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1 DESCRIPTION ANTI-NR10 ANTIBODY AND USE THEREOF 5
Technical Field The present invention relates to anti-NR10 antibodies, and
pharmaceutical compositions comprising an anti-NR10 antibody.
Background Art 10 Many cytokines are known as Immoral factors involved
in the growth and differentiation of various types of cells, or in the
activation of differentiated mature cell functions. Cytokine-stimulated cells
produce different types of cytokinegcthegsghy forming networks of multiple
cytokines in the body. Biological homeostasis is maintained by a delicate
balance of the mutual regulation between cytokines in these networks.
Many inflammatdvif tiss8d€s arg THIRMIgM o USSUHIORE® failure of such
cytokine networks. Thus, monoclonal antibody-based anti-cytokine
therapy is drawing much attention. For example, anti-TNF antibodies and
T—G@Bé?%&g'éreceptor antibodies have been demonstrated to be highly
eff@bﬂmmidaﬂynfmnﬂm&tetheraha'ridRﬂNH{ﬂtﬁmdmamyl@pampieﬁeﬁﬁéaﬂUb@npositions
comp %ngntthqm@g%%gg{@:ts were produced when. a single cytokine,
such as IL-4, was blocked alone, due to the activation of compensatory 20
pathways in actual pathological conditions. The present inventors
Backgsuggéeded in isolating a novel cytokine receptor NR10 that was highly

SR ARIR0K A tecepiar for. éh&%&%@%@%ﬁuc{flon fpw%ﬁ“t

Docume% NR10 forms a heterodimer with oncostatin’ Merecept or

dlffe“(@@&ﬂ:@)‘%r‘{&ffﬁﬁ%m a5 cshisLonin theaptiviationmistiféreniistadiaatury.cell functions.
CytokRegatainigttd- wls@mwdﬁﬂﬁwwﬁﬁlﬁ ERADRERAIEHAES, 2Brming networks of

muituﬁg%gz%ﬁfﬁ% R%Q‘B%&ys pogtgl ma Ll}( deve 20;P gjg{[lﬁgg(%ﬁ%m bItTvLSg(de?Ich balance of

Document 2 ntibodies tha

the m‘Héﬂhé’@ﬂWﬁ’Pd’ﬁW%@ﬁQﬁW%@ @ﬁé@ﬂ@é’\mﬂﬁeaﬂﬁ@w@ﬂmm diseases are
thougkliseasas ﬁ@mcdlmqawaes@mnc%ﬁﬁ@ﬁ&b@ﬁ@ arﬂl[ﬁqw%@ct&ﬁﬁﬁﬁﬂg&ﬂy based

n|C|t urthermor order to chleve hth utic effects,
anti- C 'Eé)odles%%h {ongnﬁlglfﬁ in ﬁlboor neufra?zm% ;mi a&&)? Hfsfﬁd
anti-lipfigeearpigo aniibedissdfarrisrsdemimesntishtars Mdmbé&ﬁev@whrfhaﬁm On the

other IR@AUMER! e WQQO&%E sieRileGHBRNS tﬁé@ﬁ@é@@@@@@tﬁ\'%rp eBhced when
entl I ssocg %g cut eous. lymphocyt

a singlg %ﬁenl%edssl e skln Ot Tt%'\?ﬁ[ﬁ &%}B%ﬁﬁfﬁﬁﬂgnsﬁmry
pathw;amrér@w@mi n&thqlmm@oedﬂmmnz). 35 418-25. 2 Disclosure of the

InvesdipR4BoRIeRR 10 R eaiuad Pk RV AHOR cytokine receptor NR10 that was

highly homologous to gp130, a receptor for IL-6 signal transduction (Patent Document 1).
NR10 forms a heterodimer with oncostatin M receptor (OSMR) and functions as an 11,-31
receptor (Non-patent Document 1).  Regarding I1-31, it has been reported that transgenic mice

overexpressing IL-31 spontaneously develop pruritic dermatitis (Patent Document 2).
Antibodies that bind to NR10 and inhibit the binding between NR10 and 1L-31 may be
effective in treating inflammatory diseases. For clinical use, anti-NR 10 antibodies are required
to have low immunogenicity. . Furthermore, in order to achieve high therapeutic effects,
antibodies with strong NR10-binding or neutralizing activity are desired.
Prior art documents of the present invention are described below.
Patent Document 1: WO00/75314
Patent Document 2: W003/060090
Non-patent Document 1: IL-31 is associated with cutaneous lymphocyte antigen-positive skin
homing T cells in patients with atopic dermatitis., ] Allergy Clin Immunol. 2006 Feb; 117(2):
418-25.
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The present invention was achieved in view of the circumstances
described above. An objective of the present invention is to provide
anti-NR10 antibodies, and pharmaceutical 5 compositions comprising an
anti-NR10 antibody. [Means for Solving the Problems] The present
inventors conducted dedicated studies to achieve the objective described
above. The present inventors succeeded in obtaining anti-NR10

Disclantibadias having,an effective 10 neutralizing activity against NRIO.
urthermare, the pr%fi nt mvzﬁéors succeeded in humanizing the

[Pmb‘gﬁ%ﬁo@ ?Wﬁﬁépﬁ T Heir activity. The present inventors also
suddespfesdbnprodutied antikobies:with iaproyet pharmmacokinadiesribed above. An

objecBENERGARIGERRIAGIYs %%YWI&%@W%%@ B B00I0f ?ﬁzﬁ%‘? dcé%acai

of immunogenicity. These antibodies are useful as therapeutic agents
COMPRSHHINRAR YDA g s8ut N R Hy a5t invention relates to anti-NRIO

antibodies, and pharmaceutical compositions comprising an anti-NR10

M mpw e gifically, the present invention includes: [1] an antibody
[Me that recog%éeg meé%?sﬂ of NR10; [2] the antibody of [1], which has a

neEﬁ%ﬁ%ﬁ@fﬁéﬁWfﬁrﬂi@%ﬁé igtied Snbes ihachinya thamkiantise described
aboveantifiedyte20t[#ventantNREdantibestyinhichnis Wgﬁﬁt@iﬁoﬂl&sﬁk&vmg an effective

reut B R e e S R SRR

rnsing the- amino acid Sequence 0 Comp”Sl
humaggring thssaidhedes idieasigmonp e aztvsm CBRaeesiprisivgions 2150
succe & Iﬁﬁkﬂlﬁ&ﬁl aeficedfs SR HRphYed plal @AY, Céﬂﬁk@fé@@ﬂxﬁ*ﬂé‘en—bmdwg

I | 0:4:25(3)a
aCtIVIl;ré’é Sg %c{] Sy%]hlt %ﬁarln ) reagf:e%?i Pol}l m%%hno %r}m é’s C o é/ antibodies are

|S|ng a variable region w pris
W&ﬁ@gamﬁrf@ra@%ﬁm@@mém@m ID NO: 5, CDR2 comprising

thﬂﬁ@ﬁ?@sé@ﬂ%@ﬂh’&ﬂ?ﬁs@éﬁg%lmﬁi@ B @R D BRGHAMIRIBG NG compositions
. amino acm% SGRYENE of E %@4@3 ntlbody comprising the
OMPRERERER varlaﬁe reglorY of A @ﬁ&’&ﬁ%’d&ﬁ%}%ﬂ%‘f
[1] aﬂth@ﬂb@évywamwmlé%g orl @ff(fﬁiéﬂd the light chain variable 30
[2] théeaipshal D] E% Cﬁr]{gg,cadlyeggg}% H"v?t eavy chain variable region

of (2) and t a egLon of (4 (7) an antibody in which
[3] the %rét% EEL ﬁ?g‘iggﬁr Alzad sk Bﬁy’added and/or inserted

[4] anlﬁlﬁhé\?&it@dodgbaﬂmehesoﬁM))m ¢6), which has an activity equivalent to

(1) antgl?ﬁmcgr‘%(ﬁﬁﬁ'x@ﬁﬁ 2hAnAMAINGAEHR o tg(ag)}el gg%r%cé%ﬁ izk antl?%lycc){npnsmg the

. Whl binds to same_epitope as an epi
amin 4658 seAses %§§59 & Qr&ahﬂ%ﬁﬁ’cﬂf%&%ﬁﬂ%ﬁﬁlé FEBETCe of SEQ 1D
NO: 2, and CDR3 comprising the amino acid sequence of SEQ ID NO: 3:

(2) an antibody comprising the heavy chain variable region of SEQ ID NO: 4;

(3) an antibody comprising a light chain variable region which comprises CDR1 comprising the
amino acid sequence of SEQ ID NO: 5, CDR2 comprising the amino acid sequence of SEQ ID
NO: 6, and CDR3 comprising the amino acid sequence of SEQ ID NO: 7;

(4) an antibody comprising the light chain variable region of SEQ ID NO: §;

(5) an antibody comprising the heavy chain variable region of (1) and the light chain variable
region of (3);

(6) an antibody comprising the heavy chain variable region of (2) and the light chain variable
region of (4);

(7) an antibody in which one or more amino acids are substituted, deleted, added, and/or inserted
in the antibody of any one of (1) to (6), which has an activity equivalent to that of the antibody of
any one of (1) to (6); and
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(1) an antibody comprising a heavy chain variable region which comprises
CDRI comprising the 5 amino acid sequence of SEQ ID NO: 9, CDR2
comprising the amino acid sequence &f SEQ ID NO: 10, and CDR3
comprising the amino acid sequence of SEQ ID NO: 11; (2) an antibody
comprising the heavy chain variable region of SEQ ID NO: 12; (3) an
antibody comprising a light chain variable region which comprises CDRI

(8) an @@iTHAESINGhIbE baing aeidisesusngs: af 2EGHIRNGodH BPR2antibody of any one
of (1) £ goggrlsmg the amino acid sequence of SEQ ID 10 NO: 14, and CDR3

rising the amino acid sequence of SEQ ID NO: 15; (4) an antibody
(5] m@@%ﬁ%l@gam@ﬁ@hm&ﬁwm pégion of SEQ ID NO: 16; (5) an
(1) an aRtBOER &ANMRT; maeaw&b@famr dE B QEHAH %ﬁqgr?s@g EERION mprising the
ammo%ré? n valgé%ble ?ﬁ;@ éﬁie&%ﬁfé com |S|ng C& avy cham SEG ID

Variabrd region o i @%6?0?1 Tguprreal SEQ
NO: 1Mﬁb@@ﬁmm@mwhmmamnbsaQMawﬁﬂﬁélliﬂjléﬁ)dbleted
) maﬁﬁs&d}a@@l@ri%@{ﬁm&W%WH%ﬂmé i ANBIIED 18 (8. VY’Q"Ch has
i uivalent to_that of the bod of g one of (1) to éﬁn and .

) e G A B b G A0h e IR BB 40 G HHGR DOk EPByPrising the
aminotmachmm@dyecﬁfaﬁﬁ@ﬁé NO: d8( YRR E7ypibpemmpnthNRID @ntidedyuehietof SEQ 1D
NO: 1i8 35y eP& 9t ddh H&%Oﬁmﬁew&%%&b%%ﬁ@aibwak’&e region

which omprises CD prising the amino acid sequence of SEQ ID
(4) a0 KRGS RS S B e LS S8R0 o B0 O 15,

(5) an amzlb@QR&mpmmnglﬁ@ trengroltnacid adeuegion of GFenDN QpiiOhdin(Ariable
regmn%??ﬂ’j“b(’dy comprising the heavy chain variable region of SEQ ID NO: 20;
(3) .an antibody co li'grlsmg a light chain variable region which comprises

(6) an artRo b AASRTIRPE R eAIFARY et segabiscresrg e idabibs tighpykpin variable
regionadit¥kising the amino acid sequence of SEQ ID NO: 22, and CDR3

n 0
R e S e e
in the apRR/ cﬂ%ﬂgﬁ@l & Bl rdHainhas AaetragicrTeivelgniie s ke antibody of
any oxﬂlﬁﬂl@l\)&ﬂ@bjemﬁeglon of (3); (6) an antibody comprising the heavy chain

(8) an\iﬁ{fggégp WG Ib‘ﬁlﬁg)&?&% tsg?ng htt%héalglsvzr:ﬁ 85%% |0nech)§§é?éatg (@ody of any one

anti ch one or more a acl
of (1) #dded, and/or inserted 35 in the antibody of any one of (1) to (6), which

[6] an bas- maotmtsbeawmemgqﬁb@h@fdhe antibody of any one of (1) to (6);

(1) an %xéﬁtr)] &Qﬁnqep%%tlbocéy Vgh Cﬁ aér?] g%.réo eiert;gg%‘? whi %%r%;sar?s%s 85??1 comprising the

amino acid sequence of SEQ ID NO: 17 CDR2 comprising the amino acid sequence of SEQ ID
NO: 18, and CDR3 comprising the amino acid sequence of SEQ ID NO: 19;

(2) an antibody comprising the heavy chain variable region of SEQ ID NO: 20;

(3) an antibody comprising a light chain variable region which comprises CDR1 comprising the
amino acid sequence of SEQ ID NO: 21, CDR2 comprising the amino acid sequence of SEQ ID
NO: 22, and CDR3 comprising the amino acid sequence of SEQ ID NO: 23;

(4) an antibody comprising the light chain variable region of SEQ ID NO: 24;

(5) an antibody comprising the heavy chain variable region of (1) and the light chain variable
region of (3);

(6) an antibody comprising the heavy chain variable region of (2) and the light chain variable
region of (4);

(7) an antibody in which one or more amino acids are substituted, deleted, added, and/or inserted
int the antibody of any one of (1) to (6), which has an activity equivalent to that of the antibody of
any one of (1) to (6); and
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[7] an anti-NR10 antibody which is any one of. (1) an antibody comprising
a heavy chain variable region which comprises CDRI comprising the 5
amino acid sequence of SEQ ID NO: &5, CDR2 comprising the amino acid
sequence of SEQ ID NO: 26, and CDR3 comprising the amino acid
sequence of SEQ ID NO: 27; (2) an antibody comprising the heavy chain
variable region of SEQ ID NO: 28; (3) an antibody comprising a light chain

(8) anvariabiy region Mitishocompise s B! GOMRINHEL PO LRI ABGR body of any one
Of(1)§e ence of SEQ ID NO; 29, CDR2 comprising the amino acid sequence
of SEQ ID 10 NO: 30, and CDR3 comprising the amino acid sequence of
[7] an getoNB I@atahody pdvchitiBaxiproaiprising the light chain variable region
(1) an@ﬁﬁgt&@ﬁf@cimgﬁiﬁﬁg @h@%ﬁ%@ﬁ%ﬁ%}@@%%@%@%ﬁh@é@ (fg;ﬁgﬁabk%mprising the
. region o an nai e regijon of (3); (6) an antibody
v o e B e P 2 SR A G R ce o SEQ ID
NO: 2¢aniub{eDRS rogioniongdhe(@nme antibudyénwhit A DRdDNA0EI amino
@) an@ﬁiﬂﬁ)é&%éﬂ%iﬂiﬁgﬁl&@%%ﬁﬂp@zﬂia@ﬂé’f@@iﬂﬁ%@%@(ﬂﬁ“ﬁ@}pﬁg?dy of

any.one of (1) ta (6), which has an, activity equivalent to that of the .
6y an Z3BadY, %‘?}f‘gﬁ]ﬁ‘éﬁé gﬁ%?’e@wﬁﬁ@w%ﬂ%ﬂ%ﬁamwaﬁ%@éieoce@pmsmg the
aminogaide@picope GSSHQPIdIEE PAUGDRY therprithpdyofimiyoana! 20efi(d 66 SEQ ID

NO: 3Q?Mh@m@mms%mﬂ%%mﬁw@q@ggﬁggé i%”}ﬂ%_ ggf- éE)Raz

he chain variable region comprisin
) angpé%@v, B’W%SWPSA’@%B%F@?W (S AFSER B Y BReavy
(5) an ehtiwdpkatiprisgipthebnapyisingrGRRAE FEQHRNO) dit6he RIR2 @fa5EQriable
regionlprﬁ%: 25 197, and CDR3 of SEQ ID NO: 11 (H19); (3) a heavy chain

varjg le region comprising CDR] of SEQ ID NO: 196, CDR2 of SEQID
(6) an Ry %ﬁ%@@@@%ﬁ%@%ﬁﬂ@% (R HfAR) (@) hbrebight hain variable
regionvai{dlgle region comprising CDR1 of SEQ ID NO: 9, CDR2 of SEQ ID NO:

. 3,0 . 44): 30 (5) ayy chain. :
o e ORGP0 D A gt s
in the ggbofly pieprengrSEYII Novhignrsza, a988it( sy tibenteanof the antibody of
any onéastalietsegioarebmprising CDRI of SEQ ID NO: 9, CDR2 of SEQ ID NO:

o o SIS IEEARNE AT I 100 A v o
of (1) trgg)and CDR3 of SEQ ID NO: 184 (1171, H92): 5 (8) a heavy chain

[8] an varibbde tegionboampaisihe: cRRhalSEQJBNGhde £DR2 of SEQ ID NO:

(1) a b8 BNECRRHR RER DRI CHRT 80 1 No: 196, cDR2 of SEQ D NO:
197, and CDR3 of SEQ ID NO: 11 (H17);

(2) a heavy chain variable region comprising CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID NO:
197, and CDR3 of SEQ ID NO: 11 (H19);

(3) a heavy chain variable region comprising CDR1 of SEQ ID NO: 196, CDR2 of SEQ ID NO:
197, and CDR3 of SEQ ID NO: 184 (H28, H42);

(4) a heavy chain variable region comprising CDR1 of SEQ ID NO: 9, CDR2 of SEQ ID NO:
197, and CDR3 of SEQ ID NO: 184 (H30, H44);

(5) a heavy chain variable region comprising CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID NO:
197, CDR3 of SEQ ID NO: 184 (H34, H46);

(6) a heavy chain variable region comprising CDR1 of SEQ ID NO: 9, CDR2 of SEQ ID NO:
198, and CDR3 of SEQ ID NO: 184 (H57, H78);

(7) a heavy chain variable region comprising CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID NO:
198, and CDR3 of SEQ ID NO: 184 (H71, H92);
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(9) a light chain variable region comprising CDRI of SEQ ID NO: 200,
CDR2 of SEQ ID NO: 170, and CDR3 of SEQ ID NO: 193 (L11); 5 (10) a
light chain variable region comprising €DRI of SEQ ID NO: 201, CDR?2 of
SEQ ID NO: 170, and CDR3 of SEQ ID NO: 193 (L12); (11) a light chain
variable region comprising CDRI of SEQ ID NO: 202, CDR2 of SEQ ID
NO: 170, and CDR3 of SEQ ID NO: 193 (L 17); (12) a light chain variable

(8) a H@@@B}ﬁﬂm@ﬁﬁlﬂ@ BBk @6@5@&% NORZQ3: GRAD NSERIBNQr é@QhID NO:
199, ﬁﬁ% %?}% B‘NO 9§%§9 50); (13) an antibody comprising t

aﬁ i variable region of(3) the light chain variable region of
(9)a l(am)elqam)m@bin oglp romppising tiBRéaRSERAMDVE i BIROr ¢ JP2aff(@EQ ID NO:
170, ag@@mﬁlghggtr{ammap@ 91 of (11); 15 (15) an antibody comprising

cham variaple region of ( ht chain variable re
10) o S R oy 8%%{5 T REASFEbin N e FIgR GBR 1D NO:
170, ana € 1@ JighBERRIP Véilabs (etfion of (11); (17) an antibody comprising
| .

(11 BTy ggg%%;’éﬁ‘wfnﬁ%@%éﬁi%%ﬁé?ﬁfheafiﬁ*??ﬁa%?;‘ff@%?ana rSEQID NO:
170, a@%? % Htgéh(c% Nariable region of (12); (19) an antibody in
(12) avpitivlone erimderegiineacitssarg CDRStinf 8¢ pEkNd; 208le0DRABOSEQ ID NO:

170, JNEEngd 'Hftﬁ'ﬁ RibQey pdapysghe of (13) to (18), which has an activity
equiyvalent to that of the 25 g.%/'ltl ody of any one of (1 5( é18) and (20)

(13) an Andibads o SHPRG: FREShs e Baim EasighbpEc a9 R BsUishtshae variable
regionarftiddgly of any one of (13) to (18); [9] an antibody or antlbody variable

(19 B 0 A TR RSOSSN

regmn\%ﬁgg reglon comprising the amino acid sequence of SEQ ID NO: 205

(15) afHritidBrenheeinehrihamnaieieQiobROFORISIRG (NeadiRO 188t chain variable
region &wﬁce of SEQ ID NO: 206 (H28); 35 (4) a heavy chain variable region

sing the amino acid sequence of SEQ ID NO: 207 (H30); 6 (5) a
(16) a%éﬁ%%imﬁf%ﬁﬁﬁ&%&%vwhﬂaﬁw@amé egiv dic) sad tknbevfcBEvariable
regionlBF N@);208
(17) an antibody comprising the heavy chain variable region of (7) and the light chain variable
region of (11);
(18) an antibody comprising the heavy chain variable region of (8) and the light chain variable
region of (12);
(19) an antibody in which one or more amino acids are substituted, deleted, added, and/or
inserted in the antibody of any one of (13) to (18), which has an activity equivalent to that of the
antibody of any one of (13) to (18); and |
(20) an antibody which binds to the same epitope as an epitope bound by the antibody of any one
of (13)to (18);
[9] an antibody or antibody variable region which is any one of:
(1) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 204
(H17);
(2) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 205
(H19);
(3) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 206
(H28);
(4) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 207
(H30);
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(FI34), (6) a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 209 (H42); 5 (7) a heavy chain variable region
comprising the amino acid sequence @& SEQ ID NO: 210 (H44); (8) a
heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 211. (H46); (9) a heavy chain variable region comprising the
amino acid sequence of SEQ ID NO: 212 10 (H57); (10) a heavy chain

(5) a héalinbig e gionie MIisNG s AMINAALIH SSRGS AL RE S KENGH K8 208

(H71); (11) a heavy chain variable region comprising the amino acid
(H34 )’sequence of SEQ ID NO: 214 (H78); 15 (12) a heavy chain variable
(6) a heagiophebmyprisirlg thei amino ptith gebrienmtecod SEQGRNOOR2IBEQHINO: 209
(H42)(13) a heavy chain variable region comprising the amino acid sequence of
NO: 2 (H97); (14) a heavy chain variable region com I’ISI the

(7) 2 g R ARl e o SEEPTISREGID 4TI AHBEFIPEBF R gHE SHAIANO: 210
(H44)variable reglon comprising the amino acid sequence of SEQ ID NO 218

o i
® « BRI AR R I g o
(H46)=compr|smg the amino acid sequence of SEQ ID NO: 220 (L17); (18) a

(5) a hitghy chaiin waiididte sgiocaamplisinbdbmaminadadrequencEof BEQID 12
(H57)] NO: 221 (L50); (19) an antibody comprising the heavy chain variable

region of (3) and the light chain variable 30 region of (17) (H28L17); (20)
(10) a HRas B VasAHSHEAOM BRI i AAIsNG Fetianeneg 4 SHOLHR Nght213
{H71)chain variable reglon of (17) (H3OL17) (21) an antlbody comprising the

o L R S o 1
(H78); region of (6) and the light chain varlable region of (A7) (H42L17); 7

(12) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 215
(H92);

(13) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 216
(H97);

(14) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 217
(H98);

(15) a light chain variable region comprising the amino acid sequence of SEQ ID NO: 218
(L11);

(16) a light chain variable region comprising the amino acid sequence of SEQ ID NO: 219
(L12);

(17) a light chain variable region comprising the amino acid sequence of SEQ ID NO: 220
(L17);

(18) a light chain variable region comprising the amino acid sequence of SEQ ID NO: 221
(L50);

(19) an antibody comprising the heavy chain variable region of (3) and the light chain variable
region of (17) (H28L17);

(20) an antibody comprising the heavy chain variable region of (4) and the light chain variable
region of (17) (H30L17);

(21) an antibody comprising the heavy chain variable region of (5) and the light chain variable
region of (17) (H34L17);

(22) an antibody comprising the heavy chain variable region of (6) and the light chain variable
region of (17) (H42L17);
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(23) an antibody comprising the heavy chain variable region of (7) and the

light chain variable region of (17) (H44L17); (24) an antibody comprising

the heavy chain variable region of (8) and the light chain variable region

of (17) (H46L17); 5 (25) an antibody comprising the heavy chain variable

region of (9) and the light chain variable region of (17) (H57L17); (26) an

antibody comprising the heavy chain variable region of (10) and the light
) e ionbt 1) a1 AT A TR vacabl
regmncfff(ﬁl%) #8E17); (28) an antibody comprising the heavy chain variable
(24) anegidbod§ (Ihmivirnh ehlightachaimiuarialisls egiomaff (87 atd 98t kgt (@) avariable
region%}{tq‘??{’}f%ﬁ@?r'ﬁ'n_g the heavy chain variable region of (13) and thg !lght

chain variable region of (18) (H97L50); 15 (30) an antibody comprising
(25) anprpniibody commriv AR A Peyosha T Yayiahie taeior Rt ERaand iediebt ebgiaryariable
regionaff{{118)) (HYB1.50), (31) an antibody in which one or more amino acids are

I lete nd/or .inserted in.the antihody, of neof .
@9 ﬁ%ﬁﬁéﬁ%?%%%h“dﬁ%%%@s%%a’aﬁ% o WA R v
regiongHd b @3y tb1®Bv): and 20 (32) an antibody which binds to the same

(27) ag piOPEIeS ARRNITEPEb oAtk Ih e ARtBRONSfANEOTE) Sld L) KeHBRain variable

- }b ixNR.10 antibody of any one of [4] to [9], which is a humanized
feg“’“a%rﬁ. Pg&rﬁ%[%\i a%rz1 antibody, antibody heavy chain, or antibody light chain,

(28) anpantiagaegmanision the)hsheashrihyinddmpmisingtid Praimbtlaciight chain variable
regionSSUENCERIIER 1D NO: 222 (HI 7); 25 (2) a heavy chain comprising the

ami cid sequence, of SEQ ID NO: 223 (H19); (3) a heavy chai . .
29 o R R i SPRE R G208 iy i vl
regionHe A le¥iprising the amino acid sequence of SEQ ID NO: 225
30) akHaRbod ):g?@m IR GO BHSNY RS RMINGAC ] i
( ) gg %%)?% 4). (ngcfﬁeavy chain compr%ﬁ%é?ﬁcfmﬁi%g%%?g ﬁsegg%?(i%eé %fvambie
region, 6 : 9}’ (H42); 30 (7) a heavy chain comprising the amino acid

(31) aseytibrteioMSiD IDeNOTRPS (iHt)ac{8) arteabstititail delppdisiddethend/or

. ! . . i _
mserte@”iﬁrlﬁcﬁﬁkﬁwg%% %S%Ci] ?elt}gesg ,gvé%%%al\sl gﬂ g%l%%? - fé@%ﬂarg)tg that of the

., _gomprising the
antiboﬁ% Vehahe eéﬁ%ié‘i’n@%aaﬁinmo acid sequence of SEQ ID NO: 231
(32) arftdztPpodt Whichéangsabalre sompeisitpdhe amiptaeidceqliende ahSEQy Bf any one
01—‘(19“9'(3?6352 (H78); 35 (12) a heavy chain comprising the amino acid
sequence of SEQ ID NO: 233 (H92); (13) a heavy chain comprising the
[10] i A SBRR RS0/ 11 <20 (MO 1 & hamanzed anibody:

{11] an antibody, antibody heavy chain, or antibody light chain, which is any one of:
(1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 222 (H17);

(2) 2 heavy chain comprising the amino acid sequence of SEQ ID NO: 223 (H19);
(3) a heavy chain Comprising the amino acid sequence of SEQ ID NO: 224 (H28);
(4) a heavy chain comprising the amino acid sequence of SEQ ID NO: 225 (H30);
(5) a heavy chain comprising the amino acid sequence of SEQ ID NO: 226 (H34);

>

(6) a heavy chain comprising the amino acid sequence of SEQ ID NO: 227 (H42);

b

(7) a heavy chain comprising the amino acid sequence of SEQ ID NO: 228 (H44);
(8) a heavy chain comprising the amino acid sequence of SEQ ID NO: 229 (H46);
(9) a heavy chain comprising the amino acid sequence of SEQ ID NO: 230 (H57);
(10) a heavy chain comprising the amino acid sequence of SEQ ID NO: 231 (H71);
(11) a heavy chain comprising the amino acid sequence of SEQ ID NO: 232 (H78);
(12) a heavy chain comprising the amino acid sequence of SEQ ID NO:; 233 (H92);

(13) a heavy chain comprising the amino acid sequence of SEQ ID NO: 234 (H97);
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8 (14) a heavy chain comprising the amino acid sequence of SEQ ID NO:
235 (H98); (15) a light chain comprising the amino acid sequence of SEQ
ID NO: 236 (LI 1); (16) a light chain c&mprising the amino acid sequence
of SEQ ID NO: 237 (L12); (17) a light chain comprising the amino acid
sequence of SEQ ID NO: 238 (L17); 5 (18) a light chain comprising the
amino acid sequence of SEQ ID NO: 239 (L50); (19) an antibody

Ry o g G
15) a?i%%t P PEARE AR Kb R BFEIE B NRSIAGr(S) Bnd the

(16) aliightt chain ofr(prisikak ER)in¢2R) direqneinedyf GIHQPIING S heavy)chain
(17) a@fg@c%ﬂﬁ%ﬁﬂti%ﬁi@ a&(&&%&t&%@@&:&%ﬁiﬁ fHAQERodY PMARrising

the heavy chain of (7) and the light chain of (17é 441L17); (24) an
(18) a i SHTR SATPPITHREHS ABARS RH4iFFBRTRYAESRE THHNEHR AL ED)
(19) aﬁ_f&éﬁbd@;céﬁﬁakamgmjbhe@vy?iﬁmﬂsiﬂgsyf@ﬂemuglhmﬂi r(]ﬁ)( BN HIBL17);

. . : . cComprising. t
0 B R o Ly
(1) appotibedy commisnethy Aravihehignetrdlsnt thy fightehaimniid ey 3H.17);
(22) anatitiboyycamipiising ﬂ‘i_@}f&&ywﬁﬁ@iﬁméh%)ﬁﬂtﬂé Hhat igiml?laaia of @2L17);

2 ; I comprisi e VY. ¢chain o na.t
) B B e e R R AL
(24) apppibpdr gametighe chakrary PorimoBiB and @) ehtaiubo af (VS bhe);
(25) a@h@ﬂm : 9gﬂﬂq§ﬁﬁ@gta@$a?%ﬂmt 3Oﬂebeé_ﬁ%t§@iﬁgﬁt &E@Q{ft)csf (NS§ @Y N1 7);

e 190 Ol any one 0. IC S ClIVI (0]
26 o N S MR s B e IR
(27) apiichosingomptiringdhrchepito pbais of{ Epitapttholight bhaineof AtHod78.17);
(28) aﬂ@%ﬁﬁﬂfﬁi&ﬂiﬁﬁﬁl@@f}i lﬁétg‘]f%d?ﬂﬁi'gﬁﬂ@l)@hﬁi mgﬁfﬂi%ﬂlmwjfdﬁgﬁfi?ﬂ;
antl or any one (0] i pharmaceutcal co Iton. o

9 o R B o T R b B AT R 7503
(30) amrfsthibetifosareptisigohp fessontidigiarcinfldiramdttvy ldiseabsipwhid!s) (HO8L50);
o1 sempmhosn s s oy ot i
) u | ) In the, ratl
e R e P S R ) A s BRE AP it of e
antibofy alimysoRigefl(EMowg 3k amdino acid sequences of the heavy chain
(32) aNAHABIRSTIRAS AT QL S éﬁﬂ@%ﬁlﬁggé\'% N5adge Mg W%@'&%@%f any one

S s the amino acid sequenceés of the light chain variable regions o
of (195808835 antibodies NS 16, N2, NS23, and N33,
[12] a pharmaceutical composition comprising the antibody of any one of [1] to [11];
[13] the pharmaceutical composition of [12], which is an agent for treating an inflammatory
disease;
[14] a method for treating or preventing an inflammatory disease, which comprises the step of
administering the antibody of any one of [1] to [11]; and
[15] use of the antibody of any one of [1} to [11] in the preparation of a therapeutic agent for an
inflammatory disease.

Brief Description of the Drawings

Fig. 1 shows the amino acid sequences of the heavy chain variable regions of mouse
antibodies NS18, NS22, NS23, and NS33.

Fig. 2 shows the amino acid sequences of the light chain variable regions of mouse
antibodies NS18, NS22, NS23, and NS33.
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9 Fig. 3 is a graph showing the inhibition of hANR10/hOSMR/BaF3 cell
growth by hybridoma culture supernatants. Fig. 4 is a graph showing the
inhibition of cynNRIO/cynOSMR/BaF3%ell growth by hybridoma culture
supernatants. 5 Fig. 5 is a graph showing the assessment of the activity of
chimeric NS22 (BaF). Fig. 6 is a graph showing the assessment of the
activity of chimeric NS22 (DU-145). Fig. 7 is a graph showing the
asg%%nﬁat_g%ia %M?QMMEMSFEN@%\@WM& R B by

hvb .dgra% @ihowm the NF§1 competitive bmdmg activity of anti-NR10710

YT GRS l%'f%?’@l%aﬁ et of graphs showing the assessment of the

cohipefition giahbisrenzegithk 8220 Q1 &) owith RUI-E dnFigMRY BhBivsdh@rowth by

hybriBHeLLOkiReGpPsiaRE{egion of humanized anti-NR10 antibody HOLO on
th(%het rogeneity assessed by cation exchange _chromatograp%S Fi}(};.
1118 a 580 GRHS SHsW I HEssRsas shibrastivily drhfertmtbi22 (Bab).
muitants isfatbephushanize thantisbihemnifibe yafwithichdhieniste eI DU-145).

poj i i [ ithqut significant. | f th .
P 16 LD, e e B S e P e es22 it
‘region of anti-IL-6 receptor antibody on the heterogeneity assessed by
cafifp xchangsh cheoviaioigrapky0 20:hjgtilid sbimhwefiecodbiteNR 10
antibof§f¥astant region of anti-IL-6 receptor antibody on the denaturation peak

assessed by DSC. Fig. 14 shows the effect of the novel constant region

mTaH the Hatet wgéi@bqwm Hati- PESE TEREh e spawpttiescahenpized
NS22 ¢HOo0 exthangel chromatography. Fig. 15 shows the effect of the novel

copstant reqi 5 the.heterogeneity. in an, 25 anti-1L.-6 t r ..

e e e Relion Al nm e and SR Paibody FoLo
on thethei@paereftessod o ersgrmesBBunateraphaturation peak in an

antizl 6 ﬁ@%&%fagﬂﬁmf h@ﬁs@P IS@@OEI | @é@hx%%z'\tﬂl?ﬁﬂﬂ%?_%%%h t!ilh%ﬂ%%lﬂlf@ints of the

assaying.t teption o . an O MI- the ma of .
romanfSERAAEIE PARIRAR chten T RReRCh oY Bl s s lowered
withow zeeniiersw dysassdusbindisin tp BHFINRTIG. TE§1 19 shows the analysis of

thegpally pecrlenaiatktdoita ibaland:agnipeealarated Aelidlinglibody on the
het sam&les of each modified antibody by cation exchange chromatography to

O pare e Heclﬁéf%heg?%é&%g%{%ﬂa&%{ﬁ?g% between before and
aftéigthey simivecdel effio nf fe canstrdicaigiothe peak lpdsiticrp ol hasicody on the

denan@OROPORARIAMRIGR tered. 35 Fig. 20 is a set of graphs showing the

assessment (BaF) of the activity of each variant.
1§1g. 4 sﬂo&zsqﬂg effect 0? the n%vel constant region M14 on the heterogeneity in an

[1.-31

anti-IL-6 receptor antibody, assessed by cation exchange chromatography.

Fig. 15 shows the effect of the novel constant region M58 on the heterogeneity in an
anti-IL-6 receptor antibody, assessed by cation exchange chromatography.

Fig. 16 shows the effect of the novel constant region M58 on the denaturation peak in an
anti-IL-6 receptor antibody, assessed by DSC.

Fig. 17 shows the result of assaying the retention of huPM1-IgG1 and huPM1-M58 in
the plasma of human FcRn transgenic mice.

Fig. 18 shows the biological activity of each antibody assessed using BaF/NR10.

Fig. 19 shows the analysis of thermally-accelerated (dotted line) and non-accelerated
(solid line) samples of each modified antibody by cation exchange chromatography to compare
the generation of degradation products between before and after thermal acceleration.  Arrow
indicates the peak position of basic component which was altered.

Fig. 20 is a set of graphs showing the assessment (BaF) of the activity of each variant.
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10 Fig. 21 is a graph showing the assessment (BaF) of the activity of

Ha401 La402 and HOLO. Fig. 22 is a graph showing the assessment

(BaF) of the activity of H17L11 and H®LO. Fig. 23 is a graph showing the
assessment (BaF) of the activity of H191,12 and HOLO. 5 Fig. 24 is a

graph showing the biological activity of HOL12 and HOL17 assessed

using BaF/NRIO. Fig. 25-1 is a set of graphs showing the assessment

(Bafp. ofi the: agtivityiRhaashnatiablsnidg: @RiR)is aeoninHatioN oAbt a402 and
25-1. Fig. 26 is a schematic diagram for human/mouse wild-type and

‘chimeric NR10-ECD. 10 Fig. 27 is a set of photographs showing the

detégtidh ishtaupirtingide thainskss\WestdBn Bl offithg. aatisity piidiogiadhand HOLO,

shpwing fie reayh ﬁﬁﬁ%&%b@ﬁ@&ﬁi%@ﬁ?%ﬁh@%@%ﬁ? NP and HoLO.

antibody; B is a phatograph shawing the result of detection using a mouse )
ant:{%‘lj}rﬁé aﬁﬁ% %‘r‘f"{?ﬂ%ﬁ% plegical groYoraph Shbag %ﬁ%ﬂ%@ulﬁ%ﬁﬁsged using
Bal/Ngfdtection using an anti-Myc antibody. With the anti-human NRI O

antipogdy a PJ%@&%P%H%@ %ﬂ%ﬂ%ﬁ%%&%@%@hﬁﬁhﬁ%ﬁﬁ@ a%@tgrg%aoh variant.

b nor;%i mm, mmh, and mh . 28-1 shows the ‘amino a

s:]}ﬁ?e geigf BLORYHRLSPSEHES-(3ED 1D NO: 50). Fig. 28-2is a

cohtindtion eflfeiga8diagrign Z8: Jisrardantingating- 5HEiga28nan kg R{10-ECD.
shews i ' each varjiant :0.ID.NO: 52
SRS A0 U RUERR NG oy s

. g. . . . .
blotting,y e NRPERIRID B BRTRtHAL feisHReHoRatsingiamARized anti-human
NR10 entibstiytiiBNe rasepterdShSiR)iapdh 2 fnasions s @ntinlareeRBiotti-human

| - iel m 274, 1-6, 2002), GPL.(J

R 10 R e Ao ol e g g e
antibodyy th thewti-kenaniNBe préhadininding arizmoweicdepdesiosly in hhh,
hhm, oallBeiiy Isuicivniamesninhehpsaganhinvention, NR10 (also referred to as

IL PL, or glm-r).is not particularly limited in ter f] igi .

R e NP Hh St N850

maignials? NR todawetam@niigudfahs, mice, and monkeys is preferred,

ansiHUuRaNOL tyeehhbe tg‘p@gjtiggl@[ly preferred. There are multiple

kngwn,splicing variants.of human-derived NRIO (WO 0% 5 @ Of the
e R A R R LB Beb g B 52
andiBotitadris acerdmsniémisiaing dimain. NR10.2 is a soluble receptor-like
protein consisting of 252 amino 35 acids without the transmembrane

vioce (R NER e St 10 stcingvarens a o as
NRI10 human

NRI10 is a protein that forms a heterodimer with oncostatin M receptor (OSMR) and
functions as an IL-31 receptor, NRI10 is also known as glm-r (J Biol Chem 277, 16831-6,
2002), GPL (J Biol Chem 278, 49850-9, 2003), IL31RA (Nat Immunol 5, 752-60, 2004), and
such. Thus, NR10 in the present invention also includes proteins called by such names.

In the present invention, NR10 (also referred to as IL31RA, GPL, or glm-r) is not

HOLO

particularly limited in terms of its origin, and includes those derived from humans, mice,
monkeys, and other mammals. NR10 derived from humans, mice, and monkeys is preferred,
and human-derived NR10 is particularly preferred.

There are multiple known splicing variants of human-derived NR10 (WO 00/075314).
Of the above-described splicing variants, NR10.1 consists of 662 amino acids and contains a
transmembrane domain. NR10.2 is a soluble receptor-like protein consisting of 252 amino
acids without the transmembrane domain. Meanwhile, known NR10 splicing variants that
function as transmembrane receptor proteins include NR10.3 and IL-31RAv3. The human
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I1 NRI O of the present invention is not particularly limited, as long as it
forms a heterodimer with oncostatin M receptor (OSMR) and functions as
an IL-31 receptor. Preferred NR10 indudes NR10.3 (also referred to as
ILRAV4 (Nat Immunol 5, 752-60, 2004)) and IL-31RAv3. NR 10.3
(IL31RAV4) consists of 662 amino acids (WO 00/075 3 1 4; Nat Immunol
5, 752-60, 2004) and 5 IL31RAv3 consists of 732 amino acids (GenBank
NR1 OQFW&HQnM%%zbJP&%WQH%Q EWEDES 19“&%&%’%%%8}%dzmer with

shown in SEQ ID NQ: 79, and the amino acid sequehce of IL31R

ovcosigB I fF&EeS (BNE B NRRRRIES Aokise- CEFIPNR E RGO nchudes
NR10grttsms:feamprisind tReAarmiNatdeichsaqUeNTelof GE@ID) AQ:IBI3 IRAV3. NR 10.3

(IL3 n@ﬂqay%ngyg@@maymm%wgq@%q ggﬁ%?@%&%g ns compy '.%?@4) and

the amino acid sequence of SE ése guences

IL3 IRppek&atisthb ddiramiogtcide GrRark o sretsder Bp iYL a8pt Thvedlisramino
acid sdqotude dfiél. ANRANR 19 shptibogdisE Of W ong Bl i@e(ﬁhiﬂdé@ﬁmé@bxemce of

IL31RRQJ§\{\§ &l%\%)l}l%ggfiﬁavm dleﬁdhgl\’{\lzvqgﬂa hegu e- e%@ %bﬁ:‘){%ﬂb&f proteins

that comprises € amino aCId sequence o

comprm@jbﬂ)aree@@%sﬁﬁm aﬁ«ﬁﬁ& daaﬂéécﬁﬂenc@@ﬂee@;lmmmqlgus

monkd§4§dPRE) NIRGRRIdepingithe ampngiagithsasan ceiafeiehtid NQES 1D NO:
66 (HCDR3); 20 (2) antibodies having the heavy chain variable region of

SEQ ID NO: 4 (VH); (3) antibodies having a light chain variable region that
comprises CDRI having the amino acid sequence of SEQ ID NO: 5

Antibdﬁi@é}&@;éﬁw having the amino acid sequence of SEQ ID NO: 6
of SEQ.ID NO: 7

nd,C R3 avi the a acid s
g”fi%&‘) éa? IOQARBELE fré@lng %hw]fﬁt%ﬁlé RVa R@@%‘ﬁ iy epen fpclude the
anti-N&b) @(\‘Z’D#l%o@re{mtmeﬁéé)Iﬁe\?ﬂigrtlﬁé}‘@e(@)dbmwvarlable region of (1)
and the light chain variable region of (3); (6) antibodies having the heavy
(A)qu%ain variable region of (2) and the light chain variable region of (4); (7)
antibodies in which one or more amino acids are substituted, deleted,
(1) antghidieel badherdriserpdhd0 inthblamntpiodigsnotamyins 61R) oG gutticmino acid

sequerﬁ%\fﬁ" @F quql'ﬂ}‘ﬁigﬁlt}) BRGNP AHER AL ANYe Q&]gg &)S‘i? 1D NO: 2
HCD odles that bind to_the same epitope as an plto e boun

( Bty SRPBRTH) W%’(%%ﬁgés o1 eiphodics

(2) antlﬂmdmg hdvawﬁeﬂmwyahaiﬂem@m@rﬁ@moﬁ&]ﬂ@emﬂ e¥ing the

(3) ant¥BNG I ng a light chain variable region that comprises CDR1 having the amino acid
sequence of SEQ ID NO: 5 (LCDR1), CDR2 having the amino acid sequence of SEQ ID NO: 6
(LCDR2), and CDR3 having the amino acid sequence of SEQ ID NO: 7 (LCDR3);

(4) antibodies having the light chain variable region of SEQ ID NO: & (VL);

(5) antibodies having the heavy chain variable region of (1) and the light chain variable region of
3

(6) antibodies having the heavy chain variable region of (2) and the light chain variable region of
4

(7) antibodies in which one or more amino acids are substituted, deleted, added, and/or inserted

in the antibodies of any one of (1) to (6), which have an activity equivalent to that of the

antibodies of any one of (1) to (6); and
(8) antibodies that bind to the same epitope as an epitope bound by the antibodies of any one of
(D to (7).

(B) NS22
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sequence of SEQ ID NO: 9 (HCDRI), CDR2 having the amino acid
sequence of SEQ ID NO: 10 (HCDR2), and CDR3 having the amino acid
sequence of SEQ ID NO: 11 (HCDR3)2(2) antibodies having the heavy
chain variable region of SEQ ID NO: 12 (VH); 5 (3) antibodies having a
light chain variable region that comprises CDR1 having the amino acid
sequence of SEQ ID NO: 13 (LCDR1), CDR2 having the amino acid

(1) an@&%@mm{ésﬁ%d%Nﬁ%m%ﬁh@@%&%)@g?ga%%% _mﬁi@@wﬁ%@}@ %ﬁ@ié}nino acid
Se . ; nunodadies naving

o SEHRER X010 o UEORST ) niees Mo el oo 1o

(HCDRéawpédiRidriabig thymniod (tjdswtheckght SRQ) divaHablé (EgoRG; 10

(2) antiBbd(B) ARVREJIRSHRAVING IS DAY GRRIBVAFZRIS 1BAQH. qu(a)ﬁﬂd the

8 h B8 :
light.chain variahle region of (4); (7) antibodies in"'which one or more ) )
() aniff 8%&%%@6&3%@;@33&@@}%9@&,Cgﬁa%f%g‘é?%h higyypgpthe amino acid
sequermatiddtiés 107 dity: dAICE DR 1ty (BYREhishiha ve: amaciivityl eguivalerdt8RQAID NO:

R e e

(5) antighditisrhandiaheihseviiahaih ondaianogamio)asidsard ot haricwalye region of
7). limited and include, for example, the 20 following modifications.

Substitution of lle at position 3 in the heavy chain CDR1 of SEQ ID NO: 9
(6) antibyadigh bavane dhvimeaziahatng dinito ragiarhrer S astitrigahischein variable region of

(4); particularly limited but preferred examples thereof include Val.

(7) antga'évlai?%g i i%ﬂ:fhl\é% %E B?o%jéi%?xﬂ' inaép a%eagggsgﬁgg?%@%ﬁ% ggc%dlﬁ%{ll\é%% inserted

25 another amino ac € amino acl

in the ptibedigsigfipnanpot profel@d vhidinhsrasan aetivitn enideaiknt Subettefite
antibodieMet atypositisin %) i tag; heavy chain CDR1 of SEQ ID NO: 9 with

I ino acid. The amino acid after.substitution is not ticularl
(8 an O R e TR Ho g, et pyany one of
(Dto (e?t)position 3 in the heavy chain CDR1 of SEQ ID NO: 9_With anqth_er
angine AR dxAnelaminenaeishaftae syhslitulionimAoh RAGUIA M SIE Mo,

eSS PRROER SR BElIe e RIS A SRR L
followirgimedidieptiftes. substitution is not particularly limited but preferred 35

exammpingbetsaldnglies Gl &réq{e%@iwéﬂmbm%ﬁ%d}i% Ré% With another
amino iglgladvy Clt]'x%l gm%lrjicl)? 2%010 eﬁ’t%gs:lllgs%lt%i&r? i\serfot particularly limited but preferred examples
thereof include Val.

Substitution of Met at position 4 in the heavy chain CDR1 of SEQ ID NO: 9 with
another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Ile.

Substitution of Met at position 4 in the heavy chain CDR1 of SEQ ID NO: 9 with
another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Leu.

Substitution of Ile at position 3 in the heavy chain CDR1 of SEQ ID NO: 9 with another
amino acid. The amino acid after substitution is not particularly limited but preferred examples
thereof include Ala.

Substitution of Leu at position 1 in the heavy chain CDR2 of SEQ ID NO: 10 with
another amino acid. The amino acid after substitution is not particularly limited but preferred

examples thereof include Glu.
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another amino acid. The amino acid after substitution is not particularly
limited but preferred examples thereof include Asp. Substitution of GIn at
position 13 in the heavy chain CDR2 &8 SEQ ID NO: 10 with 5 another
amino acid. The amino acid after substitution is not particularly limited but
preferred examples thereof include Asp. Substitution of Lys at position 14
in the heavy chain CDR2 of SEQ ID NO: 10 with another amino acid. The

anﬂnbsaaidcaft@mu@atimﬂroismm @erﬂeaﬂarhhﬁmimr)psef@radr\ro 10 with
S.ier finclude G Iron ofL t sr ion 16 in.the
e e KR e N A T R SRR Al e
exampipaithistgefdashedesdBBtitution is not partrcularly Irmrted but preferred
exaau@t%aﬁbaraamﬁ@fup@ﬁm} @Jbamwﬁ@rwf&éyhrﬁtmtm% 'H?]ﬂ}ﬁ): 10 with
heavy chain CDR2 of. SE 0 with another aming acid. The
ano{hearr%lfrl%oa%? aftziu%gﬁut%ﬁ%%&%ar TSRy SRt eaHG qﬁfabfg’r?el&edl@n preferred
examples g theledst fngtude Asp. Substitution of Lys and Gly at positions 16
angubZi fRSRESHYSY nipHIRIBRAMYC RN HRRE A %'é@ifaf*@gll%\%r@ 10 with

another a ino.acid. The amjnq acid, after substitution is not rticularly
anoth g e 08 AL e LR o B0 A R Lt preferred
6X5mmﬂ§|¢f@m0faﬁ@©g@hflposrtron 17 with Asp. 20 Substitution of Lys, Lys, and

GlE@sﬁﬂ%ﬂnﬁi $s h6pafdoh’1 468RRCHNEY, MRAREASRYLCEBH BRRZ: 9D with
th Eﬁ ID N gﬁvlth another amino gcrd The amino acid after substitution
anothqr aping A RS BRSTe BE BRI RO aystimtieh Bt proferred
exampllgsthengobitiohidat @ith Gln, Lys at position 16 with GIn, and Gly at

Pos{iiR LA WILY Waﬁﬁb@?ﬂ'&ﬂtpﬂﬂfﬂ@ He s ¥ APRSN %\%@gﬁ %Rilé% with

14, 16, and 17, respectively, in_ 25 the heavy chain CDR2 o

anothef GIRM0 ACiGih el BhiRePLAR eSS HERPR SRt RN AN lignwse but preferred
exampper ticereryidivhitedAspt preferred examples include substitution of GIn at

p%ﬁamﬁﬁ&rﬂrﬁgvparﬁ 1@ %&g% &qulf'nr%%%er%??'t '%hl%wf,;%% chain

n.an at _position Asp. Su strtutro %srtlon
CDR%H@%%JP&%%&@W‘? PG NGS o whc smisnawidativnasbatigtion is not

particilldyainiftodioid pﬁﬁfmmmmmamaeaw@ﬂw witegshipprefierad with Gin,

iG ples the ﬁ[%ie Asp. Substitution of GIn at position 13 in the
an % cha)rn gasa%p EQ ID NO: 10 with another amino acid. The

an%ﬂ%‘%%%ftéﬁ%émmm ISt pasiidonsrifikftead iy pistesetively, in the heavy
chain éMMéSE@I@N@CMﬁiHi%{M&@Mﬁ{H%@@@ Ofﬁhéfz@ﬁmti%agté@ $Mestitution is

t ap[ W%‘ ID NO: 1Lwth anoh mino,acid. The amino
notp % er suf) tituti Flelgrrrl a{n Fariyclrmr e %tg%rle) er)rfe yq at position 14 with

Gln, Lys at position 16 with Gln, and (}Iy at position 17 with Asp.

Substitution of Gln, Lys, Lys, and Gly at positions 13, 14, 16, and 17, respectively, in
the heavy chain CDR2 of SEQ ID NO: 10 with another amino acid. The amino acid after
substitution is not particularly limited but preferred examples include substitution of Gln at
position 13 with Asp, Lys at position 14 with Gln, Lys at position 16 with Gln, and Gly at
position 17 with Asp.

Substitution of Ser at position 10 in the heavy chain CDR2 of SEQ ID NO: 10 with
another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Asp.

Substitution of Gln at position 13 in the heavy chain CDR2 of SEQ ID NO: 10 with
another amino acid. The amino acid after substitution is not particularly limited but preferred

examples thereof include Pro.
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examples thereof include Leu. Substitution of Met at position 10 in the
heavy chain CDR3 of SEQ ID NO: 11 with 5 another amino acid. The
amino acid after substitution is not padticularly limited but preferred
examples thereof include Leu. Substitution of Asp at position | | in the
heavy chain CDR3 of SEQ ID NO: 11 with another amino acid. The
amino acid after substitution is not particularly limited but preferred

exsmtﬁaﬁbﬁr@orw@w@ﬁ&b 16 Subabitvliomah TIDRG mﬁ%z%@m with

heav: cham CDR3 of.S with another amin g
amoth e A N S i e R A S R G BGL St e but preforred
exampisdhples thehedst isttude Thr and Ser. Substitution of Met, Asp, and Tyr at

posm@%@nH M%@Boﬁﬁﬁﬁ%‘%'éﬁe'ﬁé&%’%@}mﬁ@%@% 198 KBt 1 with
ID NO 11, nother aml Cld The amino acid after %abstltutlon is

anothef Ay DEH Cu ﬁ‘ﬁ%&é"daﬁ Sféﬁ‘éﬁlgﬁi%% ﬁfe%omb‘él Rhtptt preferred
exmmﬂféttmrp@’émdudﬁobnuh Leu, Asp at position 11 with Glu, and Tyr at

t
st LIy SRS G et DSl oSG 1 v

espectivel
anothe] R0, giid Tt?é%ﬁﬁﬁ‘&%&ﬁi%?%%&%% ﬁ%rmstpﬁgmemafmﬁﬁée@lbafeferred
exampleefdmedierampidslinclude substitution of Asp at position 11 with Glu, 20

angu‘éy{l@hla%ﬁw 2&4%9& PHosnL %M 3%6@[%@&@%% 11 with

positions 3, 11, and 1 espectlvely In th eavy chain
anothqQETDD i} anbiREFAANAG Ao AL B HP S B REF OB BNtes ttpreferred
exammwmhmimfyﬂmmmdﬁeﬂed examples include substitution of Tyr at

po t position 12.
. Wltghﬁ-%ﬁ%trwsﬁg‘ #%Etééﬁ%g)tltutlon O%E\F}D]Sal\%Y%OSItldnﬂl N ﬁi/gff’gg g %}JI’? éﬂﬁ‘&l_‘l& heavy
chain GRS 91 BHGIPN Qiidh! WHBUER D B0 he BhAD ARG dciefier substitution s
not paﬁﬁmﬁﬁtutibmmdlbhp@rémiadlyﬁmﬁﬂ@k badipefenmd nexamiRetherRition 10 with

u t.posi lon 4N ! e ht chain CDR1 of
Leu, Agééﬂ%%% ?g wit Eﬁ#ﬁ?ﬁ‘éﬁ nr1|ar% Feid nTie ar%llnoﬁ‘hud after
suPubstitidirIs At pranduian i parsenut brafb i degmekeshplesthisdrenty chain

CDR3in¢IsHE /Hsm@ubsmuﬁqm&h&r@rﬁma é‘eﬁﬂ atm@ﬂiﬁﬁﬁ) la@ma%ef%%ﬁeﬁt&ﬁlﬂqs not
mino acj

e light fSE ID N anothe
partmu?arpxénaggcﬁ kl:}Pelp §u stltu Tk nf)atllr Ic vgﬁ tﬁﬁ'ﬁ%a{b%pp%?’é’ﬁ%’&n 1?W1th Glu,
and TynegfrpetiiomERivélsdbstitution of Arg at position 1 with GIn, and Asn at

posifigatbtwith Aspr, laﬁspswx%tﬁw%@&ﬁ&ﬁsaﬁppplﬂﬁ& ﬁzl@é&%bﬂ%ﬁ}hﬁmm heavy
chain ﬁ% an ther amino.acid The amino ; %@ after

8?%%% itltion 1s not’\giélrltlc“ig cﬁ%?(’p?gf rred & REHRRES h BHgs pubstitution is
not pajtieliladyAigited but preferred exampies include substitution of Tyr at position 3 with Leu,
Asp at position 11 with Glu, and Tyr at position 12 with Thr or Ser.

Substitution of Arg at position 1 in the light chain CDR1 of SEQ ID NO: 13 with
another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Gln.

Substitution of Asn at position 5 in the light chain CDR1 of SEQ ID NO: 13 with
another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Asp.

Substitution of Arg and Asn at positions 1 and 5, respectively, in the light chain CDR1
of SEQ ID NO: 13 with another amino acid. The amino acid after substitution is not
particularly limited but preferred examples include substitution of Arg at position 1 with Gln,
and Asn at position 5 with Asp.
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Substitution of Leu at position 10 in the light chain CDRI. of SEQ ID NO:
13 with 5 another amino acid. The amino acid after substitution is not
particularly limited but preferred exanifles thereof include Val.
Substitution of Ser and Lou at positions 8 and 10, respectively, in the light
chain CDRI of SEQ ID NO: 13 with another amino acid. The amino acid
after substitution is not particularly limited but preferred examples include

suBgHtuianATPEALRRRHRM § Yﬁ'@ﬂe“ﬁ%h%ﬁ@:é@%& YrREIHIAH LWty
VaI Substl%m of Thr at 03| on 2.in the light chain CDRI of SEQ ID NO

anothef SRR Akbindn SR GBS FHErSHANGAE Ater GSLOHaR gt but preferred
exampper tiverarfyidirhiteddogt preferred examples thereof include Ala and Ser.

S@%@Hﬂm%ﬁﬁmﬁ% "t'i%ﬁ %d@nt%'mg?ﬁ chain EBR? & stRQIPN1 14vitm

with 15 another amino acid. The amino acid after substitution 1S not

anothgs ARARANFtimitse ﬂﬁf‘ﬁ%@%ﬁéﬁe@%ﬁﬁ}&?fhéﬁ@{% Ragliseiapypimited but preferred
exampBstbtitatidmafilyd/at. position 3 in the light chain CDR2 of SEQ ID NO: 14

W'%h}%ﬁ%h‘éﬁ %ﬁ@?a@f& %Uh% ﬁé&*ﬁ&n@%‘%ﬂt% %‘é?ﬁééﬁi §§ %P”é’b% light chain CDR1

artlcularly limited but preferred examples thereof inc
of SEQ IS Stfditibh itk anchFcEriBA &if- thd g ArERAIFFEHRY SHRLEIPPNIDL4
particiaithy dindtbébanpird:aeid cihemeineladidsafisi atbstifBendspaeition § with Arg, and

I G pl wgﬂl ut preferred examples thereof include Glu.
ot atl[swést%utlg{n Q%gt position 7 in the |I%tt chain CDR2 of SEQ ID NO: 14

iBHLSHEHER SR HORASTTRE AT AiStk ARGISEBRR I RONO: 13 with
anothepariitwdatydimined bulqretedese2ubxamplasdherealialde (iN@adut preferred

examﬁ‘fgspfhg!égﬁﬁg %I%gf & dlﬁou and Lys at positions 3, 5, and 7,

respective |g tchain CDR2 of SEQ ID NO: 14 with another
aniRBSHEEOTRE AsiRbpasitiartbistisstightishatn toPrard BN d butith

anothd@raiﬁrf@aﬁam@aﬂﬂ@wg&@uﬁ@pm@ﬂt@ﬁéﬁs@mwwﬁr nCeH Bu@referred
%1 SI'[IO Bo) \f\ll&l} (Ailu and Lys at position 7 with GIn. 30 Substltutlon of
examp

rS(O)SI ion %ﬁe light chain CDR3 of SEQ ID NO: 15 with another

anﬁhbsaﬁiaormé laynirtpasidoarteirsiisdinbtiohais AIVRAMCHR@Y Mt Hurith

anothd@@igHedeiaxanplesmiher aefdneude AR RIPAL E%E'Ewéﬁﬁﬁﬁhﬁﬁﬁﬁmﬁnrefmred
P QE <g;hit R3 of SEQ ID NO: 15 with another amino acid. The
examp C3.1Nerco Cf?er S

amino aci stitution is not particularly limited but preferred 35
exanisiéstneeioiéncitipesitio. 16 Gabisitutionot DR2atfISHdR Nid: thewith

anothd{HMBlaalRiED &ﬁ%@d@d&@e%ﬂ%ﬂﬁﬂﬁtwcﬁmﬁ% Tﬁ%@ﬁ“ﬂ%@ preferred
Cld after ﬁﬂgil%?h% n is not particularly limited but preferred “examples

exam Sfei?l
Substitution of Lys at position 7 in the light chain CDR2 of SEQ ID NO: 14 with

another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof inchude Gln and Asp.

Substitution of Lys, Leu, and Lys at positions 3, 5, and 7, respectively, in the light chain
CDRZ of SEQ ID NO: 14 with another amino acid. The amino acid after substitution is not
particularly limited but preferred examples include substitution of Lys at position 3 with Gln,
Leu at position 5 with Glu, and Lys at position 7 with Gin.

Substitution of Glu at position 5 in the light chain CDR3 of SEQ ID NO: 15 with
another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Asp.

Substitution of Ser at position 6 in the light chain CDR3 of SEQ ID NO: 15 with
another amino acid. The amino acid after substitution is not particularly limited but preferred

examples thereof include Asp.



10

15

20

25

30

35

Each of the above-described substitutions may be made alone, or multiple
substitutions 5 may be made in combination. Furthermore, the above
substitutions may be combined with dthier substitutions. These
substitutions can improve the antibody pharmacokinetics (retention in
plasma), enhance the antigen-binding activity, improve the stability, and/or
reduce the risk of immunogenicity. In the present invention, specific

exanmies@iihe ’Yﬁfiﬁb&%sﬁ%i@?%d"ﬁa\éi@%iﬁ 935@@@9%10#@1% BENO: 15 with

habove-des ribeqd substitutiqons ncluc%eﬁ or example, heav ain variable
mothS ARG Rl e BN G ALY CoqUEREBBTSE B tNies ey Mgt preferred
examphaiheresibinid véglins having the amino_acid sequence of SEQ ID NO:

168 Mareavelhsamplesaf theantibadi %’?‘a@aﬁéQ%aﬁecﬁg}@,n&ni%ﬂﬂgg%ubstitutions

above-described substitytions include, for example, antibodies that™ )
may b Juaghdn cqm %aﬁ%?ramerﬁe&wh%wﬁ%%%%&g@am@@i with
other ofSEQIDNOTIGE sulsktitiligis tarchapnoveriablentégion flavingetheraif Qretention
: ' I ; reqver, SRecifi mples of the .

o SO BT N, SRS RIRUNE. et
ImMmUBREERCH¥scribed substitutions include, for example, the following variable
redioths: [{egsbretduy cohiain Vpét&ﬁlﬁemﬂ@';@ ﬁ%ﬂﬁ@gﬁﬁiﬁf@ ﬁé%BlﬂDsQfl@E{gléQombination
: . . n 0 NO: 11. .
oSSR IR R DS v
the amipy: 2pi46SATRARECSH SEQ 1D W 169 Andriebiphany s b s perionsthagineafic amino
acid sc(qu)lm\gmmmaﬂ@blmsegimwgr&ba&g@mﬂgﬁ:&@me%ﬁ%&i@ NPmE0,

. | 0: 197, and CDR3 of SEQ ID NO: 184 (1128, H42): 25 )
comt e e O B RS TR 8 tompie
a heavyg RN et et hadne AieabRIGH SEQImNG ST P13 HAd)utd)r light
chain faablchaibyabdle teaiansdsicompize 6ERIPISRG. PR O: 176,

CQR2 9f SEQ ID:NO: 197 and CDRS of BE IDNO: 182 (H34, H46). ()

heauy Gham VATABIS TAgIRIS AR EOrY SBAEb R S EBiD 3P s e having a
combipptBmE | thamboveaieggitaddubBRBiohSECUDNO: &8uniHS Tha-Ho8vig variable
regionB€avy chain variable regions that comprise CDRI of SEQ ID NO: 176,

CDR2 of SEQ JD NO: 198, and CDR3 of SEQ ID NOQ: 184 (H71, H92); (h

() by S AT S T ST £5, TR G OO RN 194 G LI I
NO: 187 3adTDRf $BQ, BhifCDRII61 BEQ ID NO: 184 (H97, H98); 35 (i) light
b) heARpihyariakie1egl ' - PR,
O e S TR DN A o

104 Bst %ﬁaﬂ R idd EDRFof SEQ ID NO: 201, CDR2 of SEQ ID
(c) headn@ehaitOyainbie BRPf BEQIRMNE: CBR(LALFEQ ID NO: 196, CDR2 of SEQ ID
NO: 197, and CDR3 of SEQ ID NO: 184 (H28, H42);
(d) heavy chain variable regions that comprises CDR1 of SEQ ID NO: 9, CDR2 of SEQ ID NO:

197, and CDR3 of SEQ ID NO: 184 (H30, H44),

(e) heavy chain variable regions that comprise CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID
NO: 197, and CDR3 of SEQ ID NO: 184 (H34, H46);

(f) heavy chain variable regions that comprise CDR1 of SEQ ID NO: 9, CDR2 of SEQ ID NO:
198, and CDR3 of SEQ ID NO: 184 (H57, H78);

(g) heavy chain variable regions that comprise CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID
NO: 198, and CDR3 of SEQ ID NO: 184 (H71, H92);

(h) heavy chain variable regions that comprise CDR1 of SEQ ID NO: 9, CDR2 of SEQ ID NO:
199, and CDR3 of SEQ ID NO: 184 (H97, H98);

(i) light chain variable regions that comprise CDR1 of SEQ ID NO: 200, CDR2 of SEQ ID NO:
170, and CDR3 of SEQ ID NO: 193 (L11);
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(k) light chain variable regions that comprise CDR1 of SEQ ID NO: 202,
CDR2 of SEQ ID NO: 170, and CDR3 of SEQ ID NO: 193 (L17); and 5
(1) light chain variable regions that cobfprise CDRI of SEQ ID NO: 203,
CDR2 of SEQ ID NO: 170, and CDR3 of SEQ ID NO: 193 (L50).
Furthermore, specific examples of the antibodies having a combination of
the above-described substitutions include, for example: (i) antibodies that

) hgmmsemtee shain uaﬁ@%remm ef ER@no Welight BRSPS ID NO:
170, a.n &gﬁt %;s%%% I%(ye(‘a at comprise the heavy chain variable

region o ? jht'ch \)arlable region of (k); (iii) antibodies that
(k) hgbbﬁh@t@é@h@)&e@@p@hmﬁtmam off BE QP tNe1ighe cHRIR2 of SEQ ID NO:
170, a}{@l’@bt@g Eggﬂg@qb(@@l@g@v@q jbaghies that comprise the heavy chain '

bIe r f)a the li ht C v );
0 e RN R Br GRSy Wi JL e Egion s Hhd ESEQ 1D NO:
170, ah@t@ﬁﬁéﬁmﬂ&ﬁ@ﬁ]@ Négld)_ﬁfidﬂ(&@)and (vi) antibodies that comprise the
e e @és‘?ﬁgﬁ{apa”h R Chah kA o et e
above%ﬂ%f@ﬁéﬁ%ﬂ ’ﬁ%lﬁﬁ TG HER®sequence of SEQ ID NO: 17
(1) ant{MtGRRIBICORZ batind¢heyarhino woididegegnoeHicP fd tReNight 2haikBvariable
regior (Ialﬁ 2) and CDR3 having the amino acid sequence of SEQ ID NO: 19

&Rﬁ R3); (2) antlbodles haV| the heavy chain variable region of SEQ
(i) anNfegdisg (AL FOmPLSG g ¥t chesPvtdBlened %t&tcham variabe

regtomm‘f’@k))jses CDRI havmg the amino acid sequence of SEQ ID NO: 21

t
0GB e A A LA g e
fegwn(Eé@hB) 30 (4) antibodies having the light chain variable region of SEQ
(iv) arnfibdbife 2o hisattidioeies tianingafieshergioehai(fyaniatie liegiamath variable
regio %} d the light chain variable region of (3); (6) antibodies having the
eavy’chain variable region of (2) and the light chain variable region of

(v) anippdies {rtaptmsisedimbiaivione vinableramamnoamisaddhalighiohain variable
regiordsfekgdamtided, and/or inserted in the antibodies of any one of (1) to (6)

aye an actlwt% gywale tto that the antl ({% anH %t ham variable

C
(vi) an(tig cﬂ?é at %Pfg?l’l 15c 1 cav x&a{ e Tegion o pe Lihet pl e

&me &p
reglongfUmY by the antibodies of any one of

{CYNS23

(1) antibodies having a heavy chain variable region that comprises CDR1 having the amino acid
sequence of SEQ ID NO: 17 (HCDR1), CDR2 having the amino acid sequence of SEQ ID NO:
18 (HCDR?2), and CDR3 having the amino acid sequence of SEQ ID NO: 19 (HCDR3);

(2) antibodies having the heavy chain variable region of SEQ ID NO: 20 (VH);

(3) antibodies having a light chain variable region that comprises CDR1 having the amino acid
sequence of SEQ ID NO: 21 (LCDR1), CDR2 having the amino acid sequence of SEQ ID NO:
22 (LCDR2), and CDR3 having the amino acid sequence of SEQ ID NO: 23 (LCDR3);

(4) antibodies having the light chain variable region of SEQ ID NO: 24 (VL);

(5) antibodies having the heavy chain variable region of (1) and the light chain variable region of
(3

(6) antibodies having the heavy chain variable region of (2) and the light chain variable region of

(4);
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5 (1) to (7). (D) NS33 (1) antibodies having a heavy chain variable region
that comprise CDR1 having the amino acid sequence of SEQ ID NO: 25
(HCDR1), CDR2 having the amino acld@ sequence of SEQ ID NO: 10 26
(HCDR2), and CDR3 having the amino acid sequence of SEQ ID NO: 27
(HCDR3); (2) antibodies having the heavy chain variable region of SEQ ID
NO: 28 (VH); (3) antibodies having a light chain variable region that

(7) an§BsaRrise GRRH bhaamﬁhmmiﬁ@ asidh SequPReeRUSH M E@ie@gand/or inserted
C R2 avi ino, a sequen

e o S R RS RS R S s

wtibod.@l!)ﬁ@)}’l’@e(@féHtﬂ@déDegmbvmg the light chain variable region of SEQ

8) antiBdifes BAd(Mili (SlrRnimdies VRGN REAYY GhRILY A2l Kegion Lt f
EI; imﬁg and the Illght chain varlableé}?élon orfﬁ)(gﬁ(ég) antlbo}\élles having the Ay oneo

avy chain variable region of (2) and the light chain variable region of

(4); 20 (7) antibodies in which one or more amino acids are substituted,
(D) Ndeieted, added, and/or inserted in the antibodies of any one of (1) to (6),
quivalent to that of the antibodies of any one of

Vve& an ctivit
M aﬂ%?&ﬁf@@ﬂ\&ﬁa % A GBI arER iFRtE HRAL SRRRPESR GaRdsaxiag it amino acid
sequerspuriEBRHR HANSAEE DNy GRB Dhaili) ot prdmé nyidramyesmorkof SEQ ID NO:

26 (H(ﬁ?ﬁ@ﬁsaﬂ_aoéﬂ@y}ﬁ%ﬂﬁ?gef%ﬁ% abaveadescs %?@@Q%*i?ﬁi@s 21 (L PR3);

owever, FRs derived from human are preferab gused Furthermore,

@) aﬂ% Aisupne RsioR gvmlséf%fé@&%%ﬁ@ HetBdiBbdies of
(3) anifbptdctdaviowe ahicdnitant iedorgideritetcdopifu0R Bhavinefdiabhiino acid

sequeﬂé%etﬂ: Eﬁ?(ﬁtﬂf’ﬁ@t' lﬁ@c{'ﬁ?ﬁfﬁg (E’fﬁ{cfﬂﬁwg %@&nﬁg M@%@J\/ 'Iilce of SEQ ID NO:

Se uence of the orlglna I constant region ma e use
30 (L bR hheyipe g a0inbeid W%ﬁ@?% RN Qeauéﬁ&e
Y anﬁwoﬂnmautwdeighochaaﬂdmwa@gm @f@'ﬂ@mmgr(mpye amino

(5) an %ﬁégséﬁ scr%mg ﬁ%ﬁgls s c?v%ﬁa%fl gg%eav %Ijam P and th }eltr%l% 18otide igble region of

3); sequence encoding this amino acid sequence is shown in SEQ ID NO:

(6) antdodisanvinjehtlecamiohaacihsepdeasR RN Jighd ahaiibls SRAWRHRable region of
(4); SEQ ID 35 NO: 36 and the nucleotide sequence encoding this amino acid

sequence is shown in SEQ ID NO: 35. 19 The amino acid sequence of
(7) antjhedienin whisihseNs2R18 ShEwrmmids B obMDIed delétade atdeidotididor inserted
in the BREMEIIES cﬁﬁﬁ@dé'ﬂg &liﬂﬁﬁgfl i, Wﬁcﬁ%@%ﬁaﬁ%@%ﬁ% dﬂzaﬁré@t&ﬂé@é%%
anwhile, the 0 sequence of the light chain'is shown in
oS IS I R

e'sequence encoding this amino acid sequence
& anf.g»@,@@wﬁmm SROqhn@nREpitope as an epitope bound by the antibodies of any one of

(1) to (7).

Any framework regions (FR) may be used for the above-described antibodies of (1) or
(3); however, FRs derived from human are preferably used. Furthermore, any constant regions
may be used for the above-described antibodies of (1) to (8); however, constant regions derived
from human are preferably used. For the antibodies of the present invention, the amino acid
sequence of the original FR or constant region may be used without modification, or after being
modified to a different amino acid sequence by substitution, deletion, addition, and/or insertion
of one or more amino acids.

The amino acid sequence of the heavy chain of the above-described NS18 is shown in
SEQ ID NO: 34 and the nucleotide sequence encoding this amino acid sequence is shown in
SEQ ID NO: 33. Meanwhile, the amino acid sequence of the light chain is shown in SEQ ID
NO: 36 and the nucleotide sequence encoding this amino acid sequence is shown in SEQ ID NO:
35.
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5 The amino acid sequence of the heavy chain of NS23 is shown in SEQ
ID NO: 42 and the nucleotide sequence encoding this amino acid
sequence is shown in SEQ ID NO: 4119Meanwhile, the amino acid
sequence of the light chain is shown in SEQ ID NO: 44 and the
nucleotide sequence encoding this amino acid sequence is shown in SEQ
ID NO: 43. The amino acid sequence of the heavy chain of NS33 is shown
in MN&lé@eﬁﬂén@M@hﬁﬁ9gﬂﬁi§@ﬁ$9@@ 1§?ﬁaﬁlﬂﬂ%tb§@m'}@o 38 and
ence Is sho SE eanwhile, the
the nu&%g{iﬁg%g%ﬂﬁe %(%éfg R%rh R0 a(;ld %E‘&%el\ﬁd 2%%%'}% ?&9 37.

sequence IN 1S snown In.
Mean m&m@@@q@é%ée@m af thrridightislniacid Sevuec8 FQSEOLNG id GEQ the
nucleo@&@q%;:@é%@f@fﬁi}& m&%tm g’éﬂui’ﬁ@”ﬁé’sﬁﬁ%‘i@{?@flb 9 thatef gge/
or an ne o means Cll or QIn an OI’
neuft2 ng fi‘l %?nécgar%% %ﬁ%ﬁﬁﬁi‘ g&% e%’t?\?’glghgﬁlﬁ 0:42 and
the nugim@ﬁtswm@@mnmimmmmamd sogarrsthatstevadtilyQsIRaNO: 41.

MeanWiite S5 16 SN AR iR ERRBRSH X (EolEed 9&%?!191@@”4@ and the
nucleo?g'v't is retained AnégbOdIES with.a reduced, act|V|ty inc|

oGS S0 LU AR A TiRS THERGE 18668 6R m&@%@f%bﬁ;
50Vhoammione;cithdemore pre firaly 808hain 0foNS 83 thahofvthi GlgNE NO: 46 and

the nuaegtqegxe%%a&eeﬁ&mg ig3.0fA0Y 908 Qéaféo 10:(8) éf{tﬁﬂﬂ?ﬁ%%@ﬁ%@%

titution, deletion, addition, and/or insertion of one or more

Mearngll ShE S AP L2t BB PYAe DB SEG AR@H and the
nuclectdgueqeexardiodFR téquences)dstprgasishddmLo-BIQiNY sod/or.

n%ﬂfﬁ%f&e@ﬁfiﬂwdﬁaﬁtﬁ{@QQCMESF‘Q@%X%H@%%% §qu %&h%ﬂo‘f‘a%‘yeone of (1)

art to prepare the. aming acid sequen

o (6" npati higriPaatioh, QbrtnEamd/er Ressiiorns %b%f@rr e lnligan NR10)
is equizelestin fhelanpirecacitsegsante: wdll’&tqm%mﬁt Onhtinghingagtid/ @ktivity is not

HBCCSSQH qﬁl‘!"zé%ba BH{IEYF;{ %%l %?ﬁaﬁ%%@?%&% ératr gﬁg g‘;%%t%gng ”ilSt (%Setamed

pro elns For exam ose skilled in the aft ca prepare mu

Antibogige foniaty SR RsHvie s eroa g ravmle wmﬂmﬁbmlam/mtwny that is

30% Oﬂﬁlﬁf@ma@ﬁblwm}b%youMo@@mgrﬁmrpm@ﬁWQW%m $R1BMHMhe original
antibo&’;?'d sequence of the antibody having NR10-binding and/or neutralizing

act|V|ty using 30 site-directed mutagenesis (Hashimoto-Gotoh, T, Mizuno,
aaesp Ty RekaEwee ) megtepghabove may have a substztuﬁon

deletzo@Ll gﬂdﬂ@ﬁy rHhamcieefidar @H@ﬁ@& Mm@% Reetbod dor siterw '&@i@itgé’quence of the

Gene 152, 2 ZoIIer d Smit
varlabglyg;%nuc Rse TS A agenes ; &? &%g?‘l&‘ %](1:99 %Péi%%ndjor
neutraljgiag ?§t1M§iHéﬁ§@%mMeﬂW%®1§@©Wé®ﬁéﬁSV\ﬁkﬁMsa thy adiogeapare the

amino HV, detRiIee 85 aﬁglfbiﬂflsmrﬂ% lﬁ@(% Eaﬁﬁéﬁ{{ﬂt]é&ilig%éltkfm? 9@(9881? dH@I&GXinsertion of
DNA 35 approach tq oligonucleqtide-directed mutati ion.

one oot RO I 1S D B AT b SR L F G pndor

neutra@igaﬁ%@%d@&@a@h@dﬁﬁwummtwmmnﬂmpmdm diplexample,

those SRINAdViethods:. cﬁﬂ?{@i‘)@fe %aﬁé%ﬁ@ﬁoﬁ&%@hﬂﬁi@rﬁ%@%ﬁ%ﬁ%ﬂ@? havmg
cifi

tfi t site-s enes Wltho phenotypic selection. Prgc Natl
NR10RRE A BATSS S R the PRIDBHRIS TRRPESRERV I amino

acid segnmgwﬁﬁammabmdmhaan@ﬁm @hbnmnglahmdjor neutralizing activity using
site-directed mutagenesis (Hashimoto-Gotoh, T, Mizuno, T, Ogasahara, Y, and Nakagawa, M.,
(1995) An oligodeoxyribonucleotide-directed dual amber method for site-directed mutagenesis.
Gene 152, 271-275, Zoller, MJ, and Smith, M.(1983) Oligonucleotide-directed mutagenesis of
DNA fragments cloned into M13 vectors. Methods Enzymol. 100, 468-500, Kramer, W, Drutsa,
V, Jansen, HW, Kramer, B, Pflugfelder, M, and Fritz, HJ (1984) The gapped duplex DNA
approach to oligonucleotide-directed mutation construction. Nucleic Acids Res. 12, 9441-9456.
Kramer W, and Fritz HJ (1987) Oligonucleotide-directed construction of mutations via gapped
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regions and have NR10-binding and/or neutralizing activity are also
included in the antibody of 5 the present invention. When an amino acid
residue is altered, the amino acid is p2éferably mutated for a different
amino acid(s) that conserves the properties of the amino acid side-chain.
Examples of amino acid side chain properties are: hydrophobic amino
acids (A, I, L, M, F, P, W, Y, and V), hydrophilic amino acids (R, D, N, C,

duplexDRAGATdSs SERAD), HRINGAGEE CQNRNINGAIRRYR D Sidt ralRsy

oo g%%é Vu’tL é, aqdvﬁ%mlr%auds_ corL'éalnlng F?ﬁydrm%q/;r %roup-c_pntalnlﬁ 488
stte-speCiic mufiag P& VARG P IHRE K8 CoMaling Stk admsiting' s -492)
or the Bkainsl{@andtNpdien thet acidsicomtainimgreanndny hcid aiditstiehs in ﬂ_le variable
region@%g%mqm%i&tﬁgm% (Rulln Eianeh it @leﬁpﬁéhﬁﬁﬁtﬂm%ﬁtibod}r of

h basic side chains (R, K, and H), and amino acids containing aromatic side
the pre@ﬁ%‘iﬁ}évﬁ%thf‘;Y, and W) (amino acids are represented by one-letter codes
in parenthesesio Aritinosabid kS iserbdtithtians withind eapretfiably aneteritetdr a

differeﬁ@ﬁﬁﬁﬁ\saébiﬁ(§}‘ﬁ%%§4ﬁ@§ué§ {ﬁﬁk@%@8&“_’&5'@11%0%%%955’&%31&  Examples of

i cgu_ence IN wNIiCh one or more amin

. containing a, modified amino ac ) ]
amino zcyd Sf@gig%% MopgrishasminG REhebi e Hieddieled; dided . ddrrand V),

hydroghibstituied weiifs ¢hhdd AN iGoFadids cHnKe®iadhe prigingd biddegieaaining aliphatic

: SHV I ( Dy F,atal. . . -SCi . (1984) 81:5662-6;. .
e e P PR R R bl e e o
(S. T, s0dng: 20RO 8¢l cqplaidag T8y rsaning SdpeisigiéOMer Adhmmicn agids
contaigihgReoboNGit. AbdtindeimidS otk &8/ QRANIES | TH VEEMHARTS RAVED acids

: ' id | ity of-at | 70%, more_preferably at least 75%, even ,

cont B ke B e R s .
F, Y, 456 R¥)4{Bipine eéds oovicninernieskbpriferabr spiisssnanoniheeshe Amino acid

substitudtabieifeigiench(fbupas iR IR SRAUOBCOBs iR RAAUCTCRSI RLW RIS wn that a
iable regions esent invention. 25 Herein, sequence identity is .

var e of t n [
poty b e R T e B o eid
residueiriifoeicsd sevne Acd stanenhe avs dshetirdyadiddsl carstirorswhrstighted veitih other amino
acids chariehlia ke Mgtix%tsférggtﬁﬁlaéféﬁ%ﬂq&ﬁﬂé,%% @@zgh@%%ﬂdm QL USA;

p 1a1€. ro aximize seguence ide as necessary.

(8 Sl o el SUS e NGEFIcH A . Waa
A. et afleSettinet GO/ 230: MitrathaksdlveMoiimeadid s equéntes of Wathead. Sci.
USA (1egiDmsibasfave a substitutions ie'eipn Addiion andier Bserion shoNore

r more a acids in the amino acid sequence of the variable regions .
prefersRE (il b SAMATIT Y B LSEON B SPLNPOEB ISR Aot 85%, set
more pefgnedilyi _ﬁglmstﬁ\ﬂ@%c.a}mbmoﬁttﬂiﬁ@q‘aﬁbmtdamEﬁ&’aidﬁﬁhﬂid};dﬂﬁ’dﬂ;&egions (for
exampw,‘@ﬁﬁtglﬂﬁl%ﬂfz&gWtﬁaﬁeﬁgé&u&}%é@qréf?ﬁféolse%g%%gé%?igﬁgleegggteinvenﬁon.

. sequence encaqding the amino acid sequence_ of the 35 vari regions.
HereingsrlRite O BRI Stitr RS AaRiBProceREe of nevibieddentital iy hiarsthe
originalndensriideedwomnditbtis eavywiisic eoidihatdgich de $i ghe dhatleeliti®le region,

e ns. ...
P e T G L
the sequence AeTSY GRS cohkiibRBHRIASRHBR ACIE SetReR FutRerdesrmined by
the method described below.

Alternatively, the amino acid sequences of variable regions that have a substitution,
deletion, addition, and/or insertion of one or more amino acids in the amino acid sequence of the
variable regions (CDR sequences and/or FR sequences) and retain NR10-binding and/or
neutralizing activity can be obtained from nucleic acids that hybridize under stringent conditions
to nucleic acid composed of the nucleotide sequence encoding the amino acid sequence of the
variable regions.  Stringent hybridization conditions to isolate a nucleic acid that hybridizes

under stringent conditions to a nucleic acid that includes the nucleotide sequence encoding the
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With more stringent conditions, for example, the conditions of 6M urea,
0.4% SDS, 0.1x SSC, and 42C, isolation of nucleic acids with a much
higher homology can be expected. Thgl5 sequences of the isolated
nucleic acids can be determined by the known methods described below.
The overall nucleotide sequence homology of the isolated nucleic acid is
at least 50% or higher sequence identity, preferably 70% or higher, more

aminoP{SIE RN AW ORDAREH (0% SXAMPG 5%y %Qaéonpqg 8RR F6M urea,

o ). Nucleic ac:lds that hybridize under stringen con |t|ons to a nucleic
0.4% g{?@ i oripbsedBt 1 ?h@W@éﬂ{%?él%}éﬁ&%%@%ﬁ%@iﬁglﬂ@%ﬁh%&tﬁlem thereto.
With wmmmmlém@tan@mmalmﬁmmlaf%teg OngesD®f0.1x SSC,

and 435€ @%X&aﬁ?ﬁ%&?&éﬁ@%@?%%‘?&@ B ﬁéﬁﬂgﬂl&‘gg %%(%%%Spected The

amplification methods such as merase chain rea
Seque%%%}@yﬁﬂl@%ﬁz%%%éaﬂéﬁ%ﬁ GrteteraiRat Spribelkeaie Beduadsdescribed
belowendidingdia atml’e@t&iﬁdﬁgﬂue@ﬁ@rﬁél&b@\tﬁl’tﬁ@ﬁofﬁ@wﬂ@c@& acid is at least 50%
ey seguence
o e BRSSO BRSPS AR e o
exmnk%xrﬁﬁ“/én%%@é’h@ ?&r’eyc%%’atpr;iéa?@leré;cu USA(1993)90,5873-7).

Progrelmis stidhtas: BUARTN andeBLASIRS: weraideus @p@ﬂ@r@s@w@ cH¥osed of
(0] ana

the nu@ ggﬁ&h%&ﬁ‘gﬁc ,‘rlvceot(f1 %co?%%ll B?Ig)l&l& 20 %D(::LSB A03 &’{%’—fﬁﬁ% 5%an also be

nucle otlde sequences

lsolatﬂéd#%t@%eaﬁeoiébef@b%ﬁ@mlbaé thbééseiﬂlmdmmmmtmerﬁgthM‘s gene

amphﬂﬁtlbﬁ ﬂ@iﬁédﬁt@h%rmééﬁﬁﬁﬁpfﬁ&l@ﬂ aAsie) AP 'ﬁx@rx@%@ymhesmed based
uences b e %STX based on BLAST ﬂlclude for egample e
t

on e R R e SN T v (gl

_ wor eng
TegIon§sing the BLAST and Gapped BLAST programs. Specific techniques for

SUSB&E}QME?SE%Q&%W@E%@?@éQ Wg%@L%%hﬁ)AiN%f:ﬁéﬁence to another

nter for Biatechno ormati asi

can b B R LB P VT e Aced. Sci

USA (H&htidh 3896 [oviesgamtibodibsit B ASNoatheHanRI epitepedsdoped based on

this ai&&{igﬁﬁ (paupddryihe. @nmdeiggppg %@%ﬁ;@ggﬁg@cggé;)e'g%%ﬁé ?qgicieonde
antpo I’eco Sam |

seaueTAG LA Gl SomHLRLUEBI 8 Rt BT A b i serels o

score=ainsidveriiiopb=30 Copetitishd étwmde painenattib asbd Seathdgnalysis of amino

acid WW&QW%‘@M@QA@M’ nﬂ)f@%%ﬁ%l@? Lé%larg‘s Eé’!a%ﬁ"wordlength“

orescence energy transfer method (FRET), and rometric

. Df b vaTamEe Bl P ReR MORSEY a:wm)yew%@e Rlop SRtAnstitapped BLAST
progra}mmmoﬁpraﬁcamgamumd ifecsiycicantdiats witkioevhiiiding abkbe dhe website of the

Natlorﬁﬂ@y%ﬁ&%%@mfo &ther wor %? @Q%%g|§25 h% ;%H%ltlve %l%l(éjs Tool

to the same epitope. I mount 6f 6 ni
(BLASE) s htipdeing anyhihat Iﬂﬂ’é‘ 8R18-epitope increases, the amount of

anfibegieschoimaritdh al@@bg@ﬂdéh%ﬁﬁ&a&&ﬁs&ﬂdt_ thie e otah&eHitope as an

T R

therq@ antibody recognizes the same ep1tope as that recognized by another
ant;body can be confirmed by the competition between the two antibodies against the epitope.
Competition between the antibodies can be evaluated by competitive binding assays using means
such as ELISA, fluorescence energy transfer method (FRET), and fluorometric microvolume
assay technology (FMAT(R)). The amount of antibodies bound to an antigen indirectly
correlate with the binding ability of candidate competitor antibodies (test antibodies) that
competitively bind to the same epitope. In other words, as the amount of or the affinity of test
antibodies against the same epitope increases, the amount of antibodies bound to the antigen

decreases, and the amount of test antibodies bound to the antigen increases. Specifically,
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antigens, and the thus bound antibodies are detected using the label. The
amount of antibodies bound to the antigen can be easily determined by
labeling the antibodies beforehand. Th¥s label is not particularly limited,
and the labeling method is selected according to the assay technique 5
used. The labeling method includes fluorescent labeling, radiolabeling,
enzymatic labeling, and such. For example, fluorescently labeled

ppIo %M%@ﬂ%%@&@%%@%@%ﬁ@kﬁ&ﬁ%ﬁ 3{&@%}%&%@@%@& to the

e cells e SSing an e e odles ar
aﬂ‘ﬂg% %éﬁebv? o T doe %%aw&m?db LShiaraiing g antbodie
bound"mrilibadyighatredegnizés dh@lsam@iémﬁapetimgmant:@nchmlbcx&bydtmdcarﬁ‘his label
is not FRAUGEINE 1IRINAIAG.0h Hhe 1ahsis (g ARUNAOY Qélléétg?iaﬁc%%’ﬁé%tt@the assa% technique

concentratlon that is usually 100 times higher, preferabl times
used. e ﬁ%@%mﬁtéﬁ%ﬁ‘é&%ﬁﬂBPf%Ht&?SFé’lB%eféﬁé‘E}ﬁP%W%rﬁ&%ﬂﬁ‘i’&ﬂéﬂabenn& and

such. and still more preferably 10 times higher than a concentratlon at which the

50) & EIQ”HQQ%%’J&‘? ﬁﬁéi&% Q{H%Q&é?qf ing {91*?%8%@ Qa‘égyo‘é@

%6 tibodies that Ind to the epitope to which the antibodies set
antibofiganfs siyPBAReaRTHY) add %#ﬁ%m%ﬁ%i%?émgﬁm%@&&sé%ﬁéwmeé antibodies
are defeattic biaflydrigheneutrdtizinglasidvibsa¥ helandilogsties set forth in any one of

(1)&&&@ %%Imltgggg%%g&r@%@%%qﬁn r@? Ssré’f‘él*satroeaﬁoént%;ody that can

articu rIy reto ermore, t t iInvention provide

reducf‘gféﬁég@%afﬁbet#@@ﬁﬂ potihodsiinadieasior &’e) % % COPREBR PlipRotis) isfigaplly 100
times 19gfd), @E@féﬂabﬂﬁe(gﬁﬂﬁg Bigthe, prese pid e BHOSONI@)E D Bighdt feth ffore preferably

30 um%er% gsg or e? {r; Iebr%r%ﬁo ably’c\)lﬁstllf@lgélgl q‘J[ t{lhumanlzed Prefer{ wquch the

men e a |es he pres |nvent|on mceIIﬁ Rumanlzed

non-lapslegapdrdy trdudsinehtorhring, offibeHabslad 2adi erbby @%/eélrcb@
pr%ﬁf@@dtaé fn@ttlagdﬁtm@wptﬁ)ﬁ@ ese/Biel eHd ArthBoibs kBersarakIgny one of (1) to

f antlb IS typic omposed. of . thre
bR B SRR By Cehewie it
(Fﬁby ar!ﬁ@@mszwshﬁbtanmm@tﬁrﬁﬁﬁe Redbiorckrigespatifiaity (hnmamzed
antiboBRiDBEYart RS IInORaN SeduenERs.ef CDRs 30 are highly diverse. In

contrast, the amino acid se ences of FRs often exhihit high ho
o B e R G B S TER BT THEPISIY antbodies of
any orgafd (h)geri®raf this) thEDpaivivg spduificitgobbithantisedyicaenben may be any form

of genti@eplantedito prdifesepiantibody by grafting the CDRs. Humanized
antibodies are also referred to as reshaped human antibodies, and they

are 35 prepared by transferring the CDRs of an antibody derived from a
Antibodist{bmmaminainmal such as a mouse, to the CDRs of a human antibody.

Gq%@hg@@%&ﬁﬁeﬁ@mﬁe%ﬁastaaigysﬁtf%%@r@%n@éﬁmﬁﬂaﬁ@éﬁmmmd
antibogeg (e bind 1o NRIO P SThe ramanizedt Aibodics can be prapased by nectheds known to
those skilled in the art.

'The variable region of antibody is typically composed of three
complementarity-determining regions (CDRs) sandwiched by four frames (FRs). The CDRs
substantially determine the binding specificity of antibody. The amino acid sequences of CDRs
are highly diverse. In contrast, the amino acid sequences of FRs often exhibit high homology
between antibodies having different binding specificities. It is therefore said in general that the
binding specificity of an antibody can be transplanted to a different antibody by grafting the
CDRs.

Humanized antibodies are also referred to as reshaped human antibodies, and they are
prepared by transferring the CDRs of an antibody derived from a non-human mammal such as a

mouse, to the CDRs of a human antibody. General genetic recombination techniques for their
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96/02576). Specifically, for example, when the CDRs are derived from a
mouse antibody, a DNA sequence designed such that the CDRs of the
mouse antibody are linked with frameibrk regions 5 (FRs) of human
antibody is synthesized by PCR using, as primers, several
oligonucleotides that have portions overlapping the ends of both CDRs
and FRs (see the method described in WO 98/13388). The resulting DNA

prepar QIR GRS U IeEn PR A TN 6eReNaParbMMSR ROHRAMY FARAIAM NEJI9R023 and WO

96/02 rted into an expression vector, and introduced into a host to produce
e‘antibody (see European Patent Application Publication No. EP
236ne0 zwd Ynferrationdt Patentppliftienr torReblication Mimse@tibody, a DNA

sequeR&/ QgQéﬁld@%ﬁ@ﬂa@ﬂ{bb@%g%%WQf&%giﬂﬂ'ﬁ&@ybﬁé'Hhﬁgd"\'fwth‘lgﬁéwork regions
(FRS)HE%SE"eCtedﬁO that the CDRs form a fayorable antigen-binding site. If

HEHDARRS Dt SRS Y et HH‘H%d%ﬁ?6W1%Fﬁcﬁ8Y?F?§é“rlﬁ%?PH?é‘§PhdeS that
have rvetintrodvrégimbg the draimeiark ©HRM smof BRE oy ivarisithe drégiaibed in WO

a8/ 13%@ herGDRs e e reshangd hg&ﬂ@&‘té"atﬁflﬂ&{ éﬁE%&Q%an a tibod constant

. ant| en-binding site. 15 For exaniple, mutations can be introduced into t
fegl%mﬁ%t%fa&fgéaﬁw&%fm ﬁeﬁ%;ﬂ@@r|w&ﬂ%wpfbﬁefweméﬁfweﬁ%ed§@artabody (see
EuropgeafP mousepGiRido PubtieaibRSpECioaly, mdationattambeatent Application

Pubhdgﬁr&%e%v@t@é%@ n of the nucleotide sequences of primers that
anneal to the FRs. Thé mutations are introduced into FRs synthesized b

suEHpmaEbete rmgRAkiFERG IRy Bkeh A CRikb Sehes ppiothep that the
CDRsaﬂamma“mmbsﬂﬂﬂig@ﬁsnnaﬁd@esﬁetermmaap drasaessddiysthennetiodtion,

addltlglg gl?%ljk?&%ﬁiggvlﬁafgg gl\% BXe o gl’IFl?éancer £83 hav'?)é%ag%%o%gj( variable

ropertles can be selecte

regww%eﬁ?e@é?%@aﬁfﬂbewé@ﬁ% h%mmmﬁaﬁ%ﬁﬁwwmr@gé@%rbmég@ site.
For exahipe)anizetbantRobisia s biiced anp e Giite adid s uench (QIFIQ% &pdbying the

”
PCR m %h nd C %sr%s% etd for il{| Cham%]?%s tCIE' and FRé ar use }é,gmutaalons can be
C alns e amino aCI sequence o X IS S OWH in"SE

introdggebmigRstioe @%@gen@ée@hé@amgmmumm@iwbeqmt@@nm The
mutatiBn® B 1&@1‘5&@6&%@@??@@&3&1@&%@%9%Qﬂﬁ%ﬁfn@él is BhOWRie SBRARG activity of
e L e S metod
descrlS@QbDN nEndthesehy mmtﬁbﬁd@sewdmer@mma@nmmmoaa@d selected
(Sato, S@WC@&&F‘WB MBEX DI The amino acid sequence of Cy4

own in D NQ: 64, and 30 the ucleotlde uence encoding
(his 2R ﬁ%*é?%%%%aa@%@aémmﬂ% 65 BN bt FRsih & apaAnized antibodies.
For exaumbn Gntivody Crie§iphsinal He mbdificy] tmdnijerencativd &tabllithiafs; and Cx and

O ar@REROY Or RRHD oY I aiictiQR; e féﬁge%{fmé‘gﬁwﬁrn%ﬁ?gﬁﬁ‘ﬁo 58, and the
m}%u e, for exar(pﬂrﬁl rm e C regions described herein below Human

el SR S SRS S A8 A LS PREBF &/ SO SRR [RNGS7- - The
aminolghld kz4udges; af IyDishdweven RER)Fphéterab)yntbdd mitheopdsamnfience encoding
this aﬂﬂﬁ%%?@ség&ngé 1@@}0%{]19%13&@%% Iggé I%g; fio l&@@sé%% CQBPC}Q is

the like. 24 "Moreover, after a humanized antibody Is prepared N0
showrég}d%EiQ HENGr G éx}éél?gﬁmc eotide sequence encoding this amino acid sequence is
shown in SEQ ID NO: 61. The amino acid sequence of Cy4 is shown in SEQ ID NO: 64, and

the nucleotide sequence encoding this amino acid sequence is shown in SEQ ID NO: 63.
Furthermore, human antibody C regions may be modified to improve the stability of antibody or
antibody production. Modified human antibody C regions include, for example, the C regions
described herein below. Human antibodies used for humanization may be of any isotype such
as IgG, IgM, TgA, IgE, or IgD; however, IgG is preferably used in the present invention, IgG
that can be used includes [gG1, 1gG2, Ig(G3, 1gG4, and the like.



10

15

20

25

30

35

(for example, CDR and FR) and constant region of the humanized
antibody may be deleted, added, inserted, and/or substituted with other
amino acids. The antibodies of the préskent invention also include such
humanized antibodies with amino acid substitutions and the like. 5 The
origin of CDRs of a humanized antibody is not particularly limited, and
may be any animal. For example, it is possible to use the sequences of

mmi%@eaﬂﬂb@ﬁ@ﬁa ﬁ@hﬁﬁﬁ%ﬂﬁﬁb(@??ﬂé Q@g'%%@ﬁldgnﬁ *ﬂ?éj\;%la?ﬂ?re gion

the li nces of mouse anti red. In general, i
(for exa% At to A u%%% 28 %n i g§%’r§’r?e f ‘?é?r?fﬁﬂ‘?ﬁgz ﬁIrﬂﬂ éﬁd% be deleted,
addedninsgendisgHetivithes biahevshgiter antibodiass Th&mesahmmmﬁm present
mvenﬂi@y\éﬁy@ﬁnéﬁﬁ%ﬁﬁ@%&%@@ﬂ?%%@aﬁ]ﬁ@%@ 3%%1%5}?21@3%% ra]tgd the like.

and/or. ctivities equivalent to those

mouse 51 1%8d%‘fsﬂ%§ rééﬁ\%?fléﬁﬁf)%} QY &S oL RANIFE A L iede AR tRay be any
animahunfansfemihe, thérapetitie purposks sbasauss tieyoexbiititedisedht antibodies,
rabblt'ﬁﬁ%ﬂ?ﬁ%@ﬁﬂ&'%&%ﬁ%@@ﬂd Rdyx LS F@Q’R%@&%ﬁ@é%l%&]l tg"grnigbodres are

anized anti-NRI O antibodies of the present invention Inc
preﬂm'e ample: (a) humanized antibodies that comprise a heavy chain variable
rediogehendhdt tivelidimino tadidrseduenaibofl BE QHIR: QUi SRk Windli{B)and

h |on haV|
s e ARG TSR U R e

obtaingig By R AP HECIB i BN A S ﬁ@mvafent to
those aitle seigiien ceoosSMQHEINO: F2uththidey; Adlibodnanizegantihadiesdishistered to

kOO no acid sequence
o of SE(%%%%# Ql\é%( ¥ I%QL ggl%lﬁ%%\lth\ggna e reglonuﬁa%lng ﬁ%” (ol the human

body. amino acid 25 sequence of SEQ ID NO: 52 (LO-VL); and () humanized
anfibefeies] mmmﬁa@hmmamymmeﬁegme%\aﬂe thesRMiiention
C ce of SEQ ID NO: 112 and a light chain variable region
mdud@af\%%%%g eilémlno acid sequence of SEQ ID NO: 52. The heavy chain
(2) hugpgninsé Pedheripmthrir trepain ad eyl shejgerriableSERPICMONESDBaMIno acid

sequedb&bﬂﬂﬁ)@hmcbargmvagle region havrng the amino acid sequence of

ight charn variahle, regian, having the amino acid
® h“%?&%?ﬁo%%?%‘%@ %9 %IVL)Ymaa)}n ﬁ@g%ﬁeﬁégﬂ ‘Hn%ré%&r)drﬁﬂo acid
Seque%d?ﬁ@ﬁ%ﬁ@/b@n%?t%ﬁo‘fﬂhe or more amino acids. The substitution,
(c) huﬁi@iﬁﬂ@m aRGisbiasR, rﬁﬂ%@ﬁ@%ﬁqrgﬁ{ SMIAQ AGIHTAY HEn tﬁk%&ﬁﬁ% acid

Seque]%ﬁ ??Qé’(% eﬁ@%rqdéf s. 35 Thus, other preferred embodiments of

umanize |body of the present invention include, for
(d) humpairpdeargihodies that comprise a heavy chain variable region having the amino acid
sequence of SEQ ID NO: 50 (HO-VH) and a light chain variable region having the amino acid
sequence of SEQ ID NO: 52 (L0-VL); and
(e) humanized antibodies that comprise a heavy chain variable region having the amino acid
sequence of SEQ ID NO: 112 and a light chain variable region having the amino acid sequence
of SEQ ID NO: 52,

The heavy chain variable region having the amino acid sequence of SEQ ID NO: 50
(HO-VH), heavy chain variable region having the amino acid sequence of SEQ ID NO: 112, and
light chain variable region having the amino acid sequence of SEQ ID NO: 52 (LO-VL) may
have a substitution, deletion, addition, and/or insertion of one or more amino acids. The
substitution, deletion, addition, and/or insertion of amino acids may be made in either or both of
the CDRs and FRs.

Thus, other preferred embodiments of the humanized anti-NR 10 antibody of the present
invention include, for example:
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(1) antibodies that comprise a heavy chain variable region having an
amino acid sequence in which one or more amino acids are substituted,
deleted, added, and/or inserted in theZ2amino acid sequence of SEQ ID
NO: 50 (HO-VH); (g) antibodies that comprise a heavy chain variable
region having an amino acid sequence in 5 which one or more amino
acids are substituted, deleted, added, and/or inserted in the amino acid

6] antﬁﬁ@ﬁ@lﬁ@_t@é‘?%@s@ NGyt 3 afl béé_lzl)ﬂéh%gi&h@@' I8 m@&%%%méﬁf Rdighee in
. . chain variable region havin .amino.acid sequence in, which one o ) .

which B o B e S A e e A e EhED Tdfsmino acia
sequerghiHoOEE [Bedieibe19F BED 1D NO: 52 (LO-VL); 10 (i) antibodies that
(£) anEORARISEA ASAMNCNAIRMABHIR kegiAm AN 30 BANAA RS SSEERERIAC: in

hi hLWhlch one or more ar;inlno asgé()js.areé%%%ytuéed %eéete addedll??ndlélr . d
whichae Pl il TAE IR S AT SEGHBRE 18 RSIGO ABE PLIBSTHFf ghdgamino aci
sequerlightiCBE VMBI édidhWiljing an amino acid sequence in which one

(h) m@édﬂﬁ@pﬁéﬁ&ﬁm@ﬁ%@@%ﬁ%%}ﬂ@l%%gn%l@ AUORNREHSE ence in
the amino acid segﬁgnce of SEQ ID NO: 52 (LO-VL); 15 (j) antibodies that

which o8 BFHTPLE AERGY mﬂ%ré%e&oﬁ?wm@%%ﬁﬁﬁ@waeg@e}uaﬁ%emnno acid
sequenwhichSiie B More2Ghifovdgids are substituted, deleted, added, and/or

@) mt%Bé@fé?%m DEBHN0E LG, SRANENGE B SERIPING: o PaththoVddda @&ﬂleam in

ight chain variable region having an_ amino acid sequence, in which o

which Qo5 QFRife 868 Grere B deteted, Alsdaratiardniredthy amino acid
sequeﬁh@qﬁﬁiﬂ@ﬁﬂd@@éﬂ@@@m 4D O k@bl %Mtwhg an amino acid
sequm&%rﬂfwﬁ{cwaﬁe%&?Mz:eaﬂﬂgm@m LA s%?gtgé,@efa&; F%%%ﬁd@%évn%erted in the

~an_activity similar to that of the antibodies ot any one o
aminogeil sequsAcTeietide [Rdfdor? ShBr8likisertion of amino acids are not
(j) antivaxties khely cdimitest butspeciitrexainplescifichiteyiog example atie sequence in
. ve- f ' I [tti 5 Mare specifically, for . .
ik QYR HTERAR O SRR ML SEFRIEA P e i i
sequersgdmbidH-bNGE At hodiiorB. snépRahtSEon peridhioycriendadagyn amino acid
sequergfEin w%[b@hlﬁe @RI QND: 5%15@6%&8@,’@@]&%’& @E@%,: EhVEY inserted in the
. 173). Thus, the, nvent ides heavy chain variable regions
A0, RN Sl%ﬁ“&%&f’ﬁg\gﬁg _ ggir?i%%iééi%équence of SEQ ID NO:9is
suBSihgrcpavtiautp Rnifdifing hsanihiriicaci ystormet(Bf S EQpDiRahly have an
activitglz}aﬂnaa %ﬂg@fg}@@ﬂg@i@@éﬁ ﬁﬁgi@ﬁeW&%)amino acifd sequ?gceQ
of SEQ ID NO: 5 12, stitution, of Met at position 4 of CDRI (SEQ .
1 RS IR Al R A Rt SR D By vl
limitedyibyt ro¢sEOeRNeesingludeh iy, ehenplssdmt pboantibrscpbodidesivoag

substi®ii@is variable regions in which CDRI having the amino acid sequence of

DS R LB e e i S, e

achbeiiunoebllSB@AStND3 56 GPRIASZE) ID NO: 9) in the heavy chain variable
region of SEQ ID NO: 50 or 112 with Val (SEQ ID NO: 173). Thus, the present invention
provides heavy chain variable regions in which CDR1 having the amino acid sequence of SEQ
ID NO: 8 is substituted with CDR1 having the amino acid sequence of SEQ IDNO: 173 ina
heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.

Substitution of Met at position 4 of CDRI (SEQ ID NO: 9) in the heavy chain variable

region of SEQ ID NO: 50 or 112 with Ile (SEQ ID NO: 174).  Thus, the present invention
provides heavy chain variable regions in which CDR1 having the amino acid sequence of SEQ
ID NO: 9 is substituted with CDR1 having the amino acid sequence of SEQ IDNO: 174 ina
heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.
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Substitution of Met-at position 4 of CDR1 (SEQ ID NO: 9) in the heavy
chain variable region of SEQ ID NO: 50 or 112 with Leu (SEQ ID NO:
175). Thus, the present invention pra¥des heavy chain variable regions
in which CDRI having the amino acid sequence of SEQ ID NO: 9 is
substituted with CDRI having the amino acid sequence of SEQ ID NO:
175 in a 5 heavy chain variable region having the amino acid sequence of

SEQUNG Otk 12 potRsiiutionoR e &t Qﬁf@@%ﬁ&@&é Qi variable
NO: 50 or 112 with
Lo

dbst] o3HDM §
e e o e 0 Yo Shor T L
provideaifiably rdgionsimilbhicigiOBRI haichg 1HE dimnmgcid sequencel s GiERe of SEQ
1D NODONQ: Bsshasiieendin R Maving, e Aming,acid SPIHENES SOSFR in

ID NO: 176 in a 10 heavy chain variable region having the amino acid
heavy chaifettieBiESREPIIRIERS GRS 2&flsEhinsh of PER dPJdGtioh ar b 2-
CDRBs(BEQH BMNI© adMsini dh e e BHh&IE (araie)  repiotheSHQ thaMQariable

re gion%} Q%blﬁ)% Q b’ cﬁSﬁ@ M}P‘Ba J(é‘éb I]B lﬁd‘hf)é% ;SZ%&RAIQ\{EQ E:?&ent invention

. pravides heavy chain variable regions in which ¢ aving the amino
providgs beary GBADe sTBE Y CRPRoR 1’%%%99%%&@8%&%@%%@%@“6 of SEQ
ID NOaioasittsegueibe OIS BQvibNKR: ahliddnaaid Sdaeanye bl T Qaniabie: 176 ina

regi i ' j of ID ; .

e S A S BB iy
chalbdutpreotdgioatarstion bolBPEE op QAR RO Sy ipavpehain variable
regionﬁ@ﬁ@r?mggg ﬁfﬁ&ﬁ&ﬂtﬂ@&ﬁﬂm (ﬂf)gymﬂhﬁ.&\&fhgﬁhﬂlﬁgi%l@gi?i%enﬁon
- 4N IC aVil the amino ac ce o . IS

prov i R e PR Rl e sonoc of sk
ID NOpilf s subeieadyréthairbdibpienecgioanavingitheeamnss abifsefudicel13 ina
heavy ?éﬁﬁ?a@%%é@)ﬁb@&#&%g &4 Qﬁﬁﬁmi@a@fs&g%ﬁw@ﬁ@@ 8 NchS@gQSr 01 12.

. In the heav | | 0 . or, .

L1 NG AT RS Els) PR e AT (B i BURsae i variable
regionhdavk (@ ARINGhrkQote Yeginib swhidHODRIhaify thEhamithe aoiskent invention
provicﬁ@%@@ﬂﬁ@hﬂh&%{%@ NroRE 1@2?]%'@@%%@0&%5@%\4@ ddeaninge of SEQ

10 seguence . IN @ heavy Chaln varl 10N .
1D N R 2R R B S e M SEPOP A0 SLRLTRN b i 2
heavy khgiatvposhioncpiooflGDR2IE BQitD M. stq)imehe hBEQIBHNID: fanallE.
re@%?fﬁ%@o@ﬂ@% EQS&E#@%W?@@KQ T P NG 146 E@%ﬁ%&gﬁ%}xain
. resent InNyv | VIges heavy chain variaple regions in wnic
variabfE RS SRR <2 U b VSR (OO U Shpbet kBt prsent
invent®D R hiavingethy ahaino adidiseqgenserofBEQR TDRI:3thE theinmiheavii sequence

of SEGNYNIiaPle g@@&&!&ﬁ‘dﬂ&T@Bﬁﬂﬁ@i%g%é%%ﬁ%%iﬁfs%@nh@ NQeePip No:
or 112. Substitution of Lys at position 16.of CDR2 (SEQ ID NO: 10) in

. ) e
115 in o heav K icRHRIARABIE PegjRihaY BE BBNIOP 80'GPatsRIVGTH By 50 or 112.
NGubiFutihust Hye preseiribririviesfiODREEHS e diy: didim vaciabiey chain
o h R . S TSRO RO,
B A s i
inventige PR ey heay RERWR MREAP\FIsE RS Byt Ha(iRE easingibeemine acid sequence
of SEQdfuBiire 0f Su@stitutdOndll CTIR2h@&ing the amino acid sequence of SEQ ID NO:

116 in a heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.
Substitution of Lys at position 16 of CDR2 (SEQ ID NO: 10) in the heavy chain
variable region of SEQ ID NO: 50 or 112 with Gln (SEQ ID NO: 117).  Thus, the present
invention provides heavy chain variable regions in which CDR2 having the amino acid sequence
of SEQ ID NO: 10 is substituted with CDR2 having the amino acid sequence of SEQ ID NO:
117 in a heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.
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Substitution of Gly at position 17 of CDR2 (SEQ ID NO: 10) in the heavy
chain variable region of SEQ ID NO: 50 or 112 with Asp (SEQ ID NO:
118). Thus, the present invention pro¥ides heavy chain variable regions
in which CDR2 having the amino acid sequence of SEQ ID NO: 10 is
substituted with CDR2 having the amino acid sequence of SEQ ID NO: 5
118 in a heavy chain variable region having the amino acid sequence of

SESQHQIM%nSQf o§fﬂ§%ﬁt'ﬁtlﬁ{%‘§’5 isaéh@e‘iﬁti@ 168nd '}é chain

osition 17 of CD (Ei ID NO: éf aln varia re ion
152) |

variablsy ispieyy pf NER 8D SF L1 Wit 18 I ihd 20> BEs He Ve 1/ B E O e ik present
mventldB)rdlides Heavyresantiavelliengsayidesiien YRRInkva#ahleaialionsihscquence

ofSEéﬁ’ﬁ%}& ﬁwn @Xéﬂ%[h r&%ﬁ%{% RIS eOfu%Ea &Qeﬁ%@é’ggﬁ@ NO:

Substitute CDR2 avin oac sequence o

118 inpykeqyy deivy ekl %&1%#@&?@@%&%1%@@@ feidaieanenaeial SEQUERN L0 or 112.
S@H&M@rﬁ&'%&kﬁp&#@@ﬁlwl@ﬁﬁ(ﬂﬂwﬁ @b@@ﬁjﬁqrr S ODRAPIIIONO: 10) in

oe e, S BRORB Y SRR 0 LR B R

ID NQekb%)ctqulylistQPFDSN@mﬂewommve praserthaivermiblerogides in which

CDR2NeR¥gogiRdiay asiaigtediens BReNic & RE havipgithe Apitoasith havmg the
se ence of S é@@%‘?&%? sub |tuted ith CDR2 havin éhe ami ”

emino 308 SCESD O SRSVl IO SBlaRe e amino ac

Sequelwé\ﬂﬁé]ﬂﬁew &Bidrsdguence of SEQ ID NO: 50 or 112. Substitution of
G'Blﬁsﬂﬁﬁ?%ﬁfrlg-ﬁ §X§1ﬁkﬁ?§it&qn t ﬁftﬁﬁﬁi@@ﬂ@ RN bI Gh¥iabn 17 0f CDR?2

0 in n variable re

e T R T b A S oD e il B, Gt

and AQ&E@ﬂ@N@ﬂ%@Q‘EMQh&ﬂbeséﬁtum\thnmmspnomdestimewmhaﬂmeavy chain

Variab}@f asrﬁgwmmﬁmm ZHiaMingdneiaARACK TGS PEAD S R

bsti ﬁ\@ﬁg tltut ﬁb% with, CDR2 having the amino aC|d se%dlrﬁnce of )

Subs %E k) 0 FREARIEAAH Y SFHARCRedforRaliht) the Ahithd ayy chain

variabgequenchaefrRERE KnNo 260 serqlitAcSoubSEQHENNOSED at ptikition 10 of
C@B@sﬁﬁ'é&' R ét%&ﬁl}ﬁ i‘se %?g%l‘éﬁﬂ??cle L%?é 586‘31?16% ?E%‘P@ly at

50 or 112 with As hus, th nt iInvention

S

Pﬁsm%}é .a@gpggvgﬁa%w aé% %&?@ﬁewmﬁlemh ﬁé%*@ltﬁ%%ﬁ@ NO: 50 or

112 wbid sedtien BrohSE Qsgdyidcdtls GSIEQIIImeﬁ)NIIﬂﬁD%ﬁ@\{H%%ﬁ’G&m invention
e region

o BB AENANGE USEO MO LD RIS e s

ID NQs i dt E}&ﬁ%ﬁ@ﬁ%ﬁt@ﬂ% (g @N@na}e)ﬁﬁdwe%aw eha2 3P NO: 172ina

heavy vatiabierielio region ey 1) e ablior i@ saitheRse ¢SERN DN 158)r 112.

T%*"@%ﬁ%ﬁhm egé QQ{MP 'i%"é?‘?fdi?f‘ }lﬂé\(géa}@ re o esalvr%( chain variable

which n

amino acid seque
regionfistitd fEHWRhE ORY! R avitiy e (BFf q@%\H@sé?@enc@léﬁ SWn@annvenuon
providtd Bdiva hmm@ﬂawmegmemasmm@mg heiapine asidsagy @E‘@@eﬁée of SEQ

0 NG AN e s oo o SR R
heavyW&W@Eﬂ@em@we}hm@m@erweﬁﬁm BPoVidestheralA2.
cheinuatiabledegians jsdtsh CHRIY REHERNMOI 85 8RAMERSEREin
vanab[se 1‘6%101‘1 of SEQ ID NO: 50 or 112 with Pro (SEQ ID NQ: 178).  Thus, the present
invention provides heavy chain variable regions in which CDR2 having the amino acid sequence
of SEQ ID NO: 10 is substituted with CDR2 having the amino acid sequence of SEQ ID NO:
178 in a heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.
Substitution of Tyr at position 3 of CDR3 (SEQ ID NO: 11) in the heavy chain variable
region of SEQ ID NO: 50 or 112 with Leu (SEQ ID NO: 179).  Thus, the present invention

provides heavy chain variable regions in which CDR3 having the amino acid sequence of SEQ
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28 ID NO: 11 is substituted with CDR3 having the amino acid sequence
of SEQ ID NO: 179 in a heavy chain variable region having the amino
acid sequence of SEQ ID NO: 50 or 1282. Substitution of Met at position
10 of CDR3 (SEQ ID NO: 11) in the heavy chain variable region of SEQ
ID NO: 50 or 112 with Leu (SEQ ID NO: 180). Thus, the present 5
invention provides heavy chain variable regions in which CDR3 having the

ID NGAMINR agigiserdents (HRERIR NG discsubatisyechwithr GPRIMANNG 79 in a
heavy Blea%m/m% cid seo%ugg‘gg thSE!%ID N c§]e1§81éoeér(} a lﬁ%%gg %56‘ %?I? 12.

region avmg amino CI sequ n

Su%ﬁ?ﬁﬁt@@@ﬁ%h@lpwmm 16 of @M(@HDJN@DJ 1iniththechenviiain
variab@RiBioyas el raginm o5 §5Q 1B Wa: %QS%@%IW'W&'PS@EQFQSI\I@G present

Thus, the resent 10| ention provides amv able
e R GRS HEUIN (RE B S0 <R BF Qe seduence
of SEQ 1IsMNObsiitistedbsiitint@DRJIEVRG heisgriroaaricosedqd sopenfeSEQHD 1D NO:

180 inNQeatPLimia %%‘&&Q%i@ﬁ’ﬁﬁﬁﬁ?tﬁ%%‘&%ﬂgs A[pIng: 388 1D NO; 50 or 112.
50 or. 112. Substitution of ér at position 12 of

RS B A6 TS A& T L TR el ks Resin

variablOregitd DRSEQTH) [SEGIDINGD $62)CTh(SEQEPNens1h invantiahe present

mventﬁff?éﬁ%%?d@?ﬁwm&ﬁ @Qﬁgl!)‘?e F]%}?)% in Wﬂfgﬂ EORS lﬁ@}/ﬁgqgg grﬁ\‘%%%id sequence

acid sequence 0f SE IS substituted with CDR3 hav
of SEQ IS Ycid é%ael%ﬁ%@%ﬁ g@@ﬂBﬁ@@ﬂi@@%ﬁ&%ﬁ%ﬁéﬁqmmE%@éﬁ NO:
181 inheliagytobakmindabbid qegnénch otIBEQRY NEX SE0edck fIHTFUMIID: 6 or 112,

T bl
LD B T g e
variablgge@ian o8 YR ARON Prodiged Hewith dhaiFsd dB1 N el 8Rs in Tkistihe DRsent

mventh:ai/mgvtiales&mm aithseaadnce: b SERRIMC IR Ihsustitdeehwibhicid sequence

a th nce of D NO:,183inah
of B A e B e e a2 P B 8P o
182 ingy hepyy Shajtitatishlofoasrdigyirgibs awinspcid prsieore of SEHH/NaL 50 or 112.
p?%u&mha@f mﬁat(%%ﬁ NQr LD (urieRyNEha) m)\dﬁfiﬁgk%éeg ,I\%hm
EOQ ID with.L.eu :
variableiet f@ﬁg %@eﬁ'{s{gﬁ%\%%&on 5%%5‘."5 é«?’é@a@ﬁ naglig ?e pRESsent
inventigyiet D3 hashain thaiabkns sels %q@ed&@@ﬁ@&@vlmﬁl@ aline acid sequence
of SEQUbsHioted %%b@t@ﬁ@dhﬁmgmq{mmg@ﬁtﬁéﬁﬁw%?@ s%(%&%% 6 QEQ ID NO:

variab havm the amino aci
183 ingeHepls g ORI S R SRR G PRUD A B ALE SRS SO O 50 or 112,
poSithstittfaf gDRS i(Sﬁl@tthl\l@ Adp abpasitive hésandchaintvansaiole 12 of CDR3

(SEQ feoien: qfﬁ}Eth%%Qy éga%t%m@négi@fggaﬁegﬁgﬁﬁﬁi %@t@eu Gy,

re N Ion prov
Th, O (MO iV ing HE AR REF ST EBEUERR A G SEHE N e variable
region$ [isvelubBtEBA hdthng KRk 3uhawingithecmine aRESRHDH0e Idf iISEMdiuted with

cnm%%ﬁé%@&ﬁﬁé%ﬁ&@%ﬂé@@%@SEQGIBN@VM e 09 AC variable region
50.0r 112. 35 Substitution of Tyr at position 3,

having O AN A0SR 7 VECHIRS: 10 O LR

Substitution of Asp at position 11 and Tyr at position 12 of CDR3 (SEQ ID NO: 11} in
the heavy chain variable region of SEQ ID NO: 50 or 112 with Glu and Thr, respectively (SEQ
ID NO: 185). Thus, the present invention provides heavy chain variable regions in which
CDR3 having the amino acid sequence of SEQ ID NO: 11 is substituted with CDR3 having the
amino acid sequence of SEQ ID NO: 185 in a heavy chain variable region having the amino acid
sequence of SEQ ID NO: 50 or 112,

Substitution of Tyr at position 3, Asp at position 11, and Tyr at position 12 of CDR3
(SEQ ID NO: 11) in the heavy chain variable region of SEQ ID NO: 50 or 112 with Leu, Glu,
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(SEQ ID NO: 11) in the heavy chain variable region of SEQ ID NO: 50 or
112 with Leu, Glu, 29 and Thr, respectively (SEQ ID NO: 186). Thus, the
present invention provides heavy chait variable regions in which CDR3
having the amino acid sequence of SEQ ID NO: 11 is substituted with
CDR3 having the amino acid sequence of SEQ ID NO: 186 in a heavy
chain variable region having the amino acid sequence of SEQ ID NO: 50

and T fehge@ivtDIHIRBOMATBYN 86 POSIHRR, $hAASRAIRASHARkLy @RIV @y chain
. bposition 12 of Cq?bﬁ?}ﬁg%m 0:11)in thg heavy ch(g@éar ble e_:%on

variabl S EIHING? RELAE 28100 Mt Bap Tsuch ﬁé&é 1S

substipnied 181 CPHUS hthvéngrdsentingeniibseproniges! ISEAYYIEREN Mériabideavy chain

v B B B e P e
s, substituted wi ving the a f
NSO o) ChBTB ar AR 2B ing e B Rosicion 12 of CDR3

(SEQ Bedgéienté)oh SEQHD NhaBOveridil2 r&ibs il 88 DA at pasifion idf Leu, Glu,

and S&ZQ%I E&éﬁi&éﬁ% PN :@@7‘39“%&%‘%@&%@&% ROR A KRR NT?W chain

D NO; 121). Thus, the present invention provides ligt
variab %ﬂ%%@i@%@%ﬁm}% EORIAAGHE ﬁ?@%ﬁ&%\%ﬁﬁsg&mbﬁdﬁ

substitBEQ WDHNTIR3 his/substitatethovitti GBiRtlehey inyIHE EMINO LT seqhienee chain
. I X in-ali ' ikl o) ing-the amino
variabff St b by é%%%%%%@%ﬁ%ﬁ%ﬁ%E%?%ﬁ?%}%&%m5 of

CIRI TSRO B/ ek TATHIRB bRBI GERIBIR Veibh o Sedeis fein variable
regionad RitQ) MNEGEQ WIN@M[@Z)QTMQYIE@Deserﬁd@,vﬁﬁtﬁﬂs@ﬁ@maﬁtiﬂﬁ Brovides
. ' ' iONSs. | [ ving the aming acid sequ )
o SR R R A S o s
is subgspte e hNORilobaiing (Bn aeHBMRO SPANEDRS ASHERABVING th]lammbeht chain
variabRCidgeaHeriag MM&M@S&%@M?@QHDMW% polsti)tioNn 8 50£ CPE'

SEQ ID NO: 13),in the light chai ' j : . : It .

i B T R DN S el verieot
regionHriatfie e I6h S vt ks SR hBY NG tHE Aminbhasidhsepeesdd ok stk provides
light c@iN%%lé&@ibﬂitﬁﬁ%Mr?Q@%MQgé%ﬁﬁﬁi OIS SEALRITERO 1D NO: 13
. D : N a.ll chaln variaple reqgi e 1IN0 aCl .
s s A BB A N Qo' 3P DA chin
variab{SE@ D INOng $)otntadigtid shaienes b e Qo @f BEQ ID NO: 52 with

Va&&@ﬁ@xﬁ@_ﬁ%@sé{ﬁ)ﬁ sri'g§m @@MW@?ES@@ 'TM@(; Q‘Syjﬁsﬂl@%%?g@é%n variable

.V WNIC \Y mi aclg sequenc C .
eonf ] S L R YR g e et O o
light cBEQVIDIANGD:r¢8@1n @ lighicbHANR Bbavaniatile regionahaliequteanfiS&adD NO: 13

is sub§ﬁ%‘:ﬁ%ﬁ@§ﬁ@ﬂgfﬂgﬂé2an§HQ%@H%%BE\?@BPSEQSiﬁpﬂ_Ié:al@% LK @t chain
osition 10 of C%RI SEQ ID NO: 13) of. the Iﬂ t chain variable region of

variableegie ReSingAG ARG A YARTRSHRERVGY hE@i RFNO: 190). Thus,

the pheisenibinvE htoryposides 1iyhf CRMRT VERAPI®EGoh3)infiulnidipgiRRYin variable
region .'ﬁﬁ%iwi@@ /e ﬁﬁﬂé;ﬁtﬁ?ﬂﬁﬁ@s@.“%ﬁ?, ﬁéﬂp&%}ﬂtﬁgf&%n provides
light ci?a?nR\}arigng 9etg?§n§ri?1' r\z;\?h?c(ﬂ CDR1 having the amino acid sequence of SEQ ID NO: 13
is substituted with CDR1 having the amino acid sequence of SEQ ID NO: 189 in a light chain
variable region having the amino acid sequence of SEQ ID NO: 52.

Substitution of Ser at position 8 and Leu at position 10 of CDR1 (SEQ ID NO: 13) of
the light chain variable region of SEQ ID NO: 52 with Arg and Val, respectively (SEQ ID NO:
190).  Thus, the present invention provides light chain variable regions in which CDR1 having
the amino acid sequence of SEQ ID NO: 13 is substituted with CDR1 having the amino acid
sequence of SEQ ID NO: 190 in a light chain variable region having the amino acid sequence of
SEQ ID NO: 52.
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35 sequence of SEQ ID NO: 190 in a light chain variable region having the
amino acid sequence of SEQ ID NO: 52. 30 Substitution of Thr at
position 2 of CDRI (SEQ ID NO: 13) ird@he light chain variable region of
SEQ ID NO: 52 with Ala (SEQ ID NO: 191). Thus, the present invention
provides light chain variable regions in which CDRI having the amino acid
sequence of SEQ ID NO: 13 is substituted with CDR1 having the amino

aC@u%@ﬂM@iBﬁ%Pﬁ“@%@ﬂ&;NQx A3t bR b %%Esl%ﬁﬁ\ﬁ)vqg 2RI8HEdIN chain variable

regl%@iﬁi&%‘?ﬁ@ﬁ“’% SR Rt B e e rovides

hight BEQYDING: B2iwith:Seh{SECDIRL I‘h@nﬂgﬂ)e Bhuise tiedorepesticinv@REGNID NO: 13
is subamwmﬂgdﬁbmma%@@éeaﬁﬁa@Qaarggﬁﬂ%%%ﬁgwwﬁm % AG chain

equence of SEQ ID NO: 13 is substituted with CDRI "having the amino
variab %FS%B’E}E@W@@ SresBrn i NBsesfcLiGh eHRING 0 ariable region
haﬁtﬂ@mhmammﬁ d'lacid pedtienCeo6TSRQ (ERYADBROS Ublitution givasaiatvariable

regm E@g ﬂ)%@%%ﬁ?@rlgﬁ@ﬁ%@ tl?@);'ghﬁ“ﬁﬁglﬁl ”93%'1% 1ne\%lr%§]01qumv1des

NO: 52 with As % Thus, the present inventi
light CB%R‘/.B%I@‘? sﬁ?%,lﬁaﬁfw &bﬁl@%%@ﬁ@@ﬂ%%%%ﬁm IDNO: 13

is subgitctebqithrEBRof E&Qg@hlbl@nﬂzﬁ) asidubgtittedos s G DRROaYImihelight chain

15 variable
varlab?éT}%Q ﬂ?&‘ﬁg %he amllé{é 25 %gﬁ%ﬁ@g%gﬁlg%z Substitution of
Ly SusHBHr %mmm@ 1 WIOR 2L ATLHS NPt K e figblechain variabe
reglonr egRIP(PIISRQ:IF2NGh L w IS EQINIESR 1R3NO:TiRA) tHdpRsHie RkRSEBH provides

id light.c le regions in which CDR2 ha
e SRR P LRD ARl S B D SREGEAS N o1 1
is Subﬁﬂ@%%%ia hrenedhst SED N eequencn of R éﬁdﬂomﬁanatikght chain
vamabtegagﬁbhamagm@emm a@id léﬁé@@ @)IR@J@QSZ Substitution of

L ht chain vy ble

reglo%o tloné“ PE% |ﬂ%1 I%é% %ﬁ%ﬁﬂ% EF%E‘EH% b@é%%ﬁﬁm variable
regior &ﬁ@ﬁ%?@ld%%%@hﬁéhéﬁﬁ%?ﬁm@rééﬂins iRonhidke OBR2Havimgeherovides
light cBRMAGKSRAUSNGE AhREQ RN insubstituted Wth GRRAREWD NO: 14

f SEQ ID NO: 125 25 a
o A SRS 2o 0 Tt e
variablg/eegiopduiting thehODR2¢EEGNRINO B IPIRHIZhain variable

re@%ﬁftﬁ&@o@&@t Egs‘mgﬁ Glor Sk I@ BB 28). I%’ﬁl thei ﬁ?ﬁ&rm variable

regon S o S W "i‘fﬁi‘ﬁ”&?ﬂw%%h%& pgrovides

light dmxlavﬂn&blacngmuemd‘f SBRYI b6y th2Giniadighiticlygirnndd «R$BQIED NO: 14
is subdGQiRR havineke ﬁa[{)iﬁg ! grﬁﬁ%ufélggeﬂﬁé%@ 4P S@Q ‘IpAneMhsyt g{lg Y &{t chain

s at p sition 7 of CDR2 (SEQ ID NO: 14 |n the | chain varia
vanabk'gé?&lpa E@I%W%‘?%ﬂﬁ%@&?@% 11\5% Fhus, the present
invBrtitituprovidés slghiositéon VarfaliRREEEE 1D Wdch 4 DRA1aptinghia variable

region¥PORATNEAIYSREEGRESHE MXi34126).  Thus, the present invention provides
light chain variable regions in which CDR2 having the amino acid sequence of SEQ ID NO: 14
is substituted with CDR2 having the amino acid sequence of SEQ ID NO: 126 in a light chain
variable region having the amino acid sequence of SEQ ID NO: 52.

Substitution of Lys at position 7 of CDR2 (SEQ ID NO: 14) in the light chain variable
region of SEQ ID NO: 52 with Asp (SEQ ID NO: 127).  Thus, the present invention provides
light chain variable regions in which CDR2 having the amino acid sequence of SEQ ID NO: 14
is substituted with CDR2 having the amino acid sequence of SEQ ID NO: 127 in a light chain
variable region having the amino acid sequence of SEQ ID NO: 52.
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is substituted with CDR2 having the amino acid sequence of SEQ ID NO:
127 in a light chain 35 variable region having the amino acid sequence of
SEQ ID NO: 52. 31 Substitution of Aiat position 1 and Asn at position 5
of CDR1 (SEQ ID NO: 13) in the light chain variable region of SEQ ID NO:
52 with Gin and Asp, respectively (SEQ ID NO: 169). Thus, the present
invention provides light chain variable regions in which CDR1 having the

an@ﬂ&ﬁﬁiﬁcﬁ?ﬁﬁ%@t%ﬁ%@x 'géw@%}ﬁ g%ﬁﬁ?ﬁ@ﬁgr@a@g@% 13) in the
e aminQ acil se

light Cfﬂ@a?owa R %%@i%ﬁg@qgén\e%ﬁl@@@%ésmeewc@wé&ﬁ%}ﬁ@dlefNO 169).
Thus, thespateositioansichemat dhesslithin Gaamddrizd Bt pasitio mn/Adf SR R(BERing the
amino Igzl@@eqla&e@ Hf%#@mw Y§r'@m%sm%a QhiRED MR UG acid

nd Gin, res;igctlve ID NQO: 170). Thus, the present invention

Seque%fovfd%% G RaiPYAR rghf@ sGHE IR FEEPE BRDEADATING ARihisuence of
SEQ IBckiseiuence of SEQ ID NO: 14 is substituted with CDR2 havmg the

e L S B R o
D Nop&s"fhaht%e&f@rjﬁee%sw Keeionsylif REEIRY N @nédrnighiGie Crlég@m&m
respecBEQ IBROIBDA@it7ARP (FHQ the AR vEhtion ﬁﬁt@\ﬂ@@@%ﬁ&%ﬁiﬁ}ﬁnabie

|n WhIC
mgmn%éﬁé’@ﬁgh R R R B e i
CDR2 dwviesd Wﬁ@@ﬁ@e&@ﬁ@w b Ne8? HA A ol Qe anldght obwamén@@mgwn
havindihinghihe iiseacidSefSEQCEDORBES2 ID NO: 52. Substitution of Ser at

6.0f C E riable
LMD Sy Cib Rty of R DS B TR SR TRt vaviae
regiongrohifed oY Gy AR cﬁt&w\ﬁ@r@@@ 1EYIAs 183hichToD R hasderf iheeatiinrovides
light ch&ig m@e@gw@mf cﬁéﬂ@Dé@l\:%@i%%%Htﬁ%iﬂW&&P@ ﬁHM@!@Q ID NO: 15
ac ceo in ali
s sub T A S B R B O S LR AL b st chein
Varlab]@d%i!@ﬁ bayirgiRFSEQRD] NguarE)cin IBE(YHD ef@irfRariable region of
SEQHMAMNRNE WPhRiREG Hp NSRS T 1‘19%&@61 ‘ﬁ?‘%]’ YERHOM variable

. e T e S .

light chahinossidesegitende ohBEQIRNDwiSthe atigi malneqlmblef@@m NO: 15

is subfAEE e AR RAEheSAMERERCIRFLIRND o PREN additan.dhe, , 11ght chain
ubstjtutions otg:er than those descrlbeg above include a substitution of

variablg 1o @ioR GG $6ARBR0Y SRS HE Affdheacid sequence of
SEQHDI NG Withat3®sitioth@ o8 IR 3AEHEQ e Mtind piidtaftérht chain variable

n i u fer _
roer e G e g oo 3 S 0 1 S BTG g

A i‘?ﬁ\%&%&iﬁ%}ﬂ%&%&%ﬁ&% ARSI BRINTEE 5 HiHANO: 15
is subsER2egegiie (52R T heviamihe anidsecddarqednosbiChYJRAMNDAEDALn a light chain

Variabf%%iéiﬁﬁ%mtﬁei eI 9@%8@15@ 89%@6 1% NO: 52.

In addition, the substitutions other than those described above include a substitution of
Arg at position 3 of heavy chain FR2 having the amino acid sequence of SEQ ID NO: 97 with
another amino acid. The amino acid after substitution is not particularly limited; but preferred
examples thereof include Gln.  When Arg at position 3 in SEQ ID NO: 97 has been replaced
with Gln, Ala at position 5 may be substituted with Ser to produce a human FR2 sequence. The
amino acid sequence in which Arg and Ala at positions 3 and 5 in the amino acid sequence of
SEQ ID NO: 97 have been replaced with Gin and Ser, respectively, is shown in SEQ ID NO: 120.
Thus, the present invention provides heavy chain variable regions in which FR2 having the
amino acid sequence of SEQ ID NO: 97 is substituted with FR2 having the amino acid sequence
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SEQ ID NO: 97 have been replaced with GIn and Ser, respectively, is
shown in SEQ ID NO: 120. 35 Thus, the present invention provides heavy
chain variable regions in which FR2 h3%ing the amino acid sequence of
SEQ ID NO: 97 is substituted with FR2 having the amino acid sequence
32 of SEQ ID NO: 120 in a heavy chain variable region having the amino
acid sequence of SEQ ID NO: 50 or 112. Each of the above-described
of SEQTRAChSUhHMIANSIAY ASHReH AONE Q4R (O DRINaUCHWHNLOREL! SEQ ID
minQg acid substitutions described above. They also may be combined 5
NO: 5§,8h Bifino acid substitutions other than those described above. Specific
exaathles it thieyantibecibsdrwhichdhibsabuvertescrbe dsubrstitltions: in

combiflZ5n RRAN AR A L GIVAG IRk SXRMRIG- BRI DONIES thALAMBYESDe combined

. heavy chain variable region having the aming acid sequence of SEQ ID
with aRpsorsTd SERSBUReS IR IRBrEess AgHrdRdiiboXRable region having the
anfpeciittd:sequrped tieSEGHHIMGO WbBciatit abtibodias:ibat 1Gbstitutions have

r Y, able: v .
been B G BaF R o0 B IR SR AR WRIER region
havingthy a@dpiencd et pf NBRIBENEuthérmdiBodise Sné ©mmipied Belpghain
variabespiehrinivanableniagiand legvbichk s BOOTRIdOsciReshduhsiiivdionshat
comprri]s%\/ggb%%n Sarved oyt include, ﬁ%@ﬁxatﬂ‘éo 5 i@@é&@%@&%ﬁf@é A NO: 167 and -

. varla Fe I‘_ 10NS. fg J)he vy C a_.ln%/at‘la e regions ving the amino
a lightygigisegtiehta S SE@TDANER 20mHER sqaysieawy eRaTNANabikss.
Legiaﬁﬁér?ﬁwﬂg ép%lma iag@@i%ss@gﬂ@m\qf St Hardi6le 2@@&&;&)%&% the
avy..chain.varl e reglions having the amin Cld seguence
sbove R B o A P SRS e SR heavy
chain yaqelitgeHBISEQ ID NO: 207 (H30); (5) heavy chain variable regions

(1) hebﬁvmmeag@w@&ﬁ%yﬁ{g:&@ﬁﬁﬁ@ AQM&;@&&&%@&E@@&?&I@?@W (H17);
Chailn varianle, regions vin amino acld seguence .
(2) heGR D 5, R OSEy A U e TR G AU S G ey " 205 (HL19);
(3) heseychnicevafiSHQ ¢ DO i0g Hd4)ni(®) dredvyqiane eASE0EYON206 (H28);
(4) heh®Y RS A0 RLIGRSAYENCHOhRR AR NQgrdnbBFSEQ(PbNe8VY07 (H30);
chain variable regions having the amino acigssecwenceéo Lﬁ@l%og 34):
(5) heayy cRf YAt B HEgRS %‘fﬂ%&&ﬁswr@g% HUGLR 1208 (H34),
(6) heseyubmicevefiSHE 4P diOh 4B Hiz Bip2® (i) hegvgnchalf PEQI HDIX oA H42);
(7) heRY RGNS ARINC REIHRBANENCROLRE é@_i&@&;&é&é‘d?§h<éi@}@@@ﬂ0 (H44);
chain variable regions having the amino acid sequence Ofﬁﬁsﬁ%)m NO:
(8) hegyy (higp yraripBieHE AP RARERE B PG HL FEYRRG S8 actd: 211 (H46);
(9) hesey|ubnitevefi S MONR16 HR Amiandiddueanyeai R QAMANO: 212 (HS7);
(10) HEYPORARVINELES, 3IIN0 RIS eReR AL RFRIRNO PGP 3913 171y,

Meanwhile, specific e'xamgt%%s of the light chain variable reg;lr(ons in which
(1) vt aeebifoss sup SaringtBccamiee A5t sravenserf ekl e 14 (H78);
(12) Hetlowihg dightiebiaircyaniablevirggibaamino acid sequence of SEQ ID NO: 215 (H92);

(13) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 216 (H97);
and

-0

(14) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 217 (H98).
Meanwhile, specific examples of the light chain variable regions in which the
above-described substitutions carried out include, for example, the following light chain variable
regions:
(15) light chain variable regions having the amino acid sequence of SEQ ID NO: 218 (L11);
(16) light chain variable regions having the amino acid sequence of SEQ ID NO: 219 (L.12);
(17) light chain variable regions having the amino acid sequence of SEQ ID NO: 220 (L.17); and
(18) light chain variable regions having the amino acid sequence of SEQ ID NO: 221 (L50).
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(15) light chain variable regions having the amino acid sequence of SEQ
ID NO: 218 (L11); (16) light chain variable regions having the amino acid
sequence of SEQ ID NO: 219 (L12); 38 (17) light chain variable regions
having the amino acid sequence of SEQ ID NO: 220 (L17); and (18) light
chain variable regions having the amino acid sequence of SEQ ID NO:
221 (L50). 33 Furthermore, specific examples of the antibodies

CompiiRinghe fReNR: gfﬁﬁ'ﬂ%%h%@n@%@ﬁlﬁ&}ﬁﬁézikgﬂev j)%l—%iescg%)ed heavy

. re 'Pns include, for example, the following an antibodies th
chain ppd it b yasoh R Resieva i fe §ib A oNeRcathe fodl ol irg Aatipodies:
(19) avabiables ttegiomei{sEAh¢H28t1 )b (20) Hidibgdiesdhat) com hiskgitechain variable

regionrtﬁa(‘ﬁl_g%@ﬂﬂ?‘f- ble region _of (4) and the !ight chain variablc_a reg_ion of
a7) L1.7); (21) antibodies that comprise the hea\% chain variable

(20) aptibstesipay sprmnveeignbenantiamapmeablersaion of (| pbthedighiohgin variable
reglonastiiGyli@stiat Homprise the heavy chain variable region of (6) and the

' [ rable. 10 region of(17) (H4A2L.17):.(23 ibodies that . .
) o R A el P R I TR B i variavre
regmf\ﬁﬁ?d@e@é@dﬁbf (17) (H44L17); (24) antibodies that comprise the heavy
(22) aghipddicatiablecregion oe(BiacHaelighiahair yanafdes resioROfighv thain variable

. (H , ) antibodies that comprise the heavy chain variable
reg“’nrgfl@h}o é%?éin% ‘the light chain variable region of (17) (H57L 17); (26)

(23) apiphpsbiardbaheareprissribe heviiehaincraiableredifen refidhaotl(he) whd thain variable
regiodightichamavauiahle region of (17) (H71 L 17); (27) antibodies that

C rise the heavy chain variahle. regian of (11) and the light chai ) )
) o S I B3 (LIS A EEr i veribl
regiontedelly otiddévBFable region of (12) and the light chain variable region of

(25) afdibb 89 2ha: Chrt2Pkantibraies Eﬂﬂ%ﬁﬂ@r%ﬂ%}cﬁ%%\égg _ 6Elaaizn5variable

. _regiqQn.o d the light chain variable region of (18
reglon(gg;?l,?%t{ggj%g;nat comprise the heavy chain variable region of (14) and
(26) antiddidiks drmicovarizieltrabgioy ofi(li8y(t#98t 5E3iofnd Chistadtiedight ubeit variable
region8F the)hurmanized antibodies of the present invention may be any
stant region derived from a human antibody, Preferred examples of

CQ ! p! . .
27) agipri ORI BERSE PEIR KRIARIS A58 AEE andahedreht chain variable
regionexaipl€HEB8hS BNt regions derived from 30 IgGl or IgG2. Moreover,

(28) af PRSI 69 i&ﬂﬁﬂﬂs\é’ *ﬂ&%*h&ﬂ% QhAe WIQQ‘%%%SO?@M&{%?%}% chain variable

. _deleted, added, and/or insertéd in the constant’region
regioni bR Qﬁﬂ%%a?/)may also

(29) antibodies that comprise the heavy chain variable region of (13) and the light chain variable
region of (18) (H97L50); and '

(30) antibodies that comprise the heavy chain variable region of (14) and the light chain variable
region of (18) (H98L50).

The constant region used for the humanized antibodies of the present invention may be

any constant region derived from a human antibody. Preferred examples of such constant
regions derived from human antibodies include, for example, constant regions derived from
IgG1 or IgG2.  Moreover, constant regions in which cne or more amino acids are substituted,
deleted, added, and/or inserted in the constant region derived from a human antibody may also
be used. '

The constant regions in which one or more amino acids are substituted, deleted, added,
and/or inserted in the constant region derived from a human antibody are not particularly limited,

and include, for example, the following constant regions:
constant regions having the amino acid sequence of SEQ ID NO: 128 (M58);
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be used. The constant regions in which one or more amino acids are
substituted, deleted, added, and/or inserted in the constant region derived
from a human antibody are not particglarly limited, 35 and include, for
example, the following constant regions: constant regions having the

amino acid sequence of SEQ ID NO: 128 (M58); 34 constant regions
having the amino acid sequence of SEQ ID NO: 129 (M14); and constant
reai : : - _ 5 .
e o, AR ) (o14): and
abBVEgRLE B Wreabeayisnassitrigucnse SfaRRdDSD) ARATHSC).
chéjrsithatcompesefahdiiabledegiorhaving e aming addsequenteibid

constﬁﬁ%l&ygél&ﬁz ﬁg%%ﬁigpestant region having the amino acid sequence
of S

Q ID NO: 128; (2) heavy chains in which CDR2 having the amino '
(1) heasyrhags dhrt e OnBIED dvaNiebla repinthe vinaathy ersimsastd jdwence of SEQ ID NO:
167 arglibstitistest vdhos BRZnaakinghihe anine acid seatenceni1$6Q 1. NO:
; 3. ibodi t comprise the heayy chain of igh .
) e e S S 71 e
heavy ghas GiE6! tHarebsipred with Kdaky breinesheyming adigisteheninete\Sig) 1D NO:

172; the amino acid sequence of SEQ ID NO: 152. More specific examples of

. ized anti-NRI. O antibodie the present jnvention 15 inclyde,
0 B TR (0 LB i BB A RsApd
sequendigeh HaMikg the :ahhamtid sequence of SEQ ID NO: 54 (HO-VH +
(4) anoRERThEesiRm L Mo tadieniiab EoMRHSS ahsanuehaln AaMig o acid
sequeraming, %5%91 eng%of SEQ ID NO: 130 (H1-VH + constant region); 20
5ed n(crﬁo t?bfé) es Q‘a}c'

) an _ mprise a light chain having the amino acid sequence
of MBE $peNx seriplaaf thedustantzregiotiyNR) Guatitibdibss thtthegrtiseinvention

includ@ RSPMAEHAN having, ihe Aning.acid sequence of SEQ ID NO: 54
e d a light chain having the amino acid

) antﬂg%\/ +tconstantr |gion)aﬂ _ .
S SR Y IES 56 "B N e bR AR Sy itBesEEQ D NO: 54
(HO-VEhtiodigantiragmomnprise a heavy chain having the amino acid_ sequence

(1) antiBbSEQHR NRiptQ J(FlaVH 1A RSIARE 1RIIQALANG &1 '&g@%@'aigg@%%o; 130

H ino acid sequence of SEQ ID NO: 56 (LO-VL + constant regio

(H1-VEES G 1581HY the amino acid sequence of SEQ ID NO: 54 (HO-VH +

(m) antibndienthae giom)réwech thighlightiehainihaving:thaamitoseid RSN Od NO: 56
(LO-VI@EQolBtNQi OQBQ-VL + 30 constant region) may have a substitution,

deletion, addition, and/or insertion of one or more
(n) antibodies that comprise a heavy chain having the amino acid sequence of SEQ ID NO: 54

(HO-VH + constant region) and a light chain having the amino acid sequence of SEQ ID NO: 56
(L0O-VL + constant region); and
(o) antibodies that comprise a heavy chain having the amino acid sequence of SEQ ID NO: 130
(H1-VH + constant region) and a light chain having the amino acid sequence of SEQ ID NO: 56
(LO-VL + constant region).

The heavy chain having the amino acid sequence of SEQ ID NO: 54 (H0-VH + constant
region) and the light chain having the amino acid sequence of SEQ ID NO: 56 (L0-VL +
constant region) may have a substitution, deletion, addition, and/or insertion of one or more
amino acids.. The substitution, deletion, addition, and/or insertion of amino acids may be
carried out in either or both of the variable and constant regions.

Thus, the present invention provides:
(p) antibodies that comprise a heavy chain having an amino acid sequence in which one or more
amino acids are substituted, deleted, added, and/or inserted in the amino acid sequence of SEQ
ID NO: 54 (HO-VH + constant region);
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amino acids. The substitution, deletion, addition, and/or insertion of amino
acids may be carried out in either or both of the variable and constant
regions. Thus, the present invention @bévides: (p) antibodies that comprise
a heavy chain having an amino acid sequence in which one or more 35
amino acids are substituted, deleted, added, and/or inserted in the amino
acid sequence of SEQ ID NO: 54 (HO-VH + constant region); 35 (q)

(@ anﬁ‘@&@@giﬁﬁttmlhﬁﬁ%%ﬁ& mﬂ% ﬁﬂﬁﬂrﬂb@f@%ﬂ&%&%ﬁ%ﬁ@ﬁ%ﬁé or more

hone% more. amino acids are substituted, deleted, added, and

emino i M BT O S I AR B P BIERS 15l 36 Bt pauence of SEQ
ID N(rorisighti rétion s dn}tantibgibey that comprise a light chain having an

() mt%@m& acid &?ﬂﬁ?@g 15%1%’ QH%%%W @95&%@%@5 gﬁc%r?l %Hﬁgﬂt%‘x%%r more

deleted, added, and/or’inserted In the amino acid seq nce o)
aminonesdsare yhyiititted alstadaigitng: 1ay/animrsared %&%"c@?ﬁﬁﬁ@@é fraagce of SEQ
ID NGeherawhgratvastinoragdishRequence in which one or more amino acids

r ed in the amino acid
o UM O S TS P SRy g o o
M1n0i?§#ﬁ§@f§r§‘él?ﬁﬁﬁﬁt%léeé@aée¢%’é% ARA{ER nEeEisE by W Afdasakeass of SEQ
ID NGaubstiittediide etedaaddgibngacdar inge dbeh inhihemainendeis a&804g066ee in which

one or x£§1%%%(g\lacic?s % #%Itut(:%ng ?qt QCPC{é)d an%) antllqo(&i l%?(lﬁc?%}nmo acid

comprise a heavy vm an am no acid sequence in'w one or

Sﬁqllelffﬁ%ﬁf Hiir® é‘&lisﬁr@@u‘ﬁ%ﬂ'ﬂﬁ@éﬁ@élé@é@lﬁd@mb and/or inserted in the
Q) mtﬂil B &hﬂ%ﬂh@ﬁﬂbﬁw Ma%@aigﬂﬂﬁnéaﬁ Mn}ﬂ'ﬁdﬁ&@&ﬁl&’fﬂé ﬁgm):ﬁﬂﬁeaor more
ight chain hayin nce in one or more amino
amine O R A e e R R e e aliee of sEQ
D N@ekﬁﬁbﬁ%ééHfBE@WﬂauU e5O1() gV B kg ubenthagigyn Withoutgpdstiqutarce in
which! Uﬁgﬁ,‘ﬁi%ﬁ@%ﬁﬂtmh - %&fs%@%f?]gﬂ@cpfcféiét@}(&ﬁ&%%ﬂ%%r'}@%@t&; 11?%%’ Bhino acid
simi es o one o o (0). The substitution
Seque%céﬁe ?I% Eﬁ i%@@b?r%erf%?ﬁ EFﬁﬁﬂ nz}tnds are not particularly 20
Ilm%ﬁlof,li@lp@ﬁé@lfﬁ: bratniptes tHrerebbidotadd aﬂur exandjile, tth&) preferably have an
activi@RoveAeseHRest aBNRiB6ideSHPSIIIRNSF f1Y ﬁé fnore, the nucleotide

se enc encodlnaﬁsge aming acid sequence oft €_above-described

%PH&}% FPUa B Pe ARHOES RIS YA ABBLEH R iRos RRaticularly
1imite4be1N Grettti Tharmpbis dhictefencledesfencodingdhbanbine deit sbeiiemneeo acid
Substlﬁ;tit&?s humanized light 25 chain variable region (SEQ ID NO: 52) is shown

in SE% ID NO: 51. The nucleotide sequencge encodlng the amino acid
SRR B DR BHAATREEA HOHF) R SR DARGOS A dsesnaeiAf the

aboveSlE@rlB‘:&lﬁhrB&ﬁdﬁtbh&ﬂ@jedtm wetpdn o ncRING IﬁD@JﬂnHﬁ) ﬁQIHown in SEQ ID
NO: 4884 m%efemfdggéaa@&s%ug%m@aﬁﬁ? ABJ&Q l?e%}bés di a%EQd light

5. Moreover the present mvention rovides ant
chain y@g@B JE%RB ggﬁ%%me’ﬂ) is shown in SEQ ID NO: 51. The nuclcotlde sequence

encoding the amino acid sequence of the humanized heavy chain (SEQ ID NO: 54) is shown in
SEQ ID NO: 53, The nucleotide sequence encoding the amino acid sequence of the humanized
light chain (SEQ ID NO: 56) is shown in SEQ ID NO: 55.

Moreover, the present invention provides antibodies that recognize the same  epitope
as recognized by the antibodies of any one of (a) to () above. The binding to the same epitope
is as already described above.,

Furthermore, thé present invention provides the following antibodies:

(u) antibodies that comprise a heavy chain having the amino acid sequence of SEQ ID NO: 151;
(v) antibodies that comprise a light chain comprising the amino acid sequence of SEQ ID NO:
1'52; and

(w) antibodies that comprise the heavy chain of (u) and the light chain of (v).



30 as recognized by the antibodies of any one of (a) to (t) above. The
binding to the same epitope is as already described above. Furthermore,
the present invention provides the folldving antibodies: (u) antibodies that
comprise a heavy chain having the amino acid sequence of SEQ ID NO:
151; (v) antibodies that comprise a light chain comprising the amino acid
sequence of SEQ ID NO: 35 152; and (w) antibodies that comprise the

heriotsiain @k (a0 the:Habh phaindel (M RElIMAreaYesy IRINIESEMains and

iibo ventlon provides the following eavy and light chains and antibodies: (1)
anti eavy chains having the amino acid sequence of SEQ ID NO: 222 (H17);
(1) heqoy hbaivy eidntsthawmg thecahnigo el debtfiende OSER (HND: 223

(2) heé&ﬂ%ﬁ%n@l@)ﬁé% ﬁﬁﬁﬁ‘i@%ﬁi@\é theaminecgers "ﬁ@]‘g@@ ‘?@)sEQf IgEQ
eavy chaln aving Cid se uence 0

3) he%’rﬁé‘ %*z@a %aﬁ@ﬁaeﬁﬁﬁﬁéﬁ Az édtience of

4) he@Eth[irlN@VB%thH axh)mC(@):hieawga@hal n$ SRQAD tNE azaih GHE

(5) heSRAERREIRLREIDND, 224 %)noé@ YihashHaving e amino

acid sequence of SEQ ID NO; (H44); 10 heavy chalns havmg the
(©) he%‘%lﬁ%ﬁ%lﬁ%’éﬁ%@?ﬁ%%ﬁ@lﬁ%‘@% Widdins having

(7) hedhg cdminolasitsdguence mﬁﬁE@;ﬁBerMIIMD M) (iBBNy chains
®) hewaamm%q}%%ﬁﬁ%a%@q%&%ﬂg z??qb('ﬂé%ggg heavy

chains having the amino acid sequence 0 D NO: 23 8); (12)

(9) heppaeRpERAALT RGN A ARG HIBrSE fh R HP SEB AN D33 (H92);
(10) hézﬁzﬁlﬂﬁahﬁ&@ﬁg&ﬁiﬁdﬁﬁ:ﬂ@gcﬂdasaqnmw@fcsmmme af3EQ7D;NO: 234

ID NO:
(H) hég@]&%& %Q(‘%%gyd%ﬁ%aﬁ%”@a%l gt elams%((‘()ﬁmﬁggquenw %EQ ID
) hegey ohwing hayind S)aigRinhasib UG eE ARhENR: SEUEREd of SEQ

(13) hb@v&d&azla’sm@vhzg Magmlzl@é)@h@iﬁagaﬁmﬁew E@@mmqusgqmce of
o h‘?‘ai%‘fﬁaee W SIS .

(15) lig hwgﬁd?ﬁvéﬁ&@%ﬁwmqwﬁmﬁ(ﬁ@@ﬁ%@)ﬁ@ﬁ)]alr)tlbodles
(16) lithatcaemypriseiheneavnshain elidhanditRedght shainof (L1»{H30L17);

an hg‘%)cﬁﬁ‘ﬁ‘b dlest at com rlsc;:dtg\e heavy o(f%?)ﬁf)(@e s gnh@kggt chain of

) anf1 dies'THA compriseth f(6) and

(18) lighs %ﬁﬁﬂ%h&%ﬁﬁffbﬁmngl¢§ewczgpéﬁm&]é§maEEfb(ﬁ@@ée the
(19) aﬂe@mﬁmm abohran @h@ﬁeﬂgbbﬁﬁﬁi%ﬁi}%}dﬂ% Jehl4 b athQdiesr.17):

20 o R e S AR R P 6 a'r?&%ﬁwé ?z i
(21) mnbpmmazpmm@@hnmammn obiiprise the hga\ghaim OO 3ehd 7);
(22) atfidiges ehAiRoaifdd (R hkkdykhain of (6) and the light chain of (17) (F142L17);
(23) antibodies that comprise the heavy chain of (7) and the light chain of (17) (1H44L17);
(24) antibodies that comprise the heavy chain of (8) and the light chain of (17) (H46L17);
(25) antibodies that comprise the heavy chain of (9) and the light chain of (17) (HS7L17);
(26) antibodies that comprise the heavy chain of (10) and the light chain of (17) (H71L17);
(27) antibodies that comprise the heavy chain of (11) and the light chain of (17) (H78L17);
(28) antibodies that comprise the heavy chain of (12) and the light chain of (17) (H92L.17);
(29) antibodies that comprise the heavy chain of (13) and the light chain of (18) (H97L50);
(30} antibodies that comprise the heavy chain of (14) and the light chain of (18) (H981.50);
(31) heavy chains having an amino acid sequence in which one or more amino acids are
substituted, deleted, added and/or inserted in the heavy chains of any one of (1) to (14);
(32) light chains having an amino acid sequence in which one or more amino acids are
substituted, deleted, added and/or inserted in the light chains of any one of (15) to (18);
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(27) antibodies that comprise the heavy chain of (11) and the light chain of
(17) (H78L17); 30 (28) antibodies that comprise the heavy chain of (12)
and the light chain of (17) (H92L17); £29) antibodies that comprise the
heavy chain of (13) and the light chain of (18) (H97L50); (30) antibodies
that comprise the heavy chain of (14) and the light chain of (18) (H98L50);
(31) heavy chains having an amino acid sequence in which one or more

(33) aﬁﬁ%&@%@&ﬁﬁ%ﬁﬂﬁﬁiﬁtﬂéﬂ glried iaddedphQ ipseamh Hot'a&&eﬁwsubsmmed

dctereg e AR oé?lé%r%“é b R B e,

(34) aa@%eéﬁbabmmmtm henkght civains rof gy arebgftiESnttb(dB)s 87 any one of
(19) t({@))antibodies having an amino acid sequence in which one or more
0 a ids are supstituted,, deleted, added and/or inserted in the

BRI AR AR 6P 6146 oo AT (32O A bt o Abescribed
abovethe/gdihedigsitbpleres patogiiz ey theitmitadiesahay bnarofn(iHioare also
descrig,ga)abw@e substitution, deletion, addition, and/or insertion of amino acids

s described apove. Antibodies that recognize the same epitope as
i%%rﬁi%%wﬁr&m{b@ag} PRVIHES sasci s a8 dbe varabyrasgiens, heavy chains,

light Cilnmemtmaﬂﬁmcpﬂswﬂﬁmqmmtemeﬂmg the variable regions, heavy

Chiﬂﬂag rHS: SRAHRRORT %'6%8918&%@%&? r%?ﬁnhﬁ%%r%ovel&scr%eg genes.

nt invention also provides_ vectors carr above-desc
%% PR FSEHOMOERISA ks b?émklg HeBleems A diohmebpwitiescribed

vectorshe above-described vectors. The present invention also relates to

m%ﬂ@ﬂ&&%ﬁ&%ﬂﬁl&ga\f%'?etfé%eset%'ng%%h AN nsell?f;?h“ tgéc'g ains 1%na heavy

antibodies of the present invention com 0 r|n
chains; Hgfchpeor @eHRBRETISHEANSSTHANEBLNS, Hbitlensinisd ﬂmmp of culturing
the abbosteslishatehdesesibed herein below. Antibodies that recognize domains

f th t body.of th t jnventi
e B e e S Sh s e R B oo

antib main omain
invention, domain 1 refers to the region of amino acids at positions 21 to
Antibdcﬁé)s@h&ﬁlﬁ%ﬁ@lk&wﬂ)uﬁgthe amino acid sequence of human NR1 O of

S0 I U D SO AR e

sequence INnC U e Sigha
an‘ﬂbom%ﬁt?éﬁemamdzrr@ﬁ@ré o doanfbydn bt thnprosanids anpiositibnsal21 tefers to

the re @QEH dKIERP 48 ds ElEﬁ)%?tiﬁrf@Elat@ md@EMAaEE 4§ m%ghfj %ﬂﬁ@ t%ﬁihlcg zQc(?dos.feC}Lue:nce
ino acid num g is based on the
thu%%%%éﬁéﬂ: mcé ing Zggﬁvgqeﬁ% %@Ingjﬁcﬂcédrﬁ%af‘ég’gr’é haied on the sequence
mciudmﬁwmwm}o@deho@m@dxtmrgem@mmmmavermmedmam@ rafivity the region
of amidBdRmefarphiiare WQWQQ?QI@FEWEEEAP) in the amino acid sequence of human

NR10 of SEQ 1D NO: 76, where the amino acid numbering is based on the sequence including

the signal peptide.

Such antibodies are not particularly limited; however, in general, they have a
neutralizing activity, and preferably are humanized antibodies.

Examples of the preferred antibodies in the present invention include antibodies that
recognize domain 1. The antibodies that recognize domain 1 have a strong neutralizing activity,

and thus are particularly useful as pharmaceuticals.

Antibodies (neutralizing activity)

The present invention also provides anti-NR10 antibodies having a neutralizing activity.
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Examples of the preferred antibodies in the present invention include
antibodies that 30 recognize domain 1. The antibodies that recognize
domain 1 have a strong neutralizing atflivity, and thus are particularly
useful as pharmaceuticals. Antibodies (neutralizing activity) The present
invention also provides anti-NR10 antibodies having a neutralizing activity.
38 In the present invention, the neutralizing activity against NR10 refers

to %mﬁﬁﬁi«@&%rlﬁfiiﬂlé'&h%@ﬁgﬁiﬁ.@iﬂfiﬁﬁﬁ@g&\e@mﬂl\@&igsﬁmgf@ H%{%ngtg%% detivity of
. . ...and preferably. an actiy] suppressin ogical activity based qn
A R N T e e e
suppressiaghpleiobyzaat i ve chastidate MRfBodies to an IL-31-dependent cell line

and QRReRdnL ey SRAMB-SURRIESSIP - SHes LoR 1B. AEL NSl RS le. by adding
31-dependent cell

. methaod, antibodies that suppress the growth of the |L-31-c _
candi %%a&%g)a%@rmiﬁ@[;@aﬁ@b B i%’@eé’%%&ﬁ%fﬁ%ﬁ‘& oG amRuppressing
effect NRI®.ctl Amtibdoi dsi{ engtal), Batbntibotizssopthesprhsentwtherftiba are
11-31 ~B%é&§ﬂ@ﬁ9c@1tﬁﬁ'%‘§r9fd§%%%@ s ANATDRYs %%ﬂﬁ%ﬁ%ﬁ@mﬁﬁg f&f{}‘{@l ’figainst
such as humans, mice, and rats. Moreover, the antibodies may be
NRm‘recombinant antibodies such as chimeric antibodies and humanized
antibodies. As described above, the preferred antibodies of the present
Antibdﬁié%’? 'Qﬂeiréﬁlude humanized antibodi_es. 15 T_he chimeric ant_ibodies
contamn, for éexample, the heavy and light chain constant regions of a
huhbSaRRsEER O IHESRBEAYSIHIPTIGRt BRRITVANEIN dcrati oh §h6franigin, and may
be derprtitfosiy afpanonBundnsiamme, sie) asdrayse MbeeMIMeHGntibodies may be
recom t&g? %ﬁ%&ﬁgs%%&{ 39 %ﬁﬁgeg% ‘5?8}5‘{{}11&‘ %g]c? %ﬁ%ﬁg{zgéanl%gdltgf As described
antibodies can be produced by cloning an antibody gene from T
aboveihsasizraed intibeigsieily Mcaprbprationdaebide hammriredanthedies.

CWEHBEIEM&:Q@%@@@ caRd0r, exempigpie e AcknBardaharckailptBaSant
rrick, TH

W, RAPEUT ONOC AL, ANTIBQDIES, Published ir
o R PR M AR b1 TS Ebr R o entbody ofa
non-hgparmaaipak DA onersantibbeyhiaralsl et biskes (ardgionsjumss by known

metho8YNtTRS 2QekiEEN RIRNALOH BYBAIRIRS HRIEY BE\RSSR I AR SHiRRE QR Gom
NAs.encodin theVr%%ons of an antibody of ir%ter,est re obtained

. D ,

Pbridgigy URETTHIH With D AR ARSI e THEHIRE YEEIB AL €OPEGISHL Bgsts (see

for exaBpiediad hulhaBemtisdy. Trnecse SVl tngrtdn STHICRARE INSE IRIDNOCLONAL

ANTIBW%}%N%Q{Q&%?I@@%ﬂy&MﬁE%QN@%R@Qmm_?UWfERS LTD, 1990).
Jeqglon Inserted INto expression vecrors comprising AS

Speci ST £ 1he UL FRR Sk TR DAL P IRCH AR ERmENA of

hybridexpressing veoter sraasthiat they dde@ipissentuniiey the Yeggiationfdthatibody of

intereSXRL QBRI QAR TRAIANSHFPHRVAMRIR ERDANCESR RN ROMRESefons) of 2

ost cells can . be 30 transformed with the expression

. e next step,
dem%&&}@ B ERBH exp S SR AR S B St A SIR ST O BLARTIoE
Alternhtiveln thetibdie srel algahanouibo EpVeegioplemde diecddarterbimto expression

vectors comprising DNAs encoding the C regions of a human antibody. The DNAs are inserted

into expression vectors so that they are expressed under the regulation of the expression
regulatory regions, for example, enhancers and promoters. In the next step, host cells can be
transformed with the expression vectors to allow expression of chimeric antibodies.

Methods for obtaining human antibodies are also known. For example, desired human
antibodies with antigen-binding activity can be obtained by (1) sensitizing human lymphocytes
with antigens of interest or cells expressing antigens of interest in vitro; and (2) fusing the
sensitized lymphocytes with human myeloma cells such as U266 (see Japanese Patent
Application Kokoku Publication No. (JP-B) H01-59878 (examined, approved Japanese patent
application published for opposition)).  Alternatively, the desired human antibody can also be
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antibodies with antigen-binding activity can be obtained by (1) sensitizing
human lymphocytes with antigens of interest or cells expressing antigens
of interest in vitro; and (2) fusing the $&nsitized lymphocytes with human
myeloma cells such as U266 (see Japanese Patent 35 Application Kokoku
Publication No. (JP-B) H01-59878 (examined, approved Japanese patent
application published for opposition)). Alternatively, the desired human

obtainw%q%ﬁﬁﬁﬁ@%%ﬁeﬁm%%lbﬂa%%ﬂi%m@ryﬁﬁﬁg?@gf AR antibody genes
0

... _having.an entire repertoire, of an antihody.genes. with a desired

wit O L e o e e et e SIS 31220, wo
92/039E1 320 PN 092 ORH 2 585 9N OPB63 4096, 94 BRBSHNAAT 16/34096,

anph YMEARIRS (3phi i EBee: ReRRRIGHAB AP B Aumanantibedies, antibody

y panning with a human antibody 5 phage library are known. For

Phageiﬁﬁép?ﬁﬁ%ﬁe Vel BB ad*'ﬁa’ﬁréﬁ%?rﬁwqé BRpPRALER Ry is expressed as
a singlsinbrérchatibaiytibolly) (sckh) onfiive efifabegst asivagehusingpiphagahod, and
phagediSRIBLMeNAL AR5 PEA0ES datfind 8 #@%QE&W%@B& Sk S&E%ﬂ%cg]yha ges, the

analyzing the genes of selected phages, NAsequences enco

DNA frangareh el or rinti seinns slelumansinibesi e ttied ©afersatigen can
be deteleténptined fidhENINAsequencte B sdivdbihatbined satihenantigémand,

i ifi ' | ising these uences
D e T Sp e O S NP humn
antiboggswn Seedrarethodvan Hehiaueio WRsispnaoam teanade 0¥l 9 047, WO
92/20'B8/0GA1 33X 13/ W2 96/ WD A 3O D2, WD S0 15381 VD) WD LE388388, and
1. @nd such. The antibodies of the present invention include not only

divalent antibodies as 15 represented by IgG, but also monovalent

antiB A atisRivhibs PEFEBbETER LS Rd priidanel o)y Idive e piE)seiis s

repres&litﬁb(h@ieg@,aﬁﬁhk&hbﬁlﬁiﬁl&ﬁﬂﬂiﬁf@éﬂﬁ%@@iﬁgﬁﬁaﬂeﬁﬁa@ﬁ'&l é&lﬁhﬁ%ﬁ‘y&ﬁ’ted by
-bindin tivity and/ar neutralizin ivity. The. multivalent

e, R B R R RS s dhhave o
NRI0hiadinggetioimansinsmplizngdetivial, addemultinalent antibotisoiithe present
inventiwhioit RIlenagMalehtha ARiaRDINEINg mEenaseifRis skBe20all identical, and

._antibodies qf the present.invention are not limited to, full-length bod
i R 1 et Y T R RIS D e The
antibogiesceictectheassst, iavauinonasaney bt totoNRIOpetteintiBidy maticelyleshbut may
also baniipaaisscafdheapesant iventionRiayke E}WdMQﬁH}@éﬂV%%ﬁg as they bind to
NRloargt!bggles. Such Iow-moIeCt_JIar-welght anti odies are antlboplles including
gn?ltlgody fragments 25 lacking some portions of a whole antibody (for
exattpiegtivhbicig @)ibodiareliibe passioularyetithitechasHe howamtiieyutetairight

antiboMNB10-BinGiNGRRYRENEHFRNZING ABINIEYS I:S}é%t%8§f'e%ﬂ&\(xgm'§0§1ﬁggdy fragments
. Iow-molecular-\é\%rgw%&grtlbo, % are not particularly limited, as fong as
t

lacking fone BREAPS HHHBI U B SIRBP h e Rttt iseighparticalarly
limitecansibodies thefeestiy BhCalindiie avy/ chaduivaliidhleaspion. (Vid)ies bghent

: ghainvasiable region. ' f - I eight..
e e T T
contain a portion of whole antibodies. The low-molecular-weight antibodies preferably contain

suc

a heavy chain variable region (VH) or light chain variable region (VL). Particularly preferred
low-molecular-weight antibodies contain both VH and VL. In addition, preferred examples of
the low-molecular-weight antibodies of the present invention include low-molecular-weight
antibodies containing CDRs of an antibody. The CDRs contained in the low-molecular-weight
antibodies may include some or all of the six CDRs of an antibody.

The low-molecular-weight antibodies of the present invention preferably have a smaller

molecular weight than whole antibodies. However, the low-molecular-weight antibodies may
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the low-molecular-weight antibodies of the present invention include
low-molecular-weight antibodies containing CDRs of an antibody. The
CDRs contained in the low-moleculardffeight antibodies may include
some or all of the six CDRs of an antibody. The low-molecular-weight
antibodies of the present invention preferably have a smaller 35
molecular weight than whole antibodies. However, the

form nPVHRAIE GBI WRIIBt ARIRO 1SS RAY AR HIRHB- NHIIMGTS ook SXSIRIEy weights can
dimers, trimers, or tetramers,. and thus their molecular weights can be

be gregigt t}i’:? etﬂggé“ﬁfe\ﬁlﬂ%ﬁé@ﬁﬁbodies. Specific examples of the antibody
freffpreais drotudes fortexantible] FibgEabts B{aliy2, fanckEwmpldeBawiidd,, F(ab’)2,

and Fﬁpeﬁﬁ&r}%ﬁ[@ﬂg&ﬁw&%& QIR Gl AMIRes INGlARi IOl R1ude, for
xample, Fab, Fab’, F(ab')E, Fv, scFv (_smgle chain Fv); diabodies, and )

example 9o (el aEh B (F45). GO T xRS e SR gngle chain

(Fv)2)tetidmcrs cesndop elamets) difbesermntibpatiesare, algbrolindes) ot these antibodies

are alsl PRI HIRRNBIO M AREDAIER 0L e REGERAIPHRI IR0 A RHRARG,.

fragments can be obtained, for example, by treating antibodies wit )

iSRS BB AR S S H iR S EH B GAA 48 G h enzymes
to prodantihodibfidgfnentsrinclutazifoned Arexanplge papainnpepsintanseliasmitude, for

terpati ing ib ent can be .

e A . g e Sl ancbody
fragmegyd SARPRAFENHE R eSS [SECrorBIRANABPISE IR Se@pRIang qxivssRel in appropriate
host cdll904)1 58; 2868ROTH, Besesr M., & Ionwial Al 994MEH;1995ASQ976; Bgtte_r, M. &

-En 89)178, 476-4986; t , : err . thads in
Homléh%% ogy %]fgég) %’I‘Z‘J}%%@Q@ﬁggﬁ Ilvi}%!@ﬁf? gcll’] nZ%%ogyeﬂa’ A.
Methogsggdinpimek s ol 38R B dddedP;, bampsi,, IMevisbednin Enzymology (1989)121,
652-6ENRENEAN1989)! 2 M SIS R RioEy €loab) 1 TIBTE B 4LBHUR. E. er ur,
TIBTE?&%}@}%@I nggﬁyyﬁ nzymes cleave a specific site of an antibody

rag ent,)yi’

eldinhg antibody fragments of specific structures shown below.
GéMetistiongmaeririglearmicuesiBarsitecdpplivtitodsuzhgment, yielding antibody
fragm@RL WM @g&ﬂ icatly-whiaines MotiRoskdpomesiede Q?é%@_eﬁﬁ%f&?ﬁ%@@%%@fappiied
; ﬁhe antibo gﬂ 20 @ntlb(ff?g. ragments obtg%neqd f%/ US'%%I e :on of the antibod
0 sucl AN By digesave RS BIRA? BRI RGELIAL the antibody.
F(&)Pbod ¥ &io gRenisintdidestibn ubib 2 ebFabidtadminidigestiomFans are as
followsd The low-molecular-weight antibodies of the present invention include

. antibody f ntsFJ cking an arbitrary region, as long as they have a
Papaml\?%ffﬁtlﬁ%/ﬂdﬁ%{;gﬁﬁ\rli yand/or neutralizing activity. "Diabody" refers to a
Pepsingivgdenomniilabdy framhént constructed by gene fusion (Holliger P et al.,

Plasmi'ﬁr@fge%h:%@g- Sci. USA 90: 6444-6448 (1993); EP 404,097; WO
61, etc). 30 Diahodies are dimers composed of two poli/peptide

gﬁi ; OW- ﬁ%%&fﬁgwﬁgf}ﬁgéieﬁ Sfjke present invention include antibody

fragments lacking an arbitrary region, as long as they have a NR10-binding activity and/or
neutralizing activity.

“Diabody” refers to a bivalent antibody fragment constructed by gene fusion (Holliger P
et al., Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993); EP 404,097, WO 93/11161, etc).
Diabodies are dimers composed of two polypeptide chains. In each of the polypeptide chains
forming a dimer, a VI and a VH are usually linked by a linker in the same chain. In general,
the linker in a diabody is short enough such that the VL. and VH cannot bind to each other.
Specifically, the number of amino acid residues constituting the linker is, for example, about five
residues.  Thus, the VL and VH encoded on the same polypeptide cannot form a single-chain
variable region fragment, and will form a dimer with another single-chain variable region

fragment. As aresult, the diabody has two antigen binding sites.
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forming a dimer, a VL and a VH are usually linked by a linker in the same
chain. In general, the linker in a diabody is short enough such that the VL
and VH cannot bind to each other. Spgécifically, the number of amino acid
residues constituting the linker is, for example, about five residues. Thus,
the VL and VH encoded on the same polypeptide cannot form a
single-chain 35 variable region fragment, and will form a dimer with

angirer.sineiaichain é‘fﬁgﬁb&ﬁﬁ%ﬂe PR M AT RI TS AARAY chain

as two n bi cFv antibo are single-chain
variab oﬁ%@&@%@ a@eé mg'*raah KRR ﬁ@%m& AEier i Geston. 7. S
et al. BrknghN@HamcadnSbleUéglbr[](Pu%B})&ﬁaSQTﬂﬂéérSér Bhodirtttinstbhe Ph&metalhgy of

Monogﬂiﬁﬁl Natlnhigad: $6i: V9. @ﬂs(lﬂg@h%\riré%@ﬁ%g% '%B%QEP%HQ& ‘\Iew York, pp.
269-3 ébnr?éé‘?f Monoclonai Antibodies" Val, 113,e esenbut

Vet Neoeosiadh: @%Vsrf@m@aﬁww%%amﬁ from
any antdgldm @'ﬁdrlb@ﬂlhﬂwﬂll’egm pé;siidevlimkayr er diitiegl tioWi ragipanishadyparticularly

hmite@esﬁgpg%ﬂﬁﬁ%'%-rﬁﬁﬁ éf@%%ﬁfﬁ%ggggggﬁggnfﬁgﬂbﬁwgé to 25 residues

particul mited. For example, an a In peptid
can be AR ABER th k15 98 boskio@ESHRle 5B HScdB A dkdiers or such deseribed

belowSpemflcally it is possible to use the peptide linkers or such described

belgw +10. The ef%%@lna&fg;aégl g%%ogﬁ gﬁ@oﬁm D%féﬁn%gl\%\s%}ﬁbed above.

PCR as descrl ed above

First, 21pepgihg @E@W%MH&?W@@WE@W%@Q desiead Bk patng acid
sequeﬁeéﬁplmedt@slm&m@é{ermm&}w@@gow gerpuence encoding an H
n,of an nd DN enc d|n
DN o ) R e v
DNPE@?&H?P@ﬁ ﬂn@ﬁémgaﬁukcaamwakecémpﬁ’é@gwmémﬂ@oabpaur of
prlmepss Ravinsetyeneas GRrEIPending:ia Lhmramcaﬂx@mqmm using a pair

of nmers av Qe amgellggd C(')Fhen afaNA e COd”i\goohﬁ g%s) %E rt on S lified.

P prep ared "Tha pep?lde Fekgr enc%aon ¢an alss e synt e WP He

Then, FD@N&mdm%@w@tg@h@memtﬁancameatgétedTi@ mtmbhkcaﬂ@nodmg
DNA w@@g@twﬁmﬁg@@@ @y@tbﬁsIz%@eﬁaé@ésém@@%@%@%t&ﬁhgaﬁ Wﬁgfafed to the

me used. The |s carried out ch DN

amp hft %P gr!il‘i?sr gloﬁegmsym% Iﬁ‘??@i: Aﬁreﬁl_ gtﬁ @?eP 8‘@ of the primers
to be L[SMA] BhehaBSEmblpreRautinmdng. chbk Eéé@mﬂhd{ﬁmpum‘ér@gm DNA] -
[pepu@@mm prabigation ﬁEM§r&H@tam s e rhgim&nd of the

hain V N’ﬁ% a rlmegsﬁB:t anneals’to the 3' end of the [L

e Sty ‘%ﬁ%’ S T LA P o AR ot gpels to

the 5 oﬁqbnﬁtbm{fﬁahman%m@ﬁm@éﬁ%baamwﬁymmmmdg théhfulllemdtf the [L chain
V regiofdHQNAGe Ofrﬁ&ﬁﬁﬁgv&%sc‘)m%%ﬁ%\ﬂ@@% STHCIL QS SRAMERERS can be

V-region DNAs have heen added to the [peptide

that ¢ ated
used 1 KA A RO R R A GRS 5 SARI T SHP AR R Meamvile,
nuclecdtiewsésudtineatiblyt gererdpded<mthaviphfioat ONotuct byetheddsdamibly [peptide

livker BN PTINAR, RBGCIRESCRY HACRANG AN AR 1B ANEIRRS: CHAISSARhnately
vectors carrying these DNAs and recombinant cells transformed
generated as an amplification product by the assembly PCR primers. Once the scFv-encoding

DNAs are generated, expression vectors carrying these DNAs and recombinant cells transformed
with these expression vectors can be obtained by conventional methods. Furthermore, the scFv
can be obtained by culturing the resulting recombinant cells to express the scFv-encoding DNAs.
The order of the heavy chain and light chain variable regions to be linked together is not

particularly limited, and they may be arranged in any order. Examples of the arrangement are
listed below.

[VH] linker [VL]

[VL] linker [VH]
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30 with these expression vectors can be obtained by conventional
methods. Furthermore, the scFv can be obtained by culturing the
resulting recombinant cells to expresgthe scFv-encoding DNAs. The
order of the heavy chain and light chain variable regions to be linked
together is not particularly limited, and they may be arranged in any order.
Examples of the arrangement are listed below. 35 [VH] linker [VL] [VL]

“niiﬁFW%'ll]s%?slﬁk rﬂml@\}%@ﬁwﬁqn@y@agmm@% %@E@B??ﬁﬂng two VHs
uce in WO ing lin
and o R RSB 0 D03 81 TG oV A Lo T 189).
For exmlbeSpéBdli’C@dlM nddngeddivEnkiing sictkes vintitiollies in which two
V%:Ef*ﬂgd‘“’%“ﬁ:‘m@“f%’ﬁ%i@t‘?%‘i%%ﬁ%%%%%ﬁﬁ%‘%ﬂ@ NV LVIVL
((VH] Mﬁh eﬂéfvﬁrib&?% RIS RAJ/EP?/FJE alfidi polypeptide
are presﬁﬂrse;k ndﬂdant&d tih¢hvedzb oV éhatrvanyeimend, Mtdvmeymaylhﬁ;mdangmjaﬁsnve
arrang@tﬁ)érﬁrQEElﬁ m&{\fﬁf%lé% frap Eél‘are}lﬁ Q?Lﬁ*’i’hé LYEH& listed

linker [VH] linker [VL H] Imker [VL] linker [VL] linker [VH] [VH] mker
belowivH] linker [VL] linker [VL] [VL] linker [VL] linker [VH] linker [VH] [VL]
[VL]ilfdee W litik&e{ YV HI] rikd{e[’\{HL]'he amino acid sequence of the heavy

[VH hainy Eﬂ‘ﬁﬁ(%g hl;%lg varlable 15 region in a

OW- mo ecular-wei y contain a substitution, deletion,
VH&HH%%AVAM}&F% %Héﬁ‘kp{l Wmore the heavy chain variable region
[VL]almﬁ(hg[lVCl}ﬁﬂi&aWbimtﬁ@@@\mgy also lack some portions or be added

s they have antigen binding ability when
[VLYY @%&%@ﬁgﬁg 1fern 1[?35@)/ ﬁ%ﬁvarlable regions may be chimerized or
(hhg e 2oidheauepreibmikattiovhainkerdaRlsicpein P thieapiableariable
reg;on@gaqawqﬁ@h&al@HWghﬂ@ﬂm@dﬁﬁh&;ﬂémﬁ@i@m@uiua{iaiﬁdﬂaé&@{bheaddmon and/or

intro usin e tic engineering,.or synthetic lin such a those
msem%nsc%: wﬁnﬁorogfe%ﬁ ﬁ%me(gﬁlnngv %’ Ieﬁg 8?“?9%%‘ ?fi%%l%ye erre le greston may
also lapklseradpereopreseh addeﬁmﬂlﬂéqsmimeem aﬂ@ﬁeﬁﬂgﬁh@éﬂﬂ@mgeﬂ

bmdm@%ﬂﬁ? linkersaramelaasicularyhmitegansk thoss,skiledhin theyast eBlinerized or
age%roprlately select the 25 lengths depending on the purpose. Typical

engths are one to 100 amino acids, preferably 3 to 50 amino acids, more
préfdhatayeserd Byemiin dkdss whithaktdule lyapieftrsdgion2 abth@aiiedy include

arbitraREIIH O BXRERPIBa SRR n&%ﬁ@@d AP 8GH SeABRGeR0hE YR hetic linkers
such a? i c;[ég%ﬂc:ré osrésdlﬂg r%teenfl ngmeepmg, 9(3), 299-305, 1996.

The preferred linkers in the present invention are peptide linkers. The lengths of the
peptide linkers are not particularly limited and those skilled in the art can appropriately select the
lengths depending on the purpose. Typical lengths are one to 100 amino acids, preferably 3 to
50 amino acids, more preferably 5 to 30 amino acids, and particularly preferably 12 to 18 amino
acids (for example, 15 amino acids).

Amino acid sequences of such peptide linkers include, for example:

Ser;

Gly-Ser;

Gly-Gly-Ser;

Ser-Gly-Gly;

Gly-Gly-Gly-Ser (SEQ ID NO: 82);
Ser-Gly-Gly-Gly (SEQ ID NO: 83);
Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 84);
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 85);
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Ser; 30 Gly-Ser; Gly-Gly-Ser; Ser-Gly-Gly; Gly-Gly-Gly-Ser (SEQ ID
NO: 82); Ser-Gly-Gly-Gly (SEQ ID NO: 83); 35 Gly-Gly-Gly-Gly-Ser (SEQ
ID NO: 84); Ser-Gly-Gly-Gly-Gly (SE€BID NO: 85); 43
Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 86); Ser-Gly-Gly-Gly-Gly-Gly (SEQ
ID NO: 87); Gly-Giy-Gly-G1.y-Gly-Gly-Ser (SEQ ID NO: 88);
Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 89); 5 (Gly-Gly-Gly-Gly-Ser
Giy-c;(ﬁﬁazlazbl@;ﬁéf»m@p Iﬁﬁﬁ@ﬁ%‘)@%@y-ﬁ'y (SEQID I\fIO: 8t5'<)j)n’|' viv<here
is,an integer of 1 rger. mino acid sequence of peptide linker
Serﬂ@éﬁ'@é@ﬁb&&#&%@%@lgﬁt vy those skilled in the art depending on the
Gly-GhufplyselF6il pxaindle; (REQbowetmaBlioned "n", which determines 10 the
Ser-GIERGN afyhe1Peptidel QFD’N@”XQ})}O 5, preferably i to 3, and more
referably 1 or nthetic linkers (chemical crosslinking agents) include
(Gly"(gjr%' i gsﬁézﬁgéﬁﬁtgé Und1t used to crosslink peptides, for
(Ser-Gaydnhpl€] Ny $0AsDifiidm(NHS), disuccinimidyl suberate (DSS),

where RiSéSHITOS, 'B'migylﬁég}grate (BS), dithiobis(succinimidyl propionate)
(DSP), dithiobis(sulfostuccinimidyl propionate) (DTSSP), ethylene glycol )
bi&éﬁ@éﬁ%ﬁ%&&&&ﬁﬁl&@9fﬁ?§@§)§£@ﬁﬁ% cqeBmistelrsietethhnitpse skilled
in the suckipatd)nsuiole @& hadisucEu migyipiar tieden RS heflikutdsuceiniivlyetermines

the lerf ﬁrgﬁh@EHgSS)ﬁQeS@k S%L(ﬂﬁ?ﬁ}ﬂ'%@?@@%@%@y@%’ %e%}Xﬂ lﬂ!{ﬁ?&"@rably lor2.
SOCOES), and bis[2-{sulfostccinimitloxycartionyloXy)ethyl] sulfone

(suirsBYB Boies) chradertroesiliiiing agents avelsdpinsrimlipavanatsighat are
routindi$hesedaurcasistiadpyptidsleseglanm raNinkedo thrae tikeid ae MsYallyuccinimidyl
wocrdE9US, 2 SR SR B A L AT o 57
diﬂﬂO?é%?élgﬁﬂﬁéinéx@ﬁa&bgwn@ﬁs)@%%ﬂ’éﬁbnlmtﬂéyam ibis(asaisisgiderheccinate)
(EGS)otaiylantipdehy Dbiieupiesetihinviaptionc nki#) ¢iufBsia PrtRinE MhiGHy! tartrate
(08 S T R R oS R
sulfong4R He OB Ipyerarkhitly getietnec ponyielecatbershesyielydhsatvbedy of
(sulfo RS OCESER}.INVERHieR 2B Ak PRl otk d8 aRI6ING 2 saEAIE Peptide or

S O R -
Such multiple linkers may be the same or different. '

The antibodies of the present invention include antibodies in which one or more amino
acid residues have been added to the amino acid sequence of an antibody of the present invention.
Further, fusion proteins which result from a fusion between one of the above antibodies and a
second peptide or protein is included in the present invention. The fusion proteins can be
prepared by ligating a polynucleotide encoding an antibody of the present invention and a
polynucleotide encoding a second peptide or polypeptide in frame, inserting this into an
expression vector, and expressing the fusion construct in a host. Some techniques known to
those skilled in the art are available for this purpose.  The partner peptide or polypeptide to be
fused with an antibody of the present invention may be a known peptide, for example, FLAG
(Hopp, T. P. et al., BioTechnology 6, 1204-1210 (1988)), 6x His consisting of six His (histidine)
residues, 10x His, influenza hemagglutinin (HA), human c-myc fragment, VSV-GP fragment,
pi8HIV fragment, T7-tag, HSV-tag, E-tag, SV40 T antigen fragment, Ick tag, a-tubulin
fragment, B-tag, Protein C fragment. Other partner polypeptides to be fused with the antibodies
of the present invention include, for example, GST (glutathione-S-transferase), HA (influenza
hemagglutinin), immunoglobulin constant region, B-galactosidase, and MBP (maltose-binding

protein). A polynucleotide encoding one of these commercially available peptides or
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those skilled in the art are available for this purpose. The partner peptide
or polypeptide to be fused with an antibody of the present invention may
be a known peptide, for example, FLA& 30 (Hopp, T. P. et at,
BioTechnology 6, 1204-1210 (1988)), 6x His consisting of six His
(histidine) residues, | Ox His, influenza hemagglutinin (HA), human c-myc
fragment, VSV-GP fragment, p18HIV fragment, T7-tag, HSV-tag, E-tag,

polypepHdék TANIORRMaGIeNboISH tatboddbiBHER FHaGManRkBEAaT IO invention.
fragment. Oth rpartnera‘%a%)degtldes to be fysed with the antibodies of
, f

The S RGP KPR PRI oY SABRBIBE RS ion consruct
(gRknatirioners transtdradisy, ¢fAhGmilessnt an8Britomagyl biniodjugated antibodies
whichIERENHIREI RPN CONRIBNL FREIONIE3 1HAIAGRS IHas e @NAMBRces such as

altose-bindj rotejn). A palynucleotjde encoding one of these
ool Bl G AN BUBHAEES G s BORTSAP AR UATEBS FSSth bsances
lumingsolymsclesttivese nuoging amdatitiosly dfittieqesentahustitiodiesiize fusibiained by

chemi@ﬁh&%@&@ﬁﬁ@&p%’cﬁﬁ?&&f%ﬂt@b@i@reﬁ&g(Siag fm&m&%ﬁr Wlibodies have been
,Furg:.er ore, the antibodies of the present invention may bé conjugated
estabhahef Bythis f;ﬂlﬁ 9,?

t
R IR DS54 | AABE I LA T e Gibodies” of the
presenpdx}ymﬁidgn a@émﬁmmmasj@pwmmedﬂaglycol (PEG) and hyaluronic
acid, fRdicactiveSRsiangs %sféﬁ‘?ﬁeéﬁ%j#&%ﬁlﬁﬂﬁ%ﬁgﬁn l&g&g} @%ﬁ%ag%%c antibodies.

substances, enzymes, and toxins. Su conjugated anti Ies Cd

The bigpgsifiequipocidsizally oG tieabbtaikedehiniseings rrmegeasgslitforent
epitopmddifyingrantincdial havedten Bsthblishedimmifisdiglditobeyasmmientiodics may
3 "aniibadies” of the pk t invention.also, . ..
e A TR N R i
site angh 3l sreBbhHERtISHIEY Bl eigpEerT RindbuIS. The bispecific
an&tyﬂd@dseﬁarprtmaaraﬁwﬁﬁgwﬁw&ﬁ%gd&agi%bﬂf&@g}ﬁns FRERGNIZRGtibodies can be
ifferent epitopes,in,the same antinody.molecule. In resent g
PP D e LG ORL B TR CIUg o mibodies
to be ik edrtagy e saidedralé sejarzdenired ofitltpk comigion iddichpisitedaL chain,
or quaeee}g{@fgemté)y Efﬁa?@@swirgft@wm@rlfaﬂgﬁnébmm%ﬁ%l% ByMeBaes Wbducing
: roducing bispecific antibodies.are known, Bispecific antibodies can ke .
e B0 Sy S AR AR oI PR e used
cell.  dvithenyormitimeidsctenbbaitire danetredneag b gritteciaginlesisgdhebhiques.
whith seitainssaT toprifeana ahkoanally, arrauariehmeirauiesdbale, molecular
. ht(:on3|f,t f only one H chain, Alternativel ,I'g/bndom(?s producing glﬁ‘erent
g P i SRR RS A S L BV SIS B fanat on depending on the
cell orgrsbouylprioduibingntilsedy 20 ‘&@Ilplﬁfifﬁmémmﬂlaiép’edﬁ@ébﬁt}@dlewcatﬂowever, a
resultiR® MAHUERH B BRREYS BRANGRANSIBRNBINUSIonENR ANLRRAIESRIY Equivalent to

ention may differ in amino acid sequence, molecular weight

resent. inv S o S
an A ST AR P O g YRR & R e BRFSRRL imvention is
expresdepénpinkportivecesll for kastplodiicioty theethiibody eskhe pusfidatianthe N

terminTEYrack 23igERFHREHRS! Wi QAR RNERS UG ANIROMY IS INCIHARAIR in the

the present invention, as long as it is functionally equivalent to 25 an-

preseny YSIORF the present invention. For example, when an antibody of the

present invention is expressed in prokaryotic cells, for example E. coli, a

AntibSAeHIgAIRgJesidue is added to the N

The antibodies of the present invention may be polyclonal or monoclonal antibodies,

Such monoclonal antibodies having NR10-binding and/or neutralizing activity can be obtained,
for example, by the following procedure: anti-NR10 monoclonal antibodies are prepared by
using as an antigen NR10 or a fragment thereof that is derived from a mammal such as human or
mouse by known methods, and then antibodies having NR10-binding and/or neutralizing activity
are selected from the thus obtained anti-NR10 monoclonal antibodies.  Specifically, a desired
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terminus of the original antibody amino acid sequence. Such antibodies
are included in the present invention. 30 Antibody production The
antibodies of the present invention mah$ be polyclonal or monoclonal
antibodies. Such monoclonal antibodies having NR10-binding and/or
neutralizing activity can be obtained, for example, by the following
procedure: anti-NR10 monoclonal antibodies are prepared by using as an

antigeARHIBNNRAO0M3 ’ffﬁgf@ﬁﬁtéQﬁfﬁg‘éﬁtmtd%qeﬂve?gef{ﬁﬂkﬁlm@é@ﬁ‘lfgyﬁgmunization

s human or ouse by known methods, and then antibodies havin

35 e ) /ing_
sccor 8 SSRUAG SR SRRSO BEEatRy A8 SOIEdPAB oRel Aibodtics an be
prepargdthinadiagnthNei18imd mocional catitibvadids Spepificathy, caitlesiieg ddmventiona) cell

fusiondlGRROLES H%@éﬁ&%ﬁ?% e ﬂ%ﬁg%ﬁﬁ‘gﬂ%@&fﬁﬁ%ﬂﬁﬁ@%ﬁQ%ﬁ%ﬂgomas) by

antig n for immuni n according to conventional immunization
conve w%aglfeww %nomm- ¢ ipglidsrder sy amaleg Hemals
such asntainec bt céltspyithokkoyen ratentahkells, using honventiahplgeell The

antigeﬁ‘ééﬂr}) %99&! éﬁﬂgsﬁ{teﬁﬂ&%tﬂ‘?{’ﬂld LHAQL 8%%%%'a%@gpai\%;n;%9$§%’] é%ethods, for

cells (hybridomas) by 5 conventional screening methods.

examplE ARSI e deamméianaramalr WIRIPKSHIED; rats, rabbits,
shébgbndmm@y&' yoatspaedkéyseconsis harsasliancbpigsmte daittigasiein of af.

F [ R1 ) ce according to
FKOM%E}W%%%@’g%%%p e, by mé)tlh_é?c?sg %Z?rl%%qg(:gé?g{/ﬁ]ﬂcsﬁ(for ex%ln% e,
IMMUYGESYSINEL AP apasideneas ampeiprapmredy s rstionprd afieohingadhe antigen
with athedretite et MilsieinahainctR isahlencEagambMilsiein, C., Methods

E . . 3- r such, When the immunggenicity of an.
e R R g o

neutralizif et e ASIesLNTHAY inglndmiuersdenaiyinsberias thisiatin a binding and/or
neutraBAROSIMERta L RERMBONRS Of theREeseitiveiePtRahBAYE hal antibodies

bindi nd/or ,neutralizing activity. against NR1.0 i e monoclonal L
at P R D P o PR ettt

as long apfhpyNeretde pispgesinusdantimdipatbarionecidnat bngtibotiiestuathaivg activity

agains2 RIBAINRNY/Ormeuikalizing aclivityeeansthumar NRABa§MAkiants of human
cularly limjted §s Io%? as thlgxggnable preraratlon of antibodies that

partj .
NR 10T 158 BF R 2 SO RGP MO REE Aok &FIRS Bopgation of
antibodieariiplehdvésariodinghati theneurezmgubiev oy vaniastdrafiaaMNR1 ONRADeratively,

under SkAY VRALMHER HEFhaH AN EPIRNOGER 251RA0iASVERAAPI8R 14l mutations
reparat(lggﬁ%;.zo ?Etlbodle t i ave a binding and/or neutralizing

have b%sw&% 0 MERRETONRIEFRARGERS, UHHBE Hi6AhE HoRMRBEE S  Human
NR10geptide friagnfentaimnmRitogess fngtaipannghicibardifisitlarhuesianactialte of binding
and/o&f‘e%mﬁtmgq@ﬁtﬂdqutﬂa%f@yﬁqw&%equence may be used as an

immunogen. Hyman NR10.3 is one of preferred immunogens in preparin

Ak BBOEE QOB ARaERdsr seBirdirg Aol i NRITSUNEHA can be
measuprésiemtekarepitohy 2bdemvihg throsiethe hingpressind/drengutvali oNhattivity dependent
cell 1R aniiRed¥Aqain AR AGigan be measured, for example, by observing

the effect of suppressing the growth of the IL-31-dependent
Meanwhile, monoclonal antibodies can also be obtained by DNA immunization. DNA

immunization is a method in which a vector DNA constructed such that the gene encoding an
antigen protein can be expressed in an animal to be immunized is administered to the animal, and
the immunogen is expressed within the body of the animal to provide immunostimulation. As
compared to common immunization methods based on the administration of protein antigens, the
DNA immunization is expected to be advantageous in that:

- it enables immunostimulation while retaining the structure of a membrane protein; and

- the immunogen does not need to be purified.
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cell line as described in the Examples. Meanwhile, monoclonal antibodies
can also be obtained by DNA immunization. DNA immunization is a
method in which a vector DNA constrdéted such that the gene encoding
an 30 antigen protein can be expressed in an animal to be immunized is
administered to the animal, and the immunogen is expressed within the
body of the animal to provide immunostimulation. As compared to

commar Hnupization methods baseson he Administiation ofiarqtein

antigens, the DNA immunization is expected to be advantageous in that:; -

mmuﬂ"éﬁﬁﬁ@?ﬂ%ﬁ?ﬁﬂ@sﬁﬁ}&?&tﬁfha\%}’ﬁ'}’@@%tamlng the structure of a membrane
prdteindand @fairtherinmdnogemdbedyriot Deéed touherpriified (46, ONencoding

NR1 oqém%fnﬁﬁ&%rgd%@éﬁ'ﬁﬁ iR ‘&9%1? H&QH@&H“ MyniZate é’l\{ﬁﬁcﬁgg NR10 can be

immunostimulatin B%means such as an ad juvant. In order to aln a

synthesiged e RAPSAHB 9%915&,&%A%%n.z%w%mmwe%@ﬁs@edwmm@ppmpnate
exprcﬂdmInmteredqtbadm&nm&idmohﬂaerﬂmuﬁllﬁd)eﬂhﬁ’rﬁfﬁée&n CaRip@NRBAG€Ars that

can béll?sédsi}/lc? G&é%‘?ﬁ&%&%ﬁ%’%ﬁ%@% &5 Ve tlc:\;r The rgsult d@é\l tﬁ 'SThe vector

Inserted Into an apE‘ opriate_express nvector an a ministere

can etk v Manved Dy BEsonaiae matheds bE UssempladaNA |
immusatoereialte duailablt expraasiorkeciols puaichs BERN BT thBeReteon vector

into C&m g glg%%l\l?és‘:e@{gog BtheSlIIIIVIdeXb eg&%ﬂ(\%’f{f‘%‘)y Wﬁ w&dmﬁ%mzation 1Isa

|mmun|za rrie I'O ucing

PfefSWW%QwIWﬁW%@%WCtor 10 into cells by gene gun.

Boosier theinghifdi G axpiessied cellsafiidDNAVIMRLINERERR SRl of a desired
referre met d.to. ﬁle|d a onoclonal ntlbod L Op%%e thesrtﬁammal is

antzbo!a 1S COfl 1ama X O be ficreas umnu s are ¢ & &1%6896

. munize escCrl 0\/e an e serum
subjeqisd ip et destonbe Riefered dmiminenel salte apéeenweﬁteuia frarictdermammal

anmeﬁﬁﬁi@mqrtyeﬁﬁﬂé%wm%n@sf@d%@ fmmﬂ%&ﬂ& AR vPlasn RIS, 1tis
f ad'lgg m p grrl\l/[aany?z%ag mﬁeloma celks are use usion with the lecti
P OVE IRMTUTB LETIS TS ARRFS S SR& R é’fl R SCEF A PRopridte selection
markeseﬂé‘et&m mphkeetyfor thetedning (ditdoseledtidiowiankerved fenddoparticular culture
condlﬂ%}%“m!@%m&é@%% fﬁéﬂi@?ﬁﬁ@ﬁ&@ ‘9’%Mﬂﬁﬁl@@%ﬁx@@ﬁﬁ%‘éiﬁfoﬁ%ﬁﬁrmﬁer%e

condjtions. select rﬁ de hypoxanthine- gé anine

deficig B &8 ik FEREM ol SSLHBVRIfdpeAgnase deficiency
(hereitipfizP aamefm@w )FKn@bﬁwnmldyﬁb klhﬁmfm@?icmﬁcﬁhmmmm

hypox%ﬁ@fﬁ%@?ﬁglé’ﬁteﬁ%ﬂ?ﬁﬁl{ﬁ%)ée)hﬁﬁl: ﬁﬁe%ﬂﬁéiei%%lh%ﬁsa?‘"ﬁﬁ‘r sensﬂwﬂy”)

I Hﬁaz xanthlne mlno terin-thymidine sensmwty (hereinafter abbreviated
n

A‘foge%g NAL- ﬁ?}&ﬁ*%mée@aﬁ%ﬂwwtmrﬁ%@h%%dc@% will die.
Howegan ndt%yﬁﬂmﬁmlﬁiﬂﬁmhcbimﬁml lediecotitmveversytienifisotiwitha the salvage

pahwAORR RS oV AR IRINUE DY NEs RPIPNA VR dG sRlvRge

patéwagg of the normal cells a us can grow even in

borlEercign erlasneibpeesniedanine asnsdisrsonigiaing 6-thioguanine,
8- azagnmdlnﬂ’mmmmﬁmgﬂﬁiatbﬁgﬂ&mm@P&rﬁ%&gtﬁ%ﬂ&ﬁh@éewﬁﬁﬁ)brmﬂl@ﬁormal

cells 28 kARS &3@{0511195915‘89&(!&)%&1{1@% )X‘Yll‘;lx &0Q gz?ﬁogs into DNA, cells lacking these
enzymes can survive in the selection medium because they cannot incorporate these pyrimidine
analogs. Another selection marker called G418 resistance confers resistance to
2-deoxystreptamine antibiotics (gentamicin analogs) due to the neomycin resistance gene.
Vartous myeloma cells suitable for cell fusion are known.

- Cell fusion between immune cells and myeloma cells can be essentially carried out
according to known methods, for example, the method by Kohler and Milstein (Kohler. G. and
Milstein, C., Methods Enzymol. (1981) 73, 3-46).

More specifically, cell fusion can be carried out, for example, in a common culture

medium in the presence of a cell fusion-promoting agent. The fusion-promoting agent includes,
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cells are killed due to incorporation of these pyrimidine analogs into DNA,
cells lacking these enzymes can survive in the selection medium because
they cannot incorporate these pyrimidiffe analogs. Another selection
marker called G418 resistance confers resistance to 30
2-deoxystreptamine antibiotics (gentamicin analogs) due to the neomycin
resistance gene. Various myeloma cells suitable for cell fusion are

for exiﬁﬁ@!’&%@?ﬁt@ﬁ@ SebyEeTmMNs&Rlls andsmeiomarcelsicai g auxiliary agent
such aS%s e%j kﬁme&%ﬂ a gdln o) known methods, fr{ ex%ﬁple the
etho hiera Fé)telna(%j GrEng gféf’ 186 ethods
En?%ﬂm%m%gqlimr@—m)ﬂ@@m@spescbﬁcaﬁygi@eﬂrfwsmm@dm tesararined ratio.
For eﬁHIpf@ﬁﬁé@ﬁﬂB'@f iﬂlﬁiﬁé‘%{%’?i@fﬁto%%f&n@%mé% @é@aﬁﬁ?ﬁ%’rﬁ%‘?&e}@e” Culture
sjon-pr in en e rompting inclu es or
Ra e i
media r%ﬁ%ggéffeﬁﬁﬁ%h%w&%ﬁ €5 AP Ry i e A el Fagycel growth
of myelnraaxitihiyragerh suBisE @ﬁ‘ﬁ@m}d 3(Hdkidedndheatsorimecadadatomedia used for
this tylRRAeNa! fugiereefliienaw FheHnmung Gells 2085y %%@@@%J SRR:Byith serum
iusec% at é}ltra ril deterrz#n ratio. For example, the ratio of immune
SUPPILR t?i‘fivé;l SS9 BY&&rably from 1 to 10. Culture 5 media to be
us@d:fiztarelifodimnanoty dé jfonexamleaniediginat axdl suitalnls édrvbB in the
cuuur@ﬁalegfeeﬂ%e&ﬁ@quﬁ%a aﬂh'wpgw&ﬂ%oﬁgl\é 11640 ansAMEN Fg&géﬁﬁged cells

common culture media used for. this type 0 celculture In addi

(hybridgmat midT5a) HsebEhoshitic i mian’ m%wsmﬁ@@eawght of

about fietfllca)08@ nam -8 dRoate teriivingdcahommis: ofidenmativn e &R b 60% (w/v).
Then, @%%Q@@e%ﬁﬂﬁtﬁﬁ‘? @%@%gg}géla%ec&ﬁu?g E%%L%i ‘fyé‘fg& t%%ﬁ Fg%g\qal of

h a PEG solution pre- to 37C to pro use

SHPGHWBHEB R g aHencan faew%@rﬁaanf@ﬁ%%ﬁﬁibfwmw ARghsch, which are
unfaversigctd ahsveightioss hpbﬂﬂdn&&() -6,000 can be added to the cells typically

at ¢qconceniration of 30% t9 60 d&%wedﬂgle“ Y ecgs've a&‘d't'oa%COJ{Ab}ng o the

approprlate C%H re mé%lum |ste ove an emova OI% supernatan
selectiggrifikgaiopsareedpentcdom aithinaedie decrlsfpienent et auohs. HGPRT- or

TK-defibieht aeglsaruniaverable 159 thergrawinah hMQrQﬁm%dTﬁﬁ (8SHHIEM containing

hypoxa}fﬁxldg Mt rtgg 3Rd n$ %lcez tIO g Ordm fo the oma cells
ction marker péssessglaub Veloma cel e cefi S|onml5-!81r

are usedHhfsié ,ﬁMGPWHWUWSMﬂ& émftgbngtbmb@aé@rébw@a by wlgitisdy grown in the
HAT mm a mHeTcameajume(asmgdﬂmmr&t@imgne&ﬁ%@@&mﬂ@l@@'ﬂ&?ﬁtﬁxﬂﬁciem

e fically, HAT ve myelo lls 2Q are
perod B A P S SLEA LR RErHFELIC AR 0 die
Spemfw&mmegcg@tﬂhrmn dh@rqdhyhnémnm CEhbeetletitd iy wsierihe thbovls for several
days t614eldngdigards C@HEW uerbians %Hﬁ'ﬁﬁ@fe E’ﬁﬂﬁ’HgQﬁt i@oﬁ{@'\!}éﬂ FRllfsce an
b zpt %Qe q[esw hybrigo F? no -fused cells) toy&ile Specllflca Yy, in
entibogy, oL mepRa! GRARE G4BT QU PASREAI BE RE RARHH S, ERHe OB Aot
Alterngéivelnl auabsd‘ms‘élaeratm&ksNRH@mastbeqnmladdbmhglmcle@Mbed in WO

03/104w4idomas that produce an 25 antibody of interest can be carried out by

erforming ordinary limjting dilution methods,
P creening ané s1n§1eqor%% % an anrrtl%ody of interest can be suitably carried out by

known screening methods based on antigen-antibody reaction. For example, an antigen is
bound to a carrier such as beads made of polystyrene or such and commercially available 96-well
microtiter plates, and then reacted with the culture supernatant of hybridoma. Next, the carrier
is washed and then reacted with an enzyme-labeled secondary antibody or such. When the
culture supernatant contains an antibody of interest reactive to the sensitizing antigen, the
secondary antibody binds to the carrier via this antibody. Finally, the secondary antibody
bound to the carrier is detected to determine whether the culture supernatant contains the

antibody of interest. Hybridomas producing a desired antibody capable of binding to the
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Alternatively, antibodies that recognize NR1 O can be prepared by the
method described in WO 03/104453. Screening and single cloning of an
antibody of interest can be suitably cafied out by known screening
methods based on antigen-antibody reaction. For example, an antigen is
30 bound to a carrier such as beads made of polystyrene or such and
commercially available 96-well microtiter plates, and then reacted with the

antigefWHHBMBRIN BNt MRTIdaMaE N exdiHhe Sashal, iSashet RIS used for
rea%Ied with, an erﬁ}érgb?-labeled Eecond r antlb(i)d tog such. When the

AR SbBIRAtANY CONRE A BNTBUBY o HESPELY FESETOS 10 ifeprelerably used as
an antigensitizthty antigen, théorseeomlary aslibiodyebimeksige thE toyther atrabidlular domain

of NR2BUbogY o Flalyiine.s danr anipeshadn Rrund {9, e GaEHREIRuting the domain

bdetected g)Fdetermine whether the culture supernatant contains the
may bg 53 GF &S, Hybridomas producing a desired antibody capable of
biddindditi ¢héo4Be ahtigedcan fxel chotiew! yithe:fianitipd ghlitionan éthagor

immuﬁiﬁjﬂoﬁl@f 2Bl AR UG R SREh R Mf@é{ﬂiéﬁﬂggd{?&t H5R.20NB1%iso be obtained

protein substantially equivalent thereto can be p_refera;él;ljgé/ used as an
by sensiiring #Bmﬂﬂéwéagg?wt@m@%eﬁﬁﬁ@%} Tl IRy, mphocytes are
sensitiextradéllataN8dhprotedi MRy .or Eheoligapsptidieredposed wtagpafiiaéd with an

appro&%{@?ﬁ%ﬁgmc%f) Qf&t%gggg%%gg%ﬁgeé?ﬁ%H% Hgﬁg\ﬁigh l?ﬁe ability to

antigen. In addition to the a or preparin

divideRasRgRRAY GHOBGHS TR AR RMERD SPERFS REfARARTH B Rt P HeaiignK okolu

Publicatitihadie J0f ) (Ee SO RS (@lsmiigedbipined by gensiéziag:Mupplication published for
ho it lgen ecifically, first, human,l hocytes are . .

o TSI RS A TR v o

binding;to g RurPEICLD appropriate fusion partner. For example,

humandeidvedenyglonta eallsimihihana ity oastivisley ResmaaEBlean

be used as the fusion partner.(see.Japanese Patent Application Kokoku
sbove B B e LA S B oas
knowpshthesgsiribasisliediadr obpdspiemis Aptisoerdsphanendycidisanethess described
in the presBuMaR-ansibadie shRyiganasthityehdindingitadbe MR EQRRAI8IMmodification
fN-tlS }'rpag nue Ieoiggle g u%n(fgten&ogén@ban anti-NR10 &ntlbod %Bjtgéned %
O R D B RGP TSRS d Br S iR, B8 HiRY 88%15% CETAR ' persons
skilledoian diaribd Biemeliiodscknowreneehpse skilletiansthdoanl Amadéfddsino acids are
also RMNAINRCR the.amine @Q&%ﬁ&l&&g&@@ﬁ@&?@@&%ﬁb-ﬁwéﬁﬁggr in\_/entiOP

m ungder st-translationa ificatl Qr exgamplie, moditi 1on Of,

R S R SR RS Gy B A A QLT D atbody can
be prepasitdirionexionplrdungeRotiskiteohiithasi omtje datgrakyk rsveh tseusngddied in the art.

Specifiipostitonsiatianglbneaadiied amingReds Ble ASAEERL b NGe sequence of
the ngg@'no acid seque .Cef?¥dESCFI &Id in the present invention. Based on the

SRR R A8 Y SRR A A BB ES eV BTN O e RS eghin
approjeaprdpsiecl] fGseexdamplanplegEnedt. IR combjdatiomuedhni§aés Kih RN 2976;
BetterMS&RKiligARNE 2t M&gécﬁ}%yﬁ&pm%@%W&%%—Q@g!%%hm, A. and

antibody can be constructed based on the sequence of
Skerra, A., Méthods Enzymol. (1989) 178, 497-515; Lamoyi, E., Methods Enzymol. (1986) 121,
652-663; Rousseaux, J. ef al., Methods Enzymol. (1986) 121, 663-669; Bird, R. E. and Walker,
B. W, Trends Biotechnol. (1991) 9, 132-137).

The vectors include M13 vectors, pUC vectors, pBR322, pBluescript, and pCR-Script.
Alternatively, when aiming to subclone and excise cDNA, the vectors include, for example,
pGEM-T, pDIRECT, and pT7, in addition to the vectors described above. Expression vectors
are particularly useful when using vectors for producing the antibodies of the present invention.
For example, when aiming for expression in E. coli such as IM109, DH50, HB101, and

XL1-Blue, the expression vectors not only have the above-described characteristics that allow
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25 the NR10-recognizing antibody, inserted into an expression vector, and
then expressed in appropriate host cells (see for example, Co, M. S. et
al., J. Immunol. (1994) 152, 2968-297% Better, M. and Horwitz, A. H.,
Methods Enzymol. (1989) 178, 476-496; Pluckthun, A. and Skerra, A.,
Methods Enzymol. (1989) 178, 497-515; Lamoyi, E., Methods Enzymol.
(1986) 121, 652-663; Rousseaux, J. et al., Methods Enzymol. (1986) 121,

vector@ﬁﬁ:ﬁﬁ@atﬁslﬁ(in@ BoRNsMAlke s8R B\ pircﬁ@ﬁ@e% Bi@@ﬁﬁbﬂ@'efﬁ&@ﬁa Sipression in

2 13 ctors i 13 v
E wh -{ 8% crlgg&%’\ﬂee?nalzé\f) f?en a ing %R gggg’gp AS%J (1992)
6, 242@?&%@)cgmpfh@9®ét@sﬁmmaé fieartI8S EEMOR ] pOFIEGT ranuoter or

such. piataﬂnf@a@kﬁ@ﬁbmct@hgagmme{wa%gc@é)mg@ﬁéﬁmlgpsg@ﬁtqr@%@g pEGFP,
rticular when u roducin odies o
orp ETIDEesenst mveé’n%? 8:#0:3»%11%%1% %@%\%ﬁ? AHhG 1O g&ﬁfg R Eaigin addition
to the S%hraﬁm@@@elﬁa HB101, and XLI-Blue, the expression vectors not
onfyHqueitheRRPYEE8R Gl RGN ¢! ﬁEﬁEE% slicsinahalieudRveciar, s1gnal sequence

Ilflcatlon in It, but must also carr romoter that allows efficien
for an R SECTT2 AT S SRR oo Lk P - W 00 4379)
may b¢1889 v8uh, LdicUos FASER] ntd 082F. 6024RPA4@7), araByexammatar be introduced

into hdBRHAE S&%hlcﬁﬁ&‘?@ﬁ%x@l@%@eﬁ:%@o %oﬁ%éahﬁ REPQIRLRY such.
( &%@&%ﬂors include pGEX-5X-1 (Pharmacia), IAexpress sgstem

| JEGHE8 f(ﬁe’ir f(‘ﬂ%lm%@ 85%@%@%@%@5}%@% feediep g{fpe present
inventexpiressds ﬁmmsmﬂmm}dmﬂemﬂqﬁa@@m}@dﬁg@vmm) pEF-BOS

(Nucle‘?pg\é?d b&% qg‘%sl@ﬁ)?f%tﬁ? N frﬁe%;brj]éa pe E&%?Qﬁﬁgﬁ%g% ression

As a sig na sea ence for antlbody sec Signal seguence

vectorg(fpr %?iaéﬂlBleB chaF-ayYy beoulaxiryy %Wﬁéoﬁssé(at%%@%fb asand
pBachdCRe,t@éiamtddiileeEcgpi%mastpi&smrsTﬁferm@mpm@WmMppﬁqnOatﬁtﬁal

virus- &35;%0 %@éﬁ%l‘f%@t& 8%9%( %grs 3 W&H(&qﬁe XLexy rgv#rnal

vectors for E. coli, the producing t dies 6
expreshan reiart fﬁ%ﬁ%@ﬁiﬁa@qah”élﬁﬁérﬁﬁaahW@@@ﬁ@gﬁ@ﬁ%éﬁ“@@mﬁple “Pichia

Expre S e, @ﬁﬁwlﬁ NYRIOgegn@BP-B0IS, MNusleACidDReSxpRBon vectors (for
examp%.l%fpl;ﬁﬁeg ﬁﬂ§§éj§$% %CDM msect cell-derived expression vectors

examp CU|OVII‘US expressmn system"

(G¥benRRinarr K5 pRsimpir spipRirmele fvel exprISsoN Vet B3 cells, the
vectorS xR Hay e Mtbadep MkhaliAminat pyéidsod Qﬂ\é%ﬁse)f&rgﬁﬁiﬁﬁlé/ aelafs Iﬁ‘@fnoter

o BT S, 9 A TR, S o
et al., E)épl@%‘ﬁé’rrdﬂﬁeﬁr{\l?ﬁiﬁéﬁ) BRR), Endrdl 8 pOmnfennddBacitus sy they have

a gene%p Resiany/eskrs Kk @&M@epﬁﬁ%ﬁ%@gaﬁkgg&é fggg@%% Ek%»@@ evaluation

f
wsing SRR CRRRL Loy e GO B R PP BB P MAM,
pDRZiipBEHE T¥r pR&pM VSpAbR§hutd p@Mldidanestaipidature (1979) 277,

108) o MY - HIRAIOMA %exheﬁla@ erenAls A MiZVeiN & &lp @%%ﬁ'ﬁnd gene

cids Res. (19 and. CMV promoter, and more refera
ampli @d% cefl 8?—}& cel?s %’}cmnt ina nucEe?c acid synthesis pathway are ){ntroduced

with a vector (for example, pSV2-dhfr (Molecular Cloning 2*® edition, Cold Spring Harbor
Laboratory Press, 1989)) that carries a DHFR gene which compensates for the deficiency, and
the vector is amplified using methotrexate (MTX). Alternatively, the following method can be
used for transient gene expression: COS cells with a gene expressing SV40 T antigen on their
chromosome are transformed with a vector (peD and such) with an SV40 replication origin.
Replication origins dertved from polyoma virus, adenovirus, bovine papilloma virus (BPV), and
such can also be used. To amplify gene copy number in host cells, the expression vectors may

further carry selection markers such as aminoglycoside transferase (APH) gene, thymidine
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a gene for selecting transformed cells (for example, a drug resistance
gene that allows evaluation 25 using an agent (neomycin, G418, or such).
Vectors with such characteristics incldde pMAM, pDR2, pBK-RSV,
pBK-CMV, pOPRSV, and pOP13, for example. In addition, the following
method can be used for stable gene expression and gene amplification in
cells: CHO cells deficient in a nucleic acid synthesis pathway are

: [ i 5 I {
T R
dihydy 5%135%(@%@&%%3&% for the deficiency, and the vector is

anT@ﬂfiieoha$rugauﬁéth@n.éxaﬁan§m¢es)mttmtmfmqwoﬂmeifrgIme/iptgypqtﬁdeh of the
presen?%@ﬁti&?%gé%f#@ﬂ?&@@tegm@ﬁp rESRIORCRAR LRlS #ﬁgl%%ﬂﬁ@% of the gresent

A expressing S T antigen on their chromosome are rmed with ¢
Vet (P BRI ST ER) %X%&Géﬁ@%@gréaﬁ%a%hcaﬂ@mw@ﬁrmrowf@n@m%h a
polymdérdtetd omdiolytimaolinpstatterfalirpse deoivine @apiidnabest sSntBFoM)ed.

angr3R §§8&f?@a@1§,‘ ?Re%egéﬁtﬁn%}]ﬁ%#%\g@&ﬁg@% &u@r%?r%id‘ &ggttﬁg”s’

the expression vectors'may further carry selection markers suc
polypepiifiss G tssiues sririareniion apmyisiret sivngink 50 kinase (TK) gene,
(a) cullregitaXdenthisR-guadinie phosgbeithosylicansigsase{bigptheepBepde of the

[ f reduc fr) gene. Thus, the present invention provides

presenﬁri%gﬁ%gﬁ?{r& ro ‘&C%%S&_(g% gdlil/qb%eptides of the present invention or
(b) Obﬁﬂyﬁﬁlﬁ@p@%@é&w%@é@ﬁﬁéﬁig the polypeptides of the present

5 imnenaﬂanowb@céfﬁwrlﬁ@émittnaz@ia@rpélgut&wmymiétrﬁ@dﬂ%@@?é%ﬁM%OW can be
. vector inte which a polynucleotide oding the polypeptide of the presen
o e L BB e e R hea o
homoggmsities Thstrpdkodienreabeiirgiaied pofyperified dpmatpde sewfinalientionfor
isolatif@ BHA SIREHHE siefiafedanaulibivie a Nesissll BARINNG & VaPEiM e, the
antibo 1Qich agene e godin th?é:f)jptl}y?pe tide of the %O [aresen invention ha;

éleeszr?al'ﬂtrodﬁ%g g %Du)nob al w?éf%ﬁ(@)iﬁ%ff/ eprde BREGESE Y H &
chromylegraphiboiuetishhd (prakamiom\aaiiiion oBtavadibpresntaihoglvent extraction,
distillARscribecabeNeisan e, @@ﬁﬂﬁé@fp&%ﬂé@ et &eHSAR LR QB dRS using,

dial cells (the medium, or,such), and puritied to homogeneity. The antibodies
1AYSRaly ﬁi%ﬁﬁ%%”ﬁn%ﬁﬂ&ﬁ 'd by methods routinely used for 15 isolating and
pukifg ﬁgranmgimﬂ}iaﬂﬂmheicyﬁa“ okmegthod it dimited:deoapwainplexchange
chromHiSz@Ptosies.caRe inniated a4 h%_ﬁéﬁﬁm@tﬁe%@@é@{:}ﬁé@%ﬁ%}gﬁ@gaphy,
il

comhining column chromatograp ration, ultrafiltration, salting out, |
and adﬁBW&ﬁP;f?geiaﬁaﬁt%ﬁP%% BB dTO BB RS oR A pheEapiEEsHon: A
LaborﬂﬁS@mlysmMamiﬂi&@dDeﬂﬁﬁttbﬁﬂarsiﬁk,dsoélébmﬁ@fﬁgdsglglmﬁiaim‘somtory Press,
1996).feeﬂ‘M§TaW5ﬁ{£%gﬁﬁﬂiéﬁfé?h8& HD& SHEAMAYARNES NS (Xing Tiquid

example&?‘finityc romato%lraph ion exchange chromatography

chromfy B AT YRR o A e Fifati ool BB Bk egbe used for affinity
chrometgmystp gnaphly, perdiadsorhtinns cncbpratogy Gpiyl (Hiate distifanPuskigimrotein A
includg,lffjp9?%%1@?%}%@?&%@@9%@86phmose FF (GE Amersham Biosciences). The
present invention includes antibodies that are highly purified using these purification methods.
The NR10-binding activity of the obtained antibodies can be determined by methods
known to those skilled in the art. Methods for determining the antigen-binding activity of an
antibody include, for example, ELISA (enzyme-linked immunosorbent assay), EIA (enzyme
immunoassay), RIA (radioimmunoassay), and fluorescent antibody method. For example,
when enzyme immunoassay is used, antibody-containing samples, such as purified antibodies
and culture supernatants of antibody-producing cells, are added to antigen-coated plates. A

secondary antibody labeled with an enzyme, such as alkaline phosphatase, is added and the
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Laboratory Course Manual. Ed Daniel R. Marshak et al., Cold Spring
Harbor Laboratory Press, 1996). The chromatographic methods
described above can be conducted usihg liquid 25 chromatography, for
example, HPLC and FPLC. Columns that can be used for affinity
chromatography include protein A columns and protein G columns.
Columns using protein A include, for example, Hyper D, POROS, and

plates %ﬂﬁ%ﬂ%f F (GRAmRSEsha %%%&%ﬁ&r&%@es&ﬁﬁ%ﬁldﬂ@%m phosphate, is

|ncI ntibodies that are highly purified using th urification
added ot e OHENERS Bﬁ?ﬁ?‘h@% 1 B S BRAREY BPOBEAICE R be

determlned by methods 30 known to those skilled in the art. Methods for

PharndEISHRINING R ARtigen-binding activity of an antibody include, for
example, ELISA (enzyme-linked immunosorbent assay) EIA (enzyme,

im A SEy TS TA P RGO R 2 il %a@@ﬁtta%aagpﬂsmg the
antiborhetiodidrod ekaveple anvebaneanzyde i mifiaassay thaisedent invention provides

r
oo LR DD 8 A B s
an actiyiagrealigs secondary antibody labeled with an enzyme, such as alkaline
phbsphaiesenisraadddnnethehdioplaiBsaterifetsiaténe Aberitashihg | @lical
featur& e%‘ﬁ%{i%?oé‘c‘&f‘gﬁﬁ H’J’Egi[cﬁ?gi@%}:%'agﬁt?ﬁ?ﬂ%ﬁe Cf.éma% e@ec?&?btﬂ%d vessels

4]
sorpance iIs‘measured to eva Inaing acuvi

and a%%%ﬁﬁl&FW@ﬁé%%érm@s@m \?Bﬁﬂ%ﬁlﬁrséaﬁﬁég Beghysical,

chemipiiaobicasitical @g&ﬁ@qsiﬁé@mmiﬁm mienaﬂmoswﬂa nuaﬂen@bgvemw CO.,

2005)as G2t tY Ing 1rs%%/eesr1n@le ere e?r%a gt%nl l.s tis Bro ic
herapeutl agents or ﬁflammato ﬁ: ISEases w prlse Ae anti 51

dermatiinisAstchbovdammatoachosm gheeness (9nlike m%ﬁh)n%hmnaﬁhrms
(rheunilGion matans diseasaieiR[:1A dirpasasviitpatholagteahhieaitass, systemic

lved |n C toIo al and hlstol ical r that occur in affect
s B Gt P S R s, g ctormns

lumbaggain) atios @ﬁ@@@mmmfmamgﬂm@ﬂcmum Isiordidiea nayehgsa Sresdrpepligryngitis,
cystitiM aeipalRigiRnacshalic EeatDhEPIGALWENM & Repat@RoinFaneial¥paritis B,

infl mmatogé}dlseases include, dermatitis (atopic dermatltls chronic

hepa’“&% Afiggo argaléhﬁm ﬂ’almma‘tory bowel diseases (colitis and such),
asthmiegredtbxaiopl Bs(ofi euaatoiatemtitisis sos tbehatieriid] enttlditbh resent invention

m(:IudQrﬁﬂﬁw%rﬂ;g@tﬁumﬂéﬂmgﬁe%mcoL‘t%é?tﬁfﬁﬂg‘Qfmtﬂéla%thma and

" myasthenia gravis, chronic GVHD, Crohn's disease, spondylitis
PrUItWatormans, lumbar pain, gout, inflammation after surgery or injury,

swElighmasualgimrise{n) gophnarphgitisantpstisa hapatifiee(ngnedlentiohieans
compﬁsﬁ?gtgﬁecﬁﬁtmlqj %5&'&%@1 hepalitis< Ao $45H) DeRat Héxgdugﬁp afifiSabes not limit the

arteriosclerosis, and prurltus 20 Preferred examples of inflammatory

propotiien R ARt BRe s iR AT IR T daerAPRN IS RIS feR b apsiory diseases in the
preserd énneatiies; hyoslkn dermnpatitisjrhenrbiatision odtheohestmiiidy Rhbonitdtastihmantioned

above2PIHELR HOG AP ARG SOMPISRISL AP A SR iRdag an active

ingredient” means
gThe therapeutic agents of the present invention may also be used for preventive

purposes.
The anti-NR10 antibody of the present invention may be prepared as formulations

according to standard methods (see, for example, Remington’s Pharmaceutical Science, latest
edition, Mark Publishing Company, Easton, USA). Further, they may contain pharmaceutically
acceptable carriers and/or additives if necessary. For example, they may contain surfactants
(for example, PEG and Tween), excipients, antioxidants (for example, ascorbic acid), coloring
agents, flavoring agents, preservatives, stabilizers, buffering agents (for example, phosphoric

acid, citric acid, and other organic acids), chelating agents (for exampie, EDTA), suspending



10

15

20

25

30

35

comprising an anti-NR10 antibody as at least one of the active
ingredients, and does not limit the 25 proportion of the antibody. In
addition, the therapeutic agents for inflammatory diseases in the present
invention may also comprise, in combination with the anti-NR10 antibody
mentioned above, other ingredients that enhance the treatment of
inflammatory diseases. The therapeutic agents of the present invention

agents”l@d‘tc%%x@eagéﬂg fﬁh@é@é’%!%%@eé?h‘trd}gsﬁz%rﬁgn-w AN AR AU0AY Qfrigents.
. %l—%’ﬂ Llénvent(l)on may be preparted as formulations according to torv di
omeyeE i B (ol o R AT B FEHOH S B MR A mmatory diseases
of the gsigmdenvantion mumanbﬁcMMmgrﬁompémynﬁastorStLdBé:)rrFanmtblmmﬁcaﬂy
includtEYHNAR FERIA &HB@Q&?&QH&%@Q}’@%@H&%@@%@@ haRder %%gglﬁv%ﬁrﬁmelose
necessayry. For examp contain surfactants for example, PEG
Calmu%&%%reﬁﬁ s %&eﬁﬁ%ﬁ?ﬂﬂ%@%ﬁ%ﬁﬁ@%ea mﬁthﬁﬁﬁf)mmg
polyvid§lagesiticfiglaoring agesits, poigsaryiptivedidtabiipbsn huiddhing dgentaity acid
trzglycgﬂﬁg}@P}BgfyW@HQ%‘H{@&H&%W&%&&%LP@@ H&?&%Q@Fﬂ‘&@ﬁ% lcellulose, corn

chelating agents (for examp suspen |ng 52° agen nlzm

starch and-Rongatie pal td|smlﬁégj’r%&tﬁ'i‘°sm%ﬁksﬁrﬂ%mﬁéﬁo‘i’@?‘6r -wetght
polyp&m'rdige pt«steiﬂm\t&‘he[s Mhmﬁibmﬁaﬂ%&lmm asd, ﬁhmmlt&:ﬁﬁnhpmﬂemﬁm@ acids

h
such aQ er CO %1%{/&[? td%car ers%%%niﬁéa%ﬁﬁer@%%{%élf ca é/ %%}%ﬁ%nantlbody s
preparaﬁwafbwgmﬁéca%ma‘em@%wmw% Rlpé%énmﬁ@msb&r psolved in an

isotonfasohefiosebnedldivgnfermaelphe pl?ﬁhidﬂﬂghﬂ I’%XM%YQQ)H@SH@ l@s@ther adjuvants.
Y, Vi taldiet inoacetate

The a(gjyvmyl;fgxa rroi!g%%r?e%%g%?ﬁ& rﬁe@g mgcpﬁﬁicrﬁfaﬁ]ty aC|¥ ﬁdﬁ/cen{% dnd sodium

chloriggs|ydpyetii e piyerstin sedebdiany i, Sucrsaaple, alcohols (for example,

ethancﬁ?@&lﬁlﬁ@ibhd@ﬁih&&&ﬁqﬁ@rﬁrcﬁiﬁfé}{b ANELRABRPECH lal B AURME Hi®kgents

(polys ate%'at r&%g %%\S/ mol cular Wer%o%ll{}%}/ eptldes proteins such. as

Serum album|n ge ma¥1 iMMURG gnd amino acids 10 such as
g|;lé+ﬁ@eg$etﬁmml\8%b%m@h@la$gmmée ancapysitrcdinancsENR 10
(mwm@ephggy@d@r@ﬁj}@%ﬁ@ﬁ&l@%@ﬁﬂﬁs@%&%@dﬁd rﬁ@&@éﬂ%@ 'éﬁd the like),
andmgntb d)égpna beglg ol 1? éla‘g %Eefmlc solutlonqc ntalfgf}r}]% &exam ple, h
%ysm logical SalTheY fEkiroed CHBter SHVATES THY ALY microspheres,
rmcrom&iﬁy@na‘ma@m&mm@l@-s@dmmmmwmbé@)rlbmp}m:sbeﬁmtesndgum s
Pharm@lexidg: %1@&?5%313 @@M&P”&t%@#ﬁl’&“ ngage ntm%%é}fﬁ{éﬁ?a@ﬁm%km
ample, 15 ethan cohols (for e enegycos
sustai R SR AR BROSAF I DE R0 B BN L gy (Lamgr e
al.,J. BeoamidM@tmRmﬁt@Slﬁrhécé@%earzﬂ,almm1@mnnﬂmﬁes(tﬁag)u@ 98-105; US
Patent@0§aPI AR, IE%9%%%%@0%%63%%&%?%32 %rcltén?ﬁeefl lc(zé i Biopolymers
e, gela
(1983%%% rﬂ@dggig gg#nl%% ents of colloidal drug delivery systems (liposomes,
albtm iphativrospheresy ngd sitioroerh disiprese naimegpaidicles), bnaddministered either
orally '6? Qr&"i’tgféf ?%&E%@E@%@lg%&ﬁ%ﬁ%ﬂtg%f Q%m;acg E{(ﬂic%ﬁ?%g agents are

h edition’” &, Oslo 198 Moreover, methods'f or
w84 ?@%@dﬁ&@%&%%ﬁﬁ%&%@@%ﬁﬁ@%mJéaefawns include, for
exampaatisitiRiOreotibgdirmisaimgenetscular injections, and subcutaneous injections, for

systemic or local administration. The agents may be given to sites where inflammation is to be
suppressed, or areas surrounding the sites by local infusion, intramuscular injection in particular.
The administration methods can be properly selected according to the patient’s age and condition.
The single-administration dose can be selected, for example, from within the range of 0.0001 to
100 mg of the active ingredient per kg body weight. Alternatively, for example, when the
agents are administered to human patients, the dose of the active ingredient can be selected from

within the range of 0.001 to 1,000 mg/kg body weight. The single-administration dose
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al., J. Biomed. Mater. Res. (1981) 15, 167-277; Langer, Chem. Tech.

(1982) 12, 98-105; US Patent No. 3,773,919; European Patent

Application (EP) No. 58,481; Sidman &t al., Biopolymers 25 (1983) 22,

547-56; EP 133,988). The pharmaceutical compositions of the present

invention can be administered either orally or parenterally, but are

preferably administered parenterally. Specifically, the agents are
prefer@INIBIRIGHRITER Halivpie RdMi U RIIRAEIKERROLGadmMIBIIKaHanbody of the
presen{ {f}Ctr'l ns include, for ﬁxadnéjle mtraven?us in ectllons in ramuscy

1011, wever, t e.of VER nr% %ﬁ m]lﬁ‘immatory
inj ec ions, and su cu’taneous injecu sys IC or

dlseasmﬁiﬁhmmmt Mientigenssnpidinbeedipcthass sixasplgere mflammatlon is to
beAﬁ%Rfﬁﬁﬁ%c@fr@Eﬁ@&%& rauneingdhe SHesiaIReALIRTIUSIGR incorporated by
intramuscular injection in particular. The administration methods can be
r%perly selected according to the patient's age and condition. The
single-administration dose can be selected, for example, from within the
(el ri;’tf el for exampler %féﬂﬁhaecéive;g‘iifd'e”t eminstered to huma
[ X w ini
aﬁﬁ R RIS BFThR AR g B e P AR TRee o

Examprmsghmftﬁdmﬂ: to g @00stngrgrbbeln gidightd Theimgle-administration

dose 53 preferably contains, for example, about 0.01 to 50 mg/kg body

weight of the antlbody of the present invention. However, the dose of an
{Exm&bee%} FaensratieRii Qe idoanat inflammatory diseases of the present
1.1. Prieyvention ¢$ mmhmmﬂdmmgshgwammtes DA ifriglearti dofiraitsiaitednization

1.1.1. IERIESERLPRE l—‘@%ﬂg%&%ﬂ%‘%‘ﬂﬁﬂ} %@E&ﬂﬁg 1§ reference.
amples elow, the present invention wiil be specifically
d Y ﬁ@f@éﬁ@é%@%ﬁ%@@%& Rt i cafidtaeipase. SEQ ID
NO: 76ping: imiaedheteto: a@&@mﬂb&dﬂenamtwma{ bybridamaprbikin under the

aratlo of human y NRIO plasmids for D
contro B S e B SR o o
hNR1@yn R e $ausmmd RN SEblestite wuichecySER IDWOc a5 imgifdoiom
cynonﬁlﬂgi@ﬁ%ﬁ@?%@ﬁ@lﬁlé&iﬁ@@i@ﬂ@@$ﬂ5@emw@t@5hﬁrﬁ¥ﬂér@c§i§|@mueme, SEQ
D NO gr pMacll, which expresses a protein under the control of mouse

(3-actin promoter (W02005/054467), to prepare an expression vector for
hNRIO. In the same manner, an expression vector for cynNR10 was

1.1.2. pessiciad fromacpemelgus monkey NRIO (nucleotide sequence, SEQ
IDNO: 65; ami ID NO: 66). 20 1.1.2. Pre
o DR RIS A VA 18 S R T EROP L L R PN
immmp\mpgre@[f impite] thedtabmppGene Gun Cartridge Kit (BIO-RAD) was used to produce a
DNA cartridge for each DNA that allows immunization with 1 pig of DNA at one time.

refere

1.2. Preparation of hvbridomas producing anti-human NR10 antibody

1,2.1. Preparation of hvbridomas using mice immunized with human or cynomolgus monkey
NR10

Ten Balb/c mice (female; six weeks old at the beginning of immunization; Charles
River Laboratories Japan) were immunized with human or cynomolgus monkey NR10 by the
following procedure. For primary immunization, the mice were immunized with the DNA
cartridge prepared with the hNR10 expression vector using the Helios Gene Gun System
(BIO-RAD). One week later, secondary immunization was performed by the Helios Gene Gun
System (BIO-RAD) using the DNA cartridge prepared with the cynNR10 expression vector.

The third and subsequent immunizations were carried out at one-week intervals using the hNR10

and cynNR10 expression vectors alternately.  After the titer of serum antibody against human
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immunization of mice, the Helios Gene Gun Cartridge Kit (BIO-RAD) was
used to produce a DNA cartridge for each DNA that allows immunization
with 1 pg of DNA at one time. 25 1.2. ¥reparation of hybridomas
producing anti-human NR10 antibody 1.2.1. Preparation of hybridomas
using mice immunized with human or cynomolgus monkey NR10 Ten
Balb/c mice (female; six weeks old at the beginning of immunization;

NR 10 Ghadesid@R inerd abosaioricsiapanpye r@rmyiﬂt(eﬁ@ﬁemimah HERRANO (Referential

u R10 by the foll WI ocedure. For
e TV et PO A, LA G e
ImmURiggHithe hﬁm‘l@@@mﬁgﬁbﬁ ﬁé@k@mngﬂﬁgz@ﬁ@mmwemi@esemlsmrﬁased with
mouse(ﬁ@taﬂppma%vgggkﬂ@é@rs seepedardimnpanizaiogrvasaefeumes by

com el B R g e D T cs e,
hybrldgubgem@uirﬁMizM@ kﬁéﬁesupp&gdenmchwmhdn%%&@maiaafsingbbreviated

as 100thedyiiding 1886) CyNNR10 expression vectors alternately. After the titer of
serum antibody against human 54 NR10 was confirmed to be elevated, a
human NRl 0 protein (extracellular domain) (Referential Example 4)
| phiFBS{dmeas intravenously administered at 10 g/head as the

“fingh oo ﬁ%dﬁ\bé%@é@réa%%%&ﬁ@&fm RS SRl

fuse mouse myelogma P3X63Ag8U.1 cells (abbreviated

(stemGg E&Vé%r st t%@tﬁw Woel&&ﬁ&@mfaﬁaﬁlmﬁaahﬁ@ﬁ@we 1500
(Racdtee MDimgndstich) skifdussultind fidkedicrilonies. wbw:t;mdﬁda@ avelreach colony
was se%HgH ) go'@aﬁ?%ﬁ%%@ém ?é%t‘égn‘f\é%r%’ Fﬁ%@@l fedium (:E 8% FBS/

bbreviated as 10% FBS/RPMI11640 ction o ybridomas
RPMI%%%% Hie ahyArliaSo ronsenisaied airrper: %@g@éﬁe}é& sf8drigelid of
BM-Coeiiined HSt@ocelBjagnsstodiirechiversblectiorfas welk as adlanizationabre

supemlayzgﬂmgai&% ﬁlﬁ'ﬁ 95[&?@&?&? @egép(@ﬁ%% tﬂXQéﬂ?@%@aﬁ ég Q)IF %reléG in the

pIC ed ?%an each col ony was see nto eac

superngifiitinihBetRdl & P ERERidH R b (TS E BT e Katesind, wze\v@mswsed fora
neutrahlz‘h’]'g%ﬁ@@ﬁﬁﬂ@‘&tﬁﬁﬂ@iﬁm{mnd@bﬁﬂeﬁceéllQfﬁ): @RI O/BEEORYBaF3 cells;

Refere% %‘f%%l& HM§ g&%%a?é? S&IC (ijﬁ Q‘fst rrothr tlI fg%{ed yz?nr%;acﬁlﬁwﬁry Wwere

ernatant was collecte om ea ermi

obtaingg) ﬁE%t?étmﬁ]@flﬁﬁd%e%‘l’@mﬁStﬁ@ @Hpéﬁd&éﬁtlﬂ%@% rrwupfeeiinane
concenfraidichieposta glarmas Aatecipeuate asaearaaiomInReH NG duced growth of

cells (?ﬁﬂﬁy@g}%ﬁ%@? q*“g' Bﬂijdﬁp‘iarllggt%l ! Ilneléfi?l %1&0 éggcsmgé%n—ﬁ:pendent

ample severa aving a S rong

mmequmﬁbm&{ﬁggaﬁwny were 20 obtained (Fig. 3). Clones that suppress
the human IL-31-induced growth of cells in a concentration-dependent

and .the. cy {é us monkey IL-31-induced growth of
[Exam rE]( m%%:yn ?3 Referential Example 2) in a
SAF sl for ch1mer1c: antibodies

Total RNAs were extracted from the hybridomas using RNeasy Mini Kits (QIAGEN),
and cDNAs were synthesized from them using SMART RACE c¢DNA Amplification Kit (BD
Biosciences). Antibody variable region genes were isolated by PCR using PrimeSTAR HS
DNA polymerase (TaKaRa), 10x Universal Primer A Mix attached to SMART RACE ¢DNA
Amplification Kit (BD Biosciences), and primers designed for each antibody constant region (H
chain, mIgGl-mot; L chain, mIgK-rnot). The nucleotide sequence of each isolated DNA
fragment was determined with ABI PRISM 3730xL. DNA Sequencer or ABI PRISM 3700 DNA
Sequencer (Applied Biosystems), using BigDye Terminator Cycle Sequencing Kit (Applied
Biosystems) according to the method described in the appended instruction manual. The
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manner were obtained (Fig. 4). 25 [Example 2] Preparation of chimeric
antibodies Preparation of expression vectors for chimeric antibodies Total
RNAs were extracted from the hybriddrhas using RNeasy Mini Kits
(QIAGEN), and cDNAs were synthesized from them using SMART RACE
cDNA Amplification Kit (BD Biosciences). Antibody variable region genes
were isolated by PCR using PrimeSTAR HS 30 DNA polymerase

deterntfrRdaRaol 404 SYavasa) Frmeath Mix @@%ﬁ@ﬁﬂﬁw O%Q%@%&e
ios rlmer or eac
anhbo’al%%“ Cons@h@@gﬁ)n gﬁ%%% ‘r%{e’fﬁl pw& l‘_g% @%Rﬁ%tll)v *the

n uEJééh@lféih@wéﬁm &f ench I@aﬂaléda@mtfﬁrwgmbjwaﬁ teRCRinsdgBtimeSTAR

HS DPQ@h%%éﬂa%@%ﬁ&ﬁéﬁ%%ﬁﬁﬁé%e%‘%h@%Mﬁ%@@lD Ny, SRR mplified
plied using BigDye Terminator Cycle Sequencing Kit
f’-‘agn“*% Rpphiets §§%¥§ Uik FUTLBRUIG' BB RO P s G- respectively),

and thappemf@d m@tmrcmnﬁia;nl;lalxﬂihesﬁﬁa vetermirBt: amiho tdidspguenofeach DNA
fragmhihaR AR AR LRAIN NATPREIE0IeNsIR BRI @9&%&@99%‘% ﬁi% 3700 DNA

and NS33 were shown in Figs, 1 an respectively
Seques??ﬁé‘}agﬁfén‘éimﬁﬁ% cﬁé’rﬁgf%H%tEe\’ﬂgﬁé"é@éj e %%ﬂeﬁia&ﬁgt (Applied
BiosyReinrg 8T0R] it DrhbAnRdiph deasa bk aRaaead dbé iprimetise i sheawn in
Table 1. The resulting amplified 5 fragments were ligated with the
constant region (human yl or y2, and human x, respectively), and then
®ihserted into an animal cell expression vector. The nucleotide sequence of
each DNA fragment was determined with ABI PRISM 3730xL DNA
Sequencer or ABIR2RRknbé JBO0-EINA Sequencer (Applied Biosyster@)iD NO:
m!d63GdigDye TelmuapkarcocaeT aanenattadiickpRiRdadBiosystemsh
ml @&CeAGEING 16 the mm@bmrmammmm@ﬁmmcvon m
wNSTBRLe L Sequenae iRt AR oakeeh oL PR TSRt

Table

92
miSHBATATC GO el TR AR TR R COCACAC P o 5
e P rCakeeaTGOMIE b Tem g, =TS T ST
L (RN Vémﬁ%@@@n ERERA e ncTorcaT 83

MNS33H-feco GACGAATTCCACCATGGAATGTAACTGGATACT 94
FrtIS33L-feco-GACGCGAATFCCACCATGGATTTTICTGGTGCAGAT 95

Eopward.primar IROLIY Hifher NS 1EREVRESSPRARPE 18H-fech mIG1-rnot
Nsméﬂ@"‘ﬁmhmn rﬁﬂﬁa}iﬂfeﬁm{‘n mIGK-rn@ U9t chain Mnsl8H-feco
NSIBieehaik NS2MSBhatRcMNS 181 -ferBIBiGReNOt
NS22 Hchain Mns18R-feco miGi-rnot
NS22 | chain mNS18L—feco mlGK-rnot
NS23 H chain mS18H-feco mlGi~rnot
NS23 L chain mNS18L—feco mlGK-rnot
NS33 H chain mNS33H-Teco miGl-rnot
NS33 L chain miiS33L-feco mIGK-rnot

Preparation of chimeric antibodies

Human embryonic kidney cancer cell line HEK293H (Invitrogen) was suspended in
DMEM (Invitrogen) supplemented with 10% fetal bovine serum (Invitrogen), and 10 ml of cells
were seeded into dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 6
x 10° cells/ml.  The cells were incubated in a CO, incubator (37°C, 5% CO») for one whole day
and night.  Then, the medium was removed by aspiration, and 6.9 mi of CHO-8-SFMII medium
(Invitrogen) was added. CHO-S-SFMII medium was added to the prepared plasmid DNA
mixture (13.8 pg in total) to a volume of 700 pl.  This was mixed with 20.7 ul of 1 pg/ml

polyethyleneimine (Polysciences Inc.), and allowed to stand at room temperature for 10 minutes.
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NS23 H -chain mMNS18H-feco mIGI-rnot NS23 L chain rNS18L-feco
mMIGK-rnot NS33 H chain ntS33H-feco mIGIl-rnot NS33 L chain
rWS33L-feco mIGK-rnot Preparation &f chimeric antibodies Human
embryonic kidney cancer cell line HEK293H (Invitrogen) was suspended
in 15 DMEM (Invitrogen) supplemented with 10% fetal bovine serum
(Invitrogen), and 10 ml of cells were seeded into dishes for adherent cells

The sdﬂﬁ&ﬂ\#@s@@d@@ﬁ@t}@@&w ING-AtRsaell daRSiEy 9h8 i d0 RIS AL incubator

oc:C re CO2i uba C hoI
@7°C gfl/s&? fl Therr t$he e Llfrrﬁ was rem%géé’&‘?t?; gﬁ%ag?ﬁﬁ\élrf FEGHR fmgogen)
was act;lprbasdshqw¢liﬁetﬁtmmnbam@ge AYi0as rrihath bt ChSeSH ibndegtium The culture

supern¥Rsadeed torthaddr Qﬂ@'ﬁﬁ&qmé’@%fq &‘l 5?19‘55!”@95@ 6138 irtai8a
lume of 700 I. tl;hls ixed wit | of 1;%{ Qlyeth Ienelmlne
tempey SRR RS Calt s RET SR KPR Gy e
MILLh%ied @ﬂlﬁmersblutmmwwammwm wadhistish. At oéits were
punﬁéﬁieff@ﬁf‘ﬁié%ﬁf‘é?d&ﬁlggﬁ AP SRt (8¢ F?léc{geq%e@ﬁgﬁyﬁfgsgyglé&zrs The
0

hen, 6 CHO-S-SFMII medium (Invitrogen) was ad and t

Purlﬁeée%t\k% S AR TS M IHE AT T i de 1 HOPRISYenfhea fageolvent
was replgserheidniBvee cottécieg] (OSSN emtiify GEu (AfprenttiR0 Q0] gnifiwe Amersham

Biosm@ﬂ@é&tesT‘f%ﬁsﬁrﬁ%&e@%@ﬁﬁ?ﬁgﬁ\ﬁs{ﬂ%&@lﬁl g@&% \L[)\{%Eﬁeter
ugh 0.22-m filter MILLEX(r)-GV (Millipore). . Each

0
<Nan°E)cEﬂ C&‘é&ﬁﬂﬂ%&@%ﬁ%‘éﬂ&i@%@?@“ﬁﬁr#ﬂé&“ﬁ@?ﬁ d QﬁBé?ﬁﬁfa‘HtéPmm
ScienaggihgPPYdteld 1G-S&dMarose (Amersham Biosciences). The purified
antibodies were concentrated with Amicon Ultra 15 (Millipore), and then
the solvent was replaced with PBS(-) containing 0.05% NaN3 using
SSCSYISIL® HEE &fth PRBAGEP2Eam 10 Biosciences. The absorbance at

28mhm~ama3yméasufmﬁm@mman%asapﬁ@ﬁ@@hg@nﬁé&mmmmBaF3 cell
. ur e.dete the meth P ce et at.
ine, “?Pmt R g&g‘&@% R ST ey o
i&/ﬁh@&@é 8 a%lﬁs/rfgﬁtﬁw@nﬂa@rﬂzeﬁ@ AlK-HY pells/micednaRBBHE640
medzuthQ(thRIQ/ BOSIMRIBaH3 Bk MDM%(%R’FEQW?S\'I] %Tféihcﬁiirﬁ%rcgtomyﬁm
d ger,.as descri elow ak3 cells
v ER SIS BROST AR rneteg P, NSO
concerlgpigihidt Tam -85 %M@E@A@?é@ﬂ%@enﬁﬁﬁ@t@p@m& [uspension was
used a mwtzf;pggn) m&&%&%&ﬁﬁmﬁ;@@%ﬁ@@d@( Iﬁgﬁ@%ﬁh 2%9& Q{éﬁh‘ﬁrﬁeﬂﬁ&% ght
concentration o m +); fin e..2n
serial ?grl#gl)ﬁlsngeégﬁre@spens ‘é‘é’g&‘h %f)( %%é@é"@% Jess). 50
pl eachgi{igredeld @wsmmgdm@emmm ohnbimight 1§8a21|(hummd wereas added to
each mmm@éia@amm%%mm@m@ﬁw%m%m ¥alb %iﬁﬁ%& 2% 5% co,
f7]; cell su ensmrhand Ehe dl|l5[l0{‘l of chimeric NS22 (human yl,
mcubaxjnw ég gggo of

er culture, 2 a mixture of equal amounts of Cell
Counting Kit-8 (DOdeo) and PBS was added to each well, and the absorbance (450 nm/620 nm)
was measured (TECAN, SUNRISE CLASSIC). After the reaction was allowed to continue for
two hours in a 5% CO; incubator at 37°C, the absorbance was measured again. The

neutralizing activity of NS22 was presented as an inhibition rate using a value obtained by
subtracting the O-hour value from the 2-hour value. The result showed that NS22 suppressed
the IL-31-induced growth of the AINR10/hOSMR/BaF3 cell line in a concentration-dependent
manner. This demonstrates that NS22 has a neutralizing activity against the human IL-31
signaling (Fig. 5).

The IL-3 I-neutralizing activity was assessed as described below using the DU145 cell
line (human prostate cancer cell line), in which IL-6 production is induced upon IL-31

stimulation.
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each well of 96-well flat-bottom plates (CORNING), and the cells were
cultured in a 5% CO2 25 incubator at 37C for two days. After culture, 20 |
of a mixture of equal amounts of Cell Lounting Kit-8 (Dojindo) and PBS
was added to each well, and the absorbance (450 nn/620 nm) was
measured (TECAN, SUNRISE CLASSIC). After the reaction was allowed
to continue for two hours in a 5% CO2 incubator at 37C, the absorbance

W@M&M@v@@@iﬁreﬁﬁ@lﬁﬂmﬁtﬁ?m g&gﬁ@%% W_wm%%%ﬁ%r%%mg 10%
inhikitj usi value o ed by 3Q subtractin -
rs (T e SR, iR L Rt N2 Lipee oot
(SIGMife),| eng 206l cdiderowibro it R IO EMR/BaF 3% elklingars(CORNING).
The c&mfgﬁﬁugaa%@&rﬁ@@t uFRRRRe] c@?ﬁ%@%&éﬁ:ﬁéi@ﬂg %ﬁi#é%?ié‘%\lszz
neytralizin ivity agains uman IL- gr . 5). - _
CEE R R el e ey Y R A ——
and sogegsyliwea(buniasing dstatel chmtesi cetiririe)ilinivhicrett i qproddatiordsmon
T o) 3L Sti i : 4 I .5 )
B el T A NI AR e
Syst%ﬁaq%ﬁﬁ E@am?f i PO A B TahRABRY tSoRhchTsHkuvAdBer She iy, of culture
at 37°anth@@C % dliduote werecdispenseti intieakh svithef A@anelaleies determined using
lls: wared at37C r.5% CO2 overpight.
B e e M SRR s
assessqgiby A teninkigion iR 6tL-ghneaHinelvantwoingripytugarncentration
in the kisieg:¢hi$ HolbitigA) aixike fiahdifations e BéﬁpﬁhSEQ a0% E}Q{’Iﬂjr?%) and the [L-6
futi ined with 100.ng/ml human ... . ..
conce B 1.5 Rae A PN QR0 W R DUV o, i),
the IL0-pRIFEB BRI WEIhoATETRES @alfs D euftdi 8231 6) @ antisersvaiecardng to the
followcop éemingEtion of IL-6 in the culture supernatant was determined using 10

D | el it (R ystems). The neutralizing activity
of%lglgl%t%%g@ggfgﬁsge% bé@%‘éﬁrﬁﬁﬁ%@ the inhibition rate (%). Specifically,
asstpfpgthenwedcnedifRatsnriasted HissHndd ofduced [ppasatiection in the
DU4nastimak iﬁmmmfaewﬁﬁﬂfé]-ﬁb@@ﬁ/gdﬂh%m@ %@2{1& He-lﬁoﬁté_i?%%@!(?ég?ﬂ%@ had a
e presence of I1L-31 without S no.jnhibitory activity (0%
neutralf%ﬂ%tallgr%)‘?g{{haég?li_l}é?gl?)%fé%n ralll\lfdrgﬁws(fﬁé%f&éﬁcge IL-31 and NS22 (C)

was determined according to the 15 following formula: Inhibition rate (%) =

Assess(ﬁeﬁt)ﬁséﬁﬁlﬁe:ﬁ%ﬂ_ Bﬁd&ﬁ%ﬁiié'&ﬁ?ﬁ@ﬂ%ﬁ&l}%&%@}ﬁ@fﬁ%@ the

IL-31-i egl.IL uction in cellTine.i . ]
oo A o S e S MapRAps gl fective
Dye (AenlicsliBiogyattivity ag&hsi tHieh HuriaprépBadsig Oafing: (Figu g 20 mM sodium
phospHSS8ESBEHPRIDMASHIRRPHARIZISEIC, AR %o%t%ﬁiﬂé I?i?s;]o lved in DMSO

- &D Systems) was labeled with FMAT onofunctiona
(IunseH.g ;ngﬁ/eéeroxl't R;ng, t gm?xtur)e was allowed to stand at room temperature for 15 minutes.

The FMAT Blue-conjugating reaction with hIL-31 was terminated by adding S5 ulof 1 M
Tris-HCI (pH 7.4) and 1.1 pl of 10% Tween20, and then FMAT Blue-labeled hIL-31 and
unreacted FMAT Blue were separated by gel filtration using Superdex 75 (GE Healthcare,
17-0771-01) column with 0.1% Tween20/PBS developing solution.

Antibodies were assessed for the activity of inhibiting the IL-31/NR10 binding by using
hNR10-expressing CHO cells as described below.,

NS22 and NA633 (the constant region of each is y1, k) were diluted at an appropriate
concentration using Assay buffer (10 mM HEPES, 140 mM NaCl, 2.5 mM CaCly, 3 mM MgCl,,
2% FBS, 0.01% NaN3), and then seven serial dilutions were prepared at a common dilution ratio
of 2. The dilutions were added at 40 pl/well to plates (96-Well FMAT Plates; Applied
Biosystems). Then, FMAT Blue-labeled hIL-31 was diluted 400 times with Assay buffer and
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Dye (Applied Biosystems). 100 | of hIL-31 prepared at 0.5 mg/ml using 50
mM sodium phosphate buffer (pH 8.0) was mixed with 5.25 p1 of 25
nmoles FMAT Blue dissolved in DMSE&$25 (Junsei). After vortexing, the
mixture was allowed to stand at room temperature for 15 minutes. The
FMAT Blue-conjugating reaction with hiL-31 was terminated by adding 5
plof 1 M Tris-HC1 (pH 7.4) and 1.1 | of 10% Tween20, and then FMAT

added Blugrlabglad hﬁhﬁallﬁ%ﬂ%@%@ﬁ&%E%ﬁEt%@ were sePABIeH RYiARIAssay buffer

B e e A

fluoreseprpre(HEdVityasfdpistomirgy trng 1B ARIG bihdmdbtecisimgSystem (Applied

Biosy IR} 0-enpr essings kol aahis s deserined hRlomn S24- and NAGIR (e o
dose. dconséa?ﬁi on of e his 71, cg gre .diluted at an appropriate

AL SR L1 VSRS 8o AR KR 2 B3 (Fie.
7).  CcaCl2,3mM MgC12 2% FBS, 0.01% NaN3), and then seven serial
dilutions were prepared at a common dilution ratio 35 of 2. The dilutions

W ded at 40 I/ ell t -Well EMAT Plates; Applied
[Exa“’@%filaﬂgé%‘?f GHQLP ﬁ%ﬁ%%?é@ﬂ%@@daﬁﬁ_%ﬁ%ls Odiluted 400 times with

As8hy huftedands33 mudded &oR0a yddti demal lyy et supmlamnnwadjalm with
FMA T9%e @%%%&fﬂ%&ﬂst‘éﬁl@% Asggysuter, s fl %Qelé"é{%"ﬂ X PRS was

10" cells well)laTwo hours after addition of ce Is, the flu rescence

mixed gt aiAinblY UM the B20ire andiar Dl dR Sy Slm(EApmetss) dissolved in
DMSBiosyfterasitekheydsuthshowedhihdloN S 2oigtibited therbiadingaoire for 30 minutes.

The FMH@%M%I RJ) l@g@tﬁl 9‘? %190%9 %&e aqg ons %ne%th? ?ft ? Iv% Tris-HCI

act|V|ty was S perlo at O xam

(PH 7 4naodR{ordsddoayt ‘é’ﬁﬁ‘ih%@ mélqrhE m%gdwﬂéﬁéeém (ﬁmﬁ Blue-NS22)
and uﬂyMté@MAmtBIEestﬁrmiaﬂate&aﬁ/ |adlefieslanith 19\ AdeBite (Apliadealtheare,

i s a ared at 1.mg/ml in PBS was
17- 07%???1 38"?% %‘%J%ﬁ/ %%%ﬁ%ﬁq %“fl t} T Blue (17
@sfﬁ%&vmﬁfzwg@ fertehiitiering tindimdinarefihepstiometiMAT
Blue-lsm@mmm@m&@wg reHoy &lemata%mﬂh%&ﬂfﬁe Blugs iMooy Cellular

R R e LA T
consta(rtmrplsﬂfemszszylwhwm nééadt@tdvasmm@teosepammwigehtaining
7500 éﬂtr@ﬂﬂﬁl i8ing B agrﬂﬂﬁm(ﬁﬁ@%agbgarenycéﬂs?\%e@émmm @nglg}ld in the dark

1% Tween20/ develo tion ntibody was
or o R IR ST AIH LT oA BONTD i S as messured
The reapiRIOvexAeESThEUCHOLrIN Hrpksr&{HiH uinimlae3) Ysing (€ B2DMM MgCl,,
140 m@?ﬂiﬁ%l@/@tﬁﬁ?ﬁéﬂ_r@ﬁtﬁ%%ﬂ@@d Bigsystemss éﬁ%@g%‘?}: he Ch{imﬁé)rescence
antpodaies e eacn IS were ad
value B R S B et LSt Sl sbsmee g ool was
reducelOvithghe iFRMAT BlubeNSR2nThidooaSanibe ditidiBEa to SEEH in(ndleasther hand,

FI.1 v@g E@Hﬂiﬂ%ﬁﬁﬂ%@%ﬁé%&@é‘%ﬁ‘%ﬁ@Eé&@ﬁkﬁﬂﬁh SMAHIRUEPRYBS Referential
Example 6(5 (Eg %s measured

[Example 4] Humanization of NS22 antibody

Selection of each framework sequence

The variable regions of mouse NS22 antibody were compared with human germline
sequences. FR sequences used for humanization are summarized in Table 2. CDRs and FRs
were determined based on the Kabat numbering. The humanized variable region sequences of
H chain composed of FR1, FR2, FR3_1, and FR4, and composed of FRI, FR2, FR3 2, and FR4,
which are listed in Table 2, are designated as HO-VH (SEQ ID NO: 50) and H1-VH (SEQ ID
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The reaction was carried out in 10 mM Hepes-KOH containing 2.5 mM
CaCl2, 3 mM MgC12, 140 mM NaCl, 2% FBS, and 0.01% NaNO3. The
result is shown in Fig. 8. The fluorescghce 25 value FL1, which
represents the binding of FMAT Blue-NS22 to NRI O-expressing cells,
was reduced with the increase in the concentration of antibody NS22 or
NS23. On the other hand, FL 1 was hardly reduced with the increase in

NO: 11h8, censentaton ofantiverdy INAGI3LReferential Examle @b e 181180 Fr3, and
FR4 S[%xample #ﬁi@ggﬁézﬁ % l\5322 antibody Selection of each framework
! %fb%}?é‘:é e% n§ f mouse NS22 antibody were compared

with human germline sequences. FR sequences used for humanization

prepm«af%ﬁmaaaa%%&&rﬁ%@&@Béﬁngﬁ%mre determined based on
f%i% %&g . The humani di? variable region sequences of 35

ch e IVER SRR IIOA fEcRRA ind és%aéa%fcmpstmci the
Variabl%R@glﬁﬁ&&ﬁ Pamniaﬁﬁdd MaHiehravehlidtebeiCDBble 27878 desigaitddai® the FRs used
for huid ¥t EQHR @SBB@(@‘) éﬂét&"é'i&%%gs@m%' glge%z}ill@ﬁfé%cgh\ﬁgg\éted to

Meanwhile, the sequence ot L ¢chain composed of

assem&lﬁf%@sﬁaﬂ%ﬁ@at ALERS RSEAY TS %V@gbiﬁr@@?m%mr@g@%.onThe
assembdy RORaniz edriEPR 1 HOING K@M(@G@@W&&Wﬁl@%lﬂﬁ&dﬂ@ﬁlng

cond;tﬁﬂﬁh Okt%%&pgxfxﬁpé%#%ﬁﬂ blg %\é‘%@@% Eg%:%% f%m%%gnded

2 in whi CDRs of NS onto t s use

PCR W&ﬂ%?&n%éﬁééﬁ T hhage bris AL (vdve Fisseingiss. thdfe mixture
was therbjestettthioasse bR RER of sanstiuctagensuencoditytiewakigblges, and 68°C
he. assembl was car ied o
for mﬁ%@q}’% u%%é@%%@&% F 9 %’ theto owllgri}(g:] 2on. i%lnsslyA r?ggf) gu
Sequeriﬁ%aﬁ@%@h%é#ﬁﬁgqmepﬁn@pgwg %W@&ﬁmamm@ramp@mam@mestncuon
site haBGHet, adﬁfElRS MISE aﬂdl&@aaglasegé@a heateddPAQ B%j‘féé;zg tfo 35PCR
mlxtur ] upjec to les 0 (0}

eyl s ML B o W e g 154 o
amphféﬂﬁérm%f a%ﬁﬁ@ﬂlﬁ%rﬁﬁmhﬁ@tfmﬁmnfélwﬂaﬁ@m&ak@@@%h&"éxf%l@nmg

vectorfgervasiviey ndhe aendidhe \f@a@@l@age&MH@haow%Em;ngchrﬁe
riction, 15 site has beenrf’;\:ﬁé % ‘iéf%s end of the variable regio

consir R R SR S SRS 30 CRBRAE HESKSC

jeC (0]

(SEQ f&ﬁ@s@%bm’swrﬁam@}é‘ﬁ@n%mmfﬂ@tmuémhgcmpuﬂwasagmgn@ ifiean
expred 8ok NG 0H MJM@@%%&@Q&%W&%HQE ChibOmiNg YRk leotide

I%Cﬁ \% gmnd its nucleotid e was determjned by se e?msn
sequesgiot S50 b FURMEBIO S S ETS LR HE W R BBRELaE  Scdencing
Kit (Anpdion Siospstypes bvD 5&8@2@\(@36})@ ROA53 qued de®oSERI ARISGE 3700 DNA
Sequeﬁ@r {ﬁtﬁpf%@iaﬁ%ﬁﬁz%ﬁEWQﬁlM@%@%@'He@%@&%@ﬁxy GbH¥nded instruction

apable of expressing the inserted gene in animal cells. The nucleotide
U%8equence of each DNA fragment was determined using BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems) with ABI PRISM

Prepardfis@ 8¢ PNAHRGIHBARE RLARPERIRAH3 (PP DNA

H1-SKSC (SEQ ID NO: 130) was generated by substituting the glutamine (E) at
Kabat-numbering position 73 in FR3 of HO-SKSC (SEQ ID NO: 54) with lysine (K). The
mutant was prepared using commercially available QuikChange Site-Directed Mutagenesis Kit

(Stratagene) according to the appended instruction manual.

Expression of lgG-converted antibody

Antibody expression was performed by the method described below. Human fetal
renal cancer cell-derived cell line HEK293H (Invitrogen) was suspended in DMEM (Invitrogen)

containing 10% fetal bovine serum (Invitrogen), and 10 ml of cells at a density of 5-6 x 10°
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Sequencer (Applied Biosystems) according to the method described in the
appended instruction 25 manual. Preparation of variable region for
humanized NS22 HI H1-SKSC (SEQ 0 NO: 130) was generated by
substituting the glutamine (E) at Kabat-numbering position 73 in FR3 of
HO-SKSC (SEQ ID NO: 54) with lysine (K). The 30 mutant was prepared
using commercially available QuikChange Site-Directed Mutagenesis Kit

cells/n@%ﬁ@as@@cﬂlﬂ) #R6QIHing 18thenarpe @QEQ(WHMG&&O&IMH@WE@RNE\?@'P” Qfhe cells

were Rl b AP Fer AGIORS i AR £ i et e

medmtmms&wz@@d tneipogtnihveas §ispénd€HIR-DNMEMI{méttogetnvitrogen) was
added $ORIRINING, 191%6%@{)&%\5‘ %@a@%ﬂﬂ@ﬁﬂvﬁ@&lﬁ@)ﬂ%@ gé%ﬂ‘!o%ﬁ% #iBed with 20.7

densi iﬁﬁﬁ'?ﬁ' 10560 cells/m| was seeded onto dishes for adherent
A of 1SR By SRR (CRORRIIES} TP XA DRt o v g, nd
allowdd ¢ubatol {B7CnbenQoaYior fimd (vietday aFick migktrEhems aﬁéecirtedimmetls in
each dY¥BSARIMOYECDY2RPIFRIBR:-ANT 9@(5” r?dcu%ytgr BrL BeGER, four 1o five hours.

nvitrogen) was added to the cells. repared plasmid A mixture

Then, %l%‘@}‘ gf&%%ﬁﬁgé’tﬂ.%tﬁwh éfé“freae 5@@%@%@%&%@%&% incubated in

a CO, (Ralystiefoehiecdagnd 680 dubfCHESSEM haedilistiahshdbonstited (approx.

2000 gtﬁogﬁ ﬂ&%@&%ﬂ%&ﬁ&'}%{%ﬁ% P@tﬁgt%%%;f %@g@m ga%tt t%';sen

Cells'in_each dish, and'the cells were incu ncu ator
sterilizehby Giieayingy fasigeh Wﬁét}r‘élt@ﬂwﬁeﬁéﬁm%‘f’c@ft@hsogém | Farddigmple was
stored @oéfttogeiiyuaas added, and the cells were incubated in a CO2 incubator

for three days The culture supernatant was collected and centrifuged

2k 5 -00mYaTAd k08 r|I|zed by filtration through 0.22-m filter
M ISJ(LEPQ(f)d@Me(M Mm@tﬁhﬁw Fa @@WW@EQ@B&QMH&?%Smnded in TBS
was acEi%El' %HO % Clﬁpverted ant bOanstn?t deed I{{?)Fl%%%?@% é%e‘-!gg,a%)rt IH‘ ours or

Iow mersham |os |ences ‘suspen was ad

more. o&é&%ﬂl}é@%@%ﬁp@&f@@mmé}@mﬁﬂm awerbidhatiee” i Godvitiopwes).  After
three WAsKBORitH Be0SalWiaByapHAns @Gt MdillehadRi@bended in 100 i of

Ultraf I Aft she th 500 | of rProtein
aqueoty S Ugy X R 4Bl TR ATy 00 iR dn et s ynutes to
elute thm@@@m athtatel {HPn3:3y, iandediialzdito sedinddoy tidmphilitdsd Z0M
Tris- H@ﬂ‘ W@nt'm@’eﬂﬂmﬁﬁ mm%g'%lﬁwmr@hﬁ%g@d%@%y was

Tris-H lut erformed t

obaingiy et ife Ao é@mn@& AR Sé‘“%r R ing
SPGCUQQhﬂtOWWﬁGDMQE)QMB?QMI&@MMQ &P00 Spectrophotometer
(Therrﬂﬂasz%at Seent %M@@&Qﬁ%ﬂ@%@ﬁ?ﬁ@%@ﬁﬁmm) o

nt or50 | was s cted to Spectrophotometer DU-600
meﬂﬁt‘%ﬁ E%R‘igﬁ&ﬁﬁ %@ maa%ﬁté%%é CECREPHAHAN A tAC UG he method of
Pace e¢ ohd@nttatiofewascddi@Rfated? By i 2dgthod of

Measurement of competition with 1T.-31 using FMAT

Antibodies were assessed for the activity of inhibiting the I1.-31/NR10 binding by using
hNR10-expressing CHO cells as described below. The chimeric NS22 antibody and
NS22 HOLO (H chain, HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ ID NO: 56) were diluted at
an appropriate concentration using Assay buffer (10 mM HEPES, 140 mM NaCl, 2.5 mM CaCl,,
3 mM MgCl,, 2% FBS, 0.01% NaNj, pH7.4), and further eight serial dilutions were prepared at
a common dilution ration of 2.  The dilutions were added at 40 pl/well to plates (96-Well
FMAT Plates, Applied Biosystems). Then, FMAT Blue-labeled h11.-31 was diluted 400 times
with Assay buffer, and added at 20 pl/well. Finally, a cell suspension adjusted to 2.5 x 10°
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Pace et al. (Protein Science (1995) 4: 2411-2423). Measurement of
competition with IL-31 using FMAT Antibodies were assessed for the
activity of inhibiting the IL-31/NTR10 lihding by using 30
hNR10-expressing CHO cells as described below. The chimeric NS22
antibody and NS22_ HOLO (H chain, HO-SKSC/SEQ ID NO: 54; L chain,
LO/SEQ ID NO: 56) were diluted at an appropriate concentration using

ceHs/rﬁiSaﬁ}Mng (&QEE}I\GVE@B@% a4 %@P@ngﬁ M CRGAR JT'MTWO hours after

S,0.01% N 4), and further |g tserla utions
addmwg?% ép BN EIRAD ﬁ?a.rﬁa%ﬁlﬁgﬁgﬁ P Ao e e aeipn System
(Applwdﬁldidmma) plates (96-Well 35 FMAT Plates, Applied Biosystems).

Then, FMATsRIWedabaled b3 1‘ﬁ’§t§gd 6”%%%%@‘@%2&’%&8&?@@ %@(H chain,

at 20 liwell. Flnally a cell suspension adjusted to 2.5 x
oS Chead LG8 SN P L L L Rl RCISEQ
IDNOE v!za(];tiucheaﬁgdméﬁ‘d@lﬁh Nﬂ:eﬂl’s), &hmlﬂmmesmmpet(mamaﬂynmhmﬁle to that of

the chHﬁH?gz g}ﬁﬁ EHL?{ g@iﬁpﬂgﬁl PTG %é@ﬂ&'@%@ %ﬁﬁ%ﬁ) ﬁ’ 63 | 6eceptor

result showe as shown In Fi humanized NS22 anti

antibogiegna A, a@dH@ISKSE‘cﬁ@Eé%N %ﬁzﬁ FReyuansd fes/BRP @ql@l%%yaarbe used for
humarhﬂ:h@ﬁH chain, HI-SKSC/SEQ ID NO: 130; L chain, LO/SEQ ID NO: 56)

L A DR D g o
introd Pé@ S pReR borfi gﬁb‘?é‘ég}ﬁ addition, it is considered that the FRs used for
HOLO and H1LO can be used for humanization. 10 Accordingly, all of the

Table Tutatlons in CDRs described in the Examples hereinafter can be
mtroduced into both HO and H1. Table 2 HO Germline Human FR

HO se J@@?ﬁqehﬁ@l Germline:hVN 1 46(AC%§MEH¢K%§H =
FRT G R b QcpRe gt o R b0 ua S R PG A URASCYTF T

(SEQ ID NO:97) FR3 1 Germline:hVH 1 69 (Accessmn No. i%@é@)NO 96)
FR2 RV el ﬁl@%ﬁﬂﬁﬂﬁ\%ﬁs‘s%ﬁ%?@@dﬁf WYRGAPRUBE RN 88 (rIRPND): 97)

FR3] g&@@gﬁm@éfw AR ﬁéﬁéﬁ%hﬁﬁg AVYYGAR

ind:JH1 WGOGTLVTVSS (SEQ ID NO99) |_o Germline Hu 0:98)

FR3 s2oheendastii Cermibdaasisn/is 2158 ARCE S TADKST STASRES)ISL RSEDTAVYYCAR
QMTQSPSSLSASVGDRVT | TC (SEQID NO:100) FR2 Gem}gﬁiﬂﬁ%‘i?ﬂ)
39/(AccessionNo.X59315) WYQQKPGKAPKLLLY (SEQ 1D NCO- k )

FR4 ~ [herm!ine:JH] WGQGTLVTVSS = (SEQID NO:99)

L0 |Germline Human FR sequence

FRT |Germline:h¥K_1.39 (Accession No. X59315)| D1QMTQSPSSLSASVGDRVTITC

(SEQ ID NO: 160}
FR2 Germline:hVK_1_39 (Accession No. X59315)| WYQQKPGKAPKLL1Y (SEQ ID NO:101)
FR3 Germlme.hVKn 39 (Accession No. X59315)| GVPSRFSGSGSGTDFTLT I SSLOPEDFATYYC
(SEQID NO:102)

FR4  |Germline:Jk4 FGGGTKVEIK (SEQ ID NO:103)

[Example 5] Heterogeneity-reducing effect of novel constant regions M14 and M58 in
humanized anti-JL31 receptor antibody

As shown in Referential Examples 7 to 9, it was demonstrated that the conversion of the
constant region from 1gG2 to M14 or M58 in the huPM 1 antibody, a humanized anti-I[.-6
receptor antibody, could reduce the heterogeneity derived from the IgG2 hinge region without
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FR3 Germ!i ne:hVK_1_ 39 (Accession No. X59315) _
GVPSRFSGSGSGTDFTLT | SSLQPEDFATYYC (SEQ ID NO:102) FR4
Germline:JK4 FGGGTKVEIK (SEQ IDPANO0:103) 15 [Example 5]
Heterogeneity-reducing effect of novel constant regions M14 and M58 in
humanized anti-IL31 receptor antibody As shown in Referential Examples
710 9, it was demonstrated that the conversion of the constant region

loss of EBilEH2 @H\M—ﬁﬁﬁ%@%d”hﬁﬂﬁlnUﬁM!:@éﬂﬂQQQﬂsx%ﬁ%%%ﬂséﬁy§{ﬁqg9%ess

e or antlbo he hetero derlved from th
et B e e e SRy ST Ghp et Ao giom e
wild-typedptor anhb’cfdwewére also tested to assess whether the heterogeneity

capha,regduged e can mgamq@q @t@mrﬁam&ér BBt YU PBining 1eG1

seo SRR TR R o %e@%éé%“%Q D NO:

128) oN@rae2jpMek(SE Hmd@em&)mm MBB FSERID ANiEhlcl28)qyeHerdiedvVII/SEQ

D NO” ﬁ?@ﬁﬂﬂﬁk%@%ﬂ&eﬁ %@Qgcgp{ﬁg%m% varlanle:reaion, 4 were used as H
HO-VH/SEQ 1D NO; SOg\ﬁgpgumamzed anfi-IL-31 receptar an

chaing gBRdr0dd ) Bl Fxemmaiest g {@(EWSEQX@% o generate
H(}LOJI@}]SG)[ pmduééuﬂgcam@msi B3eH elsai) LOBEIR, IO YeEnemwia 101.0-1gG2 (H

chain 'Ilﬁl'lg(d) 35 GZ £haH. £40: IQ%M%EQH?SE@ Iﬂffgﬁd’ 5%,'53’?2};8/%9(@ @ﬂ?n

H 10 chain, HO-IgG IDNO 1
st MASER AR elind SES NG ehsin.
HO- MGBQEQ_UBE@ EDG\IDcExﬁ)} AdSHQLO-NIG8I6Y.chBith HODWSBIRE @xidessed and

pumﬁé}i% df?g}-e%ﬁ%lgegﬁ i% %A}%ﬂ 56). Each antibody was expressed and

pur e met xample 4. The heterogeneity was
Wéﬁ%%%%@h&%ﬁ%@&%ﬂ@ﬁé’%ﬁ%@?hﬁ The prepared
antiboamsh@@ktease@@ecaﬁﬁe&s@@g@ﬁéiqtar@ﬁgMa&wmﬁrﬂP@M&%c@um 20 mM

. dium ac bil
SOdH_Hé QI\/FQ@E} %21 ela ?e%ﬁ\f 1“(6&?@@ as mo %%tee?l‘:ls %Sﬁ%fr\{p%g 0) as
mobilaphrep Hafsitiosn m@f@@rﬂéi@ﬁﬁwh@drémtmasg‘éﬁ@ﬂmﬁtﬁwmamem by cation
emha@??\ﬁﬂﬁ@a%’g’ﬁﬁi@@ﬁi@%ﬁ’sﬂ&@g E)ﬁ ;ﬁ\gvm,in Fig.fl?]. As shown i;OFig. _10,
the, he s increase onyersion o constant , 20 region
from é‘@ %g miheqén% i%rg;gt reeceyp‘fv PRt %8%“5““1 0?816 constant

regiow@mdg@ﬂeﬁwlg@ﬁ betheegiitéd-BY m@%mﬁlbodﬁewdﬁbtamtmnmw can be
reducdd b4 e6MeRithamrniiesin: lexampiend] £hanracaking e smproving

effect of novel constant region M58 in anti-IL-31 receptor antibodies 25

As shown in Referential Example 9, conversion of the constant region
[Exanfpierd idtbarmmac ks iivaimipioséne ¢fstsodntiyobiyohs@M tegias MMafdtanti-11.-31
receptBPRAPWR dEHUmMan FeRn-binding activity and the pharmacokinetics

inhuman FeRn_transgeni mlce Thus, anti-]L-31 receptor
Ks ‘;%()wn §1 e eregtiaﬂ xample 9, conversion of the C(F))nstant region from IgG1 to

M58 in anti-IL-6 receptor antibody huPM1 was found to improve its human FeRn-binding
activity and the pharmacokinetics in human FcRn transgenic mice.  Thus, anti-IL-31 receptor
antibodies were also tested to assess whether conversion of the constant region to M58 improves
their pharmacokinetics.

HOLO-IgG1 (H chain: HO-IgG1/SEQ ID NO: 133; L chain: LO/SEQ ID NQ: 56) and
HOLO-MS58 (H chain: HO-MS58/SEQ ID NO: 136; L chain LO/SEQ ID NO: 56) prepared as
described in Examples 4 and 5 were assessed for the human FeRn-binding activity by the method

described in Referential Example 9. The result is shown in Table 3.

Table 3
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antibodies were also tested to assess whether conversion of the constant
region to M58 improves their pharmacokinetics. 30 HOLO-IgGI (H chain:
HO-IgGI/SEQ ID NO: 133; L chain: LC§/3$EQ ID NO: 56) and HOLO-M58
(H chain: HO-M58/SEQ ID NO: 136; L chain LO/SEQ ID NO: 56) prepared
as described in Examples 4 and 5 were assessed for the human
FeRn-binding activity by the method described in Referential Example 9.
The result is smg g M?Ie 3. 35 Table 3 63 KD(fl M) HOLO-IgG1 1.07
in Table 3, conversion of the constant region
HOﬁQfﬂ‘lﬁgﬁd M58 éls{bﬁmproved the human FcRn-binding activity of the
ANty L adyl aptibody HOLO as in the 5 anti-IL-6 receptor antibody
L sthat.conversion of the constant region from IgGl to
M58 may |mprove the pharmacokinetics of anti-IL-31 receptor antibody in
human. [Example 7% Identification of mutation sites reducing the
isdeietRithBinabloduttBFEBIoR RaHS cro st sainafomale brotubED Byso
improtee hethothdea®ibehdngxampte fahdynasSerRbleRER: AnthalmElIaTas in the
. Ui igo PNA e rd and
s e B R e g from

IgG1 tgvidferady JmpErve F%@/ah@ém@ﬁg@mw Birtglto thaagertor ﬁ*ﬁt\’/h@i@ﬂ’] 1fhbuman

gene to be altered was inserted were combined, and reverse oligo DNA

ered ite and foryard A binding to the vector in 15
Exan B e e B R e
Produetipread stasing PrimeSTAR (Takara) to produce 5'-end and 3'-end

fragsepms el %@&&@@&e@@tﬁmﬁeﬂfﬁa d&%@ﬁ@ﬁﬂi@ﬂf&iﬂﬁf@@@ﬁﬁmﬁ%bly PCR.

tant, T
inhe PR LS B B o e R B e e goverse
sequenggiiathodig aphatened|sivtide Sugued cdigd méffewhﬂgleweksfod sitictod reverse
oligo M3, GetarAy @@%Q)&&:ﬂeﬂ?%&g ﬁ[@%&t%ﬂ?ﬁsﬁté@ﬁ%ﬂﬁgﬁﬁﬁ were combined,

Antibodies yuced a rified by the meth cri
and vl A CUTER 81 AISLE G A I B e A Bindin o the vector in
which phagesctkinetits of WO LGefkt ¢ airs ¢HOOHSKSEIC/FEQ aNaribe] bu@hsing

Prime§TAIR AUSEQIPHNRi=E:-alleted §'{Q§1&"?ﬁ%ﬁ%ﬁ£ [RAUGING HHe JRORIBCHHIC The

point of the variable re(glon were examined. Screening of mutation sites in

two r%ﬁ&*%ﬁéﬁ%@@%ﬂé HONiBIPRINHE hRedirRersibRs St ucthie RBtared
mutantevasaisstrirdtationsiteprehsibwenitod eepabkedhexisosiagiribe poiat gktledn animal

cells. V%’l‘é@iﬁc‘i@&fﬁf&%%‘ﬁ@ﬁ&ﬁ éigcﬁkf 'ﬁ%ﬂi‘d g%ﬁ’@%f&% %2:%?%5% B‘é?é’r&n@&‘ﬁ?% method

are summarized in Table 4 g Hp/-VH
known\jg, ﬂf@g ]qblgd\;p i}}g@é Anu odxes were produced ancf punﬂed by the method

described in Example 4.

Identification of mutation sites
To improve the pharmacokinetics of HOLO (H chain, HO-SKSC/SEQ ID NO: 54; 1,
chain, LO/SEQ ID NO: 56), altered sites capable of reducing the isoelectric point of the variable

region were examined. Screening of mutation sites in the variable regions predicted from the

three-dimensional structure model revealed mutation sites that would decrease the isoelectric
point of the variable regions without significantly reducing its binding to NR10. These are
summarized in Table 4 (Hp5-VH/SEQ 1D NO: 137, Hp7-VH/SEQ ID NO: 138, Hp8-VH/SEQ
ID NO: 139, Hp6-VH/SEQ 1D NO: 140, Hp9-VH/SEQ ID NO: 141, Hpl-VH/SEQ ID NO: 142,
Hp13-VH/SEQ ID NO: 143, Lpl-VL/SEQ ID NO: 144, Lp2-VL/SEQ ID NO: 145,
Lp3-VL/SEQ ID NO: 146, Lp4-VL/SEQ ID NO: 147, Lp7-VIL/SEQ ID NO: 148, Lp5-VL/SEQ



30 ID NO: 139, Hp6-VH/SEQ ID NO: 140, Hp9-VH/SEQ ID NO: 141,
Hpl-VH/SEQ ID NO: 142, Hp13-VI-I/SEQ ID NO: 143, Lpl-VL/SEQ ID NO:
144, Lp2-VL/SEQ ID NO: 145, Lp3-V8#4SEQ ID NO: 146, Lp4-VL/SEQ ID
NO: 147, Lp7-VL/SEQ ID NO: 148, Lp5-VL/SEQ 64 ID NO: 149,
Lp6-VL/SEQ ID NO: 150). Each variant was produced and purified by the
method described in Example 4. Each variant was tested for the activity of
ID NOnh#sitingahel AEEQIDNRIOI5mding duh waiign tFAA protitec® shavas: asdiae the

methog%g&ggg}giﬂgégﬂglgnfthod as described in Example 4. As 5 shown in
Fig. 11, t ition activity of each variant was not greatly reduced as

€ compe i cu :
co%ﬂSﬁr‘é%P%ttWQ’f‘ bistae [ theasgdatnahieTiisasbe 3d Riddiieding by using
FMA'Bite HO téming: acidl Dasiitence: ditertd KebaiNe)sequspebeafiemuaiation. As

m ion.HR5 FR2 WVROAPGOGL EWMG.38 R
show O S T SR A SR st gy compared
to thatyp§ IR 2 LINPYNGGTSYNQKFKG 50 L E E | NPYNGGTSYNQKFKG

(SEQ ID NO:10) (SEQ ID NO:113) Hp8 CDR2 LINPYNGGTSYNQKFKG
Table 22 N DL IDPYNGGTSYNQKFKG (SEQ 1D NOZlO) (SEQ 1D NOle4)

Hp6 CDR2 LINPYNGGTSYNQKFKG 61 Q D L | NPYNGGTSYNQKFKG

(SEQ 1D NO:10) (SEQ 1D N@; T CRRZ TTND -
Nam%z%KP@LlN'ﬁ@ﬁ%@ﬁ@YNhﬁq%géq}fgsbomqm@- oD NG p’ﬁﬁf

Hp5 I CF%Z L”\@/ @%\‘KFK%EM KQ 'RI NPYNG&-}TbY% SPEOGLEWHG
(SEQ 1D N@SE) i Rl O: Iiy) Hp1gGDR2 ¢ E)SW% 120)
LINPYNGGTSYNQKEKG 64 K G L | NPYNGGTSYNOKFKD (SEQ 10 NG,

Hp7 1@)6%2G Di PEBEPIYIKEKS) Nsame Typd LO sequerice MUGRIRGGTSYNGKFKG
Amino acid(Sequiehie: Hiter (kabat No) sequence after mutd8&0 IDULEOTG)
Hp8 | SRRDAL BRIEHAGTSYNEIAK G4 RZQ QTSEN | YSFLADSERI DBYNGGTSYNQKFKG

(SEQ.ID NSEMD NHIEDR1 RISEN | YSFLA 28 N D RTSESERNRHOA! 14)
Hpb (e BRKS: 12%) Lp3 cBR2 NAKTEAK E%E IGGTSYND*§FKG
10 DRSTLAN SRV SER 10 Moz Lod Rz NS SR
EQID NO:10) (SEQIDNO:116)
Hpi CDR2 LINPYNGGTSYNOKFKG 64 K Q@ LINPYNGGTSYNGKFQG
(SEQIDNO:10) (SEQIDNO: 11T
Hp13 CDR2 LINPYNGGTSYNQKFKG 64 K Q@ LINPYNGGTSYNQKFQD
(SEQ D NO: 10) 65 G D (SEQIDNO:119)
Mutation site  LO i i
Name Type LOsequence Y sequence a#&'%gﬁgn Serilﬁg&c%%gﬁer
Lp! CDRf RTSENIYSFLA 24 R ' Q GTSENIYSFLA
(SEQID NO: 13} (SEQ ID NO:121)
Lp2 CDRt RTSENIYSFLA 28 N D RTSEDIYSFLA
{(SEQ IDNC: 13} (SEQID NO:122)
Lp3 CDR2 NAKTLAK 50 N D DAKTLAK
(SEQ ID NO: 14) (SEQID NO:123)
Lp4 CDR2 NAKTLAK 52 K Q NAQTLAK
(SEQ ID NO:14) (SEQID NO:124)
tp?7 CDR2 NAKTLAK 54 L E NAKTEAK
(SEQ ID NO:14) (SEQ ID NO: 125)
Lp5 CDR2 NAKTLAK 56 K Q NAKTLAQ
(SEQID NO:14) (SEQ ID NO:126)
Lp6 CDR2 NAKTAK 56 K D NAKTLAD
(SEQ ID NO:14) (SEQID NO:127)

Asterisk (*) in Table 4 above indicates a site that was not relevant to the isoelectric

point but altered for conversion into a human sequence,
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(SEQ ID NO:14) (SEQ ID NO:124) Lp7 CDR2 NAKTLAK 54 L E
NAKTEAK (SEQ ID NO: 14) (SEQ ID NO: 125) Lp5 CDR2 NAKTLAK 56
K Q NAKTLAQ (SEQ ID NO:14) (SEG@SID NO: 126) Lp6 CDR2 NAKTLAK
56 K D NAKTLAD. (SEQ ID NO:14) (SEQ ID NO:127) 10 Asterisk (*) in
Table 4 above indicates a site that was not relevant to the isoelectric
point but altered for conversion into a human sequence. 65 Examples of

th@ﬁ&ﬁ}ﬂﬂ&@i&%&m&@@ms%m&@ﬁ@ﬁgéé ReNAas paaraducededuced

by coxﬁ% ﬁf %?f eegt?ogg?ﬂ%% %yﬂ%%m&( h%{'ﬁ%%g ﬁ;.g/g I%%)l L
chain:ikpaRiShie H@lﬁioaﬁéQﬁlasﬁﬁWBeﬁlrdﬁRd Omiisewere pompanetitbemvesstention in

mice WipSkpkpasd 1&&%@%@ gramendof affinity The affinity of each
antibody for NRI 0 was determined by the method described in
Referential Example 10. The result of affinity measurement is shown in

Measurespmboiaf@nitiinity of Hp3Lpl5 was 10 shown to be almost the same as

thmfﬂﬁ}k@ of 2Rl 2@ ddy/ Mok 61/ &’é?eﬁthéd(Bg%éxﬁéﬁ&? descri%)ed in
Refmmlg § %%Iﬁ Hp3Lpl5 4.2E+05 1.6E-03 3.9E-09 15 Measurement o

Each antibody was analyzed by isoelectric focusing to
assbssahiingediimityerisoetectknt soihehtheTuhte antihodyfality td Be3Lpl5 was
showrd N, Bk Alteratiaps dtits yemjgble region. Isoelectric focusing was
performed by the following method. Phast-Gel Dry IEF gel (Amersham
Biosciences) was swollen in Phastsystem Cassette 20 (Amersham
Table Biosciences) for about 30 minutes using the swelling solution shown
Relow. MilllQ water 1.5 ml Pharmalvte 5- 8 for IEF (Amersham

PR 0B H3BE -0

“ '.T_ 1_1__0 |nd|cate(]1cl be@v. d-@ﬁpées wéfe 1o the g
Lpdy 25ma dsdbsOBv 1. BE-04  3.9E-09

Measurement of isoelectric point

Each antibody was analyzed by isoelectric focusing to assess changes in the isoelectric
point of the whole antibody due to the amino acid alterations in its variable region. Isoelectric
focusing was performed by the following method.

Phast-Gel Dry IEF gel (Amersham Biosciences) was swollen in Phastsystem Cassette
(Amersham Biosciences) for about 30 minutes using the swelling solution shown below.

MilliQ) water 1.5ml
Pharmalyte 5-8 for IEF (Amersham Biosciences) 100 pl

Electrophoresis was carried out in PhastSystem (Amersham Biosciences) using the
swollen gel according to the program indicated below. The samples were loaded onto the gel in
Step 2. Calibration Kit for pI (Amersham Biosciences) was used as a pI marker.

Step 1: 2000V 25mA 35W 15°C 75Vh

Step2: 200V 25mA 35W 15°C 15Vh

Step3:2000V 25mA 35W 15°C 410 Vh

After electrophoresis, the gel was fixed with 20% TCA, and then silver-stained using
the Silver Staining Kit, Protein (Amersham Biosciences), according to the protocol attached to
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Step 2: 200 V 2.5 mA 3.5 W 15C 15 Vh 30 Step 3: 2000 V 2.5mA 3.5W
15C 410 Vh After electrophoresis, the gel was fixed with 20% TCA, and
then silver-stained using the Silver Stdining Kit, Protein (Amersham
Biosciences), according to the protocol attached to 66 the kit. After
staining, the isoelectric point of the sample (the whole antibody) was
calculated from the known isoelectric points of the pl markers. The result

the kitOf |A@@l®§iﬁiﬁi@@'ﬂiefﬁ'§%%ﬁ@f@§ﬁh@éﬁﬁ@ dfﬁef PGS RhawsddPahR&alculated

he isoelectric point of

ectrlc |nt aof HOLO 8, an
from t Okft Was armeR%“gS g\l¥ %oéﬁﬁﬂ%ﬁﬁhe isoelectric point of Hp3Lpl5
wééhaé@ﬁ@égé@sb@lmgmmam@mcedhp s@iccrinhersihe dhevedtibal the

1soeledﬁﬂ?l\%ﬁﬁﬁﬂ%mmgﬁ%!%ﬁﬁb|@ %Q'Q%O‘iﬁldaﬁlcﬂﬁ foi’ilf[:b'f I qigdrt St was abotut 5.5,

e thearetical isoelectric points
shomi g T S B b LT A SEHE o720 A rpare 0 HOLO
When thepestietihal Thoes;dinis théoreficht vsdebdetigioniMidfphpidmbsed by
GENW@?E@]@Y‘@)@@@&?MWW? HOMQo L8 APRERIREN Mints of the varlable

Oklgﬂp f antibody with reduced isoelectric point using mice In
region gD LEUL LTI L T LBt OF WSRELS cimodtis B ety
isoeleqetypadt ifd&SEitSpanstdtoeplad ina YdteatiocnmpHEILO WOKOHP3LPI5 was

compared in normal mice A single dose of HOLO or Hp3LpI5 was

coimdﬂamﬁmmﬂqﬁﬂmmmmﬁﬁatﬁ dﬁfﬁéﬂiﬂ’@ﬂaﬁﬁ@d@ﬁth reduced
1soe1@@&5@8{%@9&%@@&@%@8%8%pggg%nc rgr%&est %%@%om mice. A

sampleswere Ispensed Into Immunop

single fipsgialbHPI eI dPRLALS) M%?%%Y%?Pé’daﬁéﬁlwmﬁeé@ﬁlaﬁ&rﬁ%@ mice (C57BL/6J,
CharlefRispekifia), anabmdxcdﬁwhewnges‘s@m@ée@w@laéﬁwean&ﬁﬁmm The plasma
concer{fﬁ%ﬁgmg réé‘t‘ s%{ﬂ{ear}ﬁ' @fi}f&f‘ ftel&reactlrci)glu\a/v clg%lcc:;e%? Lé An 8 cam:)ratmn sample

gma at roon tem eratur one hOUI’ CcoO OI’ eve opin
and ‘ie%%leﬁm R lea e disperia ratgemna@m@@w@ﬂwhd@pnmslélaw MaxiSorp

(Nazgesmmmmnausmm) M@gamlﬂmm@mr@@gﬁﬁlﬁamw&gm The
sample%%grrg aInOWS %B.IIH] a\{vl‘a(')s()g‘ln%ea Sué?a uWItPOI‘ mlcflo ate ader N G

ma concentrations were dée Brnined basa ea 8?63?1%3&0&%% oat
Amf“fgﬁﬁE@éﬁ&%&ﬁ/@lﬁmﬁbW@ﬁéWﬂpaﬂaﬁwﬁar@mﬂmaﬂ@I@@/%Mpiegmtar:tmn was
carriedRNIGES) Bﬁ%ﬂﬁ%&@@@@%ﬁ%&@%ﬁ%@‘%ﬁ? 1SRRI & Perry
Iabora(t%I!"ipsgN re c%lc ?ted"ljﬂomb obtaine f()j me-course data}? the plasm a}
- itration using the PRAm: %ﬁ?nzgt ey BRLRATLSS IS 'Wﬁ&%‘}ﬁfﬁp ate reader.
The plgsmacagpentmtiepanenateiamieedimeet iormhblabsokutCearitthealibration curve

using @@%@E@ﬂ:&%@ﬁ%’a@%@%ﬁaﬁ W@W&%@Q@@ﬁ&@?‘on were increased
%bout 1 /0 and reduced Eé‘?%out 12%, respectively, as compared tQ
H

FIEP GRS ABIRGSHS A SESHPS ClrrEmRA i tere calculated
from theodtdnéd poiatcotisolardstivadasred vceckiadiimpsinvgthe pharmacokinetics

analysRNBMAREOKINGNGhIin (Pharsight). The parameters are shown in Table 6. AUC and the
clearance of Hp3Lp!15 after the intravenous administration were increased by about 14% and
reduced by about 12%, respectively, as compared to HOLO. Thus, it was demonstrated that
Hp3Lp15, in which the isoelectric point of HOL0 has been reduced, had improved
pharmacokinetics.

Table 6
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Table 6 67 AUC(pg(r)d/kg) CL(ml/d/kg) Mean SD Mean SD HOLO 281.8
13.1 3.6 0.2 Hp3Lpl 5321.1 26.1 3.1 0.3 [Example 8] Effect of
combinations of variable region and &nstant region on the biological
activity 5 In order to assess the effects of different constant regions on the
biological activity, the following variants were produced. SKSC (SEQ ID
NO: 62) and M58 (SEQ ID NO 128) constant regrons prepared in

mee—mfb@fereRtta-eamnies - o oA ap ., . . Q ID

oy

NO: 167), A/h}@n( @(K%))ared i [ k_a(rmé/?dp’ k Juce Hp3-M58
(SEQ ID NP 240) a C (SEQ D10 NO: 15 H chains. The
prepared rﬁ@ ere mrned wit @%_%15/8 —%ﬁ NO; 152), an

hain prepar mple 7, t uce Hp3L PKSC (H M,

HO 8 % C/SE $Ig l\% 151; L Ehgi'n plS/SECgO NO: 152) ﬁ?
Hp E:M V158 (8 2hbirl Hp3-Ms@EED|ID NO: 2801 chain, LplB:8EQ 1D

NOTI5Z). Each anubody was expressea and paritied by the method
described in Example 4. 15 The antibodies produced as described above,

an HO-SKSC/SEQ 1D - NO:; 54 hain, LO/S
gl b S R R SRS TS s
activityescribed in Referential Example 7, and HOLO-M58 (H chain,

H@nl\dﬁﬁﬁstﬁ%é&é\kﬁ)e 4866tk ofkifrer&Y Q4R NEohShamE ML et ivity, the
H chain, HO-I GZ/ ID NO: 134; L chain, LO/SEQ ID NO: 56)

follow r‘%vgrrlél t|Snv\g3xar%1p were assessed for the biological activity by the 20

méﬁﬁ&@ (RIQrIBRN @ EXhand M58 SHOEBRRNIR B8 Tiversisuftiegions prepared in
ReferedtMMAEL4T Gl 38.4% Shawmia Righ 1 nasignificantqiffenc0ce ém), a variable

the biol Iactl ity was detect
regmtrre%r@g@ KA RS E%@Wfﬁ%@ﬁﬁﬁ JHITR tahec smam
NO: 1péyiord th@iend Eﬁb@mﬂ&t&@d{ cbaussawtzregmnbm@mbminbplérﬁmeS/SEQ ID NO:
152), J@lt@%%an% : drirflﬁk'é?rll @rvatnv ?9&15 ﬁ@ﬁﬁ?lg%? Wed m:d}%ﬁwtﬂ@s -SKSC/SEQ
alteration in the b ical activi e en i0
10 NG 3 s Cp G b LSBT R LML FRiefS8/SEQ ID
NO: 24htibobhes Lgéd/ Bﬁ(@IﬁBrN@céﬁ%aleﬂaaiweﬂtéiedggem@ypmndland@Imﬁeﬁ by the
methoé@es@?%ﬁ%?ﬁ%ﬁfﬂl‘@@d'es obtained from clones derived from single

antibody-producing cells. 30 Such antibody. hetero%eﬁnqgkﬁrs known to

rediht fRAROMSHREG TS A AcsertRad aRB e oF L ARy &t HE-SKSC/SEQID
NO: 5hdrehsad Dbithg) oDgNeris tpregeadruspantbxpossitat cegires SKBAAINBASID NO:
62) deS&ibed in Referential Example 7, and HOLO-M58 (H chain, HO-M58/SEQ ID NO: 136; L
chain, LO/SEQ ID NO: 56) and HOLO-1gG2 (H chain, HO-IgG2/SEQ ID NO: 134; L chain,
LO/SEQ ID NO: 56) prepared in Example 5, were assessed for the biological activity by the

method described in Example 2 using BaF/NR10. The result is summarized in Fig. 18.

As shown in Fig. 18, no significant difference in the biological activity was detected
between the constant regions.  Since the biological activity was not affected when combining
the two variable regions HO and Hp3 with each constant region, combining variable regions

created in future with any constant region would not result in alteration in the biological activity.

[Example 9] Identification of mutation sites suppressing degradation by thermal acceleration
study

Antibodies used for pharmaceuticals have heterogeneity even though they are
monoclonal antibodies obtained from clones derived from single antibody-producing cells.
Such antibody heterogeneity 1s known to result from modification such as oxidation or

deamidation, and to be increased during long-term storage or upon exposure to stress conditions,
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such as heat stress or light stress (see "Heterogeneity of Monoclonal

Antibodies", Journal of pharmaceutical sciences, vol. 97, No. 7,

2426-2447). However, when an antib88y is developed as a

pharmaceutical, physical properties of the protein, particularly

homogeneity and stability, are highly important. Thus, it is desired that the

heterogeneity of desired/related substances be 5 reduced and the
such asllestaneeshe Lginnprsad ofca Hagle gubitanco/nasolshasmnssikle’, Mdurnal of
pharm, Bt ms%é%hgég, %Peglfnﬁgt 9?&@3949?'0%%%\?§n%¥&%ed tgn?ei%ﬁ)_l%e‘?"/szs developed

the antibody hetérogenéity urider stress Conditions ahd 1o reduce -
as a plyarareRtitainpivs sl iepaEgiad dhe ppreitu crstisnladrdierasensitmpid sbility,
are highQl Ovkbehain, THasSK R NG Bdetoshadiyldl SERHAMAEBRbstances be
as ared by the method described, 10.below. The prepared . .
e e e e N R i W & A o

contexdathereenamatielehst hrdtbgletphyen syl tiste chistastt sictberitadit b bisterogeneity
under MeRQIANRARPAING achaigiatesaanpiasBuffer: PBS Antibody

tration: 0.2 to 1.0 ma/ml 15 Acceleragion t - 60C .
AL OBARS (SN AR IGP L0 B, Al L e
HO-Skehirdhdodg aphy S € diushainPLOFELQNIE X0 54)x 28 @rewar(Biby éx) nMtisitedescribed

hasea: )
o RS L

cation EXSRERE ARG TR HinF0%9'ST18- B THiRsd Betd¥tion: 280 nm 25

- MethbddoepudfiagnetrorplategdrasfdesHOLD samples before and after

Buffeld@ggleration are shown in Fig. 19. The HOLO sample after acceleration
had a tendency to show an increased basic peak. Then, screening was
cafMEtPetY o TeehiEdinns ek | Asxgaalit, Ha3s5, Ha356, Ha360, and
Hal862 wexerfondhefdtese f0hain variants were combined with LO to
prodice. 3¢ a0 ghain, Ha355-SKSC/SEQ ID NO: 242; L chain,
LO/SEQ ID NO: 56), Ha356LO (H chain, Ha356-SKSC/SEQ ID NO: 243;

thpdifozp 13l pS b gBiNrexshInpe eomatoprapln Ha360-SKSC/SEQ ID
NQ@c2dn] Tebair, WUSEQ, DIND0 D) @mdiia362L0 (H chain,

H r [SE : : i /S D NO: 56). The

sgq%ljg(égﬁgé (%% géch%ﬁ%n%ﬁé&v@r? sn%t%a € J7;’;EI§5[1Table 7

(B) 25 mmol/l MES/NaOH, 250 mmol/l NaCl, pH 6.1

Flow rate: 0.5 m!/min

Column temperature: 40°C

Gradient: %B 0 to 0 (0-5 min)—0 to 30 (5-80 min)

Detection: 280 nm

The resulting chromatograms for HOLO samples before and after acceleration are shown
in Fig. 19. The HOLO sample after acceleration had a tendency to show an increased basic
peak.

Then, screening was carried out to reduce this peak. As aresult, Ha355, Ha356,
Ha360, and Ha362 were found. These Il chain variants were combined with L0 to produce
Ha355L0 (H chain, Ha355-SKSC/SEQ ID NO: 242; L chain, LO/SEQ ID NO: 56), Ha356L0 (H
chain, Ha356-SKSC/SEQ ID NO: 243; L chain, LO/SEQ ID NO: 56), Ha360L0 (H chain,
Ha360-SKSC/SEQ ID NO: 244; 1, chain, LO/SEQ ID NO: 56), and Ha362L0 (H chain,
Ha362-SK.SC/SEQ ID NO: 245; L chain, LO/SEQ ID NO: 56). The sequence of each variant is
shown in Table 7.

Table 7
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69 Name Type HO sequence Mutation site HO Amino acid Sequence
after (kabat No) sequence after mutation mutation Ha355 CDR3
DGYDDGPYTMDY 100d M L DGLDB@PYTMET (SEQ ID NO: 265) 101
D E (SEQ ID NO: 266) 102 Y T Ha356 CDR3 DGYDDGPYTMDY 101 D
E DGLDDGPYTMET (SEQ ID NO: 265) 102 Y T (SEQ ID NO: 267)
Ha360 CDR3 DGYDDGPYTMDY 97 Y L DGLDDGPYTMET (SEQ ID NO:

565) 101 D E (SEQ ID NO: 26@%ia021% T Ha@62
Nam%GY BeP WENeq D%@h@éﬁmﬂggc@%ﬁ&ﬁ@n gg%ﬁfﬁer

kele aﬂlgige% ﬁ%@%ﬁ gd desc edin Example @G,X\ W@RMTLET
HOLO, a ac e of1 h prep d antiboay was }Qé\’o 266)
and 5 analyzed by cation excha chromatography. The result is shown

Ha356 F@Dﬁ% THEYI gm%qi@mwed thapthe genergtion of the-basic g%?bDGPYTMET

Increase azgm was dgduced irythe modifted antiegy) in NO: 267)
containing a substltutlon of aspartic acid with glutamic acid at position

Ha36801dDRG Hydvamsag Rpmpared &y HOLO. The modifigd antibggliesapemaET
assessed forghg ologied)activigyiby the mgthod des¢ribed ingb@MNDZ68)
using BaF/NR10. The result is 190shown in Fig. 20. AsBhown in Fig. 20,

the biological activities of the modified antibodies were comparable to or
Ha36&troGdRik haDAYRAGTIMIYO. Thes¥/findings emonstrated thaDMBEODGPYTHES
modification$S6fHE3¥8; 465356, 146360, andPHa362 suppresse®iie ID NO:269)

generation of degradation Drodﬂ@t% by acceYeratlon ar$d therefore are
effectlve in improving the stability of antibody. 15 [Example 10]

ARG T A AR R S VA CFCBU b e desribd i

Examﬁxa%nlnéd 1otiniphbleahecalfinitydofaiOle© fondiRi€hatshamduitipfwas prepared, and
analyzedl 6§ Q&%R%ﬁ&d@@%&nﬁ@#&tﬂﬁfwm@ﬂéﬁgﬂﬁ uiRde gt go ©GDRs,

mutations that impfrove the af or NR1Q were found. The mutations

ard BRI PRI BOEESRU PR AT baFémeshafejsaesdcificugeslatstion vias
reducd®ii Qe 246} HdalD3iBIIS CofBE QI P aANGh 2diTiokl alfl dsBiKBCGEEQHIRNGmIc acid at

posﬁuﬁ‘f‘%’l HRAQARRG AS&R: Qréﬁ(?o %ﬂﬁ)@ an?‘ﬂ{&ﬁ&&' @ﬁ%&tﬁﬁgslge%%ssessed for

) was combined with L % ); and each of
the blﬂﬂfdﬂ%&%%%‘haw h@é@f@h@ 1@5&%%1&@@%5@@4%&%1 0252?16 result is
showrLiadtig.(SEQ A M2 53 igrih | 4328 (BEick RN Gti254] thamedifibihagtibodies were
| 4)
L T
modlfgggﬁﬂg@fj{aBSS Ha356, Ha360, and Ha3

products by acceleration, and therefore are effective in improving the stability of antibody.

2 suppressed the generation of degradation

[Example 10] Identification of mutation sites increasing the affinity

A library in which mutations were introduced into CDR sequences was constructed and
examined to improve the affinity of HOLO for NR10.  As aresult of screening of the library in
which mutations were introduced into CDRs, mutations that improve the affinity for NR10 were
found. The mutations are shown in Table 8. Each of the H chain variants Hal01-SKSC (SEQ
ID NO: 246), Hal103-SKSC (SEQ ID NO: 247), Hal11-SKSC (SEQ ID NO: 248), Ha204-SKSC
(SEQ ID NO: 249), and Ha219-SKSC (SEQ ID NO: 250) was combined with L0 (LO/SEQ ID
NO: 56); and each of the modified L chains Lal34 (SEQ ID NO: 251), Lal30 (SEQ ID NO: 252),
La303 (SEQ ID NO: 253), and L.a328 (SEQ ID NO: 254) was combined with H0

{(HO-SKSC/SEQ ID NO: 54), to construct an antibody. Fach variant was produced and purified
by the method described in Example 4.



70 The affinity of each antibody for NRIO was assessed using Biacore.
The result is shown in Table 9. The assay was carried out using the
method described in Referential Exarfiple 10. As shown in Table 9, the
KD value for each variant was found to be improved as compared to that
- of HOLO (H chain, HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ ID NO:
56). 5 Table 8 Name Type HO sequence Mutation site HO Amino acid

ng@mﬁy@g%aiﬁ\%g%um@mm? g@ﬁi@@@%@é@?{l% Itglijk\slvgrgl alBe result is
showny 2 Fn R 0 VY TV B0l TSR D90 ReR 0 R ragtia
Exampla191 corhoyimilebl @ thakD NasEDr o270y (SECIDNO IR74) proved as

compdrtaPRAKabH o 1L NPYINGS TRYNITKE) IS XB:Isk: 1. chain, LO/SEQgID NO: 56).
NPYNGGTDYNOKFKG (SEQ ID NO: 271) (SEQ ID NO: 275) Ha21

CDR2 LINPYNGGTSYNQKFKG 61 Q P LINPYNGGTSYNPKFKG (SEQ
Table ﬁD NO: 271) (SEQ ID NO 276) Name Type LO sequence Mutation site
Namgnutame Lal—iﬁﬂs@@&bd?TS

NOQ: 377) (SEQ ID NQ:279) | a %‘é‘ %ﬁﬁ%ﬁ%@?%ﬁ%éﬁﬁﬁgﬁm

Ha10RTSENMREVANSEQ ID NO: 273333 L V (BEQ ID N@:280) gys#ie
CDR3 QHHSEBRDNOF D QHHYDSPLT (SEQ ID NO:278) (SEQINOD:272)

O DR3 QHHYE T 94 S [ QHHYEDPLT ( D
Hat O§ é@g gﬁg La32 DR3 Q YESPL3 97 T I'—EEE‘(?M;D NO:273)
HHYESP EQIDN 278) EQ ID NO:283) Table 9 75. FI\P

Ha11 +
2aé£%§ 5 %N%@ 2)3 LO 1 05 6.2%-04 3.2El09 Haﬁ(iéjgiaNTD 027

Ha204 CDR2 LINPYNGGTSYNQGKFKG 58 S D L INPYNGGTDYNQKFKG
(SEQIDNO:271) | (SEQID NO:275)
Ha219 CDR2 LINPYNGGTSYNOKFKG 61 Q p L INPYNGGTSYNPKFKG
(SEQ ID NO:271) (SEQ ID NO: 276)
Mutation site L0 Amino acid
Name  Type  LOsequence &:b;?;qi)!esequence aftgr“r'}t%taaction aftseer3 nliigpa%%n
La134 CDR1 RTSENIYSFLA 31 S R RTSEN!YRFLA
(SEQID NO:27T7) (SEQID NO:279)
La130 CDR1 RTSENIYSFLA 31 S R RTSEN!YRFVA
(SEQID NO:277) 33 L v (SEQ ID NO:280)
Ls303 CDR3 QHHYESPLT 93 E D QHHYDSPLT
(SEQID NO:278) (SEQID NO:281)
La328 CDR3 QHHYESPLT 94 S D QHHYEDPLT
(SEQID NO:278) (SEQID NO:282)
{a326 CDR3 QHHYESPLT 97 T F QHHYESPLF
(SEQID NO:278) (SEQ IDNO:283)

Table 9
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HalO3L0 2.2E+05 5.3E-04 2.4E-09 Halll LO 2.6E+05, 5.6E-04 2.1E-09
Ha204LO 3.7E+05 4.8E-04 1.3E-09 Ha219LO 3.2E+05 9.6E-04 3.0E-09
Name ka(1/ s) kd(1/s) K(M) HOLO 1.3E+05 7.4E-04 5.1E-09 HOLa134
2.5E+05 4.4E-04 1.8E-09 HOLal30 2.6E+05 4.0E-04 1.5E-09 HOLa303
2.2E+05 4.6E-04 2.1E-09 HOLa328 1.8E+05 5.2E-04 2.9E-09 HOLa326
1. 4E+05 5. 2E 04 3 7E- 09 Examples of comblnatlons of these

HOII;@?l(H cham 1 /$IDI\@ gg g@aun@l@Q@@Nod
variant w u urijf ibed in
Ha B} AT yorant was Raucekand auied e e oEa g e
e sty 2 s Bas ""ge@g o Zgﬂ @-‘gglrﬁ o
H A3 e mathod bk BEDDA sz 08 ™

nEx

ﬁ%%igég]%hﬁﬂigmgﬁre&%g S : 56) gl%e resu$ of
i

casurement 8 sHbuhGT abi A D el biobouk ity

BiotogiCat-actvity were-fotrmd-to-tes

Nam@_O (H chain, 15 Hh—a ; MSQ ID(MS_ chaln K(}Z}{EM)D NO:
09 Hadol |_a404 @55 o?l E-;{Drth gl_ll (H
HOL&E&“%&V?S’?&SM%%@%#JE ML B
090, TG00 OB 0s: 10500
HO%@?@E’S M58/SEpQ |§J\ZE¥3C§% a% 6% igﬁé@ result
HOERD8 measuremer}t S Ehpen Tagez.E,a@(iphe %?al@glvny

HO@%%?SJEE? rel‘aﬁdﬁégm&&z b o gﬂﬁ@ of

HOLD (H chain, HO
Examples of combinations of these affinity-improving mutations with the isoelectric

point-lowering mutations generated in Example 7 include, for example, Ha4011.a402 (I chain,
Had01-SKSC/SEQ ID NO: 255; L chain, La402/SEQ ID NO: 256) and H17L11 (H chain,
H17-M58/SEQ ID NO: 222; L. chain, L11/SEQ ID NO: 236). Each variant was produced and
purified by the method described in Example 4. '

Ha401La402 (H chain, Ha401-SKSC/SEQ ID NO: 255; L chain, La402/SEQ ID NO:
256) was assessed for its affinity for NR10 and its biological activity by the method described in
Referential Example 10 and the method using BaF/NR 10 as described in Example 2,
respectively, and they were compared to those of HOLO (H chain, HO-SKSC/SEQ ID NO: 54; L
chain, LO/SEQ ID NO: 56). The result of affinity measurement is shown in Table 10, and the
biological activity determined using BaF/NR10 is shown in Fig. 21. Both affinity and
biological activity were found to be improved as compared to those of HOLO (H chain,
HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ ID NO: 56).

Table 10
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10 chain, LO/SEQ ID NO: 56). Table 11 ka(1/Ms) kd(1/s) K(r)(M) HOLD

1.4E+05 6.9E-04 4.8E-09 H17L11 4.3E+05 2.6E-04 6.2E-10 15 [Example

11] Identification of mutation sites redding immunogenicity risk

Reduction of immunogenicity risk in H chain CDRI T-cell epitopes present

in the variable region sequence of HOLO were analyzed using

TEPITOPE (Methods 2004 Dec 34(4) 468 75) As a result CDRI of the H
; 5 2 =Rl A (i.e.

o S-area-aut-ta-exatRe-SHas tien raVBiTal ucethe

=[of Bat position

. i . L .' ' _' el 1thls-alteration
was added to H17 generated in Example 10 to produce HI9

(H19-M58/SEQ ID NO: 223). The generated HI9 was combined with L12

to Rapeegies, H19L12 (H ahain }Hi%vM@&ﬁé@d@rd%ﬁZ?h dnehain 11/SEQ ID NO:
d and purified b the

L12/SE 2 jant wa odu
236) WESLIRS: %escrlqS & %ﬁ}g@ B'Iaﬁg gﬁ 2088y gd}}%mﬁ@"d described in
Examléﬁlﬁ wddhmq@%wme Bidlogrdal @:dwtylbfldhe Hxethdd Yesepifatddly, and they

T
xa ectively, and they w

5. Ah R P B R ER IS 2 ST aC L) BEes (D e i

dﬂteﬂmdlumfm@% rehorentiisiSpo¥in iBbable it yamd Hiel bigdabicalvity were

found BBVl ﬁi@éﬁ‘ﬁg%ﬁlﬁﬁ}gdetéﬁ{l}@%ﬂi@ﬁﬁﬁ@’@ﬂﬁf'ﬁ@ﬁﬁ%%ﬂ@ffﬂ'&% 16 L
|.activity were shown to be almost eqlial to those of HOL
chain, i‘@ ggzgﬁl % We HO sequence Mutation site sequence afterimutaton
aftergmutation (kabat No) H19 CDR1 GYAMN 33 1 A GYAMN (SEQ ID
Table NO: 270) (SEQ ID NO: 284) Table 13 ka(1/Ms) kd(1/s) KD(M) HOLO
1.8E+05 8.7E-04 4.8E-09 10 H19L12 2. 3E+05 1 2E 03 5 1E 09

At kabat numbering FERBNUS CHAN s to

gsponds to

quﬂyme (A) or serine &Shgmﬁgrm@%ﬁqdﬁnce Inltﬁ redicted
th
H17L11 43E+05 26E-04 62E-10

[Example 11] Identification of mutation sites reducing immunogenicity risk
Reduction of immunogenicity risk in H chain CDR1

T-cell epitopes present in the variable region sequence of HOLO were analyzed using
TEPITOPE (Methods 2004 Dec; 34(4): 468-75).  As a result, CDR1 of the H chain was
predicted to have many T-cell epitopes that bind to HLLA (i.e. have sequences with a high
immunogenicity risk). Then, TEPITOPE analysis was carried out to examine substitutions that
would reduce the immunogenicity risk of the H chain CDR1. As a result, the immunogenicity
risk was found to be greatly reduced by substituting isoleucine at position 33 in kabat numbering
with alanine (A) (Table 12). Then, this alteration was added to H17 generated in Example 10 to
produce H19 (H19-M58/SEQ ID NO: 223). The generated H19 was combined with L12 to
produce H191.12 (H chain, H19-M58/SEQ ID NO: 223; L chain, L.12/SEQ ID NO: 237). Each
variant was produced and purified by the method described in Example 4.

The antibody was assessed for the affinity for NR10 and the biological activity by the
method described in Referential Example 10 and the method using BaF/NR10 as described in
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15 immunogenicity risk is reduced by substituting threonine (T) at position

25 with alanine (A) or serine (S) (Table 14). Therefore, the above

substitution was added to L12 to prod{fte L17 (SEQ ID NO: 238). The

produced L1.7 was combined with HO to produce HOL17 (H chain,

HO-M58/SEQ ID NO: 136; L chain, L17/SEQ ID NO: 238). Each variant

was produced and purified by the method described in Example 4. 20
Examitachregpianiveias asséssadetorcthepatitdity thodRICIaNd thechidho@ioal158/SEQ ID

tivi t S enti I

N L e e Fﬁ?“té*‘ @?Eﬂ%é%%%@a%%ﬁy?%n&m in Table
13, angnidg Dielegiohpdivdridabaded panadal igehsgiskEe 1B NBeth affinity
and bidRGidalchainitl SEQIRNOLEE)and éqﬁma arbwammm-mssls EQ ID

NO: 136; L chain, L12/SEQ ID NO: 237). Since L12 contains a sequence

that improves the affinity, it exhibits 25 about two times higher affinity than
Table HOLO. The result of affinity measurement is shown in Table 15, and the

Biological activity determined

Nameaffinitypand bldlﬁgmiamcawty A gi%&é%ﬁmglgég ‘ﬁ@éadﬂg i%%%?ﬁ C%n

HOL 12 Tahle Name s seauence. Mutation.site.seguence

H19 aftéﬁﬁhﬁfhtlcﬁfléﬂﬁr egmutation %I&‘abat No) ld-1 COR1/RISEN IGYEHILA 25
T ARISEN KS@@M\I@E?@)DNON?) (SEQ ID NO: 285) Ld-2(BERID NO: 284)

286) Table 15 ka(1/Ms) kd(l/s) K(r)(M) HOLO 1.6E+05 7.8E-04 4.8E-09
Table Hbl_lz 3.8E+05 7.4E-04 2.0E-09 HOL17 3.9E+05 8.1E-04 2.1E-09 5

0 E@adatlon of H cham‘iq@@ the8|n());¢n|0|t;4n . WhICh

H 8Ll B56i5E0 1o No228B 600 (LofsebmiD. 5 iiéo ded t

various screening procedures. Asa result, H28L1/ (H chain,
H28-M58/SEQ ID NO: 224; L chain, L17/SEQ ID NO: 238), H30L17 (H
Reducﬁ%ﬂ'efﬂxﬁm& %'é RINQT 24Rid-EpRi. L17/SEQ ID NO: 238),

- 7226, L chain, L17/SEQ ID NO:
23§$meonme (T) present at kabat-numbering position 25 in CDR1 of the L chain

corresponds to alanine (A) or serine (S) in the germline sequence. Thus, it is predicted that the
immunogenicity risk is reduced by substituting threonine (T) at position 25 with alanine (A) or
serine (S) (Table 14). Therefore, the above substitution was added to L12 to produce L17 (SEQ
ID NO: 238). The produced 1.17 was combined with HO to produce HOL17 (H chain,
HO-MS8/SEQ ID NO: 136; L chain, L17/SEQ ID NO: 238). Each variant was produced and
purified by the method described in Example 4.

Each variant was assessed for the affinity for NR10 and the biological activity by the
method described in Referential Example 10 and the method using BaF/NR10 as described in
Example 2, respectively, and they were compared to those of HOLO (H chain, HO-M58/SEQ 1D
NO: 136; L chain, LO/SEQ ID NO: 56) and HOL12 (H chain, HO-M58/SEQ ID NO: 136; L chain,
L12/SEQ ID NO: 237).  Since L12 contains a sequence that improves the affinity, it exhibits
about two times higher affinity than HOLO. The result of affinity measurement is shown in
Table 15, and the biological activity determined using BaF/NR10 is shown in Fig. 24. Both
affinity and biological activity were shown to be almost equal to those of HOL12.

Table 14
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H42L17 (H chain, H42-M58/SEQ ID NO: 227; L chain, L17/SEQ ID NO:
238), H44L17 (H 15 chain, H44-M58/SEQ ID NO: 228; L chain, L17/SEQ
ID NO: 238), H46L17 (H chain, H46- R/F58/SEQ ID NO: 229; L chain,
L17/SEQ ID NO: 238), H57L17 (H chain, H57-M58/SEQ ID NO: 230; L
chain, L17/SEQ ID NO: 238), H71L17 (H chain, H71-M58/SEQ ID NO:
231; L chain, L17/SEQ ID NO: 238), H78L17 (H chain, H78-M58/SEQ ID

NO: 232; L chain, L17/SEQ ), L1/
Namer 102 MSBISEQ IBENENERS; Lig %&8",@3 ' %zn@ bé@ﬁ'ir%%%?wﬁ@ﬂé%%mﬂ

Ld-1 Hgﬁ@BQH R:F%EHH@%-M%/SEZ@D NO: 23% L chaln ﬁL50/s§€®SEN NGFLA
239) were fd ¢ [ENR-ddrfAnt was produced and purified by the&-R&a: 285)

de Eachv jant was assessed fog the af
Ld-2 ﬁ:ﬁl\ -;jwty y the metﬁid descrlbéd in R@%ﬁ%ﬂﬁ‘

, Rﬁ%bw Ho: 286)

nnla. .. ha. ..,___._.g na.BakE/NR10 . as.described.i

Example 2 respectlvely, and they were compared to those of HOLO (H
Table ?$aln HO-M58/SEQ ID NO: 136; L chain, LO/SEQ ID NO: 56). The result
affinity measurement is shown in Table 75 16, and the blologlcal

activity determined usﬁ 01s;sh g 25- ey
affinity and blologlcal @/ﬁg iﬁ@évj] bre u'v Wioba
H(fﬂ-(l@s) KD(M) HOLO 2.1@t

(L3ED4 5.26-10 HSOIS.% 57 0453 40 Hg{g}g g+8g
o 7E+0 L +
Hﬁﬁ i Rt

+05
5.5E-04 7.7E-10 H71L17 EO 1.2E-03 3.3E-09 H78L17 6.1E+05
7.0E-04 1.1E-09 H92L17 3.1E+05 1.3E-03 4.1E-09 H97L50 3.6E+05

[Exam 1%52(]331?& a@%n'69%91&&%%&%&%5‘29:%%&ﬁgﬁample 13]
r?ﬁé the binding domajn of anti-NR1 O neutralizing antibody
Pr

I BHt %J&E%%%Wﬁbf‘epéwm&ﬁefﬁh’ﬁ’@%g’wﬂiﬁé’?@ mutations
that rederethepbddinepbtthanfntmaygeasdltheybarexdstonlbfl i demnams] aadlice the

1mmmﬁggE@%%i g %@?HPk@ﬁi@ﬁ%%%&lﬁﬁﬁ%%@%%k!&éﬁ@(ﬁﬁ%S/SEQ ID
NO: Ig %1 (I{ng\dSZSS/g Q ID NO (357) or LO (LO/SEQ ID NO: 56), and subjected to various
screening procedures.  As a result, H28L.17 (H chain, H28-M58/SEQ ID NQ: 224; L chain,
L17/SEQ ID NO: 238), H30L17 (H chain, H30-M58/SEQ ID NO: 225; L chain, L17/SEQ ID
NO: 238), H34L17 (H chain, H34-M358/SEQ ID NO: 226, L chain, L17/SEQ ID NO: 238),
H42L17 (H chain, H42-M58/SEQ ID NO: 227; L chain, I.17/SEQ ID NO: 238), H44L17 (H
chain, H44-M58/SEQ ID NO: 228; L chain, L.17/SEQ ID NO: 238), H461.17 (H chain,
H46-MS58/SEQ ID NO: 229; L chain, L17/SEQ ID NO: 238), H57L17 (H chain, H57-M58/SEQ
ID NO: 230; L chain, L17/SEQ ID NO: 238), H71L17 (H chain, H71-M58/SEQ ID NO: 231; L
chain, L17/8EQ ID NO: 238), H78L17 (H chain, H78-M58/SEQ ID NO: 232; L chain, L17/SEQ
ID NO: 238), H921.17 (H chain, H92-M58/SEQ ID NO: 233; L chain, L17/SEQ ID NO: 238),
HI97L50 (H chain, H97-M58/SEQ ID NO: 234; L chain, L50/SEQ ID NO: 239), and H98L50 (H
chain, H98-M58/SEQ ID NO: 235; L chain, L50/SEQ 1D NO: 239) were found. Each variant
was produced and purified by the method described in Example 4.

Each variant was assessed for the affinity for NR10 and the biological activity by the
method described in Referential Example 10 and the method using BaF/NR10 as described in
Example 2, respectively, and they were compared to those of HOLO (H chain, HO-M58/SEQ ID
NO: 136; L chain, LO/SEQ ID NO: 56). The result of affinity measurement is shown in Table
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ID NO: 260), mmh (SEQ ID NO: 261), hmm (SEQ ID NO: 262), mhm
(SEQ ID NO: 263), and mhh (SEQ ID NO: 264)), were fused to His tag
and Myc tag (HHHHHHEQKLISEEDL/SEQ ID NO: 287) at their C termini,
inserted into an animal expression vector, and transiently expressed 15
using FreeStyle 293 Expression System (InvitrogenTM). Schematic
diagrams for the human/mouse wild-type and chimeric NR10-ECDs are

16, an8HERM dMb ikl 261 Ve dMiepRnBIOLSE MR IMTE and SRimericiaptigensind 25-2.

h, m hm, mmh, harm, mhm,..and mhh) were purified from culture
ot o R R S AR T ROt B SRR HEA I o
greaten thapghiieNT ABWperflow (QIAGEN) was loaded onto 20 Poly-Prep Empty
Column (BioRad), and 30 ml of each culture supernatant was added
;‘!- reto. 76 After washing with D-PBS (Dulbecco's phosphate-buffered
saline ini ' ' imidazole, the

HOL ot cutcof of 1 Ok 2 (b Qebon o bR B Shtge by N
s core ey U (OLE O a0
Hg@glﬁzylamide gels ( agﬁgﬁﬁchg.ﬁi&@ﬁ Th ragﬁﬁv@re
e T 2B DOm0
H42Ln’ﬁaﬁing S%pskim %é’" bragza?/ "Rcabate 5 | of
AAWNANE 8LL 7 (detectg;%m%r humﬂggmti-humiggggg

H4 4t |
éEIL?QZﬂV); another with 5 D41 éde ectign systemfor mouse
H4 iHhiman NR10O an h

" RO ,"!b%k_ﬁhe of @Mggnﬂhﬁm&dyk
H5m§e£‘é’ioniyéém o0 ot RS Rikperalind o ok hour.
H7 bkl fiashing :_T)re;_ tiae?ﬁﬁ'r@ tcgﬂtama-ﬁ)@"/g T@@BEP;O@ the
H7§E§Z nataselabeledGodtat laman 1oL HERROURDE BA00

o 2o Dhosotece e ag o s O (A £
Hg?#%g) Waz used éﬂ (ﬁgfﬁlgnousﬁgﬁﬁﬁ%n NI%G%ERQQ and

e A BB o B OB 00

room temperature for one hour. After washing four times with TBS
[Exam@OiaiNinga Q5% M%ﬁ% 2Bnighibragminries.cRlan deyeleRmRayt was
carried out.using BCIP/NBT. Phosphatase substrate, 1-Component
(1) Pregaratign & pin Oﬁﬁ?@&ﬁ@@o&@ﬁﬁé’}‘ﬁ@é@%@%as prepared by
disSuhdene e Braqebnk bimB S (TrindusHevad-tatine) powtlel( TakaRa)ain thimeric
extracOhHIFUGH MRS NI BIHLSEENPY £3@) 2imm (SEQ ID NO: 259), hhun (SEQ
ID NO: 260j, mmh (SEQ ID NO: 261), hmm (SEQ ID NO: 262), mhm (SEQ ID NO: 263), and
mhbh (SEQ ID NO: 264)), were fused to His tag and Myc tag (HHHHHHEQKLISEEDL/SEQ ID
NO: 287) at their C termini, inserted into an animal expression vector, and transiently expressed
using FreeStyle 293 Expression System (InvitrogenTM). Schematic diagrams for the
human/mouse wild-type and chimeric NR10-ECDs are shown in Fig. 26.

The human/mouse wild-type and chimeric antigens (hhh, mmm, hhm, mmh, hmm, mhm,
and mhhb) were purified from culture supernatants by Ni-NTA Superflow column
chromatography. Specifically, 1 ml of Ni-NTA Superflow (QIAGEN) was loaded onto
Poly-Prep Empty Column (BioRad), and 30 ml of each culture supernatant was added thereto,
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When the humanized antibody or mouse antibody was used, the binding
was detected only for hhh, hhm, and hmm, which are NRI 0 extracellular
domains. 30 [Referential Example 1] 8olation of cynomolgus monkey
NR10, OSMR, and IL-31 genes Since the cross-reactivity and neutralizing
activity in cynomolgus monkeys were considered important for safety
assessment at a pre-clinical stage, the cynomolgus monkey NR10 and

After VASMB gaaeswe&rmtatedoarmﬁh\ater&ﬁﬁ@i@nedzb@aaﬁ&thwtiww sodium
chienc&nwlwgnﬁ azo e onk enom ug &%0 E%ss}&%%dcon a%f%lotl% mM sodium

enes were SUCCGSS U ampﬁF rom cynoimo
chlonc}ﬁ@ﬁﬁgﬁ

DandrenifeBnA. Th@e%bé@fhéﬁ@ewf trréqb@r%tfé@xeyn@gﬁélwﬁ D-PBS and
conceraRKAYINR AL icXaM Ry 2 ilinsth g anes ArecIbayn SRR NOS: K.

69, and 67, 77 respectively, and the amino acid sequences of

cynomolgus monkey NR10, OSMR, and IL-31 are shown in SEQ ID NOs:
(2) Deggtizn odmind8respeetibelyy fRerareiotizn Example 2] Establishment of

NRA6h anth wgaﬁwrgo%@é% ipem@ cHig dul-lemgth hyyman

C ID NO: 75 [ sertedr tot ee pr sro ector
electm%'@% eﬁ@é’% aﬁ&%\}%@%‘l?@ BT Dighe) iy picals Co)
The pregeuitingeedtotrawvasnntamed %@m?N@f&@M&mdeMebenetﬁmt -dry blotting

appmaa@%&%%m@ea&aﬁt@qﬁsaééQWB Y0039 Yo SQltRGIDY R4R
from a huma}gﬁfﬁice tal I|brary the elgPressron vector pCosl-nOSMR

membiang WaRh Sk ERekdty h%é%?é SAGRtETHAR DB dQrpmppized
anti-hgiran &R EO astibirtygcarcebeinta tin 6 uggnl «F-NEPE (et gpian Bysedhdfrivaduse

anti- h&ﬁﬁd'm%%@ﬁﬁ'%&%%ﬂeﬁo@%daﬁ?W%ﬁ%e@?@gﬁn&@%\@m #5c-789)

After int roduc ion, human IL-31 (R&D Systems) was added, and the cells
S00-tiges Gilyig bt @ﬁtaﬂr@e&mé RIS sieRIfcHMye tag) at room

tempepitolifdiatescdhan.|IL-31-dependent manner. Furthermore the cynomolgus

m Wi ( 7

1592{%3@%%%%%?&%%8 }ﬁr:g%}gcgeg)?ﬁ%ﬁ& cel m@%m H%%%%Llldary
antiboges Iifg BARGAedUsERREIE IREasBaiE e PHORROR ateﬁr&»ﬁké&ata@n -human
[gGy (RROSOTURE] ROBMRBoF3xthaiull teﬂgt&rctymam@igd%mqmmmm antibody;

L Lo
mouse| i BYRNRIDREhesndp and dkalinpahe trré%tﬂ:rrttﬁtbbit IgG
(SantaSliperatamicleasTibessakoyes a@e[cRet@teragal Evtemr:ﬂetﬁ)hliﬁt@tabﬁﬁmem at room

sin Il lings ene yto asmrc o
e Q%E?ééuﬁum%ﬁ%ai%&# SORETY SR ERRE powe Tueen™ 20
for threp FHIAACKI] pMotomrn W@d%@l{@ﬂﬁ@%ﬁ ﬂ)’@@péaé@@wubstrate
I- ComﬂSﬁéiﬁCSﬁ@te@lf‘(ﬁma'@BSth Axessien VeEiey uIé@Hﬁ@HﬂHﬁ% BSby dissolving

riz th a rest ctlon 25 rnt int
ap aCk(?EI f?{rrsegbfg by%fe Proporat ?n@éﬁ%ad ene Orgle result is
ShOWHkIV)FIAft%? .drug selection, NR10-expressing cells were selected and
estehlighré lﬁh‘nﬁ@i\éﬁ%@ﬂbf&ﬁr l&'ﬁﬁ)@é@hﬁﬁﬁ&@WﬁlQ@ﬂ“ﬁ%mﬁﬂ% AN tected

only for%%k?%nc rﬁ%%d%%m%( are NRl 0 extracellular domains.

[Referential Example 1] Isolation of cynomolgus monkey NR10, OSMR, and 11.-31 genes

Since the cross-reactivity and neutralizing activity in cynomolgus monkeys were
considered important for safety assessment at a pre-clinical stage, the cynomolgus monkey NR10
and OSMR genes were isolated. Primers were designed based on published information of
Rhesus monkey genome and others, and the NR10 and OSMR genes were successfully amplified
by PCR from cynomolgus monkey pancreatic cDNA.  The sequences of the isolated
cynomolgus monkey NR10, OSMR, and IL-31 genes are shown in SEQ ID NOs: 65, 69, and 67,
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nucleotide sequence of cytoplasmic domain-lacking human NR10 gene
(SEQ ID NO: 73) is shown in SEQ ID_NO: 74, and the amino acid
sequence encoded by the nucleotide g@quence of 30 cytoplasmic
domain-lacking cynomolgus monkey NRI O gene (SEQ ID NO: 71) is
shown in SEQ ID NO: 72. [Referential Example 4] Preparation of NR10
protein (extracellular domain) The human NR10 cDNA was used as a
respecteralplated champlify ocily thpiexteacd ifapnd glomainiey RER), THEMR, and 1L-31 are
showrdIRlfisrIaeinn yasihanibpeddpepFAC tag sequence at the C
terminus and inserted to a mammalian cell expression vector. Ten g of the
linearized vector 78 was introduced into Chinese hamster ovary cell line
[ ReferBx@dAUHyneiget?d pitabidsh (BoRENG ¢HexRIM3B M R2&:Pretsmk\Ba/Rcedl liiges

Sh@wf;rfqlhagng&vrﬁhﬁmﬁ%@ema ?gg%z{}%* ﬁ@%@ugmgégﬁég %&%@prmsm

line cultured on a large scale was purified usin
vector it (SFRET AR GBI HRERC BB R b TS NR TR e seiing vector

was naaeipaoeNiR s0/BibleAn MRbEX:ISSRDBeR S QN WMY{. anshielagetiesion No.
NMOO%@%?%%%@ té%i% %’@rﬁﬁ%{% age Ff%gr%'r}tré' : %)%%m ('98 elstlﬁn vector

Preparation O anti-numan |es IcCe we mmuniz

pCos 1B RRaDprstaipted i e e wennsin) (d8suiped pf Refadptivere
&mult@@s’iﬁﬂmﬁlﬂﬂm&ﬁd&ﬁﬂ?{mmﬁa WEBedé@ﬂdéﬁﬂ M@%M\I@éﬁ%&éﬂﬂlﬁ@@aﬁ 3 by

electro-rlg_) L&%oﬁo ti}%neq@tﬁsms ﬁg%%{ggm% \évzg rnetra f se or the[L 31

g Activi y using e hunLiLah
(R&D(ﬁmmh%mméam my@lbsmtfe@wﬁu@féw’mm@@ﬂm@ez and

(hNR therehyNAR33 l\ﬁmlt}%ﬁﬁ;&m&lﬁié&ﬂ%ﬁ@% mgi?%éW@%h%&%léia|n§%hemore, the
ermaore Immu rred ou as-driven,gene
eymon o e O e e
6XpreSNRi1@et§éwer(tQ Brebuped 1m8)CEK ceB hly@ﬁlﬁﬁas Me@p@p&@dibwasupematant
was o&@ﬁi&@tﬁﬁﬂdﬂ%@ﬁ?@mﬂ%e@%ﬂlgﬁ St u Q%r%ﬁh@{ﬁr?i Gﬂ?@ﬁl‘%l?%gpﬁn @i(?e‘%?‘ieiength
sSesse acuvity usin e man ependen
cvmon g Rtk e hSEoH R PG B S pfior PCOS
and exgnebshéioBaND4¢lwtvct anasamdiRy Gordunalizidg -detivitgentascbibtained.
(cynNRAdRIRISNIRIB1arpis GLELeRAIRiRA o4y %%ﬁﬂ%ﬁ&&%%@&é@@ﬁbed above.

amino acid sequences of heavy chain and light chain variable regions of
NA633 are shown in SEQ ID NOs: 104 and 108, respectively. The amino
[ReferacithkEgamptes| dis@DRhGDRY, I\th@aﬁessiﬁltgléiﬂfi%qﬂdhaim variable

regigp n%'éﬁﬁ%ﬁ ISR RR QR BHIBNO: 73) and

respec ively, while those of CDRI, CDR CDR3 0 the |Iiht chain
cytoplgsmitonaiisRIang &YSRBYOHEHT SteekRy oW {9EQiHNEY S Dhwere each inserted to

a mannesfieatoedllyxpratiienmecayra chim emhmgomoﬁemmﬁmmmma restriction
enzym\éagﬁz? I&xéﬁ%@ﬂﬁ%ﬁ nﬂg@ﬁéo&ﬁqgﬁ%l?ﬁgﬁgﬁ g}’ %%%gdgg thx%;' ﬁ)awe}sene Pulser,

pI’O uced 3& a conventional meth erere reparation
25 UE ok RUPMI- %@Wﬁ%&@%&%@ﬁﬁ%@ﬁﬁa&yﬁée 3046icDqad established by
FCM sedlysdiiitpautiloameh 3IRbinhtibody., The amino acid sequence encoded by the

nucleotide sequence of cytoplasmic domain-lacking human NR10 gene (SEQ ID NO: 73) is
shown in SEQ ID NO: 74, and the amino acid sequence encoded by the nucleotide sequence of
cytoplasmic domain-lacking cynomolgus monkey NR10 gene (SEQ ID NO: 71) is shown in
SEQ ID NO: 72.

[Referential Example 4] Preparation of NR10 protein (extracellular domain)
The human NR10 ¢cDNA was used as a template to amplify only the extracellular
domain by PCR. The amplified region was then fused to a FLAG tag sequence at the C

terminus and inserted to a mammalian cell expression vector. Ten pg of the linearized vector
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Since the NS22 antibody is an NRIO-neutralizing antibody, its binding to
Fcy-receptor may be unfavorable in consideration of the immunogenicity
and adverse effects. A possible meth6d for reducing the binding to Fcy
receptor is to select IgG2 or IgG4 instead of IgGl as the isotype of the
constant region (Ann Hematol. 1998 Jun; 76(6): 231-48.). From the
viewpoint of 35 Fcy receptor | and retention in plasma, 1IgG2 has been

was intmxisi:ﬂr'&dcmhﬁa&ieﬁaaﬁl&eﬁbamr}g@ﬂ (NaDBittdohalel 2} 7aDec (BR(RAY Gene

Pulserti389 rﬁ?@l I\gI%%erhAe é@mﬁﬂ: ?Hh %qg]hfe@%}/%%??gﬁgﬁ @‘Jgs obtained.  The

pharmaceutical, properties o eln, partic omogenelty an
Supemgf%m the sakidmg c H%ﬁ%ﬁ%am @@qw@@%@ ApbHEd {6 antibody
columhamsgmr)yahtg@ehﬁlam‘gmrteit;bt@i&ﬂﬂhgﬂemme dizielidelbsihdissiy tie@ce of soluble

NR10GEIFOIPND B o, 200840 05 281221 1020040 509 130, 78

would be more costly’'to manufa cture i armaceutical in a rge
scale while 5 maintaining difference in the heterogeneity of desired/related

[Refereﬂﬁﬁltm&dﬁ@P@e?ﬁﬁ&ﬂ!ﬁi%ﬂ@ﬁiiﬂﬁﬂﬁdmm afmidAccordingly, it is
deﬂrgg that the. %lfllllgzs t(? %ﬁl?l%m&lm ISO ?racgl?sltan S gz‘(]i%scmbed in

as pPossli en antl pe are deve ope

Refer@ﬁﬁah’ﬁ&@@mmé)smélﬂ?@m toereduiepathe heerogesignabsuttimyifrofhe culture
supern@iaHti&F DRRERYbAIbRIE lrarria %ﬁ@@dﬁ@x@i@’n@aﬂrﬁh@ﬁﬁﬁﬁ@ﬁd’ﬁﬁ H%éh[ﬁe human

131 gg%?;%r%%{; %Of tlﬁgﬁﬁ% uteé%ﬁs a res It ol%eri%a%ﬁiw]na?ﬁ?){?‘glon @%ﬁ%mﬂez and

therebyNants @1@@2{5@@4&1@&m@@l)zwmm@@mémnegaon obtained by
a'@ﬂé‘iﬁe%@ @Wkﬂﬁﬁﬁﬁ%ﬁﬁiﬁénm @Eﬁifé@%}ﬁt@@'@'gﬂslﬁ%& Eblin using a
mberi uences o mmunolo eres
T R £ A - TR R AT Nl BY T W g0 75). and
hybrld@@g Y@I@qnsmmdé:guemseqnm@nceltm@énde ahtelysites regpectively, ciibese
hybrldﬁﬁﬁéﬂge‘;}é{%@&@eﬂtﬁf‘%@H@ﬂi’ﬁ%[ Y Qéﬁ@ﬂf%&ﬂl@tﬂé%ﬁrﬁﬁ% 9PRfehendent cell

e R e R R S v

has andr¥R {§ -alterairingystaiite wrEtbauradering position 219 in the H-chain
upper hinge to serine, and to alter only cysteine at EU-numbering position
220 to_serine. Thus, constant 20 region SC (SEQ ID NO: 153) in which

[Refergpiial; RS AEWBWHB%%ENHH&%@W?G@%%’%% altered to
seffihe aandccarid tentiragern TS {GEQAN MO 1k kinivikiahabistejfienatof NA633 are

showrbin T8RS HRYs PRFIUAA ?@Q iy !El% 15;? begn. %H-ﬁé%d%Ecg%ﬂS%&?r CDR1, CDR?,

roduced. huPMI-SC (SE huPMI-C
and CRR3AF fhesheaEehen Keya @g)eaﬁmb RIS Tseoherrar SBE)RAOS: 105, 106,

and 10WPMbSKRG, (SR MBSO IEDR WHITIRMened Zﬁ)mrjﬁtﬁd lighﬁﬁmmmﬁﬂable region
are sh&%q% g]féqggp% ggo‘fif@ ?%le %gﬁ;%%é&% ynnox(ﬁeo 1merlc antibody

[gG2 (SEQ ID N with regiort of the umanlie
betwe@h@?ﬁ@@ﬁ@%ﬁp‘f@%ﬁﬁﬁé&@ ammﬁﬁmwonéﬁmmmm@ qhein, x) was
produdN@b¥exdnehaibndarialedegion huPMI-VL/SEQ ID NO: 156)(Cancer

Res. 1993 Feb 15;53(4): 851-6.), were used as an H chain, and huPM1-L

(SEQ ID NO: 162}2 was used as an L chain, to produce each antibody.
[Referenip) Example 7] Preparation of huPM1- SKSC in which the heterogeneity of wild type

Ig(G2 is reduced without loss of stability

Since the NS22 antibody is an NR10-neutralizing antibody, its binding to Fey receptor
may be unfavorable in consideration of the immunogenicity and adverse effects. A possible
method for reducing the binding to Fey receptor is to select IgG2 or 1gG4 instead of [gG1 as the
1sotype of the constant region (Ann Hematol. 1998 Jun; 76(6): 231-48.). From the viewpoint of
Fey receptor 1 and retention in plasma, IgG2 has been considered more desirable than IgG4 (Nat
Biotechnol. 2007 Dec; 25(12): 1369-72). Meanwhile, when an antibody is developed as a
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30 antibody was expressed and purified by the method described in
Example 4. The antibodies were compared to each other in terms of the
heterogeneity. The heterogeneity of dPMI- -IgGl, huPMI-IgG2, huPMI-SC,
huPMI-CS, and huPM1-SKSC was assessed by cation exchange
chromatography. The chromatography was carried out using a ProPac
WCX-10 (Dionex) column, 20 mM sodium acetate (pH 5.0) as mobile

pharmpbage#, prog20:35 MM postiim mémthﬂ%blm@gf(@ﬂtﬁ Ahdasabitbfleare highly
imporﬂﬂ?seﬁe é{@?ﬂ(ﬂ?}%%@ %te%ﬂ?(y}%ﬁ{%?@ga% i gﬂ“ﬁvev'{r%%r:&éﬁéq ge% 6t1ng from

assessmen ycatlon exchange chromatogra
the SR G G P e 8 FRBPBOM P e S Tagi6n TGP Igga s no

easy ambmaﬂédbethedﬂetemgemawnhﬁamnﬁ asmstﬁmm@eaeifyawwman@ dlile
mamte{ﬁl 8%%8%89 Qge%?ogpera 99&@?@ %5 § %s %hlleaﬁgx?;é?gnrtoducts

n SC resulted in consi ere UCtIOH 0 terogen

reSﬂi‘ﬂ@&%@nééﬁaé%ﬁreg?@ﬁ@@%@ﬂéﬂ%é%ﬁ%tmﬂmwm@ﬁb@@g@w@/ of a single
substabcWhemn ampb@ﬁms d“ﬂ@@ @ﬁﬁkﬁmlbb@d&fﬁ@@Qg‘ﬂgﬁlsdi})ﬁe%’@@@lﬂoped as

pharm ge?ﬁ?%i@% ntlbcP goy % Stabl“&éent aged ILti mg?fﬁ om disulfide bonds

etero ehelty?ort e pro tion o sta%li%g pre rations 0 assess
Wltho‘%h@%’ﬁﬁﬂ&t)flhﬂtﬁéﬁhﬂé‘r}’nal denaturatlon midpoint temperature (Tm value)

was datey ml?@ﬁl@é/tﬂg fereptial ReANIMBCRAIRIINBE PS5 &)sMRPRGhe hinge region
d CMC gr%%L ev[rg}glsd qab tlon mgd o tt perature %1-? Variozls variants,
ane - Servesad An'fndicator of ?a ity 1Y F&g 36%%%
SKSCrfefariddidie: &2 praretatcutioatin mgﬂlﬁem@nm’aﬂ iealittingioysieiigpaiposition 131
and m@@ﬂi@@é@%&%ﬁgﬁq g@'gﬁ%@fﬁﬁiﬁfﬁgﬁﬁ% E{f?e%@és%@ %@egﬁ& %ﬂé}munoiogwai
. - us, hu u
et A b S Lo e LBl b oL o8 pe 1eG2

constaatmg'teﬁmguﬁmaua@ir(pwﬁcbl)ysﬁmsy%mmm\é))cbﬁmmmysteme at
EU—nde%@ﬁHﬁEB@iﬁ%W@q CHHRAPIESING fg %Qe%é@gﬁﬂl:(ﬁggf@&%ﬁh% the heterogeneity

ting rate in 15 between he denaturation curves

f1C/
WithoQl TR B BELH o WL 8 ThEOTH GoRIEC e feeesine
heterodemujnarate hkbecbmhﬂ@zbtaﬂe?abé]tfmu’ﬁﬁi&lﬂrﬂﬁ;ﬂamm(ﬁl theFiAtH @G lupper hinge

to serz%‘ a%d% 5‘1'[9%33 9st|3H1éL a%ﬁ@%imﬂ g§t§§1 QZB% s§r§1g 93fh115290nstant

Tm values of huUPMI-I and huP G2 were almost the same,

regmr%%@?%%&%%dé élgs‘ﬁ Wé%@t TS RAGHAB AHeiTAgO2 has been
altered/adsesind, hul MisSEnangBh CHIPMNICCD Wede Hohuih $Gchndyiahinas EU-numbering

positi(ﬁ{gﬂﬂQﬁqgémgrb%ﬁrhﬁépéfﬁ fsgﬂgykgg;ﬂn%%ced.

huPM1-SC (SEQ ID NO: 157), huPM1-CS (SEQ ID NO: 158), huPM1-IgG1 (SEQ ID
NO: 159), huPM1-1gG2 (SEQ ID NO: 160), and huPM1-SKSC (SEQ ID NO: 161), which were
prepared by combining the constant regions produced as above, IgG1 (SEQ ID NO: 60), and
IgG2 (SEQ ID NO: 132) with the variable region of the humanized anti-I1-6 receptor antibody
(H chain variable region, huPM1-VH/SEQ ID NO: 155; L chain variable region
huPM1-VL/SEQ ID NO: 156)(Cancer Res. 1993 Feb 15;53(4): 851-6.), were used as an H chain,
and huPM1-L (SEQ ID NO: 162) was used as an L chain, to produce each antibody. Each
antibody was expressed and purified by the method described in Example 4.

The antibodies were compared to each other in terms of the heterogeneity. The
heterogeneity of huPM1-IgG1, huPMI-IgG2, huPM1-SC, huPM1-CS, and huPM1-SKSC was
assessed by cation exchange chromatography. The chromatography was carried out using a
ProPac WCX-10 (Dionex) column, 20 mM sodium acetate (pH 5.0) as mobile phase A, and 20
mM sodium acetate/I1M NaCl (pH 5.0) as mobile phase B, with an appropriate flow rate and

gradient. The result of assessment by cation exchange chromatography is shown in Fig. 12.
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huPMI-IgG2. On the other hand, the Tin value of huPMI-SKSC was about

94C, and almost the same as huPMI-IgGl and huPMI-IgG2. Since the

stability of huPMI-SC and huPMI-CS 8fas markedly lower than that of

I9G2, huPMI-SKSC in which cysteine in the CHI domain have 5 also been
altered to serine may be more preferred in the development of

pharmaceuticals. The significant decrease in Tm value of huPMI-SC and
huRMEG&nds EqmpareshtelgGRomay benstet ﬁ@ghmdisu{ft@erbmdirgxz increased

the heBRIIBHL Y NUENESE A EMECR et dflrent om0l dgGe

hermore, comparison O the naturation curves s
Consw?fefﬁg%a?a*ﬁ’ah Eéﬂffow é%%ﬁﬁ&@%@@ﬁﬁ“fb‘ﬁ?ﬂﬁﬂpws@@ﬁﬂéﬁde‘iu‘?mﬂ of the

heteroguie MI-SK S K8 lediywas fidanl€r9 miid-ﬁdﬂﬁﬁﬁﬂc&@t@ﬂd}btb%wh@ Setbatyeneity.
th%@g\é% %Plbd%ffl thevfa%ge(?zsgav%ae Shc?el{il Ipﬁak o th?& QfESTre that the

temperature SI omanli) natura on pea na uration

antiboge hivvip Debcstaibisr impdsionied amdnsar aracitstonthe gifgleciomplosiebie
preparfifinay tecomebiaachwhepiime ok m@@@mmmvmm&m% ture (Tm

e R
1hem9éé‘#¥k?@ﬁf@ﬁﬁ§1 %d@ﬁaltﬁmméiwe&ﬁw@imhﬂmbﬁg@zmvaélmipr@cﬂwédlm In
order 1B L}HPMJH@@@(HQ MEMt@ﬁs Js%‘ﬁaﬂﬂ%@%%%gﬁ@&%ﬁ%%@fﬁ%ﬁ@h'ﬂudpomt

b I e, GHE S Aoy 18 et bk 3y cyine

huPMinighel hlm?é/f ie@@ﬁ Buﬂ%b&ﬁaﬂmf’fﬂé €8 @tuiﬁalBMi dacr€aserthéialyzed against a

solutiocR@SEIPAANEHY BPRGafeH BISHRPIE: @S e sRed aRee iR 8Yand DSC
tto at of natural 1I9gG2 by 20 alterln

ossible to attal stability equiv .
mneasuSERGHN A5 SHETR R AR PO P RbRIAET 4he REAHUEHEIAL A /min
betweatedtibed HPF6\ve, Bhetdaeranstantregionsindhich e detdogeneiys. 13. The
Tm val8SUHMEO dEMRAGRARN OaR2 Hashgen reduced, it was

discovered that SC and CS, which are constant regions in which only
cysteine in the hinge region has been substituted with serine, may be
Table iﬁsufflment from the V|ewp0|nt of heterogeneity and stablllty, and that it is

| malntalnlngthe stabllltycomparable toIgGZbyaddltlonaIIysstltutlng T
cysteine at E reg position 131 in the CHI dom h™§erine.
uch constan eglons mclude SKSC [Referentlal Exa 8] duction

y
regi m&mz blndlng domain of IgGZ?@ egion,
ther positions 233, 234, 235 re of
non-binding type, while the residues at EU-numbering positions 327, 330,

and 3 Ha@i@jﬂ igm of 9G4, which are of n@ﬁggg type.
Thus ry amino acids at EU-nu sitions
327, 35 330, and 331 to the sequence of IgG4 (G2Aa in Ear J Immunol.
1999 nhﬁngQ wever, since the amino aCiq at Z
EU-nu alanine in 1IgG4 while it is Rreénine in
IgG2, mere alteration of the amino acids at EU-numbering positions 327,

F0ahuPM1-CS 86. 4
hoPMI-SKSC 087

The Tm values of huPM1-IgG1 and huPM1-IgG2 were almost the same, namely, about
94°C (1gG2 was lower by about 1°C). Meanwhile, the Tm values of huPM1-SC and
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331 to the sequence of IgG4 will generate a novel non-naturally occurring
9-amino acid peptide sequence that could be a T-cell epitope peptide,
thereby causing a risk of irmnunogenftity. Thus, it was found that the
occurrence of the novel peptide sequence could be prevented by 5
altering threonine at EU-numbering position 339 in IgG2 to alanine, in
addition to the alterations described above. In addition to the mutations

huPM texcried ai@@ve6Pn§tmga}ne@t£gdzﬂumb9riagrep@sdﬂqno%%%@murpg@d and

I|n to im l0G condition
e e e S Bl ST CRRNST g o
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nd 133 will ener te a novel.non: nat currin mino acid
also bes B B o e GO RO By s apgls.  The
Slgmﬁaaﬂtsli@remn E@g@ﬁI@ﬁwmeMth%Cp@mhe%u@ﬁ@e evoumacepdsitigid may be due
to the é@&lf&l@&%ﬂ&ﬁﬁgﬂ%ﬁé@ﬁtﬁflﬂﬂmﬁh§§ﬁﬁ2ﬁﬂ?Mﬁt%ﬂﬁﬁ%‘@ﬁ@eﬂ%ﬁ%%&ﬁ that of TgG2.
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using huPMI-M1 n H chaln nd huPMI-L (S NO 162) as an L,

tower [RERRTE St ot By SR A B O B HeF ASRAARBASh R DSC
genera‘!lblé)welpaseshdm PMhd s BEGIR N Quird ) erit iR MinkgGle@ntke broad when two or
more SHEMAE 3 WPERASERCPRIVALINA NBIEIDARAGIEHRING CRURCXENANIRY it was

20 chromato rapq% by the metho described in Referéntia xamp]e
bﬂﬂﬁ e

suggest e iAtiAvE) b GEnemy WaBM s reeRIERESH FIPM DM Serponents,
and thénhBxbibS0SEG; @Raielmﬁgfﬂxam ple YdRredarabioPhdt IHEMEMEBWNIDS.  This

B
in the BeigERasRcits o et leGenany ihitHiestsrm v ke qet nad shieng 1@ﬁb@hmgc
reglondfdgﬁsamﬂlddyh&i’@}mt&ﬁmmfdfdecﬁz‘eigéfmﬁaidbéwg%n’&@db&em th@&urthermore, as

descriy! %J\pen ?Eg %%i dg é%% %ﬁ]a:ﬂlo(%[glll?ede%%%ﬁave é{l)eo tﬁ]lé% ?nat%urot’&%(}? by

C-terminal amino ycine and Tysi en repor

altering et any %@eﬁnyaw @3@@@@ regiom)buislsort haipmbavRiie drsmaimjor

comp@neribisl alsequanee i whishiipeGdgsminahiysing E&@Iﬁﬁgﬁﬂéfiwtf@sultmg from
ceotlde has b eleted ostt slationa ifi a on
e i A R R e contam

reglonfimSreenfsen éﬁ%%ﬂﬁhk%@ﬁmqmm guba@tﬁ@e@m:ﬂmeuraueaw be
msufﬂdmﬁfu@e;@&ﬂwmewys@memwsg&ewp igicoRbilbyte i hﬁﬁqﬁqg%ﬁﬁ}tﬁoéﬁ)le to

uci rmaceutical in.a.la cale while maiptaining th
signi Gy e B D e b SR s TG by
additigrdBusebistnbneassitioe sithbrnesiesing ipesisine 16 cosh@B@Hantbinigitiwish serine.

Such desirad thensubstiarogbe composed of a single substance as much
as possible.

[Referential Example 8] Production and assessment of optimized, non-Fcy receptor-binding
constant region M14

In the Fey receptor-binding domain of IgG2 constant region, the residues at
EU-numbering positions 233, 234, 235, and 236 are of non-binding type, while the residues at
EU-numbering positions 327, 330, and 331 are different from those of IgG4, which are of
non-binding type. Thus, it is necessary to alter the amino acids at EU-numbering positions 327,
330, and 331 to the sequence of IgG4 (G2Aa in Eur ] Tmmunol. 1999 Aug; 29(8):2613-24).

However, since the amino acid at EU-numbering position 339 is alanine in IgG4 while it is
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When an antibody is developed as a pharmaceutical, reduction of the

heterogeneity is desired. Thus, it is desired that the C-terminal of the H

chain has no heterogeneity when dev&oped as pharmaceuticals. It is

also desirable to prolong the plasma half-life of the antibody in order to 5

reduce the antibody dose. Thus, the alterations described below were

introduced to prepare a novel constant region in which the heterogeneity
threonateGrégiimal ot tetiohait tesubeen sedueed;Tha:phrrnagekitieies 1714330, and
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as substitute yCI serlne a tIOI’] ycme
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.was ed and th described | e 4. The
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nnmummwg@ne@u@@thm @@H&ﬂlwwme muhrb@samsmﬂbétj fio BgawaslecBverted into
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m”tat%iefb’lﬁw%t St %fa‘ﬂr%Basﬂé‘fBr H’éﬂﬁ’\)&ﬁﬂ’é}ut b8 W‘&@Bﬁ&%@%ﬁewm Ml4
(SEQ Hapi 18RS¢as35 chabtel b BdrhthmieTal/OE ahoRMidgGoS.8

hUﬂM'e!&%%SEMPM& atiod ofHEB T M7 4 35%5&%’3‘8 DLQf di’“ﬂrdvﬁ@ﬁzt as an

ow elimiriationy of IgG

r plasma retention rolonged retention
H hmm@@wng’“ﬁ @#Q%%@ 2 wﬁcﬁaﬁlwwwmﬂwmm%@s
descnbai\aagﬁfa@epubﬁixbigﬂerﬁole&’ﬁxke;(ﬂ‘dpﬁr&éhdﬁmmm4 00 BepNO9)63),

huPM T4 8215)&&6/ Hﬁﬁl\.ﬂc%@ﬁr@}@g H&E‘%&QQ?&P@@ ﬁéf@tgi%geggcﬁsﬁ%%%%mn exchange

molecules bind to FcRn expressed in endosome

chromataeuapbs oW HifimgtBasHissotme @dhrtxenprl 60ymaite 19G molecules

thatssleomot indtipdith Eﬁmmegfmwm@oaed@e@ iaded v | lysoseges,
huPMiNgggeound to FcRn are translocated to the cell surface and then
released from FcRn

[Referential Example 9] Preparation of huPM1-M58 with reduced H-chain C-terminal
heterogeneity and improved pharmacokinetics
Preparation of huPM1-M58 molecule

huPM1 is an IgG1 antibody. For the heterogeneity in the C-terminal sequence of the I
chain of IgG antibody, the deletion of the C-terminal lysine residue and the amidation of the

C-terminal amino group due to deletion of the two C-terminal amino acids, glycine and lysine,
have been reported (Anal Biochem. 2007 Jan 1;360(1): 75-83). Also in huPM1, while the
major component is a sequence in which the C-terminal lysine encoded by the nucleotide
sequence has been deleted by post-translational modification, there are also a minor component
in which the lysine remains and a minor component in which the C-terminal amino group is
amidated due to deletion of both glycine and lysine, which contribute to heterogeneity.
Producing a pharmaceutical in a large scale while maintaining the difference in the heterogeneity

of desired/related substances between products is not easy but rather results in increase of cost,
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10 into plasma again under the neutral conditions in plasma (approx. pH

7.4). 1gG-type antibodies are known to include IgG1, 1gG2, 19G3, and

lgG4 isotypes. The plasma half-lives & these isotypes in human are

reported to be about 36 days for IgGl and IgG2; about 29 days for IgG3;

and 16 days for IgG4 (Nat. Biotechnol. 2007 Dec; 25(12): 1369-72). Thus,

the retention of IgGl and IgG2 in plasma is believed to be the longest. In
and it generadsthed s diysediantizodiesusedods phatmadeiical agemsdres possible.

I I for further impraving the . . )
Whe“&ﬁ%ﬂ%%%%&%&?@?&%%%ﬁ%ﬁ%ﬁ%@ R SRR i i desired
Thus, s detived fedichp &d i elthad] dainhandricmzaneitingire developed as
pharmsecuents ol ¢zleoasiaabkeainddnBidlk Shemy BAQTi dapr i 282(Ddy in order to
reducetd Q%L sl mmunol. 2006 Jan 1;176(1): 346-56). 20 There are species

diffefences between mouse FcRn and human FcRn (Proc. Natl. Acad.

Scilys Ahodtsaterssiensiag) beBrogars jthiadrskst 0 wranadiettres! constant region
in whitti@dineab it gnitiodiem hayvinomniakpied LQNsiantdesien SRIHRRSS M kinetics

human plasma, it ma esjrabl assgess the binding to human FeRn,
has b R R P VA Lo e B RTRE A AAL Wi type
1gG2 rpodsp becngerzyed 780he9) 186 odstasbiment of the binding to human
FeRnrbakimis a samaiexrEECRMRA%4SRPHGREIIRUIL QlgnaNg:
bovePHmers %je(lrbgt%res%ared rbfsg% on th bllsh%;lé%%?_an FeRn gene ..
ADOVEIBERIAMEE (FERpCRIE TE18ea LB sy S Pt ~BRBRECTSEhEgons 1s
reducash @belirgitre Mhble jenmbeas prepiied 137RER sublkighieinaiticfibAne; serine at
positidh Q'Witﬁ%?@i@l@, Matathon: Egﬂ%&%‘é%@%ﬂ&%&%@? a@éﬁ@?@'@%%l@&ﬁon 355 with

the prepared primers. Using the obtained DNA fragment as a template, a
EIarpiREA A GRS 51 58 BB cORRAHRAE T o ve
substiteijios, @Weikt end 9Bineas posplifiedddy RAR4Andeirstitaddntoreduaniinal

hetero%@ﬂﬁfsgéj?ﬁ%q@- &&W@({M@ %%Péﬂf&&%{%ﬂﬁﬁ ﬂ&%ﬁf@g@g@%@: 164).

0 . Likewise, 10 oligo-DNA primers were pre
P M R DY ESE R OR AR Sere LSehtieras Mo NalSAeal NO: 162) as

an L, cBain WS, & 9&{26 pntiGREHH 699 3IH20RA) piAI BB EAMBGEneRceding the
w r C [ Hu-Plagenta .
N B B S e U errogencity
and stabilifry G ﬁ&&ﬁ%ﬂ e DN ERER e s s crinpiaxehapnromatography and
DSC, feagmdntigncoding the whole (32-microglobulin 15 containing the signal
re E‘Mﬁ?‘#ﬁ%@?ﬂ?ﬁv@ﬁ'ﬁf’&%@’ PCRand eerted Into an ARMAleni mss
cell expression vector (the amino acm?sequencew& huritan ’
was foaad {gshagiosinesd Besenoamsity opfhaubigpteoh siehili tr eR B Miphésied
by the following procedure. The prepared plasmids for human FcRn and
Table (]?g2-microglobulin were introduced into the human embryonic kidney
cancer-derived cell line HEK293H (Invitrogen) using 10% fetal bovine
serum 20 (Invitrogen) by lipofection. The resulting culture supernatant was
collected and purified using 1gG Sepharose 6 Fast Flow (Amersham
Biosciences) by the method described in J. Immunol.
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2002 Nov 1; 169(9):5171-80. Then further purification was carried out
using HiTrap Q HP (GE Healthcare). The binding to human FeRn was
assessed using Biacore 3000. An antffbdy was 25 bound to Protein L or
rabbit anti-human IgG Kappa chain antibody immobilized onto a sensor
chip, human FeRn was added as an analyte for interaction with the
antibody, and the afflnlty (KD) was calculated from the amount of bound

—alqlaaP=Ta M ~fad =44 W .;.-‘»-‘ ficall-rolein.dias=inmahilized .0nig.sensoL.chin

- CM5 (BIACO by the amine coupllng method usmg
Na-phosphate By TREE 6.0) containing 150 mM NaCl f/ ning
buffer. Then, an 30 antibody was diluted with the running buifer containing

0.02% Tween20, and injected and allowed to bind to the chip. Human
FcRn \g? ?M {% s the binding activity of @%nti@dy to
the human he affiaity Was calculated using BlAevaludfion
software. The obtained sensorgram was used to calculate the amount of
hFcRn bqur?mlm_s&anl%%nediately before the en? @man
FcRni the steady state affinit tfo
calculate the affinity of human FeRn for the antibody. 86 Pred|ct|ve
asses s-.:.:r':ai___.,; huPMI-IgGl and huPt@% uman
using- BRN T Ing activities of huPMI-1gGl [-M58
to human FcRn were assessed 5 using BlAcore. As shown in Table 19,

the blndmmf;g {58 was greater than that L%S M?IgGI by
aboutl M) huP 1--IgGI 162 h 58 17 10

pharmacoklnetlcs in human FcRn transgenic mice (B6 mFcRn-/- hFcRn
Tg I|ne 276 +/+ mlce Jackson Laboratories) was assessed by the
bEEdIbE 7N gtemtamintravenously administered once at

a Ci@%p%t%ﬁ@&(@t&%ﬁi‘??slé&deﬁlﬂﬂﬁt &Pﬂgﬁtﬁ%ﬁkéﬁ 7P f%‘?ﬁ%ﬂ? cﬂi@‘?o the

omﬁ}: The collected blood was immediately centrifuged at 1 0 rpm for

functiqu o Hnkte S RAC 15058 ﬁsaasétﬁagerwe%%Péﬁ&@maoémlw@%@dwuml
2007 3efrdé2pr7as-20C oWhelancomiirase. ifteeplasmasoriagitkationsval G molecules

bind t& ?@(Wé&%ﬁe@éﬂﬂ %o@é%?ﬂ%%&%ﬁ@%%ﬁﬁ%"&%ﬂ?&%%ﬂ?&{ﬁt@ %Hgg sgme {(approx.

I and huPMI-M58 in human usmgrE uman FcRn transgenic

huPMI-I
PH 6. QhicoVhle P EMalFeetBIR G A BECRIE A FE R PR ransfaris hinaan degraded in
lysosoReRntrandgenittmiein are translocated to the cell surface and then released from FcRn

into plasma again under the neutral conditions in plasma (approx. pH 7.4).

[gG-type antibodies are known to include IgG1, IgG2, IgG3, and IgG4 isotypes. The
plasma half-lives of these isotypes in human are reported to be about 36 days for IgG1 and IgG2;
about 29 days for IgG3; and 16 days for IgG4 (Nat. Biotechnol. 2007 Dec; 25(12): 1369-72).
Thus, the retention of IgG1 and IgG2 in plasma is believed to be the longest. In general, the
isotypes of antibodies used as pharmaceutical agents are IgG1, IgG2, and IgG4. Reported
methods for further improving the pharmacokinetics of these IgG antibodies include methods for
improving the above-described binding activity to human FcRn by altering the sequence of [gG
constant region (J. Biol. Chem. 2007 Jan 19;282(3): 1709-17; J. Immunol. 2006 Jan 1;176(1):
346-56).

There are species differences between motlse FcRn and human FeRn (Proc. Natl. Acad.
Sci. USA. 2006 Dec 5;103(49): 18709-14).  Therefore, to predict the retention of IgG
antibodies having an altered constant region sequence in human plasma, it may be desirable to
assess the binding to human FeRn and the plasma retention in human FcRn transgenic mice (Int.
Immunol. 2006 Dec;18(12): 1759-69).
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was assessed. As shown in Fig. 17, the result demonstrated that the
pharmacokinetics of huPMI-M58 was improved as compared to
huPMI-lgGi. It was suggested that theBAuman FcRn-binding activity was
correlated to the plasma retention in human FcRn transgenic mice. 25
[Referential Example 10] Measurement of the affinity in antigen-antibody
reaction using Biacore Kinetic analysis of the antigen-antibody reaction
was carrled out usmg Blacore T100 (GE Healthcare Biosciences). The

I measured by immobilizing rec-Protein A
D) onto a sensor chip, capturing an antibody

onfiwRig? ﬁﬁﬂ%ﬂﬁﬁ @ld p%m,&zaﬁwmghbea&m@@dahb%mamh were prepared
based aﬁahytpm}'amm@mcﬁakﬁtgéﬁs bR 10 \Eﬁpemad(wmel@mu}?mw -2381).

he Kinetic par IS, Asgociation rate constar

A DN B TR B i i e RoRen A Fuman
Piace%Mméal@vR?@dwh@a&ﬁeﬁi@ﬁteqfﬁ@s %@W@ﬁwa&@é@a&mﬁmﬂh&w@r@n Using the
obtainbdEDRIE GARSiaNtss E@&ﬁﬂ?@t@@%&%ﬁl&%%ﬂ%ﬁﬁ% %%%{@i@@@u?aﬂ_wgam

ta1Eva|H§et'soln S ftware rf‘fofe u%:([); E Health%a '% g)% i
contag, ol o é’f‘a} ern Aon g%fi%’}?r]ﬁ iR £ Mﬁ?%ﬁi‘é@ an anima
cell ewm@mnm@d@mmwdﬁmm @ Euammc&résmmnmcb@)by Likewise,
olig o~ﬁl@/@ Batbeda e exRe mﬁtﬁé’@ﬁxﬁﬁéﬂ U&g{y’«g@uhn gene

oV

Sequelgu %E}gdﬁh‘fga%ﬁﬁnﬁpﬁz%%ﬁ %J%é r}ﬁgac}f @Q_%ﬁm ArfNA fragment

encodicgy Buxylhgile @oscoivea yepanabtyyP 8xtangdmithenseldsicy (HipPlrerata

Marat@stived !ﬁNJ%OQIEQMEéH?Q%tHr%ﬁEﬁerﬁﬂmg&%ared rimers. Usmg the
-et -(3- dlmet Iamlnopro [)carbodiimide h drochlonde) and 11.5
Obtmnﬁﬁg%% TR %ﬁ Trpsneroon iBRdparstck B8-ghsnoglobulin

containsig ghtGigyivl am@taiél‘ﬁaﬁe]k/l(q:ﬂ-ﬂ QBWaShmghﬁﬂé\lvﬁ(ﬂ'mfbw fodereRCHN an animal

cell expPERi 0L gf %hb!'aﬁﬂ}%r@m ydrgehian '?n%j_% 33 %%%01\10 166).

OW tO |nact|va e the unreacted ctlve roups tlmate

HOb 28 GXTRESEX P& W&féwrfw%ﬁeat i@em@a@red
plasmi&iimﬁﬁ hMﬂa&?B‘t@mentimnﬂygimaﬂﬁg%raﬁﬂb@dyd@ﬁﬁﬂ@lﬂlbmﬂembryomc
G Iy buffer used
i i e G U
(InvitrggemapabBRIEBoTRU WOERFSID PRSI RCTNRIO RS G s e andyaeified using
IgG Sepasrqeepdrad Hb0, @G krdhan, Bi&dcl&ﬁ:ﬁﬂiﬂbﬁﬂ&t &%&%ﬁae?ﬂibeﬁ i¥.MMmunol.
K +.In, the urement.first. the antibody solutian
2002 Igg{p% 593?55}0736%61 Qfﬁ %%r%1 a?ﬁal te Isﬁo On Was. 1reac ‘E‘isn}g\aﬁsrra? QHP
Hl“é‘t&‘@f@@ L/min for three minutes. Then, the solution was switched to
H?ﬁdﬁﬂﬂdxﬁ@ddh@zﬂ%ﬁp@l&élﬁﬁam&mﬁzmgﬁﬁwésﬁé fosdive MipEH@Body was
Aft gasurement. of the di e, the arc

boundrté) %ﬁ%ﬁ edogyfawglstr?llﬁtémw ﬁc ifeHCT %(ir-‘}fs %il%ﬂg?ﬁtg& sensor
chip, %iﬁr&m@%@@m%ﬁw&ﬁalmt@mmhévsiaﬁ@r@a@{bedmm&e affinity
(KD) *aabsisnpeitvpee BiespraudWihayaluaismIefuaresyarsion - Tprotein L was

immobilized onto sensor chip CMS (BIACORE) by the amine coupling method using 50 mM
Na-phosphate buffer (pH 6.0) containing 150 mM NaCl as the running buffer. Then, an
antibody was diluted with the running buffer containing 0.02% Tween20, and injected and

allowed to bind to the chip. Human FcRn was then injected to assess the binding activity of the
antibody to the human FcRn.

The affinity was calculated using BIAevaluation software. The obtained sensorgram
was used to calculate the amount of hFcRn bound to the antibody immediately before the end of
human FcRn injection.  This was fitted by the steady state affinity method to calculate the
affinity of human FcRn for the antibody.
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30 Industrial Applicability The anti-NR10 antibodies obtained by the
present inventors exhibit an effective neutralizing activity against NR 10,
and are useful as, for example, therapéutic agents for inflammatory
diseases. 35 88 CLAIMS 1. An antibody or antibody variable region which
is any one of: (1) a heavy chain variable region comprising CDRI of SEQ
ID NO: 196, CDR2 of SEQ ID NO: 5197, and CDR3 of SEQ ID NO: 11
(H17); (2) a heavy chaln varlable reglon comprising CDRI of SEQ ID NO:
Predic Z@’a&@ il i f H=lohyl and b ' 1L
eavy Cha a -l g CDRTTO O TDNO 19 v
humang¥edi |p NO 197, and CDR3 of SEQ ID NO: 184 (H28, H42); 10 (4) a
healy shdinyacialie sedinmPeemMpieinghe PRIl SES 1D NSl FeRRIQE assessed

D 97, and R of S NO: 184 (H30 ) a heav
using %?r? 1I/earlabfellrlcg‘é%rllncToCthE)@:ri:é|hg EE?&‘IPH EHII% %@gﬁ%%&’jﬁ% r than
that of{Rid1-1g7! EDFe8WfISEONED. NO: 184 (H34, H46); (6) a heavy chain
variable region comprising CDRI of SEQ ID NO: 9, CDR2 of SEQ ID NO:

Table }5 198, and CDR3 of SEQ ID NO: 184 (1-157, H78); (7) a heavy chain
varlable reglon comprlsmg CDRI of SEQ ID NO: 176 CDR2 of SEQ ID

varlable reglon comprlsmg CDRI of SEQ ID N R2 oﬁ Q ID NO.
199 and CDRS of SEQ ID NO: 184 (1 197, H9 chain

— VAPV, Lles S ) 200 _______I' of QIZﬁ 1D
SEQ ID NO 193 (Lll) (10 ali hain varlable
%&LEYMTLHS gﬁ of SEQ ID NO: 201, CDR20% S D NO: 170,
and CDR3 of SEQ ID NO: 193 (L12); (11) a light chain variable region
D%EH&? Q ID NO: 202, CDR2 of SE IDIl 25 170, and
I 93 (L17) (12) a Ilght chaln ra eglon

CDR3 of SEQ ID NO 193 (L50) (13) an antlbody comprlsmg the heavy
chain variable region of (3) and the light chain variable region of (11); 30
Assesgrhéiioot dndiblady £ artuptisin ththenhealyrohatmyaeidbligiegion of (4) and the

light,g %@IMQE@QEB‘EICS in human FeRn transgenic mice (B6.mFcRn-/-.hFcRn Tg line
276 +/+ mice; Jackson Laboratories) was assessed by the following procedure.  An antibody

was intravenously administered once at a dose of 1 mg/kg to mice, and blood was collected at
appropriate time points. The collected blood was immediately centrifuged at 15,000 rpm for 15
minutes at 4°C to obtain plasma. The separated plasma was stored in a freezer at -20°C or

below until use. The plasma concentration was determined by ELISA.

Predictive assessment of the plasma retention of huPM1-IgG1 and huPM1-M58 in human using
human FeRn transgenic mice

The plasma retention of huPM1-IgG1 and huPM1-M58 in human FeRn transgenic mice
was assessed.  As shown in Fig.17, the result demonstrated that the pharmacokinetics of
huPM1-MS58 was improved as compared to huPM1-IgG1. It was suggested that the human

FcRn-binding activity was correlated to the plasma retention in human FcRn transgenic mice.

[Referential Example 10] Measurement of the affinity in antigen-antibody reaction using Biacore
Kinetic analysis of the antigen-antibody reaction was carried out using Biacore T100

(GE Healthcare Biosciences). The antigen-antibody interaction was measured by immobilizing

rec-Protein A (hereinafter Protein A) (ZYMED) onto a sensor chip, capturing an antibody on the
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region of (11); (15) an antibody comprising the heavy chain variable

region of (5) and the light chain variable region of (11); (16) an antibody

comprising the heavy chain variable région of (6) and the light chain

variable 35 region of (11); 89 (17) an antibody comprising the heavy

chain variable region of (7) and the light chain variable region of (11); (18)

an antibody comprising the heavy chain variable region of (8) and the light
immoleiiainl PatiaineA yegibthef (&2} (L8)-ati gntinogy dakch YReiQIsBeRCentrations of

[ ' r itutedy-de nd/or_inserted in the

iR ORGSR RSl @d%?ﬂ%%?%vﬁ?ﬁfﬁ%ﬁgﬁ SRR Svans g 0o
and digfof{ation iy GoBtarFolesdr ven) salpriedrirmaharearssaysafiained by the
measubiRa{o tNaEANE @riiops daamaRioRsdbvnthbyhe-anibady OfanyiaReneter was
detemﬁ%&%?s%% %ﬁ%}b&r% %‘Jﬁﬁ'ﬁ\?&f'gagz%%/n%o%\;}gr%dxyeys&}gg ?I? rﬁ%%‘%?e%{%}ésﬁg Xciences)‘

one o a heavy chain variable region comprising the amimo aci

sequence of SEQ ID NO: 204 (H17); (2) a heavy chain variable region

Immoﬁ@ﬁ@féﬁiﬁﬁﬁi‘@t@ﬂg;ﬂ@ﬁ@i@e%@m{iﬁe of ShEQ ID NO: %05 15 (H19)ic (3|)5a

h chajn variable region comprising the amino acid.sequenc

DR M e S L TR SO Siag T e
Bioscigengess diiche snisroubingmeor. (H2by; @@es)mitcansy wiviad vatiabileg HBS-EP+
(10 mXeGIOPEMPIONhE1 28R 3 aequsge Af SERIENE3A8 ARk Duffer at a

h [ I [ omprising the amino acid sequence of .
Now rE 6 1 3B (A35 LAl HERAR Ve e AEr e i
were sgtinaduitiseolghoel of ISEQiI¥DINGOT 21 @m{HANY; (8) a heavy chain
(N-cthyRIR0ie-tRRIaR AMRHSIRG S ABIN M AGIdSRONENEE &) T | 'X_@hﬁllﬁns
&

; (9) a heavy chain variable region comprising the amino aci
Oy B R A0 N0 2: TS0 L0y PR AL it bofer o
4.5) wesgibboveahtpisiwg thecachine aditleseqiénde of SHQtHAMNGN2d8hydrochloride (pH

8.5) was allowed to flow to inactivate the unreacted active groups. Ultimately, about 4000 to
5000 RU were immobilized. The experiment was carried out at 25°C at all times,

Measurement of affinity in antigen-antibody reaction between thNR 10 and antibody captured on
Protein A

The running buffer used was HBS-EP+. Each antibody was prepared at 0.25 pg/ml, or
prepared so that about 100 RU would bind to Protein A. rhNR10 used as an analyte was
prepared at 0, 38.5, 77.0, and 154 nM, or at 0, 19.25, and 77.01 nM using HBS-EP+. Inthe
measurement, first, the antibody solution was captured on Protein A, and an analyte solution was
reacted at a flow rate of 20 ul/min for three minutes. Then, the solution was switched to
HBS-EP+, and the dissociation phase was measured for five minutes.  After measurement of
the dissociation phase, the sensor chip was regenerated by washing with 10 mM glycine-HC]
(pH 1.5). The obtained sensorgrams were kinetically analyzed using the Biacore-specific data
analysis software, Biacore T100 Evaluation Software Version 1.1.

Industrial Applicability

The anti-NR10 antibodies obtained by the present inventors exhibit an effective
neutralizing activity against NR10, and are useful as, for example, therapeutic agents for

inflammatory diseases.
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(H71); (11) a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 214 (H78); (12) a heavy chain variable region
comprising the amino acid sequence ® SEQ ID NO: 215 35 (H92); 90
(13) a heavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 216 (H97); (14) a heavy chain variable region comprising the
amino acid sequence of SEQ ID NO: 217 (H98); 5 (15) a light chain
variable region comprising the amifibAvisequence of SEQ ID NO: 218
(LI1); (16) a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 219 (L12); &7) a light chain variable region

1. An af B%lﬁ"gaﬂﬁé)a iarirhil seRi0B Feu s SEey IRNGS: 220 10 (L17); (18) a

(1) a highy chaiin mmﬂ&a&gwﬁm@ﬁmﬁt@r@m& _amEQaHDdI\*s@h 2 g ﬁg@@@tﬁmm ID NO:
comprlsmgt e heavy chain variable

197, a?l\é%gﬁé (%}F)g#d#fhwht Ehaln Variable region of (17) (H28L17); 15 (20)

(2)a héﬁvaﬁﬁaéayaé@msﬁgmgltﬁ@rm@fmg:ﬁamaﬁ@&@ ey iR ot 18) GRERS figHe 1D NO:

197, a@@@m@r@@gqqgmﬁﬁl@(%&ﬂ?) (21) an antibody comprising the

h bl f(5
R L e ML TR I A s PR
197, méquéﬁawm&@mwﬁawme 20 region of (17) (FI42L17); (23)
(4) a heavantady.comprisnedbehasay CoaR vatare 90 o5 (¢randdhedighb No.

197, o LA A e TR e ?&%ﬁﬁ@hf o opr g e
(5)a h@lavy (HABLITIIS (egpanantitsdy CORsTRED MRy i@ NRAASIBEQ ID NO:

197, CIBAIPBAKS) Ensithe kg iggriable region of (17) (F157L17); (26) an
the eavy chain_varjabl ion_of (10) and the li

tibod
(6) 2 R AR OF COMIRIFAL CH % S IEOG hipRaip e T NO:
198, ald QIYRchafrBY&)iHD B e didh (GTYL I Z8)l the light chain variable 30 region

(7) a W8k} Chih Bhbble region comprising CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID NO:
198, and CDR3 of SEQ ID NO: 184 (H71, H92);

(8) a heavy chain variable region comprising CDR1 of SEQ ID NO: 9, CDR2 of SEQ ID NO:
199, and CDR3 of SEQ ID NO: 184 (H97, H98);

(9) a light chain variable region comprising CDR1 of SEQ ID NO: 200, CDR2 of SEQ ID NO:
170, and CDR3 of SEQ ID NO: 193 (L11);

(10) a light chain variable region comprising CDR1 of SEQ ID NO: 201, CDR2 of SEQ ID NO:
170, and CDR3 of SEQ ID NO: 193 (1.12);

(11) a light chain variable region comprising CDR1 of SEQ ID NO: 202, CDR2 of SEQ ID NO:
170, and CDR3 of SEQ 1D NO: 193 (L17);

(12) a light chain variable region comprising CDR1 of SEQ ID NO: 203, CDR2 of SEQ ID NO:
170, and CDR3 of SEQ ID NO: 193 (1.50);

(13) an antibody comprising the heavy chain variable region of (3) and the light chain variable

region of {11);
(14) an antibody comprising the heavy chain variable region of (4) and the light chain variable
region of (11);
(15) an antibody comprising the heavy chain variable region of (5) and the light chain variable
region of (11);
(16) an antibody comprising the heavy chain variable region of (6) and the light chain variable
region of (11);
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(28) an antibody comprising the heavy chain variable region of (12) and

the light chain variable region of (17) (H92L17); (29) an antibody

comprising the heavy chain variable r%%ion of (13) and the light chain

variable region of (18) (H97L50); 35 (30) an antibody comprising the

heavy chain variable region of (14) and the light chain variable region of

(18) (H98L50), 91 (31) an antibody in which one or more amino acids are
(17) asabstitvte dpdpleted; thddedyanbidor vimsalste ddpithend(iTibodyied Hplteheinfariable
region(dP)119)(30), which has an activity equivalent to that of the antibody of any

one of (19) to (30); and (32) an antibody which_binds to the same epitope
(18) an aniibeshitpREURG 1By MRavarsstyBRaHy GRI o6} onddlabght cirwa variable
regionant(lMR 10 antibody of claim 1 or 2, which is a humanized antibody. 4. An

i i [ ti light 1N, Which is one

(0 R n oy s e (L LA, U o

insertedés: BoantinoAy Q5pwEaRf chiifeddfphdigthes amass il seiyalsntéoghat of the
antibo®BESY ADyNQe 323 Bi4kO)1 8§3@iheavy chain comprising the amino acid
. | - 224 (H28): (4) a heavy chain ¢ ising the

2
0 o A e R s A R R By of amy ome
Of(l?’)c%’rﬁb%sing the amino acid sequence of SEQ ID NO: 226 (H34); 15 (6) a

heavy chain comprising the amino acid sequence of SEQ ID NO: 227

1442). (7) a heavy chain comprising the amino acjd sequence of SEQ ID
2. An %ﬁ]ﬁéﬁ%g(rl%f%o %/8 aélﬁélgﬁ%ﬁgiwﬁé%#nlﬁr@x& #e&imino acid sequence
(1) a heporbaip Taoadegeginreyorgyiaing dvs/ashiain edrhprinicrrthe’ SO EENG: 204
(H17)sequence of SEQ ID NO: 230 (H57); (10) a heavy chain comprising the

amino acid seqguence.of SEQ ID.NO; 231 (H7 1); 20 (11) a heavy chain
SR s R R A R
(H19heavy chain comprising the amino acid sequence of SEQ ID NO: 233
(3) a heAOEnA3) R SR Y S BRI RAMBHEIAC LR ARIRACIL SRWERSE 0TS R Bos
18 NO: 234 (H97); (14)% hea%iygha% comp;ising the amino acid sgquence
( )’of SEQ ID NO: 235 (1498); (15) a light chain comprising the amino acid
(4) a hsevuehon shSHR 1BENOc@B6r{king)thesuiitpatightegait coNFRGIHY N@: 207
(H30)2amino acid sequence of SEQ ID NO: 237 (L12); (17) a light chain
5 hcomprising the amino_acid sequence of SEQ ID_NO: 238 (LI7); 18§)a light
(5) 2 hgpy R SARARIC R FRMRE S fifeHRI s Gemy Nes czfazbEéé Neoy08
(H34),an antibody comprising the heavy chain of (3) and the light chain of (17)
6) a hiAEBLHA T VAN RT AR oG Gemprising e e i of :
© light chain of (17) (ﬁa%%gu?); I%%%) an aht%oﬁé%%c#%ﬁ%‘?noﬁ%@%@a 209
(H42):chain of (5) and the light chain of (17) (H34L17); (22) an antibody
(7) a heomypiisimoy thizhleavyichanmgfGh g heilishichabyeiided (BHOULYNO: 210
(H44);
(8) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 211
(H46);
(9) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 212
(HS7);
(10) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 213
(H71);
(11) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 214
(H78); '
(12) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 215
(H92);
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(23) an antibody comprising the heavy chain of (7) and the light chain of
(17) (H44L17); (24) an antibody comprising the heavy chain of (8) and the
light chain of (17) (1-146L17); (25) aff@ntibody comprising the heavy
chain of (9) and the light chain of (17) (H57L17); 35 (26) an antibody
comprising the heavy chain of (10) and the light chain of (17) (H71L17);
(27) an antibody comprising the heavy chain of (11) and the light chain of

(13) a (kdy (HES LAY Sde (2Bloar amiipiRths CReakisiDadhesBeancebaiwmd (I2N0: 216
(H97)! and the light chain of (17) (H92L17); (29) an antibody comprising the

heavy chain of (13) and the light chain of (18) (H97L50); (30) an antibody
(14) a bepyyriding HssRbavsaiomrrBPagramhs arpingmcihaawhees) (FIRRUBONO: 217

(F198){31) an antibody in which one or more amino acids are substituted,

dd d/or 5 ted in th tib f
015« S B eSS RO A IS ARsRa) oF T bR 71

(L11);(19) to (30); and (32) an antibody which binds to the same epitope as an
(16) a SRHOBRABOURE: Y. 1BEi AR EBAGY:OhaNHONRiHRf 44R) 49 (RAke 12 SEH ID NO: 219

(L12): pharmaceutical composition comprising the antibody of any one of claims
’1 to 4. 6. The pharmaceutical composmon of claim 5, which is an agent for
(17) a rghtitlpanvinineregiony cdispeisiag the amino acid sequence of SEQ ID NO: 220

(L17);

(18) a light chain variable region comprising the amino acid sequence of SEQ ID NO: 221
(L50); |

(19) an antibody comprising the heavy chain variable region of (3) and the light chain variable
region of (17) (H28L.17);

(20} an antibody comprising the heavy chain variable region of (4) and the light chain variable
region of (17) (H30L17);

(21) an antibody comprising the heavy chain variable region of (5) and the light chain variable
region of (17) (H34L.17);

(22) an antibody comprising the heavy chain variable region of {6) and the light chain variable
region of (17} (H42L17);

(23) an antibody comprising the heavy chain variable region of (7) and the light chain variable
region of (17) (H44L17);

(24) an antibody comprising the heavy chain variable region of (8) and the light chain variable
region of (17) (H46L17);

(25) an antibody comprising the heavy chain variable region of (9) and the light chain variable
region of (17) (HS7L17Y;

(26) an antibody comprising the heavy chain variable region of (10) and the light chain varjable
region of (17) (H711.17);

(27) an antibody comprising the heavy chain variable region of (11) and the light chain variable
region of (17) (H78L17);

(28) an antibody comprising the heavy chain variable region of (12) and the light chain variable
region of (17) (H921.17);

(29) an antibody comprising the heavy chain variable region of (13) and the light chain variable
region of (18) (H97L.50);

(30) an antibody comprising the heavy chain variable region of (14) and the light chain variable
region of (18) (H98L50),
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(31) an antibody in which one or more amino acids are substituted, deleted, added, and/or
inserted in the antibody of any one of (19) to (30), which has an activity equivalent to that of the
antibody of any one of (19) to (30); and

(32) an antibody which binds to the same epitope as an epitope bound by the antibody of any one
of (19) to (30).

3. The anti-NR10 antibody of claim 1 or 2, which is a humanized antibody.

4. An antibody, antibody heavy chain, or antibody light chain, which is any one of:
(1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 222 (H17);
(2) a heavy chain comprising the amino acid sequence of SEQ ID NO: 223 (H19);
(3) a heavy chain comprising the amino acid sequence of SEQ ID NO: 224 (H28);
(4) a heavy chain comprising the amino acid sequence of SEQ ID NO: 225 (H30);
(5) a heavy chain comprising the amino acid sequence of SEQ ID NO: 226 (H34);
(6) a heavy chain comprising the amino acid sequence of SEQ ID NO: 227 (H42);
(7) a heavy chain comprising the amino acid sequence of SEQ ID NO: 228 (H44);
(8) a heavy chain comprising the amino acid sequence of SEQ ID NO: 229 (H46);
(9) a heavy chain comprising the amino acid sequence of SEQ ID NO: 230 (H57);
(10) a heavy chain comprising the amino acid sequence of SEQ ID NO: 231 (H71);
(11) a heavy chain comprising the amino acid sequence of SEQ ID NO: 232 (H78);
(12) a heavy chain comprising the amino acid sequence of SEQ ID NO: 233 (H92);
(13) a heavy chain comprising the amino acid sequence of SEQ ID NO: 234 (H97);
(14) a heavy chain comprising the amino acid sequence of SEQ ID NO: 235 (H98);
(15) a light chain comprising the amino acid sequence of SEQ ID NO: 236 (L11);
(16} a light chain comprising the amino acid sequence of SEQ ID NO: 237 (L12);
(17) a light chain comprising the amino acid sequence of SEQ ID NO: 238 (L17);
(18) a light chain comprising the amino acid sequence of SEQ ID NO: 239 (L50);
(19) an antibody comprising the heavy chain of (3) and the light chain of (17) (H28L17);
(20) an antibody comprising the heavy chain of (4) and the light chain of (17) (H30L17);

>

(21) an antibody comprising the heavy chain of (5) and the light chain of (17) (H34L17);
(22) an antibody comprising the heavy chain of (6) and the light chain of (17) (H42L.17);
(23) an antibody comprising the heavy chain of (7) and the light chain of (17) (H44117);
(24) an antibody comprising the heavy chain of (8) and the light chain of (17) (H461.17);
(25) an antibody comprising the heavy chain of (9) and the light chain of (17) (H57L17);
(26) an antibody comprising the heavy chain of (10) and the light chain of (17) (H71L17);

(27) an antibody comprising the heavy chain of (11) and the light chain of (17) (H78L17);
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(28) an antibody comprising the heavy chain of (12) and the light chain of (17) (H92L17);

(29) an antibody comprising the heavy chain of (13) and the light chain of (18) (H97L50);

(30) an antibody comprising the heavy chain of (14) and the light chain of (18) (H98L50);

(31) an antibody in which one or more amino acids are substituted, deleted, added, and/or
inserted in the antibody of any one of (19) to (30), which has an activity equivalent to that of the
antibody of any one of (19) to (30); and

(32) an antibody which binds to the same epitope as an epitope bound by the antibody of any one
of (19) to (30).

5. A pharmaceutical composition comprising the antibody of any one of claims 1 to 4.

6. The pharmaceutical composition of claim 5, which is an agent for treating an inflammatory
disease.



