" molecules, the culture supernatant of MT18 (70% by
volume) or the culture supernatant of PM1 (70% by
volume). The cells were overlaid on FCS, centrifuged,
and the radicactivity of the cells was measured. For
25 comparison, a culture medium not inoculated with the

cells was similarly treated. _
The data of Fig. 3 indicates that the MT18 antibody
does not competitively inhibit the binding of IL-6 to
| the IL-6 receptor while the PM1 anﬁibody'competitively
. 30 inhibits this binding.
Similar results are also shown in Fig. 4. 1In !
Fig. 4, curve (a) shows the distribution of the number
of cells relative.to the fluorescence intensity, in
which U266 cells were reacted with the culture
35 supernatant of MT18 in the presence (broken line) or
absence (solid line) of IL-6 and then stained with
fluorescence-labelled anti-mouse immunoglobulin; and



with L mM of 1%digitonin (supplied by Wako Junyaku), 10 mM tri et hanol am ne
buffer (pH 7.4), 0.15 M NaC and 1 nM PMSF (supplied by Wako Junyaku). On

t he other 30 hand, Mri8 anti body (Exanple 1), i.e., an antibody to IL-6
receptor, was attached to Sepharose 4B (supplied by Pharmacia) according to
a conventional manner. The anti body-honded carrier was mxed wth a
supernatant Qf the solubilized cells to bond the solubilized 35

| L-6-receptor to the MI18 ant.ibody on the carrier. Non-specifically bonded
product was washetreoffb Wi showshEheb eesuhtst wheed URG6dcgilisn Wexso|ugacted and
the IL-6- T eqaRbPrerondoth e (dipezariiants est Bpihiou el Be-ddBiibant | ody

was used as an | nogen, for one i'nmuni zatiqQn. _The 1 ni.zation and the ,
preparation of PRy ST ARIRED ETE AL %lﬁﬁ%ﬁrﬁrﬂ%r A Bal b/ c
5 nouse was ivgBatgddin Nt Emnd aemaldyy ad idunxiviee (@)ave Iterdis aswmesh 0
I Munogen gour gy rﬁqg a%¥§% ] $rd Q?H?e wer e
fused V\A'thgrryelt%)ﬂnég(s:%)??s % as é’dﬂg:e%rﬁs@ggﬁéﬁc?#e%hacggéﬁﬁc 0 a ;
conventional  prdwEtensimgthip|graseicsmeied ori@ot, whilg<LheRhi ng was
ﬁaL ri gd out i n Jryes ek %@Q%Wrtg thd sizs@déms;(ﬂi@x W%éﬁeo&fthe)
ybri doma was m xed w rot el ephar Qse s esi u i e . Phar maci a),
wher eby i n’rrunogﬁrt‘)‘béjl1'1“1"1":i‘PP?h‘éo r’??dt'g"rﬁ Y66 cetls YoP¥ne prdsence 'of
an excess of IL-6. Accordingly, it is confirmed that
10 the PM1 antibody is competitive with IL-6.
Example 5 (Confirmation of inhibition of biological
activities of IL-6 by PMI antibodv)
'IL-6-dependent human T-~cell leukemia line KT3 was

cultured according to the process of S.- Shimizu et al.
15 (see Blood, 72, page 1826, 1988), and IL-6 was added at
| variops concentrations in the presence or absence of 25%
by volume of the culture supernatant of the hybridoma
PM1. Culturing was conducted in a commercially
available 96-well plate. The cell number was 5 x 10
20 per 100 2 in each well. After 60 hours, 0.75 pCi of
tritium-labelled thymidine per well was added, and after
6 hours, the cells were collected and the incorporated

3

radiocactivity was measured. .
Data of Pig. 5 indicates that the MT18 antibody
25 does not inhibit the biological activities of IL-6 while
' the PM1 antibody inhibits the biological activities of
IL-6.
The polyclonal and monoclonal antibodies
recognizing specifically IL~-6 receptor, provided by the
i 30 present invention, are useful for producing and
purifying large gquantities of various proteins having an |
IL-6 receptor activity which are expected as diagnostic
or therapeutic agents.
Furthermore, the antibody provided by the present
35 invention make it possible to analyze various properties
of IL-6 receptor which is produced only in a very small
amount in the natural state. This is very significant




was adsorbed to the resin. On the other hand, [err] U266 15 cells
l.ntetnally labelled with [err]S-nethionine were solubilized, and then, the
| L-6-receptor was affinity- purified on the above-nentioned MIi8

ant i body- bonded Sepharose 4B descri bed above, imunoprecipited with the
above-nenti oned Protein G Sepharose, and‘ah%lyzed by 20 SDS/ PAGE. As a
result, one clone of hybrldona produci ng an anti body which specifically

binds to IL-6 recegggrawa k§§QQIBHd°9a8§§°5§$%$i§T- d g#hnal

anti body produced by thIS ybridona was na ant e hybridoma
PML was deposited BEcPRBiFgSreffd: £6F 25develapmerh ?ﬁsPV?EPEePFRF)Qﬂd
Agfancy of Industrhah.a griostie a&@énfscbaséagunlmzdaﬁé@ul BﬁsFERMrBofgS% ﬁn
July 12, 1989, and tran rred to,an,i.nternation epo | t he
Budapest Treaty as FERI\/?JI?%% o%%\]el E?‘ E& 8 5’8 2 Eh& g?ﬁte{% %r
reactivities o¥ thenﬂnuﬂmcumqalbiadbgmcdleacﬂ&lands MYESIRi-6ln piroviidest by

receptor are shounch Hlbachs NAGERY:chCy %1&%& b dir k8t chig uhich (he

| L-6 receptor was not xpresse curves and t he

cell line Jukat indfVedPrmet of FH@rQBe“t ¢ %g?%E%pFBF ﬁg§188§nquﬁFﬂGEB§Eﬁ

and the |L-6-recepdiseases] dszinedexpr Besegusedr ¥gsahbabasgmad) prothiction
separately reacteddgtftj%(nnture super nat ant of Mri18

10 Example 6 (Preparation of monoclonal antibody to a
portion of IL-6 receptoxr)

Balb/c mouse was intraperitonealy immunized with
the antigen used in Example 3, i.e., a synthetic peptide
KTSMHPPYSLGQLVPC conjugated with ovalbumin, four times

15 once a week. Next, the spleen cells from the mouse were
fused with myeloma cells using polyethylene glycol
according to a conventional process.

The screening was carried out in the following
manner. First, a culture supernatant of the hybridoma

20 was mixed with Protein G-~Sepharose resin (Pharmacia),
whereby immunoglobulin in the supernatant was adsoxbed
to the resin. On the other hand, 107 U266 cells
internally labelled with 37
immunoprecipitated with the above-mentioned Protein

25 G-Sepharose, and a€§¢yzed by SDS/PAGE. As a result, a
band of IL-6 receptor was detected. On the other hand,
when the antigen peptide (KTSMHPPYSLGQLVPC) was added
during the immunoprecipitation, ne band was detected.

As a result, one clone of hybridoma which produces an

30 monoclonal antibody specifically recognizing a portion

of intracellular region of IL-6 receptor was isolated.

N
S-methionine were soyyilized,

PN A ——



-9- [solid lines rﬁ‘EﬁFVEE“(_T*and—fb) in Fig. 1] or of PML [solid lines in
curves (c) and (d)] oducts were reactedwth a goat
anti-nouse anti bod;“lmmmgm@, /ﬂ’fy:i %"P\ ﬁg&hggga@éﬁm i on

5 of the fluoresc€in‘stéine I sity
was exam ned. For conparison, the-re S | fromL‘mﬂﬂm cells
treated with neither the culture supern-*ant of MI'18 or , at ed

by dotted lines in boxes (a), (b), (c) and (d) 10 in Fig. 1. Fromthese

results, it was confirnmed that each o PML and Mr18 anti bodi es can be
bonded to the IL-6 receptor. Exanple paration of polyclonal antibody
to 15 | L- 6 redept oAn Rytippdpatpnhunmapoiytenhetkintb boegepsort- 6

receptor, a pepihden 1KT§MBBB!§L@@-MEQdiKgrsaéeﬁﬁﬂééliyswea RuinBRr €sent s
t hreonine, S represe serén M Eegresents met hi oni ne, H represents

hi stidine, F 20*% BF ﬁﬁfﬁ 8Fani ne, P represents proline, Y
represents tyr05|ne 2. re@me@amnb0ﬂwuesnsetGipepheéanc%aﬁmyébnmhiQh is

represents gl ut anyagocy dn@d’ as®ibedyal i ne, and C represents cysteine
resi due) |n9mh|ch a chtEIn resi e&?s added to a peptjde grrespondlng to

a part of 25 the i mtracd™ @nEibody a8 6Ftaﬁ°FEh6lFeE§§%B h%fﬁtﬁé%lzed
according to a ¢competiitine withhbddman interleukin-6 for the binding to

a human interleukin-6 receptor.
_ 4. An antibody as set forth in claim 3, whxch is

10 PM1 antibody.

5. An antibody as set.forth.in claim 2, which is
not competitive with human interleukin-6 for the binding
to a human interleukin-6 receptor.

6. An antibody as set forth in claim 5, which is

15 MT18 antibody.

7. An antibedy as set forth in claim 1, which is
a polyclonal antibedy. '

8. An antibody as set forth in any of claims 1
through 7, which recognizes a part of a human

20 interleukin-6 receptor represented by (N~terminal)
KTSMHPPYSLGQLVP (C-terminal) in whichLalphabetic letters
mean amino acids according to the one-letter method.

9. A hybridoma producing a monoclonal antibody as
set forth in claim 2.

25 10. A process for the preparation of hybridoma,
which comprises immunizing a mammal with a human
interleukin-6 receptor antigen, obfaining immunocytes
from the mammal, fusing the immunocytes with myeloma
cells and cloning a hybridoma capable of recognizing a

30 human interleukin-6é receptor from the fused cells. '

11. A process'according to claim 10, wherein the
human interleukin-6 receptbr antigen is human
interleukin-6 receptor bounddd to a solid carrier.

12. A process for the preparation of anti-human

35 interleukin-6 receptor antibody, which comprises
culturing a hybridoma as set forth in claim 9 or a

. ot o



Thi s ,synthetic pe ﬂ:st)sﬁﬁﬂrbfhsn: c ordhlglglegtq{agﬁénﬁgﬁ&%s
of T. Hirano et aﬂ) Il Hmrmﬂl r@ ad. REPLACEDR, pag
rabbit was 30 I mrunfzed w fre prou c jjﬂgﬂm Emﬂm
The whol e serum was collected fromthe réBblt and subje

purificati'on on a synthetic peptide-bounded Sepharose 4B. The data shown I n
Fig. 2 indicates hymatiddiea ?&epaaeep%e@ra%&ctenal 28EbB8dYsCaRt for

specifically recqgni r.ecept.or.. na l,abel | d U266
cells (1L46 rece g;l‘or':flprjtbl"tc]e‘1~:4 ny clell " sa?’ 8°¥8F6§?I ‘Fz‘@ﬁn°°&°¥‘f&
detergent, and ticerahke mf wqqnmamgmannanpréeubinaﬁedreme@ItMe

Mr18 anti body (| &inl)tghd t’@_,ﬂ\ﬂr@ntl body (lane 2), rabbit imunogl obulin
(lane 3) or the anti-peptide clo body repared in 5 Exanmpl e 3
(1 ane 4) andgthen subfettt ed® tg"%%/ﬁ? B’%ﬂryég*yﬁﬁﬁpé akdPne PE NS and
aut or adi ogr aphy. iAsterYeskin-6 nteamcmlpfollmdnhtlahneabbdgf, hdm.d!ﬂ' 18 -
monocl onal anti bqg;{, M, qu{]iq I 0 n Nt t
pol ycl onal anti bo %pem% ca %mm%g%ﬁ %tﬂ % hflﬁag rece éuq&n's
Exanpl e 4 (OOrrpetnacr%@tcmmmtqem acnd Fecovesing aLpelnrslppaa :ammqs?y by
PML ant i body) capable of recognizing a human interleukin-6 receptor

.10  from the immunized animal.-:@ ~:I7° . T.: . -

14. A process according to claim 13, wherein the

human interleukin-6 receptor antigen is a complex
comprising a peptide having a sequence represented by
(N-terminal) KTSMHPPYSLGQLVP (C~terminal) in which
15 alphabetic letters mean amino acids according to the
one-letter expressing method, conjugated to a polymeric
carrier.
15, Human interleukin—-6 receptor antigen which
is a complex comprising a peptide having a sequence
20 represented by (N-termlnal) KTSMHPPYSLGQLVP (C-
terminal) in wh1ch the. alphabetic letters mean amino
acids according to the one letter method, conjugated
to a polymeric carrler. _
16. A peptlde having a sequence reéresented by
25 KTSMHPPYSLGQLVPC in which the alphabetic letters

mean amino acids according to the one letter method.




t

Labelling of I1L-6 and identification of binding of IL-6 to an IL-6 receptor
on ckll were carried out 15 according to the nethod of T. Taga et al.
(see J. Exp. Med., 166, page 967, 1987). [err] (14,000 cpm was reacted
with 4 x [err] of U266 cells (I1L-6 r eceqisor - produci ng cells) at room
tenperature for 60 mnutes. This reaction was carried out in the presence
of 20 unl abelled IL-6 in 100-fol d excess of the nunmber of nol ecul es, the
cul ture supernat ant gNMHEDY #50 | iR BURICRS 6C RECBPECORIPEr nat ant  of
PHL (70% by volune). The cells were overlard on , centrifuged, and the
radi oactjvity of the cells was neasured. For 25 conparison, a culture
medi um net inoculated with the celds was sinmlarly treated. The data of
Fig. 3 indicates that the MI18 anti body does not conpetitively inhibit the
binding of IL-6 to the IL-6 receptor while the PML anti body conpetitively
30 inhibits this binding. Simlar results are also shown in Fig. 4. In
Fig. 4, curve (a) shows the ABSTRAGTItOR)THE DISCLOSHURB of cells relative.
to the fluorescence intensity, in which U266 cells were reacted with the
culture 35 supernatant of MI18 in the presence (broken Iine) or absence

(solid line) of IL-6 daEibPadiest e fawmag tintegisuicidonf £92aRI%d Wi FBnouse

i mmunogl obul i n; f&dcapable of binding specifically to a human
' interleukin-6-receptor, which antibodies include
monoclonal antibodies and polyclonal antibodies. Aan
5 monoclonal antibedy is competitive with human
“interleukin-6 for the binding to a-human interleukin-6
‘receptor, and another monoclonal-antibody is not

competitive.

(Figure 1)




curve (b) shows the results when U266 cells were reacted with the culture
supetnatant of [err] in the presence (broken line) or absence (solid line)
of IL-6 and treated in the sane manner as curve (a). It is seen 5 t hat
the Mr18 anti body was bonded-totThe U266;cel | s whether—mthe presence of
IL-6 or not, while the PHL anti body was hefided to the U266 cells in the
absence of IL-6 but not bonded to the U266 cells in the presence of an
excess of IL-6. Accordingly, it is confirned that 10 the PML anti body is
conpetitivé with IL-6. Exanple 5 (Confirmation of inhibition of biological
activities of I1L-6 by PML anti body) |L-6-dependent human T-cell |eukem a
line KT3 was cultured according to the process of S. Shim.zu et al. 15

(see Bl ood, 72, page 1826, 1988), and IL-6 was added at various
concentrations in the presence or absence of 25% by volune of the culture
supernatant of the hybridoma PML. Cul turing was conducted in a comrercially
avail able 96-well plate. The cell nunber was 5 x [err] 20 per 100 [erf]
in each well. After 60 hours, 0.75 [err] of tritiumlabelled thym di ne per
wel | was added, and after 6 hours, the cells were collected and the

i ncorporated radioactivity was neasured. Data of Fig. 5 indicates that the
MI18 anti body 25 does not inhibit the biological activities of IL-6 while
the PHL anti.body inhibits the biological Pcit igi ti1es of
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| L-6. The pol ycl onal and nonocl onal anti bodi es recogni zing specifically
I'L-6' receptor, provided by the 30 present inventi.on, are useful for
produci ng and purifying |l arge quantities of various proteins having an IL-6
receptor -activity which are expected..as diagnostic or therapeutic agents.
Furthernore, the anti body provided by the present 35 i nvention make it
possi bl e .to anal yze various properties 05(4%-6 receptor which is produced
only in d very small ampunt in the natur tate. This is very significant
- 12 - for an investigation of ontogenesis and i mune nechani sns, and for a
devel opment of therapeutic and di agnostic agents based on the results

t hereof . *Moreover, it is considered that the antibody 5 i nhibiting

bi ol ogi cal activities of IL-6, provided by the present invention, wll be
applied tio the devel opnent of therapeutic agents for various autoi nmune

di seases ifassuned to be caused by an abnormal production of IL-6. 10

Exanpl e 6 (Preparation of nonoclonal antibody to a portion of IL-6 recept,or
Bal b/ ¢ nduse was intraperitonealy i munized wth '

Fig.2
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the antigen used in Exanple 3, i.e., a synthetic peptide KTSVHPPYSLGQLVPC
conjugated wth oval bumn, four tinmes 15 once a week. Next, the spleen
cells fromthe nmouse were fused with nyel oma cells using polyethylene

gl ycol according to a conventional process. The screening was carried out
in the followi ng manner. First, a cultgre supernat ant of the hybridoma 20
was m xed with Protein G—Sepharose res (Pharmaci a), whereby

i mrunogl obulin in the supernatant was adSorbed 7 to the resin. On the

ot her hand, 10 U266 cells internally labelled with S- et hi oni ne were
sol ubilized, immunoprecipitated with the above-nentioned Protein 25

G Sepharose, and anal yzed by SDS/PAGE. As a result, a band of IL-6
receptor was detected. On the other hand, when the antigen peptide

( KTSMHPPYSLGQLVPC) was added during the imrunoprecipitation, no band was
detected. As a result, one clone of hybridoma which produces an 30

nonocl onal anti body specifically recognizing a portion of intracellular

region of IL-6 receptor was |solated - Clainms 1. A nmonocl ona
anti body to hunman interleukin-6 rece g;Ma i s capabl e of binding
specifically to a human interl eukin-6 recept which is
CPM
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conpetitive wth human interleukin-6 for the binding to a human

isnt erl euki n-6 receptor. 2. An antibody as set forth in claim1l which is
PML anti body (FERM BP- 2998). 3. A peptide having a sequence represented
by KTSWVHPPYSLGQLVPC (I DE ‘No. 1) in whith the al phabetic |etters nmean am no
acids according to the one letter nethod. 4. A hybridoma producing a
nonocl onal anti body as set forth in cIainé%/’S. A process for the
preparation of anti-human interleukin-6 r tor anti body, which conprises
culturing a hybridoma as set forth in claim4 and recovering a nonocl onal
anti body capable of recognizing a human interleukin-6 receptor fromthe

cul ture. 14 hybridoma prepared according to a process as set forth in
claim10 or 11, and recovering a nonoclonal antibody capabl e of recognizing
a human interleukin-6 receptor fromthe culture. 5 13. A process for

the preparation of anti-human interleukin-6 receptor polyclonal antibody,
whi ch conprises imuni zing a mammal with a human interl eukin-6 receptor
antigen and recovering a polyclonal antibody capable of recognizing a human
interleukin-6 receptor 10 fromthe imunized aninmal. 14. A process
according to claim 13, wherein the

Fig.5
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hurmman i nterl euki n-6 recept or antigen is a conpl ex conprisi 5ing_a peptide

haV|ng a sequence represented by (N-term nal) KTSMHPRY GO 1)
in which 15 al phabetic letters nean am no acids ac ‘ £ FF@HEET
one-| et'ter expressing nmethod, conj ugagt to a pol yner] r8¢ju~ Hujran

i nter|l euki n-6 receptor antigen which’¥ssa conplex co )’El g a peptr ge
havi ng a sequence 20 represented by (N-term nal) KTSVMH
ternminal) in which the al phabetic letters nmean am no aci ds accordi ng to t he-
one letter method, conjugated to a polyneric carrier. 16. A peptide having
a sequence represented by 25 KTSMHPPYSLGQLVPC i n whi ch the al phabetic

| etters mean am no acids according to the one letter nethod.

Fig.6
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