DESCRIPTION ANTI-NRI O ANTIBODY AND. USE THEREOF 5Technical Field The present
invention relates to anti-NR10 antibodies, and pharmaceutical compositions comprising an anti-NR10
antibody. Background Art 10Many cytolcines are known as humoral factors involved in the growth and
differentiation of various types of cells, or in the actiVation of differentiated mature cell functions.
Cytoldne-stimulated cells produce different types of cytokines, thereby forming networks of multiple
cytolcines in the body. Biological homeostasis is maintained by a delicate balance of the mutual
regulation between cytokines in these networks. Many inflammatory diseases are 15thought to result
from a failure of such cytokine networks. ThuBE¥eREEISRA antibody-based anti-cytolcine therapy is
drawing much attention. For example, anti-TNF antibodies and anti-IL-6 receptor antibodies have been
demonstrated to be highly effegtive, clini !%\%Q ’E‘Iﬁff)l?‘?ﬁgj @ re many examples of failure
where no therapeutic effects w%ﬁg%%guce 'i/v e(rl)?j;’;ng ec olg ,ff%%fas IL-4, was blocked alone,
due to the activation of compensatory 20 pathways in actual pathological conditions. The present
invenfors $ucededddkin isolating a novel cytolcine receptor NR10 that was highly homologous to
gp130, a recepto -6 Si ' 2 ment 1)..NR10 forms a heterodimer with
Oncostatin W recemiot (oM gl of Ll e A R e i
Regardinﬁ}f‘%’ris,u?ﬁl?ﬁsaﬁ%”ma%at transgenic mice 250verexpressing IL-31 spontaneously
develop pruritic dermatitis (Patent Document 2). Antibodies that bind to NRIO and inhibit the
binding bejweemng kand 11,31 may be effective in treating inflammatory diseases. For clinical use,
anti-{\éRlO antibodies are required to have low im r$nogenicit . Furthermore, in order to achieve high
therapeutic effects,aﬁﬁt%ggg’g%ﬁ% ?W‘f\?ﬁ’fﬁ”é? %@W&Yﬁ%‘iﬂﬁ ZQRARAate desired. 30Prior art
documents igerand Biesehvinvuntineaeé adsceibediselgvatateidicatient ImWAOQAERh&iBatent
Document:2:oNA03MA0090 ceNoRdaatert BocHmeat 3 kidliisagsociates with gutangoys lymphocyte

tigen-positive skin homing. T cells in patients with atopic dermatitis., | Allergy Gin | . 2006
Fob, 1170 IR 1 DR B s o RN LR Torbib BRI by EPIRER o) The

present inERIEHAMSE Hate g TRon eXdinaD B ifeasmRtiiieds. d e¥ernbéollabuveionritbisctize of the

prestnt inkenprndsda:prbvicle AR 10caatibediescansipharmasauticat LRMBAsHIRS,ERMPrising an
anti-NRIQ,aatibogly. [ kAg% %g Ing.t irst aspect, there is provided a monoclgnal antibody
that recogniée?%oma?#%@él\%ym%), ‘%%9 a%%I %%%traﬁ%ﬁ@c%ﬁﬁy. %Sé\gf%%bfo 'S &Cond aspect,
there is pANTdLe AFFERTATNE P SRt BRYR SR AT ROBTIBAdOre MshinAfsbsayiEsraiyisirgrdiiteavy chain
variabl_e_ re@iwﬁw@cﬁmr_ﬂpmmﬂw Mﬁa@@ﬁh&aﬁn&mﬁ&ﬁe%@g&@f&@@&@;@, CDR2
comprising dhgiaeying:aeldeaauence ahSHQUDING:2eand GREZ camatvaghs aino acid
sequgnce QEhSE ID NO: 3 a %}a Jgpt chgln variable region which comprises c%mprlsmg the
amino act séaa encéo Bé ( RiG- £° comprising the amino acid sequence of SEQ ID NO: 6,
and CDR3 compridipgresenbintisotersiduseegsisd de isf ISR 4DANG cFiokR)cancaptipdtiy! 6akapriging the

heavy chainngrinbielseeienoisiBe dRNerdfend iheilisht chainvasiabiedaionah gk Q.ID NO: 8; (3)

an antibogy,i ich or more amino acids are substit ,deleted, added, and/or inserted in the
antibody o %)\gr 3%{3 .%’i%’%ﬁ?%‘ﬁ%%ﬁ%ﬁ?ﬁ%ﬁ%@%%’?ﬁ%ﬁﬁm@ﬂ§ ' 8%?/“8ﬁffl '(%; and (4) an
antibody FATRHBI Bk Lenespidpe dezdingibpd bdikns bserrrsnottidoliyt chasaeEnenaie(1) to (3).
Accatingteaieshagiibe] thererisquoiicio dapgoik B BB oEasbinbesay ne of. (an
antibody comprising; | [ | ichy¢ rises CD mprising the amino aci
sequen)ée SF)EQ%?\I%%\% ﬁ[?%{za X@%%}igi%gg@t%%%ﬁ%%gamﬁge%@fﬁa@%%ﬂ%jﬁ%nd CDR3
comprisinG e Shiinead OBFEESIH NGO $4IRY weigRENRIH vatikpiieragionaniach
comprise$odBR lovo inprigingetticigmirituicidsediencéeof SR NEk h3rdpRR2 aamprising the amino
acid sequangsekSkR RNONRA RIGRRcamprsipgdiagmibgagidisequence of SEQ ID NO: 15;

(2) ap, antibody cgmprising the heavy chain variable region f SEQ ID NO: 12 and the light chain
var%@le region o orTe’ %Sggﬁraeﬁ?fgdﬁ‘ﬁfﬁwgrﬁﬁ%ﬁg%?%’g}@‘émino acids are substituted,

deleted, aRien RasaaenhseMEPM théldntibody of (1) or (2), which has an activity equivalent to that of
the antiboehteaf (1dcare) AnEi@ER/asvemtibody which binds to the same epitope as an epitope bound by

the antibagy,.o ) £0:£3). rding to a fourth aspect, there is pravided an
anti-NRl%qgﬁt}tﬁ%% %%ﬁ%aiﬁ?/{fé%é (g)s%s(i%ma%{:rﬁ ?\Y%%%éagg%uﬁrg?n%ﬁ g e%%“@ﬁ&ﬁg%ﬁgﬁ Yegion
which corfipFidas TSR BHSRSIMG BreoRiniftrasiiisef ddses GisEompnRIO2 008, BEDR2%Bmprising the
amidé aculligetfuence of SEQ ID NO: 18, and CDR3 comprising the amino acid sequence of SEQ ID
NO: 19 and 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; (2) an antibody comprising the heavy chain
variable region of SEQ ID NO: 20 and the light chain variable region of SEQ ID NO: 24; (3) an
antibody in which one or more amino acids are substituted, deleted, added, and/or inserted in the
antibody of (1) or (2), which has an activity equivalent to that of the antibody of (1) or (2); and (4) an

antibody which binds to the same epitope as an epitope bound by the antibody of any one of (1) to (3).
Accordina to a fifth acnect there ic nrovided an anti—=-NIRIO antihody, which iec anyvy aone nf* (1) an




(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
15region of (4); (7) an antibody in which one or m(gre 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 100f (1) to (7); [8] an antibody or antibody variable region
which idasmjoene of thd Jrevbigany chain variable region comprising CDR1 of SEQ ID NO: 196, CDR?2 of
SEQ IDpiyiLRé tand &AR3 &f BE@RMNG 11 (H17);  (2) a heavy chain variable region
comprising CDR1 of SEQ ID NQ: 176, CDR2 of SEQ ID NO: 25 197, and CDR3 of SEQ ID NO: 11
(H19); (3) a hed B‘f?éﬁﬁ’\i&ﬁ%‘b‘i’é’?e”&%‘ﬁ%ﬂﬁ%&h&%‘ﬁﬁiﬁ?ﬁf%’ﬁ@%ﬁaﬁﬁ %?Eﬁﬁgoa’FSE’é‘ﬁD NO:
197, andbBRRE of BE Q¢ @ivEBAH-128, prtd e {4} aRdAvyntivaiti ararad shregiorcormbrising CDR1 -
of SEQA&B&iﬁon@%@pﬁfﬁg%‘Bﬁ'&k%%ﬁ%@ DR3 of SEQ ID NO: 184 (H30, H44); 30 (5) a
heavy chain variable region comprising CDR1 of SEQ ID NO: 176, CDR2 of SEQ NO: 197, CDR3 of
SEQ ID NO: 184 (H34, H46); (6) a heavy chain variable region comprising CDR1 of SEQ ID NO: 9,
CDR2 diSsmQ4fiNO: 198, and CDR3 of SEQ ID NO: 184 (H57, H78); (7) a heavy chain variable
region comprising cRRL of SEQ IRNG 78 CHRAALIEQRNG 5198 0HLCRRAALSEQ ID NO
184 (1-171, H92); 5 (8)a heavy chain variable region comprising CDRI of SEQ ID NO: 9, CDR2 of
SEQ IDIOiTdREN @D@%&@W@K@?M%ﬂ@?, H98); (9) a light chain variable region
comprising CDRL@frSELXID MCsmDikpetd RiZeaf 1S pHad @n 10, MRUGDRRD Of SEGh R MO 0hODT:

(L11); 5 light ¢hain variable regi sl - I ; D NO:
170, anft LIRS AP G R e T U P Qb %?%3%3&%%% SEQ
IID NO: BB CBREBBEP I NOI P ahd ERRSHEESY f‘@%@sﬁ%ﬁ%ﬁ%ﬂﬁ 5 thain
variableYegdriedMPRSigaDRLISRDID MO: 2a3cEpRISSISEND:Nend 0 gy, dhatnCDR3 of
SEQ IDWN&ib1OR£LE0)hidB@npaizb auyraomprisisg thecheaino chainsqiiableoftiiu iof [B)afid the
light chaigyyariable segiop otkhl A34kan.antibocyemPRENG e heprschainyatakie wian of (4)
and the light chain var, I }8 .o;.(ll); 15(15) an antibody comprising the heavy chain variable
region c?fc% )S%%‘%f’?ﬁ%‘f' @n in v%ria’ole region of (11); (16) an antibody comprising the heavy chain
variable#égiorntibedy samprisingrihehany vahap syaghbnresiom el SEQ Y HOant ECHEB 8 the
heavy chatablarghte: reS@QAT N @nét the light chain variable 70region of (11); (18) an antibody
comprisingathenhisayy shainyasiable eaiorehPland e lshichainvriabledraion lldie(dd) an

I i

0 \Y
one of (?L@ to (18); and (20) an antibody which binds to the same epitope as an epitope bound by the
antibodyorarmptdrnel pfiih fofd8 o [Glaamaatibdeyeos antipodp v nubddredio anivbicly isfany ome of:
1) a hegym;hg{g)\_/ariable region comprising the amino acid sequence of SEQ ID NO: 204 30(1-117);

(2) a heavy chain variable region comprising the amino acid se e of SEQ ID.NQ: 205 (H19); (3)
by chain vAFABIETE G B SHAFo e Ahro B, CoTAn Bl SHCPRS Nl 156545 (4
a heavyl Ehairpyabribleoatiopes mperinghna Xamiab argdiseglipkcsrmBe BN coupsine); 6 (5) a
heavy cthainmwakiatid regiencom BESNHINOa MO RCidsepusngsiof SEAY 2N @qRe8c¢H434), (6) a
heavy cHgin Nanable GeshaTmPEing the: aninm e d Sequensr o5 BED DN®D: 20%4442); 5(7) a

tibod hich ' id ‘ d, / ' ted in th
R SN R e N G T

neavy chai AAR0EBAI0.SAMPHRN adhs ARGl LSAMRNAPRL 3B RN A HIE LY (8) a
N e e G T

heavy cHAHPUSHESHS /agiBn %ﬁﬁﬁ%ﬁ‘ﬁ&ﬂﬁ aRfihtPadfd setjuence of SEQ ID NO: 213 (H71); (11) a
heavy c{fianvaritioidyregigrisomprising thelamineratis segjornd® BISEQID N2 1the Hal8); 15(12) a
heavy chiait variable rggisnoeypYIigINgdhe @mino acid sequence of SEQ ID NO: 215 (H92); (13) a
heavy C@'Qm@ﬂ%‘&l £OION GBS DG AR ACdSeaHaRaR8f RERIDMNRI 210 4H97),  (14)a

heavy chain variahle region comprising the.amino acid sequence of S % - 217 20(H98); (15) a
ot B AT LIt b S Rt Sty M TG e GRS & g
chain véﬂibﬂé%d‘% comprising the amino acid sequence of SEQ ID NO: 219 (L12); 25(17) a light
chain vafipieaneiioty comgrisinds thetsgsimocamit guguencepth SEQUBING (12 {bedy, of 8y atight chain
variableorie(giptra @g))mprising the amino acid sequence of SEQ ID NO: 221 (L50); (19) an antibody
comprising the heavy chain variable region of (3) and the light chain variable 30region of (17)
(H28L17); (20) an antibody comprising the heavy chain variable region of (4) and the light chain
variable region of (17) (H30L17); (21) an antibody comprising the heavy chain variable region of (5)
and the light chain variable region of (17) (H34L17); 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 (HARI 17) (2B an antibodyy comnricina the heawvw chain variabhle reaion of (1O and the linht chain



(25) an antibody comprising the heavy chain of (9) and the light chain of (17) (H57L17); (26) an
antibody comprising the heavy chain of (10) and tlg light chain of (17) (H71L17); (27) an antibody
comprising the heavy chain of (I I) and the light chafh of (17) (H78L17); 15(28) an antibody comprising
the heavy chain of (12) and the light chain of (17) (H92L17); (29) an antibody comprising the heavy
chain of (13) and the light chain of (18) (H97L50); (30) an antibody comprising the heavy chain of (14)
and the light chain of (18) (I-198L50); (31) an antibody in which one or more amino acids are
substituted, deléteardidgdad ashdltr inpestethéretivepamtiBetigrottNBAe entiboyyoriBol, whichchaan
activity equivalgntdedinasapiiengQantihed shanyistie @b(38)bi(B Qs apts{SZY a0 antiathnwhich
binds tq4he SHPe &R IoRRAS 37 SPIPRS06MTY YRS antibeding &@@M@ 9& R430%r [12]a
pharmagﬁﬁlﬁﬁllﬁgml%osn IbpG gns \/VP? the %%tlak%g% of% oneel ge Qf]s the
harmageutical composition o%rlgi c]ﬁ'g’s an agent For mg an |n ory alsease [14] a
method ¥6]PttFé‘é’fﬂ1§j‘36‘F"|?}FeKF‘§ﬂﬁﬁ1§’ N RS Jﬁée%@ep’(}\ﬂ‘ﬁ&t ﬁﬁ‘ﬁﬁg& éegf?B‘E?f%{cdmlnlsterlng
the antiBE&Y16F Ahy dheCOIR2] conjptipingthq 15lineawd tvawambedybELhHy Rk 31 [2pddBRPin the
preparatiﬁﬁ}ﬁfs@lﬁﬁﬁﬂ@muﬂﬁaagﬁmcjwme affqniBtorg disease. 30 Brief Description of the Drawings
Fig. 1 shgws Hﬁ%@éﬁ & é@@ﬂ%?%ﬁ&%h%%l@h@gﬁd@é@@ﬁg EOIRRS: Qf)@ﬁ’&’ﬁ?e@ifgﬂbf)d'e?
NS18, 22 NS é]{;\entiion f %2 shows the amino aci sequences of the light chain
variable" reglons o nt%olales NS18, NS22, NS23, and NS3 % @s a graph
showméz’th@lﬁﬂwﬁﬂ% IBfWﬂﬂﬁ@)@W@ﬁﬁ%o %n@iﬁfﬂl 1H§}8ﬂ’o% © ufﬁh‘} aﬂ fatants. Fig.
4 is a giaptrtsionihg ardnthiisifioh ef &Yh N@@/b?ﬁ@lﬂmﬁ%w&éﬂl@ﬁwﬁﬁ%@ﬂ%r@@mmltu re
supernatf(its obEig.dnds a graph showing the assessment of the activity of chimeric NS22 (BaF). Fig. 6
is a graph ghowing dhe arsessinery @k heRd| t @fagfamgs PEIRRUABP Yy WS Inbiih ¥, isragraph
showing the essment of the competition o chlmerl 22 with IL-31. Fig. 8 is a graph
showmé"f‘ﬁé)ﬁflgl @:)mpetltlve binding activity of *-NR10 10antibodies. Fig. 9 is a set of graphs
showing the assessmigng 6f shEfidompattidwerofihoraaidiedanNs g INROLOYvidy Whidh is anyFgexd:shows
the effect afrthettomstaniregion afileumanizedvanibNRag antibocy JoPb@e DR heterpgengitic
assesseg, By, caiPR.aachangey %q@@g@@%k@%em{aﬁgﬁ@ 8RE QhARRGR §&9y¥m EH%E fAysment

of the c tion.o ants o umani ed t| NR10 a [ ctric pomt of the
varlable?\ig’g%gris |§:‘l Iéwere%ovn\}fﬁlgmgsg 0SS oflﬁﬂﬂm\b zgr%ﬁio)fﬁgzg EB %Sffeh? o
shows the@hciesian & Bishtamirdsd gE%?érﬁ?}i’EP@S\‘é&é BEGTRRGRSSy SHIFRER %%{%359 ssed by
cation e&EHshgempiomatog rapng. ROFgIISsholSER R sPiaE6ANREnragidTef AARming
receptordntiagashoa dherignatiNation;peak assessed by DSC. Fig. 14 shows the effect of the
novel CQ@?%”%@%QQ M%ﬂax‘?ﬁﬂ@%@q{&{ eRSiDLINam ARLHLA 0 FRIRDIEs @J@bﬁﬂﬁéﬁ%ﬁéﬁﬂ by cation
exchan%ﬁ chromab?%gé) ?_ngQc{SI %a?ows the effect of the novel constant region M58 on the
an

heterogenelhy oy eptor-antibody, assessed by cation exchange chromatography.

Fig. 16 Show=mbetein Whtﬂémfé] BORS BRI e RISS U iRY e AsteirskigAdsdarml Arnstat -6
receptoinathitodipodssessatbby BEC oF(§), Whstiohas tiveaptisuly cfiaissdgintptiairefahtiontibody of
huPM1-4gGdrRng ng%mgjw%@asma of human FcRn transgenic mice. 30Fig. 18 shows the biological

tivit h F
%Celr\%glg Zgge e?r%%g c%?les% %%?O%%g %%%%a%gﬁe%a%eﬁl(slg gpllne %sﬁgvré% %ﬁe?gé%!’sr%%fénf}[ ed antibody

by catioPr&aiHange(@hromatography to compare the generation of degradation products between
before and aftembafmlaﬂga@cebex&tlefpeefrqmmm@&se&iﬁaagﬁahmwmmmmmponent which was

altered. 35F| 20| of ) the es ment F of%; qé h variant. 10
Fig. 211s aarap i‘]owﬁét eas(gezlssmen% tlhe acﬁ\e/rllt ﬁ fi‘eﬁ%o O. Fig. 22 is

a graphdpaReng the assessment (BaF) of the act|V|ty of H17L11 and BOLO. Fig. 23 is a graph
showing the assessmBAE éBaE)s@éﬂheaaﬁwi%efﬁagi@ZdaﬂdﬂdMﬁﬁé@rﬁ%é&ﬁ@r@mwowing the
biologicah]actiwt of HOLI % £—| c11_7 as ess%% tli%rn@egt%'f/%fL gm%S 1 dlssg set of graphs
showmg & aSses: 510 fhe a&?vftl fBAEch variant. IS a cgntlnuatlon of Fig. 25-1. Fig.
26 is a schemat&camgmﬁq@nmgh&nmgéhﬁrmwmeva@mi@rmhféﬁewmee@p%ﬁ@ B7 is a set of
photographseahwirg itia.seteetionof thamdingemately Western blotting. A is a photograph
showing the result of detection using a humanized anti-human NRIO antibody; B is a photograph
showing the result of detection using a mouse anti-human NR10 antibody; and C is a photograph
showing the result of detection using an anti-Myc antibody. With the anti-human NR10 antibody a
binding antigen was detected only in hhh, 15 lihm, and hmm, but not in mmm, mmh, and inhm. Fig.
28-1 shows the amino acid sequence of each variant of 0 (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). 20Fig. 29-2 is a continuation of Fig. 29-1. Mode for Carrying
Out the Invention NR10 NRIO is a protein that forms a heterodimer with oncostatin M receptor
(OSMR) and 25functions as In TT -31 receptor. NRI O is also known as glrn-r (J Blot Chem 277,
16831-6, 2002), GPL (J Biol Chem 278, 49850-9, 2003), IL31RA (Nat Immunol 5, 752-60, 2004), and

crich Thiie N1210 in the nreceant invvention alen inchiidece nroteine callead by ec1ich namec In the



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 Val.
Substitution of Met at position 4 in the heavy chain’®DRI of SEQ ID NO: 9 with 25another amino acid
The amino acid after substitution is not particularly limited but preferred examples thereof include lle.
Substitution of Met at position 4 in the heavy chain CDR | of SEQ ID NO: 9 with another amino acid.
The amino acid after substitution is not particularly limited but preferred examples thereof include Leu.
30Subsitdims GfrIkphtipositidirdientee heavy chain CDR1 of SEQ ID NO: 9 with another amino acid.
The amino acid gftat:subatikaR s AGARILS BV Gai BRIrIEed EXapRIaR Rieefigrlude Al

Substitution of Leu at position 1 in the heavy chain CDR2 of SEQ ID NO: 10 with another amino acid.
The amiE%cid HHePSEREHRIFNCR ARtqsarfdumAh Rininer B pRefk AP et dnfirs aheHesHNtciude
Glu_ : 13xe_utralﬁﬁxk1§ﬁwﬁn§r ggaﬁusﬂ Nm@s_iti@mﬁlﬁaﬂm&;e@y&bﬁqiﬁk_f@%mk&&@:ﬁ@dﬁh@: 10 with another
amino aeifhahs amibaangaler sHosHvian iRsRLRAE Y ITUGRIME RiGlHad gamples thereof

include Asp. Substitution of Gin at position 13 1 eavy thain CDR2 of SEQ ID NO: 10 with
SanothéPerRTABRGIIOfRESd HHBOMRE HE BB RIS Asripartic saYanrre abgepidnstig
examplasthieyephincludatAspity, and@uhstitcsdnici by aatposgiaivitd. in ThesseavpatiatnafeDR2 of SEQ
ID NO: &%Mtgs Fggg%ru%gné%g n?é:ﬁréﬂ?a%g%&%rgcdg @a@gg substitution is not particularly limited but

es th clude Gin. ubsti i

preferre(f exam ereo titution of Lys at position 16 in the heavy chain CDR2

of SEQ ID NO: Tbamesanidtenanine aerdornt-aRiHb abibosites: svbahtiissutinel periandNydimited
but prefesrgstiexanplesitheraofinghbods. GiMore speSabaiiutionéGly ateasiiondiddesthe heavy chain
CDR2 flja%%lgb'(\)'é) égtvr\éig% ar%gttsw% %mliﬁl? gg}g Tg_e amino acid after substitution is not particularly
limited preﬂarre vl examp%s fRereof inclide sp: Substitution of Lys and My at positions 16
and 17 [Padpeentbraiethélnehish dnsin ©ORIBASEGYIYNO: 10 with another amino acid. The amino
acid afteyjsubshistion ismel partiguadynimiedauhprafesadexamples include substitution of Lys at
positio with Gj d Gly at positian 17 with Asp. 20Substitution of Lys, Lys, and Gly at positions
14, 16,%%&7%%5&%%%%%&% e Eéél%/y‘?méh%filrﬁf R2 of SEQ ID NO: 10 with another amino acid. The
amino ddickafesiibodsgrutiprisiaaethsartcthamvimikld mapretarebdexanisie SIS Ldemubstztion of
(L3>|/s aLt Resiendid yiiidmie dosres H%Nti’%m ilgmg %ﬂpﬁﬁﬁ@)eaihﬂg&ﬂg% J,J%%Hw@fsﬁ@ggg;ti?n of

n, Lys, Lys, an t positions 13, 14, an , resp in. 25 the heavy chain o
SEQ ID?)@%L):3 1 \évjl ggr?ofﬁlénrpzfllr‘“ﬁl|11 %é%%pﬁeégr%ﬁﬁgufﬁ%egggrys@ggt& |‘o§1’is not particularly limited but
preferrddesmmplesinciumierisubstitebonvofBinatasebivond et BEJL Y htdposition 14 with Gin, Lys
at positiay &BwiBodineanskeat PasEaR 4 (aMiblAMon whishbstiprieR obRer @lpasiiondo in the
heavy chain CDI§12 of SEQ | g%ém%sggﬁ)éher amino aﬂiid. The amino acid aftgr [tution is
not part?@ﬂﬂ%?l?ﬂ fted Bt $ € le regPintiteE es?fnmo A Bt Etion fs I position
13 in th&l@eayyechaPREDR2BISEChDEN D poidiacsthel SFhHDabid; The amino acid after

SubstlyrisebRas sy aiRa it brsfRNssksiermplss dhemofipalisisPro. 14 - Subsiituton
of Tyr aéﬁosition 3in the e,a%(ﬁx'n CDR3 of SEQ ID NO: 11 \ﬁ] Fggothﬁé%%migq ac%ﬁ'gpe amino
acid after SHLUHIRAON FORBE S C A inaba o ise gL eh % thereeRitBE e
SubstitutigiwiobM@t;at position 10 in the heavy chain CDR3 of SEQ ID NO: 11 with 5another amino
acid. The,amingiaci barsuRstHUaRIS alRRVIHRIUTiiedrhy) ETae R exalmples preof include
Leu. Substitution of Xsp at position 11 in the heavy chain CDR3 of SEQ ID NO: 11 with another
amino 46R%% RE @nino acid after substitution is not particularly limited but preferred examples thereof
include GJunl@Gbbdtititiohidh dye at pasitiemih? ritheahreahsiihasd, CEIR8d0 164, HDAND irbEreih
another aRine:a5ickyIbe,a0UNe ae(d Ak pubsidlianJs RehRariuidiA BRI BIEIRrRf expmples
thereof include Thr and Ser. ubstitution of Met, Asp, and Tyr at positions 10, 11, and 12,
respectAEIPHiRH hE hERR) #MIn CDR3 of SEQ ID NO: 11 with another amino acid. The amino acid
after substitution is 15not particularly limited but preferred examples include substitution of Met at
position 10 with Leu, Asp at position 11 with (Mu, 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, 20and Tyr at position 12 with Ear. Substitution
of Tyr. Asp, and Tyr at positions 3, 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 Tyr at position 3 with Leu, Asp at position 11 with Glu, and Tyr at
position 12 with Thr or Ser. 25Substitution of Arg at position 1 in the light chain CDR1 of SEQ ID NO:
13 with another amino acid. The amino acid after substitution is not particularly limited but preferred
examples thereof include GIn. Substitution of Asn at position Sin the light chain CDR1 of SEQ ID
NO: 13 with another amino acid. The amino acid after substitution is not particularly limited but
preferred 30examples thereof include Asp. Substitution of Arg and Asn at positions 1 and 5,
respectively, in the light chain CDR1 of SEQ ID NO: 13 with another amino acid. The amino acid after

crithetitiitinon iec not narticiilarivy limited hiit nreferrad evamnlec inchiide ciithetitiition of Ara at nocitinn 1



(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);
18 (7) antibodies in which one or more amino acids are substituted, deleted, added, and/or inserted in
the antibodies of any one of (1) to (6), which have art 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 5(1) to (7). (D) NS33 (I) antibodies having a heavy chain variable region that
comprise CDR1 having the amino acid sequence of SEQ ID NO: 25 (HCDR1), CDR2 having the
amino acié®3&paemeRrsrdich hpdy o hosoBYER- DRSS ahePloIR 30adihy threzattiody adidsegqaence of
SEQ ID N&:{2¥t¢HI0DR3); (2) antibodies having the heavy chain variable region of SEQ ID NO: 28
(VH); (3 t@%@@ﬁig&i@(ﬂ%}\;ﬁgﬁiﬁ rigl%eof:egion that comprise CDR1 having the amino acid
- sequence of SEQ ID NO: 29 (LCDRI), CDR2 having the amino acid sequence of SEQ ID NO: 30
(LCDR2), g?ma"cf‘ﬁ ‘FYa?ﬁHﬁ’%ﬁ%ﬁﬁﬁ%@&?&?’é@@&@ﬁ%@%@%@WNWMS%&@B&Bypmﬁs(m&)%%modies
havin§ thextighe etidiregasiablel SHLIDAHGEQUDRMQoR2{MEY, #R) antibediesdiaving sisheavy chain
variable region of4k @W%ﬁi@ﬂ%ﬁ%@ﬂ% yatiable;Fegian Ql(3k Bhantigadips having the heavy chain
variable r%%{on ofé%gcfnd'the.ligg in Vaél?ﬂgi,e ;’g’}%li??}n of (4); 20 7§antibodies in which one or more
amino acids are subSH e RGEE AR B HE SrRiRf Rt RE Qb S Biet ot any one of (1) to (6),
which havé s &etibiyeepmpaizing tolighicbtitheagativodissrofvainh omemtsth)IDRE) canp-{8)@intibodies

]'Ehat bind tanihe s&m@eqm&@%bm%%ugpgzp@nb m%éﬁﬂﬁégnggb ihadies:of any g()c%%g;%%);%ﬁa,@%%
ramework fegign ay be used for the abave-describe [ S or (3); however, FRs
deriv%yc\i/ frg\rnE? hhgm%rgz ggx%éﬁgré{?g%ﬁm gleed?xln—'ﬁﬁﬁglr}éﬁg%? YA @aﬁ%lﬁs may be used for the
above-deé@i%%ﬁﬂ%ﬁ‘i’é@ﬁﬁm%ﬁ B kbwaverdoneaioneffHa deiNdd iom human are preferably
used. For(ﬂj&maﬁﬁbﬁg&@ﬁpﬁi@i@geﬁemdﬂyeﬂﬂﬁmaﬁ@aﬁﬂgﬁzﬁgﬂ%&ﬁ@@i{fﬁﬂ%ﬁr@ﬂ%igR or
constant rﬁ%';gﬂ A pe used without modification, or after being 30modified to a different amino acid
sequence&gz subsfjtution, deletion, addition, and/or insertion of one or more amino acids. The
AT

amino aci S CHRPRIASy RSB IR aB0 7Rl AR o (Risndths Ssbiwham SEGYHD NO: 34
and ife neegemtid&($pquence encoding this amino acid sequence is shown in SEQ ID NO: 33.

Meanwhiler e anmayasid arauapee Sbiba el chalnie SAaMmIR SERP ARNC; AR And
nucleotide s&%ueggeden%odm%ghl mln%?%%%%ence is,shown in SEQ ID N a?% . fgb The
amino acit séqgtiehce of e Pﬂfi i (G N SABRFTIAE e BIRIEO shehatits aniitodibtitle
sequence2shcadinlihit 4Mminadacid sequence is shown in SEQ ID NO: 37. Meanwhile, the amino acid
sequence(8f dnedightidshaincis sihew iR S IBNEL A0BGHNS BYGIROLFE. SeRMENSS,eRePgiag this
aming, amﬁfs(?ﬂ%e{?e is shown in SEQ ID NO: 39. 5The amino acid sequence of the heavy chain of

NS23'is shown in'SEQ ID NO: 42 and the nucleotide sequence encoding this amino acid sequence is
shown in SEEBFROR LY eppbadwmiishisemnam afcid sequence of the light chain is shown in SEQ ID
N r<]): 44 add)them&b@tidﬁ:@fﬂhgm&mdﬂﬂgvﬁﬂismﬂwoﬁmwﬁﬂﬁ%@ @m%ﬁg&ﬁf BNO: 43.
The amin j Dtpgﬁfafm@ [ @f[ﬁ@ I wnin SEO 1D NO: 46 an

nucleotid %ﬁ?géﬁgy?ﬁ%%ﬁing this amino'zbzlid sequ?%%ﬁ[j'c%ﬁg% gi]ﬁr%uglf@ D RO 45, I\%Ig nwhile, the
amino aci e(zl%rear?ge SRS TRT SRS LRABNFIR SRS NTESBRAIRE%ucleotide sequence
encading tRismemiticodyicosegisegcbd hshowhain SERHB A SEQ I peesent invention, the
"activity egyivalantisuthalelibe antibadmek-anyane f Qﬁ%@"ﬁﬁ@%&%ﬂ%&%@% f;hinding
and/or neutralizinngseRl 0 forfgggl eﬁ@urﬁar@bl 0) I5is equivalent. In the present invention, the
term "equivalent” Means that th IS0 SUTARSTHE SRR EAh P BurRe AR Bt reduced
as long ad\fRe’deauty-id R eamaisinatibo akisovithdseatknse b BEEAHLINERIAS; for example, antibodies
having an(&ciiviaytibedys 3% O fmpseidhteternabih-hBis RE MoK susimare prgferably 80% or more of
that gf the griginal-anti 20Th ibadies.of any.one af (1 6) mentioned above, may have a
subs%utig(é? ﬁ%gﬁéggﬁgﬁgg%ﬁg%% ﬁl?baﬁnovfag%g?%?c Séleggr& ' %‘%&Eﬁé&ﬁ%%%ﬂ Cid
sequence ot Atable regions (CDR sequences and/or FR sequences), as long as the
NR10-bintfihgreandiordysutratiziing dethityisctetainaduiethoss sved)kaavn to-thessskilledin the art to
prepare tr}@g%ﬁligp(@ﬁid sequence of an antibody that has a substitution, deletion, addition, and/or
insertion r(ggZSOne.gr ore a ino acids in the amino acid sequence and retains NR10-binding and/or
neutralizind AR IR HRE RTS8 FOPThAGHRCAT Rtk ROREtHRE: Jrotkibaddst cwdimpiasaiasse skilled
in th&Sart Eafhpraphrdymitamtsdanétibnallpeadichlbat to the dntipdy: kaviogNRIOHbindiBgiard/or
neutralizingastividy 1y ipt@dueing appropriate mutations into the amino acid sequence of the antibody
having NRIO-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, Ml, and Smith, M.(1983) Oligonucleotide-directed mutagenesis of DNA fragments
cloned into M13 vectors. Methods Enzyrnol, 100, 468-500, Kramer, W, Drutsa, V, Jansen, HW,
Kramer, B. Pflugfelder, M, and Fritz, KJ (1984) The gapped duplex DNA 35approach to
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23 preparation are also known (see European Patent Application Publication No. 125023 and WO
96/02576). Specifically, for example, when the CDRs are derived from a mouse antibody, a DNA
sequence designed such that the CDRs of the mouse antibody are linked with framework regions
5(FRs) of human antibody is synthesized by PCR uging, as primers, several oligonucleotides that have
portions overlapping the ends of both CDRs and ERs (see the method described in WO 98/13388).
The resulting DNA is then ligated to a DNA encoding a human antibody constant region, inserted into
an expression vector, and introduced into a host to produce the antibody (see European Patent
Application8Parbliotitiody Nd EERiA30%0A-ameh repinaptianah Raiept Apalicalion LaRuklication g, WO
96/02576)0f(1 t@;@ﬁj}ﬁan antibody framework regions to be linked with CDRs are selected so that the
CDRs forr&? avor; ljtg%anti en-binding site, If needed, amino acid substitution, deletion, addition,
and/or in '8?1%%@‘ PO Y D Y aRT&hiork regions of antibody variable region so that the
CDRs of thi reshéivedshermansmtibbely forimia progee antiger-hittdingsite:sIGBRN exsaippiegrdtations
can be nligAcedinle i araingranis SesluenescRbi by ApRnGERCR melbod whiahsysed to
graft mOU?@OCE? 21}8% n FRs..S i%lflcally, m%tatlons can be introduced Into a portion the
nucleotide Seqliences %ﬁ?ﬂg}%lﬁﬁé ABAPTAHHR FEREPPRE BRI &ré /introduced into FRs
synthesizd@)téy saiéhoghirrerpriving Gntigevrishrdingastivity gbmot SRCamibERties;having amino acid
SO e e S S g g o gL
sequences hayi esire ies.C ected (Sato, K. ef al., Cancer Res. :
851-856). Hii Kt R &?r%fg(]?@#oﬁr?h%?ﬁ%%)ﬁt%}c‘)“m"essﬁﬁeﬂﬁsaé’&%raﬁﬁ‘i’)aé‘é%?‘?ﬁ?rﬂg(ﬁ%%
antibbtiedYPos &xaih IR RE yoryisinsyhe ayipaagidcsyGarecd SEAMPGH0a used for H chains; and ex
and Ot ar¢4)seduidbbdishaingrifhe dalinatabidseguensepfdbrisshowmin: SEQ ID NO: 58, and the 25
nucleotid £N6e ing.thi ' i ce is. shown.in D, NQ: 57. The, amino acid
sequencee( %{Q [ sh%{/]vgr? %%%%%%9%%%%ﬁg gtﬁ%}]eurcﬁ%lgﬁcf)ek‘v gg&&%rﬁ;&%ﬂ%‘ééﬁ%‘fﬁ?@%ino acid
sequenceFEHY 3k SEQ ID NO: 59. The amino acid sequence of Cy2 is shown in SEQ ID NO: 62,
and the niéjeotidisedpencersnentinigthischaiincasald segitensy( 13 shomnligSEQIIR-Ms161. The
aming;acig.spauanee of Cy4 is shown in SEQ ID NO- 64, and 30 the nucleotide sequence encoding
this amino.acid seag{gce is,shown in SEQ ID,NO: 63, Furthermore, human antibody C regions may

be modified tAriATBIRE the LSBTy OF AT SHPS RS EERSBro ek cis e ddada andder ety C

1
regions inglibie argbesanipiey e ¢ fbgio (s debictided irenciivite keywiveiam anthmtifabiemtisaly fr
humanizatigndpayie abasy isatype such as IgG, IgM, IgA, IgE, or IgD; however, IgG is preferably
used in the,present invention. | Sthat can be used includes IgGl, 1gG2, 1903, 1gG4, and the like. 24
Moreoverf8 ftae%r %%?é/ r‘ﬁ’%‘é"& Sﬁi%g%ég%%%ep%’r%%%?ﬁ o RN | O{Wég'\?g i %@?E&%@fﬁfﬁy&?ﬁmple,
CDR¥nd Fﬂ)‘bﬁ?&%nstant region of the humanized antibody may be deleted, added, inserted, and/or
substitute Bjvithaathierdaroinatieids v antbediesrhthepresenirinvention also include such

gﬁ[pb%rgiﬁgx?ggﬁ%%gwg%@m% substitions AN bl aThe SR B LR 0F3 ymanized
f

larly, limited, and_may be any animal. example, it is"possi ethe
sequence %ﬁ%é&%@r&%%ﬂ%@% rabbit antibodies, camel antibodies, and the like. CDR
sequence&ot ivaryechaitibodiedeargiprefempdsity GiMeialf BROAIfiNGt (076 rmRize SRtposies:while
retaining t@p%im%;@gmgpgia(qwﬁes of the original antibodies. The present invention,

however, succeeded in obtaini humanized.antit%%g#g %a%/érg the binding and/or neutralizing
activities ?L?vaﬁ%‘ﬁ’( o?hno‘é%n%#q%%%?@f:ﬁéﬁqf%ﬁge 'ES UAUMEhiL2% ShiboaleER ¥kl when
administeﬂ%ﬁé@%%ﬁ%@é@pé&&i&@ﬁs@%, because they exhibit reduced immunogenicity in
the humandyadyai5krafevadkexamnpiesahiiaiiunanzed entr R0 anitsriesfihapresent

invention ingiu : J J ihodies that comprise a heavy chain variable region
havin thefg:}rr’w%%i g%?ﬁ g%q@%gw%%ﬁ% HO-VH); (b) humanized antibodies that
comphise £h& a5 AR ARAMNE FagRInRERRGBECRRhe At IS8 ubHo BRI IHNDNQ2
(HI-VI-1); &), tibknaf S Egrifibdie sth &8 Baraadse a light chain variable region having the amino acid

sequence@f SEQUDNG: 52:MkQVL); | tw ,QFE r él]% chain
variable r\e;%? n hga\g) %Qﬁleg%%é@g é%}%%%ﬁ%%@é%éﬁ% N ﬁ%so g—%%%sr{%% | %ﬂ%%]ain variable
region havi %ﬁ? & ﬁﬂj d53P 8EBH NO: 52 (LO-VL): and (e) humanized antibodies
that compfiSe: &diaznpeiairsbiabisoregionhsivin § IR an#RQAENSR gTen CDBRSE QRIP INGIL 12 and
a light chaing/aralteregigs Ravibathe: 8aing agigsequence 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 substitution, deletion, addition, and/or
insertion of one or more amino acids. The substitution, deletion, addition, and/or insertion of amino
acids may be made in either or both of-the CDR_s and Fits. 35Thus, other preferred embodiments of
the humanized anti-NR10 antibody of the present invention include, for example: 25 (f) antibodies

that comprise a heavy chain variable region having an amino acid sequence in which one or more
aminn acide are cirithetitited deleted added and/or incerted in the amino acid ceniience of SEO 1D



ID NO: 11 is substituted with CDR3 having the amino acid sequence of SEQ ID NO: 179 in a heavy
chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112. Substitution of Met at
position 10 of CDR3 (SEQ ID NO: 11) in the heavy chain variable region of SEQ ID NO: 50 or 112 with
Leu (SEQ ID NO: 180). Thus, the present 5invention 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: 180 in a heavy chain variable region having the amino acid sequence of
SEQ ID NO: 50 or 112. Substitution of Asp at position 11 of CDR3 (SEQ ID NO: 11) in the heavy chain
variable ré§ichtét SECADRBLEowi @ n(BROIOSRQ M SY): THiBRMhef8ESeND A0invention
provides hesyyehaiDRESBIIDEYI00S 1R4vRiEh G6¥R3 having the amino acid sequence of SEQ ID NO:

11 is subst ith ¢ 3 having the amino aci ID NQ:; 181 in_a heavy chain
varicble g Ry e Ron SO S RER TS Bocrtas B ehakonon for o
position 13 G %@?@%W@:}ﬂﬂ%tﬂé hsavy chain variable region of SEQ ID NO: 50 or 112 with
Thr (SEQ ({IPNQigh8@)aifivusiytherpriosentdbisivetioR prowdesiheay ahainyabableHgaioRR,n which
CDRS3 having the abino A4H G845 R ID NO: ills substituted with CDR3 having the amino
acid sequgwﬁg ?EfﬁEE JD NO; 182 in a heavy ¢hain variable region having the amino acid sequence of
SEQ ID NO! 5b M R B AR5 SR Wﬁﬂ%@%i?ﬁ%&?@@s@@slm:oﬁﬁ@ theNdeavy chain
variable rédioreot SBRE 16 B BD 8O 11B3\{itl7Ber (SEQ ID NO: 183). Thus, the present 20invention

provides heayy efiaihyal iaRignregions i whi hapi i ' Q ID NO:
11 islbau bgf%ﬂ%edﬁf}v@@ﬁg%miﬁi@%féﬁ%%}%gé l?gl r?%t OEIE‘SS%% I %@%@%gg\ﬁﬁihain
variable re |drﬁmav[ng he a cid seq de of SEQ ID NO: 50 or 112. Substitution of Met at
position 1@%3A§p Bithesditievraprisinetipyiearp ceiioMati2 D¢ GRIRE (BERMD hiQight MinithesReyy chain
variable regiuhef SER ID NO: 50 or 112 with Leu, Glu, 25Thr, respectively (SEQ ID NO: 184). Thus,

the present j ' ides. heavy chain variable regions.in which CDR3 having the amino acid
sequencqué%gg%?gogg?%%%n Ys%t%l el v&ﬁ%ﬁﬁgb%a’iﬁ%lam?f Jgﬁﬁﬂ tgﬁiﬁgg@ﬁ%ﬂé@r&ﬂb@EQ ID NO:
184 in a WESRPRA A Mariable region having the amino acid sequence of SEQ ID NO: 50 or 112.
SubdtitutighSobhspiab gy sitiopritihand Ravatchasitan b0t &HRI (BB HRe NGk Mip3Q. g heavy

chain vari%ﬁ%gieq)gf SEQ ID NO: 50 or 112 with Glu and TM-, respectively (SEQ ID NO: 185).
Thus, the present invention provides heavy chain variable regions in which CDR3 having the amino
acid sequ@ﬁ%é’%?’g%@g’[?%‘@.ni@gmﬁéﬁ%ﬁﬂ%@WB@%ﬁé%@éﬁhm@%Fdig’equeinbb of SEQ ID
NO: 185 iregitreai/Ai thain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.
35SubstitytpnetdysRENAatioR Sy As it} : St .of CDR3 (SEQ ID NO: 11)
in thgoheag%Z%hai ( c%Vble r%gicl)%g (% gé%ﬁl%%g@é}ga g?ﬂ%gl %}%*E@ﬁé%%é@% %ﬁ%?gbé%ectively
(SEQ'ID NG: fiﬁg us, the present invention provides heavy chain variable regions in which CDR3
having thé!&hARdHHescmmitinsSEERID tian varishie begituted ()tn CHRBohaving: theiasmino acid
sequencerafit=£d (I2INO: 186 in a heavy chain variable region having the amino acid sequence of
SEQ ID NG itution of Tyr at position 3, Asp at positiqn 11, and Tyr at position 12 of
CDR3 (S’\EPQQ)IISI‘DQI%&): 11 ?ﬁ%ﬁg‘%&é‘vf%é]éﬁ% \%la%%%gﬁ%ensﬁﬁﬁ’%qﬁs%‘%émf?m Leu, Glu, and
Ser, respdRRES TSBYFREOREY: ofgny omsd (1Re iereonvirvh his Aot shsvalychaibatardaile regions
in wikch GiR8dyavingitkecarfiiid)acid Sequence of SEQ ID NO: 11 is substituted with CDR3 having
the amin id-sequen kYAl hain 10 variable regign having the amino
acid sequ{e?‘? e.of ?E%? ?gﬁ?\lfc()%%%c%)rt Al\ll%.%e %ﬁo sgti%\%égneﬁ#%&?gb g?%(ggﬁitohr? %nég} ﬁ%ﬁ?ﬁ‘% NO:
13) in the t’%ﬁ’a ariable region of SEQ ID NO: 52 with Gin (SEQ ID NO: 121). Thus, the present
invention PYovides et ehaitibedsiablépbgiegisinvivicichs @RRteaving the amino acid sequence of SEQ
ID NO: 1315 subistitufechwith-60 RL:havi Q20 f 121 in alight
chai_zg](}15\:/%\(ﬁ§i le region having t%minﬁ%&%equﬁ%%%%d%gﬁ%ﬁgzgj %)I\@Jt])zs%fi;{ution of Asn at
position 5’of CDR1 (SEQ ID NO: 13) in the light chain variable region of SEQ ID NO: 52 with Asp
(SEQ ID Ko hosyy thiis, wiizblerssinnsommising thvigointighichmaveveriohiE (e HIONSirReshich CDR1
having thé&&ino acid sequence of SEQ ID NO: 13 is substituted with CDRI having the amino acid

sequenceof : j y}%gt in_20 variable region having t i cid sequence of
SEQ ID ﬂg %%Q%%té%%1%% 5 é%%‘%ﬁ%‘&%ﬁ%%%ﬁ%%ﬁﬁ%‘%woﬁ &lfynt chain
variable r o of SEQ ID NO: 52 with Arg (SEQ ID NO: 188). Thus, the present invention provides
light3éhairid)arizdeley Egionsuizbihichi @RRAmaing hendminciacid seguense of BE@IDMNO: 13 is
substitutegyathh CDR1 having the amino acid sequence of SEQ ID NO: 188 in a light chain 25variable
region having the amino acid sequence of SEQ ID NO: 52. Substitution of Len 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 CDRI 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.

Substitution of Ser at position 8 and L,eu at position 10 of CDR1 (SEQ ID NO: 13) of the light chain
vvariahle reaion of SEO ID NO: B2 with Ara and \/al recnectivvelvy (SEO ID NO: 190 Thiie the nrecant



(15) light chain variable regions having the amino acid sequence of SEQ ID NO: 218 (L 1);  (16) light
chain variable regions having the amino acid sequence of SEQ ID NO: 219 (L12); 35(17) light chain
variable regions having the amino acid sequence of SEQ ID NO: 220 (L17); and (18) light chain
variable regions having the amino acid sequence ofSEQ ID NO: 221 (L50). 33 Furtheimore,
specific examples of the antibodies comprising the above-described heavy chain and light chain
variable regions include, for example, the following 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 thpateavy dhain udaidblegegiomutizhaned thedight:dhaiumasaliisregiomof (4g) (H30L17);
(21) antib(@pﬁ_ﬁg that comprise the heavy chain variable region of (5) and the light chain variable region

of (17) (H34L1/); 22) antibpdies that comprise the heavy chain variable region of (6) and the light
chain varigélg‘ltl%'r"é'gﬁ%ﬁ ¥"(i%§%ﬁ%éﬁ’i??§“? ﬁﬁf'b%‘afég B ESPRESTER Qh%@gi variable
region of (#4id the light chain variable region of (17) (H44L17); (24) antibodies that comprise the
heavyschatn) vakiahleggioniabiB)-ans imligbhehainyaniableregjon.of (F 8htAokE); 4P(25)
antibodie 5,comprise the heavy chain variable region of (9) and the light chain variable region of
(17) (H57L17),’ (26) antibodies that comprise the heavy chain variable region of (10) and the light
chain vari&bla ke e Yoy qaleregionmemprigig) tanansiies ithseasnesridS Bz IRSGy 2hiain variable
region of @a}&nd the light chain variable 20region of (17) (H78L17); (28) antibodies that comprise the

heavy chai ' aegion. light chain variable region of 7). (29) antibodies
hat oy e e R 2P B R A N ot o
(H971L(150);(§ﬁ@'25(30) antibodies that comprise the heavy chain variable region of (14) and the light
chain varigflparbgronchiin 83:(k98t:30n Therthatal sedienisibskfatibe dwpanizedantigodies of the
present inm’mggn may be any constant region derived from a human antibody, Preferred examples of

such cons t(r)le}:‘%on derived from human antjbodies include, for example, constant re%ons derived
from 30 I§G1%r e 2 RorEd F,%SW&&W@’@}B%%%W@&@W%@&W&&a substituted,

deleted, addi&d; and/or inserted in the constant region derived from a human antibody may also be
useds (13 hemeansipahragions igihichonaREmeraARIne Acidsare SHRsHYetleleted, added,
and/or ins&%ezgl_ in the constant region derived from a human antibody are not particularly limited,
35and include; for example, the following constant regions: constant regions having the amino acid
sequencef SECHD e YesrsssioBsmTstasthegioi aldrigthaemuinSiaid séquetee of SEQ ID
NO: 129 ({(#®4); and constant regions having the amino acid sequence of SEQ ID NO: 62 (SKSC).
Specific emﬁz f ins_.or antihodies having the above-desgri stant regions
include, for exar%%l%:c%hr%é\é\%ﬁ (r:}gg%er%% %ﬁ%%%%%%p%gea%\?gf’gb% ?’%%ei%%e ﬁg\g/i%%efkgg a@n?ﬁg acid

seql} nce@lgé)EQ ID NO: 167 and a constant region having the amino acid sequence of SEQ ID NO:
128; (2) h€idy Ebbiinbaim wiriehlOBRM avipgsthe dmintracididegpence of SEQIDWNO: 171 in the
heavy chaing; ¢f (1) is substituted with CDR2 having the amino acid sequence of SEQ ID NO: 172;

10(3) antibodies that comprise, the heavy chain of (1) and a light chain having the amino acid
sequence?gﬁéléénﬁﬁ%ﬁ& i%@?l%ﬁ?g@ﬁ %%ﬁ%ﬁ@sﬂ{ Wéé%%ﬁ@@éﬁﬁ {23 hd a light chain
having théldfino acid sequence of SEQ ID NO: 152. More specific examples of the humanized
anti-NRIO entinedies.ohthaRresentivantioniaine uees S prampig. 4 dptowingnggodies: (k)
antibodie ﬁfll:? comprise a heavy chain having the amino acid sequence of SEQ ID NO: 54 (HO-VH +
constant reqi ﬁ%; (1) antibodies that comprise a heavy chain having the amino acid sequence of SEQ
ID NO: 130§ Hulght chaip yariable seginm copnrsnahip stniae and sompreBIHBIBASH Raling the amino
acid sequériée; of SEQ ID NO: 56 (LO-VL + constant region); (n) antibodies that comprise a heavy
chain having,the.ami i . X HO-V, canstant.regian) and a light chain
havi %% thélag)mino c:éﬁggtgg?%%&%i%%g ‘I’g%%d%%%g _‘{7%12:30%#;{33{561%:1{%@95%%1} %%%?fdgbg?ﬁtibodies
that CompEE A HidalA/ Brainthving the amino acid sequence of SEQ ID NO: 130 (HI-VH + constant
region) ar{@® #igybrttdivain deavimgitiheterhinvyadidis eeiric ecafoR BOUDMOLB G fhQ1ViR vag@pRiant
region). regi&r@bpgm%@in)@aving the amino acid sequence of SEQ ID NO: 54 (HO-VH + constant
region) ar]g1 aenlgg%ghain hav.ing t;}g %mino gcid sequence of SEQ ID NO: 56 (LO-VL + 30 constant
region) mdy have a QB SRS TG SiTE VL SRR N AP RIF P ISR i RGBS digGheianmaigids. The
substitutidfgigaIgticr) &détiidr :and/or insertion of amino acids may be carried out in either or both of
the variablezaad constnidegins ThugdlepmsenRyveniion prowides: me(Ryanibadies hat comprise
a heavy CP%HBJ‘@EVGM ?i@ﬁ@i ) acid sequence in which one or more 35amino acids are substituted,
deleted, added, and/orinserted in the amino acid sequence of SEQ ID NO: 54 (HO-VH + constant
region); 35 (qg) 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 (H1 -VH + constant region); (r) antibodies that comprise a light 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: 56 (LO-VL + constant region); (s) antibodies that
comnrica 2 heawvwyw chain havvina an aminn acid ceanirience in which one or more amino acide are



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); 37 (33) antibodies having
an amino acid sequence in which one or more amino acids are substituted, deleted, added and/or
inserted in the antibodies of any one of (19) to (30);7and (34) antibodies that recognize the same
epitope as recognized by the antibodies of any one of (19) to (33). 5The substitution, deletion,
addition, and/or insertion of amino acids are as described above. Antibodies that recognize the same
epitope as recognized by an antibody are also described above. The present invention also
provides défesentbdingdtienzinaiiie tegiprsahcavizichainsotioht thainshorgntibedies-abthe present
invention.ég{gg%meﬁqﬁhmvm,ﬂon also provides vectors carrying the above-described genes. The
present ingjeéﬁtion algo dE’rovides ,hgzltﬁgglls tra s,formeﬁ%éwith the above-described vectors. The
present inV2nfBA 88 e S rRE T A% GEEIoH B TACR TGRSR QT BYiBRS d Aty ehmmetidift chains, or
antibodiegwfeneidieBdhgvention, which comprise the step of culturing 15the above-described host
cells. The wegiarsshost calisyansaubue af hest celaacdesciber hereip halow.Anlibogies that

recognizergoma{i)??l,}:’r 3 embodiments of the anti-NRI 0 antibody of the present invention include
20antibodies tha ec)o nize 3?_nain 1 or domain 2. In the present invention, domain 1 refers to the
region of AAire: aBide e prsamrioire ZhetberpodhamawrpPay e e p)ah(ii9e zndihe kgt deiguencdiof human

NR10 of SE€:RNCR) (Bynlene the amino acid numbering is based on the sequence including the

signal pept ition, | r invention, demain .2 ref o the,region of aminp acids at
positons 121 B 2o (T A e B e T o e 1
NO: 5, Wi b Helddhumbering is based on the sequence including the signal peptide.
Such antili2gjies zwébndy particisiadyHinhited; dfoiveveisbie garieadf (hey havaeappidralizing:agsvity, and
preferably,arg,h [ ﬁqt}gxsodies. Examples of the preferred antibodies in the present invention
include antihodies t%afHSOreccg%Jnéilze d%main . The antibodies that recognize domain 1 have a strong
neutralizir@é QA TSP ARESY S HEL HAFA51F Regirm Ob itib-Aad the light ghaiRe piaklent
invention, secned (il AHE 2&Wity against NRIO refers to an activity of inhibiting the binding between
NRI@sand#s) iganaohed Loapd pre el anmelvih afisvarmssings bigleg iﬁgﬂ%@lﬁ%ﬁfﬁﬁd on
NRIO. An;_g:)?gi%%@%\gi@%ﬁl\l 10-neutralizing activity can be selected, for example, by adding
5candidate antibodies {0 an ~31-dependent cell line and observing their growth-suppressing effect on

the cell lin@ Lirparativrsdn suwhithioodies nae stwipsreskisrecgrdwtiefdhisitted] sdéph rddit cell line are

determineiteaariihbdiesihaying aneut aliziogaciviagainst MR IQARIRadies deeneral).  The

antibodie%g@&g&e&%ﬂgg@g}'gg%a&o?oak&liﬁmited in terms of their origin, and may be derived from any
ice, and rats. Mo

animals such as"humans, mice,. reover, the antibodies may be recombinant antibodies
suchtis chimeREEMASEIEEcE s i e Asme AribeRsas 2a sritasersaadbi s, anébpratefrnt emtibodies

of the presé€ntInineffiin include humanized antibodies. 15The chimeric antibodies contain, for
example, fi Reauate iabieialansiatl sepiens sl AauB A aibad ANt g heavy and light
chain Varfﬂj regéogs of an,%n |br$§\% oﬁ%fnon-h%a&nammalx such as mouse. The chimeric
antibodies tAbEBRGTEH ?f&% i e RO TSP Bk SRS IEh e WHEB 4tREE @ah%e produced by
cloning ar?ﬁr@tilm@@ly qmﬂwmmmmqmmwmofﬁﬁmmmmm@p;_and introducing the
constuct nja Rests (688, e fRlseamPiarikAthid\sdguBrIebaeckidamesp Wehastick, THERAPEUTIC
MONOCL _?%%{NIEI)%{F%PDIES{%S%Jb%Shed lg ggiedbuen%%gcléﬁgéggéﬁyﬁgéﬁl A \ F_’UBLISHERS LTD,
1990). Specifica yc \ Sof ne n |%%?i§/nvarlg ?eqreglons 0 esized from mRNA of
hybridom&%) Gdiffy Teheis eQraiens (s arocsid Reagcane o8iRGAHE Vies gdh &B0an antibody of interest
are obtaingylathese ereiiinkegieity BYAsiencetingiheconstay reaans(e (gaions) of a 25desired
human an{&y%&%h&g%%umg ggg@%gg%%%&%dgg %gnlgg%fegg[%ﬁl Yﬁﬂoﬁg lternatively, the DNAs

encaoding g}e aiir%tibodgﬁ\a/.hreglons'maE% be inserte 0 expression vectors comptfising DNAs encoding
the EYegibié SFPYHAMTHIRROSHE RIS K MeRrfetl PRGNS Jdidrs so that they are
expresseddnder thehegwation ofghbcexpressithsequtiatarf SEQGDN (arxava®pde, enhancers and
promotersoly thanextslephaniseli canhe:30tansiolied with thaexprgssian yectors to allow

expressio Hic imeric antibodies, Methods, for obtainin n.antibodies are also known. For
example, gle i?eg%vﬁfn%aaﬁnacrﬂ%%réslg@\}\lﬁ?h%Pg%gbﬁ%‘ﬂﬁbcgefg e ghthlied by (1) sensitizing
human lyrhighadipess witragiroRinsine itmareoacsbirresme st Bl b HNgEN2aE itHERst in vitro; and (2)
fusirgsthe(sensiized aiphempesvihdwmanmyslomacels sighasid269;(gesJapanese Patent

35Applicati fja }E ication.No g] -B) HO1-59878 (e ined,.apprave Danese patent
applicatio h%p%é?ﬁ% ge%% oargg%)%%%%%ﬁ )1.ih If%rlrﬁl)gtla\?le f,cﬂ%igngegﬁéﬁﬁuq%ﬁaaéﬁé@ @Zn 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 Publication Nos. WO 93/12227, WO 92/03918,
WO 94/02602, WO 94/25585, WO 96/34096, and WO 96/33735). Furthermore, techniques to obtain
human antibodies by panning with a human antibody 5 phage library are known. For example, the

variable region of a human antibody is expressed as a single chain antibody (scFv) on the surface of a
nhane 11cina a3 nhane dienlayvy methnd and nhanec that hind to the antinen can he celected Ry




[VH] linker [VU] [VU ] linker [VII] 42 sc(Fv)2 is a single-chain low-molecular-weight antibody
produced by linking two VHs and two VLs using linkers and such (Hudson et al., J Immunol. Methods
1999;231: 177-189). For example, sc(Fv)2 can be produced by linking scEvs via a linker. Antibodies in
which two VHs and two VLs are arranged in the ordér of VH-VL-VH-VL 5([VH] linker [VL] linker [VH]
linker [VLD from the N terminus of the single-chain polypeptide are preferred. However, the order of
the two VHs and two VLs is not limited to the above arrangement, and they may be arranged in any
order. Examples of the arrangement are listed below: [VL] linker [VH] linker [VH] linker [VL] 10[VT-fl
linker [VL](Artkehpevy tibkecputsliitd]tinker iV ktfilinkendhe] dinken IWLNYLIInResd U | linker [V1-1]
linker [VHk{y}Jaugakezambugmssg b bt ae Rl e Apigp agishesayente of the heavy chain

variable reﬁ% t chain varia §}15re ion jn a low-molec ar wel(g Y may contain a
81éti

substitutio Additioh SHe/6r° %lqﬁ?%eéﬁﬁ(?fesptﬁ?elﬂ &aVy etk Mariable region and light
chain vari&ble &é@i@ﬁhﬁ%ﬁm&@@m&mn@ywmmﬁ%ﬁm}éﬂhéﬂ&@yﬂapudes aslong as .

they Have (aejlg@rglblaﬁhﬂgzaagﬁxlm@@@ H&hﬁ&da@@l@&ﬂ@énéy@m@@@’s\’w@ez\é@f ghlp.regions may be
chlmerlzeg %g |z dCOZOIn the?%( sentl V&Qt' Im?@ﬁz !Ef blnd%g:é arlable reglons of the
antibody incldde arbitrary peptideinkere %Wa% &nb GBSy BHginLEking, or synthetic
"~ linkers suéﬁ%ﬂﬁﬁ?@%é%&@@m@h@t@ﬁ%ﬁ@%éﬁﬁg 39(13‘1}3@%1‘8@51!1@@(6 7) H3MkHE preferred linkers
in the pres@n} imvexiliotyererpeistidetinkersy Thadengshanaf ﬂlﬂﬁh@ﬁ%%'@‘g arg qof-particularly

limited anghf eI le 25| n the purpose.
Typical Ieg ??@kgﬁtgb%%g m(?g(%ggo pre erg i %# agﬁli%ggud l%‘?ﬁ rably 5to 30
ami am&g3 JATFRERE &I%ﬂﬂpﬁr%‘fgﬁéﬁlyei’éytﬁhf@ﬁﬁ{l @@h@tmpﬁlﬁ(&%ﬁé%mds) Amino
acid sequéites efisboty peptidsitipkerhtaciucdejtar éXpmphte Skt 3HGSET @rGlysper; S

er-Gly- Gly VGl I Iy Gly-Gly--Ser
(SEQ ID 2§|84) %%é ?gggﬁgaﬁlﬁgﬁ%é% glﬂt%éé/%%lgﬁ?g f @5 @’g SEQ ID NO:
86): Ser % 8"}"?"85 & @@@&@W@? af . 88);
Ser-Gly- G@?m@wb@iy@m(mm m@)a@(@@-@lgm@@&ﬁilgh%(s&@lm qmsBm);n and
(SersGly- @iﬁﬁiv?ﬁtﬁlc(%ﬂk Bﬁéﬁ% 1%5)1)@:1 %ﬁ%fbﬁm IRtegrn Rk @o@ﬁﬂ% th t gl?@méno aC'dth
sequence ide_linker can be riately se skille ear nding on the
purpose. Iﬁﬁglj)eg(%mg? o hcgrgg%%iggm ﬁe}f'n %E%f %%yetﬁﬁ] ﬁ'@beptlde linker,
is usually ©to 3 ﬁ%@@%’tﬂ%ﬂﬁ%ﬁéﬁ%ﬁé@?&é}%l@ ko the light Sbmttﬁl@ ﬁhﬁé%l(&h)smlcal
crossllnIm(ﬁ;)a@eaaiﬁbmgluder@asﬁssimm&ﬁgﬂﬂiﬁdﬁ@lﬁ@ﬁ%ﬁkﬁéﬂﬁh&&'%@@@@&é@'@ﬁ@@f'des for

example, Nz rate (D bis(sulfosuc

sube te (13 dlt g%i(%ucglﬁlﬁ%ﬂo?e SY% {)ﬂé% %% |oaB|Esnfsu SHEL Fﬁl&ﬁl%?&ﬁ%te)

(DT [ Pil yF&iccinate) 15(EGS), ethylene glycol bis(sulfosuceinimidyl
%ﬁé R R

SUCC|nateﬂ%hﬁ@@@@)iyd@michnﬁsdylﬂ&rtmﬂe ¢Hi5P}, disukpiupetuinidph tadratensaiior RS The

bis[2-(sucg§r(ifg§q€>gg jxrbonyloxy)ethyl] sulfone (BSOCOES), and ’

bis[2-(sulf ceinimi carbo thyl] sulfone, (sulfo-BSOCOES). These crosslinking agents are
commerugﬁéj %ﬁ‘ggﬁ tical "WXW?@% %&%ﬁ%ﬁﬁﬁ@dﬁéﬁﬁﬁﬁé e Mniddde fide linkers are
usually refiildbe Pusuererighislertpiariondy 153 eidamenagdifférentating dheSatibediss of the
presght ingrBikRn include antibodies in which one or more amino acid residues have been added to the

amino aci tlbod of the pres |nvent|on Further sion proteins WhICh result from
a fusion b t%fege%?g%zdgfrage éntl %%s a@a secor%%%eﬁﬁ% %‘rS?@?E%%@ES@B % the

present m%‘@fﬁﬂl%ﬁeﬁ?%%ﬁ’éj@ﬁ%t@frﬁﬁﬁﬁ%g P3pedpateandy ligating a polynueleotide encoding an
antibody df fjegerefértimisnljost andapolynlicidolite ercadingasesenthagplide arpehgpeptide in
frame, insgiing. this i @S@&gxpressmn vector, and expressing the fusion construct in a host. Some
techpjgues known to'those skilled in the art are available for this purpose. The partner peptide or
polypeptide to be fused W|th an antlbody of the present invention may be a known peptide, for
example, Briald et esastingioTechnology 6, 1204-1210 (1988)), 6x His consisting of six His

(histidine) residuesiglOxiidiss m@lm&m@@meﬁeﬂ@ﬁem@ﬁ&m&i RS YRY@P fragment
pl8HIV fr%g{l%egt T%%g }l{hﬁ?gz V4O T antigen fragment, Ick tag, a-tu u in ragment B-tag,
Protein C fragmen ér par dl% S to be fused with the antibodies of the present invention
include, for exampié: é@wgﬁé}ﬁa%mwsdtmmmsey heAi ghiftbereasstiemagylutifindpse
immgfogleiibsizenstas! XDV ErgakactEssnse, and MBP (maltose-binding protein). A
polynucleotide encoding one of these commercially available peptides or 44 polypeptides can be
fused with a polynucleotide encoding an antibody of the present invention. The fusion polypeptide can
be prepared by expressing the fusion construct. Furthermore, the antibodies of the present
invention may be conjugated antibodies which are linked to any of various molecules including
polymeric substances such as 5 polyethylene glycol (PEG) and hyaluronic acid, radioactive
substances, fluorescent substances, luminescent substances, enzymes, and toxins. Such conjugated

antibodies can be obtained by chemically modifying the obtained antibodies. Methods for modifying
antibodiae havve haean actahliched in thie field (for eavamnle IS ENE7212 and 1 IR R1ERQR—ANY The




302-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), 35More 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, 47 for example, polyethylene glycol
(PEG) and Sendai virus (HA/J). If required, an auxiliary agent such as dimethyl sulfoxide may also be
added to improverfgsion effiaigntywing dbminmone tells antiosyelomacels mayhaysed at an
arbitrarilylg;ggﬁm%%@tgosu ple, the ratio of immune cells to myeloma cells is preferably from
1 to 10. Culture 5 media to be used for cell fusion include, for example, media that are suitable for the
cell growth of mySi8rid e FhRR SWkRaSRBRPHEACEHINRE NP MBS o salbsrewitubé media
used for thybtyoeretobliresliprmataréddition, the culture media may also be supplemented with serum

supplement suchigs feleh il ety Geh SLedlprapRtanay s philmuaeselisand myeloma
cells are mixed \/\@& ch#gre medium, and the ixed. with a PEG solutlon\ﬁﬁ- eated to 37C

in the J
to produce fused c?gllg thiHESEE) " th eaé%ﬁf%f&?m‘?%awﬁ KRS PEE With gdn molecular
weight of about 1F00 06 6aBashntiseviaddbel aestbrmeal st catiyngictitboncteitration BE3D%ito 60% (W/V).
Then, suggessive addition of the appropriate culture medium listed above and removal of supernatant
by centrifugation are gepeated.to, elimin te{ﬂﬁ ell fusion agent.and such, which 5Sunfavorable to
the growth of h _b%&b?nlgéa. gragh '%ﬁ%v%lgl%}?n*g y%%% egg‘éegﬁl éeu E c?‘é%é‘ﬁgdo\gg‘fﬁb']\zﬁz ection medium
acchHing'“‘%‘fﬁ Zelection marker possessed by myeloma cells used in the cell fusion. For example,
HGPRT- or TK-dgfigiens selisctarapies shreengthby asbssingnthamhdnentpéifimestiumntamadium
containing@ﬁ)%ﬂg}igﬁﬂ}af@_impterin, and thyrnidine). Specifically, when HAT-sensitive myeloma cells
70are used in cell fusjon, cells successfully fused with normal cells can be selectively grown in the
HAT medium, e Eell RIS RIS THe! SRR RO AR B Ev e o Savient HEHBd of time
to allow adhcdlishercegniity desied hybritloreashingr-disedacailepiy . die. Specifically, in general, the

desiyed hybridomas candesselegiadiveiiiingdbecelitiv sauera davs {0 Sy RIALWESKa:eT Nen:
screenln%%%gnilzng aen %I%ﬂﬂ%of brido a%%i&prod%ce an 25antE30dy of mterest can be carried out
by performing ofamany imith g di QSN HSTRIRA SHUSIHOTh b B Sa e FERHEHITE NSRS can be
prepared Wi pigstiiodrd éstriddbeihinioe0s/M®4458ith IL-8Ereening and single cloning of an antibody
of interest can beggulitaiiosar teckgutii KRWASEERESRINY JPetRods DRses QAR sARtbody
reaction. Far 8% Irlrigl an.ar fi 0 'i%é%?c undeto aocrgfiier SllllCh as beadglgr{nade oft%%lystyrene-or such
and commercial a\ygﬁasb e réé%&/eaﬁ mlcr(%f?ggpﬁa es, aon%r?ﬁe%' reacted with the culture supernatant of
hybrhBoma. Next?%tﬁe arhrevsdhyabiselrt e grasrabegenafivatinéng yraentanendliosycemtiary antibody
or such. \ddmenithdoauttakeasuperhayddEContains an antibody of interest reactive to the sensitizing
antigen, the secopdany affibody Bifile de i 6AlT Mg E AR el 0 serondary antbody

35bound to the carrier is detected to determine whether the culture supernatantcontains the antibody

of interest R hFRIEIHRLR ATHEEG WS SATMOERFRAEHE BFBIREAMo the 48 antigen can be
cloned by the limKiggldikitors thetifdtar sachoNbtantuthe gintigéfusedd drimogamizgtiaabut also an

NRIg) pr%&nﬁu@mﬁuﬁ&%&ﬁl%b&h&s%%ocga&@ﬂfﬁfgémxﬂ%%@@@n antigen for this purpose.
e

For example, a cell li xpressing NRIO, the extracellular domajn_o , Or an oligopeptide

composed of a p%ﬁé?%%cr%?ac?de %fécaﬁ%%}éeé %%Vnésﬁf’tﬂ%aéﬁtﬁ%g’é’&% i 3?}1&7 %%“El@‘éﬂ"ﬁg PitkdhfBen.

In additioAté thed aesswéctiadehisied anetkrstbioPBfeparing hybridomas through immunization of a

nonhuman animaiitty ahcantigeresantirodias:et interaskcansaiaerhe ob@inad hysensiizing human

lymphocy; j ' ecifically, first, human lymphocytes are sensitized with an NRIO
A Sl

protein in vit d lymphocytes are fused with an 10appropriate fusion partner. For
exartthle, humanfd&rild atrytibrhiclesisal Al abrmshansibnde perssananing BaR/D&iked as the
fusion partner (séégldpahese fatentipplichtiomKpkoteisRtdlichties Ne) 6HidBhHi-bREFS(examined,
approved Japanese aaiact srAlsaon fublistise o) aanesitomAouhadics. shiglge G s method
ucleotide sequence

are human antibodies haying an.activity of Qindin to?}he NRIO_protein. 15The nu;

encoding 3R %%‘f’?%?fc?%ﬁﬁ?%%@‘%?&ﬂ%&% %%b}& 8ra8ed Atst thretib s St fand S % mino acid
sequenceishipriss Glstodakgdsytinreth bdsideronpotonthebisiskiied!iertte art. Based on the obtained
seqgsnce of the anii-NRIQ andoesyrhaanti:NRIOantbedy @amhe prepared, fersxample. by genetic
recombination techniques known to those skilled in the art. 20Specifically, a polynucleotide encoding
an antibody can be constructed based on the sequence of the NRI 0-recognizing antibody, inserted
into an expression vector, and then expressed in appropriate host cells (see for example, Co, M. S. et
al., J. hrununol. (1994) 152; 2968-2976; Better, M. and Horwitz, A. H., Methods Enzymol. (1989) 178,
476-496; Plucicthun, A and Skerra, A., Methods Enzymol. (1989) 178, 497-515; Lamoyi, E., Methods
Enzymol. (1986) 121, 25652-663; Rousseaux, J. et al., Methods Enzymol. (1986) 121, 663-669; Bird,
RE. and Walker, B. W., Trends Biotechnol. (1991) 9, 132-137). The vectors include M13 vectors, pUC

vaectnre nRR222 nRhiecerint and nCR-Serint Altarnativivelyvy when aimina to ciritbelone and eveice



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 preventingr treating inflammatory diseases 25of the present
invention may contain other commonly used carriers. Such carriers specifically include light anhydrous
silicic acid, lactose, crystalline cellulose, rnarmitol, starch, cannelose calcium, carrnelose sodium,
hydroxypropylcellulose, hydroxypropylmethylcellulose, polyvinylacetaldiethylaminoacetate,
polyvinylpyrrolidofs. Gélatingmayéditow clydin tatiysacwlt(iBdyderdde: aolyoxyétHylEne fydragenated
castor oil @y sucrose, carboxymethylcellulose, corn 30starch, and inorganic salt. The agents may also
contain other low-molecular-weight palypeptides, proteins_such as serum albumin, gelatin, and
immunoglobulin, afel gf‘r%%gé%‘?h§ %’f‘%@@%ﬁ%ﬁ‘?&’%ﬁ?ﬁ neT e aRgNe AT TTiné 26 i dne. When
the anti-NR10 anfibadi? its propetretioadrarttepsecas el (Rion) fof trjectivity tHéEATINRAO Editibody may
be digsolved in arrigotanicaseliionceRBIRNGo fOf: exaNRRIRy RRYRIOIoDicAlsaline, dextiese g other
adjuvants,3 ) djuvants may include, for example, D-sorbitol, D-marmose, D-mannitol, and sodium
chloride. In addition, appropriate solubilizing agents, for example, alcohols (for example, 52 ethanol),
polyalcohols (for &@&ripié itaphié sephy chrvargPassysaratiBatibaidiyariyine gaelysoitnite 80
and HCO-50) mayipe2iseth eanatmidnt s Fig. tsnrcessary, anti-NRIO antibodies may be
encapsulated in g ﬁ% r I ‘ roxymet ?4] ‘% lose r
polymethylmethar]c%Ir%z(at)%{gf?g a%g%%e J %)8@5??# ﬁ% e into c%%gpgﬁg%g g%ﬁ_%ﬁlé‘*fﬁr%ﬁgi%%%% systems
(liposBmes, albuniiémicibprered Thgrabmiieishg hafessinnmdhe Amdiaadeapasdy tiexample,
.see "Rentingiog's Phampotkgieph Stiengetithseditdit:tiosio g 2 (h88a))zdd aredwenamethods for
making susteingeirsiagss Augsateknown.WandiRess 2 haAnpliedifar.anti:NRIG anthadies
(Langer et al., J. Biomed. Mater. es?é%??%%’[l >, 167-277; Langer, Chem, Tech. (1982) 12, 98-105,;
US 10Pateh &F‘E%iﬁ gli'ﬁrao%éeé REMORSH ﬁ?ﬁ"g&?g%@?%@?ﬁfgﬁ%ﬁﬁg‘ﬁ &YGL, Biopolymers
(1983) 22asitpds; EWithebose)humamNg rantitade athiadiserapésitiorss dettwegragent ivention can be
admisstergeheithernamlivohparenieral nbukasengferably administered parenterally. Specifically, the
agents are adminjstered 1o, patients by injection or percutaneous admini IQn..Injections include, for
15example, intrav%ﬁb%%nﬁ%%ﬁ%%% al'rr{%_{rjéonj"?ﬁlségﬁglrl?nfg&lgﬁél anc a&ué%t%@&gg% sq%}njlye%tié% 5, for systemic
or local administr&t®r.5Thé aGerisuas e GigetPtd sites where inflammation is to be suppressed, or
areas surroundinFifie2 8iteis bydadahitifusidiignr@muscular injection in particular The administration

hods can b el gl pedel: :
methods can be RApet seigeier acastdnd adispadeOis samadoondinI e o)

single-administration dose can be selected, for mple, from w
of thélactive ingre%%r%tgﬁ%fslf’gc%wgﬁHEFA&e?r%ﬁtively, for example, when the agents are
administered to human patients, the dose of the active ingredient can be selected from within the
range of O\aO{k 1R 1:089imarkg hedyweight. The single-administration dose preferably contains, for
example, Q& t 0.01 to 50 mg/kg body weight of the antibody of the present invention. However, the
dose of arragent for preventing or treating inflammatory 25diseases of the present invention is not
limited to these eX#mfl&s: protejn|tistidorant dbegrnemesroitsl inepeapiehbricepecificaith) and herein
i(;lcomgr%tﬁﬂd%bﬂi@@&mmﬂﬁﬁ@@ﬁiﬁs] Sehereinsbelawihe @maqg@mémmﬂ!. b@s@@%;ific[ally y |
escribed+nitk, refgye, it i t led as being, limj eto, [Example |
Preparatic?g %%})h%fbndg(r:r%gs?&éwLﬁ%e%ﬁé%f%@%%%iﬁ%%ﬁ%% ﬁﬁ%ﬁ%ﬁ%@%%ﬁn Slasmids for
DNA immﬁ!ﬁﬁ&aﬂﬁﬁ%’f&?ﬁ.@ﬁéﬁaﬁ?@ lev%ﬁmg%w@}@éférgwwlf@i&ar@wﬁp@m 53
Human NRIO (nublebtige:sertieradosBD. 1D Glex rAiraineadid Jequente oSEQ-HINQ: 76) was

inserted '%@a&mm@wm ik Which RUNESSER & REHRIA HRARLIAG Copjql of mouse
13-agtin prorgger ‘$2§&?/05446 : t%%regpf?re an eg&ressmn vector for hNR10.In t%e same manner,
ane é)resg’r?) Feetorsds ﬁWQas‘ M EERrET M BEmemURS M BRESRIRIRTE e otide
sequenceaSEQIBNNIE 6S; Mivif ¢ aeid sdeliepnde:8EQ ID NO: 66). 1.1.2. Preparation of DNA
cartridge In Prdeys 4R usaitbR laRIGIES MBI MIesaInYREIPRRIRPALRS (0/d7534 4pr DNA 10
immunizagion.of mice, the l—égﬁgssigﬁneva(%%gtc%‘rﬂ%gle Iéit ﬁl%%,ép was used to produce a DNA
cartridge for 65cH DA AL AIOWS THemUAZRON With T i of DNAZTBIS #RE PO BIERSAtion of
hybridom & BraauE ftMiman NR 2 s tebEE recepion Preprateitcreaisiarifcihagraing mice
immafizedeidiwhiimarhetaynamsiis Ronkey MeNREQe, knokaNBabpimice damalengix weeks old
at the begjing.plImunEAlan, CharissdRiand BRI ARaGTe APUAZeq Wil human or
cynonaolgus monkey NR.10 by the foflowing procedure. For primary immunization, the mice were
immunized with the DNA cartridge prepared with the hNR10 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 cynNRIO expression vector.
The third and subsequent immunizations were carried out at one-week intervals using the 11NR] 0 and

cynNR10 expression vectors alternately. After the titer of serum antibody against human NR10 was
confirmaed to be alevated a2 hitman NNRIO nrotein (eviracalliilar domain) (Refarantial 26BEvamnle A4)




Mns18H-feco m101-rnot 1522 L chain mNS18L-feco mIGK-rnot N523 H chain mNS18H-feco
mIG1-rnot N523 L chain mNS18L-feco mIGK-rnot N533 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 suspendéd in DMEM (Invitrogen) supplemented with 10%
fetal bovine serum (Invitrogen), and 10 ml of cells 5were seeded into dishes for adherent cells (10 cm
in diameter; CORNING) at a cell density of 6 x 105 cells/ml. The cells were incubated in a CO2
incubator (37C, 5% CO2) for one whole day and night. Then, the medium was removed by aspiration,
and 6.9 mN&f1C Db S r&fEMHinvediiom i §invitpegien)avn daddéc: OO 5 1Stk medinsdiwasadded to the

prepared plasemd, DN ALt 638 %iﬁﬂ;fa%ﬁi)lg%saammﬁre&g&p'-13@%&2@@&1%@6%9&%&20-7 pl of

1 pg/m1 thyleneiming, (Poly-sciences Inc.), and_a nd at room temperature for 10
minutes.lT%%?go%%gﬂ I\f/\ﬁ/tlfffgr %cg et V%gﬁlsaﬁ#‘gégﬁ%%hl}%ggc @&%&ﬁwﬁéﬁn aCo?hcubator
(37C, 5% TRy toermsstivel 868 ninhenids G/R 9/ E1IOLE-SENmrad]dn (i 3§6n) suds added,
and tie cells weresinsuliatest M2 L2 nssbaterfanthiesdaiioundavss Theeulfurersupgragtants were

collected hen.centri approx.. 2000 g fi jQutes, I 15temperature) to remove the cells.
The supe%\%%agﬁ%%v%e?ec) %#Fgr‘?e "%&ﬁéﬁ"&’.‘é&iw ﬁ%\g%%@Lglﬁ% ﬁ{}ﬁﬁﬂ%g?é% Ede “%%ng;e was stored
at 4C untifudeRandsdhes vy e HARdIdr ¢ thiepdmatamasadeg ProRIHG Sadisanssenamersham
Bioscienceshpthaptitfiedisntididdieganere CORCaMrE@AWIth IAmichiat) diadho(Millipore), and then the
solvent w 2! it - ind 05%: ing . PD- ti (Amersham
20 B@ciﬁ%ﬁ%ﬁ%ﬁsﬁﬁ%’?ﬁéﬁﬁ e e L e B ey 5
(NanoDro ?; and the concentrations were determined by the method of Pace et al. (Protein Science
(1995) 4: 2411-2423). Assessment of the activity of chimeric NS22 5The activity of neutralizing hiL-31
was assesgaihysing iha,ANRI0/hOSMR/13aF3 cell line, which grows in an hiL-3 1 dose-dependent
manner, as descriped below, ,. hNR10/hOS F3 cells were prepared at 1.5 x 105 cells/ml using
RPMI1640 mediuir%e 8?&&%33588%1’?5%%0 %ﬁ%@?@@ﬁ%ﬁ?g‘?’%ﬁﬁ % B FREISSS By cin
(InvitrogeARtHR 38 aribpriy stesns pueef fbided &bt aliguBbdfethe.cells to a final 10concentration of 4
ng/m3 (IL-31(); final conc.: 2 ng/ml). The remaining cell suspension was used as IL-31(-). The purified
NS22 Waz‘g%?d to 2 p.g/m1 using the medium, and eight serial dilutions were prepared at a
common dilution ratio of 3 (final conc.: 1 1.r.g/m1 or less). 50 41 each of the cell suspension and the
dilution of éhAREPRINSEY i Ay chaywisiakiaseeiordhahomapaio SR hatipothshrpiraesid
(CORNIN@}juanck thissgs)iSlwece tylaabi i £B%2 GO Dircubatoral Sydactvisdays Alterculture,
20 pi of a mistyre phesed@MAYNS At Gelhcoualag. Kik8 (Poiinde) Rpd PBR-was added to each well

and %e%? orbanc (5450',nni 620 run) was measured (‘(PECAN, SUNRISE CLASSIC). After the
reaction g%aﬁﬂ%&iga BRI %WWWOW@%%W%f%@%ﬁ&&t@%@% the absorbance was
measured AgainbPhe ey izing acinity of 8B 22ovas pesentedea S BIR iInkabitigrheateminsingd value
obtained Rys2esuntramtinahed-houcpalue fromnths2rhew valke .Fhsdasitshoyesihatdg22

suppress -314 rowth of the lINR10/hOSM lipe.i

concentrailgo%- e ’eaﬁnélen ma%#&ﬁ#ﬁ?&ﬁ‘g}ﬁéﬁls rates thal %@i@zﬁ%ﬁg&nﬁﬁ% activity against the
human IL{$) &itibrdisgaigeshe light chappgapiaBle yeainram FE LRV W4¥ Blsessed as described
beloRs usiig) daeifodikd hasel2blineathuman prastaegancer colklinge nnhiskll-Aimsadustion.is
induced upj?n IL-31 ation. DU145 cells were prepared at 2.5 x 105 cells/ml in MEM (Invitrogen)
containing 10% PBS (MOREGATE), 2 mmo1/1 L-glutaminzéénvitrogen), and 1 mmoUl sodium
pyruvate %@@Rﬁ’fkﬁd’éﬁ ADiRE She SRELD ORI REISREKY pié%e deh hrlis sbeinairimkiess@ORNING).
30 The celfs:were incubated at 37C under 5% CO2 overnight. The purified chimeric NS22 (human yl ,

e, e S cach
yru . ution, six ilu W ifuti [ :

Ciutioh wib e DR T el A aa TRLTICURIA BLECRED SYSER ) B ARG 11, and a
50-ul aliquetirskcagdednereadi et (@Bfmndtwo days of culture 35at 37C under 5% CO2, the
concentragynefbdfiniheturasupesRpiapt was g pune disingR YeSRIdRL AR evelgpment kit
(R&D sysﬁmﬁ)(ﬂ"he neutralizing activity of NS22 was 57 assessed by determining thé inhibition rate
(%). Specitically,”assuming the IL-6 concentration in the absence of IL-31 (A) as the maximal inhibitory
activity (100% inhibition) and the 11-6 concentration in the presence of 11-31 without NS22 (B) as no
inhildifory @g1ixi82%0% inhibition), the IL-6 concentration in the presence of IL-31 and NS22 (C) was
determined according to the 5following formula: Inhibition rate (%) = (B-C)/(B-A) x 100 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 of competition of chimeric anti-NR10 antibody with
IL-31 Human IL-31 (R&D Systems) was labeled with FMAT Blue Monofunctional Reactive Dye
(Applied Biosystems). 100 p.1 of hTL-31 prepared at 0.5 mg/ml using 50 rruM sodium phosphate
buffer (pH 8.0) was mixed with 5.25 pi of 25 nmoles FMAT Blue dissolved in DMSO 15(Junsei). After

vvortevina the mivtiire wace allowed to ectand at room temneratiire for 15 miniitee The EMAT




Preparation 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 20mutant was prepared using commercially available QuikChange Site-Directed
Mutagenesis Kit (Stratagene) according to the appé%ded instruction manual. Expression of
IgG-converted antibody Antibody expression was performed by the method described below. Human
fetnl 25renal 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 105 cells/ml
was seeded atitbodishbavior adiays shalis(kdlens firdidricterCORNING fiéFhe dedlsoiesediitubated

in a CO2 jpgubaior {870, 15% GA2)fonans, mmmg%%oﬁbﬁ%e&?@ﬂwwwwwmed by

aspiratio ml -S-SFEMII medium, (Invitroge d |ls. The prepared
plasmid Bckfﬁﬂm%&%dcg%} lj% fin Egl av%?égor%&%%eﬁ/‘ﬁ%lgo??%ﬁ@oﬁﬁﬁd?&@gﬁmeimine
(PolysciehEE& ey gherE 96 TgP Srom S prsgionn HAIIBWEY {8 §¥3AY at room temperature
for 16 min@jesuibbéienhevire waigaddeid tadbbicallsin Lackodighsandriing teliserinfshated in a CO2
mcubator%{é%ﬁ‘c%f SEQNIPRIHT M{éﬁ%ﬂ‘ﬁ}*{:ﬁaﬂﬁ‘%ﬁ%&r&g' ﬁﬁﬁ?&*&%@a‘g?’ %&%@%&}@ﬂ%mge“) was

added, and the cells were incubated in 35a COZ2 incubator for three days. The cu supernatant was

collected ahd-Ceibitgad (P b2 Beckeg-iva Fifgrescrse Wﬁ@éﬁ%%@h the cells. The
supernatddit waboizn he0isgehiti Zetithyditratiobhregigh & SEQADARE: MICVEX GV (Millipore). Each
sample was stongmial ﬂ&riﬂ@%&‘ﬁ@a@%ﬂﬁ@%ﬁh@[@ﬂa@&?@ygﬂ%ﬂ@%q{ﬁ&’ chain Y9I FEEOIENR A
Seplilgros m Fast Flow (Amersham Biosciences) suspended in TBS was added to the Obtained
culture su‘% rnatant, and mixed by inversion at 4C for four hours or more. The solution was transferred
to 0.22-unffikeitagcohuimateekee dMitlipoiel erfigiothed 2\vashts gk 806t SaiPrattin A

Sepharosgfm resin was suspended in 100 pl of aqueous solution of 50 rM sodium acetate (pH 3.3),

and allow t for three minutes to 10elute.the antibody., T. olution was immediatel
outralie 5@*5“@%35%3‘%&%% R S S e S e 8 200 pi
of purifiedaFEEEYaRES shiainee of pl) B the drieibbarz aarfeininpeasivtiont wabaiwhjideted to ND-1000
SpectirophatimitenfManotiropj (T reidoastientific NanoDrop 1000 Spectrophotometer (Thermo
Scientific Sle] - - C Smeasure
absorbank)g?%?&%%i%gr\? %tr?’%?ﬁ%%’d%ﬁgéggE%%%ﬁ%‘%%ﬁ%ﬁt e%n)%ée%]ft yo%]ga?(ge et at
(Protein gﬁetﬁc% (1995) 4: 2411-2423). Measurement of competition with IL-31 using FMAT
Antibodies were &gseidsetkdoriice dctivighokidhibiiivg tubsiing kbR 1D bin aldidiyiby, usitior 20
hNR|O-exﬁﬁéﬁﬁjﬂl9&5@@@%’?@@:@%%@#&3%@%&‘%&#&6} Nghich 2erAnieo gy and NR2g HOLD (H
chau;b HOf-%gs.C/SE(aih[g NO: 54; L chain, LO/SEQ ID NO: 56) were diluted at an appropriate

conéentration uang ASLs8 8frer (10 mM HEPES, 140 mMNaCl, 2.5 mM CaC12, 3 mM MgC12, 2%
FBS, 0.01% NaN3ubfizan ahdfathenicg it sdnabdivtiohewebRp repSEaBak dhwitbardilution ration
of 2. The gitiiiongdvereraddasbai-A0-pliwelkinuploies (GG MMl RS MAR L Bte srinrlicsBigsystems).
Then, F%&QH&I&Q@I@Q@L-& was diluted 400 times with Assay buffer, and added at 20 p.1/well.
Finally, a cell suspension adjusted to 2.5 x 105 cells/ml using Assay buffer was added at 40 p1/well
(final 1 x 104 cellSRgi-SeRSTYGrstaesitivad iptheheans chnfubRekeE SER MEL N PWagieasured using
the 8200 GelltarnBetestidn ShisiemitdpplicdiBicsysianis). S@bhearasullirshBwRetithatpasgesikawn in Fig.
9, human&%mg@@gg@gg@&mgLo (H chain, HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ ID NO:
56), and HILO (H_chain, H1 - C/SEQ ID NO: 13%%_ chain, LO/SEQ ID NO: 56) exhibited a
competition activity CotpaPH FhEPERRE ChidER BN aBY a8 sESthie A Bot Lo and H1LO
are humagigggamtino-gidecéptomntibofieSetrrddditivon itsis guside ety that tic-FRsdised for HOLO
and HILOgamhesusadpmabiaymanization. 61 Accordingly, all of the mutations in CDRs

described in the Examples hereinafter can be introduced.into HO.; |, Table 2,110 Germline
Hurr%ign FR s_equgﬁ(lc%gﬁﬁelf Ié?eﬁ?ine% G 3'L:f\iﬁ-rf 1fl?ge(()§%c scg%lﬁl Q@%égﬁ IB NB% with another
OVOLVOSBAEAIK PERIVIRYIEK ARG PHIYDRMG OtNGtbe)FHR otdbrimesfnted exenphecession
No. X92342)\NRQAPEQGLEWMG(SEQ ID NO:97) FR3_1 Germl i ne: hVH_| _69(Accession No.

L22582) RVT 1 T4RERERIAYMEL E!%&EPM%%!@&@@@;@ %%ﬁ@@i@@?t&er |
ne:hVH_1_69(Accession No. Z27506) RVT | TADKSTSTAYMELSSL TAVYY AR EQID
NO:131) FRAEATHRPREIIHI WEERrR ApA AS & SibeS i Nacsow) naosiedi iaiiad pmrRrsshuence
FRI BernekimpltsviXde@OigAbobsSlion No. X59315) DI QMTOSPSSLSASVGDRVT | IC (SEQ ID NO:1
00) FR2 Germ | i ne:hVK_1_39(Accession No. X59315) WYQQKPGKAPKLL IV(SEQ ID NO: 101) FR3
Germ line :hVK_1_39(Access ion No. X5931 5) GVPSRFSGSGSGTDFTLT | SSLOPEDFATYYC
(SEQ ID NO: 102) FR4 Germl i ne:Jk4 FGGGTKVE 1K(SEQ ID NO: 103) [Example 5]
Heterogeneity-reducing effect of novel constant regions M14 and M58 in humanized anti-1L31
receptor antibody As shown in Referential Examples 7 to 9, it was demonstrated that the conversion of
the 10constant region from IgG2 to MN or M58 in the hu.PM1 antibody, a humanized anti-IL-6 receptor

antibody, could reduce the heterogeneity derived from the 1g02 hinge region without loss of stability.
Thiic hitrmani7zad anti-ll =21 recentar antibodiace ware alen teactad tA accace whethar the heteronaeneaityy



63 [Example 7] Identification of mutation sites reducing the isoelectric point Production of mutants
Each mutant was produced by the method described in Example 4 or by assembly PCR. In the
method using assembly PCR, oligo DNAs are synthesized based on forward and reverse 5sequences
including an altered site. Forward oligo DNA includi}"ﬁg an altered site and reverse oligo DNA binding to
the vector in which the gene to be altered was inserted were combined, and reverse oligo DNA
including an altered site and forward oligo DNA binding to the vector in which the gene to be altered
was inserted were combined. PCR was carried out using PrimeSTAR (Talcara) to produce 5'-end and
3-end fragments fréiidikignee Aferedositéohe 1o tveiradmie SIDRbeé SJsQmbie by wgsembly PCR
to produce-@deh m@%ianem@%?wﬁ?ﬂ@ﬁﬁwﬁﬁm%ﬁq@ H&qam@zimﬁ%qﬁ%l&sﬁm%ﬁ@@e of
expressin n in animal cells. The nucleotide sequence of the resulting expression vector
was dettogfr%%% %§%ér%§%%{gwlk%o€vgﬁ'to those skilled in the art. Antibodies were produced and purified
by the method deSeriidetinn ekaiagieresitinn dérianbatien brhnndtoR SrESEQ IDRGidadd the
phannacokingticanfdd@LO (HiehainntiiSKBCIMEQURNG nbtpdrhainy ISRQUIDNG:EE), altered

sites cap%%égg}égéggimﬁl&oﬂgptric point of the variable region were examined. Screening of
mutation sites in the variable regions predicted from the 20three-dimensional structure model revealed

mutation sites that WotAG AR AleaSS tRasIEsBILEFICIFOMREBF thalb ATt teHEhHDMIROLR Bihificantly
reducing itsdShedimgito MRl 0. THeessrarecsiiafiTranibedhinchais 8od (i Suldtly SEQ Db 7ed
Hp7-VH/&§%@eN@érg§§ﬁﬁg§é\(}ﬂLSEQ ID NO: 139, Hp6-VH/SEQ ID NO: 140, Hp9-VH/SEQ ID NO:

141, Hpl-VH/SEQ.ID NO. 142 13-VH/SEQ.ID NQ: 143, Lpl-V. Q NQ: 144, | p2-VL/SEQ ID
NO! 5, 25 o3 VSR TO D, BB T RN S I KE B LR OB ND N B
Lp5-VL/SEQYRrReing49id pG e 1500 it 50y iEten i peiaslpiy duoed dntpeiified by the
method desgfibRd inctzxampleid dhach variant was tested for the activity of inhibiting the hiL-31/hNR10
binding by using k& e s calried out according, ta t t ribed in Example 4.
As 30shown in Flgmﬁ]:{%géh ccgfnéég\é%gﬂ%&?vnﬁlgf%%%ﬁai%rg!gﬁ%nv%%@g%gllﬁr?@u?e%d“g%compared to
that of HOESIhaA81ng a6idl. mIBsR S REGIca sk By sadR sptRaTivRO A RGBERE VIRFERE (SEQ ID
NO: B7)4@xanphminoadichbeiuence after after mutationmutation AIVOOSPGDGLENIMG (SEQ ID

NO120)  RTSEMLYRRIAZHSERIBNQINRISENLLY PHIARLCRRIRNGS NAKTLAKSO
(SEQID V&%#) T % kl E%;D NO: 14) NAKTLAK54'(SEQ ID NO:14 I\I%\ < LA%G (SEQID
NO:14) N &E%%&éég N §0p8Hes FEER 45 FLLAS SRIEP BN & A SHRASSET PP SFLA
(SEQ ID ma@tiad2) yIiDdTi K¢ SEQ! xdtplcs 28 u0NABSTI G SEQ 4Bt N@il2d ) & BNAKREAK (SEQ
ID NO:1253) dQNAK FEARH SEQUPAND: 126) DNAKTLAD (SEQ ID NO:127) Asterisk (*) in Table
4 abgye indicates,site that was not relevant to the isoelectric_point but altered for.copversion into a
‘hu% se uencesga fgi%rﬁlg éis(\%? Sé?f?usm_ag%?%%%l% _Egrﬁ %gdl%s%%8%erf§8%‘f88 ' Bb?ﬁ?ﬁﬁ?‘been
reduced sv"«qwrb%%ﬁfgg 58 ditsriiivid isndthge apizpsesl(H Thaimippa-Ekia/SEQNDaG: 151; L
chain: Lp totSE@QciafiiO0iba) biffinilsted MRIG isorireEicupointand PiasmenFRIgHIaR iRymice were
compareth?g_t\ity%geg)t 3Lplo-an 'ﬂ}%l‘%d’\é%?%y#%%ﬁg?}%g i S10The affinity of each antibody for
rided in Refe

NRIO was determinéd by the method desc rentia xaPrhpIe 10. 65 The result of
affinity measuremeisiEEisaveh ey hfe B sThrd Ll roritipnL brd fvdé smeviA tspectvabisithe same

as thiat of thiie@yTaizie STHEY NS KID(INO)KD i) Moth©3mtkhChik 2ET03 #:3keQ8id after
SHP3Lp15dr2E405d 10 B0 33209 Mersuramentalisoelactic naink. sunsukach arehedy was

analyzed by isoelectric focusing to assess changes.in the isoelectric point of the whole antibody due to
the amind® %ﬁt&‘}glﬁeﬁigﬂgﬁ%ﬁ% §g§/§[rf’a?l§}8%é%;‘ﬁ'.ﬂ?é§g?ewﬁca&%%‘ﬁ%ilré‘wgscﬂ%rma By the following
method. PosiP¢ast-@ehBEpIEF gel (Arnersham Biosciences) was swollen in Phastsystem Cassette
S g S e e il
waterl.5 ml Rhannalyte 55 mersham Biosciences . Electrophoresis was
carrfeoé ol REhaD ys%tceifrih griﬁeers %?na %%%%ﬁ%%%%ﬁ%ﬁgmtﬁg V%’Ifggﬂg%ll%é%gr& J15 HE%rogram
indicated BEBReT Hs 88k féf@-loaded onto the gel in Step 2. Calibration Kit for pl (Amersham
Biosciences) wasSubettain ¢f Glamkeos205iep h2Q0RMP B CHRMIHE 15 Wo Sterar00 V 2.5
mA 3.5 W, 3: . : . lecirgphoresis, the gel was
Fed with SO0 T A her BIver e g o B e PSR o
BiosciencBS RESIFHG B tHDr8focol attached to 25the kit. After staining, the isoelectric point of the
sample (the whole antibody) was calculated from the known isoelectric points of the pl markers.

The result 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. 30When the theoretical
isoelectric point of the variable region VHNL was calculated by GENETYX (GENETYX
CORPORATION), the theoretical isoelectric points of the variable 66 variablregions of HOLO and
Hp3Lpl5 were 7.76 and 4.63, respectively. Thus, the theoretical isoelectric point of Hp3Lp15 was

decreased by 3.13 as compared to HOLO. Assessment of pharmacokinetics of antibody with reduced
icnelectric noint 1icinad mice Bln ordar to accace the nlaema retention of HNRAI n15 a2 modified antihodys



25 Table 6 AUC(pgd/kg) Mean SD CUrnl/d Mean kg) SD HOLO Hp3Lp15 281.8 321.1 13.1 26.1 3.6
3.10.20.3 [Example 8] Effect of combinations of variable region and constant region on the
biological 30activity 67 SKSC (SEQ ID NO: 62) and M58 (SEQ ID NO: 128), constant regions
prepared in Referential Examples 7 and 9, were comfbined with Hp3 (Hp3-VH/SEQ ID NO: 167), a
variable region prepared in Example 7, to produce Hp3-M58 (SEQ ID NO: 240) and Hp3-SKSC (SEQ
ID NO: 151) as H chains. The prepared H chains were combined with Lp15 (Lp15/SEQ ID NO: 5 152),
an L chain prepared in Example 7, to produce Hp3Lp15-SKSC (H chain, Hp3-SKSC/SEQ ID NO: 151,
L chain, Lp15/SE&uiBtiNGor1 507 v p4p@lop BoxMBSHddvwhatiainHI3RM 68REEQDINNOL 1244h L chain,
Lp15/SEQuBMN iRk dachrantibedy was:expiessad:and puifisdbyiihe methaddeserbed in
Example 4.,The1éasnéilbod1ées 'Sl%i ced as described above, HOLO-SKSC (H chain, HO-SKSC/SEQ ID
10 NO: 5472 ¢hdin, LO7 Eg : 56) prepared using the constant region SKSC (SEQ ID NO: 62)
described in RefePahffabBsaniprett ansi oL Oinibs et cheiniHOMB8SEQ 1D NO: 186ith chain,
LO/SEQ IEndid: 26)anetid Ol gfiznd-hahaiflerHOblgieipE Quto M diddy lishainb ki@ 4D NO: 56)

prepared g} pLLe%f%Oﬂgg ggigﬁsed for the biological activity by the method described in Example
2 using BaF/NRIO. The result is summarized in Fig. 18. 15As shown in Fi%.él& no siificant difference in

the biological activiySHA§ Yetdderibantiden thdcordemtreisnsDBH et YR BIs§IcAl adtivity was not
affected wdnetheomtiiningdhe ThoagriahtédrefjtonsHsi@udnd i pd: witli @acydonstatuegigsredmbining
variable regipns createdrin fiige;with any constant region would not result in alteration in the

biological activity. 20[Example, 9] Identification of mutation sites suppressing degradation by thermal
acce]%ration studﬁ“ggtitﬂi’ﬁ?fggm g ﬁ%lwmg%gﬁﬁa@ﬁﬁm@%&&éﬂ ehl thfigh they are

monoclonaethtibaties wsiiainEbkfrorine kendsfitte vkt friim singlerartibdey froteding pedisrr8lich
antibody heigraagnritdsknewsmte. ieautfrom modification such as oxidation or 25deamidation, and to
be increased durigg, lang-ter age or n exposure to stress ditions, such as heat stress or
light stress (see ggekfé%ﬁ%gt lé)ﬁé%ﬁgf[ ’ Sﬁpﬁéﬁfﬂﬁ%%%?é}?,",@oﬁr@ﬁ g&pﬁ%‘ﬁ%ﬁ%@ 1B BERHYEs, vol.
97, No. 7,Dabg iyt ﬁg%@/éwﬂ%%m ANl APisdesidlopteeasinp hiaiirdice substinplepsical
propestiesnef theipndiginipasioslap hestogensilysanchstabilitviambighiinpian: ThusiHt is desired
that the hg&gog%gug‘jgogftﬂggiLe\g{ﬁ?@gfqg?y?a}%?g%%@& §9 ﬁeﬁi‘uﬁﬁd and the substance be composed
nc ible. n thi i

. i :
of a single subst as much as possi context, the experiment described below was

conducted to ass§é@%@%%@?ﬁ§?e?@@éﬁ@@%éﬂ Shdde dsmrfitidrdvaiths hegucehnia
heterogen@idR3 of SEQ d83¢6s degiddatitieproducts;idn dteckaraied shnfplecddittied (Haebain,

1-10-SKSL/SERIR 1}&9@%&&3@4&8&9@5&4%ﬁ%reé@mi%em@g&}é&@ﬁ&qtb%ﬂ ribed

¥

35below. ?Phéf reg)ared.acciler ited sample and non-accelerated sample (initial) were analyzed by
catiohi exc ng% WS%%& a%ﬁb sihg the method described below. 68 - Method for preparing
accelerated samphubsButier oPBS. Astibody ot onsitition3 012, tand R mepet Aedelendtiohdmmperature:

60C 5Acceleriimroesiahons say iVetaoshighanalysisbyi catinn sxahange shromategraphy Column:

ProPac WCX-10, 4. 2¢ Dion obile phase: (A) 25 mmol/1 MES/NaOH, pH, 6.1, (B) 25
mmol/1 hﬁﬁ@ﬁ%&ﬂﬁrﬁgm%%&o%ﬁ a%gre’\%—(eéaflg _Is—‘l%l\(f\}&r%a_%es:u BRI CHiGHH ?‘éﬁ%ér‘ﬁ FhoC
Gradient: 968 @ &yDters hith{ouond {%i%ﬂ?ﬁﬁ)oﬁ)é?ebﬁ%m A The resulting
chropsatograms f@ub@hBosarhplesibeieinmand:afteriadeelesationrar e sty milSin:Rigwi8. The HOLO

sample aflgp agealeialiondadiad sRiRy YA RIANANINGIFASEY BARRERKmirea IR D SEIRENING Was

carried out to reduce this peak. As a result, Ha355, Ha35 were ounﬁ? hese H
chain variSFERErEBRHRREA O to produce Ha355L0 (H chain, Ha355-SKSC/SEQ ID NO: 242:
L chain, LO/SEQ bhNdutss) pHASE8@{AiR05chalr, IlEB836:3 IKSR/SHQHED NIOWQ2433 kvithain, LOISEQ
ID NO: 56)55ta360hAd ELehainnkiaR6R SUSHSEQIRNGY 246+ behail-HUSER 1R:NQ456) and
Ha366LO gH cha11|n,t a3§2'%K§CAiSEQ ID NO: 245; L chain, LO/SEQ ID NO: 56). The sequence of
each variant 1S/SROWH 11 Ta >3BTable 7 69 Name Type HO sequence Mutation sittHOAmino acid

(kabat No) sequefsbséftdiomoftigriSettiesicwsitienhiuadidneiasss P RIPEYIDEGRYIMDY 100d

M L DGYRPORYTLED: 1((Skih Uadie: 266010, E (RELMRING 268) suddiiddasat CDR3

DGYDDGE LR 16k REYRRETMEL, (35 RARLASRIARR & (ST Moy raseo
and Asn at position 5 with Asp.



DGLDDGPYTMET (SEQ ID NO: 265) 101 E (SEQ ID NO: 268) 102 Ha362 CDR3
DGYDDGPYTMDY 97 Y L DGLDDGPYTMES (SEQ ID NO: 265) 101 E (SEQ ID NO: 269) 102Y
Each of the identified antibodies was expressed and purified by the method described in Example 4.
As with HOLO, a accelerated sample of each prepafed antibody was prepared, and 5analyzed 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 mddifigduintibddiesaiveretnssbastd fghthhdiolGgRabASHBAIb Y thel tnettiod described in

Example 2-4giag.BakdNRIO. ThetesulbisrlOshoudidnfig: 20Asshommingig. 28,108 higlagical

%
activities ch the esot?}i%fli‘ggf?nr\t}iltl)&dﬁs were comparable to or stronger than that of HOL%E.i These findings
demonstrated that the moditications of Ha355, Ha356, Ha360, and Ha362 suppressed the generation

of degradation prédbtsbyaidetsithonitiand tHarbfolieharehatic SR inf BTSN thES stathility of

antibady. dbifxempie 164, Identfieationo sRéalins:BiiesRCRRPN N8B RiYed budiarary in which
mutations,werl z&%&%ﬁ%ﬁ%@e R sequences was constructed and examined to improve the affinity
of HOLO for NRIO. As a result of screening of the library in which mutations were introduced into

CDRs, mutations BT B E Beaafibfy sornitaes fers itnasrrrdvaintinitiesiahe SnowiDR Table 8.
Each of the SECHENGiknte th ah eSS (SED 2L NG 248)aiia LOREHEE €SO ID NO: 247),

il 1-SKSGASER IRNCS305. AR SERC (SFQ NG, 40} ap RIS S SROIR NO:

250). was I(%)mbined with LO.éL,&)/SEQ ID 56); and each of the modi ains La EQID
NO: 251) TR 380D 1B KIB:942), La303 (SEQ ID NO: 253), and La328 (SEQ ID NO: 254) was
combined with HOWWGUEKSC/SEEG [Dsiion B4),the bghisthach ADBEAtIFEEQ EachOvddanitivas produced

and purifiggh2byhie meihodessribeminExAmRke o0t nor SheRpLQfRachaptiRpdy for NRIO

was assessed siqg Biéafor Lh, resgl%{ig shown in Table 9. The assay was carried out using the
e 1al

method described érr%rlllfi %lr}np € 10. As shown in Table 9, the ICD value for each variant was

found to be improttHEEEMp Aectaerbenf Hoholightcain, CIBSKSESEONO: NbOwEY; L chain,
LO/SEQ xdN@: a6)nd adite 8 TNasmarbyeel MidabansitebiOR ming.addide secUense

No)sequengce fé@ﬁf@}é@qﬁ&\ﬁ% nce after mutation Ha101 CDR1 GYIMN 33 V GYVMN (SEQ ID
NO:270) (SEQ D NO:272) Hal 03 CDR1 GYIMN 34 1 GYIIN _(SEQ ID NO:270) (SEQ ID NO:273)
Haul CDR1 GY1MRPSUNHRGALYE RE PeSERY foNES: igh C%‘@E@DWN%S?&WE@dW&z LI
NPYNGGHSYN@KEKGeEB Dihd MiYINGE HRNGHHRGEn (SEQ 1R N2 PmiSEQ R IRR:A75)

examples thereof include Gin.

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 bui 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 Gln 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 1D NO: 15 with
another amino acid. The amino acid after substitution is not particularly limited but preferred

35  examples thereof include Asp.



Ha219 CDR2 LI NPYNGGTSYNOKFKG 610 P L | NPYNGGTSYNPKFKG (SEQ ID NO: 271) (SEQ
ID NO: 276) Name Type LO sequenceMutation siteLOAmMIno acid (kabat No)sequence after
mutation Sequence after mutation Lal34 CDR1 RllféEN | YSFLA 31 RISEN | YRFLA (SEQIO NO:
271) (SEQ ID NO:279) La130 CDR1 RISEN | YSFLA 31 RTSEN | YRFVA (SEQ ID NO: 277) 33V
(SEQ ID NO: 280) Ls 303 CDR3 QHHYESPLT 93E QHHYDSPLT (SEQ ID NO: 278) (SEQID
NO:281) La328 CDR3 OHHYESPLT 94 QHHYEDPLT (SEQ ID NO: 278) (SEQ ID NO:282) La326

CDR3 QHHYESPLT 97 OH PLF (SEQ ID NO: 278). (SEQ ID NO:283) Table 9 71 Name
ka(1/Ms) kd(1 Is) RIS W&E%%‘@E&%‘B“z%ﬁ ﬁ’%@@ﬁb%&% 05 e 83 Bk J9aBE-09 Hal 03L0

2.2E+05 another amino acid.  The amino acid after substitution is not particularly limited but preferred
examples thereof include Phe.

Each of the above-described substitutions may be made alone, or multiple substitutions

5  may be made in combination. Furthermoze, the above substitutions may be combined with
other substitutions. These substitutions can improve the antibody pharmacokinetics (retention
in plasma), enbance the antigen-binding activity, improve the stability, and/or reduce the risk of
immunogenicity.

In the present invention, specific examples of the variable regions having a combination

10 of the above-described substitutions include, for example, heavy chain variable regions having
the amino acid sequence of SEQ ID NO: 167 and light chain varisble regions having the amino
acid sequence of SEQ ID NO: 168. Moreover, examples of the antibodies having a
combination of the above-described substitutions include, for example, antibodies that comprise
a heavy chain variable region having the amino acid sequence of SEQ ID NO: 167 and a light
15 chain variable region having the amino acid sequence of SEQ ID NO: 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 foliowing 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
NQO: 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: 187, and CDR3 of SEQ 1D NO: 184 (H28, H42);
25 (d) heavy chain variable regions that comprises CDR1 of SEQ ID NO: 9, CDRZ 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:
36 198, and CDR3 of SEQ ID NO: 184 (157, H78);
{g) heavy chain variable regions that comprise CDRI 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 (197, HO%);
35 (i) light chain variable regions that comprise CDR1I of SEQ ID NO: 200, CDR2 of SEQ 1D NO:
170, and CDR3 of SEQ ID NO: 193 (L11);



5.3E-04 2.4E-09 Hal11L0 2.6E+05 5.6E-04 2.1E-09 Ha204L0 3.7E+05 4.8E-04 1.3E-09 Ha219L0
3.2E+05 9.6E-04 3.0E-09 Name ka(1/Ms) kd(1/s) KD(M) HOLO 1.5E+05 7.4E-04 5.1E-09 HOLal134
2.5E+05 4.4E-04 1.8E-09 HOLa130 2.6E+05 4.0E{04 1.5E-09 HOLa303 2.2E+05 4.6E-04 2.1E-09
HOLa328 1.8E+05 5.2E-04 2.9E-09 HOLa326 1.4E+05 5.2E-04 3.7E-09 Examples of
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, L [ IL) NO: 256) and H1/7L11 in - EQ IDNO: 222 | chain, LIVSEQ
ID NO: Zé%ﬂé“a%%%%r‘%ﬂ%%earse ot ucaetc? %nﬁ%nﬁé%@e% 5}3;? g%%&%%@%’cﬁ@ﬁ% ﬁfé%%lgg
Ha401La409: gaddhRike Pl SRS SBAUERMO: 255; L chain, La402/SEQ ID NO: 256) was
assessed(fonigaadiiitydeahRiQiand s bistegieal BRtivily L1yhe methag deserhgdiml@Referential

Example %Qoggkgdtbg)ﬁe(;?gg?l%lg}gg@g\ﬁég)a escribed 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 A FRAERTREIRRATSESRO R FrmaBRS 6 Rdref FEDIBIG Rt e et tefsTRaENRing
BaF/NR1078, shd Wi RS it 2% 1Bt atfidity. 2)d biological activity were found to be improved as

compared 10 thosa AhHALO (K eRIB. IS HOBKSIREQIDNG, 54 4r alRoh YO 1D NO: 56).
Table 10 Z}Z %UM%)#(%%ISQ D(M), H%%DE.QE+05 9.1E-04 3.2E-09 Ha401La402 5.8E+05 2.9E-04
5.0E-10 2°°VELie SHASPS e AT BB 8/SEQ ID NO: 222; L chain, L11/SEQ ID NO:
236) was @sziduuiieiohiscontipise fbe RRTD dnihivsdiblo gigadaclivityeby thelipettethdestiked in
SExamplesfiandthe;method using BaF/NRIO as described in Example 2, respectively, and they were
compared.to_thgse,.of LO (H.chain, HO-M58/SE NO: 136; L.chain, LO/SEQ,ID NQ: 56). The
result of g#%?%%ﬁ)egglﬁgrﬁgn %sgi%%v%e?n abie X ?aé%drﬁ%oﬂiﬁ@c% ef%ﬁbfﬁé‘ﬁ%‘}@ﬂﬁ’i?féa&’lﬁsing

BaF/NRIGEESHRHFin Fig. 22. Both affinity and biological activity were found to be improved as
comparedjift) thabedidsHit €:fig:thalr, HO-MIRS FR N NC:i3867 Lel rahai: dHOIBEQUHRNG: 56).
Table 11 @ggg\/& bgl(l /s)KD(M) HOLD 1.4E+05 6.9E-04 4.8E-09 H17L11 4.3E+05 2.6E-04 6.2E-10
15[Example 11] ldentification of mutation sites reducing irnmunogemcity risk Reduction of
immuhogEMIGRTRKSH REHAPEIS R beavy ehadl Epits %ﬁ%&@ﬁ@ﬂrﬁﬁéﬂ?&i%@@é@%ﬁ%ﬁﬁuence of
HOLO wergianalffzed using 1liPITOPE (Methods 2004 Dee; 34(4): 468-75). As a result, CDR1 of the
H chain was fredieiedite: haue-Ram: Feael apitopss.Matbind o b AL 8NAYe Searensaswith a high
20 immuno .enlc%tm[sk dThen, TEPITOPE analysis was carried out to examine substitutions that
would redGe€ e hnfu ogenicity risk of the H chain CDR1. As a result, the immunogenicity risk was
found to Wi hretpgdietibeberbipyshtibeny utaucinebls esition’ 88 mkadisali ghuctaéringtabth alanine
(A) ¢hableckzin Bhan, this alteration was added to H17 generated in Example 10 to produce HI 9
(H19-M58/SEQ ID NO: 223). The generated H19 was combined with L12 to 25 produce H19L12 (H
chain, H19-M581SEQ ID NO: 223; L chain, L12/SEQ ID NO: 237). Each variant was produced and
purified bﬁ%@%éthod described in Example 4. The antibody was assessed for the affinity for
NRIO and thexbimidigiced dcgivityebyy thieinethiabi d esdsip ed indrefesential G xample Ao anddheimethod
using Bak i iy~ 7 p tivel d.t were co to those of
SR §ﬁ%§t§§%m (AEsAPleRIEaDRE R AN INEXARIE canpsted o i

HOLQ (H.chain, HO-M ID NO: 136; L chain, L Q re nity

meL> rer%%f;%mﬂ‘ C%%é‘ﬁ?ﬁﬁ%?ﬁ@%‘?(ﬁ@&ié%‘l‘ﬁ%iﬁf deterinétl ESHFY-BRPNRI 0 is shown in
Fig. 23. Batreaffhodicahavbipldgibatgothily werdshogiontoIREAITDN@ALE{¥dIihose of HOLO. 5 Table
e Mt B N T A TS
after mutation : 27 ; able a(1/Ms
kd(1/s)|<[§ﬁ€ﬁeﬁ‘8|?g BET \g@ﬂ%@ﬁ@h@)}% éfg%%%ﬁl%)%ci‘?fﬁqﬁﬁ fégé? ER&uction of
inununoR&hi& sk iand A BDRE trredninel tpprostme B EQUER NOnBefitgdBSsition 25 in CDRI
of thi L chaiamaspandsdehalnpinetAd onsaineohisthegenmlioesaauence. Thus, itis predicted
(hat the Laiieasiaiiag st RISIHEH AR NG NS WL Rt BRRIR AR MR Gpne

(3);

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

()



serine (5) (Table 14). Therefore, the above substitution was added to L12 to produce L17 (SEQ ID NO:
238). The produced L17 was combined with HO to produce HOLI7 (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. 20Each variant was assessed for the affinity for NR10 and the biological activity by the
method described in Referential Example 10 and the method using BaFPNRIO as described in
Example 2, respectively, and they were compared to those of HOLO (H chain, HO-M58/SEQ ID NO:
136; L chain, LQ/ 1D : 56) and HOL12 (H.chain, HO-M58/S ID NQ: 136;.L chain, | 12/SEQ
1D NG 257) SIS SO SR EHEL O BB/ SR EBHho times
higher affifithaaanbpibsof Fveoresulf OftafmityHiddsirameatiistslsawrales dbitbal 5f thed the biological
activity defefimies dfsingdBabMR 18 (s skavn in Fig. 24. Both affinity and biological activity were
shown to lmost equal.t: fHOL12 Table 14, 74 Mutation siteL. ino_acidSequence
ameTypE B e e el B0 e M S A e G RN
YSFLA25TPARASEN | YSFLA (SEQ ID NO:277)(SEQ ID NO: 285) Ld-2CDR1 RTSEN
YSFLA25TSRSSEN | YSFLA (SEQ ID NO: 277)(SEQ ID NO: 286) Table 15 ka(1/Ms) kd(1/s)KD(M)
HOLDl.6§j;O§S§.§3E-O4 4.8E-09 HOL123.8E+05 7.4E-04 2.0E-09 HOL173.9E+05 8.1E-04 2.1E-09 5
[Example 12] Pre _r;%?n of cgmpletely humanized, NS22 antibody Variagilg regions of NS22 variants
were prepépéia& ‘§8 HitAREA Y ARPR YARRRKIHE PRAPFEERREH AR Y B HedRe freaiiar Suppress
the degraskationcofoflSEKAI NoH 28 dUEERE)ibRhbyenicihe dskpalkof wietneecr2S5GHE NGhe above

- Egrﬂgl)eszégﬂr@ﬂj?a!}{%ﬁ@m A@@Qﬂ%&ﬁﬁaﬂiﬁdﬁﬁﬁ%ﬂ%&%ﬁ@ 1B N%iﬁ&??g@ﬁ'ﬁ? (h%sﬁ%lgEQ
. , S cted 10 vatious screenin rocedures. r I (A chain, -

D NG 33 PRI TR B N S8} HHERE T RSO0 o AEEID NG 225, L chai

L17/SEQ (P mbaBe) heyau a ight ebriin vaRalvsg/oER conDise 28R chaiima 7 /sE® IBINO: 238),

H42L17 (kbghaits HHARYESISEQID NOR2Y € DR Rinink HRSERID N33 MAEL TS chain,

226; L oha ﬁ%&;ﬁ%%? %%%”3’%#@@5&%%ﬁ@%ﬁé@é@éﬁ%@%; Ehain. U 71SEQ
¥ /giePlprresn 28 PROAMNCLAZ/SEY ID NO: 238), H78L17 (H

ID NO: 238), at7adies haverathe light - eis
chain, H7@&Mb8IBES i@ tR23Ratryottaiin, ¢t AHSEEE M1 23R) AR éHinchaishHR2:0458/SEQ 1D

NO: 233;; hain, L17/SEQ ID NO: 238), 20 H97L50 (H chain, H97-M58/SEQ ID NO: 234; L chain,
L50/SEQ gENQ' 239), and H98L.50 (H.chain, H98-M58/S ID NO: 235; L chain, L50/SEQ ID NO:
239) wer &aﬁ%@a@gﬁl@%m a3 iR s %wmgﬁkﬁ%drﬂ%ﬁsﬁi GBSl EsERR otk 4.

Each vari&ht was assessed for the affinity for NRIO and the biological activity by the method described
in Rgtﬁrerqlﬁ?hﬁmmd @Q&@M&ﬂo&ﬁ@oﬂﬁﬂ%@@:ﬂﬂ@ﬁcﬁ@%@ﬁ@tﬁﬁté@%ﬁ@&ﬂ %&"aﬁﬁa@%&m )
respectively,.and they. were com arﬁ]qt those.of HOLO (H chain, HO-M58 ID.NO: 136; L chain,
LO/SEQ | ﬁ&mﬁ’g" Seﬁfreeaxslﬁl?o E rﬂt%) ’a“s]%lr%trr&%‘ﬁ ?égﬁ%cl)‘\'/r\l/ ﬁlqlilg%qeem‘fg%% %fn%ethe biological
activity detafffifiss ¢fsiny BariNRIO {8)s8lvn in Fig. 25-1 and 25-2. Both affinity and biological activity
of each argpadibvdiretsliding o be slmesbroprddarniiraribbinanihbsenibd@is alpble d6 Sample
ka(1/Ms) gig}ég)]fD(M) 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 57E+05 3.7E-04 6.5E-10

H44247 6.1E-FOF 7B TORE s 6TR 7797 e s farthprhope-4rgaibed antibopies 95 6)oE-04
7.7E-10 HALUDWEYEE FE5 A0 8 GiBE:00rHTbETeBIE €651 7 (e AnbEs 0O HORELT: 34 E#O5

1.3E-03 4;1E-09 HOY 123 SE03A 3E3:3B5R0 H9815Q3.954605:L 35:03# 5509 dlEvample 13]
Analysis oﬁﬁt} e blndlnag do n‘é?f ant-N%lOt eutg%(h#lng %r:%l‘bocrg/ 1{{%@ aration of human/mouse
wild-type S R S RTEEARY ¥ g S RS RS PSR BT R A B4R e B ateliular
domains srguehimeriGestizioallbRpriomsin SERRIOY R SEQIDNOnogSratmrn: (EEDHDNO: 259),

hhma(SE QNG 36 Qi 4SFEQ 4N 6% bR IR ASER: | RN 263k BANISHEQBMG: 263),
and mhh (&% '&%;’h‘&é g&ﬁ) ere fused to His tag and Myc tag (HHHHHHEQKLISEEDL/SEQ ID NO:
287) at their C termini, mserteg Into an animal expression vector, and transiently expressed 15using
FreeStyle 293 ExpréSressstsfimorididen renyy skriambte abayratascrarethe huhasipeuse wild-type
and chimefNRIDE GDmatheshedentiddiey Rfice encddieghtimanimonse wildehgedsandwahimeric

antigens (Bhp, e, Sl 10k 204 Dhhwerepuiisd fom cuiue superajants by
Ni-NTA Superflow coéumn hromatography. Specifically, 1 ml of NI-NTA Superflow %A EN) was
R0 Pt S

f
loadéd ontd20 %ﬂw EEOHITT (BRSPS AP O PEdUm et iR TP 88 5 added
thereto. 785After washing with D-PBS (Dulbecco's phosphate-buffered saline) containing 150 mM
sodium chloride and 20 mM imidazole, the column WdS eluted with D-PBS containing 150 mM sodium
chloride and 250 mM imidazole. The eluted fractions were buffer-exchanged with D-PBS and
concentrated using Amicon-Ultra (Millipore) with a molecular weight cut-off of 10K. 5 (2) Detection of
binding antigen by Western blotting Each of the prepared human/mouse wild-type and chimeric
antigens was electrophoresed at 0.5 p.g/lane on three 4-20% polyacrylamide gels (Daiichi Pure

Chemicals Cm). The proteins were electro-transferred onto PVDF membranes (Millipore) in a semi-dry
hlottina 10 annaratiic and the memhraneac were bhlocked with TR< containina 504 clkim milke One




15temperature for one hour. After washing three times with TBS containing 0.05% TweenTm 20,
the secondary antibodies were incubated with the membranes. Alkaline phosphatase-labeled goat
anti-human IgGy (BIOSOURCE, Cat. 4Al-110305) yas used to detect humanized anti-human NR10
antibody; alkaline phosphatase-labeled goat anti-mouse IgG (SantaCruz, Cat. #sc-2008) was used to
detect 20mouse anti-human NRIO 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 ape hour, After washing four times with T, ntaining 0.02% TweenTm 20 for three
minutes, color dgglé?gg%né)n \Ifgasg “gﬁ?&g éua&éﬁangé%w’ ' %8%3‘5%%%%@%@}%8 ponent
System (KeDuciREdeTeausuffere daigia) useiiherd Waspres ey diSSEMBNIBa pack of TBS (Iris
buffered sabing)pumdeniTiakaRbydqudnkeod dissiligh wiatarsHnewasH IS IO WD infrigd2e When
the humapi tihod [ he.hinding w. | oply for hhh, blurt,
nu%ﬁa%ﬁ%r%%yn% éﬂ%‘ﬁ%ﬁr‘ﬁﬁgﬁ M}X"S‘cﬁd%%%g[eége?e;? ghcvﬁzmaﬁi fBARS 98

and hmm, whic RIO extrac omains. 3 rential Example é]%]solatlbn of cynomolgus
monkey NR10, OSKIRNRAQN- SOYEce S SHchemy ehesfdieais SawmBLEERARG S Atph
cynomolgiis molkrkeys werercoasidénrgdthinpariantéol safetycadselssment $EQ reNcinital stage, the

cynomolgus. MORKeWN 1A 208 QeMB, aenesWgie BatatRdBrmer %Eﬁﬁ%%igﬂ%@%‘fd on
published mform&trlon of Rhes%?ﬁrponkey genome and others, and Ihg RIO_and OSMR genes were

successfil &RISHRSA SE RS 51 EHBRTSIG S HOIRES %’Qﬁﬂé‘é EYBRACHé-sequences of the
isolated cynomolghs amamkesiNRIGE,OSNIRe anavt k3 gEeS Are SltowminSBEQIDMNGS 265, 69, and

67, 107 resRepivRIY AR te-ABINRIRG thEeAHBRCRSIAESYARDAIGHSWRGRKE B I QSMR, and IL-31

are showp.in SEQ 1D NOs: 66, .70, and 68, respectively. [Referential e.2], Establishment of
NR10- A B G 0 ] R e S PO AT 8 oK TaE® 1D NO: 75
was insertaglentisierearpee safodive tor pUoSritBiBtifers. B RYPHIIRES) EdMRIM.: 228, p838-45,
1996), and the resultingrveatorwasonarhe dpasNRiiVak A anaast alinaMireas RIMERM Y {OSMR,

GenBanl £SS| -1SO . libr nd the
xpressi L B L e B M T crors
weré>10sifRitERRes Iy Thibs diRssat Rt s e o3 cplhgertpraca e Shetidis st Blifinet BafF 3 by
electroporatiens{BioRad:Ge het Rulsbe, 96iritkd 0:38dvAd Aflennssotisctiomthimaanidkd31 (R&D
Systems) yyasadded; ARddhR LellsuereeHlly ad- ORRN A6eIdBe RN %ﬂfma%%@g% cell) that

proliferates in an IL-31-d dent manner. Furthermore, the eynomolgus monkey, -l31_gene (SEQ ID
i E Rt T L B S TR A T S
DG44. Thatidediting culture supernatant was obtained as cynomolgus monkey IL-31. As with
hNRI§/hOSMR/Bafe3nthR didi-tnaihoexnamolans manakeydd Bh&anck OV, senesaueare inserted into

the expression vector pCOS,1 and expressed in BafF3 cells, and.a cynornolgus, monkey IL-3 |
epondes S A R 0 e e L 8 S RO 30 et S Bt
described @B#kle roDRdferdntraMEReahpIe/ o] ERisishraDn ablRaDisdekSig B @redl lines

The genesclaraiiaplasivig tlomainethckingiminan NRoh{ SEQol MDed 3) dvdcyioplpamite
domain-Iagking LYRQ 9&9&‘&3@&%%’&@%9&%‘2& Isgblf}l%ti%%% WHLA SRCRRSEI GG ?n@%@%?}'an cell

expression vector. The resulting vectors were Jinearized with a restriction 25énzyme, and t

introdtuce 8RS BRRSAZIMNALD EFIRFERSARH STRIII BIORHA S MR BThuktne 1011 5 Kv). After drug
selection niRtexpreEsing icelisinerthedettettantigstablistiaa binfe@htainaly shousiag@Eati-human
NRIO antiRgdy.dine amino.Acith Segienes BReofRc Rk Ruelerlid e, seaupRcRiohevigplasmic
domaln-la}%%p@ human N?IO en ;%EE ID.NC@: 7%%@' shown in SE%]ID NQ: 74, and the amino acid
sequence cdéié‘(g;%%ﬁ ?fd}‘%%%?? AR ot %@%ﬁl&?ﬁﬁ?@% ARAERRAG R AD AU US monkey
NRI 0 geriei{SE@amNO e Bpidehviay ingSH thindngrmdRetersnliaiBastivie Wimreparation of
NRIGy protein dpxttacetiuigesamanhimoto-JheIMamiR| ©, clahnwas nised asiafawmpiete to-amplify
only the extsgepllulay, 35, domain by RER. The amallied (egion.uas then used (0, LLAG tac
sequence at the C terminus and inserte to @ mammalian cell expression vector. Tern g‘of e
linearized %P 27 8 \rad nfrolrc b isis! CRitBIM K EIR D Etlisoany ‘satidmaisesedimprtagraiaris pbration
(BioRad Gre Rugaenis 26, iht KB Fecelislinettudwing:high. k| 4stpsessivamaswbained. The
supernatapt pf the eolyline,GiEes AN, R 18108 Soaleuas RYfiadyeing,anti:F LG apibedy column

(Sigma) and gel filtratjon to obtain soltible NR10. The nuclectide sequence of soluble 5 NR10 is shown

in SEQ ITRRE297 AR AR A B RA TS RN TP SES 5 RI97 B efRbtretéhtidf Bample 5]
Preparatidgirashemi-mh EntiRl O a8t bizssucleoiiediveeteliponsimizanh withhitativas WRi@mbtein
(extracellular domain) (described in Referential Example 4), and hybridomas were prepared by a
conventional method. The culture 10supernatants of these hybridomas were assessed for the
neutralizing activity using the human IL-31-dependent cell line (ENR10/hOSN'IR/BaF3 cell) described
in Referential Example 2, and thereby NA633 which has an NR10-neuralizing activity was obtained.
Furthermore, DNA immunization was carried out by He gas-driven gene gun using a mammalian
expression vector carrying the full-length human NRIO gene (SEQ ID NO: 75), and 15hybridomas

ware nranarad hyy a eonvventional method The criltiire cirinernatante of thece hvvhridomac were




[Referential Example 8] Production and assessment of optimized, non-Fcy 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 difféPent from those of IgG4, which are of non-binding
type. Thus, it is necessary to alter the amino acids at EU-numbering positions 327, 35330, and 331 to
the sequence of IgG4 (G2Aa in Eur J 11IIMM101. 1999 Aug; 29(8):2613-24). However, since the amino
acid at EU-numbering position 339 is alanine in 1gG4 while it is 82 threonine in 1g02, mere alteration of
the amind'8elgs &M %@Wﬁﬂéﬁsﬁ@ﬂ%3&%ﬁls@i {60 Bepideandeebi4ig0a will generate a
novel nonshakyraiificonosingsa:- antinot atich peplide setueraedhaticad ba aJaceh epitope peptide,
hereby carailgR ISk ALILAMBGIC HEo L WaR SRS IS Reate R AL g ovel peptide

sequence could be preveqted by a_ItenBr%%/tlueomne at EU-numbering position ?3 elﬁﬁ%) %o alanine, in
addition 158 S BRED doSERBSRapRYe! T Lalings SR miratdradedBeheapiteditdthionine
at Enuriisarisgppositimti 07 was mutated into \aline to improve the stability of IgG2 under acidic

PoterogonEih 1 A e B MR b o
eterogen resulting 1ra Isulriae nas In the ninge regjon na en improveaq, Introauction
of mur i BERIBRETRE AR ST R BT E TG0 R PR TR BLting EXaRTHS S
peptide ségueneadradacdinie bepetissal s irepewhetdaittarely @adsindva Fsk.oF ulirauddfenicity.
Thus, thelpeptisielReAHRIAGRIAEIRND, NOSTANN1 3L tn 138 was TorMeHesinta-the,saRaRHhige 1 by

mutating amic acid at EU-numbesin sition 137 into glycine and mutating serine at ., .
e A R e S 5%00) was
produced By TnbiSeisg e tradaspviaimegsilis containing gdsrdudnsn GartpyifsaiiorrethuPMI-M14,
prepared dyhtidiphuaFividy i kéi dsead dhihainragidihy BNH dh45E Q) N ND:rkb2), asam kehain, was
carried o dl [ f ' Exam PM1-M14 QID
NO: 163)%?1%6}“%&%@9%%%%?%@%%5@%%%ssed %%%ec %%ge%[gﬁlﬁ &Ffﬁ%&gglgﬁ Xchange
70 chrom u%; y éﬁrﬂ@mﬂﬁeﬂa@@%@&%ﬁ8?&&%*&5:0%{&@%%@&&5 shBWAP #F¥ig. 14, the
heteldgersshytidiond svited eesdgnupu@dtbiMd doasarviine MbSKS@s.  [{Refecedtiahbxarhpla 9]
Preparatign)ofdpaMdsMRS N th-egitead-hbchali Gstoening) saheterragnaih: apdimprgved

phannacaokinetics. Preparation of huPM1-M58 malecul PM1 is an IgG1 antibody. For the
heterogeﬁee?%&fﬁstﬁle& }ngr}rﬁll’ﬁﬁo saecb%:geeﬁéigngf" ﬁ%%%—‘rséﬁ‘é%%%aﬁéﬂ ?Fb%l(lfﬁ?ftﬁt@gd‘é’f&iBW%fafﬁ@%-telininal
lysine resf§ifs axoreharaibidatpmbeiestaeerinial vfirlo Brdlprdie Ry ddfetibs ofdhectvidSE;sterminal
amino acidssghyginssend;ysing, Blavel seahreponeditAnatBiaehe mo2H0iH daR A 5300¢ng5-83).

Alsoain hUEMT, wele.lag majer ampenanting, seauenes naaich fneClerungl lisie encoded by
the nucleotide sequence has been deleted by ost-tran%lr_aaf?oha modification, Aeré &re 380 a minor
componehtift Wi %Q%?ﬂg?en%%%%ﬁﬁlgsr%ﬂ’fﬁra&cﬁﬁ%h@ﬁ@ iSRRI R B e maiamino group is
amidated miaitebiedetinnt b tiothvelynine mattysines whickosontibuiertphetespyeneiny 85Rregucing a

- Pharmacenieabingdaipescalo whllmmaliiaining dhe difeiancedn e ReBIRASURIN AL dgsiredrelated

substances be \{ve roducts is not easy but rather results in increase of cost, 83 It IS thus
desired tHa¥THE %@gﬁ%@%%%éwlg@ ShBResIRSENE SRR eh TS HESTIhiRY SN an
antiBédy Bafereksaeehas ideshgrmacboetab ttecurtionagk thitréredece ginsityl iv desiead tHehus, it is

desired thatdheiGrigseieal eithedd chaimbasnahstemeaspeilioNien develaned.asphaimaceuticals. It
is also deéirable fo.r éort’;[% uDlasma haallf-lifg of&he antibody in order to reduce the anftibody dose.

the
Thus, the altérations described below were troducet td prépare a nover CoHtalt FEBBA4 which the
heterogenBityearente idamay o6 thregssemain Thed drssitrebiusi wnid prasomsscianbeidsttrasisdery
improved tas sefmhpadkddobbiiBAwgGl, and the heterogeneity derived from wild-type Ig02 has also
beepgeduced without loss iy, ifically, | PVM1-SKSC ich has high stability and in
‘ H § %}R%@%%o%%%ﬁ%‘{éﬁ&@é of'vhzﬁ%aé)_ & r%ﬂ%g V\gf'xav A

which the above-mentioned heterogeneity rel to antibodies -|so%ype constfgﬁt regions is

reduced, §RiEHRTCALLIH U BV ALIMGEIRT, PP SBRIBHIS? A8 AtiSHintE amingRrithwaserrseoabsosition
138 with glydisd; histidin€CARpositor268dithFH utamine;sa rgihineiativsitibmdhp mithglutamine; and
glu_taminer@ﬁ@aﬂﬂ%aé&% ith-oldtamis acichNaddition;ia the ﬂ?&!{&éﬁﬁ&&?@%@&%&%ﬁ@@ﬂd

lysine at positigns 446 and 447 were del ted%o reduce the heterggeneity of the H-chain C terminus,
thereby ORI TS | SEF BT 1635 RTIH ARSI AP G HER R 09158 a5 an

TILE
ain
H cHain areriabie veEipns ESmperOh i Rizesiom dowtitimsiad eigteessadeamat utificdy byidizesmethod
describeduiiExammipenficonditiohd® BubdMRE MuPNaleGihangRuRdyddladRanars assessed for the
heterogeneity 90and 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. 25Table 18 84 NameTmit huPM1-19G194.8 huPM1-1gG293.9 huPM1-SKSC93.7
huPM1-M5893.7 Assessment of huPMI-M58 for plasma retention The prolonged retention (slow

elimination) of IgG molecule in plasma is due to the 5function of FcRia, which is known as a salvage
racentor of InC moleaciile (Nlat Reav Immmiinol 2007 <en-7(0): 71525 \When incornnrated intn



huPM1-M58 was improved as compared to huPMI-IgGl. It was suggested that the human
FeRn-binding activity was correlated to the plasma retention in human FcRn transgenic mice. 25
[Referential Example 10] Measurement of the affinity in antigen-antibody reaction using Biacore
Kinetic analysis of the antigen-antibody reaction was 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 87 immobilized
Protein A, and the reactin anti as an ana#(/}1 anou entratjons of g IO were used
e the AniRHC FHI8 TR pah SR e SOTAdB e 66 AR, PE AT BN AL rote
constant KettaSDwetdxakUlarsd fémethysedisorgarmendbirined by thegeneirs srovvelsn ThaetcKE| (M)
was determiﬂadaa@adlgmn@dateﬁ@rﬂataﬁéaﬁaqmnﬁiﬁg W@@ﬁdeiem%mng@@@ore 1100

Evaluation %gﬁ\g\@r ersion GE ilealthgare BI%I e} e}s mob ation o C{oteﬁ} A onto sensor
}S{) ation ¢ C 30, 0145 Wil jaafiie) o 0
chip roteln A 'was |mmo |zed onto all flow célls of sensor c ?{fﬁ ealthcare

BioscinentayF e %iﬁfé%ﬂd@%@dﬁﬁﬁé@%ﬁékﬂﬁ@hﬂd@%ﬁéﬁ%dﬁﬁwb@ EP+ 10 (10
MM H_EREISy0. 151 dVall ndcleb &R0 Bomutv Susfantoiss R0 hadacranoing:hiefiarseta flow rate

of 10 pl/ ”HPhﬂﬂ%x%%E#&%é@ ﬂ{%ﬂﬁ? %fe?&!a%ﬁ;f‘yﬂaﬁ%}ﬁu%ﬁéﬁ# ?%@?m%% gca bégu c?ﬁ% vated with 100

uL of a 1:1 mixture o ylI-N'-(3-dime inopropy ydrochloride)

and 11.5 chﬁﬁé’(&ﬁﬁ&@%ﬂy@%@éﬂ%@éﬁﬁhﬁbroteln A prepared at 50 gig/m1 using 10 mM
acetate buffer (pBENubie#: 5} idaiba hytet Zodfider firingectmmditivers, 1d 8@yl 2did ethanskainine

hydraghlogide (pL8R) éé’@&ﬁé@é!ﬁ%&i& fmwmia%a@ﬁ&%ﬁﬁs%aﬂw@g%y% Huirgately, about
4000 to 5002at #Jwere imm bgzkg %Q é enttﬁ/a?a/carned% ut.at 25C at all times.

MeasurertiSHt St Bt HiARTE S APtiSodR Teactigs BatR ESEAN I AAeHr b d5ttfred on 20
Protein Aampéfeatiingoiotiftde ersénﬁwm%me@seplmn&mﬁi@mfmymg propasesrahei2edgiged], or
prepared s dhahahaiibaQ Ridcwoudd Line tofsuednd HNRE) usadasarapalyiawasprepared at 0,
38,5, 77. orb dgl54 nM, or at 0, 19.25, and 77.01 nM using HBS-EP+. In the measurement, first, the
antibody s Ution was captured on Protein A, and an analyte solution was 25reacted at a flow rate of
20 ulImin for threePpsifiaedy; Prafenis abmcARRIdhIREISA AITHE Pd spRATRECHR SBRFRTON phase
was measuresk idstiiveimeinuiag. (Adtdporidas BEAST] of Keltissdcidtiohupase, Mglsapsarsehip was

regenerateg Mye?g%g 39930 M GUENG ol (RER bR Ma@@i@*ﬁe%@w&a@n phgtRinetically

analyzed using the Biacore- speC|f|c ata analysis software, Blacaore 1 Evaluat ware Version

1.1. 30 InGustHePABmicabntrl ¢ drhdahdingk 165N b&dieg%ﬂj?ﬁlne@@ﬂéﬁ@%‘é’ﬁf‘ﬂ?\/entors exhibit
an effectivequenkealixivnydactivity hgainstiRd Ondiid i€, dsefutasctios exartpler thenmgeutic agents for

inflaggmatouy disersgst v&ﬁcﬁéfﬁﬂmzl /bm@mﬁte?%ﬁ@t@a%&m HeLPEiIaesSHaRAIN 4,0 NR10,
which has a(peutrallzm agllAtg(T% base ‘%L;%Of clialgré which is a humanize antﬁ'%(l)d%/t 3. An
anti-NR1G¢ antsﬁ%%%/ Which 7s any one o ah-anti Co?ﬁﬁ’faslﬁ? S REEvy ¢iam VaTTH! )}eglon

which corpriS¥faah rerasesneptisinepthomee aeudsgém@ﬁge@ﬁamn@ @piRE BéMptising the
amino acigraaqaancegpéﬁ&%b&nm&szaaadmaase@m@&ﬁmmthamm(sa@idesed&mqeaifeSEQ 1D

NO: 3 an 2 %g[% ain Al b h i |no id sequence of
SEQ ID 7\% tl[?l%% comp%n A%éﬁ%% mo%ﬁ% gue gé o?%%%‘%%ﬁgﬂ%l }g% cgmpr|5|ng
the mﬁ%%ﬁ}gﬁéé‘ﬁ“f‘éﬁg‘ FEFNE-€2Y)2) an antibody comprising the heavy cha|n variable
region of SEQ |ID N@ pésund ithedifgint dlajmovadiabletiegien 0HEH6I tDINQaBE {B)ar antibody in which

one or mcg&tggyggﬁg Q{gaigggggtégtgd J;%@Qf d@? nd/or inserted in the antibody of (1) or (2),
which has an actlg}g |valen%80 that of %bod za and (4) n antibody which binds to
the same epitope ALGIHHA TR BRI RPHTS SAUH, BNy DA FEDR s ) SRR |
antibody whiidiods asry'mreofmsg ty)thncantistityrbenyeinbethe avjbodzinagarimbiberegjiopewhich
compgiseToiRflGOMRESHRE theAHa0:aeh RAHANEEHS BRIFAMNG: BnGRR3e9MRIisinghe amino
acid sequence OfE’i%% Ia %gsc]égé an%ﬁ%ﬁa%s ”%@ﬁwﬁ%?m% %CId sequence of SEQ ID NO: 11
and a Ilgh% c‘nam variable region Which €0 m rses omprising thé ARG SEF TEGtERce of SEQ
ID NO: 1@%@%@%&%@%@%@@%@@5@@%@&@% @ﬂJF@S‘ibbmpnsmg the
amino acidosedpteRdenoh SR MEkHLbf é%&cﬁﬁa&ﬂ&kﬁﬁﬂmwﬁmﬂgﬁmeéﬁ@.ﬁtiﬁdéf@]wwlab'e region of

SEQID Né%n?p%tﬂﬂﬂeg“&ﬁs% gan AL (!fe PORLSERQUD N érﬁo ﬁ{ﬁ%ba?ﬁ}%lh g“ one or

more amino acids aré substituted, deléte ed and/or inserted |nt e anti which
has 4n acBRAtYCEHiTIoRTERR (HHSHTE FRISRSHIBASFOTEn BB At iRy SR 6&9 %ﬁiﬁ%ﬁﬁds to the
same epitdpecascarepifopeiound bsithaiandise dypwofdnytiorneod(fl Jiod@Es5. ApcaiitediRIO 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 and 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; (2) an antibody comprising the heavy chain variable region of SEQ ID
NO: 20 and the linht chain variabhle reaion of SEO ID NO: 24 (R an antiboady in which nne oar more



505560 Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 65707580 Met Glu Leu Leu
Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr
Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Sek Val Thr Val Ser Ser 115120 <210> 5 3 <212>
PRT <213> Mus musculus <400> 5 Arg Ala Ser Glu Mn lle Tyr Ser Phe Leu Ala 1510 <210> 6 <211>
7 <212> PRT <213> Mus musculus <400> 6 Mn Ala Lys Thr Leu Ala Lys 15 <210> 7 <211> 9 <212>
PRT <213> Mus musculus <400> 7 GIn His His Tyr Glu Ser Pro Leu Thr 15 <210> 8 <211> 107

<212> PRT <213> usculus 400> 8 lle Gin Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser
Val ony 1500 e R AR A R R e e S ey Beaoas Tyr
Asn Ala Lyaireeis aef Ahg thys @Wavﬁmf?{ SR PReSH @Ys08860 Tbr aipSeobigtituigin Phe

Ser Leu Lysulié ®3heS6t bt hPyeibbda7b80:<0 byAs ek 88sdiv Fartesm@in Hig HisiTyr Glu
SerProL Lhe B AL ludle.Lys 100105 <210> 9 <211> 5 <212>
%%@P;?a?@ézza%ﬁ’zﬂﬁt%a'oyg%%%i&wﬂé}ﬁe&%& g sue;slegﬁeflo%:cfgi@ff? ﬁlf.;mé%ﬁbc

PRT <213> Mus musculus <4 Tyr lle Met Asn 1 SPRI<213>

Mus musififs <AopedinersiBoddneBrssiass el i atringravmajs bhelingsang1015
Gly <210=uth.<211> 12 <212> PRT <213> Mus musculus 5 <400> 11 Asp Gly Tyr Asp Asp Gly Pro

Tyr Thr Met Asp Fyf Lo 2 M0ard2erad 1ndied sbeaBRT 2137 MU MUSRUILS 5400> 12 Glu Val
Gin Leu Glntig%!g_ Ser Gl {o Glu lggu g Lys Pro G%Ala 151015 Ser Met Lys lle Ser C){sp Lys Ala Ser
Gly Tyr S&F 1%?@%%% QR P SRS TR BB MG i)a pokdrribrdits Trp lle
354045 GieldstetledAshipesomatiesniGly ciyrEheseteringlon;Gin Lys Phe 505560 Lys Gly Lys Ala Thr
Leu T Val Asp &s@eﬁg&zﬁerm%ﬂfowm{a&?{g@%@iéégﬁ\i}?%geb@%@ﬁs%@M eI Asp Ser
Ala Val Tyr Tyr 859095, Ala Arg As Tyr Asp Asp Gly Pro Tyr Thr.Met As rir y
001051 10 B RS hE R eRe ¥ PR PR S R el b B el BRY, s
musculustiBgreiehst serfenia A esyder mmsq rafarP 510 tipadschar </Enmpre 21OHBrEuRT <213>
Mus musG@itis:sBighet fbaiAlmdry greturdley Alailys Hibie? 103 12082dnkmdos 21 2hibRF<213> Mus
musculus 54008 13 antibody reduces the binding of the labeled antibody by 50% (ICsg).
i5 Antibodies that bind to the epitope to which the antibodies set forth in any one of (1) to
(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 provides genes encoding the anti-NR 10 antibodies of
20 anyone 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 1s 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 aniibodies are also referred to 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



Gin His His Tyr Glu Ser Pro Leu Thr 15 <210> 16 <211> 107 <212> PRT <213> Mus musculus <400>
16 Asp lle Gin Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 151015 Glu Thr Val Thr lle Thr
Cys Arg Thr Ser Glu Asn lle Tyr Ser Phe 202530 Lgu Ala Trp Tyr GIn GIn Lys GIn Gly Lys Ser Pro His
Leu Leu Val 354045 7 Ser Gly Ser Gly Thr Gin Phe Ser Leu Lys lle Asn Ser Leu Gin Pro 65707580
Glu Asp Phe Gly Ser Tyr Phe Cys GIn His His Tyr Glu Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr
Lys Leu Glu lle Lys 100105 <210> 17 <211> 5 <212> PRT <213> Mus musculus <400> 17 Gly Tyr lle

Met Asn 15 <210> 18 <211> 17 <212= PRT <213> Mus. muysculus 400> 18 As 0 Tyr Asn
ol G AL S HMAES Sy R S PR S A W
musculus®2450%619 Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr 1510 <210> 20 <211> 121
<212> PRT <21&pdifeatiustilesas40) R Gla Ok Gire ldeu G infioin SebGlyRieddiu 4 puXal Lys Pro

Gly Thr 13315 SELMELLNRATIRCYDRYSAHR RBLE ML RPLENGTRGRIY TN L02 ggggo%s“gﬁ; oo

Trp Val Lys Gin Ser His Gl_}é%%é_Asn Leu Glu Trp lle 354045 Gly Leu lle Asn Pro Tyr £
Glu Tyr ASTEIN YR B ERRE6 EYEIKEReLyRY Al Heh esTHIRAFASPFTY S dranasdsotigesmiaiala Tyr
65707580:vierGlivicertiapSep teuektr SbpiG DR pase FRE(MaltTynEfoCyiss859095 M Arg Asp Gly

Tyr Asp Agp1&iydro i EauivetAsR Tohdim Gy 18 0HORLLO-Gln Gl Th Seryal Fhakger Ser
115120 <210> 21 <211> 11 <212> PRT <213;¥2V\@§ﬁ uscylus <400> 21 Arg Al Asn_GIé/JXAsn lle Tyr

Ser Tyr LEF Afa 151 éngéﬂ)gxﬁﬁe S EGL gﬁg@q\ﬁ&g hioRIorieahe 8P K I eRIa Lys
Thr Leu Alaraiera Batpntghpploapan Bublication MRERZPF00 s intrsoational ReBnt 23Bicatkiis His Tyr Gly
Thr Ryo Ppabliaskh 1872462515107 <212> PRT <213> Mus musculus <400> 24 Asp lle Gin Met

Thr Gin Ser Pro rL LA r.Val Gl 101 u Thr Thr Phe Thr Cys:Arg Ala Asn Glu
Asn lle Tyr Ser @%%%%ggﬁ’gg %‘éﬁ?ﬁ? *yr?%gﬁgé?ﬁoﬁ%égg in ﬁf\%{ég‘*ﬁ?&“‘ Céel% ﬁ?e%ﬁféugVal 354045
Tyr Asn ARy demrra stiombiennties Ymipyoster AfgRedsantn sobaistitta)ddeirrhe Gly Ser
Tyr Tyr Cysdion HisdrdisiTeer Gly ity RrinPoduBEO085 (b (rRine Gk Glyiéaly oTandiysil-etrfablelle Lys
100105 <210 @eﬁ&%ﬂgéﬁl&%%Eﬁﬁé@ﬁ%&?%kw%ﬁ%%@oég{é&& &&g’g&ms 15 <210>

26 <211> 17 <212> PRT <213> Mus musculus <4(¥8€> 267Ala Jle EY Asn SefF Asp Thr Asp Tyr
AsnGin Ll«;;g WE&?S%%%T%Séw bs f&g}%@fﬁt amine acid sequence of FR by applying the

PCR method which is used to graft mouse CDRs to human FRs.  Specifically, mutations can be
infroduced into a portion of the nucleotide sequences 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 amimo 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 humeanized antibodies.
For example, Cyl, Cv2, Cy3, Cy4, Cu, €, Cal, Ca2, and Ce are used for H chains; and Cx and
Ch 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
arnino 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: 5. The amino acid sequence of Cy2 is
shown in SEQ 1D 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 segquence 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 1gD; however, IgG is preferably used in the present invention. IgG
35  that can be used includes IgG1, 1gG2, [gG3, 1gG4, and the Like.



<212> PRT <213> Mus musculus <400> 27 Asp Gly Tyr Asp Asp Phe Asp His 15 <210> 28 <211>
116 <212> PRT 11 <213> Mus musculus <400> 28 Glu Val Gin Leu Gin Gin Ser Gly Thr Val Leu Ala
Arg Pro Gly Ala 151015 Ser Val Lys Met Ser Cys ély Ala Ser Gly Tyr Thr Phe Thr Asn Tyr 202530 Trp
Met His Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp lle 354045 Gly Ala lle Tyr Pro Gly Asn Ser
Asp Thr Asp Tyr Asn GIn Lys Phe 505560 Lys Gly Lys Ala Lys Leu Thr Ala Val Thr Ser Ala Ser Thr Ala
Tyr 65707580 Met Glu Leu Ser Ser Leu Thr Asn Glu Asp Ser Ala Val Phe Phe Cys 859095 Thr Thr
Gly Tyr Asp Asp Phe Asp His Trp Gly Gin Gly. Thy Thr Leu 100105110, Thr Val Ser Ser 115 <210> 29
<211> 12 <212> PRFY ?itelﬁﬁ%‘%é?&%g%% 1S B KA BE05198 8t V&V SRR Tyr Leu
His 1510 €p1esuBpla il md FRO=wpiRTneR@sgitoohiius dulmsnizd0antiBodgendptieSeleMh Leu Ala Ser

15 <210>a3led2ibder Qs RAN S BRE: RS 3 MUSHRUSEMMEsA00>T B G G R85 GRT YT Pro Leu
Thr 15 <2%Q/§n%§ <211> Jr068 égcggz PRT <213> Mus musculus <400> 32 Glu Asn Vﬁ%‘ u Thr Gin Ser
ro

Pro Ala Ile Met Ser %é%gr y“]i?ﬂ?f a(?fhb?_yg a ‘ﬁrrnﬁﬁgt rS&}g%‘ ’E&Pﬁ}}ilﬁ“é Ser Val Ser
Ser Ser 202530 Ty e AR FhRR el hereys SEbaly iamosearive as lineedrpidsaaas: e Tyr Ser
Thr Ser Mmiked AEoSeraGhid/iliProAillAguRhe S bRa6 0fGIvSealaodeE, Gl bR Tyr Tyr Phe
Thr lle Ser.5er _ -Ala. |L£ ASR Al Tyr Tyr Cys Gin Gin Tyr.Ser Gly Tyr Pro
859095 Leu Thﬁéh@%ﬁ%@%%%&?’ g’s Leu Egtg?le afgﬁfsg%éﬁﬁ?fﬁia?&%iﬁ 406 <212>
DNA <21§§ei9fﬁ Mmuscu | us <400> 33 atgggatgga gctggatctt tctcttcctc ctgtcaggaa ctgcaggtgt
ccactctgag60 gtctagutgeladdaditigyl aochyagotgegiyiadtetgvie ettendn ghadaidiog 230 tgcaaggctt
ctgtgttﬁct%%ﬁﬂgg%%&?%ﬁ%@m;ﬁzﬁ%gﬁm%ﬂ%ﬁﬁgC%ﬁ%&&@ﬁﬁ%@%@ ﬂg%@g%&%@;&ﬁ%ﬁ
aatccttaca atggtgatac taactacaac agaagftca agggcaaggc cacaftaact gtagacaagt catccagcac
agcctacatg390 g a%%?&%‘%&f“gf’é% Qe %ﬁ%&g%&&’&%g% TRTGGEALE @g'h‘f 58988 Gacggac
cctatactatigactabRyerigitebagysosthraitsac bywonhanibgdcaasaeydit adercehninigtetatcoa

ctggcccctgugatsigoigieatarpetargiBhoieesteaien esledaRE CAlagicAAIQGIatIRs HIRoreagh
gacagtga%co‘g?_o tggaactctg gatccctgtc cagcggtgtg cacaccttcc cagctgtcct gcagtctgac600 ctctacactc

tgagcagctc agtgactgtc ccctccagea cctggeccag cgagaccgtc660 acctgcaacg ttgcceacce ggccagceage

accdaggtgg acaagsaascgtgeaiayelde hanytist Gidgéhguihadnachthearesyhiny cateatcigt
cttcatcttci88wlecboamagmpkcaaggatgt gctcaccatt actctgactc ctaaggtcac gtgtgttgtg840 gtagacatca

geaagyatgy IreeoRgatGAAMIGASLINNAGA alglnAn90R BloGesacag cleagacdea accoegggag
gagcagttca acggcag%%%c ctc%gtc%o a%t aacttc ccatcatgca ccaggactgg cteaa ggca aggagttcaa
atgcagggtciyFy e L. al%)té\c ridle ﬁ)ccccatcgag aaaaccatct ccaaaaccaa aggcagaccgl1080
aaggctccél) dygtytacd cndncteac it conaggag bagatduteaarydatasgigtciddtsaticigaechgdatgataac
agagticticsealgaaasmritagiaaga giogeagtayg1200 aatgggcage cagcggagaa ctacaagaac actcagecca
tcatggac atgagctct1 260 tacttcgtct acagcaagct caatgtgcag aagagcaact gggaggcagg aaatactttc 1320
acctgctct ngﬁacga%dz%gg%fgggg%%%%n& f?%?ga?t%%ﬁzggaﬁxé%g?fﬁgﬁgg%@%&é%@&ﬁ&ﬁéﬁ%atg_agcggccgc
1406 <21tpsacexf S22 RFE213> Mus musculus <400> 34 Glu Val Gln Leu GIn GIn Ser
Gly Pro Gl hettMbletysiRreiGlyidecd BhoidSerN ehhiysHa Ses yed ¥s .AaHerhs TyaSer Phe Thr
Gly Tyr 2Q233Q e, S, %lp [ Hi Lys Asn Leu.Glu Trp lle 354045 Gly Leu lle
Asn Pro Ty%rﬁA%sn Gly As Trﬁ%s}’r:ﬂﬁr%sn @ﬁ?ﬁ)%%h%é%é%gg%%qe Fegion o & tﬁe AMIno amé

25 sequence of SEQ ID NO: 52 (LO-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 1D NO: 50
30 (HO-VH), heavy chain variable region having the amino acid sequence of SEQ ID NC: 112, and
light chain variable region having the amine acid sequence of SEQ ID NO: 52 (LO-VL) may
have a substitution, deletion, addition, and/or insertion of one or more amino acids. The
substitution, deletion, addition, and/or insertion of amino acids may be made in either or both of
the CDRs and FRs.
35 Thus, other prefeired embodiments of the humanized anti-NR10 antibody of the present
invention include, for example:



Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 65707580 Met Glu Leu Leu Ser Leu
Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met
Asp Tyr Trp Gly 100105110 15 Gin Gly Thr Ser VaisThr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser
115120125 Val Tyr Pro Leu Ala Pro Gly Ser Ala Ala’Gin Thr Asn Ser Met Val 130135140 Thr Leu Gly
Cys Leu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Val 145150155160 Thr Trp Asn Ser Gly Ser Leu Ser
Ser Gly Val His Thr Phe Pro Ala 165170175 Val Leu Gin Ser Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr

Val Pro 18018519Q Ser Ser Thr Trp Pro Ser.Glu Thr Val Thr Cys Asn Val Ala His Pro 195200205 Ala
Ser Ser T?]g @%é\iyglle%\%s%%%lwgel@Wﬁﬁaﬂrﬁdﬁgﬁﬁ%@?%@%i@?’?’é"éﬁ‘glﬂﬁ%‘?ﬁ%"@% lle Cys Thr

Val Pro G aI e pSapv aPieaials 26230238240k Rrolfu kyd' ®Rrindeyed\spiéalried &hi lle Thr
Leu Thr Psarlyis-245260255\¢alsBhiGysiyal Val Val Asp lle Ser Lys Asp Asp Pro Glu Val Gin

260265270.Phe.Ser he Val Asp Asp Val Glu Val His Thr Ala GIn Thr Gin. 275280285 Pro Arg Glu
Glu Gin P#% a'&tlsﬁﬁésﬁeer%ﬂﬁaf%%%p&% ﬁ?@ﬁ?&? i &%%J%B% 5356 PrETEME HIETR AL Trp Leu

Asn Gly LYRBImHE BpseEunir Bo3m orE80yl. telated. g Glpnigrinscryd Ml&Peni@irsidl Tyr Thr
lle Pro PrecRuen840845390 NG: Gla Gin-MEY;Ala Lys Asp Lys Val Ser Leu Thr Cys Met lle Thr

3553603 2 A Tk Keit) inTrp A ?nl (% 370375380 Pro Ala Gl
Asn Tyr Qﬁ)%ﬁﬂfﬁ{%ﬁﬁ& EJQF%%Ie? %\%{g k‘i'af?rg Xas?é) %ﬁ/ %@%&égﬁ?‘éa% 'Fygr %u%ﬂf?/r Sé(r) Lyz Leﬁ

L n Thr Gin Pro_ [ . ! : _ ‘
Asn Val C%'E‘@é’@e‘ﬁ&’s‘ﬁ%‘@&%%%f@&?@‘%%ﬂ?lﬂ%ﬁ Thdadhentior eyerisd invipEainaieEiu Gly
Leu His Asqu20425480 HISNAIsSENLGNMILys Ser Leu Ser His Ser Pro Gly Lys 435440445 <210> 35

<21t%e> 71@%%3;83&@%%@&,%5%%@&%@%% tﬁ%@&%ﬁ&é@ﬂ%&tﬁ%ﬁ%ﬁgﬂg@%%&%gggﬁg ctglc;%ctgt

ggcttaca caga acatccal ac ¢ tccagceclcc ctatctgcat ctgtgggaga aactgtcacc

atcacatg%lcg étggcoa{%gotrg%}%ggg%ﬁt%%cggét ?t?x‘égt%g?&é?a%g"’b%a g‘i%&ﬁ@%ﬁ@%%%ﬂ&ﬁe&%%%ﬁéé@

ggtctataaﬁ@&%%@%%ﬁﬁ&é@é‘é@a& (HFtg¥eatcats0ishytteaytquddgiggate iggoacacanitiftetitga

agatcaacagnoeigeagesizas | ialaaeidinaanateattlargadiccicldnr lGeaig9a360

ggcaccaagﬁi}%%@@gg?ggqu@ggg}ﬁ%gfas%%%g}% atccat cttcccacca420 17 tccagtgagc agttaacatc
a

tggaggtgcg tcagtcgtgt geticttgaa caactictac480 cccaaagaca tcaatgtcaa gtggaagatt gatggcagtg
aacgﬁgag:aéé)aaﬂj cdictthusomat sk ey ¥ (risdggatiageionfasneasniacredaungoagin
caccctcacgtion tigaccaagpacgagiatgaracgataianc ageatdlachi-gigaguecasitacaagasalteaacttcac

cealigicag gagelcaneRonRRiondl SHIR0RYCRCIRRT 10524058 el A ~R125 AR 5215~ Mus
musculus <400> 36 Asp. lle Gin MetEThr, Ggilrgf Ser P%%A%aaéﬁ%%éau é?%ﬁg g%ri% yTgfﬁlfS Glu Thr

Val Thr HEFTIPCS8 RRICRRPSRE BIEF ABHNATSF S8 sBit s 80atet: ddetrpoiv @meeia inyseGin Gly
Lys Ser Prsipps:Eidpdauanvab BSBRQAD TNO Adn(blaMlys Thr Leu Ala Lys Gly Val Pro Ser Arg Phe Ser Gly

505560 Ser Gly Serifalyt FiGin:PheSesd it byalaidssr 56y 5@@&#@ %’J%g;é%ﬁg? K34 AP Phe Gly
Ser Tyr T&&}@ GInﬂHi%I;gs %Glgﬁﬁ&@gg L.eu 8590 %ﬁThr Pge Gly Gly' Gly Thr Lys Leu Glu lle Lys
Arg Ala Asp Al2 Ala 10 11 gﬁ klsro’ r a[‘ééﬂi&‘ﬁﬁ’ }&’F{P " Ser Ser Glu Gin Leu Thr Ser Gly
115120125 Gly Alassebsiies dsistioneapditions anidn Rivrtion Hraniye Asps Hee 16 p862@5d40 Asn Val
Lys Trp LiimitedAsm EpheiBie ek feg iGdds oty valit el 14100355430 AsnSssdrp Thr Asp Gin Asp
Ser Lys Asp.pglikhEL Tyr Ser Met Ser 165170175 Ser Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu Arg
His Asn Ser Tyr 180185190 Thr Cys Glu Ala Thr His Lys Thr Ser Thr Ser Pro lle Val Lys Ser
195200205 Phe ALesrpalrativferompleshpbioning awing geid ipsipigasapasse Mokidadscu 1 us
<400> 37 atgggatuhatigoigyafdit teticitioncigit AfRla(SRICADINGS:Vaatig 8868 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

11 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 ID NO: 174).  Thus, the present invention

provides heavy chain variable regions in which CDR1 having the amino acid sequence of SEQ

ID NO: 9 is substituted with CDR1 having the amino acid sequence of SEQ ID NO: 174 ina

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




gtccagctgc aacagtctgg acctgagctg gtgaagcctg gagcttcaat gaagatctcc120 tgcaaggctt ctggttactc
attcactggc tacatcatga actgggtgaa gcagagccatl80 ggaaagaacc ttgagtggat tggacttatt aatccttaca
atggtggtac tagctacaac240 cagaagttca agggcaaggc£acattaact gtagacaagt catccagtac agcctacatg300
gaactcctca gtctgacatc agaggactct gcagtotatt actgtgcaag ggatggttac360 gacgacggac cctatactat
ggactactgg ggtcaaggaa cctcagtcac cgtctectca420 gccaaaacga cacccccatc tgtctatcca ctggcccectg
gatctgctgc ccaaactaac480 tccatggtga ccctgggatg cctggtcaag ggctatttce ctgagccagt gacagtgacc540

tggaactctg gatcccigic cagc cacacgttce ¢ c c600 19 ctctacactc t ctc
o aaclore coctooa R A T T SO W 8 st et dBggtag
acaagaadatigrgécragdPasy sfigtpbie grithdentie Eadytiea itk cabsy thatpatetyt iotteationc 780
cccccaaagroethaggalgicpsicassail-agiagrcicwhaaggitRr Bigigiialg 8diglagacaleageaaggatga
tcccgaggtﬁyg@;%g%hg%%%l@%ﬁq@fﬁgq%g%%qgg&algggg%%g%%gggegg ci%qggg.)%alg%agttca

acagcacttt ccgctcagtc960 agtgaacttc ccatcatgca ccaggactgg ct aatggé%ca %g aggtcaa afgcagggtc1020
aacagtgcd§itebeiyrEctiaityan e hseripa 25846 HRGH e A EELEPL fgttéeac aggtgtacac
cattccacct cccaadhagttaifatgf teaa ggataadgit 1A aiCidids Uy Gatigatade:agadititiectigaagaca

ttaCtgtggar%HﬂCcﬁ%%l@R@?é@%Q%Q%ﬁgﬁﬁﬁ%@@[ﬁ?@?@%? Al RAIGRCALCAIIRER o
agatggctct126Q tacttcgtct ac%%%ﬁ %ct c,aatgtgc?eg ﬁ%&aéc act gggaggcagg aaatactttc1320 acctgctctg

tgttacatg P FYIRIGERAY £REt L Yk PIBRE I TR A SaEgEe 66 S68 1406
<210> 381 D> AzupiRcPRITh<IIRS Musgihscmingseioensscchi VAUEhNQUIGHGIN Ser Gly

e e ey v Ay AL Ty S
yr t.Asn al Lys.Gin Se ! ulrp lle eulle
Asn Pro Tyr Asn %‘%%}% r gie‘?uﬁ}rﬁéssig in f%giéﬁeég@&%ﬁ%e@&ﬁ%eﬁ% ‘Ph énuvﬁ?%/\ifal Asp
Lys Ser Ségsacfh QI&&@QB@@WS%V}W@@ PEU HalNGel Ly Thsethenicasy SeevainVal Tyr Tyr
Cys 85908l LienAsphityvIysAS R AspsGlywRich YD Th bMetZ\Ep Aindra:13lyedRt0%2 88(@sin Gly Thr

Ser val TE&;\(@:%%&?&[@%M@%&@@@ tﬁs%&l&%@%@%@ﬁ%ﬁ@a RO, Gly Ser Ala

Ala GIn Thr Asn Ser Met Val 130135140 Thr Leu Gly Cys Leu ﬂ?é Pr(% d?uaPro Val Thr
Val 125156855 thrtirinhs Agioasrrng eamEnegeidsinshryel RRL R ¥He B Ald 165170175 Val
Leu Gin Ser Asp BebsiiytidhpLésn SepSaicBer MfElTRE W@ i0 MND1B5inthsaeserchiin Tagdero Ser Glu

Thr val T%g‘%z}ﬁ"d%%%’ ahAle His Lro13932020%ohie ekt Ty '—ﬁ&é@%;ﬂrés\élégtl %ﬁgﬁﬁg}{""' Pro Arg

Asp Cys Gl 0215220,Cys L ro Cys lle Cys T |.Pro Glu Val Ser
2250302 FEBNTS TG TR FAAIASITE SRREyERES ResPRS SPVEERTAORB270 Phe
Ser Trp PHé Nal Agps Adp e Gty 4IRS Tavinddleimir Gid 2752882855 IRy Gli1Gm Gin Phe
Gl e Ly e T e e Ser 1

u e Lys Cys Al al.ASn f .ro.lle, u S.lnrlie ser Lys
325330335 Thr L%%‘%ﬁ‘i%’“ &ﬁ?ﬁ asto N l%lésu‘r%r\(fﬁa%@ﬁ%ﬁigﬁ% l@%‘ﬁ%‘fﬁ&ﬁé@ﬁ Lys Glu Gin
Met Ala Lyatigsjs E@@wf@%ﬁ/‘ﬁrmm TETABEEEe B8N dP Phe Pive. Brorstemsp lle Thr Val
Glu Trp GlvEnfiohssrdSifeSie:37 B7R3801 Mo AGINASdYCDRS AsiThh6 imProdaMaudse Thr Asp
Gly 3853903 TR Asp V. A | 410415 Ala

2292498 Ref T¥Ls sn&aft@{emﬁ?qb@%%uﬁs %@%”5%%;?%%@%‘3{%@ r“@é.

Gly Asn Thr Phé Thr Cys Ser Val Leu His Glu Gly Leu’ Glu'Lys Ser
Leu Ber Hid SEAPG EI§IEYs A48A g brene dor 240 aridseaepse gk PR IR NI iudulus 22
<400> 39 atgagtgigbstitaintoaddivscigugiitg ity ofCiiR YgdtQdhgy dy ¢ badatiyté@gacatteaga tgactcagtc
tccagectceglattiaeal #1ataagsen RestsiGook ) leRsataie dRAcaRTIHs Japialtias Aatiiiag catggtatca
gcagaaaca 18t0 aagatctﬁ ctcac%%tcct fggdtl(j:ltataat %gaaa a%cégggiaaa tgt ccatca240 aggttcagtg
geagtggatc tggeacacag tteteiga agatcaacay cotgeagectso ?t‘fﬁ%%‘ég AR (0] (51 Lov L
cattatgag@igheéidig e tidyg migadstrdyaiccdivt yjgaadte anogwit tgangog o ASEANI B Ytatccat
cttcarpcca43Giedagigageiaginasiate9oangiuccieagiogighucitcisns caaEiTiacrdd) sceaaagaca

teaatgicaa gtgganggll galggagta ancaacend 199ceierlepnansa0tann ploatoagan cageaaagac

agcacctaca gcatgagcag caccctc ttgaccaa%é; acgagfa ﬁaa acgacdtaac agctatacct gtgaggcecac

tcacaagaciBBDI AN MG IIRN Sagthtasithgyas tatdadge gdérgetreresay> 40 <211>
214 <212mPRTEca2i8idduiscavystain s =00 rd fi Asin lelidh CER ThavGip GeaRtoAladSesladeSer Ala

Ser Val Gyt 8805 NO: 10 is substituted with CDR2 having the amino acid sequence of SEQ ID NO:
35 117 in a heavy chain variable region having the amino acid sequence of SEQ ID NO: 50 or 112.




Glu Thr Val Thr lle Thr Cys Arg Thr Ser Glu Asn lle Tyr Ser Phe 202530 Leu Ala Trp Tyr Gin Gin Lys
Gin Gly Lys Ser Pro His Leu Leu Val 354045 Tyr Asn Ala Lys Thr Leu Ala Lys Gly Val Pro Ser Arg Phe
Ser G 23 505560 Ser Gly Ser Gly Thr Gin Phe serd’eu Lys lle Asn Ser Leu Gin Pro 65707580 Glu
Asp Phe Gly Ser Tyr Phe Cys GIn His His Tyr Glu Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr Lys
Leu Glu lle Lys Arg Ala Asp Ala Ala 100105110 Pro Thr Val Ser lle Phe Pro Pro Ser Ser Glu Gin Leu
Thr Ser Gly 115120125 Gly Ala Ser Val Val Cys Phe Leu Asn Asn Phe Tyr Pro Lys Asp lle 130135140
Asn Val Lys TrpSusstimdspdobiyiBer sokitibrg1 Giof ARG ISV A 2ND45 0501 BRI Aschiar Trp Thr Asp

Gin As hSer 1 hr Thr Lys Asp Glu Tyr
Glu Arg T/H%ig%?s%? e?%%?§§g§1%%11\§§ #rs g%? G@é%gr Hi I]_jrg%?%g r TE?l Sér%ergrﬁ%eegl Lys ger
195200205 PR REAVAIE AsHv o ey y iy e reaiongin 3ich ﬂé%kmgg@mmmacmﬁwmms
<400> 44f&HQdargdge daiggsibtinieidceichIGagadr geagaiaberid iigagdl 24 KisaBagott
clogtaci Rsalons ehalr iR K0alan EAROSEANSS anagnaRacs R ga agelal
aatccttaca atggtggtgc tgagtacaac240 cagaagtica aggacaaggc cacattcact gtagacaagt catccagcac
agcctacatg300 g%ﬁ@ﬂé‘&%ﬁng‘féﬂgﬁﬁﬂtm@l&ﬁ@ @ngdabtetae dbrtddari doRiygti dB0Nacildggac
cctatactdiggastactggnogidanggeg: ceisegBadrgicicsttad 202genaaaimcanl cagsespdetigitiakce
ctggccc c Cc cgaaagtaac480, tecatggtga ccc atg.cctggtcaa ctatttcc ctgagcgagt
o B B e s e cmcic
tgagcagtie Rgtipcischecarinageid setygasead ehayHe AYicsinsehgtiared ik dcRByyotadsagce
actaaggiggnacaidsanaintgloccrayIn20@aticigyt Béargchln: calaiBlars s teraaathialsatetatid
cttcatcttc 780 ccea G5 gg@@t %Stcaccattactctgactc ctaaggtcacgtgtgttgtg840 gtagacatca

gcaaggas%qa]il?g(c:cgagg' cagttcagct gg]t gtaga tgatgtggag900 gtgcacacag ctcagacgca accccgggag
gagcagttca acagoaifedeewbbre 96 panfigaddid-reataugjbarcdageatigy etqanitgod agfagtaa
atgcaggetPRo ﬁf@mﬁﬁﬂl@ﬁw%zﬁ%@%@ge@&a@ﬁg%qwm?f%%m@&}@ﬁ@
aaggctcca tgtacac.cattc t cccaa Cc agatggccaa ggataaagtc agictgacct gcatgataac
agacttctf¢ %§§§é%e§%%cﬁg%§%?g%gﬁf€§§gsﬁzgg %%1 ’gtgﬁé’éegsc%%talé‘g té‘é‘bgr&végéﬁ%\ e ﬁﬁ?élégccca

 tcatygacaeisjatrgioos Rohimtc PR E deaguntiganaugudagmsgegechatiyHy Mg chgdraaatactitc1320
?c;ct%ct?gaﬁta%@t%gmatg%a&ﬁg%&&%% %Eﬁig QLsied @91;3?01@“‘}'5 in a heavy chain,
ctcctggtaaataatgagcggecgce <210>42 <211> <212> PRT <213> Mus musculus <400>
Glu Val &%@%‘g@?ﬁ)@ﬁ‘é&é& @Wgﬁ&%éﬁ%{%ﬁg%@é ﬁf '-lg‘gﬂflééer Met Lys lle Ser Cys Lys
Ala Ser Gly Tyr SersehdiThpRTarRe2E801 e IMetAsrsifign\dl Lys GipoSeohlioGiyd GéyAsn Leu Glu
Trp lle SuGly HERUDRASERTD NOAR GiXiE AR Glkid %ﬁm&@gﬁbxﬁ@&%@éﬁ%%&sp Lys
Al OThr i’g T.g% al Lys Ser Ser Ser Thr Ala T 530758() Met Glu Leu Leu Ser Leu Thr Ser Glu
As% Ser AN %P@ﬁbﬁ%%gﬁﬁlﬁemﬁéyﬁﬁ@ IADKPAL B2y PRYSTIRermeRARt IREFFOP Trp
Gly 100205146 GiaGlythr SeirbiaThiovalSehSeCRR 2 ysving HoraRrnPciGerqltbieo125Val Tyr

Pro LeuppaByo Gly s%%%ﬂﬁl?zeﬁ'%ﬂ'tﬁi‘(ﬁ%iﬁg&ﬂ\é%n\{% 130033180 I DF ket @S 58yl Lys Gly
Tyr Phe, Pro Glu Pro Val Thr Val 145150155160 Thr Trp Asn Ser %&Ser Leu Ser Ser Gly Val His Thr

Phe ProlRiXY 859 IR580 5 <gipt Baves e pruy asid tervenre 8050 BaNSE S04 iPval Pro
180185190 Ser Serstitutibrpod feSepGditidind ¥ af TRRYS BNV Ald $JisRho 125200205 WeBer Ser

Thidys Mol Aspr eval Bro praAsa CYREl 1 G523 Cos by SRIBGURHRGYRTNT Val Pro

Glu Val Ser Ser Val Phe lle 225230235240 Phe Pro Pro Lys Pro Lys Asp Val Leu Thr lle Thr Leu Thr
Pro LysASSKE IS8 ARRHY eliarcapviradhivh AR E fawag hegpnp aridvianesrre s 555270 Phe
Ser Trp PheVal AspshispiMiadGiutly aIHRS ThwiddaslanTine @il 245280285 PRFOANY G Finiein Phe

Asn SeryThy PURAGAESVALSS! Flbihethe 90327300 BRSS9 087 JyR A ptpAsn Ol Lys
HIne RS ySSubrs%itution 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 Leun (SEQ ID NO: 179). Thus, the present invention

provides heavy chain variable regions in which CDR3 having the amino acid sequence of SEQ



305310315320 Val Asn Ser Ala Ala Phe Pro Ala Pro He Glu Lys Thr lle Ser Lys 325330335 Thr Lys
Gly Arg Pro Lys Ala Pro Gin Val Tyr Thr He Pro Pro Pro 340345350 Lys Glu Gin Met Ala Lys Asp Lys
Val Ser Leu Thr Cys Met lle Thr 355360365 Asp ng Phe Pro Glu Asp lle Thr Val Glu Trp Gin Trp Asn
Gly GIn 370375380 27 Ser Tyr Phe Val Tyr Ser Lys Leu Asn Val Gin Lys Ser Asn Trp Glu 405410415
Ala Gly Asn Thr Phe Thr Cys Ser Val Leu His Glu Gly Leu His Asn 420425430 His His Thr Glu Lys Ser
Leu Ser His Ser Pro Gly Lys 435440445 <210> 43 <211> 716 <212> DNA <213> Mus musculus
<400> 43, atgagtgtgcccactcagqt et itg ctgctgctgtggcttacaggtgccagatgt60 gacatccagatgactcagtc
tccagcctc%ﬁc:?éa%tgié?éf&%&%géw %%ﬁgég@% g?a%ﬂiﬁ?&ﬁ&g%&%?@%ﬁa%ﬁ% é\jgﬁtﬂgt%tg’g%atggtatca
gcagaaackrjY80igeasbic stemgdtecng ghetatat gedamaacuttagCAgad bty S6atchP40 aggttcagtg
gcagtggatc aggcaracagiidaletad-aaaieaacad CetuchacSR0 gpagatitgqgagitalia-rigigaacat
cattatggaactceticcaac gtt .ggcaccaaggc, tgga actgat getgcaccaactgtatceat

e x%a%m?o%%% 98329.99 rﬁ%%g\g@i%%u %%@%@g\gggga o s i0s gecscht

cttcccaccé{?[ré% tccagtgagc agitaacatc tggoa C tcagt
cccadagabEtivyREaddRy beng A isieaisraenisasbis idge§t brybulmeaittyyidornioagga
cagcaaagei-SEirHoctard yoaigageagcattatry 600itohecanioactngiaisn-acgaeajapcnagetatacct
gtgaggcc } ¢ aatga agec 6 28
e P R A ORI AP G i s
Val Gly 151015 GIHPFRFGRN Thit it Fesiteyd aeh ARRA SSRSIANPHE TR Beh3r202830 Leu Ala Trp
Tyr GIn Ginrlapg=GigiGlpLys (BB Ffa Glrl El2 vath il 3SAUB TVO A Alaitys, Tiw fresedtla Glu Gly Val

=) b B G l . g
e B B e A et i B D R e Y U D e 2

65707580 e Gly Ser Tyr Tyr | n Hi )
Gly Thr LQ?%%@%[& ﬁbe: ﬁygsﬂ%s é‘?ﬁg‘ﬁ%@% 7 %ﬁ’fﬁéﬁﬁ@@ﬂ? i Veaersa Rl PRE Brd¥Bro Ser Ser
Glu Gin Lédl The Beave §hdinsEpehiesegiy Aky Bethtaniab @ysl BRfpdren KSTEQSH M@ TYoPiddLys Asp
ge 1301?%5140 Aﬁ%ﬁﬂ@%ﬁdﬁ%ﬁ% @y{f@nﬁwé\m@m}@%m@}%\@é Ley, éﬁaliﬁoTlh55L160 ﬁfn
erir S er r 1Vr [ er rreu rreu r
Lys AsF|)o C?éJn y% %%%r&sé%s%g} y?ffé%ﬁ%ﬁg‘ gﬁgﬁg&g&g ghe uﬁ’&a K& | u cys 210
<2103 4512‘2611119%@113%1@% Rz Y ersbig irets ELTiS DS having tragiamatihstashiccttttatt
ctgtcggtaaitBEQpiy i staticagaghtgitcagaiiRadensieits aaciolisaysggaate cEgIganticogt
gaagalgloni ) KGaRgael ABRIAGCHlIAGeARTIE ARG AGl0N0IRRa A699300GAILE0 dgpsagggtc

tagaatggat tggtgctatt tatcctggaa atagtgatac t@:ctacaac c aaggc caaactgact

gcagtcacat cogocaER P Ty E I AN %g%éﬁﬁgég%ég;mgg‘t%t%@accac

tggttacgasd8tbiacttgactSadidiolyEed gyttt edtt StcdSRgIdDAs0atkna Racgakapeedz0 ccatctgtct
atCC?@Q&%EG@%%b%@l%@&%f&ﬁ@%ﬁ}ﬁ?ﬁ%@i@%?ﬁf@é&@@@&@&ﬂﬁ% E%@%ggg&aﬁigtggﬁg%%
ccagtgaca a cic 540 ¢ acac cttcccagcet gtcctggagt cigacetcta
cactctgag%%%%@ﬁ%%lggjgtggicgfg’%%% %gcﬁﬁ‘glﬁggg‘g% REGLRee g?@fbeﬁ%ﬁa @J&ggécccggcca
gcagcacch® dpiberaainaativitresan dasing thy tiaagrrreottycatet e By ler 5gangtatca
tctgtcttca tcttccoceehanageacsagd#on mﬁg&ptwwﬁqﬁﬁwﬁq@9&@@9#%@@159&%9&%9%%0@9&3
catcagcaags t tccagit cagetgattt gtagat ' cacagctc cgcaaccce
aomee e B R D R S i i canoom
ttcagrgtg c%%‘g fﬁ%&ﬁ@ ¥d§§&f§c§@2 g %oty %EE&&%@%%%%%WQ&@W&@Q@@ gaejaaggc
tccacaggigilen tasdichibBadutcteaheaggagoagil ggreaay gRSEQI0I0aQta gaestgaatgildgataacagact
tettcectga@greall SAAGERRAING S8RACA3ARY, 42009003 AR LaaRAcleh droca calg

gacacagatg gctoftactt cgtctacagc 1260 aagctcaatg tgcagaagag caactgggag gcaggaaata ctttcacctg
ctctgtgttaali%’g’f‘%g?gagaﬁ @8‘@%&8&%%%%%&%2&&35%5&1&9%8% cccactetee tggtaaataa 1380 tgagcggeeg
1391 <210> 46 <SglstinpionaX12sp PRPsutR13H hais iyus quieisi st 0D of ABDG R YBOGIn N 6w 1G)nisGin Ser
o Tor 205530 JEaMet e T VL 1S G At Pro o o e R 2 e
sn Tyr ) is Trp_ Val Lys Gin Arg Pro in Gly Leu.Glu Trp lle 3540: y Ala lle
Tyr Pro Gﬁ%ﬁg géegr) Asphf]ﬁ‘({ke:g fFIﬁAHs“ﬁeEf R TSOB%%S_ %‘%égé/ ‘gf%%e%%‘%)‘r% YBiFErhr Ala val
Thr Ser AlePSerteringergnps ArbsgumraeciuSERUIB Y Sel Ilis wubkitasd Git AERSbavite el Phe Phe
Cys 8590&unino acid sequence of SEQ ID NO: 185 in & heavy chain variable region having the amino acid
sequence of SEG ID NOG: 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 I NO: 50 or 112 with Leu, Glu,




31 Thr Thr Gly Tyr Asp Asp Phe Asp His Trp Gly GIn Gly Thr Thr Leu 100105110 Thr Val Ser Ser Ala
Lys Thr Thr Pro Pro Ser Val Tyr Pro Leu Ala 115120125 Pro Gly Ser Ala Ala GIn Thr Asn Ser Met Val
Thr Leu Gly Cys Leu 130135140 Val Lys Gly Tyr Pibe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly
145150155160 Ser Leu Ser Ser Gly Val His Thr Phé Pro Ala Val Leu GIn Ser Asp 165170175 Leu Tyr
Thr Leu Ser Ser Ser Val Thr Val Pro Ser Ser Thr Trp Pro 180185190 Ser Glu Thr Val Thr Cys Asn Val
Ala His Pro Ala Ser Ser Thr Lys 195200205 Val Asp Lys Lys lle Val Pro Arg Asp Cys Gly Cys Lys Pro
Cys lle 210 J,l 220 Cys Thr Val Pro Glu Val Ser Ser Val Phe lle Phe Pro Pro Lys Pro 225230235240
Lys Asp VAPLEE: THPRETHY (2ot B 150 val T 85 Trarvansitonernydos hassy #haer Lys Asp
Asp Pro Ghaistat GlridhénSdiich pPRe M6 652708sAseMaloGREYAriNT It Ala GIn Thr Gin
Pro Arg Gl G Ginei 22502 82 Bhar s Be ali BAR A SLEVASEnCIHd U Rig e Met His Gin

290295300 .32 Phe.Pro Ala Pro lle Glu Lys Thr He S Thr Lys Gly Arg Pro 325330335 Lys Ala
Pro Gin VAl Ty TRF & %ﬂ‘gffgrtélﬁglﬁgg %E{lf e@ﬂ%ﬁ%?ﬁﬁ@@&g 5558 PY&!Asp Lys Val Ser Leu Thr Cys

Met Ife Thr Asp P witeipre G 365860365 Asp HoThtaal Ghnd By GirpTspidsh?2GEAEIRPro Ala Glu
ésn I_Tyr i(mjﬁ:%&ﬁ:lty_s YAsEhE Redsinckim Verat P%ELM/%%%}I&Z{) 55@1’%111@566&#11%&5,368&@59\5)3'95400
er Lys in PGlu sn Thr Phe r Cys Ser Val Leu

i G G R R R DS et L e IR etk ol asado
<210> 47v2p3bls rpgipusipouisi i hayigr Senmiangsid somenrr af §FtHe Watdddeat tttcagcttc
tigctaatcaggintedgrith ZRRA te6D agegorgaasidtgtyriert YD GCHA eatgh@igeatalac
aggggaasaplel PE3RGANACHOCRAINNRFAIGIGARTL SBag iR gtasoeaclagtaccaglBl cagaagteag
gtgcctcece caaacg:'ﬁ%atttata ca cttccaactt gCttC&fZél (ggtocct cic gcttcagigg cagtgggtct gggacctctt
actatttcac aatcagthl 6’8@1@3&@5&@%@%3&55 {5 @c@éqéé&f%%gf fhdBcHetelleg360 33
ttcggagggesryaetabocydtdtanah iy (el tgrdédaac Thiatabatod2ti tinceatoabesdgigagca
g:taacattcuigmgﬁ;gQca&%@%t@ggmt%f&mp@ﬁ? %ﬁftﬁg?f&agﬁ%%ﬁ?mg 98PRE24Y
atggcagtga acgacaapats cctga aca ac, tgatcagga ca gcaccfacag. |

catgngoa e I S S, R BB weacaagacat
caacftcactebabigtesaerayeinshie Ageaya geg sty 20 §¥eyt2725 <210> 48 <211> 215 <212>
PlRT <213> Mus Bubsttidietso$400°24% Glurser Ca R BTy @jm?emrﬁ AlaitrMetSelAlaeSer Pro
Gly 1510 L AN t.1 S r Ser.Val Ser Ser Ser 202530 Tyr. Leu His Trp
Tyr Gin G%%g%gmsé%é }/3 ,&? a{) gﬁgr %1:%( &% %l%ﬁ?%ilé%ﬂe%l}ss% i @g%n Ry W%%ser Gly Val
Pro Ala Af§BRRABCrEEBISgReSHS Se i SERGRaTiheds apinpycirempraro SSESEP I G
657075805 Al EhutabpitiC BRI Hav Fyrifeyatiys Gid Giudis SESElY MyNOra 858006:ketudiar Phe Gly

Gly ly Thirlaptelr8bt GIUNe b YS-ALG A AASR: @n&%@%gﬁ%%\%\ﬁﬂo Thr Val Ser lle Phe Pro Pro
Ser Ser Glu Gin lS s Phe Leu Asn Asn Phe Tyr Pro

% Thr .Ser?}a%,5120125 Gg ‘Iéﬁg&ab?eé%al Val Cy: I
Lys Asp 130135140 THEASR Vel TS B P § F%Fﬂ%éé%h%ﬁgﬁlﬁjh@% 450155160
Leu Asn SwiorypfiHiQED Iih Aspidetig(SHFISBIOTHETyr Sénh 8t 165¢70Ii76rEen Servides Leu Thr
Leu Thr LyshiamiahafybISlushig HisAieh Sor 180482100 Ty BEGYS @Ak Thhiis s Tr Ser Thr
Ser Pro lle Val %Xge]F%ZB% Ser.Phe Asn.Arg Asn Glu C%/Sf%?éiﬁ <§1§§ 49 <211> 425 <212>
DNA <2185 Attiticial < >E%<§}2 af atificiany Syhthesi2ed €e 03¢ For et chida
ctggacctgiragygfesiet bevinkiiyrmitagedsayengeatitd Brdigdigea getggtgcag tetggggcty
aggtgaagaa gcctggygintioagioagy heddiaaiyeda DRCaSIIp A iataccrar erggetacat ealgaastod
gtgCgaca%}%oq@é@ﬂﬁ%@(?%%@%@%%ﬁ%ﬁ%%m HacRaigetagaciagetedd acaaccagaa
gttcaaggq,c agagtcacgda ttaccgcgga cgaatccacg agcacagcct3(
1ght'cham veriable regions in which CDR 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
3G wvariable region having the amino acid sequence of SEQ ID NO: 52.
Substitution of Ser at position 8 and Leu at position 10 of CDR1 (SEQ ID NO: 13) of
the light chain variable region of SEQ ID NO: 52 with Arg and Val, respectively (SEQ ID NO:
190).  Thus, the present invention provides light chain variable regions in which CDR1 having
the amino acid sequence of SEQ ID NO: 13 is substituted with CDR 1 having the amino acid
35 seguence of SEQ ID NO: 190 in a light chain variable region having the amino acid sequence of

SEQ ID NO: 52.




35 acatggagct gagcagcctg agatctgagg acacggccgt gtattactgt gcgagagatg360 gttacgacga cggaccctat
actatggact actggggcca gggcaccctc gtcacagtct420 cctca 425 <210> 50 <211> 121 <212> PRT <213>
Artificial <220> <223> an artificially synthesized seglience <400> 50 GIn Val GIn Leu Val GIn Ser Gly
Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly
Tyr 202530 lle Met Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle Asn
Pro Tyr Mn Gly Gly Thr Ser Tyr Asn Gin Lys Phe 505560 Lys Gly Arg Val Thr lle Thr Ala Asp Glu Ser
Thr Ser Thr Ala T 65707580 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp. Thr Ala Val Tyr T}/r Cys
859005 Ala Arg ATE AT ASTEN BA o Tht MELALDTGr i L0 656 BT bly Thr Leu
Val Thr VatSer SSEQL B 28236 «2thlA18GFEQIPN DNAL x213buartifihatseBPBveniaB pravidutificially

fynt:‘GS'Z%%}Oﬁ%H&Eﬁ%ﬁaalﬁz?&@éﬁsGﬁ%ﬁﬁ@i&gﬁi@ﬁwgﬁgﬁtﬁéﬂ%ﬁﬁwg Q@‘SW}E@% 13 t
ggctccga C al accca catcctc cc agtcac
catcacttgc%cgé%gaggtgé”é%aaﬁgtita calgggttt%?’ta gcatﬁ%j atc 180 age: %ﬁggga@g{ggg a%‘gac

fcc

tgatctataaviEaiare fayoadba a2av gedisctrrcaab GRELEP §idattggat ctgggacaga tttcactcte
accatcagca300 gmigﬁaaﬁ@ntgaagﬁmpgﬂaaﬁuaﬁt@D@M&&@I@antatgag ingkeqictgaBoa variable

cgttcggeg a}csclglg t?§@Q3 1 11> 107 <2 2> P T <213> Acrtificial
<220> <2%§> an artifi |aIIy S %%esae e%%§§4g§25 52 ASP H"é ]1eltn¥?1 " GINT §)erdlgro Ser Ser
Leu Ser Afg5&Raimyesigh @f@wwﬂ@ %Pav&rgﬁ?ﬂc%w&%ﬁegéﬁ@ﬂpﬁ%ﬁ%&%& Phe
202530 LéusistitupdlyitiiDRNHay s roeGlyity scikladgnerdcy ot SEQ ED NEX354D4ba BZhi yhaAsn Ala Lys

Thr kg Algdya Gl RhRISRL M RIE S8 m%@@@@% $87@ly Ser Gly Thr Asp Phe Thr Leu Thr lle
Ser Ser Leu Gin Pro 65707 ‘}FO Glu Asp.Phe fé? 1%'}2‘5%8/ Tyr Glu Ser Pro Leu
859095 Thr Phe é&@"“@ﬂ}t@ﬁ/ APEZE RIS B

Cys.Gin His Hli

BO5I0X 165 1 1231 Uk e st A <2135
Artificial <22 aPEBR Hp HhifigiatsyuthedizbiDSdquénte <400s; 88 peatitdaredtgyaotgds
cctggaggq{g%&teigﬁ{tgaﬁmmg@&ﬁﬁc@gﬁ;g@mmw Liepelelsic Rl e Tk 0 ™
aagaagcct ctcagt tttce tgcaaggcat atacac tcatga actgggtgcy
acaggccct S%ggggaég%%ﬁ %% at'gg g&gctta aa c% A eftggf%ﬁgcﬁ?g@agg&%%gé % gg‘éttca |
aggdCagatfrtatyyEEic éﬁt%@éé@aﬁ@ﬁﬁ%%@ﬁ@@&d@a%é@ctgagca gcctgagate tgaggacacg
gccgtgtatt actgtgcgagaﬁﬁ@gaﬁggﬁac;@amcglﬂcmﬂm(amatzggaqamggag@@ﬁggg@ﬁm&f&m%cacﬂo
agtctccth 5%93 @%W&g&ggﬁ%ﬁgg@cpﬁ\cct%@% é?e%e%??ﬁé%ﬁgalg gg%ggagcgg

ccctgggct ct gtcaag, gactacttcc ccgaa 0 gacg gtcg tggaactcag gcgctc cggegty
cacaccttc %@g%@ %@é@%&&f&a krdnsierinagty é&@l@?@eﬁt\%g&é@ﬁ Bitddg660 38
cacccag ammbamtgdw&h@lﬁ@ﬁtba@gghem%magg&gﬂﬁ%@ﬁdﬂ@@ lagtigadadeanaicttgtg
tcgagigcceacogtoess tg&ggygggg&s]@@&ggg@tﬁg@cg@cc caaaacccaaggacaccctc

atgatctccc ggacc a840 QCC gagatccagt tcaactggta900
cgtggacggcgtgga @Etg?gg%&g@gg@g&%gg ?%%:%%%%écﬁiﬁ gﬁ %%6&9% chain variabie
cacgttccgtgepcgdriciidib Jie yise A8udggactygetdal %iﬂggcﬁaggﬁxqmegtanaagmaaggi@tcca
acaaaggchioecatiecaatpiceagaada AeRICEaR HI%H AARAARBINLASCHREJAARNGALAYEL giacaccctg

cceeeateeg gg&@gga‘gat 4 I@gcaag%?ccag%tca cc tgacct%(% m getaaclc%%al%cgacatcgc
occatgct

1200 cgtgg gtgggagagcaa cagccggagaacaacta CaRGaccacac &t cccgac

ggctéettct Yé%?@@ﬁé%@@ﬂ@@&%& e L g et @éﬁb%@a%ggaacgtcttctcat gctcegtgat
gcatgaggct ctgcacabedrafiacddacat 386 fanyafCriv (RR{IA0AG0g e atgatdade gbsegeltdBie <210> 54

<211>44f5ahat § 113%%&36%%@15%@@ 1388 ?%?”'f*ﬁ& lygypihesized AR 400> 54

GlIn Val Glngi_eu Val r Gly Ala Glu VaI? s Lys Pro'Gly A?a 15%%15 Ser Vé%l er Cys Lys
Ala Ser eig;gwhﬁm‘ﬁaﬁa éfi}lﬂ}’r WS4 RS miﬂﬁ&%@ﬁl??&vaﬁme@ﬁq&@ﬁ@w@ ifi Gly Leu
Glu Trp Mits8btB3uBGiyth ERE haritRribeTymivinaGly Glychbe SSHEYIANCGIRE ytsaPipdi505HR60

30 variable region having the amine acid sequence of SEQ ID NO: 52.
Substitution of Lys at position 7 of CDR2 (SEQ ID NO: 14) in the light chain variable
region of SEQ ID NO: 52 with Asp (SEQ ID NO: 127).  Thus, the present invention provides
iight chain variable regions in which CDR2 having the amino acid sequence of SEQ ID NO: 14
1s 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.



Lys Gly Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr 65707580 Met Glu Leu Ser Ser Leu
Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met
Asp Tyr Trp G y 100105110 Gin Gly Thr Leu Val Thy Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
115120125 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Glu Ser Thr Ala 130135140 Ala Leu Gly
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 145150155160 Ser Trp Asn Ser Gly Ala Leu Thr
Ser Gly Val His Thr Phe Pro Ala 165170175 Val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val

Thr Val 180185190.P er Asn Phe. Gly Thy Gin Thr Tyr Thr Asn Val Asp His 195200205 Lys
Pro Ser Asn Thr %’S\{}%ﬁ %ﬁé@fﬁ%’%ﬁ%ﬁ %%%%@%‘F%W?ﬁ%%%é% &?&@y&iﬁfa Bfo Cys
Pro Ala PHEP hajm v ata sl jerien SE PRI TEE 9302 36 01 Glu ks sB esab Tl C{REQAD/EV A6 Bsp Val
Ser His GltAspPpesG ae&aﬁﬁg%avv@scaw@@eﬁ%xm&ygm AapF@!yl@@R@!ﬁa{ His Asnl Ala Lyhs
2752802 r Pro A in.Phe. Asn Ser. Thr P. al Val Ser 290295300 Val Leu Thr
Val val H?‘g%% AX%%%%E%%%&E%W({;ﬁlslﬁﬁb%%%&@i%?ggjz\éa&% E’ﬁsa’%{}"saéﬁ Asn Lys Gly Leu
Pro Ala PiTHEes LRI H? IO 3263 50358t ehaiy warinbleysaing wivim Spppeaerdsairnalofyr Thr
Leu Pro 3#B345350:Pio Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 355360365

Val Lys Gly Phe Ser. Asp.| I . 75380 G -Pr. Asn Asn
TyrLys Thr T .Fjgrﬁ EF%Wt’?ngﬁg SALE%?J sg %%83%%%8%%{5?% A%? %s:(’gr;3 tFﬁswﬂes lfg%%l}i/_oe%&?s]zr%é%rg{/s Leu
Thr Val A E@s ggf&\‘%e El‘i%(‘)"ﬂ’lg&f‘ %fﬁ%%@ﬁ,&m Pfﬁ%‘@@’@%@@r@ﬁl%t His Glu Ala
Leu 4204250801 v4ls AHHHIS N THOGIAThys SeptmanSenvtetios erdRideSlighch 435440845 <210> 55

| ;glle’ 71&@&1@@% ameh@@t Iﬁ?ﬁg@% Al%gﬁaaga ﬁ%@éﬁ@aﬁgﬁt@'wéggwg%&%; SERAHEG <400>

ccacc atgagggtc cccgeicage tee cic tggctecgagb0 gtgccagatg tgacatccag

atg accca%t Cl cc%%‘é%g%gtafgfboc%cf%tsgﬁ%&ﬁ%%ggga@%%%@a{g? éé%c%@ﬁ%‘cge@ﬁé"égﬁa T8¢ A4tattta cagtttttta
gcatggtatérgosiie sguaaesdpaacretTBtdayties Hatctataa tgcaaaaacc ttagcaaaag240 gggtcecate
aatggtttcagt ggc?@ﬁggatm?gq&@@alm@a?@i@ @@@@@qm@@mtfmm%ﬁ ﬂg@ﬁg%t&m;}%%%@st

actgtcaa - ctga3e aa atca aacgta ctgcacca
tctgtettca?%bﬁ%%%%ggéﬁagggatgag%§%tg%§?%t§3%g@§ ¢ ctctgt ‘gg_[tgg JCe ﬁc@%‘a’gg‘%?gg‘g ta
tecchyagd§ Y CLaRaGER Ky ARTT ek gecherdea e gaBn0 i actreascqd Sy IBtalak dgagcagg
acagcaaggautagchet withdJoBit hgragli-gosaeccigdcgoigrg et gcayndacyidgadagacaaagtctacgcec

'gegaagicanaRlccaalenRABeTinARRia £oedlcacs 3098eiRgaEAgg0daga tgtigataarld <210> 56
<211> 214 <212> PRT <21 >£rtificial <220> <$23> an artificially synthesized sequence <400> 56

Asp lle Gin Met THIPEHER Prrsd Peib e Edita SHQ/HP @91%6‘1@%@%*‘%‘6@%‘(%@% Thr Cys
Arg Thr SEeCIPASEUEITYOSER Pith At 202330 MNeu M) TrplTiys, Gle Bisehtym ReoiGlydoyiidla Pro Lys
Leudoeu lL@Mﬂ@I&M@f&@@MﬁJ}H&H—@M@%M?@% y@iﬁ@c’ﬁﬁgﬁﬁgnk?@sf%ﬁb%l §§5%§0 Ser Gly
Ser Gly Thr Asp.Phe Th rlle Sgr Ser Leu .GIn Pro 657 Asp Phe Ala Thr Tyr Tyr Cys
GIn His Fflsssl'li‘br @i%%‘é’%%go Eégl?] @%‘665?53 fﬁ}liﬁnaé:lgff%ﬁ}@?%%@e{)@é% A RN Pr Val Ala
Ala 1001084408 SR Parirethe #eiphacrspienserA55ER M $8u Lys Ser Gly 115120125 Thr Ala
Ser Val Val Cys ISeiistiautiésof Abn & besTionProfADIGIEAR HBOIB5K Onlivs Wak Gimid tRdars.Val Asp
Asn Ala Ley: GInSei(3ly Asn %@1@’&5‘%@@% 0 Ser Val.Thr Glu Gin Asp Ser Lys Asp Ser
Thr T%/r Selg i_%ﬂger %:’, 70175 Ser Thr Leu Tﬁ?lé_(gulgﬁ Ly%.s% Ejét%@s%reisf?r}ﬁg ﬂasgrf-ﬁgol‘_”i?ise Val Tyr
1801851 GG RIS EYSBRPGIFHARHIS TS Rehadradhy prangaritheayser195280208: Bhe Asn Arg
Gly Glu Cysu0tui2d Owtb TRRE 327 th2 12:nDNAL s@18nckl oiREAIIENS : 4355400 BRgiacggtgg
ctgcaccatGIsRGRISHARRBSC A CioRlNANGe IaRAIHIER GIPAGIFCE) Clattgtgty cetgetgaat aacttctatc
t 120t t t { t t tgt

C g B S AR el SR A o200 ARt o

Arg at position 3 of heavy chain FR2 having the amino acid sequence of SEQ ID NO: 97 with

30 ancther 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 inyention 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



agcaaggaca gcacctacag cctcagcagc accctgacgc tgagcaaagc agactacgag240 aaacacaaag tctacgcctg
cgaagtcacc catcagggcc tgagctcgcc cgtcacaaag300 agcttcaacaggggagagtgttgataa 327 <210> 58
<211> 107 <212> PRT <213> Homo sapiens <40(%3> 58 Arg Thr Val Ala Ala Pro Ser Val Phe lle Phe
Pro Pro Ser Asp Glu 151015 Gin Leu Lys Ser Gly F%r Ala Ser Val Val Cys Leu Leu Asn Asn Phe
202530 Tyr Pro Arg Glu Ala Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gin 354045 Ser Gly Asn Ser Gin
Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser 505560 Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser
Lys Ala Agg%@%ﬁ 5707580 Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser

859095 P § 'Y FPhBSRGHCRGT EHABIE TegS R bR B8 e s i ppquenonel SERIBINA
<213> Hol¥fé: $ipiehE2<400> 59 gctagcacca agggceccate ggtcttccee ctggcaccct cctccaagag

cacctct?ggfio 9gc@&%&ﬁ&%%??ﬁ@é&ﬁ%&ﬂ%%ﬁ@&c&fﬁﬁtﬁﬁ%8&9&%9?%%9@%%@599&20 tgtgaathag
cgeectgag ¢ cgtg.cacaccttce ¢ acagtcctca actctact ccctcagea acc
gtggccctcgca gc%a%gmgt%;ﬁggacgéagamm% %a%[gf% Hg 5?53&?69398 ﬁt@cc %’c‘ﬁ%@ ; agaa
agttgégcc%%%éﬁ&@uﬁmaa%%éé@éé‘mm é@@t@&ta@oﬁacctgaact cctgggggga360 ccgtcagtct
tcctuttcco cccaaaaﬁaﬁiw@@ﬂqﬁsﬁsﬂﬁ@gﬁﬁ@tﬁﬁ@gﬂ&ﬁﬁ@i@tﬂé(&mﬁ%@mg%&mmtg%C
cacgaag26s caaaionn SGRRCIONATR Ac 0 9501009001 ealaalace sagacanp cgco0agg
ga%tgaég 8

gcagtacaac540 agcacgtacc gtgtggtcag cgtcctcacc gt gcace aggacty ‘Yagtacaagt
gcaaggtcte¥igdls é&ﬁ%ﬁéﬂé&%ﬁg&%}ﬁgcéé e%ﬁéﬁ@*&&%&é&%@%@cb@@é&@glagaaccacag

gtgtacacceatigtde cegitmdegyuitagiR0 etghsemage: af GRIY EAY Oty alglaatilgi¢iaaagqgcttctatcc

cagqgaca&%mx&cggagﬁgﬁagg@gggmﬁ&gg999&@9989@%@%% AAAGEaEd ‘fﬁﬁ%@%@?“o
ctggactccg % tcctt clicctctag a {}5 ccgtgga aa gagca 900 cagc ggga acgitcittctc
tocioeotd ST ORGSR T it ERS R e el N has 45 <910> 60

<211> 330 <212§mm%sﬂ%ﬁﬂﬁsapréﬂs0&i®dmmAﬂmﬁeaﬂathid_mﬁrhy Rralger #al Phe Pro Leu
Ala Pro Sgrcserdeyisibd Ol aen SRy iaiv Eiﬂz@dﬁérﬁlﬁcﬂ&@é%%b{r%@ LRLEYRIYS ASRTYr 202530
Phe Pro % Pro V I Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val HIS Thr Phe Pro Ala
Val Leu Gihy Ser Saf &Tygll_eu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr
Gin Thr 66707380 choin edsicasaions hasngfhe pypire Saeasm®elSEQR Mép 284A@EBINS Lys Val

G:u Pro L Bengysahembiysld hrehdis: EEW:@&P&&BED&@&%&QQM AP Gluibgu Lﬁu Gly
GyProSr Pr sAs Thr Pro
AV o e b ST S Sl %ﬁ?@ﬁz%éﬁnp
1451501581 Be71) PRASH R SBs RAVBE Hhe %@ﬁ%ﬁ@.ﬁ%ﬂ?ﬁwﬁ ﬁ@%@u%&iﬁ@lm 46 His

Gin Asp T hawAsniG hatigsiGlepibys bysiipythd ysivahSésaprids?GEZPE o Alad gwRyo Ala Pro lle

Gl b5 Thy WeSechits Ao/ Ghe 6215280 GIRRRAGLIRIG SIRMANTY, i Lawpro Pro Ser

pIos
Arg Asp 225230235240 S Asn Gin Val Ser Leu Thr Cys Leu Va
2452502?5&0" PREHAR ”%P?ﬁ AR BEPARH GRS PF?’Péy &R %@W@aé&@éﬁ‘?@mn Tyr Lys
Thr Thr P(® hﬁ@vwh&@wm@isem@y GlyiSeihp hisiPh eckRl 52B02850E SET YD SEP: Lzylsl l@aahr Val Asp

h}_/s ?ermggﬁé@v@m%m% Ser.Leu Ser L B@g&ﬁfp& §C§§§éw 10> 61 ngISéASSA?
isTyr T ) ysoenleu Ser Leu Ser.pro <211>
<212>D Aﬁ%%g %forﬁaasﬁaeb%ns 2 ‘8& f‘agcaccalzfllgsgf]3 ¢ %8%%%&% §d§
cctc?:%ag56&%&@5@6@@@%&%&@%@@@@&@%&&W@%ﬁgﬁ%@ﬁ@@ﬁ@g’&b@g&@d&@@ﬁgtcg120
tggaactca@@g&@e&@@geﬁmﬁamge@tgﬁ@mmm;@gem%aeﬁwé@h@ﬁaé@fﬁwwmcggmgcgtggtgacc
glaccetoch seRaRicgasRearadaceadls 14 1RCac AR AIAdaleasanaceERdD Oﬁg?§g§9§ggacaaga°

agttgagcgc300 aaatcttgtg tcgagtgcce accgtgéeca gecaccaccig tg gcaggacc ttcceee
caaaaccc?ﬁiggacaccctc atgatctccc ggacccctga ggtcacgtge420 gtggtggtgg acgtgagcca cgaagacccc

gaggtccagtichenty gheiogtemridg gei 865 dtgday Gty ensitaadgicCsmgacaad §ECAITHYagg AgH $ttcaacag
cacgticcgt540 gtga%ﬁMécgewﬁ%%@%@%Q%mQ%M?@&% glaGRegtgc600 aaggtcteca

acaaaggcgt ccc a aaa ccat tccaa 0 ccccgag aaccacaggt gtacaccctg
ot iecibe a% S GARCTIE A ﬁl,(éé‘ 1% %%&SF éﬁ SoRsfeeREERas iEatcge

cceccatede gggaggag gaccaagaa U
cgtggagtd§¥8bsgagagcaatg ggcagccgga gaacaactac aagaccacac ctcccatgct ggactccgac840

(15) light chain variable regions having the amino acid sequence of SEQ ID NO: 218 (L11);
(16) light chain variable regions having the amino acid sequence of SEQ ID NO: 219 (L12);

35 (17) light chain variable regions having the amino acid sequence of SEQ ID NQ: 220 (L17); and
(18) light chain variable regions having the amino acid sequence of SEQ ID NO: 221 (L50).




ggctccttct tcctctacag caagctcacc gtggacaaga gcaggtggca gcaggggaac900 gtettctcat getccgtgat
gcatgaggct ctgcacaacc actacacaca gaagagcctc960 tccctgtctccgggtaaatgataa 984 <210> 62 <211> 326
<212> PRT <213> Homo sapiens <400> 62 Ala Sey.Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser
Ser Lys 151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro
Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 48 Gly Val His Thr Phe Pro Ala Val
Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly [hr Gin
Thr 65707580 Tyr.Thr Cys Asn Va| Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu
Arg Lys Ser Cys uftéqﬂ}/ﬁ?s Prs ?5@%?8%@ BIEPIF R AR Brg (4 1eRRy Chysprdeddiesral Phe
Leu Phe Figiprsd isip ahidiyy Akple 165100126 e frewMetle Se gyl BribGliesval Thr Cys Val Val
Val Asp 1308304466 kBeEHIBRIIASRROBI Vaksle P%%ﬁ\%ﬁ@ryenﬁxﬁé/%ﬁ%ﬂﬂ%ﬁ%%éo155160
Val Glu Viaé H|§.1 QPQ‘@%%ET r Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr Phe Arg Val Val
Ser Val Let"Thr Val \ IS Gifi Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
Lys Gly Lé&tPpeatibesizs tbasomarpeshreaiy opsihyaiede ragermifysndihaGighPebatr ga@il210215220
Pro Gin Vadglynr diil Le@PID Pio Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr
Cys Leu Sl 45250255 49 Thr Pro.Met Asp Ser Asp Gly
Sor Phe R L e R VAT e 0 S AR T G G B Ae Vel Phe
Ser Cys z@@%&é&ﬂi‘ﬁ%r His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu 305310315320
Ser Leu SE2PrutiBiicy $:825mpd S-1iE3heR Y ch A0 VarbRorEYA s2E3 and e digianiens vAMBR 63
gctaggacGaAGIeEceatargioftaecc ctggegeect gzcotccaggag cacctccgag60 agcacagccg ccctgggcetg
cctggtcaag, gactacttec cecgaaccqggt gacqgtgtcgl120 tggaactcag gegecctgac cagcggcegtg cacaccttce
oggctgtec?za‘ gﬁgc;g&%gi% %@5&%@%%%@%%??@;&%%@@%%&8&‘@%&3@%@% gy inacgabigacc240
tacacctgciaegabaithH4abeébage aacaccaagg tggacaagag agttgagtcc300 aaatatggtc coccatgeco
accatgccqaeatibigne! 1661060966 ACRERDIITAE0MRRIIIRGAGO6PRIAGS fRANIRACAGLCIGAIgRIC
cceggaccg, }ggg@ﬁ?cggxg&ﬁg@gtggtgg tggacgtgag ccaggaagac cccgaggtcc agttcaactg gtacgtggat480
ggcgtggagd tgcataatgc caagacaaag ccgcgggagg agcagttcaa cagcacgtac540 cgtgtggtca gegtcctcac
catctgcab’chyfhadle phsenteiaa Behewst shasonigbisaggien efficaddly ligittcogteeatddtcgaga
aaaccatctegaaad¢tapddtl. 150, aaccaggtca gcctgacctg cctggtcaaa ggcttctacc ccagcgacat

cgcegtgg cC ctceegt getggactcc84
MR o e e e AT R B RaE  RerRT
gatgcatgarﬁgé%’?t?éé:\? aag&‘g& tac acagaagagc960 ctctccotgtctctgggttaatgataageggeege 995 <210>
64 <211>(326ax@hREcP R «@hBsisktmbesapidninifab Gt dtm Sef ThidysSh R ServalbRhe Pro
LeuAa Plrfgggﬂ%ﬁ@vf@g;ﬁgg}?)@ Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
202530 PQ%BPEQ@)IH. I?jr&é/al hr.\éat S ra'él"gJ sh Ser ¢ ly Ala Ley Thr Ser 354045 Gly \/a] His Thr Phe
Pro Ala VAT &0 Gin Ser Ber CR Teu TYF S F AFE5E0 M S8 P S V) 474 B P BRI SaEaBIS Ser Leu
Gly Thr Ly @3707BES TP Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095
Arg Val GleoSetlysiFy ey e Reare ysdapia %ﬁ&é&@ﬂ@é@ﬁ&%&%@%ﬁ’ﬂﬁ LUl Gly

Pro Ser V@%@Q%#ngﬁﬁﬁr%ﬁro ys Pro Lys 115120125 51 Asp Thr Leu Met lle Ser Arg Thr Pro Glu
Val Thr C&/s Val val Val 1 % Sﬁ Aslé) Val Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp

14580148968 1pdiRs et comPRSS ReASANY EYair kiiaplepraineg Tiid Gre Cin ke cheB17OEYE Asn Ser
Thr Tyr Aregital ofdl SeiRaLESEU Thr Val Leu His Gin Asp 180185190 Trp Leu Asn Gly Lys Glu Tyr Lys

Cys Lys val Ser Ao Lyl kgt 22390788 RinALPehHEAN WA HIESSLLR AR O Cn
g any constant region derived from 2 human antibody, Preferred examples of such constant |

regions derived from human antibodies include, for example, constant regions derived from
30 IgGlorigG2. Moreover, constant regions in which one or more amino acids are substituted,
deleted, added, and/or inserted in the constant region derived from & human antibody may also
be used.
The constant regions in which one or more amino acids are substituted, deleted, added,
anc/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);



Glu Pro Gin Val Tyr [hr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys 225230235240 Asn Gin Val Ser Leu
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp 245250255 lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro
Glu Asn Asn Tyr Lys 260265270 Thr Thr Pro Pro gl Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275280285 Arg Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser 290295300 Cys Ser
Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser 305310315320 Leu Ser Leu Ser Leu Gly 325
52 <212> DNA <213> Macaca fascicularis <400> 65 atgatgtgga cctgggcact gtggatgttc cotttactct
gcaaattcgg cctggca ct60 ctgcc ta a atttcct tg taacgctgcl20
acttggagtc caggasigga ’gﬁé’fgﬁ’a &s c‘ot%aaﬁ ¢ g%@%ﬁﬁ?gﬁa a“Adcatgataa
ttgtacaacc agtagmtai@ﬁergggaﬁé&wm@@t@m@wﬁwrt@@@é@&@Iéhl‘é%c@?é(&fé&@@ataatt ataccattga

ggtggaagct300 ggpaatuaadmiagteian kaaicigat algasateiliogngaliage geacaRgaaRe0 aaaactgaac

cacctgagat tttca aaaccagt catcaa acgaatgatt420 cggattgaat ggataaagcc tgagttggca
cctgtttcat c%ga%t?gégﬁ% fatgcac g%gg’g% c?a a cagtcaatag taccagctgg atggaagtca acttcgctaa
? g

gaacegtabdhione gatbrnn Het WasRttasdaErtalgsly byt heerminasdd e aytagtaicbiotegéyatgtg
cggtcaaggayicaaagiiadggagigabidgadecaapa addaatgggadesaQdrigaQyl aggaagctee atgtggectg
gaactgtg Qg%gﬁﬁéﬂﬁﬁs%%‘éwéﬁk% %&%%Q@Q&S%%&%&%Qﬁt@@ﬁg%gﬁﬂgﬁ gaagaggage

cccagtcct gaaaacac ttggctacaa catatl C tttccagaaa acaacactaa cctcaca 40 acagtgaaca
ccactaacd§¥: Sirgad it %%%‘C RS e e sy gﬁla@é%g tctccagtga
ccaccctgdg’fgattccagcc%o attcaggaaa agtcatttcg gtgcattgag gtcatgcagg cctgccttgc tgaggaccag 1020
Ctagiggtgeg?%%séi%?%ﬁ%&%%%%% aoa cliggatoAkta ittt P8O.seoaRRIGM, acigagagca

"~ ccccactctt tcct C%l%g(&tﬁ%? g aac 1140 53 tggacaatcc agcaagataa attaaaacct ttctggtgct
ataacatctéet%'fa 9 aagttgg cgagccatat tccatccagg cttatgccaa agaaggeatt1260

ccatcaaaay g{&&g@g&&l@@@g@@@gmg@@@@%@@a@@gﬂ@Egﬁ@@@é&&@g@@@m&g& ttcccaagag
tgagagaaag gaiaieaicEganasacasycatcttttac1380 caagctgaag gtggaaaagg attctccaag acagtcaact

ccagcatctt gcagtwcﬂéc? ggaxggfcc %g%%%ﬁtc%g%i }ﬁ%% ccag cacc tgctlSOO

gggggaatca acgggacc cataaatit aagacattgt cattcagtgt ttttgagatt atccttataa cttctc
tggtggagg%% e-téat &ﬁﬁ@@@?@@@ﬁ?@%%tggtctca aaaaacccaa caaattgact cacctgtgtt

ggcccagtgkieacthadesthaBibgridanatavgtetiagpcradratdgegtdge gadgatiteacagd SBQJICt daasétgaagl 740
gagtctgat%@@m%% aagac aggatcttaa aaccatgttc cacccccagt1800 gacaagttgg ttattgacaa

gtcggtggt aactttgfgga atgttctgca agaaatgttc1860 aca atgaag ccagaacggg tcaggaaaac aatttaggag
gggaaaag%\) i@@@f@%}ﬁ@@&%ﬁ% leie s fe st ?6%’&1&&%8@%"&‘&3@% §§ Ty o¥ectibtttca 1980

cctgagatté&te&’&égaaasawccama): ctacgttcga ggatgccaga agggacctgc 2040 ctagaagccg aagagcagct
tetegigict gairaangia Lagaasdia!AgcACIAARGIZ 1AM CAIRIGRTAE A9968YGIEE SeSRAAINAY(atigaaaa

attcagtga%LaOa%(l:za_g%%élit aé1%60 [ttcttgtgt ctcaaaaact tccagagcac accaaaggag aagtctaa 2208 <210> 66
<211>73 acaca fascicularis 54 Met Met Trp Thr Trp Ala Leu Trp Met Phe Pro
Leu Leu Gysanyibquips 151 caBrGHp b agaaTcadH: hevimr S iafariys 9016 SluaRen HSEQIR YOy &f Tyr
202530 TyK{- Wmﬁgcbyﬁﬁmg@u)ﬁhﬂ @MghThﬁiﬁm&eﬁm Ghyidyscldlbedindb4048(pED Ryy: Br Gin Tyr
Thr Ala L)(r T*h&)%% Ia Phe G ys Lys 505560 His Asp Asn Cys Thr Thr Ser Ser Ser Thr Ser
Glu Asn Arg Ala Ser f%%B er Phe Phe Leu Pro Arg lle Thr lle Pro As rThr lle
859895 Gﬁ?%@%‘@m%@%?ﬁ%s@ﬁﬁﬁ@a eligivaaviag Y& @&%&@ﬁlﬁ/ﬁ@ﬂwmﬁ st#th Arg Leu
Glu Asp llIEIAIT Hys chhsttiur o smdG U et E&hﬁzmmﬁﬁzﬁen‘daﬁbﬁ@ma\@mmly@e j6ys Arg
Met lle Ar%ﬂeg@u T30 O lle Lys Pro Glu Leu Ala Pro Val Ser Ser Asp Leu Lys Tyr Ala Leu
145150155160 Arg Phe Ar rVal Asp Ser. Thr Ser Trp Met P 165170175 Lys
Asn Arg Lys Asp g@l‘f}bg é%%ﬁ%ﬁﬁ%ﬁi@ﬁ@ﬁ%%éﬁ@oﬁ %ﬁ N S THPERFYr Val
Val Ala Leagioy eydiaddizhilchys: Ginisehe 95200208 55uS1ccAbSP DB G0 @¢-Gluteu Trp Arg Val
Leu bys Pé@nItBﬁﬁé@@@ﬁ%&QB%@é@Mﬁ ﬁ%@mﬁ&&&ﬁm\@%ﬁg@mbﬁuﬂa&& ysnb¥s Ala Arg Gly

245250255 Ala Pr s Thr Leu G Pro 260, 6527 Glu Asn Asn
Thr Asn Leu%r% u Th a% lt]u-¥?“l 1 dt %‘éﬁ%@g el Bl e sml_é'u PGIy Gly Glu
Ser Tyr TH VA Saf imeithes @&0@99@@53’@0@% a@éﬁ:@é?aeétp@wiys Ser Pro VaI Thr Thr Leu Arg lle

Pro Ala 3053103 18320thtepteit£6 inlayisieiriNideArg Cys lle Glu Val Met Gin Ala Cys Leu 325330335

Ala Glu Asp Gtk ey Y AL Vals,T1p GIb S5E RS IR LEUASR Yok 20340260, Tt et e G

Trp Phe Pro Asp Met Asp His Pro 3 hr Leu Ser Trp Glu Ser Val Ser Gin Ala Thr
Asn Fip THPIR @W%ﬁ%%%@ﬁ%@ﬁ%éi&%%%ﬁ& %H‘WWP%}%%‘%%‘? Yati9r Pro

3853903984080 54 (HO-VH + constant region);




Met Leu His Asp Lys Val Gly Glu Pro Tyr Ser lle GIn Ala Tyr Ala 405410415 Lys Glu Gly lle Pro Ser
Lys Gly Pro Glu Thr Lys Val Glu Asn lle 420425430 56 Arg Lys Gly lle lle Cys Asn Tyr Thr lle Phe Tyr
Gin Ala Glu Gly 450455460 Gly Lys Gly Phe Ser Lys Thr Val Asn Ser Ser lle Leu Gin Tyr Gly
465470475480 Leu Glu Ser Leu Lys Arg Lys Thr Ser Tyr Thr Val Arg Val Met Ala 485490495 Ser Thr
Ser Ala Gly Gly lle Asn Gly Thr Ser Ile Asn Phe Lys Thr 500505510 Leu Ser Phe Ser Val Phe Glu lle
lle Leu lle Thr Ser Leu lle Gly 515520525 Gly Gly Leu Leu lle Leu lle lle Leu Thr Val Ala Tyr Gly Leu

Lys 5305 s [ Trn Pro Ser Val Pro Asn Pro 545550555560 Ala
- Glu Ser S%é%ﬁ%é%%\zl_}éﬁ %%Eﬁ%f;‘&%n}p)/ 1%Gél_y?g %%Eﬁgiéﬁé{] Il_% aﬁs%f%??é%é%g%e Ii%quﬁgn neauoff/lg Glu Ser
Asp Asp %@P\?ﬁcﬁﬁf?ﬁf"%‘i TG 5%3@8@?% PSSP e sc RS iAERLys Leu
Val lle AspiLy® Sét385360060& sthiMatiisniPhe Gly Asn Val Leu Gin Glu Met Phe Thr Asp Glu Ala

6106156 e @&I@ ; Gl Ly o 39, f 40 Thr His
Pro g’ue ,?@ %?gg,%p%s Pro %?g@;%ﬁ%%%ggu Glu 652’??53 6%%Eé§\é%§§%%hﬁe6{§§% Glu Gly
u

Thr Cys LE0 KR P eSLIET-1%: b DR 85 VAT e HERF BRI BRISSH SERAIa Pro
Asp His Vil Xigj Billéobb95706ataag0nla Pro Asn Pro Tyr Leu Lys Asn Ser Val Thr Thr Arg Glu
7gi110479x55)7§2%%a%§%@é@4n§§§@méey@ biatPEe, | Edthitisn 406 T6;£H &ctifé Q%ﬁt&l&é %%Kj%ﬁ%%@%?ﬁl&%lw 67
<211> <212> <213> Magaca fascicylaris <400> 67 atggcctctc actcagcagg cc ac
cootoctot T HE RSt Co T L A e B T A e
tatacagaa@ﬁ%’%ﬁﬁé gy astiatay e serranhad e Aaviemegaaing geidgaepeny 80 wghtgctcg
tgtcdbagacnitacacgetgring igidicacessigacgt; ccagdcaddal4dHacaiaMesiacrgsesavscsatccgggea
tatctcaagge%gg;gggﬁgg@%g%ggg%@_@ﬁ%%@%@%g&g&%ﬁgtagagcac ctcgacaaac tcatatttca

agatgcacca36( gaaacaaaca tttctgtgcc aacagacacc catgadtgta aacgcttcat cctgactatt420 tctcaacagt
ttcagagtd ¢ ARGACER GRLEOERRTCH REABHO Y RYERE 38 ATUNNRYE s8R a0 RPI0BB IS 164
<212> PRI k8 Mecadatiagel; dd s dttdded anddd(ns68dd &t ApaSendlisibenMacetf BRgAla Thr

Ser Val Lay Rte ey ety 51 0 EysS¥shl-g4h G oG ML hak-Ek Ser His el eu Pre, Val His Phe

202530 Leu.Gin Pro Ser Asp.lie Gin Lys lle Val GJu Glu Leu Gin Ser Leu 354045 Ser Lys Met Leu Leu
L ys W VAT ELERE T RS TR 0 P8 -8 BORb A0 S8h SR GT TR T G EPR0 86 Pro
Asp Ala GRIRISPIOBEY 07580 Asilife Yk HiwStamPreiaf.lle Arg Ala Tyr Leu Lys Thr lle Arg 859095
Gin Leu Asp AsnyiisddeniéatilarAsniGied] eleahnkiis g@&k&%@é&%é%ﬂée%é’ﬁﬂaﬁﬁ figWBbe Gin Asp
Ala Pro Ga!gti'\l;j??rr@sn IIetS&%V?tgro 'I;%%‘%LSJ{} 012§ égp T;iol-{i?s{Glu ys Lys Arg Phe lle Leu Thr lle
Ser Gin Gin Phe ﬂ)(ﬁSg [40 er%ﬁﬁ yS ?\7[3 E{gp Eeu’ ,&F LeuLys Ser Leu Thr Ser Gly Ala Gin
145150155160 GhresPyirtit: doletansoldiipp-and/an iesertisnyk|aning asidviaeasd fagtivlaryis 59

atgdiitctatittgted tott tpagidicanamiett citaecC aitgaigiCocigagghctho inccagagighaaatstigaetyaacyttta
ccattgacte,glgigicact taaagtitcc120 accaattcta tacatcagag tttgcattta caatggactg tccacaacct

tccttatcat180 cag}gaattga aaatggtatt tcagatccag atcagtagga ftgaaacatc caatgtcgtc240 tgggtgggga

attacagcac cactgtg Ry TSt et e Attty fygessdsetgyaabif§ccacacac
tttgtaagaatosagegaidtagacyatBet g chgtttorietiarpeiaa 4SHOEH AH0: 44t ig gagkt-cet §ggagya
zgtcaggtgta:@’fQﬁa?@ﬁétﬁqae1%%%@%@?3&35%%@@@@%9&{&%9%%%@3&?Cat?tgt

ac atgtttc aaca cectgttatss a gacagattca cggagaacaa cttgatccac
e A C00 SAHO R SHAARLE B SE Eoae At A QS rEaIsR600
aatgtcagtéaatigedbs garygeidegauereagiche dumagizast igaggelpin ¥ BQ dagyac#) citgtoaato
ccaggactisHaIaciily ¢ ACtOBC HOBBAILE IR EAR0 ARU0RCAGHLHHIOGARIGGIRIaRaaR0aHELGAAR
gctacacttt[&mgﬁ%?@g@ Eﬁtg}ggggﬁgg%g%céggtﬁg%%%aaaactggt gtaattggca aataactcaa900

gactcacaag aaatgtataa cttcacactc atagctgaaa attacttaag gaagagaagto60 gtcaatatcc tttttaacct
gactcatcga gtitatReNHuEaRRPISt Rt ERLPTOD O iR des %ﬁgﬁéé@ﬁaﬁc@&t@%a@mm
aggfjcacts oatyagraidiy @B0antibodies 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).



aatttcacat atttgtgtca gattgaactc catggtgaag gaaaaatgat gcaatacgat1140 gtttctatca acgtgaacgg
tgagtacttc ttaagtgaac tggaacctgc cacagaatat1200 atggcccgag tacgctgtgc tgatgccagc cacttctgga
aatggactga atggagtggt 1260 60 cagaactica ccacagga agctgctccg tcagaggcecce ctgatgtctg gagaagtgtg
1320 aactcagagc caggaaatca tactgtgacc ttattctgga agccattatc aaaactgcat 1380 gccaatggaa agatcctgtt
ctataatgta gttgtagaaa acctagacaa accgtccagg 1440 tcagagctcc gttccattcc ggcaccagcc aacagcacaa
aactaatcct cgacaggtgt 1500 tcctaccaaa tctgcgtcac agctaacaac agtgtgggceg cttctcctge ttctataata 1560
gtcatctctg cggac a aaacaaagag gitgaggaag aa ttgc.aggcacagag 1620 ggtggattct ctctgtottg
gaaaccccag_cctg%g%gg?ge fa%%g%%%gq}%&g?g&g%% %85@%%9%%% é%%t%gsgﬁ‘ga%%?&%@g‘& ?d’&aag aatg
taggtoccef—’é“t‘z?@é%aagcl740 acagtcatta gcacagatgc ttttaggcca ggagttcgat acgacttcag aatctatggg1800
ttatctacaq Bargoatigadidiitatiabaganaossd eaggansis aguaacig 2860 gotccticag acaaccctca

cgtgctggt ﬂ«'é%@@@jﬁéﬁ%' 16 ClicAGiclg: 192 t;gfgsa@g it tctcaa cctggtttta
tacait‘?ggg%9 catgtctat 198O9§ééjagatc§§ agigtj:sgé\g%%% gtgcc %g?ﬁgg%%&ﬁfgéggcagttct ttcagatggt 2040

tcagaatgtt JCEAN O SATIIRE H5 RUAD A5G SAA SRRy R dat HHdictaaagecag aatecttcta
tgagtttttc hdcwoattitasiayige thyenagogidtGiecceadfiofaityNCacIdq@asacgact ccggatgaac
actctctccﬁgtﬁgg&gpggaggg%?%gﬁggg%gg%gg@g%%ggggq%@ggg?p?jg?%gﬁtitcttgaaaa?tt 2280
cagtggatc agacgtq ftatcctgac atccctgace cttacaa agcatcc Cottaataa aattcaagga
gaaccctcégc)?:%agggagg%;ﬁ 24t %5&%3&@2@:@%%%8%3%@5%rt‘{gég%ﬁé%%caagcca gaagggacaa
ggatacag&)dlﬁﬁ@g@&%’@&%@%@%&gimm&%@&gm@fg%éw@a@é&%acctttatct ccttccaaca 2520
ganaagnaieAettigacaeiagensaiic atelatita asaactiac)ciacaeceay @hRY, gcagcticty acgctggete
ttgtggccag%thce%@ t&%%g%%gga%a&% gf%%%cgl:%%%%%m atge gg}gg%a%c : cctgaaaat gtactaaagg

cgctagaadd aaactacatg fFaactccetgg gagangieee agct dcaaytiga attatgtgte ccagttgget
2760 tcadCaR§EgRTEHAIgE SayRine ¢ B CAGIEH At Qeéatdbig2820 tcagagtata

aaatgcaagdtiggeagtebametgogiottjecenigsated eaogancobSEAB80 Nalagraggrdiicctcaat taccctttta
gatccaggtgze}ql% %%3&5&915 ng&%&gn%ggfg%gﬁfm 5%1%;? acaca fascicularis <400>

70 M tAmlaP e Val VVal Phe Gin Thr Thr Phe Phe Leu Thr Leu Léu 15 Ser Leu Arg Thr Tyr
Gin Ser VB GRIL BV RS G B AL S oD 80T RER SR APs 234 BT Yis Val Ser Thr Asn Ser lle
His Gin S@r) ber 864t Higihe thGaming aEhi svaddiiz ASRH@UIPNOT 28 HiEMI) Glu Leu Lys 505560 Met

Val Phe Ginlle,&ignHeSer Mot @aﬁk&kﬂ!ﬁ@&gﬁé{éé@ epAQkE588: 1A Mal Gly Asn Tyr Ser Thr Thr
Phe val 0GRt 10D R T B 4] TR R AL oo BB i Pro Asn phe 1151501
Phe Val 1 A h 1 Pro Asn Phe 115120125
TrpeSear Mhﬂ%igéﬁwg'@ﬁi@ﬁ@a; Fad Q&U@iﬁﬁmﬁﬁﬁfﬁﬁ%ﬁ@fﬁfiiﬂﬂ Glr;AanGly ('al'hr Leu Phe
Xal flfll‘]eGE[g)ummihyﬁm\ﬂ%}%@‘wiawﬁa@@@l )i &@Géﬁldibihr lle Cys TerVa[ASer Arg
sn lle - r Cys Tyr u n lle in Leu Asp
1801851 %%%éﬁ%%%ﬁ%grﬁgeﬁ%ﬁ Eﬁ%s’h%éﬁ\?’é‘i?%éﬁ% 5?8’_‘2\?5 g %%% 05 Arg Gly Thr
Asn lle Ty OyEBRiiATIabramprgbsdrayaIchar 0FED w09 isbehtzieie o (G T IR A)Leu Phe Val
Ser Lys (@l ) eniiGidi«€3 lth#? ro:ARH2302 35 240chyss: AS(S Phel SerlGys GlinSe( IGITASIPhe Asn Thr Leu

His Cys ThrARRRARSSLI0ASR BB CNCIDLASK FHeYNad 6 Al TRy 26 Loy G Proy Ser 260265270

Gin Ser Tyr. Thr Ley,Phe Glu Ser Phe Ser Gly Glu y ] / Lys Asn Trp
Cysz/sasn @@Hﬁ?ﬁ%ﬁﬁei RORED EePGiRtSI ﬁ%ﬁg@@é%"t LF%‘?&EW‘P?\%“I’H&H&GW@%M Glu Asn Tyr
Leu Arg L(y$)andi Beli3058 1081582 (h<63:Pheisan VS AsmPheligh dein A BSIFMELTHY; Asn Ala lle Met
His Gly Gl v et NSt o Tt Ao VoL e A G e Lou e
is Gly . et Gin Tyr Asp Val.Ser n al Asn u Tyr Phe Leu Ser
Glu Leu %S%X,&%%‘F éhja f#%%é%%%%(ﬁﬁ&%%@r@n a “’Af%%t‘i}é%al%i%@kgg 3edr'liis Phe Trp
e e oy cloms
a Fro Ag8)\aatibodiédy hdenMpt Q3o Si phneu Phe Trp Lys
Pro Leu @%m@ey;ﬁmé%@s@@ze%%f&mp 2% Pl Ty Aon %@%ﬁi o L
Asp Lys Pro Ser Arg 465470475480 Ser Glu Leu Ar erﬁkrﬁ%a@fé%& n SerThr Lys Leu lle
485490498 BHFRIFRGEGRREe et Teceys Vel thios da S80A sheier /L HBER5058X0 Gly Ala Ser

Pro Ala S@it)lbeienthhlte BorryanispiRrecdlscAsm&SHS05R Didys Glrd/ahGluaGls Giu Arg lle Ala Gly

Thr Glu GG herSees 3353 POER SRR His SOOI ApoNablay BIn Jip Lys Asn val
GlyPRro5 éjio 7§1Asn Thr Thr Ser Thr Val lle Ser ,Thr@;g Ala Phe Arg Pro Gl a} 580585590 Arg

Tyr &sp P %gtlfe%%ﬁ‘i}rigeﬁlé‘}é’flﬁgh%‘cﬂéeﬁalﬁg RYEGEBESBHBOSLER BEESETR Lys Lys Thr Gly
Tyr Ser GigPestivted daRicrredded Kuirs HO6TES R0t ik ohidiss A ke anvail AED Métteu Thr Ser His
Ser Phe Thr Leu 625630635640 Ser Trp Lys Asp Tyr Ser Thr Glu Ser Gin Pro Gly Phe lle GIn Gly
645650655 Tyr His Val Tyr Leu Lys Ser Lys Ala Arg GIn Cys His Pro Arg Phe 660665670



Gin Lys Ala Val Leu Ser Asp Gly Ser Glu Cys Cys Lys Tyr Lys lle 675680685 Asp Asn Pro Glu Glu Lys
Ala Leu lle Val Asp Mn Leu Lys Pro Glu 690695700 Ser Phe Tyr Glu Phe Phe Val Thr Pro Phe Thr Ser
Ala Gly Glu Gly 705710715720 .Pro Asn Ala Thr Phg, Thr Lys Val Thr Thr Pro Asp Glu His Ser Ser
725730735 Met Leu lle Arg lle Leu Leu Pro Met Val Phe Cys Val Leu Leu lle 740745750 Met lle Val
Cys Tyr Leu Lys Ser Gin Trp lle Lys Glu Thr Cys Tyr 755760765 65 Phe Lys Glu Asn Pro His Leu Thr
lle Met Asn Val Ser Asp Cys lle 785790795800 Pro Asp Ala lle Glu Val Val Ser Lys Pro Glu Gly Thr
Lys lle G'”3§9rm§t gu Leu Gly Thr ?gesq{\}/s Ser L hr Glu Thr Glu Leu Thr Lys Pro 820825830
Asn Tyr LS el Brg Thi GG 25 ) e§]ew BFS B5I5Pers=BNH8 45 BT EOHENSTs Phe
Glu Asn Ph’ée'fﬁﬁir W@W@mmﬁaﬁlwﬁmm@p@mag%s@mawﬁl@&r(@sm His Val Pro Val Pro Pro
Lys Ala Pa47 epfieui6 58 0540880 Malabas eilideal Malshie3ey B0 Asss Yakhet by Ala Leu
Glu 885890 @gé Asn Tyr Met Asn Ser Leu Gly Glu Val Pro Ala Gly Glu Thr Ser 900905910 Leu

. Asn Tyr Val IN Leu Ala Ser Pro Met Ser Gly Asp Lys Asp 915920925 Ser Leu Pro Thr Asn Pro
val Glu Pro Pro HISCSyessBien deiftieysaddionsonionissaiivmsmiaveadifyere es Jergrited Ala Leu Pro
Pro Pro ThirGtu 945960865060rAsprBerherhel SehGerdiadtbpliet bethAsmBraGly @ His Tyr
96597097419, 5210341 <211> 1665 <212> DNA 66 <213> Macaca fascicularis <400> 71
atgatgtgga cctgg%{%act %?%‘?i gatgttc cctttactct gcaaattcgg cctggcagcet60 ct ccagcta agcctgagaa catttcctgt
gtctactact ataggaadsATHRACRIGET oD LR esEg6h g é’&ﬁ‘é csemm et FoRRYag
aacttacgcleso Qh@g&maat@ad@mﬁa tpecaaceEgiagticta caagtgaaaa tcgtgettcg240 tgctcttttt

tecttggaag aataacgﬁé@ﬁé@é%%@@&@%ﬁ%@%ﬁﬁm@%aﬁ@ %@@5@9@&@&9959&&%%&@““9“

atgacatgtt ggaga at%atagn&g 0 aaaactgaac cac& gj agat tttcagt aaaccagt tggg:tcatcaa

acgaatgatt420 cgga tE At ggatanagce ng‘H’é‘g QR SRt AT R ATRS éfv %%ﬁl&?t%%eﬁﬁ ffagga

cagtcaatalf f&¥¢agctgg atggaagtca acttcgctaa gaaccgtaaa540 gatacaaacc aaacctacaa ccttatgggg

ctgcaggctt ttacagagtapigieat ageieRn thﬁﬁaiﬁgtﬁgﬂéﬁﬁﬁ%@rq%ﬁmg%ﬁ%ﬁt%%%ﬁ%aga

aaaaatgg g cgid gaact agtcet act tggatggaa
JRARO Alarctdad G@W&%ﬂ@ég,g e e e g

gaa cca gcggt tta t. aagaag caagaggagc cccagtccta gaaadacac tgg ggtac
tttcc % 889 eé%g”é B40 acagtgaaca ccactaacca gcagettgaa ctgcatctgg gaggcgagag
ctattgggtg900 tctaffatttattatdatictitggbabictestigiga ctasecioag Baitbergcs96( attcaggaaa
agtcatttcg gtgcattgag gtcatgcagg cctgccttgc tgaggaccag 1020 ctagtggtga agtggcaaag ctctgctcta
gacgtgaaca cttggatg t tg aat gttt 080 ccggacatgg actcagagca ccccactctt tcctgggaat ctgtgtctca

ggccacgast e LAAtEC dcaatataa attaaaacct tictggtget ataacatcte tgtgtatccal200 67

atgttgcacg acaaaﬁtﬁﬁ@ﬂ@éagémm%@@t%&agg@t}ﬁtg BcadilaghaggbattdRen coatetannglgliectgagac
caaggtggagtmmgmgm@mmﬁw@qgﬁteaﬁﬁwzo tggﬁ%%ﬁ@s@ﬁt%@&&ﬁwa&%gﬁﬂ?&&g gatatcatct

gcaactacz%ﬁ catctttta§1380 ca, a%%a g%a?%%g éﬁg z%g%%} i egcgggg}ztctt g%kgjtaaé%gg;gm

ctggagtecc tga%a aa gacctcttac'actgttcggg tca
cataaatttcoggﬁ%ét%?*E‘éﬂ@ﬁ@%mﬁ&g tr‘ﬁg%ﬁé%@c@tam mtgéptg@qgia@gé cittittattquoattatcct
gaFlechgtgfQalﬁtﬁ(agahggtgﬁaa;@@a&acCﬁaﬁdmttgﬁ@kq&%éﬂi%baﬁlgaacﬁﬁ%ﬁﬁi%%iﬁ%%%%Lg%ﬁrgl_ <2 102>
< [ la eu et e Pr, eu eu Cys
3 &Aﬁﬁé‘%ﬁé@%‘?%@idﬁsﬂqqg 2 AM@EM% %ﬁ;@ﬁ afifod F‘ﬁ‘%}‘“‘i

Lys ]ﬁ Gly Leu’Ala Ala Leu Tyr Arg
Lys Asn L&t é‘#&'ﬁ (% E?é‘lf/1‘9@%?614'HF%%@@&%‘S@SWPWHFGWWWMMHWS Arg Thr
Tyr Ala PHe @@1&15/1561119@505560 His Asp Asn Cys Thr Thr Ser Ser Ser Thr Ser Glu Asn Arg Ala Ser

65707580 Cys SerbhaRiieuPiadiEdlailiy s e Aspasy mygemai'%%?%%é 68 Glu Val Glu
Ala Glu Asnu§I¥ é) %Val Ilﬁ g@ Met Tgf-‘él %511?) Cys Trp Arg Leu Cglu Asp lle Ala Lys
Thr Glu PF8 7@? fféBhe i } & Gly lle Lys Arg Met lle Arg lle Glu Trp
130135140 lle LyErpep&art &g wﬁmm‘@@u@@a g piceent s dyicAmdiede B4GBGOLSHEE0 Arg Phe
Arg Fhr VakAgiSalokfainSer mwﬁb@&%yﬁﬁm@h&é@éﬁﬂ%&%@%&%& Yo ASR N ASn

Gin Thr Tyr As! 185190 Ala Phe Thr Glu Tyr Val Val Ala Leu Arg Cys Ala Val
Lys Glu Ser 19%%@%%4&{ ﬁﬁh a§é)r fma%ﬁrp §e?‘r "Gin Glu Lys Met Gly Met Thr Glu Glu

- Antibodies (neutralizing activity)

The present invention also provides anti-NR 10 antibodies having a neutralizing activity.



210215220 Glu Ala Pro Cys Gly Leu Glu Leu Trp Arg Val Leu Lys Pro Thr Glu 225230235240 Val Asp
Gly Arg Arg Pro Val Arg Leu Leu Trp Lys Lys Ala Arg Gly 245250255 Ala Pro Val Leu Glu Lys Thr Leu
Gly Tyr Asn lle Trp Tyr Phe Pro 260265270 Glu AngAsn Thr Asn Leu Thr Glu Thr Val Asn Thr Thr
Asn Gin Gin 275280285 Leu Glu Leu His Leu Gly Gly Glu Ser Tyr Trp Val Ser Met lle Ser 290295300
69 lle Gin Glu Lys Ser Phe Arg Cys lle Glu Val Met Gin Ala Cys Leu 325330335 Ala Glu Asp Gin Leu
Val Val Lys Trp Gin Ser Ser Ala Leu Asp Val 340345350 Asn Thr Trp Met lle Glu Trp Phe Pro Asp Met
Asp Ser Glu His F{r% %55360?.65 Thr Le SertTép Glu Ser.Val Ser Gin Ala Thr Asn Trp Thr lle Gin
370375380 Gin ASp LR TEH ISP PRE TP CYa R ALY ‘et S5 B REHEERD0 Met Leu
His Asp Lignpgimglihchipding Pimser NE BiaodldsHigandd 40342018 kb3 lan@tyitiéyRio Ser Lys Gly
Pro Glu Thippys:Mat SHioAsiciie.420425430 alyas Lys Thr Val Thr lle Thr Trp Lys Glu lle Pro Lys Ser
Glu 435440445 Arq ) le lle sn Tyr.Thr lle. Phe Tyr Gin Ala Glu Gly 450455460.Gly Lys Gly
Phe Ser Lys Thr é%lt%(g%%éé 9%% ?Icéﬁl?le@* G%D%lflzrn a%éf%i@%%e%% § %gxrp%%io}{_%%%gg Lys Thr
Ser TYr TﬁW&i@&%W&PW%P&@%@AQ@?APQ@%@H%%M&@W@&%iwwly%?@@iq% Asn Phe
Lys Thr 5efibtahilifld @i Ss¢. Phe tSemédiddhenGdodies Hrat erplie:FhhSaohaudiadely 515520525 70 Lys
Pro Ao UtS U Tiuddled 5 045050 5410 T SRR A0 2B BN SRR Hamo sapiens
<400> 73 égg%atgtgga cctgggcact gtggatgctc ccctcactct gcaaattCag cctggcagcto0 ctgccagcta

agcctgag Qtttcctgt gtctactact ataggaaaaa tttaacctgc120 acttggagtc caggaaagga aaccagttat
acccagtaca cagttaagag aacttacgct180 tttggagaaa aacatgataa ttgtacaacc aatagttcta caagtgaaaa

tcgtgettcog 248 ugeisiittbigeiiccaag aataacgatc ccagataatt ataccattga ggtggaagcet300 gaaaatggag
atggtgtaat taaatctcat atgacatact ggagattaga gaacatagcg360 aaaactgaac cagctaagat tttccgtgtg
aaaccagttt tggg_c?Et'fic\fziz?lgll a%gﬁ%ﬁg%jﬁgig%%eaa fg’éc:g?argia %g‘afgﬁ%’{b%‘ﬁg%& 8?%\5‘&3%% e
atacacactiesbeyaticagga y ageakicagtasbagensg itk and weasacboerisy tuooytbedjs0aydtaaaaacc
aaacgtacaacefibnegoggibigeagect ifarageattaigicalag etV claspRiig todisaagga flcaasgtic

'auagoachggaderanea reARRinReachalaRciagd adsRagelGe.Alaldaeeld Jaaciglga agtectgaa
accagctgag720 gcggatggaa gaaig’gccagt gcgattgtta tggaagaa%g caagaggagc cccagtccta780

gagadaacac ttiggctac & EsRRGgtRe disteanjaialge ssrapladhechearngahBaly shaiaterstanttactaacca
- gcagcttgazgtgcaiCtgugaggegaghg attthe digSoQidthihathditatadiictattgagesintciatbgiggcaccctgag
gattccageRg0,aticaagaaa Aalcolica.glacatigag gisatocadacalacqlios 19a09ac6a9 102071 ctagtggtga

agtggcaaag ctctgctcta gacgtgaaca cttggatgat tgaatggttt1080 ccggatgtgg actcagagcc caccaccctt
tcctgggaa?% tci‘@fge&‘@gi%% 1 ¥HEPhy %8 %é&%ﬁ%?éfa?%ﬁ%@%‘f e fi%%catctc

tgtgtatccall i@ Giometsguatytacdhaitey yarrcitatdccatend durottatiur ie aysaggtitd R68sdeatcagaag
gtccmagaﬁ)pmﬁgwm%mggg%amaam@spwg@éﬁm 370 ageragagR dsesaRreag tgagagaaag
ggtatcatct catatiftac caagctgaag gtgga aftctccaag t
ceaatacout) B e s e R P R T
gggggaa&@eshfg"@é& ?ﬁféapégé%ﬁt@et%acaﬁ@%a%%‘éﬂwa@a}@s@@r&heéw&@x@tmﬁﬁ&apf
tggtggagdeybitdttatic icatateet garagiggend 6 201at0UICICo: AAARACHEIY cAAROATICMEIBIGILF
aatgal66t > . pyAT . -sapiens <400> 74 Met.Met Trp Thr Trp Ala
Leu Trp Mﬁéﬁ_gesg algzré %%%%%l?l ?3%3 Lys P%ﬁéﬁl%(ﬁi%%%&§6%§%%ﬁ§nf§ﬁq ?%I%Séﬁ?yrse %0 %J} Asn lle
Ser &Y \ARS¥HGH 5B9EBEHRIOTYr AFBFIGEIAQY EUFHTHITS A SR LIPS WP @R Thr 354045 Ser
Tyr Thr GihliEymaTively albk yisNNrg eibodlyg ikoaPlisoGhWGhgibys 56556 thsédddisbspivtiasiys Thr Thr Asn

Ser Ser The 8Lt GhMRIAY BRI SEERRTDTRR0:Cys ek Phg-Rhe Latb Bro Ang ety e Rrg.Asp Asn
Tyr Thr lle 859095 Glu Val Glu Ala Glu Asn Gly Asp Gly Val lle Lys Ser Igs Met Thr, 100105110 Tyr
1 s RS,

|
Trp Arg Léﬁ%ﬁﬁpﬁ%ﬁl‘?@v&%‘)ﬂ%{? i B Bro® PEONRS PHESEBro Val Leu Gly
lle Lys Argertdainey Gigifies Gha Fenpbo eabseriiend ererotaiy LbutdafictvaliBer Sy st eu Lys Tyr
Thr beu 145A5045&] GG BRSARIHNYM ASeTheSRm UR-MekRluMA:ARe Phe Ala 165170175
Lys Asn Arg Lys Al\/‘?@h'?)%% ﬁ‘a%rc]}b "MQ 'ixl%%fe%]tilbggi&ha&g e! sclx‘ Ego%g 1%9311 gga?ﬁ%%e, 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) H01-55878 (examined, approved Japanese patent
application published for opposition}). Alternatively, the desired human antibody can also be



Pro Phe Thr Glu Tyr Val lle Ala Leu Arg Cys Ala Val Lys Glu Ser 195200205 Lys Phe Trp Ser Asp Trp
Ser Gin Glu Lys Met Gly Met Thr Glu Glu 210215220 Glu Ala Pro Cys Gly Leu Glu Leu Trp Arg Val
Leu Lys Pro Ala Glu 225230235240 Ala Asp Gly Arg Arg Pro Val Arg Leu Leu Trp Lys Lys Ala Arg Gly
245250255 Ala Pro Val Leu Glu Lys Thr Leu Gly Tyr'Asn lle Trp Tyr Tyr Pro 260265270 73 Leu Glu
Leu His Leu Gly Gly Glu Ser Phe Trp Val Ser Met lle Ser 290295300 Tyr Asn Ser Leu Gly Lys Ser Pro
Val Ala Thr Leu Arg lle Pro Ala 305310315320 lle Gin Glu Lys Ser Phe Gin Cys lle Glu Val Met Gin
Ala Cys Val 325330335 Ala Glu Asp GIn Leu Val Val Lys Trp GIn Ser Ser Ala Leu Asp Val 340345350
Asn Thr TR RY BRTRAFIPES BIBsARHOVRITA DaEREIR PYdTIRPSSE560 385 mhR L Segerns Glu Ser
Val Ser GinitAladesirdismiTymTivel le:GintBraBIE3R0AG tidsah PatipdtloyisRE0 RWoesTrmeys Fixs Asn lle

Ser Val Typ 9 385380305400 Nigh bl SIS ARG MabE NG W B Ryr Rer lle Gin Ala Tyr Ala
405410415 Lys %ﬁgﬂ\}/al Pro Ser Glu Gly Pro Glu Thr Lys Val Glu Asn’llé 420425430 Gly Val Lys

Thr Val Thrlle T Qe GHEBIE (S TP EHPARBNIRAIES AV PESATS Yl HBUCYS AT Thr lle
Phe Tyr GlhezgdiGyGly 450455460 Glynns, Gly RhietSerckysn Tiin ValAsanGboGek Beprewdis Tyr Gly

4654704735A8§L¢&;ai§%@&fd&:ﬁ{%ﬁ%ﬁﬁﬁ&fﬁyéﬁrpﬁgél,%{% 9@%@'&}4@&?&%&%}&&%&{&95 74 Leu
Ser Phe S%%V%J arg .GCH II%IIe %_eu lle Thr Sfr Leu lle Gly 515 2%?2 Gist Gly Leu Leu lle Leu lle lle
Leu Thr Val Ria yr%?y Leu'i§s NS TA e%e%ro s%@?]@gﬁ PR A S esird phaeBotin 10> 75
<211> 21597 azequepnRnerenriine therviishlsiessioas 00 huprsateniihtgizs tetdgut sxtigtgyaggeteecctcactct
gcaaattcal cetggnagdi60tELANL IR Agacigagacroailicctahgiciagiast ataggaaeaaiiinacctygcl20

actiggaoe,saguaredan Asstrdlinlecserdiaca ragiangag aacliacorh 9. 1geR0ana apcaataa

ttgtacaacc aatagticta caagtgaaaa (Cgiott ga TQCICHtt [eCHCCARY Aataacoa ccattga

gotggaagtiiB8 Beaa ey SHOgi LAY tHARREat AtGEEESECap R atde ONAL A T60 Ehaactgaac
cacctaagaptaeigtgly@aaduag s Wodtdtdasadjasipand 2D, saaatigaaiggmassy cs3tmakgacy
cctgtttcat gigiatttaaa atacacactt480 cgattcagga cagtcaacag taccagctgg atggaagtca acttcgctaa
gaaccgtaag540 aaa%§c .aaaf}gtacaa cctcacgggg ctgcagcctt ttacagaata t%tcatagctGOO ctgcgatgtg

cggtcaagga gtcadagte 8§’§§g% B§HGEEARYHER §A66EPN gAY EAgssY &tce atgtggecty
gaadtytggangergrietyaal abchytuagrod ydgyeayibaiyaaggitedtycyytiotiastgoasgaagedangaggage
A T
tcttgggaag\ﬁtgg%g%%%ggg& fé%%éé’ﬁ%%%@%&%@agaggg%%a ?%ﬁaafé}(‘?;f% éﬁ:ﬁfﬁ?ﬁ%g
cctgegttgdtyAbgaceayde sukim et rgtbagieysanhisk heybesybintigaatasoitg glitentiyahgutt1080
ccggalgtggutieagagatieatancontithclygganhe glgis naigestasaiaasildfdagaseaice pgcaagataa

atta%@“%&%*&ﬂ&%@ﬂ@%ﬁ@é&%i@@%ﬁﬁﬁ%&%&?@lﬁﬁ%@%“@lﬁ?@n a%%%%@g‘%%?géﬁeéc%%icég g

cttatgccaa agaaggcegttl 260 ccatcagaaq gtcctgagac caaggtgga ¢g tgaagacyqt
cacgatcaliPB0 YRS HGE e 453 ?@%?g‘gda‘é@&ﬁg?é (¢t Jeadias deraaetheadiséd caagctgaag
gtggaaaalj§ Htptotamg acagtcaatt ccagcatctt gcagtacgge1440 ctggagtcee tgaaacgaaa gacctcttac

attgttcagg tcatggecag:taceRyias iR 4099082 ¢AA69908R6A0 SRR MIC RAYRAI] Saticagtat

ctttgagatt1560 atcctcataa ctictctgat tggtggaggc cticttattc tcattatcct gacagtggcale20 tatggtctca
aaaaacccaanat%%a{‘g%tgac?%i%‘f‘ﬁfﬁ%%ﬁ%gé%%@g? LR 8 fetidagidaragbede Raggeatyga

gatghittcd sl seme radiengaagidaoybgttdimcacnitgwhdadaghagderagyateitiauhakcatgtic
cacccecafiiifef-gacaagltge;eaigacradiesiaoiadactitaaan.Agtelacs aoRaglitel8g0 acagatgaag

ccagaacggg lcadoaaanc aaltiagga aaagaa tgqgtatgt 192% cctgcecct tcaggectga ttgteeectg
gggaaaa%%gttg.agd%b_t% c%c%%%%gafg. ?@%?%ée%%&gc&géﬂ%l é%gifg{lé%%@% ggaﬁ g’ﬁﬁtgccaga
ggggaccci B D REHGE LG EHe RIS tctbaiR g tiemigttiaighi cotiedicamrfrgrhogatain
76 gaggaaygay chenneaictlatatiigagahatitaitgasagecabige asHaNIIN2 Wolicularly preferred

telgaganaclicragantacaeeaRanERIRAiolan AR TRINS ﬁ?zﬁ%ﬁﬁ%nfz%eiféfryﬁégg}ﬁéﬁg% B Sor Lou

sapiens <400> 76 Met Met Trp Thr Trp Ala Leu Trp Met Leu Pro Ser Leu'Cy )
Ala Ala L&F &B’ﬁ%l\{l?_%‘lé% eéﬂ AU e e RSy opbmain clde g ARG e Gl asteidy Thr Cys Thr
Trp Ser ProiGiylieys@Bluding SEH04E SemTipodhr Aie WBRhcdiadibys iAngeThwTyoatalRhedmi Glu Lys

505560 HisttheRi&sndy Yackile Tbib ePanejf 8RIHIEDRE Glu s fN@ Ala Ser 65707580 Cys Ser Phe

Phe Leu Pro Arg ’PEJQ{;;L!%Q ergu ars—%/éafg}[}c -!Q-Xtrib-le;gggsleof the present invention preferably have a smaller

35 molecular weight than whole antibodies, However, the Jow-molecular-weight antibodies may



859095 Glu Val Glu Ala Glu Asn Gly Asp Gly Val lle Lys Ser His Met Thr 100105110 Tyr Trp Arg Leu
Glu Asn lle Ala Lys Thr Glu Pro Pro Lys lle Phe 115120125 Arg Val Lys Pro Val Leu Gly lle Lys Arg
Met lle Gin lle Glu Trp 130135140 lle Lys Pro Glu Leu Ala Pro Val Ser Ser Asp Leu Lys Tyr Thr Leu
145150155160 77 Arg Phe Arg Thr Val Asn Ser Tﬁjr Ser Trp Met Glu Val Asn Phe Ala 165170175 Lys
Asn Arg Lys Asp Lys Asn Gin Thr Tyr Asn Leu Thr Gly Leu Gin 180185190 Pro Phe Thr Glu Tyr Val lle
Ala Leu Arg Cys Ala Val Lys Glu Ser 195200205 Lys Phe Trp Ser Asp Trp Ser Gin Glu Lys Met Gly
Met Thr Glu Giu 210215220 Glu Ala Pro Cys Gly Leu Glu Leu Trp Arg Val Leu Lys Pro Ala Glu
22523023%‘@%%7@9%?&3%%%? RIS BULEERITRES 6 18 TRRY MIgiSH2 45288968 Ala Pro
Val Leu Ghg ksmt@hihie thGly ofywhasnalie bbdeeTyr Tyr Pro 260265270 Glu Ser Asn Thr Asn Leu Thr Glu

Thr Met Asn Thr FReASD GiGin 275280280 ey Glurte His Ly Glv.Glv Gu Sar,Phe,Tmp Val Ser

Met lle Se%%m 00 Tyr,Asn ng_lr Leu Ghﬁ/ L S§r Pro Val Ala Thr Leu Arg lle Pro Al
3053103155201l ’an’c‘i”#u;ﬂffy%p%% PHEE Scf{fé*\? TP SmeRiAEPe e 3989307885 Ala Glu
Asp Gin LetvakyBth.yalr g GhMS dvsel Alainge diep Va) 31084585 6ndso(TVE TsmetilsnGlu Trp Phe
Ser Val Ty Py 2390335500 Mot Lot s Kop Yool e e B O e

er Val Ty let Leu His As Val.Gly Glu Pro Tyr Ser Jle Gin Ala Tyr Ala
405410478 eL‘i{/%Oé%?@gg\?%ﬁg&%’ enr“% %“E‘i'y“ﬁ%%f‘ﬁﬁ\{ﬁr‘fﬁg P B RLTTE 9425430 Gly Val Lys
Thr Val Thr lle ThAF#BASySern TS by Bepahforszanmiadnigatys anjtndite Gis eher®yr Thr lle
Phe Tyr GinpidduGde@ilyod SFARtA66. Glflzym&al-Bhe ﬁﬁgdnéﬁafelmn‘ﬁabﬁlsﬁ@@,@iﬁgﬁd&u@gw@in Tyr Sly
465 47@@@% : égg-[rys | Ief\z/ in Yal Met Ala 485490495 Ser Thr
Ser%]g G%&;I %‘%%ﬁn’ﬁj%%’ﬁﬁ%ﬁale Asn %ﬁeﬁrﬁ%\%&q; é&bg%g%%i llr_lgtfugléra’ﬁ’ et%%rX/al'Phe Glu lle
o Lou Ilo RFEs 8 OB EsTas SRR R ERPESSNG YSSEPTIHERBIFSPR] PADMISPTIAGly Leu
Lys 530538584@llsfsrGohsnanydd, o, MiSHisdl gl Cys:Tpl RIGI)T 32ak P 29516 a4 5550555560 Ala
Glu Ser SgpheidlaThr Trardis Gledsmosey b@ggy@ A EYSAEAR/0R R LeUASRLEUAYS Glu Ser
Asp Asp %% VaAsAs%Thr GE Az&é&g lg? g{?g_ ggo 79 V§| \\/@Iﬁ?sn Phe Gly Asn Va’I_ Leu Gin Glu lle
Phe Thr Agp ol Al BTORTSE80 ARG Hhr GIY GIR-GRIPAEh ReNVERE i ExPEit'ess ARER Tyr val
6256306356400 TR Tipscrs: Pré dsgvRierds Eyaymdds( 18IS, $63-Phfe Bikd RluB 45650655 Leu
Pro Val SetPraCiu 1P Pip Arp.Lys Ser Gin Tyr Leu Arg 660665670 Ser Arg Met Pro Glu Gly Thr
Arg Pro Glu Ala Lys Gl 72680685 Phe Ser Gly GIn Ser Leu Val,Pro Asp His Leu Cys
Glu Glu Gly Ala g%&%%%%%&%gﬁ%gﬁ F %815 1%053% er i&aﬁ %ﬁrﬁ%’,&?ﬁq@ﬁ? ﬁ‘ﬂ‘égﬂ% Val
7057107 1%%@‘&0&%98&% SEHCBISSGhe SR Ly Senyis epviapymr gohazes can kodplidb a2 <212>
DNA <213 shdreozsapises|x408:in?d atfrididastggooald grogaigsiesciearis basaaationdy.
cctgggaget6o clogcagriaansaisagadaalichlolaistactact alagdaaaan! .%%%%1,20 agiladagtc

at

caggaaagga aaccagttat acccagtaca cagttaagag aacttacgetl80 tiggagaaa aacatgataa tgtacaacc
R
aatagttcta aﬁg'aaaa tcgtgcettcg240 tgctcttttt tccttccaag aataacgatc ccagataatt ataccattga
ggtggaagfRe gasestogy rbiggtdieat taaatctcat atgacatact ggagattaga gaacatagcg360 80

aaaactga@ezacaisagahiiigegtalg.aaaccagtit tgggcatcaa acgaatgatt420 caaattgaat ggataaagcec
tgagttggc%kggﬁggt&ateg%attia%? atacacactt480 cgattcagga cagtcaacag taccagctgg atggaagtca

acttcgctaa gaacegtaaghao jataaaaacc aaacgtacaa cctcacgggg ctgcagectt ttacagaata tgtcataget600
ctgcgatgtg cggtcadtfda Gewdryies i) st aridhutieryechagacasni dargyioeoladgastimdy aagaagcetce
atgtggcctdrannetgiygkigagicatgaarneeaoel gagiR0-009gAia0RR URA0IESAGE A6FGRILRIggaagaagy
caagaggagsAesAdicsiada) gagaaaacac tiggctacaa catatggtac tatccagaaa geaacactaa cetcacagaas4o
acaatgaaca ctactaacca gcagcttgaa ctgcatctgg ao%gc%;agag cttttgggtg900 tctatgattt cttataattc

tcttgggaag tctcca‘c:l%ﬁbe Eééfﬁlﬁéogaa%@%&m agment constructed by gene fusion (Holliger P
el al., Proc, Natl. Acad. Sci. USA 90: 6444-6448 (1993); EP 404,097; WO 93/11 161, etc).

30 Diabodies are dimers composed of two polypeptide chains. In each of the polypeptide chains
forming a dimer, a VL and 2 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.



attcaagaaa aatcgtttca gtgcattgag gtcatgcagg cctgcgttgc tgaggaccag 1020 ctagtggtga agtggcaaag
ctctgctcta gacgtgaaca cttggatgat tgaatggttt 1080 ccggatgtgg actcagagcc caccaccctt tcctgggaat
ctgtgtctca ggccacgaac 1140 tggacgatcc agcaagataa attaaaacct ttctggtgct ataacatctc tgtgtatccal200
atgttgcatg acaaagttgg cgagccatat tccatccagg cttatgdblcaa agaaggcgttl1260 ccatcagaag gtectgagac
caaggtggag aacattggcg tgaagacggt cacgatcacal320 tggaaagaga ttcccaagag tgagagaaag ggtatcatct
gcaactacac catcttttac1380 caagctgaag gtggaaaagg attctccaag acagtcaatt ccagcatctt gcagtacggc1440

ctggagtcee tgaaacgaaa gacctettac attgttcagy tcatggecag caccagtgetl500 gggggaacca acgggaccag
cataaatttc aagacattgt caliBadicsmpsingie-ghaeppiypeifepmpdipriby Sirgngtwhievsapiens <400> 78

Met Met TugriEhie Tagiohl & \eX) Bl MighiehRro5ebik eepGus LysPhie 4 51045 Seck ewAanAlad.eu Pro
AlaLys P I Ser Tyn2 YER Lys Mn Leu hr. sTQrTr er Pro Gly
'2?59’. LPMQ H%iﬁ%c&y%yl%érlﬁx A@%?@)%g, 581:])6 ﬁ%% ; ¥§r%u5h§g %é‘faal_%oggg

Lys Glu Thr 354045 Ser. Tyr Thr Gin Tyr al Lys Arg i Gly 60 His Asp
Mn Cys TROPAFRE) aibsdiesy elef éhf‘}fsrﬁ{% g BErorsaniesss SelaentePnE atkiPro Arg lle

Thr 116 Pr@®sp! AT hiTHe B59085\GhevakGl L AlaiG IV AsioGhf ASh Gy YalialawssSer His Met

Thr 100106340y esbrBAeie at Asmdi-MaL ST ElAIE ROV yeiaiibe t iahaoteh Arg val
Lys Pro Vf"' LeH Gly lle I?%% er1 Megt lle Gin lle GBIu Trp 130135140 lle Lys Pro Glu'Leu Ala Pro Val Ser
i

Ser Asp LETTs TP AL D55 168 SPGB TPV A& AP iR SetSTRSIMNEE Glu Val
Asn Phe Afa b68%70E 18 Bokero Sheciffnablutiypasaitietdlest tie pegtOyditdearstal duys GlurSer!
19520020%kys Phe Trp Ser Asp Trp Ser Gin Glu Lys Met Gly Met Thr Glu Glu 210215220 Glu Ala Pro

Cys Gly Leu Glu ra.\V u.Lys Pro Ala Glu,225230235240 Ala Asp Gly Arg Arg Pro Val Arg
Leu fL{?)eu Trp Lys llgﬁ/éj )Zf%agé%é% é)@%i 5%%%%%%5’ [EPERIT Y #%Ifégeé"f tﬁ‘z‘r%ﬁ%ﬁelle Trp Tyr
Tyr Pro 266565270230 Béexnie PiVass Da rRecinersamelotepr HerimedmasieiGniGind? 5280285
Leu Glu Leqidisd BuBhaSitdigigertlhs TioWakhes Mepdg Ser 290295300 Tyr Asn Ser Leu Gly Lys

Ser Pro Val jie Top LeuAg 8. RraARRR 31 83423290 g‘!ﬁ%‘%ﬁ] (L)?AH]%XI %&F IgQC%Gin Cys lle Glu Val

Met Gin Al%ﬂ%ﬁf Val 325330335 Ala Glu Asp Gin Leu V (éys p Gin"Ser Ser Ala Leu Asp Val ~
340345350 Ash- THIPFRENREIRETE AT Fri PR Pro dp VHgah Sep 8IS Thr 355360365 Thr Leu Ser
Trp Glu Ser Val S8XGinnalaiifigritsk FgchhpflE GinBZ0BT 5380 Ginakspifiys yerOR/ssB10Hag Trp Cys

Tyr Asn llgrSanValihy B RB8538032R4 00 B3 Ly Gl Sho YR SAE GGl R GIEIDr Lys Val
Glu Asn llﬁ?4204}§§f 30 GlX‘ Va1! Lys Th({ \{.a Thr lle Thr Trp Lys Gly lle Pro Lys Ser Giu 435440445 Arg
Lys Gly llg e Cys RS FYF R MR TyPERP %éoﬁfﬁ%‘??ﬂﬁy%%%g%@a@gq_ EIyRESer Lys Thr
Val Asn SeN8érnaliebraintgriah was 04 segouckyt@hissarrhes Hys ugbeyip®hd 8ehdyr lle Val

G é I’(; an| ngﬁﬁiﬁzéﬁfﬂﬁ%&&%fﬁkﬁgﬁﬁg @ﬂ;ﬁ%ﬁz@cﬁééﬁﬁf&?&? &éﬁﬂ%ﬁ@ﬁd&%@h%b&%ﬁ&&fs
500595510 {eiker <211> <212> P 13>.H osa'ns.<4(?i%s7 etLys Leu
Ser Pro Gin Pro Ser ?%%@Aéﬁgﬁ%ﬁ%@%‘? Riet &%ﬁégﬁ% i‘%]r%}gﬁéﬁ?eeﬁl ‘ﬂét Leu Pro Ser
Leu Cys DEPBtliske [ la Boduin WagauPro amd sesprdlaRORSHimESer Cys Val Tyr Tyr Tyr Arg
354045 Lys Asn [[beiaEhmiys HOR PrixBearaRrootlyokysoBictmibSaridy oy hasbe: Shsysd hr Thr
Asn Ser Sgf Fhin 98¢ Gl ASRATY MRisenRXg SeTRDE8PI00R R B0 L9 IG,Lht lig Bro Asp
Asn Tyr Thr lle Glé%yéi ,LP?T%’ 0105]35{;0 Ala Glu Asanp%%Asp Gly %ﬁ?e#@?gg?g@ﬁﬁf ﬁ?ﬁ#ﬂryr Trp
Arg 115120881 &Gl TR s HHASESTH 1t 6 BRIV HEB RS AR Maperhes0amba 40 Pro Val
LeuZSly Iesedsto AnepNiuthid CinatdiatabEfyliidchyth Rgudns1GlL55 160:GhwthetizAln PiieMaliSer Ser Asp
Leu Lys TitcledfideseAich BRen 8.3 62 17R1AThE Valhion BRANNSbImp MeUGI Y @ 4sabhe Ala
Lys Asn %g(élr%?l 9%hus, 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]



Lys Asp Lys Asn Gin Thr Tyr Asn Leu Thr Gly Leu GIn Pro Phe Thr 195200205 Glu Tyr Val lle Ala Leu
Arg Cys Ala Val Lys Glu Ser Lys Phe Trp 210215220 Ser Asp Trp Ser GIn Glu Lys Met Gly Met Thr
Glu Glu Glu Ala Pro 225230235240 Cys Gly Leu G b Leu Trp Arg Val Leu Lys Pro Ala Glu Ala Asp Gly
245250255 Arg Arg Pro Val Arg Leu Leu Trp Lys Lys Ala Arg Gly Ala Pro Val 260265270 Leu Glu Lys
Thr Leu Gly Tyr Asn lle Trp Tyr Tyr Pro Glu Ser Asn 275280285 85 His Leu Gly Gly Glu Ser Phe Trp
Val Ser Met lle Ser Tyr Asn Ser 305310315320 Leu Gly Lys Ser Pro Val Ala Thr Leu Arg lle Pro Ala lle
GIn Glu 325330335 _Lys Ser Phe GIn Cys lle Glu Val Met Gin Ala Cys Val Ala Glu Asp 340345350 Gin
Leu Val Val Lys T (‘5%11%%?]%%1?"&5“{‘ YRS A I FRY A5 86 3R R BRPo PYe Pro Asp
Val Asp SerdGiy Pic Thnd hinieeya8és@103NE380¢T 1 G lirSemvhNsh@nl AL THE ASITTRIThr lle Gin

105410415 o Ly Yol Gl ol P ot Ser e G A T A LA G Gy 420425430 val Bro S
sp val. r er iR Ala Tyr Ala Lys Glu ro Ser
Glu Gly Pro Glu‘fﬁfgél@gpﬁlﬁ%s%ﬂggfya@:W%w§ggﬁﬁ’@%& %%ﬁ CIrﬁ}/ﬁ I%&Iéﬁ}éox S é-Iu lle Pro
Lys Ser GV Ridinkes B Usoasb4B0 leknal L5 Aem T I rerneims ofhe Shtlaleb@hpdpGlideys Gly
4654704 b4 ga:RhedSeHbye v tabAish cPeteSet NeHseud3iNa TV Slyde UEdSe rASha90495 Leu Lys
Arg Lys Thr Ser Il |.Gi I |2, rs 10 er Val Phe Gluy lle.lle Leu lle
Thr Ser Lg%%%’é%%@%%%ﬁf@g%& %d?_%%n Iég rl?g% IIe% %%%sﬁs%ﬁ?é\?%ﬂfﬁlﬂ)}?ﬂgﬁe&%%ys Lys Pro
- Asn 545588885560 Lys Leu Thr His Leu Cys Trp Pro Thr Val Pro Asn Pro Ala Glu Ser 565570575 Ser
lle Ala Thr TW.Hisk&lyVishiifke PYE [LyskérfYLYs Leu Asn Leu 580585590 Lys Glu Ser Asp Asp Ser

Val fsn Thigid AsRANE {IeheH S Iﬁ@é\i@@g%% Cys Ser Thr Pro Ser Asp Lys Leu Val lle Asp Lys
Leu Val Va%%? 6106 § Phe %ﬁ @sn eu Gin Glu lle Phe Thr Asp Glu Ala Arg Thr Gly
© hiled Sty

62563063564 ‘ lu Lys Asn Gly Thr Arg lle Leu Ser 645650655 Ser Cys
Pro Thr SeWeld6Ge Y03 18t IV #8RexPIB} PRT <213> Homo sapiens <220> <221> SIGNAL

<222>(1).. F2EPRnk223 1T RANSMEMiniZ2201520).. (543) 87 Met Met Trp Thr Trp Ala Leu Trp Met
Leu Pro Ser Leu ﬁ}/sall,&zsPhedBlOlS Seiré% u Ala %Ia Leu.PbrP Ala. Lrys Pr G%Asn lle Ser Cys Val
yr Thr : : er Thr
Ser Glu AgiseftignAlFGeienh k! GROhewns Sen heibiie kgioPaadArghllenbhi Heikie AspAsayTyr Thr lle
859095 GJu. V I I Ik kL [ hr 110 Tyr Trp Arg Leu-
AL ﬁI:@Hn% %@EA@%@ GlyfasR Gl Vald g%%ég?g gzi\yg?l%% g?%%%gg’ B 4

Glu Asn lle AlaLys T °ro Pro Lys lle Phe 11_01 / I LeuGly lle Lys Arg
Met lle GIRTIRETERPHY YheR B4sbiter s prdlerptlalasoryvhle e P sHGE2ZFg T hr Leu
145150196t66iaeg Phe Arg Thr Val Asn Ser Thr Ser Trp Met Glu Val Asn Phe Ala 165170175 Lys

ASnAYG Lys Asp bys ARG ¥ AR U (i beu Ginpt 8A1851.90 Rra.Rhe Fhr Gl yr Val lle
Ala Leu Arg Cys Ala Val Lys Glu Ser 95200§05 88.Glu Ala Pro Cys Gly Leu Glu Lef%rp Arg Val Leu
Lys Pro AT ERTSBESAE SEKE AT SRR SORRE A B AR P ST PRIV ES LA rg Gly
245250255 ¢k aspirosty/aiscescsio PyxemhErsneamp W BsPPe3PPp IPF6Tyr Pro 260265270 Glu Ser Asn
Thr Asn Leu Thr @hd JrafoMet Avaterkhn T phserfoinveriiod 262 808 igudzIu ey IHigheu@ly Gly Glu

Ser Phe Iiargp,}ll&l l%ﬁ(rézl\él %[el lneo pearrticularly limited and those skilled in the art can appropriately select the
25  lengths depending on the purpose. Typical lengths are oneto 100 amino acids, preferably 3 to
50 amino acids, more preferably 5 to 30 amine 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 1D NO: 83);
Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 84);
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 85);

1)
Ly



290295300 Tyr Asn Ser Leu Gly Lys Ser Pro Val Ala Thr Leu Arg lle Pro Ala 305310315320 lle Gin
Glu Lys Ser Phe Gin Cys lle Glu Val Met Gin Ala Cys Val 325330335 Ala Glu Asp GIn Leu Val Val Lys
Trp GIn Ser Ser Ala Leu Asp Val 340345350 Asn Thy Trp Met lle Glu Trp Phe Pro Asp Val Asp Ser Glu
Pro Thr 355360365 Thr Leu Ser Trp Glu Ser Val Ser Gin Ala Thr Asn Trp Thr lle Gin 370375380 Gin
Asp Lys Leu Lys Pro Phe Trp Cys Tyr Asn lle Ser Val Tyr Pro 385390395400 Met Leu His Asp Lys Val
Gly Glu Pro Tyr Ser lle Gin Ala Tyr Ala 405410415 Lys Glu Gly Val Pro Ser Glu Gly Pro Glu Thr Lys

Val Glu Asp lle 42 ]42%43 89 Ar Laﬁ]flg lle lle Cys Asn Tyr Thr lle Phe Tyr Gin Ala Glu Gly
450455460 G T YE BRI BHE S&F @Ps & A8h ser Ser lle Leu Gin Tyr Gly 465470475480 Leu Glu

Ser Leu LysrAry1Gly-Tily-Ser-Glyr (EQADGHDVRIMet Ala 485490495 Ser Thr Ser Ala Gly Gly Thr Asn
Gly Thr SenjlesfysoiplagLysy bk 500598616, bewy. Ry, Phe Ser Val Phe Glu lle lle Leu lle Thr Ser Leu
lle Gly 513520525 Gly. Gly. Leu Ley I le lle Leu Thr Val Ala Tyr Gly Leu Lys 530535540 Lys Pro
Asn Lys Lgeeﬁ~ %&5 Ié_gelﬁ éé'f%@%%ﬁ#ﬁ%ﬁo%%n Pro 545550555560 Ala Glu Ser Ser He Ala Thr
Trp His GIFIsHIASEPHE 1575 RERIHPS¥868%05 254 eu Asn Leu Lys Glu Ser Asp Asp Ser Val Asn Thr

Glu Asp Agriels806855001kgRySIPCys)feer Thr Pro Ser Asp Lys Leu .Val lle Asp Lys Leu
595600609Vl &’%'aﬁ%ﬁe%‘%%yeé\%‘ \e/AaI Leu Gin Glu lle Phe Thr Asp Glu Ala 610615620 Arg Thr Gly
Gin Glu Asn Asn Leu G ngIy_ lu Ly§ sn Gly Tyr Val 625630635640 Thr Cys Pro Phe Arg Pro Asp
Cys Pro Leu Gly L)€ BenpRddsrasrrsabaatessinko s& b gnrerRisie Reigiied hy hayriolielu Ala

Lys Glu Gintheurt éap8idhGR068E RlrecSer Glyr Glanges, ev el RreAsmetisirewkys Glbahke Sly Ala
690695700 Te5 A=prAID yEhctsAVE AL YAl T g A Ol Pleshey V195710715720 Ser Giu

Lys Leu Pro Glu His Thr Lys Gly Glu Val 725730 <210> 81 <211> 716 <21 us
musculus <400> g@%&?#ﬁ‘/ﬁk‘?ﬁ){(ﬁ T PRSSTRS AGR B R bR et il pe pheinbire 51015 Leu
Ala Val LeouRrelY headyio Prosstiks pepridles Ser Gysibla) iy diyx 2 02530Pide ASISAIgAssidigiwyhr Cys

;hr I\rp Aééﬁb‘éf%ﬁiﬂﬁ%ﬁ%@ﬂib&ﬁi{z‘ﬂ%ﬁhﬂ%?L&éﬁty@%f %%g%&%@%rhﬁgE-B?Bﬁéflé%‘?%@s%fzﬁg LI\3;|S t
er Asn r.Ser Asp A aThr r Tyr. Ser Phe Pro Arg Sef.CYs 65, a Me
Pro Pro Acglélf ?:'bﬁ Qél ar gﬁﬁfngloélﬁﬁnﬂ% %@5@@%@5@5@%&B%ﬁ}ﬁ%ﬁ@?y{%gaﬁ@sp lle Thr
Tyr Tip H@p@& W Breobzosiosweinimgdvioes iy (st PGS @inifiyL stRro Arg Glu Lys

Thr Arg G PNed0E36340, oy L al Gym ST e fasRbs ATy A ASTLS8EReT Arg T
y eu

145150155%%93—'—(%%%%%%2%& ﬁg%"%%ﬁ%’%%%g‘ g&g@g&%ﬁgg@% Ser Arg Tyr Trp Ser

Gin Ala Phe Thr Giu_Tyr Val Leu Ala Leu %r e Ar ‘ _
Lys Trp SEHE)@ERIESThr it AP shinios AeesesRetransCiilly arsieblais Val Leu Asp Leu Trp Arg
lle Leu Glu Pro 210245280:AfAisp Miebksngihs AspiAkgd, yerdédidegslee dseul T iRdygtys Ala

225280233240 Gh AR RER Rl he WGk YrEhPhe Gly Tyr His lle Gin Tyr 245250255 Phe Ala
Glu Asn Ser Thrs%ﬁn Lmé‘;%" Glu.lle Asn Asn lle, Thy Thr, 260265270 Gin Gin Tyr Glu Leu Leu Leu Met

Ser GIn Ala His Ser W SHEBETBACTRISE BRSNS iE L 1R SRR ANSBE BFFEGHINI lle Leu
Arg lle 2905205300 @ repaspevniddis] Glubeymity RiksGinise dtah ysiBed et hypala30534684.5320

Tyr lle Al@&@iheP fadiendreiivadMah AsaiT & 0 1286 S8 HeR 19,335 33033%: 92848342359 Lys Phe

Pro Ala L S%r Trp. Glu Ser Val Ser.Gin Mal .Thr Asn Trp 355360365 Thr lle Glu Gin Asp Lys Leu Lys
Pro ?E)S he E#ro& gelé&r%?ﬁ %81@% s ificluded 10 the present invenlion. %gv fusion proteins can be

prepared by ligating a polynucleotide encoding an antibody of the present invention and a
polynucleotide encoding a second peptide or polypeptide in frame, inserting this into an
expression vector, and expressing the fusion construct in a host.  Some fechniques 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. ef al, BioTechnology 6, 1204-1210 (1988)), 6x His consisting of six His (histidine)
residues, 10x His, influenza hemagglutinin (HA), human c-myc fragment, VSV-GP fragment,
p18HIV fragment, T7-tag, HSV-tag, E-tag, SV40 T antigen fragment, Ick tag, o~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), immunoglebulin constant region, B-galactosidase, and MBP (maltose-binding
protein). A polynueleotide encoding one of these commercially available peptides or



370375380 Val Tyr Pro Val Leu Gly His Arg Val Gly Glu Pro Tyr Ser lle Gin 385390395400 Ala Tyr Ala
Lys Glu Gly Thr Pro Leu Lys Gly Pro Glu Thr Arg Val 405410415 Glu Asn lle Gly Leu Arg Thr Ala Thr
lle Thr Trp Lys Glu lle Pro 420425430 Lys Ser Ala Arg Asn Gly Phe lle Asn Asn Tyr Thr Val Phe Tyr
Gin 435440445 Ala Glu Gly Gly Lys Glu Leu Ser LyAsA’Thr Val Asn Ser His Ala Leu 450455460 Gin Cys
Asp Leu Glu Ser Leu Thr Arg Arg Thr Ser Tyr Thr Val Trp 465470475480 Val Met Ala Ser Thr Arg Ala
Gly Gly Thr Asn Gly Val Arg lle Asn 485490495 Phe Lys Thr Leu Ser lle Ser Val Phe Glu lle Val Leu
Leu Thr Ser 500505510 Leu Val Gly Gly Gly Leu Leu Leu Leu Ser lle Lys Thr Val Thr Phe 515520525
Gly Leu AREPERSAsSAeR G eduifrme uglesyis ospephs pasp b BB05358 202Frs ingentvo. Ala Glu
Ser Ser Léh\fasinr phippeptidGlyAsppeihutheH4oabaahb8e0u:3hake#0&75 Val Val Leu Lys Pro Cys

Pro Val Pro Ala A . Glu Asn Phe Ley Glu Val Val
Leu Thr Giy EL Aﬁgﬁ%%‘%‘% é”@?ﬁ’%ﬁ%ﬁ?ﬁéfgg%%?t%i R R v

G \la Se
610615620t S8 2P SRS leRlS BrivERe R G s Reb B P E 5630635640 Pro Ser
Val Léu TheGhthyighaRyserBHG ke SplisBeciihratiys 456585 SefiAseddat Aldshspegiu Ala Tyr

Ser Glu Leuashea: GibsRiRSen6pREE56T %%%E.Seﬁigﬂéé{i])ﬂg% %’;B%%B(és%lén%%ro'%{&ﬁ%&)?@rg Glu
Asp Gin Al 67.% 06%%&;9 Atgg P{O. 'I;%lr Ltekilags Asp Ser Thr Thr Arg GJu Phe Leu Va
690695706%%_ ] RS HE BT GRFHE 8811y PO Ao MRS 000 B <012
PRT <213'abtifksd i shig Sid dosexpraptii &idlI§0SyA iRasid 46508568603 e qlibnCentb00izs8 2 Gy Gly Gly
Ser 1 94 s2ieht BIesibl aldb sk RRT csahdabdtifieinl 220> <223> an artificially synthesized

peptige sequencer5400> 83 Ser y Gly 1<210>84 <211> 5 <212> PRT <213> Artificial <220>
<223> an artifici:ﬁ; sy%?ﬁe‘si‘zed %}é’u géssqé%eéelﬁgéeglﬁsﬁgtéﬁvgf§}oé_|‘ﬁ§ Y CHRS \}‘fsi‘é’%f’é@%s <211>

5 <212> PRY Laaesiia Aniibafiesss (o 50 3nthody fheisny winhlesnmans spivaizing dfeee=t400> 85 Ser
Gly Gly GhpiBiyei5n<Rd OmBauPbip otk PREhOPre2ABmAHifisialis 22082 3nibhdarificially

thesi ide: < GGl S 3 3 87 <211> 6,<212> PRT
213> ifﬁ%?ﬁgfggf%%?%p% e Y% MO R et e o

Gly Gly 15 54K %%g‘%agﬁ?gwgqgﬁéﬁgb %ﬁ%@cﬁﬁ%zzb an artificially synthesized
peptide sequenceMebois §8 BGIRCIABHEIsnGhpBeratSknown. 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  an antibody 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 aniibodies are included in the
present invention.

30 Antibody vroduction

The antibodies of the present invention may be polyclonal or moneclonal antibodies.
Such monoclonal antibodies having NR10-binding and/or neutralizing activity can be obtained,
for example, by the following procedure: anti-NR 10 monoclonal antibodies are prepared by
using as an antigen NR10 or a fragment thereof that is derived from a mamma) such as human or
35 mouse by known methods, and then antibodies having NR 10-binding and/or neufralizing activity
are selected from the thus obtained anti-NR10 monoclonal antibodies.  Specifically, a desired



<210> 89 <211> 7 <212> PRT <213> Artificial 96 <223> an artificially synthesized peptide sequence
<400> 89 Ser Gly Gly Gly Gly Gly Gly 15 <210> 90 <211> 40 <212> DNA <213> Artificial <220>
<223> an artificially synthesized primer sequence i 00> 90
taatagcggccgctcattatttaccaggagagtgggagag 40 <210> 91 <211> 40 <212> DNA <213> Artificial <220>
<223> an artificially synthesized primer sequence <400> 91 taatagcggccgctcattaacactcattcctgttgaagct
40 <210> 92 <211> 33 <212> DNA <213> Atrtificial <220> <223> an atrtificially synthesized primer

sequence <400> 92 gacgaattccaccatgggatggagctggatctt 33 <210> 93 <211> 33 <212> DNA <213>
Artificial 3D SR RTHERIP G dTaerprmnereb gl st iapgaeigen for immunization
gacgaattceaordigpgtgtgeceactebgyt 838 2ad 00 m0thed2] 1 A 88-XRI PxbDiNAl sl Antiboiificiakx BR20> <223>

an aftifiCi%¥p§Y£§'&%$&§HgﬁH@lﬁ%£§&¥ﬁﬁﬁ§n%%@ﬁ?%WB&%%&&%@QQ&EW 257<210> 95
<211> 33 <212> Iﬁ}l <213> Aﬁ[uﬁcg{l; <2%O> <223> an a@“gcha%sﬁmhesé% g& e _sezguence <400>
95 gacgagfgé%%gée é%%tﬁ’? G ITERE AP 105 R eE 0034 AL 3R YT SR 52’6{‘?‘[8 HBfens 98
<400% 96cainvaP@irtaenrialGihSer Gipinial Guby abeysiapd Priudlyinaedigie S18emisil Lys Val
Ser Cys Lyrda Iﬁﬁé,cﬁﬂs::_lﬁbﬂ_i% Iﬁia%amba%%&;ﬂQoété%@@ﬁzyé%l}b&%ﬁ%aﬁd%?%& <§ﬂ&> gHosz -
sapiens <400> 97 Trp Val Arg Gin Ala Pro Leu Glu Trp Met 510 <210>98.<211>
o P s R R B P Sl S Ty
Met Glu 1SE0e: BY Behaisipisg Reyseireafaspaniad 0846 7i-Cys Ala Arg 202530 <210> 99
<211> 11 <212> B é2ht8sckidraorsppien $or 4003198 ooy Gintalyndiol ed MakEhy Yal, Ser Ser
1519499 > : > ian 108 Gin [Ar.Gin Ser Pro Ser
Qo ﬁ@&iiher?é%ﬁ&%m%’ﬁl ézﬁeﬁm%'rwg aI,I"I%hrﬁI?ég@%' £ Qéo%géli%g 1%%;% e

Ser Leu Ser Ala Ser Val Gly 151015 Asp A hr Cys )1 <211> 15 <212> PRT
<213> HOMB SAREHS AT0Y THRS 5 13 CRIEHAESPRAGH PyLormepasieyinking fsméeryr 151015
<210> 10%vidpd ma@amaditiePRiing 2B bdgaicgapienls as40Bunlif2 Gly Val Pro Ser Arg Phe Ser Gly

o 202530 2210 A A i Lye vl
Gﬁf lle Ly215: é%?fg}“ﬁ?éf%%ﬁ?ﬁ ﬁé ?2’2 S ’E&’P@%ﬁ%za?ﬁsﬁa@r‘%%?@ﬁ Ve %’6%%(%&% Valr G?/ns Leatj
Arg Blu SRIGHIPRE GHYIEdarist jerpio 8t icinesirensused loquegae een®ip@yeiriedied Thr Gly Tyr
Ser lle ThhGepASp BE2B30kYsAkTnal AR LeaHe AsgiatimbRe R Blirdas: bysikeu G UT#354045
Mg Ay RRESRY SERCH BRI SO TN AN RY S AP R REAR AR5 e T
against human NR10. For example, it is known that there are a number of variants of human :
NR10, and any variant may be used as 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 2 protein in which artificial mutations
have been introduced into the natural NR10 sequence may be used as an immunogen. Human
NR10.3 s 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 described 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 thet the gene encoding an
30  antigen protein can be expressed in an animal to be immunized is administered to the animal, and
the imraunogen 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 imymunogen does not need to be purified,



Leu Gin Leu Asn Ser Val Thr Thr Glu Asp Thr Ala Thr Tyr Tyr Cys 859095 Ala Pro Met lle Thr Thr Asp
Trp Phe Phe Asp Val Trp Gly Ala Gly 100105110 Thr Thr Val Thr Val Ser Ser 115 <210> 105 <211> 6
<212> PRT <213> Mus musculus <400> 105 Ser Asp Tyr Ala Trp Asn 101 15 <210> 106 <211> 15
<212> PRT <213> Mus musculus <400> 106 Tyr llé%er Tyr Ser Gly Ser Thr Ser Tyr Asn Pro Ser Leu
Lys 1 <210> <211> <212> <213> <400> 5 107 10 PRT Mus musculus 107 10 15 Met lle Thr Thr Asp
Trp Phe Phe Asp Val 1510 <210> 108 <211> 107 <212> PRT <213> Mus musculus <400> 108 Asp
lle Val Met Thr GIn Ser Pro Ala Thr Leu Ser Val Thr Pro Gly 151015 Asp Arg Val Ser Leu Ser Cys Arg
Ala Ser His Asp Il@i58¢ A& PRed2 625868l [iscTHimpP B Girpwjsaser Mg @lu Ser Pro Arg Leu Leu
lle 354045 yisnbytidldabag mbaSendle5er SlyHePro Ser Arg Phe Ser Gly 505560 102 65707580 Glu

Asp Val Gly Val Tyr Tyt Gys;Gin é‘?ﬂ&%ﬁ Jﬁﬁ gjgrbgég%j 5 ﬁﬁ Zéf 8590%5 {l’hr P j% X Thr Lys

Leu Glu lle. L¥s 100105 <210> 109 <211> 11 RIS mus’cuﬁué rg Ala
Ser His ASPWE Sefmigistsrrd [ epianig 1o @21@9“1‘1@‘221153?)&2@% RGBS musculus
<4003 116vEihesladey GinSendteo8esth aZAOR. 11The 245180 <RI PRErHLZR MU MUScUIIS

<400> LLGindin Qublissalmht RRdpdlianiales Hastly 1Bhadles RRLsgls> Artiicial

103 <220>Z.f\l% 3> An artiticia nth suzf% tide sequence <400> 117 Gin Va fet Val Gn Ser
Gly Ala GRIV 1€ 6%/5‘}“ W%Eai %?%Bﬁf%%?%%ﬁs@% By AN &S GIY FS Y Phe Thr
Gly Tyr 262530 arbnweﬁfﬁsﬁiﬁﬁbﬁla{w@@mbm@@vm@m@m@iydlseuKéhﬁﬁamﬂ%emﬁdﬂMS Gly Leu lle
ésn Progw@tfnﬂm@xggﬂgroégf%ﬁlﬁggj@mw&%@@%&5@%&}5&@&%&{@&(@%&%}%\/{ ?&@!@TAS% Lys

er Thr Ser. r et Glu er Ser Leu r Ala Val Tyr Tyr Cys
859(;%)15 Ala %\rgugls%, é rAfﬁ Iﬁ#’lﬁr T Rﬁe‘f‘ﬁé’%ﬁ?’ %?@1{;\5 TEEF € Gly Thr Leu
Val Thr var@él?@éaq_tmfﬁw@ eﬁnﬁmec hant Er0é212> PRT <213> Artificial <220> <223> An
artificially synthesized peptidersedyenaesafDz trbid s83Abahd 4 2drkm Ih a2t n BRI <213>
Artificial <22Q> 3 ificiall ]Eﬁﬂ D e 400> 114 Leu.lle Asp Pro Tyr Asn
Gly Gly Tk@‘;%r%S%erdgr,2i %%Aslﬁipl%&%? P%&)é%ggi%mﬁ% %?L%%%qged;i % YEVAVERSIE 2l d¢<213> Atrtificial
<220> <2FPUHH tt‘hﬁ?:}l]aflif@%th%’? Eﬁ%’é’ﬁﬂﬂ%%“@&ﬁé?f’c@’@@@ﬁufﬁﬂ_%ﬁ@%sn Pro Tyr Asn Gly Gly
Thr $&r Tyr Asn AdpntiysiRhenlyylembd tellbare used for fusion with the above immune cells. It is

preferred that myeloma cells have appropriate selection markers for screening.  The selection
marker refers to a phenotype that allows (or does not aliow) survival under particular culture
conditions. Known selection markers include hypoxanthine-guanine 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 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
enzyines 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,



Gly <210> 116 <211> 17 <212> PRT <213> Atrtificial 105 <223> An artificially synthesized peptide
sequence <400> 116 Leu lle Mn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn Gin Gin Phe Lys 151015 Gly
<210> 117 <211> 17 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 117 Leu lle Asn Pro Tyr Asn Gly gly Thr Ser Tyr Mn Gin Lys Phe Gin 151015 Gly
<210> 118 <211> 17 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 118 Leu lle Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn Gin Lys Phe Lys 151015 106
<210> 119 <211> 17 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence EAETRIEPPEE RS Fe T E s Ane Reesis Yns el Y Alrairtderrediny®enns Asp
<210> 126nelRasIdirieths2 $RFoRIRT 1850 Aetifiled «2REr<228ziAn:aitiaially synthesized peptide

sequence <400>#20,Tra Val G Gin.Ser Pro Gly, GinG b{sga_%t%wﬂé}gg Sl At £410> 121

<211> 11 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 121G TR S et ndrHamss Sl RSP ARE IS PSRRI TR b3 4911 1 25 PRT
<2135 Artificial ta 22sed Zagcc A fusinifiticliyisfntivasizpld . peplidelse quentebid 00:shi 22t ina Tt Ser Glu
2sp e Tunbechie Lavile EiQ<R100 108 ST aiE BRT A Arialtiin 220 2|
artimicia ninesize eplude segu e< > Sp. Ala rLeu Ala S < > < >
A A N e R e B R SRy
Asn Ala GHPiRmeR Fugh asyistarradf sgum $BL8211> 7 <212> PRT 108 <213> Artificial <220> <223> An
artificially synthe$izgidipegitide saaueneceisAQ0r d2b AsnNalbys JdsGlu Alel ¥l ndRd0> 126 <211>

Ao R L 5 e e e S o
artificially @yRTNeS2EH pipthsedl finrrathebh o sremplaBREG avithmesn mpleadprisiehi of 128 <211>
324 <212z00R T8R800 rtHickal ad081<228xAn artificiblly syrithesizetbpeptide: 3equence 400> 128
Ala Ser TS BB S8V BESILEH MRS ER HEAIOIS e HI R CY Gly Thr Ala
Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530,Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala
Leu Thr Ssgpfgéﬁt&a%%y cent isugatmn are repeated to eliminate %he cell gmlon agent and such, which are
15 unfavorable to the growth of hybridomas.
The resulting hybridomas can be screened using 2 selection medium according to the
selection marker possessed by myeloma cells used in the cell fusion. For example, HGPRT- or
TK-deficient ceils 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, ceils 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 hybridomas can be selected by culturing the cells 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
(3/104453. _
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
36 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



Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val
Pro Ser Ser Asn Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys
Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110
Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro A¢s Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg
Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser GIn Glu Asp Pro Glu Val GIn Phe Asn Trp
Tyr Val Asp Gly 145150155160 Val Glu Val His Mn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 110 Ala Pro
lle Glu LysHhgdtecSebd slerEH bl yheGiyGig Piotiargn®Gibod k6215622 0MRoSinthvednfige T hsddefurPro Pro

Ser Gin q&sﬁmﬁmamt%@%m&@@%@@@ﬁ%&aﬁmﬁ@%&u RSBl Makbys e o he Tyr
Pro Ser Asp lle.245250255 Ala Val Glu Trp Glu Ser.Asn Gly Gin Pﬁ Gbu Asn Asn Tyr Lys Thr

260266270 TR BT PR Asp &R G REdt S -3 PR isE0s8R ey hr
Val Asp L9525 rg FvplEiraiifalymansedaimargeragyseid 53608 epiiliag HisGiwila Leu
His Asn Hisa¥ e ThedGintdysmBaml eu 305310315320 Ser Leu Ser Pro <210> 129 <211> 326 <212>
PRT <213> Artifigj 220> <223 An artificially synthesized peptide sequence <400> 129 Ala Ser Thr
Lys Gly Pro Ser_\igggﬁé %‘r%) %g'u%(fgeﬁ’%rgs %)re ggﬁ@f??@l%fﬁ%%ﬁ%?@%%ﬁ@? r Ala Ala Leu Gly
Cys Leu AEYZAUprRfanepbupantiaipw) Wil mariigrmantiadiss phintesessemnalie Amobiingsr Ser 11
354045 Ghy Waisttisnpirithe Rrophteyial ith 4imSemSe s pdyi el FfirSienhabb 60baucPes Ser Val Val

Thrval P Z HRLGInAhr 6 cedkid el is Lys Pro Ser A
Thr kgs v%‘%"?\% é‘i@%@%%@?ﬁ?‘ﬁ%ﬁ”ﬁggﬁg%ﬁ%%@&&ﬁ%?ﬁ%ﬁﬁ%@rﬁ ity ik

1001851 BT MEERABIS ser VA BREEIBRE G575 B S5O BR R e ha ZB195 Thr Leu
Met lie Sediriry FenrRrerGicitabd byl ys afusaiMaikep($30k351:40 RiabiSeriis:Gilen Ao Glu Val

Gin Phe AsihilsRidyNéal i) G 483045160, ViahGIuabisAsnaia by Ty i Arg, Glu Glu
Gin Phe Asn 1651?0175 %er Thr Q%Qrg Val Val er VaéLeu Thr Val VaJ His GIn Asp Trp 180185190
ysVa

Leu Asn @EPE%I%I U T‘?/'Prll_yosdﬁf/g ¥k ystg%s,&%eﬁ VGG TR RS g% SR PENNEGIU Lys Thr
He Ser Lyaidiag {astsiNBiA medeRrg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu

Met Thr Lys Asn 2Bb330235248 &eithdednaedihe unl QYR Iean¥ial dyisotaluddhg dwr Pro Ser Asp lle
24525025 y I ey Asp Ser Asp Gist Ser.Phe Phe Ley Tyr Ser Lys
27528028%‘&3‘8%%15?%8\% ﬁ’égl@égﬁ%‘ié“ %ﬁ% é?ﬁn ?r%gfﬁ? SHEIBS §§?‘8§%5V9‘8§%’§§/60 Ser Val Met
His Glu AKPPED WQidxes et ®hiGin Lys Ser Leu 305310315320 Ser Leu Ser Pro Gly Lys 325
<210> 130 <211:B447 o2 ig>oPRTed 2t qeAntificiat s2R0RID23HMAatd cirlnsyIthesizad aeptide

sequencess4ptiatd iAol MRl Gl Al AL R QAT TS Ser Val

Lys Val Ser s Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 lle Met Asn Trp rg Gin Ala Pro
Oy Ein PTG i D A SRBE a5 oF AGFHEI ) b STRPEE Ly
Phe 505568@ Nps! Gipcaegiviak PhiibledTHngiteA s yis SpreTdioSercin #alhilign 65762586 113 Ala Arg
Asp Gly TysAsmibemsatRroFurdheMebbsool W WRGlY, 1:9%%&&10?9 bsd Riokewd/gl Thr Val Ser
Ser A2 SELII by S @B R A M MANER: YRS 184 AR UTE PRI Lt Ser Gl Ser
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-Seript,
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 £. coli such as JM109, DH5«, HB101, and
XL1-Blue, the expression vectors not only have the above-described characteristics that allow

vector amnplification in E. coli, but must also carry a promoter that allows efficient expression in

E. coli, for example, lacZ promoter (Ward ef 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 inciude pGEX-5X-1 (Pharmacia), “QIlAexpress system” (Qiagen), pEGFP,



Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 145150155160 Ser Trp Asn Ser Gly
Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala 165170175 Val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser
Ser Val Val Thr Val 180185190 Pro Ser Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His
195200205 Lys Pro Ser Asn Thr Lys Val Asp Lys THt val Glu Arg Lys Ser Cys 210215220 Val Glu Cys
Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val 225230235240 Phe Leu Phe Pro Pro Lys Pro Lys
Asp Thr Leu Met lie Ser Arg Thr 245250255 Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
Pro Glu 260265270 Val Gin Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 275280285 Thr
Lys Pro AP Gl @GthGiprehtionrsiSeprefr e Bl Vatt vabSesc SURIS 3000 § 1dr@ys ibyeldiad:Ser Asn
Lys Gly LesiRyoedlarPaestieb@lutaie Thr lle 325330335 Ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu P }:;b 5%% ro Ser.Arg Glu Glu Met Thr. Lys Asn Gin Val Ser. Leu Thr Cys Leu
355380365 Val Ly B Tor Bl G A T ATSL A CULTOL s S Rort S 7 PRLBH SR Bl Pro
Glu Asn ABRAPPYE SERIEHHH PRSBre seseateresyIsdr S5 30080 S4067ep (BN BEFRHE TBhe Leu Tyr
Ser L§s LewyThe Mal AdprlysrEeinAsgA0add 04d Sd i) &in GEipGinAsTiélRhe Seneys-Saiyal Met

e Sl Alb s d g0 Min S80S Y IO G RA AR R per Pro Ol Lys 435440445
<210> 131 <211> 32 <212> PRT <213> Arnﬂma? <220> <2 §> An arti |cFaﬁ§?s nthesized peptide

sequence <400> TPARFGVRIMAPTR GHT ARLARR YSrOBT Rodering ina pntf Pdife OGS ISTOL5 Leu

Ser Ser LeystipSucBis mspThiighlaxpalsTign TyeiGys il aug2025B00 A1 BxatazRPRIFEHASS Artificial
<220~ <2%a:fe ailicials Syphasied pepile sauRRCR AR 1320 S TIN b5 Gl Pro Ser Va
Phe.Rro Leu Ala.Pro C sée&@r 15?0#%@? r Ser Glu Ser Thr Ala Ala |Leu Ggr_é ys Leu Val Lys

Asp LPyr 207540 reeix-?‘?'%)lp U Pro ValrThi vva CROTISSR S B ARR TP 881358845 Gly val His
Thr Phe FY@2alA¥8) Ruaiersed Serctipraactyr Ser 5e8560 pMHSen&phVAD\aiditr Val Pro Ser Ser
Asn Phe @GlyFberahs Iﬂﬁr@@?@ﬁﬁﬁ&:ﬁﬁ}(‘f&f@ﬁf&ﬂﬁl@%ﬂ‘iyﬁ! ﬁi’éﬂil'ﬁﬁd-yﬁid%;&% AspJhr Lys Val IAslp Lyls
859095 T V. u Cys Pro Pro Cys Pro Ala.Pro 100105110 .Pro Val Ala Gly
Pro Ser V%p\éﬁé%gﬁ%g%é}g?o éé’%cg%é% ro E@Q%E}ggsii?f%sig%“?ﬁ?roﬁse%‘o FRI ém%&?%mrhr Pro Glu

Val Thr CHERE7RINE] K tressra s sard P HRY BlanssBapibiewbyls eresienasmrphyr Val Asp
Gly 1251 5845560PLaDGinda FiS BsfvAtadnysid hr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser

Thr Phe Arg Val Vel SerablencThrabVal s St As i, M L0Sst a0 kauAsn Ry Lys Gl

Tyr Lys Cér/sc}ligs Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro Ife GIU' Lys rLys Thr Lys

Gly Gin PYERFS B 21004 BE3eP BT BT G A oF P i L8t P &5 Brd S ¥ g RV PMBCtSir Lys Asn
22523023524 bemire Al Seture(l THY) €Y%, L68) MdMS -GCERAterTyte PHF SepAspotie Q45250265 Ala Val

Glu Trp GlpaBerasaCAHRIREIQ G0 SN $99) T d y3ThERB0R852/ 00T REOrREBIMELI- gL ASP Ser
Asp (C?]Iy Se ePQ%Ph eu Tyr %gr Ley %1%5 01(_)2{35 L(feu J{Ell’ Val Asp Lys Ser Arg Trp Gin Gin Gly Asn
Val Phe Saeé VS 55?% er afisl\ﬁe 19 GRTRRA Leuriiﬁsr%ﬁ%ﬁ%g@‘rﬁ iRt ER Y RV durtioamy
3053103155 arb(paerpin G/ Byer spdiko 19scipagwiti el giareptepistioRiTichgit pMAdficial <220>
<223> ArpBRifictEl -REVHeBRR atNepHoe B8V UeRCEOIG0 Rl 33:idié.
In addition, the following method can be used for stable gene expression and gene
amplification in cells: CHO cells deficient in a nucleic acid syhthesis pathway are intro-duced'
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). Altematively, 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 aiso 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 (¢hfr) 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 o



Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 lle Met Asn Trp Val Arg Gin
Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Mn Gin
Lys Phe 505560 Lys Gly Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr 65707580 Met Glu
Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr By Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly
Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
Pro Ser 115120125 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala 130135140 Ala
Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 145150155160 Ser Trp Asn Ser Gly Ala
Leu Thr SEE@REeRaTHis TR ATiHedes afabt65iated 7ad\zarifad Gimsdoseraipdvrustyider Leu Ser Ser
Val Val Thyo\ain§803 $54 80P rmBeriel Senikey syt T iF hbilysiia CysfsiMalAsr His
1952002 n.Thr s Val Glu Pro Lys Ser Cys 210215220 118 Gly
Pro Ser \%j&gﬁggée%t% F(?tﬁ:e1 P%%?%Iéraolﬂﬁ)shé gﬂégﬁ E@%Iﬁﬁééaﬁrﬁ%(ﬁgﬁ #8%%@%6%@ & Cegr{%?él Thr Pro Glu
Val Thr CYEPHOZIPYET Aletanslrafie 9505 68578 ChisabE 1 i SRitee s e BERHsRTyr Val Asp
Gly Val Glis\adtibas 286285pktis pNatiohles DpspbhyabydaRiide sl GlitEsiphrinid s AT HEOIRIMEYT
290295300 ArgsVial LYl Lewhhr Val Leu His Gin Asp Trp Leu Asn Gly 305310315320 Lys Glu
Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile 325330335 Glu Lys Thr lle Ser Lys Ala Lys
Gly Gin Pro Arg GRE BHP BRSPS SH5 480 57y F 1P Rle P BRI B (USRI REY (SR HEHETER Lys Asn
Gin Val Sen8s8360865. LydiiphBisscheuniaktarh G ke Phis FoProvSee pispd lehalaita@iiy370375380
Ao Gy S P B L T e A Ol he

sp Gly Ser, eu.Tyr Ser e a r Arg Trp Gin Gin Gly Asn
val ﬁe 2%?3 &rﬁgogta? %ﬁ%’é%%%m%%‘ gﬁ%a Iffeﬁp Héoﬁsigﬁﬁé%%#@ﬂ%%yspéﬁfeu Ser
Leu Ser 485420428¢ qhroregtographinracihads despriigeinboR Faabespipeiedalsiaolipuid223> An
artificially syothesizeshpeptideasanteIPEGAQOPPLY GinMal:(s il em\hahizin SesBhifla Glu Val Lys
Lys Pro Val r Gly Tyr Thr.Phe Thr Gly Tyr 202530 lle
Met Asn%’éf%p%% rg%é?néﬁg%%%%éﬁ G L%%&g?ﬁérg%ﬁe%%%% ?%/uElélr% Hsemﬁsgﬁ%% yr Asn Gly
Gly Thr SWWF%&%EWE@SWI%%BQ%)SWQ? Thr (e vrreshansBiesriesessihr Ber Thr Ala
Tyr 65707588:1VietGitiohéncBdeSeibediAnh B er:GiphhspTificAlaakioge Pyrifys @o9eabdAla Arg Asp
Gly Tyr Asp Asp %&xﬁt@&mw?% ASRT LR Gl ARRORH .o Glichin e, Al desval Ser Ser

v

Ala Ser Thr Lys Gly Pro Ser 115 Val Phe Pro Len Ala Pro Cys Ser Arg Ser Thr Ser Gin Ser Thr
Ala 1301 ﬁ%‘ﬁg‘ﬁé%sﬁﬁfé% aPﬁ}g"&S‘”’r PERERG 1 A B R P A TS 56455160 120

Val Leu GinfiSedySerldly. feeymserild s anganyihivd ithnuaiso 86285190, Serz$ee Asn Phe Gly
Thr Gin ThirkysobbaCY RS radadibsh g4 85 20020k ks RIS ASR I LY SPéAL AsRLLys Thr Val Glu
Arg égs C@SCXS 2;11{02.1152200 V%Glsuucc\és P,{ﬂj PIo §X§ Pro AS?mP 0 Pgl% Vgsl AdlafﬁGefI%y Pro Ser Val
225530235240 Phé Léu Phe Bro| ro yéalgro & /S spaJ'FH]rgLeu &t N ger %rg1 P4BHEED55 Pro Glu
Val Thr Cahraitys|syee e et prdvanrdusre ks bl areeddes praiearaivaRAe alss T Tyr Val Asp
Gly Val GlacvmddrisAiirod)aabyle @ R5RB285yTy, bych RE RS bheiph@inhadra Sardor Phe Arg Val
Val Ser 2 / uT IS, Gl rLys 305310315320
Anena0thuabbay TREvalialid s Cl A0 ;fdgs&%,ﬁg%%é%%@%@ oY%

Cys Lys Val Ser Asn Lys Gly Leu Pro AlaPro lle"Glu L%/Ss Lys Erttfyléq Gly Gin

Pro Arg GBI APSRTPAIGE EHH BFE 8 insoisdeients BRILAkP BRPGRTRIEY Thr Lys Asn Gin Val Ser
LeuZthr Cys Leu 355360365

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



Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn 370375380 121 Asp Gly Ser Phe
Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 405410415 Trp Gin Gin Gly Asn Val Phe Ser Cys
Ser Val Met His Glu Ala Leu 420425430 His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435440445 <210> 135 <211> 447 <212> PRT <21%3> Artificial <220> <223> An artificially synthesized
peptide sequence <400> 135 Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 lle Met Asn Trp Val Arg Gin
Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn Gin
Lys Phe 505868:0y¢ aBhrifggovtap FHr il Bhd AlabAdpathiSer THaraG il 8iTsas65 7588 Met Glu

Leu Ser Se &@iﬁﬁa&%@lmﬁ@m}% AN Alhnly GOV 873685 Alasdeg @ﬁ&l@m@d{e@&&éﬁp Gly
Pro Tyr Tp ‘%et As r Tr %010 110 122 115120125 al Phe P eu Ala Pro Ser Ser Lys
r

Ser Thr Sel %‘4 e %erycﬁr 18“?13‘3 818 neu,&s algﬁ%Gma@% Pto Val Thr
Val 14515@1%*591%%WW%@H@@P@V%%%HWWG&P@MW!Q% apﬁrSPﬂa Pegatitis 65170175 Val
Leu GIn SenSeis@lyaketiokyleseis | eid HeriGer Val Val Thr Val 180185190 Pro Ser Ser Asn Phe Gly Thr

Gln Thr Tyr Thr GysAsn:Val Asp His: 195200205 &x&@e%%@m@{s w%\ég&é%%&ﬁ é}{ Va' Glu

Arg Lys Ser Cys 210215220 Val Glu Cys Pro Pro Cys Pro Ala Pro ro Val Al
2252302382, %@E&Fﬁﬁ@tﬁr&fﬁ?wwgﬁ?&%&mﬁ#ﬁﬂ@ﬁtww@mwﬁ%%@55 Pro Glu
Val Thr CysixtaisVal Val Asp Val Ser His Glu Asp Pro Glu 260265270 Val GIn Phe Asn Trp Tyr Val Asp

Gly Val Glu Val His, %%&mewi%@%%%! %%P@%&S&éﬁ& Thr Phe Arg Val
Val Ser 290295300 Val Le al His GIn As Leu Asn S Glu Tyr Lys 305310315320
Cysils vcgf*@@%ﬁagﬂéﬁféa% et ol hee sone R Jhes o B iabor Sor
Arg Glu anmcpnrom%e/&gﬁb@m vé’ngédlr_e& TeriByareeic358860865 N g GIdiRnecTin theo Ser
Asp lle A'ﬁréé@hﬁiﬁzérﬁﬁb@iﬂa?ﬂs&ﬁﬂnﬁ%%7@%§im@ﬂ e @%ﬂtﬁmﬁm akyibb¥$ hbEddaero Pro Val

Leu Asp 903954 Se e Ph erL s e Thr Val Asp Lys Ser Arg
4054104% ci‘; %g‘eréﬁﬁfﬁggﬁigé?%ﬁ‘é stﬂ em 3} W S SRS, 420425430 His Asn His
Tyr Thr Gin Lys Sﬁﬁ%’éﬁ@éﬂ%&%? Tffr%l@%% H@S@Mﬁ@kﬁﬁéﬁiﬁediﬂmgw@mb PRT
<213% Artifiepmks220> <223> An artificially synthesized peptide sequence <400> 136 Gin Val Gin Leu

val Gin Ser Gly AR Mak kst B0l %@&%ﬁ%ﬁ&ﬁ%@%’ ééa}e%er&‘%&w Qg Ser Gly Tyr
Thr Phe Thr Gly Tyr 202%@%_% Met Asn Trp g Gin Ala Pro G G y Leu G Trp Met 354045

124 Lys CRPRAENGAP #HP Wﬁs&m@ﬁeéﬂf epitions Fiees AEPesiaesy Ser Ser
Leu Arg Sweiitehy Nepk FrabAdbineaTypaiy, @9‘5@59@5-Alﬁxﬁrt@eﬂshﬁ@iyﬁwomm&hmﬁéydamaﬂyr Thr
Met Asp Tyrdsn b@)ﬁa%ﬁ@r%%&/%@ a@m&g EB&&&W' Tr Yalaer SerARSek mﬁwro Ser

1151201 VaI Ph Ser.Ser Ly Gly Thr Ala 130135140 Ala Leu Gly
Cys])L% 6&1 LySIB\%e l%ahnfia etg%a \7a gfﬁgqsérﬁi%%ﬁ%esaésf ﬂgﬁ;&"&% S?Iérl’ff%\la Leu Thr
Ser Gly Vat4is. ﬁﬁr@m %wmla)@@@'xm@&vm%rﬁ@ﬁ%@nmﬁy@@w@em@@mmer Val Val
Thr Val 18685180 £16, &t Sesr AtsuRbec@ly, ThelGing ety heyshsBYphASpHis 85200205 Lys

Pro Ser AT LIS NALASRLYe EIRYELGI Al bys 565 CIS 201570 VALCI AU RIREro OYs

Pro Ala Pr Pro Val Ala ro ‘Ser Val
However, without ilmltation 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, hydroxypropyleellulose, hydroxypropylmethyleeitulose,
polyvinylacetaldiethylaminoacetate, polyvinylpyrrolidone, gelatin, medium chain fatty acid
triglyceride, polyoxyethylene hydrogenated castor oil 60, sucrose, carboxymethylcellulose, comn

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-NR 10 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,



Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr 245250255 Pro Glu Val Thr Cys
Val Val Val Asp Val Ser GIn Glu Asp Pro Glu 260265270 125 Thr Lys Pro Arg Glu Glu GIn Phe Asn
Ser Thr Phe Arg Val Val Ser 290295300 Val Leu Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr
Lys 305310315320 Cys Lys Val Ser Asn Lys Gly L*¥u Pro Ala Pro lle Glu Lys Thr lle 325330335 Ser
Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 340345350 Pro Ser Gin Glu Glu Met Thr
Lys Asn Gin Val Ser Leu Thr Cys Leu 355360365 Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp
Glu Ser Asn 370375380 Gly Gin Pro Glu Mn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
3853903950001 Asp!y el pins PRERaPTRYSE? EYSte @FhP R ARG ng3-D8icAljaDB49.0415 Trp
Gin Glu GhoRsfid4ed BhanSEICYSISeiay 8t Met bisdatbidtalieu 420425430 His Asn His Tyr Thr Gin Lys
Ser Leu Ser Leu {i%@gg 5%ﬁ%ﬁﬁ}%ﬁ@g{ig&gg@f%&J%%é%@%%}rg&}ﬁa@mﬂC|al <220> <223>

An artificially synthesized peptide sequence <4 1 Val'Lys Val Ser Cys Lys Ala
Ser Gly TYFFHICEEISTHRRSR Of (i 9192536 eIt 2k Brip PaPRli ey S Brevests et @ryl%@h Glu Trp
Met 354045 Giydk éntdlecApnrens by cARME v G ydiheSery ByprAshrGinrhys Aheb D56 dysraly Arg Val
Tt A VT B B R et Yot T1p Gty
r Ala Va] Tyr Tyr Cys a Arg As S p ro Tyr Thr sp Tyr Trp Gly
1001081 PR LRI O T DAL Sl b (OO0 bt Lor e bads SorpsRem T <213
Artificial <Re@inedpBagnimgifiviaiypcynthebizes paplicersdigddncend48830188bodizsSEengat Ey/s Val
gtler Cys Lys ?@i&ﬁé&&i&% iEE:{. g?%mhiglggwg@ﬁgé&,lewgi ?@ﬁ.ﬂpgtgh%rggql@s{tm%ﬁ Géxé gggo
y Leu Glu Trp Met . u lle Asn, Pro Tyr ‘Ser Tyr Asn Gin Lys Phe
L B A B A P L R R Lo
Arg Ser GiPRepFRAIB0V/BF Ty PYElcys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met
Asp Tyr Trp Gly T2 1dadd4:&ics yokposietny af hempyvakfdanteridd 042 0-edhxida89&ahky 121 <212>
PRT <213> Artificial < > ifici i ide <400> n Val Gin
e v R e B B B S L I B e Gy
Tyr Thr PRECERSERA TS PoRRESE0 1B R A P O R P ETHIATEABPS- G e GRALSIPTrp Met
354085 k285MB566AveadByiniecved, TiratesTtwah iaj dsin GllaSkribhr SenThinfeidys, 65707580 Met

Glu Leu Setmiglch U025 ELAs. ThhARMa LX) iEa/grQ)éﬁ £SR30 AR ARG :EYE AP Asp
Gly Pro Tyr Thr Met Asp Tyr Tr G{%%%%log [10 Gg(g‘ugg "hr Leu Val T\gr Val Ser Ser 115120 <210>
140 <211 B ESE5R 5 A PR SIS 500 BUSier JRETNG L ESoB RN Sequence
<400> 140tG mivaligsiptipemrethb Ginas b Ggpaly Slacias aspoidjrePedie iengat 5Ee B Sanditidi.ys Val
gtler Cys L’%’&%iﬁg&%c%iﬁ%#ﬁﬂgilf&é@@cﬁﬂ ﬁ@é&&ifé@@&@@rﬁ@llkﬂg&ﬁﬁfﬂm Makdg: Gin Him P@hGly Gin
y Leu Trp 54045 Leu lle Rro Tyk Asn ThrsSer Tyr Asn As s Phe

o e e e A B A s M L S
Gly Tyr ASPASETSRIPIBITET H NMBRASRIFHIETHS Gy Ro01087Ys 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.
Al prior-art documents cited in the present specification are herein incorporated by

reference.

[Exampies]
30 Herein below, the present invention will be specifically described with reference fo

Examples, but it is not to be construed as being limited thereto,

{Example 1] Preparation of hybridomas

1.1, Preparation of human and cynomolous monkey NR10 plasmids for DNA immunization
35 1.1.1. Preparation of expression vectors for (NR10 and cynNR10



Gin Gly Thr Leu Val Thr Val Ser Ser 115120 <210> 141 <211> 121 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 141 Gin Val GIn Leu Val GIn Ser Gly Ala
Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
202530 lle Met Asn Trp Val Arg Gin Ala Pro Gly Gir®Gly Leu Glu Trp Met 354045 Gly Leu lle Asn Pro
Tyr Asn Gly Gly Thr Ser Tyr Asn Gin Gin Phe 505560 Lys Gly Arg Val Thr lle Thr Ala Asp Glu Ser Thr
Ser Thr Ala Tyr 65707580 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Leu Val Thr
Val Ser Ser 1151 2bmagEi{seRatide samemaiiSBORITN <22 3mn artificiallysynsimesized peptide

sequence X@00s) W@m&’@i@mhb%htﬁ(@d&fﬂ@ﬁ@%&ﬁ Ghideblyeskas PGl AlR, AR 1015 Ser Val
Lys vVal S hr r 202530 lle Met Asn Trp Val Arg Gin Ala Pro
Gly Gin G%B %63 J&;ﬁ,ﬁl@g‘%% %a‘)él %ﬁ)}%;ﬁ&ﬁ g RPREFGH) BRFRBERH9 880 GIn Lys
Phe 505560 Gift GR} G YaT FRANE PREAPEAS GRIISdPT Ard &k Ihwasl aoTiyr 6520680 Met Glu Leu
Ser Ser LepnAmpBes GlulksNRIO Aaclekllysdyeteys SHO0DSNIadArg AR Gy Ty ,A%%%QGW Pro
Tyr Thr Mgt Agp Efgg Trp Gly 100105110 GIn Gly Thr Leu Val Thr Val Ser Ser 115120 <210> 143
<211> 121 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence 131
Gin Val Gin Leu VaI G|n Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys
Ala Ser Giyl13 I 202530 lle Met Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu

Trp Met 354045 c&mwm&s@wm %veI SR PR G LY 3PP 30PN AP AT
er

Val Thr i la Asp luS CFQ; a T 07580 Met lu’Leu Ser rg Ser Glu
Asp-EI'Bhr q%w}ﬁr 0? ffssseéﬁ (gs%ﬁa 9 2% BN bR Tyrettie M@@Wﬁﬁ Tyr Trp Gly
10010511%%&%%fqz@@omrﬁﬁrthea@ewmmammmm@m d0heRH2> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 144 Asp lle Gin Met Thr Gin
Ser Pro Sp@ SLLE g@ggﬁj %853{ | € %151015 Sp Arg\I I Thr.lle Thr Cys Gin Thr Ser Glu Asn lle

AIOI

Tyr Ser P ﬂ ASn Ala y Pto Ser Arg Phe Ser Gly 505560
Ser Gly Ser-aiy- FREASRAYPHAcmas isigardeeimsnze it hueaT o7 BRD Giledsm@iteyAla Thr Tyr
Tyr €ys GiRHis His Tyr Glu Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr Lys Val Glu lle Lys 100105

<210> 145 2LL1d0R @ s s ARl c22e e an tficall s Rgsifs peptice
sequenc <4O 145 Asﬁ%le Gin Met, Thr Gin Ser Pro Se emife 51015 Asp

Arg Val THY ife boff‘mr P S GRS Wi}?é@?@h@f@meiwmékwﬁﬁﬁﬁ@lm@n Lys Pro

YS
Gly Lys AfatiProngerredireu oesd04s Tymisiaien s Ticd eerdlabysicly Wah BeorSex Arg Phe Ser

Gly 5055@%eg@yeﬁaee&wmmeb@xmsg@a e tﬁs@e%ss%@n%r@@ 380 Glu Asp Phe
Ala 7 &C&b‘z 5 H GIu Sgr Pro Leu,859095 Thr Phe Gl rn}_ys Val Glu lle
001 10>

Lys 133 4%3 SERRES PR R iRe Helios Gene Gun
System (BIO- RAD) using the DNA cartridge prepared with the cynNRiO 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 NR 10 protein (extracellular domain) (Referential
25  Example 4) diluted with PBS(-) was intravenously administered at 10 ug/head as the final
immunization. Four days after the final immunization, mouse spleen cells were fused with
mouse myeloma P3IX63Ag8U.1 cells (abbreviated as P3U1; ATCC CRIL-1597) by a
conventional method using PEG1500 (Roche Diagnostics). The resulting fused cells, i.e.,

hybridomas, were cultared in RPMI1640 supplemented with 10% FBS (hereinafier 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 After 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/



<223> An artificially synthesized peptide sequence <400> 146 Asp lle Gin Met Thr Gin Ser Pro Ser
Ser Leu Ser Ala Ser Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg Thr Ser Glu Asn lle Tyr Ser Phe
202530 Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle 354045 Tyr Asp Ala Lys Thr
Leu Ala Lys Gly Val Pro Ser Arg Phe Ser Gly 505566 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser
Ser Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin His His Tyr Glu Ser Pro Leu 859095
Thr Phe Gly Gly Gly Thr Lys Val Glu lle Lys 100105 <210> 147 <211> 107 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence 134 Asp lle Gin Met Thr Gin Ser Pro Ser
Ser Leu SBPMH ®&ér ¥/upiGipligA01 M spntanreial (DaimiiepThiPBysnareuTiba] SendAwAshnolie Tyr Ser Phe

202530 LM@M@E&@@@@&%@@@ LYS\AR Bre:lyshe %H&%ﬁé%?el s Ala Gin Thr
Leu Ala L gPro rAr Aé::he Se éﬁriogFf)GO Ser Gly Ser Thr Asp Phe Thr Leu Thr lle Ser

Ser Leu Gmp T EE?ﬁf‘i’—‘fE ) P@Hﬁeé%?r-‘i?éhEeu 859095
Thr Phe Cﬂ‘%’@&?@% Tﬁ@E?@W&F @@Pﬂ@@?@ TOVREH rRRResIElonHe? itted @ we2d 2ssRRT 243> Artificial

<2203 <228xtrAlvanificiity aym@e&m&nepﬂﬂa@%ﬁ&@ﬂ@ﬂfﬂﬁé)@m @(gggkqmp@eggpr Gin Ser Pro
Ser Ser Leil é@ﬁﬂp&g&h{gb@%&%@&%@ Cq;rfgdvlz%é%h{rlle TIE]M:(X hr Ser.Glu Asn lle Tyr Ser
n

Phe 202530 Leu Ala Tr in Gl A BT %ﬁ%ﬁ%‘ﬁf? Asn Ala Lys
Thr Glu ARPEREEHY 1%‘612] é@@?@@&tﬁﬂ@ﬁﬁ @RPW%@%W @%ﬁ@@r‘é%ﬂ’ﬁm/&sp Phe Thr Leu
[hr lle SercSerehtratiGindRen 65707680 Ghd AggpitheitlayEhmbygdFyhdyeyGin HisndisRyGivh Ser Pro

Leu B5909mT v iR QP Rk AV VARG JOBLOS 105,440 SR 000125 PRT

<21 3 Artificial <220> <223> @n artificially synthesized pepti equence <400>" i%%sp lle Gin Met
Thr |n Seraﬁ?grggfeéjgﬁléﬁ Ser Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg Thr Ser Glu
Asn lle Tyr Ser Phe 202530 Leu Ala Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu lle 354045

Tyr Asn A[Eﬂay@m@gb&@@aﬁm&{@ifmﬁggl&rg Phe Ser Gly 505560 Ser Gly Ser Gly Thr. Asp
Phe Thr Lﬁ% ‘I;pé{t I Phe Ala Thr Tyr Tyr Cys Gin His His Tyr

Glu Ser Pro Let 859095 1 i Phe <1 PSS lle Lys 100105 136 <210> 150 <211>
107 <212> PRT Jﬁéﬁﬂﬂﬁ.&%ﬁ@gﬂz@@ﬁ ﬁzﬁ RrbrieangssysitisdSiend pfidel sdQARTNG 400> 150

Asp ]Eﬁ Gimiegb VAL @Imeagmemzsanﬁsﬁrma@ ﬁﬁﬁﬁiﬂﬁm%l& al‘éﬂq%ﬁxﬁ;ﬁ&‘é%ﬁoy iTfdle Thr Cys
Arg Thr S | T P ProLys L
19 101 SBIEIARD 1o Lyliasy %&é@u@&fﬁ% %?/ i@@lgﬁeﬁe ?}ref%f/ ro Lys Leu

Leu lle 354045 Tyr Asn Ala Ser Gly Ser
Gly Thr A?&’mé’ﬂ}rﬁf_&’éﬁ Tﬂgﬁg%%gllﬁﬂ@lﬁw&?@%@ Ns%l\%%mf’a"tﬂ&@ﬁﬁyr Cys Gin
His His Tyk@ilifSetierEil G 858685 es)Piel GlimEly dedipiid foyeaéalSliboke; lyaskdR 1085 200> 151
<211> A4dngi2] R nod FenAHifieigk 248> <Ag3mAmadiigially. s

<400z 151 Gln Val GI eu Val Gl % S Ly@uPro thpga%i Slgég}e%ﬂg eglje?r\llcaet Lys
Val %5er CYeEVEAEY @f?nFyr“F @m&% é&%ﬁﬁ&%ﬁ%@bﬁ%ﬁ%é@%ﬁé Pro Gly
Gin Gly L m&wﬁ%@%ﬂﬁwmﬁm@ Pigh r § shpinisor e BeghmSeg Kit (spiBth Gin Phe

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, N823, 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



505560 Gin Asp Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr 65707580 Met Glu Leu Ser
Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr
Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
115120125 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Glu Ser Thr Ala 130135140 Ala Leu Gly
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 145150155160 Ser Trp Asn Ser Gly Ala Leu Thr
Ser Gly Val His Thr Phe Pro Ala 165170175 Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
Thr Val 180185190 Pro Ser Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His 195200205 Lys
Pro Ser Asp-ThrLysVal Asp Lys Thr Val Glu Arg.Lys Ser Cys 210215220 .138.225230235240 Phe
Leu Phe PrpPro.Lys Pro.Lys J5OHAIEal? M”"i’gllp) Ser Arq Thr 245250255 Pro3Eid ! Shr Cys Val Val
Val Asp Va e AQh DlJMM@&@W&&WBT’QEET@MGﬁWWg@\GWTVI‘ Val A5f Gly Val Glu Val His
Asn Ala Lys BEE0H9585 Thr |y TAHERGESGTEATT AMAGH WEREESAMEAF Phe ArgS/Al Val Ser
290295300 |\PAF 188 99 \/al \/a] BNECEAT] CRACCATAGSATEEASSTOBATC s Glu Tyr Lys|385310315320 Cys Lys
Val Ser Asrl & 85rj4c81 Pro AlFASRAATECEACATRAGTRIGRECASE0ABH335 Ser Lys ThEL§s Gly Gin Pro Arg
Glu Pro Gir| PSPHrTear | eu ProtAaFEOSAIEAS RSATST MATRSATABTU Met Thr Lys|A®# Gin VAl Ser Leu Thr
Cys Leu 3550683650ml | ys GhAMIGMTLACAGCARSBATAEICTRSTARAGKRI Glu Trp Glu Serfisn 370375380 Gly
Gin Pro Glu Asn Asn Tyr Lys Thr. Thr Pro Pro Met Leu Asp Ser 385390395400 Asp Gly Ser Phe Phe
Leu Tyr Ser_Lys Leu Thr Val Asp Lys Ser Arg 405410415 Trp Gin Gin Gly Asn Val Phe Ser Cys Ser
Val Met His Glu Ala Leu 420425484 idnakn His TyeRipaGh ings Ser Leu Ser Leu Ser Pro Gly Lys
435440445| §3¥§ dxhais 214 <EPBHFRT <213> Artifildibirag@R0> <223> An artificially synthesized
peptide sequiéd-<48i0> 152m8[Bld €GN Met Thri@ii¥SewPro Ser Ser Léu Ser Ala Ser Val Gly
151015 Asp ¥622 Vialrginr lle THrt8186a Thr Ser Glri#ispntie Tyr Ser Phe{202530 Leu Ala Trp Tyr Gin
Gin Lys Pra $82Llyshala Pro |y IBetf¢meu lle 354048 @ rssn Ala Gin Thi Glu Ala Gin Gly Val Pro Ser
Arg Phe Ser SR 505860 Ser @Iy Befeady Thr Asp [RihéiFanteu Thr lle Ser Ser Leu Gin Pro 65707580
Glu Asp Phei8la Tlehdlyr Tyr @GNS 8Girfieeis His Tyr Gilesendtro Leu 859095 Thr Phe Gly Gly Gly Thr Lys
Val Glu lle Lyi§3Arg dhhainVal Alalisiahitea05110 ProBer-waltPhe lle Phe Rro Pro Ser Asp Glu Gin Leu
Lys Ser Gly #3531 2@h@5 Thr AwSIikriéabVal Cys Lieu @erndisn Asn Phe Tyr Pro Arg Glu Ala 130135140
- Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 145150155160 140 Ser Thr Leu
Thr Leu %gg L) Ig Sk ;.GI_ S His Lys Val Tyr 180185190 Ala Cys Glu Val Thr His GIn Gly Leu
Ser Ser Pro var 1 95200 "i Phe Asn Arg Gl Cys 210 <210> 153 <211> 326 <212>
PRT <213> Art|f|meﬁ’rﬁﬁ%ﬂy%ﬁmﬁéé@égﬁﬁ%%ﬁ%ﬁ@é suppendadz Ala Ser Thr
Lys Gly PravERN VahRhedicilpleAtmRdonGys Sarfdng bb&ixﬁk]&xsﬁf(ﬁmt&ege@lta&rér hE fdactMa Leu
Gly Gys Leu Valdys ﬁﬁpd&a@zﬁ%%ﬁgeﬁ’&?ﬂﬂ @wcm\éﬂf;m éb’%&*";li(f R 5§§§8¥tﬁ e Thr

Ser 354045 Qly%%) His T Pro Ala Val Leu GIn Ser Ser Leu er Ser Val
val Thr V&I'8 er Xg‘ﬁcﬁﬁ%"@”ﬁ ”Fﬁ?@fﬁdfﬁwgbaﬁr&% F@@é’ EQ%VQ’( PRI A Pro Ser
Asn Thr Lasiviaghisp Thes 850 088iTinrWa Gl dinsBetiGysivbt G n Gy Bo REFUySidhAla Pro

1001051 ¥y hoEhY Wevalitille SDAIGTO RIS VAl TGS HeLYghal AunIAR3p140 Val Ser
His Glu An-P LY ﬁlg 8 Sé %lpotlzﬂ%opés@o-r eTc}/fr 7\68| ﬁlg 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 CO, incubator
(37°C, 5% CQy) 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 coliected 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



145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr
Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys
Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro He Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro
Arg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro PriSer Arg Glu Glu Met Thr Lys Asn 225230235240
Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser
Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe
Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
290295300'sul iR eieaitians iaradeiemained iohihaiethpd SEPacs e 305810815320 Ser Leu
Ser Pro Glyikyse32655h42 2124 PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 154 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 151015 Ser
Thr Ser Glu Ser Thr AIa AIa Leu GI Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser
Trp Asn SeP&H i -3l His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr
Ser 585560 Leu SéteSﬁt@@ldﬁabﬂﬂn’iﬁﬁa@iﬁ&émﬁead&mdﬂhmﬁ‘gyh'Ehﬁ\mlmmmﬁﬁﬁcWr Thr Cys

Asn Val AspHig ¥R J@s%@mwdhyé %@L%&%&é@?%%@ﬁé@@%fg Lys Cys Ser Val Glu
Cys Pro Pro Cys Pr r$ 108 5110 Pro Val Ala Gﬂg/ ro Ser Val Phe Leu Phe Pro Pro Lys Pro

Lys Asp 1151201]% SEVSNYGTT RFPRE ’\/ﬁl’@r‘r‘i’r e5/ sl e AL 180135140 val
Ser His GloeAigmPEa I\ ainGinifh E0XsRBE IMOREEIAED) G 1%5A504 85160y ainBicival His Asn Ala

éys Thr b@%{&%@ GL |HI§'3&%H&B®A&@Q@%%§%\@@M§%Q&@%@%$%% ee%rrﬁéyL LTys flu Eylr Léls
yssaersn S eersrsyln
o 15 PSR At e e T R, G PRy AT EACHaR P TR RS
2252302352@@8@%&)&1)5&&1@%@@%%@as/am_tyge@y bhé/mwme Benxdpun abage255 Ala Val
Glu Tr:o GlerapaiRsidEs WésdhiRparkel dt AR s &ﬂ&i@?ﬁ@@@@ﬁ&@d&hr ﬁ’r;@gi?ﬁ@d\/l%é)erﬁs]p Ser
AspGySrPe sSe r n Gly Asn
Val Phe e&ys 5& %)%%S%%%S'i\}#ﬁ\ﬁ%%q%f’ ,&Lfelé&l E%?ﬂqlsnﬁﬂ/r ngjl)_;%él %@r Leu
30531031@@%0‘@%@%@ e} Pty plates s CORBEN @1@9 oells wgrfzcsﬂﬁmeﬁ ipa 3% Aficial <220>
<223% Anisetifinially: SyAthésized aeptidd Saqudnes %a@@efhﬁﬁlﬁiﬁe\éﬁle@lal letvGsls &1TSHer Gly Pro

Gly Leu Val,Afg:! ga@l@@t@pn@éw@é%@mg é%raa@%éﬁh@&méf DY ared g@% IM/@Rmike Thr Ser
Asp 202530 His 4045 lle Gly Tyr lle

Ser Tyr Sg@g@eﬁ%&eﬁ:&ﬁw &yﬁlﬁg%sgg é%éé 5@%%%%%\%# ?W??Féjttﬁéﬁl}i?ﬁl% Thr Ser

Lys Asn Givehherser 68707880 ubata gt @étﬁs&egéw@mh rafersiuaspaERinAlal¥al Tyr Tyr Cys

35?095 é@@ﬁ@g h@uv&%aoézmiﬁlwlbﬁ@éan&égts/s_\rw%}1{5%@@%?&2&%&%%%9&? LeI:J Val Thr
a rser < > < rti < n artificl Yy

synt eS|ze J[f')rep seéa}u%)r?éga X005 >Hi§’§%§o e 8”’] Met {’:l 68 %@ E%%rfger%Ala Ser

VAl Gy 1810 NS EIOTHh A5 R R OGNk W%g@lf@ SESERRiOROBEUIEE Asn Trp

Tyr Gin GinahyerPraaéykysiteafsankby s EEUHe 1 HeuBBo4b dyviyaginSeisAigieutlis Ser Gly Val

Pro Ser Aggggdjgﬁgﬁ{iggf}.SOSBGO

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

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

DU145 cells were prepared at 2.5 x 19.5 cells/ml in MEM (Invitrogen) containing 10%
FBS (MOREGATE), 2 mmol/l L-ghitamine (Invitrogen), and 1 mmol/! 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 N§22
(human y1, x) 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 commeon
dilution ratio of 5. Each dilution was combined with 100 ng/m! 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



145 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Gin Pro 65707580 Glu Asp lle Ala Thr
Tyr Tyr Cys Gin Gin Gly Asn Thr Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Lys
100105 <210> 157 <211> 445 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 157 Gin Val GIn Leu GIn &lu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp
Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn
Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580
Leu Arg L&SeSsr SuAetarnma BpiiRaieTrita oy al Jgaciyralysren060s théd Ixfycsercntation Arg Thr
Thr Ala MittAspbiatic gt (B GIA )Gl HOR105 k] thiigiohl 5320125 (9 LeibAladradGys Bes Arg Ser

Thr Ser Gly, Ser Thr Al ﬁf%%&-&&%@%%ﬁ?%%%&&%h?‘ﬂ %IS%ST@B ﬁg g%vl\% f@/ﬁl'w g ; 85;/5&'

Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Vval His

Gin Ser SBf WLCQBC?W%“L%LPQE?%FWW Tapd /PR Searesslyissie suoriagsp@Gly Thr Gin
Thr Tyr TielCysnidn:ialzAsp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys
Ser Cys Val Glu aggg%%gtg@% Er@gP@g Q@Q,Ia Pro Pro Val Ala Gly Pro Ser Val Phe Leu

225230235240 P hr Leu M Ie Ser Arg Thr Pro Glu 245250255 Val Thr
Cys Val Val Val A l?sﬁp Pgé%ﬁgdé%tk}é? glt@g %6’%%??8 PRDAIPFIAER R Asp Gly Val
Glu Val HI8'Adh add MEmﬁmnwmmmmM@m OiBindkhennsatSehati $2ReAtg Val Val

Ser Val Lepu220295306viirayahd ad HiarkainiAsp FpnhBapAB: @y Lys Glu Tyr Lys Cys Lys
3053 0315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 147

340345350 Arg Glu Glu Met Thr Lys Asn G|n Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe
Tyr Pro sésskssnel o copatiiomred dhimencant NB Damiibadigwihdb-Blo Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Met Leu Hm&mp(msm@%@&aﬁ%& PheAdeBllyMoat fiis i FuaMalAsp Lys

Ser Arg @%ﬂ%ﬁé&}é&m M&osméetﬁh?zg%%@aﬁ% ¥%§M§§1 5%% &@%soﬁi His Asn

42042543 His Tyr Thr Gih erLeu Ser Leu B8'<211> 445
<212> PRPSPHES %ﬁ?&@ﬁ%&b@@@é@&ﬁ%ﬁaa |§%%m@§{%ﬁl\é«é&%ﬂ@%®aﬁféﬁ%mmé§q5a Gin
Val Gin Lém@an) Gl Ber@Giekng, @1;1 bewvalvasgiRre8do Gimd 504N ThniesnSe fdrelf Tinas Thr

\é?l ier ggg&r yrBer HMJ&B;%@ a%iﬁ &%’%%tﬁgﬁt@eﬁ%%%ﬁﬁ%@é é&%&iﬁ% %ﬁﬁs}y Aé% %/SLS%U
uTrp sp sn Gin Phe Ser

Leu Arg L&l é? ‘F‘éﬁﬁ\#ﬁ%ﬁ?ﬁﬁ&@%&i@%ﬂ Tg@ %3 %% CNE] %Fg Hefeu Ala Arg Thr
Thr Ala M&egsiEFyVg Blyainraiyrrotaba g0 Skraten vang RrntedSeb et Alaa8bedarhr Lys Gly Pro
Ser Val PM&%I@Q%M&UMl% ?{@%@ggﬁ@@@;ﬂ@g@gﬁ&lu Ser Thr Ala Ala Leu 130135140

Gly &ys Leu VaI %‘Xﬁ %5% Pro erTrpl 0 Asn Ser G Ala Leu
Thr Ser Gl is (%% Z%DE%/ eu 1% Q/?éué ﬁéagr% %?Pﬁﬁ?# erngu gn Ser Val
Val Thr Vgi §§?1"f§‘®‘1%§i{§b°§]é? ?ﬁsq’?ﬁﬂﬁﬁeéR?}Pﬁf Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro

195200205 Ser ASAZEhmbysAGaB Atbp torssikiy rvablobf fugh iy sICys e Maltédu:2h0pbad2de’ys Pro Pro

%/rs LF:S @%‘%&%@%ﬁ?’% gﬁﬁfeggm@wﬁ%égg 325230832319 PRR PraRIosLYR AR &YS AsP

NalNa}, and then seven serial dilutions were prepared at a common dilution ratio

25 of2. The dilutions were added at 40 ul/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 pl/well. Finally, cell suspensions adjusted to 2.5 x 10° cells/m! 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/kNR1Qina
dose-dependent manner, and demonstrated that its activity was superior to that of NA633 (Fig.
7.

[Exarnple 3] Competition of anti-NR10 antibody against NR16
35 The antibody NS22 purified from a hybridoma culture supernatant was labeled with
FMAT Blue (Applied Biosystems, 4328853). 170 pl of NS22 prepared at | mg/ml in PBS was



Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin 260265270 149 Pro Arg Glu Glu GIn
Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly
Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser
Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gitval Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu
Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp He
Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu
Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
40541041565 @) hsrhvhl PH&VsdE Cyrolsdpvandiet Hio VAR Bwe Qb msnesP0is28480ikis Tyr [hr

Gin]c LysI SBM%N SeyfleewrGrk R Gy liys ﬁ%&@é&ég@@ﬁ&@%ﬁ&%ﬁﬁﬁﬁ%ﬁg&?& PRAimgd3>
Artificial < ifici i tide sequence <400> 1 5 rLe rLeu
T Gy TE R B R N S e N PRI e o oy
Arg Gly L%ﬁhﬁééﬁﬁ%ﬁi@”@%ﬁ%@e@éﬁ%@% Bive- phelshNBI? AT BBeri8 505560
Lys Skr Asgdvak Fat-MEMAT Bhg Aspe FhpaSerd lys ABAIGIRNe:SeIS653AZ588 (RIhex:Ser Ser

Val Thr Aleraarhan o dia Yah DO 11 GYa.S599R0AR1A08, SEkeuAla Arg Thr Thr Ala Met Asp Tyr
Trp Gly Gin Gly 1001051 %{%er Leu Val %1&( Val Ser, Ser Ala Ser Thr Lys Gly Pro Ser Val Phe

115120125 Pro Letr AR IS 8P S Y08 P rarSEioa R é!?ﬁ*ﬂ%ﬁ%@@é‘i?%éfﬁﬂo Gly Cys Leu
Val Lys ASHFF PR RII0-Prorarsin? R et Se Refeoa5 158186060 Aems dreBR0A @ellelaThr Ser Gly

Val His ThydplagdarovAtan/@lpied BRA7ALTS BimbenSerlehaidyLRerkel SeLaGLValval Thr Val

Pro %ir 1§9n]§5%9é) ISgrO er Leu (@%I’hngggél' r;l'gr lle Cys Asn Val Asn His Lys Pro 195200205 Ser
Asn Thr Lys Val ASp LyS IV VATGIT Pro 138 Set CHLORE ST 18 Botres e S 6PaiiPle Leu Phe

Pro Pro LySUres s and S8 phi ¢ euaimiveAS & lpa e 55 he getlarere GhwodtasmGlis taldddl Val Asp
Val Ser His:GturAspr2 6026527 thP fuébscvalsigprs PRerAS A BiMe YalASB GdcMal Gl MalkisiAsn
2752802 T, ' Tﬁ?ﬁs £ Thr Jyr Arg.Val 290 Val Ser Val
Leu Thr \E/yf?ﬁle%awﬁsn (§ ﬁﬁt%%%rr‘%% Egﬁq%%ﬁ@% Glu 3%’?%&?%%%6@@? i%lg’gy}? yS aiil‘Ser Asn
oo Aln LSRR ah TR A SRS e TSH (g STt eFimy St o SIS OHP O G
Val T§r TheB46345850cheepRo:iy thSbinAirg ASEMEAT (RIUCTNELY S0ASR I GitkMabsber 4, Tk 355360365

Cys Leu Vallws GinAafyE Ri0:56% ARRAE AR AL GNP GluTRHBIZORL AT Bl Gin Pro Bl
Asn AsnT‘[ﬁﬁrWs 'ghr '{hr Pro Pro.Val Leu 385390395400 Asp, Ser As%?%% Ser Phe Phe Leu Tyr Ser
Lys Leu Thf a?sAsaﬁdL LABE BT SRR R SIRCRTPERF AL AR I NA6ES RebrspirMet His
Glu 420425230k (I8g-lis Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly 435440445 <210>
160 <211> 445 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<4003 160-G3 i .Gin Gl ly..Prq Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu
Thr %ﬁys T%rgs %Qlaﬁ{ gg%}%?%%?%g%ﬁgrﬁfe&g‘%%’g%ozmo His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly
Arg Gly Le5SHash SAsAGIITER ¢Sk, SIqRemseser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560
Lys Ser Arg Val ThircMefidtdel régiphst o SensysAshodinRhecoapfad MBSAaH Argkiay Ser Ser
Val Thr A iaash The AaYALTVEIY 1580005 A1R AL 36k LS AAAIO TR Alg Met Asp Tyr
Ala rlﬁy é e

Trp Gly Gin Glg 100105%?6“Ser Leu Val Thr Val Ser-Ser er-thrLys e'Iy Pro er ¢4
1151201 5B OISR PREEYR S8 KAPE aWrkHinger GG Bupaniret sarinkle deeion 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 {(SEQID

NO: 112), respectively. Meanwhile, the sequence of L chain composed of FR1, FR2, FR3, and
FR4 is designated as L0 (SEQ ID NO: 52).

3¢ Preparation of variable region for humanized NS22 HOLG
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 grafied 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 (TOYGBO) according 1o the following
conditions. A reaction mixture containing 10 pmol synthetic oligo DNAs and the appended




130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 153
165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe
Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val
Glu Arg Lys Cys Cys Val Glu 210215220 Cys Pro Pfo Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val
Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255
Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val GIn 260265270 Phe Asn Trp Tyr Val Asp
Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val
Val Ser VA(Eebuwio 85500 MeS Qal and HHO Sl Teptedat A4H0GYY fiys GlonEyr LTbCyshys
305310316320MalGecAsh ys %RL@mEér@fw(E’f@rI!@&MM@JW@@Q%M&&@@%%@ dhr Lys

Gly GIn P a I ro Pro Ser 4 345350 lu Gly Met Thr Lys Asn Gin
Val Ser Lgl%%%g%u%seou%%g 8}551?%%%8 I’E}he le‘FV o §EF AL Ig %aa% rp Glu Ser Asn

Gly Gin 37BFaEeRsIsAsids @@?@G@e?fﬂfevm@hﬁé@gr%%ﬁ Eyguz@uurmm@ Pepiliginser Arg
Trp Gin 468418445 Gitd@lycAba V ahR bétberLys Serial Met iis-Giudiantau:iis Aspar0425430 His

Tyr Thr GiRliyspehdcey, IR Gly 4 <212>PRT
<213> Ara?' @I %&6? <2§2%f>é§r§§%ﬂ5§a%y§ gfr?tﬁﬁecg%%%%%ﬁﬁ ﬁ}é% Sé%%‘é <§é8>ylf “Gin Val GIn Leu

GIn Glu SEFEH BB ER ey VAT Ky Brs Suramd ?@ﬁé’fﬁffﬁ%sﬁé@%iﬂﬁéﬁqf?@ ESLheningl Ser Gly Tyr
Ser lle ThY%W@Q@@EB&MS%@@@@@EWM&IWmEE@ &hudrg(gly Dae Glu Trp 354045

I/Le Gly Ty&dlﬁ@ﬂeﬁwﬁﬁfﬂygﬁl&ﬁfWem&iw’?&aﬂyﬁﬁ%z%%h%g(? @%&(?éﬁéﬁ%ﬁg r#"hetALleUV |
rg | u Ar eu ser ser a Ala Asp I Ala Va
Tyr Ty @%@%@A‘@@ @é%{&@ggl Lﬁ?\?@ gé KPR SBR ISR BRSSE AR Phe 115120125
Pro Leu ATEPERS et SSRI Wﬁéﬁé@r#ﬁm@ﬁ@mﬂ%ﬂwﬁ&@mm@uﬂmﬂs14m@mﬁgzmﬂeu Val Lys Asp
Tyr Phe ReanGhedfsdere IDNAVﬁthTRPaiﬁ&&Q%&h@Q@EFg@% BlyAiabed ! @% %Hls Thr

h
%&Z&c’ﬁ?‘s@%ﬂéﬁ"% o T T s e e

r Asn

Thr Lys VAFREPEY S PRAAPERY S D reosidits e %l@@%é@w@% i ks rapaqnded@mmmm Pro
Pro Val AtaalglPro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser
Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin

) y Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu
RS Ser THFPHe A %@%‘iﬁb&&%oﬁ 295300 Thr Val Val His GIn Asp Trp Leu

Asn GIy Lys Glu Wr&@ﬁ@@@%@s116811‘58@@@2&&6@1MLS}&)@W@Q’:R{Q!WG&(E}@GIn Val Tyr Thr
;eug%%as%ebsﬁﬁ@ﬂ&m&%ﬁﬁzgéﬁ @lﬂn@iml\r‘lshﬁlmm AeEnaty Vel §%%i%¥1}£?£ %167“;%% yal Lg

55 P er Asp lle Ala. Va er 70375 Pro Glu Asn
Asn’Tyr l\_é %’%{ @ﬁfrp E’%ﬂ o et [&a em @%@ 6%@%&0% ﬂ ReTEsSHt Ser Lys
Leu Thr FA%%%%@F@%T‘?@GWW&@MBC@W @irpan Val Phe Ser Cys Ser Val Met His Glu
Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 <210>

162 <211€;%§e‘§s&%%€$§0§3&%ﬁ é’iﬂﬂ&!ﬂ! <220> <223> An artificially synthesized peptide sequence
<400> 162 Asp lle in Ser Prq Ser Ser Leu Ser Ala Ser Val Gly
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 mi of cells at a density of 5-6 x 10°
cells/ml was seeded onto dishes for adherent cells (10 cm 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 addedtothecelis. The prepared plasmid DNA mixture (13.8 pg in total) was mixed with 20.7
pl of 1 pg/ml polyethyleneimine (Polyseiences Inc.) and 690 ul 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-8-SFMII medium (Invitrogen) was added, and the cells were incubated in
35 aCOyincubator for three days.  The culture supernatant was collected and centrifuged (approx.

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




151015 Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gin Asp lle Ser Ser Tyr 202530 Leu Asn Trp Tyr Gin
Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle 354045 Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser
Arg Phe Ser Gly 505560 157 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Gin Pro
65707580 Glu Asp lle Ala Thr Tyr Tyr Cys Gin Gin@ly Asn Thr Leu Pro Tyr 859095 Thr Phe Gly Gin
Gly Thr Lys Val Glu lle Lys Arg Thr Val Ala Ala 100105110 Pro Ser Val Phe lle Phe Pro Pro Ser Asp
Glu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Leu G|n Ser Gly Asn Ser Gin 145150155160 Glu
Ser Val THedigeGhy Abpr@orthys:gtsp BepmilEyMEBLEST -So¥ 0GH1POLETS SecsamimeWisr Leu Ser
Lys Ala AgpréyaGhelysiHisLys Val Tyr 180185190 Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro
Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu Cys 210 <210> 163 <211> 445 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 163 158 151015 Thr Leu
Ser Leu FREG§EIPR OV SeonEwion ardidpdYe Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro
Pro Gly Arg Gly lsuwGI0: Fradb408&HerGly Tyadte Ger(Ryn S etalBitaciiicdd sligeAsa Brosser Leu

Ser Ser Va T A A R R e Y M e

Asp Tyr TRY Gy &ifi @thf@ﬁﬁéi%f%? é&\}/{&% £y ey oS A @erhﬁﬁr(ﬁ%lWPro@@[ Val Phe
1151201 2brRrevishes AP0 $é o SEB By Seriil Ar BehaiyeClyrdsin Ala Alspbeted 0IRFIAEF Gly Cys Leu

Val Lys A%JJMSPBEtPOEpO@M Fﬂ@ VRl 3k et %3 g%@ﬁm ﬁéﬁh@@f abe Al gy J hr Ser Gly
65170175 Gln Ser

Val Hjs Thy Phe Pro. Leu Ty er Ser Val Val [hr Val
Pro Ser 1%{%8'5?[66‘@%3% kS ﬁg?‘%ﬁ’ﬁi;lﬁ}%‘?aﬁ?)ﬁﬁ? &%&’85 %< P 195200205
Ser Asn ThistjEMaHAsp Lyé"lmmiwmwgfwgesémwaz@luizf@zmﬁzaan&w,@msozssmo
Phe Pr? Rt s Pro L;y&ﬁmi[ﬂmd@%h@&ﬂﬁ@ﬁnﬂ&lw;{s Eﬁ%@ééc?ﬂﬁﬁﬁ?ﬁﬁ@ Val Thr|Cy|s Vall val Val
Asp Va - ), n 260, 1 e al As Val Glu Val His Asn
AlaLys T IE{}? % 52%8%15%9 (ﬁ el 0162[ foc am@)s Pthr &%ﬁﬂ\é?gcgé) W%’ggr Val Leu
290295308 FRRY aFigaiifias eﬂﬁ0%&%&{@@%@@@@?&%?@%{@%9@&@%@@%320 Val Ser
Asnllys Glydsers BronBendar H80GH, lays THaraHatBey by 325a3033asAlacys:< by @l RsadrgfGlu Pro

Gin Val Ty Lhr Le ﬁé%zﬁ@béﬁéeﬁ@%ﬁ@%ﬁ@&yﬂ Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys
Leu Val Lys 35536 365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu
Tyr Ser Liéekeus SRS & HBAT10415 Gin Gly Asn Val Phe Ser Cys Ser Val

12 e Gl Mo SIS T SOMISHC SN GLLY
peptide s@&%ﬁlﬁze Qr%%ngl%j \/5‘? f_iﬁ (E?n(j&u E'g;nfg% %ﬁﬁ? {J?é%g%%ro S(zjl(z;n
151015 TN%E&H@BP (Esbrit &W@&EQ@D@@T—% é@mﬁ@@@@x@d@mwmdﬂmeﬁ@ Ser Trp
Val Arg Gin Eiardpeae hodvghesideaisietun ki, 3odR4 bl lenGiHERER 58 dv SecGhsisM iy Tyr Asn
Pro Ser Ley, RPRARY,LYS FRSADIANDEMEL 8! AP0 DeRhYPASRRINERG 2§10 L0 7580

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 plfwell. 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 Celiular Detection System
(Applied Biosystemns).

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 HILO (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 HIL0 are humanized anti-IL-31 receptor
antibodies. In addition, it is considered that the ¥Rs used for HOLO and H1L0 can be used for

35 humanization.



Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr
Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140
Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Phr Val Ser Trp 145150155160 161 Gin Ser Ser
Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr Gin Thr Tyr Thr
Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys
Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240
Phe Pro Pro Lys Pxsdrgagseifiof theunMitibesSe CRRs BhsPite Giu 184 5250055 Watfhfi€ysi\tal Val Val
Asp Val SekrcinsludseoirediMa Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290295300 Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser
Asn Lys éﬁ?ﬁ.@% Pro Ala Pro lle Glu I Lys Thr lle Ser Lys 325330335 Thr Lys GIy Gln Pro Arg Glu Pro

Gin Val T Fhrte ro-Setr-340345350-Gin-Glu-Glu-MetFhar Lys-Asr-Gin-al-Serb-ey-Thy CyS
Leu Val L 553 éﬂﬁzﬁ / Phe Tyr Pro Ser Asp llg %FWI%“(FR'&‘%Q(H@FQQF Asn Gly Gin 370875380
162 Ser A& Phe el ek 146 & eoses Tunrlo 024D 1Y eV ASGARBIERCASTXVSEKARAUTER Abn Val
Phe Ser Qys Ser MVal Met His Glu Ala Leu His Asn 4R0425430 His Tyr Thr CiixQyME $é): b&u Ser Leu

Ser Pro 43630 SAHTe LR 7Y PR T2 IR R AOURPE R e P Aoy

th Ie-Sgau <7T TOI A |y f st t—T-Ala Val

RS N s O A Ny S %WE&M&SQ&% Gin Tyr
Leu Ser Tlyr Asn f:er Leu Arg Gly Glu Ala Glu Pro Cys 354045 Gly Ala Trp & ¥n clh val
Ser Trp TYFRS0 ZberViEiVH SOR5 G cE8y] Mo b6 PR fﬁwgmﬁm&%ﬁﬁmﬁ%ﬁ% Phe

I

—

Lys 65707580 Ala Leu Gly Gly Lys Gly Pro Tyr Thr Leu Gin Gly Leu Leu G qg ulLeu Gly
Pro Asp hlv‘ VAV \l’JI Dv‘n Thr /\|ﬁ | \lc Dhn Alﬁ | 100 la Leu
Ala He Sd PR Al Germinesihicin Gin 130135140 Asp NOOAE RN SS 1 | vs CBARIDMHOMES Lel Leu
Phe Ser C‘ Pro- "'“':“155100 His-Arg-t-eu-Arg-Glg-His-Heu-Glu-Arg-Gly-Arg-Bhy-Asa-Leu-Glu Trp
16517017%,- yS (‘E tﬁ% Ser Met Arg L eu Lys Al a%mrsggzjﬁ%‘@lv 180185190 Phe Ser Val

Leu Thr QyRéer Mere ie: BikriEHe (g ion PooXb9Ri 5 il MTASPRSE SASVEDRNTG BBe Leu Arg Asn Gly
Leu Ala Ala Gly Thr Gly GIn Gly 210215220 Asp Phé Gly Pro Asn Ser Asp G&@bﬁ R@e!ﬁ*ﬂ% Alp Ser

Ser Ser L 41 AY <] ] | 'S
Sl AR R M e Y b A e T K e E A o 3 g
<213> Ar ;ﬁggl <2 %‘ﬂi e K. Tadd a(f‘ﬁﬁ@ﬁ%ﬂl?{l @r@@gﬁk o p%BF %%@@E&@bﬂ@@%ﬂ%&ﬁ& rg Thr
Pro Lys llé Gin Val Tyr Ser Arg His Pro Ala Glu 151015 164 202530 Ser A%ﬁ%@h@/b@asp | eu Leu
Lys Asn mlu Aggd[%g[mLys 354045 Val Glu His $g(;eq;mt@m8er Phe S@E@@w er Phe

Tyr Léu 505560 teu-Tyrfyr-Fhr-GluPhe ThrPro-Thr-Glutys-Asp-Glt-Tyr-Ala-Eys 557C7uuu rg Val

Asn His Val Thr Leu Ser Gin Pro Lys lle Val Lys Trp Asp 859095 Arg Asp Met <210> 167 <211> 121
<212> PREsRTe AleRLsaag -ttt ARUIsRl QYRS RShRERIEAAMERSE <400~ 167
humanized anti-IL31 receptor antibody

As shown in Referential Examples 7 to 9, it was demonstrated that the conversion of the

10 constant region from [gG2 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-11-31 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,

i5 HO-M14, HO-M38, HO-IgG1, and HO-1gG2, which were generated by combining IgG1
(SEQ IDNO: 60), 1gG2 (SEQ 1D 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-IgGl1 (H chain, HO-IgG1/SEQ ID NO: 133; L chain, LO/SEQ ID NOG: 56), HOL0-1gG2 (H



GIn Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys
Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 lle Met Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu
Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn GIn Gin Phe 505560 165 Met
Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr-Ala Val Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp
Gly Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Leu Val Thr Val Ser Ser 115120 <210>
168 <211> 107 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 168 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Arg Val Thr
lle Thr Cysh@ih FAriSe?/SiQ APl T34 Serhrine IXGSEQOID SYCAISS T Oy Birt Girchais,Pro Gly Lys Ala
gro Iésl/s gmmw@a@ﬁ@%m%m% Gl T Ghnidadain ﬁ&/ﬂ%imﬁ ééf&glﬁhe Sher Glly 525560
er Gly hr in Rro,657 u Asp Phe Ala Thr Tyr
Tyr Cys Gﬁr (If}%ijl% Q/%éﬁf Sgrgpl]: Lé é’?é%é ﬁﬁ;ﬁ %W E?y}tflnt%ﬂg as\/exlp ajﬁ s 100105
166 <2105 EH&by the @@ﬁé@@ﬁ@é?ﬁgﬂygﬁ?ﬂ%lal <220> <223> An art|f|C|aIIy syntheS|zed peptide
sequence <400> TBOHelerEbrGigrv@inAspHethytaber Blbdee Madaldsgl0> 170 sadad’ <212>
PRY <21 3liiclol o2l sed s Al Igial sesiae bReRUE BRGUENGER 5007 hi Ash Ala GIn

Thr Glu Ala GIn 15 <210> 171 <213> Artificial’< An art Ificially
synthesiz&e HEpAIE L RRAE @@eéﬂfﬁfﬁ_sswélsk%?\w Sﬂﬂ%ﬁ@ﬁ%ﬂwﬂ?ﬁé&&w\% Gin GIn
Phe Gin 158815pkt (B; AR ac2bbropiac2f@w PR BxPd3d ArtificTale<220p0& 2235 Am abtftaiddly

synthesized ReRHdSRRAMERS ?(@@@2157&5%1 Asn fro Tyr Asn Gly Gly Thr Ser Tyr Asn Asp Gin
Phe in 151015 % p.<210> ég<3,€0 %<212> T<213> Amé aI <220> <223> An artificially

synthésized pepti & SR e et BRIPA AT AP RSAS S oy ool fhe susid . pRT
<213> Artifigion &ppoieQ? 231 R iadikaatlylbyhthesiptd pdptidly . sedubnbetelGR1@iy Tsm He lle Asn 15

<210> 175648 bp codtdRiRIRT (e ddnhtiticial <20 +<@20 AR anlifisiallyssynthesized peptide
sequence <400> 175 Gly Tyr He Leu Asn 15 <210> 176 <211> 5 <212> PRT <213> Artificial <220>

<223> An art|f|C|aIIy synthesized peptide sequence <400> 176 Gly Tyr Ala Met Asn 15 <210> 177
<211> 17[ExapwlpRitaarmcokingiigaimpmying sigst A%namﬁ@@wagma@@%&ﬁp@gnaélséquence 169
Leu He Asec&roryitiBstidsly Gly Thr Asp Tyr Asn Gin Lys Phe Lys

As shown in Referential Example 9, conversion of the constant region from IgG1 to
M58 in anti-IL-6 receptor antibody huPM1 was found to improve its human FeRu-binding
activity and the pharmacokinetics in human FeRn 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-1gG1 (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 FeRn-binding activity by the method
described in Referential Example 9. The result is shown in Table 3.
25
Table 3

KD( 1 M)
HOLO~IgG1l  1.07
HOLO-M58 0.91

As shown in Table 3, conversion of the constant region from 1gG1 to M58 also
30 improved the human FcRn-binding activity of the anti-IL-31 receptor antibody HOLO as in the
anti-I.-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 humean.



151015 Gly <210> 178 <211> 17 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide sequence <400> 178 Leu lle Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn Pro Lys Phe Lys
151015 Gly <210> 179 <211> 12 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 179 Asp Gly Leu Asp Asg&ly Pro Tyr Thr Met Asp Tyr 1510 170 <212>
PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 180 Asp Gly Tyr
Asp Asp Gly Pro Tyr Thr Leu Asp Tyr 1510 <210> 181 <211> 12 <212> PRT <213> Avrtificial <220>
<223> An artificially synthesized peptide sequence <400> 181 Asp Gly Tyr Asp Asp Gly Pro Tyr Thr
Met Glu Thfxesxe< 10ent 8ot ebni2aipg 2icPRIucRE3heArtifitielic228% <223> An artificially
synthesized,geptisieseauenge <400> 182 Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Thr 1510
171 <212> PRT <213> Artificial <220> <223> An artificially.synthesized peptide sequence <400> 183
Asp Oy Tyt Asp Kb e B s R A X e Do SR P AT LS B HSTRere B 3o
Artificial <%12fé)s aorad wing arerily Sfithelieedabépeiies sadusined keagDon 1BrwaBhaGlyr Fgrssp Asp
Gly Pso Tyeqtisndeuriliuiiiar-dalrs24if> 185rw2dlst i@ 5RI2m AR 21 3rcAriifigial £2202.5223> An
artificially i q%m%t >185 A ly. Tyr Asp Asp Gly Pro Tyr Thr Met Glu Thr
1510 172%%@%'@1 <2 %%&%?ﬁ?%%@%@&i%ﬁ zgaérzl%cl:%ﬁ dA?ﬁﬁtﬁéﬁ%g&”ﬁéep R ence
<400> 188 ALpVERF PHENIN ALK tdire s sirrhifnepsiarmara i BN dinding i ths vatepin> PRT
<213> Artifiticl #220wet@282ikredrtificiatiytisynteesizeshpedtideseouanee =iz d8Asp Gly Leu Asp

Asp Cly PERYSTARIGKGY RerdRL0 S22l B Soble dhafl RRRRT 3%%%@&;&2%ﬁﬁ%;fé3>

An argificiall nthesized peptide sequence <400> 188 Arg Thr Se
151 617:?‘72{}%%"?55”? 5 Sﬂ'ﬁﬁf ilgmﬁﬁ@b&gg;zA%péPgﬁ’ﬁ%ﬂ?cgﬁﬁMizeﬁhﬁéﬁﬁ@é‘%quence
<400> 1891XpgtTHEsSeseBid intreflespyesSien Pheov akpdbld 5 ©x2i0rg 1B in@d pedd is 202w PRT <213>
Artificial <g2R> <PR3ndBoadificiginsy BHRsized eI SSRMARER ~A007-A90Ad T% SefGlu Asn lle
Tyr Arg P eo\‘é%l ,g\l Olsgls%ﬁgcf.g; 191 <29%|1\>‘b% .<52 2> PRE <2d13> Artifi igl <220> <223> An artificially
synthesized peptide sequence 668 1 RPGATS EEF BICREN I?@W@% PhéedieRet1510 174
<212> PRiFsesadin Bxpmie920>

15

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-difmensional structure model revealed mutation sites that would decrease the isoelectric
point of the variable regions without significantly reducing its binding to WR10. These are
summarized in Table 4 (HpS-VH/SEQ ID NO: 137, Hp7-VIH/SEQ ID NO: 138, Hp8-VH/SEQ
1D NO: 139, Hp6-VH/SEQ ID NO: 140, Hp9-VH/SEQ ID NO: 141, Hpl-VH/SEQ ID NO: 142,
Hp13-VH/SEQ ID NO: 143, Lpl-VL/SEQ ID NO: 144, Lp2-VL/SEQ ID NO: 145,

25 Lp3-VL/SEQ ID NO: 146, Lp4-VL/SEQ ID NO: 147, Lp7-VL/SEQ ID NO: 148, Lp3-VL/SEQ
ID NO: 149, Lp6-VL/SEQ ID NO: 150). Each éfariant was produced and purified by the
method described in Example 4.

Each variant was tested for the activity of inhibiting the hiL-31/ANR 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



<223> An artificially synthesized peptide sequence <400> 192 Arg Ser Ser Glu Asn lle Tyr Ser Phe
Leu Ala 1510 <210> 193 <211> 9 <212> PRT <213> Artificial <220> <223> An a tificially synthesized
peptide sequence <400> 193 GIn His His Tyr Asp Ser Pro Leu Thr 15 <210> 194 <211> 9 <212> PRT
<213> Artificial <220> <223> An artificially synthesffed peptide sequence <400> 194 GIn His His Tyr
Glu Asp Pro Leu Thr 15 175 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide sequence <400> 195 Gin His His Tyr Glu Ser Pro Leu Phe 15 <210> 196 <211> 5 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 196 Gly Tyr Val Leu
Asn 15 <Z10>197 <Z11> 17 <ZTZ>PR T\TiAdn AEICiah<Z20% <445 artmc it nthresized
peptide sd¥filhce o> 15¢ ?_eéﬁaﬂéeAsn(;Par&{ wﬁmé@n@%@%&% ‘E{(ﬁ%ﬁl Phe Gin

151015 < %> 1%?11@ % T <7 >Artmc <2205 ﬁz\p nthesized
BWOS «:g

peptide sequence <400> sn Proghyr Asn }y Gly ThreAsp ‘Phe GIn
151015 Gly <210> 199 <211> 17 <212> PRT <213> Atrtificial <220> <22 > An artificially synthesized
peptide setjp@ncEBRRO0: LFYHEAT HENAKFKEro 3/r Asn Gly Gly ThriSer FynpsinGRYBiRMREe Gin
151015 Asp <210> 2oo <Q§E_C>1 @i‘@d@b PRT <213> Artificial 177 <220SEQI3NQmIaltificially
synthesizedepfitlée 10 GGlnSﬁw Ser Al Asp lle Pyr Ar PNOGH}) YLNQKESQO <210> 201
<211> 11 2> 23> An artificially synth 1 pERtide sequence
<400> 201 %n [réra%gr c§1 6 Ph 21 Ala 2510 <2108 205 1513 : .‘” bERT <213>
Artificial <2R@P <@882 An mpl‘fmgﬂmlzgg peptidesequencegr400pRMiaEravEHSE! Glu Asp lle
Tyr Ser Phe Val Ala 15108005 R03%211> 11 <212> PRT <213> ArtlflC%QﬂJEﬁN@Zﬁ@} <223> An
artificially $ymtheSi2&d pépiBl¥NSEHEEHIEKRN0064203 GirKAla Ser Glu Adp MY WSS S¥NEHFAE eu Ala 1510
<210> 204 <211> 121 <2 BELPRNCGPA3> Artificial <220> <223> An artifiSialy3tiddized peptide
sequenceHgAG0>CIIR2GIN | WRVNEET EBIOKEEG IBSer Gly Ada Glu ValGys LgPrreSbytadpl015 Ser Val

Lys Val Ser Cys Lys Ala SBEGI 0x Phr Phe $Rr Gly T\ 202530 Val Le(SBGADM:VEArg Gin Ala Pro
Gly GIn Gly Leu GIu Trp Met 354045 Gly Leu Tle Asn Pro Tyr ASii Gly Gly Thr ASp TYrAsn Pro Gin

Phe 5055%0 Gin Asp Arg Val Thr Tle Thr fda-fsp U Sep Thr SELINL AR ée/&u%% 250 179

ame  Type LOsequence 1ot No) Sequence after mutation - mutation
Lpl  CDR1 RTSENIYSFLA 24 R Q QTSENIYSFLA
(SEQIDNO13) (SEQ ID NO: 121)
Lp2 CDR1 RTSENIYSFLA 28 N D RTSEDIYSFLA
(SEQIDNO:13) (SEQIDNQ:122)
Lp3 CDR2 NAKTLAK 50 N 1y - DAKTLAK
(SEQID NG 14) (SEG IDNC:123)
lp4 CDR2 NAKTLAK 52 K G NAQTLAK
{SEQIDC NC;14) (SEQ D NO:124)
ip7 CDR2 NAKTLAK 94 L E NAKTEAK
(SEQIDNO 14 (SEQ D NO: 125}
Lps CDR2 NAKTLAK 56 K Q NAKTLAQ
(SEQIDNO:14) (SEQ ID NO: 126}
Lp6 CDR2 NAKTLAK 56 K D NAKTLAD
(SEQ ID NO:14) (SEQ ID NO:127)

Asterisk (*) in Table 4 above indicates a site that was not relevant to the isoelectric
point but altered for conversion into & human sequence.
Exarples of the bumanized NS22 antibodies whose isoelectric point has been reduced
5 by combining these alterations include Hp3Lp15 (H chain: Hp3-SKSC/SEQ ID NO: 151; L
chain: Lp15/5EQ ID NO: 152}, Affinity for NR10, isoelectric point, and plasma retention in
mice were compared between Hp3Lpl5 and HOLO.

Measurement of affinitv

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




Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Leu Val Thr
Val Ser Ser 115120 <210> 205 <211> 121 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 205 GIn Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro
Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala SQPGIy Tyr Thr Phe Thr Gly Tyr 202530 Ala Met Asn
Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr
Asp Tyr Asn Pro Gin Phe 505560 GIn Asp Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr
65707580 180 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 Gin Gly
Thr Leu Val Thr VaIeSersef #5190mep sgsopnt iz shasnip Table > PRE «findy ¢iriijsikp Koees <223>
An artificiallywsynihesizeskpaptide seoiansek4@0> 206 GIn Val GIn Leu Val GIn Ser Gly Ala Glu Val
Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530
Val Leu Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn
Gly Gly TEFWES Tyr Asn Pro Gin Phe 505560 Gin Asp Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr
Gin Gly Thr Leu VaI Thr VaI Ser

GGl ! quM}b 20k§1(1'§> /ig])<212:}@T(M}> Artificial <220>

~Syninesized p ce <4 ars giGtmSer Gly Ala
Glu Val Lys LyS-Pra-Gly Ala 151015%?6%0@ Val S g‘ﬁ_;@aa Sergslgilé}'r'i Phe Thr Gly Tyr
202530 lle MH ;-__f,n Arg Gln@\l aellly 5 Gy Leu lle Asn Pro
Ser Thr Ala Tyr 65707580 182 Ala Arg Asp GIy Tyr Asp Asp GIy Pro Tyr Thr Leu GIu Thr Trp Gly
100105110 Gin Gly Thr Leu VaI Thr Val Ser Ser 115120 <210> 208 <211> 121 <212> PRT <213>
Artificial <228 ' IGFE8IRPEYNthesized peptide sequence <400> 208 GIn Val Gln Leu Val GIn

Ser Gly Ala Glu mchm?medya@aea@eg&mﬁmmw @@és@wﬁahaggsfﬂmﬁ%&w&w Thr Phe

ThrGly T T W, Glu Trp Met 354045 Gly L
i Agn P O R LS D & SR SR RS RISTH0R TROREH A hop

GluSerT géx}gfﬁ?smgﬁpwg%%y%%é logamebaiasp Gly Tyr Asp Asp Gly Pro Tyr Thr Leu Glu Thr
Trp Gly 1001051 P88t BDFHEE el VahiEtshital BescBardsh R0 w052 PBastldoml Cdsse®d 2> PRT
<213> Artifigial 2203550232 ficialy ﬁﬂﬁﬁ%%&éﬁ% BEPULQIREANEGS, $OQR 1#98,>In Val Gin Leu
Val Gin Serl\%lli\{ @Ia Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys "Ala Ser Gly Tyr
Thr Phe Th yr 502530 Val Leu Asn Trp Val Arg GIn Ala PHo @I’y GIn Gly Leu Glu Trp Met 354045
Gly Leu lle Rbmmb@%ﬁxﬁn Gl GhpershansBiTsmionsesPro Gin PR 505560 Gin Asp Arg Val Thr lle Thr
Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65707580 184 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Leu

Glu Thr Trp GIy Thr Val.Thr.val Ser,Ser 0<210> 210 <211> 121 <212>
PRT <213> Art|f|C|§|&Q§§b%ge%q”%%ame&_m% m%has{Sys% Amergh 10SCIENCes ) Using t?i

swollen gel according to the program indicated below.  The samples were loaded onto the gel in
Stcp 2. Calibration Kit for pl (Amersham Biosciences) was used as a pl marker.

20 Step 1:2000V 2.5mA 35W 15°C 75 Vh
Step2:200V  25mA 3.5W 15°C 15Vh
Step 3:2000V  2.5mA 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. Afier staining, the isoelectric point of the sample (the whole antibody) was calculated
from the known isoelectric points of the pl markers.
The resuit of isoclectric point measurement by isoelectric focusing showed that the
1soelectric 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.
36 When the theoretical isoelectric point of the variable region VH/VL was calculated by
GENETYX (GENETYX CORPORATION)}, the theoretical isoelectric points of the variable



<223> An artificially synthesized peptide sequence <400> 210 GIn Val GIn Leu Val GIn Ser Gly Ala
Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
202530 lle Met Mn Trp Val Arg Gin Ala Pro Gly Glnﬁély Leu Glu Trp Met 354045 Gly Leu lle Asn Pro
Tyr Asn Gly Gly Thr Asp Tyr Asn Pro GIn Phe 505560 Gin Asp Arg Val Thr lle Thr Ala Asp Lys Ser Thr
Ser Thr Ala Tyr 65707580 185 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Leu Glu Thr Trp Gly
100105110 Gin Gly Thr Leu Val Thr Val Ser Ser 115120 <210> 211 <211> 121 <212> PRT <213>
Artificial ve2i2Btrepad 3 0 AHHr U fizid Y pSynihe sized 0BpHoe 68 Lespecd 480> 2THUGIthyMeGletkslu Val Gin
Ser Gly QlaGiyY S%L}rx%#@ﬁsgﬁ I%éaélﬁe]c{’éa%?tiff Y?LH;%@@:%&EO%MS Ala Ser Gly Tyr Thr Phe
Thr Gly Tyr 2025 Trp Val Arg GIn Ala Pro G In Gly Leu Glu Trp Met 354045 Gly Leu
lle Asn Pro Tyr Asn Gly Gly Thr Asp Tyr Asn Pro GIn Phe 505560 GIn Asp Arg Val Thr lle Thr Ala Asp
Lys Ser Kbﬁegsﬁﬁéﬁhb%&ﬂaﬁ&%@%ﬁ@oﬂ&ﬁ:ﬂéﬂﬂmtﬂﬁﬁﬁﬁdﬁ%e‘hamﬁaﬁb(ﬁtyuﬁmz Fyed hr Leu Glu Thr
Trp Gly 100105 n Gly Thr ey val Thr Val Ser Ser- 115120 <210, 1 1> 1 PRT
<21§> Artificial <%§b rtﬁz%se \nar fl%?gffi/reten 1es O§§ SJL Slég %Enqoljjdeﬁ%% < YZVIQ%&? A1 Gin Leu

esize
Val Gin Seelenyiaretiuthaplayss yetipyson @fyﬁa ém%wwwm@rd@wqry@m@er Bly Tyr
Thr Pheﬁ@lﬁi&%ﬁf‘&m@@rﬁeﬂy@ 5sw kil et Blnddadnie - Qinelvd @izl (TP7WIElc354045

Gly Leugéﬁ A]é ]E}r rAs Thr A r Asn Pro r]e 505560 G{n tC;I Ani; Val, Thr lle Thr
Ala Asp bree n&] S@@Y rﬁ%?o,&fse&rg ?&s% aéﬁ}a'r%/ n'&g%r& 3D ﬂ;rop ]1aym'f1hr Leu
Glu Thr wmveiwymw@mwdm E&dSdal Thrvaprsee S@F@Qﬁgmﬁwazﬁg&@mﬁmﬁr <212>
E’Fiﬁv<2|11§a’ tééflﬂg?hé%&g?léi%%?eﬁ[kﬁéﬂiké‘dag}i’oﬁmm%@ﬁ@ep \iil&ﬁﬁﬁﬁﬁi&qaﬁé%ﬁ InSVal c(;3|m
eu Va a Glu a r Va er er Gly
ot T YRRV S RS RS SRR R B e T s e
354045 @W&%W@B@EW?@ Ty BtARMh AG P @y TRPAZBITYPIARIE hraGin/Hies BE5860GHh GiptArg Val Thr
lle Thr AlgAsp.Glh Mﬁ@igihwarm&%%%e%%@m RS SEEYE ASP BRI Gl RL0 Tyr
Thr Leu Glu Thr Tr R]l 05 Gm@zé eu V I T rVaI er Se%éﬁglzo <(% > 214 <211>
121 <21 P épi‘éléy Hficis® %&Srecu LS bR s <400> 214
Gihal Gihdretorics) Gia SdsElieAlalGhaliarbysce o @&I@iy‘mm&i@lﬁ Sath\iahloyspladt B=d@ys Lys
Ala Ser Gy IvsharBhedhiieh M@@&%ﬁ&ﬂ@a’\ﬂ@geﬁ% TH@ MRLAGRIBAIR BIgLERR SRiIRGY Leu Glu
Trp Met 354 gh Gly Leu %ile Asn Pr Asn %XA%XF sp. Tyr Asn Pro Gin Phe 505560 Gin Gly
Arg Val HiPHE T AP Bq_f%%% SES Y 86°°189 Ala Arg Asp Gly Tyr Asp Asp
Gly Pro Tyr Thr EearGiookhnelinp@hnkdet (8110 z@(hS@@lscﬂih:r tioardfak TOLYavSerc8enibidsil 20 <210>

215 <2143 M BlAzE BrhsedazAtbificial ﬂgn%eﬁ&ﬁmﬂqﬁ%%y@m{ﬁséo%%ﬂ@& sequence

<400> 215 Gin Va| GIn Leu Val In r Gl lu Val Lys Lys Pro
20  anal ysPs sc?fltware WynNonlcfn (P ars?g f\ he paramgtersyare shown in Table 6. AUC and the

clearance of Hp3Lp15 afier the intravenous administration were increased by about 14% and
reduced by about 12%, respectively, as compared to HOLO.  Thus, it was demonstrated that
Hp31Lp15, in which the isoelectric point of HOLO has been reduced, had improved
pharmacokinetics.

25
Table 6

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

HOLO 281.8 13.1 3.6 0.2
Hp3lpl1d| 321.1 26.1 3.1 0.3

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

following variants were produced.



151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 Ala Met Asn Trp Val
Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Asp Tyr
Asn Pro Gin Phe 505560 Gin Gly Arg Val Thr lle Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65707580
190 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr L&l Glu Thr Trp Gly 100105110 Gin Gly [hr Leu Val
Thr Val Ser Ser 115120 <210> 216 <211> 121 <212> PRT <213> Avrtificial <220> <223> An artificially
synthesized peptide sequence <400> 216 Gin Val GIn Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro
Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser.Gly Tyr Thr Phe Thr Gly Tyr 202530 Ille Met Asn
Trp Val Arg Gin AlEPro(8H BBl 428 and IM 5§ pSRIBEH 015 Bly deestile RegivBy orEyarddin Gly Gly Thr
Ser Tyr Amﬁmﬁnﬂ%mﬁ%ﬁ@%@%@mﬁw@i Fhn g7 % <§P m%roT% $en TheAl @ lg Tyr

65707580, A y 0.Gin Gly
Thr Leu Valér %‘f/%er er 20 < 85%?%@;%5-5 &%@ r‘%%%g@% <223>
An artificialy sﬁﬁh@%ﬁéﬂ%pﬂ&@%@ﬁ@éﬁééw e GPWWP@W@M%(@W@@CH@ W& Glu Vval

Lys L§s Pi6ThlynAlachfia QidpSet Mameyﬁpmr %pﬁuﬁcwspatap&sﬁgcm (IJAEIPH%T@K@@YSM 202530

lle Met A A G T 5 Gl T A
Gely Ger T??-SN% \'Ié;%/lrlAtsgr?@ﬁ& §E@5¥5§5{%}O len A %Bﬂ Iwﬁﬁ%sé% aﬁgkk’%ﬂ r Sy(;r Tst:]r
~ Ala Tyr 65787886 L1 62R1d ARy §fs By %;fﬁ}tfﬂq‘efirwvﬁmé&ﬁ@la@w?ﬁ@w #90105110

Gin Gly Threthag @@ICﬁhﬁMaISen@brﬂ15120 <210> 218 <211> 107 <212> PRT <213> Artificial <220>

<223> An artificiaiyesyathesi mewgsmsé@oﬁaﬂﬁ é‘é@d‘ oy @i& s‘% fpg0 Ser
Ser A er.Val Val Thr lle Thr Cys GIn hr Ser Glu As r Arg Phe
2ozé§o \?ﬁ A|?T§r“pdf“§‘/r GEQ/éEELys?\@ éﬁlﬁ&?ﬁ%ﬁ%i CPRTRRETHaBERGAE Gin Thr
Glu Ala GfXaigpsraier s Belempg P he@u Gly B05560 365 3} SerGHOTMSASERNB N:Lig6; Thr lle Ser

Ser Leu Gﬂmﬁméfswﬁma%mbfdm&lg@zxz@&émr}k&ﬁ@@d@@ e b5 4891024 0> 219 <211>

107 <212 f 20> <223 An artfi | id <400> 219
Asp lle Gl%dz/l%b%%ﬁg%g@ I}%%L)aég rr]zeFa: [§% % ?@ Fﬁ%ﬁﬁ%ﬁ% aﬁ}%‘%ﬁ;’ 'rlgﬁ‘?elle Thr Cys
Gin Thr SEEBRT Astsiked 5’&4@%22@2%82355133 4 TrE htwe@m iGnypsEElGiFig/d fla Pro Lys Leu
Leu It 354045 TyrsAbnvwAlanGlg. TS falsi AAiGln Giy-MatPre @ebxﬁr@g&aﬁa&m@mm&er Gly Ser

Gly Thr A Thr Tyr.Tyr Cys Gin
H.Z Hlsr Tytj]%fsggg?gg@%? ogg %%E(Jﬁ%i{ee%{%;ﬁg?%a@%@ﬁ8%§\g ﬁ%? f’e Ly a%%r"f rlozszzé)n

<211> 10 SYappble Joaians A anmh oS Syt E%@%ﬁﬁ&iwgmﬂﬁéﬁf%%quence
<400> 22078t He Bt imGimSer Rig Ser@id herdelt MaiSerivaliGiy1530¢mAspuAlg.Val Thr
lle Thr Cys Gin Ala Ser Glu Asp IIe Tyr Ser Phe 202530 Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala

Pro g Leu Il ﬁé404 Ala Gin .Thr Glu Ala Gin Gly Val Pro Ser Arg Phe Ser Gly 505560
Ser SRR LR LS Sapeslieoss e gemal decclraton

Antibodies used for pharmaceuticals have heterogeneity even though they are

stu y

monoclonal antibodies obtained from clones derived from single antibody-producing cells.
Such antibody heterogeneity is known to resuit 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 suB stances 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 hetero geneity
under stress conditions and to reduce the heterogeneity.
To assess degradation products, an accelerated sample of HOLO (1 chain,
HO-SKSC/SEQ ID NO: 54; L chain, LO/SEQ ID 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.



Glu Asp Phe Ala Thr Tyr Tyr Cys Gin His His Tyr Asp Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr
Lys Val Glu lle Lys 100105 195 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized
peptide sequence <400> 221 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
151015 Asp Arg Val Thr lle Thr Cys Gin Ala Ser GI@8Asp lle Tyr Ser Phe 202530 Leu Ala Trp Tyr Gin
Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle 354045 Tyr Asn Ala GIn Thr Glu Ala Gin Gly Val Pro Ser
Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580
Glu Asp Phe Ala Thr Tyr Tyr Cys GIn His His Tyr Asp Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr
Lys Val Ghuie IEOEIR 2002 12@Ped 2dhplen5 <212> PRT <213> Artificial 196 <223> An
artificially systhegiged peptlde sequence <400> 222 GIn Val GIn Leu Val GIn Ser Gly Ala Glu Val Lys
Lys Pro Gly Ala 1%9&5 Ser VaI %ar s Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 Val
Leu Asn Trp Val Arg AR B Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly
Gly Thr Asp Tyr AbFFHpEER @W@%@B@G@(@% Asp Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala
Tyr 65707580 Meh tuktldrstibSetrHar beudayg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp
Gly Tyr AspiAsR Sy B{g 'I;%rbl P‘L_r %et %gﬁ T%r 'Iiup GI%/ 100%05110 Gin Gly Thr Leu Val Thr Val Ser Ser
Ala Ser ThrLys Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr
Ala 130135140 199 %?Pﬁ%rﬁ@@@y%ﬁ%%ﬁ%ﬁ@]y Val His Thr Phe Pro Ala 165170175 Val
Leu Gin Ser Ser Gliptiupyse Ser(heaSemSEr MERM TRy MalklB80185190 Pro Ser Ser Asn Phe Gly Thr
Gin Thr Tyr Thr Cys Asn Val Asp@y §M9%§m(ﬁ)ﬁp§ﬁrrﬁﬁ%ﬁiﬁ ?{ %flgASIO Lys Thr Val Glu Arg
Lys §§r Cys 210215220 Vﬁ)' Gly Cys Pro Pro Cys Pro Ala Pro Pro V a ro Ser Val
225230235240 PhE A B’ BISBHo Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr 245250255 Pro Glu
Val Thr Cys Val VapainseppesatSer 4fiCGlu Asp Pro Glu 260265270 Val GIn Phe Asn Trp Tyr Val Asp
Gly Val Glu Val H@MA@E@@@%@%Q@%J@%@ R0AE:pIuU Glu Gin Phe Asn Ser Thr Phe Arg Val
Val Ser 2902953 ﬁg_ s Val Ser Asn Lys Gly Leu Pro Ala Pro He Glu Lys Thr lle 325330335
Ser Lys Thr Lys gln P lu Pro Gin Val Tyr Thr Leu Pro 340345350 Pro Ser Gin Glu Glu Met
Thr Lys Mn Gin VEKS@W@HW@WQE@%@SBE@@Q@WM%@;@ Rhd dfyr RreeBetidspriehddenval Glu
Trp Glu Sar Nin 39.037ESBOIGIyaG P e Asmdhsimiyh kysadivy theRye BioMelleuAsp Ser
385390 éégzégo Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 405410415 Trp
Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 420425430 His Asn His Tyr Thr GIn Lys
Ser Leu Ser Leu SBFPFGTa%H0m A sAeimibnyedneq thigpaky | s prepudp 13 4r i 86 <220> <223>
An artificialsB&Qrahédizétpeptidersdquéhes: HADBivarahEIndedddicdn Sei St pao@lteVal Lys Lys

Pro Gly Ai@a;§éeé@§@é\ﬁaﬁw§sV@t§ers@meﬁé\%6t%‘M{yta}@ 5[1%1{25 S t3ReaRd Ao Mo

A Val Arg G GJu Tr t354d45G ASn Gly Gl

Tﬁp%\ o T%/raﬁ?;n éo%%ﬁg%éég\bg ﬁ%ﬁlw ﬁﬁ@l N aéggé%%@i qfﬁifsyerr Thnr AIZ Ty)r/

6570758&%@5&6@%@&@@%@%@ @emwasgﬂmrwa 3R Fyr sF4216 859685 Ala Arg Asp Gly

Tyr Asp AEp3GlySRICTIETNDMES:Ags, Tyahin, GlySERO 533 056N Gy Thp kgt Vel Iir Mal3gt Ser Ala
Ser Thr Lgﬁagllylgtpaégr 115120125
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Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala 130135140 Ala Leu Gly Cys Leu Val
Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 145150155160 200 Val Leu Gin Ser Ser Gly Leu Tyr Ser
Leu Ser Ser Val Val Thr Val 180185190 Pro Ser Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val
Asp His 195200205 Lys Pro Ser Asn Thr Lys Val A&p Lys Thr Val Glu Arg Lys Ser Cys 210215220 Val
Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val 225230235240 Phe Leu Phe Pro Pro
Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr 245250255 Pro Glu Val Thr Cys Val Val Val Asp Val Ser
Gin Glu Asp Pro Glu 260265270 Val GIn Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
275280285 Thr Lys Pro Arg Glu Glu Gin P rT7 he Arg Val Vial ger 290295300 Val Leu Thr
Val Val HiS&easp PG Le%'%§ﬁc@‘®rﬁ9ﬁs gﬂf&%ﬁﬁi %még;fﬁh? E\éa%a%éﬂ, §§W§%%?{ys Gly Gin Pro
Arg Glu Pro-Giirvat Ty, T "iip. ;ﬁ;"“ O Fro-Se Gt Giu-Met ThrtysAsnGin Val Ser Leu
Thr Cys LEP38836035% v SN Mo Tyr g%er Asg%lle Ala Vai Glu ;* %ﬁﬁé@ 370375380
Gly Gin Pro Glu Asn Asn T NP THT'Pro F1o Met Lefd Asp Ser 88539039540 ly Ser Phe
Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 405410415 Trp GIn Glu Gly Asn Val Phe Ser Cys
Ser Val MptaGlo Aieal ey 480435489 His Agn His Tyrghr Gin Lys Ser LigtySigiplemper Pro
435440445 <210> 224 <21BEA45NRPB5)PRT&213> Artfficial <220p <2230 iarkiticily synthesized
peptide sequence <400> 224 Gin Val GIn Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015
202 Ser V&ﬂ%Véﬁ@EﬁC%ﬁﬂmr Gly TH7 Thr PhefThr Gly Tr%r 2025@D DPEPY EMEASN Trp Val Arg
Gln Ala Pro Gly GIn Gly Le 0 HONMEBBB54083 Gly LelPlle Asn Plo Tyr ASEGID K268 Asp Tyr Asn
Pro Gin Phe 505560 GIn Asp Arg Val Thr lle TiAla Asp Glu Ser THr Ser Thr Ala Tyr 65707580 Met
Glu Leu Sgr. L%@{ r Ala Val Tyr Tyt,Cys 859095 Ala Tyr Asp Asp
Gly Pro TﬁagwgréLeu Iu%@é%ﬁ@%%l é?Gln Gly dhr Leu Va Thr \%%%%)Ser Thr Lys
Gly Pro Ser 115120125 Val Phe Pro Leu Ala %@Ser Senlys Ser Thr Ser Gly Gly Thi'Ala 130135140
AlaLeu av, s . o T S N — ke " . Pty Gl 4 a‘_ ml .;  FPP— Asn SerGly
Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala 165170175 203 Pro Ser Ser Asn Phe Gly Thr Gin Thr
Tyr Thr Cys Asn ¥atidshiltisizo6260205ddissRyas Serédsadlhrdaysi¥ed Bpphk ys:THod edcGhadirg Lys
Ser Cys 220215220 Val Gl s Bro Reqi&ys Fiaple FIuf 9, GHYRIARE 289230235240
Phe Leu Phe1 Prq Pro Iﬁ/s Pro IEXS A%hr Leu Met | SerQr% %2452 0 Pro Glu Val Thr Cys
Val val Vaaflﬂgﬁe’% e B S8 48265 27 0V RI'SiABINE RIHErig Tyr Val Asp Gly Val Glu
Val His Asn Ala LY5275286288:F Hiet {5 Rrocraiér Gl Gib @i Piad sreSed TierRheslargivialval Ser
29029530Q4%abd BLAI MY ahY@kitis B Aamidifn heubAaniGl ds G d ¥sBOR3L0315320 Cys Lys

Val Ser Asn Lys Ley P la Pro lle Glu Lys. Thrdle 325330335 .Ser. Thr Lys Gly Gln Pro Arg
Glu Pro G% ﬁS%}é“?ﬁ%ﬁ#{%%@%%%%%gﬁ&g%gﬁé ngl in 11%38 ﬁ?kﬁgg FhArt E§/Sa Ss?rglg éal‘r?%al Ser
Leu Thr C§%& Pislpgisasertises Mrafheyaadipdmlsectile biroEsamnks? singBeB GO rplbtueset Rsn
3703753863y BRI PrR0GIwAsoAarinlyipl 38 THarbldlofeel RosiWeislofthA s e SARIAARISAIE Asp

Sl Ser PRSTARLEN, ORI N ARIACD b SRhaARaddittad i Clu Sy Asn Val
Phe Ser Cys gr Val M%Qf’if I%éla Leu 420425430 His Mn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser
1

Pro 4354402452537 WR5 P PR3] SRKeErhite sspeation 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 émprbve 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. Fach of the H chain variants Hal01-SKSC (SEQ

20 ID NO: 246), Ha103-SKSC (SEQ ID NO: 247), Ha111-SKSC (SEQ ID NO: 248), Ha204-SKSC
(SEQ ID NO: 249), and Ha219-SKSC (SEQ ID NO: 250) was combined with L0 (LO/SEQ ID
NO: 56); and each of the modified L chains Lal34 (SEQ ID NO: 251), Lal30 (SEQ ID NO: 252),
La303 (SEQ ID NO: 253), and 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.



<223> An artificially synthesized peptide sequence <400> 225 Gin Val Gin Leu Val Gin Ser Gly Ala
Glu Val Lys Lys Pro Gly Ala 151015 205 lle Met Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp
Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Asp Tyr Asn Pro Gin Phe 505560 Gin Asp Arg
Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Ty?%5707580 Met Glu Leu Ser Ser Leu Arg Ser Glu
Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Leu Glu Thr Trp Gly
100105110 GIn Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 115120125 Val Phe Pro
Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala 130135140 Ala Leu Gly Cys Leu Val Lys Asp Tyr
Phe Pro Glu Pro W difinMabildh o0t bah6:SER T it Sesdd ysAlkaitiewvihr Ske Ghplval His Thr Phe

Pro Ala 165170175, Mald eu (0. Ser SerGlych et TX-Shd 6! SRLYALNRRTREY@5180185190 206
Lys Pro Ser Mn Thr Lys Val Asp Lys Thr Val Glu ﬁ%‘ﬁ s Ser Cys 2102%‘55‘%‘8 Val Glu C s Pro Pro Cys

Pro Ala PrS3RIVAT AL BRPBIbIB LA 998540 bR R 3 E?Bfﬁy% A&p Thr

Leu Met lerSerdltp Tt 24 5250255 Rrio, G- S5 CHIHQyEMEOY af Makap, VAIS€: BilNGIB@Asp Pro Glu
260265270 Val GIn Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 275280285 Thr Lys Pro
Arg Glu Gé % Phe Asn Ser Thr Phe Arg Val Val Ser 290295300 Val Leu Thr Val Val His GIn Asp Trp
Leu Asn l@ 5?5 Glu Tyr Lys 305310315320 Cys Lys Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys
Thr lle 325330335 Ser Lys Thr Lys Gly Gi rgréslu o Gi Tagdrhr L 40345350 207
Val Lys leﬂl‘f‘e Ty y@‘?o Se’#%%e&‘i% ﬁ\la Vrgﬂﬁggh ﬂﬁgw%&@%%Sw%%%ﬁﬁpm Glu Asn Asn
Tyr Lys Thy Thr PTQ PI T J03952400 erLys Leu
Thr Val A&baﬂ% s ‘ éé Gin GHr Gly Asrl =§ % g}gﬁéﬂs Glu Ala
Leu 420425430 His Asn H ?@ Lys Ser Leu Ser Leu Ser Pro 4354404 ? 226 <211>
445 <2125 @108 <SR IABHA <220> <223> Af artificidlly synthesized g@gwe sequence <400> 226
Gin Val GIn Leu Val GIn S@@Pﬂgéﬂg)\/al Lys Lys Pro Gly Ala 151015 Y N@sﬁé Ser Cys Lys
Ala Ser Glyalyir THC PRet TEY IGN/ Tyr 202530 288 Gly Leii lle Asn Po Tyr ®&dhiGly Gly Thr Asp Tyr Asn
Pro Gin Phe 505560 Gin AS5®@Hg N@i27A} lle Thr Ala Asp Glu Ser Thr Ser 1 FNRNG284707580 Met

Glu Leu Sep5es LepRm SeReeam/NIFAR 8l Tyr TysCys 859095 Ala ARGYNSATGINTIFIASP Asp
Gly Pro Tyr Thr Leu Glu TK8ERpOGND: 200105110 Gin Gly Thr Leu Val Thr (8ESé¢D 88r28k) Ser Thr Lys

Gly Pro Sp{ %@12(9!5@\/?& ﬁ’ﬁ?«é’d?s‘fﬁak@@ qu Ser SebLys Ser TFInr Serﬁ@%ﬁ@yﬁ%@l%mo

Ala Leu Gly Cys Le sg ﬂj@rﬂw Pro Glu Pro Val Thr VaI 14515 OralolNBey 7P Asn Ser Gly
Ala Leu Th+~Se o o Caas - . : H-Ser Leu Ser
. Ser Val VaFh \ ) e
195200205209 Vawéu Cy@PSEQngg ys MtéaMaatm Pk@Val i
Leu Phe Pro Pro Lys P s Asp Thr Leu MEPHaSe; -(o TH

4.
Val Asp VakSe4 Gm{ﬁtu Asmfm;@gg@@OZGSZ’aQ Val GingPhe Asn Trp Tyr Vaﬁkm Qﬁﬂ_/ﬁl Glu Val His
Asn Ala Lys 275280285 Th(S@(S lBrNO&iGT}SIu Glu Gin Phe Asn Ser Thr Phe ArGyallysICsE)

290295300 Val Leu Thr Va| in Asp eu Asn Gly Lys Tyr Lys 320 Cys Lys
Val Ser Ad# L?g GQIQ_’%& z@% hr lle 3%5330335%& Lys 1%% i %)Pro Arg

Glu Pro Gin Val Tyr Thr Le

- Y SR AW p H|S
@:?o Sebam w-. 230235240 Phe

£s303 CDR3 QHHYESPLT E : QHHYDSPLT

(SEQ D NO:278) (SEQ D NO:281)
L2328 CDR3 QHHYESPLT 94 S D QHHYEDPLT

(SEQ 1D NO:278) (SEQ 1D NO:282)
La326 CDR3 QHHYESPLT g7 T F QHHYESPLF

{SEQID NO:278) (SEQ ID NO:283)
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Pro Ser Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 355360365 210 Gly Gin Pro Glu
Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser 385390395400 Asp Gly Ser Phe Phe Leu Tyr Ser
Lys Leu Thr Val Asp Lys Ser Arg 405410415 Trp Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His
Glu Ala Leu 420425430 His Asn His Tyr Thr Gin Lyd Ser Leu Ser Leu Ser Pro 435440445 <210> 227
<211> 445 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 227 Gin Val GIn Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val
Ser Cys Lys Ala Ser GIy Tyr Thr Phe Thr Gly Tyr 202530 Val Leu Asn Trp VaI Arg Gin Ala Pro Gly Gin
Gly Leu G Friierssaeas=orrSirrASAT v e PR A ARSI TYS"SErThr Ser Thr Ala Tyr
65707580N@m|a Leu Ser Ser Led(&@‘d&/’kﬁ@n Askdlﬁﬂ/}(lﬁ}/al Ty ﬂ{&@ 859095 Ala Arg Asp Gly
Tyr Asp Asp-Gty- i 7Sy 05+4+0-Gir-Gly-Thr-tewrfal Thr Val Ser Ser Ala

Ser Thr L)}SE@ro Se 1151212§ Leﬁﬁ&@éer ".: Q/Esag'hr Ser Gly Gly Thr Ala

pon ser HEL T &0 iy v G E%Zﬁ%@%ﬁ?ﬁ%%ﬁéﬁ?éi?ﬁ@ Lou 1

Ser Leu ski@d3BL\AI Thr val 18218500 Srhr Tyr Thr Cys Asn Val
Asp His 1 Pro Ser A AN l@?-l@ aI G%», gger Cys 210215220
212 Phe L?éq%?ﬁog ro Lys ProS?2 ®E¥ ﬁ_eu e)F;/Arg A}gS 255 Pro Glu Val Thr
Cys Val VB‘IE I Ser Gin GI ér@@lu 26@)%57@4‘& Gi I@Eﬁ@@ﬂp Tyr Val Asp Gly Val
Glu Vval c,E 27528028 _' Tg VSR ) S@hr Phe Arg Val Val
Ser 2902¢ STy Tn T RVETRVE i AT o Lolbilyt-Lys 305310315320 Cys
Lys Val ‘ \ ys.Ihr Lys Gly Gin Pro

v " ys Asn Gin Val Ser Leu

Arg Glu P % ITyrhrLeu Pr %&}K@?ﬁ% Pr Gia Gl ¢ )
Thr Cys ,Lg% E@ 0365 Val L GIR : I , _'.\;-_- _ | GIU T Glu Ser Asn 370375380
213 Asp Cﬁ;{@g@he Phe Leu Tyr Thr Serﬁ\rq @ 415 Trp Gin Glu Gly
Asn Val PHBE Cglézgr Val Met H 04 is A hr Gin Lys Ser Leu
SerlLeuS a 445 <210>22 <21 <220> <223> An
artificially eptide sequzw/ 522845 41 Leu'gv r Gly Ala Glu Val Lys
Lys Pro Cig Ser Val Lys er GIy Ty T hr Gly Tyr 202530 lle

I

Met Asn n Ala Pro Gl Q 540 e Asn Pro Tyr Asn Gly

Giy Thr Agpy i Gin Phe 505 -?-@@"et %llQ-EL Serg r Glu Asp Thr Ala Val
Tyr Tyr Cys %
Gly Thr Ll

a Arg Asp Glxké sp.Asp Gl 2 Tyr ThrL Trp Gly 100105110 Gin
-G /B Ser Ser AlaiS ﬂ"‘ e ek 512 e Pro Leu Ala Pro Ser
Ser Lys Serhr Ser Gly Gly Thr Ala 130135140 Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro
Val Thr Val 145150155160 Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala
165170175 Val Léx{aiplSerf Senkabyticy FyhSeraffuiSenBerviigl vabftu\vall 88185190#ero Ser Ser

Asn Phe %B&T*ﬂ&@&@ﬁ&yﬁo@f G ARNVBL AP ARED AR (51 10261 38021(Rf Lysnyal Asp
Lys Thr VR Gl Al s Ser (45 216210220 Val Gl s BT0 B Gy B AR F1p, o, Val Al Gy Pro
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.
Had01La402 (H chain, Had01-SKSC/SEQ ID NO: 255; L chain, Lad402/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
biclogical 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).
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215 Pro Glu Val Thr Cys Val Val Val Asp Val Ser GiIn Glu Asp Pro Glu 260265270 Val GIn Phe Asn
Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 275280285 Thr Lys Pro Arg Glu Glu Gin Phe Asn Ser
Thr Phe Arg Val Val Ser 290295300 Val Leu Thr Val Val His Gin Asp Trp Leu Mn Gly Lys Glu Tyr Lys
305310315320 Cys Lys Val Ser Asn Lys Gly Leu Pfé Ala Pro lle Glu Lys Thr lle 325330335 Ser Lys
Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 340345350 Pro Ser Gin Glu Glu Met Thr Lys
Asn Gin Val Ser Leu Thr Cys Leu 355360365 Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
Ser Asn 370375380 Gly Gln Pro GIu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
’ 4044%(@4&&)229 <211> 445 <212> PRT
_ cpept] SOURITCS 400> 229 GIn Val GIn Leu
Gly'Ata Glu Val Lys L : Sy kal¥r cys Lys Ala Ser Gly Tyr
Thr Phe Thr{-@a@@ﬂ g@ﬁwAla M@ Sﬁﬁﬁﬁlal @@@n@m Pr@({[}[{(}m@ly Leu Glu Trp Met 354045
Gly Leu lle Asrr Sty-Gly BaprFyr= Frfre-5 tn Asp Arg Val Thr lle Thr
Ala Asp Lys Ser Thr Ser Thr Ala Tyr 65707580 217 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Leu
Glu Thr Trp Gly 100105110 Gin Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
715120125 vy PREBIZEH AT kb Geiot F)9 LT G8D Oy GRp Thrchizr GOVB LD ARY eu Gy

Cys Leu \2ak) yedapeiyad Phe P adlioilty RoNRall0Tdwi alblo Q1 2566 Sﬁﬂ%rﬂimaegc@&ydﬂg@ Leu Thr
Ser Gly Vﬂkﬂ@w &B%@@@&&%@ﬁﬁg@éﬁ&ﬂ% LEHGILB8t ﬁa%%@érgsn a& % ger val val

Thr Val 180185190 Pro Ser Ser Asn Phe Gly Thr GIn Thr T %500205 Lys
Pro Ser AR APPPERAICARST 95 A éﬁ%@%ﬂé%@ﬁ J?é‘i‘éz ¥y H?é\@ro Cys
Pro Ala Pf®ProlYalssiat Glyifret Seertat Q2523026210 Phblt &l bemkﬁﬁmws Asp Thr

Leu 2/'78;2' @gt%ﬁﬁr_%ég {ﬁs 2 éi@@@éﬁs éﬂ&%%@lg Rhe mgﬁ@m BioR bﬁl\é%%é O\ggé ;')% /?/Sr; fla

Lys s Pro,Arg Glu r al Ser al Leu
Thr Val V%?lﬁ’fgt& sz% <ﬁyrﬁ‘fb 6{}%35 m@@%g@fg@ VatBelAsn Lys Gly
Leu Fro A@M@@@Jf%&rﬁﬁ]e 325330335 Ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr
Thr Leu Pro 340345350 Pro Ser GIn Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu

35536036? gal Llys Gly Phe Tyr Pro Ser Asp lle Ala'Val Glu Trp Glu Ser Asn 370375380 Gly Gin Pro
Glu Asn Ash ]'Fyr Lys Thr Thr Pro Pro Met Leu-Asp Ser 385390395400 Asp Gly Ser Phe Phe Leu Tyr

Ser Lys Led Thr Var Asp Lys Ser Leu Ser L
Ser Pro 435440445 <210> 230 <2 Xe8{ABS1 o Ky M ARREM20> <2235 An artitcially

synthesized sequence <4O ﬁ aI G Iy Ala Glu Val Lys Lys Pro
Gly Ala 151@@5@ Val Lys Val Ser (f{gg-‘(l)_ % Thr}g&g@ ly Tyr 202530 Ile Met Asn
Trp Val Arg @lﬂlnﬁa Fﬂro GIy Gln GIﬂ*L E@‘I(}ﬁrp I\?e 4% Glﬁ_aﬁle'i&n Pro Tyr Asn Gly Gly Thr
Asp Tyr AsTPToCTRPRE 50556 _ . TSEY Thr Ser Thr Ala Tyr

65707580 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 220 Gin Gly Thr
Leu VSa | T[Ex\égllp e {ﬁ?cgen %ica {ogg% %%%a?o% 51283%&8 u%%lglgnor%'gx?ogemc1ty risk

Reduction of immunogeniciv risk in H chain CDR1

T-cell epitopes present in the variable region sequence of HOLO were analyzed using
TEPITOPE (Methods 2004 Dec; 34(4): 468-75).  As a result, CDR1 of the H chain was
predicted to have many T-cell epitopes that bind to 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 HI19 (H19-M58/SEQ ID NO: 223). The generated H19 was combined with L12 to
25  produce HI9L12 (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 Exampie 4.
The antibody was assessed for the affinity for NR10 and the biological activity by the
method described in Referential Exampie 10 and the method using BaF/NR10 as described in



Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala 130135140 Ala Leu Gly Cys Leu Val
Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 145150155160 Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val
His Thr Phe Pro Ala 165170175 Val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
180185190 Pro Ser Ser Asn Phe Gly Thr GIn Thr T3# Thr Cys Asn Val Asp His 195200205 Lys Pro
Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys 210215220 Val Glu Cys Pro Pro Cys Pro
Ala Pro Pro Val Ala Gly Pro Ser Val 225230235240 Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
Met lle Ser Arg Thr 245250255 Pro Glu Val Thr Cys Val Val Val Asp Val Ser GIn Glu Asp Pro Glu
2602652 7Rx22dicThrtspsdEireiirgnbibe® we@indiyead nSeosE it PRI Mhal/ &l (Se15280295F300 Val

Leu Thr Vigby/abklis @Jﬁhﬁ%@/ﬁm%t@wrs BIY kpts GUAT Y by %fﬁﬁéag%ﬁé%% Yob¥S Y Rhsper Asn Lys
Gly Leu P{g Aleg1 %ﬁe\é? g hr 3253 335 3### é1 s Gly GIn Pro Arg Glu Pro Gin Val
Tyr Thr Led 5 R Gl i %} R %"9’&%&3 Le Gl"hlﬂg%ti’_eu
35536036&5@@%%@@%&%%@@@@?%@9 Henasa sgadiciuiigs Glii®el. Asn 370375380 Gly Gin Pro
Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser 385390395400 Asp Gly Ser Phe Phe Leu Tyr
SerLys L 'i'h Val Asp Lys Ser Arg 405410415 Trp GIn Glu Gly Asn Val Phe Ser Cys Ser Val Met
His Glu Ala Fpu 20425430 His Asn His Tyr Thr Gin Lys.Ser Leu Ser Leu Ser Pro 435440445 222

<210> 231 <211> 5 <212> PRT <213> HNuifitialst® 208223 ARncadtificialBegysitesized peptide
sequenceﬁ%ﬁ> 231" In vl %n FEETS/al @iabseNe)ySRISTSH alal Ty iopsafiernmipiana 151015 Ser Val

Lys Val Serl_qﬁy Tyr Thr Phé gr Gly Iyr 202530 Alﬁ METASH, LN VarArg Gin Ala Pro
Gly GIn @X ﬁpﬁ@ Q’mj_eu e Asn Pro Tyr Asn GIy GIy ThieAs0n MHARPro GIn
Phe 5055668-& Aol . A SRS Sev WAy = 652045380 Met Glu Leu

Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro
Tyr Thr LetyGdy hr Trp Gly 100105110 223 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly
Gly Thr Ala, 130135140 Ala Leu Gly. Cvs Leu Val Lyvs. Asp Tvr Phe Pro Glu Pro Val Thr Val

145150155160 Ser Trp Mn Ser Gly ;ﬂgétvw; E\&MS Thrmé@@ﬁla 165170175 Val Leu
Gin Ser SerGyleu TyrSerleuS hr 8519 Ser Mn Phe Gly Thr Gin

Thr Tyr Thr@gg Val Asp His 195%08 P”BS smaﬂh g ys Thr Val Glu Arg Lys
Ser Cys 21 0 Val Glu Cys Pro ro Al Val Al er Val 225230235240
Phe u Ph s Pro Lys A% @Iet Il A hr ﬁSﬁ Pro Glu Val Thr Cys
Val VaI Val’Asp Val ser GIn GIUASp Pro (Jlu 260265270 Var GIn Phe ASn TTp - 1yr Val Asp Gly Val Glu

Val His Asn Ala Lys 275280285 224 Val Leu Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys -
30531031%, Q&Q&}isol?}iﬁr}(@%%zé,ﬁﬂﬂ%ﬁyc 2y PrsrAla Pro lle Glu Lys Thr lle 325330335 Ser Lys
Thr Lys Gly Gin ig‘ﬁﬂi ro Gin hr.Ceu Pro 340345350 Pro Ser Gin Glu Glu Met Thr Lys
Mn Gin Val Ser L ‘ﬁ@‘]_@ﬁ‘fs\%ﬁﬁ Wbﬁﬂél@ﬁ}sﬁi‘f’élﬁ/wgép &5 fieehai val Glu Trp Glu
Ser Asn 370875388 BlyiGinrh Glustisn @3mTe Eysiline FhnPrcePrd Me; it éupleiicBdrthat the

38511303%%&16@&1@59 ﬁﬁf B?&iﬁ’é&% bﬁ Huiéﬁéﬁ{é—ﬁela%ér )\ és‘?@oln&% %&é‘i Q315 Trp
GIn Glu GI \é@. t His %f tA a Leu 42 4 54 His As rThr Gin Lys
Ser Leu Sse aIl3ro 4 54 132 %'f< %> 9B W '?:pl:& 2@;«%@22%
D NG 238). The prociuced L17 was comhmed with HO to pmduee HOLI7 (H cham,
HO-MS8/SEQ ID NO: 136; L chain, L17/SEQ ID NO: 238).  Each variant was produced and
purified by the method described in Example 4.
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 ID
NO: 136, L chain, LO/SEQ [D NO: 56) and HOL12 (H chain, H0-M58/SEQ ID NQO: 136; L chain,
L12/SEQ ID NO: 237).  Since L12 contains a sequence that improves the affinity, it exhibits
25 abouttwo 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 biclogical activity were shown to be almost equal to these of HOL12.

Table 14



<223> An artificially synthesized peptide sequence <400> 232 Gin Val Gin Leu Val Gin Ser Gly Ala
Glu Val Lys Lys Pro Gly Ala 151015 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
202530 lle Met Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu He Asn Pro
Tyr Asn Gly Gly Thr Asp Tyr Asn Pro Gin Phe 505580 Gin Gly Arg Val Thr lle Thr Ala Asp Lys Ser Thr
Ser Thr Ala Tyr 65707580 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 -
Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Leu Glu Thr Trp Gly 100105110 Gin Gly Thr Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 115120125 226 Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe
Pro Glu Pro Val Thr Val 145150155160 S Ser Gy Al S HIS Thr Phe Pro
Ala 165170875 val L&PEIn S&FERGly L%E%%%A @%ﬂ;} q%é@\}%éﬁé@?%ﬁ%gmo Pro Ser
Ser Asn Phe-Gly h ASP- 5200205 o-SerAsa-Thr Lys Val
Asp Lys Tiﬁﬁj‘\?al GF&%@ LyS Sa %ﬁﬁ 15@50 Val Glu Eys Pro Pto Cysﬁ’\lﬁfWX&Eid\Pro Val Ala Gly
Pro Ser Val 225230235240'F ‘ ’E Pro Pro Lys Pro Lys Asp Thr Leu FfeR e @rzﬁ% Thr
2452502554By0 Glgyrh Thifgyg YakVal Val Asp Val Ser @In Glu Asp Pro (ﬁgggﬁg%%ﬁ 70 Val GIn Phe
Asn Trp Tyr Val Asp Gly qu;@j;mml-ﬁﬂ/}\sn Ala Lys 275280285 Thr Lys P{ g)GIn Phe Asn
Ser Thr PtrerATg-VatvatS -y s a-Pro lle Giu Lys
Thr lle 325330335 Ser Lys Thr Lys Gly G|n Pro Arg Glu Pro G|n Val Tyr Thr Leu Pro 340345350 Pro
Ser Gin Gy Met Thr Lys Asn Gln VaI Ser Leu Thr Cys Leu 355360365 Val Lys Gly Phe Tyr Pro
Ser Asp lle.Ala.\L Asn.3703.75380.Gly Gin Pro Glu.Asn Asn. Tyr Lys Thr Thr Pro Pro
Met Leu Asp Ser 385390395400 t,, alyASemR | Ry hr Val Asp Lys Ser Arg
405410415, 1xp. "; '_-_' 1420425430 His Asn His

Tyr Thr Gin 4§56 Leu Ser Lo Serf@[z_xqsgg)4457<gg_> @@ <2yl pfR5y@l2> PRT <213>
Artificial <2 An artificially pep gg 233 GIn Val GIn Leu
Val GIn Sej%@%izlu Val Lys Lyssg%gﬁ'ﬁglmg

s Lys Ala Ser Gly Tyr

Thr Phe Thr[—%[l’?FpOZSBOAIaMet@@Eq@%I Ar@%mmo GQ QIEG@QEU Glu Trp Met 354045

Gly Leu lle ASTTPT =&ty Arg Val Thr lle Thr
Ala Asp Lys Ser Thr Ser Thr AIa Tyr 65707580 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val

Tyr Tyr C 859 Arg Asp Gl sp G eu Glu Thr Trp Gly 100105110 GIn
Gly Thr L %h?@?lr acll g Bﬁ‘é’ché ?1? un%f’?}/ﬁfﬁgg 125 Val Phe Pro Leu Ala Pro Ser
Ser Lys Ser Thr ééq‘r@b}eswlw #lﬁ&%ﬂ%mwgz@@éwﬁobmmmm@ym|ann_ktml$hmseat@t;s Val His
Thr Phe RratAbd k8547 01, ThcXsabd D ﬁﬁm@e&@%&&ﬁﬂ&&e@ﬁd&ﬁfnkﬂm%ﬁéﬁ%H@L—M@EYM Val

1801851 C | A P
Ser Asn $ o %8[. %&5 Aﬁ@ ﬁggrf\%% c-mvg Lys ggh&%b 530 \é%’\}rgleé_l@é g)&%’%id&yss Prroo
Ala Pfo PRIV i M&gﬁﬂ SHR112N948 %Qné%ﬂg@@ﬁ’é‘iﬁ&ﬁ}ﬂ@wﬁp@m&@w Lou
Met lle SerkegilihpR45260255Rror&iult\VAR It Y5 catly HINFaVASE MAIS e Ipe&lo AsprPro Glu

26026527}91 y inrPRe AsiT s by Vak @éﬂn%@f%@é!‘sﬁ% @%@QZ@@%&?E?@/@%&?@W Lys Pro
Arg Glu Iﬁ@;ﬂ,ﬁ Thr P%égg %@Lﬁ"&%}g?\{ 9026 5300.Val Leu Thr s Gin Asp Trp
o Asn ﬁ»[,ogé%@i 5 276, L. chain, L17/SEQ 1D NO: 23
H42L17 (H chain, H42-MS58/SEQ ID NO: 227; L. cham L17/SEQ ID NO: 238), H44L17 (I-I
15 chain, H44-M5&/SEQ ID NO:; 228; L chain, L17/SEQ D NO: 238), H46L17 (H chain,
H46-M38/SEQ ID NO: 229; L chain, L17/8EQ I NO: 238), H57L17 (H chain, H57-MS58/SEQ
ID NO: 230; L chain, L17/SEQ ID NO: 238), H71117 (H chain, H71-M58/8EQ ID NO: 231; L
chain, L17/SEQ ID NO: 238), H78L17 (H chain, H78-M58/SEQ ID NO: 232; L chain, L17/SEQ
[D NO: 238), H92L17 (H chain, H92-M38/8EQ ID NO: 233; L chain, L17/SEQ ID NO: 238),
20 HY7L50 (H chain, H97-MS38/SEQ ID NO: 234; L chain, LS0/SEQ ID NO: 239), and H98L50 (H
chain, H98-M58/SEQ 1D 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/NR 10 as described in
25  Example 2, respectively, and they were compared to those of HOLO (H chain, HO-MS8/SEQ ID
NO: 136, L chain, LO/SEQ ID NO: 56). The result of affinity measurement is shown in Table



Ser Lys Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro 340345350 Pro Ser GIn Glu Glu Met
Thr Lys Asn GIn Val Ser Leu Thr Cys Leu 355360365 Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu
Trp Glu Ser Asn 370375380 Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
385390395400 Asp Gly Ser Phe Phe Leu Tyr Ser I'_7§s Leu Thr Val Asp Lys Ser Arg 405410415 Trp
GIn Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 420425430 His Asn His Tyr Thr GIn Lys
Ser Leu Ser Leu Ser Pro 435440445 <210> 234 <211> 445 <212> PRT <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence <400> 234 Gin Val GIn Leu Val GIn Ser Gly Ala Glu Val
Lys Lys P}6- @) dimbisieeirs! asivigeieiearings vainsSeb)ElysindaosernGRer 96 TrmBRS-Thr Gly Tyr
202530 ||@mmm@r@1&/aioedg@iaa%m?w@& Griftedy beuGhalmhdMRl8ada4 Gld-eu He Asn Pro
Tyr Asn (%ly&éyél;g{ eL.T, rbGln Gin Phe 505560 Gin Asp Arg Val Thr lle Thr Ala Asp Glu Ser Thr
Ser Thr Ata Tyr 65707580 et Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Leu Glu Thr Trp Gly 100105110 GIn Gly Thr Leu Val Thr
Val Ser SéabMda Ser Thr Lys GIy Pro Ser 115120125 VaI Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser

145150156HA0NYEVal Le O ﬁﬁ@} Ser %@éi\ﬁ;l Thr Val 180185190 Pro

Ser Ser y_ : f tr Cys : ys-P+#0 Ser Asn Thr Lys
Val Asp Ly3'Dh WVal Glu Arg Lys S méys Pﬂ-) QIEQDro Ala Pro Pro Val Ala
Gly Pro S E 0235240 Ph %g gg@bﬁ@Met lie Ser Arg Thr
24525025 al Thr Cys Va Va Ser 60265270 Val Gin Phe
Asn Trp Tg Gly Val Glu V Ly 2 58@45 T Lﬁ&ra @rg Glu Glu Gin Phe Asn

Ser Thr Ph4 al Ser 29029 Th Val u Asn Gly Lys Glu Tyr
Lys 305310 5%2\1{;;5 Lys Val S @ y Lez %I?gso Ilggéﬁ Q%r lle 325330335 233
Pro Ser G Met Thr Lys A \f‘@ger Led. ?IE@ eu @.ﬁﬁ){% Eval Lys Gly Phe Tyr
Pro Ser Api4ei g Yal Glu Trp Glugq 375? @@ Pr @gsn Tyr Lys Thr Thr Pro

Pro Met Lm 38539039540 €u Thr Val Asp Lys Ser
Arg 40541 b 6in Glu Gly As

er Phe Leu Tyr
\El r Cyb.SHEvhl Met H%G ﬁ&&eu 420425430 His Asn
His Tyr TH-E&TY Ly$ Per Leu Ser Lely :134@@544 =2 A> <212> PRT <213>
Artificial <|§%> 1&5 An artificially ;Ztnegég pepgéégq% ce <400=7 C’jsf%ln Val Gin Leu Val Gin
Ser Gly A J ys Lys Pro GIyéA etA3N Tr \aEzeg Bin Ala Pro Gly Gin Gly
Leu Glu THHV8 3§4045 Gly Leu llegAS TR r As rs In Gin Phe 505560
GIn Asp Aﬁé | T%]jle Thr Ala Asp&z &mi-g{ SerTZI' 811?65%}1{5 et Glu Leu Ser Ser Leu
Arg Ser G Ala Val Tyr Ty 5 AléiA ly T %Iy Pro Tyr Thr Leu
Glu Thr TM@V&@@SMO Gin GlyJ i Eep (Y8l Thr‘g\/ Bery a]§ s Gly Pro Ser
1151201 ro Leu Ala P&) égﬁer Lg(s Ser T, i "&A 30135140 Ala Leu Gly
Cys Leu Tyr Phe Pro Q 6 é

Auds \SN Ser Gly Ala Leu Thr
Ser Gly VaI His 1hr Phe Pro Ala 1651701

in Thr Tyr Thr Cys
Asn Val A%p His 195200205, Lo . X
{Example 13] Analysis of the binding domain of anti-NR 10 neutralizing antibody

(1) Preparation of human/mouse wild-type and chimeric antigens

10 The genes encoding human and mouse wild-type extracellular domains and chimeric
extracellular domains of NR10 (hith (SEQ ID NO: 258), mmm (SEQ ID NO: 259), hhum (SEQ
ID NO: 260), mmh (SEQ ID NO: 261), hmm (SEQ ID NO: 262), mhm (SEQ ID NO: 263), and
mihh (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
T™:
3.

15 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, mmb, hmm, mhm,
and mhh) were purified from culture supematants by Ni-NTA Superflow column
chromatography. Specifically, 1 ml of Ni-NTA Superflow (QIAGEN) was loaded onto

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



Lys Pro Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys 210215220 Val Glu Cys Pro Pro
Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val 225230235240 Phe Leu Phe Pro Pro Lys Pro Lys Asp
Thr Leu Met lle Ser Arg Thr 245250255 Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro
Glu 260265270 Val Gin Phe Asn Trp Tyr Val Asp dl?/ Val Glu Val His Asn Ala Lys 275280285 Thr Lys
Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser 290295300 Val Leu Thr Val Val His Gin
Asp Trp Leu Asn Gly Lys Glu Tyr Lys 305310315320 Cys Lys Val Ser Asn Lys Gly Leu Pro Ala Pro lie
Glu Lys Thr lle 325330335 Ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro
3403453501 tonEaging ystcy-PRE (Bl PaessSepiesphaes AifrmdGhlitepeoiteiBorAshA 3M374880 Gly Gin

Pro Glu Asisidxiia Fyd 1o/ Wi iieAB1e) ﬁ&%ﬁmM@%ﬁﬁ@@@@% @meﬁk&Phe Leu
Tyr Ser L V. Arg-40 5 Gln lu n Va er Val
et His Gt E/"Ai?gel_%éi 4%%%&%% ol it |s§¢}%#m8 ALys Ser f?‘" X ‘Ehraﬂé %ﬁ?m&
<210> 23803%152‘1&5@1@3‘19?@{2%éMI,&WﬁF@DaW@ZEGBOéB@ ﬂﬁlﬁﬁlﬁ@é’l@@y}ﬁ%smed peptide
sequence <400> 236 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp

Arg Val Tl Iyge{elgﬁ&ygf%'g r G% p.le, -Ii%fﬁﬁg Phe 202530 237 Tyr Asn Ala GIn Thr Glu Ala
Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu

GIn Gly Val Pro Sgaé? %A 60 Ser Gly
Gin Pro 657075853 &R RRR H{PE5F Y4 (TSI 2885 BRS Leu 859095 Thr Phe
Gly Gly GHeTwiibpsestdl G5 leaipseing (e Wﬂﬂ%@ﬂ}&d@m& 1elP(DGeh\Falr-PRelie F2BeCRI0 Pro

Ser Asp GllGlakay e §@E®L%%0TWM%@% Méxy@&ﬁylgl%%m Agnfiggyr Pro

rg Glu Ala inTr aleu [ er Gin
145go15@?8’@?‘%5\15J%él 9"f/%]t Thr G é’ k%"“\é“!r t@@%% @W&éﬂ °§§“Eéﬁ1 er 188170175 Ser Thr
Leu Thr L@@i@@mww@wbptq%/w@kﬁu@m|§f&§f134w8wr7 1detedmoays238 fehkussnizad) Gly Glu Cys
210 <210a@¥hmad MR 20 4n6R3EP),; %Baizﬁzwa &\ﬁgﬁﬁiabﬂ%m TRARH AL M&I@UMI @&heSIzed peptide
sequence,g rLe Va 5 Asp
Arg Val Thr?q1 %%%I?Eﬁ#%l%%% tplésgmf Q%y E%Zﬁ@v{g%aﬁﬁ%ﬁﬁ yr s Pro
Gly Lys AFQ‘#P&“&@%’&?B@EP ﬂ"é@s%@&%fﬁr%& %ﬁ%@ ’ﬁ (FRtedligmaisstem @Maltmbasr@mrg Phe Ser
Gly 50556énHera@ly Seriyrckhr Asp Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580 Glu Asp Phe

Ala Thr Tyr Tyr CygG Wakﬂ&ﬁ'iﬁrgé’%ﬁiﬁg el P L&Haﬁﬁﬁgv%s%ﬁ%[egnﬁﬂw%é’?e%&a e Pro Pro

SerAspGIu in Leu Lys Ser al Val Cys Leu Léu Asn Asn Phe Tyr Pro

20125 Thr Ala Ser
Arg Glu AT Gﬁé’ﬁ 1gg}§@¢g#§1ﬁ Prbarssp Alkiing Phasrifiesssiabalrhesriaatichiman
145150155 G6ERINPSEIRCA. Tlar. SARHIIA 0SS p Sersty ® AsrS dufianityd Sei-heus8aRIBBADLS: Ser Thr

teu Thr ;g;&&gﬁé %/N@%ﬁa@@@a@%@%éé{%tﬁiﬁ&% A@I gﬁé&%&:ﬂaﬁo#éé% 5 Z?Ay 1}4@&8 T@gﬁl& <231|2 Gly
eu.Ser Ser Pro r sn Ar <210> <211>

<212> Pﬁoui k |c||_é?%{§§ l[gb Zdz% a%?l ar |§ﬁ;95§)yn es?iag e%?%@%ﬁ%g Q400> 238 240
Asp Arg \ﬁﬁP‘TtﬁFﬂ@fﬁﬁt (ﬁ‘%@ﬁ@\%@e@;tﬁ Sh?é‘f?‘l RRfeger E%TQ@Z@:BOP\Wﬁwwd' ptEyra@in Gin Lys
Pro Gly LysrlazRne forsheboheu |erBb4a4bnpyioAsinAiav@in TRE clbiitaseiniGly Yak&erdiSer Arg Phe

Ser Gly 50330 61G SETPHIIEARANE kYT HEIE BeTREN L IMEI03L 01280
1-Component System (KPL). TBS (Tris-buffered saline) used here was prepared by dissolving
25 apack of TBS (Tuis 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 extracellnlar 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 IL.-31 genes are shown in SEQ ID NOs: 63, 69, and 67,



Glu Asp Phe Ala Thr Tyr Tyr Cys Gin His His Tyr Asp Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr
Lys Val Glu lle Lys Arg Thr Val Ala Ala 100105110 Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin
Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130135140 Lys Val Gin Trp Lys Val Asp Asn Ala L&d GIn Ser Gly Asn Ser Gin 145150155160 Glu Ser
Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 165170175 241 Ala Cys Glu Val Thr His
GIn Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu Cys 210 <210> 239 <211>
214 <212> PRT <213> Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 239
Asp lle Girewrstively Ginl SerdrraSeriSercbenr Sarl AaBer va BoySTIRINESWRY Mal Ik llerdhr Cys
Gin Ala SefidatuiAspdiad wares e, 284%30-beacadaifrp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu
Leu lle 354045 Tyr Asn Ala Gin Thr Glu Ala Gin Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser
Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580 242 Thr Phe Gly Gly Gly Thr Lys Val
Glu lle LyES&ferertin\fanialadd Boahiishmaptimio\Be \adrPE MR prprrrp ReE8cAbBSiu Gin Leu Lys
Ser Gly 115120125 cTHhil AdagBer e MaRCY STy LSEOASN ¥en BheydyiRiAigéie Aata0d35140 Lys
ValGin T lag [ I n-Ser Gingl 5160 Glu Ser Val Thr Glu Gin
nep Ser e AP e T R I 28 ST D MR, i,
Lys His LYY/t Bt 85150 AR esiaiaf THiepiRs e\ Qe SdragBark gogrsimiys Ser
19520020SNHHE %980 vargyi Glyi Gl b BE R 0= 2 E0m 24 Bl 2 it Yikarg 24t iRRYpsR3i3x wtificial <220>

Z|22?§ ¥ i b é‘fs”?oﬁiﬁﬁsﬁ@%ﬁ?ﬁ%fgﬁ B e R e Thr O
aua}ggsro a efs_dé%saerysys,aer_yyr r Phe Thr Gly
f Bro e VY

Tyr 202530 HERAeT BB ARV R PIC IR A THER T FY5MeR 382528 EW Leu lle Asn
Pro Tyr ASkGRPGHITHISER B EasPEirCin(RHe $05580.Gin AepmmgivaioihhteaE it Al Asp Glu Ser
50095 Al A Ao Tyt AR s Pt v Tt et A Ly Top SR 100108110 Bin Gly Thr Leu
Val Thr Vﬁ@g(@‘eﬁsﬁé@% ﬁr%i@é%?@%%te% ﬁ?ﬁ%?fg %’éﬁr}gﬁé{%%’%é‘u 14 PY3SEr g‘@ry Lys Ser
Thr Ser GIyRERPIgE Marks0iss1 5o AGEEIOrNOASH Sies Giensd inse apnrsemelisy o#ll His Thr Phe Pro
Ala 1651 Fapirssital deetoGind Ser GacddlintceOIY r8EilaD St Samy alvalnbhiuVal 189485480 Pro Ser

Ser Asn B : [ n Val Hi (E%g)@( o] n Thr Lys Val
Asp Lys T‘ﬁ}ﬁ\%%é(éﬁ%&%g y%kgg%%g%%g%igo \%T%%%%?é% 0 %ﬁ%’ot%%{l -ﬁgqgrgo Val Ala Gly
Pro Ser VAPSSI8s 888565 PR § Bt §BFS 1 BrerTiid I e st st etGag Ihr
245250258 sxpGhaed at BaFG yslitabivhh VialospguatBek 1L U-deprideeGhll 260265270 Val Gin Phe

Asn Trp T ek fispyEhsVal Bl ValiHis A Alashys 2#R28Q28R DL LS RIS AT GL Y GIn Phe Asn
Ser g{gr Phe Arg Val Val Ser 290295300 Val Leu Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr

Lys 305310315320 245 Ser Lys Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro 340345350
Pro Ser GleGranG, fraemplerilyssabhsinen af S8 DeaxThssiyesQHQ 885866365 Val Lys Gly Phe Tyr

Pro Ser Asp He Atae\sahé&sltbrepiéaidsnet Asna3703E5380 &l FiiBraGiurASIoAsSH) Tk Lys Thr Thr Pro
Z;g . X%%B&S (50 0RRRI 04 (Bl RELEIRRYE (LM B! PSS L YalASPLYS Ser
a mammalian cell expression vector.  The résulting vectors were linearized with a restriction
25 enzyme, and then introduced into CHO cell line DG44 by eleciroporation (BioRad Gene Pulser,
25 uF, L5 kV).  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 NRI0 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 mammahian cell expression vector.  Ten pg of the linearized vector



Trp Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Lea 420425430 His Mn His Tyr Thr Gin
Lys Ser Lea Ser Lea Ser Pro 435440445 <210> 241 <211> 447 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence, 400> 241 246 Ser Val Lys Val Ser Cys Lys Ala
Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 lle Met As%gTrp Val Arg GIn Ala Pro Gly GIn Gly Leu Glu Trp
Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn GIn GIn Phe 505560 GIn Asp Arg
Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr 65707580 Met Glu Leu Ser Ser Leu Arg Ser Glu
Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly
1001051%1%“@%‘%6%&%?%%@?’%Fﬁlé@e{ﬁﬁf{) bys'errmyatier (BipRegd19%/al Phe Pro
Leu Ala Prol@yHE,36n&rd SeV T hrSerlGln:ShowhAlghliB02Bad46:Ada La Glyitads Leuaval Lys Asp

Iy Phe Rig i ooVl T Yal L4SS1ETIAN A4 AL e Bin 0910 0 hen T ger Leu Ser

Ser Val Val . Thr Val 180185190 _Pro Ser Ser Asn P
06200208 R EREEE} RE PO 4t REAEHP O W AT BYIESCk 8 765 9459800 Gl
Cys Pro P8 Bys sheyaiin PESIPRONR Hlaedlyirrorder vl 825280235R401PheS EQUIP INOPTS. Pro Lys
Pro Lys Asp Thr Leu Met lle Ser Arg Thr 245250255 Pro Glu Val Thr Cys Val Val Val Asp Val Ser His
Glu Asp Ry Glu 260265270 GIn Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
275280285 TEF %g ARG él?r&%r%ﬁ%n ?SI‘R%}E é?}é%‘r@ﬁ%t%%i%l Val Ser 290295300 Val Leu Thr
Val Val His Gin A¥pCPieretimsmniay vt bimayNRJE sotsnderssetubysivpsivaidssribehitys Gly Leu
Pro Ala PReftecGiiut Byarhhie U, 325830380 2480 or&et A9 Gl ddate el RidysdAsTizinMak Ser Leu
Thr Gys I I Val Glu Irp Glu Ser, Asn 370375380
s Lednadtl3en. el Sl SR DAL AR AGAIR 10 GULTIR Gl B8t

Gly Gin Pro Glu Mn Asn Tyr Lys T r Pro Pro Met Leu Asp Ser ) S ‘”E%?i‘ Ser Phe
Phe Leu %f%é}eﬁﬁdﬁaiﬁ)fh APRE PO BMBARG HorsH] da1ssied in et Rsempla Peedser Cys

Ser Val Mbtidhy Gltu6Aavitech 42042 5830 HisuABniddi schyit ¥ hraStbkitGer Leu Ser Leu Ser Pro Gly Lys
435440445 <2108 2AZSZAL DAL SRAZTRIE 523 S0, A2 0R-0R3% A Aialy ynihesized
peptide sequence <400> 242 GIn Val Gln Le \ﬁé In%iJ r Gly A lu Val Lys Lys Pro Gly Ala 151015
Db lle METHURERTB GHF A GIATE PR ) RS ey b it D MG S5 GRE) Net Tttt pro Ty1
Asn!Gly GibTiReSe Teie Repaia bys Rned055601ckeGly Abg MdtuTthsuteTiteAteoAspGlu Ser Thr Ser
Thr Ala Tﬁy&@i&ﬁ@@%@sﬁéﬁeﬁw%ﬁf%ﬁfré&%ﬁé@:ﬁ&@%ﬂ!ﬁ@%ﬁeﬁ%ﬂﬂﬂ@'ﬂd’é Iya&-zv&ﬁ%(;%hAIa |
Arg Asp Ty Thr Leu Glu_Thr Tr 100105110 Gin G r Ley Val Thr Va
Ser Ser ﬁgggrﬁﬁ%fe @ng S%érﬂlfg%f%ﬂ%\;{aﬁ%ﬁ%{) 1o Tedr }&%%ﬁ?g gg?eg%@ 1§V2’r‘°f*hr Ser Glu
Ser Thr AMSIBOYES ¢ a5usslizies acyibygas«dtoiartys Asp Tyr Phe Pro Glu Pro Val Thr Val
145150155160 Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala 165170175 250 Pro

Ser Her mg%&%;%ﬁy@ ﬁ‘{%{é{faifgﬁ %éﬁﬂ éﬂ%és‘p {%&%5200205 Lys Pro Ser Asn Thr Lys
Val Asp Lys Thr Val Glu, Arg Lys Ser Cys 210215220 Val Glu % , Pro Pro Cys Pro Ala Pro Pro Val Ala

Gly Pro Ser Val 2 POSUTSBIETCET P HETSY S BHS FYSLERRS $RRNGRIaNIF IoRFt DEAGH #eg Thr
24525025500 iG REZAITNOSYIOY ahd/ 208/ at vvsptVelly SeT htisuGilnn Asil Requiilce? 6026827 CVREGIN Phe
Asn Trp Ta\ab sl Mal Glual Hisrhsn Al by 265280285 JhE L ¥E H o N8 CldSlydSIn Phe Asn
Ser Thr P& 263 YaLYalRE! $2929R32% CoR1, 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, v1; L chain, x) was

produced by a conventional method.

[Referential Example 7] Preparation of huPM1-SKSC in which the heterogeneity of wild type
30 Ig(G2 is reduced without loss of stability :

Since the N522 antibody is an NR10-neutralizing antibody, its binding to Fey receptor
may be unfavorable in consideratior: of the immunogenicity and adverse effects. A possible
method for reducing the binding to Foy 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 Foy receptor I and retention in plasma, IgG2 has been considered more desirable than IgG4 (Nat
Biotechnol. 2007 Dec: 25(12): 1369-72). Meanwhile, when an antibody is developed as a



Val Leu Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys 305310315320 Cys Lys Val Ser Asn
Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle 325330335 Ser Lys Thr Lys Gly GIn Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro 340345350 251 Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
370375380 Gly Gin Pro Glu Asn Mn Tyr Lys Thr Th{%ro Pro Met Leu Asp Ser 385390395400 Asp Gly
Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 405410415 Trp Gin GIn Gly Asn Val Phe
Ser Cys Ser Val Met His Glu Ala Leu 420425430 His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
Gly Lys 435440445 <210> 243 <211> 447 <212> PRT <213> Atrtificial <220> <223> An atrtificially
synthesizedayeptoeisegnenesiedObe 248! Gin pisi Glarlvdwak Gt endSipWlayGhue\raghlys Lys Pro

Gly Ala 154982 Viald &Y abBk Gaiskys Al 28l S halyk dhhie Jbr &a&w@%}éﬁ fﬁggjl G/Ly Leu
rlle_Thr Ala Asp

lle Mn Prq, Tyr.A Gly.Thr Ser Tyr Asn Gin.Lys Phe 560 \§
GluSerT I}%é%“ﬁ?%g%n%fn%{? )(geﬁg? g#? ]I?Lét? }génr' er (J-:%lk?/g? @g 13 9}@%’# ‘P’Alg varr yr Tyr
Cys 859095 AmArPMdPGRITioRbpiaB @ Thas Pherer aiicalip Frorahsadosd8e 10 Gin Gly Thr
Leu \al ThiziéakiSig SeoMacS ar b héym @R Sesskift20ka5MalRbe Rigkewdadyo Ser Ser Lys
Ser Thr S 01 ; Ly, . Val Lys Asp Tyr Phe Pra.Glu Pro Val Thr
Val 14515%%1[5&{11%; %%%%%ﬁ]‘s%ﬁ S%?Jé&ﬁ A r_ggsT éé%éﬁé%%fa’f'ﬁé“ﬁ‘ ?%%%IOB%’ S&%‘%&é?ﬁ&ﬁn Val
Leu GIn SBIPSBRE S Fetr it Ratibley s arpa apibrdienaf G e00 apsdergomebaser Asn Thr
Lys Val Asparysceiorivédd, Glis predetyd See@ys 2E0216220:Ma GiulGys e BranGys Rreddla Pro Pro Val

Ala Gly Pro:@eliMah2AngaR23a249 Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg
Thr % 5250255 PEO Gﬁlféb al Thr Cés Val Val Val Asp Val Ser His Glu Asp Pro Glu 260265270 Val Gin

Phe Asn Trp Tyr VAPKSH BI5VE BRICSIMEROAEARE SLDBE5 3698 THRS BIBARBATEAD Gin
Phe Asn $8é Pt RlsenaingofE(Zavse s2g0Res800 Ak tesulTof \alavatdtienGivaspud rpadatsMn Gly Lys

Glu Tyr L3053 15320 €5 e VRl Senbsh: ks e Ale i deGhe EYPOEH{OH%
325330335 iaeﬁr LX#%ETW lﬁé% CEBI){ Cjilri’ll Er’eOEA\LE%GHéeI?I’O n Val Tgr hr Leu P%Q 3403 15350 Pro Ser Arg
Glu Glu I\/Fent v ys Ash _ m_l{/a% er%eu 1rl‘ﬂcrfysllflg gg% 85PF82BIy CHFPPS efifAsn Asn Tyr
Lys Thr THEEESIPNSHablisiipa  si-33620u8b54be spagnr-Hédpneiprethe wify tvpefa§a Leu Thr
Val ASp LysnSentxegié054h0445:d sprininetinyGhe AssphakRhe SarnGys-gekMahMat His Glu Ala Leu
4204254 ) Hi - ThK (B er, | r Prq Gl 35440445 <210> 244
1o AR (ol A PR Rt b LR S R A O i
<400> 24X ERN SF GGG B E e rtgoRible gRnopsiPlrasthods for deers2698 Ser Val Lys Val
Ser Cys LygoataSeitGiye Ty rifroRlye i@y Bl 202680t e dvet&shi Frip el g Gindder Brg:Sly Gin
Cly Leu GUTRMEBRIAEAI La e NahThrdin biblaAsh Gluser Hioethphla Tvr
et Glu r.Ser r r Glu Asp Thr Ala Val. Tyr Tyr. Cys a Arg Asp Gly
LeugAsp A%%‘@?é@@%ﬁﬁ%ﬂr& ‘?ﬁ?‘%rﬁ?ﬁﬁ@ﬁ S?L‘fﬁ%ﬂ?@ﬁsﬁﬁ?q_@?%ﬁ% Rp5 P ser Ala
Ser Thr Ly5if Prerdes. 215¢@0ERSvEPPRS FE Q4D NA: R SerdanlysiSer ThESen@heBer Thr Ala
130135146 éiteok eu(GHILYS KL béa kAP sEhE ReRiar Salib&ro Val Thr Val 145150155160 Ser Trp

Ao o G Mg sl A T e S R0 27 G L

NO: 159), huPM1-1gG2 (SEQ ID NO: 160), and huPM1-8KSC (SEQ ID NO: 161), which were

25  prepared by combining the constant regions produced as above, IgG1 (SEQ ID NO: 60), and
Ig(i2 (SEQ ID NO: 132) with the varjable region of the humanized anti-IL~6 receptor antibody
(H chain variable region, haPM1-VH/SEQ ID NO: 155; L chain variable region
huPM1-VL/SEQ ID NO: 156)(Cancer Res. 1993 Feb 15;53(4): 851-6.), were used as an H chain,
and huPMI-L (SEQ ID NO: 162) was used as an L chain, to preduce 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-IgGl, 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/IM 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.



Pro Ser Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His 195200205 256 Val Glu Cys Pro
Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val 225230235240 Phe Leu Phe Pro Pro Lys Pro Lys
Asp Thr Leu Met lle Ser Arg Thr 245250255 Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
Pro Glu 260265270 Val Gin Phe Asn Trp Tyr Val A$B Gly Val Glu Val His Asn Ala Lys 275280285 Thr
Lys Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser 290295300 Val Leu Thr Val Val His Gin
Asp Trp Leu Asn Gly Lys Glu Tyr Lys 305310315320 Cys Lys Val Ser Asn Lys Gly Leu Pro Ala Pro lle
Glu Lys Thr lle 325330335 Ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro
340345350 Pro Sés Aigralin Glo MetThetsyenAgithe ronssS eediow fitm (sl list 385360365:dal Lys Gly

e T B A T S LR 5L SR L
er Lys Lou Thr Val Asp | r r in Asn Va er Cys Ser Val Met
His Glu A%”ﬂ%ﬁ“ﬂ?@h%ﬁg% S Asn%{s?&l“ﬁr’ﬁ‘ﬁ‘réé‘?ﬁgﬁﬁ}s é?i%gdé%rcﬁ%%dé‘@% RSPy S8 440045
<210> 24Beleasngisyras i SK PR pozsiargsegion ¢idl did possufddsnin inpincia e dytessizety peptide
sequénce <400> MAqin Mabtdn ik devWiabtlasSesiahnMabd Vald ysméraPaes il Ala 451015 Ser Val
Lys Val S ! T T | 20 lle Met.,Asn Trp.Val Arg Gin Ala Pro
Gly GIn G%t%éé %%5‘{% ri;a %%‘%a%gﬁ% 4}%{5& §}E%EOI PE(T&%%%%QPG%%%% ﬁ@péqgi/ﬁfﬁtﬁ%g#%@sn GIn Lys
Phe 5055867858 {et éih“ﬁeﬁﬁ Larss e SEb NG %rt@WA%%WWW%WIWﬁ@wM@Ala Arg
Asp Gly Leaaspésii@iniRed HydiTfreMed @anSep TepBhyehQQDEE) (VIGIECIWEbLEY Vakdhr Val Ser
Ser Ala el ve R385 13120125A e Rind UAle.L1a RET.SeE Lysfgrghr fer Clu Ser

Thr %a 130135140 Ala Leu Gly Cys Leu Val Lys Asp Tyf Phe Pro Glu Pro Val Thr Val'145150155160
Ser Trp A 4P @ﬁpﬁﬁﬁéﬁe%?péglﬁﬁ@@g%ﬁ?ﬁgﬁﬁﬁ%’Fﬁrglﬁéfﬁrf%@f% feratyton RSt Ser Gly
Leu Tyr Seppetrsey Sar xakioy a mafevad (BB1851 80 WS Sps&/Mn IR IBly. THIGIN Thr Tyr Thr Cys
?igz\glzﬁzwtdggﬂﬁz?@%% nggiﬁ’,ng@m@mpg E@MSO@@_FE&@&&B%{EBKE@\%M @i%_@ﬁé!% 5{’6%35 .

- e ro ro,Lys r let.lle-Ser. Arg ro
Glu Vval Tzﬁ%ig‘i/%‘vg@é?@éﬁgﬂ\?%?@ﬁﬁ?s“éﬁ &gg?él% %?E MMW% sn Trp Tyr Val
Asp Gly VBF@}EWHWA%WCEWW%M@Q e 1o PRy Chbsiing itPhe IA6mSer Thr Phe
Arg Val VabSer290295300°¢al T ddheivalidalddiscobbRbrd by DSC Asivd uSIEIUTEYr trys

305310317@%%%19&@015)&%\%%%9&@1% 1 ys: Gl %glgoielgeﬁ)r& lle Glu Lys Thr lle 325330335 Ser Lys
Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 340345350 Pro Ser Arg Glu Glu Met Thr Lys

Asn Gin Val Ser Leu Thr Cys Leu 355360365 Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu

Ser Asn 37887%380 Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser ,

385390395400..260.1rn. Gin Gin Glv Asn ValPhe Ser Cvs Ser Val Met His Glu Ala Leu 420425430

His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 8 > 246 <211> 447

<212> PRT <213> Atrtificial %@m& An artificially synthesizedfm}d'e equence <400> 246 Gin

Ser Gly Tyr Thr Phe Thr (3% Tyr 202530 Val Met Asn Trp Val Arg Gin Ala Pro Gly GIn Gly Leu Glu Trp
i

Met 354045 Gly Leuéﬁé iwl:g@kly Thr Ser Tyr Asn GinMPh%OS%O Lys Gly Arg Val
Thr lle Thr Ala Asp Glu Sér er THrATa ¢

yr 65707580

huPM1-TgG2 93. 9
huPM1-SC 86. 7
huPM1-CS 1 86.4

huPM1-SKSC 93. 7

The Tm values of huPM1-IgG1 and huPM1-Ig(G2 were almost the same, namely, about
94°C (1gG2 was lower by about 1°C). Meanwhile, the Tm values of huPM1-SC and



261 Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Leu Val
Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 115120125 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
Ser Glu Ser Thr Ala 130135140 Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
145150155160 Ser Trp Asn Ser Gly Ala Leu Thr S Gly Val His Thr Phe Pro Ala 165170175 Val Leu
GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 180185190 Pro Ser Ser Asn Phe Gly Thr GIn
Thr Tyr Thr Cys Asn Val Asp His 195200205 Lys Pro Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys
Ser Cys 210215220 Val Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val 225230235240
262 Pro GPVE-FAreye apai&iawhish Vad Serifiis@iuldspPenGius26026BR7A0IMAL Gid Phe Asn

%IO 'IDF/\F Vﬁhﬂ\'ﬁ;ﬂl %/’gk%li\é al @Alih\é%kg%ﬁ}%/w M%ﬁiﬁ%ﬁﬁ’%ﬁﬁ@dﬁ@ﬁé@aﬁé& GAu(S %@éﬂf&e ﬁ\_sn LSer
r Phe al Va al His S sn s GJu Tyr Lys
3053103%%%%% y%iélg?% P ‘9 mc/S\Ia =1 %%ﬁ?}}@*hrgﬁ?@%gﬁé 3§%eryLysy
Thr Lys Gijponagkzgias Q‘@F&@ﬂ)ﬂ@ﬁ? WLW%1MSW®CM@K§MQ et Thr Lys
Asn Gin \Aaclos&emmeﬁarz@ysﬂneurﬁ@&f»a@Qﬁégrvgiﬂ@marﬁhelalaeewnfém &%&%&@ﬁé@ly alglu Trp Glu
Ser A P, T Pro Met S

er Asn %ggﬁﬁéﬁﬁ%&}xa% b Gawmmggﬁ%s HapLhrREE 58mEe SAane B Rresies 263

385390395400 As Ser Phe Phe Leu Tyr
His Asn HRSS/ hﬁﬁéﬁr}’ﬁ%@eﬁ@ﬁ@@ é%ﬂs%‘? 2] @EM}S(&%@HG E@i@mma&;zﬁlgﬁam
<212> PRT <213Buﬁmmwe§2®ﬁpaﬂﬁaﬁofﬁm Bificiethheyrihesizees Peptictehaghense:sdan 247 Gin

Val Gin L@M@A@@ B GARGILNA s bun B el ARIRA0IR RerYallya X § Sfs Lys Ala
Ser%y é‘}i@y lle lle Asn Val Arg Gin Ala ’Pr eu Glu Trp

40 y Leu k 3%%5% @E?@Iywﬂ’lf"égel? %ﬁ%lﬁa@? 8‘5’%"6’@? E%hély Arg Val
Thr lle ThioaRs Issp AL der{Se Falbrdateaind@Bno7580 tdalt. G ThecurBerden besk AngdSEr Glu Asp
Thr Ala Vg@aéyﬂm&uﬁlmnzﬁét &ig @w@ém\f}aﬁw Yal s RResiiasel TAEG G Pro Ser
1151201%% }/ago Qe Pr l{hAé Sﬁn Ser T%%r Glu S r Thr Ala 13 35140 Ala Leu Gly
Cys Leu Val Lys Eg?u 5 LESH ERPAla Leu Thr
Ser Gly v&aa%%@%%%@%kﬁﬂi%%&?@h@%ﬂ%my Mprm@mmmmﬂ val Val
Thr Val 1864 8a120-Rige sty SEnitsr Fhe GlysThy Glauddr Fykubv Cys Ash\elAspHis 195200205 Lys
Pro Ser Aﬁﬁd%fsh e\s’@'tﬁﬁ%&%&J % ?én? i A8 LS %(Eé@ G198 %‘ig%' GMGye BIo FIo Cys

Pro Ala Pro g 0 Ser V 225230235240 YSRGS L3S SXES Thr
Leu Met 118 8%%?%%@5@5@%5 1868 \at €75 PHrESREN WEWPV&“&SW@WW&’F @RJWHB Asn Ala
Lys 275283285bThelsystiRiamAhg Gl Gim@indRiverdse GetthrdieacdyeyBiiCal $erBo0295300 Val Leu

Thr Val VabidisQiamdse, T bey &M&aﬁaﬁ'g&@rﬁ&@;ﬁ%&h@%&éﬁ?@fﬁa{ﬁ&%@'b er Asn Lys Gly
Leu é‘ro Ala Pro lle %Iéj (gr Thr lle %25330335 S%11 gls Thr L s Gly Gin Pro Arg Glu Pro Gin Val Tyr
Thr %ﬂ%ﬁ% 8 S ARG GIEEGTEEMBOTHPES ,&EH’ } &4y Thr Cys Leu _
355360365 Val L{s GreppRs FWWr@ssgﬁb&mnﬁéaNaemneia T ibeSercAsrBit9326380:GlynGIn Pro
Glu Asn Awﬂngd.;ﬁégﬁﬂ bftgcarﬁagaadwatdhe@uAsp«&&h&ﬁﬁ%%&%%ﬁ@ Aam@%ﬁx% %J&%Eﬁ{%:keu Tyr

o G R S BRI B O Y e e s
msufﬁmem from the viewpoint of heterogenezty and stabzh‘;y, and that 1t is only possible to
25 significantly reduce the heterogeneity while maintaining the stability comparable to IgG2 by
additionally substifuting 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 JgG4 while it is



<210> 248 <211> 447 <212> PRT <213> Avrtificial <220> <223> An artificially synthesized peptide
sequence <400> 248 GIn Val GIn Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 151015 Ser Val
Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 lle Leu Asn Trp Val Arg Gin Ala Pro
Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle A§g Pro Tyr Asn Gly Gly Thr Ser Tyr Asn Gin Lys
Phe 505560 Lys Gly Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr 65707580 Met Glu Leu
Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro
Tyr Thr Met Asp Tyr Trp Gly 100105110 267 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Glu
Ser Thr AlF3oE3n180ARFediErtioysihe amne psidspt Bl-ptwteroGiosRionyal T 5V and
145150135160 ibekehiprisn SeUG A igheud MOl faly-MalHis, HitRheRrafis Ja@&llg@lﬁé Val Leu

Gin Ser Sgr.Gly. L eu T | Ser Ser Val Val Thr Val 180185190 Pra Ser Ser Asn Phe Gly Thr Gin
Thr Tyr Thr&Cy:s? Asnt\(}éﬁggpelﬁeg %&?(%%ge&}é Pro- %\y ,&%Hﬂﬂ%ﬁ_rf/ss \9%I Arg:bn Ery}%gﬁlrc \%il Glu Arg Lys

Ser Cys 215516358 Varé&hrts psopiereysit 88/ mriiPtevarmiaendmorsseatad 275230235240
Phe Leu PheiRgohRronlnesaPEa bysnhsnEpotidun\es ke IsenAsg:Ehin245230260 Rronéludvalohbr Cys

Val Val V Hi . - Arq Gl " Phe A
ser i S S R A S o

V.
Lys 305300318350/ (57 FHalR slo ReRa G raipY S s lberh eld2anf en i 4Redisigh30335 Ser
Lys Thr LjerGép®ire.Pac AR GRER i G- ¥a) PyndBited is Refar84@BE5a6pIPToiS ehitgitslu Glu Met Thr
Lys Asn GifeMabRerlesitiNg Gslay BaRBE086R1YA ¥hE N RIS 502 6L AsRdie Ala Val Glu Trp
Glu Ser As %%75%?0 %W Gin &o lu Asg 'E r Lys Thr Thr Pro Pro Met Ley Asp Ser
38550030LA0 RS B PR SR RO T} & 1T BT R RS PR RA 4 BATORM 5 Trp
Gln GIn Ghypmse var pride paoyenseiniomdtrs Grallkailang 1004k5AeE bisasmgisiTyrThr Gin Lys
Se_rf 'L'elfl SehheuddeikRyo %&y&éﬁ%&i@éﬁ@@ &8&2&3&%&2@3&3? ?@ﬁ%gﬁ%@é@rﬁ%@ﬁ A\;‘ N
artificia Y. | < n N Lel. 1IN Ser. a u val LyS
Lys Pro Gt%/ % a %El?gf}ge%%%%@#s%\%%ﬁ% sgiﬁp/éﬁmsggflﬁ% %S#ﬁ%%%ﬁ% S 8¥§ #$ 202530 lle
Met Asn THYAPHRATES 7 EH‘F‘%@@%H?@?&%?W@&M& 35apemeyiregiteseaPOMiA Asn Gly
Gly Thr ASIETVDASH :GRP] waRheduOabbpiitysdtdynAedl Vel FHuvienthiidda Asp Glu Ser Thr Ser Thr Ala
Tyr 65707580 'V'%@Bkﬂn%khi%ﬁfaﬁ?ka@ﬁtﬁ{&x%?B@Mﬁ%@ﬂ%%%\!&bﬂ%ﬂrh%§3??§ESA Arg Asp

_ Y r

Gly Tyr sp Gly Pro Tyr T, Gin'Gly Thr Leu Va al Ser Ser
Ala Ser ﬁc@ﬁaﬁy Ef%(ié-ge" $

t Tyr Trp Gly 1001
g”‘lg@oz“%)&ﬁaaﬂéu eBeArEy ARy Isthehe Pro Glu Pro
Val Thr Vé&stababiuReten S ExeppierT Serte y#artwPM Sk G IFEQIRINThiahe Pro Ala
Aanhe Gy Thr G T T ThL Ea Ao cn s Do e e B e Vel Ap

sn.Rhe in r Thr sn.val. iS ys Pro Ser Asn Thr Lys Val Asp
Lysqp r\}%yg?&{g%a}ﬂ}%g .eﬁi _yéet%/cgﬁﬁgﬁ%%\%?%%%ég lﬁr)ci)aﬁ’lpoﬁ3 Clyys Pro Ala Pro Pro Val Ala Gly Pro
Ser Val 2252302453207mre Figw Fhtheheipegngipisilsonsgured induRMi i 1des rg Thr 245250255
Pro Glu \iaiPMit-€gSs®al Val Val Asp Val Ser His Glu Asp Pro Glu 260265270 Val Gin Phe Asn Trp Tyr
Val Asp Gly Val Glu Val His Asn Ala Lys 275280285 271

[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 JgG1 antibody. For the heterogeneity in the C-terminal sequence of the T
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 desired/related substances between products is not easy but rather results in increase of cost,



Val Leu Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys 305310315320 Cys Lys Val Ser Asn
Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle 325330335 Ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro 340345350 Pro Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu.
355360365 Val Lys Gly Phe Tyr Pro Ser Asp lle AlBval Glu Trp Glu Ser Asn 370375380 Gly Gin Pro
Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser 385390395400 Asp Gly Ser Phe Phe Leu Tyr
Ser Lys Leu Thr Val Asp Lys Ser Arg 405410415 Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met
His Glu Ala Leu 420425430 His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445
<210> 258d2Yif thus gesisebibap oy ebsianca PRRIBIPES?S «D2 singin wbstivietipssy mhdsizawpaptide
sequencewy@Dm 2bAbGdn Vdk GiogaalnViapkatim Teufbl Aatekiol ak bysHeys R Gl ARk 015 Ser Val

Lys Vel Sopys L ABSR B YL THPOREY Gl 208530 I o A5 T Vil A i Al Pro

Gly Gin Gly Leu Glu Trp Met 354045 _G%/ Leu Ile Asn Pro % y Thr?
Phe 5%5%%%‘%% VAFTHM TR A5 B s P s T abihg preirdy 5BOriABIGIU Leu
Ser Ser Legvsrgisen@oddsiosthr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly Pro

Tyr Thr Met Asp Ty d rtBe%lYeﬂa%%Qﬁés]c?ﬂ@f‘b@l!}{v-r»b&k%\4%Iéﬁrt}{c?lte%%er%ﬁ{ﬁ‘%?g%lﬁs%mlg% 4%1162%; g)er

Ser 115120125 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser

Trp Asn Ser })C/hﬁjﬁ PEgrafresy %@WM %‘ﬁ%ﬁe"%ﬁ’&m SEBTPRCA Al PRATREGPIEEFISE Gly Leu
Tyr Ser LeesSerSapvaey as Rmpaatd 801EE1008%h Sut tBehero Rinei@IgeTinedSiosd willlyryihr Cys Asn
Val Asp HigGh982000kbysRieSaihsn [b8E d8@a¥alfsp Lys Thr Val Glu Arg Lys Ser Cys 210215220

Val Gju Cys Pro Rrq Cys.Pro Ala.Pr al ly Pro Ser Val 225230235240 Phe Leu Phe Pro
Pro %/s Pro Lys EEB“(’I:% %’Jﬁgﬁ i}/(j—:?"sgeﬁr?S Atf’g“ﬁ%] %2%%%@6? Wa‘f’é‘ﬁ %ﬁs Val Val val Asp Val
Ser His GHOKEpPEts boomesity varaiiormebedie it e Gimgretpraanticeisar iis Asn Ala Lys
27528028bdtbed, yhutroidag GiRBnGindRng Astiset ThBhakweal Wah SRc280295309 274 Cys
Lys Val S Pro €,325330335.S¢er Lys Thr L ly. GIn Pro
Arg Glu ré%%]ﬁ\%? 'gil%%gr%ﬁ%% Igggdgﬂ{gg%%%%%%%ﬁr%gﬁ C§ %%fu%&%%%%%&%%@gl Ser Leu
Thr Cys LEU3BES6AEE AP EI BN 417 BIS §BfaRYp 1% Ia v AR T i B d9e Asn 370375380
Gly Gin Preb@imtkes. Ay by $yThe ThpdRrdoRPrd4dend dd7AsprSd:) 385 300395400 Asp Gly Ser Phe

Che Lo BUESREANR LATb Yo on s Se R BRA TR G an Sty el e Ser s
er va e aLeu IS r rGi ' er erLeu ser Fro Gly Lys
4354404%&%% %fﬂ%&‘gé{dgﬁégﬁ@ %ﬁﬁﬁd&@ggbi%%%m D ¥R 58 hthesized
peptide s&fdethedn Y75 exprssiedipdviet Tit SithSoethed Swc8erd imESanptaiSer Val Gly 151015 Asp
érlg Val Thr lle THrHeysrvg ~m&5§ﬂgﬁﬂ4fgm}u&1@}{@@13@?2%@%&&%@(\5|@Jﬁ% M;@Sgar@a@ LyrS] Pgo
y Lys ; ey lle 354045, Tyr. Asn Ala Lys Thr Leu Ala Lys Val Pro Ser Arg, Phe Ser
Gly %SSA%%C{;%%bgy gﬁe?héfﬁ%?%ggsﬁ%%#ﬁlﬁ}éu Z?ﬁ%/lgsggrcg%é? gyﬂcl:'énr‘g ¥8I 8@?&%@%‘@5%Asp Phe
Ala Thr T fyFEpe®iRl s His Tyr Glu Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr Lys Val Glu lle
Lys Arg Thr Val AlaeAtadOfFIDSC10 RoovBar MalPTe |l PlieRioPrSanAsp GlhGinlauskys Ser Gly
1151201 HASH TyLRea A | 13Q135140 Lys Val Gin
Trp Lys V%gai%;ﬁ%r? %g\;{&% %?rﬁi ééetr G ;Jn Egﬁer%in%ggigé%%g%q%%@g%%gri'geu Thr Leu Ser

Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
25 Table 18




180185190 Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg
Gly Glu Cys 210 <210> 252 <211> 214 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 252 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser
Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg Th¥%Ser Glu Asn lle Tyr Arg Phe 202530 Val Ala Trp
Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle 354045 Tyr Asn Ala Lys Thr Leu Ala Lys Gly Val
Pro Ser Arg Phe Ser Gly 505560 277 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin His His Tyr Glu Ser Pro
Leu 859095 Thr Phe Gly Gly GIy Thr Lys Val GIu lle Lys Arg Thr Val Ala Ala 100105110 Pro Ser Val

Asn Asn Phe Tyr Pro Arg GI Ia 130135140 Lys VaI Gln Trp Lys V sp Ia Leu Gln Ser Gly
Asn Ser GIn 145150155160 Gl Thr Glu Gin Asp Ser Lys A W yr Ser Leu Ser
165170175 Sek- ; LS8 190 Ala Cys Glu

Val Thr His GIn Gly g Pro aI ]@ yS Ser 195200205 Phe Ar GIy GIu Cys 210 <210>
253 <211> 214 <212EF§R? J% $78 <220> <223> An art .Ly thesized peptide :
sequence <400> 253 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp
Arg Val Thr lle Thr Cys , i ﬁ Tyr Ser Phe 202530 la Arp Tyr Gin Gin Lys Pro
Gly Lys Ala Pro Lys Ligih L £t & n Ala Lys Thr Leu Alawly@al Pro Ser Arg Phe Ser
Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580 Glu Asp Phe
- Ala Thr Tyr Tyr Cys &1 Eﬁ%ﬁh peprgarARro Leu 859095 Thr Ph Gly«Gly Thr Lys Val flu lle
Lys Arg Thr Val Ala b BelWal Phe lle Phe Pro Pro p{Glu Gin Leu Lys Ser Gly
115120125 279 Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 145150155160
Giu Ser Val Thr Glu Gﬁﬁm M%r Thr Tyr Ser Leu Ser 1 178ySer Thr Leu Thr Leu
Ser Lys Ala Asp Tyr G 180185190 Ala Cys Glu .hr IS Gln Gly Leu Ser Ser
<213> Art|f|C|aI <220> <223> An art|f|C|aIIy syntheS|zed peptlde sequence <400> 254 Asp lle Gin Met

Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg Thr Ser Glu
Asn lle TykSersbe 2021301 2308 Tyr Alasacteysidihr Leu Ala Lys Gly Val Pro Ser Arg Phe Ser Gly

505560 Ser Gly Sﬁfe%}bﬁa—@e@‘?&egngnTQfOW&IMa%% o ?%% %%&Je%!fe in 1%5#%%? E%S\glef‘ (S_"-;Fl)uplreeI:AyI :‘

Thr Tyr Tyr lu Asp Pro Leu 859
Arg \é’f‘ﬁéﬁ?%ﬁéi% 8y &5 31 BB ORI 155 @@kﬁ%‘ﬁ @ﬁf 8y bepesa-Ser Gly
1151201@5*%«‘W@Eé’(8br’1’1/5a2§&al Wieheuchmorsd hsncRtiesdiye vz ApShs AdaliG0a35446sLys Val Gin
grp tys \A/ah&w%m @A@&@H&%@&%&h@“‘?ﬁho1@%§@#§&§9$§é&@ﬁﬂh A %%%Balic%l)%af %lln ALsp .
er Lys er r Leu.Ser,Lys Ala Asp Tyr Glu Lys His

Lys Val T%S@isﬁqé’g /is Eas %‘l %gf’éé? 966%‘? it 1582€ed 195200205
Phe Asn AgeRs ey ta;kaﬂ @esm@@q&mdwmgﬁimwmmmm@ﬁ@m EZ23> An
artifidally isynthesizegpepite tequence ©400R250 SisnvalaiokeprValein Ser Gly Ala Glu Val Lys
Lys Pro Gly Ala Jo&08e antibodies are known to include IgG1, IgG2, 1gG3, and IgGé isotypes.  The

plasma half-lives of these isotypes in human are reported to be about 36 days for IgG1 and 12G2;

about 29 days for IgG3; and 16 days for IgG4 (Nat. Biotechnol. 2007 Dec; 25(12): 1369-72).

Thus, the retention of IgG1 and Ig(G?2 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 FeRn by altering the sequence of IgG
constant region (J. Biol. Chem. 2007 Jan 19;282(3): 1709-17; J. Immumnol. 2006 Jan 1176(1):
346-56).

20 There are species differences between mouse FeRn and human FeRn (Proc, Natl. Acad.

Sci. USA. 2006 Dec 5;103(49): 18709-14). Therefore, to predict the retention of IeG
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 FcRa transgenic mice (Int.
Immunol. 2006 Dec;18(12): 1759-69).



Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 Val lle Asn Trp Val Arg Gin
Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu lle Asn Pro Tyr Asn Gly Gly Thr Asp Tyr Asn Gin
Lys Phe 505560 Lys Gly Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr 65707580 Met Glu
Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr T§# Cys 859095 Ala Arg Asp Gly Tyr Asp Asp Gly
Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 282 Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
Glu Ser Thr Ala 130135140 Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
145150155160 Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala 165170175 Val Leu
Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 180185190 Pro Ser Ser Asn Phe Gly Thr Gin
Thr Tyr Thyseasnisn 3 ahAspdiis $9R20020MELYSs Pro Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys
Ser Cys 2102152 u Cys Pra.Pro C ro Ala Pro Pro Vﬁll.Al (;5' Pro Ser Val 225230235240
Phe Leu Phe Pro %%%Xﬁi g ég%%%og c%ﬁi‘#ﬁ%f Ii?@%%?f)}ilr‘g Fgﬁ?l% g\)@%%'eif%” BRPRERAr Cys
Val Val V&Fﬁ@povgf%gpﬁgeém“ﬂ% R GRIEe0e5Z10 B8R FHd (W RHIRRY@GIZ BTGk )Phe Asn
Ser Thr PAeDATY Yapived!Secda0POb 300 M akche w I yrbiak Mabii ORI BsAghTHm SO MR YS Glu Tyr

e oG S G b ARl Sy il S o

Lys Thr Lys Gly Gin Prq Arg Glu Pro Gin Val Tyr Thr Le (

Lys Asn Cﬁ%ti}‘gﬁ%é)r\rpﬁ‘e%aﬁfz‘é% 1@&‘@%’%8@%@‘@3@%@%%@%@? prersdiukggomaia Val Glu Trp
Glu Ser AspnB087 ¥880Gi rGlivP@el Glul AsPPAswaEApyiEa b FCRraRY inddetd BioASRSRE]
38539039400 Asicin SiRine Bﬁﬁd—@éid%ﬁ@@;{cb}ﬂ%ﬂt@ﬂayﬁo}@}#ﬁg@ﬁé?f 349 402410415 Trp
GIn @n Glyi Ac\g I P.hecher Cys Ser &%l I}Igt HﬁGI ,IgﬁLeu 420425430 His Asn His Tyr Thr Gin Lys
Ser Leu Serleu SefPro SR TR aEI% 0548 A% RFUSR-E2-RHGREP BRI 3> An
artificially SR8 28 st e wdg BeinkeS<4082- (266 8PS €513 KREOTHr GINIBek PraxSert Ser Leu Ser
Ala Ser Velaiink5he Wadispehegvabipidie TPCR:6GiR MithSEFSIL ASD-BeJykArg Phe 202530 Val

Ala Trp ngégh@&gy@%mwdﬂgg@?b@gz %%3? 1'6‘@3?‘*‘8%%}%5‘5@%% gﬂﬁéﬁ@é@?’ # s Thr Leu Ala Lys

Gly Val Pro Ser Arg Phe Ser Gly'5 ) Ser pPhe 1€ S&r ser Leu Gin
Pro 6570?%%“&4@%%@5@%&8%?%?1% @Eyéﬁﬁwmgwmgﬁl@evmm AlemidBaesifihr Phe Gly

Gly Bly Theitysiviaie!sigtellyesa gV Al Yiao0l106dd By RrorSeidMaddihe ieoRhe:RigiPro Ser
Asp Glu Gy leﬁgréééﬁzé%c%ky&&%%%%%@id%%%de)é%e.\é%%%}{r %X\é%@eﬁfﬁﬁ@; Ly lp Ser Gly

Asn Ser Gin 14 ?]@E%I’%% % er Val Thr Glu Gin Asp Ser Lys erLeu Ser
165170175 Ser THY L&t TR SRRy SR Ah bryPER b eydndiarpydvs Tyregoamssbo Ala Cys Glu
Val Thr HEaSNdS fp1 leur@eF ey Rrbplabithedlybufie mtasRORMER heoan Mg nGhydays 210 <210>

257 <211pidds sake>RRE2ABmANIfiRiab 5220%:15323 Anartifoialisypiiesizag peptide sequence
<400z 25 i% Val Gin Lelfl Val Gin,.Ser Gngla %u Val I_é/s Lys Pro Gly Ala 151015 Ser Val Lys Val

|
SerCys L %%A gggxé)r élllpP yerﬁilﬁrri'Phe PGy Fyr 202538 SR B RRASH By Gly

Thr Ser THASFPERIPIS/S R 50% S6meryRam B iRag Rase Dy i ermethial AspiibeiSed. ThmSeoThr Ala Tyr
6570758000206k 1L a6RBr:ILr-Beu AngedeiGhs AsIHTAOAI R MaTyed Ty Gy SRPH95 AlarArg Asp Gly
Tyr Asp %Cﬁgaﬁﬁga{%( Thr Met Asp Tyr Trp Gly 100105110
The binding to human FeRn 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 humen FcRn.  Specifically, Protein L was
mumobilized 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 wes 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 FeRn injection.  This was fitted by the steady state affinity method to calculate the
affinity of human FcRan for the antibody.




GIn Gly Thr Lou Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 115120125 Val Phe Pro Leu Ala Pro
Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala 130135140 Ala Lou Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
Pro Val Thr Val 145150155160 Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala
165170175 Val Leu GIn Ser Ser Gly Leu Tyr Ser L& Ser Ser Val Val Thr Val 180185190 287 Lys Pro
Ser Mn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys 210215220 Val Glu Cys Pro Pro Cys Pro Ala
Pro Pro Val Ala Gly Pro Ser Val 225230235240 Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle
Ser Arg Thr 245250255 Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu 260265270
Val Gin Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 275280285 Thr Lys Pro Arg Glu Glu

Gin Phe Ag8ifekd RERien A VALWA 2652802953000V 2 68 Uk Yol VRl IS, GIRASR. LR Leu Asn
Gly Lys Glu T&'ﬁ ¥ 305310315320 Cys Lys Val Ser Asn Lys Gly Leu Pro Ala'Pro Tle Glu Lys Thr lle
3253303 hr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 340345350 Pro Ser GIn
Glu Glu Met Thr Lé%;&gﬁw%?@éﬁib&ﬁﬂ -tefl |9ad BEEYEORES 1288 Gly KsRnPrarGissdsniAsn Tyr

Lys Thr ThsiRr@Prockdet léemﬁﬁﬂa3&!‘&‘3539&395&%1@%@@%%@hﬁh@ﬂ@iﬁ-%s@féé&&% Leu Thr

Val Asp Lys Sgh, rﬁpgﬂ%ﬂoﬁﬁg)&piga su Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
420425430 His Asn HisTyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440445 <210> 258 <211> 530

<212> PRT <213> Homo sapiens <400> 258 Met Met Trp Thr Trp Ala Leu Trp Met Leu Pro Ser Leu
Cys Lys Prable58015 Ser Leu Ala Ala Leu Pro Ala Lys Pro Glu Asn lle Ser Cys Val Tyr 202530 Tyr Tyr
Arg Lys Asn Leu Thr Cys Thr Trp Ser Pro Gly Lys Glu Thr 354045 Ser Tyr Thr Gin Tyr Thr Val Lys Arg
Thr Tyr Ala Phe Gly Glu Lys 505560 289 65707580 Cys Ser Phe Phe Leu.Pro Arg 1e Thr lle Pro Asp
Asn Tyr Thr Ile 859095 GIu Val Glu Ala Glu Asn Gly Asp GlyKE) g @ His Met Thr 100105110
Tyr Trp Arg Leu Glu. e Ala Lys Thr Glu Pro Pro Lvs lle Phe 115120 Arg Val Lys Pro Val Leu
Gly lle Lys Arg IIe lu 130135140 lle Lys Pro Gly Leu Ala Pro Val Ser Ser Asp Leu Lys
Tyr Thr Leu 14% %@ﬁi g é rg Thr-Val Asn Ser Thr Sel‘l;r[ﬁ@t Glu Val Asn Phe Ala
165170175 Lys Asn Arg Lys Asp Lys Asn GIn Thr Tyr Asn Leu Thr GIy eu GIn 180185190 Pro Phe Thr
Glu Tyr Val lle Ahltfgmﬁl ,;’,‘ al Lys Glu Ser 195200205 Trp Ser Asp Trp Ser Gin Glu
Lys Met Gly Me 20 C‘ 290 Ala Asp Gly Arg aI Arg Leu Leu Trp Lys Lys
Ala Arg Gly 245250258mida-Rrosairetreimiyame G imiohei-Homh i myRie 260265270
Glu g}'er Mn Thr Mn Leu Thr GIu Thr Met Asn Thr Thr Asn Gln Gln 275280285 Leu Glu Leu His Leu
Gly Gly Glu Ser Phe Trp Val Ser Met lle Ser 290295300 Tyr Asn Ser Leu Gly Lys Ser Pro Val Ala Thr
Leu Arg |ibsPaesiatat30584 0B353 26 4t @Rin Giuby S Sor Phedsinc@ysdle Glu Val Met Gin Ala Cys Vall

325330335 Ala @&@&5@%@4 Mahbys BRG ;ﬁe%@@m_ RO 2R Asn Thr Trp
Met lle G%lﬁp Phe Ser Glu Pro Th g §Q hr Leu Ser Trp rVal Ser Gin
Ala Thr ASNCTrp ThY e B %’7{%?36\5 e@l‘r’f’z}@ﬁsﬁ%’{ ﬂ% PERPREEVE TV NERIRaISer val Tyr

Pro 385398395200 109sluskaniEreliops GllaG e PraSertGiui@lyuRrol @i Wi dojisdval 6lu Asn lle
420425439 2dyrised iyse Fbinvéal Tine WeiiEbied mdems@éqdiﬁlgdﬁz Ly S8 fald ARG %%f%ﬁ%ﬂ%‘ Gly lle

lle Cys Asth T Y in AIa Gl 460 Gl ly Phe Ser L r Val Asn Ser
Ser lle Leu %m T%/%r46$ % é%}%ﬁ e selyara asma w SI‘TXI‘&S X a freezer at or

below until use. The plasma concentratzon was determined by ELISA.

W WS- TP

Predictive assessment of the plasma retention of huPM1-18G1 and huPM1-MS58 in human using
20 human FeRn transgenic mice
' The plasma retention of huPM1-IgG1 and huPM1-M58 in human FeRn transgenic mice
was assessed.  As shown in Fig.17, the result demonstrated that the pharmacokinetics of

huPM1-M58 was improved as compared to huPM1-IgG1. It was suggested that the human
FeRn-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



Leu Glu Ser Leu Lys Arg Lys Thr Ser Tyr lle Val Gin Val Met Ala 485490495 Ser Thr Ser Ala Gly Gly
Thr Asn Gly Thr Ser lle Asn Phe Lys Thr 500505510 Leu Ser His His His His His His Glu Gin Lys Leu
lle Ser Glu Glu 515520525 Asp Leu 530 <210> 259 <211> 517 <212> PRT <213> Mus musculus 292
Met Trp Thr Leu Ala Leu Trp Ala Phe Ser Phe Leu®ys Lys Phe Ser 151015 Leu Ala Val Leu Pro Thr
Lys Pro Glu Asn lle Ser Cys Val Phe Tyr 202530 Phe Asp Arg Asn Leu Thr Cys Thr Trp Arg Pro Glu
Lys Glu Thr Asn 354045 Asp Thr Ser Tyr lle Val Thr Leu Thr Tyr Ser Tyr Gly Lys Ser Asn 505560 Tyr
Ser Asp Asn Ala Thr Glu Ala Ser Tyr Ser Phe Pro Arg Ser Cys 65707580 Ala Met Pro Pro Asp lle Cys
Ser Val GiayebiGindfzcGin AsinGhe858088zAkp @tigtyss\aal dopdyBer Aspidle TtmcEytrFipnklis Leu lle

Ser lle 10830510 Q M 5T H(e%@ip Pmé'%@:b%%et\éﬁl &%&E&%H%@&)&%@ﬁw PS5 Arg Met
Phe Gin IIe én Tr s Pro A {fé{hr Ar%‘%&% 135140 Pro Leu VaJ %/: et Leu Arg
Phe Arg Thr aslsﬁsn {5 5615 P REFPEREERP % s Gin val
Cys Asn [REASTRRIGHE. 16@&%&5{%\3@@@@1@%@@@%@ GeRpovsbiieu Aachaurame®hestrg Phe
Asn 18018&30RAIMERE Al T Sesibytsoh PoftklyseGiuGlu [t Araivahtsdea20Q205 Met Glu
Glu Val Pro His Val Leu Asp Leu Trp Arg lle Leu Glu Pro 210215220 Ala Asp Met Asn Gly Asp Arg Lys
Val Arg Leu Leu Trp Lys L s Ala 225230235240 Arg Gly Ala Pro Val Leu Glu Lys Thr Phe Gly Tyr His

AE 215G 20 L S FRIASN Leu Thr Glu lle Asn Asn lle Thr Thr 260265270
Gin Gin Tyr Glu LIéuthMm’hSﬁhz@hAﬂadﬂlﬁﬁebﬂm Seebat %ﬁm&ﬁﬁm{e&ﬂﬁdﬁﬁe Asn Ser

Leu Gly Ly, S8t Lzl %g&%&%%% gér £:280295940 B AsR-Y albis GlY bys,Ihr RhsGin Tyr lle
Lys Gin 103 Val As Thr Trp lle Val Glu Trp Leu P a Ala Met
Ser g@%é@@ 81% Ry At %ﬁsﬁﬁ%ﬁ%’%@%% Thr lle

Glu G|n A%@w;;%ﬂ_@ﬁﬂy@ﬁmmPh&?h&l@@p@ﬂgﬂomdf@@bv@m&ﬂmmmmﬁ]mm@zﬂﬁp Gly His Arg
Val Gly G%{érgcgyﬁgtp{v&ﬁ ﬁ;@ 89039540 Q Ala Ay ﬁd_gg@lu Gly Thr Pro Leu Lys Gly Pro Glu
Thr Arg V, 0 ILe G Thr, A Thr ys Glu II 420425430 Lys
Ser Ala Arg é% lerﬂ "%” r.% r%%}g e‘ﬁ r‘%)#ﬁ LIS qu Iy Lys Glu Leu
Ser Lys T@F i?&h\%ﬁ%!%dﬂa@é@mmm 58 Agbie&z@lhﬂ@@ﬁm@gtamﬁw@r@@nhr Ser
Tyr Thr Vals]ipAGHia4R4 15480 Va:Metidda SevedhrobrgrAda Gl SynbASH ISl RIoAR: t&%ﬁ

48549049 el Gl B3N RARIALOR 200531 2,03 S842 PRl gf;ﬁ’@“'f' o> <225

esized peptl ence <4 et Leu Pro

An artlflc:la % ?f
Ser Leu C@ ééjlj’ﬁeéel’@%‘i Blzef | e ﬂﬁi‘m%ﬁ P90 B4 eub A 451G AellEser Cys VaI Tyr
202530 Tyr Tyr Arg Lys Asn Leu Thr Cys Thr Trp Ser Pro Gly Lys Glu Thr 354045 Ser Tyr Thr GIn Tyr

Thrval Lﬁﬁ%&ﬁé&ﬂf@&f ) @n%)ﬁ AUy AUARE0; EWeé?&l@K?OTﬂdmﬁ by oh -og? reser

Glu tﬁ asSerb
859095 M rp Arg Leu Glu Asn lle Ala Lys Thr GIu Pro Pro Lys IIe Phe 115120125 Arg Val Lys
Pro Val Leu Gly IEngysiningNMefftiugihviis BRETEP4.30085140i bedy yeaPpee@ited eUORIS [Ryml at Ser Ser

Asp Leu le@pMdEBﬁha&%Ml@@l@ﬁ&@Ql&B&E’E@P&\é&ﬁh& ValAsD $etel s SeLHIRMELSIU Val Asn
Phe Ala 1g3L 704 1248 A A Lo BASRILYS AT G S THaH QSN U Gy Gl 480185190

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

25  reacted at a flow rate of 20 pul/min for three minutes. Then, the solution was switched to
HBS-EP+, and the dissociation phase was measured for five minuies, After measurement of
the dissociation phase, the sensor chip was regenerated by washing with 10 mM glycine-HCl
(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

neulralizing activity against NR10, and are useful as, for example, therapeutic agents for
inflammatory diseases.
35



Pro Phe Thr Glu Tyr Val lle Ala Leu Arg Cys Ala Val Lys Glu Ser 195200205 Lys Phe Trp Ser Asp Trp
Ser Gin Glu Lys Met Gly Met Thr Glu Glu 210215228 Glu Ala Pro His Val Leu Asp Leu Trp Arg lle Leu
Glu Pro Ala Asp 225230235240 Met Asn Gly Asp Arg Lys Val Arg Leu Leu Trp Lys Lys Ala Arg Gly
245250255 297 Glu Asn Ser Thr Asn Leu Thr Glu lle Asn Asn lle Thr Thr Gin Gin 275280285 Tyr Glu
Leu Leu Leu Met Ser Gin Ala His Ser Val Ser Val Thr Ser 290295300 Phe Asn Ser Leu Gly Lys Ser
GIn Glu Thr lle Leu Arg lle Pro Asp 305310315320 Aakklis Glu Lys Thr Phe Gin Tyr lle Lys Ser Met
Gin Ala Tyr lle 325330335 Ala Glu Pro Leu Leu Val Val Mn Trp Gin Ser Ser lle Pro Ala Val 340345350
Asp Thr Trp lle Val Glu Trp_Leu Pro Glu Ala Ala Met Ser Lys Phe 355360365 Pro Ala Leu Ser Trp Glu
Ser Val Sef*GIRASIRAF AL ot Sl heCFI ST §980 8 Ih‘é#{&gb Pch i3S § 8 PR PHBEHMETYE Tyr Asn
lle Ser Val Tyr 385390395400 Pro Val Leu Gly His Arg Val Gly Glu Pro Tyr Ser lle Gin Ala Tyr
40541042, 5 MdahysoBib Sdjaibin PrdileB uslaysusabnbeql elubtakArg Val Glu Asn 420425430 298 Ala Arg
Asn Gly Phe lle Asn Asn Tyr Thr Val Phe Tyr GIn Ala G u 450455460 Gly Gly Lys Glu Leu Ser Lys Thr
Val Mn Ser, His AI&){Z, Gir_1bC s 465470475480 Asp.Leu Glu Ser Leu Thr Arg Arg Thr Ser Tyr Thr Val
Trp Val Mt 28B4 %@ %Y THIRAS ¥ &5 Bly Thr Asn Gly Val Arg lle Asn Phe Lys 500505510
Thr Leu Séempihedyicomiprisisgad ey Gheinyetishi¢licSon Glud1652069%5 CRRAspingui§80 th210>
261 <21imihbGisi@ 32 8T of BEBY Wriificial, QD02 saapa-Miy aktifigially syithesizactRaikie gequence

<400> 2R0MeRITTHI- ey TRARIR SETRAS LS EYTHIENS.F6T 10ADLR, 799 Phe Asp
Arg Asn La%u TQreC S ‘I;Vr.;zl'ﬁp Arg Pro %ngys Glu.Thr o 354045 Asp Thr Ser 1yt lle Val Thr Leu Thr
Tyr Ser Tyr I%/f)}é%_er sn%)é%% 60 Ty Ser RSP ASRRA CPRP R AT SBIeReR PNPArg Ser
Cys 657 %%W%PPFBW%%&%@I Tyacnet YA ELN AN CikArdSIRREs@IyBHends Aspncly Lys
Val Lys 8Sad Agpittecd hf SHEOQTHP Ni3:7eu lle Ser lle 100105110 Ala Lys Thr Glu Pro Pro lle He Leu Ser

Val Asn Pradlefessdsehbehadlan RegMatRhe.ginile ieanapéyg ROSIClbale FREARiElY Phe
130135%@%%@ &goygkgé?m?t .usArg Phe Arg Thr Val' Asn Ser Ser Arg Trp 145150155160 Thr
npP A ys G

Glu Vval e, \SN in’Val Cys Asn Leu Thr Gly 165170175 300 Asp Ser Arg Tyr Trp
Ser Lys s)pagéf“il‘?&ﬁé}f} ERCRIPE QY Par R isssadons mesdniadidertreddsd a/eeiretiedeu Trp
Arg Val beth¢ yatibasip 06215220 lehiziu baken sptiEity Argyisate P o et A Heeantibod ¥ el K soky2)Ala
225230239240 Arg Gly Ala Pro Val Leu Glu Lys Thr Leu Gly Tyr Asn lle Trp Tyr 245250255 Tyr Pro

Glu Ser T : Thr T 2 5270 GIn,GIn Leu Glu.Leu His Leu
Gly Gly gg&%é%éhfg llr_r%{{/% %%&JQ%M?%%S%%%% %Ie%%é%\%%gge?%gg rglﬁ/af)%/isg (glg rcgr%l\//g?ila Thr
Leu Arg?e 9795300 Pro Ala lle GIn Glu Lys Ser Phe Gin Cys lle Glu Val Met Gin Ala
305310315320 Cys Val Ala Glu Asp Gin Leu Val Val Lys Trp GIn Ser Ser Ala Leu 325330335 Asp Val
Asn Thr A radviet:HE R0 ahtibBée WiaspababAspiSer Glu 340345350 301 lle Gin Gin Asp Lys Leu
Lys Pro Phe Trp Cys Tyr Asn lle Ser Val 370375380 Tyr Pro Met Leu His Asp Lys Val Gly Glu Pro Tyr
Ser lle Gin Ala 385390395400 Tyr Ala Lys Glu Gly Val Pro Ser Glu Gly Pro Glu Thr Lys Val Glu
405410415 Asn lle Gly Val Lys Thr Val Thr lle Thr Trp Lys Glu lle Pro Lys 420425430 Ser Glu Arg Lys
Gly lle lle Cys Asn Tyr Thr lle Phe Tyr GIn Ala 435440445 Glu Gly Gly Lys Gly Phe Ser Lys Thr Val
Asn Ser Ser lle Leu Gin 450455460



Tyr Gly Leu Glu Ser Leu Lys Arg Lys Thr Ser Tyr lle Val Gin Val 465470475480 Met Ala Ser Thr Ser
Ala Gly Gly Thr Asn Gly Thr Ser lle Asn Phe 485488495 Lys Thr Leu Ser His His His His His His Glu
Gin Lys Leu lle Ser 500505510 Glu Glu Asp Leu 515 302 <210> 262 <211> 524 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 262 Met Met Trp Thr Trp Ala
Leu Trp{ Mehletitdy Senhasifsys hass P bienitblQ1dh 1S ec dien wWiach leohaur i Rro AR [ ysRpoi sEly Asn lle
?ergg%éadﬂwo%g -E-ercé' H?h ?ﬁflén %@g@' élé}{ﬁaﬁ@{él g%ééﬁhﬁ@a@lysle}ﬁﬁe%@é Iﬁ‘r $ﬁ4245 2er
yr Thr r r. Tvr Ala Phe uLys ys Thr Thr Asn Ser
Ser Thr% lﬁg?sr%\{)ﬂa{) %@6 E’e argel){o i ﬁ uf%?f %W@E hcé 251% Asp Asn Tyr
Th lle SEH8BSIY %ﬁ?&&?&’é’ ?P@WA‘Z%@W/%‘FH@‘W&%‘QF FRRCHFeBABY00. 303 Ser
Val AsnSibid 1 ¥9s 18s £ ARG venPrherGifh daraie Pyl spauenea 862 BE HY Ky Sluangd<tHArg Gly Phe
Pro Leuw:dabGyisdviet bminAkgidBeqeg MAFISOPIDIEOTHY; Val Asn Ser Ser Arg Trp Thr Glu Val Asn

Phe GlyX)sh Giibbas é&%@&g i Xa) SusNaHa81L T G ESHEGID Ales Pheahlikieluehyr Val Leu

180185 W%%%Aé% %’ﬁf D Ser Arg Tyr Trp Ser Lys Trp Ser 195200205 Lys Glu Glu
Thr Arg ro HIS

al’Leu A 210215220 Glu Pro Ala Asp
Vet A AGDATY Ty &ﬁ‘?ﬁ%%@%ﬁz’%ﬁ%@% R A, AP RDPro val Low cl
Lys Thrizassgopsseapahady pHL Hish@ e RRansstcity Aaw odent fp ﬂ@h@éhﬂw&e@zeézm Glu
lle Asn A3srtlE@Xhnd hr Gin Gin Tyr Glu Leu Leu Leu Met Ser 275280285 304 Gin Glu Thr lle Leu Arg
lle Pro pAppaY ahkiisdslwkivs TaPRekeina0084 L2320 Tyidiee lsRERMBE G ifale Ala Glu Pro
Leu Le%l\/@g)f\/@B 322330335 Asn Trp Gin Ser Ser lie Pro Ala Val Asp Thr Trp lle Val Glu Trp
340345350 Leu Pro Glu Ala Ala Met Ser Lys Phe Pro Ala Leu Ser Trp Glu Ser 355360365 Val Ser Gin
Val Thr Asn Trp Thr lle Glu Gin Asp Lys Leu Lys Pro 370375380 Phe Thr Cys Tyr Asn lle Ser Val Tyr
Pro Val 1\ @ifihg KtgnihedssdueBesano @k Elu Pro Tyr Ser He Gin Ala Tyr Ala Lys Glu Gly Thr
Pro Leu 4054104t6dysoBiyrirrogGluckhy Argivahitibl Asigiie Glyidhecomyisér QRRTod420425430 lle
Thr Trpthywﬁﬂmlkﬁxﬂr@m&%fﬂa@mm Gty eba HedsprAahdthe4dan302idRed@hdsarSer His Ala

Leu GIngGysifyshd-etk %Qﬁﬁk@%&bﬁ&ﬁﬂ 4&%%%3%&%@@&@& %g%@wa d tyal Met Ala Ser
Thr Arg I@&XIG‘% 4%49e 8{?@ mﬁ\%r('\) G }%Valé{ﬂilgoAsn é’}é er His His His His
500505]51% ngll_ys eu e 88T Giu sprﬂ eV YT LIS %54 <212>
PRT <215Q }s@tﬂﬁ&?a%z@@ﬁ%m@m&ﬁﬂ&m&?gﬁ%mﬂégﬁ@eﬁeﬁﬁ%%éa&sﬁcé%méﬁ%@ Met Trp Thr
Leu AlackawpfispathcrinBercitheeyem Gyof S PIMENEEr 251015 Leu Ala Val Leu Pro Thr Lys Pro Glu
Asn lle @gneysibatily bendpts202 Bathehe; AbpiArgrasit kés dihe GIEQTID N AmaRianzlidhys Glu Thr
Asn 3548458 IRBTI¥LSE6AP wahnglu Ala Ser Tyr Ser Phe Pro Arg Ser Cys 65707580 Ala
Met Pro ro As lle, Cys.Ser.Val Glu Val Gin Ala Asn 909 Gl sV Lys Ser Asp lle
Thr Tyr‘? a]il-hs bOdfe Ser}ﬁh 100105 In°AR" (f)‘a[suGEgt1 Igrg If?f? ItslzéeéP%éldg’g al Lys Pro Val Leu
Gly 115%2@1%%@&@9\%%8{ e &ikal e@ﬁhrﬁaﬁPél@ﬁg‘ﬁ%%mve&m%%%%a%%@w Ser Ser
Asp Le@i§js Tyf2rmmdeu Arg Phe Arg Thr Val Asn Ser 145150155160 Thr Ser Trp Met Glu Val Asn
Phe Ala4yamAsitkgtl yehAbbindg Asthd 6ahé@pifbpe as an epitope bound by the antibody of any

one of (1) to (3).

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



Gin Thr Tyr Asn Leu Thr Gly Leu Gin Pro Phe Thr Glu Tyr Val lle 180185190 Ala Leu Arg Cys Ala Val
Lys Glu Ser Lys Phe Trp Ser Asp Trp Ser 195200205 Gin Glu Lys Met Gly Met Thr Glu Glu Glu Ala
Pro His Val Leu Asp 210215220 307 Arg Leu Leu ‘ﬁ)p Lys Lys Ala Arg Gly Ala Pro Val Leu Glu Lys
Thr 245250255 Phe Gly Tyr His lle Gin Tyr Phe Ala Glu Asn Ser Thr Asn Leu Thr 260265270 Glu lle
Asn Asn lle Thr Thr Gin Gin Tyr Glu Leu Leu Leu Met Ser 275280285 Gin Ala His Ser Val Ser Val Thr
Ser Phe(AsmSatbely Ghynbyisiben 2200 0R40 Glnable rEfioHesdteth Atgnie: &:00Amp1 \abipisstakithys Thr

Phe GIn 3033 10R1R320.LY 0#@@\?%§?\'T(M9%G@m9ﬂﬁé sﬁ@t@é%ﬁfﬁol'fdfdl's% walyatsg |§3§€335

o SRR S R aab e %%ﬁégf%éé%ﬁ?%ﬁ%%ﬁ 4§61, Gin Asp
Lys Leu\@jsibgr ezion rargncapsrasy ERRFreomprses b Gimamart mereysciliSEY EhNerabeu

4058 1041B3R Y scGiyrRingGie SthindreeMaddGlrsrofISHEIMID UCAR) Tind DRI 2042543 hdentimo Trp

Lys Glu jlgFdel¥sco8t $¥@A ]e@nﬁly Phe lle Asn 435440445 Asn Tyr Thr Val Phe Tyr Gin Ala Glu
Gly Gly GIu Ser Lys 450 60 Th}\91 Val A er His Al Ser Leu
Thr Arg lf?Qﬂ Soﬁé“fhnr% ea“?/h d ‘fmﬁa\/% ion ! géerzﬂljh%r Ay %Aag‘b 5490495
Thr Asn GRPVETRRIETEAGh 9 PLét Ser His His His His 500505510 His His Glu Gin Lys Leu

lle Ser Gl @lanidpdew ME@EOMZ}I@»OZ@MMWBQ&@:Q@W@R@ d2lBed Aadificiahe@ @0 ns228> An
artificially: syotienized grpiidsmseqyense(BOAMet Tapahhictieu dguierchinAMaPhaRanBhsil.eu Cys
Lys Phe&glﬁylggggj? ey \éﬁtheu Pro Thr Lys Pro Glu Asn lle Ser Cys Val Phe Tyr 202530 Phe
Asp Arg shn Leu Th Pro Glu Lys Glu Thr Asn 354045 Asp Thr Ser Tyr lle Val Thr
Leu Thr F)ASEPRS Jéé g& %f‘o%%% V%E%?SA%ER%HP&%"?H? ém%a%lép PEEYPRE Pro
Arg Ser@y3$)85787580 Ala Met Pro Pro Asp lle Cys Ser Val Glu Val Gin Ala Gin Asn Gly 859095 Asp
Gly Lys Val Lys Ser Asp lle Thr Tyr Trp His Leu lle Ser lle 100105110 Ala Lys Thr Glu Pro Pro Lys lle
PhgsArg Val Lys Pro Val Leu Gly 115120125 lle Lys Arg Met lle GIn lle Glu Trp lle Lys Pro Glu Leu Ala
Pro 130135140 Val Ser Ser Asp Leu Lys Tyr Thr Leu Arg Phe Arg Thr Val Asn Ser 145150155160
310 Gin Thr Tyr Asn Leu Thr Gly Leu Gin Pro Phe Thr Glu Tyr Val lle 180185190 Ala Leu Arg Cys Ala
Val Lys Glu Ser Lys Phe Trp Ser Asp Trp Ser 195200205 GIn Glu Lys Met Gly Met Thr Glu Glu Glu
Ala Pro Cys Gly Leu Glu 210215220 Leu Trp Arg Val Leu Lys Pro Ala Glu Ala Asp Gly Arg Arg Pro Val
225230235240 Arg Leu Leu Trp Lys Lys Ala Arg Gly Ala Pro Val Leu Glu Lys Thr 245250255 Leu Gly
Tyr Asn lle Trp Tyr Tyr Pro Glu Ser Asn Thr Asn Leu Thr 260265270 Glu Thr Met Asn Thr Thr Asn GIn
GlatLeu Glu Leu His Leu Gly Gly 275280285 Glu Ser Phe Trp Val Ser Met lle Ser Tyr Asn Ser Leu Gly
Lys Ser 290295300 Pro Val Ala Thr Leu Arg lle Pro Ala lle GIn Glu Lys Ser Phe GIn 305310315320
311 Lys Trp Gin Ser Ser Ala Leu Asp Val Asn Thr Trp Met lle Glu Trp 340345350 Phe Pro Asp Val
Asp Ser Glu Pro Thr Thr Leu Ser Trp Glu Ser Val 355360365 Ser Gin Ala Thr Asn Trp Thr lle Gin Gin
Asp Lys Leu Lys Pro Phe 370375380 Trp Cys Tyr Asn lle Ser Val Tyr Pro Met Leu His Asp Lys Val Gly
385390395400 Glu Pro Tyr Ser lle Gin Ala Tyr Ala Lys Glu Gly Val Pro Ser Glu 405410415 Gly Pro
Glu Thr Lys Val Glu Asn lle Gly Val Lys Thr Val Thr lle 420425430 Thr Trp Lys Glu lle Pro Lys Ser Glu
Araﬁ_ys Gly lle lle Cys Asn 435440445 Tyr Thr lle Phe Tyr GIn Ala Glu Gly Gly Lys Gly Phe Ser Lys
Thr

30

35



450455460 Val Mn Ser Ser lle Leu GIn Tyr Gly Leu Glu Ser Leu Lys Arg Lys 465470475480 Thr Ser
Tyr lle Val GIn Val Met Ala Ser Thr Ser Ala Gly Gly Thr 485490495 312 His Glu Gin Lys Leu lle Ser
Glu Glu Asp Leu 515520 <210> 265 <211> 12 <2181 PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 265 Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr 1510
<210> 266 <211> 12 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence R4Oax 288 NsmGhpdyo sy Asp &yl #2nes Byto Phrmibéth Gl T AoikeditbaR67 <211> 12
<212> PRT <213> Atrtificial 313 <400> 267 Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Glu Thr 1510
<210> 268 <211> 12 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 268 Asp Gly Leu Asp Asp Gly Pro Tyr Thr Met Glu Thr 1510 <210> 269 <211> 12
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 269 Asp
Gly Leu Asp Asp Gly Pro Tyr Thr Met Glu Ser 1510 <210> 270 <211> 5 <212> PRT <213> Artificial
314 <400> 270 Gly Tyr He Met Ash 15 <210> 271 <211> 17 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 271 Leu He Asn Pro Tyr Asn Gly Gly Thr Ser Tyr
Asn Gin Lys Phe Lys 151015 Gly <210> 272 <211> 5 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 272 Gly Tyr Val Met Asn 15 <210> 273 <211>5
<212> PRT <213> Atrtificial 315 <220> <223> An artificially synthesized peptide sequence <400> 273
Gly Tyr lle lle Asn 15 <210> 274 <211> 5 <212> PRT <213> Artificial <220> <223> An atrtificially
synthesized peptide sequence <400> 274 Gly Tyr lle Leu Asn 15 <210> 275 <211> 17 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 275 Leu lle Asn Pro
Tyr Asn Gly Gly Thr Asp Tyr Asn Gin Lys Phe Lys 151015 316 <210> 276 <211> 17 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 276 Leu lle Asn Pro
Tyr Asn Gly Gly Thr Ser Tyr Asn Pro Lys Phe Lys 151015 Gly <210> 277 <211> 11 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 277



Arg Thr Ser Glu Asn lle Tyr Ser Phe Leu Ala 1510 <210> 278 <211> 9 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence 317 Gin His His Tyr Glu Ser Pro Leu Thr 15
<210> 279 <211> 11 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 279 Arg Thr Ser Glu Asn lle Tyr Arg Phe Leu Ala 1510 <210> 280 <211> 11 <212>
PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 280 Arg Thr Ser

Glu AsngleaTyrprahe {08 ; i 3 < ALt £223>
A G WA ST T

An artificially sgrg%esize,d eptid sequencg_ 3

<211> 987858 'F%T:g Fﬁf?@fﬁf‘%‘?‘% £5%% An artificially synthesized peptide sequence <400>
282 Gin His His Tyr Glu Asp Pro Leu Thr 15 <210> 283 <211> 9 <212> PRT <213> Artificial <220>
<223> Ap) eidifigially syaHde 6%%@@&%@3&&%%9% %ﬂ&iﬁ'ﬁo’f’?ﬂé}%&l&ﬁ?‘ﬁégﬂpﬁeu Phe
15 <210> 284 <211> 5 <212> PRT <213> Artificial <220> 2§> An artificially synthesized peptide
sequendE T8 Bl AR RS <210> 285 <211> 11 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 285 Arg Ala Ser Glu Asn He Tyr Ser Phe Leu Ala
1510 <210>,280, 5205 A4 2% BRT, s2LAn A ks R07,< 7207 AbAliciol syyfissiged peptide
sequence <400> 286 Arg Ser Ser Glu Asn lle Tyr Ser Phe Leu Ala 1510 <210> 287 <211>716 <212>
PRT <2£5$%fificial <220> <223> An artificially synthesized sequence 320 His His His His His His
Glu Gin Lys Leu lle Ser G u Glu Asp Leu 151015



