DESCRIPTION THERAPEUTIC AGENT FOR PRURITUS 5Technical Field The present invention
relates to agents for treating or preventing pruritus. Background Art Many cytoldnes are known as
humoral factors involved in the growth and differentiation 100f various types of cells, or in the
activation of differentiated mature cell functions. Cytblcine-stimulated cells produce different types of
cytokines, thereby forming networks of multiple cytokines in the body. Biological homeostasis is
maintained by a delicate balance of the mutual regulation between cytokines in these networks. Many
inflammatory diseases are thought to result from a failure of such cytokine networks. Thus, monoclonal
antibody-based 15anti-cytoldne therapy is dr&%ﬁﬁ@lﬁlﬂimtention. For example, anti -TNF antibodies
and anti-IL-6 receptor antibodies have been demonstrated to be highly effective clinically. On the other
band, there are many examples affaiurepyhere netherapautis, effagisqvere produced when a single
cytokine, such as IL-4, was blocked alone, due to the activation of compensatory pathways in actual
pathological conditions. 20The present inventors succeeded in isolating a novel cytokine receptor
NRIO3thathsdsisadligkiomologous to gp130, a receptor for IL-6 signal transduction (Patent Document
1). NRIO forms a fpderodimersmifanensiainMAecepial(he MR ard iHpsHansas an 1-31 receptor
(Non-patent Document I). NR-10 is also known as glm-r (Non-patent Document 2), GPL (Non-patent
Document 3), 1-31RA (Non-patent Document 4), and such. It has also been 25reported that transgenic
mice overBrgkeraing At 3| spontaneously develop pruritic dermatitis (Non-patent Document 4).
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disease. Actuall how?v r, the a,fimlnl traﬂon of a neutralizing antibody exhibited no therapeutic effect
(Non-pate ’gﬁ‘ﬁ{&ﬂ{ By a failore of such cytokine networks. ~ Thus, monoclonal antibody-based
15 anti-cytokine therapy is drawing much attention. For example, anti-TNF antibodies and

anti-IL-6 receptor antibodies have been demonstrated fo be highly effective clinically. On the
other hand, there are many examples of failure where no therapeutic effects were produced when
a single cytokine, such as IL-4, was blocked alone, due to the activation of compensatory
pathways in actual pathological conditions.

20 The present inventors succeeded in isolating a novel cytokine receptor NR10 that was
highly homologous to gp1390, a receptor for IL-6 signal transduction (Patent Document 1).
NR10 forms a heterodimer with oncostatin M receptor (OSMR) and functions as an 1L-31
receptor (Non-patent Document 1).  NR-10 is also known as gim-r (Non-patent Document 2),
GPL (Non-patent Document 3), IL-31RA (Non-patent Document 4), and such. It has also been

25 reported that transgenic mice overexpressing IL-31 spontaneously develop pruritic dermatitis
(Non-patent Document 4).

However, it cannot be asserted that forced cytokine expression in mice or a high
concentration of blood cytokine in pathological mice are actual causes of the disease. Itis
totally unclear whether signal blockage by an antibody produces a therapeutic effect. For

30 example, transgenic mice in which IL-18 is overexpressed in keratinocytes develop pruritic
dermatitis. In spontaneous atopic dermatitis model mice NC/Nga, the blood concentration of
IL-18 increases with advancement of the pathological conditions. From these findings, the
overexpression of IL-18 was presumed o be a cause of the disease.  Actually, however, the
administration of a neutralizing antibody exhibited no therapeutic effect (Non-patent Document
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Thus, the inhibition of cytokine function does not necessarily produce a therapeutic



_Thus, the inhibition of cytokine function does not necessarily produce a therapeutic 2 effect in
“diseases with elevated cytoldne expression. It is thus difficult to predict from the expression level of a
cytokine what disease the inhibition of the cytokine produces a therapeutic effect on. Therefore, it is -
-important to identify diseases on which the inhibition of signaling, of a target cytokine actually
produces a therapeutic effect Prior art documents of the present invention are described below. Patent
Document 1 WO000/75314 Non-patent Document 1:11-31 is associated with cutaneous lymphocyte
antigen- po ve S n homing T, cel s4n tients with atopl dermatiti 3 ller lin Immunol. 2006
Feb; 117(2 *Kion- ‘p’)% enjt Bocurﬁgqﬁ RH6 Se?’f-L (i tg] éé%%ecg}) r%élgx%resgqed on :
monocytegxstgms IsrslifdratakmsaraetidiaressSeA msﬁbmsiqi%p@%rﬁs STERBHIE-6, 2002
Non- patergffé&(&fnem&eﬁﬁl—ﬂ@s@& fﬁﬁi%ﬂ@mw@a@w&ﬁtﬁa&mﬂaﬂm@@hmory
factor rece tor tﬂﬁﬁ 4885(5) a9{11%0 Ngnﬁ%glhent Document 4: Interleukin 31, a cytokine
produced by actlng uces & dermatris i mice. Nat Immunol 5, 752-60, 2004 Non-patent
Document 5: Adnﬁﬁ@?ﬁ%@?‘é‘ﬁﬁﬁﬁ-‘Pﬁf‘éﬁ@ﬁﬁéﬁml%vﬁﬁ%d?ﬁﬁHWﬁﬂ#&i?ﬁféveIopment of dermatitis in
atopic dermatiiomeaehrlics/NEINE 4 British Journal: of Dermatology 149: 39-45, 2003 Present
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dermatitis in mice, Nat lmmunel 5, 752-60, 2004

Non-patent Document 5: Administration of anti-interleukin 18 antibody fails to inhibit
development of dermatitis in atopic dermatitis-model mice NC/Nga., British Journal of
Dermatology 149: 39-45, 2003

Present Disclosure

[Probiems to be Solved]

The present disclosure was achieved in view of the circumstances descnbed above. An

objective of the present disclosure is to provide agents for treating or preventing pruritus.

[Means for Solving the Probiems]

The present inventors conducted dedicated studies o achieve the objective described
above, The present inverntors discovered that NR10 antagonists such as neutralizing antibodies
against NR10 are useful 25 therapeutic or pr”venﬁve agents for prun‘tus thereby completing the
present invention.

. The present disclosure relates to agents for freating or preventing pruritus. More
specifically, the present disclosure provides: |
[1] & preventive or therapeutic agent for pruritus, which comprises an NR10 antagonist as an
| active ingredient;
[2] the preventive or therapeutic agent of [1], wherein the NR10 antagonist is an antibody having
a peutralizing activity against NR1{;
[3] the preventive or fherapeuuc agent of [2], whersin the antibody is 2 monoclonal anubody;



[4] the preventive or therapeutic agent of [3], wherein the antibody is a monoclonal antibody having a
“neutralizing activity against human NR10; [5] the preventive or therapeutic agent of any one of [2] to
[4], wherein the antibody is a recombinant antibodyzand [6] the preventive or therapeutic agent of any
-one of [2] to [5], wherein the antibody is a chimeric, humanized, or human antibody. In a first
aspect, there is provided a preventive or therapeutic agent for pruritus, which comprises an anti-NR | 0
antibody having a neutralizing activity against NR10 as an active ingredient, wherein the anti-NR 10

antibody recognizes domain 1 (amino acids ositions 21- 120) in the amino.aciqd sequence of
uman NG BEeRE Do SESere REBRERT S ATOMB R TS H-NR 10
antagonishantip e dyraliriggariavityadingt dotivinyNagaiast NR 10 in the manufacture of an agent for
pre\_/(_antln% H{E‘?E{?&%%H{ﬁe%&ffﬁﬂégﬁ% Bi@o?{ﬁ’\’lp fﬁ%’&@ié%%ﬁ@&%&émm_o acids at
positions 21-12Q) in the .amino acid sequence of human NR10 of SEQ ID NO:7. In a third aspect,
there is pfgfi‘?ﬁ% té’ﬁﬂgﬁ 1 tibody having a neutralizing activity against NR 10 for use in the
preventiontd thecaavantvoop therapsrivhegaihofvaa b edy B solfi rdeimiatradtibadinis mcids at
positions 2d:428), Huthenaming: acid-seqieneg of human NR10 of SEQ ID NO: 7. Brief Description of

the DrawinQs Fig. 1 is a graph showing the assessment of IL-31-induced scratching behavior.
Mean = standard error. Fig. 2is a grg@h showing the assessment of mite antigen-induced
scratching behavib. fbaRedaaaitPartised o PIRYGHES sORRFAPH R aTH forREvRNe Bbifse of percent
body weighinghaagasaini NBScalibsdnbaiehgnioeutralizniga ol vagiaptngtiowing thewime course of
changes ig, the.anrigularthickness-in fhe picryl chloride-induced acute contact dermatitis model.
Fig.5isa ggph showiné the pruritus-sutpp()re%g% ‘83 ectmo%%jJ glntigﬁnlgﬁ%ag{r%%ig%o%ﬁl HOLD assessed using
the numbéerOF B ha RS ssriicatraB A RIGRE 6REAMANG Out the Invention  NR10is a
protein that forms a heterodimer with oncostatin M receptor (OSMR) and functions as an 11-31
receptor. NR10 ig glsg known as,alm-r Biol Chem 277, 16831-6, 200 GPL% Bjol Chem 278,
49850-9, 2003), |L-3TRA (N&t Immunol 5, 753-60. S004). %’%ﬁ“&ﬁ ﬁ‘éfs_ﬁfel?ﬁ’ﬂ the present
invention &I8BTTEfRRCHYoTaREneaNBd by themanvaris, of an asar (o metsatipeadreimgention includes
those deripadidigrtaten difssHmioR, | aactiobie rrammalpapiefeEethd Rid0inekries, without particular
limitation, %%%xg%ri\ég% gr m n}%n%lanlq }  multiple known splicing variants of
human-delrrl?ved NR.10 (Wi u?)lb%)?Sélm . O@ﬁ?ggggﬁi@cﬁbed splicing variants, NP] 0.1 consists of
662 amino acids and contains a transmembrane domain. NR10.2 is a soluble receptor-like protein
consisting of 252amind agiels, withaupibedans meNxANa domaiaviMeanvhiieiinawadiRIO splicing
variants that function as transmembrane receptor proteins include NR10.3.and IL-31RAv3. The human
NR I O of tra?elpresent %vesntzl%n is not Igégr%(g;ﬁ a‘% yﬂ?rgr{i?é%fuggfé#g 280t gr?%%gg%erfg?gndlzrﬁsér with

oncostatirf NPt RBHOESHRY pesid Fintlidte dstbapmimpescspencrethomay R4 ofifBRides NR10.3
(also refemeditm as ILRAv4 (Nat Immunol 5, 752-60, 2004)) and 11-31R.Av3. NR 10.3 (IL.-S1RAv4)
consists of 662 amino acids (WO 00/075314; Nat Immunol 5, 752-60, 2004) and IL-31RAST3 consists

of 732 amigo ?ﬁggs gngEgpg %g&s@gsn l\_lo: NM 139017). The aminq acid sequence of IL-31RAV4 is
shown in -0, acid sequence of IL-31RAv3 is shown in SEQ ID NO: 7.
Meanwhile, mous&igetitiet SRk Ghpvioades srsteirseom phist b adirataing Sehusate MBEQ ID
NO: 5. & standard error.
Fig. 2 is a graph showing the assessment of mite antigen-induced scratching behavior.
Mean & standard error.
Fig. 3 is a graph showing the ime course of percent body weight changés in DSES colitis
model mice. ‘ g
Fig. 4 is a graph showing the time course of changes in the auricular thickness in the
picryl chloride-induced acute contact dermatitis model.
Fig. 5 is a graph showing the prurttus-suppressing effect of anti-NR10 antibody HOLO
assessed using the number of scratchings as an indicator.



In the present invention, the term NRIO antagonist refers to a substance that blocks Sintracellular
signaling mediated by NRIO activation through binding to NR10 and thus causes loss or suppression
of the biological activity of the cells. The biologjcal activity includes, but is not limited to, for example,
activities of inducing or suppressing the production of a bioactive substance (for example,
chemoilcines, inflammatory cytokines, and such), activities of promoting or suppressing the secretion of
a bioactive substance, growth activities, growth-inducing 10activities, survival activities, differentiation
activities, differentiation-inducing activities, transcriptional activities, membrane transport activities,

binding a%gg% L,}/&l@}gtc&\g%%gsphorylatlon/dephosphorylatlon activities,

oxidation-feduction_aclivities, transier activities, nucleolytic activities dehydratlon activities, cell

death-inducing achNAHB<S BRI BRI R BIG ARMATSath Sraeet#ia S FesiPTHE SRy Bfistic activity
can be deferetinesldsymiétidodsdenomn MRNDSeabilol ket i the gt -rH D BéolaThpte AT SXIREHOL0T), can be

contacted with HNRY WQ%@@Ifwﬁ%l@ﬂﬁ%@ta%m&?s"%mé%ﬁlﬁrmw@ether the
intracellul &grﬁi uction that serve 6%? ig&%or for NRIQ activation occurs or not. This

determina AT A5y e RS B HEtHO O RSE PSS  in the reference
"Dillon SR, et al., M@W@l@%@@@@km@@@dammmﬁemﬁwm mdkeesdiedreatitis in

mice. Nat jiaannl. 2004 ST 521605 Gompewass.thatiahibiisheintaselunsianaling

respondin 0 the ligand stimulat u{,] e con5| ered to be NR#)% anta %‘W@ gonists of the
present in\g/Ié i35 may SERAA occur mmr%f?@%fl%g é@ Ists can be used
in the pred8reTAveAtiorfiths a@%ém@iémmﬁcﬁﬁﬁbhﬁdsstﬁalﬁlﬁé@ Hemo deitsranihed to
have an aab?wﬁmaﬁmméwmmmaimomﬁi@%@@m\é@mpmﬁg% %H’ﬂgﬂifig@%ﬂﬁzl% .
antagonist_of.the pres n cludes antibodies that bi ntibodies that bind to
NR10 are no ar(tpd%Iary‘%?rlﬁlﬁt%edQ ﬁgwevcér an %Igé]lns t;}q‘? spe%gfﬁt yVBlng?T'fﬁlﬁﬁ 1O & e s preferred. A
preferred éhﬁbgﬂﬁﬁéﬁ@épﬁ%@%%h%é?éépﬂqwﬁ?wwﬁ@ e ardrifind ey haviRee dvmeartralizing
activity agalRSONRRIHe pirsie presedh isventandiie-'atibiedy fdvingea ineuralizieeactivity against

NR10" refegs 10,40, a0 %&9@&9@9@&%&&5@%%@@%&9 a0k Cﬂﬂﬁ%@e AOLRI D In

the present invention, "antibodies havmg a neutralizi § act|V|ty against may clonal or

monoclonal &Mt SaIRREREE S5 e e tfe b%‘?égja?é%%clé#aﬂo 3
35antibodigs.-3 1RA€r4i@mmm-dfe%bﬁﬂmmesbrﬁWﬁ}/émﬁﬂﬁiﬁra hat patiewdbfly7inged2asdpagias they
bind to NRiQ; erdJaclusiesiecembinani Antodieaisuab as chimenc. apibeding lumanized,gntibodies,
and human antibodies. The chimeric antibodies contain, for example, thé"heavy and light chain
constant regions of a human antibody, and the heavy and light chain variable regions of a 5
non-human mammal, such as mouse. The chimeric antibodies can be produced by known methods.
For example, the antibodies can be produced by cloning an antibody gene from hybridomas, inserting
it into an appropriate vector, and introducing the construct into hosts (see,




for example, Carl, A. K. Borrebaeck, James, W. Larrick, THERAPEUTIC MONOCLONAL
"ANTIBODIES, Published in the United Kingdom by MACMILLAN PUBLISHERS LTD, 1990).
10Specifically, cDNAs of the antibody variable regions (V regions) are synthesized from mRNA of
hybridomas using reverse transcriptase. Once DNAS encoding the V regions of an antibody of interest
are obtained, these are linked with DNAs encoding the constant regions (C regions) of a desired
human antibody. The resulting constructs are inserted into expression vectors. Alternatively, the DNAs
encoding the antibody V regions may be inserted into expression 15 vectors comprising DNAs
encoding 4 EequgREneidt 2 A STEUY THe BNXE: dreriisbremmraedsrossiss 9gctors so that
they are dkpédsed imdermth e HUIERNdIDof thevéxpresiiomregelaitnsd dFansqfdadeampmsenhancers

and prompters:iih eext-sienqResi&RlS £ap Herrarsigrmed with the expression vectors to allow

expression o Chit%%: antibodies. Humanized antihodies are aé%% referred to as reshaped human

antibodies, and t RSB AR oY SRS RN YRS DIERTE R AU gRRsm ik ions (CDRs)
of anantibsuydblivederdingnrdiried malVRidraetiat o thaspghmhouideg to Wi CDRseadwenan
antibody. feangralgenetis reRMbinaiion isebrickesdertheir prepaiRiRIAS 8Ok, rRacifically,
a. DNA s'%gg ncecg%s%@eed sugg g&%lt .esgpull?cf ogglthe mouse 3ntl%% %&rgcj[mge V\% fr \rpework
regions ( sﬁugftﬁuman anubady e synt%e_smedlf)y%’c&ﬁ Bglna, He'ph ers-dguerdl 258higonucleotides
that have 6HRIES FOBEREHNY HEkaCHIBRNOBRT areiHres. Tidsvebl el DrRvieeatingated to a
DNA enceginggrdssimathasiisaths eondinat fegiasinsatechint Ra-expragsiamhvasiemand introduced
into a4hos 1 i § ; Paten %ﬂ@ Publication.N P 239400 and
Inter??atio%ﬁ%&%g[%ﬁ%{gﬁp%%@%éﬁﬁﬁgﬁiﬁgs%g; %%%O%?gég FRs %%%%ﬁ%g%‘g%gl?s are selected
so that thEEHRE %Hmﬁ@%@aﬁﬁg@ﬁﬁaﬂﬁaﬁa%%%|Pw§g@@a?gﬁmﬁop5%ﬁ%f§mqﬁ@tw%work
regions obantitiodylatanaiphraghonyingyne tedbistitutedhsorthedubito £ R sidétheara fhrapadifitsman
antibody formn.g; ReRSE-ARLgeRIINGING S8 (Rl &AL {RAPCE BRI 9% 53, 851-856).

Methods for o%)talnjn human.antibodies are also known For example, desired human antibodies with
antigen-b ARG BER C&T B8 SBtained by sensitizing human lymphocytes with 35. antigens of
intertst or cells eXpragsirgcarnidensnifdenistastitiwivcahd datimeithé semsitindd kpnyphtciites with
?uma)n myﬁi%ﬂ%@%ﬁ%@%ﬁek&%@ﬁe{ﬁﬁ@s@@%@@ﬁﬁdm éﬁ%m&@di%ﬂlﬁkr?&fux&%b@di%%@ﬂn))'\IO-
JP-B) H01-5987.8 (examined, approved Japanese patent ication published for gpposition)),
pricbiy kR e G s e ot S LA

having ans&ftferRdpeitaive for NirHarF Bt e es With aldisieieraimigen tsedimefpgnvhdpPatent
Applicatiogx RublicatendiasoWe3aHba2R¢c el RO nWW DO 2B0 2 WON2412858851 WO

96/34096 C%Ql}%%rg@igé? %Acti.vateﬁ W&ﬁ@gﬁ%cég %H%ﬁ&éﬂ ﬁ@@' @I&%FHMU Miﬁ;by panning

with a human antibody phage Iibra%gr_e known. For example, the variable region of a huiman antibody
is expresstdds 4 Wngle s TR o iRt sew Rp rsgendisn y phiggeddisplay
method, astuphdigesuthatisitdrtd théaNBdémwapdnesselected. By analyzing the genes of selected

phages, the 10 Di¥h: 38E4ERGRSE &%@1@%&@9'&@@9&9&@%&%&1@@9%@ﬁ&%ﬁ bind to the
antigen can be determined. If the DN é%]lﬁ%nceiofﬁc
[

vs that bind. to the antigen are identified,
appr%priafé) BRBPEEE o VRSB A ES BT cEESEY gﬁégsselgdﬁvﬁghfgnstfhaé Yt %ﬁ{ﬁﬁ’ﬁ?an

novel compounds that have been determined to have an antagonistic activity by the methods
described above, '

An embodiment of the NR10 antagonist of the pfasent invention includes antibodies that
bind to NR10. Such antibodies that bind to NR10 are not particularly limited; however,
antibodies that specifically bind to NR10 are preferred. A preferred embodiment of the

30 antibodies that bind to NR10 includes antibodies having a neufralizing activity against NR10,
In the present invention, the “antibody having a neutralizing activity against NR10” refers to an
antibody having an activity of suppressing a biological activity based on NR10. In the present
invention, “antibodies having a neutralizing activity against NR10” may be polyclonal or
monocional antibodies; however, in a preferred embodiment, the antibodies are monoclonal

35  antibodies.



antibodies. Such methods are well known. Reference can be made to WO 92/01047, WO 92/20791,
‘WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, WO 95/15388, and such. 15The amino
acid sequence of heavy or light chain variable region may have a substitution, deletion, addition,
and/or insertion of one or more amino acids in the amino acid sequence of the heavy or licrht chain
variable region of an antibody whose neutralizing activity against NRI O has been confirmed. Methods
well known to those skilled in the art to prepare the amino acid sequence of the heavy or light chain
variable region of an antibody having a neutralizing activity 20against NRIO in which one or more
CisiriiEd ade OARPT

amino acids are s e RS A RSt sl GHarlinhimissce lsage e bfe heavy
or light chisiiNRafiaiié renjidn rinolutieawethidelsifer snttogucinganutationgdisst duprateing. sndbeXample,
those skillagh inuthamar:GRRIBEEPAIR ERMARIS funsdinnaleavivalentiofbehenyy prlightehainyariable
region of tcherquﬁt}odénré%\gg% al neutrggz&g,a%%% aa%%lnst NR10 b mtrooLgcm _%S%rgpnate mutations
into the amino acid 2osequence of e Reaw éﬁet ARV EEBRELGIER 0 ddy having a
neutralizir§abinan depamast NRI026 SinYyssite -Hircthdenn angbndisiscgid dshirndos G bydmaFrMizuno, T,
Ogasahanaeifiodnd Nakagawr, M. 6299534 caligedearyudaonualeatiderdiresiad dual amber method for

site-directed. |y nesis,. Gene, 152, 271-275, Zoller, MJ..and,Smith, M.(1983). .
Oligonuclggﬁ%tgfggc]t%%ﬁrﬁn gtég%oe%sa%?rﬁ%l %rgccr{r?é’n _s&c}ga[ﬁ%%”fr]i?g ﬁ% \r/%%{l()g%?mgﬁ%sa(gee’
30Enzym&p fé@?ﬂ@S%f\Kﬁar’ﬁéi’fW%@@ﬁ?W}%é&@ﬁ?ﬂ@@%@rﬁ@@ I8 MHRGRIEERKE- and Fritz,
HJ (1984)ATHEB@pIES, duplésh&iNAizpprord i gligobydéainiariradia TLISHITR SIS Ui,

Nuclgic Agpe%gggh}ggmlﬁ%é%ﬁﬁ@mﬂ}éb@@%% W_:%ﬁ&@ 8@%9&%8&?%@%9%%@5 of o

constructi qaaf mutations via gapped dtﬁ{)lex DNA Methods. Enzymol. 154, 35_0- 1 _
(1985) Ra%f N RHISIAR T YRS SRR g R Mot B i Seletishapteeirgricds Acad
Sci USA. 82¢1488u492jainethahize ameHirg;cheite BN Aor dightithwsin: varisate ragions©taitizodias that
contain o mIRAMRBASH MYANoNS D tadea Jabshain Vasrble, 7 gins and have a
neutraliz_in/glt%ct%g‘y ‘g&igﬁthl&élegcgggmala% in%gggd?réhe heav¥n$r lil%ht_ chain variable regions of the
present invention. WheH an amine aeid resiale ISt e T E RS SEEIPRSPEPEBR Fhutated for a
diffefént arffi eRaEB) st RAsamdinethe Spraiossotith&umnamantibielisid SLh AIN B earripleredf
into expression vectors so that they are expressed under the regulation of the expression
regulatory regions, for example, enhancers and promoters. In the next step, host cells can be
transformed with the expression vectors to allow expression of chimeric anfibodies,
Humanized antibodies are also referred to as reshaped human antibodies, and they are
20 prepared by transferring the complementarity determining regions (CDRs) of an antibody
derived from a non-human mammal such as 8 mouse, to the CDRs of a human antibody,
General genetic recombination techniques for their preparation are also known.  Specifically, a
DNA sequence designed such that the CDRs of the mouse antibody are linked with framework
regions (FRs) of human antibody is synthesized by PCR using, as primers, several
25 oligonucleotides that have portions overlapping the ends of both CDRs and FRs. 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
Application Publication No. EP 239400 and International Patent Application Publication No.
WO 96/02576) FRs to be linked via CDRs are selected so that the CDRs form a favorable
30 antigen-binding site. If needed, amino acids in the framework regions of antibody variable
region may be substituted so that the CDRs of the reshaped human antibody form a proper
antigen-binding site (Sato, K. et af., Cancer Res. (1993) 53, 851-856),
Methods for obtaining human antibodies are also known. For example, desired human
antibodies with antigen-binding activity can be obtained by sensitizing human lymphocytes with
35.  antigens of interest or cells expressing antigens of interest i vitro; and fusing the sensitized

lymphocytes with human myeloma cells such as U266 (see Japanese Patent Application Kokoku



5amino acid side chain properties are: hydrophobic amino acids (A, I, L, M, F, P, W, Y, and V),
“hydrophilic amino acids (R., D, N, C, E, Q, 0, H, K, S, and T), amino acids containing aliphatic side
chains (G, A, V, L, I, and P), amino acids containin% hydroxyl group-containing side chains (S, T, and
-Y), amino acids containing sulfur-containing side chains (C and M), amino acids containing carboxylic
acid- and amide-containing side chains (D, N, E, and Q), amino acids 10containing basic side chains
(R, K, and H), and amino acids containing aromatic side chains (H, F, Y, and W) (amino acids are

represent nesletter.c in theses%. Aming agid substitutjons within.each group are called
conservag\%%% 1%&}50?3 %ﬂ@hﬁ%@&?’éﬁ% %t?%%‘(fp&eﬁﬁ e é?ﬂlriaé’pa{“r:%%?%u&’ éﬁ%‘fﬁo acid

sequence®h SRRSHIBAE orsraasinfiothe evaaiduearmarihedy emniHerdsi@ieigaéhte are deleted,
added, anthersizbgtiutecyathcoiienamingbasids carreipindthiaenginalfiojogisal aatvity (Mark, D.

F.etal., R ; i ; 8. -0 I . ' ic Acids Res.
i OB B ORI UL A e e
Natl. caa'?@é?l@}éxq% @éfé’ﬁ@é’l@@?ﬁ%%c heREEE Ratedaly Gt Atiet identity of at least 70%,
more preferably duldlastitboicelemumore qinefe tablyaidcaastiBA%y stilningreifirefaralaly atieakt 85%,

vet more pRRElRIAR kARSI O% PRSI PlRAN LGRSt AR HURhED curpRr gL ehain

variable regjorl%geforet e aming acid mutatjons. Herein, sequenc%identlty Is defined as the
e

percentade” BEIR SR RRSTHC St HRBLRS RS R fHRAG il M P SRBR SRS PR &) chain
variable repiges dreidind aiheantigbtecaadio peleiedrmiBi drsttor tiad segrnencbsebawed|ignges athd gaps are
apprapriatsial @éga@g&tﬁ@ﬁeda@éi mﬁ%t%f@%@meﬂgﬁﬁﬁﬁ/ﬁawsﬁ@%ﬁ%lm %Hﬁg&( @min9d25acid
sequences e detei e method descri ve. ernatiy amino aci
sequencg?segia e&%b‘i/e%r ﬁgﬁ?ﬁ%ﬁg vana %?%é’g%cr%lg] %haagr%%%tg {é}hebs 8 fon, ggg%ﬁg’addition, and/or
insertion BPRIABI BHESPECEAN & A CRTMBIRS BB ASSA 6RY WETHGE Aol kST eprestieaicd tordkgkn dhaianvariable
regions angtiteidinz th@neuiralicing.actidlkagainst RNiRteheanhehebtairad franvnockeic, apids that

nvbridize yeerrigeos sanciions 1 A0clels asitheamRpRRae iha wdanlde seaang,encading

the amino acid seqguence of the heavy or lig n variable regions. Stringent hybridization conditions

to isblate a nucle@géﬁiﬁ%‘}ﬁ%ﬂﬂﬁ%‘? Ghaes ARk CoiRITBRY TSRy Aelg trbriiNigas the
nucleotidédeitpue nddivmtcdidgrthscationof acid senurerosnf thalhaothy anlightcdtatvarablizitegions
include, foeaxample.thecandilions Qi GM e an 3430 KR53 Qa3 30 G AR BxbRidization
3500_n_d|t|g)ns‘W|th trin eﬁgéae%uw%g%é%e{e . Wi qlﬁngre trl%ge_nt conditions, for e>c<ample, the
conditions 6F 6 IS 0.4 SB'S, B A DA HUBTERES CRESHITD 28
sequence of the heavy or light chain variable region of an antibody having a neutralizing activity
20 egainst NR10 in which one or more amino acids are substituted, deleted, added, and/or inserted
in the amino acid sequence of the heavy or light chain variable region, include methods for
introducing muutations into proteins. For example, those skilled in the art can prepare mutants
fanctionally equivalent fo the heavy or light chain variable region of the antibody having a
neufralizing activity against NR10 by infroducing appropriate mutations info the amino acid
25 sequence of the heavy or light chain variable region of the antibody having a neutralizing activity
against NR10 using site-directed mutagenesis (Hashimoto-Gotoh, T, Mizuno, T, Ogasahara, Y,
and Nakagawa, M., (1995} An oligodeoxyribonucleotide-directed dual amber method for
site-directed mutagenesis, Gene 152, 271-275, Zoller, MJ, and Smith, M.(1983)
Oligonucleotide-directed mutagenesis of DNA fragments cloned into M13 vectors. Methods
3¢ Enzymol. 100, 468-500, Kramer, W, Drutsa, V, Jansen, HW, Kramer, B, Pflugfelder, M, and Fritz,
HJ (1984) The gapped duplex DNA approach to oligonucleotide-directed mutation construction.
Nucleic Acids Res. 12, 9441-9456, Kramer W, and Fritz 7 (1987) Oligonucleotide-directed
construction of mutations via gapped duplex DNA Methods. Enzymol. 154, 350-367, Kunkel,
TA (1985) Rapid and efficient site-specific mutagenesis without phenotypic selection. Proe Natl
35 Acad Sci USA. 82, 488-492) or the like. Thus, the heavy or light chain variable regions of

antibodies that contain one or more amino acid mutations in the heavy or light chain variable



much higher homology can be expected. The sequences of the isolated nucleic acids can be
“determined by the known methods described below. The overall nucleotide sequence homology of the
isolated nucleic acid is at least 50% or higher sequence identity, preferably 70% or higher, more
preferably 90% or higher (for example, 95%, 96%, 977%, 98%, 99%, or higher). 5 Nucleic acids that
hybridize under stringent conditions to a nucleic acid composed of the nucleotide sequence encoding
the amino acid sequence of the heavy or light chain variable regions can also be isolated using,
instead of the above-described methods using hybridization techngg‘es, gene amplification methods

such as pHTgiHaTALd haY5iA TEEEHEINE S I USRRRTNR IS &ynmesizeudsddadhshererintdighation of
nucleotidecbagurensgenginingfttte ansag asiehseguence 100f the heavy or light chain variable regions.

Specifically, the idﬁﬂ&%ﬂ%ﬂ%%Hﬁ%@&i&&e%@gﬂ&@&%mﬁboa&@‘i‘s%‘?@éé%%%%%%%g?o%%‘f&%% 3 80

determinle;% sing the al Qr'%% BLAST, by Karlin and Altschul (Proc. Natl.

5573-7). FIOST N aER A B AS TR P EEARREr & HAOHER A S o AR Glitschu
et al.,3. MatiBioicid 9o ¥ s pAaBr1ie) aTw lankibybe i etebiidec kB éq lehdds AR GVdHgrd BLASTN
based on BlafRithamaramalans, meset, forexample @s:56are 74008 Q&%W&E@JSE&Q%QE&%&Q“ the
other hancsiﬁtcgac%%me sAu%eEf rtragp\%nal SIS ofdgmmo.amd e%uen es by BLASTX based on BLAST
include, for example, Scoreé="50 an ‘3?5)1/ haEE TERANR BA é’ﬁ?ﬁt@i‘%“%?‘gﬁ%lﬁlﬂ% 84RE used
when usirgtheBd X5 12iRg Gilssertaras i grnainispsidiicieion figueb¥br suiie anilyses are
known in theratii(geadiecyiehsie ahdhen@ Naitena Centehionfiolecimaleoyiniemmatians(NCBI),
Basi¢.oc ﬁ!'ﬁgﬂ@ : ch, I ttp-{/ .nchi nlm nih. gov . Alternatively, the
antibggc_iiesg%)f the pr%%ﬁﬁ%%%%gﬁt%z%%%%{v&%éé%%%ﬁv%%g%%ﬁﬁﬁ%ﬁg@l Cesfé%w%% Seg}rar-weight

antibodied oA praSERiTA SIS AeRreisriBo aperisiier srestp RrgShrRs horfiBHaciwhole
antibody (fobstetmpieviinkdy Goanaacdlnd taxparticuasipiiinitechas DRgahsdheyraiaithar
NRIO-newsialigpacciibmiie asameiRcHias weidl anthadigneh Bz Bispstnveniiag are not
partlcularly limited, as Jong as they. contain a orgé)n oéwh le anglgodles.,The low-molecular-weight
Eintibodlicd TS Abi EFLAR ALY BHERS AR 4618 FoIOnSCl B L IRe LPERH VEAOSIEEEBiB (VL)
PartibularBriskefernstripipnisieicaldriavedipnt antibodiderdsoah daeth Yidcahtltl/ A chi.stdificha preferred
fOexaerlg?m)tbgigtmm?m_ larveight gﬁﬁé»@@t&@,%&t&% %{&éﬁ%gy@g?ﬁ éﬁ‘&i@?%ooa Waﬁ A.
ow-molecylas-wei . n F antihody.. The s contajned in the
Iow-molecédlg{'iﬁgllg i ZE%:%@S%Z% %%%ﬁéﬁ%’emggg&ﬁ%?%f%gﬁg% Rs o aéff%cr?ﬁlb%’y The

low-moleddFVEIGHO AN d Rk b B FdupemvaintF sk édentblyp hatdsast Sl eromatenfetellveight
than wholet &ntibditiceveiomeneprdiealsiwanedecsias; witighbanibedies ey 35k yaultimers, for
example, di r Jetiame | Srtr?geo ' an.be greater than those of
Whorlﬂegant%%%%g Hﬂ%&&Aﬂg é?(am pIeB %ﬁﬁ%{%%%ﬁigcu ar-@é%%ﬁ%%%% ies %%q}ﬁ%g%?egaerﬁ%?ﬁvention
includes SEEPRhRHEERAES ERIE0 ARfTBHRILE e JIGHRCHANREN FEMHIds SrrdcadsPRIENgSs heavy
chain variabtesrégiori¢piie]) artbicadightehaiinad Haldte segioagvidd viaha lisker dizsieiriddisston, J. S. et

., Proc. NathAagkoblald w1988 B E19:0897. Al i Ths Phasmacology g Monoclonal

Antibodies" Vol. 1 eds.,.,Resenburg and Moore, Springer. Verlag, New York, pp.
appropriately mtmdu.cea fo ma;%rmnze the sequengc ﬂgﬂt}t}f as ngcessary, The %)entity of amino

25 acid sequences can be determined by the method described above.

Alternatively, the amino acid sequences of heavy or light chain variable regions that
have a substitution, deletion, addition, and/or insertion of one or more amino acids in the amino
acid sequence of the heavy or light chain variable regions and retain the neutralizing activity
against NR10 can be obtained from nucleic acids that hybridize under stringent conditions to

30 nucleic acid composed of the nucleotide sequence encoding the amino acid sequence of the
heavy or light chain variable regions. Stringent hybridization conditions to isolate a nucleic
acid that hybridizes under stringent conditions to 2 nucleic acid that includes the nucleotide
sequence encoding the amino acid sequence of the heavy or light chain variable regions include
for example, the conditions of 6M urea, 0.4% SDS, 0.5x SSC, and 37°C, or hybridization

35 conditions with stringencies equivalent thereto. With more stringent conditions, for example,
the conditions of 6M urea, 0.4% SDS, 0.1x S8C, and 42°C, isolation of nucleic acids with a

3



269-315, (1994)). The order of the heavy chain and light chain variable regions to be linked together is
not particularly limited, and they may be arranged in any order. Examples of the arrangement are
listed below. [VH] linker [VI] 10[V1.] linker [VH] 'ghe amino acid sequence of the heavy chain
.variable region or light chain variable region may contain a substitution, deletion, addition, and/or
insertion. Furthermore, the heavy chain variable region and light chain variable region may also lack
some portions or be added with other polypeptides, as long as they have antigen binding activity when
linked together, 15Alternatively, the variable regions may be chimerized or humanized. In the

present inVEARiHEDR RERRBICHBINYSRE VS abldt SEBRR G B AR meriieasibitranPheptide
linkers thalkecamiped hir douicedvasinghgendticdngibelering, Diicsynihdtindiboid sagteasthose disclosed

nkers, T e B e Bl PAe ot oan
appropriaol) SHEc TS gD DL NG B 6 BERUEe 1ol e e e She B S83FSming
acids? preferably Suel80 asidiribadbidsidirsrengeeftriabpstadlaming avidscand pamtisukalyf preferably
12 to 18 aping-asits:(fenaxanmplesdisaminniasidsh ARIBRACBEYURRaS BhadcRaplideR linkers
include, fQr exam le: 255%' gl ase{é;?l%ég' d—S : S&r-GI_y-GI .G Y-GI .-%I){l-SSer %%%IaDﬁNO: 8); 30
Ser-GIy-dﬁE&rfy 1 %:aé%; &ﬁy-‘@f - %—g%@%ero(&?ﬁ%iﬁ mféi){“ er-aﬁ/- y- y-&rfy (SEQ ID
NO: 11); @M%@w@?yfse@esmgﬁﬁwlm PERPEIEOH N ERHOG V (BETIE NORELS);
35Gly-Glyfatiretihe{Hye€dlyrSae (SHQABNG nld)otide sequence encoding the amine acid sequence
10 of the heavy or light chain variable regions. |
Specifically, the identity of one nucleotide sequence or amino acid sequence to another
can be determined using the algorithm BLAST, by Karlin and Altschul (Proc. Natl. Acad, Sci.
USA(1993) 50, 5873-7). Programs such as BLASTN and BLASTX were developed based on
this algorithm (Altschul ef al., J. Mol. Biol. (1990) 215, 403-10). To analyze nucleotide
15 sequences according to BLASTN based on BLAST, the parameters are set, for example, as
score= 100 and wordlength=12. On the other hand, parameters used for the analysis of amino
acid sequences by BLASTX based on BLAST include, for example, score= 50 and wordlength=
3. Default parémeters for each program are used when using the BLAST and Gapped BLAST
programs, Specific techniques for such analyses are known in the art (see the website of the
20 National Center for Biotechnology Information (NCBI), Basic Local Alignment Search Tool
{BLAST); http//’www.nebinim.nih.gov),
Alternatively, the antibodies of the present invention may be low-molecular-weight
antibodies. The low-molecular-weight antibodies of the present invention include antibody
fragments lacking some portions of a whole antibody (for example, whele IgG), and are not
25 particularly iimited as long as they retain an NR10-neutralizing activity. The
low-molecular-weight antibodies of the present invention are not particularly limited, as long as
they contain a portion of whole antibodies. The low-molecular-weight antibodies preferably
contain a heavy chain variable region (VH) or light chain variable region (VL). Particularly
preferred low-molecular-weight antibodies contain both VH and VL. In addition, preferred
30 examples of the low-molecular-weight antibodies of the present invention include
low-molecular-weight antibodies containing CDRs of an antibody.  The CDRs contained in the
low-molecular-weight antibodies may include some or all of the six CDRs of an antibody.
The low-molecular-weight antibodies of the present invention preferably have a smaller
molecular weight than whole antibodies. However, the low-molecular-weight antibodies may
35 form multimers, for example, dimers, trimers, or tetramers, and thus their molecular weights can
be greater than those of whole antibodies,



Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 15); 10 (Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 10))n; and
(Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 11))n, where n is an integer of 1 or larger. Synthetic chemical
linkers (chemical crosslinking agents) include crosslinking agents 5that are routinely used to crosslink
peptides, for example, N-hydroxy succinimide (NHS), disuccinirnidyl suberate (DSS),
bis(sulfosuccinimidyl) suberate (BS3), dithiobis(succinimidyl propionate) (DSP),
dithiobis(sulfosuccinimidyl propionate) (DTSSP), ethylene glycol bis(succinimidyl succinate) (EGS),
ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS), disuccinimidyl tartrate (DST),
disulfosuccinimidyinaraaelq stitfs- DS Tl Shisiw(sgbtmintiobxy odtbo pydesy) etrepilisu Horedes
(BSOCOE§)v anghbisk2: (ngmuﬁﬁmmgi%ﬁﬁg@@eymmngtﬁHé%@d@éﬁ% PRYGOERThese
crossllnklng a entsb%%%%@@%ﬁi lly Ava %?Pc%al . t%cf anti gvs%cﬁ the ent mveé] n include
antibodies i Which two 6 N0 aCHd residues have e V{%% i S Bience of
an antibodyoffié greseNethveagdonci 5 ﬁu%tﬂé?gﬁ]sﬂé{ﬁﬁ?&éﬁ@mmm fﬁﬁ@ﬁhm@ngyetween
one df thes v aniiodiasaig 2ise.cond qsp g abpiokein isinelsiad i tive-preseny ipynign. The

fusion projgis aan bssprepried by galing A Ralkaclelids.asading.an. aaibady ol g ggesent

invention and a polynucleotide encodlng ase peptide or po ype e inTrame, Inserting this into
an expre&%&&%@ﬁﬁ‘@% JERitE e dien %ﬁ%ﬁﬁﬁ%%ﬁé@%ﬁ% te@h?ﬁﬁﬂé%qgﬁ%%n to
20those skﬂlmgﬂmmeamﬂxam&emmble for this purpose. The partner peptide or polypeptide to be fused
Wlth an ant| ﬁ(&sent invention may be a known peptide, for example, FLAG (Hopp, T. R et

Bé Teclgﬂ; i 1210 (1988)), 6x His consisting of six His (histidine) residues, 10x His,
|nflu zah géﬂﬁ?’f A), human c-myc fragment, VSV-GP fragment, pl 8HIV fragment, T7-tag,

HSV-tag, E-tag, SV4e:mrmiérefraenvient telbtayy sbaib vhnfhhgment, @58haghandBirdiein C
fragment. r@eﬁaﬁrxmrmfaaowmm@ﬁom{wQd\d@@ﬁ%@%b%ﬁﬁ&f e RReseRLInYeRtoR include,

for examp| GST utathlone@yg raseb)éHA mfluenza lutinin), |mmu 0g| g(in constant
Rt i mzﬁu ble r mnma g%o e Idgcgﬁ rzi)?]a?lﬁ

region, ii-ga actosidase. and ose- |ng rotel ynuc 2 of these
commercidi} A RleTseR iefe S0P PRORFIERY HEYC i 858 h!@é@gvlthcﬁ‘pmmé@étdé tegeibaing an
antidédy ofiteepiredenhinveniidiregions may be chimerized or humanized.

In the present invention, linkers which bind the variable regions of the antibody include
arbitrary peptide linkers that can be introduced using genetic engineering, or synthetic linkers
such as those disclosed in Protein Engineering, 9(3), 299-305, 1996.
The preferred linkers in the present invention are pepfide Hokers. The lengths of the
20 peptide linkers are not particularly limited and those skilled in the art can appropriately select the
lengths depending on the purpose.  Typical lengths are one to 100 amino acids, preferably 3 to
50 amino acids, more preferably 5 to 30 amino acids, and particularly preferably 12 to 18 amino
acids (for example, 15 amino acids).
Amino acid sequences of such peptide linkers inciude, for example:
25 Ser
Gly-Ser;
Gly-Gly-Ser;
Ser-Gly-Gly;
Gly-Gly-Gly-Ser (SEQ ID NO: 8);
30 Ser-Gly-Gly-Gly (SEQ ID NO: 93;
Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 10);
Ser-Gly-Gly-Gly-Gly (SEQ 1D NO: 11},
Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 12);
Ser-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 13);
35 Gly-Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 14);
Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 13);



30The 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 polyethylene glycol (PEG), hyalyronic acid, radioactive substances, fluorescent
substances, luminescent substances, enzymes, and toxins. Such conjugated antibodies can be
obtained by chemically modifying the obtained 35antibodies. Methods for modifying antibodies have
been established in this field (for example US 5057313 and US 5156840). The "antibodies" of the
present inventign also include such _co ated antibodies. In addition, a preferred embodiment
of the anti(Riig %ﬁ%éﬂ?’eg% t?ﬁ\)/)?nﬁaﬂ includes, without particular limitation, antibodies
that recodﬁ@e@@ﬁ@’aﬁiﬂﬂhé&ﬁ@é@@ﬁvé@m domain 1 refers to the region of amino acids at

positions %%ggg%%@&;ﬁﬁlég g@ﬁd,@}geg) in the amino acid sequence of human NR10 of SEQ ID NO:
7, where the ami d on the se ence including the signal peptide. The
antibodies of the%o‘r@%?éeﬁltcl PR &RS &P%é"éﬁ‘ét %ﬂ%ﬁ&éﬂ?ﬁlﬂ%&éﬁ@eﬁéelectnc

point preseficatapsends ?@ﬁé@g&rﬂ@ﬁi&%ﬁ@%ﬁde@oﬁﬁﬁma@ﬁm tehehdingorites (BEIst producing

theI agtlgow;]@bi&hﬁwlmg@ m&wdﬁmﬁsﬁwﬁﬁ?wMummmé@ﬁ%%&@&Wy is |

included in the pr on.a gasit has a function tago |st or example,

when an gntf%o% ﬁ%%r%?éln in S‘é%p or?%mér% ?ﬁ%rg@égp qﬁ%’ or %3 ple E. coil, a

meth|on|n@?@%&!@%‘%’@i%W‘ﬁ?éﬁ@@ﬂﬁ@ﬂ@f@f&h’é%%ﬁﬁ%ﬁ@ﬁwm@W@b@uﬁh@é}%uch

antibodiesiaedintinidettantite (e disnifeniteimiMunbelanat aniiodies)having a neutralizing activity

againgt NBA.& %Qﬁz%&%&bﬁ ilzg{ ﬂ:{?ﬁ'&ﬁx&gﬁé@ﬂ% %qicedure anti-NRIO monoclonal
anfi

antlbodlez}&ﬂﬁ repared, by usmg a an en NRIO or a fr ent thereof that is derived from a
mammal ﬁ%b%tﬁyé}ﬁ%%ma{fﬁﬁdfﬁéﬁs%%gg tes RBGHAGasHettgizing

activity agegerss Mﬂ@l@mwémadﬁa@&n the thus obtained anti-NRIO monoclonal antibodies.
Specifically, a desited.aigen Qfﬂ&%|§£§%%HQ&@%§§&H%@BE%nnax%lk!ﬁ%@@&%;ﬁﬁé‘éﬁiﬁﬂ‘g antigen

forlmmunlz%y rdin 20t tional immunization etho %@é’v\;}y IO mongclonal
antibodied A BT RRRAED HGAJ e GBI E AT 8l RREETL ISRy
conviéntioRaftaen m@m@m@a@@n@wmm ferveunootioddhanbivodprodiesing eells
(hybridom@@b@;ﬁ@ﬂﬁ@@ﬂ@f@bﬁﬁrﬁ@mﬂ@m&}ﬁqﬁeéﬁm@@%@e ITHe dRizRdeude.foRLxample,

mammals %Sog“ ar e%%}sr? ‘Lﬁsés{l}geegﬂ nk%%gga&sfcqqge eYS.C ﬁgé@rses and pigs. The

25 antlgelﬁ) hown N gene se uence ccordi ng hOWN methods, for

example, B?)mff A er@w%m?f&%mﬂépw@m@mwmmybwm% can be
prepared,dosresdompleacenddingdaitietedtisic obMitateim ettakt(K salee iechanghdditsiain, 1., Methods

Enzygmol. {181kifRq 33450 9% SHCRMIBRIPe,| 5%&%‘8999”&%1&\’?9&&& kﬂfé“olzs W%ég? Wiization may
be perfor@m%(ﬁ r%g\llnkln%)the aptigen 30 with a macromolecule haV| Immu suc

albumin 1 ShBIURSE O FIENHRSSBAY hR/R KROHHRSPRARdE Fl’é‘"ﬁ?ﬁ%lﬁvz rEf‘gthty

(Hopp, T. P. er 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, a~tubulin fragment,
25  B-tag, and Protein C fragment. Other partner polypeptides fo be fused with the antibodies of
the present invention include, for example, GST (glutathione-S-transferase), HA (influenza
hemagglutinin), immunoglobulin constant region, P-galactosidase, and MBP (maltose-binding
protein). A polynucleotide encoding one of these commereially available peptides or
polypeptides can be fused with a polynucleotide encoding an antibody of the present invention.
30 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 inciuding polyethylene glyeol (PEG), hyaluronic
acid, radioactive substances, fluorescent substances, luminescent substances, enzymes, and
toxins. Such conjugated antibodies can be obtained by chemically modifying the obtained

35  antibodies. Methods for modifying antibodies have been established in this field {for example,
US 5057313 and US 3156840). The “antibodies” of the present invention also include such



against NR10 include monoclonal antibodies that have a neutralizing activity against human NRIO.
"Antigens used to prepare monoclonal antibodies that have a neutralizing activity against human NRIO
are not particularly limited, as long as they enable pirfparatlon of antibodies that 35have a neutralizing
.activity against human NR10. For example, it is known that there are a number of variants of human
NRIO, and any variant may be used as an inununogen as long as it 12 enables preparation of
antibodies that have a neutralizing activity against human NR10. Alternatively, under the same
condition, a peptide fra nt of NR10 or a protein in which artificial mutations have been introduced
into the n&?ﬁggﬁfﬁg %8??5?1% may be used as an immunogen. Human NRI 0.3 is one of preferred
immunogens in plepainyamipotivsdhabhdinesbef dotivity-ORJid dinatielan teuiradizing NRIO in the

present inyeRHAR: mczuﬁwtla@ﬂmrgaﬁhﬁae@m%w @@B@M@Jrﬁ&%@&@ﬁ%@i@ﬁ%ﬁ 10%an

measured, for ggcame% s %fmggl?r wgars ect o(f)ggp %ssm rowth o% he IL- 361L§ g% dent cell
line as degcrsbe Int EZ erantial xam eanw n?’na c% %igﬂ’ffb 851%% I’é ¥ obtained
by DNA inkfUMatidhe onmiﬁﬁﬁqumﬁaﬁéhq@mh%aﬂ FRRIEh Mk tohBhhcsnitesstidd such that
the gene mﬂﬂﬂﬁggammé@eﬂmmmﬁwmlﬁ%@geﬁée@mmqﬁ@mgnal to be immunized is administered
to the animal, andﬂgbeaﬂﬁggwég%%l%s eXRressed within i od 1 of thg animal to rowdleecu}

UEnCe, 1
inmmnostimulation. AS comp ared to common |mmun|z tion me base % ﬂ1 mlnlsatrratlon of

protein antigit, EPSRIA WUW ST ARG SR LS Wﬁﬁvﬁ?ﬁé@é&@%‘i‘tﬁéﬁ?ﬁgdﬁ%ﬁ%&és
immunost'm:iﬁ.lmhmﬁwmtbwstgmmglﬂmwmchﬂgwﬁ&mmmmm&m%m inFRsROgen does not

need ¢o b%@&iﬁﬂg%ﬁbodﬁé‘zﬁlﬁﬂéﬁ% ﬁé@ﬂeé&ﬂ% ﬂ%ﬁ{f&tgs%mgbé@% %A pé@gézw% an
immunostimulatin g '%ans such as.an adj uv?é"tﬂ}%rf]?f er to obtain a.mono ona ant y DNA

immunizafiBREAPAT DRI ENEBRITIG 2GR D! T VP A FEPBE TR e DNA
encoding Rﬁﬁ$@@ﬁ#%@ﬁh@§@@@vm@wm@dﬁ@ﬁw & PORTihe rfshitindgeBAIA is inserted

into an apmﬁam@azﬁwe&a@éw@ﬁi@r gﬁém@lﬁuatﬁ&@rﬁé fecihe.animgl &e%m%ﬁ%@d Expression
vectors that can bheduse e mmerciall ava able expression ve S suc QD 1. The
G B RTS8 b e, o

vector can be admlnlstereofli tgnt vir haﬁo&y conl\y;ieﬁ OARI TS

25immunis3iBRear H@é@!ﬂﬂé’%@rw Hifo BtéNER Yo graelensd @a&@@mmmmwmmtor into
cells by genemgigen Bovsier astagnNR 1Bmaitessingcris aftes Dﬁixﬁqﬂ%&ﬂﬁfﬂzaﬁﬂﬁrﬁ@d@fﬁﬁﬂ@d method

to yield L en s 00684 dese b th
o yie ag}aa%o clanalantbagy. i, @9&& 953 aEI%Lﬁa@{ggn&%%dtas% 10y Co%ﬁ‘regstv?aig e

serum level of a deswed antlbode/ iIs_confirme ncreased, immu rom the
mammal AUARE SN BYateiond AribaRistel Ssraisplben Sesiesfhrptiesedar.

celis expressmg the desired antigen are used as a sensitizing antigen for immunization according

20 to conventional immunization methods. Anti-NR10 monoclonal antibodies can be prepared by
fusing the obtained immune cells with known parental cells using conventional cell fusion
methods, and screening them for monoclonal antibody-producing cells (hybridomas) by
conventional screening methods.  Animals to be immunized include, for example, mammals
such as mice, rats, rabbits, sheep, monkeys, goats, donkeys, cows, horses, and pigs. The

25 antigen can be prepared using the known NR10 gene sequence according to known methods, for
example, by methods using baculovirus (for example, WO 98/46777). |

Hybridomas can be prepared, for example, according to the method of Milstein ef al.
(Kohler, G. and Milstein, C., Methods Enzymol. (1981) 73: 3-46) or such, When the
immunogenicity of an antigen is low, immunization may be performed after linking the antigen

30 with a macromolecule having immunogenicity, such as albumin.

Embodiments of the antibodies of the present invention that have a neutralizing activity
against NR10 include monoclonal antibodies that have a neutralizing activity against human
NR10. Antigens used to prepare monoclonal antibodies that have a neutralizing activity against
human NR10 are not particularly limited, as long as they enable preparation of antibodies that

35 have a neutralizing activity against human NR10. For exampile, 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



Mammalian myeloma cells are 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 allow) survival ynder particular culture conditions. Known selection
-markers include hypoxanthine-guanine phosphoribosyltransferase 35deficiency (hereinafter
abbreviated as "HGPRT deficiency") and thyrnidine Icinase deficiency (hereinafter abbreviated as "TK
deficiency"). HGPRT- or TK-deficient cells exhibit 13 hypoxanthine-aminopterin-thymidine sensitivity
(hereinaftgr breviated.as " Agbagnsg\//it% In HAT ?e ection medium, H T-senjialﬁ/e cells cannot
synthesiz& BNA BRE 108 Wi Bhe” HoheverAvhaATus ?Wﬁﬁﬁbvﬁgaﬁg@g}%,hfﬁgv ntinue to
synthesizéI5xial thendsnihg tapatbrpdli ot theapodn deesienantNRIS can yrdvinaverticHAT selection

medium SHGRRMmoETrdelidestcplineandaaeipcietusinramedisn:capaiing Shiqguanine,
o nine el L ARNRYBI 8% B R I S B Ree o

killed due to incorporation o pyrimidine analogs in NA, C ese enzymes can

survive in¥hecERiscabRiEE arlBeRaHE RS NBHN 8 the sFpeii@vsaietpyrimidine analogs, Another
selection marker EaliberwiS tesistanteingpaterstresisiaiteriicadARstBmysirapamiaeuantilpigtics
(gentamicipAnalogg) Sy in densamietensiancR st AFus Pl aelis siiaRle,for cell
fusion are known, .” Cell fusign hetween'immune cells and myeloma cells can be essentially carried
out accordHGIBRABRI %gﬁ’igﬁ?li% fiple, the method by Kohler and Milstein (Kohler. G. and
Milstein, C., Methigi¢srzizniobn(tis) #8ib8di6) carbMuorbasplteificd by, odlAfisionntzatide ciNad out, for

fexa}m@le, !ﬁ%ﬁﬁé@ﬁ&%&&ﬁi&fd@%ﬂ%ﬂﬁ%%@ﬁ%@ﬂﬁﬂﬁ%@ﬁ &Ia%igﬂ%%ﬁ ' %ﬁ&aﬂ&glﬂg v I
usion-prometing agent includes, for example, palyethylene glyc .and Sengai virus (1-1V.T).
required, aalﬁn_gﬁrfﬁxfé%i%ﬁ%k 8Ge leasgegi%lgf%ﬁié%ﬁg% %1%“%%%? seaé%‘&éat%e?iﬁopﬁ%%”fﬁﬁ%ﬁ’éﬁciency.

The immupe iBansssg iy eermsckidiralibeodsad Geanimbifeply ddénmnedtiatida®orFordexample,

the ratio ofofmtsdecelisiomyeioma-celisisareiaablydrom: hink-Galee madia dadendsed for cell

fusion inc%?&m&g,i@%ﬂ@@%%Eea%g}ﬂgégg%i}g%&ell growth of myeloma cell line, such as
M I '

RPMI 1640 and MEM, and other comman culture'media used for this type of cell culture. In addition,
the ddlture HriddRishEPRsesH A prerRE techining Sas SHISHIEp RIA arrabreRcar 9&i: éaff serum (FCS).
25Predeterninirechansgentshof toimesdackdigwaiftbdnyeloma cells are mixed well in the culture medium,

and then mixed wijh A PRGSO PERNSARAIRTE I9NKaHHSE fuseshsalls fhybridomas). In the cell
fusion method, for_exi'm le, PEG with mean molecular weight of about 1,000-6,000 can be added to

the cells tPIE4fiy® ESPFRNSIF OSBRI EHYs (wiv). Then, successive addition of the appropriate
culture medium listeridebtvelrin zemuoecpot 30sbpayriatdnt bymamrifagatioirsy ®Mepeateditg eliminate
the call fusiRMeeig @Bk ARG S8R WSHAI80 be immunized. The DNA encoding NR10 can be
synthesized by known methods such as PCR.  The resulting DNA is inserted into an appropriate
expression vector, and administered to the animal to be immunized. Expression vectors that
can be used include commercially available expression vectors such as pcDNAB; 1. The vector
can be administered to the living body by conventional methods. For example, DNA
25  immunization can be carried out by introducing gold particles coated with the expression vector
into cells by gene gun.  Booster using NR 10-expressing cells after DNA immunization is a
preferred method to yield a monoclonal antibody.
Once the mammal 1s immunized as described above and the serum level of a desired
antibody is confirmed to be increased, immune cells are collected from the mammal and
30 subjected to cell fusion. Preferred immune cells are spleen cells in particular.
Mammalian myeloma cells are used for fusion with the sbove immune cells. Ttis
preferred that myeloma cells have appropriate selection markers for screening.  The selection
marker refers to a phenotype that allows (or does not allow) survival under particular culture
conditions. Known selection markers include hypoxanthine~guanine phosphoribosyltransferase
35  deficiency (hereinafter abbreviated as “HGPRT deficiency™) and thymidine kinase deficiency
(hereinafier abbreviated as *TK deficiency”™). HGPRT- or TK-deficient cells exhibit



unfavorable to the growth of hybridomas. The resulting hybridomas can be screened using a
‘selection medium according to the selection marker possessed by myeloma cells used in the cell
fusion. For example, HGPRT- or TK-deficient cells can be screened by culturing them in a HAT
medium (a medium containing 35hypoxanthine, arninopterin, and thymidine). Specifically, when
HAT-sensitive myeloma cells are used in cell fusion, cells successfully fused with normal cells can be
selectively grown in the 14 HAT medium. The cell culture using the above HAT medium is continued

for a suffi ientkpeﬁlod of time to.allow %Ils ex,ce&t the desired hybridomas (non-fused cells) to die.
Specificalcl%\f:}?ﬁ égng}%"l?lfﬁ%oagﬁaé@w VLAY BB SRR IR fErAY tHé LanesiBi¥everal days
to severaliwBelsseftrainnseedaminglAhdesintie cidnicapufthyhritsmabiatpiobucedniBantibody of
interest cafohe eardedrout Ly weimincardinaty dimithg ik ion methodsdlternalively..gntibodies
that reco iﬁ%’e\,{%‘%}%anobe a%eﬂsagri%g tlﬁylstge m%tg%d %e%c%e&d i?ﬁCWO 03/1.04453. Screening and
single cloning of'an antlrbgcrily of interes canagérsuna-ﬁy ¢a k] BWS Hn%'creening methods
based on antigentHatiB&u rEaciRsivisrb celesaples seaistgeing A 04sbundentaitagietsogtraisgeads
made of pblystyreriashsubiancbhmmetiallysacinbles 6 uabdisseiiien plates,angbihen reacted

with the culi &SRR, AapdamA. AR J0s caler s ashedand e ieagied th an

enzyme-labeled secondary anti or.such. W e culture Supernatant contalnén%&gﬁﬁbody of

interest re AV ISR S EEIEiL 1R SHRUER AT EabshauS RATISEP birrnsrerthteestirrimiding
antibody. Eiglalyy, thercdsondaryiantiaddy tdieddGibiar¢hiataattesiseatatieddodetermine whether the
culture supga ﬁ@ﬁ{ﬁrj@m i snteres idpmas ol ir ntibody
capable o{/bindigr;?g%;)‘ll the ar‘igsgenﬁq?%? e ca%]i;d by &ﬂ%ﬁng dilggé%%ﬁg% %%iéu%%gNot only the
antigen used 16t Immuniz&ton BUt 2?38%?? Tt Sbstantially equivalent thereto can be
preferably used as@rfemigiyberfsentismpurposis Eotmxemplesalselinlrecesqnridbing:Ne 40; the
extracellulaeslamain ehiva Beeod) @R aligansplidecorpesadef-a arkialamink aaid sequgnce
constitutir}qﬁgt%ig’ogwﬂ@emggs use ﬁgtg\@ %ltig_% In addition to the above-described method
om; munizZation of a)‘nonh

for preparing hybridéomas throu im uman animal with an antigen, antibodies of
intereSt can also BEBLaTHEHAY selsHsRycRURT R AiMEcjee swwmnlariantigem@puiitically, first,
human lymplinoy iesterpr@baensitized) ditoapiiRdinpraiein. in Tsduiben dbrsensiized.uppocytes
Sbilty 1o Qg e L e Ba A Rbpedlon
Kokolcu Ff’ﬁﬁ?lé’gt%ﬂ%ﬁ Eﬁ‘%‘}éﬁdﬁ RELE B e i RHed IRsRYs FRH RsTEREE patent application published
for opposition)). Aittibodiesobtiired hythisaeihod arechurhn antibodielyhdatingasdalivity of
30bipslingrg Baitel ChRHAIRIBS immune cells to myeloma cells is preferably from 1 to 10. Culture
media to be used for cell fusion include, for example, media that are suitable for the cell growth
of myeloma cell line, such as RPMI 1640 and MEM, and other common culture media used for
this type of cell culture. In addition, the culture media may also be supplemented with serum
supplement such as fetal calf seram (FCS).
25 Predetermined amounts of immune cells and myeloma cells are mixed well in the
culture medium, and then mixed with a PEG solution pre-heated to 37°C to produce fused cells
(hybridomas). In the cell fusion method, for example, PEG with mean molecular weight of
about 1,000-6,000 can be added to the cells typically at a concentration of 30% to 60% (w/v),
Then, successive addition of the appropriate culture medium Hsted sbove and removal of
30 supernatant by centrifugation are repeated to eliminate the cell fusion agent and such, which are
unfavorable to the growth of hybridornas.
The resulting hybridomas can be screened using a selection medium according to the
selection marker possessed by myeloma cells used in the cell fusion. For example, HGPRT- or
TK-deficient cells can be screened by culturing them in a HAT medium (2 medium containing
35  hypoxanthine, aminopterin, and thymidine). Specifically, when HAT-sensitive myeloma cells
are used in cell fusion, cells successfully fused with normal cells can be selectively grown in the



The antibodies obtained by the above-described method can be produced by methods known to those
“skilled in the art. For example, based on the sequence of the NRIO-recognizing antibody, the antibody
can be produced by genetic recombination techniqlu s known to those skilled in the art. Specifically, a
.polynucleotide encoding an antibody can be constructed based 350n the sequence of the
NR210-recognizing antibody, inserted into an expression vector, and then expressed in appropriate
host cells (see for example, Co, M. S. eta?., J. Immunol. (1994) 152, 15 2968-2976; Better, M. and
Horwitz, A, H., Methods Enzymol. (1989) 178, 476-496; Plucicthun, A. and Skerra, A., Methods
Enzymol. 8@?%?%1 4&%‘%&%1, TUHESVIS B NP EH RO P8 S8 5 dg8D268 F Btlisseaux, J. et
al., Methaasi&hoi/mn 1¢1886) 2 Pdei a3 epohBiteiRdbyand wvalkenBiuwd, ceibhsdBiotechnol. (1991)
9, 132-13%).6FbR1vestoradne| vele i3 VRRiare -l tay 8e e R RRARS 241t Pifi4asE Pl 3R PleR Script
Alternati\T/g%,S:/&\éhen ?é‘i”dv” to sﬂgloggreaengnexci g.nc é\l,?\é thﬁe %%ét%rrsl C;lelgsd&,a %‘or %f(am le, pPGEM-T,
pDIRECT; &n T , In a dl?tgl'on 0 the VEEtors Testied sbove: >¥pre55|on VEctors e articularly
useful whesnibamglatesis e browtcrspi&upriBumes oF theaprésatipmndiddinrrdedsample, when
aiming forsgxpreseion da: bttt shehas it 0R DHECE: PRIehdaRdHONthBltecHirExomssion
vectors n%g@%@g‘ve the above-described characteristics that allow vector amplification in E. coli, but
must also carry a promoter that allows efficient expression in E. colt, for example, lacZ promoter (Ward
et al., Nature (19865°8%12544 sipge IRBpgo) spduPpey oh ssepss v5nhianiiimetsicdtdret al,,
Science (kR88) 40:nlhetbekB)bastjoomuotermeasibody Semhivecctdisr ieclugdé: p EXi Bt s (Pharmacia),
"QlAGXPiEsEYS e Mr{Q 1808 RESHRRLPE RIS GastatieMastisRIGIErabl Biel that

expresses T7 RNA polymerase) in addition to the vectors describ bove. The vectors may contain
signal sedﬁ@ﬁ%&g%%tgﬁtfﬁégge Ef'gfﬁgnw}&}é tges%]ﬁ%ﬁ&s%‘a ﬁ‘é‘f‘?&%‘#@? gﬁ%ﬁ%‘ﬂ?%e%ﬁ& ﬁg%‘:ﬁ’a {8 signal
sequence{eisied Padihah JeBiwstaridl a1 08 y8olangrd pesaydery usslodhen wqirotéMhés. $ecreted into
tf;e E. coib@l;@ﬁelagmnh- Iﬁﬁ%\é@ﬁ%ﬁ? mmlga@p%a%@m@mu%mﬁ?iﬁymtmrﬁﬁ or _
electroporation,methads.. far.example. . In.addition.to vectars for E. colt, the vectors roducing
the 2 b o B e e P S D
(Invitboge) IFERIBOS ARigeleddadstrmminsswhabe, the cuitrgs3panamtc B CHNME) badgatt
cell-derivestexpressionidentarsriiticaxpmplardhentBadytonBAle babuioiigus expression:sysiem”
(G'bco'B,%fe)nﬁ@9%%&%’%%&85%&'&%@‘6?%&9r%&%%@%%ﬁi@%%%ﬁ@?@%%&a@&?ﬂ”HZ)'

animal virus-derived expression vectors (for example, pH pAdexLcw), retrovira
expressioﬂ%&g{Po?@%%iéﬁ%ﬁlfﬁﬁ8@%‘?@%&%%%%??%%@@6?@%%@“%&% Expression
Kit" (Invitrédeep)okéV 1 Foamk8BiQ0 t3]1dind Bacitsieshibtilis, dxpresstoiuaciorsaffosfexBdple, pPLE608
and aKTHS3QefeEX@MBI8r0sed of a partial amino acid sequence constituting the domain may be used
as the antigen.
In addition o the above-described method for preparing hybridomas through
immunization of & nonhuman animal with an antigen, antibodies of interest can also be obtained
by sensitizing human Iymphocytes with an antigen.  Specifically, first, human lymphocytes are
25  sensitized with an NR10 protein in vitro. Then, the sensitized lymphocytes are fused with an
appropriate fusion partner.  For example, human-derived myeloma cells with the ability to
divide permanently can be used as the fusion partner (see Japanese Patent Application Kokoku
Publication No. (JP-B} H1-59878 (examined, approved Japanese patent application published for
opposition)). Antibodies obtained by this method are human antibodies having an activity of
30 binding to the NR10 protein.
The antibodies obtained by the above-described method can be produced by methods
known to those skiiled in the art.  For example, based on the sequence of the NR1 O-recognizing
antibody, the antibody can be produced by geneti-c recombination techniques known to those
skilled in the axt.  Specifically, a polynucleotide encoding an antibody can be constructed based
35  onthe sequence of the NR10-recognizing antibody, inserted into an expression vector, and then
expressed in appropriate host cells (see for example, Co, M. S. et al., J. Immunol. {1994) 152,



30When aiming for expression in animal cells such as CHO, COS, and NIH3T3 cells, the vectors must
have a promoter essential for expression in cells, for example, SV40 promoter (Mulligan et al., Nature
(1979) 277, 108), MMLV-LTR promoter, EFla. promoter (Mizushima et al., Nucleic Acids Res. (1990)
-18, 5322), and CMV promoter, and more preferably they have a gene for selecting transformed cells
(for example, a drug resistance gene that allows evaluation 35using an agent (neomycin, 0418, or
such). Vectors with such characteristics include pMAM, pDR2, pBK-RSV, pBK-CMV, pOPRSV, and

pOP13, f%g%é éeBajﬁ% v.n dltlop X%{fow ngsrBethod d Z{%g bﬁ Jene € expression

and gene amplification i cells s deﬁmemf%ln a hacle cu?? Uls{%ess pathway are Shtroduced
with a veéoﬁﬁ%nfpléﬂ%@-@ﬂwmbI@Qﬁﬁiﬂ@@ﬁ?ﬁgﬁ él; é@iﬁ@ﬁ%a CEolv SpeitigErmAel Laboratory
Press; 19893sthaticasiess RbikRaane whitheampe Beatpsdni theajeficiesoyssmahtha vector is
amplified alil}ﬂ% t@x%@n@gme%%m@?% tg@zf?gggvmg method can be used for transient gene

expression: CO I?]? with a aene expressi T antigen on their chromosome are transformed

with & vector (pc@@ﬁ’&@%ﬁ}l Wﬂ‘é“r@pﬂ%‘é&tﬁﬁ?t@%|HBWP@%WS%§W@§%§%H1 polyoma
virus, adehb&mam@gwﬂemmilmgna sibak (B M) c:ane sDithAcaheatsoutae nskde Tioaaxpliplgene copy

NG T EE%A e S e e
phosphoﬁﬁ%g%‘r%a ‘l‘?‘&gﬁg gf‘fo% i gtél %g?é?é%s (ﬁﬁ%ﬁ BB VRN ntibodies
of the pr%@rﬂm%&ﬂn@b@!&meﬁ oy thpresrich ool €. dedirilvdcha Bl€ LapiBeisold@d 4rdm inside host

cells or framioptsidenths H&&%&&%@W@ﬂ? aa@a)h@asbwa‘éeaq&éﬁmgmgﬂa%ﬂmwﬂbodies
can be |solaged an ds ro t|r11el)é used for i |s Iatéhgg’ u;fj%mgt antlbodles and the

type of method 15 A ’ET’& “%eé“ l)—éor eXam e “tie antibodies can be'isota purnx 8 %y approprlately
selecting QWWHW%MWWMWW fltﬂﬂéﬁiﬁw(ﬁﬁﬁ%ﬁﬂaﬁ%ﬁ 84064 Ve SANERY 6,

preC|p|tatm282)¢26}1fa&)@r§ﬁﬂﬁ@ncﬂ(ﬁdf&ﬁleﬂmnﬂ;ﬁﬂﬁw{ﬂm&l}aﬁﬂﬂI@DSmwmyiamtﬁ& gebuch.
e'eC”Oph@ﬁ%ﬁ'@e&?&%&'%%}ﬁ%feo %ﬁgs)%q fr@ Esgs@gu?“ a en %%ﬁ?@g%%‘?graph'es
|on exchange ¢

include, for example, affinit romatograr;)% matog

chromatolFaBiREagel itk i‘f’%“«f%ﬁ%}’ ﬁfraaaaasﬁa W%aoomsf Hla%ﬂ?aag

(Strategies:forPdeteitbdntfication and Characterization: A Laboratory Course Manual. Ed Danlel R.

Marshak et al., Celd 3pring ﬂgr*aeﬁkﬁmgm ﬁéﬁé&: £r 18T he-chIgmategtag %%1 thads
¥

described abov n be conduct iqui r exa FPLC.
Cotumns NG TSR e BRIy Moo RAF A CoRITHE M heihin G
columns. wmmn@aﬁhgnm@remimzma@dﬁctce&anﬁmeh kepelbr PORO B cimdBdshntwse®d (GE
Am?@haﬁﬁtamfa@mgwcam@ﬁraﬁ%ﬁm mmggﬁmtgggieam?ee highly pugiféed usiﬂg O}hese
purification met NRIO ity of the.antibadies can eterm methods
known to those sinllae e art tRﬁeF ¢ glg: éﬁ )e(}Fr%{?ﬁlsr?f BLLY gﬁ? ggn%bln ﬁgg&ac |v$t][ﬁoP Ia\\lén a?ltlbody

include, féﬂ%mﬁalﬁhwﬁ%aﬁm@wwﬁwﬁ%@amwwﬁ @ﬁ%ﬁ) pEF-BOS
{Nucleic Acids. Res. 1990, 18(17), p5322), pEF, and pCDM8), insect cell-derived expression

vectors (for example, the “Bac-to-BAC baculovirus expression system” (Gibeo-BRL) and

25  pBacPAKS), plant-derived expression vectors (for example, pMH1 and pMH2), animal
virus-derived expression vectors (for example, pHSV, pMYV, and pAdexLew), retroviral
expression vectors (for example, pZIPneo), yeast expression vectors (for example, “Pichia
Expression Kit” (Invitrogen), pNV 11, and SP-QO01), and Bacillus subtilis expression vectors (for
exampie, pPL608 and pKTHS0), for example.

30 When siming for expression in anima! cells such as CHO, COS, and NIH3T3 cells, the
vectors must have a promoter essential for expression in cells, for example, SV40 promoter
(Mulligan ez al., Nature (1979) 277, 108), MMIV-LTR promoter, EF o promoter (Mizushima et
al., Nucleic Acids Res. (1890) 18, 5322), and CMV promoter, and more preferably they have a
gene for selecting transformed cells (for example, 2 drug resistance gene that allows evaluation

35  using an agent (neomycin, G418, or such). Vectors with such characteristics include pMAM,
pPR2, pBK-RSYV, pBK-CMYV, pOPRSYV, and pOP13, for example.



immunoassay), RIA (radioimmunoassay), and fluorescent antibody method. For example, when
“enzyme immunoassay is used, antibody-containing samples, such as purified antibodies 35and culture
supernatants of antibody-producing cells, are added to antigen-coated plates. A secondary antibody
-labeled with an enzyme, such as alkaline phosphatase, is added and the 17 plates are incubated.
After washing, an enzyme substrate, such as p-nitrophenyl phosphate, is added, and the absorbance
is measured to evaluate the antigen-binding activity. Moreover, the neutralizing activity of an
antibody against NRIQ. can be determined, for example, by the method described in the Reference
Examples, in whith ‘5’%&?&99?}%?&?5@8#5@ %ﬁah’?élﬁf- ?W&P?%g%en?‘géﬁsﬁﬁé’ i5'6588%ved. The
NRIO antagohifstationantidbdieE Qaelhglafisinntrilizineg lattivit apaiet NRIDORY tie ipiedaatinvention
can bb edymme@éiﬂ/&%m@ rmI@mﬁméJ@mﬂﬁﬁ% THeqamrse moia\&?{@g&ﬁﬂlmfn istered
antibodies having a.neutr tivity agal ouse NR10 to pruritus el.animals an
demonstrfa‘?egr ta t Eesaghg,%%%%ga %Faﬁ%se%%g]&%%t‘ﬁ%lr%%“e%‘ﬁé’%‘ﬁéﬁi %q%u‘rit ecrl%%?é%%n-antibody

NR1G antdgoisries remmifesvsingaertborsvaiatiiérabe titiamisichy hsdoPrivins o8 s8R in the
Examplesised forkhapeasenicinygnionmdcogveltdaiat apiagenisticanivadidsagainshiRi-0 had a

(herapeuis, SHEhan RV IS ARG AINAICIRRC A3 LaveAad irb Pullie SRR, GOAR! dermatts

model and t > acute colitis m , anti-NR10 antagonistic antibodies had no 15therapeutic effect
against thRSHESCASEEIRIERILEO™ POLYRMA IREARP RV ORY PRI TN Bt T
distinguished fromltocstrestine Mbehditages anpysymbtonis thstoeBaisbeprpitssi (forsxamphy, the
disegges fegerined Pelous RHehRs-AlopiG dermaliis.anddype Gehepatitis) ddiereforgathe therapeutic

or preventive a s of the, present jnvention for prurjtus, target pruritus jiself, and they are not for
treating o%%%%ﬁ&%d%ecgi’e@% SIS B%'%B%gﬁﬂ%%gﬁ? %ﬁ%&ﬁ%ﬁi%@)@ preventive
agents of dfedndsbte inderitisr{dve) adnsinistered to patients in need of treatment or prevention of
pruritus for the p%@%g%ﬂi%@ﬂﬂ&@ﬁfﬁ@ﬂ@ﬁiﬂ@%{%ﬁ%wbﬁQ{ef@{ethﬁdﬁkiﬁ@@ﬁse@f%@@éiéﬁ B
preventing diseases and. oms that cause.prufitus,,Prurit e tre by it t invention
is not parg%%%er%?ﬁ)nﬁtlen ,i‘%aé;lﬂ@é%cam%grgrno%ﬁ%ﬁ%o ép%l%ﬁ‘u@%&gee%%’é{gqﬁ%(ﬁé%xé{f@%%go be
treated bypereopeEsEnt i%%ﬁ%‘@ﬁﬁfé‘: g@# Pt prHied By Tende gy BtRh%Bug bites and
stings, urtigslagsaiapipueiEymattidghooivtachd ermapitisf iehhodilamtdimiitidrial deenaatitls, kierpetiformis,

xerodenng, gy ChABISHAn. RUAN Bl IHIBSIRAAR O lnfectonsdaRali SeAS ype ©

hepatitis, urinemia, chronic renal re, rendl dialysis, lymphoma, leykemia, polycythemija rubra vera,

30pregnaftPTHREEHON of HRIGS (BB HEAYE: SAIRAAY: SO Pretmipgist tABETas Wllitus,

distillation, immunoprecipitation, SDS-polvacrylamide gel electrophoresis, isoelectrofocusing,
20 dialysis, recrystallization, and such.
The chromatographies include, for example, affinity chromatography, ion exchange
. chromatography, hydrophobic chromatography, gel filtration, reverse phase chromatography, and
adsorption chromatography (Strategies for Protein Purification and Characterization: A
Laboratory Course Manual. Ed Daniel R, Marshak er al., Cold Spring Hatbor Laboratory Press,
25 1996). The chromatographic methods described above can be conducted using liguid
chromatography, for example, HPLC and FPLC. Columns that can be used for affinity
chromatography include protein A columns and protein G columns.  Columns using protein A
include, for example, Hyper D, POROS, and Sepharose FF {GE Amersham Biosciences), The
present invention includes antibodies that are highly purified using these purification methods.
30 The NR10-binding activity of the antibodies can be determined by methods known fo
those skifled in the art. Methods for determining the antigen-binding activity of an antibody
include, for example, ELISA (enzyme-linked immunosorbent assay), EIA (enzyme
immunoassay), RIA (radioimmunocassay), and fluorescent antibody method.  For example,
when enzyme immunoassay is used, antibody-containing samples, such as purified antibodies
35  and culture supernatants of antibody-producing cells, are added to antigen-coated plates. A
secondary antibody labeled with an enzyme, such as alkaline phosphatase, is added and the



and organ cancers. The preventive or therapeutic agents of the present invention for pruritus
comprise as an active ingredient the above-described NH] 0 antagonist or antibody having a
neutralizing activity against NR10. The phrase "cong rise an NR10 antagonist as an active ingredient"
‘means 35containing an NRIO antagonist as at least one active ingredient, and does not limit the
content of the NR10 antagonist. The therapeutic or preventive agents of the present invention for
pruritus 18 may contain other ingredients that promote the prevention or treatment of pruritus, in

comblnatlo with the\!;{j r(}ﬁ%onls Pruritus fo which the therapeutjc or. preventive agents of
the preseRti ﬁ@@ﬁ?lg’ﬁ S8 HUREC ATRFRATRT S&i’?&’rﬁ% 58 RSB boP] Fﬁﬁﬁfﬁu%;

however, pléféread @mﬁhwﬁ%pmme@m%tvmgam&@lthsmhggmbﬁﬁwn@\mm IL-31 includes pruritus

caused by IL-31 @M&&f%ﬁé@%%&ﬁhﬁi@h@@f%@i% af élm%bdy agaﬁiﬂ@ﬁ%@%@g&@iﬁﬁzéﬁ thg present
Invention ma e prepared.a. rmulat a |n stan ram see, 10 a e
RemintoR B e S R e RS TR,

Furthér, tﬁ@%@}/%@%ﬁﬁﬁ@?ﬁ%@@ﬁ@émﬁ @@%é?ﬁable carriers and/or additives if necessary For
example, they maghediRaasufaciants Mot plerREGandRivgen)iexciptenisNantaxidants (for

example, g@gggpm i el mega%g)&gv@mé%' gee%aéauer%%ﬁg%h S8, RbiZELS, Buffering agents

(for exam phospharic acid, cifric a er ordanic aci ating agent ?or example,

EDTA), stSHiine B tec-atBRRAIRY 2yarte MRUREnE SritelY S8 tmRsan& ﬁlﬁewla%moters
and corrlgfamh} MWeﬂéﬁmmhmhmwamm taithedees thredged tsrfarieetenprgtar dffeating

mﬂamatMﬁeaeem{ éasa@,@sx@mm&%ag&egwecewwp%%&g@mg@H&Hﬁ&%%ﬁt%&s Such
carriers speelflc mclude I| )ﬁlr% s silicic acid, lactose, crystalline cellulose; mannitol, starch,

carmelos&%ATEh gﬁf‘ﬁfe Shropylcellulose, hydroxypropylmethyleellulose,
polyvmylacetaldmfﬁ?@ﬁﬁﬁ&@‘éﬁ%s PolaiRTAR e [iinge ngdiatin raéidi apeckaNRAfiyatid

20trigcheﬂﬁeﬁ@q{w@mﬁ%nwrowm%m@k %se%%em&@gﬁmﬁmgewose corn
starch, ané'i inQr asnflzclzO ailt T@glea%%gtacré][a)éo ocor&t:ju fﬁﬁ molecsl{I Vé%‘%’]t %(l)lxpeptldes
In,

proteins sucrﬁnas serum albumin, gelatin, an mmun mlno aclas suc ycme

glutdéunethﬁéa@‘&%’ﬁlﬁﬁefé@%ﬂﬁ?ﬁﬁq&ﬁﬁfés ‘W?f@ﬁ?’fﬁ%s NRI O antagonlst is prepared as an aqueous
solution for |njectlhﬂhtﬂ&dan&iﬁxﬁAiﬁagmhmmméﬂmﬁiymmtﬁ@uﬁﬁdﬁmmsekﬁtﬁmﬁwﬂalnlng

for exampe physiplogieal salig: deiananal ihetadinans dhe.adk }gﬁéd@%w%&e sfor

example, D-sorhitol, D-marmose, D-marmitol, and sodium chloride, In addition approprlate solubilizing

agents, fof SRS AFIEAUISSROIS ot SRBRTBRY: eth3B19 b R IRBReTS ot SREVRPIYS 5i5BiI@h & Ely cols and
PEGS), aerar-duvictdetémsntsptigso draté 80tsif] 44C€ O5Grmay foe usethgonpovataingty. 30If
necegsary; NRID ARtaARPISES: Mayhee pransilated JamiclasRNSUIRS (MIGEOLRAREUe §1e present
invention are administered to patients in need of ireatment or prevention of pruritus for the
purpose of treating or preventing pruritus, but not for the purpose of treating or preventing
diseases and symptoms that cause pruritus.
Pruritus fo be treated by the present invention is net particularly limited, and may be any
25 type of pruritus.  Specific examples of pruritus to be treated by the present invention include,
for example, pruritus in scabies, pediculation, bug bites and stiﬁgs, urticaria, atopic dermatitis,
contact dermatitis, lichen planus, miliaria, dermatitis herpetiformis, xeroderma, biliary
obstruction, primary biliary cirthosis (PBC), infectious hepatitis such as type C hepatitis,
urinernia, chronic renal failure, renal dialysis, lymphoma, leukemia, polycythemia rubra vera,
30 pregnancy, ingestion of drugs (barbiturate, salicylate, ete.), hyperthyroidism, diabetes mellitus,
and orgarn cancers.

The preventive or therapeutic agents of the present invention for pruritus comprise as an
active ingredient the above-described NR10 antagonist or antibody having a neutralizing activity
against NR10. The phrase “comprise an NR10 antagonist as an active ingredient” means

35  containing an NR10 antagonist as at least one active ingredient, and does not limit the content of

the NR10 antagonist. The therapeutic or preventive agents of the present invention for pruritus



made of hydroxymethylcellulose, gelatin, polymethylmethacrylate, and the like), and made into
components of colloidal drug delivery systems (liposomes, albumin microspheres, microemulsions,
nano-particles, and nano-capsules) (for example, sge "Remington's Pharmaceutical Science 16th
-edition" Sc, Oslo Ed. (1980)). Moreover, methods for making 35sustained-release drugs are known,
and these can be applied for NRIO antagonists (Langer et al., J. Biomed. Mater. Res. (1981) 15,
167-277; Langer, Chem. Tech. (1982) 12, 98-105; US Patent 19 No. 3,773,919; European Patent
Application (EP) No. 58,481; Sidman et at, Biopolymers (1983) 22, 547-56; ER 133,988). The
agents fof t p?&e%%”}mﬁlﬁgotoré ﬁlélgff:ﬁ%e%rsu%g %’ﬁﬁggﬁﬁggéeﬁte f#@%ﬁ%oﬁcégﬂeﬁgo dRRiRBIePRd either orally or
parenterafi§inbinatias prdichapr a¢ anigrasi®d pa_renterally. 5Specifically, the agents are administered
to patients by injetigiue fResBUWRNeaUS asinidisH BB IRIC 6HENS dnahddesJat exampie. dRtiavenous
injections, JoiyARMBGHIA, njesLiensyand subRansans, misclions. for systemie. o local dministration.
The agents may be given to sités wherg inflammation’is t0 be suppressed; or Areas surrounding the
sites fy I%&Pﬁ%ﬁ?ﬁrﬁﬁﬂseﬁ&?@ﬁi@%&ﬁ iRy BB e TRe R pisiaE srssd v ls EharBe
properly ssietted~daogbrdingdadinefhtitnt's age and condition. The single-administration dose can
be selected, for eaeﬂ@m,efmgyﬁmy&h&é%@&%&fi&%%n%ﬂ@%@% L0 ARfME, Imgspdient per kg
body wel%)rgt. ternatlvel%%%y%ag%e, vygﬁeqn the agents are administered to human patients, the dose
of the actRfETHYREdRAFY PECtEE o™ SHE ARG DE 6 TG TEBbYHEME Y weight.
The singlediigenidvéarkfonligbie PiaforablEesntails Abr dkathplethah owty0:@dim SoatSavmtiabody
weightt of andRKR anagenisioHaMaes 1he.dass-of anAgeRh el IEYSNNG Akikaatingprdritus of the
present in@fgpetzion isI D @ail%%drt‘geg% seerelxarirgsles fox Tht% 0?sent [ ventioq}also. rovifje,s therapeutic
agents for prutitus, which comprise an LT ahtagoniStas an acive mgradient Stich 2% P éntagonists
are not pA&riitafioimne dcenssioneres aHess afelipsta hedsnarrmisit e piopichiaptioliy of IL-31 by
binding toabid3dit2ORelepeoHdr-Shantaghnisihinaiugdagtorcanplen@nlipbidd, antpedias (for

example, WQ,206/08800 2, MO 1%99348%%%5&%93}&/ forg? @%‘%‘?’égéﬁ%@gﬁgﬁ%‘%% r‘](’)dies can

modification, production, pufification, administration, formulatidn, an
be pEHormad Setoraift IS B R Brssc hStRERHE Sar ARsy WHNE S tRertns Apkaarsrndissate art
documents titepinctiienprasentnspentficatiotharedmoosplgrated dweriets. byS2bhafareneepdcifaniples
include light anhydrous silicic acid, lactose, crystalline cellulose, mannitol, starch, carmelose
calcium, carmelose sodium, hydroxypropyleellulose, hydroxypropylmethyleeliulose,
polyvinylacetaldiethylaminoacetate, polyvinylpyrrolidone, gelatin, medium chain fatty acid
20 wiglyceride, polyoxyethylene hydrogenated castor oil 60, sucrose, carboxymethyleellulose, comn
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 NR10 antagonist is
prepared as an agueous solution for injection, the NR10 antagonist may be dissolved in an
25  isotonic solution containing, for example, physiological saline, dextrose, or other adjuvants.
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,
ethanol), polyalcohols (for example, propylene glycols and PEGs), and non-ionic detergents
{(polysorbate 8G and HCO-50} may be used concomitantly,

L2
<

If necessary, NR 10 antagonists may be encapsulated in microcapsules (zﬁicrocapsules
made of hydroxymethyleellulose, gelatin, polymethylmethacrylate, and the like), and made into
components of colloidal drug delivery systems (liposomes, albumin microspheres,
microemulsions, nano-particles, and nano-capsules) (for example, see “Remington’s
Pharmaceutical Science 16th edition” &, Oslo Ed. (1980)). Moreover, methods for making
35  sustained-release drugs are known, and these can be applied for NR10 antagonists (Langer ef al.,
J. Biomed. Mater. Res. (1981) 15, 167-277; Langer, Chem. Tech. (1982) 12, 98-105; US Patent



Hereinbelow, the present invention is specifically described using Examples, but it is not to be
construed as being limited thereto. 30 [Example 1] Assessment of IL-3 1-induced scratching behavior
Ten ug of mouse IL-31 (in house) was intravenoushxadministered to 9-week-old normal female
.BALB/c mice (Charles River Laboratories Japan). The scratching behavior was 35monitored and
analyzed for 12 hours immediately after administration using a scratching counting system (MicroAct;
Neuroscience Inc.). As a result, the IL-31-administered group 20 (n=8) showed a significant increase

in the numbe chings wit eak at about fi 0 ef.the administration, as c red to
the aroup NS S T UCHER: (B ot .5 VA ACEIGhObe SR ) This
IL-31-ind@8e§"s7C?§ﬁé¥ﬁn7g;%8§%)\-/ior was completely suppressed by intravenous administration of 350
mg/kg BM095, aThatiganufe MR dQineuinadizing patibedys praréeti3l-adpinisinasion (n=8) (Fig. 1).

This result dem I= neutralizing.antibody has an.effect of suppressing
IL-31-induced, %ﬁ%ﬂi&ﬁ%ﬁg@ g %n i-ﬁ%%%}éﬁﬁéﬁmréée%eﬁgéﬁg@%‘%%%r%in?%élﬁtﬁrr@abed dermatitis
model FivePhey 6t e Ao RIS HRFBAY S SIRIEIDD) EHHEORRF ACTEHSHS BRI SIERas 10
administebgdcéisra mitiedmn figrencintpde) éntreadydos Sujvesine) dnERE fendaténiciidga abdd Crlj mice

(Charles Riveshabrraiguas Janer anihe yanlialaide, abiliel eass, Iygsdmes soueek [orifiree weeks
to induce dgrmatl is (Int Arch AII%%}J/é)Immugol 2004;133:55-63). In the solvent control group for Dp, 5

ill of normar€4i THER 1 AP EHERIREET 05 FHra S EPHIE faf BhE ‘0sh&nEeidtiule (n=7). In this
pathologiéairabdelahisisatiomoupeinio neisradinis zatibotythsdB MuOBS st raleetously
admif;iftsaaﬁila%ﬁﬁ@tatgl}étﬁaa&@@ﬁg&lﬁ,oznmo;lfk Elic@?%l%la&%ﬁ%tﬁgﬁﬁd@gi% _SQE%!%&Q&?;AD, 200
mmo mal/L_sodium.acetate P was.iptravenous ministered on the same
schedule %%%S&%e,%én ﬁbntﬁsh\?vjéag%es%%g@ gl:;t)c/’ c?glgjrlll%i%aft & %ﬁ?ﬁ%énrgg% EPLRER Egd%ring the
measuring Si#: of Abersires bnfansronleingendbraerifprosminssystmipmenartentetho Science
Inc.). 20T heseesuieshtwethihalishecaubeelof-adiatahingsivas sigriicarly ncreasaddnihraehicle

control 0rquia® Comnarert e SAVRR'EA0IALALIP IS RRLRSLARYIN e Mo 3 griministered

group, the number, of scratchings was significantly reduced as compared to the vehiclé tontrol group

(p<0.05) (BRI 2POIY Weighipi &R AN HOFEfREE R ate S AEY e HRRGRTRD AU ANZRIGVAREBBEY has a
suppressiter@&efferttagafitse presdtdsofEntam plad] Buippgh es dinge effeephEBOLO against 1-31-induced

pruritus in cynomelgus JoRkeXsition also provides therapeutic agents for pruritus, which comprise an
IL-31 antagonist as an active ingredient. Such IL-31 antagonists are not particularly limited, as
long as they are substances that inhibit the biological activity of I1.-31 by binding to IL-31.

20 Preferred IL-31 antagonists include, for example, anti-IL-31 antibodies (for example, WO
2006/688955, WO 2006/88956, and WO 2006/122079). Preparation, alteration, modification,
production, purification, administration, formulation, and such of anti-IL-31 antibodies can be
performed according to the above description regarding the anti-NR 10 antibodies.

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

25  reference.

Examples
Hereinbelow, the present invention is specifically described using Examples, but it is
not to be construed as being limited thereto.
30

[Example 1]

Assessment of IL-31-induced scratching behavior

Ten pg of mouse IL-31 (in house} was intravenously administered to 9-week-old normal
female BALB/c mice (Charles River Laboratories Japan). The scratching behavior was
35  monitored and analyzed for 12 hours immediately after administration using a scratching

counting system (MicroAct; NeuroScience Inc.).  As a result, the IL-31-administered group



The effect of anti-human NRIO antibody HOLO (heavy chain amino acid sequence/SEQ ID NO: 17;
light chain amino acid sequence/SEQ ID NO: 18) on pruritus induced by 30 intravenously
administering cynomolgus 1-31 to 4- to 5-year-old %nomolgus monkeys was examined. PBS (vehicle)
-or HOLO was intravenously administered at 0.01, 0,03, 0.06, 0.3, and 0.6 mg/kg. Twenty-four hours
after intravenous administration, 1 g/kg of cynomolgus 1-31 was intravenously administered, and then
the behavior was recorded with a video camera for two hours. The number of scratchings was counted
while rep he r corde video, assuml 35t ree of more.conse utlve a Chl ions as a
st T S B T O B B i R O oA Bk S s

scratchmgﬁqhtbedaéi@er@eﬁéwaew Geranwed (Pige 2p®) .Hqimlregtﬁ@ aémrvzghaateéﬁﬁamxéaanﬂgl\l E]O
antibody BOLBRABR sHRRESSIRG) effent agaQ@Spruﬁﬂd&cb'aeteﬁwﬁt@ Exampievi) Estaluishment of
NR10- ang, %%MR&%XRH?@%'%H%/&% asles, 215 DUman iR CDNMWQC%@{J;?“ SEQ ID NO:

1/SEQ ID 16) w smserte Into the expression v |ochem Biophys. Res. Commun.
228, Bsseaeaﬁée@aﬁméﬁ@%dmﬁgw&f&!%ﬁﬁ%éﬁ EHENR 10 B OHGEeRERI S ceptor
CcDNA (O 8y GetiBEKaccestinngNoti MMORB feaisa S elateek iy FCR froduachi wmainyplacental
library, and the expression vector pCosl-hOSMR was constructed in the same manner. 10 kg each of
the 10ve re SI It neou Iy mtrod ced |nto mouse IL 3- dependent pro-B cell-derived cell line
Ba/F3 by shiect ol ant Lnewlraiizing Zsleotis rtroterclion, human IL-31 was
added, and the c@tl@wgr@ mftm@fwmmmwwmmwom@mm (éi@sm@MéFiﬁr)dm manner.

In thﬁisarﬂﬁﬁﬁﬁ‘ﬁ%@am%ﬁ@ Aht?génqﬁﬁwﬁaxw% bneeweala@@m%m@dmga BairSgelisexpressing
the mous gneimes 1SBoth cel I|n eXthIt an.ED50 of %ef/erﬁlr ng/ml and

well prolif ra ed veﬂr%orrggrr?ﬁ?flgﬁ HFEPeRaeht Cét Flallwe di o? respon %%nc?ﬁéae Was
suppress& ey 3{1}@@@@ é@W%(NRT@lp@@W (expaeelldiMedoimamy Mednsi oLkt fose
IL-31- dep@ﬂdﬁ%@% |l$‘§1diﬂd@ﬁhé€§@@fé@@sﬁkﬁﬂﬂiﬁﬂha3éum wapwelaunpTassatbhy3dditon of

mouse NEIQAIAIGI £\iacelluish Samein) 0 Relerantial Exarmble 2l Risnaralon gLR1O protein

(extracell omain) The hum A Was used as a template to amp the

extrééeuu%’\fi&?éﬁi?ﬁ B‘W@R"‘?Weﬂ %radréb?&w&%tﬁeﬁaaﬁﬁe et 18 alﬂ:ﬂe’( éau@nce at the
C termini&aaddhsértethtotigeexples sionVe Mol TEXNDI{VOZRGEA085636iffer (pH 5.5) was

intravenously administered on the same schedule (n=8).

The pruritus was assessed by counting the number of scraichings during the measuring
time of 12 hours on day 21 using a scratching counting system (MicroAct; NeuroScience Inc.).
20  The result showed that the number of scratchings was significantly increased in the vehicle
control group as compared to the solvent control group for Dp (p<0.005). Inthe
BMO09S5-administered group, the number of scratchings was significantly reduced as compared to
the vehicle control group (p<0.05) (Fig. 2).
This result demonstrates that the anti-NR 10 neutralizing antibody has a suppressing
25 effect against pruritos.

[Exampie 2] Suppressing effect of HOLO against IL-31-induced pruritus in cynomolgus monkeys
The effect of anti-human NR10 antibody HOLO (heavy chain amino acid sequence/SEQ

ID NO: 17; light chain amino acid sequence/SEQ ID NO: 18) on pruritus induced by

30 intravenously administering cynomolgus IL-31 to 4- to S-year-old cynomolgus monkeys was
examined. PBS (vehicle} or HOLO was intravenously administered at 0,01, 0,03, 0.06, 0.3, and
0.6 mg/kg. Twenty-four hours after intravenous administration, 1 g/kg of cynomolgus IL-31
was intravenously administered, and then the behavior was recorded with a videc camera for two
hours. The number of scratchings was counted while replaying the recorded video, assuming

35  three or more consecutive scratching actions as a scratching.  The result showed that HOLO

reduced the number of cynomolgus IL-31-indueed scratchings in a dose-dependent manner (Fig.



25(pCXND3-NR10-fiag). Ten jig of the linearized vector was introduced into Chinese hamster ovary
‘cell line DG44 by electroporation (BioRad Gene Pulserll, 25 kF, 1.5 kV). A cell line showing high level
expression was obtained. The supernatant of the cgl line cultured on a large scale was purified using
anti-FLAG antibody column (Sigma) and gel filtration to obtain a purified sample, which was subjected
to the experiments described below. Mouse NRIO 30 (extracellular domain) in which a FLAG tag
sequence has been added at the C terminus was also produced in the same manner. [Referential

Example 3] Isqlation of scFv havinganti-mou R]O-neutraljzi ctivity and preparation of chimeric
IgG BMO0Y5 35CAn ?(l{t%e%: 8ﬁsesa%/%%§éa¥stc$ee%%%§g%g)bna3ﬁ%8 aﬁ@%fi@a@%ﬁ%‘ﬁ ]I%S%g?%)ﬁﬁlél%anning

method UBIHgBlotinylated mouse NR10 protein (extracellular domain). Secretory scFvs were 27?
purified from these clones and added to the 1-31-dependent BafF3 cell growth assay system
described- ferantial E Jes-areselt lon ikiting a stro wth-suppressing
activity, B %935;%11\/\1/%% é%g?g%z;l%%%gtsam%%ﬁ%\é%eﬁ a“%gnces of human FFc aa%in?\?éplalls es region (VH)
and I%ht chain vaisdETaRiRR B () HLBIMEGS Wort SHRES & thd (BB s dhs turt inseied (after
CHI) and iAtchizirqonstantregiop_@ShEdlbsblyn DRIBER IR eoSimet:a e pressian, 1est)r adhis VH

amino acid SRALERES 3iSPRMDSIFQ-INRs 3. and, the usiralide seaveraeLrseding the amino
acid sequ§§c Is shown mgiloz(%%%))%alﬁ :ﬁ% The VL aming acid sequence is shown in SEQ ID NO: 3,
e

and the nHEREISetHER SRR G BGGeles i R IACSER 1B R4 The
1.0respedtlivetimesstirevciop s bhVE BB svesaresimutidne tuslynirtrodueed inlqpesbh ofélis; and a cell

line wprte\s;%gst' tﬁz@r@@iﬂiﬂ%&@%@iﬁtﬂ%&ﬂk&é@lﬁ;ﬂd’yﬁ&_ Jﬁgicfaeﬁ;méﬂ{i _%@%ﬁ@%ﬁ@éﬂ%@lﬂ?ﬂ Ifroméfée
superna arge-scale cultiire s cell line hy Protei rotein A Sepharose Fast Flow,
Amersha?r£112llggi)§)s%l igngﬁgcogs N rﬁéﬁ}’ga%aa%eféﬁ%?‘a%%’ﬁﬂ?r? &qgn BOYSPEAREB50M,
TOSOH) Beithitrer f5grappliTver: pdEciéimabior Swlidierbavesifewas insed to reduce
pyrogensibelowiéhendeiestianaimitn[Reterentiakhxample:dd BifcasyphBMI090@8 dextap sulfate

sodium (QS)nghces splte o, T DSSIDdced Calls mogel ] 13ang. 2003; 171.5507-5513),

which has been reported as a pat ammatory bowel diSease (IBD), was prepared

ogic
to 26%xamine th@%ﬂd*@%@@?eﬁgﬁ%ﬁpmwm@%@&ﬂ%ﬁﬁ’ﬁ% RiRtiBgazdAn Bgussiasi solution of
5% (w/v) Hextraisspiate eddivmdhtciakonR urerCherfiical | ndd stries)pvas stepasad tiaing distilled

water stflizesh R aNARYIRAZA:Hin B N mpig, S wesksic male BelhleAnN Sy ice

(Charles ijertl_abora ories Japan) \{vere allowed to freely consume the_solution from water bottles for
seven daf&’ %ef%w% rd eSS TR Ao TRPRIE e RE AL DB CRAN R IREB S aysignt relative
to that on(tv&rdisidaydof®8S administration was used to assess the drug efficacy.

it

[Referential Exampie 2] Preparation of NR10 protein (extracellular domain)

The human NR10 ¢cDNA was used as a template to amplify only the extracellular
domain by PCR:  The amplified region was then attached to 2 FLAG tag seguence at the C
terminus and inserted to the expression vector pCXND3 (W02005/005636)

25 (pCXND3-NR10-flag). Ten pg of the linearized vector was introduced into Chinese hamster
ovary cell line DG44 by electroporation (BioRad Gene PulserTl, 25 uF, 1.5kV). Acell line
showing high level expression was obtained. The supernatant of the cell line cultured on a
large scale was purified using anti-FLAG antibody column (Sigma) and gel filfration fo obtain a
purified sample, which was subjected to the experiments described below. Mouse NR10

30 (extracellular domain) in which a FLAG tag sequence has been added at the C terminus was also
produced in the same manner.

[Referential Example 3] Isolation of scFv having anti-mouse NR10-neutralizing activity and
preparation of chimeric IgG BMO095

35 Candidate clones were screened from a human antibody phage library by the panning
method using biotinylated mouse NR10 protein {extracellular domain). Secretory scFvs were



In order to test whether the pathological condition is improved in this model by neutralization of IL-31
‘signaling, the anti-mouse NRI 0 neutralizing antibody BM095 was intravenously administered at 10
mg/kg on the day before DSS administration, and weight 30loss was assessed (n=10). To the
-vehicle control group, the vehicle (a mixture of acetate buffer (20 mmol/L sodium acetate, 20 =oUL
sodium chloride) and phosphate-buffered saline (PBS; GIBCO) at a volume ratio of 1 5) was
intravenously administered on the day before DSS administration (vehicle group; n=-10). Furthermore,

percent bod chang sofa [CAN e of the same age and sex as those in the DSS
admlnlstrét%rf%a ei%% 8%&%%&‘?‘?8%8 t&?‘Fjjlt)n%d BTG4 & & én‘t%cﬁi?%ﬁ@ﬁ%ﬁ&hﬁ%s of normal
mouse. THestrftetoUrsEshBadbaaight chargersisishohemineFighiBnD S Srauninistiatioppr@8iresulted in

a decreas&iwﬁ@emoegntvbg)@lmgggggm}i@g&engghicle group. On the other hand, the
BMO095- admrnrstef% ﬁ%rou sho ed si aEbo%wg ht crct)a e velé however after
four and five days of nrs ation, a signific a%f dle 53 o e\%}gtbht was
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adm|n|strat=rgmhadmtthe1|5eibewmeﬁemh@rmtﬁohﬂex@rﬁerﬁomad@br TMINOUghiHo 3diR Aegudperssion was

reported tg %%hglrﬁeg i this rngg c%ecu%%%gﬁ ‘H%)e éﬂgg%&wﬁ r>%<r§_tﬁ;lrrmeratal results revealed

that neutralrzrng antib es agarnstt em no th erapeut Jgainst CoMts i this model
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applhatloeswéyﬁbehﬁtwe@@ éﬁﬁ@gtﬁf&%@&@%t@ &9&%&&@@5&9 %'ttédm@%{&tﬂa}!m myRal,2003; 108:

257-262), w. ? created to a r% t of ﬁ,—%ﬁr 395 an anti se NRIQ 15neutralizing antibody.
Eight-wee? dnfae%%liessé%b th VEhESL SF orr@sp A SeRE ¥sitized by
applying 3®iginegfingg &@Wﬁt@ﬁd@ﬂ(ﬁﬁa@&mﬁt@éqg@imfwmdh l{ptigritbtacétgriecteB: 4, v/v) onto
the abdons@&&se Fermawecmm&mwmwnﬁ&rmw ﬂ%%tk&e%ﬂaﬁfg@lcryl
chloride s Wﬁﬁf Iﬁ()ﬁpnto thﬁe rsnk'tn of right ai' et|o % a co%ol for
assessing't e influenc ﬁte sélvent auricurar th ess, B’é &'soive féc%ft e : olive
=1 45v/v)r9§§*s"‘éﬁ§|rﬂ?é@|%ﬁf&‘tﬁ%ﬁﬁﬁﬁ@ﬁéﬁl‘e‘dﬁﬁéﬁﬁtﬁ%ﬁm’é mice (positive control; n = 6). The
thicknesses of right and left auricles

[Referential Example 4] Efficacy of BM095 on dextran sulfate sodium (DS8)-induced colitis

The DSS-induced colitis model (J Immunol 2003; 171:5507-5513), which has been
reported as a pathological model for inflammatory bowel disease (IBD), was prepared to

20 examine the effect of BM-095, an anti-mouse NR10 neutralizing antibody.  An aqueous
solution of 5% (w/v) dextran sulfate sodium salt (Wako Pure Chemical Industries) was prepared
using distilled water sterilized by filtration with 0.22-pm filter (Millipore).  Six-week-old male
Balb/cAnN Cyj mice (Charles River Laboratories Jepan) were allowed to freely consume the
solution from water bottles for seven days. The body weights were measured, and the percent

25  change in the body weight relative to that on the first day of DSS administration was used to
assess the drug efficacy.

In order to test whether the pathological condition is improved in this model by
neutralization of IL-31 signaling, the anti-mouse NR10 neutralizing antibody BM095 was
intravenously administered at 10 mg/kg on the day before DSS administration, and the weight

30 loss was assessed (n=10). To the vehicle control group, the vehicle (2 mixture of acetate buffer
(20 mmol/L sodium acetate, 20 mmol/L sodium chloride) and phosphate-buffered saline (PBS;
GIBCO) at a volume ratio of 1 : 5) was intravenously administered on the day before DSS
administration (vehicle group; n=10). Furthermore, percent body weight changes of a
Balb/cAnN Crj mouse of the same age and sex as those in the DSS adminisiration group were

35  also monitored {n=1) to evaluate percent body weight changes of normal mouse.

The time course of body weight changes is shown in Fig. 3. DSS administration



were measured with a dial thickness gauge (OZAKI MFG. CO., LTD.) immediately before induction
‘and 24, 48, and 72 hours after induction. The change in the auricular thickness relative to the
thickness immediately before induction was used to,assess the drug efficacy. 25To assess the
-establishment of the pathological condition, a group in which ethanol-acetone mixed solution (3:1, v/v)
without picryl chloride was applied onto the abdominal skin at the time of sensitization, and after five
days 20 p.L of 1% picryl chloride solution was applied onto the skin of right auricle and 20 ul of the
solvent (acetone : olive =1:4, V%Q was applied onto the skin of Jeft auricle, was studied as a control

group (NG S ARBPERSTR: HEBF SO HOSESEI SN SfeeF SRS tr At P BT IRREL 'Sntibody on
the pathoRigit#-edmdiiiverdn ghismsbdekdesigrdambimiyvivia placlte gortattdetmdtigowa deticited by the
method uged fantheaahave.positive 590 tiakaraupRnd10-mafke0s BMAAR as intravenqusly
administered pn the gﬁafy q C@m‘}’ﬁuon and the da l%e%%re ng%gctlon BMQ95 gz{gu , nz%)r, and a
group in Wﬁféﬁ"tﬁ’és e &‘é‘?}é Rture a%%‘tlgt%%ﬁﬁ?ﬂ% hiol/t Soafiif Acetdtd” SEHBL
sodium cRbHEE adrdnptwssph das bofferadostirditPRs caiBOO s Bivdtlime ratio of 1:5) was
admin:stered at theisaipe Mm\&biﬁﬁi&ﬁm;&reﬁ?emreﬁﬁféﬁﬂeﬁﬂﬂﬁs m&t@(tilm course of
auricular thy es up to 72.hours after inductian.is.shown.in Fig. 4. Auricles wete
ConcarARESsENRIERNG ol AUl RSN I b MRS e

induction [24ccylnpatay tetrachg ativel eamtIcgrstin shsWRREShe establishment of the pathological
condition. In the meantime, the BM-095 group showed 5similar time course of auricular thickness

changes i@ (ag yehigie g Ha“jt}%ﬁé{lﬂrso@@ﬂ@ﬂ%’?&%&%ﬁ%ﬁ%@ﬂﬁ&%&&%ﬁé‘%ﬂmt derhPA8E results

revealed that BM095 administration had no therapeutiC effect against acute contact dermatitis
observed{tPtfits model. 10Industrial Applicability NR10 antagonists, such as neutralizing -
antibodies againdtiRidiesvited hynthislpred dypimsesstiontareassefitasitireddpdutial by prementive
agents fopRpM#sISnpReation, which has been reported as an acute contact dermatitis model (Clin

Immunol 2003; 108: 257-262), was created to assess the effect of BM-095, an anti-mouse NR10

15 neutralizing antibody. Eight-week-old female Balb/cAnN Crj mice (Charles River Laboratories
Japan) were sensitized by applying 50 pL of 7% picryl chloride (nacalai tesque, Inc.) solution
{ethanol : acetone = 311, v/v) onto the abdominal skin.  After five days, contact dermatitis was
elicited by applying 20 pL of 1% picryl chloride solution (acetone : olive = 1.4, v/v} onto the
skin of right avricle (induction), For a conirol for assessing the influence of the solvent on the

20 auricular thickness, 20 pl of the solvent (acetone : olive = 1:4, v/v) was applied onto the skin of
left auricle of the same mice (positive control; n= 6).  The thicknesses of right and left auricles
were measured with a dial thickness paunge (OZAKI MFG. CO., LTD.) immediately before

induction and 24, 48, and 72 hours after induction. The change in the auricular thickness
relative to the thickness immediately before induction was used to assess the drug efficacy.

25 To assess the establishment of the pathological condition, a group in which
ethanol-acetone mixed solution (3:1, v/v) without picryl chloride was applied onto the abdominal
skin at the time of sensitization, and after five days 20 uL of 1% picryl chloride solution was
applied onto the skin of right auricle and 20 pl of the solvent (acetone : olive =1:4, v/v) was
applied onto the skin of left auricle, was studied as a control group (negative control group; n=6).

30 "~ To assess the effect of administration of anti-NR 10 antibody on the pathological
condition in this model, a group in which acute contact dermatitis was elicited by the method
used for the above positive control group and 10 mg/kg of BM095 was intravenously
administered on the day before sensitization and the day before induction (BM095 group, 5=6),
and 2 group in which the vehicle (a mixture of acetate buffer (20 mmol/L sodium acetate, 20

'35 mmol/L sodium chloride) and phosphate-buffered saline (PBS; GIBCO) at a volume ratio of 1:5)
was administered at the same timing {(vehicle group, n=5), were studied.



CLAMS S 1. A preventive or therapeutic agent for pruritus, which comprises an anti-NRI O antibody
‘having a neutralizing activity against NR10 as an active ingredient, wherein the anti-NRIO antibody
recognizes domain 1 (amino acids at positions 21-120) in the amino acid sequence of human NRIO of
-SEQ ID NO: 7. 10 2. The preventive or therapeutic agent of claim 1, wherein the antibody is a
monoclonal antibody. 3. The preventive or therapeutic agent of claim | or 2, wherein the antibody is a
recombinant antibody. 15 4. The preventive or therapeutic agent of any one of claims Ito 3, wherein
the antibody is a ¢chimeric, humanized, or human antibody. 5. Use of an anti-NRI 0 antagonist '
antibody having aﬂ%ﬂ?&l%ﬁﬁ%ﬁﬁfﬁfﬁ%ﬁﬁﬁ%ﬁﬁ %’?ﬁ%@d%&ﬁ\?fﬁétﬁgﬁ‘%’%nfSFB]?OﬁYBventing
or treatingmprigiths, wiiskinwhis sigtiifiRalyahiibouydrecbg pees wawrin! k{aminaidids atipositions
21-120) inthe amingiacicseddaRcaeiciman NRAQf SRR J@gmé%o@tr&%@daﬁ,es%%mé, wherein

the antibody js.a monoclgnal antibady. 7. The us otli‘claim ,or 6, wherel e antibody Js a
ocambm e B ARG o e ST A Sl i HRIID Ve SRR % meric

humahizetdmbiehtimareursaisayricgla hisknenrhengatiboy Helile sravutiadidime rctigriisgdinst NR10
for use in dhespreventiandgsdreatment of pruritus, wherein the antibody recognizes domain 1 (amino

acids al posilons g0 e TR, HAGBEREE LN NRILIRQRNG, 7,26 10, The

preventive or therapeutic agent of claim 1 yviereln t%% anti-NRI anu%o yisH eavy chain
amino acitFeBiraice ASErss Reserred F@ﬁ?éﬁ%ﬂﬁe&mino acid sequence/SEQ ID NO: 18). S 11. The
preventive or therapeutic agent of claim I, wherein the anti-NRI 0 antibody comprises the heavy or light
chaipgvarigple.regian of HRALO with one or more amino acid substitution, deletion, addition, and/or

insertion, and has a neutralizing actiyity against NR10 equijvalent to 0. 1012. The preventive or
therapeutic agen?ﬁﬁaﬁ?ﬁa © %rséﬁ?tf’t%sengm- %EB@W ?,%aﬁ?ﬁ?fggoélg Pm"iféd-‘l;y the

present invention are useful as therapeutic or preventive agents for pruritus.




heavy or light chain variable region having an amino acid identity of at least 90% with the heavy or
light chain variable region of HOLO, and has a neutralizing activity against NR10 equivalent to HOLO.
13. The preventive or therapeutic agent of claim 1, wherein the pruritis is selected from the group 15
consisting of pruritis in scabies, pediculation, bug bites and stings, urticaria, atopic dermatitis, contact
dermatitis, lichen planus, miliaria, dermatitis herpe%i?onnis, xerodenna, biliary obstruction, primary
biliary cirrhosis (PBC), infectious hepatitis such as type C hepatitis, urinemia, chronic renal failure,
renal dialysis, lymphoma, leukemia, polycythemja gybra vera, pregnancy, ingestion of drugs
(barbiturate, salicylate, etc.), hyperthyroidism, diabetes mellitus, and organ cancers. 20 14. The use of
claim 5, wherein the anti-NR10 antibody is HOLO (heavy chain amino acid sequence/SEQ ID NO: 17,
light chain ampe, agitesequaneeiSERHD MIGrd@)s, WibcThengsecohelait SR Whareindhaani-NR10
antibodycemprsesaihzavyaosiiyRi cham warablez2GiegiorhotiH @k @nvAiRohentbadprecaging acid
substitutibmaelétioniradditont prsdionsidertionpdhd sasweasndutralizing ddtivign agaiastNRIOI@ quivalent
to HOLONO:16. The use of claim 5, wherein the anti-NRIO antibody comprises a heavy or light chain

varidble re%llmn having an amino acid identity of at least 90% with the heavy or light chain variable
region ofB0RIOEY Aty Ra AaREHFARARIE BCAy AYTet MRt Ribivatertteciaes &30Py The use of

claim 5, \Q/heﬁein the pruritis is‘ selec}ed from the group co sis}in .of Pruri i.? ig scabies, %diculatiorr;
. . 1l -%l‘e\’e 111\{8 OI‘.{}CY% CLILIC aﬁgen ) Cl i Qr WIHEIEIn ’flehan ]'11) H is a FﬁCO'n m&nt o
bug bites atnbd tings, urtiearia, atopic dermatitis, contact dérmatitis, lichen planus, miliaria, dermatitis

herpgetifo?ﬁﬂs? Qérodenna, biliary obstruction, primary binary cirrhosis 35 (PBC), infectious hepatitis
such as typee heRatils obirpmidi Chranisranal falluegirgnabdialRiniMmphemay IR Ukemiaic,
polycythemiadbiacyaimdaragnsaey, Ingestion of drugs (barbiturate, salicylate, etc.), hyperthyroidism,
diabetes mellitus, and organ cancers. 27 ABSTRACT The present inventors isolated clone 3M095
from a himdnisantibodynpéR &lipragprwhichibaly dstiong grotwtlizingibitonyyaativitst R n the
IL-39-dependbxtiBa/F3welggrowth asseyBaystereaiiie administersi téhprantcimdoetitide, the
anti-mouSESMRIS deUHRIANY Bh ABEHY ERAfited i AR SYHMETSTBpTRSSHH § WHBAREAGS, it was
revealed thatahtiNiR 10 neutralizing antibodies are useful as therapeutic agents for pruritus.
SEQUENC '-'%%’}‘%ﬁ%f@g%% @‘!11%5%@%%5&% O%Iﬁ-’%ltﬁ&l}?HA <120> THERAPEUTIC AGENT
sy v £ an

FOR.PRUR U<

7. The use of claim 5 or 6, wherein the antibody is a recombinant antibody.

8. The use of any one of claims 5 to 7, wherein the antibody is a chimeric, humanized, or human
antibody. '
30 ‘
9. An anii-NR10 antibody having a neutralizing activity against NR10 for use in the prevention or
treatment of pruritus, wherein the antibody recognizes domain 1 (amino acids at positions 21-120) in
the amino acid sequence of human NR10 of SEQ ID NO: 7.



<150> JP 2007-315144 <151> 2007-12-05 <160> 18 <170> PatentIn version 3.3 <210> 1 <211> 125
<212> PRT <213> Homo sapiens <400> 1 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 Tyr Met His
Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Trp lle Asn Pro Asn Ser Gly Gly Thr.
Asn Tyr Ala Gin Lys Phe 505560 2 Met Glu Leu S& Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Arg Glu Asp Val Val Pro Ala Ala Met Ser Phe Tyr Tyr Gly Met

10. The preventive or therapeutic agent of claim 1, wherein the anti-NR 10 antibody is HOLO (heavy
chain amino acid sequence/SEQ 1D NO:17; light chain amino acid sequence/SEQ ID NO:18).

11. The preventive or therapeutic agent of claim 1, wherein the anti-NR10 antibody comprises the
heavy or light chain variable region of HOLO with one or more amino acid substitution, deletion,
addition, and/or insertion, and has a neutralizing activity against NR10 equivalent to HOLO.

10 12. The preventive or therapeutic agent of claim 1, wherein the anti-NR10 antibody comprises a
heavy or light chain variable region having an amino acid identity of at least 90% with the heavy or
light chain variable region of HOLO, and has a neutralizing activity against NR10 equivalent to HOLO.

13. The preventive or therapeutic agent of claim 1, wherein the pruritis is selected from the group
15 consisting of pruritis in scabies, pediculation, bug bites and stings, urticaria, atopic dermatitis, contact
dermatitis, lichen planus, miliaria, dermatitis herpetiformis, xeroderma, biliary obstruction, primary
biliary cirrhosis (PBC), infectious hepatitis such as type C hepatitis, urinemia, chronic renal failure,
renal dialysis, lymphoma, leukemia, polycythemia rubra vera, pregnancy, ingestion of drugs
(barbiturate, salicylate, etc.), hyperthyroidism, diabetes mellitus, and organ cancers.
20
14, The use of claim 5, wherein the anti-NR10 antibody is HOLO (heavy chain amino acid
sequence/SEQ 1D NO:17; light chain amino acid sequence/SEQ ID NO:18).

15, The use of claim 5, wherein the anti-NR10 antibody comprises a heavy or light chain variable
25  region of HOLO with one or more amino acid substitution, deletion, addition, and/or insertion, and has
a neutralizing activity against NR10 equivalent to HOLO,

16. The use of claim 5, wherein the anti-NR10 antibody comprises a heavy or light chain variable
region having an amino acid identity of at least 90% with the heavy or light chain variable region of
30  HOLO, and has a neutralizing activity against NR10 equivalent to HOL.0.

17. The use of claim 5, wherein the pruritis is selected from the group consisting of pruritis in
scabies, pediculation, bug bites and stings, urticaria, atopic dermatitis, contact dermatitis, lichen
planus, miliaria, dermatitis herpetiformis, xeroderma, biliary obstruction, primary biliary cirrhosis

35 (PBC), infectious hepatitis such as type C hepatitis, urinemia, chronic renal failure, renal dialysis,
lymphoma, leukemia, polycythemia rubra vera, pregnancy, ingestion of drugs (barbiturate, salicylate,
efc.), hyperthyroidism, diabetes mellitus, and organ cancers. '



100105110 Asp Val Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser 115120125 <210> 2 <211> 375
<212> DNA <213> Homo sapiens <400> 2 caggtccagc tggtacagtc tggggctgag gtgaagaagc ctggggcctc
agtgaaggtc60 tcectgcaagg cttctggata caccttcacce ggctactata tgcactgggt gcgacaggec120 cctggacaag
-ggcttgagtg gatgggatgg atcaacccta acagtggtgg cacadactat180 gcacagaagt ttcagggcag ggtcaccatg
accagggaca cgtccatcag cacagcctac240 atggagctga gcaggctgag atctgacgac acggccgtgt attactgtgc
gagagaggac300 gtagtaccag ctgctatgtc attctactac ggtatggacg tctggggccg aggaaccctg360
‘gtcaccgtctcgagt 375 <210> 3<211> 109 <21é$é%§h<@%3> Homo sapiens <400> 3 Leu Pro Val Leu
Thr GIn Pro Pro Ser Val Ser Val Ala Pro Gly GIn

The present inventors isolated clone BM095 from & human antibody phage library,
which had a strong growth inhibitory activity in the IL-31-dependent Ba/F3 cell growth assay
5  systen. When administered to pruritus model mice, the anti-mouse NR10 neutralizing
antibody exhibited a marked symptom-suppressing effect.  Thus, it was revealed that anti-NR10

neutralizing antibodies are useful as therapeutic agents for pruritus.



151015 Thr Ala Arg lle Thr Cys Gly Gly Asn Asn lle Gly Ser Lys Thr Val 202530 Tyr Trp Tyr Gin Gin
Glu Pro Gly Gin Ala Pro Val Leu Val Val Tyr 354045 Asp Asp Thr Asp Arg Pro Ala Gly lle Pro Glu Arg
Phe Ser Gly Ala 505560 Asn Set- Gly Asn Thr AlaThr Leu Thr lle Ser Arg Val Glu Ala Gly 65707580
Asp Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Ser Thr Asp His 859095 Gly Val Phe Gly Gly Gly
Thr Lys Leu Thr Val Leu Gly 100105 <210> 4 <211> 327 <212> DNA <213> Homo sapiens <400> 4
ctgcctgtgc tgactcagcc ccectoggtgtcagtggocc caggacagac ggccaggatt60 acctgtgggg gaaacaacat
tggaagtaaa actgtgtact ggtaccagca ggagseadeNCR0 rspggrectg tgttggtegt ctatgatgat accgaccggce
ccgcaggaat ccctgagegel80 ttctctggeg ccaactctgg gaacacggcec accctgacca tcagcagggt cgaagecggg240

<110> CHUGAI SEIYAKU KABUSHIK! KAISHA
<120> THERAPEUTIG AGENT FOR PRURITUS
<130> C1-AQ713P

160> JP 2007-315144
<151> 2007-12-05

<160> 18

<170> Patentln version 3.3

Q2100 1

211> 125

{212> PRT

213> Homo sapiens

400> 1

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 _ 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

Tyr Met His Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met
35 40 45

Gly Trp lle Asn Pro Asn Ser Giy Gly Thr Asn Tyr Ala Gin Lys Phe
50 55 60

Gin Gly Arg Val Thr Met Thr Arg Asp Thr Ser lle Ser Thr Ala Tyr
65 70 75 80



gatgaggccg actattactg tcaggtgtgg gatagtagta ctgatcatgg ggttttcggc300 4
ggagggaccaagctgaccgtcctaggt 327 <210> 5 <211> 716 <212> PRT <213> Mus musculus <400> 5
Met Trp Thr L u Ala Leu Trp Ala Phe Ser Phe Leu Eys Lys Phe Ser 151015 Lea Ala Val Leu Pro Thr

- Lys Pro Glu Asn lle Ser Cys Val Phe Tyr 202530 Phe Asp Arg Asn Lea Thr Cys Thr Trp Arg Pro Glu
Lys Glu Thr Asn 354045 Asp Thr Ser Tyr He 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 Gluyyal Gin Ada Gy AanzGlyBR99RBer Asp Asp Thr Ala Val Tyr Tyr Cys
85 80 85

Ala Arg Glu Asp Val Val Pro Ala Ala Met Ser Phe Tyr Tyr Gly Met
100 105 110

Asp Val Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser
115 120 125

Q210> 2

Q211> 375

<212> . DNA

<213> Homo sapiens

400> 2
caggtccage tggtacagte tggeectgag gtgaagaage ctgggeccte agtgaagegte 60

tootgeoaage ctictggata caccttecace ggetactata tgecacteggt gogacaggee 120
cotggacaag ggottegagty gatgggatee atcaaccota acagtegtse cacaaactat 180
geacagaagt ttcagggcag getcaccatg accagggaca cgtooateag cacagectac 240
atggagetea goaggotgag atotgacgac acggeegtgt attactetec gagagaggac 300
gtagtaccag ctegctatgtc attctactac getateggace tetggggocy aggaacoety 360
gtoaccgtet cgagt

375

Q100 3

211> 109

212> PRT

<213> Homo sapiens

<400> 3

Leu Pro Val Leu Thr Gin Pro Pro Ser Val Ser Val Ala Pro Gly GIn



Asp Gly Lys Val Lys Ser Asp lle Thr Tyr Trp His Lea lle Ser lle 100105110 Ala Lys Thr Glu Pro Pro lle
lle Lea Ser Val Asn Pro lle Cys Asn 115120125 5 Arg Met Phe Gin lle Gin Trp Lys Pro Arg Glu Lys
Thr Arg Gly Phe 130135140 Pro Leu Val Cys Met Beu Arg Phe Arg Thr Val Asn Ser Ser Arg Trp
145150155160 Thr Glu Val Mn Phe Glu Asn Cys Lys Gin Val Cys Mn Leu Thr Gly 165170175 Leu Gin
Ala Phe Thr Glu Tyr Val Leu Ala Leu Arg Phe Arg Phe Asn 180185190 Asp Ser Arg Tyr Trp Ser Lys
Trp Ser Lys Glu Glu Thr Arg Val Thr 195200205 Met Glu Glu Val Pro His Val Leu Asp Leu Trp Arg lle
Leu Glu Prd 210215220 Ala Asp Met Asn Gly Asp Ai§ Lys Val Arg Leu LeutFrp Lys Lys Ala
225230235240

Thr Ala Arg ltle Thr Cys Gly Gly Asn Asn lle Gly Ser Lys Thr Val
20 25 30

Tyr Trp Tyr Gln GIn Glu Pro Gly GIn Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Asp Thr Asp Arg Pro Ala Gly Ile Pro Glu Arg Phe Ser Gly Ala
50 | 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr ile Ser Arg Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Oys GlIn Val Trp Asp Ser Ser Thr Asp His
8b 90 95

Gly Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly
100 105

210> 4

211> 327

<212> DNA

<213> Homo sapiens

<400> 4
ctgectgtec tgacteagee ceoctegete teagtegece caggacagac ggocaggatt 60

acctgtggee gaaacaacat tggaagtaaa actgtgtact getaccagea geagecagge 120
caggeoccty tgttggtept ctatgatgat accgacegge cogeaggaat cectragege 180
tictctgece ccaactoteg gaacacggec accctgacca teageageet cgaageceeg 240

gatgaggeeg actattacty teaggtetees gatagtagta ctgatcateg gettttogee 300



Arg Gly Ala Pro Val Leu Glu Lys Thr Phe Gly Tyr His lle Gin Tyr 245250255 Phe Ala Glu Asn Ser Thr
Asn Leu Thr Glu lle Asn Asn lle Thr Thr 260265270 Thr Ser Phe Mn Ser Leu Gly Lys Ser Gin Glu Ala
lle Leu Arg lle 290295300 Pro Asp Val His Glu Lys#Thr Phe Gin Tyr lle Lys Ser Met Lys Ala
305310315320 Tyr lle Ala Glu Pro Leu Leu Val Val Asn Trp Gin Ser Ser lle Pro 325330335 Ala Val
Asp Thr Trp lle Val Glu Trp Leu Pro Glu Ala Ala Met Ser 340345350 Lys Phe Pro Ala Leu Ser Trp Glu
Ser Val Ser Gin Val Thr Asn Trp 355360365 Thr lle Glu Gin Asp Lys Leu Lys Pro Phe Thr Cys Tyr Asn
lle Ser 370375380 Val Tyr Pro Val Leu Gly His Arg Val Gly Glu Pro Tyr Ser lle Gin 385390395400 Ala

Tyr Ala Lys ghsfsiycERr Pro Leu Lys Gly Pro Gléjg&'ﬁga%@yal cetaget
327

210> 5

211> 716

212> PRT

213> Mus musculus

400> 5
Met Trp Thr Leu Ala Leu Trp Ala Phe Ser Phe Leu Oys Lys Phe Ser
1, 5 10 15

Leu Ala Val Leu Pro Thr Lys Pro Glu Asn lle Ser Cys Val Phe Tyr
| 20 25 30

Phe Asp Arg Asn Leu Thr Cys Thr Trp Arg Pro Glu Lys Glu Thr Asn
35 40 45

Asp Thr Ser Tyr lle Val Thr Leu Thr Tyr Ser Tyr Gly Lys Ser Asn
50 55 60

Tyr Ser Asp Asn Ala Thr Glu Ala Ser Tyr Ser Phe Pro Arg Ser Cys
65 70 75 80

Afa Met Pro Pro Asp e Cys Ser Val Giu Val Gin Ala Gin Asn Giy
- 85 90 95

Asp Gly Lys Val Lys Ser Asp lle Thr Tyr Trp His Leu lle Ser |le
100 105 110

Ala Lys Thr Glu Pro Pro tle Ile Leu Ser Val Asn Pro lle Cys Asn
115 120 125



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 7 Girt 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 He Lys Thr Val Thr Phe 515520525 Gly Leu Arg Lys Pro Asn
Arg Leu Thr Pro Leu Cys Cys Pro Asp Val 530535540 Pro Asn Pro Ala Glu Ser Ser Leu Ala Thr Trp
Leu Gly Asp Gly Phe 545550555560 Lys Lys Ser Asn Met Lys Glu Thr Gly Asn Ser Gly Asp Thr Glu -
Asp

Arg Met Phe Gin 1le Gin Trp Lys Pro Arg Glu Lys Thr Arg Gly Phe

130 135 140

Pro Leu Val Cys Met Leu Arg Phe Arg Thr Val Asn Ser Ser Arg Trp
145 150 155 160

Thr Glu Vai Asn Phe Glu Asn Cys Lys Gin Val Cys Asn Leu Thr Gly
165 170 175

Leu Gin Ala Phe Thr Glu Tyr Val Leu Ala Leu Arg Phe Arg Phe Asn
180 185 190

Asp Ser Arg Tyr Trp Ser Lys Trp Ser Lys Glu Glu Thr Arg Val Thr
195 200 205

Met Glu Glu Val Pro His Val Leu Asp Leu Trp Arg lle Leu Glu Pro
210 215 220

Ala Asp Met Asn Gly Asp Arg Lys Val Arg Leu Leu Trp Lys Lys Ala
225 230 235 240

Arg Gly Ala Pro Val Leu Glu Lys Thr Phe Gly Tyr His lle Gin Tyr
245 250 255

Phe Ala Glu Asn Ser Thr Asn Leu Thr Glu Ile Asn Asn lle Thr Thr
260 265 270

GIn GIn Tyr Glu Leu Leu Leu Met Ser Gin Ala His Ser Val Ser Val
275 . 280 285



. 565570575 Val Val Leu Lys Pro Cys Pro Val Pro Ala Asp Leu lle Asp Lys Leu 580585590 Val Val Asn
Phe Glu Asn Phe Leu Glu Val Val Leu Thr Glu Glu Ala 595600605 8 Thr Ser Pro Ser Arg Pro Asp Gly
~ Pro Pro Gly Lys Ser Phe Lys Glu 625630635640 P?o Ser Val Leu Thr Glu Val Ala Ser Glu Asp Ser His

Ser Thr Cys 645650655 Ser Arg Met Ala Asp Glu Ala Tyr Ser Glu Leu Ala Arg Gin Pro Ser 660665670
Ser Ser Cys Gin Ser Pro Gly Leu Ser Pro Pro Arg Glu Asp Gin Ala 675680685 Gin Asn Pro Tyr Leu
Lys Asn Ser Val Thr Thr Arg Glu Phe Leu Val 690695700 His Glu Asn lle Pro Glu His Ser Lys Gly Glu
Val 7057107h6 Senhe Asn Ser Leu Gly Lys Ser Gin Glu Ala lle Leu Arg lle

290 295 300

Pro Asp Val His Glu Lys Thr Phe GIn Tyr Ile Lys Ser Met Lys Ala
305 - 310 315 320

Tyr 1le Ala Glu Pro Leu Leu Val Val Asn Trp Gin Ser Ser lle Pro
325 330 335

Ala Val Asp Thr Trp Ile Val Glu Trp Leu Pro Glu Ala Ala Met Ser
340 345 350

Lys Phe Pro Ala Leu Ser Trp Glu Ser Val Ser Gin Val Thr Asn Trp
355 360 365

Thr 1le Glu Gin Asp Lys Leu Lys Pro Phe Thr Cys Tyr Asn lle Ser
370 375 380

Val Tyr Pro Val Leu Gly His Arg Val Gly Glu Pro Tyr Ser lle GIn
385 390 395 400

Ala Tyr Ata Lys Glu Gly Thr Pro Leu Lys Gly Pro Glu Thr Arg Val
405 410 415

Glu Asn Ile Gly Leu Arg Thr Ala Thr lle Thr Trp Lys Glu Ile Pro
420 425 430

Lys Ser Ala Arg Asn Gly Phe lle Asn Asn Tyr Thr Val Phe Tyr Gin
435 440 445

Ala Glu Gly Gly Lys Glu Leu Ser Lys Thr Val Asn Ser His Ala Leu
450 455 460



. <211> 662 <212> PRT <213> Homo sapiens <400> 6 Met Lys Leu Ser Pro Gin Pro Ser Cys Val Asn
Leu Gly Met Met Trp 151015 Thr Trp Ala Leu Trp Met Leu Pro Ser Leu Cys Lys Phe Ser Leu Ala
202530 9 Lys Asn Leu Thr Cys Thr Trp Ser Pro GIY Lys Glu Thr Ser Tyr Thr 505560 Gin Tyr Thr Val
Lys Arg Thr Tyr Ala Phe Gly Glu Lys His Asp Asn 65707580 Cys Thr Thr Asn Ser Ser Thr Ser Glu Asn
A g Ala Ser Cys Ser Phe 859095 Phe Leu Pro Arg lle Thr lle Pro Asp Asn Tyr Thr lie Glu Val Glu
100105110 Ala Glu Asn Gly Asp Gly Val lle Lys Ser His Met Thr Tyr Trp Arg 115120125 Leu Glu Asn
lle Ala Lys Thr Glu Pro Pro Lys lle Phe Arg Val Lys 130135140

Gin Cys Asp Leu Glu Ser Leu Thr Arg Arg Thr Ser Tyr Thr Val Trp
465 470 475 480

- Val Met Ala Ser Thr Arg Ala Gly Gly Thr Asn Gly Val Arg {le Asn
485 490 495

Phe Lys Thr Leu Ser lle Ser Val Phe Glu lle Va! Leu Leu Thr Ser
500 505 - 510°

Leu Val Gly Gly Gly Leu Leu Leu Leu Ser ile Lys Thr Val Thr Phe
515 520 525

Gly Leu Arg Lys Pro Asn Arg Leu Thr Pro Leu Cys Cys Pro Asp Val
530 535 540

Pro Asn Pro Ala Glu Ser Ser Leu Ala Thr Trp Leu Gly Asp Gly Phe
545 550 555 560

Lys Lys Ser Asn Met Lys Glu Thr Gly Asn Ser Gly Asp Thr Glu Asp
565 570 575

Val Val Leu Lys Pro Cys Pro Val Pro Ala Asp Leu Ile Asp Lys Leu
580 585 590

Val Val Asn Phe Giu Asn Phe Leu Glu Val Val Leu Thr Glu Glu Ala
595 600 605

Gly Lys Gly GIn Ala Ser lle Leu Gly Gly Glu Ala Asn Glu Tyr Val
610 ' 615 620



. Pro Val Leu Gly lle Lys Arg Met lle Gin lle Glu Trp lle Lys Pro 145150155160 Glu Leu Ala Pro Val Ser
Ser Asp Leu Lys Tyr Thr Leu Arg Phe Arg 165170175 Thr Val Asn Ser Thr Ser Trp Met Glu Val Asn
Phe Ala Lys Asn Arg 180185190 Lys Asp Lys Asn &in Thr Tyr Asn Leu Thr Gly Leu Gin Pro Phe Thr
195200205 10 210215220 Ser Asp Trp Ser Gin Glu Lys Met Gly Met Thr Glu Glu Glu Ala Pro
225230235240 Cys Gly Leu Glu 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 TyrP8eGRr SeficAsAr27B280285 Gllyr Asn Peo Thy Glus TS VIRteASy sTIE| Ehr Asn Gin Gin Leu
GluLeu 625 630 635 640

Pro Ser Val Leu Thr Giu Val Ala Ser Glu Asp Ser His Ser Thr Cys
645 650 655

Ser Arg Met Ala Asp Glu Ala Tyr Ser Gliu Leu ATa Arg GIn Pro Ser
660 665 ' 670

Ser Ser Cys Gln Ser Pro Gly Leu Ser Pro Pro Arg Glu Asp Gln Ala
675 680 685

Gin Asn Pro Tyr Leu Lys Asn Ser Val Thr Thr Arg Glu Phe Leu Val
690 695 700

His Glu Asn lle Pro Glu His Ser Lys Gly Glu Va!
705 710 715

210> 6

211> 662

212> PRT

<213> Homo sapiens

<400> 6
Met Lys Leu Ser Pro Gln Pro Ser Cys Val Asn Leu Gly Met Met Trp
1 ) 10 15

‘Thr Trp Ala Leu Trp Met Leu Pro Ser Leu Oys Lys Phe Ser Leu Ala
20 25 30

Ala Leu Pro Ala Lys Pro Glu Asn lle Ser Cys Val Tyr Tyr Tyr Arg
35 40 45



290295300 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 L&u Val Val Lys Trp GIn Ser Ser Ala Leu Asp Val
~ Asn Thr Trp 355360365 1 Trp Glu Ser Val Ser Gin Ala Thr Asn Trp Thr lle Gin Gin Asp Lys
385390395400 Leu Lys Pro Phe Trp Cys Tyr Asn lle Ser Val Tyr Pro Met Leu His 405410415 Asp Lys
Vai Gly Glu Pro Tyr Ser lle Gin Ala Tyr Ala Lys Glu Gly 420425430 Val Pro Ser Glu Gly Pro Glu Thr
Lys Val Glu Asn lle Gly Val Lys 435440445 Thr Val Thr lle Thr Trp Lys Glu lle Pro Lys Ser Glu Arg Lys
Gly Lys Asn Leu Thr Cys Thr Trp Ser Pro Gly Lys Glu Thr Ser Tyr Thr

50 bd 60

Gin Tyr Thr Val Lys Arg Thr Tyr Ala Phe Gly Giu Lys His Asp Asn
65 70 75 80

Cys.Thr Thr Asn Ser Ser Thr Ser Glu Asn Arg Ala Ser Cys Ser Phe
85 80 95

Phe Lau Pro Arg lle Thr 1le Pro Asp Asn Tyr Thr lie Glu Val Glu
100 105 110

Ala Glu Asn Gly Asp Gly Val |le Lys Ser His Met Thr Tyr Trp Arg
115 120 125

Leu Glu Asn lle Ala Lys Thr Glu Pro Pro Lys lie Phe Arg Val Lys
130 135 140

Pro Val Leu Gly |le Lys Arg Met Ile GIn lle Glu Trp lle Lys Pro
145 150 155 160

Glu Leu Ala Pro Val Ser Ser Asp Leu Lys Tyr Thr Leu Arg Phe Arg
165 | 170 175

Thr Yal Asn Ser Thr Ser Trp Mef Glu Val Asn Phe Ala Lys Asn Arg
180 185 190

Lvs Asp Lys Asn Gin Thr Tyr Asn Leu Thr Gly Leu GIn Pro Phe Thr
195 200 205

Glu Tyr Val lle Ala Leu Arg Cys Ala Val Lys Glu Ser Lys Phe Trp



. 450455460 lle lle Cys Asn Tyr Thr lle Phe Tyr Gin Ala Glu Gly Gly Lys Gly 465470475480 Phe Ser
Lys Thr Val Asn Ser Ser lle Leu Gin Tyr Gly Leu Glu Ser 485490495 Leu Lys Arg Lys Thr Ser Tyr lle
Val Gin Val Met Ala Ser Thr Ser 500505510 Ala GI Gly Thr Asn Gly Thr Ser Ile Asn Phe Lys Thr Leu
~ Ser Phe 515520525 Ser Val Phe Glu lle lle Leu lle Thr Ser Leu lle Gly Gly Gly Leu 530535540 12
545550555560 Lys Leu Thr His Leu Cys Trp Pro Thr Val Pro Asn Pro Ala Glu Ser 565570575 Ser lle
Ala Thr Trp His Gly Asp Asp Phe Lys Asp Lys Leu Asn Leu 580585590 Lys G u Ser Asp Asp Ser Val
Asn Thr Glu As2 &g lle Leu Lys Pro 595600605 220 :

Ser Asp Trp Ser Gln Glu Lys Met Gly
225 230

Cys Gly Leu Glu Leu Trp Arg Val Leu
245

Arg Arg Pro Val Arg Leu Leu Trp Lys

Met Thr Giu Gilu Glu Ala Pro
235 240

Lys Pro Ala Glu Ala Asp Gly
250 255

lLys Ala Arg Gly Ala Pro Val

260 265 270

Thr Leu Gly Tyr Asn lle
280

Trp Tyr Tyr Pro Glu Ser Asn
285

Leu Glu Lys
275

Thr Asn Leu
290

Thr Glu Thr Met Asn Thr
295

Thr Asn Gin Gin Leu Glu Leu
300

His Leu Gly
305

Gly Glu Ser Phe Trp Val
310

Ser Met Ile Ser Tyr Asn Ser
315 320

Ser Pro Val Ala Thr Leu
325

“Leu Gly Lys Arg lle Pro Ala Ile GIn Glu

330 335

Lys Ser Phe Gin Cys iie Glu Val Met

340 345

Gln Ala Cys Val Ala Glu Asp
350

Gin Leu Val Val Lys Trp Gin Ser Ser
355 360

Ala Leu Asp Val Asn Thr Trp
365

Ser Gluv Pro Thr Thr Leu Ser
380

Met |le Glu Trp Phe Pro Asp Val Asp
370 375



- Cys Ser Thr Pro Ser Asp Lys Leu Val lle Asp Lys Leu Val Val Asn 610615620 Phe Gly Asn Val Leu
GIn Glu lle Phe Thr Asp Glu Ala Arg Thr Gly 625630.635640 Gin Glu Asn Asn Leu Gly Gly Glu Lys
Asn Gly Thr Arg lle Leu Ser 645650655 Ser Cys Prb Thr Ser lle 660 <210> 7 <211> 732 <212> PRT
<213> Homo sapiens <220> <221> SIGNAL <222>(1).. (20) 13 <221> TRANSMEM <222> (520)..
(543) <400> 7 Met Met Trp Thr Trp Ala Leu Trp Met Leu Pro Ser Leu Cys Lys Phe 151015

Trp Giu Ser Val Ser Gin Ala Thr Asn Trp Thr lle GIn GIn Asp Lys
385 390 395 400

Leu Lys Pro Phe Trp Cys Tyr Asn lle Ser Val Tyr Pro Met Leu His
405 410 415

Asp Lys Val Gly Glu Pro Tyr Ser Ile GIn Ala Tyr Ala Lys Glu Gly
420 425 430

Val Pré Ser Glu Gly Pro Glu Thr Lys Val Glu Asn |le Giy Val Lys
435 440 445

Thr Val Thr {le Thr Trp Lys Glu Ile Pro Lys Ser Glu Arg Lys Gly
450 455 460

[le Ile Cys Asn Tyr Thr lle Phe Tyr Gin Ala Glu Giy Gly Lys Gly
465 470 475 480

Phe Ser Lys Thr Val Asn Ser Ser lle Leu GiIn Tyr Gly Leu Glu Ser
485 490 495

Leu Lys Arg Lys Thr Ser Tyr lle Val Gin Val Met Ala Ser Thr Ser
500 505 510

Ala Gly Gly Thr Asn Gly Thr Ser Ile Asn Phe Lys Thr Leu Ser Phe
515 520 525

Ser Val Phe Glu lle Ile Leu Ile Thr Ser Leu lle Gly Gly Gly Leu
530 535 540

Leu lle Leu [1e lle Leu Thr Val Ala Tyr Gly Leu Lys Lys Pro Asn



. Ser Leu Ala Ala Leu Pro Ala Lys Pro Glu Asn lle Ser Cys Val Tyr 202530 Tyr Tyr Arg Lys Mn 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 His Asp Asn Cys Thr Thr Asn Seri8er Thr Ser Glu Asn Arg Ala Ser 65707580 Cys Ser
Phe Phe Leu Pro Arg lle Thr lle Pro Asp Asn Tyr Thr lle 859095 Glu Val Glu Ala Glu Asn Gly Asp Gly
Val lle Lys Ser His Met Thr 100105110 Tyr Trp Arg Leu Glu Mn 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 14
145150155586 Arg Phe Arg Thr Vab®sn Ser Thr Ser Trp3gt Glu Val Asn Phe Akp

Lys Leu Thr His Leu Cys Trp Pro Thr Val Pro Asn Pro Ala Glu Ser
565 570 575

Ser lie Ala Thr Trp His Gly Asp Asp Phe Lys Asp Lys Leu Asn Leu
580 585 590

Lys Gfu Ser Asp Asp Ser Val Asn Thr Glu Asp Arg lle Leu Lys Pro
585 600 605

Cys Ser Thr Pro Ser Asp Lys Leu Val [le Asp Lys Leu Val Val Asﬁ
610 615 620

Phe Gly Asn Val Leu GIn Glu {ie Phe Thr Asp Glu Ala Arg Thr Gly
625 630 - 635 640

GIn Giu Asn Asn Leu Gly Gly Glu Lys Asn Gly Thr Arg lle Leu Ser
645 650 655

Ser Cys Pro Thr Ser lle
660

Q210 7

211> 132

<212> PRT

<213> Homo sapiens

<220>
<221> SIGNAL
222> (1)..(20)

<220>



. 165170175 Lys Asn Arg Lys Asp Lys Asn Gin Thr Tyr Asn Lou Thr Gly Leu Gin 180185190 Pro Phe
Thr Glu Tyr Val lle Ala Lou 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 Afa 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 1 e Trp Tyr Tyr Pro 260265270 Glu Ser Asn
Thr Asn Lou Thr Glu Thr Met Asn Thr Thr Asn Gin Gin 275280285 Leu Glu Lou His Lou Gly Gly Glu
Ser Phe Tr224>SeFRARSHMIENSer 290295300 15 lle Gin Glu Lys Ser Phe Gin Cys lle Glu Val Met Gin

Ala Cys Vak27272>  (520) .. (543)
400> 7
Met Met Trp Thr Trp Ala Leu Trp Met Leu Pro Ser Leu Cys Lys Phe
1 5 10 15

Ser Leu Ala Ala Leu Pro Ala Lys Pro Glu Asn [le Ser Cys Val Tyr
20 25 30

Tyr Tyr Arg Lys Asn Leu Thr Cys Thr Trp Ser Pro Gly Lys Glu Thr
35 40 45

Ser Tyr Thr Gin Tyr Thr Val Lys Arg Thr Tyr Ala Phe Gly Glu Lys
50 55 60

His Asp Asn Cys Thr Thr Asn Ser Ser Thr Ser Glu Asn Arg Ala Ser
65 70 75 80

Cys Ser Phe Phe Leu Pro Arg lle Thr lle Pro Asp Asn Tyr Thr Ile
85 90 95

Glu Val Glu Ala Glu Asn Gly Asp Gly Val [le Lys Ser His Met Thr
100 105 110

Tyr Trp Arg Leu Glu Asn 1le Ala Lys Thr Glu Pro Pro Lys ille Phe
115 120 125

Arg Val Lys Pro Val Leu Gly ile Lys Arg Met {le Gin Ile Glu Trp
130 135 140

Ile Lys Pro Glu Leu Ala Pro Val Ser Ser Asp Leu Lys Tyr Thr 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 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 Ly4Leu Lys Pro Phe Trp Cys Tyr Asn lle Ser Val Tyr
~ Pro 385390395400 Met Leu His Asp Lys Val Gly Glu Pro Tyr Ser He Gin Ala Tyr Ala 405410415 Lys
Glu Gly Val Pro Ser Glu Gly Pro Glu Thr Lys Val Glu Asn lle 420425430 Gly Val Lys Thr Val Thr lle
Thr Trp Lys Glu lle Pro Lys Ser Glu 435440445 Arg Lys Gly lle lle Cys Asn Tyr Thr lle Phe Tyr Gin Ala
Glu Gly 450455460 Gly Lys Gly Phg0Ser Lys Thr Val AsniSgr Ser lle Leu GIn TywsGly 465470475480

Arg Phe Arg Thr Vai Asn Ser Thf“ Ser Trp Met Glu Val Asn Phe Ala
165 170 175 '

Lys Asn Arg Lys Asp Lys Asn Gin Thr Tyr Asn Leu Thr Gly Leu Gin
180 185 190

Pro Phe Thr Glu Tyr Val lle Ala Leu Arg Cys Ala Val Lys Glu Ser
185 200 | 205

Lys Phe Trp Ser Asp Trp Ser GIn Glu Lys Met Gly Met Thr Glu Glu
210 215 220

Glu Ala Pro Cys Gly Leu Glu Leu Trp Arg Val Leu Lys Pro Ala Glu
225 230 235 240

Ala Asp Gly Arg Arg Pro Val Arg Leu Leu Trp Ly.s Lys Ala Arg Gly
245 250 - 255

Ala Pro Val Leu Glu Lys Thr Leu Gly Tyr Asn lde Trp Tyr Tyr Pro
260 265 - 270

Glu Ser Asn Thr Asn Leu Thr Glu Thr Met Asn Thr Thr Asn Gln Gin
275 : 280 285

Leu Glu Leu His Leu Gly Gly Giu Ser Phe Trp Val Ser Met ile Ser
290 295 300

Tyr Asn Ser Leu Gly Lys Ser Pro Val Ala Thr Leu Arg lle Pro Ala
305 310 315 320



16 485490495 Ser Thr Ser Ala Gly Gly Thr Asn Gly Thr Ser lie 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 530535540 Lys Pro A$h Lys Leu Thr His Leu Cys Trp Pro Thr Val Pro Asn
- Pro 545550555560 Ala Glu Ser Ser lle Ala Thr Trp His Gly Asp Asp Phe Lys Asp Lys 565570575 Leu
Asn Leu Lys Glu Ser Asp Asp Ser Val Asn Thr Glu Asp Arg lle 580585590 Leu Lys Pro Cys Ser Thr
Pro Ser Asp Lys Leu Val lle Asp Lys Leu 595600605 Val Val Asn Phe Gly Asn Val Leu Gin Glu lle Phe
Thr Asp Glu Ala 610615620 Arg Thr Gly Gin Glu Asn Asn Leu Gly Gly Glu Lys Asn Gly Tyr Val

625630635648 GIn Giu Lys Ser Phe Gin Cys Ile Glu Val Met GIn Ala Oys Val

325

Ata Glu Asp GIn Leu Val Val Lys Trp
340 345

Asn Thr Trp Met Ile Glu Trp Phe Pro
355 360

Thr Leu Ser Trp Glu Ser Vai Ser Gin
370 375

Gln Asp Lys Leu Lys Pro Phe Trp Oys
385 390

Met Leu His Asp Lys Val Gly Glu Pro
405

Lys Glu Gly Val Pro Ser Glu Gly Pro
420 425

Gly Val Lys Thr Val Thr Ile Thr Trp
435 440

Arg Lys Gly lle 1le Cys Asn Tyr Thr
450 455

Gly Lys Gly Phe Ser Lys Thr Val Asn
465 470

Leu Glu Ser Leu Lys Arg Lys Thr Ser

330 335

Gin Ser Ser Ala Leu Asp Val
350

Asp Val Asp Ser Glu Pro Thr
365

Ala Thr Asn Trp Thr Ile Gin
380

Tyr -Asn |le Ser Val Tyr Pro
395 400

Tyr Ser lle GIn Ala Tyr Ala
410 415

Glu Thr Lys Val Glu Asn |le
430

Lys Glu lie Pro Lys Ser Glu
445

| fe Phe Tyr Gin Ala Glu Gly
460

Ser Ser lle Leu GIn Tyr Gly
475 480

Tyr fle Val Gin Val Met Ala



17 Leu Pro Val Ser Pro Glu lle Pro Pro Arg Lys Ser Gin Tyr Leu Arg 660665670 Ser Ark Met Pro Glu
Gly Thr Arg Pro Glu Ala Lys Glu Gin Leu Leu 675680685 Phe Ser Gly Gin Ser Leu Val Pro Asp His
Leu Cys Glu Glu Gly Ala 690695700 Pro Asn Pro T§r Leu Lys Asn Ser Val Thr Ala Arg Glu Phe Leu
Val 705710715720 Ser Glu Lys Leu Pro Glu His Thr Lys Gly Glu Val 725730 <210> 8 <211> 4 <212>
PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 8 Gly Gly Gly
Ser 1 <210> 9 <211> 4 <212> PRT <213> Artificial _

485 4390 495

Ser Thr Ser Ala Gly Gly Thr Asn Gly Thr Ser [le Asn Phe Lys Thr
500 505 510

Leu Ser Phe Ser Val Phe Glu Ile lle Leu Ile Thr Ser Leu [le Gly
515 520 525

Gly Gly Leu Leu Ile Leu Ile Ile Leu Thr Val Ala Tyr Gly Leu Lys
- 530 535 | 540

Lys Pro Asn Lys Leu Thr His Leu Cys Trp Pro Thr Vai Pro Asn Pro
545 550 555 560

Ala Glu Ser Ser {le Ala Thr Trp His Gly Asp Asp Phe Lys Asp Lys
565 570 575

Leu Asn Leu Lys Glu Ser Asp Asp Ser Val Asn Thr Glu Asp Arg |le
580 585 . 590

Leu Lys Pro Cys Ser Thr Pro Ser Asp Lys Leu Val lle Asp Lys Leu
595 600 605

Val Val Asn Phe Gly Asn Val Leu Gin Giu ile Phe Thr Asp Glu Ala
610 615 : 620

Arg Thr Gly Gin Glu Asn Asn Leu Gly Gly Glu Lys Asn Gly Tyr Val
625 630 635 640

Thr Cys Pro Phe Arg Pro Asp Cys Pro lLeu Gly Lys Ser Phe Glu Glu
645 ‘ 650 655



<220> <223> An artificially synthesized peptide sequence <400> 9 Ser Gly Gly Gly 1 <210> 10 <211>
5 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 10 Gly
Gly Gly Gly Ser 15 <210> 11 <211> 5 <212> PRT K213> Artificial <220> <223> An artificially
synthesized peptide sequence

Leu Pro Val Ser Pro Glu Ile Pro Pro Arg Lys Ser Gin Tyr Leu Arg
660 665 670

Ser Arg Met Pro Glu Gly Thr Arg Pro Glu Ala Lys Glu GIn Leu Leu
675 680 685

Phe Ser Gly GIn Ser Leu Val Pro Asp His Leu Cys Glu Glu Gly Ala
690 695 700

Pro Asn Pro Tyr Leu Lys Asn Ser Val Thr Ala Arg Glu Phe Leu Val
705 710 715 720

Ser Glu Lys Leu Pro Glu His Thr Lys Gly Glu Val
725 730

210> 8

211> 4

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 8

Gly Gly Gly Ser
1

210> 9

1> 4

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence



<400> 11 Ser Gly Gly Gly Gly 15 <210> 12 <211> 6 <212> PRT <213> Atrtificial <400> 12 Gly Gly Gly
Gly Gly Ser 15 <210> 13 <211> 6 <212> PRT <213> Atrtificial <220> <223> An art|f|C|aIIy synthesized
‘peptide sequence <400> 13 Ser Gly Gly Gly Gly Gl§ 15

<400>

9

Ser Gly Gly Gly

1

210>
Q1>
<212
213>

<220>
223>

<400>

10

5

PRT
Artificial

An artificially synthesized peptide sequence

10

. Gly Gly Gly Gly Ser

]

210>
VARD
212
213

<2207
223>

<400>

5

11

5

PRT
Artificial

An artificially synthesized peptide sequence

1

Ser Gly Gly Gly Gly

1

<210
11>
21
213>

<220>
<223>

5

12

6

PRT
Artificial

An artificially synthesized peptide sequence



- <210> 14 <211> 7 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 14 Gly Gly Gly Gly Gly Gly Ser 15 <210> 15 <211> 7 <212> PRT <213> Artificial
<400> 15 Ser Gly Gly Gly Gly Gly Gly 15 <210> 16%211> 2969 <212> DNA

<400> 12

Gly Gly Gly Gly Gly Ser
1 5

210> 13
RPN

212> PRT

213> Artificial

220>
223> An artificially synthesizad peptide sequence

<400> 13

Ser Gly Gly Gly Gly Gly
1 5

210> 14

Q11> 7

212> PRT

213> Artificial

2200
<223> An artificially synthesized peptide sequence

400> 14

Gly Gly Gly Gly Gly Gly Ser
1 )

216> 15

211> 7

212> PRT

213> Artificial

<220%
<223> An artificially synthesized peptide sequence



<213> Homo sapiens <400> 16 cgcttataaa tgaatgtgtg cttaggaaca ccagacagca ctccagcact ctgcttgggge0
ggcattcgaa acagcaaaat cactcataaa aggcaaaaaa ttgcaaaaaa aatagtaatal20 accagcatgg tactaaatag
accatgaaaa gacatgtgtg tgcagtatga aaattgagac1804%ggaaggcag agtgtcagct tgttccacct cagctgggaa
tgtgcatcag gcaactcaag240 tttttcacca cggcatgtgt ctgtgaatgt ccgcaaaaca ttttaacaat aatgcaatcc300
atttcccagc ataagtgggt aagtgccact ttgacttggg ctgggcttaa aagcacaaga360 aaagctcgca gacaatcaga
gtggaaacac tcccacatct tagtgtggat aaattaaagt420 ccagattgtt cttcctgtcc tgacttgtge tgtgggaggt ggagttgect
ttgatgcaaa480 tcctttgagc cagcagaaca tctgtggaac atcccctgat acatgaagct ctctccccag540 ccttcatgtg
ttaacctggg gafgatgtdl acctgggcac tgtggatgct cccctcactc600 tgcaaattca gectggcagc tctgecagct
aagcctgaga acatttoctg tgtctactac660 tataggaaaaatttaacctg cacttggagt ccaggaaagg aaaccagtta

tacccagtac£20 g @??Q(ﬂ ga@ﬁytq\]qg,c thgggagaa aaacatgata attgtacaac caatagttct780 acaagtgaaa
atcgtgcttc g]tgctcttt ttccttccaa gaataacgat cccagataat840 tataccattg aggtggaagc tgaaaatgga gatggtgtaa

ttaaatctca tatgacatac900 21 fggagattag agaacatagc gaaaactgaa ccacctaaga ttttccgtgt gaaaccagtt960

210> 16
. <211> 2969
<212> DNA
<213> Homo sapiens

<400> 16 -
cgcttataaa tgaatgtete cttaggaaca ccagacagea ctecagoact ctgetigeeg 60

ggcattogaa acagcaaaat cactcataaa aggcaaaaaa tigcaaasaa aatagtaata 120
accagcatgg tactaaatag accatgaaaa gacatgtegte tgecagtatga aaattegagac 180
aggaaggecag agtgtcaget tgttccacet cageteggaa tgtecateag gcaac.tcaag 240
tttttcacca czgeatetet ctegtgaatet ccecaaaaca ttttaacaat fiatgcaatcc 300
atttcocagc ataagtgget aagteccact ttgacttege ctegecttaa aagcacaaga 360
aaagetogea gacaatcaga gtggaaacac teccacatet tagtgt;gat aaattaaagt 420
ccagattegtt cttectgtoc tgactigtee tgteggaget geagttgoct ttgatgcaaa 480
teetttgage cageagaaca totgtegaac atecootgat acatgaagct ctotocccag 540
cetteatgty ttaacetgee gatgatgtee acctgggeac tgtggateet coceteacte 600
tgcaaattca goctgecage totgocaget aageotgaga acatttcctg tgtctactac 660
tataggaaaa atttaacctg cacttegagt ccaggaaage aaaccagtta tacccagtac 120
acagttaaga gaacttacge tticggagaa aaacatgata attgtacaac caatagftc*t 180
acaagtgaaa atcgtgottc gtgctetttt ttccttecaa gaataacgat cecagataat 840

tataccatte aggtegaage tgaaaatgga gategigtaa ttaaatctea tatgacatac 800



ttgggcatca aacgaatgat tcaaattgaa tggataaagc ctgagttggc gcctgtttcal020 tctgatttaa aatacacact
tcgattcagg acagtcaaca gtaccagctg gatggaagtc 1080 aacttcgcta agaaccgtaa ggataaaaac caaacgtaca

~ acctcacggg getgcagect 1140 tttacagaat atgtcatagcdttgecgatgt gcggtcaagg agtcaaagtt ctggagtgac 1200
tggagccaag aaaaaatggg aatgactgag gaagaagctc catgtggcct ggaactgtgg 1260 agagtcctga aaccagctga
ggcggatgga agaaggccag tgcggttgtt atggaagaag 1320 gcaagaggag ccccagtcct agagaaaaca cttggctaca
acatatggta ctatccagaa 1380 agcaacacta acctcacaga aacaatgaac actactaacc agcagcttga actgcatctg
1440 ggaggcgaga gcttttgggt gtctatgatt tcttataatt ctcttgggaa gtctccagtg 1500 gccaccctga ggattccagce

tattcaagaa aasteatttagigeaitda goicalgeat 4560 Anrleseite ClesaaasCaAeRaigetg aagiggcaaa
gctctgcetct agacgtgaac 1620 acttggatga ttgaatggtt tccggatgtg gactcagagc ccaccaccct ttcctgggaa 1680

logigtes agageatgse-CluRagalc cascaRONA IAAIALe LdRglNe ALY

€ tagfgggt ct%%;% tcc
aatgttgcat gacaaagttg gcgagccata ttccatccag teta cagaa ggtcctgaga
ccaaggtgg acattggcl1860 gtgaagacgg tcacgatcac atggaaagag attcccaaga gtgagagaaa
gggtatcatciﬁ??&fﬁg@tﬁﬁga@gﬁ%&ﬁ%" LReG3r 881555 a 40 e h 450 4Eag8 ¢t 1 98B cagcatct
tgcagtacgg cctggagtcc ctgaaacgaa agacctctta cattgttcag 2040 gtcatggcca acaccagtgc tgggggaacc
aacgggaccadfdieseiia saearnsiitg 2Letamntcatigacitgagadatcatzga ectimtatga ttggtytély cottcttatt
2160 22 ctcattatcc tgacagtggc atatggtctc aaaaaaccca acaaattgac tcatctgtgt2220 tggcccaccg

- ttcccaacce tgaigeaagitomategeaacalageniig BgalaNik: 2230 BagUatacgtlanassigaa ggmptctaat
gactctgtga acacagaaga caggatctta 2340 aaaccatgtt ccacccccag tgacaagttg gtgattgaca agttggtggt

gaactttggg C ac tcaggaaaa acaatttagg 0
RN 6L b Sl e e T S R
_ctgtggtcta tgcaaattag aaaggacatg cagagtttic 2580 caactaggaa gactgaatct gtggccccaa gagaaccatc
tccgaagact FHGRGIGE S8APAGHIEA - BBCEEAFFRCRBAREER TR TG Bl a tiEReagasea g gtct 2700
gttattaagt agagtgtgaa aacatggtta tggtaatagg aacagctttt aaaatgcttt 2760 tgtatttggg cctttcacac
aaaaaagccéaazfaggag teetgepartycstgete 220 taactatit teakd ot atatadttctagtactatttgatgtaatac
tatacttcta 2880 tactattttc atgtaatact atacttctat attaaagttt tacccactcc aaaaaaagaa 2940

a2228232Q0RARABRAARBABAMAAF3060:524 02 e A At soetes RRI-5R4E Ari‘%&@' <220>
<223> an artificially synthesized sequence <400> 17 GIn Val GIn Leu Val GIn Ser'Gly Ala Glu Val Lys

Lys Pro Glygéﬂﬁgcgaga gettttgegt gtotatgatt tettataatt ctettgggaa stotecagty 1500

gocaccotga ggattecage tattcaagéa aaatcatttc agtgoattea ggtecatgecag 1560
gectgogtte ctgaggacea gotagtggte aagteggcaaa getetectet agacgtgaac | 1620
abttggatga ttgaatggtt teocggatgte gactoagage ceaccaccet tteotgggaa 1680
tetgtetcte aggecacgaa ctggacgatc cagoaagata aattaaaace tttotgetege 1740
tataacatet c{gtgtatcc aatgttgeat gacaaagtte gogagocata ttccatccag 1800
gettatgeca aagaaggegt tocatcagaa getoctgaga coaaggteea gaacattgge 1860
gtgaagacgg teacgatcac atggaaagag attcocaaga gtpagagaaa gegtatcate 1920
tgcaactaca coatctttta ccaagetgaa ggtggaaaag gattcteocaa gacagtcaat 1980
tccageatct tgocagtacgg cctgragtee ctgaaacgaa agacctetta cattgttcag 2040
gtcatggcea acaccagtge tgegegaace aacgggaccéwécataaattt caagacattg 2100

tcattcagtg totttgagat tatectoata acttcteotga tteggtegage cottettatt 2160



23 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 505560 Lys Gly Arg Val Thr IBZThr 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
cteattatcc tgacagtege atatggtotc aaaaaaccca acaaattgac teatotgtet 2220
tgeoccacog tteccaaccs tgotgaaagt agtatageea catggeatee agatgattte 2280
aaggataagc taaacctgaa ggagtotgat gactetetya acacagaaga caggatetta 2340
aaaccatgtt coaccecoccag tgacaagtty gtgattgaca agttestest gaactttggg 2400
aatgttctge aagaaatttit cacagatgaa gocagaacgg gtcaggaaaa acaatttagg 2460
aggggaaaag aatgggacta gaattetgte ttocteccca actteaatat aagtgtggac 2520
taaaatgega gaaaggtetc ctgtegtota tgcaaattag aaaggacaty cagagttttc 2580
caactaggaa gactgaatct giggoccocaa gagaaccatce tecgaagact ggetatgter 2640
tettttocac acatggacca cctacggate caatetgtaa tgcatgteca tgagaagtet 2700
gttattaagt agagtgtgaa aacatgetta tggtaatagg aacagetttt aaaatgettt 2760
tgtatttege cotitcacac aaaaaagoca taataccatt tteatgtaat getatacttc 2820
tatactattt tcatgtaata ctatacttct atactatttt catgtaatac tatacttcta 2880
tactatttfc atgtaatact atacttctat attaaagttt tacccactcc aaaaaaagaa 2940
aaaaaaaaaa aaaaaaaaaa aaaaaaaaa

2969

210> 17
211> 447
212> PRT
213> Artificial

220>
<223> an artificially synthesized sequence

<400> 17

Gin Val GlIn Leu Val GIn Ser Gly Ala Glu Val Lys Lys Pro Gly Ala



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 1801851? Pro Ser Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys
Asn Val Asp His 195200205 Lys Pro Ser Asn Thr :83 Val Asp Lys Thr Val Glu Arg Lys Ser Cys
210215220 24 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 Asp Gly Val Glu Val His Asn Ala Lys 275280285 Thr Lys Pro Arg Glu Glu GIn Phe Asn
Ser Thr Phé Arg Val Val Ser $90295300 Val Leu Thi¥al Val His Gin Asp T‘rﬁ) Leu Asn Gly Lys Glu Tyr
Lys

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr

20 29 30

lte Met Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met
35 40 45

Gly Leu Ile Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn GIn Lys Phe
50 5 60

Lys Gly Arg Val Thr Ile Thr Ala Asp Giu Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Giu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly
100 105 110

Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser |
115 120 125

Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Glu Ser Thr Ala
130 135 140

Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
145 150 155 160

Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala
165 170 175

Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
180 185 190

Pro Ser Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His
185 200 205

L.ys Pro Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys
210 215 220

Val Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val



305310315320 Cys Lys Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr Ile 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 E¢s Gly Phe Tyr Pro Ser Asp lle 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 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 SeZR&u Ser Pro Gly Lys 438440445 25 <210> 285%211> 214 <212> PRI <213> Artificial

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr
' 245 250 255

Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu
260 265 270 '

Val GIn Phe Asn Trp Tyr Val Asp 8ly Val Glu Val His Asn Ala Lys
275 280 285

Thr Lys Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser
290 . 295 300

Val Leu Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys
305 310 | 315 320

Cys Lys Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr Ile
325 330 335

Ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
340 345 350

Pro Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu
355 360 365

Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
370 375 380

Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
385 390 395 400

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
405 410 415

Trp GIn Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Ley
420 425 430

His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro ny Lys
435 440 445



<220> <223> an artificial ly synthesized sequence <400> 18 Asp He Gin Met Thr Gin Ser Pro Ser Ser
Leu Ser Ala Set Val Gly 151015 Asp Arg Val Thr %E Thr Cys Arg Thr Ser Glu Asn lle Tyr Ser Phe
202530 Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ata Pro Lys Leu Leu lle 354045 Tyr Asn Ala Lys Thr
Leu Ala Lys 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 Glu 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 Sef&lép GILBGIN Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
Tyr Pro Arf&lIvAIZ 14

212> PRT
213> Artificial

{220>
223>
<400> 18

Asp lle Gin Met Thr
1 5

Asp Arg Val Thr lle
20

Leu Ala Trp Tyr GIn
35

Tyr Asn Ala Lys Thr
50

Ser Gly Ser Gly Thr
65

Glu Asp Phe Ala Thr
85

Thr Phe Gly Gly Gly
100

Pro Ser Val Phe |le
115

Thr Ala Ser Val Val
130

Lys Val GIn Trp Lys
145

Glu Ser Val Thr Glu
165

Gin Ser Pro Ser Ser
10

Thr Cys Arg Thr Ser
25

Gin Lys Pro Gly Lys
40

Leu Ala Lys Gly Val
55

Asp Phe Thr Leu Thr
70

Tyr Tyr Cys Gln His
90

Thr Lys Val Glu Ile
105

Phe Pro Pro Ser Asp
120

Cys Leu Leu Asn Asn
135

Val Asp Asn Ala Leu
150

Gin Asp Ser Lys Asp
170

an artificially synthesized sequence

Leu Ser Ala Ser Val Gly
15

Glu Asn lle Tyr Sef Phe
30

Ala Pro Lys Leu Leu |le
45

Pro Ser Argz Phe Ser Gly
60

{le Ser Ser Leu Gin Pro
75 80

His Tyr Glu Ser Pro Leu
95

Lys Arg Thr Val Ala Ala
110

Glu Gin Leu Lys Ser Gly
125

Phe Tyr Pro Arg Glu Ala
140

Gln Ser Gly Asn Ser Gin
155 160

Ser Thr Tyr Ser Leu Ser
175



130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 145150155160 Glu Ser
Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 165170175 26 Ser Thr Leu Thr Leu Ser Lys
Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Al&6Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val

~ Thr Lys Ser 195200205 Phe Asn A g Gly Glu Cys 210

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Giu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
185 200 205

Phe Asn Arg Gly Glu Cys
210



