1 DESCRIPTION ANTI-NRI O 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 knawn as humoral 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 cytokines, thereby 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:ddanpipfipgmatory diseases are 15 thought to result
from a failure of such cytokine networks. Thus, monoclonal antibody-based anti-cytokine therapy is
drawing much attention. For example, anti-TNF antibodies and anti-IL-6 receptor antibodies have
been demonstrated to be higheTetiRECAMNTARD DY ¢ Dotitel TR H{@Fe are many examples of
failure where no therapeutic effects 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 ihoehnisal Eigldeeded in isolating a novel cytokine receptor NR 10 that was highly homologous
to gpl30, a recepTbe fakiknd signaidiartdectoamPRiend Bathrdriat )d pHADfenrsA hetgdine with
oncostatj : r (OS tions as an IL-31 receptor (Non-patent Document 1).
Regardi%%%%%%ﬁ%@%ﬁ%ﬁtﬁm transgenic mice 25 overexpressing IL-31 spontaneously
develop pruritic dermatitis (Patent Document 2). Antibodies that bind to NRIO and inhibit the binding
betweenBdBRdO@amd hrB81 may be effective in treating inflammatory diseases. For clinical use,
antj-NR10 antibadies are required ,to have low im enicity, Furthermore, in order to achieve high
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the mutual regulation between cytokines in these networks. Many inflammatory diseases are

15 thought to result from a failure of such cytokine networks. Thus, monoclonal antibody-based
anti-cytokine therapy is drawing much attention. For example, anti-TNF antibodies and
anti-IL-6 receptor antibodies have been demonstrated to be highly effective clinically. On the
other hand, there are many examples of failure where no therapeutic effects 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 succeeded in isolating a novel 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 IL-31
receptor (Non-patent Document 1). Regarding IL-31, it has been reported that transgenic mice

25  overexpressing IL-31 spontaneously develop pruritic dermatitis (Patent Document 2).

Antibodies that bind to NR10 and inhibit the binding between NR10 and IL-31 may be
effective in treating inflammatory diseases. For clinical use, anti-NR10 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.

30 Prior art documents of the present invention are described below.

Patent Document 1: WO00/75314

Patent Document 2: WO03/060090

Non-patent Documnent 1: IL-31 is associated with cutancous lymphocyte antigen-positive skin

homing T cells in patients with atopic dermatitis., J Allergy Clin Immunol. 2006 Feb; 117(2):
35 418-25.



[Problems to be Solved by the Invention] 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 antibodies having an effective 10
neutralizing activity against NRIO. Furthermore, the present inventors succeeded in humanizing the
antibodigs; while ainiainingtheir activity. The present inventors also successfully produced
antibodies wjth imprqved pharmacokinetics, enhanced antigen-binding activity, improved stability,
and/or r:@ﬂ%%ﬁrﬂﬁogﬁ‘g?ﬁﬁqg eﬁﬁ?:i{wﬁ*ﬁggﬂ antibodies are useful as therapeutic agents for
inflammatory dis€asesedht Thecpiesentsnviidiad ielaies oo anticRi0entkediesrird gharnageytical
o Se e mPHR e an AVORAS e A sMate Sped Iaathodlie iesRLBXERIiga e [
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an antibody that recognizes domain | ofNRIO; [2] the anti S a neutralizing activity;

[3] the afiGBRAFHPREI MY sisian et NFHA @htibody: 20 [4] an anti-NR10 antibody which is any

one of. (1) an antibody comprising a heavy chain variable region which comprises CDR1 comprising

the aminpacid sequence af.SEQ : 1, CDR2 comprising the amino acid sequence of SEQ ID
NO: 2, a?1d CDR3 compﬁrji in_S the a%llrsm acid sequence of SEQ ID NO: 3; (2) an antibody comprising

the heavy chain VR @B GBS conboied dadizated sailinsip aahievntbeisigaiitigHeshdindvariable
region whibely€oniigeseld Rl aanipesingethal anbigiaeid seovaeHEBER AN %CBREve
comprisi .amino_aci ue SEQ 1D NO: 6,,and CDR3 comprising the amino acid
e R R e s BTGRP LS VMBI TG0 SEQ 1D NO:
8:; (5) antuiaBEaRS A PRyl it HalR peisiniegidsis sedioty of Theamdsens inyienthraimlscariable 30
region ok(3Ye(6lualy prothedy sampaRNG e MeAEEhaIvataalerReierRhR1and tbe Hght.ghain
variable ar(%gjgn ?Ifrlg%g@s?ﬁ%qqlgbod% in W&]ichdon%(or more amino acidss,iaée substjtuted, deleted,
added, andiorihsefe in the antibody of any orn&’sf’ &%‘(@ﬁ%ﬁ%a FPERNRYEGR R Elent to that
of the aritisdehesthempaiyionecoty frtonfBnmmiosy @yeascantibody which binds to the same epitope as
an gpitope boundkyghganthedycf AMANS anti-NR10 antibodies, and pharmaceutical compositions

comprising an anti-NR10 antibody. More specifically, the present invention includes:

[1] an antibody that recognizes domain 1 of NR10;
[2] the antibody of [1], which has a neutralizing activity;
[3] the antibody of [1] or [2], which is a humanized antibody;
20 [4] an anti-NR10 aatibody which is any one of?
(1) an antibody comprising a heavy chain variable region which comprises CDR1 comprising the
amino acid sequence of SEQ ID NO: 1, CDR2 comprising the amino acid sequence of SEQ ID
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;
25 (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
30 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
35 anyoneof (1) to (6); and



of (1) to (7); [5] 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: 9,
CDR2 comprising the amino acid sequence of SEQ ©© 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 CDR1 comprising the
amino acid sequence of SEQ ID NO: 13, CDR2 comprising the amino acid sequence of SEQ ID 10

NO: 14, ad CDR isi ' ' Q 3,15 ibod
comprisin t{1e li %c ainf\%:%lglig tr%%}}gE%%éggr%@ﬁq%%léﬁ%%ﬁ%%%’ﬁ?é%n%g?@%gﬁ ﬁggvy
chain vaﬂgg & 12fién of (1) and the light chain variable region of (3); (6) an antibody comprising the

heavy cHaihauamidisleR £Q)mni bédP drichtiventighthehsin variable 15 region of (4); (7) an antibody in which
one or i j : i ted,. . tipnserted. in tibody.of any one of
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(1) to (6), which has an activi nti : .
antiBodyARPRNA6IAGSaBenE ¢ Ofe: &5 GRRBitopwHsInd artisheRamanesREQBf (1) to

(7); [6] atv@ntd\RIDCGDED edynpiidipihamyhimesefd (b amapBremcomRusing; a heavy chain variable
region why fi . ISing. the . amino, acid sequ ID,NO: 17, CDR2
comprisi?S%%ﬁ%ggcﬁ%%§gﬁg%%§%g‘?g Y&ngfgr %%agc(g%%{e(ﬁlrﬁpﬁr%n%the amino acid
sequence’ oS hesK evmyismg o fight shaisousrebinprisier WichaamwreisarGRR AlslenpgiorgdhSEQ 1D
NO: 20; ()ian aitilkegyceomIriimg @ /ight qbgmmi@biﬁgﬁg&rgtwmle@%m%&@&ff%@ming the
amjpo agighsequ EQ ID.NO: 21, CDR2 comprising t i id sequence of SEQ ID NO:
22,jgnd @%R%gégf%&p%giég %gﬁwsfﬁlg ac?ﬁé%%%ﬁ%e&%lgﬁ% ?g%@?%g&) z P antibody comprising the
light chalff\aitieeieedyinmerismgtio et chiriza4S)kn waiod§ ToPadig the heavy chain variable
region 0(5})3@@ﬁtfb@i@%ﬁrﬁﬁ@éﬁlﬁdﬂ@hlﬁvﬁe&%%f@bi@ef@%ﬁm@ﬂmﬂgjﬁQﬁgﬁl heayyehain

variable rre?%iolgoc%f ) 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 35 in the antibody of any one of (1) to

(6), whictbhas ainibedyiepanufiagthe thegat dfainey anaiblodygid navfy( Dnendtiie )\ igh(Ghamatariable

15  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
(8) an antibody which binds to the same epitope as an epitope bound by the antibody of any one

20 of (1) to (7
[6] an anti-NR10 antibody which is any one of:
(1) an antibody comprising a heavy chain variable region which comprises CDR1 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;

25 (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 1D NO: 24;

30 (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

35 inthe 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



4 (8) an antibody which binds to the same epitope as an epitope bound by the antibody of any one of
(1) to (7); [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: 25,
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 variable region which comprises CDRI comprising the

amino aqig) SHAURREE LAFRURAR A ggfaggeamg@gg% oy Sy fSEQIR 10

NO: 30, and CDR3 comprising the amino acli ence o ana
compnsﬁé(t’n)éfhém chain variable region of SEQ ID NO: 32; (5) an antlbody comprising the heavy
chain vafizioie a@g@mqfo(iﬁtmyhe}ﬁgmscﬁeymﬁaﬂable region of (3); (6) an antibody comprising the

heavy cf’@llg %fg%le (ng aﬂgaghe (}1 e’; ecgr:i-u varlai%IgWJhSwE{a %133 01f t)ﬁgﬁﬁ%’ %Qé/}%ocgﬁ which

];n
one or m amino a s are su stltute and/or Inser antl y one of

(1) t& (6)Wﬁ%‘é§%¥%@¢\ﬁ®%%@ﬁ} t@ztﬁ@&&ﬁ@mimymmm@wwf SR ® an
antibodynaicts mﬁdmm&mmﬁ@@@%ﬁla@ﬁ@@@ﬁeh@y6@ dygheantibody of any one 20 of (1) to

(7); [8] a ntlbo antlbo L va ere WhICh one hain variable region
compnsu?%j1 F ﬁé%hn ?gﬁ%o%"s‘@{t}a “’Es?f &aéﬂg@ék%‘%ﬁgsm ID NO: 11 (HI7);
(2) a hedwy @h&ﬁlb@dﬁ@@n@@qm edisprighatn CBORbI! SEQUDNG: oNGrEBRAR SEQuDsNEhe5 197,
196, CDR3 o S0 LN 107 300 RS o1 S0 1D A T o8, A () oy b caribie
0 an 0] a neavy chain variaple
region cm)prlgs?hg gé\#cogf g‘ § %%ﬁﬁgﬁﬁ R3 of SEQ ID NO: 184
(H30, H44), mmmmngmhm ¢bgmemhbnsg;grnmsﬁéz BEROD3RO: 176, CDR2 of SEQ

ID NO: ag@%am@r cApising
TN y%é%kgéhtgé%%ém NO: 1981523]6?&{%%%6 gfbglEQ ID I'létig][{fle(g%?{(}ll—l57 H17§£3) (7 a

CDR1 of SE‘%E %@I
heavy cHEHTLPEIN region comprising CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID NO:
(6) an antibody comprising the heavy chain variable region of (2) and the light chain variable

15 region of (4);
(7) an antibody m 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 |
(8) an antibody which binds to the same epitope as an epitope bound by the antibody of any one
20 of (I)to (7);
[8] an antibody or antibody variable region which is any one of:
(1) a beavy chain variable region comprising CDR1 of SEQ ID NO: 196, CDR2 of SEQ ID NO:
197, and CDR3 of SEQ ID NO: 11 (H17); o
(2) a heavy chain variable region comprising CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID NO:
25 197, 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); '
30 (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 CDRI of SEQ ID NQ: 176, CDR2 of SEQ ID NO:
35 198, and CDR3 of SEQ ID NO: 184 (H71, H92);



35 198, and CDR3 of SEQ ID NO: 184 (H71, H92); 5 (8) a heavy chain variable region comprising
CDRI 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 CDRI of SEQ D NO: 200, CDR2 of SEQ ID NO: 170, and
CDR3 of SEQ ID NO: 193 (L11); 5 (10) a light chain variable region comprising CDRI of SEQ ID NO:
201, CDR2 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

(L17); (1@ light-shainyatiabie region e‘i%z%ﬁ@ﬁﬁt@%b@@%@[ﬁ%@@é,@ﬁl{‘i@ﬁ@&‘dﬁ?@d@ NO:
r

10 170, CD E 193 ,{13).an antibody comprising the heavy chain variable
region 013 %ﬁ%ﬁéﬂ%@%&*ﬁéb@ gn 1); (14) an antibody comprising the heavy chain
variable {8pioliebt (hpbnditheblkghithainmprisibe (BEibo {0 EQLJDIS(L3)aCrRiDed\SBONPrising the

heavy chaip varadisregiorsef (Band e dightchain variable region of (11); (16) an antibody

comprising the heavy chain variable region of (6) and the light chain variable region of (11); (17) an
anti ody((fh?ﬁp]r‘ﬁgﬁﬁ?{ﬁ’@ KRN SRV ARLPISBEIGR B (9 gﬁ@t%rﬁ@h@@ﬁa aB1eLDlkbdien of
(11); (18) dh amtibidelconfhi3ing W@ heavl, tiain variable region of (8) and the light chain variable

andlor s A a e E%%‘%efég‘i%%?5%%%%&%%5‘5%?@%%%@1‘?&0 5 of ne
25 antibdag’(ﬁ“gr@%%é %ff%?@ 19 H@)’;lgﬁcf[@ )Zan antibody which binds to the same epitope as an
epitope lgbindlphthbdntibddyletanyonennfdiy) DR B) SEaantiondy vrepiosysranablaggion
NO 20 3 g g ) e gron comprising the amino acid sedonce of SEQ 1D
NO: 205( (29 ap8padyeeaiyreiving tebastey el wsinpladre apetii sodidia kebjdnbe v 8Ee ID NO:
206 region of (11);
(14) an antibody comprising the heavy chain variable region of (4) and the light chain variable
region of (11);
15 (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);
(17) an antibody comprising the heavy chain variable region of (7) and the light chain variable
20 regionof (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
25  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
30 (H17);
(2) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 205
(H18);
(3) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 206
(H28);
35 (4) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 207
(H30);



(1428); 35 (4) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 207
(1430); 6 (5) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 208
(H34), (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 of 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); ( v Ehain, Vi ' isi inQ aci IR NO: 213
(71 of R A R e B0 214

(H78); 1 ?L%’a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 215
(H92); (1(8) a heevwyycbhairvadatdble grgicnmprypiisthy dheramitid sejdesequéSEE)ABEQ: IINO: 216
(H97); (J@@Feavy chain variable region comprising the amino acid sequence of SEQ ID NO: 217 20
(H98); (15) alight chain variable region comprising the amino acid sequence of SEI§ ID NO: 218 (LI
1): (16) aﬂ??g%’fi%ﬁ%ﬂaf&réabé‘araﬁz%ﬁfﬁﬁ%&l&%ﬁﬁaﬁ%@aﬂs@%@#@eﬂéﬁ@@@ ReEBho (L12);
25 (17) gHghy.chain variable region comprising the amino acid sequence of SEQ ID NO: 220 (L17);

18) a li | i | Ising.th ' id se f ' L50); (19
o O R e N A SRR SER 50 o o

ain varia
(17) (H2 i%;; (20) an antibody comprising the heavy chain variable region. of (4) and the light chain

variable (9) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 212

10 (H57);
{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);

15 (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 NQ: 217

20 (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);

25 (17)alight 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 1D 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) an antibody comprising the heavy chain variable region of (4) and the light chain variable
region of (17) (H30L.17);
(21) an antibody comprising the heavy chain variable region of (5) and the light chain variable
region of (17) (H34L17);

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



region of (17) (H30L17); (21) an antibody comprising the heavy chain variable region of (5) and the
light chain variable region of (17) (H34L17); 35 (22) an antibody comprising the heavy chain variable
region of (6) and the light chain variable region of(17) (H42L17); 7 (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 [ . " | risi 1 iable region of (10)
and the L e e G e e o
variable F%%‘thoéf(éﬁ)(l’arﬁﬁltﬁ@light chain variable 10 region of (17) (H78L17); (28) an antibody
comprisititihe hedbydshaimprsiablenedgion ehil2 )y ancbibedight ehad) vatiatl ¢ tegionoi{Aiddic
(H92L17)éégo%)ﬂlaﬁt' ?%nprising the heavy chain variable region of (13) and the light chain

of (18) (H97L50); 15 (30) an antibody comprising the heavy chain variable region of

variable region of (I 50 ] i _ _ .
(14)5and(ﬂ§g ﬁpﬁi?lﬁ GarEBlEngEdo RGN LRI YBLETY, T yRAi{isadyhn ekicehaimeveriahre amino
acids aresubstiuten), @Eelgd)added, and/or inserted in the antibody of any one of (19) to (30), which
has an agctjvi valent to that of the antibody of any,one of (1 (30);.an 2) an antibody
ovon bt SR R ah g e R o R L B G B e Rl o
the anti-FERIE0 8hfibbdyIdt BhY)one of [4] to [9], which is a humanized antibody; [11] an antibodly,
antibody(bepmy shaiod peaniibiony iBbhehainhwhichrs e Yanmaelt (1) adeawiichaihaaroprising the
an%o ac%iGd 1se(k ??f@ﬁg%y) NO: 222 (H17); 25 (2) a heavy chain comprising the amino acid
sequence o8 % : “(H1 9); (3) a heavy chain comprising the amino acid sequence of SEQ
ID NO: 228 ) rip8)tibayachewvisisigdite dsmpridiag treiabiérogloidddddemnd the SEIP ¢ErNO22BgH30);
(5) a heauyishain conprisingthe amino acid sequence of SEQ ID NO: 226 (H34); (6) a heavy chain
OO TS B S e e A i S aH 2RI \Cad of (13) and the light chain variable
region of (18) (H97L50);
15 (30) an antibody comprising the heavy chain variable region of (14) and the light chain variable
 region 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
20 (32) an antibody which binds to the same epitope as an epitope bound by the antibody of any one
of (19) to (30);
[10] the anti-NR10 antibody of any one of [4] to [9], which is a humanized antibody;
[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);
25  (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 [D NO: 226 (H34);
(6) a heavy chain comprising the amino acid sequence of SEQ ID NO: 227 (H42);
30 (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);
35  (12) aheavy 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);



30 (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);8(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); 35 (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); 8 (14) a

heavy chai ising: ' ' y : Jight chain
comprisir%S ﬁg’%ﬁ%ﬂ%ﬁ%{éﬂgﬂ% %ﬁé}(%%%‘é%%&%é&({%{t%}l gé? ﬁ%kc%ﬁﬁ?dmprising the

amino aditPs84iEshehabt SRR oaRinoRsid ayensy Rl Bohpridied tiddamino acid
sequencel 6§ SEQMHEhNOcRBBr{tihg)hb (h8)hadightehasnceonigiginthadandnglacist sequence of SEQ

ID NO: X . ' 1S] chain. af [ ight chain of (17
e .9@?%31&%*2%@23%%&?%%%@%%%@& ﬁfkﬁ%@%ﬁﬁ@%@%ﬁ% (47 (HS0LL);
(21)%an 4af 6&&@%%%9@%@%5@9%% HiloramerasechghtQARMNGE @38 G-HAL17); (22) an
antibody@emr‘asiﬁgd@}ehm?sﬁtgameqiﬁwﬁﬁeﬂ'(gb;ta,ﬁha}re Qfgﬁ%héﬂﬂéﬂli)(ﬂ);(mgﬁ)]ﬁn antibody
comprisi Y, in of. (7 ight chai 17),(H 17).. j comprisin
the k?ea P%%%%nagﬁ’%d%ﬁ%nﬂﬁg%g ?@géﬁ%}gf%}n( 4 %9&%‘5% n%}r?%%g?jg/@ﬁ%ﬁggz)ihe rlloeavyg
chain of {8} JateiHibngrcerurisong 1 hewaLdmyn o265 bandribip dacdmipriinhHERERLY)chain of (10)
and the lighy shaittipbd} Ebtipfibide The (RaAvartiMitiRAdy) cRm BRiSIhthaligayy 1chainef () and the light

chaip of H78L.17); 15 (28).an antibod mprising the heavy chain of ight chain of
o AT Al SRR AR RA e e e R S A )
(H97L50024)30) antiaariberip g ibimhatie’ kbavnodidirmed (ha YighticlmnightIGh4R46LUB) (H98L50);
(31) an qnEbedyinmwhichangishae rRIpeIasids s swbatitutes: delpted padessandier inserted in

the antib of any, one ofla(ll%to (30), which has tivit ivalent to tlg gﬁ? ; ntibody of
any one 1395 % ‘ ?gﬂ }f _ }ngnaé%iﬁ%aovayc%ﬂ%%ﬁ% fﬁ%ﬁ%ﬁﬁé@ﬁ% 2{2@ @Eﬁﬁpe bound by
the antibGdy ot arijbeds cofdying (Bohqaw) ehphrarhiddpatddhedippoditionof 4hap EiTR] tHB;antibody of
any one @8@4&%&%&}%&2&@3@%@%%%5&{%@?%%&’Eﬂé?ﬂgﬂ?'&ﬁﬁﬂ%@(‘l aggfsfen pating an
inflamm é%}?: 25 disease; 4la m thli%g for t eatlr%gf@r reventing an ntlar%mator disease, which
comprisd& 1N <EERTSFE EHMATABHE B A IR 1 by B8 [BYCEFEAT. d®) (HO7L50);
(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
20 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);
[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
25  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 [111]; and
[15] use of the antibody of any one of [1] to [11] in the preparation of a therapeutic agent for an
inflammatory disease.
30

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
35  antibodies NS18, NS22, NS23, and NS§33.



[15] use of the antibody of any one of [1] to [11] in the preparation of a therapeutic agent for an
inflammatory disease. 30 Brief Description of the Drawings Fig. 1 shows the amino acid sequences of
the heavy chain variable regions of mouse antibodigs NS 18, NS22, NS23, and NS33. Fig. 2 shows
the amino acid sequences of the light chain variable regions of mouse 35 antibodies NS18, NS22,
NS23, and NS33. 9 Fig. 3 is a graph showing the inhibition of hANRIO/hOSMR/BaF3 cell growth by
hybridoma culture supernatants. Fig. 4 is a graph showing the inhibition of cynNRIO/cynOSMR/BaF3

cell growth by hybridoma culture supernatants, 5 Fi F’%ﬁ!ﬁ Ing the assessment of the
activity of chjme%i‘égr\?slff @é%‘f‘—%;s ?&’P %%@Pg%ﬁ%%wmg %@@S&?ﬁ%ﬁ?& ﬁ]grggt?\l/i@’of chimeric
NS22 (Dubriskyngyl s sappastsliowing the assessment of the competition of chimeric NS22 with

IL-31. Fig. 8 is aggarphshemingsthainz 1e-GampelitiverkindiniagtivtyDiianti=NR 8 ¢hamtipodies. Fig.
Oisase qtfhr%gglhscs ov[\a/in%ftehea%s&gssment of the competition of humanized NS22 (HOLO) with IL-3
1. Fig. 1 Shows the'effect or the constant region of humanized anti-NRI O antibody HOLO on the
hetérogeneity adSgssdel hgrephichosvoidhyesshsensatoyrdsngctidtrief, diinstics¥BaE ghabhis showing

the assessment pﬁgﬂ@i@@f@ﬁ?ﬂt%@fﬂ@%@@%’%&Eﬁ@&mm@éﬁd@r@kméermgd B uhish the
isoelectric point of the variable regions is lowered withaut significant loss ?f he binding to .ﬁlo, with
El Sh (%g aﬁfﬂ it

IL-3 1. Fig. 12 shiots thid St BIAEEINS AIRETRGRN Bt 'Afiti- 1B PECHBRY A HBGHy

heterogdheity. assessed by cation exchange chromatography. 20 Fig. 13 shows the effect of the

constant region @ﬁﬁ@ﬁ%‘@rﬁ?ﬁeﬁlﬁ%@@t@gmr@ WensieRARiampaaiassesaed iy RSC. Fig. 14

sh(m/s the effect of the novel constant region M14 on the heterogeneity in‘an anti-IL-6 receptor
anti odya,IE §&d by cation exchange chromatography. Fig. 15 shows the effect of the novel
constant region Wig8%us thethdieragershiopim@athe? Sastsdindtedeptaroaniibody, elSsessed-ty cation
exchangg@gqm@g@g@ﬁﬂﬁﬁg: 16 shows the effect of the novel constant region M58 on the

denaturation peak in an i . . )
Fig. 10 shows the effect of the constant region of humanized anti-NR10 antibody H0LO

on the heterogeneity assessed by cation exchange chromatography.

15 Fig. 11 is a set of graphs showing the assessment of the competition of mutants of the
humanized anti-NR10 antibody of which the isoelectric point of the variable regions is lowered
without significant loss of the binding to NR10, with IL-31.

Fig. 12 shows the effect of the constant region of anti-IL-6 receptor antibody on the
heterogeneity assessed by cation exchange chromatography.

20 Fig. 13 shows the effect of the constant region of anti-IL-6 receptor antibody on the
denaturation peak assessed by DSC.

Fig. 14 shows the effect of the novel constant region M14 on the heterogeneity in an
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

25  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-1L-6 receptor antibody, assessed by DSC.

Fig. 17 shows the result of assaying the retention of huPM1-IgG1 and huPM1-M358 in
the plasma of human FeRn transgenic mice,

30 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.

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



anti-IL-6 receptor antibody, assessed by DSC. Fig. 17 shows the result of assaying the retention of
huPMI-1gGIl and huPMI-M58 in the plasma of human FeRn transgenic mice. 30 Fig. 18 shows the
biological activity of each antibody assessed using BaFINRIO. 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. 35 ¥ 39 Is  sshotaraahe showlna i Asmessmant (PRl oL MBAGMINGY gach variant

10 Fig. 21 is a graph show e assessment (BaF) of the activity of Ha401 La402 and HOLO. Fig.
22is a g%%oshowing the assessment (BaF) of the activity of H17L11 and HOLO. Fig. 23 is a graph
showing the ass@$gmerit (Bakplofibeiagtividyaefekkhdnt 2Tt biQhOachFig.ocT41is7a praph sltawing the

biological activit L | 7: S In Fig:. 25711 t of S
showing the assyeF(s?é'lrrilgrftéL @%ﬁlﬁ%hgfagﬁ?ygg 3%%%%&%%%%}@3 t-lgll g%ﬁ?ﬁigﬁgﬁ%&? Elﬁg 25-1.
Fig. 26 is a scheﬁati%ﬁagr%rﬁplpo%hwmﬁhﬁM@&Wﬁi-@gﬁ@bﬁh@fé%%é?iMWE@D@S%SF@W@S a
set of phgtggraphs, showing the detection of the binding domain by Western blotting. A is a

photograph showing the, result of detection using g humanized. anti-human NRIQ antibody: B.is
Photooranh shovill) e rBattof MOl S e AR e D SR et
photograph showiiy elrssutostidetdietor Higngah-anti-Myc antibody. With the anti-human NR10

antibody a bindingamtigen whsdeiRdad QrlyH? Hitkad bl wid RMmnBWhnakit WMo, pamh, and
mhpa. Fig. 28-1 le:Low the arrtling citd segﬁe ce of eag‘:hdv%ggnt offl-t|ﬁ) éSI%%I%NO; 5;8;'1}?'% 28-2is a
continuation of Flég L5 &lsge. pA iR UM (1 R6) Tflge. on |9|g. 29 <hBWEHE dhind ada
sequencbloftmgch vaitanplufiio@adeEtowingtharrul2ofRigerton issmgartinuanisadofrFidi@gal. Mode for
CarryingQui dhedpwaians NRl-LBARQ s RiRpiRindha meabaeiRd Dalovih-ancesiain M
receptoré(%%%{lR and 25 Iiu ctlon%%s ar;lél%;?,% rece %)r. NR OFLS also.known as glm,—rgsf] Biol Chem
277, 16831:6" %@?ﬁy@ﬁ B PeYERPRS 2@5‘%%%3 X of It RO RG ARATSIBY52-60, 2004),
and antibody. With the anti-human NR10 antibody a binding antigen was detected only in hhh,
15 hhm, and hmm, but not in mmm, mmbh, and mhm.
Fig. 28-1 shows the amino acid sequence of each variant of HO (SEQ ID NO: 50).
Fig. 28-2 is a continuation of Fig. 28-1.
Fig. 28-3 is a continuation of Fig, 28-2.
Fig. 29-1 shows the amino acid sequence of each variant of LO (SEQ ID NO: 52).
20 Fig. 29-2 is a continuation of Fig. 29-1.

Mode for Carrving Qut the Invention
NRI10

'"NR10 is a protein that forms a heterodimer with oncostatin M receptor (OSMR) and
25  functions as an IL-31 receptor. NR10 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
particularly limited in terms of its origin, and includes those derived from humans, mice,
30 monkeys, and other mammals. NRI10 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
35  acids without the fransmembrane domain. Meanwhile, known NR10 splicing variants that

function as transmembrane receptor proteins include NR10.3 and IL-31RAv3. The human



such. Thus, NRIO in the present invention also includes proteins called by such names. In the present
invention, NRIO (also referred to as IL31RA, GPL, or glm-r) is not particularly limited in terms of its
origin, and includes those derived from humans, midd, 30 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 NRIO (WO 00/075314). Of the
above-described splicing variants, NRI O.1 consists of 662 amino acids and contains a

transmenuir 38 AAB Rk NRAQ 2 srA SR ISR GBRIP KRR eI, ORS SN, Of 2% AMINR 3R Acids

without the transmembrane d in. Meanwhile, known NRIO splicing variants that function as
transmer%%?%ﬁ%hfégglﬁ?(‘i?%%@mlﬁ?j‘i%ﬁ‘?fi’@%s ahan L3 RSP Phe HURTEHCMNRFLIBGRESE present
inventionN& hdf aktic értyelimited] I8 Aord st it formsod H) EtE2etin OWIind it o3 tRIAWHL reSRptor3
(OSMR) ﬁﬂ@ TRAGHONS AR 682 ﬁﬁﬁ@%a?%r@w@sl94m&e%§§n%ﬂ9-%5!%9 ffé@ﬁg%%&o as

ILRAv4 (Nat Immunol 5, 752-60, 2004)) and IL-31RAv3. NR 10.3 (IL3IRAv4) consists of 662 amino
acids (WHDGIO7S §opsisiat ?%W%W@G@B@lﬂ%ﬁﬁsﬁlqﬁﬂﬁm $13-of Thoamiiko acids
(GenBaniciicegssior NOILIN VR A 30010 TheneSRiQA Dasio seguekohoitidb RAd4dgshowstin SEQ ID
NO: 79, ' id- ﬁqﬂf,.l IR ' wn | 1D ; 80, Meanwhile..
mouse-d?ef;igj\}g%s I}%@%%%@?ngﬁems doér%?‘ rigge%#%’(ﬂ?mfﬁgﬂa%?%eﬁéﬁéﬁg% eﬁfxﬁ%}:nﬁl. In
addition, RBHTEIG RS %H@&W@W@%ﬁ@@%i&én%éﬁ%ﬁ@%@%@%ﬁ%ﬁé acid sequence of
SEQ ID NOnkEd-86-AtiNadiembednsancashLeafeprashgmbogdimnenisioftmani-diB@mibedy of the
pregent ig ention include the anti-NR10 antibodies of any one of (1) to (8) in (A) to (D) below. 15
(A)NS 18 (1) antibodies having a heavy chain variable region that comprises CDR1 having the amino
acid sequence of SEQ ID NO: 1 (HCDR1), CDR2 having the amino acid sequence of SEQ ID NO: 2
(HCDR2h suitsb SRR hamigsthe amino acid sequence of SEQ ID NO: 3 (HCDR3); 20 (2) antibodies

having the heavy,chain variable.region of SEQ .l -4 (VH): ntibodies having a light chain
variable region t?gé}ggrﬁ\%ﬁ%%so %’Bﬁﬁ%g@f‘%@ é’%ﬁ%@é%‘?é&éﬁé&? r%sfenglév Pﬁ@)”&t‘%@ 1),

CDR2 haig thélatniis disrodagtioneobf IS ey 8bimG 6o (IDR2Y.and CDR3 having the amino acid
sequyence of SEQ ID NO: 7 (LCDR3); (4) antibodies having the light chain variable region of SEQ ID
NO: 8 (Vrb%l%gl@ antibodies having the heavy chain variable region of (1) and the light chain variable
region o

(1) antibodies having a heavy chain variable region that comprises CDR1 having the amino acid

sequence of SEQ ID NO: 1 (HCDR1), CDR2 having the amino acid sequence of SEQ ID NO: 2
(HCDR2), and CDR3 having the amino acid sequence of SEQ ID NO: 3 (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 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: 8 (VL);

25  (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

30 inthe 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 -

(1) to (7).

35  (B)NS22



(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
30 in the antibodies of any one of (1) to (6), which h&é¥e 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 (1) to (7). 35 (B) NS22 12 (1) antibodies having a heavy chain variable
region that comprises CDRI having the amino acid sequence of SEQ ID NO: 9 (HCDR1), CDR2

having tfa@)aﬁﬁqsﬁggcﬁegqﬁegfgem& 0 SRR RN 10, 1@%}%3%@%&@@%@@&%9 '%tﬁe%gﬂﬂllgnégfgsm

sequence o e av. ng e neavy Chain var er

D NO: 1%‘{%&?%%‘%@&@3@%@%@ Eﬁﬁ%ﬁim}aﬁa ?@f@@%ﬁ%ﬁya%eaamﬁﬁgf ERE A ¢ the

amino a¢idCEBijense OPBBQafny Ore e {hCBRIIcGRR2 ha%HG TheMNMhind ddiDEeyence of SEQ ID

NO: 14 (hCh) %d&@%&&@%%\é@@%ﬁ@%@@? Sﬁgﬁelxﬁ%@)lfii\'@ffﬂﬁ (LCDR3); (4)
antlsodlfé haVJHg the light chain variable re on of S ID NO: %ﬁ%(g antibodies havmg the

heavy c Apies Rt 8 ’(ﬁljtéﬁa%‘@ﬂ@ s HRA SRPRERSH 3YINg i iBeneS Having
the heavseghainovaf B2 Hagith 68 (2)EDR I CIRRE bhainpviriabiere gitd @fi\(@iéf@)f&mi(@d)ﬂlmn which

one or oG/} ﬁ%mq&%ﬁ%ﬁ Iieskiaddngpadlps nsaadom b anggdlies of any one

of (1) to é‘d which have an activity equivalent to that of the 15 antibodies of any one of (1) to (6); and
|

(8) antibbHiégihatisibrdnsdhedian pEEebIs e Bias R l%ﬁ?]@pbv%el aniodies of any one of (1) to
(7). Spec¢ificaatibmiptehofitiictabbye-desaiibeadisblestitivam felaiinhhadiliiorhAndiatains estiem ef one
or mpre gino acids are not particularly limited and include, for example, the 20 following
modificatidhs. Substitution of lle at position 3 in the heavy chain CDRI of SEQ ID NO: 9 with another

amino aé@ apfbodishbaing Brdicsipshtinoriabsupaitrakd) andids Bekinbairrariakiargion efereof
include V4J; Substitution of Met at position 4 in the heavy chain CDR1 of SEQ ID NO: 9 with 25

another aing;ACIK, TMSAMING,RAY ARR! SUDRILIONIR 0ok patiey At limied but praterred o
in the antibodies of any one of (1) to (6), which have an activity equivalent to that of the

15 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
(1) to (7).

Specific examples of the above-described substitution, deletion, addition, and/or
insertion of one or more amino acids are not particularly limited and include, for example, the

20 following modifications.

Substitution of Ile at position 3 in the heavy chain CDR1 of SEQ ID NO: 9 with another
amino acid. The amino acid after substifution is not 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

25 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.

30 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 ! 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

35  examples thereof include Glu.



examples thereof include lle. Substitution of Met at position 4 in the heavy chain CDR.1 of SEQ ID NO:
9 with another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Leu. 30 Substitution of lle &t position 3 in the heavy chain CDRI 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_S5guAMales berRaiNAAR Pkl SUSILHIN ORONLFEROSIION BN dhgeavy chain
CDR2 of SE[Q ID NO 10(¥VIt nother amléTo acid. The amino acid aﬁer};ﬂﬁ tltut |s no artlcularly

limited baPPYETeRPRE et pId S TGRS TGS, é%’stétﬁﬂgﬁtﬂﬁl% BB rFlféhvy
chain CoR2wf s Na:ladewith.5 another amino acid. The amino acid after substltutlon is not

particularly |m”%‘3%ﬁz’@5§ﬂ5@@ﬂ§é§‘g& aa&h%rﬁpfﬂg%&Q@%ﬁﬁ&@ﬁﬁ%@@@f@/ﬁ@ ROSIigN 14 in the
hea\lgy chain CDR2, of %18? Dgigé with %e%% amino acid. The amino acid after substitution is not
particulaPRPR BB #iterrElf MR HRE STRiRn G Mot A YA i brrised butdplseredn 16 in

the heavgxehgile ObROIBEQeIBINO: 10 with another amino acid. The amino acid after substitution is

not particularly ligyitegdutRrefer ?Qt (§ o wr?hi geg%%{#%&%ﬁleﬂbglﬁgwwy 7P Eltlon 17 in

the heavy éﬁlm CDR2 of SE§€ ino acid. The amino acid after substitution is
not parti@REAG IFFIERR #5if premsaginereidafisieuhibtute s natragisuiabstiniied BrinyefaneGly at
positionsingries tHemediectidelyilin the heavy chain CDR2 of SEQ ID NO: 10 with another amino

aciglg The ammog&bqtﬁﬁ%&uﬁg,wa lﬁd&?ﬁ %H%'%@Xﬁg& gmt &?@%ﬁgml%m {yde

substitution of Lys at position 16 witt G n, an Gly at po Asp itution 0 Lys, Lys,
and Gly AAYBERBRDIACHS, aHie Bnipegsid Al s thsHatrmiynerieRl Srstdbm Neferedwith
another arainglacitierdoe ianlinie &tid after substitution is not particularly limited but preferred examples

v T R e e
another amino acid. The amino acid after substitution is not pamcularly limited but preferred :

15 examples thereof include Asp.

Substitution of Lys and Gly at positions 16 and 17, respectively, in the heavy chain
CDRZ2 of SEQ ID NO: 10 with another amino acid. The amino acid after substitution is not
particularly limited but preferred examples include substitution of Lys at position 16 with Gln,
and Gly at position 17 with Asp.

20 Substitution of Lys, Lys, and Gly at positions 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 Lys at position 14 with
Gln, Lys at position 16 with Gln, and Gly at position 17 with Asp.

Substitution of Gln, Lys, Lys, and Gly at positions 13, 14, 16, and 17, respectively, in

25  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

30  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.



25 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 GlIn, Lys at positiont46 with GIn, and Gly at position 17 with Asp.
Substitution of Ser at position 10 in the heavy chain CDR2 of SEQ ID NO: 10 with 30 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 of SEQ ID NO: 10 with

another amino agigh,HARBICT3F rga&%&y@%ﬂ%%&p%&ﬂ%lxé@@grﬁmrﬁ%ﬁﬂ examples
thereofmclu%ﬁ ro. 14 Substltutlon of Tyr at position 3 in the heavy chain CDR3 of SEQ ID NO: 11

with anofHEHIFHAR R AF % he ! a‘rrﬁme%%ﬁflgfrefr%&r&éﬁ%%%wt@aﬁrea arly limited Behpréteindd
examples:xthepdef iholemfadcdudSiubstitution of Met at position 10 in the heavy chain CDR3 of SEQ ID

NO: 1 I with 5 anofaer.amin agid: e, aming eeidAeLInsiiien Isngtaaniny'Rey. [milgd, but

preferred examples thereof include Leu. Substitution of Asp at position 11 in the heavy chain CDR3 of

SEQ ID RROTET Fiosiither b ﬁret%%ﬁl&ﬁ%ﬁéﬁﬂhﬁi&é@%@%ﬁ%él@&@smrden%ﬁm%.ted
but prefetrachpdxaihpias thehiebf inelude Glu. 10 Substitution of Tyr at position 12 in the heavy chain

CDR3 of SEQ 'DSN% Igu]ﬂgﬁtpfs%%%g{e%?%%%gg%ﬁm L § @mgagc@jﬁ{rer ﬁ%}eﬁg %IS qo rticularly

limited but preferred example ran stitution t, Asp, and yr at
positions0the1 amiRp ppidesddeiBipoircilafieappstdioTd RS srscdenty limited '*tﬂi’fﬁﬁﬁfﬁ@r amino
acid. Thammpﬁmdafmﬁﬁuastmu@on is 15 not particularly limited but preferred examples include

substitution of Mgt t |t|o with. L osition | 2 with Thr.
Su%éttltutlon of Agpg;m F’LI% % OSL 1? Aﬁdofé%e%p(ﬁl ?y, m%g ﬁeav@iwaln Cé)qR of SEQ ID
NO: 11 viRRtBHOIEPQ mn@aﬁnmﬁer&aher@u@etrmm@maﬁaﬁﬁmadrwrme@m
preferre@%@m@@ﬁdfwﬂgﬁﬁ@@sﬁﬁyg@@ adrAsp at position 11 with Glu, 20 and Tyr at position 12 with

Thr. Substltutloné) y%s tﬂﬁwe yat gn cflPonngl%iong 012ll 1cﬁlv ag{g ??u‘tYS iénr%? ﬁg%gularly

CDR3 of SEQ ID°N ano Byfifo € amino’ ach ersy

limited bahpiefdARd e&%ﬁﬁb@Irﬂarddevedbsmh@rﬁmrrqmd@poéﬂn@m@lmm_ea,ftmxsp!:atzpdmnosr 11
withGlu RedatyEabResiterd BuwihfoteareR@hples include substitution of Met at position 10 with

Leu, Asp at position 11 with Glu, and Tyr at position 12 with Thr.

Substitution of Asp and Tyr at positions 11 and 12, respectively, 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 examples include substitution of Asp at position 11 with Glu,

20 and Tyr at position 12 with Thr.

Substitution of Tyr, Asp, and Tyr at positions 3, 11, and 12, respectively, in the heavy
chain CDR3 of SEQ D NO: 11 with another amino acid, The amino acid after substitution is
not particularly limited but preferred examples include substitution of Tyr at position 3 with Leu,
Asp at position 11 with Glu, and Tyr at position 12 with Thr or Ser.

25 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
exaniples thereof include Gin.

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

30 examples thereof inchude 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.



25 Substitution of Arg at position 1 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 thereof include Gin.
Substitution of Asn at position 5 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 30 examples thereof include
Asp. Substitution of Arg and Asn at positions 1 and 5, 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 exampigsdneiuds 59_9@;%55%@1@5&9@%9%%1@eﬂamtbﬁb, oRREAHIH RPOFHIGAH with Asp.
15 Substltuégl&on of Ser at posjtion 8 in the |ight c? in CDR1 of SEQ ID NO: 13 with another amino acid.

The amiABXSE EREP AT tit Hon AR NS S AR RP i HB O bisrsHrarrisH aslalipiisd At istoretide Arg.
Substitutizangfltethakepbsitibnid G.ig.the light chain CDRI of SEQ ID NO: 13 with 5 another amino acid.

The amino acid afigruRsHAPRIS NYPAH AR HITERH Butpreinties: exemplagihergpfinclude Val.
Substitution of Ser.and Leu at positions 8 and 10, res.g{e_ctlvely, in the light chain CDR1 o% SEQ ID NO:

 and ; . ain
13 with AREAE WPy, THE FRinbAstd dEsterEsButondm T RATtsAaEN M thhretrstieprsterred
examplessimohldetbelestitntbrioVaér at position 8 with Arg, and 10 Leu at position 10 with Val.

Substitution of T itione2.in the fight. chain: - 13 with. another amina acid.
The aming acid S1or SIRORTN & o AL h S H0) S aa e e et G e Al

and Ser S5EEStDIPof A% thapedithAmIRg Asidighthemitor sfomubrtNOniawkh 15 another
amino agishithlerdyriindtadichatesforbstitiinplis notpkriebiatyinibe s Quitpeiesed wxBmpleathereof

incjyde . iUt &é t position 3 in the light chain CDR2 of SEQ ID NO: 14 with another
amilno a@i%dg ‘?‘mggkﬁo?gci tll:311)1q§<321(r?11's,ubstitu_tion is not r{_)articularly limited but preferred examples thereof

include GIn. 20 Substtution of Lisiabpevtrivs B hakighigrhan 4 B brRESHSEENG: Ndwith with

another amiheragithd hd@MiMbeacidraftessubstitubiontisipatpasi paarbyimitechhvl pirfsreag-Lxamples

thereof igg!a%gele% .eSuP%igH}i enﬁﬁgdlaxatggrposition 7 in the light chain CDR2 of SEQ ID NO: 14 with

another amind acid. The amine acid after substitution is not particularly limited but preferred
Substitution of Asn at position 1 in the light chain CDR2 of SEQ ID NO: 14 with

15 another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include Asp.

Substitution of Lys at position 3 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 include Gln.

20 Substitution of Leu at position 5 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 include Glu.

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

25 examples thereof include Gin and Asp.

Substitution of Lys, Leu, and Lys at positions 3, 5, and 7, respectively, 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 include substitution of Lys at position 3 with Gln,
Leu at position 5 with Glu, and Lys at position 7 with Gin.

30 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

35  examples thereof include Asp.



25 examples thereof include GIn and Asp. Substitution of Lys, Leu, and Lys at positions 3, 5, and 7,
respectively, 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 éQampIes include substitution of Lys at position 3
with GIn, Leu at position 5 with Glu, and Lys at position 7 with GIn. 30 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 ob¥R8:6pS B D & onsiowitinahotheht ahro(eRE THERMNIRAERIM aftéttsubstitution

is not pagtiguiary-fimiediput prRfarrad, AALXRPRIBIHRISRTINAVISASRAIS iRRIMUIoR.ff Lhr at
position 9 in th}? light chain C of SEQ ID NO: 15 with another amino acid. The amino acid after
substitutf8ii7P e&tgﬂgﬁ RA9iiESd but preferred examples thereof include Phe. Each of the

above-describedtzabhstittttortsmeadebaibradasitnegions mejtiptersubstitotions rubtialeabstideddns
combinafipn,. UG MQtsm NRA0RYe BURAIIHICOS BA¥RS: %981%%3&}9@3@%%3@%8- These

substitutions can improve the antibody pharmacokinetics (retention in plasma), enhanc
antigen-SHATY I VST RE BRSSP NG CE 4B YR P RS RIGBHEREIPAHE resent
inventioringpewiin), exhmplethe htttimabadl e pegiovisyh aving eechadindlion aAd of dinabtieadie sgribed
substitutiprﬁﬁljﬂg#ggci or example, heavy chain variable regions having the amino acid sequence of
SEQ ID NO: 167 and light chain variable regions having the amino acid sequence of SEQ ID NO: 168.
Moreover, exampldasorigs i Ankian. HRGmcL tantniaidhor ihaip stacas davigastsshingden
include, tditexaopledesutihediesbhatitompndeds fnansehal) varaabaiagionbayiogishe mving acid
sequenc X i chain variaple region having the amino agid sequence of
N e S g e R e
having a®e8siReRrSPEPEE HBoVa:déseriddarsavrtiriireng! isabdes wHbsdissdaying Following variable
regions: {ajbeaioshdithy abeieieegiieg thateamprise dii] o Skih PR NP Rfe GRIR 202 KR 1D

QU T e
varlable f8gibNIRBleISHipFISe \URRhc NS I Dl Mouaws, R HP DY 168
Moreover, specific examples of the heavy chain or light chain variable regions having a

combination of the above-described substitutions include, for example, the following variable
regions:
(a) heavy chain variable regions that comprise CDR1 of SEQ ID NO: 196, CDR2 of SEQ ID

20  NO:197,and CDR3 of SEQ ID NO: 11 (H17);
(b) heavy chain variable regions that comprise CDR1 of SEQ ID NO: 176, CDR2 of SEQ ID
NO: 197, and CDR3 of SEQ ID NO: 11 (H19);
(c) heavy chain variable regions that comprise CDR1 of SEQ ID NO: 196, CDR2 of SEQ ID
NO: 197, and CDR3 of SEQ ID NO: 184 (128, H42);

25 (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:

30 198, 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),

35 (1) 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);



NO: 197, and CDR3 of SEQ ID NO: 184 (H28, H42); 25 (d) heavy chain variable regions that
comprises CDRI 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 comprisé7CDRI of SEQ ID NO: 176, CDR2 of SEQ ID NO:
197, and CDRS3 of SEQ ID NO: 184 (H34, H46); (f) heavy chain variable regions that comprise CDRI of
SEQ ID NO: 9, CDR2 of SEQ ID NO: 30 198, and CDR3 of SEQ ID NO: 184 (H57, H78); (g) heavy
chain variable regions that comprise CDRI of SEQ ID NO: 176, CDR2 of SEQ ID NO: 198, and CDR3
of SEQ 10y Nght taighyzniablo R gidr)sHbalgootrine/aiidl e f&HichEXRé cafiip(§ReDRILD FEFID NO:
9, CDR2190SEQ dDRD: §89) andi6PR3 gﬁ@l%Q ID NO: 184 (H97, H98); 35 (i) light chain variable
regions that comprise CDRI| of SEQ ID NO: 200, CDR2 of SEQ ID NO: 170, and CDR3 of SEQ ID
NG 163 BOEL ST IGFE BN ER b FRBRS AR AP IED DR bR HRe S50, K of
SEQ ID NO; abAid;BRG CORYIPSEQ IDNDO1 1931d12); (k) light chain variable regions that comprise
CDB1 of §EDNG202 CRBRA SEQIRNG: 1T L ORI QLSER PO A D0 5 (1

light chain ariafgle regions.that comprise CDRI of SEQ ID NO: 203, CDRZ of SEQ'ID , and
CDR3 oflgééq %gl‘é%g&%ép Eﬁﬁﬁgﬁﬁ&@,)speciﬁc examples of the antibodies having a
combination of tiarébovereepedtfadezabgtitutidnbdnaliitelifartaxamplechbantitediesthat comprise the
heavy C%&%@@%Eﬁ%ﬁ?&t@&(ﬁ)@@ﬂdﬁﬁéj9‘9} inyariable 10 region of (k); (i) antibodies that

comprise the heayy chain variable region of (d) and:the light chain variable {@%on of (k); (ii
antibodidd FARGHHHEL tRBPISE (PeRarYVARaBIN el eei®) aheiiradigm kellishariapriablegion of
(k)105 (ivygaotiddids that comprise the heavy chain variable region of (f) and the light chain variable

region of.{k). ibadi : I in variable region, of nd the light .chain
variablef(égéaitc{)%r{?)o %@rﬁ?@éﬁ%E}ogcﬁg%ﬁg}tl%%an}%‘r%g}iﬁg 1%%\9)5 {:ﬁgﬁl&:}gﬁg e%rcegllgnv%%l%%eand the
light chal§&/aFRi&Bi&)20 region of (1). (C) NS23

(iii) antibodies that comprise the heavy chain variable region of () and the light chain variable
region of (k);
15 (iv) antibodies that comprise the heavy chain variable region of (f) and the light chain variable
region of (k);
(v) antibodies that comprise the heavy chain variable region of (g) and the light chain variable
region of (k); and
(vi) antibodies that comprise the heavy chain variable region of (h) and the light chain variable
20 region of (1).

(C)NS23
(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:
25 18 (HCDRZ2), 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 (LCDRI1), 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);
30 (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);



(1) antibodies having a heavy chain variable region that comprises CDR1 having the amino acid
sequence of SEQ ID NO: 17 (HCDR1), CDR2 havin%éthe amino acid sequence of SEQ ID NO: 25 18
(HCDR2), 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
sequencé/ b EQdiEs NMOyEEH bBDR 8)p 8la(tinartibdoies swbvsirig tide dig btedh athisdyriaidie regiote df SEQ

ID NO: 24, (ML Jo(DaNLROCHRS B9 196 REPanALRIR VEURNIS Gaian, Bl (onens i deif.chain variable
region of (3%; (6) an§|bod|es fvmgﬁ}he heavy chain variable region of (2) and the light chain variable

region ofTATOTES ) HRRES ih iR KRRhBHe or more amino acids are substituted, deleted, added,
and/or inYrtedbinlitetlbantibhod iesiof samyeanétaid 2} to (@)tophitbheMeyah caiivitydeauivalenste that of
the @ntilz@ﬂj[g%ﬂf 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 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 (HCDRI),
CDR2 hainyy#i6 amino acid sequence of SEQ ID NO: 10 26 (HCDR2), and CDR3 having the amino

S0 1o N e T R g
(he amintALBS G AERLLNOES BINDR 25 (LOSHRY CBHE HEIRPH FARC-A A SBAUBROof SEQ
ID NO: 26 (HCDIR2), andiCIIR hibwivie ththenrdnvnoiacitsaguestent BEQIDNQIBDAGDR3); 15 (4)
Poay ol e e QSO DN Rl ocion naving the
heavy cHaireptinasies iyigg aflight shaithwnighledsainn Buhsrapaie - SiRUubaymgthaartveliidn which
one or Mek:ael e SHASIBIR ek DStILUEIR U e addedd andienidseieddndhe artimgigs wbany one
antbocie D P B T St e R BT by ok D e of
15 (4) antibodies having the light chain variable region of SEQ ID NO: 32 (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)
20 (7) antibodies in which one or more amine 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
(1) to (7).
25 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
30  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 1D 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
35  NO: 36 and the nucleotide sequence encoding this amino acid sequence is shown in SEQ ID NO:
35.



(1) to (7). 25 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) t01¥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 30 modified to a
different amino acid sequence by substitution, deletion, addition, and/or insertion of one or more
amino acids. Thdlzmmmaciddetpience of trehiteayyichaini 01338 sodwevdes G dINSQSB B akown in
N VR A A A A ﬁ?g%%jﬁ??&” . 56 and the
: 33. Meanwhijle, the amino acid sequence of the light chain is shown i : 36 and the
ucleot B BARBRRE SRS S SLETE LTS NTA it S 1D NG 14878 ne amino
acid sequercetidt thwe imewe\eotal mp NS i stvodwedqueB B i d Bhiven 388HiHd theNfucldotide sequence

enceding this amino AGIH SLAYSHRGIR SBPYHR IRREQuIMNPNE3 Meamuhtle g avine.apd seauence
3B

of the light chain is shown in SE NQ: 40 and the, nucleotide sequence encaoding this amino acid

sequencdBSSUASRIFRSERIENS FIENdiRe Bus AN A6 SRIRRfGencBBTIHR RERAPCNAN B NS23 is
shown invBERVHild\MBe 4z mncddeapctentidbtse tiganceencodiog-tis $RQID a6kt ddguerthe is shown

In SEQ IR NGad sMeawbie, dis anunmacidsauenasoting Jghtgrain ipskewnn SEQ 1D NO: 44
d

and the nucleotide sequence encdding this amino acid sequence is shown in SEQ D NO: 43. The
amino acid sequ%%é%wmqﬁ%@ﬂémm M SEds HNs-aSERIPLY B¢ hasfotide
se@0enckenaddingléhisqasninocacid seahenaaisosddwedn i d [Dhbey: 45SAeAamiite; the amino acid
sequen f the:li inis ' : the ' ence engoding this
amino aCIC@l'[gO %%%%1}3% Efelg.s?%{r[w}bé’vﬁr? ?ﬁ%@gﬁ%;&é}? célyy%ﬁ%tﬁg%%?é%ﬂﬁ#\%ﬁ%&i@?g&’ag%ﬁ?@%ﬁivalent to
that of tHE¢laHBevyeEEERsE 6ReCE fhid TEYNARAR SIANGRIBsHON) ok BREIAG AlRV47 neutralizing
NR10 (for exampiethbyiasmNRIO)idS thetuinalgntgivitierpiesant ifveatanbids tarmy eauivalent”
means thaj the activity is not necessarily the same but may be d or reduced as | the
ety 1 A B S SR B S AR B

actiVity thetdsivzéomtor Hidhe DiesdatabigEow Srahoia s vabe! prefara Bhyigbymelvisrs Bothat of the
original anibaaiy 20: khmabtibpdie 5ot Qatetddlded(8) mentonet-ahoNg MAN-ayE a substitution,

deletion, Adoign, Andor RSP AL 00 S, 2R BO"R AMing 2eids 1B ihe amino Acid seauence of the
30% or more, preferably 50% or more, and more preferably 80% or more of that of the original
antibody.

20 The antibodies of any one of (1) to (6) mentioned above may 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), as long as the NR10-binding and/or
neutralizing activity is retained. Methods well known to those skilled in the art to prepare the
amino acid sequence of an antibody that has a substitution, deletion, addition, and/or insertion of

25  one or more amino acids in the amino acid sequence and retains NR10-binding and/or
neutralizing activity, include methods for introducing mutations into proteins. For example,
those skilled in the art can prepare mutants functionally equivalent to the antibody having
NR10-binding and/or neutralizing activity by introducing appropriate mutations into the amino
acid sequence of the antibody having NR10-binding and/or neutralizing activity using

30  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 dupiex DNA

35  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



variable regions (CDR sequences and/or FR sequences), as long as the NR10-binding and/or
neutralizing activity is retained. Methods well known to those skilled in the art to prepare the amino
acid sequence of an antibody that has a substitutioeletion, addition, and/or insertion of 25 one or
more amino acids in the amino acid sequence and retains NR10-binding and/or neutralizing activity,
include methods for introducing mutations into proteins. For example, those skilled in the art can
prepare mutants functionally equivalent to the antibody having NRIO-binding and/or neutralizing
activitybtdmkm&am;/MW@f?mmalmsmtggh,emgm, a?@m%%ﬁ%%@tmdé havri]n%
NR10-binding and/or neutralizing activity usin site-directe enesis. UnotQ- , T,
Mizuno. T A L e S ST et amber
method fortbiéikirecldimentifediesihiatGenfainsze27 RTS 2Xdie echdInaiwd Smith iy (2988y
Oligonuclegtide -aitaciesharutagenasts St/ BNARGNERisceiene s inin M 3ivestarsHMstiipdaFzymol.
100,468-500, Kramer, W, Drutsa, V, Jansen, HW, Kramer, B, Pflugfelder, M, and Fritz, HJ (1984) The
gapged g?JepP 5 K%%ng%'roach to oligonucleotide-directed mutation construction. Nucleic Acids Res.
12, 9441-9456, Kibenem\wmanchEidtresidugl B3iteGligtrusteintideidite sretesdigtrustitnd 6mautations via
e ape o Dot bR st LRk AL A5 g, %gﬂfﬁ%éé%@ﬁ "
site-specific mutagenesis without phenotypic selectjon. Proc Na ad Sc . - or the
like. Thu%?i%‘gé UL RESRTIGNE B Fg%’?h‘#fbcé’&‘d%a?é‘%i%?&iﬂ fhé‘”t ridbl& gl \g)md have
NR10-bihglirgrémid¢emmeataalis f§.detiMiy ake Ql9C,ibGIKdSd andhg, antiinodyidh Sotheigresaitliatention.
When ang@ingiaciesidue s alief e, AheRMIRes AAt-RrERIARY mg}aﬁgdcm{@nﬂig%ﬁﬁgkmeo _
acid(s) that conserves the properties gf the amino acid side-chain. I_E";(amp es.of amino acid side chain
propertidS'ate 2Ry dropRBie 4P AT GSH TP PG sige shaing Cripdk bk @M picids (R, D,
N, C, E, @nGitihKeashandid jcainind acids-containing étpkatimd (xite Ehawds G afind, deids and P),

amino agidls, caniaining. ayeroi greun CoRiAINNg, 518 ShAIR S nlAnd Yo ARG ining
h

2

e e
sulfur-containing side chains (C and M); amind’acids” containing carboxylic acid- and amide-containing
side chaﬁws%ﬂ,r%n,‘@, GG RARiARS BT eBitAM TRy DERRT SRIE TSRO d MyliaMACihino acids
contiining sutédies sidéichaicts diduprary calted \MontaminD asidsdneaiceprese et yiphadatiengogdes in

parenth i J it ithin. lled c Ive substitutions. It is
Rready B o R M3, or more

amino a&r$iGuRidnasZiVe gIE asthiraesacsa s dslachaddrdicadrdebsidntrd mstibetheraminrh other
amino agittis ¢an retdintthe duinictibiolagitakacitvitvMark. . bz 4, arobrNetNataAcre. §CA USA;

(1984 811585205120k, Wl 208 SIS Mol WEISGAGE B8 110590 400001 00
20 A.etal., Science (1984) 224:1431-3; Dalbadie-McFarland, G. ef al., Proc. Natl. Acad. Sci.
USA (15982) 79:6409-13). Such mutants have an amino acid identity of at least 70%, rﬁore
preferably at least 75%, even more preferably at least 80%, still more preferably at least 85%, vet

more preferably at least 90%, and most preferably at least 95%, with the variable regions (for
example, CDR sequences, FR sequences, or whole variable regions) of the present invention.

25  Herein, sequence identity is defined as the percentage of residues identical to those in the
original amino acid sequence of the heavy chain variable region or light chain variable region,
determined after the sequences are aligned and gaps are appropriately introduced to maximize
the sequence identity as necessary. The identity of amino acid sequences can be determined by
the method described below.

30 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

35  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



20 A. et al., Science (1984) 224:1431-3; Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci. USA
(1982) 79:6409-13). Such mutants have an amino acid identity of at least 70%, more preferably at
least 75%, even more preferably at least 80%, still mbre preferably at least 85%, yet more preferably
at least 90%, and most preferably at least 95%, with the variable regions (for example, CDR
sequences, FR sequences, or whole variable regions) of the present invention. 25 Herein, sequence
identity is defined as the percentage of residues identical to those in the original amino acid sequence
of the heawinchaid veqisble wylmveritigletrebainsviadhile fegivmmubtcthaicrod ditos Wictdéguemces are
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regions include, for example, thé conditions of 6 ea, 0.4% SDS, 0.5x SSC, and 37C, or
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hybridize under stringent conditions to a nucleic acid composed of 10 the nucleotide sequence
. TegZIOns, . . . . . . .
encodlnget%e amino acid sequence of the variable regions can also be isolated using, instead of the

abdve-describedSpratitsal vidhpidpitiniobtionredisalifles ayenes antpifoation seethpesteyahther
polymeragg s@a&w&a&%&m@&@ %%@ﬁmﬁgﬁﬂmﬁﬁéﬂﬂn@ﬁ?ﬂlt@&m %Fﬂf@:r@ﬂﬁ.oﬁc@ﬁﬂg@%%?ti%?
e 1SSl 3t i SEE AR RN E A0 B ke SHs F e agentim
BLAST, Byskdgimidumal (Alitschul gPedct Ndtl Rdall (EB0ISA M398))00, Be8vyePmadeatite such as
BLASTN;ane-Rlof s raaierd evcianed Rased R RIAST, the parameters are set, for example, as

20 score= 100 and wordlength=12. On the other hand, parameters used for the analysis of amino
acid sequences by BLASTX based on BLAST include, for example, score= 50 and wordlength=
3. Default parameters for each program are used when using the BLAST and Gapped BLAST
programs. Specific techniques for such analyses are known in the art (see the website of the
National Center for Biotechnology Information (NCBI), Basic Local Alignment Search Tool

25  (BLAST); http://www.ncbi.nlm.nih.gov).

The present invention also provides antibodies that bind to the same epitope as an
epitope bound by the antibodies of any one of (1) to (7).

Whether an antibody recognizes the same epitope as that recognized by another
antibody can be confirmed by the competition between the two antibodies against the epitope.

30 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

35  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,



this algorithm (Altschul et al., J. Mol. Biol. (1990) 215, 403-10). To analyze nucleotide sequences
according to BLASTN based on BLAST, the parameters are set, for example, as 20 score= 100 and
wordlength= 12. On the other hand, parameters used for the analysis of amino acid sequences by
BLASTX based on BLAST include, for example, score= 50 and wordlength= 3. Default parameters for
each program are used when using the BLAST and Gapped BLAST programs. Specific techniques for
such analyses are known in the art (see the website of the National Center for Biotechnology
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Furthermore, the present invention provides genes encoding the anti-NR 10 antibodies of

20 any one of (1) to (8) of (A) to (D) above. The genes of the present invention may be any form
of genes, for example, DNAs or RNAs.

Antibodies (humanized)

Preferred embodiments of the antibodies of the present invention include humanized

25  antibodies that bind to NR10. The humanized antibodies can be prepared by methods 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

30  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 {o as reshaped human antibodies, and they are

35  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



(7) above bind are useful because they have a particularly high neutralizing activity. The antibodies set
forth in any one of (1) to (8) above are preferably humanized antibodies, but are not particularly
limited thereto. Furthermore, the present invention &%vides genes encoding the anti-NRIO antibodies
of 20 any one of (1) to (8) of (A) to (D) above. The genes of the present invention may be any form of
genes, for example, DNAs or RNAs. Antibodies (humanized) Preferred embodiments of the antibodies
of the present invention include humanized 25 antibodies that bind to NR10. The humanized
antibodigsararabenmreparedkbywndtiso dstansam Retetriosepdkittoni i ubéiction v AREINS sediBf(of
antibodygg/tynieglly composed of three complementarity-determining regions (CDRs) sandwiched by
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(FRS) of Pubtieatianthimdiy (3 SfithERized by PCR using, as primers, several oligonucleotides that have

portions overlap@m%ged&%d ?ﬂﬁg‘g&ﬁ% BQF e( &/ E%B%d scri?e in WQ 98/13388).
The resultingﬁDNA Is then |i at9e to a DNA ﬁcosd?rgle ﬁa%lj%ré%n éntl 0 S istan f"&;esaior?,t Fsﬁmgerted into

: INA eny . dy constan )
an expres5iBs {aetsr faaabie caticen rdiag & to r’éﬁ?@é@tﬁ@%ﬁt%ﬁ%@l@é@wdkéﬁwmatent
ApplicatigiiRishlieaton Meertith239460 ianddatediativnr faieniARREGHIRD L hRBbligatisadNo. WO
96/0257 ' ramewoark,regions to be linked with CDRs are selected so that the CDRs
form a ffé%%%%ﬁ%\%gqggﬁ mcgg?aeel.ﬁﬁ?hr?g%%g , %%éﬁé%clp s%rslt?t@ﬁ%%?rc%’l% ’eonﬁt,&% 3%8%?‘and/or

insthtionfiPias Bkt daalians kree friredursiinsy iba swinmapddpwerstlef F&gloresoliag the CDRs
of the repliapathvmaniantipohaferm-Frronss enfock-RIRHIROFRLS. Specifically, mutations can be

introduced into a portion of the nucleotide sequences of primers that anneal to the FRs. The
mutations are infroduced into FRs synthesized by such primers. The antigen-binding activity of
mutant antibodies having amino acid substitutions can be determined and assessed by the method
20 described above, and thereby mutant FR sequences having desired properties can be selected
(Sato, K. et al., Cancer Res. (1993) 53, 851-856).
Constant (C) regions from human antibodies are used for those of humanized antibodies.
For example, Cyl, Cy2, Cy3, Cv4, Cy, C8, Cul, Ca2, and Ce are used for H chains; and Ck and
CA are used for L chains, The amino acid sequence of Cx is shown in SEQ ID NO: 58, and the
25  nucleotide sequence encoding this amino acid sequence is shown in SEQ ID NO: 57. The
amino acid sequence of Cy1 is shown in SEQ ID NO: 60, and the nucleotide sequence encoding
this amino acid sequence is shown in SEQ ID NO: 59.  The amino acid sequence of Cy2 is
shown in SEQ ID NO: 62, and the nucleotide 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
30 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, IgA, IgE, or IgD; however, IgG is preferably used in the present invention. IgG
35  that can be used includes IgGl, IgG2, IgG3, IgG4, and the like.



15 For example, mutations can be introduced into the amino acid sequence of FR by applying the
PCR method which is used to graft mouse CDRs to human FRs. Specifically, mutations can be
introduced into a portion of the nucleotide sequenc@s“of primers that anneal to the FRs. The

mutations are introduced into FRs synthesized by such primers. The antigen-binding activity of mutant
antibodies having amino acid substitutions can be determined and assessed by the method 20
described above, and thereby mutant FR sequences having desired properties can be selected (Sato,
K. et al., CancerReso(t998)453, 1851a856) Quibsthnts(G} regidnariiamaidnantantiboshésrapgonsed for
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human ;ﬁ%@%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 antibodidd %@é’d%#%ﬁ%ﬁﬁ%‘ti@"hﬁ%@nﬁé 3 EY Yl e iRtAinaRe g6 igRingmdgE, or IgD;
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deleted, tiRfged thesuiginakingnse sabsedicsd Witnshieedantibebrgsr hechtivheios vintxeprd sent
inventiomaiseninfitide Suehfuumapizpesadiesies With AmipR AdG-sHbsitiepsAAH hediksumdhe

origin oft()%laRs of a humanized antibody is not particularly limited, and may be any animal. For
example, it 5 possible to use the sequences of mouse antibodies, rat antibodies, rabbit antibodies,

carhl antibodiedralsiredec ikanED RE seghenessivo! oS ftibtitislicarel theepersent imvgetieral, it is
difficult tmﬂmmm&@@ﬁﬁpgqies while retaining the binding and 10 neutralizing activities of the original

aptipodiz?s]) T{;)He1 a%lres nt | \@gtion, hgwever, SLjflccee(J(Iigé,in Objt%'nﬁﬂg hu _aQized aptibodies_ having the
binding SPRElRy Ifﬂﬂ% R R SO PEB T Y FHEF TR h G L APRiRBRS 2 imanized
antibodiesrnesef §EhER NdnfHididpel); humans for the therapeutic purposes, because they
exhibit regyred JMmURAaeBIGHLY RS YA heavy chain variable region having the amino acid
20 sequence of SEQ ID NO: 112 (H1-VH);
(c) humanized antibodies that comprise a light chain variable region having the amino acid
sequence of SEQ ID NO: 52 (L0-VL);
(d) humanized antibodies 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
25 sequence of SEQ ID NO: 52 (1.0-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
30 (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 substifution, 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.
35 Thus, other preferred embodiments of the humanized anti-NR10 antibody of the present

invention include, for example:



body. 15 Preferred examples of the humanized anti-NR10 antibodies of the present invention include,
for example: (a) humanized antibodies that comprise a heavy chain variable region having the amino
acid sequence of SEQ ID NO: 50 (HO-VH); (b) huntanized antibodies that comprise a heavy chain
variable region having the amino acid 20 sequence of SEQ ID NO: 112 (HI-VH); (c) humanized
antibodies that comprise a light chain variable region having the amino acid sequence of SEQ ID NO:
52 (LO-VL); (d) humanized antibodies that comprise a heavy chain variable region having the amino
acid seddpaebofBEQARNMQIISO { HAWHhand artidhd rﬂpﬁh}nma{gme@i@mhﬁw@quﬂﬂo acid 25
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variable region h V|n an am #) Qﬁgg@é{n‘] hICh one or more amino acids are substituted,
ea

deleted, a o?eda ané? r mser?
15 (O 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 the amino acid
sequence of SEQ ID NO: 112 (H1-VH), and a light chain variable region 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: 52 (L0-VL);

20 Without particular limitation, the antibodies of any one of (f) to (j) preferably have an
activity similar to that of the antibodies of any one of (a) to (e).

The substitution, deletion, addition, and/or insertion of amino acids are not particularly
limited, but specific examples include, for example, the above-described amino acid
substitutions. ‘

25 More specifically, for example, the following amino acid substitutions may be included:

Substitution of Ile at position 3 of CDRI (SEQ 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: 9 is substituted with CDR1 having the amino acid sequence of SEQ ID NO: 173 ina

30 heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112,

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 Ile (SEQ IDNO: 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 ID NO: 174 in a

35  heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.



sequence of SEQ ID NO: 50 (HO-VH), and a light chain variable region 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: 52 (LO-VL); 1526) 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 the amino acid sequence of SEQ ID NO: 112 (H1-VH), and a light
chain variable region having an amino acid sequence in which one or more amino acids are
substituted, deletedsttidiod, didfd rimsesiterhim & RRAINBRQIAR &HYece 0iSEE IDING. BRIbE-VL);

20 Withqubpayrtiewanlimitationothe antihadiesofany anses.(D749.0) preferablybaye av. Agtlyity similar
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the heaAFEaiRA2RRIIE Pdio? 6F SEDIt ¢! 686 M D Qith 138y (Ske. fbenpessamsivenien the
present HSIWMMWM@&M@&MW@&@QM@%?@&@M D ArhwhightkeRihldeadnsthiearing Scd
sequen EQ, ID.NO.: 9.is, substi ith COR1 having .the amino agi e EQ ID NO:
7o a%?vﬁzﬁ%.s%%‘ﬁ% R e e o B e 55

SubstitufSAvSTHEi eisteler o] me(the anpaoidseingnshebi CHRAMNRi bl Irbyion of SEQ ID
NO: 50 or 112 wihtdlan(ERQARN G oot Bust HISRY ESE IVRTIO)RraKEIReHo UM aRARaKasiable

egons BAICHCPRYABIS IS IES SRt 450,10 N0 S siatysea i Com
amino aditb¥elgsdreryorisRQamrNOeRipgs i which CDR2 having the amino acid sequence of SEQ
1D NO: 10 is substituted with CDR2 having the amino acid sequence of SEQ ID NO: 114 ina
20 heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.
Substitution of Gin at position 13 of CDR2 (SEQ ID NO: 10) in the heavy chain
variable region of SEQ ID NO: 50 or 112 with Asp (SEQID NO: 115). 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 1D NO:
25 115 inaheavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112,
Substitution of Lys at position 14 of CDR2 (SEQ ID NO: 10) in the heavy chain
variable region of SEQ ID NO: 50 or 112 with Gln (SEQ ID NO: 116). Thus, the present
invention provides heavy chain variable regions in which CDR2 having the amino acid sequence
of SEQ ID NO: 10 1s substituted with CDR2 having the amino acid sequence of SEQ ID NO:
30 116 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 NG: 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:
35 117 m a heavy chain variable region having the amino acid sequence of SEQ ID NQO: 50 or 112.



Substitution of Leu at position 1 of CDR2 (SEQ ID NO: 10) in the heavy chain variable region of SEQ
ID NO: 50 or 112 with Glu (SEQ ID NO: 113). Thus, the present invention provides heavy chain
variable regions in which CDR2 having the amino a zd sequence of SEQ ID NO: 10 is substituted with
CDR2 having the amino acid sequence of SEQ ID NO: 113 in a 15 heavy chain variable region having
the amino acid sequence of SEQ ID NO: 50 or 112. Substitution of Asn at position 3 of CDR2 (SEQ ID
NO: 10) in the heavy chain variable region of SEQ ID NO: 50 or 112 with Asp (SEQ ID NO: 114).
Thus, the preserhihsigntion opGhidepdretoy thainCGARANEHQJIONEON WhichiEDR2 hakiig the amino

acid sequgnaa.of. gggof@rﬂﬂﬂ% Wliq@%*mtﬂsg RYIRGIE @“‘“%‘é'%%&‘é?&ﬁe of SEQ

IDNO: 114 ina?2 y chain variable region having t e amino acid sequence o ID NO: 50 or

112. SUBSERARhRSPE Sa]%e&‘ﬁuﬁl%ﬁ“ié‘aé’fﬂé EEIEES 10 LI mhidnsdaoy Breamaia seblencsgion of
SEQ ID NGIED ibr ¥(2 Witls Adpt{SEQ MODMS)aﬁhgjﬁmrmmes&m sevyermide v PRGBS KWeavy chain
varigble {egigns ﬁ@awpm&%&gevaggéﬁmmg%@%ﬁ%%@%@ ARG %Ejn?ganab bsyijyted with

CDR2 having the amino acid sequence of S 5in eav e lon having

the amino acid sSYRIEECBIOEEES f5 RELSD bgﬂ‘%(ﬂg%é’ﬁ’tﬁ%ﬁ bf E%: ReosHiss H PR (SEQ
ID NO: 18} irctivg beswy afiabte uafioblsf RIHDIONSESD R NQ: @mmwmg <S¢ IROL16).

Thus e enian Boydes o s iele o IAGD SBRG e e aming

ving the amin ence of SEQ

acid sequence of 1‘13%%

ID NO: 3008 bavingdhsyammarmddrsanereg iy N d&iﬁé‘%@i&f@éﬂd@%@@ﬁg ipeNl®: 50 or

1120 Sumﬁuﬁutmﬁog‘et;ysmte POSHQNIDONID QDR 2h(SERQACNG $aidblthe deatehaitheataledrgion of

SEQID N ueFr’l%eOS ﬁégﬁfg][\)%] %ﬁEQll1 NO: 117). Thus, the present invention provides heavy chain
2

variable regions in w aving the amino acid sequence of SEQ ID NO: 10 is substituted with

CDR2 having th&uhtfitteiagiaiderfdmasips t®h Ipnopsiion7! fh appdabyyet paiticaribbis f83Reh having
the am.r(csquxsequen@mﬁﬁa@a@ N@m&fb@ma@e@an SEBHHUIYNO: ShyortiRosHeNdi, B DR2

(SEQ ID N 10) |n th a of D NO: 50 0r 112 wit S D NO:.
A o O R B L AR ERD s
amifo a@@éb@l@ﬁé@lsdﬁs@@m@ﬂ@ hoviss thesamiryagidhssDRZOal AN Aindtkisid sequence of

SEQ ID N@sthutdBdh aemx ﬁ%'ﬁﬁlﬁd%ﬁi&@é&ﬁ&ﬂ& tresa I!ng ﬂ@d SEANEREE9L SR ID NO: 50
or112. Sub tution of. L osmon 16. nd GI 0, éé %@ é EQ !D NO: 10) in the _
neavy cRAT UL AR IR SR TS i S5 Aol Sit catively (SEQ 1D NO:
119). Thus, the Prelsdittionceitiom mmﬂd@@mﬁwwﬂlpwmmﬂérmmmhmh6@&Q}lyaating the
amino agigksearence GHREGHS MONES ifosubstiuied With.$RBZBAVIRG RS f SEQ ID NO: 50 or
20 112 with Asp, Gln, Gln, and Asp, respectively (SEQ ID NO: 172). 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: 172 1ina
heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112,
Substitution of Ser at position 10 of CDR2 (SEQ ID NO: 10) in the heavy chain variable
25 region of SEQ ID NO: 50 or 112 with Asp (SEQ ID NO: 177). 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: 177 ina
heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112,
Substitution of Gln at position 13 of CDR2 (SEQ ID NO: 10) in the heavy chain
30 variable region of SEQ ID NO: 50 or 112 with Pro (SEQ ID NO: 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
35  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



10 amino acid sequence of SEQ ID NO: 119 in a heavy chain variable region having the amino acid
sequence of SEQ ID NO:-50 or 112. Substitution onIg/]s at position 14, Lys at position 16, and Gly at
position 17 of CDR2 (SEQ ID NO: 10) in the heavy“hain variable region of SEQ ID NO: 50 or 112
with Gin, GIn, and Asp, respectively (SEQ ID NO: 167). Thus, the present invention provides heavy
chain 15 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: 171 in a heavy chain variable
region halitN(xhkl arsnbsttittd eqtieQER A 1B EQe DdNmMibO arid 12 BubsufUsBR IDGIM at baition 13,

Lys at p%ﬁ@&éﬁﬁéﬁ%&%@%ﬁ ﬁ&@g%@%ﬂﬁ%&@éﬁ&&% CREHRFQADNG: 1) In the heavy

chain variable region of SE NO: 50 or 20 112 with Asp, GIn, GIn, and Asp, respectively (SEQ ID
NO: 172). Thus, THETHUSEREVE AEREORLL Hea RSSO rbbleh 4 FFRBHF R 2 having
the amineeetdesegirencEIHEHONIID 5O 10 2svadib Siitu (SE @it CIOR 2804 vinDHine hapresasid sequence
of SEQ | : 17200, ' ' ion:having.t ' ' f ID NO:
S0 oF 110 R S Ry R et el s
region oPEEAENEY S o Bbs RIS SEB I NEBE LR PGS i reRaman B RdR Wdvides
heavy chidio vadihbieyebitnsdrabhicheloh R2vhgyihg dhdranairia aeidepeqwe G OMSEQ: D Q@110 is
substituted with Vi ' i IRNQ:177.in a _heavy chain variable
region havin thgizér%%ﬁg}%é{l?se u%%:%%%%ig%%%gﬁ%%zgguﬁgiﬁt%ﬁ %?aéyncg? 1[:1;losition 13 of
CDR?2 (Stetrte kreiotodfiR IR eham! BbwithsHke (E A NEEGRID NOhwD Se preseth Pro (SEQ
ID NO: 1if8nTibusriiedpsesany dnyenionoMarm b aavhehaliDRs Bhle oo aminordighdgiRhaving
the aminQ.a6i 1ce .0of SEQ | 0. 10.i bstituted with CDR2 having th j id sequence
of s 1 R N e e s A S S o,

50 or 1128 5ubatheriohcbrmyatiepsitigiashel DR HRT SED AN eqre)in oh& R NRkidleribble 35
region of SEQ IIsMN06H JAPywillpbe S ERICONA3 1E8)) ThusOthel prasaahinNgiia provides

cubst e A1 RS FLthD ook e e IS O E 70 3 WEaS G variable
regidn havisgtibe peviisabid GedidnsarobSEeeiDnND Vo dr CDR Subyitig ierroiMecit prositiore 10 of
CDR3 (S£QHB ML) nishahieaikchain CaRabgiagior ahmAdid MeiaRosddiZoMih eu (SEQ ID
NO: 18.0)'8 hus, the re selnt 5 invention oyvjdes eavy chain \gariable regi ' vﬁ(hqh OCD'RS having
the amin® éfﬂaslé%adgn /g ‘7[53&}8)5 lii 8% sﬁ?gl%%%% %%%3%%@!:@) no’¥id Sequence
of SEQ ID NO: febdntativeaylghalrpesitiablée§icPRAFIGAHS AHInd lacidtbe quavicelafrSEQ ID NO:
50 or 11%ariable region of SEQ ID NO: 50 or 112 with Ser (SEQ ID NO: 183). Thus, the present
20 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:
183 in a heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.
Substitution of Met at position 10, 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, Giu,
25  Thr, respectively (SEQ ID NO: 184). Thus, the present invention provides heavy chain variable
regions in which CDR3 having the amino actd sequence of SEQ ID NO: 11 is substituted with
CDR3 having the amino acid sequence of SEQ ID NO: 184 in a heavy chain variable region
having the amino acid sequence of SEQ ID NO: 50 or 112.
Substitution of Asp at position 11 and Tyr at position 12 of CDR3 (SEQ ID NO: 11) in
30  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.
35 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 1D NO: 50 or 112 with Leu, Glu,



Substitution of Asp at position 11 of CDR3 (SEQ ID NO: 11) in the heavy chain variable region of SEQ
ID NO: 50 or 112 with Glu (SEQ ID NO: 181). Thus, the present 10 invention provides heavy chain
variable regions in which CDR3 having the amino aéf sequence of SEQ ID NO: 11 is substituted with
CDR3 having the amino acid sequence of SEQ ID NO: 181 in a heavy chain variable region having
the amino acid sequence of SEQ ID NO: 50 or 112. Substitution of Tyr at position 12 of CDR3 (SEQ ID
NO: 11) in the heavy chain variable region of SEQ ID NO: 50 or 112 with Thr (SEQ ID NO: 182).
Thus, therprésenteipeinireii(BEPANAES:HSHYY cliais vatahissrgionsiibapichiddd Rahavingdhe amino

acia seauanas. oL SR APk Kok subsiyied with CRESANGP SRR NG of SEQ

ID NO: 182 in a hea) ain variable regioh having the amino aci seﬁue ceof S NO: 50 or
112. SulsshiitipiEb iR GPBddasing e roPR 3(dBen PR IS R SRE 4P émaiheaprigif®region of
SEQ ID NEabR efgld hwithh See(Smab RN Qql8d)e THEE ChEDprEsest gPlimyention provides heavy

chain variable regi |n:whi 3 having the amino acid sequence of SEQ ID.NO:. 111
subgituted Witheg@gi éﬁ%ﬁ%ﬁﬁ%ﬁr{ﬁ?ﬁé aci "se%%t_%sg*ggég’ Iﬁ{l%r af ?%(18 grhle%\% éégg variable
region h&¥Hg HeNEmihb detliskepyyrideiprasdipregynse SEQLD Mihstiaiohl drnthtlawEdition 10,
Asp at pasdioe Idkspadivaly @8 BOsINoN G216 DRBuéSEQ M@ inkbhilbihe- HEavy khai Matiable

region of SEQ ID NO: 50 or, 1 eu, Glu, 25 Thr, respectivel -.184). Thus, the
present i\ﬁavr%ear%%ﬁeﬁgi\lﬁ a8s't r%%lv%}%mﬂ\%r %?8 aﬁglgrfgr?glln% iC %éﬁ@#g%‘eﬁﬁﬁno acid
sequencuibftEes with CDR3ibasims tha woinitacic BRY4Resing IHEdMNG athy sequears diBEQ ID
g%1)184@&@3]}8%@1@1@ﬁ%@lﬁ@i&ﬁﬁd@?ﬁd%ﬁ%&%ﬁgﬁ@ mizd@.emlsf:gﬁzoé SES 1D 3N OO :h50h0r 112.
ubstitution o at.positio an I at po > " n .30 the heavy
chain variable r;Agg%ﬁ%logfIQgKE(ﬂ% é‘rl% 5‘:%}/8?}1 fﬁ%ﬁé@%@?ﬁj‘@iﬁmgﬁ @]E(S&"'l‘f? Niiablss)
Thus, theegreseh SRR OBV idéls Ghu(REEhEIN NEYidBIE redibes, iharicien ODR3tavimgwdesamino

acid seqy%ﬂ%%%@a@e NQichd is subsfitutae WithiE PR3 A}ﬁﬂiﬂg&!&%@aﬁéﬁ&%@éé%qm P8 SEQ
ID NO: 185 in a heavy ¢ riable region having the amino acid sequence of SEQ ID NO: 50 or
112, 35 BHEAUHN STy B CLAETE S A0 SO TS TR Ty AL DAL BHIEBH5EG 1D
NJ:511) varieblbeesiphaiingdtiabipinegiod ef@E@DMNBBIONOL 3with Leu, Glu, 29 and Thr,

respectively (SEQuRN@oA-§OAA RS RRISIE T Eﬁ'@g PEOMIEBES TSAMCHAN Katiahlg Jpgions in
which CDR3 having the aming acid sequence of SEQ ID NO: 11 is substituted with CDR3 having the

amino alf@S8qtletcd IP SES 1B Nt ABERERL AR chain- variiisid Ve BreseREIHEPHRR AoKidscid
sequencighf Sa() 2 MBle50brrE 1R vehBhifsiiRilidindh T vieatpasitimnd3edsmes poSEQDINGnd3Tyr at

position 2 AGRRA with CDR1 having the amino acid sequence of SEQ ID NO: 122 in a light chain
20 variable region having the amino acid sequence of SEQ ID NO: 52.
Substitution of Ser at position 8 of CDR1 (SEQ ID NO: 13) in the light chain variable
region of SEQ ID NO: 52 with Arg (SEQ ID NO: 188). 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 sequerice of SEQ ID NO: 188 in a light chain
25 variable region having the amino acid sequence of SEQ ID NO: 52.
Substitution of Leu at position 10 of CDR1 (SEQ ID NO: 13) of the light chain variable
region of SEQ ID NO: 52 with Val (SEQ ID NO: 189).  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: 189 in a light chain
30 variable region having the amino acid sequence of SEQ ID NO: 52.
Substifution 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
35  sequence of SEQ ID NO: 190 in a light chain variable region having the amino acid sequence of
SEQ ID NO: 52.



(SEQ ID NO: 11) in the heavy chain variable region of SEQ ID NO: 50 or 112 with Leu, Glu, and Ser,
respectively (SEQ ID NO: 187). Thus, the present invention provides heavy chain variable regions in
which CDR3 having the amino acid sequence of SE—°€§ ID NO: 11 is substituted with CDR3 having the
amino acid sequence of SEQ ID NO: 187 in a heavy chain 10 variable region having the amino acid

sequence of SEQ ID NO: 50 or 112. Substitution of Arg at position 1 of CDRI (SEQ ID NO: 13) in the
light chain variable region of SEQ ID NO: 52 with GIn (SEQ ID NO: 121). Thus, the present invention
provides light ctinibsvaade fégioaspssitibich GRRIMAWIIND ariinDadiciseliienaetf Shebld NO:

13 is substi ' ﬁ?ﬁl)h ipgth ' i ce I ; ina light chain 15
variable ?%gﬁﬁ?‘aw%t e am?r?ogé?(l:llsd%e? u@@e@o@?@?g Nﬁ%&%t%géﬁﬁi%ﬁﬂ%ﬁ?@rﬁg“égtion 5 of
CDRI (SEgh phrio Vanshictsginghie Rateh Shablehieiis hefasrey asifiesqsengatrf A SEN IR O:
122). ThussibsipresenttUDRIDAaY il stidiseyasatiefSBoHINOhi GRRIfadhgihe
amino acipeguense . SR IR MO 1345 substiuted uith GRRhNaying the amino acid sequence of
SEQ ID NO: T a light cfrain’ 20 variable region having‘the amino acid sequence of SEQ ID NO:
gé Qslljgstitug;?r; gggﬁﬁaﬁggmmﬂgs@bm . 1m&2@éwme1@@mmggba;@§wmgm qul
: 1D (NG DSNINE1908SENTHOY SREQRRERY IAOEnHE Weyarnable

regions i?%pi%h.CDg} tg ving.the ami G}ﬁg gl%? uence@f SE(EHID (()??13 IS S i%g?%m'th gDRl
aving (s A S 5 R Hee i e PR s g M TG d e
amino gcmsgbqﬁémigvaﬂs@@lmmgmemsﬂtmmme@gmfp%@éﬁ NDofl EDR Ia(BEOIDINO: 13)
vention Brovice ICh! Ehoin (et aDIE s s e B Rine e aming acia sequence of SEQ
1D NO: 13 19 SuBRHAH WAL RO e S S o e 3 S SA 8 e
chain 30agismbleSiegibn Waving wighahsin(PECId Beglietgd)of SED.|DaNDeEat BubstitutiordfiSer at
f’é’ﬂ“c?%%@ﬁ%‘*f“ @s}r%@{?)&t&%@iaﬁsq%g@lﬁi% S@ggﬂ@iﬁ %gg@%ﬁﬁ%éi%%ﬁﬁéﬁ@e@f@ﬁ@t 1B9Q5: @_gSElQ .

: 52 with Arg an respective ( ; : e present invention provides lig
chain vaftH e A ROr L ORI LS A S I AL T G DR G
substitutedriaitle GRRhHaving the amineedidegbasequd Rt PIIBEQ:IEZNO: 190 in a light chain variable

region having they amnQRHD SEAUENEG R F S EDNSY gﬁ% SePSUIHoR o Thr BLACSHIR I Of
CDRI (SEQ.ID NO: 13#én the light.chain variable rel%;on of SEQ ID NO: 52 with"Ala (SEQ ID NO: 191).

Thus, tha-SERahSELHAOH L2 B G TR N Yoo dRE T REr s H AR PIREARinG acid

sequenchghft Sk E2M¥BlekBgions 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: 124 in a light chain
20  variable region having the amino acid sequence of SEQ ID NO: 52.
Substitution of Leu at position 5 of COR2 (SEQ ID NO: 14) in the light chain variable
region of SEQ 1D NO: 52 with Glu (SEQ ID NO: 125).  Thus, the present invention provides
light chain variable regions in which CDR2 having the amino acid sequence of SEQ 1D NO: 14
is substituted with CDR2 having the amino acid sequence of SEQ ID NO: 125 in a light chain
25  wvariable region having the amino acid sequence of SEQ ID NO: 52,
Substitution of Lys at position 7 of CDR2 (SEQ 1D NO: 14) in the light chain variable
region of SEQ ID NO: 52 with Gln (SEQ ID NO: 126). 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
30 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 IDNO: 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
35  variable region having the amino acid sequence of SEQ 1D NO: 52,



is substituted with CDRI having the amino acid sequence of SEQ ID NO: 191 in a light chain 5
variable region having the amino acid sequence o_fj Q ID NO: 52. Substitution of Thr at position 2 of
CDRI (SEQ ID NO: 13) in the light chain variable region of SEQ ID NO: 52 with Ser (SEQ ID NO:
192). 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 acid sequence of
SEQ ID NO: 192 in a light chain 10 variable region having the amino acid sequence of SEQ ID NO:

~ 52. Substitution Stpgiuatopasitios atebeitimel (BEG D s posidpirSthEGHR (IR T ble 1 3¢ gicheof

SEQ 10, i niSE0 AN g TRV or e
regions in,wni aving.the amjno acld seguence O . IS SU Iiyted wi

e e e e r I GdsS BEIco L A S B SR DR R Ning e
amino acitisequhesiofBE Qf BERAD 590 Stibstitutisrwed ysitt GBRfidre @ GORAIGSEQID NO: 14) in
the kght ghainvarakleqrasinmof &5 RN, WiLh 10 é%&a RN e i T YUSi dRERERRE Y

inventiork‘%gﬁfl?@olg t chain variable regions in which C having the amino acid sequence of
SEQ ID ‘ Is“subystituted with CDR2 having the amino acid sequence of SEQ ID NO: 124 in a
light chain 20 vatidisteregiort hasiasigpthdiamind.ackd pegjtioncs atGER 4Dph@i@27 SHOTIRAGEQS Len
at positian kvef. $HR2 (R LAk ileIalt £1R() ¥BaBlesIARILAL IHE IRdYH,. 52 with Gl

(SEQ ID NO: 125). Thus, the present invention provides, light chain variablé regions in which CDR2
having tRESEFRIRG &%Eégcﬁ@el?fgé STYEQU Y NGE P%s@gﬁb‘ﬁﬁﬂmﬂfﬁd@jﬁﬂﬁiﬂﬁd’%@ﬁﬂno acid

sedlencegibSEQ WRINCCIIRE hueitighichaino 2bidatgidedegitbRaVin Yy (hel aiipghagidisequance of
SEQ ID 3 [tutian. of it ( . 14).in the light chain variable
region ofE S%{C%%I%%Iélﬁ %%%%%BC?H{%%%%%QI%%g%G; Tﬁué?ﬁ% %?e%%%t%}ﬁ%éﬁf%na%%oﬁﬁlgg light chain
variable PaYiBH ARt eit RepAn § tREQAMI @ci sequence of SEQ ID NO: 14 is substituted with

CDR?2 having théwbsiiatiaaid SetuenseiobsEQfIDDNO:(SBRIMANGht shaithddiMariahle kegissdaving
1y e o e L T %?%%@Eﬁ&%ﬁé A AR PSRRI T recen
invEhtioniBhbehads vagRPlsRIniandidyidaB Ihwrrsh looraineasihsaqaeness 8EQ Bagienie of
SEQ ID N@ubkfitiscaubishtated ity iapRe haoadhesamine aeicsayupnee of BEQY BMNQLARY in a
light cha{{réﬂsaglg%ialblegggiontggvin thaei minoeacid S;,Q ID NO: 52. 31 .Substitut'ion of
Arg at position 1 and ASh Atposi m&g SrCORY @Eé‘%ﬁg&?\g in the light chain variable region of
SEQ ID NO: 52 witpsiitian@ kg, slaypsdden \p{ SBBIXSRO:IDeN: 15) in the light chain variable
region of SEQ ID NO: 52 with Asp (SEQ ID NO: 194).  Thus, the present invention provides
20 light chain variable regions in which CDR3 having the amino acid sequence of SEQ ID NO: 15
is substituted with CDR3 having the amino acid sequence of SEQ ID NO: 194 in a light chain
variable region having the amino acid sequence of SEQ ID NO: 52.
Substitution of Thr at position 9 of CDR3 (SEQ ID NO: 15) in the light chain variable
region of SEQ ID NO: 52 with Phe (SEQ ID NO: 195).  Thus, the present invention provides
25  light chain variable regions in which CDR3 having the amino acid sequence of SEQ ID NO: 15
is substituted with CDR3 having the amino acid sequence of SEQ ID NO: 195 in a light chain
variable region having the amino acid sequence of SEQ ID 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
30  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 Gln and Ser, respectively, is shown in SEQ ID NO: 120.
35  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



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 CDRI having the amino acid 5 sequence of SEQ ID
NO: 169 in a light chain variable region having the arhino acid sequence of SEQ ID NO: 52.
Substitution of Lys at position 3, Leu at position 5, and Lys at position 7 of CDR2 (SEQ ID NO: 14) in
the light chain variable region of SEQ ID NO: 52 with GIn. Glu, and GIn, respectively (SEQ ID NO:
170). Thus, the present invention provides light chain variable 10 regions in which CDR2 having the
amino acil&qubrse of BEQd DG chdiis sulaslitutadovitta vE R R2: haniingatiié sopinncacifl SEQuUéENnce of
SEQ ID N@: 37Q,7 @ light chain variable region having the amino acid sequence of SEQ ID NO: 52.
Substitution of Glu at position 5 of CDR3 (SEQ ID NO: 15) in the light chain variable region of SEQ ID
NO: 52 with AspH&BOIHNEYEFseHRA o8 RPRENHORTRSVIRES SES HORE Aidth variable
regions icowhichtich R&hethagathmamuitbsabiti tsegue deenbSED RN Ol Hey i ssubsatitbéashviinéIDR3

haviag t | ' : | i in variable region having the amino
acidyseq%%eﬁ%%%gégdi%ﬁﬁ%gﬁ%gsu gi%%%sgiéﬁgﬂ%%gs%%ogr? % of CDR3 (SEQ ID NO: 15) in the

light chain variabiBesEHiGHrBEEithreibodintinepies tes phovedassaiperiusstivaisnssaitinvention
provideshah kghiahain watiatlefse gicnsoin, whith GRRZ:heving ieadivine aeithseadeRee@bSEQ ID
NO: 151 tuted.with havi [ ig-sequence of SEQ 1D NO: 194 in a light chain
variable ﬁgylg%%g\%%\ﬁ{[ %?gﬁs:%l%uea%érﬁqu @m@%’l ﬁ%&%%ﬁ& [ gf%%%k%%r%ﬁlﬁlosition 9 of
CDR3 (Strbly kpeiops)avingdhppminasidasamecesdioh @ ERED ddoambansitbopise {SEQ ID NO:
195) Thm@ﬁ@m&f'aumkamanwi@gm&%ﬁg@@g@mﬁ@ém?s@gm@ Mﬁwmflhﬁ\&ﬂ& thef
amino aci ence of SEQ 1D NO: 15 ig substituted, with CDR ingthe.amino acid sequence o
SEo 10 N e R i B N k% S0 1D NG 22, 1n
addition, the subBtthvomerside thidh srosplefeetisdt aboviainciatablesapismiiowlithahs at position 3

of heavy:phaindeRZhaYiNG e EM R 6 T5LERAMERER Al SERJD N MENHRGARMhE RIIRO acid.

The amiréga?ci‘garallﬁglresubl%titution is not particularly limited; but preferred examples thereof include Gin.
When Arg aflposn 017 $H §EQ ID NO: 97 has been replaced with GIn, Ala at position 5 may be

suBstitutel by seetn yroableaeeinnmnbay PR theaguoncsidrsesuantia o i JSBY dEhRDMWABH Arg and
Ala at PASiiRas 3 Ak iR ARUAARIN RIHE B6RA1 . SE DA FEDayhken Jeplageslith Gin
and Ser, ectively, is shqwn in SEQ ID NO: 120, 35 Thus, the present invention provides heavy
Chain v B AT E RO ARG AL AP LA CaLCS SO NS S Bubetttec
with FR2Hevitigythleasmiaseabidaponrevoar@2he amino acid sequence of SEQ ID NO: 207 (H30);
(5) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 208 (H34);
20 (6) heavy chain variable regions having the amino acid sequence of SEQ ID NQ: 209 (H42);
(7) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 210 (H44);
(8) heavy chain variable regions having the amino acid sequence of SEQ 1D NO: 211 (146);
(9) heavy chain variable regions having the amino acid sequence of SEQ 1D NO: 212 (157);
(10) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 213 (H71);
25 (11) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 214 (H78);
(12) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 215 (1192);
(13) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 216 (H97);
and
(14) heavy chain variable regions having the amino acid sequence of SEQ ID NO: 217 (H98).

30 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);

35 (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).



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 amino acid substitutions may be used alone or in combination
with other amino acid substitutions described above33l'hey also may be combined 5 with amino acid
substitutions other than those described above. Specific examples of the antibodies in which the
above-described substitutions have been carried out include, for example, antibodies that comprise a
heavy chain variable region having the amino acid sequence of SEQ ID NO: 167, antibodies that
comprise a light Ehetinervarialipeefiorxheniiey tichamitibatics seqyeisoe chSHQUO IO BEBhand

antibodieg, jhat 19 | ' iable #eqi ing.t ' | ence of SEQ ID
NO: 267 g o J-%@%ﬁ%ﬁ%@%@%@ﬁfﬂﬁgﬁh@?ﬁ%ﬁ%%ﬂz%%%%é’ﬁ%%%q% NO: 168,

Further HESTEETOT R REAYY TvAmYaLABIRESEGAL Y dnidhetiehapivia widibed

substitutisgshafd Bedh 2&rddy out include, for example, the following heavy chain variable regions:

15(%) h i [ ' ' inQ. n f SEQ ID NO; 204 (H17): (2)
ey Ch e o e R e 0 1 SR s Doty i e vy
chain vaF@b@%B@sﬂ%@hﬁQﬁe amino acid sequence of SEQ ID NO: 206 (H28); (4) heavy chain
variable (2Yjensibadizsgihecampizeatid sesyanatmah SRR IR 2Q7 )(HR0%e (Bytheawnchaimuariable
regions i}g&'ggé??gy‘qﬁgﬁq%sequence of SEQ ID NO: 208 (H34); 20 (6) heavy chain variable
regions having the amino acid’sequence of SEQ ID NO: 209 (H42); (7) heavy chain variable regions
having tHéZ LR S cerusien e braombain veriphla yegmnmdd by arbihodighisibaiogioneblaving
thelamine gicid sBQUR e 20f135Q ID NO: 211 (H46); (9) heavy chain variable regions having the
amino agi E0 ID.NQO; 212 (H57).. (10) heavy chai iable regigns having the amino
acid seq%%rfcge%g? gsdé%q@%%n%%%ﬁe/%& ?%?ﬁg)é%?%ha 10\1}1a$|fgb B‘Pe‘:lg%%gag\ﬁﬁﬂqﬁgréﬁ fo acid
sequencE®PsE( 1R #4244 X%H78); (12) heavy chain variable regions having the amino acid
sequence2ef SHEQHRNG2LMErdihd b3 ReanaittanvRrabieeaienatAnDg ihe ATHNC. ARG
sequence, of SE%‘@%%@]%?)(HW); and (14) heavy chain variable regions having the amino acid
se;iuence orse : (H98). 30 Meanwhile, specific examples of the light chain variable

re

éns it wHigHhpdica Huyedptrb iy baberitininsariavled aivinel(Beatdriexigiplehaheviolidving light
chain varahis segionsHEYP)1iight chain variable regions having the amino acid sequence of SEQ ID
NO: 218 %I %?:*n%@ Iig‘ t chain varigble rgh%iohns,ha\{jn ghe amino acid ;gguenc_e of SEQ ID NO: 219
(L12); 380 TR ERAIA SHRIE b RS E iR TE i 65000 QLG Shsies iy 3618 17).
and region of (17) (H71L17); :
(27) antibodies that comprise the heavy chain variable region of (11) and the light chain variable
20 regionof (17) (H78L17),
(28) antibodies that comprise the heavy chain variable region of (12) and the light chain variable
region of (17) (H92L17);
(29) antibodies that comprise the heavy chain variable region of (13) and the light chain variable
region of (18) (H97L50); and
25 (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
30 IgGlorlgG2. Moreover, 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 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,

35  and include, for example, the following constant regions:

constant regions having the amino acid sequence of SEQ ID NO: 128 (M58);



(18) light chain variable regions having the amino acid sequence of SEQ ID NO: 221 (L50). 33
Furthermore, specific examples of the antibodies comprising the above-described heavy chain and
light chain variable regions include, for example, thé"followmg antibodies: (19) antibodies that
comprise the heavy chain variable region of (3) and the light chain variable region of (17) (H28L17); 5
(20) antibodies that comprise the heavy chain variable region of (4) and the light chain variable region
of (17) (H30L17); (21) antibodies that comprise the heavy chain variable region of (5) and the light
chain variable regictof (1o (HBMLAT fh¢22 ) aotivod ey ubaccontirigd Eh ety Had;vawdable region

o1 (©) and the o chaineriablenH0d eelom Sl AEHARLAZ) 10652@%)@&1@9%2'@}(@@9”59 the heavy

chain variable regggn of (7) and the_light chain variable” region of (H441.17); (24) antibodies that

comprise the he %ﬁaﬁﬁ%’&ﬁéﬁ@%@&%’ﬁ’@%ﬂ%@lﬂ&?@&%&?ﬁ%ﬁé%ffér‘ RFOTBIPER (HA6L17);
15 (25) aotibadiesghat cochpléséothedmaals, chain variable region of (9) and the light chain variable

reg'S’“ of fﬂ}a(tggﬁar]rggs?lfgﬂr%% ‘éﬁﬁ%?%dée\%a}%ﬁé ﬂﬁ%ﬁé‘ﬁ@%ﬁ@%@{@ﬁ%&%%@é@ (I%d the

light chain’varia 1L17); (27 antibodies that comPrlset heavy chain variable

region of P73 icons ghicaianboxinedie %%%Wé?‘@%“(ﬂ?%ﬁ@% B hddSodies that comprise
the heavz rheanyeliiahidr editvh OfIfR2) lendhthehéghtisbatid asiplkleca e OBETIKIOHI2Lik Thie(29)

e (1oL b e S S L e

light chair/%ariable region of (18) (H98L50). The constant region used for the humanized antibodies of
the prese AnveBERY MRayhapasy tﬁ@ﬂfe&iﬂ\f}t cagioafenved frophechuinamant fedymeteited

examples of such g.r%% ;N%g rjved from human antibodies include, for example, constant
regions defived fro a?% I'or ?%QBlﬁoreover constant regions in which one or more amino acids
are substithtatibasbtetdat aaaws%w@pmahéwmfﬁé awhataabebiom krsine thiremizcgidan antibody

may alsaehgcHseds $he)gpnstant segions in which one or more amino acids are substituted, deleted,

added, More specific examples of the humanized anti-NR10 antibodies of the present invention

15  include, for example, the following antibodies:
(k) antibodies that comprise a heavy chain having the amino acid sequence of SEQ ID NO: 54
(HO-VH + constant region);
(1) antibodies that comprise a heavy chain having the amino acid sequence of SEQ ID NO: 130
(H1-VH + constant region);

20  (m) antibodies that comprise a light chain having the amino acid sequence of SEQ ID NO: 56
(L.O-VL + constant region);
(n) antibodies that comprise a heavy chain having the amino acid sequence of SEQ 1D NO: 54
(HO-VH + constant region) and a light chain having the amino acid sequence of SEQ ID NO: 56
(LO-VL + constant region); and

25 (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 (HO-VH + constant

region) and the light chain having the amino acid sequence of SEQ ID NO: 56 (LO-VL +

30  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

35  amino acids are substituted, deleted, added, and/or inserted in the amino acid sequence of SEQ
ID NO: 54 (HO-VH + constant region);



and/or inserted in the constant region derived from a human antibody are not particularly limited, 35
and include, for example, the following constant regigns: constant regions having the amino acid
sequence of SEQ ID NO: 1.28 (M58); 34 constant r3eigions having the amino acid sequence of SEQ ID
NO: 129 (M14); and constant regions having the amino acid sequence of SEQ ID NO: 62 (SKSC).
Specific examples of the heavy chains or antibodies having the above-described constant regions
include, for example: 5 (1) heavy chains that comprise a variable region having the amino acid
sequencebrSPOdiEs M@t casPrasechdicvnsthair bgivngranimgitoacichiequacict Seoutenkc e SEQ1O NO:

128; (2) heay shainsdRuwiieh SDRZNaviRgie ANK0ACHSLAURRCE SRR RNQed St drde
heavy chaj (Sﬁgé I@}ﬁu? |'5ruted with CDR2 having the amino acid sequence of gEQ ID NO: 172; 10
(3) antib rgs prise 1R RERY A of (1) and a light chain having the amino acid sequence

of SEQ () NOibb8R;sahat @)Iamiﬂwoﬂ@mhahdmphhg@ﬂmﬁaa\apiﬁmqueﬁ@)mmmgm ohain;rhaving
the aming,agid, SAAURNGHGHBER JRNQ: &é&@@f@&ﬂﬁggﬁeﬁ%ﬁ%'%ﬂfo@agHégeﬁ&&-%s%éﬁ@bzgRlo
odres: (k) anti

antibodies of the gresent invention 15 include, for example, the following anti dies

that comprise-a PR &ainREVHY 158180 acid sequence of SEQ ID NO: 54 (HO-VH + constant
region); (&) anitivciie sithiatoaopripeisdheatie atyi atavihpaingrihe asiiheqeitdcaguencd ohSHE@EBNO:
130 (H1:¥H + Qn). I i t. I ight.chai Vi e ino acid
sequen(]:%l\{(lnli?l%%&%ﬁéﬁg%g%g%\g/{g%@%%%%&%n ;%?)fégﬁl_tl %%?e%l%oa%%é]r%ﬁrﬁsgg% ﬁ_iav “chain
having thE Afine*d&ld-384 derrasisriceeion N@@é}@lwiw VSRR IRYASH) SHMa TR Bhish
havihg theaoinmacithieousdcerobHs@uRd) Q:1&6d LAV, arepstantiteianhcantd Rb(e) antibodies

that com&r'ﬁg&ygﬁﬁggw%@\g@qﬂﬁgﬁmgk%%%ﬁ%%%%?e f SEQ ID NO: 130 (HI -VH + constant

region) and a light aving the amino acid seque f SEQ ID NO: 56 (LO-VL + constant
region). TthaHEages fRah RERRG A eavIne Al d 8RB eR RS D! IHNERTS 47 Molene b AEnt

region) amefitbextightaeb siddipiisg thecamindadchaeqyenta el ERQEIERING R0 (daMied 3G EQNStant
region) rf@f\@?vp?a rﬁgpﬁyil{ygoc%h%%%tir%%matjcgggn a%%?{aﬁ%%%w{’“ of one or mare _amino .acids. The
eletio '

_ i n amino acid sequence in
substitution, , addition, and/or insertion o aming acids ma§ Ba q

15 which one or more amino acids are substituted, deleted, added, and/or inserted in the amino acid
sequence of SEQ ID NO: 56 (LO-VL + constant region).
Without particular limitation, the antibodies of any one of (p) to (t) preferably have an
activity similar to that of the antibodies of any one of (k) to (o).
The substitution, deletion, addition, and/or insertion of amino acids are not particularly
20 limited, but specific examples thereof include, for example, the above-described amino acid
substitutions.
Furthermore, the nucleotide sequence encoding the amino acid sequence of the
above-described humanized heavy chain variable region (SEQ ID NO: 50) is shown in SEQ ID
NO: 49. The nucleotide sequence encoding the amino acid sequence of the humanized light
25 chain variable region (SEQ ID NO: 52} is shown in SEQ ID NO: 51,  The nucleotide sequence
encoding the amino acid sequence of the humanized heavy chain (SEQ ID NO: 54) is shown in
SEQID 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
30 asrecognized 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 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 1D NO:
35 152;and
(w) antibodies that comprise the heavy chain of (u) and the light chain of (v).



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 35
amino acids are substituted, deleted, added, and/orifiserted in the amino acid sequence of SEQ ID
NO: 54 (HO-VH + constant region); 35 (q) 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: 130 (HI-VH + constant region); (r) antibodies that comprise a
light chain havin§/arcansmehacits segirension wichienbofaliorens amineaditghtchsnbstitlited,
deleted, adae@i@nd/or inserted in the amino acid sequence of SEQ ID NO: 56 (LO-VL + constant

region); ntibodies that comprise a heavy chain having an amino acid seguence in which one or |

more arﬁigeﬁ‘&%g élsgﬁ‘%ﬁﬁﬁ%?Iﬁg?gt@‘a%aa‘éﬂ?cgrﬂf/g%ﬁ?@t@9ir?gl%e(% o acid sequence of SEQ

ID NO: 54 )@y ldhaipohstang thgmninarctid lgiahainflSRAAGRNAnIDS @tidsequence in which 10

onepr maie, ! &éﬁi@%@ﬁgmwﬁﬁ&'fé&%&%%}?gqu@?%ﬁ?m%? amino acid sequence
odi

of SEQ ID.NO: 56 (LO-VL + constant region); and (t) antibodies that comprise a heavy chain having an
amino aéid BE0ePRATH ReKing %’ﬁé‘@i‘lﬂ&%‘?é‘?ﬂﬁ%‘%ﬁcﬁsggr@ gaﬁ\é@f&%éfgé@fed, added, and/or

inserted (i) thergyiheiachd segubneminbIEQ sthudie b3GRLIVR G .crttaiegion) and a light chain
having | %ﬁ%&%@%&@aﬂrﬁn‘éﬂi&'@ [ {d stituted, deleted, added,
and/or i?]%étﬂ%%%l the aming acid sequence %If}%éggr gf%g@? ﬁgj-\/ﬁlﬁ%iﬁfam region). Without

particulat’ ITEIRORPANS BRHBS dhss2Bran gt ecorepreP i BN RAS& B hactivity similar to that of
thel antib@Jliesaof ahyinnbaofik}lie {mind heigubgtituion GElEliun NoditdonHgi/or insertion of amino

bove d e Bt B A (2 boe encocing the amino
acid seqUERBsBPtRBAER bosiMe G HEIA GMA SRS HERASEHAD AR E3100: (SEQ ID NO: 50) is
shown i ISERERy NQidRhaThe tuckesiidesdauquescenceinglheraniao agirgpequence of the .
cequenc e D B e S T D B B e Do sty s
shown it SEaKY Fﬂ@i@éﬂ.wm Hirciavngaddqeanernce ESdivY I NG BBRY kequence of the
humanized) light ¢ hainHSEQHP G S euRdACS ERSIBOND56: Margaver, the present invention
provides, pgfihodies NRAHRSINZE NS SAMEERIORE of SEQ ID NO: 236 (L11)
(16} light chains having the amino acid sequence of SEQ ID NC: 237 (L12);
(17} light chains having the amino acid sequence of SEQ ID NO: 238 (L17);
20 (18) light chains having the amino acid sequence of SEQ ID NO: 239 (L50);
(19} antibodies that comprise the heavy chain of (3) and the light chain of (17) (H28L17);
(20) antibodies that comprise the heavy chain of (4) and the light chain of (17) (H30L17);
(21) antibodies that comprise the heavy chain of (5) and the light chain of (17) (H34L17);
(22) antibodies that comprise the heavy chain of (6) and the light chain of (17) (H421.17);
25 (23) antibodies that comprise the heavy chain of (7) and the light chain of (17) (H44L17);
(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) (H57L17);
(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);
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 amino acids are
substituted, deleted, added and/or inserted in the heavy chains of any one of (1) to (14);
35 (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);



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 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: 35 152;
and (w) antibodies that comprise the heavy chain of (u) and the light chain of (v). 36 Moreover, the
present invention provides the following heavy and light chains and antibodies: (1) heavy chains
having tHé araiibedics Sevingrreanfli SEQIUDMOR2Ar(MbTOh (A beawychains faaidslgrﬁmxmﬁm&@,cid
sequencealiSE QURING: 2% (e 10 heBK EIINS) MG ey Ezgo? gequence of SEQ ID
NO: 224 2%] 19 1eayy chains having the amino acid sequence . 225 (HSO) (5)
heavy c SR T RARRALR D6 GRS P B RSERS Y NEBIZ0 B S AR i) Fresat 0 0A8 Having the
amino a(ﬁb%ecq(jﬁﬁce of SEQ ID NO: 227 (H42); (7) heavy chains having the amino acid sequence of

SEQID NO: 228 (piddh R S chalg Ay A ﬁ@égg@%ﬁgr%egé oS SE ?i‘b‘)‘ 24 229

(H46); (%heavy chains having the amino acid sequence 0 eavy

chains h&UM§ the afngistibd sfingnize drasemaD W“@%F(F‘W%nl@(i}?ﬁ@&ﬂ}ﬂmvi§ﬂ%\}$ﬁg the
amino adessegedabevel SEQ ID NO: 232 (H78); (12) heavy chains having the amino acid sequence

of SEQ ID NO: 2 e ng the aming acid.seguence of S NO 234
(H97); (14 heaviﬁcw%nr%%?(r%? t eaggr%(lﬁ ﬁ%%%éiggﬁggoo %%% ‘f?ﬁ{%‘%ﬁ%“(’ﬁ@é}ea‘(% it chains
having tHEEBhhEscRy deibrtiee risgurroniovasBr 11) (16) light chains having the amlno acid
seqgence of SEQHB;ﬁ:l@exﬂ?zﬂvelnli%h a(33 plighitehainsohaving ihe @EuneCitaemianseaf SEQ ID NO:
238 (L17); 20 (18),] ins h vm the ami cid sequence of S 39 (19)
antibodies that cgcj))rt%l ‘gﬁ Vggvy o asuonpé %es dihe ghfmﬁalr%%(%@(gfﬁlgﬂf %% ftibodies
that compffderthe heavy chain of (4) and the light chain of (17) (H30L17); (21) antibodies that
comprise the heame ghaionol(Bliad i loleh el (i3 batinkRARDAYRRIRLEYMPTISE the
heavy chai nn%f t,he I(ggn lga of gﬁ 4S2L g g" Fﬁ&bOdles th%com r se the heavy
chain of %and ﬁ]tnchal F19 ?%45“ B r&l EUBR T ROL N WS of (8)
andthe [t ﬁbh‘é‘i’rﬂéﬁ%&bﬂﬂ%ﬂ%@ﬁ; (25) antlbodles that comprise the heavy chain of (9) and the light
chain of (17) (H57kd¥detors, host cells, and culture of host cells are described herein below.

Antibodies that recognize domains

Preferred embodiments of the anti-NR10 antibody of the present invention include
20 antibodies that recognize domain I or domain 2. In the present invention, domain 1 refers to
the region of amino acids at positions 21 to 120 (LPAKP to LENIA) in the amino acid sequence
of human NR10 of SEQ ID NO: 76, where the amino acid numbering is based on the sequence
including the signal peptide. In addition, in the present invention, domain 2 refers to the region
of amino acids at positions 121 to 227 (KTEPP to EEEAP) in the amino acid sequence of human
25 NRIO of SEQ ID 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
30 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.



(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); 30 (28)
antibodies that comprise the heavy chain of (12) andthe 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 amino acids are substituted, deleted, added and/or
inserted in the héavhechrsiesiohaentionetof (kptelitig 85:i(E2) HghihehdiRsthaing tammatindgiacif
sequencma«mgnmlﬂiﬁ%%@%mmaﬂmﬁs Rubsittes deleledradded andiotinserted in the

light chains of any ong{igf ( 82; 7 (33) antibodies having an amino’acid sequence in which one

0
or more SARRIGSIES &i8 Qetselinieuy darsbal 4LEY and/or inserted in the antibodies of any one of
(19) to (30); and &Ab@dtﬁsdﬁie’sghalﬁé@gaﬁﬂmﬂ@gm@gpiUapéaasaiecmgp&edﬂmﬁhe,&tﬁﬁa%i@s of
any one of, (19):10,(38). B e SHRSHUHOR. ARlGTQ AdALon, /el dnget! Wgﬂm&%@g are as

described _above. Antibadies that recognize the same epitope as recognized by an are also
describeBt5608 .t ritent InvVBiBRERsh BHEDAMES dettelepiestithy SaxABe regions, heavy
chains, ligH cHejesdentandibostiescaidrenttesent intibotins Hh0ithe presaninyabiionyadgeiprovides
vectors Gagying the above-described genes. The present invention also provides host cells
transformed with the above-described vectors. The present invention also relates to methods for
producing variable regions, heavy chains, light chains, or antibodies of the present invention, which
comprisestnehsttipsgbetditating 15 the above-described host cells. The vectors, host cells, and culture

of host cells are Qﬁg rpﬁgdq rein.below. Antihodies that recoanize domain freferr.ed emhbodiments
of the anti-NR 10 an%l'ébl 5?s Koiic Iées?m mven%on it 0?§B%£%§ib%§%§stﬁ%a b o 'mé adlorﬁgm 1or

) y of the present invention include recogmz
domain izelﬁ%*éeérﬁgéh@mﬁmmﬁ, Hishashumarsrsisettadagivn dffarenveratiasuithuskitsonayXeto 120
(LPAKP iechiNAsnintit adnin ouasidsseamericanabburaaiml R0 0f 28 QR Mikds 76 Awlaese theiamino
acid numbering.is hased on the sequence including the.signal peptide. In additian, jn the present
vention Ay B RS i e IR R e AR (o AP in
thelamino acid séfaéshoaestcranibedzs sREDofSETUIPRChT Beaviaredtiightdlinim goitstaninbering is

based 0Gég&@ﬁ@@lﬁ@ﬁﬁ&ﬂﬂ%ﬁ%ﬁ%&iﬁ@@leﬁ@?@ﬁﬁ-iigh‘c chain variable regions of an antibody of a

non-human mammal, such as mouse. The chimeric antibodies can be produced by known

methods. For example, the antibodies can be produced by cloning an antibody gene from
hybridomas, inserting it into an appropriate vector, and introducing the construct into hosts (see,

20  for example, Carl, A. K. Borrebaeck, James, W. Larrick, THERAPEUTIC MONOCLONAL
ANTIBODIES, Published in the United Kingdom by MACMILLAN PUBLISHERS LTD, 1990).
Specifically, cDNAs of the antibody variable regions (V regions) are synthesized from mRNA of
hybridomas using reverse transcriptase. Once DNAs encoding the V regions of an antibody of
interest are obtained, these are linked with DNAs encoding the constant regions (C regions) of a

25 desired human antibody. The resulting constructs are inserted into expression vectors.
Alternatively, the DNAs encoding the antibody V regions may be inserted into 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

30  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 vifro; and (2) fusing the
sensitized 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 antibody can also be



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 30 recognize domain 1. The ¥htibodies 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-NRI 0 antibodies having a neutralizing activity. 38 In
the present invention, the neutralizing activity against NR 10 refers to an activity of inhibiting the

binding hetwieed WRAGmandiis ipead denddadndipretenghly aniectiviyroirsUpRiassing aubiglogical
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gromh-s%%fﬁ?’é)ﬁin&%ﬁé@?&Whévébﬂdrfﬁ@%stWQﬁéfﬁt’o@f?@rﬁmbW@sﬁﬁéﬁg&@bress the growth of the
IL-3I-dependent Egitiifienare, eeteiigire thasanibodies Hawoaissn|ubaliznowiet vituagainsiiNR10. 10
Antigodi%§J a'(%g%graarl#grréel (%Q%odilggrog tarhe1 é}i{ge een\'ggpl\éggtir%n are | ot limited in.{)er s of their orjgin, and
may be derive fro_ any animals SuEh’a amans, mice. and ra saW%%%P {te’ ahHbOEES y be
recombirciSnwbet eIy dscEhinvaribeannitisdies aplipenamzadbatibdididsy Asthescrbéd above,
the prefesrageantinadiestoftRepiesenhinentiondaciuge humanizeg aptinadies. Lo dhgnapirmerc
antlbodlwgntam for example, the hea@/ and Igﬁh%ﬂj@g c%rl%gn ) ?rﬁeﬁ;%nﬁig a human, antibody, and
the heavy and’ ﬁ%%?nccﬁzgi%n\(}grilggl FetfioRE DF BACAR BELNORS fhiie SERRSAouse.
The chinberiigtgrmbudies dahedaNbtoshguetchy dlims thatboutd t-the exdiganl @r¢hideatifiieddies can be
progiced iy GIARIEe:3RABALERNG HPRL Y HIdeMasINSering it AR AP IBRARE, YREQR and
introducing.the, pons%tk{%mto hosts (see, 20 for example, Carl, A, K. Borrebaeck, James, W. Larrick,
THERAF?E%}ﬁ"I‘&eRAo [RSRRES ARVEICOBIE. phSHEraqs RS TMgs RiNgdSH BPRAZALLAN
PUBLISHERE 21T, BY QSB006 3 fetiiie Ay] EDNAS Of 184 ANt dEDVRFIADIE Setians N 78R fions) are

synthesigzgg,from mRNA of hybridomas using reverse transcriptase. Once DNAs encoding the V

regions of an an&%gdy of interest are obtained, these are linked with DNAs encoding the constant
regions (C regiontFSPL D98GR RUnivah HHERGR nehulFoelitny Hrdeniratibaditsdted into

expressioprscites. bl iebativedisdheoBiN Alsre natdintjdh erantibody ingidis mayhesngedtad into
o ML SIS AR RO NG S LA B G (90IPNRA! AMIIAD ATERO M B R° o
inserted _Into expression vectors so that they are expressed under thé regulatioh of expression
NR10-binding activity and/or neutralizing activity. The muitivalent antibodies of the present
invention include multivalent antibodies in which the antigen-binding sites are all identical, and
multivalent antibodies in which all or some of the antigen-binding sites are different. The
20  antibodies of the present invention are not limited to full-length antibody molecules, but may
also be low-molecular-weight antibodies or modified products thereof, as long as they bind to
NR10 protein.
Alternatively, the antibodies of the present invention may be low-molecular-weight
antibodies. Such low-molecular-weight antibodies are antibodies including antibody fragments
25 lacking some portions of a whole antibody (for example, whole IgG), and are not particularly
limited as long as they retain NR10-binding and/or neutralizing activity. In the present
invention, the low-molecular-weight antibodies are not particularly limited, as long as they
contain a portion of whole antibodies. The low-molecular-weight antibodies preferably contain
a heavy chain variable region (VH) or light chain variable region (VL). Particularly preferred
30 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 aﬁtibody. 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

35  molecular weight than whole antibodies. However, the low-molecular-weight antibodies may



regulatory regions, for example, enhancers and promoters. In the next step, host cells can be 30
transformed with the expression vectors to allow expression of chimeric antibodies. Methods for
obtaining human antibodies are also known. For exér(hple, 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 35 Application Kokoku Publication No.
(JP-B) Hid+b 9878 texanfinedaappalied dapanese patentrapplicatidnghblishettfot o ppaghionin
AIternati%%I)éréQ%dtﬁggqgolgym@imogpég_also be 39 obtained by immunizing a transgenic animal

having an entire repertoire of human antibody genes with a desired antigen (see International Patent
Application PublitBESH NGRS 348 551bG¢n T8 groass dnehid oy o6t iy Hada kel apy 3.
96/3409Gndrity W Q10ai33i185 3 pEtifib ermapde defintduesrim abotdin-heinhansatitbodieh by g iming with a
human angi sli r n ] he. variable_regi uman,antibody is
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thereof, agjomnaas they ingsw 1A 10 protein. Alternatively, the antibodies of the present invention

may be low-molecular-weight antibfdies. Such_low-molecular-weight antibodies are antibodies
iR

including antibo BIETALRANG S OPRE PO MY SR AHRSRY ArtBtRF- s SniBib R ole 19G),
and are risgpemisiisyelfitetragdorgaethdylotain (iReOctingingeang lechndytalizandaatipiigdIn the

Present 14 such enzymatically-obtained antibody fragments to delete an arbitrary portion of the antibody.

20 Antibody fragments obtained by using the above-described digestive enzymes are as
follows:

Papain digestion: F(ab)2 or Fab
Pepsin digestion: F(ab’)2 or Fab’
Plasmin digestion: Facb

25 The low-molecular-weight antibodies of the 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
ef al., Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993); EP 404,097; WO 93/11161, etc).

30  Diabodies are dimers composed of two polypeptide chains. In each of the polypeptide chains
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.
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

35  variable region fragment, and will form a dimer with another single-chain variable region

fragment. As a result, the diabody has two antigen binding sites.



invention, the low-molecular-weight antibodies are not particularly limited, as long as they contain a
portion of whole antibodies. The low-molecular-weight antibodies preferably contain a heavy chain
variable region (VH) or light chain variable region (). Particularly preferred 30 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
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present invention include antibody
Then, a DNA encoding the peptide linker portion is prepared. The peptide linker-encoding

DNA can also be synthesized by PCR.  Here, nucleotide sequences that can be ligated to the
amplification products of V regions synthesized separately are added to the 5’ end of the primers
20 tobeused. Then, PCR is carried out using each DNA of the [H chain V region DNA] -
[peptide linker DNA] - [L chain V region DNA], and assembly PCR primers.
The assembly PCR primers are composed of a combination of a primer that anneals to
the 5” end of the [H chain V region DNA] and a primer that anneals to the 3* end of the [L chain
V region DNA].  In other words, the assembly PCR primers are a set of primers that can be
25  used to amplify DNA encoding the full-length sequence of scFv to be synthesized. Meanwhile,
nucleotide sequences that can be ligated to the V-region DNAs have been added to the [peptide
linker DNA].  Thus, these DNAs are linked together, and then the whole scFv is ultimately
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
30 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.
35 [VH] linker [VL]
[VL] linker [VH]



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); £8 404,097; WO 93/11161, etc). 30 Diabodies are
dimers composed of two polypeptide chains. In each of the polypeptide chains 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. Specifically, the number of amino acid
residues constituitiyiBesmkimgis; doaiexampie] abbut fiveghiesitdbedy Phobdtebylliakohdy/tdeddeled on

the same polypeplide GanRALom,a gaglgxzﬂm 55&{9@%%{&@9&1&%@@%9@?93%'h&%ﬁk@fimer

with another single-chairy variable region fragment. As a result, the diabody has two antigen binding
sites. 417 SR ARl SRIEY2EARIRG RGBTy B ES Biodaced§ linking a heavy chain variable
region ([VH]) and\atitgidiehaimwhiariadwre fadomvikd) Via aeniesrgreddahnbdusion IV 8- vat-SHPYoC.

Natl; Acag, S¢h: . : R ol | f '

Anti od|zg‘]§}gﬁ1‘%§»ﬁé§iﬁﬁgérsﬁ ur%%gﬁﬁﬁ%ﬁrgggqﬁﬁ&#\% a ,I?\lpglv(v% \9/%%5% Cg%%p §§i§§%§1 (61994)).
The H-cREPPIEHENn dReTeafiacrdgiod @Pé&ﬁv‘éﬁwﬁ% ivee feomat Hﬂi}%‘g%g}ﬁﬁé@%ribed
herein. Thexpepties lnkbttor tinkibg dhanisegions isroat parkamatbs dindite gerigfcaxamaleliaadirbitrary

single-c%aei]%&eptide containing about three to 25 residues can be used as the linker. Specifically, it is
possible to usé the peptide linkers or such described below. 10 The V regions of both chains can be

linked, for BXahpikerdy Bthokerd&sllieenbbld. First, among the following DNAs, a DNA encoding a
complete gvEgsiFegartialaminpvadidinkegl’eHge is used as a template to link the V regions by PCR:

DNA seun\g}gﬁﬁ ceorctiyﬁ inll-(letr:mﬁlr}]lgéigdhye' V region of an antibody, and DNA sequence encoding
-chain'vr an antibody.

an L chain-or al lon o DNAs encoding the V regions of H chain and L chain

are amplifiedlByiPCRYEhirkgdiV 8} brksety Hdving sequences corresponding to those at both ends
of the DNAYQ. pererghfigflinkeepvaDNReeenging the peptide linker portion is prepared. The peptide
linker-encoding BNA can alsg be s nthe?&lednbe}/ PCR. Here ﬂucleotide quences that Gan be
ligated to the ampli %gﬁ%onaﬁlro (SR regelor?svély(r:l fidsiZét sgﬁggé?lellyc}ra%g accfg%%‘ tvoa‘ﬂfilg E' end of the
prifers 2€etorbie aded-MhkennRCRagbbanibbodmirimyeiah DNpsofuthen|idedetain, iddigion DI/ -
[peptide Jipkas FANAFarth ShRIFE MHEAIRR-PINAh dadkBrsRIIBlY RE RgHmens. hrReseibinRGR

primers are composed of a comhination of a primer that anneals to, the 5' end of the [H chain V region
ONIA] a5 TR BTob AREAE R AR St e e BRGace & onk o (10 ve otz

binding ability when linked together. Alternatively, the variable regions may be chimerized or
humanized.
20 In the present invention, linkers which bind the variable regions of the antibody include
arbitrary peptide linkers that can be introduced using genetic engineering, or synthetic linkers
such as those disclosed in Protein Engineering, 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
25  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;
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 1D NO: 84);
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 85);



V region DNA]. In other words, the assembly PCR primers are a set of primers that can be 25 used to
amplify DNA encoding the full-length sequence of scFv to be synthesized. Meanwhile, nucleotide
sequences that can be ligated to the V-region DNA¢Have been added to the [peptide linker DNA].
Thus, these DNAs are linked together, and then the whole scFv is ultimately 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 30 with these expression
vectors dalytiéobithinely 1§y vorveREQNAD INEXthdEls. Furthermore, the scFv can be obtained by culturing

the resulggg@%;_@y@gnb@@@}pﬁgé@VW@ §ﬂ?v-encoding DNAs. The order of the heavy chain and

light chain_ variable realons to be linked tog;ether Is not particularly limited, and they may be arranged in
any order ELERANINE Ghtd uikhgeref@l® ¥edBelow. 35 [VA] linker [VL] [VL] linker [VH] 42
sc(Fv)2 iSea-6ihglelet@@n (dw-Gipletul B BqeIghNantisody produced by linking two VHs and two VLs

using linkers and_sychsitiuds gﬁt}g , ol, Methods 1999; 231: 177-189). For example,

sc(Fv)2 Iggﬁbe |c§)jr§(1zll}lgjceg‘%q I&kln @cﬁgﬁﬁ’l%&r. Antibodies in which two VHs and two VLs are
arranged%‘?fﬂ%%@é(r%ﬂﬁ‘iwmﬂwl\f@'(F\?P@Plinker [VL] linker [VH] linker [VL]) from the N terminus
of the singherehainpdlypggticle] ardapgeferred. However, the order of the two VHs and two VLs is not

artangement e L BOE TUL e L By AR LD 0 P R ARSI
linker [V the et kisReRgng omitsr MVEPsakeFpvEXaoR plitike APove-intasiqnad] mikeniviiefetolinaker
[VHDlinkefe\haptinketd/bpTine aminoi it sepuense wibmbsavicchaniatabiRdiegier, ardight chain
variable_ 15 rggiog ir]C a%%vyflgﬂgrle L Iarrﬁ\{\é%i%hgs?sﬁ%}g meq% on(t: in a substitution, deletjon, addition,
and/or insertion. E&rl%ﬁermore,%ﬁe eavy chain van%ﬁ% reﬁjdﬂ Z‘ﬁgtf ﬁ@?ﬁ@ﬂ%‘m&/%%?e%g% may
also lackedinelporsdrie eobdinkaentifith Gthexssalypaptivaloas tungEsideyidfe dmigemitidging
ability whgpelinkaub e gk ifisnostiveha thevriablersyianmipenk Ra-chimarzes asidimagigs 20 In
t_he preser Hggle éllﬁ? SIlllnl(gdenrls w, |fh (t))lnd t e)v%#%gg re IO'i:eS o:gége i Flk@%fgi%lilgei S%rckélitrl;g{g/ peptide
linkers tHAt AR HE ARG HEE GE Y GarRgRd Pmeg% OGrRRERE i Y )
15 (EGS), ethylene glycol bis(sulfosuccinimidy! succinate) (sulfo-EGS), disuccinimidyl tartrate
(DST), disulfosuceinimidyl tartrate (sulfo-DST), bis[2-(succinimidoxycarbonyloxy)ethyl]
sulfone (BSOCOES), and bis[2-(sulfosuccinimidoxycarbonyloxy)ethyl] sulfone
(sulfo-BSOCOES). These crosslinking agents are commercially available.
When four antibody variable regions are linked, three linkers are usually required.
20 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
25  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
30 (Hopp, T. P. et al., BioTechnology 6, 1204-1210 (1988)), 6x His consisting of six His (histidine)
residues, 10x His, influenza hemagglutinin (HA), human ¢-myc fragment, VSV-GP fragment,
pl8HIV 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
35  hemagglutinin), immunoglobulin constant region, B-galactosidase, and MBP (maltose-binding
protein). A polynucleotide encoding one of these commercially available peptides or



such as those disclosed in Protein Engineering, 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 2% 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 patrticularly preferably 12 to 18 amino acids (for example, 15 amino acids). Amino acid
sequences of such peptide linkers include, for example: Ser; 30 Gly-Ser; Gly-Gly-Ser; Ser-Gly-Gly;

Gly-Gly-@btsPept{SisQatDbbl Qs@Pyyi tharpclynGdie6iye S RoNG 188)n3b &iyShy-teiyt GleSes(SEQ ID
NO: 84); 1ReRRIN:-G @ Q %%Qé@; é #KGM |y~ Iy-GIé/t-Ser (SEQ ID NO: 86);
Ser-Gly-G yéﬂ%}%}%gé% é%FRIC#? 37); y-éi Egy—ély-f(‘%%gﬁf er &%Q ID NO: 88);
Ser-Gly-Gly-Gly-B5sipess; %@@t@m@ HIfePERRE a s S SEQ Eansagficand
(Ser-Gly«atjetoly-GlykeQESRH N30 molheiesiislafiidegretdchRigeted AR RMINO a‘_:'d H
sequence of ide linker, e appropriately selected by those skilled in the art depending on the
pu r;gse.%ﬁ%f%ﬁx%}%n& g?\{ %1 g%%v ar%@%ﬁr é“!%“é%“%;?“&v ic %18 & etlrffﬁiﬁlgbés %.%ﬁ’e -%%rgﬁn' 7B tﬂ%’sﬁ‘r‘é%%%e linker,
is usually UM SicpRé et cescrBZaReEs ROt pRETeratslychoron  ytrA uitiokerscporamalalrddstinking
agents) igeéasiegroastnicngeanie otsdhrtareivoutisclyvsedde féfﬂ%@&?ﬁrﬁ%ﬁﬁqiﬁ? ﬁé@é‘ﬂ@&a 9)
N-hydrox cinimide (N é{fisuccini id‘}é? %5%#3: ﬁ%ﬁ succinimidyl) suberat .
dithiobis(}sé&s%%f‘r#_%ﬁ?d‘ﬁ %r%é'%%ﬁ}_ 5 %@B@em _ |§lélgs‘?(é%%%$§%c 5 %pigﬁﬁte @é&)?’%ﬁ%ﬁene
glycol biS{%@@tﬂﬁﬁ@ﬁl%@m@@)@%%&i@S)QBW@{@QB@BMS(SUIfosuccinimidyl succinate)
(sulip-EGS), diSl{Q@ﬂi&ﬁMe{%ﬂé%@tilﬂ&ﬁJ@uQéEQHQﬁ%EH@EE{qM%%ﬁ@%MQb@;ﬁ@iﬁc antibodies.
bis[2-(sui:%inL'})mido?carbt ?F!?)% eth%/l] sulfggﬁ Fé’B'g‘ %%E%@d ) e
bis[2-(sulfOSUCESit fac?%/%’ oS ER IR RohE AL S B EBIE BES S FRuER EBEit T agents are
commerdipitpresaildbtesant entfoedyamiboayev arlabite regientiaverinkedhtrspdinke mmitibedissiatby
required.recognize different epitopes on an NR10 molecule, or recognize NR10 with one antigen-binding
site and a different substance with the other antigen-binding site.
5 Methods for producing bispecific antibodies are known. Bispecific antibodies can be
prepared, for example, by linking two antibodies that recognize different antigens. Antibodies
to be linked together may be half molecules each of which contains an H chain and an L chain,
or quarter molecules that consist of only one H chain.  Alternatively, hybridomas producing
different monoclonal antibodies can be fused to produce a bispecific antibody-producing fused
20 cell. Furthermore, bispecific antibodies can be produced by genetic engineering techniques.
The antibodies of the present invention may differ in amino acid sequence, molecular
weight, isoelectric point, presence/absence of sugar chains, and conformation depending on the
cell or host producing the antibody or the purification method as described below. However, a
resulting antibody is included in the present invention, as long as it is functionally equivalent to
25  anantibody of the present invention. For example, when an antibody of the present invention is
expressed in prokaryotic cells, for example E. coli, a methionine residue is added to the N
terminus of the original antibody amino acid sequence. Such antibodies are included in the

present invention.

10  Antibody production

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
35  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



20 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, fusioftdroteins 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 25 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 expressigm vecidls axﬁ@xmgﬁsér@iheduaﬁgtﬁmum i a@stﬁﬁﬁg@tegéquuﬁﬁxﬁmmlw those
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construct. Furthéﬁﬁﬁméomﬁ,s amibe grepartd éopresentlnventivlina by the vetiodattMisittbodies which
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ronic. ac
eriny o AP RBGHE € S SR ARG i bE B e A By
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example, US SOS3GhaachS210340)4Tie fanubadies’ ol dhcopiaseniipyenlign alseigelude such

conjugated antjbodies.. 10 Further%]lore the tlbo ies used in the present invention may be bispecific

antibodi @6 TANEPRE BRI A8AH) R ST oh EANBT B)A A e A B foRS BRI cifferent
epitépesneuthdisap ecivityorginso leouks NRhe prasaigeisventidn e drispecificl amtlodiesiiaay
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and a different substance with the other a gj3en S;S‘Pégﬁéﬂte 15 Methods for producing bispecific

antibodids Kreiaidhe BidbsdrPaRisntathotis weapindinmaploppaaigngéaibodies
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which CCTQI@@,SM lﬁl‘&h%ﬁ?&@ﬂﬁ %@é‘tﬂrhs an immunogen as long as it enables preparation of

20 antibodies that have a binding and/or neutralizing activity against human NR10. Alternatively,
under the same condition, a peptide fragment of NR10 or a protein in which artificial mutations
have been introduced into the natural NR10 sequence may be used as an immunogen, Human
NR10.3 is one of preferred immunogens in preparing antibodies that have an activity of binding
and/or neutralizing NR10 in the present invention.

25 Furthermore, the binding and/or neutralizing activity of antibody against NR10 can be
measured, for example, by observing the effect of suppressing the growth of the IL-31-dependent
cell line as deseribed in the Examples.

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

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 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

35 - the immunogen does not need to be purified.



or quarter molecules that consist of only one H chain. Alternatively, hybridomas producing different
monoclonal antibodies can be fused to produce a bispecific antibody-producing fused 20 cell.
Furthermore, bispecific antibodies can be produced4y genetic engineering techniques. The
antibodies of the present invention may differ in amino acid sequence, molecular weight, isoelectric
point, presence/absence of sugar chains, and conformation depending on the cell or host producing
the antibody or the purification method as described below. However, a resulting antibody is included

in the present inyeRtiNoMe/angdas ikigifupctiapal e vaieAt iakahaniikady £f the present
invention. For ex e .when an an bod of th resent invention is expressed in prokaryotic cells,

for examﬁunl’imco i, a %t“e IGRME ¥é oalfe o the N terminus of the original antibody amino
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antibody-producing cells (hybridomas conventi nal scfeening methods. Animals to be Immunized
include, RSF&Eh pRethAd Mnisik %HEHl% R entRedYabbits, sheep, monkeys, goats, donkeys, cows,
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that have.enbinging arekskMeelbaliaing Ak nagai sy umanidRare PRipadiostariy-iniedse
deficiency (hereinafter abbreviated as “HGPRT deficiency™) and thymidine kinase deficiency

20 (hereinafter abbreviated as “TK deficiency”). HGPRT- or TK-deficient cells exhibit
hypoxanthine-aminopterin-thymidine sensitivity (hereinafter abbreviated as “HAT sensitivity™).
In HAT selection medium, HAT-sensitive cells cannot synthesize DNA and thus will die.
However, when fused with normal cells, they can continue to synthesize DNA via the salvage
pathway of the normal cells and thus can grow even in HAT selection medium.

25 HGPRT- or TK-deficient cells can be selected using a medium containing 6-thioguanine,
8-azaguanine (hereinafter abbreviated as “8AG™), or 5’-bromodeoxyuridine. While normal
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 pyrimidine
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 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).

35 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,



as long as they enable preparation of antibodies that have a binding and/or neutralizing activity
against human NRIO. For example, it is known that there area number of variants of human NR10,
and any variant may be used as an immunogen as fohg as it enables preparation of 20 antibodies that
have a binding and/or neutralizing activity against human NR10. Alternatively, under the same
condition, a peptide fragment of NR10 or a protein in which artificial mutations have been introduced
into the natural NR10 sequence maybe used as an immunogen. Human NR 10.3 is one of preferred
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cells by JEHEGH BY SR ISATRRFIBprRt i eunetants el ANHIRGRRRAREH RIGh rBrehrats
melthod tofretd=almnantel grak dntiblogdyiddneas.the mammal is immunized as described above and the

serum level of 2 fesied ANl poRdS RNIMEAIDEJRSIsAS MR I LS. SplSSIed from the

mammal and subjected to cell fusion. Preferred immune c Is are sp een cells In partlc
MammafgiHoR A EaRssts ¢By myctomasalitmind BubosshHsigg. celisr pyample, HGPRT- or

TK-deficient cells can be screened by culturing them in a HAT medium (a medium containing
hypoxanthine, aminopterin, and thymidine). Specifically, when HAT-sensitive myeloma cells

20 are used in cell fusion, cells successfully fused with normal cells can be selectively grown in the
HAT medium. The cell culture using the above HAT medium is continued for a sufficient
period of time to allow all cells except the desired hybridomas (non-fused cells) to die.
Specifically, in general, the desired hybﬁdomas can be selected by culturing the celis for several
days to several weeks. Then, screening and single cloning of hybridomas that produce an

25  antibody of interest can be carried out by performing ordinary limiting dilution methods.
Alternatively, antibodies that recognize NR10 can be prepared by the method described in WO
03/104453.

Screening and single cloning of an antibody of interest can be suitably carried 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 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

35  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



preferred that myeloma cells have appropriate selection markers for screening. The selection marker
refers to a phenotype that allows (or does not allow) survival under particular culture conditions.
Known selection markers include hypoxanthine-guaage phosphoribosyltransferase deficiency
(hereinafter abbreviated as "HGPRT deficiency") and thymidine kinase deficiency 20 (hereinafter
abbreviated as "TK deficiency"). HGPRT- or TK-deficient cells exhibit
hypoxanthine-aminopterin-thymidine sensitivity (hereinafter abbreviated as "HAT sensitivity"). In HAT

selectonmegin HATiSgUFHYG cois Sapnel ARINCHe BNAGDY Wyl e aueyelahon fused

with normal cells, they can continue to synthesize DNA via the salvage path e normal cells
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glycol (PEE) &n é Eehdar v rus vy IFFERL re San au |a e f’n%%ﬁnﬁswd dRide may
also be &HHElE RETRRIOVETOROPE @ﬁf@@aébe Tussompatine etis Japarmérem éeitﬂlnmjbﬂn&ub@dlat an
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1 to 10. Culture. énedf;m%% ‘f (;I[ forgg ion i de, for examg e, media that are sujtable for the
cell grow?ﬁp?)?l QoA 8RR 1r‘?%osuac1 Ir’i%t ﬁr& RHERAD ARHOSIES BRHISGR aGtiry Aledia

used for bum@mgﬁe dfeddREdipupécim addition, the culture media may also be supplemented with serum

supplement suchras feiaksal- SRR RHROSISHNINGE BMOLRLE P imMURS,calls and myeloma
cells are |xed well.jn é &ﬁ) Iture H;ed um, and thep mixed with a’PEG solutjon pre-heated to 37C
to produé ﬂ%g&%&% HV(IS}F NECE R ATFS GRSHsTfor B AbaIsE ERmeHREaN molecular

weight okmityoutalteee-606 cathbaerhdded to the cells typically at a concentration of 30% to 60%
(Whv). Then, sucggssivsaddifiom: idheARREORIFAE SR MEdiHBbUS S AROVRRIY L6MaYe
be prepared, for example, by genetic recombination techniques known to those skilled in the art.
20 Specifically, a polynucleotide encoding an antibody can be constructed based on the sequence of
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, 2968-2976;
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,
25 652-663; 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
30  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 JIM109, DH5¢, HB101, and
XL1-Blue, the expression vectors not only have the above-described characteristics that allow
vector amplification in E. coli, but must also carry a promoter that allows efficient expression in
E. coli, for example, lacZ promoter (Ward et al., Nature (1989) 341, 544-546; FASEB J. (1992)
35 6,2422-2427), araB promoter (Better ef al., Science (1988) 240, 1041-1043), T7 promoter or
such.  Such vectors include pGEX-5X-1 (Pharmacia), “QIAexpress system” (Qiagen), pEGFP,



supernatant by centrifugation are repeated to eliminate the cell fusion agent and such, which are 15
unfavorable to the growth of hybridomas. The resulting hybridomas can be screened using a selection
medium according to the selection marker possess&®l by myeloma cells used in the cell fusion. For
example, HGPRT- or TK-deficient cells can be screened by culturing them in a HAT medium (a
medium containing hypoxanthine, aminopterin, and thymidine). Specifically, when HAT-sensitive
myeloma cells 20 are used in cell fusion, cells successfully fused with normal cells can be selectively
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interest i@astivie tadide. KansitRang 1Biligens112) spEbnaaryamieylyibinds40-heicadrighviasthis
antjigody, Einallyethe gggg ANRAC carrier is detect d ine whether the
culzl?re sﬂgég%éa){gﬁ cont |Eﬁ%%&%ﬁﬁfﬁ%ﬁ&?ﬁ%ﬁﬁﬁﬁ%S r%%c&%fgcag%lre aal}lc}ibody

capable BRRRAIRG torlrBtAisriyst gentearime efspred oy erempinimd diilisos PAtRDdavisakh. Not only
the antigeiruysaited éxprissizatientbist@se:ami, HIIRROIBIvUbsanialyesVRIest fhereto can be
preferab igen_ for this ose. For example, a cell line. expressing NR1Q, the
extracell%gfgg% ggﬁgmg%?%ﬁtﬁb ,Xc%n gnebﬁgép%epﬁd%eégrﬁx %é"af ot geﬁgorlflsaq{egrrﬁil}ﬁ%mfglgd ’\slgﬁ ce

constitutfEPIRE @8kl (BYHa9e58)  BRY A5 #nd STHEEN ).l analBaidkiusosthe b overatesarivestonsdtod for
prejaringxayiyid ospas I8 reuDpK THEoNiIZsigaahg nonhuman animal with an antigen, antibodies of
Puman ymphooy L b Lt AR ST o ke (e Eh e ifghetSres are
fused wiliP&Ar1 apidreyiae dosion pwamerl fooresrasite, inuelln fdedveaphy S¥rtmretisowith the
ability to(wiividg-RemanRaitcanbe) used R shedsion IRIBRIHSES, JaPAPsse-RAC A ARRliaton
Kokoku et al., Nucleic Acids Res. (1990) 18, 5322), and CMV promoter, and more preferably they have

20 a gene for selecting transformed cells (for example, a drug resistance gene that allows evaluation
using an agent (neomycin, G418, or such). Vectors with such characteristics include 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 n cells: CHO cells deficient in a nucleic acid syhthesis pathway are introduced

25 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.

30 Replication origins derived 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
kinase (TK) gene, E. coli xanthine-guanine phosphoribosyltransferase (Ecogpt) gene, and
dihydrofolate reductase (dhfr) gene.

35 The antibodies of the present invention obtained by the methods described above can be

isolated from inside host cells or from outside the cells (the medium, or such), and purified to



Publication No. (JP-B) H1-59878 (examined, approved Japanese patent application published for
opposition). Antibodies obtained by this method are human antibodies having an activity of binding to
the NR10 protein. 15 The nucleotide sequence encdding an anti-NR 10 antibody obtained by the
above-described method or such, and its amino acid sequence can be obtained by methods known to
those skilled in the art. Based on the obtained sequence of the anti-NR1O antibody, the anti-NR10
antibody can be prepared, for example, by genetic recombination techniques known to those skilled in

the art. REneneaiisally radalwpualestide ceniRg anantibedy vambasansiisted haged.on the
sequence qf the Nlalo-@co niz%' c?ntibocéy inserted. intg an expression vector, and tqen expressed in
pproprise & SR DA AL R, 8 B St bR i) 165 5BBI2G76; Betier,
M. and HeHhbidica ckn bivistHedd Enkporoictoseymes;idrby4eBcBhwhiduontising Skema; A., Methods
EnzymolL{A989) dréBn g FTpRid amaviEiMethads ERzyp1o Ghi2der 200203 RAuzSeaux, J.

J:n\%lf%
et al., Methods .Enzymol. (1986) 121, 663-669; Bird, R. E. an alker, B. W., Trends Biotechnol.
(155) ST Dg) AR YRS OB B IOE LTRSS, BRI BESie

pCR-Scrd@lyMe‘maIBlemmﬂmem@drﬂnghtq subclone and excise cDNA, the vectors include, for
example, pGEMrfl, %ﬁﬁ%@x@%@?&l&é@t&%&%h@%ﬁ?ﬁw Ekﬁ@éﬁ@%@% OYSh EXURIERRION

vectors 30 are partic Iar%usefu when using vectors orﬁprod,ucing the a 1és of the présent
inventiorf e8I ?&E% AP BRI GTOBRESnar BLERHCSuERESIRPASO CIPBALIGEAR:, and
XL1-Blueptheisxptessihnovedtorsplog (Sthpthgies foePabeuve Peasfididshcharabtetisiiczstiahallow vector
ampificatian in & claRUISLAIEA SR RIAMOEL tagallows effic Ssign , for
example, lacZ rﬁgmoter (Ward et al., Nature (1989) 341, 544-546; %&%%%%@?%@%%%%2427)
araB projrﬁg@r (BfshEmplogrrhicanedads dosribed ebryssambesondbetidorsiagdinudich vectors
include pElXHdehiRhdtmaciaplE Hekrass BFsEM (QiagenhparR: d@ddopETitia this case, the
host is preferah S\ TLRNA L{ exin ition ghe vectors described
above. TfEhe vectl%()grﬁsd ?ﬁgy%%%\%%%?ahﬁa ch) uencgg (gr} 8cl{r‘?'?ﬁodcosecrest'ion&%s a §i8ﬁ1gfgsper8§eé%£ for
antibody28brs: &, Kk yamesiinarsbybefeY ad Sephapss FrgsdictimershoayBivsoienssD) 5 Hhay be
y

used whereaprbteintissaeiene intobhEds dealbpehiplaspuriiededtor tarhriliitaduaegediashost cells
by calcium chioride, eleclianoration metiops (gL Srample.Inaddiion fo vectors for £ call, he
vectors for producing the antibodies of the present invention include mammalian exﬁrgssmn vectors
(for exarkpevipkDRgRs faladogdhs ast FMobpdnige efcrsininRbs. anvgendanding psdeiy ofER, and
PCDM8)aiifispal Geliraes B SXRIBRSIBNISA (enzyme-linked immunosorbent assay), EIA (enzyme

immunoassay), RIA (radioimmunoassay), and fluorescent antibody method. For example,

20 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

plates are incubated.  After washing, an enzyme substrate, such as p-nitrophenyl phosphate, is

added, and the absorbance is measured to evaluate the antigen-binding activity.

25

Pharmaceutical compositions

The present invention also provides pharmaceutical compositions comprising the
antibody mentioned above as an active ingredient. Moreover, the present invention provides
therapeutic agents for inflammatory diseases which comprise the antibody mentioned above as

30  an active ingredient.

In the present invention, inflammatory disease refers to diseases with pathological
features involved in cytological and histological reactions that occur in affected blood vessels
and adjacent tissues in response to an injury or abnormal stimulation caused by physical,
chemical, or biological agents (Stedman’s Medical Dictionary, 5th Ed., MEDICAL VIEW CO.,

35 2005). Generally, inflammatory diseases include, dermatitis (atopic dermatitis, chronic

dermatitis, and such), inflammatory bowel diseases (colitis and such), asthma, arthritis



10 vectors (for example, the "Bac-to-BAC baculovirus expression system" (Gibco-BRL) and
pBacPAKS), plant-derived expression vectors (for example, pMHI and pMH2), animal virus-derived
expression vectors (for example, pHSV, pMV, and gAdexLcw), retroviral expression vectors (for
example, pZIPneo), yeast expression vectors (for example, "Pichia Expression Kit" (Invitrogen), pNVI
1, and SP-QO1), and Bacillus subtilis expression vectors (for 15 example, pPL608 and pKTH50), for
example. When aiming for expression in animal cells such as CHO, COS, and NIH3T3 cells, the

Bt ol N T D e
et al., Nature , , -LTR. promoter, promoter (Mizushima et al., Nucleic
ncids RALPERSSI T E5355 THRSESOHG B o OB T LB 1 e R 0 4 e
selectingtrabsfpame daodlIs:{fomexdivpleia g resistance, gendithp natiosls e \atuagiophargingan agent

(neomyc; Etfslﬁg@a&ﬁ%ﬁ@%@ﬁi\é’%ﬁﬂﬁ@pﬁﬂﬂ&?ﬁf@éﬁ&iﬁé H&@%{ﬂ%pMé\Mdﬂ HARKERSV,
pBK-CMYV, pQI?R V, and pOP13, for examplé. In addition, the following method can be used for

stable gdtf@UNEEs SN GENS UM BiRE o in cells: CHO cells deficient in a nucleic acid synthesis
pathway are intrdttefeectd25 bl vé oifintforatxandplesspSiliatdhé (Males whthe lorirgtandeadiion, Cold
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pring Hﬁ@ﬁ&éﬁ%@f@%&nﬁ{ﬁ%c}h%%?é)d%ta%@ '%eﬁ&ﬁ%%%%%%ﬁg‘%%%ﬁ?ﬁ%%% i for,the

deficiency, and the vector I1s amplified using methotrexate owing method
can be WEBEHSr transient gene expression: COS cells with a gene expressing SV40 T antigen on their

chromosome areTliapsiasmnaminiitisa(yeatoinpRaodisiteh) witeandivd thieplicatiomedigin. 30
Replicati gl r i OVHHS ine_papilloma virus (BPV),.and.,such
i bR R e KT S SR s S
carry selBERSHLHARNKERY sa8Raly antndgfjdesidbatheraraeide aamiy) aeidlampaiamalisgasesd T the gene,
E. coli xgithine gvamioa phosphotbasyitanstembmibeagpithgipanandr dihveipianigdeedusase (dhfr)

gene. 35 antibodies of the present invention obtained.by the methods described above can be
isolated ﬁ%m"ih‘gﬁéer ﬁl%%te %e g%@#&%ﬂ ou g%;eet eea?c%ﬁ%p&_ﬁénr}%e |u%rr]5?]gr stich), and purified to 50
homogeneity. ThENgtiBGaEaSIe 48HE iRbihectesaat purisip pynsicahwsukerosathisn mseentsie isolating and

punfyingmaibedies, and the type of method is not limited. For example, the antibodies can be isolated
LA B 0 n R SR R i
SDS-polyeesydirgitiesgeldardoneibiadrdses, issseanplodismggtdidly Bisymeerystatizitioncanasach. The
chromategraphiasJnciudsisfizh examplayafiniyciromatogianly, 188y 8% aNE8n pharmaceutically
acceptable carriers and/or additives if necessary. For example, they may contain surfactants
20 (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 example, EDTA), suspending
agents, isotonizing agents, binders, disintegrators, lubricants, fluidity promoters, and corrigents.
However, without limitation to these, the agents for preventing or treating inflammatory diseases
25  of the present invention may contain other commonly used carriers. Such carriers specifically
include light anhydrous silicic acid, lactose, crystalline cellulose, mannitol, starch, carmelose
calcium, carmelose sodium, hydroxypropylcellulose, hydroxypropylmethylcellulose,
polyvinylacetaldiethylaminoacetate, polyvinylpyrrolidone, gelatin, medium chain fatty acid
triglyceride, polyoxyethylene hydrogenated castor oil 60, sucrose, carboxymethyleellulose, corn
30  starch, and inorganic salt. The agents may also contain other low-molecular-weight
polypeptides, proteins such as serum albumin, gelatin, and immunoglobulin, and amino acids
such as glycine, glutamine, asparagine, arginine, and lysine. When the anti-NR10 antibody is
prepared as an aqueous solution for injection, the anti-NR 10 antibody may be dissolved in an
isotonic solution containing, for example, physiological saline, dextrose, or other adjuvants.
35  The adjuvants may include, for example, D-sorbitol, D-mannose, D-mannitol, and sodium

chloride. In addition, appropriate solubilizing agents, for example, alcohols (for example,



chromatography, hydrophobic chromatography, gel filtration, reverse phase chromatography, and
adsorption chromatography (Strategies for Protein Purification and Characterization: A 10 Laboratory
Course Manual. Ed Daniel R. Marshak et al., Cold $gring Harbor Laboratory Press, 1996). The
chromatographic methods described above can be conducted using liquid 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
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ighly pyrified usi es ication methods, e -binding activity of the obtained antibodies
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plates ag cubalprlAESENESIC ARGNAMSRHPIIAGE GHCh RRAECRRaRYlPRGSARIE, is added,

and the absorbance is measured to evaluate the antigen-binding activity. 25 Pharmaceutica
composia%ﬂw?érﬁl@ésm&ééﬁm%mm&caﬁ%ﬁm OO b ARbE BTG Sree!
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active ingredient. In’the prese vention, inflammatory ‘disease refers’to diseases with ical
features ih{®Ned-n bg%éﬁéﬁ&@istological reactions that occur in affected blood vessels and
adjacent tissuesTh¢ gbpansectoian sopupositiahnofniel stisenlbiivontansach by physicakrahemigal, or

biologic ' ical Rictignar. Vi 005), Generally,
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inflamm SRIBEREAARSBEERYS OF HNCEHNUIAPCHEIPRES ARRYBISIAIqRh e dieRERI QIS His, Tor
osteparthitispid) drstishdakongvtiond, hidnauwiainmyne ciseasemaystentua chiBUsjefkiematosus,
myasthenia, giavis; franie GMLD, Grohs disease, spendylis deformans, lumbarpaly faut,
inflammation after surgery or injury, swelling, eurarflgl , a%j(ngopcﬁaryngl IS, cysﬁﬁls[f1 e%a itis’ °°
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and prurifis.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

20 100 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
preferably contains, for example, about 0.01 to 50 mg/kg body weight of the antibody of the
present invention. However, the dose of an agent for preventing or treating inflammatory

25  diseases of the present invention is not limited to these examples.

All prior-art documents cited in the present specification are herein incorporated by

reference.

[Examples]
30 Herein below, the present invention will be specifically described with reference to
Examples, but it is not to be construed as being limited thereto.

[Example 1] Preparation of hybridomas
1.1. Preparation of human and cvnomolgus monkey NR10 plasmids for DNA immunization
35 1.1.1. Preparation of expression vectors for hNR10 and cynNR10




Preferred examples of inflammatory diseases that are subjects of the present invention include atopic
dermatitis, chronic dermatitis, rheumatism, osteoarthritis, chronic asthma, and pruritus. The phrase
"comprise(s) an. anti-NRIO antibody as an active ingfedient" means 10 comprising an anti-NR10
antibody as at least one of the active ingredients, and does not limit the 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

]Ereatment of inflammaterrdise ﬁ%ﬁé@t{[&N%%Qfé{%%USEQQWfﬁbeati%{ﬁa%e%H‘é/&ﬁféﬁﬂe”@@l@dbe used
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and othelbifanf®acids), chelating agents (for example, EDTA), suspending agents, isotonizing
agents, binders, disintegrators, lubricants, fluidity promoters, and corrigents. However, without
limitation to these the agents for preventlng or treating inflammatory diseases 25 of the present
inventio Jasatiat S sBHIRs ed carriers. Such carriers specifically include light
anhydrous S|I|C|cIa@tttelm:tuseﬂwymﬂ[me)r:eyu}d)Re0 mqm‘smhzst:amdm pﬁ@mﬁdﬁ@ 1calkciopDEarmelose

sodgm, M&&S&B{%l%%%%@%ﬁe MW@?%@%#%& k‘T’Hﬂ %%ﬂg&ﬁgﬁ goanQacetate,

polyvinyl rrolidone, ge at|n medium chalin fatty aci drogenated
castor oiPOpA SaTRSEe sk AR th heb o e ‘WH%@%P&?&?%M%%? it %’aPtneﬁh’éleagents may
also contain other Iow molecular-weight polypeptides, proteins such as serum albumin, gelatin, and
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encapsufgtesiihgniesesaRsuleBor primary immunization, the mice were immunized with the DNA

cartridge prepared with the hNR 10 expression vector using the Helios Gene Gun System

20 (BIO-RAD). One week later, secondary immunization was performed by the Helios Gene Gun
System (BIO-RAD) using the DNA cartridge prepared with the cynNR 10 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
NR10 was confirmed to be elevated, a human NR10 protein (extracellular domain) (Referential

25  Example 4) diluted with PBS(-) was intravenously administered at 10 pg/head as the final
immunization. Four days after the final immunization, mouse spleen cells were fused with
mouse myeloma P3X63Ag8U.1 cells (abbreviated as P3U1; ATCC CRL-1597) by a
conventional method using PEG1500 (Roche Diagnostics). The resulting fused cells, i.e.,
hybridomas, were cultured in RPMI1640 supplemented with 10% FBS (hereinafter abbreviated

30 as 10% FBS/RPMI1640).

1.2.2. Selection of hybridomas

On the next day of fusion, the fused cells were suspended in a semisolid medium
(StemCells), and cultured for selection as well as colonization of hybridomas.
35 Adfter nine or ten days of fusion, hybridoma colonies were picked up and each colony
was seeded into each well of 96-well plates containing the HAT selection medium (10% FBS/



(microcapsules made of hydroxymethylcellulose, gelatin, polymethylmethacrylate, and the like), 5 and
made into components of colloidal drug delivery systems (liposomes, albumin microspheres,
microemulsions, nano-particles, and nano-capsulesjp4for example, see "Remington's Pharmaceutical
Science 16th edition” &, Oslo Ed. (1980)). Moreover, methods for making sustained-release drugs are
known, and these can be applied for anti-NR10 antibodies (Langer et at, J. Biomed. Mater. Res.
(1981) 15, 167-277; Langer, Chem. Tech. (1982) 12, 98-105; US 10 Patent No. 3,773,919; European

Patent Aﬁpmﬁmgﬁ%))y@oﬁﬁy&%o%i95%&%@4@5@%@(&%&&3@@&&%&%@5& 1,$3,988). The
pharmac%gl%% ffﬁ%@‘ﬁﬁuons of the present invention can be administered either orally or
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Wei}qpt o %P%?QXE%%Q% gﬁgsgéﬂ invention. However, the dose of an agent for preventing or
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treating inflammatory the present invention is not limited to these examples. All prior-art
documents cited in the present specification are herein incorporated by reference. [Examples] 30

Herein bgixamible present-imwniiiivilihe.speeiiieally described with reference to Examples, but it is

not to bePconstr{,led as, beins%.limite [ Preparation of hybridomas 1.1. Preparation
reparation of EXpression ve himeric CS . . .

of huma ke munization 35 1.1.1. Preparation of

expression vectof§tf FANR Gz exapaiR flors3h idauRs egmgdiedtiy dnu&ntse(BEQHNNO: 75;
amjBo acifiSTINARcReRERIR YA ﬁ@m&&nﬁﬁﬁg@mmm@@mvmﬁm KUY
expresses a roteiréun%(]e}ri}i hed control of mouse Flrf-a\ctin Eroinomﬁ/@gOQS 054467), ta prespare an
expressioh vector for KNRIBHn e SE @ HRBRE BT EXpPeLs Mt Hﬁﬁé&\ﬁ%?
construcie Arpalymerase (TaKaRa), 10x Universal Primer A Mix attached to SMART RACE ¢cDNA
Amplification Kit (BD Biosciences), and primers designed for each antibody constant region (H

......

chain, mIgG1l-rnot; L chain, mIgK-mot). The nucleotide sequence of each isolated DNA

20 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
determined amino acid sequences of H chain and L chain variable regions in the mouse
antibodies NS18, NS22, N§23, and NS33 were shown in Figs. 1 and 2, respectively.

25 Each of the resulting H and L chain fragments was subjected to PCR using PrimeSTAR
HS DNA Polymerase (TaKaRa) and the primer sets shown in Table 1.  The resulting amplified
fragments were ligated with the constant region (human y1 or y2, and human «, respectively),
and then inserted into an animal cell expression vector.  The nucleotide sequence of each DNA
fragment was determined with ABI PRISM 3730xL DNA Sequencer or ABI PRISM 3700 DNA

30 Sequencer (Applied Biosystems), using BigDye Terminator Cycle Sequencing Kit (Applied
Biosystems) according to the method described in the appended instruction manual.

Table 1



5 cynomolgus monkey NR10 (nucleotide sequence, SEQ ID NO: 65; amino acid sequence, SEQ ID
NO: 66). 1.1.2. Preparation of DNA cartridge In order to use the hNR1 O or cynNR10 expression
vector prepared in 1.1.1 for DNA 10 immunization éfmice, the Helios Gene Gun Cartridge Kit
(BIO-RAD) was used to produce a DNA cartridge for each DNA that allows immunization with 1 g of
DNA at one time. 1.2. Preparation of hybridomas producing anti-human NR10 antibody 1.2.1.
Preparation of hybridomas using mice immunized with human or cynomolgus monkey 15 NR10 Ten
Balb/c mice (female; six weeks old at the beginning of immunization; Charles River Laboratories
japan) were immunized with humgageicey@matgus monkey NRT O by the Tollovignanrpsgsure. For

primary imippsafieR, the mice Wanadoaeegaz e WFmTHEe AaBMn atiidae preparegj Wit the]hNR10
expressior] YegroF$ing the Hellon aRe R TIRTACT AR CeThY NRkgeITe Weel tgter, secondary
immunizatioqgyas performed DVéR@ﬂﬁW&WWA@W@?M?'U RAD)using ng_DNA gartridge

e s S e o SRR R Ao o e o

out at one weSKntervats-usin

g b J_L\ rpo QEN'Q% @Em lDDIUH VectorSarteriatety- :
titer of sertht-apitbety-againsthinan— £O0) e-elevated-a | 0 protein
(extracellula %3-]“ F.’.a. ,O(R%ef\,re tict %Eﬁ?ﬁ,@ﬁﬂ' } 5! Jf‘.-ﬁ(amﬁ IIQ/ }-was -nermﬁlstered
at 10 g/head as the final |mmun|zat|on Four days after the flnal |mmun|zat|on mouse spleen cells
were fuse S J.1c abbrev] J1; ATCC CRL-1597) by a
conventional method using PE‘?‘EW&WOWWhP Dia llo.:iu' SALLUES ing fused cells, i.e., hybridomas,
were cultuteti i Benain 640 |SiiSHRErtasged with 1%iﬁl}@¢ﬁerelnafter abbreviated 30 as 10%
FBS/RPMI1846) L Eizein Selddmsitbs frmridomas Oriliéériest day of fusion] the fused cells were
suspended ¥$Z deehigiolid mednsidHtHremCells), andildiitanet! for selectionias well as colonization of
hybridomasN$: Afedeinine orf 18 Baytead fusion, hylmidérmaatolonies were picked up and each colony
was seedediBiD ikachirwell of @GABeH plates containmigthendtAT selection medium (10% FBS/ 54
RPMI1640, i5201%hafHAT SaNstendrssrate (Dainippiar-Phermaceutical), and 5 vol% of
BM-Condimigss HH dRaehe DiagigastesdgoAfter three igdoywngays of culture,ithe culture supernatant
was colleciagironcraish well iagieferaage the concqngratighof mouseTgG|in the supernatant. The
culture supernatants in which mouse TgG was détected were assessed for a 5 neutralizing activity

using a human IL-31-dependent cell line (h(NR10/hOSMR/BaF3 cells;
Preparation of chimeric antibodies

i_‘

5-_»

"

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
5  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-S-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 pl of 1 pg/ml

10 polyethyleneimine (Polysciences Inc.), and allowed to stand at room temperature for 10 minutes.
The solution was added to the cells in each dish. The cells were incubated in a CO5 incubator
(37°C, 5% COy) for four to five hours. Then, 6.9 ml of CHO-S-SFMII medium (Invitrogen)
was added, and the cells were incubated in a CO; incubator for three to four days. The culture
supernatants were collected and then centrifuged (approx. 2000 g, five minutes, room

15 temperature) to remove the cells. The supernatants were filtered through 0.22-um filter
MILLEX®-GV (Millipore). Each sample was stored at 4°C until use. Antibodies were
purified from the supernatants using Protein G Sepharose (Amersham Biosciences). The
purified antibodies were concentrated with Amicon Ultra 15 (Millipore), and then the solvent
was replaced with PBS(-) containing 0.05% NaNj3 using PD-10 Desalting columns (Amersham

20  Biosciences. The absorbance at 280 nm was measured with ND-1000 Spectrophotometer



Referential Example 2), and several clones having a strong NR10-neutralizing activity were obtained
(Fig. 3). Clones that suppress the human IL-31-induced growth of cells in a concentration- dependent
manner and suppress the cynomolgus monkey IL-3%énduced growth of cells
(cynNRIO/cynOSMRIBaF3 cells; Referential Example 2) in a concentration-dependent 10 manner
were obtained (Fig. 4). [Example 2] Preparation of chimeric antibodies Preparation of expression
vectors for chimeric antibodies Total RNAs were extracted from the hybridomas using RNeasy Mini

Kits (QI rbp a&%@@é%ﬁe@%tmt%%@@@téméﬁ%p HRINERMAR PRAGERCENALMPlification
Kit (BD Bigscie ? Ant| varlable region genes were isolated by PCR using PrimeSTAR HS
DNA pol ﬁ%?ﬁgg ﬁs xzé)mversal Primer A Mix attached to SMART RACE cDNA

Amplification Kit (BD Blosmences) and primers designed for each antibody constant region (H chain,

migGl-mgi; L.chain, dmggagg%mlgﬁgggg@@%quence of each isolated DNA 20 fragment was
determined with" ABT PRISM 3/730xL_ DNA Sequencer or ABI PRISM 3700 DNA Sequencer (Applled

Biosystems), usingEGHE pERRGRIGIRE LS Eqtrsisirg i vainsiba hBRI0LOR rifffdlto the
method diescrithéchiprihesdappendbd indtuectiorendantalaize, sedesorbed meiwo acid sequences of H

chain and L chai [ ReoR , NS2 3 were
sho:/vn in Figs. 1%1[% ti26 J?ﬁrl!eésgpectlvéfl 3 é%ﬂégﬁéaﬁ %Qj&l gﬁtlné;\l)lt-?l I\EII%%}LHS% men f%v?gs subjected
to PCR U8 um.(ﬁé%@@ﬁchmelemlﬁdm&m&ﬁ@ﬁ@m ﬂr/e Penitalisebdrspsmy i Table 1. The
resultmg(ammmgﬁ])fragmemqw&m $gﬁte@hy\mﬁsth@deanst@mtarﬁgarbmw&w{coﬁ fdahind human x,
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Blosysteseﬁhp@gmw@rm@me desenibed NithpAPRENELY inaHuien Mapual okakle 1 59
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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

20 subtracting the O-hour value from the 2-hour value. The result showed that NS22 suppressed
the IL-31-induced growth of the hNR10/hOSMR/Bal'3 cell line in a concentration-dependent
manner. This demonstrates that NS22 has a neutralizing activity against the human IL-31
signaling (Fig. 5).

The I1.-31-neutralizing activity was assessed as described below using the DU145 cell

25  line (human prostate cancer cell line), in which IL-6 production is induced upon IL-31
stimulation.

DU145 cells were prepared at 2.5 x 10_5 cells/ml in MEM (Invitrogen) containing 10%
FBS (MOREGATE), 2 mmol/l L-glutamine (Invitrogen), and 1 mmol/l sodium pyruvate
(SIGMA), and 200-pl aliquots were dispensed into each well of 48-well plates (CORNING).

30 The cells were incubated at 37°C under 5% CO, overnight. The purified chimeric NS22
(human v1, k) was diluted to 100 pg/ml with MEM containing 10% FBS, 2 mmol/l L-glutamine,
and sodium pyruvate. Using this solution, six serial dilutions were prepared at a common
dilution ratio of 5.  Each dilution was combined with 100 ng/ml human interleukin-31 (R&D
systems) at a ratio of 1:1, and a 50-pl aliquot was added to each well. After two days of culture

35 at 37°C under 5% CO,, the concentration of IL-6 in the culture supernatant was determined using
DuoSet ELISA Development kit (R&D systems). The neutralizing activity of NS22 was



NS18 H chain mNS18H-feco mIGl-rnot NS18 L chain mNS18L-feco mIGK-rnot NS22 H chain
MnslI8H-feco mIGI-rnot NS22 L chain mNS18L-feco mIGK-rnot NS23 H chain mNS18H-feco
mIGl-rnot NS23 L chain mNSI8L-feco mIGK-rnot N833 H chain mNS33H-feco mIGI-rnot NS33 L
chain mNS33L-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 5 were seeded into dishes for adherent cells (10 cm in

?;f;rgetseoﬁais@%s?ﬁ\;w(&ét@hﬁiﬁflﬂé@E@ﬁwgﬂi@ﬁé{gﬁ%ﬁﬂ|fé9ﬂe&§§a9§','%§é’sﬁ§ﬁﬂ@%‘i’%§e@ és&éﬁ%%ﬁ?r
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preparedgiasntigtionia thexuaedad §.id totatheotadNEd (i) ek no0nhifferyagiviiye@withn2gtohaf 1
g/ml 10 pelveihyiensiming R alvscisnaesdns and alewes Iqeians AiaommIeMPESAIE fPmE0

mirL%tes. he soltg;on was added to the cells in each dish. The cells were incubated in a CO2
inc ato?0 TS of‘?ikfl%) for four to five hours. Then, 6.9 ml of CHO-S-SFMII medium (Invitrogen)
was added, and s oéiks veded TnculiBted/ (B-sACO 200 cubator for three to four days. The culture

supernatants wefe colleglSr 3 EmeenriiarRe.(apRie 20090, Y IMIG s AR e mperature)
to remove _the celli{]'he supernatants were filtered through Q.22-m filter MILLE

@F%GV Millipore).
Each sampitin &8 SIBlet & PESAERHCR: IRREHSH-R e Jodrhes drommpiertasy HAts€ifig Protein
G Sepharasea{xmerstianyBigacsnte §irtael [pdiifieghalitip Higstivere concentrated with Amicon Ultra
15 {Millipore), and then the solvent was replaced with PBS(-) containing 0.05% NaN3 using PD-10
Desalting columns (Amersham 20 Biosciences. The absorbance at 280 ran was measured with
ND-100G2S3588 5L SRARE B2 N SRSEH R fad apibadywalhllodd o determined by the method
of Pace et al. (Pidteinn3Lidn@ 80 Ih)ktens Wa2lhdd)ed\ssesENVAT BldbdvacibfiiyaiophledeiNG22 5

i an LD T R B oo ALt cpmrod
at 1.5 x Pb%%éﬁ@?rh?&éﬁ{@fﬁ&@h Gaaedivith GBebyconrmaky Ihvh FBE eMoREehTEIMAP 1%
PenfcillinGtrepomycier 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 pl of 1 M
Tris-HCl (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 sohution.
20 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 v1, x) 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% NaN3), and then seven serial dilutions were prepared at a common dilution ratio
25  of2. 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
added at 20 ul/well. Finally, cell suspensions adjusted to 2.5 x 10° cells/ml using Assay buffer

were added at 40 pl/well (final 1 x 10* cells/well). Two hours after addition of cells, the
fluorescence (FL1) was determined using the 8200 Cellular Detection System (Applied

30 Biosystems). The result showed that NS22 inhibited the binding of hiL.-31/bNR10in a
dose-dependent manner, and demonstrated that its activity was superior to that of NA633 (Fig.
7.

[Example 3] Competition of anti-NR10 antibody against NR10
35 The antibody NS22 purified from a hybridoma culture supernatant was labeled with
FMAT Blue (Applied Biosystems, 4328853). 170 pl of NS22 prepared at 1 mg/ml in PBS was



(Invitrogen). hiL-31 (R&D Systems) was added to an aliquot of the cells to a final 10 concentration of 4
ng/ml (IL-31(+); final conc.: 2 ng/ml). The remaining cell suspension was used as IL-31(-). The purified
NS22 was adjusted to 2 g/ml using the medium, and&ight serial dilutions were prepared at a common
dilution ratio of 3 (final conc.: 1 g/ml or less). 50 p1l each of the cell suspension and the dilution of
chimeric NS22 (human yl, x) was added to each well of 96-well flat-bottom plates (CORNING), and
the cells were cultured in a 5% CO2 15 incubator at 37C for two days. After culture, 20 | of a mixture of

equal ameREsWHCER | COENININKIGADRInEe) and PB &F‘ wasadded e eashweitspaddhe aizorbance
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IL-6 concentration |n e presence 0 sférmined according to the 5 following
formula: ThHioTas hamsky eAgagge_@@g in tne concentration of antibody NA633 (Referential

Example 6) (Flg. 8).

20 [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

25  Hchain composed of FR1, FR2, FR3_1, and FR4, and composed of FR1, 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
NO: 112), respectively. Meanwhile, the sequence of L chain composed of FR1, FR2, FR3, and
FR4 is designated as LO (SEQ ID NO: 52).

30 Preparation of variable region for humanized N822 HOLO

Synthetic oligo DNAs were designed for each of the H and L chains to construct the
variable regions of humanized NS22 in which the CDRs of NS22 are grafted onto the FRs used
for humanization. The respective synthetic oligo DNAs were mixed, and then subjected to
assembly PCR to construct a gene encoding the variable region of humanized NS22. The

35  assembly PCR was carried out using KOD-Plus (TOYOBO) according to the following
conditions. A reaction mixture containing 10 pmol synthetic oligo DNAs and the appended



The result showed that NS22 suppressed the IL-31-induced IL-6 production in the DU145 cell line in a
concentration-dependent manner and thus demonstrated that NS22 had a neutralizing activity against
the human IL-31 signaling (Fig. 6). 10 Assessment ¢Bcompetition of chimeric anti-NR10 antibody with
IL-31 Human IL-31 (R&D Systems) was labeled with FMAT Blue Monof inctional Reactive 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 DMSO 15 (Junsei). After

vortexingpdire mabstur anesss alloywes) o A/NSAPIRO MACRRRRIANIGLQY A IVDWES eEhe A xture
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by using h 1%8)(%?@%5”@] g#?g’ cggsqfigesqnbed below."NS22 and NA633 (the constant region of
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Assay buffestmvere aedebl atetotwelt (finainbixdDdide tisdwelstdwe: boukstafiespacdiiom rieells, the
flugrgsc ( Ry | e:8200-Gel etection System (Applied 30
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manner, BFIcadRToIRGIRSaRRIE it sersRyveb s seried arasdncrimd 3slivig T netestidre 3]
Competitiequefiansit Meh Danifognagains: dRHRi3EIIhenariashe NSaR pubfied doRL guaybridoma
culture s j [ josystems, 43
prepared%f@%ﬁ%ﬁ%ﬁs@éﬁ g@%ﬁ%%%%ﬁ%@@%%ﬁ{%ﬁﬁ%ﬁijrdéy\\f}%émue
(17 nmoreJUHREgI(anHeDRiststamer senqeding lankermsthed dessribiodhviadho anpentled fostmction
temperatueaiar 30 minutes. The FMAT Blue conjugating reaction with NS22 was terminated by

adding 8 1 of 1 M Tris-HC1 (pH 7.4) and 1.9 pl of 1% Tween 20, and then FMAT Blue-labeled NS22

(FMAT Blue-NS22) 5 and unreacted FMAT Blue were separated by gel filtration using Superdex 75
(GE Heal#searation of variable region for humanized NS22 H1

HI-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
20 mutant was prepared using commercially available QuikChange Site-Directed Mutagenesis Kit
(Stratagene) according to the appended instruction manual.

Expression of IgG-converted antibody

Antibody expression was performed by the method described below., Human fetal

25 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°
cells/ml was seeded onto dishes for adherent cells (10 ¢m in diameter; CORNING). 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 ml of CHO-S-SFMII medium (Invitrogen) was

30 added to the cells. The prepared plasmid DNA mixture (13.8 g in total) was mixed with 20.7
ul of 1 pg/ml polyethyleneimine (Polysciences Inc.) and 690 pl of CHO-S-SFMII medium, and
allowed to stand at room temperature for 10 minutes. The mixture was added to the cells in
each dish, and the cells were incubated in a CO, incubator (5% CO,, 37°C) for four to five hours.
Then, 6.9 ml of CHO-S-SFMII medium (Invitrogen) was added, and the cells were incubated in

35 aCOsincubator for three days. The culture supernatant was collected and centrifuged (approx.

2000 g, five minutes, room temperature) to remove the cells. The supernatant was then



17-0771-01) column with 0.01% Tween20/PBS developing solution. Each antibody was examined for
inhibition of the binding of the prepared FMAT Blue-NS22 to hNR10-expressing CHO cells
(Referential Example 3) using the 8200 Cellular Détéction System (Applied Biosystems, 4342920).
The chimeric anti-NR10 antibodies (the 10 constant region of each is yl, K) were added at various
concentrations to each well containing 7500 cells and 8.8 x 10.2 gg/ml FMAT Blue-NS22. The cells
were allowed to stand in the dark for four hours, and then the fluorescent signal from FMAT Blue
bound tqihgiceliswasmrasedsnlhereasunrmwas garxet ovt (vl Qe Hepeg Kpieaniaining 2.5
mM CacCl2, 3 ml\ﬂolééj CJ_F, 140 mM NacCl, 2% FBS, and 0.01 % NaNO3. The result is shown in Fig. 8.
The quoFEogggr%e 3){}% JEFL1, which represents the binding of FMAT Blue-NS22 to
NRIO-expressing cells, was reduced with the increase in the concentration of antibody NS22 or NS23.

On the aifigihansh dridcovas,bardly sgshisgd with the increase in the concentration of antibody NA633
(Referential Example ) (Fig. 8). 20 [Example 4] Humanization of NS22 antibQdy Selection ach
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Kozak sequence has beena variable region, and a primer in which a

restriction 5 site has been added to the 3' end of the variable region, was added and subjected to 35
PCR  Measurement of competition with IL-31 using FMAT

Antibodies were assessed for the activity of inhibiting the IL-31/NR10 binding by using
20 hNR10-expressing CHO cells as described below. The chimeric NS22 antibody and
NS22 HOLO (H chain, HO-SKSC/SEG 1D NO: 54; L chain, LO/SEQ ID NO: 56) were diluted at
an appropriate concentration using Assay buffer (10 mM HEPES, 140 mM Na(l, 2.5 mM CaCl,,
3 mM MgCly, 2% FBS, 0.01% NaNjs, 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
25  FMAT Plates, Applied Biosystems). Then, FMAT Blue-labeled hIL-31 was diluted 400 times
with Assay buffer, and added at 20 pl/well. Finally, a cell suspension adjusted to 2.5 x 10°

cells/ml using Assay buffer was added at 40 ul/well (final 1 x 10* cells/well). Two hours after
addition of cells, the fluorescence (FL1) was measured using the 8200 Cellular Detection System
(Applied Biosystems).

30 The result showed that, as shown in Fig. 9, humanized NS22 antibodies HOLO (H chain,
HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ ID NO: 56), and H1LO (H chain, H1-SKSC/SEQ
ID NO: 130; L chain, LO/SEQ ID NO: 56) exhibited a competition activity comparable to that of
the chimeric antibody, suggesting that both HOLO and H1L0 are humanized anti-IL-31 receptor
antibodies. In addition, it is considered that the FRs used for HOLO and H1L0 can be used for

35  humanization.



cycles of 94C for 30 seconds, 55C for 30 seconds, and 68C for one minute to yield a amplified
fragment. The resulting amplified fragment was cloned into TOPO TA Cloning vector (TOYOBO), and
its nucleotide sequence was determined by sequenéing. The constructed variable regions were
combined with the constant regions to prepare HO-SKSC 10 (SEQ ID NO: 54) and LO (SEQ ID NO:
56). The resulting construct was inserted into an expression vector capable of expressing the inserted
gene in animal cells. The nucleotide sequence of each DNA fragment was determined using BigDye
Terminator CyclesSequeneingiisi tanpliediBiosysiems\ il BRISM AT RNA-Reruanser or
ABI PRISM 3700 DNA . S uencg:érApplled Biosystems) according to the method described in the
appended itiGE '6‘??01%’%?5@ Lparation of variable region for humanized NS22 HI H1-SKSC
(SEQ ID NO: 130) was generated by substituting the glutamine (E) at Kabat-numbering position 73 in
FR3 of HRpKHC (SEQ ID NO: 54) with lysine (K). The 20 mutant was prepared using commercially
available QuikChange Site-Directed Mutagenesis Kit (Stratagene) according to the appended

instructic fLdrpnliggsion of IgG-converted antifldgypfanitiidysexpiesrian was performed by the
-.‘, L, 0 = M 1 L1 Ld./

o RS i ey “éiQF@@ﬁ@§@ﬁWiﬁ%%§§%ﬁ%Wﬁ%? e
Al el

at a density of 5-6 x 105 cells/ml was seeded onto dishes for adherent cells

CORNINGRZ he) Gente i et INdgbkeest i RORIMPRIRTAP GRELEIMER) To(SER WNRIB: 92y ang

was 30 40050 | ML R e G RS e Mﬂﬁ?ﬂ%ﬁ%ﬁﬁg@% 7

of 1 g/ml polyethyleneimine (Polysciences Inc.) and 690 | of CHO-S-SFMII m to
stand at bR 2 0Gneiake kol 89 (hdostsian N@@Zﬁﬁ%&%ﬁ%ﬁ%@i@i B EMERISIPREROT AlETY GhRl i the

cells were incubated in a CO2 incubator (5% CO2, 3YC) for four to five hourqSIE_FQqD RS- pghgf

CHO-S-$EMH-medimthwregeny-was-added.—and-thecell for for
three da ERfne coarnined brnatant was collected adﬂ@@ﬁi%@gomox. 00 ) ING: Rhuted,

room tergperature)-to-remove-the-cells—Hie-supernat gh
0.22-m f.l@ MIL ;@Qmﬂ@@ (Millipore). Each sample W28 RiidaatSaEUBfiG&e. Purification of
lgG-convéiRdd angdyatiydhH0 1 36 rimtsiich e liiateyEMAMEGSFISY SAGEBRAMT IHDsciences)

suspendpd in TBS was added to the obtained cultur¢ supernatant, and mixe@pgQifygigioroar 4d for
four houts-at:
O TOUTFR? [Gernline:hVK_1_39 (hocession No.X59315)| WQQKPGKAPKLLTY (SEQ IDNO:101)

FR3  |Germline:hVK_1_39 (Accession No. X59315)| GYPSRFSGSGSGTDFTLT ISSLQPEDFATYYC
(SEQID NO:102)

FR4  |Gernline:JK4 FGGGTKVEIK (SEQ 1D NO: 103)

[Example 5] Heterogeneity-reducing effect of novel constant regions M14 and M58 in
humanized anti-I1.31 receptor antibody
As shown in Referential Examples 7 to 9, it was demonstrated that the conversion of the
10 constant region from IgG2 to M14 or M58 in the huPM1 antibody, a humanized anti-IL-6
receptor antibody, could reduce the heterogeneity derived from the IgG2 hinge region without
loss of stability. Thus, humanized anti-I1.-31 receptor antibodies were also tested to assess
whether the heterogeneity can be reduced by converting their constant regions from the
wild-type IgG2 to M14 or M58.
15 HO0-M14, HO-M58, HO-IgG1, and HO-IgGG2, which were generated by combining IgG1
(SEQ ID NO: 60), IgG2 (SEQ ID NO: 132), M14 (SEQ ID NO: 129) and M58 (SEQ ID NO:
128) generated in Referential Examples 8 and 9, with H chain variable region HO (HO-VH/SEQ
ID NO: 50) of humanized anti-IL-31 receptor antibody generated in Example 4, were used as H
chains, and L0 (LO/SEQ ID NO: 56) produced in Example 4 was used as an L chain, to generate
20 HOLO-1gG1 (H chain, HO-IgG1/SEQ ID NO: 133; L. chain, LO/SEQ ID NO: 56), HOL0-IgG2 (H



more. The solution was transferred to 0.22-m filter cup of Ultrafree(r)-MC (Millipore). After three
washes with 500 | of TBS, rProtein A SepharoseTM resin was suspended in 100 | of agueous solution
of 50 mM sodium acetate (pH 3.3), and allowed to giand for three minutes to 10 elute the antibody.
The solution was immediately neutralized by adding 6.7 | of 1.5 M Tris-HCI (pH 7.8). The elution was
performed twice and 200 1 of purified antibody was obtained. 2 | of the antibody-containing solution
was subjected to ND-1000 Spectrophotometer (NanoDrop)(Thermo Scientific NanoDropTM 1000

Spectrophgiameian i harmpasQentiia) otmhpLovesSubieate sy, SRRIRPNOINRRIGT, DU-600
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IL-31 usiHg-MAT R IDOd{2siere absimsdddSoRthe diéitg)of iBhibitngiibdy|v8ldkRisSetmding by

using 20,hiNRLQexRressing sl el asdessaiked below. The chimeric NS22 antibody and
NS22HOLO (H chain, HO-SKSC/SEQ ID NO; 54; L chain, LO/SEQ ID NO: 56) were diluted at_ an

appropriate conc@ﬁ%ﬁﬁﬁ’%@ﬁ’éﬂ’%@%@sﬁfﬁfﬁ%@ E’f(f’?ﬂﬁf’l—qw MHRELI0Y 5 FheREeReEs 3 mM
MgCI2, 264ibBEeOvB:8miaNg] @TIYlﬂér@mhéuﬂhemg@kﬁléﬁ:nm’@mm@r(E)waee)mzﬂpane,dzﬁtma/Icommon

dilution rafign, o', Eetlié’jrﬁﬂl%t Qj“és‘?{ﬁ{ﬁl%%@’lge%%H‘QS‘HM@S‘&%M%%%%A%&W&E@?%? pplied

Biosystems). Then, FMAT Blue-labeled 31 was diluted 400 times er, and added at

20 Id/welRBHa MRS R VST pRABISARIH s HeMErte g3d eresticatis mibe iy A@@éﬁﬁ%ﬂ%}é%@@d at 40
l/well (fingdchaa g detistateyagivva IR & afiewaiditigni of cells, the fluorescence (FL1) was measured

.9, humansad KBS 0 e R B b B R O M T
NO: 56)./a8HFe® IgHdraifs R B isEED-1b Reprsentikdinanb et e spociseyabibited a

competitieduaet iy oampeahie e thaiseinthegthimene artitagy, isuggestingdyat both HOLO and
H1LO are humanized anti-IL-31 receptor antibodies. In addition, it is considered that the FRs used for

HOLO and H1LO can be used for 35 humanization. 61 Accordingly, all of the mutations in CDRs

describetFrmplExbRNsrEspRiipiisampn ves piisd ot edvatcvstiar o gna MP Sraset? 4B Germline
Human rRgeapengsolid Germline:hVH_1_46(Accession No. X92343)

QVQLVQSGAE\A‘%@EOW%%X ﬁVfS rerﬁﬁx?gyya-rrnﬂ_e ésco vleDrSlNog gP t)ne constant region from IgG1 to

M58 in anti-IL-6 receptor antibody huPM1 was found to improve its human FcRn-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
20 their pharmacokinetics.
HOLO-IgG1 (H chain: HO-IgG1/SEQ ID NO: 133; L chain: LO/SEQ ID NO: 56) and
HOLO-MS58 (H chain: HO-MS8/SEQ ID NO: 136; L chain LO/SEQ ID NO: 56) prepared as
described in Examples 4 and 5 were assessed for the human FcRn-binding activity by the method
described in Referential Example 9. The result is shown in Table 3.
25
Table 3

KD(u M)
HOLO-1gG1 1.07
HOLO-M58 0.91

As shown in Table 3, conversion of the constant region from IgG1 to M58 also
30 improved the human FcRn-binding activity of the anti-IL-31 receptor antibody HOLO as in the
anti-IL-6 receptor antibody hPM1. This suggests that conversion of the constant region from
IgG1 to M58 may improve the pharmacokinetics of anti-IL-31 receptor antibody in human.



FR2 Germline:hVH_1_46 (Accession No. X92343) WVRQAPGQGLEWMG (SEQ ID NO:97) FR3_1
Germline:hVH_1_69 (Accession No.L22582) RVTITADESTSTAYMELSSLRSEDTAVYYCAR (SEQ ID
NO:98) FR3 2 Germline:hVH_1 69 (Accession N06221506)
RVTITADKSTSTAYMELSSLRSEDTAVYYCAR (SEQ ID NO:131) FR4 Germl ine:JH1
WGQGTLVTVSS (SEQ ID NO:99) LO Germiine Human FR sequence FR 1 Germ | i ne: hVK_1 39
(Accession No. X59315) DI QMTQSPSSLSASVGDRVT I TC (SEQ ID NO:100) FR2 Germ

Ine VK 3% ecnsaia NaSa9 AR MY ARKREIARK A SRR R 01) FR3 Cermine:hvi_1
39 (Acciisgn 0. §9315 GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC (SEQ ID NO:102) FR4
-Germliné3 R (SEQ IDNO:103) s [Example 5] Heterogeneity-reducing effect of novel
constant regionsMAmﬁ@MﬁBsiprdﬂmmhbwhfam{M@dewdépﬁjmﬁﬁm Asmshpmeim&g@@htial
Exampleg, (HiorRed UaR ! @g@ﬁ{w&%ﬁ%fg‘a EAMMETRIOB RN IRG - L9 CROFANESRIINR JRM QG2 to M14

or M58 in the huPM1 antibody, a humanized anti-IL-6 receptor antibody, could reduce the
hetetogeRAHFUENRIUIHR HEGESS Hifige FpERdatimsub Noadnst wiimsa) tintrd Himadivaa snt-IL-31
receptor aigibDiashiretim alealte statbidmsdics thengthetdite hetesdgendityecrd bemeciabthly,

converti ' tkREIO: t ild- . - -
HO-IgGI?%&r_\%ggfg%G , v%%\%ge g r%gr%}%g%%%ogr%gﬁ?%&é#@& }%%%é\gé?h%%%%() ID
NO: 132)"eltis gevqrrheclived 318 Wiéﬁv@rwmmi%s) FEReraeerisi rderatasting Examples 8
and 9, WithitheSITIR @tRinte) to g kkt® HONNEE @ndIriiE oy pichidhatizediradt $it31 reseptor

antjbody, ' ' I : oduced in
ol R o O B L o Freh ey o, 132 L
chain, LOYSEE TINESCEEY, IR0 PO SSIPNEECEHAAP LS - CoPsEtn I INOIseB AR Re#BE/SEQ ID
NO: 56),ddl@LO1:}%&ﬁdﬂe@ﬁd&s;e@i@rﬂlé@fﬁfe@e@lﬁi@%ck@%dsi?h&i&tb%m@ﬁ&f@ aaﬂ%thod
HOLD-M58 (H in, HD-M58 ID NQ:.136; L chain, LQ/SEQ ID NQ. 56). Each antihody was
expresse %%a ?%glh Fgcf %1)1/'1\% emr?]%%gg d‘é%grl Ogi n Exa rB eu%?%s%lgg ‘ﬁgfigfg%g}é%%t?%v%%%assessed by
cation extsgribeddnrBiiBlrdphy. The prepared antibodies were assessed for heterogeneity using
PragBac WCX-10 (Dionex) column, 20 mM

Identification of mutation sites
To improve the pharmacokinetics of HOLO (H chain, HO-SKSC/SEQ ID NO: 54; L
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

20 three-dimensional structure model revealed mutation sites that would decrease the isoeleciric
point of the variable regions without significantly reducing its binding to NR10. These are
summarized in Table 4 (Hp5-VH/SEQ ID NO: 137, Hp7-VH/SEQ ID NO: 138, Hp8-VH/SEQ
ID NO: 139, Hp6-VH/SEQ ID NO: 140, Hp9-VH/SEQ ID NO: 141, Hpi-VH/SEQ ID NO: 142,
Hp13-VH/SEQ ID NO: 143, Lpl-VL/SEQ ID NO: 144, Lp2-VL/SEQ ID NO: 145,

25  Lp3-VL/SEQ ID NO: 146, Lp4-VL/SEQ ID NO: 147, Lp7-VL/SEQ ID NO: 148, Lp5-VL/SEQ
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 inhibiting the hiL.-31/hNR 10 binding by using
FMAT. The test was carried out according to the method as described in Example 4. As

30 shownin Fig. 11, the competition activity of each variant was not greatly reduced as compared

to that of HOLO.

Table 4



sodium acetate (pH 5.0) as mobile phase A, and 20 mM sodium acetate/1M NaCl (pH 5.0) as mobile
phase B, with an appropriate:flow rate and gradient. The result of assessment by cation exchange
chromatography (IEC) is shown in Fig. 10. 10 As sh&vn in Fig. 10, the heterogeneity was increased by
conversion of the constant region from IgGl to IgG2 in the anti-IL-31 receptor antibody, and the
heterogeneity can be reduced by conversion of the constant region to M14 or M58 in any antibody.
[Example 6] Pharmacokinetics i |mprovmg effect of novel constant reglon M58 in anti-IL-31 15 receptor

antlbodl A shown-in-Referen mple-9 .-'- ITa¥allla he-con =Yallala om-laGito M58|n
anti-IL- GNQQ@tor{ﬂjglbodyHu@mn@@s fiﬁ\’@tt%nl 6o &if iy bﬁ@ﬂh faty and the
pharmacekinetics-in-human-Fc ansgefit-Ah é/ ﬁc ﬂ- ﬁe&w&ealso

tested to HQ§ess ﬁ%ther%‘ﬂ?ﬁ%hﬁ?f\iﬁe coﬁﬁtant rean to M58 %prov%‘éﬂ@@)ﬁ{&LEWMG

pharmacoklnetlcs HOLOWFE! IHNERAR: HO-1g&VSEQ I1EF RO: 133; @chalﬁgﬁ@@é@ IBMNO: 56) and
HOLD- M L chain LO/SEQ I e escribed
in Examp ﬁ@@%meg %@ E@ hu%?an FcRn “binding a IVI'[ . G ?(%@crlbed in
Referenti %xalaﬁlgz() TW:’ ffgg@ |ng ble 3. 2& Table 3 @(u ki

HOLO-M538 0.91 As ShOV\(Q conversion of the constant reglon (g 1) ‘ ‘.. also 30
improvedHpe hmF@m@mgmﬁW@f the anti-1L-81 receptoDantlgcpijNm‘ﬁmKﬁ@a anti-1L-6
receptor antibody hPMI. TBEsIgg@st8)that conversion of the constant regigBdrimmQgiGhto M58 may
improve ﬂiea)haﬁmﬁeokmm%mb}ﬂiﬁmre@btor antiody in hurflan. BBN%J&ﬁzmmtiﬁcation
of mutation sites reducind $hé&! |’§H§®eﬂi} oint Production of mutants Ea¢h roduced by
the methétPdesEitRd i Wﬁfé&w& sefftbly PCRX In the m&thod-dBENGSIEMBKTRER, oligo
DNAs are synthesized baSERIA WoWatd and reverse 5 sequences mcludlﬁf AANSdd Bite. Forward
oligo DNIph8ludiBRan bItERYNGHES ¥HOKFBrs€4oligo DNFA binding o the VEPYNIGRTSHHAKEAR gene to
be altered was inserted WERIBMINKY, and rBverse olifb DNA indRiding@REQIRNG: 569 and forward
oligo DNA binding to the vector in- which the gene to be altered was inserted were combined. PCR
was carried out using

Mutation site L0
Name Type — LOsequence 0 o seqtience Jmino acid  Sequence after
Lpt  CDR1  RTSENIYSFLA 24 R Q QTSENIYSFLA
(SEQ 1D NO:13) (SEQ 1D NO: 121)
Lp2 CDR1  RTSENIYSFLA 28 N D RTSEDIYSFLA
(SEQID NO: 13) (SEQIDNO:122)
Lp3 CDR2 NAKTLAK 50 N D DAKTLAK
(SEQIDNO: 14) (SEQ D NO: 123)
Lp4 CDR2 NAKTLAK 52 K Q NAQTLAK
(SEQID NO: 14) (SEQ ID NC:124)
Lp7 CDR2 NAKTLAK 54 L 3 NAKTEAK
(SEQID NO: 14) (SEQ ID NO: 125)
Lp5 CDR2 NAKTLAK 56 K Q NAKTLAQ
(SEQID NO:14) (SEQID NO: 126)
Lp6 CDR2 NAKTLAK 56 K D NAKTLAD
(SEQIDNO:14) (SEQ D 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.
Examples of the humanized NS22 antibodies whose isoelectric point has been reduced
5 by combining these alterations include Hp3Lp15 (H chain: Hp3-SKSC/SEQ 1D NO: 151; L
chain: Lpl5/SEQ ID NO: 152).  Affinity for NR10, isoelectric point, and plasma retention in
mice were compared between Hp3Lp15 and HOLO.

Measurement of affinity
10 The affinity of each antibody for NR10 was determined by the method described in
Referential Example 10.




PrimeSTAR (Takara) to produce 5'-end and 3'-end fragments including the altered site. The 10 two
fragments were assembled by assembly PCR to produce each mutant. The produced mutant was
inserted into an expression vector capable of expre$$ing the insert gene in animal cells. The
nucleotide sequence of the resulting expression vector was determined by a method known to those
skilled in the art. Antibodies were produced and purified by the method described in Example 4. 15
Identification of mutation sites To improve the pharmacokinetics of HOLO (H chain, HO-SKSC/SEQ ID

NO:54; L chainThe{eRRdJP.RithHealiesad siteskapnablenivieducingdherisagleciigNQins ofthe

variable re ion were, exa[UELned Scre%nlpgf?}gﬂatatlon sites in the variable regions predicted from the
(%|me

20 three- hSional Structure Modal 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 (Hph-YH/SEQ ID NO: 137, Hp7-VH/SEQ ID NO: 138, Hp8-VH/SEQ ID NO: 139,

Hp6 VH/SEQ ID NO: 140 Hp9 VH/SEQ ID NO: 141 HpI VI/SEQ ID NO: 142 le3 Vl/SEQ ID NO:

was produc urified by the bed in ach veyri sted for the
activity of mﬁn@“@ e hiL-31/hNR1 b|n 4@3@ using ENEE The$est w\l% mg according to
the method 1151 Exampl %own |n Eﬁﬁﬂ@Sompeﬁ @nﬁcﬂ Qof each variant
Mutation site HO Amino acid Sequence after (kabat No) sequence after mutatlon mutation Hp5 FR2
WVRQAGQGLEWMG 38 R Q WVQQSPGQGLEWMG (SEQ ID NO: 97) 40 * A'S (SEQ ID NO: 120)
BN RERBISO | E EINPYNGGTSYNQKFKG (SEQ ID NO:10) (SEQ ID

NO:113) Hp8 CBaﬂ?drﬂﬂih@&j\l%iﬁaﬂi@l@éﬁbaacu@fbuﬁﬁi{gdﬁ&I&YN@K@KG& tR2E£Qdlci0:10)
(SEQ ID NG D HRE D RZ LN RNGET NRLFKGALRR HNPYNGRTSYNPRTKG.(REQ 1D

NO: 10) (SEQ ID NO: 115)
10 ocusing 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 1.5 ml
Pharmalyte 5-8 for IEF (Amersham Biosciences) 100 pl
15
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 pl (Amersham Biosciences) was used as a pl marker.

20 Step 1: 2000V 25mA 3.5W 15°C 75Vh
Step2:200V  25mA 35W 15°C 15Vh
Step3: 2000V 25mA 3.5W 15°C 410Vh
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
25  thekit. After staining, the isoelectric point of the sample (the whole antibody) was calculated
from the known isoelectric points of the pl markers.
The result of isoelectric point measurement by isoelectric focusing showed that the
isoelectric point of HOLO was about 7.8, and the isoelectric point of Hp3Lp15 was about 5.5,
showing that the isoelectric point of Hp3Lp15 was decreased by about 2.3 as compared to HOLO.
30 When the theoretical isoelectric point of the variable region VH/VL was calculated by
GENETYX (GENETYX CORPORATION), the theoretical isoelectric points of the variable



Hp9 C D R2 LINPYNGGTSYNQKFKG 62 K Q LINPYNGGTSYNQQFKG (SEQ ID NO: 10) (SEQ ID
NO: 116) Hpl CD R2 LINPYNGGTSYNQKFKG 64 K Q LINPYNGGTSYNOKFQG (SEQ ID NO: 10)
(SEQ ID NO:117) Hp13 CD R2 LINPYNGGTSYNQESKG 64 K 0 LINPYNGGTSYNQKFQD (SEQ ID
NO: 10) 65 G D (SEQ ID NO:119 ) Name Type LO sequence Mutation site sequence afterimutation
Segmutationafter (kabat No) sLpl CD R1 RTSENIYSFLA 24 R Q QTSENIYSFLA (SEQ ID NO: 13)
(SEQ ID NO:121) Lp2 CD R1 RTSENIYSFLA 28 N D RTSEDIYSFLA (SEQ ID NO: 13) (SEQ ID NO:

22 SRR A CelR o gl ¢

P
NAKTEA?@?%E@%B M% %ﬁ@@gg N ‘?i’f%igégg %é)?ﬁi ?\?El?%ihk%‘%&‘ NAKTLAQ (SEQ ID
NO:14) (SEQ ID NO: 126) Lp6 CD R2 NAKTLAK 56 K D NAKTLAD (SEQ ID NO:14) (SEQ ID
le)il?f)Aé@ﬁH?éﬁ{*c)ﬂBh}ﬁ%‘ﬁéi&%\é% Hf@iﬁ%sagaxﬁiﬁ J&ﬁxefe!té%eheﬁea%ﬂﬁvmhmhﬁ E'%Ht@éegtric p%int but
alter or conversion INto a numan seqguence xam um anupodies ose
isoe?((eactric point HASTHERIP F’éaﬁsée%eg IBPRLTRISRTRG ﬂ‘%ﬁ@%@ %ﬁ%‘-ﬁ%@p‘ﬁgﬁ@%\%
Hp3- SKS@#SE@dIDdX@ th5biasndmnupiﬁ¢83@®ahﬂl@52p1Afﬁvraﬂ3c¢mﬂ‘dﬁdﬁh ismeletmepoin, and
plasma retenlignsn, e Pﬁﬁﬁ’@f%@g&ﬂ%’%@ﬁ%@ﬂdﬂ glﬂx’%ﬁf QL0 M emep(esafiniky 10

The affinity of each antibody for'N was determined by the method described in Referentlal
Examplec%/@I le8 RyvRs farem: &%}ffﬂﬁlﬁ‘@é&ﬁ%ﬁﬁ’gﬁt%‘g%ﬂﬁf}?ﬁ RaBRATORANUATNE of AP BIBAvas

shown tacheatmasithevesndetasitinati diyHEDISOA. T abje o it/ Me)ckot{dtionKeF galibration sample

10 and test plasma samples were dispensed into immunoplates (Nunc-Immuno Plate, MaxiSorp

(Nalge Nunc International)) coated with anti-human IgG (Fe-specific) antibody (Sigma). The
samples were allowed to stand at room temperature for one hour.  After reaction with Goat
Anti-Human [gG-ALP (Sigma) at room temperature for one hour, color developing reaction was
carried out using BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry

15  Laboratories) as a substrate. The absorbance at 650 nm was measured with a microplate reader.
The plasma concentrations were determined based on the absorbance of the calibration curve
using the analytical software SOFTmax PRO (Molecular Devices).

Pharmacokinetic parameters (AUC and systemic clearance (CL)) were calculated

from the obtained time-course data of the plasma concentration using the pharmacokinetics

20  analysis software WinNonlin {Pharsight). The parameters are shown in Table 6. AUC and the
clearance of Hp3Lp15 after the intravenous administration were reduced by about 14% and
about 12%, respectively, as compared to HOLO. Thus, it was demonstrated that Hp3Lp15, in

which the isoelectric point of HOLO has been reduced, had improved pharmacokinetics.

25 Table 6

AUC(pg-d/kg) |CL(ml/d/kg)
Mean |SD Mean |SD

HOLO 281.8 13.1 3.6 0.2
Hp3Lp1d| 321.1 26.1 3.1 0.3

[Example 8] Effect of combinations of variable region and constant region on the biological
activity
30 In order to assess the effects of different constant regions on the biological activity, the

following variants were produced.



HOLO 3.7E+05 1.2E-03 3.3E-09 5 p3L15 4.E+05 1.6E-03 3.9E-09 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 regi@. Isoelectric 10 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 1.5 ml Pharmalyte 5-8 for IEF (Amersham Biosciences) 100 | 15 Electrophoresis was
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Biosciences:, according to the protocol attached to 25 the kit. After stalnln%éle isoelectric point of the

sample (Ié DAHbBIRPAFAS L SRR - ORTAHECR AGRA-RIou tHe (bR ithd i . The
result of IEoNIBctrid pbichanedpir®RieQIDyNEhels2irimfodpsihgl Shilse dHhaiathe Hisdalessrkropint of
HOLO abolty/ ' K ing-of owing th isoelectric
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isoelectrlAPBA% SmbehimbreraRfoh VHIVL was calculated by GENETYX (GENETYX

CORPORATION)hthanthtedietipabdeoetenidespeilis asbdhe, vaolabIera6aC (@Diﬁﬂﬁ@ﬁ?@tﬂ@@ﬂ@ﬂ FBELICCJ:?J
weke 7. 76angd,4 i y i isqelectri int of ased by
3.1 %as (I,Qc()(r% %ﬁe@%@%@gﬂgmép 2?%%%%%%&%@%&%%?%%2B"“&éﬁ’f‘mﬁge@dsl@@% ectric
point usifg) r%é%@?ﬁ Br&efarrndaekzamplplasig HAEAMYA B sbaip 16 MM Ooehe bR pith
reducefl clggglecriEOpINt Nioe Eﬁ?ﬁtamemﬂ@@méth@a&md-lgmml mipared dRMQr mal/gnjce-
A single Hp3Lpl5 was intravenously administer t.1m to.mijc 57BL/6J,
Craes R R A e R e B

concentrasdinshdeseritetbimiivample 2 uri Balith e Ebacestationerotaisedibndtion dample

15 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.

20 [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 is known to result from modification such as oxidation or
25  deamidation, and to be increased during long-term storage or upon exposure to stress conditions,
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 antibody 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
30 reduced and the substance be composed of a single substance as  much as possible. In this
context, the experiment described below was conducted to assess the antibody heterogeneity
under stress conditions and to reduce the heterogeneity.
To assess degradation products, an accelerated sample of HOLO (H chain,
HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ 1D NO: 56) was prepared by the method described
35  below. The prepared accelerated sample and non-accelerated sample (initial) were analyzed by

cation exchange chromatography using the method described below.



10 and test plasma samples were dispensed into immunoplates (Nune-Immuno Plate, MaxiSorp
(Nalge Nunc International)) coated with anti-human IgG (Fe-specific) antibody (Sigma). The samples
were allowed to stand at room temperature for one B®ur. After reaction with Goat Anti-Human
IgG-ALP (Sigma) at room temperature for one hour, color developing reaction was carried out using
BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry 15 Laboratories) as a
substrate. The absorbance at 650 rim was measured with a microplate reader. The plasma
concentrafiQng e ]%ggd%% 'Fgggcp@gtg(p%ﬁlﬂ?e%bsorbance of the calibration curve using the analytical
software max olecular Devices). Pharmacokinetic parameters (AUC and systemic
clearancg‘(gﬁ)%e calculated from the obtained time-course data of the plasma concentration using
the pharmacokinattcsRy anatysissoftnakivViriNaplinl(Pharsight). The parameters are shown in Table
6. AUC and the gleaianee of I 4R. &fferthe intravenous administration were reduced by about

14% and about 12%, respectively, as compared to HOLO. Thus, it was demonstrated that Hp3Lpl5, in
which the isoeleceSHtE IO MEsd8en reduced, had improved pharmacokinetics. 25 Table 6

AUC (pg(:diékien dbfmbédiistn bMeatios BxblaaseShron@io@ a8 13.1 3.6 0.2 Hp3 Lp |15 321.1 26.1 3.1
0.3 [Example 8] Effect g,f 'r@,ﬁ' S, Qf yari regi n)g constant region on the biological activity
30 In order to as?gss_t élge%lgg‘t%s 0 |f?le8r’el}ﬂ/t§ c%?ls%ﬁ&igfé?g% on the biological activity, the following
variants were prodeeeipbrsesk &) SEam\ HESNHHNEBASEQ ID NO: 128), constant regions
prepared in Referential ExamplegBy 25 ehtholyERRSMEine i innipd/ (Na81VHASEQ ID NO: 167), a
varjable region ared.in Ex le 7, to produce Hp3-M58 (SEQ ID NO: 240) and Hp3-SKSC (SEQ
ID NO: 151) asﬁlghegfr%s?' h%%qrygnﬁgred H chains were combined with Lp15 (Lp15/SEQ ID NO: 5 152),
an L chain prepatédumEsampiatreidtBréduce Hp3Lpl5-SKSC (H chain, Hp3-SKSC/SEQ ID NO: 151;

L chain, Lp15/SEQ:MIMO1H2 @0 dd-paLin)5-Ma33(H sixaimiAp3-M58/SEQ ID NO: 240; L chain,

Lpl5/SEQ ID Nob% %}1 I%aﬁgoantibody was expressed and purified by the method described in
Example 4. The anti odies pro’gf}ced as described above, HOLO-SKSC (H chain, HO-SKSC/SEQ ID

10 NO: 54; L chalheeygEny Khiqoa®e)gme por LS pamblecbeisrerand gitn SKES{SEQUDINGT 62)
deggribeghip;Referential Ep0RIe flcaeb HOLRMRS, (LR AUAER-MBRIRHEQRAPNE L 30akic

peak.

Then, screening was carried out to reduce this peak. As a result, Ha355, Ha356,
Ha360, and Ha362 were found. These H chain variants were combined with L0 to produce
Ha355L.0 (H chain, Ha355-SKSC/SEQ 1D NO: 242; L chain, LO/SEQ ID NO: 56), Ha356L0 (H
20 chain, Ha356-SKSC/SEQ ID NO: 243; L chain, LO/SEQ ID NO: 56), Ha3601.0 (H chain,
Ha360-SKSC/SEQ ID NO: 244; L chain, LO/SEQ ID NO: 56), and Ha3621.0 (H chain,
Ha362-SKSC/SEQ ID NO: 245; L chain, LO/SEQ ID NO: 56). The sequence of each variant is

shown in Table 7.

25  Table7



chain, LO/SEQ ID NO: 56) and HOLO-IgG2 (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/NR1 0. The result is summariged in Fig. 18. 15 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, combrnrng varrable regrons created in future wrth any constant region would not result
in alteratiomimrtire-biotogicats 2 ' “TOtOTT STES SUPPTeESSing
degradatioarhy theTyss accﬁbeg@mrsjgdy i @{5 é gﬁl&fhﬁ’ o tro(a%lll@@@ Elif@trerogenerty
even though they are_monoclonal antibodi€ 'o'o‘ 2 om c QD
antibodypa3Bicing DEs. BYODEPYEsly hetergi®heity |SMnown to rgsult frcmayrmmfmtmﬁ@n such as
oxidation or 25 deamidatiof§EMDtNOL §ireaskiti during Igng-term stérage ofIRDIDPIEHE to stress
conditions, such as heat stress or light stress {88e "Heterbgeneity ofIMonoclonal Antibodies”, Journal
of pharmaceutical sciences, vol. 97, No. 7, 2426-2447). However, when an antibody is developed as
a pharmatedfital PRYsicad ) @ﬂYJsMBYthe prbidin, partidllarly hom59enert9ﬁ¥ @%/ re highly
important. Thus, it is desirdaBRAPNO W&} ogel‘@?ty of deslred/related substanqt,FeQ ced and
the substance ubstance as mugh as possible. In

experrm ?é@é)cn%@d& %ﬁ d to sess thgf ntibody heterog %E%Ea% ess
conditions and to reduce t sess de adatron p¥oducts, 51 sample of
HOLO (H chain, HO-SKSC/SEQ ID NO 54 L chain, LO/S Q ID NO: 56) was prepared by the method
descrrbed{é%%gel%ﬁqj Bfﬁ%@@?ﬁ ler atedgs?ample aqd non- accelerate g {EE;OM @l) were
analyzed by cation ex a2 phy gsing the @ethod degcribed Egbvlg glgl hod for
preparing accelerated samples Buffer PBS Aqt@g)dy cono,entratron @,2 to 1 mg/ml Acce eratron
temperatureT8 ' Lopy '
chromatography Column ProPac WCX 10, 4 x 250 mm (Dionex) Moblle phase (A) 25 mmol/l
MES/NaOH, pH Bati{BY 2z rdancilfl dd ExBibtaidis w25 @xmraced MaChupii €l bytbariothcdtde@bhatl/min

Example 4. As with HOLO, a accelerated sample of each prepared antibody was prepared, and

5  analyzed by cation exchange chromatography. The result is shown in Fig. 19.

The result showed that the generation of the basic peak increased after acceleration was
reduced in the modified antibody containing a substitution of aspartic acid with glutamic acid at
position 101 in the H chain, as compared to HOLO. The modified antibodies were assessed for
the biological activity by the method described in Example 2 using BaF/NR10. The resultis

10 shownin Fig. 20. As shown in Fig. 20, the biological activities of the modified antibodies were
comparable to or stronger than that of HOLO. These findings demonstrated that the
modifications of Ha355, Ha356, Ha360, and Ha362 suppressed the generation of degradation

products by acceleration, and therefore are effective in improving the stability of antibody.

15  [Example 10] Identification of mutation sites increasing the affinity
A library in which mutations were introduced into CDR sequences was constructed and

examined to imprbve the affinity of HOLO for NR10.  As a result 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

20 ID NO: 246), Hal03-SKSC (SEQ ID NO: 247), Hal 11-SKSC (SEQ ID NO: 248), Ha204-SKSC
(SEQ ID NO: 249), and Ha219-SKSC (SEQ ID-NO: 250) was combined with LO (LO/SEQ 1D
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 La328 (SEQ ID NO: 254) was combined with HO
(HO-SKSC/SEQ ID NO: 54), to construct an antibody.  Each variant was produced and purified

25 by the method described in Example 4.



Column temperature: 40C 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 15 in Fig. 19.
The HOLO sample after acceleration had a tendengyto show an increased basic peak. Then,
screening was carried out to reduce this peak. Asa result, Ha355, Ha356, Ha360, and Ha362 were
found. These H chain variants were combined with LO to produce Ha355LO (H chain,
Ha355-SKSC/SEQ ID NO: 242; L chain, LO/SEQ ID NO: 56), Ha356L0 (H 20 chain,

Ha356-SKSC/S I - 243: |, chain, 1. OAS : ain; SKSC/SEQ
ID NO: 244: | 05§% Bﬁ%l?g}é?f?ﬁéﬁl@%&d?aﬁéﬁ%@zw_% g%ﬁgﬁ%‘@,&gﬁ%g&é&% sﬂéégf%ﬁfm% 245: L
chain, LeMSFOIDIRd: §6). Thsasuyueticerichen vang b maboshdesarding i Beferapiisl? 69 Name
o T B B e o D E
mutation a. . .

(SEQ |D°RFB‘?85%%()E°]TE§ @@@%&ﬁ%ﬁ%ﬁ&%&g 1GSD_4L|§5r ) %@é@m\@?%ém ID
NO5265) 102 Y T (SEQ ID NO: 267) Ha360 CDR3 DGYDDGPYTMDY 97 Y L DGLDDGPYTMET

(SEQ IDNKI:265) 101 D E (SEQ ID NO: 268) 102 Y T Ha362 CDR3 DGYDDGPYTMDY 97 Y L
DGLDDGEYIMES (QFQ 1D NQ: ?R'—'\) 101.D.E (QIZQ ID.NQ: ')RQ) 102.Y.S i ified

antibodie expressed ified by thtatiethsite destfribed | ’g;mé@l}e 4, eHOLO, a
accelerat@é@mp@%?eaci?%?sé%ggel‘?jgantiboﬁyha&id@brémeaﬁ@ W ﬁ?gﬁ% Bxchange

chromatqography. sult is.shown in Fig. 19,4 he result showed t tthe@ﬁm[aﬁon of the basic
peak inc(lfdeggzgj aéﬁgie%gé%% N\@%-]@duce |:“51 the moéified antib?j?jy congting ,q@tzlqgt)itution of

aspartic acid with glutamic acid at position 101 in the H chain, as compared { f—lOLO.'The modified
antibodiddaée o ecﬁYdtMNhe biq&o]%ical act?\ﬂty by thdlmethod déscribe%iy% Qﬂﬁwlﬁg)using
BaF/NRI O. The result is (SEQIDNO:Z70) S :
Ha111 CDR1 GYIMN 34 M L GYILN
(SEQ D NO:270) (SEQ ID NO:274)
Ha204 CDR2 LINPYNGGTSYNQKFKG 58 S D L INPYNGGTDYNQKFKG
(SEQ ID NO:271) (SEQ ID NO:275)
Ha219 CDR2 LINPYNGGTSYNQKFKG 61 Q P L INPYNGGTSYNPKFKG
(SEQID NO:271) (SEQID NO:276)
ion si Ami id 3
Name  Type  LOsequence Ma‘t:gmgg)lteseqbgnce after mutgiion  afier mutation
L.a134 CDR1 RTSENIYSFLA 31 S R RTSENIYRFLA
(SEQIDNO:277) (SEQID NO:279)
La130 CDR1 RTSEN!YSFLA 31 S R RTSENIYRFVA
(SEQIDNO:2TT) 33 L ) (SEQ ID NO:280)
Ls303 CDR3 QHHYESPLT 93 E D QHHYDSPLT
(SEQID NC:278) (SEQID NC:281)
L2328 CDR3 QHHYESPLT 94 S D QHHYEDPLT
(SEQID NO:278) (SEQID NO:282)
La326 CDR3 QHHYESPLT o7 T F QHHYESPLF
(SEQIDNO:278) (SEQID NO:283)

Table 9



10 shown in Fig. 20. As shown in Fig. 20, the biological activities of the modified antibodies were
comparable to or stronger than that of HOLO. These findings demonstrated that the modifications of
Ha355, Ha356, Ha360, and Ha362 suppressed the generation of degradation products by
acceleration, and therefore are effective in improving the stability of antibody. 15 [Example 10]
Identification of mutation sites increasing the affinity A library in which mutations were introduced into
CDR sequences was constructed and examlned to |mprove the affinity of HOLO for NRI O. Asa result

h ; ARG QL INC 0L ! =-lalacuced.ln S that improve the
e e e e RIS ()

v . . haln variants HalO
(SEQ ID NO: 248),
(L0/SEQHBORG 560 and each of e%tﬁﬁfﬁﬁzﬁ%Eé%% P 130 (se0 1o
(NH% é%}—taﬂ@te@ o )Ntc; C205ns:2 DIELRES (SEQ.DIneDZb4) whs DEmidBd wihHo
an
the meth&%mmn Example 2 ?Eﬂqqﬁntyyé e%(E :ﬂ%odyz %\EW as asseJ:sI:d usmgy
E{iafCOfe- _HtafPMLS@gown 'rr‘] Tabf2 §Fhe Bbay wasGhrridddut ughditre-§&8hod described in
eferent LA [
s complAADRNE O HOLO (14 chai IO OKB C/S B8 a: L Ll TOIGEQ 1D NO: 56) 5
Table 8 N4 @Q‘Fyml-@) sequence l@u@@w@@HO &@Ea@ﬂSeqt@n%(k@@t No) sequence after

mutation=e#e : vk X €SEQ ID NO:272)
Hal03 =mMInWNIaEowae HMDRl GYIMN 34 M

INPYNG ?d%NSFiE‘”SEES"WW%L RGPS P MyoFKe 5050

Namo ?ﬁ@@eﬁﬁgﬁi Sie 10 im%iﬁ?éiﬁg? GHEOQ TBIPEQGE D RO 210
E+05" “44E-04 1.8E-00
HOLa130 YOE+08 40E.04 15609
HOLa303 22E+05 46E-04 2.1E-09
HOLa328 1.8E405 52E-04 2.9E-09
HOLa326 14E+05 52E-04  3.7E-09

Examples of combinations of these affinity-improving mutations with the isoelectric
point-lowering mutations generated in Example 7 include, for example, Ha401La402 (H chain,
5  Ha401-SKSC/SEQ ID NO: 255; L chain, La402/SEQ ID NO: 256) and H17L11 (I 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
10 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-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,
15 HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ ID NO: 56).

Table 10



(kabat No) sequence after mutation after mutation Lal34 CDR1 RTSENIYSFLA 31 SR
RTSENIYRFLA (SEQ ID NO: 277) (SEQ ID NO:279) Lal30 CDR1 RTSENIYSFLA31 SR
RTSENIYRFVA (SEQ ID NO: 277) 33 L V (SEQ ID/90:280) Ls303 CDR3 QHHYESPLT 93 ED
QHHYESPLT (SEQ iD NO:278) (SEQ ID NO:281) La328 CDR3 QHHYESPLT 94 S D QHHYEDPLT
(SEQ ID NO:278) (SEQ ID NO:282) La326 CDR3 QHHYESPLT 97 T F QHHYESPLF (SEQ ID
NO:278) (SEQ ID NO:283) Table 9 71 Name ka(l/Ms) kd(1/s) K(r)(M) HOLO 1.9E+05 6.2E-04
3.2E-09 Hal1.l0 2 0F+05 3 1F-04 1.5F-09 Hal031 0.2 2E+0'—3 N.3E:042.4E-09 Halll LO 2.6E+05

ka(/Ms) kd(L/S) K(r)( YIS b . E
HOLa130 2:4E0 2. OE 04 L5E. 0P rggqqgg 2. 2g+q)E4@a 04 %1§EQOgDLa328 1.8E+05 5 2E-04

2.9E-09 \%ﬁ@@gﬁ @25 2E- Om giéljzxa p§ n@ mbi hese affinity-improving
mutations point40 At tat|2'| éted ggﬁsm% 7 include, for example,
Ha40lLa402 (H chain, b Had01-SKSCI/SEQ ID NO: 255; L chain, La402/SEQ ID NO: 256) and
H17L11 (H chain, H17-M58/SEQ ID NO: 222; L chain, Li i/SEQ ID NO: 236). Each varlant was

produced and purified b egg% escrib (Elﬁf H
Ha401-SKSC/S 6’# eﬁé q%g#\ ﬁ %%SL}I]E@?%% f?@ was édsﬁs)é%ed or |§s gﬁl mty?or NR1
O and it@%@Ib@i%ﬁ%é%ﬁﬂt@b%&ﬁ@ﬁﬁéﬂf@d%@r%ﬁhbm%@itﬂb@@éﬁﬂﬂb@qﬁb%fﬁéh‘%tﬁod
using Baf/hiRdie assleat ibedhdd GXAFBEFAVR 10 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 11, and the biological activity

determined using BaF/NR10 is shown in Fig.22. Both affinity and biological activity were
found to be improved as compared to those of HOLO (H chain, HO-MS58/SEQ ID NO: 136; L
10 chain, LO/SEQ ID NO: 56).

Table 11

ka(1/Ms) kd(1/s)  KD(M)
HOLO 1.4E+05 6.9E-04 4.8E-09
H17L11 4 3E+05 26E-04 6.2E-10

15 [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 HOL0 were analyzed using
TEPITOPE (Methods 2004 Dec; 34(4): 468-75). As a result, CDRI of the H chain was
predicted to have many T-cell epitopes that bind to HLA (i.e. have sequences with a high
20  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
25  produce H191.12 (H chain, H19-M58/SEQ ID NO: 223; L chain, L12/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



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 Fig721. Both affinity and biological activity were
found to be improved as compared to those of HOLO (H chain, 15 HO-SKSC/SEQ ID NO: 54; L chain,
LO/SEQ ID NO: 56). Table 10 72 ka(1/Ms) kd(1/s) KD(M) HOLO 2.9E+05 9.1E-04 3.2E-09 Ha401
La402 5.8E+05 2.9E-04 5.0E-1 O Furthermore, H17L1I (H chain, H17-M58/SEQ ID NO: 222; L chain,
onolahighe ZRiies Agearehlaniaaliibaian NRAGAN [ bipeRlRAS Sl B S o
described in 5 Example 7 and the method using' BaF/NR10 as described in Example 2, respectively,
and theyHrbbimphA IORBSIB ML) (H EhaRs M SECI NI LS R L BREQ ID
NO: 56)13 hadebelibiolaiftaityoriedsdeemahids sliowndn/Nabile klshand herhiopical aetadfinity
determined; yusing. B 1O is sh n Fig, 22. Both affinity,and bj igal activity were found to be
improve ads%géim lg?gé%%g)o?? 813 a% m(n%%?f%%ﬁ’?%%@i‘ﬂg&y?ﬁig Féqél%g'ﬁl%; L 10 chain, LO/SEQ ID
NO:356). Table 11 ka(1/Ms) kd(1/s) KD(M) HOLO 1.4E+05 6.9E-04 4.8E-09 H17L11 4.3E+05
2.6E-04 2210 15 [Example 11] Identification of mutation sites reducing immunogenicity risk
Reductiof Rt QS-Hitetty-Fisteis ' . epes-pre the-varable-region
sequenc oL re an ing P ods HOII% BZ‘L%H

CDR1 of?[\jhggﬁ chg\?ipr?;,M vgvas pﬁebé?c?@(%@havélﬁwpkge%gﬁ?%pgs ha |'r?([:] £ Llnﬁ?%e
sequencegyyith adhgh 20 mempnogenicity riskyaThen, TEPITOPE anglysis wagyggified out to examine
substitutions that would regipeg|thgdrpPgNogenicity risk of the H chain CDR1.@&s@|requitotip
immuno" _— | rare-ferire-to-e-eresthrredreed- @+t HE - .»..—.~-..-.....~.A.~.AA....
numbering with alanine (A) (Table 12). Then, this alteration was added to H17 generated in Example
10 to pradugeikl19 (H19-MS58/SEQ ID NO: 223). The generated H19 was combined with L12 to 25
produce H19 i 9-M58/SEQ 1D NQ: 223: | chain. |1 Q ID NO: 237). Each variant

was produceda urf @ 4. " was assessed for the

affinity for NR10 and the biological a

HOLO 1.8E+05 8.7E-04 4.8E-09
H19L12 2.3E+05 1.2E-03 5.1E-09

V U U

10

Reduction of immunogenicity risk in L chain CDR1

Threonine (T) present at kabat-numbering position 25 in CDR1 of the L chain
corresponds to alanine (A) or serine (S) in the germnline sequence. Thus, it is predicted that the

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 produce L17 (SEQ
IDNO: 238). The produced 1.17 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 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

25  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



method described in Referential Example 10 and the method using BaF/NR10 as described in 73
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 affinfty measurement is shown in Table 13, and the
biological activity determined using BaF/NR10O is shown in Fig. 23. Both affinity and biological activity
were shown to be almost equal to those of HOLO. 5 Table 12 Name Type HO sequence Mutation site
safterlmutatlon aftergmutatlon (kabat No) sequence H19 CDR1 GYIMN 33 I A GYAMN (SEQ ID NO:
H19L12 3\@@05 1. 263 5. g@se@@@@uctf%'ﬁ)ﬁrﬁ@%%ﬁﬁ& gﬁgmﬁ%%&?%ﬁgﬁo hreonine (T)
present at kabat-numbering position 25 in G ain corresponds to alanlne A) or serine
(S) in the geqmling pARYerEESEN WSt AS predioted that the 715 immunggenicipy ¢igk| p@diiced by
substituting threonine (T) alQEgsiDaRC22AFjth alanine (A) or serine (S) (Table 1gpGlinawefargsthe above
substitution was added to L12 to duce L17 (SEQ ID NO: 238). The produced L17 was combined
with HO téipfoduéeroL1R g& LA—IO M58SEQ ID NG: 136; L cifain, LIRGTEDYIS MO: 238). Each
variant was produced and (% Qﬂ@d"@y%@ method described in Example 4. 2EQJR Variafbivas
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
compareﬂahiQHése of HOLO (H cham HO- M58/SEQ ID NO: 136; L chaln LO/SEQ ID NO: 56) and
HOL12 (H ajaada . ] ' y @ =W l=NY aqee |12 contains a

sequence that i |mproves the afflnlty, k {t L)'M@)abdqﬁm )f@)ss h'g%mﬂéﬂ/ than HOLO. The result

of affinity meast . \ 1d-the-biological-act -etermined using BaF/NR10

is shown n‘Hf@[_@ Both afflnlty and'h@@-ﬂa@ﬁctmt? v@E.ﬁ@eﬁNn tap &EmHPequal to those of
HOLZ TRt Name PeLOSEENES P AE 04 2.0E-09
HOL17 3.9e+05 8.1E-04 2.1E-09

—5

[Example 12] Preparation of completely humanized NS22 antibody
Variable regions of NS22 variants were prepared by combining the multiple mutations
that reduce the pl, increase the affinity, suppress the degradation of H chain, and reduce the
immunogenicity risk, all of which were found in the above Examples, in HO (HO-M58/SEQ ID
10 NO: 136), HI (H1-MS8/SEQ ID NO: 257), or L0 (LO/SEQ ID NO: 56), and subjected to various
screening procedures.  As aresult, H28L.17 (H chain, H28-M58/SEQ ID NO: 224; L chain,
L17/SEQ ID NO: 238), H301.17 (H chain, H30-M58/SEQ ID NO: 225; L chain, L17/SEQ ID
NO: 238), H341.17 (H chain, H34-M58/SEQ ID NO: 226, L chain, L17/SEQ ID NO: 238),
H421.17 (H chain, H42-M58/ SEQ ID NO: 227; L chain, LI?/SEQ ID NO: 238), H44L17 (H

H46-M58/SEQ ID NO: 229, L cham, LI?/SEQ IDNO: 238), H57L17 (H cham, H57-M58/SEQ
ID NO: 230; L. chain, L17/SEQ ID NO: 238), H711.17 (H chain, H71-M38/SEQ ID NO: 231; L
chain, L17/SEQ 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),
20 H97L50 (H chain, H97-MS58/SEQ ID NO: 234; L chain, L50/SEQ ID NO: 239), and H98L.50 (H
chain, H98-MS58/SEQ ID NO: 235; L chain, L50/SEQ ID 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
25  Example 2, respectively, and they were compared to those of HOLO (H chain, HO-MS58/SEQ ID
NO: 136; L chain, LO/SEQ ID NO: 56). The result of affinity measurement is shown in Table



sequence afftterimutation aftergmutation (kabat No) Ld-1 CDR1 RTSENIYSFLA 25T A
RASENIYSFLA (SEQ ID NO:277) (SEQ ID NO: 285) Ld-2 CDR1 RTSEN | YSFLA 25T S RSSEN |
YSFLA (SEQ ID NO: 277) (SEQ ID NO: 286) Tabl@515 ka(1/ s) kd(1/s) K(r)(M) HOLO 1.6E+05
7.8E-04 4.8E-09 HOL12 3.8E+05 7.4E-04 2.0E-09 HOL17 3.9E+05 8.1E-04 2.1E-09 5 [Example 12]
Preparation of completely humanized NS22 antibody Variable regions of NS22 variants were prepared
by combining the multiple mutations that reduce the pl, increase the affinity, suppress the degradation

of H chair, apg fiedsietoth &I'B&Wﬂﬂgéefﬁ&m&dﬁﬁszﬁﬁ gaWB@b}W%%H@MH%'Fg@QQ%%%aﬁHNGS in HO

e S R L AL B b TS0

85 A EID NO: 224
L chain, grgar¢SHan|had©o238),0H30L17 (H chain, H30- M58/SEQ ID NO: 225; L chain, L17/SEQ ID
NO: 238), H34L17 (H chain, H34-M58/SEQ ID NO: 226, L chain, L17/SEQ ID NO: 238), H42L17 (H
chain, H42- 9/|58 SEQ ID NO: 227; L chain L17/SEQ ID NO: 238), H44LI7 (H 15 chain, H44-M58/SEQ
ID NO: 2285t thain, L17/SEQ ID NO: 238), H461 17 (H chain. H46-M58/SEQ ID NO: 229; L chain,

B o R UM ROCHAR, ST Lo, B 20
55,1 STOL/SEG 1o G- 2361220 BTG 1 RS ohce OB 50 L cna,
;gg/SEQHm_gep)h and HS?SLSO@;I@(E&HQB%S MEEREEQQIZ NO: B39 [E cH. dL5OI/ESEQ II|3 EO:
Each varhobe hésosee for the WHERERUGR10 d-z@fig.ca by e metnod

he method
descrlbeg/@@faqéﬁtlal Example 1(3a %thod BRI Rl %ésgged in 25 Example 2,
respectiv. y were compa __-_ chajn, 10: ID NO: 136; L chain,
LO/SEQ | The result of a SIouATin T

and the biological

act!v@ty df.lmmrlle?‘gomg BaF/NRl@ q?z,ysp@ Flg??tEnGAS -2. ?o@Eﬁmg and blologlcal
E-03

activity of each antibody were shown tg be almost equa

10

I35

20

4.6E-09
H57L17 7.‘1E+05 5 SE 04 7.7E-10
H71L17 3.7E+05 1.2E-03 3.3E-09
H73L17 6.1E+05 7.0E-04 1.1E-09
HO2L17 3.1E+05 1.3E-03 4.1E-09
H97L50 3.6E+05 1.3E-03 3.5E-09
H98L50 2.9E+05 1.3E-03 4.6E-09

[Example 13] Analysis of the binding domain of anti-NR10 neutralizing antibody
(1) Preparation of human/mouse wild-type and chimeric antigens

The genes encoding human and mouse wild-type extracellular domains and chimeric
extracellular domains of NR10 (hhh (SEQ ID NO: 258), mmm (SEQ 1D NO: 259), hhm (SEQ
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
using FreeStyle 293 Expression System (Invitrogen™). 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 mhh) were purified from culture supernatants by Ni-NTA Superflow column
chromatography. Specifically, | ml of Ni-NTA Superflow (QIAGEN) was leaded onto

Poly-Prep Empty Column (BioRad), and 30 ml of each culture supernatant was added thereto.



greater than those of HOLO. 5 Table 16 Sample ka(1/ s) kd(1/s) K () HOLO 2.1E+05 8.8E-04 4.2E-09
H28L17 6.4E+05 3.3E-04 5.2E-10 H30L17 6.8E+05 5.7E-04 8.3E-10 H34L17 3.4E+05 1.2E-03
3.6E-09 H42L17 5.7E+05 3.7E-04 6.5E-10 H44L176.1E+05 7.2E-04 1.2E-09 H46L17 2.9E+05
1.3E-03 4.6E-09 H57L17 7.1E+05 5.5E-04 7.7E-10 H71 L17 3.7E+05 1.2E-03 3.3E-09 H78L17
6.1E+05 TOE-04 1.1E-09 H92L17 3.1E+05 1.3E-03 4.1E-09 H97L50 3.6E+05 1.3E-03 3.5E-09
H98L50 2.9E+05 1.3E-03 4.6E-09 [Example 131 Analysis of the binding domain of anti-NRI O
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His tag anghMygdad (SEHKEREQKIHS BERILSEQHMR NRoRBIhalibeiCdermih ipgerted into an

anlrﬁal expression vector, and transiently expressed 15 using FreeStyle 293 Expression System
(InvitrogenTM). Schematic diagrams for the human/mouse wild-type and chimeric NR1O-ECDs are
shown in(Bidé:tibhehtimdn hotigeniid Westeanbl eimgeric antigens (hhh, mmm, hhm, mmh, hmm,

mhm, and mhh)pyege, pHf F@%é?éﬁ RO SURE DR DY N RURGEH M G&JE”’”
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|m|dazole he eluted fractions were buffer-exc ang/]éﬁwn concentrated using
Amicon-DHRENRfE SRR hividcrisg we it dilof lot T Gletestion system for humanized

anti-human NR10 antibody); another with 5 pg/m! of ND41 (detection system for mouse
anti-human NR10 antibody); and the other one with anti-Myc antibody (SantaCruz, Cat.#sc-789)
500-times diluted with TBS containing 5% skim milk (detection system for Myc tag) at room
15 temperature for one hour.
After washing three times with TBS containing 0.05% Tween™ 20, the secondary
antibodies were incubated with the membranes. Alkaline phosphatase-labeled goat anti-human
IgGy (BIOSOURCE, Cat. #AHI0305) was used to detect humanized anti-human NR10 antibody;
alkaline phosphatase-labeled goat anti-mouse IgG (SantaCruz, Cat. #sc-2008) was used to detect
20 mouse anti-human NR10 antibody; and alkaline phosphatase-labeled goat anti-rabbit IgG
(SantaCruz, Cat. #sc-2057) was used to detect Myc tag. The reaction was carried out at room
temperature for one hour.  After washing four times with TBS containing 0.05% Tween ™ 20
for three minutes, color development was carried out using BCIP/NBT Phosphatase substrate,
1-Component System (KPL). TBS (Tris-buffered saline) used here was prepared by dissolving
25 apack of TBS (Tris buffered saline) powder {(TaKaRa) in 1 L of distilled water. The result is
shown in Fig. 27.
When the humanized antibody or mouse antibody was used, the binding was detected
only for hhh, hhm, and hmm, which are NR10 extracellular domains.

30 [Referential Example 1] Isolation 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 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
35 by PCR from cynomolgus monkey pancreatic cDNA. The sequences of the isolated
cynomolgus monkey NR10, OSMR, and II.-31 genes are shown in SEQ ID NOs: 65, 69, and 67,



(2) Detection of binding antigen by Western blotting Each of the prepared human/mouse wild-type and
chimeric antigens was electrophoresed at 0.5 g/lane on three 4-20% polyacrylamide gels (Daiichi Pure
Chemicals Co.). The proteins were electro-transfer@d onto PVDF membranes (Millipore) in a
semi-dry blotting 10 apparatus, and the membranes were blocked with TBS containing 5% skim milk.
One membrane was incubated with 5 g/ml of H44M58L17 (detection system for humanized
anti-human NR10 antibody); another with 5 g/ml of ND41 (detection system for mouse anti-human

NR10 a%@p&xﬁapgmgg@%aa%e@éteeﬁﬁ&hw%mmgm@@%ﬁw Nrdlo?e9sKBR) anfPrlimeg diluted
with TBS contmngg%ﬁ&n_%ﬁete&aﬁn system for Myc tag) at room 15 temperature for one hour.
After waSPRG i th e BRERIG B GEYS FweenTM 20, the secondary antibodies were
incubated with the membranes. Alkaline phosphatase-labeled goat anti-human IgGy (BIOSOURCE,

Cat. ¥AHIOIAT A HSRI0 AotSchmAREEh eI URPOHRRQ RLary i HRLOR 1ines

phosphatase-labeled goat anti-mouse IgG (SantaCruz, Cat. #sc-2008) was used to detect 20 mouse
bl g

anti-human NR16 e iNE KhelepnfSEL1 EB Y doarardnsshisd it the snpaession cat.
#sc-205 FpraspERH 1oRiettet:MpioptgsTRest@ation A 8 apdas-ofit Haepeandemperalting fetone

hour. Af | ' it IR % ' elo)
diﬂémptﬁ%ﬁiﬁwﬁé@%@rﬁ%‘%ﬁ%&%{?ﬁ%ﬁﬁ%@p' G S e R

TBS (TrisAfeed sunndsolaied he lessatainky o, apsh e SRS ionEeBfered
saline) pp@sidriiDakaR aninanstaickgtitegovaias hihensesult isyshawndntrig.RtoryWhgs the humanized

antjbod i t indi tect ly for hhh,,hhm mm, which
e i e e R R T R, N,
OSMR, &H¢tomragendBighaecpre dtblssry S46tNAty Sahkieltrafifipgirietdustipnepboroigus Imonkeys
\&vgrfo CO(ISRIEr 8 gsterer tau at@ﬂgcﬁflagm ﬁ@aw&@ha@é&e& raﬂ(;@%kﬁwaai e bclynomqlgfus maneyf

a e isplated. Primers were n ased on published.informatjon o
Rhesus @%ﬁi@%ﬁrﬁzﬁ gfé 8%%%%%%’ iéfﬁ%ei{ﬁi i%%nﬁﬁ%gl\ﬁ ‘a%df,egg nv@%ﬁé%‘uc%é’&%%%?ﬁ%ﬁﬁied 35
by PCR fistamglssinslausendnké\epem rERIETDNAO Dheasdpsstrseinof amecimatatiat cfhomolgus
morkey NRARsiSMR AR Lidddere sns SO ESGUA NOsicGesdinaRdifife &ipdaspaatively,

NOs: 6670 T8 FLSTBETOMAY: TRCTRTSar ettt ) BT EANUAL ST 10t BbIene o
OSMR-esiyiresilgy BafP el R85 TGENIR genethwhrsrirreit i0te [N ASERIID WOo7BY W% inserted
into the @XAreasiRed in Ba/F3 cells, and a cynomolgus monkey 1L-31-dependent cell line
(cynNR10/cynOSMR/BaF3 cell) was established using the culture supernatant described above.
20
[Referential Example 3] Establishment of NR10-expressing CHO cell lines
The genes for cytoplasmic domain-lacking human NR10 (SEQ 1D NO: 73) and
cytoplasmic domain-lacking cynomolgus monkey NR10 (SEQ ID NO: 71) were each inserted to
a mammalian cell expression vector. The resulting vectors were linearized with a restriction
25  enzyme, and then introduced into CHO cell line DG44 by electroporation (BioRad Gene Pulser,
25 uF, 1.5kV). After drug selection, NR10-expressing cells were selected and established by
FCM analysis using anti-human NR10 antibody. 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
30 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
35  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



vector pCOS 1 (Biochem. Biophys. Res. Commun. 228, p838-45, 1996), and the resulting vector was
named pCosNRIO.3. An oncostatin M receptor cDNA (OSMR, GenBank accession No. NM003999)
was isolated by PCR from a human placental library.8%and the expression vector pCosl-hOSMR was
constructed in the same manner. 10 .tg each of the vectors were 10 simultaneously introduced into
mouse IL-3-dependent pro-B cell-derived cell line Ba/F3 by electroporation (BioRad Gene Pulser, 960
F, 0.33 kV). After introduction, human IL-31 (R&D Systems) was added, and the cells were cultured to
obtain a-wel it ANRIGHOSME Bahdaaldiadorohieraest basdbadbdiepen (RIHIRNATREE
Furthermpre, the I mqnkey.lL - 3 ene (S ID 0O: 67).was ins rted into .a,mammalian
cell 15 g(?)lrees?lb%g\xer%?[g]rga%d mtr% uﬁzlzye1 n %%ﬂ@ gﬂeﬁ%lln‘ef BRESTHE Fés %l)ng cu ture?bsupernatant

was obtaiRednaEEy A6 MBS R AEYred-on 2 A eeigsHRRADIMO SMRIB B iR B lerigtndynomolgus
monkey Mﬁ@naosqig%v\éﬁd@,en ﬁweég oiad biashegxpressieg M@&@ﬁﬂ@@:‘éheﬁe@ spgyesred in

Ba/E3 c nd om L endent ell line (c 10/c ell) was
estasbllshe% uasmg%[ ha Clﬂture supern F‘la%escrl Ot%{/e Scﬂﬁefﬁg%rgﬁ émﬁésé%hshmem

ofNR10-expressing CHO cell lines The genes for cytoplasmic domain-lacking human NR10 (SEQ ID
NO: 73) prde RAGRIZSRISHOM PRAAGHIBE 67 RNORI S REHEYNFEESEQ 1D NO: 71) were each

inserted to a mammalian cell expr SIO ector resuIth vecto linea W_Ith

restriction 25 en2ytie .’ Gho" W? %"é{—}lgg glif)ﬁ?ll %@%‘55&%‘[@ gﬁﬁ Gene
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sequen m|c - ne (S Q,IDNO own |n SEQ ID
NO: 74 Cﬁné G ﬁéﬁ%‘l@%@%&%ﬁﬁ% CHESH egéa M‘é‘@f&gf
domain-thekihy W%@MRIF@F@LQ@E@E@WW\@SZ)b)ame&own in SEQ ID NO 72.

[Referential Exampisdhiieppredanalittaanisieiassl uarionai the 0,CDNA
was used as a tgmplate to ampli he extracellular 35 dormain by PCR. The am eglon was

then fus PABKREGEaRiE é%@eﬂ]@ﬁm&ae%amﬁmg g%&%ﬁ@ﬁ% @n %sapaées.on
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antibody & ? Wrﬂ@%ﬁe&ﬂ%@ P@?&’@Pﬁqﬁ% ALt ldstrhy S8athkndEcdr soluble

has an NR10-neuralizing aCthty was obtained. -

20 [Referential Example 6] Preparation of human chimeric antibody
The 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 acid sequences of CDR1, CDR2,
and CDR3 of the heavy chain variable region 0f NA633 are shown in SEQ ID NOs: 105, 106,
and 107, respectively, while those of CDR1, CDR2, and CDR3 of the light chain variable region
25 are shown in SEQ ID NOs: 109, 110, and 111, respectively. Furthermore, a chimeric antibody
between these mouse variable regions and human constant region (H chain, y1; L chain, k) was

produced by a conventional method.

[Referential Example 7] Preparation of huPM1-SKSC in which the heterogeneity of wild type
30  IgG2 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 IgG4 instead of IgG1 as the
isotype of the constant region (Ann Hematol. 1998 Jun; 76(6): 231-48.). From the viewpoint of
35  Feyreceptor I and retention in plasma, IgG2 has been considered more desirable than JgG4 (Nat
Biotechnol. 2007 Dec; 25(12): 1369-72). Meanwhile, when an antibody is developed as a



5 NR10 is shown in SEQ ID NO: 77, and the amino acid sequence is shown in SEQ ID NO: 78.
[Referential Example 5] Preparation of anti-human NR10 antibodies Mice were immunized with human
NR10 protein (extracellular domain) (described in R#&ferential Example 4), and hybridomas were
prepared by a conventional method. The culture 10 supernatants of these hybridomas were assessed
for the neutralizing activity using the human IL-3 1-dependent cell line (hNR10/hOSMR/BaF3 cell)
described in Referential Example 2, and thereby NA633 which has an NR10-neuralizing activity was

obtainech FRIEETGE, BN IMIVRELRINRS AILA B e gas dirensne g 8

mammalian expression vector carrying the full- enath human NR1Q gene (SEQ |

hybridom B prd by e ¥BhH e A5 RAr FRATHFSHECTRY B HRTF ST EREPRSIBE TRRLETS BAfomas
were asskssichifidehmnéuinglizihonactivgiym Sigioh € hem AOUS-Bin de 8RNt CeB0GiAS (hNRIis not
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shown inSEQHPMNRshtbard 1A8csalipettively.dEbecdnianthciisaquaricesahtdlGiRzle and

CDR3 of heav i riable.segi N re shown: i Q ID.NOs: 105, 106, and 107,
respectivsgtil%,t\?l\i%exfﬁggg%ég C?%%’%%Dggﬁéhgﬁggé%gf’ %11%3[% ilgt(%ﬁ?ngb]ﬁ?a%%drl%vgllg 125 Are shown in
SEQ ID RIENREOItCHS, dng areferred feedigy teheferesreily serviiene Bompdigyiststkends.these
mouse vaihble: tegienssane fubnan, constant region (H chain, yl; L chain, x) was produced by a

conyentional method..[Referential,Example 7] Preparation of huRM1-SKSC. in which the heterogeneity
ot type. 30 10T e S S R S b B i Reth R
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immunoganizitysig Bl vens@ BifesishAspossibientreiipdhiaaredusingdim PindiRehio FRYSIBERAPT IS to
selec'F IgG%Aor | Gnd{3 iaﬂSth} 10%{ ngl a ﬂ?‘gi%%%%gr?f “E E:cong;[:agt e io(%gi An?iHemat?I. 1998 Jun;
76(6): 23" gr.%glgrom e viewpoin 0%% cy recepltlgr ga%%ierefeenchovr% np 28y PtESDeen
considerademstahdEsHublisatiom Mg A4 ) BistioHhe HadoiIad ] 26¢n2n o888 i) eahgiiile, when
an pntibedydmpeneinad fid B RIAMASYILR!, RLOBSIIRS Ok tRaRiaiRINy Raricarly homogeneity
and stal(a#\' /, are réi ‘hI im grt é&ﬁ IEIGilFi%it e I;gs beeon reported.to have very high .
eterogene S ECH POt L EEAU TR FRG AT g (0 MG BB Py
283(23): 16208- 46 eisisgidt gakiiand Weafdvbéenotizecpetlyibte metufdcfuralicasgharmaceutical in a
large scalewbilensimpaitaining difsranes e eensiamesnaiyridssyesitelated sHhRlapsesampend
prOdUCtSto serine, and to alter only cysteine at EU-numbering position 220 to serine. Thus, constant
20 region SC (SEQ ID NO: 153) in which cysteine at EU-numbering position 219 in IgG2 has been
altered to serine, and constant region CS (SEQ ID NO: 154) in which cysteine at EU-numbering
position 220 in IgG2 has been altered to serine, were produced.
huPM1-SC (SEQ ID NO: 157), huPM1-CS (SEQ ID NO: 158), huPM1-IgG1 (SEQ ID
NO: 159), huPM1-IgG2 (SEQ ID NO: 160), and huPM1-SKSC (SEQ ID NO: 161), which were
25  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-IL-6 receptor antibody
(H chain variable region, huPM1-VH/SEQ ID NO: 155; I 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 huPMI-L (SEQ ID NO: 162) was used as an L. chain, to produce each antibody. Each
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 huPM1-IgG1, huPM1-IgG2, huPMI-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
35  mM sodium acetate/1M 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.



resulting from the above. Accordingly, it is desired that the substance be composed of a single
substance as much as possible. Thus, when antibodies of IgG2 isotype are developed as
pharmaceuticals, it is preferred to reduce the heterdtieneity resulting from disulfide bonds, without
lowering the stability. 10 In order to reduce the heterogeneity of the wild type IgG2, cysteines in the
hinge region and CHI domain of IgG2 were substituted. As a result of examination of various variants,
SKSC (SEQ ID NO: 62), which is a constant region obtained by altering cysteine at position 131 and

arginine at positian 43340ithe; EY NUIRRINGH SEmcREem AT RISISITa] Ivmunalogicaleterest. NIH
Publication N0.91-3242) within the H-chajn CHI domain of the W&P type 10G2 15 constan‘%eglon
sequencl TG SEHE Ay e LGS e ARLH R LR B PSS ORE BBS 6n 219 in the
H-chain mmhim@)mismi&ﬁ%uId\k@ﬁilaammb@hmmge}@itysmelddutcdasimghiglﬂ:thlsﬁ@bibﬁfahe
Meanwhile,.0fhes & %Qi?gﬁ%@P%E@e{rﬂ‘?&éﬁﬁ?tﬁ@_di@f%@&ﬁﬁ@i%ﬂﬁ&fbﬂ%%&ﬁ@We%%‘éﬂ&t?.t
EU-numbering posifion 219 in the H-chain upper hinge to serine, and to alter only cysteine at
EU-numbering pgéli’ﬁé‘r?l?2%%0%ﬁﬁS?W%%%%M%}jﬂﬁ%%@%@éﬁfﬁﬂm.511%%/ HWich

cysteine aitibblin timbadiiply paisitioni? 28dini dgGR 1bashbeerog atitdte dototise ireluatidrconhstdnt region CS

SEQ ID NO. - / ber fion 2204 ne.
were prebazpnghl, R SIS Bl sty TR R e a0 B Alieaia e
NO: 159y2hPris geiormieed hy fierenty! ssrnmige valakaerdPEGHNG PN :) Mitirgrverd o5
preparedeyresindbiaingativh eoiigtsint regianstprodheccie phaves g6 iRk dPoN@s My anthlgG2

TR AR R sl s A el s
156)(Caffidpraisrg §bm pelye)dsyaegred (I haga ract 9 d an B7ehaiFt 14 duPMAus:(SEQ ID NO:
162) wasser ag@n, kndain1§opredete] eechriaodys Rachha@entibndy Wascexpreaseshaind: purified

by the method described,in Example 4. antibodi t other in.terms of the
heterog esr?gll}t%f/(.ml’ z%ﬁe erosé) e_huerﬁy o ﬁ%ﬁﬁ@y ﬁ%ﬁl@ﬁ%@gﬁﬁuﬁﬁigéﬁ%1 ac?g%brg
huPM|-SREGURIBeHissas satipy dtiving eivih e chedmlabgrafsiy atrhBoehirsistoatdphyas carried
out gsingawREAPRCUIG K60 (Dipnesd felian20:Rdd srdivnd agatate tRkkhsWrain Figbile phage A,

and 20 35 mM sodiym a e{)a(tle/lM NaCl :?H 5.0 as m ilelghase B, with an appropriate flow rate and
: yajues ¢ Fa omantm%arel ted 1n 1able elOow, . I

gradient. TheFestiRor 8<essiEn y cation exchange chfromatography is shown in Fig. 12. 80 As

shown in Fig. 12, conversion of the constant region from IgGl into 1gG2 increased the heterogeneity. In

contrast,jthgheterogeneity was markedly reduced by converting the constant region into SKSC. While

constant region SC resulted in considerable reduction of the

Name Tm/C -
huPM1-1gGl1 94. 8
huPM1-1gG2 93. 9

huPM1-SC 86. 7
huPM1-CS 86. 4
huPM1-SKSC 93'7.ummm

20
The Tm values of huPM1-IgG1 and huPM1-1gG2 were almost the same, namely, about
94°C (1gG2 was lower by about 1°C). Meanwhile, the Tm values of huPM1-SC and



heterogeneity as in SKSC, constant region CS did not sufficiently improve the heterogeneity. 5 When
an antibody is developed as a pharmaceutical, it is generally desired that the antibody have high
stability in addition to low heterogeneity for the prodiiction of stable preparations. Thus, to assess the
stability, the thermal denaturation midpoint temperature (Tm value) was determined by differential
scanning calorimetry (DSC) (VP-DSC; Microcal). The thermal denaturation midpoint temperature (Tm
value) serves as an indicator of stability. In 10 order to prepare stable preparations as
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shown in Flgli He Tm values of the Fab domains are listed in Table 17 below. Table 17 Name
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Tm valuegnifaiMbégiabaind TmRMidgGRuREr - 3rost hiod SHFES aanvahnaakibio T9ET g was lower

by about ), MeRRUNiIS, g ‘éﬁ%%&fqbﬂ sM% atd HHFI\%% CLRM &%ﬁ’&éﬁ 8#&%@1%‘@’&@ was

significantly lower than thoseo huPMI-IgGl and huPMI-IgG2. On the other han e Tin valte of

hUPMI-SKSC walHBEtRowccunBrERAB St theli3mecaatuasion. reves sharshagbo denacsainn
stability @édﬂufbliv/ﬂhs(BﬁmtbhmE}Mi@ShmmmamemygI@Wenmmmatsﬁm%;}hléﬁt\%ﬁI’éﬁ:@dﬂ\h‘hlch
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different feasiditabetdefee sl’fdjfihﬁltﬁw&em Raise a@ﬁph@@%@mgt%@ﬁm Gbvdsshawed daat the
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15  and the heterogeneity of natural Ig(G2 was not reduced in huPMI1-SC and huPM1-CS. This
finding suggests that cysteines present in both the hinge region and the CH1 domain are involved
in the heterogeneity of natural Ig(G2, and it is necessary to alter not only cysteine in the hinge
region but also that in the CH1 domain to decrease the heterogeneity on DSC. Furthermore, as
described above, it is only possible to attain stability equivalent to that of natural 1gG2 by

20 altering not only cysteine in the hinge region but also that in the CH1 domain.

As described above, as to the constant regions in which the heterogeneity resulting from
the hinge region of IgG2 has been 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
insufficient from the viewpoint of heterogeneity and stability, and that it is only possible to

25  significantly reduce the heterogeneity while maintaining the stability comparable to IgG2 by
additionally substituting cysteine at EU-numbering position 131 in the CH1 domain with serine.

Such constant regions include SKSC.

[Referential Example 8] Production and assessment of optimized, non-Fey receptor-binding
30 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,
35 330, and 331 to the sequence of IgG4 (G2Aa in Eur J Immunol. 1999 Aug; 29(8):2613-24).
However, since the amino acid at EU-numbering position 339 is alanine in IgG4 while it is



generally becomes sharp in the case of a single component, but may become broad when two or
more components with different Tin values (namely, heterogeneity) are present. Thus, it was
suggested that huPMI-IgG2, huPMI-SC, and huPMIS€S contained two or more components, 15 and
the heterogeneity of natural IgG2 was not reduced in huPMI-SC and huPMI-CS. This finding suggests
that cysteines present in both the hinge region and the CH1 domain are involved in the heterogeneity
of natural IgG2, and it is necessary to alter not only cysteine in the hinge region but also that in the
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and 331 to the sequence of IgG4 (G2Aa in Eur
Aug; 29(ByPER3 28I PER veuEsedbtie amihs é&dca%iﬁmmww&:é%%ﬁ%w@w Asskefin 1G4
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eptice o R B O B S B e ey
Thus, it RREBERFINSEhEDERIRRSHEE BPEHIORJVS| HEpEHE BsqueiecceBsirrbie piravesstenesy ™ Hiering

threenineSECEWy N hedh g positiancdd Byndgaditinglaning. ibadditliandente alterations described
above. In additiop, to the mutation

mutated into vaIineetgxl%%SrS&% € g%ée%cﬁ%ﬁ %}? %%QB un E;rﬁgc%’m%g %}f]egit% ?}&QE%%@%QO@E I%%Bﬁgg(\:/v >
(SEQ IDINebaspynskbubideh in(Ref P& B R iviislarvL iehaiictah eariietb pog biéhy mesbivhg from the
disulfide endsehithR e g dinanhss peeminprayedd HAPMInasclioor) mytationg At positions 131
and 1333’1@1\%?&% ?a%g' ggﬁi\fﬁ?é%t%%léy a(sjé:ecslélfrzgqgr the heterogeneity using cation exchange
20  chromatography by the method described in Referential Example 7.
As shown in Fig. 14, the heterogeneity was also reduced in huPM1-M14 as in

huPM1-SKSC.

[Referential Example 9] Preparation of huPM1-M58 with reduced H-chain C-terminal
25  heterogeneity and improved pharmacokinetics
Preparation of huPM1-M58 molecule
huPM1 is an IgG1 antibody. For the heterogeneity in the C-terminal sequence of the

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,

30 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.

35  Producing a pharmaceutical in a large scale while maintaining the difference in the heterogeneity

of destred/related substances between products is not easy but rather results in increase of cost,



9-amino acid peptide sequence that could be a T-cell epitope peptide, thereby causing a risk of
immunogenicity. Thus, the peptide sequence around positions 131 to 139 was converted into the
same as IgGl by mutating glutamic acid at EU-numB@ring position 137 into glycine and mutating
serine at EU-numbering position 138 into glycine. The constant region sequence M14 15 (SEQ ID NO:
129) was produced by introducing all the above mutations. The expression and purification of
huPMI-M14, prepared by using huPMI-MI4 as an H chain and huPMI-L (SEQ ID NO: 162) as an L
chain, wascRider oW Bythemesbadndesaribedin Refareptia Fremmia f.Ihe Prepalad fieMEM14
(SEQ ID@%): 1632%£}UPMI-IF?GI, and huPMI-IgG2 were assesse fo;%he heterogeneity using cation
exchang® SE°HSHIERESYADATYSIPISS At ROATHIRSERBER iFPERRra AP R REIFHORF IR IS BT Fig. 14,
the heterDyesnéity desgadsbatetiacettimmaPdfiths 4 dsiin Has PMhS#BEnfRe felemtidd Feiarap ke 9]

Prepara%ﬁrﬁfé&@ﬁ’tmgﬂyl5%‘[‘%@15‘3%%90%'@&19} &Téetﬂ@ Fﬁ‘ilsrﬁg‘ RFrarRIena. ARGLEDROYR: 10

phar acoéinetiﬁls Preparation of huPMI-M58 molecule huPMl is an IgGl antibody. For the
hetetogdReHSFIM R ELRPHTIA- sequence of the H chain of IgG antibody, the deletion of the
C-terminal lysineltesidhe anghenadhisation bbibe Geteintinatasd nogepup: dusteldelesion efdhe two

C-terminal ami i ' lysi 0 rted ( joghem. 2007 Jan 1:360(1):
AP e S T s SR e

encoded'B RSB sspmeaed luBdthigtitieadhsbstsresratipisrivistifrmasid thiere are
also a mipG2dempieaéetnnedinied #iehtysinayematsiand a minor component in which the C-terminal

amypo group is ' %R pﬂ ti h glycine lysine, which contribute to heterogeneity.
35 Producing a g%%ﬁa%%elg#?a Ina ?arg%%té%l %%ﬁ(gférr}lu ﬁ%ﬁﬁl n}’haél ff?e‘?(g%%et%the heterogeneity
of desirelIPERIBESIOHShIRIEBERTIbeFFIsted (R anfibrdies aeiinlaGatietes anBstanhimeiase f cost, 83

and it is thiiscaésitachiiiattia sUpStaneshbengosopieed 97 asinglestihepneg asmHchasRassible.
When a ' ' % ed as_a pharmaceutical . seduction of the heterogeneity. is desired. , Thus,
s ceaa e T B S R A B0 Aot S50 i
pharmaddutieaine)end gheamdsr abRrotitisrofdAgritk Pltsmicrgitlifelorddtiontiocty ahaidler to 5 reduce

thelantibadyttiasend ligeithaatieyatiens pesadheddeniaw e sirgderrctdadeRale a novel constant
oo BRI EIERene G S SRR RSN e o
wild-typd R 2-HEES e ivedrbyauhing HuRvbdd féses o Jtabiiiopn and huPM1-L (SEQ ID NO: 162) as
an L chain was expressed and purified by the method described in Example 4.
The huPM1-M58, huPM1-IgG1, and huPM1-IgG2 were assessed for the heterogeneity
20 and stability by the methods described in Example 5 using cation exchange chromatography and
DSC, respectively.
The result of DSC is shown in Table 18. As shown in Figs. 13 and 16, huPM1-M58
was found to show reduced heterogeneity without loss of stability as in huPM1-SKSC.

25  Table 18



10 Specifically, in huPMI-SKSC, which has high stability and in which the above-mentioned
heterogeneity related to antibodies with IgG2-isotype constant regions is reduced, glutamic acid at
EU-numbering position 137 was substituted with gly##ne; serine at position 138 with glycine; histidine
at position 268 with glutamine; arginine at position 355 with glutamine; and glutamine at position 419
with glutamic acid. In addition to the above 15 substitutions, glycine and lysine at positions 446 and
447 were deleted to reduce the heterogenerty of the H- charn C terminus, thereby obtarnrng
huPMI-M58 (S ‘ 1 by usin ) 1 chain

(SEQ ID NO: 162) as an L charn was expressed and purlfled by the meth 8escr|bed in Example 4,
The huPM1-M58, huPMI- Ig MI-IgG2 were assessed for th neity 20 and stability
by the methods described in Example usrng cation exchange chroma 0 aph and DSC
respectively. The result of DSC IS sShown I Table 18. As shown N Figs. 13 ana. AP MI-Mb5

found to show reduc E@M&Mmg%iwss of stability as in huR{JI/$KS 25 Table 18 84 Name
Tm/OC huPMI-IgGil [-SKSC .7 huPM1-M5893:F Assessment of
huPMI-M58 for plasma retention The prolonged retention (slow elimination) of IgG molecule in plasma
is due to the 5 funct mipmgs'whmg n as a salvage recepto aolecule (Nat Rev
Immunol. 2007 Sep ) porated into endosome pindCytosis, IgG molecules
bind to FcRn expressed in endosomes under the acidic conditions within the endosome (approx. pH
6.0). While 1gG molﬂﬁml gm@ FeRn are transferred raded in lysosomes,
those bound to FcR Il surface and then rele fro FcRn 10 into plasma
again under the neutral conditions in plasma (approx. pH 7.4). IgG-type antrbodres are known to
include IgGl, 1gG2, Ig %’.@FMCE The plasma half-lives of pes in human are
reported to be about 2; about 29 days for Ig d 1 days for IgG4 (Nat.
Biotechno aVale Ml n VO Vs | nF4 Ko R VI KaYaY v oy o & of e Sk T masissaalicved to
be the longest. In general the 15 |sotypes of antrbodles used as pharmaceutlcal agents are 1gGl,
IgG2, and IgG4. Reported methods for further improving the pharmacokinetics of these IgG antibodies
include metbagiseiarof huPM1-M58 for plasma retention

The prolonged retention (slow elimination) of IgG molecule in plasma is due to the
5 function of FcRn, which is known as a salvage receptor of IgG molecule (Nat Rev Immunol.

2007 Sep;7(9): 715-25).  When incorporated into endosomes via pinocytosis, IgG molecules
bind to FcRn expressed in endosomes under the acidic conditions within the endosome (approx.
pH 6.0). While JgG molecules that are not bound to FcRn are transferred to and degraded in
lysosomes, those bound to FcRn are translocated to the cell surface and then released from FcRn

10 into plasma again under the neutral conditions in plasma (approx. pH 7.4).

IgG-type antibodies are known to include IgG1, IgG2, 1gG3, 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

15  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 IgG
constant region (J. Biol. Chem. 2007 Jan 19;282(3): 1709-17; J. Immunol. 2006 Jan 1;176(1):
346-56).

20 There are species differences between mouse 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 FcRn and the plasma retention in human FcRn transgenic mice (Int.
Immunol. 2006 Dec;18(12): 1759-69).



improving the above-described binding activity to human FcRn by altering the sequence of IgG
constant region (J. Biol. Chem. 2007 Jan 19;282(3): 1709-17; J. Immunol. 2006 Jan 1;176(1):
346-56). 20 There are species differences between8house FcRn and human FcRn (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 FcRn and the plasma retention in human FcRn transgenic mice (Int. Immunol. 2006 Dec;
18(12): 1759-69). 85 Assessment of the binding to human FcRn FcRn is a complex of FcRn and
(32-m|cr%ItS)uIiréhOI 0 ol_ .,r| ers were R epared based on the published human FeRn gene

= ' 5 +7+2381). 5 A DNA fragment encoding the whole gene was
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(thg@;amlf% ac%ﬂgng g%t@g%@%%&%%e%%éo %% é\%ﬁi& %Wl%% goﬁ}g?’ 11 A% FcRn was
expressS8BSFe fanswirgl phseddbre. F e’ %%é@@i HSSH bR @9:9\7@)% FRRMAd@metroglobulin
were intradwdaditte e lawaavem pryamial KﬂP@RQﬁH@h@QW%@Bﬁﬂ te-PlRdedB3H (Invitrogen)

using 1 ( | of ctlon T e resulting culture sypernatant was
collect (?J@A%E%%ﬁ% ég%iﬁﬁgﬁ%l ?%%@ggg ow mfe%rsﬁarﬂaée(p 5?‘@?%%5) Slﬂ?e Method
describegbfigine eﬁq&a&@@mé\temnle@@ @Mfmmmg @m.ﬁ&m@ﬁmmm using
HiTsap QdiRitGE thealthebregiokhaindiie: 1o 9)umaahsRRcwas aesessedndsing Biarane, 3000 An

antlbody S 25 hound to Protein L.or rabbit anti-hu a chai b|| d onto a
sensor c\é\ﬁl urr%;’girﬁnf—'e??tor Lo00ES &Y aﬁegﬁea'ilyteegf}%m?gpﬁ% %ﬁﬁ?ﬂ%éﬁz’iﬁggggmé ffinity
(KD) was ca|cu|ai@@bi@hﬂth@ldiﬁ%9msfmmmaheﬁeﬁ@wmmwepr&hmpm%d

plasmids for human FcRn and B2-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
IgG Sepharose 6 Fast Flow (Amersham Biosciences) by the method described in J. Immunol.
2002 Nov 1; 169(9):5171-80.  Then further purification was carried out using HiTrap Q HP
(GE Healthcare).
The binding to human FcRn was assessed using Biacore 3000.  An antibody was
25 bound to Protein L or rabbit anti-human IgG Kappa chain antibody immobilized onto a sensor
chip, human FcRn was added as an analyte for interaction with the antibody, and the affinity
(KD) was calculated from the amount of bound human FeRn.  Specifically, Protein L was
immobilized onto sensor chip CM5 (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
30  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 FeRn.
The affinity was calculated using BlAevaluation software. The obtained sensorgram
was used to calculate the amount of hFcRn bound to the antibody immediately before the end of
35  human FcRn injection. This was fitted by the steady state affinity method to calculate the
affinity of human FcRn for the antibody.



immobilized onto sensor chip CM5 (BIACORE) by the amine coupling method using 50 mM
Na-phosphate buffer (pH 6.0) containing 150 mM NacCl as the running buffer. Then, an 30 antibody
was diluted with the running buffer containing 0.02%6I'ween20, 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 BlAevaluation software. The obtained sensorgram was used
to calculate the amount of hFcRn bound to the antibody immediately before the end of 35 human
FcRn injection. This was fitted by the steady state affinity method to calculate the affinity of human
FeRn for the antlbod 86 Predictive asesme I Sy {ete io of Q/IJ -19Gl and huPMI-M58
inhuma D NG AN S EIR O R R IR R u e RN P AN R DRSS F RN
were aswmg BlAcore. As shown in Table 19, the binding act|V|ty of huPMI-M58 was greater
than that of huPilgGhby a@%h&%t*mmqutﬁtl&é\t{MlMM b dn6P i WIS 117

10 Assessment of the plasma retentig n hu XN transgeni mlce The pharmacokinetics in.
hunran P18 fPAASGEhic AMcEqER ’ﬂﬁff RGBT o Pyhidd- W&%‘ﬁ P5Blstdtes) was
assessethinyothenRiOwWing lpbecddutd. Anmmbody Was intravenously administered once at a dose of 1
mg/kg to mice, and blood was collected at 15 appropriate time points. The collected blood was
immediately centrifuged at 15,000 rpm for 15 minutes at 4C to obtain plasma. The separated plasma
was stored é%reezer at -20C or below until use. The plasma concentration was determined by
ELISA. Pregdigtive ESNaal=Tal Wai M1 T=W =W = LREEMLMSER 0 human using
20 human FcRn transgenlc mice The plasma retentlon of hu K@gﬂgl andel M58 in human FcRn

transgenic mlce was assessed. As shown in Fig. 17, the res that the

pharmacokinetics.of .t 128.AaS.i10 ed.as. red.ta.hl _“._.ﬂ. was.suggested that the
human FcRn- PE V|ty as Iated to the plasma retentipn ”EI an FcRn transgenic mice.
25 [Referentia egﬁ(gment of the affinity in antigerl: ﬁ; reaction using Biacore

nuPM1-M58 1. 17

- 10
Assessment of the plasma retention in human FcRn transgenic mice

The pharmacokinetics in human FcRn fransgenic 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
15 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-MS58 in human using

20 human FcRn transgenic mice
The plasma retention of huPM1-IgG1 and huPM1-M358 in human FeRn transgenic mice

was assessed. As shown in Fig.17, the result demonstrated that the pharmacokinetics of

huPM1-M58 was improved as compared to huPM1-IgG1l. It was suggested that the human
FcRn-binding activity was correlated to the plasma retention in human FeRn transgenic mice.
25
[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



Kinetic analysis of the antigen-antibody reaction was carried out using Biacore TWO (GE Healthcare
Biosciences). The antigen-antibody interaction was measured by immobilizing rec-Protein A
(hereinafter Protein A) (ZYMED) onto a sensor chip§Zapturing an antibody on the 87 immobilized
Protein A, and then reacting the antigen as an analyte. Various concentrations of rhNR10 were used
as the antigen. The kinetic parameters, association rate constant ka (1/Ms) and dissociation rate
constant kd (1/s), were calculated from the sensorgrams obtained by the measurement. Then, KD (M)

was det%ﬁ%%ﬁ&@é%@&&b@ rRIeRONRIANI FRCH-RRIAMS IR WAk & detesmineddring BiaeQre TWO

Evaluation Software ver % 1@(}?{E HeaI care BioscCiences). Immobilization of Protein A onto sensor

chip Proteil (& 8 f1d é&ﬂ&"&ﬁ BEAL e B RAE G R RIS AtRckE 'BidéMibnces)
by the amideiiseuqﬁhﬁgmaamommm lexi&s)mesewalsdateib drout thsisg ddBBafR 6 bk Do MeHEPES,

0.15 M NaGL 2 M, ED R DRI KV RURGAR L0 8p @nfﬂ{%'ll&% bllerAL a fi%hfgﬁ‘?a%&& qin.

The carboxyl gro Fﬁs of carboxy met | dextran on the sensor Baﬁ Were actlvated with 100 L of a 1:1
mixture GFFESTRG PE%B‘(NO@?@ l%ﬁa&eﬁﬁ&ﬂ;ﬁgﬁﬂﬁé%ﬁw HdGitlilerscRigstieysal 11.5

mg/ml NHS (N-hydroxysuccinimide), and Protein A prepared at 50 g/ml using 10 mM acetate buffer
(pH 15 ?elﬁ a f§r I ?g 100 L of 1 M ethanolamine hydrochloride (pH 8.5)
41 g %%II?%?IQP% ﬁ%%tég's‘m- 5]tlve groups. Ultimately, about 4000 to 5000 RU were
|mmob|I|zed Thé’%@rrﬁq@fﬁ# %@@a}r@é opfoabBevatalsihesonehi réeie B i tanihsans
antigen- E\@ﬁﬁﬂm&a}:twm}b@m&ewbﬁl&é&wﬂ%&nuHoﬁyeﬁgextuﬁedt Qins2Aredtein AsTieBRRRY- buffer
used wa t {125 d s that .abqu OO RU
ol b O SRR, IO ek R B S AT R RS o
0, 19.25 flaneirze.of HMLsrig HB Berprboryissovne &8 srsheantpaiay] tiﬁétfémead%';es&ﬂmr@wmas captured
on Proteigefs @ﬂg@@mﬁlytm§ngtqusiﬁ§ﬁ@g@p¢5%g/ﬂgvgme of 20 L/min for three minutes.
Then, th alpt wit 0 HBS-EP+, a dth ociation,phas mea for five
minutesf&ﬁ?faelL easg:!'rs'ec?nengpﬁtm?ﬁmé’r 5 81 HAse (%Xerge:nffg}fdc Ip é\i‘é\gaig ne?g{tf%by washing
with 10 rNAlgigoie sk inifpide],, @dﬁﬁet@ntéurmw@mds@iréﬂam@wmngd@tméﬂ;a@m@eﬁfmﬁp@ the
/E;Iaﬁpreba cﬁ&}e qﬁtﬁ@@&ﬁ&%ﬁ@%ﬁé&ﬁﬁl%ﬂﬁ%ﬂ@@ %Ipﬂlz«@@@agmaﬁ%r\gs esk%lfam@@(ﬂwust“al
pplica e anti- ntibodies.obta resen |nvenor XII n effectjv
ebtraiz ) AR HEHSCTGR FOTAR TS SRS P o er G A 400 to

5000 RU were immobilized. The experiment was carried out at 25°C at all times.

Measurement of affinitv in antigen-antibody reaction between rhiNR 10 and antibodv captured on
20 Protein A
The running buffer used was HBS-EP+. Fach 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+. In the

measurement, first, the antibody solution was captured on Protein A, and an analyte solution was

25  reacted at a flow rate of 20 pl/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-HCI
(pH 1.5). The obtained sensorgrams were kinetically analyzed using the Biacore-specific data
analysis software, Biacore T100 Evaluation Software Version 1.1.

30
Industrial Applicability

The anti-NR 10 antibodies obtained by the present inventors exhibit an effective
neutralizing activity against NR10, and are useful as, for example, therapeutic agents for
inflammatory diseases.

35



inflammatory diseases. 35 88 CLAIMS 1. An antibody that recognizes domain 1 of NR10. 5 2. The
antibody of claim 1, which has a neutralizing activity. 3. The antibody of claim 1 or 2, which is a
humanized antibody. 4. An anti-NRIO antibody whic®8is any one of: 10 (1) an antibody comprising a
heavy chain variable region which comprises CDR1 comprising the amino acid sequence of SEQ ID
NO: 1, CDR2 comprising the amino acid sequence of SEQ ID 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 vajablgegion which comprises CDRI comprising the
15 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 chaih veariaftibodgibat ot SEQAD Mdrad) (5)fadRibody comprising the heavy chain variable
region of (1) and the Iight chain variable region of (3); 20 (6) an antibody comprising the heavy chain
variable region ofﬁ%}é{a ?I]e light chain_variable region of (4); (7) an antibody in which one or more
amino a(%d Qe bredu s BEFBHARE ABEVI 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 25 (8) an antibody

which binds %ﬁﬁ@d}g%ﬁ&gﬂm %%9%9&9&%%%&%&%% dy of any one of (1) to (7). 5. An

anti-NR10 antibod ich is any one’of: (1) an an y comprising a heavy chain variable region
which comprises CDR1 comprising the 30 amino acid sequence of SEQ ID NO: 9, CDR2 comprising
the aminé. Mﬁ&mmﬁaﬂt@&f@w&cm@aﬁﬁp&l@EDRB comprising the amino acid sequence of SEQ
ID NP: 1 ggap i ki re onofSE 012 3
antlbodyeé mp%{slllng Ilgﬁflggm%éa@% ecﬁe%ﬁﬁaﬁ%%%r\é%n%) rl‘?hses B’ﬁﬁrgg% rlsm C?Wep hg I? a’([)rﬁeac d

sequencaiBing e srareneeiEBRIRB AN risikd e %ﬁ%%@ﬁ@m@& SE[@I@ @%SIEQ 1M, and
CDR3 coxtprizingdtORBigmnaeieise auentt ool QeadNes K4 amaotibeody comprising the light

chain vaE%bAg 5%9{30&19 f0§1%81£%gl tioqe ﬂigév%fgchain variable region of SEQ ID NO: 4;

(3) an antibody comprising a light chain variable region which comprises CDR1 comprising the

15 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);

20 (6) an antibody comprising the heavy chain variable region of (2) and the light chain varjable
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 |

25 (8) an antibody which binds to the same epitope as an epitope bound by the antibody of any one
of (1) to (7).

5. An anti-NR10 antibody which is any one of:

(1) an antibody comprising a heavy chain variable region which comprises CDR1 comprising the
30 amino acid sequence of SEQ ID NO: 9, CDR2 comprising the amino acid sequence of 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 CDR1 comprising the

amino acid sequence of SEQ ID NO: 13, CDR2 comprising the amino acid sequence of SEQ ID
35 NO: 14, and CDR3 comprising the amino acid sequence of SEQ ID'NO: 15;

(4) an antibody comprising the light chain variable region of SEQ ID NO: 16;



(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); 5 (7) an antibody in which one or moreB&mino 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 (8) an antibody which binds to the same epitope as an epitope
bound by the antibody of any one of (1) to (7). 10 6. An anti-NR10 antibody which is any one of: (1) an

antibody Gompsising & ReawrichaimméariablecagionMhich comprses) GRRLeamRrising the.apino acid
sequence of SI(E#Q% ) NO: 17, CDR2 comprising the amino acid sequence of SEQ ID NO: 18, and
CDR3 C()rﬁ%?i%l g( e amino acid sequence of SEQ ID NO: 19; 15 (2) an antibody comprising the
heavy cH&lavaridibledyegionp o8 E (d behi@:c20in Sasbimtiyndy ch{Ppeaisittalighchhmirvardatable region
which CO}Q@HﬁQﬁ‘@P’Rl comprising the amino acid sequence of SEQ ID NO: 21, CDR2 comprising
the min%acid segu nce 0{{;&(2 ID NO: 22, an%ﬂ(;lgR3 comprising the amino acid sequence of SEQ
ID NO: 29 &) SRSy RIS BRSIAIGTIAES MRS Al BIBSFEY et SF'Sied) fa-kib 2pdopiesyies
antibodyiodhepnigibgdtheflreggnehdi(l y avieh)| evidgiome hifil andtpheplipht ehtainthar ighle: 1egiedpb(3);
(6) an arg}gp&yemgrggi(@;tgﬁdmavy 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

25 in thelBhibRYOCIAY R BR{E fech® FEmAith ARS 2raaRIgPe faNaddnt teraRidn e amiRRsy of
any one of (1) #®((B); and (8) an antibody which binds to the same epitope as an epitope bound by the
antjody of any one of (1) to (7). 30 7. An anti-NRIO antibody which is any one of: (1) an antibody
comprising a heavy chain variable region which comprises CDRI comprising the amino acid sequence
of SEQ 1B %%%Q%Wiﬁhﬁ He MRS &&id sequence of SEQ ID NO: 26, and CDR3

comprising) theaatitivdyawiech pegingrceat SERIMR MBI #e¢2)raniaotikogp Sers IIISTID dha femyy Eain
variable (aaioP 8l SEQURLGE So3B 1@ A AP RS SRR AR, RN EHIRRIe gy Yk
Comprlseﬁ(} 18 axfé) CB?{SSIQ%IEP erisin the amino acid fSE : 19;
, p g sequence o QID NO: 19;
15 (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;
20 (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
25 inthe 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
(8) an antibody which binds to the same epitope as an epitope bound by the antibody of any one
of (1} to (7).

30 7. An anti-NR10 antibody which is any one of:
(1) an antibody comprising a heavy chain variable region which comprises CDR1 comprising the
amino acid sequence of SEQ ID NO: 25, 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;



amino acid sequence of SEQ ID NO: 29, CDR2 comprising the amino acid sequence of SEQ ID NO:
30, and CDR3 comprising the amino acid sequence of SEQ ID NO: 31, (4) an antibody comprising the
light chain variable region of SEQ ID NO: 32; 5 (5) & 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 10 in the antibody of any one of (1) to

(6), whicishas ApissHyitsagHMAlAthIRaLS The BNk, ph a8y %ﬁp?fs&b@ﬁ@b@ﬁ?&@n%%mibOdy
which binds to the, same epit S itope baound by the antjbody . of any one of (1) to}%@. 15 8. An
antibody P ARASLF GAFREE S G e fﬁaﬁ%o%ﬁé%ﬁpﬁs%éﬁmﬂ%wﬁaﬁ@fs%ﬁ Hrising
CDRI of SE@EDaNOCDIG GDRE 0h SEQaDINGrid 97qend CHRBQIBE®IBINO: 11 (H17); (2) a heavy
chein varishl 5gian comRAsinG, GRIRLAN SRR O MBFBRR BEQIDINO: 197, and COR3 o

SE% ID NO: 11 (H19); 20 (3).a heavy chain variable region _com?rismg CDRI of SEQ ID NO: 196,
CDR2 oft RRYY SPPENGE DR BISBA IR asirmer (425 Mcd RBhskpensmidalable

region coegprisifd JPORI of SEQ ID NO: 9, CDR2 of SEQ ID NO: 197, and CDR3 of SEQ ID NO: 184

(H30, Hﬂ@a@m@%@wﬁg% ﬁglﬁeﬁqgjgﬂa%?%ﬂ%iﬁgr%o;ﬁjg%@g% IR NGk L 081 <RR4H SEQ ID

NO: 25 197, CDR3 of SE : 184 (H34, H46); (6) a in variable region comprising
CDRI of SB&MD () 9, CDR2 of SEQ ID NO: 198, and CDR3 of SEQ ID NO: 184 (H57, H78); (7) a
heavy ch@raxaridblelyegiomebnopeising&ORtiab IEQs WeNGbstitacCRR2(ef, IEQ DN 128 taimd

1D N o ok e R N R Ry RS ey
variable #8YiBRES D8R BRI of SEQ ID NO: 200, CDR2 of SEQ ID NO: 170, and CDR3 of SEQ

ID NO: 1@3 4h kk)ibikD) wHighteheinoarapias eginpcamprisng DRIl SER IR N0d20L «GRR2 of
SEQ ID I(}IH' gi% ]730 and CDR3 of SEQ ID NO: 193 (L12); 91 (11) a light chain variable region
comprising 23) & of SEQ ID NO: 202, CDR2 of SEQ ID NO:

15 8. An antibody or antibody variable region which is any one of:
(1) a heavy chain variable region comprising CDR1 of SEQ ID NO: 196, CDR2 of SEQ ID NO:
197, and CDR3 of SEQ ID NO: 11 (H17);
(2) a heavy chain variable region comprising CDR1I of SEQ ID NO: 176, CDR2 of SEQ ID NO:
197, and CDR3 of SEQ ID NO: 11 (H19);
20 (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:
25 197, 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);
30 (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 (LL11);
(10) a light chain variable region comprising CDR1 of SEQ ID NO: 201, CDR2 of SEQ ID NO:
35 170, and CDR3 of SEQ ID NO: 193 (L.12);



170, and CDR3 of SEQ ID 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 (L50); 5 (13) an antibody
comprising the heavy chain variable region of (3) arf¢ithe 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 10
region of (11); (16) an antibody comprising the heavy chain variable region of (6) and the light chain

Vﬁriable (aqgliaﬁu gl&_(éﬂ%(&iﬁ@ﬂ&@@hﬁ%ﬁﬁjﬂ%? Rgike heg Qb?]m%?ﬁ? 'em%gi,(y% l@ﬁ@ Z];?'?@Ufh(% )lig ht
chain varigple . : ] tippdy comprising the heavy chain variable region o

and the Illg?hf éﬁﬁg‘g@gﬁl‘é@g&%&@ ?192;8(%’% antibody in which one or more amino acids are
substituted? delstkichateet i zrd koelimserteprising & Riitib o ¥ QR e I ICPR2(BFEChIENNAS an

aptivity egp@ya{ﬁmm@@tfgfg@qmmogg @f 3y one of (13) to (18); and 20 (20) an antibody which
binds to Egs same péope as an epitope bound by the z?ntlbo_dy of an)y one, of (13) 10 (18)..9. An
antiBody\p hHBBE PO TAETE S MRARIE B SHAGIC CEPA @Ay A A b SR EBiprising

the aminegioil sgdud@nce of SEQ ID NO: 204 25 (H17); (2) a heavy chain variable region comprising
the aming grigh aﬁagm@o%ﬁ%%@aa ehidd vaia6l) RDRAShARY ARG TERIAD ABIMAESING the

amino acid sequence of SE O: 206 (1428); 30 (4) a heavy chain variable region comprising the
amino acft® d& of SEQ ID NO: 207 (1430); (5) a heavy chain variable region comprising the

amino agids seguenibedyl SHEAENN @ie2R8v(HBd) (G iatie avyi ehain Vpsiabteerigloriedmpiisabe the
amjgo ag&wqﬁz of SEQ ID NO: 209 35 (H42); 92 (7) a heavy chain variable region comprising

the aming acid sequénce of SEQ ID NO: 210 ) )
(16) an antibody comprising the heavy chain variable region of (6) and the light chain variable

region of (11);
(17) an antibody comprising the heavy chain variable region of (7) and the light chain variable
region of (11);

15 (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 (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
25 (HiT7y
(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);
30 (4) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 207
(H30);
(5) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 208
(H34),
(6) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 209
35 (H42);



(H44); (8) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 211
(H46); 5 (9) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 212
(H57); (10) a heavy chain variable region comprisin§2zhe 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 10
(H78); (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); 151lahanbpainirhainyrriabieeeiap: ORIRASIN;S AMIAQ AL SEAYRRPAPIBER 4D NO: 217
(H98); (1@§4dl_ght chain variable region comprising the amino acid sequence of SEQ ID NO: 218
)

(L11); (1 ght chain variable region comprising the amino acid sequence of SEQ ID NO: 219 20
(L12); (18)a ighvebimnveriabie region conppissigghberaiminacatid aeguencS BOIBQD NQ: 220 (L
17); (18)@1;’@% chain variable region comprising the amino acid sequence of SEQ ID NO: 221 (L50);
25 (19) an.antibody comprising the heavy chain variable region of (3) and the light chain variable
region of (1) %E@%‘}? f’?ﬁj‘ﬂﬁﬁ PO A9 eI e IRENNaRIG BpRIANGEPANERSHON®T 23 and the
light chaitiddpiable region of (17) (H30L17); (21) an antibody comprising the heavy chain variable

region of () andthe light chain vad 30 reqi f 41.17). (22) a ' omprising the
heavy ch(ain3 variable region of (6) agg; ﬁfe ﬁjd%t é%%%ev%ﬁgﬁégcrlégﬁ% u%?c 9?% %6( an
antibody yrising the heavy chain variable region of (7) and the light chain variable region of (17)

(H44L17)] Bpa(Revareraitibadyisemupiising therhizavihhaimvakableqegion sxf{Bamstre light chain
varjgble (%9{1 of (17) (H46L17);

(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
(HI97);

15 (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

20 (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
(1.50);

25 (19) an antibody comprising the heavy chain variable region of (3) and the light chain varjable
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

30 regionof (17) (H34L17);
(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) (H44L.17);

35 (24) an antibody comprising the heavy chain variable region of (8) and the light chain variable
region of (17) (H46L17);



93 (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 chain variable region of (17) (H71L17); 5 (27) &3 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) (H92L17); (29) an
antibody comprising the heavy chain variable region of (13) and the light chain variable 10 region of

(18) (HO(L 50 @A yeiiapdYicomPTsing i heavkehaBYatiablo Y esion Ofigh# Land hsdight chain
variable region 9f fjﬂél;%g@m (31) an antibody in which one or more amino acids are substituted,
deleted, léetgg%%?aﬁ /oF ihsérted in the antibody of any one of (19) to (30), which has an activity

equivalefi®d ahanvbudy s aritivgdhcolicayy oheinl i@ o (&0)narfd (BRaahthntightyhainichrkibids to the

same ep‘g%' g@&@mgpﬁqulbgynd by the antibody of any one of (19) to (30). 10. The anti-NR10
anti%odyg %{ on%%gclaims 4 to 9, which is a humanjzed antibody. 20 11. An antibody, antibody
heavy ch( in, At

VROTESRERARFEN NS HHY 3Bl Tasiamell) bradHio Hesshnnaribio acid
sequencegio8BE) 1) I7&22F(H17); (2) a heavy chain comprising the amino acid sequence of SEQ

ID NO: H &r%am qugggyi ' ' i f NQ, 224, (H28);
25 (4) azg%e%efv%%c% ;itrglggg)arﬁa %lﬁs}%sg the amino a%%%?%%gﬁgéﬁg%ﬁﬁ%sz%ﬁ%%&g ()%%r aglaévy
chain coffiptEhi %@éﬁ?ﬁ&lgérd sequence of SEQ ID NO: 226 (H34); (6) a heavy chain comprising

the amin@arih setbedyremfSERdEhdmaP ciidd 2}ri{B)earbgiavyoEiEdn aaMmbeisislg theiarinataeid

seqgence, 1f0§%§)d@6 'ﬁ%%)(H44); (8) a heavy chain comprising the amino acid sequence of SEQ
ID NO: H46); . a heavy chain comprising the amino acid sequence of SEQ ID NO:
0: 22 6): 30 (9) a heavy chai ising th i id f SEQ O: 230

(H57); (1taneavhahiresrsitaing wevarhinpactabiytesien of Qw0 holidyripinspriehly a
heavy chagicoofglisingifse s0mino acid sequence of SEQ ID NO: 232 (H78); (12) a heavy chain

comprisi ' i ence D NO:.233 (H92):..(13) a. heavy chain comprising the
amino acgi%l Ss%% %gﬁggdg& gggﬁg ﬁ%og%%?%l%n%gcéﬁfra ﬁgé%}f/t%ﬁéind@g%%yr%%dtha@@r% ino acid
sequenc@%ﬂ*@é@ ibenndi pfiomy;one of (19) to (30), which has an activity equivalent to that of the

15 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).

10. The anti-NR10 antibody of any one of claims 4 to 9, which is a humanized antibody.

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) 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);
25 (4) aheavy 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);
30 (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);
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(12) a heavy chain comprising the amino acid sequence of SEQ 1D NO: 233 (H92);
(13) a heavy chain comprising the amino acid sequence of SEQ ID NO: 234 (H%7);
35 (14) aheavy 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);



(15) a light chain comprising the amino acid sequence of SEQ ID NO: 236 (LI 1); 94 (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); (1834 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); 5 (20) an antibody comprising the heavy chain of (4) and the light chain of
(17) (H30LI7); (21) an antibody comprising the heavy chain of (5) and the light chain of (17) (H34L17);

(22) an anihedyceamisiagrihiesheavy shain abi@)andbe Jobkehanah (39y 433&17)? (23) an
antibody ﬂls&r{;[gcﬁhe heav .c:halnl&gf?‘g,L and the light chaip of 1@ (H44L17); (24) an antibody
comprisirﬁgoﬂ:e HeBvy ERaiR S e &ndet "dﬂéﬁﬁl‘b"ffﬁ@r?{lﬁﬁ NP @Bk dntibody comprising
the heav{!&haiki it (d)aamdometight cheabmdhg HE)d BSTied7s; o 2B QuErahdBp (s tising the heavy

chain of (16 a@qlmo@moqua‘me%m@aw dndiR)ot@7)AR ﬁléti?gﬂ%ﬁ%@]ﬁ‘(gﬂ '99&2@%%? chain of

)
(11) and the light chain of (17) (H78L.17); (28 tibod OFising t ’(12) and th
gt et T AP HBSY £ S ABOC EOh G L0y ek bf (LB 4 iight chain of
(18) (HOTE5D) BBYBOYmrcamtiimuly therprising dhecti¢ayynchiia laftildhaandft1e7)ighs ¢hain; of (18)
(HSBLEO A3 anenlboachMbIFOREG) Boie AmBAARTA AR PUSITUied dalise, flded, andlo

inserted in the antibody of any one of (19 30), which has an dctivity equi ‘of the
antlbody@f} Ay %@8&1%8%@8% Dedeavy dhrihabodyadh ke behshamnf ChmEHHdR:as an
epitope H@éhantantitedntibogyisihatiyedrey 20kl {1H)(8) (30)Hk2iAniaimateutiaaampysition
ot AR o L SN PR TGTSIAF RIRAY of o 22
(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);
(28) an antibody comprising the heavy chain of (12) and the light chain of (17) (H92L17);
(29) an antibody comprisixig the heavy chain of (13) and the light chain of (18) (H97L50);
15 (30) an antibody comprising the heavy chain of (14) and the light chain of (18) (HO8L50);
(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
20 of (19) to (30).

12. A pharmaceutical composition comprising the antibody of any one of ¢laims 1 to 11.

13. The pharmaceutical composition of claim 12, which is an agent for treating an imflammatory
25  disease.



