DESCRIPTION ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING TO TWO OR MORE
ANTIGEN MOLECULES REPEATEDLY 5 Technical Field The present invention relates to
methods for improving the pharmacokinetics of antigen-binding molecules and methods for increasing
the number of times of antigen-binding of antigen-binding molecules, as well as antigen-binding
molecules having improved 10 pharmacokinetics, antigen-binding molecules having increased number
of times of antigen-binding, and methods for producing such molecules. Background Art Antibodies
are drawing attention as pharmaceuticals as theé( are hiﬁﬁg stable in plasma 15and have few adverse
effects. At present, a number of IgG-type ant euticals are available on the market and
many more antibody pharmaceuticals are currently under development (Non-Patent Documents 1 and

2) Meanwhile, \aripusischoplagien @Rl (o gesand:qspaiptignaotodRIRnRsiicals have

been developed, including those that enhance effector function, antigen-binding ability,
pharmacokinetics, and stability, A EHEEN MQ L ESI D ier ek dF ﬁﬁun.ogenicity (Non-Patent

‘Docgment 3). In general, the requisite dose of an antibody pharmaceutical is very high. This, in turn,

has led t?epc obcI:e 1elauch as high production cost, as well as the difficulty in producing subcutaneous
formulatm%gf%y, the dose of an antibody pharmaceutical may be reduced by improving antibody

pharmacokineticEh§rmregsrs g rHararlaigs b Meabeds Aapborse une BamGersaesiinetirefdture has
reported sneibedsoh inyeine antbash ahain acelderiich e singrartidicinhsy b tiksen-afrdmineracids
in ConStaaglrt{%%i%ri}?dl(yor?lefgé rég DO%JeqL%QtS é ae”%ﬂaﬁim”%{%uﬁa@i?g}}'m%‘ir%ﬂ%‘ has been reported
asa technol%gy or eﬁhancmg ah?lsgen- in mgga%i &y or%ﬁrﬁgen-neu ra]ﬁlz%ng %cquvf%y (Non-Patent
Dotéimenh®&mausis tetbh ohiigerhatieszanpisaeismieniios amfgesdidingradtisegdylintroduction of
amino agighmationsdriedhe-GRR RPragonphavaiaRiRsgrion or such. The enhancement of

antigen-binding ability enables improvement of in vitro biological activity or reduction of dosage, and
further enables improvement of in vivo efficacy (Non-Patent Document 7). The antigen-neutralizing
capacity Bickmiogid Arttibody molecule depends on its affinity. By increasing the affinity, an antigen can

be neutralized by salieramanatal 2aantibedy pRavaieusMethods can Rersedinen the
antlbod_y affipity. Furthermore gCEQ.e %‘tlnllggsggugn%?n Eg%% in%qlte gyélgn%\ga en&%ﬁg&g lc_f??l:%?tlbody to
thel Antighi BELFETS B present, gu-typ YP

available on the market and many more antibody pharmaceuticals are currently under

development (Non-Patent Documents 1 and 2). Meanwhile, various technologies applicable to |

second-generation antibody pharmaceuticals have been developed, including those that enhance

effector function, antigen-binding ability, pharmacokinetics, and stability, and those that reduce

20 the risk of immunogenicity (Non-Patent Document 3).  In general, the requisite dose of an
antibody pharmaceutical is very high. This, in tumn, has led to problems, such as high
production cost, as well as the difficulty in producing subcutaneous formulations. In theory, the
dose of an antibody pharmaceutical may be reduced by improving antibody pharmacokinetics or
improving the affinity between antibodies and antigens.

25 The literature has reported methods for improving antibody pharmacokinetics using
artificial substitution of amino acids in constant regions (Non-Patent Documents 4 and 5).
Similarly, affinity maturation has been reported as a technology for enhancing antigen-binding
ability or antigen-neutralizing activity (Non-Patent Document 6). This technology enables
enhancement of antigen-binding activity by introduction of amino acid mutations into the CDR.

30 region of a variable region or such. The enhancement of antigen-binding ability enables
improvement of irn vifro biological activity or reduction of dosage, and further enables
improvement of in vive efficacy (Non-Patent Document 7).

The antigen-neutralizing capacity of a single antibody molecule depends on its affinity.
By increasing the affinity, an antigen can be neutralized by smaller amount of an antibody.

35  Various methods can be used to enhance the antibody affinity. Furthermore, if the affinity

could be made infinite by covalently binding the antibody to the antigen, a single antibody



2 molecule could neutralize one antigen molecule (a divalent antibody can neutralize two antigen
molecules). However, the stoichiometric neutralization of one antibody against one antigen (one
divalent antibody against two antigens) is the limit of pre-existing methods, and thus it is impossible to
completely neutralize antigen with the smaller amount of antibody than the amount 5 of antigen. In
other words, the affinity enhancing effect has a limit (Non-Patent Document 9). To prolong the
neutralization effect of a neutralizing antibody for a certain period, the antibody must be administered
at a dose higher than the amount of antigen produced in the body during the same period. With the
improve metecof artibd dyptdian acelamegies oo affindyaniatieatantiechy olmgy- aleite desc Hixggtabove,

there is e atan I the sRcician labe eAUERAAORNIAR S0y, son PRGN oder to

sustain antibody's antigen-neutralizing effect for a target period with s_mal?crer amount of the

than the @RfOTNRSPAARGREILY AETe A PLS Re dirdliof Rrari e ah st rath Bus fhis
neutralizingossittiple antigdsisiwitbuarsling lendptb odih ine uaaldntigesuinadtivation p siag Gatabybien:
antibodies, which ar ihodi [ 3 ic.functi \figen is a,protein, it
cangbe iﬁzc?#%%d b&f}%ﬁ%‘ﬁi&} %g%gﬁ%gé%%%§%%%%ﬁ%% }:ka%r?trg%%grfke) %/nﬁg?%%lﬁlfgtzg tigens by
catalyzir@ﬂ@ﬂ?ﬁ?%l?@@m@ﬁ%@é%ﬁﬁg%éﬁﬁ@%waﬂé fRaAy plaincsEedpbraisished on
catalyticransinadidmansdedhinaldgieshighsroguaingathem: blaweares phete-bavetheepdyaiigperts of

catalytic 0 Q& i vin fficient catalytic activity as a pharmaceutical agent..Specifically, in an
20antibot§y t‘|>ln v?v%%%?dy f%/?t; g:%ért%ﬁ 'fata)lr‘{tﬁltgﬁeerl11 f%earré}lﬁgs}i t}é%%ag%%gﬁ{cig igﬁgagﬁgg?s’a?flﬁtg%%{ﬁ%odies
which caFcBRetRERr88 HFsarisr BdreaIhewE e elisntaioaindossedseipo dideeaeneiredrolonged
effect evenivédysne dose as compared to an ordinary non-catalytic neutralizing antibody. As

described above, there have been np reports of antjbodies that can produce.a more 25superior, in vivo
effect than ordinéﬁ(/: %rgg}%lrfz]i%arg'ﬁ{ig’os E{;& %&%Hdg Si%ﬁlgﬁlﬁﬂﬁ%&/ﬂﬁgﬁ% faz%%o?nau%f&é% g?ﬁl% n

molecul&gtirpuslieramenat wethe eritsiddosen danonna nfl pidongasivg lefatibodyability, there is a
need fonagwateshnelagiesdhadRermitdhe &y adusdien Rfine yakiaptibasdy.prlesesshavinghationger in
vivo (_effeI%t }hgg a%gigari n%tr?ligingnan&t%glrg&?g atr)1¥ ir(1} %\éidl@% neutrai; ig multi%l%%%%aﬁg molecules.
30Prior AH HSeGRIESHS LA S RS SR T R e I .%ﬁ&??x? Ats]
[NOR-Paeial isdunssion] NShepdtsrnDeeurmertrdteMonoeiobalmntivetyl bydueksbeingtite clinic. Janice
M ReichespiiddapknliRosenaweaiod)-auka B dadep sddatthem Do Wiz Majure Blirteshaolgex 23,
1073-10 0{3{3{%:%8? ?)ocument 8). . There are many previous reports published on catalytic antibodies
and technologies for producing them. However, there have been no reports of catalytic
antibodies having sufficient catalytic activity as a pharmaceutical agent. Specifically, in an
20 antibody in vive study for a certain antigen, there has been no publication of catalytic antibodies
which can produce a comparable or stronger effect even at low doses or produce a more
prolonged effect even at a same dose as compared to an ordinary non-catalytic neutralizing
antibody. _
As described above, there have been no reports of antibodies that can produce a more
25 superior in vivo effect than ordinary neutralizing antibodies through a single antibody
neutralizing multiple antigen molecules. Thus, from the viewpoint of dose reduction and
prolongation of the durability, there is a need for new technologies that permit the production of
novel antibody molecules having a stronger in vivo effect than ordinary neutralizing antibodies
by individually neufralizing multiple antigen molecules.
30 Prior art documents related to the present invention are shown below:
[Prior art documents]
[Non-Patent Documents]
Non-Patent Document 1: Monoclonal antibody successes in the ¢linic. Janice M Reichert, Clark
J Rosensweig, Laura B Faden & Matthew C Dewitz, Nature Biotechnology 23, 1073-1078
35 (2005)



3 Non-Patent Document 2: Pavlou AK, Belsey MJ. The therapeutic antibodies market to 2008. Eur J
Pharm Biophann. 2005 Apr;59(3):389-96 Non-Patent Document 3. Kim SJ, Park Y, Hong KJ. Antibody
engineering for the development of therapeutic antibodies. Mol Cells. 2005 Aug 31;20(1):17-29.
Review Non-Patent Document 4: Hinton PR, Xiong 3M, Johlfs MG, Tang MT, Keller 5, Tsurushita N.
An engineered human IgG1 antibody with longer serum half-life. J Immunol. 2006 Jan 1;176(1):346-56
Non-Patent Document 5: Ghetie V, Popov S, Borvak J, Radu C, Matesoi D, Medesan C, Ober RJ,
Ward ES. Increasing the serum persistence of an IgG fragment by random mutagenesis. Nat

Biotechnal. 1997 Jul;15(7):637-40 Non- t Dog t 6: Rajpal A zN H ceilli
G, Yoo NBRAHRR AU 17 U RA TN . A b e sl R s 2 e
affinity of RhtihndéspbyrusingPéohppifibrEIitiaries. Proc Nati Acad Sci U S A. 2005 Jun 14;
102(24):846657L,EBUR 2005 Jug;f NorpRatent-ResumentninWy bhdiasRStlahngenpBrawan YA,
Woods RM, Patel NK, White WI, Young JE, Klener 5\??{?551\5169 el%t%of Motavizumab, an Ultra-potent
AntibodyPfdR e BHEGSRHBATR |F<ft%§y2§9ﬁcAy\}% i feCtion 18 T Upper and Lower
RespirattiynTraghtIMalBial 2007 @6BR6E2:6 8 SNl o BiteiCDdeugidit, & dHanSohsovsiNishlyama Y,
Paul S Caialvlianibadiga anchelARRICaHIR o L RN RiRIGR el 201D $46):631.6

Non-Patent Document atiranaswamiP. Roalstad S, Roskos L, Su QJ, Lacicie S, Babcook J.
Demonstrdtiéaléfdf-itPvivo generated sub-picomolar affinity fully human monoclonal antibody to

interleukineg- BivehEm:Biephys BesicamPapoy )0 Sef 9; 32441 18Me4s Buivedaspoftiebimiehtion
[Problemg to.ie.solved By e uanlioll . Jne ahayesnels GimsiaRaesadindar digeoveries of

the presen?rinventlo Jective of the present invention is to provide methods for

aly,
binding dtteshisihdi?y Fsidélle$id-tHe antigens multiple times and methods for improving the
pharmacgigineiies:abantigen-bindingimoReyle sy dsavel BsGaptgecihindingaihi@tuteR that are capable
of bindin the aptigens multiple times, antigen-hinding maole g i
pharrnac%%?ﬁg?%s, p %@rﬁ%rgheiﬂt%%ac%‘ngp%%l ?g%%smgo{ﬂnggr%ﬁ se&cwz%#% e\l)n- n@g%lgﬁ){n%o e%fules, and
methodsaiuitmdids bingssrcpombiaaindal Aiverei BERmibAE. rgs%{\%ﬁef‘tﬁ@moblems] In an
aspect, therryis pieyided-a nepthosoley reducing a pharmaceutical agent, which comprises the steps
of: determining the antigen-bindi Vit ntibo H 6.4 10 {H 10. IR .
antigen-Mﬁarf&%i%%d?%9@%@&%@%‘%&%@%@%&% tkﬁa%é)r[% t%%f;’/tl\?v {‘%@e&@ Whte
antigen-Biigidguastilfitykaced 547 Repelopmenisofidatar iramahatrat pr-2 et gHiEbsdy(@rdbraining the
gene engqdinghe antibodwsrestiadindciand (e fsadyeinaibs-antibodnusResthegentabianed in
(d), wherein the pharmaceutica gnt comprises any one of the followings; (i) an antibody that is
superior-Mc?]e?@H I&Q%ﬁ §n§’§2'g§ an antibody that is capable of binding to an antigen two or more
times whebpmieasurBddnramaRirfahsem{prsNgld eell 2 XpRetifg ReRptic iy dhedintibed iheiat is capable
of bindin%pggi%(e{&ﬁqﬁigg A5 BAMRAKeY QiR REMERY) efsitseantigen-binding sites when measured in

an anima

mprising a cell expressing FcRn;. (i) ap ant] hat digsaciates
extracellﬁiﬁﬂ;f%@ﬂh ATRRH 3&me1 P, \lgoapstag g)ﬂl{jcysﬂost[‘, §u(6f Ifax;%g S, Babcook I
Demonstration of an in vivo generated sub-picomolar affinity fully human monoclonal antibody

to interleukin-8. Biochem Biophys Res Commun. 2005 Sep 9;334(4):1004-13

Summary of the Invention
[Problems to be Solved by the Invention]
The above noted circumstances led to the discoveries of the present invention.

Accofdingly, an objective of the present invention is to provide methods for binding
antigen-binding molecules to the antigens multiple times and methods for improving the
pharmacokinetics of antigen-binding molecules, as well as antigen-binding molecules that are
capable of binding to the antigens multiple times, antigen-binding molecules having improved
pharmacokinetics, pharmaceutical compositions containing such antigen-binding molecules, and
methods for producing such molecules and compositions.

[Means for Solving the Problems]



(v) an antibody that is bound to an antigen and internalized into a cell, and released to the outside of
the cell in an antigen-free form, or (vi) an antibody that has increased ability to eliminate an antigen in
plasma. In another aspect, there is provided a method for producing a pharmaceutical agent, which
comprises the steps of: (a) binding an antibody to an antigen under a condition of pH 6.7 to pH 10.0;
(b) allowing the antibody bound to the antigen of (a)zto stand under a condition of pH 4.0 to pH 6.5; (c)
collecting the antibody that dissociated under the condition of pH 4.0 to pH 6.5; (d) obtaining the gene
encoding the antibody obtained in (c)' and (e) producing the antibody using the gene obtained in (d),
‘wherein the pha}rmaceutlcfamﬁe ent c ”Stﬁo y one of the followings- (i) an antibody that is superior

A8 Ty 'an an y Rat 1s ca a‘féﬁ“’v‘m%ﬁ%“afﬁl@%taﬁ Hitg BRI B tiRsS when

in retention in plasm
measured in(ah anlrﬁaiammmmgihg autelrekprdssiagFoR ! i paibadtibo gy that tisjddpakde of binding

to mor_e_ant' fis s GoE @dhasuumberah s antger blndingsiiesviien MRasred.in an animal
comprising a II exp Jn9 cRn 3%1%(‘%% antlbod that dissociatés an extracellularly-bound

antigen With| ceII B FRHSG R AR EAT iftdrdizq o' §-€éf, and
released to tﬁﬁiﬁmé‘t@e 6fathé PHII‘?HQ npahfigen-free form; or (vi) an antibody that has increased ability

to eliminate w)antigg&%@ﬁﬁ@%}@k@@@ﬁe@@%%{g%@{gyge&g method for producing a
pharmaceutlg%l agent h|c ggm%gh%e?thes steps o of: ga(;b |nd|a?ﬁln antibody to an
antigen-imm ilizedR co URnunde Pst p’ll-Igconﬁeﬁlo @ e antibody, which is bound to

the column avhsesty shpphafrepsenboebrasit MEﬂ@%ééﬁmfpﬁf dembitlowings; collecting the eluted
antibody; (djipbtainiggatheeeneeneauingitiemiitanh ehiangcin (c); and () producing the antibody
using the ge'ee)Obtamed '&b@&y that is capable. of bmdme to an antigen two or more times when

measured in an animal compnsmg a cell expressmg FcRn;

(iil) . an a::1t1body that is capable of binding to more antigens as compared to the

number of its antigen-binding sites when measured in an animal comprising a cell

expressing FcRn;

- (iv) . anantibody that dissociates an extracellularly-bound antigen within z cell;
(v) an..antibody that is bound to an antigen and internalized into a cell, and
released to the outside of the cell in an anfigen-free form; or

{vi) an antxbody that has increased abihty to eliminate an antigen in plasma

In another aspect, there is provided a method for producing a pharmaceutical agent, which comprises the steps of:

{a) binding an antibody to an antigen under a condition of pH 6.7 to pH 10.0;

(b)Y, allowing the antibody bound to the antigen of (a) to stand undcr a condition
‘lr,opr40i0pH65 . ' -
(c) collecﬁnc the antlbody that dissociated under the condmon of pH 4.0 to pH -
6.5; - -

(d) obtaining the génc encoding the antibody obtained in (c); and

(e) producing the antibody using the gene obiéined in (d),

wherein the pharmaceutical agent comprises any one of the followings:

1) an antibody that is superior in retention in plasma;

(i1) an antibody that is capable of binding to an antigen two or more times when
measured in an animal comprising a cell expressing FeRm;

(1) an antibody that is capable of binding to more antigens as compared to the
number of its antigen-binding sites when measured in an ammal comprising a cell
expressing FcRn;



wherein the pharmaceutical agent comprises an antibody whose binding activity at a first pH is greater
than that at a second pH, wherein the first pH is 6.7 to 10.0 and the second pH is 4.0 to 6.5, and the
antibody is any one of the followings: (i) an antibt%gy that is superior in retention in plasma; (ii) an
antibody that is capable of binding to an antigen two or more times when measured in an animal
comprising a cell expressing FcRia; (iii) an antibody that is capable of binding to more antigens as
compared tolihe nurtbertBiaty dhigesssintin grsiaswtibd argaxuediartigonanithad eoniprising a cell
expressing FoRn; (M) anapiodwthatdissociates anxdragsliulaisbesad antigeRwithip a cell; (V)
an antibody that i%f)o dto an an igen pd interqq'lize int? a cell, and released to the outside of the
cell in an antig&f™ etgtig?rﬁ?%} fv?)g ar anti %%?/%Héﬁt%%[s ifc %Igge?irability to eliminate an antigen in
plasma. In a{fdither aspetbothefeaichprovikade heinD dofer prodichguetghaimalbrsutical agent, which
comprises the steps of: (a)binding an antibody library to an antigen-immobilized column under the first
pH condition; eluting the antibody from the column.under the second pH candition; amplifying the gene
Encoding the L ied SRy e B S e e P e e S R LS SRS
collected in (@); and pirsinging #aakehibbuyushiEtReigarebtitadheelwmpend, thhdfissh pie
pharmaceutiggt@gent comprises an antibody whose binding activity at a first pH is greater than that at
a second pHgwherejn the first pH-is. 6,7 10 .10. the second.pH is 4.0 ta 6,5..and the antibody is
any one of tt%\j\;ollowellr?thél:g % ea%nl_gkﬁg%’d\%ﬁcgt ?Sé%sgl%}agrﬁ)or %crgtgel%%nsalint% a%srr%tal,j I%i)gzg\)ﬁmat%ibody that is
capable of b ERRT drtrgeRtRE 6P1BIeNimes when measured in an animal comprising a cell
expressing HeRn; (it)pdscantidosylthat saitlsghble of binding to more antigens as compared to the
number of its antigenhinding.si I i ising a cell expressing FcRn;
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(iv) an antibady that dissociates an extracellularly-bound antigen w a cell; (v) an antibody that is
bound to an &AtigenMERANFRERAABHOAY LSt BarPRy eRLEA% thEbutside of the cell in an

antigen-free #drersinrthe pharmaceutical agent comprises an antibody whose binding activity at a
| ~ first pH is greater than that at a second pH, wherein the first pH is 6.7 to 10.0 and the
second pH is 4.0 to 6.5, and the antibody is-any one of the followings: )
(i) an antibody that is superior in retention in plasma;
(11} . . an antibody that is capable of binding to an antigen two or more times when
measured in an animal comprising a cell expressing FcRn;
(i) = an antibody that is capable of binding to more antigens as compared to the

number of its antigen-binding sites when measured in an animal comprising a cell

expressing FcRu;
(iv) an antibody that dissociates an extracellularly-bound antigen within a cell;
(v) an antibody that is bound fo an antigen and internalized into a cell, and

released to the outside of the cell in an antigen-free form; or

(vi) ~.an antfbody that has increased ability to eliminate an antigen in plasma.

In a further aspect, there is provided a method for producing a pharmaceutical agent, whick comprises the steps of:
(a) binding an antibody library io an antigen-immobilized column under the first
pH condition; .
(b) eluting the antibody from the column under the second pH condition;
(©) amplifying the gene encoding the eluted antibody;
| (d) collecting the eluted antibody; |
(e) obtaining the gene encoding the antibody collected in (d); and
D producing the antibody using the gene obtained in (¢),



(vi) an antibody that has increased ability to eliminate an antigen in plasma. Dedicated studies on
methods for binding polypeptides having antigen-binding ability, such as antigen-binding molecules, to
the antigens multiple times, and methods for improving 4 the half-lives of such molecules in plasma

- (blood) (improving their pharmacokinetics) were chducted herein. As a result, it was discovered that if
the antigen-binding activity of an antigen-binding molecule at the early endosomal pH is lower than its
antigen-bindWFEERCRERE3Rr B Blagent mvarsswowatbedibbesbiriddinantbeits multiple times
and have a l6ngetbhaghdfetniplagmat a sedadaiHinglietbie Me It Jvantionselates,ta methods for
binding ant'%%@@tﬁ@g %@g@&ﬁ[gs&%%lgﬁﬁ%gwgl le tlmes,f %tmgs for improving the

. . One O 1INesy . . .
pharmacolcinetics of antigen-binding molecules; an .rﬁ,e_t}ﬁo sior prod"t’;c%g antigen-binding molecules
with improve@)pharnﬁ’écﬂ%h%ﬁﬁél?%’é Prege ihverasamislsmEs to antigen-binding molecules that
are 10capabfg)of binainmtibaditithens rupliipie dibes angd tantigenibinding Bralasylas\with igproved
pharmacoki%%%Q@ﬁpﬁﬁmgﬂ%%ﬁ%e;ggﬁ i&\ﬁg@gﬁgﬁ%es: [1] an antigen-binding molecule
having a ICD( H5.8)/ICD%%H7.4Eil\éalue, detined %]s e rati6 of IUD for the antigen at pH 5.8 and ICD
for the antigé*‘r{%}:\t'pHa“'i‘.ﬁl,1 oy bﬁgeﬁapab}%]% DAffelRORmaHETRE aesrrpErothtadhs the
|ICD(pH5.8)/reDpH v jty dubgenif S kigherh 8] theantddn-hinding sheleeplesnfd 1, sverein the
ICID()H5.8)/5,Q,@Q§§’HQMH§ is 40 or higher; [4] the antigen-binding molecule of any one of [1] to [3],
wherein at Ieﬁx@: one amiqb aci o-ft'g're -anti%en-_binglin le U(Ea, has been substjtuted with histidine, or
at least one histidine h35 Heen 2Binserted ifté e Eﬁ?fé{gﬁ?ﬁ e ﬂbnﬂ]%‘Fé’(gﬁ}b?V{%ﬂnﬂ?ecﬁﬂtigen-binding
molecule of &y one@f o), tdrehornd dntigermisigdingmaletentelvad antantagdhiati¢ activity; [6].
the antigén-b&mﬁg@Wgﬁﬁm@ﬁﬂﬂnt%%éﬂh%@%mg @nhtigen-binding molecule binds to a

membrane agntigen or a seluble antigen; 25[7 antigen-binding molecule of any one of [1] to [6],
wherein theﬁfgen-ﬁna&%{éonﬁ%%ﬁg g as#ﬁ%%%{yguﬁlm%t COHEER BB tion comprising
the antigen-binding molecule of any one of [1] to [7]; [9] a method for improving the

phgrmacqlcinetb@@tﬂ@@ﬁﬁ@%-bﬂfﬁhﬁdﬁﬂ@mbiﬁihygi mpl&iieng &9 Hasiagptigep=hibeidthactyity,of the
a“t'ge”'sl?f&adhrl%%%@xﬁ‘éiﬁa%g '%éi?e@l%g?%‘lﬁ?%%@ﬁ? %%u%Bfé' tzfrf'és, and methods for improving



[10] a method for increasing the number of times of antigen-binding for an antigen-binding molecule by
impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at
pH 7.4; 5 [11] a method for increasing the number of antigens that can be bound by an
antigen-binding molecule by impairing the antigen-binding activity of the antigen-binding molecule at
pH 5.8 as compared to that at pH 7.4; [12] a method for dissociating within a cell an antigen from an
extracellularly-bound 5antigen-binding molecule by impairing the antigen-binding activity of the
antigen-binding molecule at pH 5.8 as compared to that at pH 7.4; [13] a method for releasing an

antigen-direirdfrives afisushimtiasals vser aseia llee hEnREsRng B teraanzeekinesies LBIF S an
antigen‘g&ﬁuﬁﬂﬂ%gﬁl@}@iﬁ?ﬂt%@%m qa»@wimga@ﬂwtm @mﬁ@mﬁ@mﬂmdacgiu&mu;ﬁbe an )
antigen-binding molecule at pH 5.8 as compared to at pH 7.4, 10[14] a method.for ingreasing the
ity of ARCEH TR R T LR e ae B S e o 1 R AR Bl NP
antigen-bineliig eftphisya herdhtivendbiding melbtuddatpiess mylphn paresianrdthateat Rer4; [15]
the rrgethgglp_ﬁi@mq;pgsgja[m to [14], wherein the 1CD(pH5.8)/KD(pH7.4) value, defined as the ratio of
ICD for the antigep at pH 5 8 and KD for the antigen at pH 7.4, is 2 or_higher; 15[16],the method of any
one of [9] to [14],‘&ﬁ‘@%}_‘ﬂg{lﬁé%E[Bfﬁﬁ%t.é’)‘)ﬁf‘ﬂﬁ?ﬁﬁﬁﬁaﬂ@?@ﬂ%ﬁoﬁi%lﬁg}?g[ﬁt]l RPN of any one
of [9] to [1a]] evtilesein imesHDDipdt8irey prThofy duenyayvg hghdrarmprgkmnetieshdd for improving
the pharmagekinglicsof apantigenRinding mele gy 20 sHhstuting:aL IeRRiONS AMINABRIY LS the
antigen-binding molecule with histidine, or.inserting at least one histidjne int th}% asraﬁ en-binding

a

moleculePIATaL SR IRAH S ML Sy SREM A B R et ieshe R b amee ftigen-binding
molgguledapshibstitbitidinatiteasigene mnitipdeaticks htibaanigehibiitgmohoides eithiimpistidine, or

inserting O?ﬁé?ﬁﬁ[:&%ﬁé?ﬂidir}%%%ﬁg@fﬁﬁﬂ?eﬂipg}ggéﬁt%%ﬁ; 2282 method for increasing the
number of antigens that can be bound by an aﬁgﬁﬁg%@ecule by substituting, at least one

amino acldloryRBtEsRgRRdRdRR]SHBf e Fitiy atie L5018 FIHarREe b the
antigen-bitidifig theleaigen at 1P aretBdol for Hissod mtirag witlid sof2lbahigtigen from an

extracellylribauil antiganAndingimatesuic irsHaliking s igaetppa amivaadd of fhe

antigen-binding mo histidine, of inserting at least one’histidine into the antigen-binding
mol ule?lélﬂéa method for releasing an antigen-binding molecule, which has been bound to an
antigen afy] ihteimatizedinimg eeledulanfdniige:-fete tarBDOHS. DLFSH@IAT ievahlt Byi8ubstituting at
least oneh?r%ié}o acid of the antigen-binding molecule with histidine, or inserting at least one histidine

into the anl%geri-binding molecule; ) ) _
[4] the antigen-binding molecule of any one of [1] to [3], wherein at least one amino acid of the

antigen-binding molecule has been substituted with histidine, or at least one histidine has been
20  inserted into the anfigen-binding molecule; _
[5] the antigen-binding molecule of any one of [1] to [4], wherein the antigen-binding molecule
has an antagonistic activity; ‘
[6]. the antigen-binding molecule of any one of [1] to [5], wherein the antigen-binding molecule
binds to a membrane antigen or a soluble antigen;
25  [7] the antigen-binding molecule of any one of [1] to [6], wherein the antigen-binding molecule
is an antibody;
[8] a pharmaceutical composition comprising the antigen-binding molecule of any one of [1] to
L7}
[9] a method for improving the pharmacokinetics of an antigen-binding molecule by impairing
30  the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at pH
7.4;
[10] a method for increasing the number of times of antigen-binding for an antigen-binding
molecule by impairing the antigen-binding activity of the antigen-binding molecuie at pH 5.8 as

compared to that at pH 7.4;



6 [23] a method for increasing the ability of an antigen-binding molecule to eliminate an antigen in
plasma by substituting at least one amino acid of the antigen-binding molecule with histidine, or
inserting at least one histidine into the antigen-binding molecule; [24] the method of any one of [18] to
[23], wherein the histidine substitution or insertion 5ncreases the ICD(pH5.8)/1CD(pH7.4) value,
defined as the ratio of the antigen-binding activity at pH 5.8 and the antigen-binding activity at pH 7.4,
as compared to the ICD(pH5.8)/ICD(pH7.4) value before the histidine substitution or insertion; [25] the
method of any one of [9] to [24], wherein the antigen-binding molecule has an antagonistic activity;
10[26] thél idetmesihotidnyinereasini@ite 1asiheivé mingtes drrigen-birdingdrbylec aigipimdsitdipemembrane

antigen gqgisQlubls 8hLigeR; E%Z]aiﬁfgéﬁ%ﬂﬁﬁ:@Mi@ﬁ%ﬂﬁ%ﬁé&@bﬁﬂlﬁﬁ%ﬁ@&?ﬁﬁ%ﬁ%‘ﬂ”9_
molecule is an anti O@r%ﬁz % 1ethod of screening for an antigen-binding molecule, which comprises
the steps%’ﬁlpare(%f% ing the antigen-binding activity of an antigen-binding molecule at pH 6.7 to
pH 1510[02](bﬁdﬁkedﬁMi¢i§Mnggéﬁim@din@ mﬂmﬁganﬂﬁlm&utig&md:ﬁﬁdl@mhml_m@le atpH 4.0to
PH &5; andidg). SRIeHINd ABANHISAD g%@%@gg@%%ﬁ&@@i@ 5?%@'%&8%%&5%“ 6.7 to pH

10.0 is greater than the antigen-binding activity at gé 4.0 to pH 6.5; 20[29] the screening method of
ibGel

[28], whiehLesiisRe @8R 2t9 P &ithpLat BRtihGdy whose antigen-binding activity at pH 6.7 to pH
10.0 is tic amhithioerfthatlofting antigepehibititinaativiegat pihich tasbdd, 5ot methagof
screenin g igan-binding ) IS : inding.

tigen B A B ol s RAmATES cnenr . 0 A e e
antigen-BRasE-Rietbe rsUNEY Bbthiridiase-RHben Brlsmacria eSrigitormpstia BababpHeTshand
(c) abtaining amanidebrbindingpaeciidithat dissetiaietinoterihtccordiienaintd 4040 R &.5;
[31] a me of sereeni -antic indi o) le whose, binding agtivi [ H 30is
arester (T B e K A R R
moleculefenpaTad i Entimddiified column under the condition of a first pH;

[15] the method of any one of [9] to [14], wherein the KD(pH5.8)/KD{(pH7.4) value, defined as
- theratio of KD for the antigen at pH 5.8 and KD for the antigen at pH 7.4, is 2 or higher;

15 [16] the method of any one of [9] to [14], wherein the KD(pHS5.8)/KD(pH7.4) value is 10 or
higher;

[17] the method of any one of [9] to [14], wherein the KD(pHS.8)/KD(pH7.4) value is 40 or
higher;
[18] a method for improving the pharmacokinetics of an antigen-binding molecule by

20 substituting at least one amino acid of the éntigen—binding molecule with histidine, or inserting at
least one histidine into the antigen-binding molecule;

[19] a method for increasing the number of times of antigen-binding for an antigen-binding
molecule by substituting at least one amino acid of the antigen-binding molecule with histidine,
or inserting at least one histidine into the antigen-binding molecule;

25  [20] a method for increasing the number of antigens that can be bound by an antigen-binding
molecule by substituting at least one amino acid of the antigen-binding molecule with histidine,
or inserting at least one histidine into the antigen-binding molecule;

[21] a method for dissociating within a cell an antigen from an extraceliularly-bound
antigen-binding molecule by substituting at ieast one amino acid of the antigen-binding molecule

30  with histidine, or inserting at least one histidine into the antigen-binding molecule;

[22] a method for releasing an antigen-binding molecule, which has been bound to an antigen
and internalized into a cell, in an antigen-free form to the outside of the cell, by substituting at
least one amino acid of the antigen-binding molecule with histidine, or inserting at least one

histidine into the antigen-binding molecule;



(b) eluting the antigen-binding molecule that had bound to the column at the first pH from the column
under the condition of a second pH; and 35(c) collecting the eluted antigen-binding molecule; 7 [32] a
method of screening for an antigen-binding molecule whose binding activity at a first pH is greater than
that at a second pH, which comprises the steps of: (a) binding an antigen-binding molecule library to
an antigen-immobilized column under the condition of a first pH; 5(b) eluting the antigen-binding
molecule from the column under the condition of a second pH; (c) amplifying the gene encoding the
eluted antigen-binding molecule; and (d) obtaining the eluted antigen-binding molecule. [33] the
screening 2d¢thoeatbéd3a} meieRing ter ein libedirst phtise6-Mitdihf Gelrduthecsdonndphiadifei6.5;
10[34] the, sereening nasthad of AR ORAR ahi2BLiad 3Fknwhskeln, afirAst AN QLR TIAR.RCIGS of the

antigen-binding molecule has been substituted_ with histidine; or at least one histidine has been
inserted iMtEcTHRSHeRsh B BIFREIBER D3R SR Radag Ry ¥tSad of any one of [28] to [33], for
obtaining [ad Jahtigesthbincliagypatecti[é dhat |2 By pdeasiiniieteiRticméstiatplakmar 1BE36bthe screening

methgod o f [ ini igen-hindi that | alvti)fbi ding
to aE%nti{;né%rlrﬁ:é%iv%/%(;g %hr%r#% %lfrsﬁgg; 3 %ﬁ?&%ﬁﬁéﬁﬁ%ﬁqlﬁ ?ﬁéﬁ g %@?Ioﬂ' ,Ipﬁ)%)cc?btgnaigg an
antigen-bitding #éibeaatigaa Mndipapr b ARy o> W@Pﬁf@grﬁ% g g@%ﬁe@ thhber of its
antigen-bintlis h&iesiheH38lihe straroihg seiediohany one of [28] to [33], for obtaining an

antigen-bjnding molecuyle that dissaciates xtracellularly-bound antigen within a cell. [39] the
screenin Err%lﬁﬁ%a] é?lg%y?_foar% g?%z%@%ﬁlfg‘% aini nge gﬁ%ﬁ?@eﬁ%%@?ﬁ%ﬁ%@ﬁe@hm is bound to
an antigePPEEPMRetAEHYEM: into a cell, and released to the outside of the cell in an antigen-free form;
25[40] thezrernirtaahad ¢y poeef128lvMad23, fer phiadninghamantidesainding gglecule that
has increasedbabili%%o eliminat an antg en in plasma; [41] the screening method of any one of [28]
to [40], whatein the an %ne?]{&ﬁo |%gerno TUle is used as a pharmaceutical composition;

[27] the method of any one of [9] to [26], wherein the antigen-binding molecule is an antibody;

[28] a method of screening for an antigen-binding molecule, which comprises the steps of:
(a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH

15 10.0
(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
and .

(c) selecting ar-antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than the antigen-binding activity at pH 4.0 to pH 6.5;

20 [29] the screening method of {28], which cormprises the step of selecting an antibody whose
antigen-binding activity at pH 6.7 to pH 10.0 is twice or higher that of the antigen-binding
activity at pH 4.0 to pH 6.5;

[30] a method of screening for an antigen-binding molecule, which comprises the steps of:
(a) binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;

25  (b) placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH
4.0 to pH 6.5; and '

(c) obtaining an antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5;
[31] a method of screening for an antigen-binding molecuie whose binding activity at a first pH

30  is greater than that at a second pH, which comprises the steps of: ‘

(a) binding an antigen-binding molecule to an antigen-immobilized column under the condition
of a first pH;

(b) eluting the antigen-binding molecule that had bound to the column at the first pH from the
column under the condition of a second pH; and

35  (c)collecting the eluted antigen-binding molecule;



[42] the screening method of any one of [28] to [41], wherein the antigen-binding molecule is an
30antibody; [43] a method for producing an antigen-binding molecule, which comprises the steps of
(a) deteunining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH 10.0; (b)
determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5; 35(c)
selecting the antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is greater
than that at pH 4.0 to pH 6.5; 8 (d) obtaining the gene encoding the antigen-binding molecule selected
in (c); and (e) producing the antigen-binding molecule using the gene obtained in (d); [44] a method for
producingsai aniigestbindingningleaie, avmgeh eammg‘a@m&w]stezmag@fbﬁ@dlbg&ﬂﬂglﬁyna@atfﬁamﬁinding

molecule %%%% thépg{sg a t%ﬂjgl% stan gsl—l % S%t%) allowing the antigen-binding

molecule to the antigen o &t a cond pH 4.0 to pH 6.5; (c) collecting the
antigen- Kﬁi&ﬁﬁ’%&?@o@l@ﬁ%@&éﬁ%ﬁf&@ﬂhd@fﬁﬁé@mﬁe@iﬁw@h@eﬁmﬁ@n un@drdhtaining the
gene enq@m@h@mﬁ%@ﬂmdmg molecule obtalned in (c); and 10(e) producing the antlgen binding

molecule sin the gene.obt in (d); [4 odf rodyc an a |nd|n cule
Whoeé:e bl@élngg%l ﬁf:y a{[ geﬁst p%%%ﬁzée[?jrlt an thata lélnglecon (?&Qﬁ (?ﬁf)ﬁ%% eps of:
(a) binding) amahiigea binging snetdoudhe dnt%wnmmmdlmmdnder the first pH condition;
15(b) eIu@gjg,ga@rﬁﬁélg@wepﬂgl@gﬂg&{s&gtﬁng\/ﬁ;gi&@@ound to the column at the first pH, from the

column Uﬁgﬂ}% gcez'%grrxlg E"legt 5 mfoﬁ 1] or [32], wherein the first pH is 6.7 to 10.0 and the second pH
is 4.0 10 6.5;

10 [34] the screening method of any one of [28] to [33], wherein at least one or more amino acids of
the antigen-binding molecule has been substituted with histidine, or at least one histidine has
been inserted into the antigen-binding moiecule;

[35] the screening method of any one of [28] fo [33], for obtaining an antigen-binding molecule
that is superior in retention in the plasma;

15 [36] the screening method of any one of [28] to {33], for obtaining an antigen-binding molecule
that is capable of binding to an antigen two or more times; .

[37] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that is capable of binding to more antigens as compared to the number of its antigen-binding
sites;

20 [38] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that dissociates an extracellularly-bound antigen within a cell.

[39] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that is bound to an antigen and internalized into a cell, and released to the outside of the cell in
an antigen-free form;

25 [40] the screening method of any one of [28] to [33], for obtaining an antigen-binding molecule
that has increased ability to eliminate an antigen in plasma;

[41] the screening method of any one of [28] to [40], wherein the antigen-binding molecule is
used as a pharmaceutical composition;
{42] the screening method of any one of [28] to [41], wherein the antigen-binding molecule is an

30  antibody;

[43] a method for producing an antigen-binding molecule, which comprises the steps of:

(a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0;

(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;

35  (c) selecting the antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than that at pH 4.0 to pH 6.5;



(c) collecting the eluted antigen-binding molecule; (d) obtaining the gene encoding the antigen-binding
molecule obtained in (c); and  (e) producing the antigen-binding molecule using the gene obtained in
(d); 20[46] a method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of: (a) binding an antigen-binding
molecule library to an antigen-immobilized column under the first pH condition;  (b) eluting the
antigen-binding molecule from the column under the second pH condition; 25(c) amplifying the gene
encoding the eluted antigen-binding molecule; (d) collecting the eluted antigen-binding molecule; (e)

obtaining {feohedngiendadisgetbecaditigehe kindeg -biotiag e ceiiekted datéd)irafd; @dproducing the

antigen-bindi ing tl j ' : 4 I tion method of [45] or [46],
wherein tlhréeSj %ﬁgﬁfg %@%@%O@h%%%%%%%%%%%g %ebletgg’é%ge?i%mé production method of
any one dffi3] reefhoyl phisderire A BRsRRINAB S BR s YGahichsgaPTsE (tBRaeRRRTS acid of the
antigen-binglixganglesuerwith tlistigineoRinsestingaatigastane Distiding iéd tHeaNtigertbooting
molecule; 49].the production.method of any,one t0.[48], rein the,antigen-bindin
molegule %)f%lg)n ar i% y;t 1%‘?5%]%%%5%%%%@%&83 (‘%rﬁﬁ)& é eco?vgl 0 flona%dﬁ%lé%- OI?]%I&I;]%]
molecule produtddbyithe Jroduction method of any one of [43] to [49]. [Effects of the Invention] The

present inyeBUNARIRVRSsMEINeasfas MalkhdsingleRmiderIndRgIN iR torpeaapiedly bind to
multiple a té'gen_ mqlecules. Whgn an a_lnti_gen-binding moleculg binds to multiple antigen molecules,
the pharmacolcinetics of the antigen-binding molecule can be improved and such molecule can exert
more supé&hcrbiiving Sftcgtsahnertinsthe folidirabyrahtg amlsivdinebinst uids); and
10 (e) producing the antigen-binding moiecule using the gene obtained in (d);
[45] a method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of:
(2) binding an antigen-binding molecule o an antigen~-immobilized column under the first pH
condition;
15 (b) eluting the antigen-binding molecule, which is bound to the column at the first pH, from the
column under a second pH condition;
(c) collecting the eluted antigen-binding molecule;
(d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and
(e) producing the antigen-binding molécule using the gene obtained in (d);
20 [46] a method for producing an antigen-binding molecule whose binding activity at a first pH is
greater than that at a second pH, which comprises the steps of:
(a) binding an antigen-binding molecule library to an antigen-immeobilized column under the first
pH condition;
(b) eluting the antigen-binding molecule from the column under the second pH condition;
25  (c) amplifying the gene encoding the eluted antigen-binding molecule;
(d) collecting the eluted antigen-binding molecule;
(&) obtaining the gene encoding the antigen-binding molecule collected in (d); and
() producing the antigen-binding molecule using the gene obtained in (e);
[47] the production method of [45) or [46], wherein the first pH is 6.7 to 10.0 and the second pH
30 is4.0t06.5.
[48] the production method of any one of [43] to [47], which further comprises the step of
substituting at least one amino acid of the antigen-binding molecule with histidine, or inserting at
least one histidine into the antigen-binding molecule;

[49] the production method of any one of [43] fo [48], wherein the antigen-binding molecule is
35  anantibody;



10Brief Description of the Drawings FIG. 1 is a diagram depicting a degradation pathway of
antibodies bound to membrane-bound antigen. FIG. 2 is a diagram depicting a mechanism by which
IgG molecules are salvaged by Fc 15FIG. 3 is a schematic diagram depicting the re-binding of IgG
molecules to new antigen following dissociation fromPmembrane-bound antigen within endosomes.
FIG. 4 is a schematic diagram depicting the re-binding of IgG molecules to new antigen following
dissociation from soluble antigen within endosomes. FIG. 5 is a diagram depicting the process of
panning using an antigen-immobilized 20 column. FIG. 6 presents graphs depicting the results of
phage EltkaA fomelanes scalitgrbyi colebmpadninge INe-uppendmnidenitd i amdthadower
graph deEictg CtL5. tthGf 7is agra Qﬁ?glg g the biological neutralization activity of
pH-depe a%nl%ﬁ/l%rilnlaﬁlgo n%-?E%OFecoegtor antibodies. 25FIG. 8 presents graphs depicting results of
Biacore déiEoigreithfomimding of pH-dependently-binding anti-IL-6 receptor antibodies to soluble IL-6
- receptor at pH 7.41,T .40 GraRl e Bless TR RSB chakARN e %ﬁé@ﬁ-%ﬁ?'ﬁ@@éﬂi«?@t&he

third graph from the fop depicts H170/L82; and the bqgttom depicts CLH5/L73. FIG. 9 presents graphs

depidting FRSEIR B 0 ERIHEERT P KRG of JOPh EUBHARERH B TR G TS Feceptor
antibodiesiudtpdéudntgén Gndaryitortht phhiigcthiattbpsgribible depters Witljithensdawiel gralph from the top
depicts Hapifh 731 the L aeaphiiem heapdenigis-il 10482 Aocdhe:holim g gk dgpicts
CLH5/L73.", FIG, 10 presents graphs depicting results of Biacore sensorgram for association (pH
7.4) and BESERRETB B 5F pH-dependently-binding anti-IL-6 receptor antibodies to
35membrane-type IL-6 receptor. The top graph depicts WT; the second graph from the top 10 depicts
H39g}/L?%ﬁggﬂgg&g{mtbfrﬁ%%Sdepicts HI 70/L82; and the bottom graph depicts CLH5/L73.

| .

FIG. 11 isa Biacore sensorgram indicating reé)eated binding of pH-dependently-binding anti-IL-6
receptor antibodieoldfdiagram depicting a degradation pathway of antibodies bound to

membrane-bound antigen. _
FIG. 2 is a diagram depicting a mechanism by which IgG molecules are salvaged by

FeRn.

15 FIG. 3 is a schematic diagram depicting the re-binding of IgG molecules to new antigen
following dissociation from membrane-bound antigen within endosomes.

FIG. 4 is a schematic diagram depicting the re-binding of Ig(G molecules to new antigen
following. dissociation from soluble antigen within endosomes.
FIG. 5 is a diagram depicting the process of panmng using an antigen-immobilized

20 column.

FIG. 6 presents graphs depicting the results of phage ELISA for clones acquired by
column panning. The upper graph depicts WT and the lower graph depicts CLS5.

FIG. 7 is a graph depicting the biological neutralization activity of
pH-dependently-binding anti-IL-6 receptor antibodies. '

25 FIG. 8 presents graphs depicting results of Biacore sensorgrém for binding of
pH-dependently-binding anti-IL-6 receptor antibodies to soluble IL-6 receptorat pH 7.4. The
top graph depicts WT; the second graph from the top depicts H3pl/L73; the third graph from the
top depicts H170/1.82; and the bottom depicts CLH5/L73.

FIG. 9 presents graphs depicting results of Biacore sensorgram for binding of

30  pH-dependently-binding anti-IL-6 receptor anfibodies to soluble IL-6 receptor at pH 5.8. The
top graph depicts WT; the second graph from the top depicts H3pl/L73; the third graph from the
top depicts H170/L82; and the bottom graph depicts CLHS/L73. _

FIG. 10 presents graphs depicting results of Biacore sensorgram for association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to

35  membrane-type IL-6 receptor. The top graph depicts WT; the second graph from the top



5FIG. 12 is a graph depicting the total amount of bound antigen in a repetitive binding experiment of
pH-dependently-binding anti-IL-6 receptor antibodies to SR344. FIG. 13 is a graph depicting time
courses of antibody plasma concentrations of pH-dependently-binding anti-1L-6 receptor antibodies in
human IL-6 receptor transgenic mice. FIG. 14 is a gt8ph depicting time courses of antibody plasma
concentrations of 10pH-dependently-binding anti-IL-6 receptor antibodies in cynomolgus monkeys.
FIG. 15 is a graph depicting time courses of CRP concentrations in cynomolgus monkeys, in relation
to pH-dependently-binding anti-IL-6 receptor antibodies. FIG. 16 is a graph depicting time

courses QlHRROHREHYPS: SO el ghpRTRRkENd kof depRIBGT CANTED!ratiDiE Bhayromalaurmeakeys, in
relation t%gg-iq?&ndently-binding anti-IL-6 15receptor antibodies. FIG. 17 presents graphs
depicting TesUItS of Biacore sensorgram of association (pH 7.4) and dissociation (pH 5.8) of
pH-dependently-Bifdihh ianatBiecenetmstogantibsiietng iwrsalsepiadiiseofipE apeptsntiy-bidbrenoving
from the o, thes restiis fahUSdia3RIgRAA49GI, FVv2-19G1, and Fv4-IgG1 are shown. 20FIG. 18 is a
grapg depicting tg@g urses ofﬁ;l%sma an&%)d oncentr igns af ?-(ilyerﬁendenttlg.-bi dir%g anti-1L-6
receRtor antibodibl A SIS R RGN FITAUFAR TE28 Tate BT Hansgenic
mice.  exPiGmes pfedéuspgndphidydeipibiagutdiité vicBpeoretdudsertrdiR ¥ét.association (pH 7.4)
and dissociation ﬁ@@ 3Bief 'H%%E%Qtﬁfﬁ@B%&@BP%&@J%&?%@BSM@&M%@embra”e'type
IL-6 receptor, Movjng frogm the top.down, the results for WT, Fv4-1gGl, Fv4-IgG2, and Fv4-M58 are
shown. - PI-eRENS PUFAER S B COAFRe BRI BB D AT o RPRRGRE Bree
pH-dependently-Blfidi iantitipb depepity amtivodivss(VY Tn et gkukydeig@Rraginassu4-M58) in

hurggn 'Lp‘ﬁ-%?e%%ﬁ&h{fﬁ%ﬁ%ﬁﬁ#ﬁﬂ@m@%@m%hﬁf@é&@éﬁ@@ﬁb&@%ﬂ&cﬂﬂﬂxﬁ@ﬁ!'@ of Biacore
sensorgram of assaqciation (pH 7.4) and dissociation (pgjﬁﬁ of pH- gﬂ%enden ly-binding anti-IL-6
receptor antibodie&to! MERIBFARR $5ME T SE PRR SPHSICMAiY FORTTREAS S e Its for

Fyl-M71, thyhibddyS HirwSakiioti { copid - Bu3ddZtiarbistiogyanti-1L-6 reB¢@of 2nigtadjeaph depicting time
courses of antibggy;plasma gapfeniriaps:Al. R RIS IHY-RPIING AnfilkBr6eRIqr antibodies
in cynomolgus monkeys, during 11 . . L ,

receptor concentrations in cynomolgus monkeys, in relation to pH-dependently-binding anti-IL-6

15  receptor antibodies.

FIG. 17 presents graphs depicting results of Biacore sensorgram of association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to
membrane-type 1L-6 receptor. In order moving from the top, the results for WT,
H3pl/L73-1gGl, Fv2-1gG1l, and Fv4-IgG1 are shown.

20 FIG. 18 is a graph depicting time courses of plasma antibody concentrations of
pH-dependently-binding anti-IL-6 receptor antibodies (WT, H3pl/L73-IgG1, Fv2-IgGl, and
Fv4-Ig(G1) in human IL-6 receptor transgenic mice.

FIG. 19 presents graphs depicting results of Biacore sensorgram for association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-11.-6 receptor antibodies to

25  membrane-type IL-6 receptor. Moving from the top down, the results for WT, Fv4-IgGil,
Fv4-1gG2, and Fv4-M58 are shown.

FIG. 20 is a graph showing time courses of antibody plasma concentrations of
pH-dependently-binding anti-IL-6 receptor antibodies (WT, Fv4-1gG1, Fv4-IgG2, and Fv4-M58)
in human 11-6 receptor transgenic mice..

30 FIG. 21 presents graphs depicting results of Biacore sensorgram of association (pH 7.4)
and dissociation (pH 5.8) of pH-dependently-binding anti-IL-6 receptor antibodies to
membrane-type 11.-6 receptor. Moving from the top down, the results for Fv1-M71, Fv1-M73,
Fv3-M71, and Fv3-M73 are shown.

FIG. 22 is a graph depicting time courses of antibody plasma concentrations of

35  pH-dependently-binding anti-IL-6 receptor antibodies in cynomolgus monkeys, during



administration of H3pl/L73-1gGl, Fv1-M71, Fv1-M73, Fv2-lgGl, Fv3-M73, and Fv4-M73 at 0.5 mg/kg
and during administration of high affinity Ab at 1.0 mg/kg. FIG. 23 is a graph depicting time courses of
CRP concentrations in cynomolgus monkeys, in relation to pH-dependently-binding anti-1L-6 receptor
antibodies (H3pl/L73-IgG1-, 5Fv1-M71-, Fyl-M73-, Ev2-1gG | Fv3-M73-, Fv4-M73-, and
high-affinity-Ab-administered groups). FIG. 24 is a graph depicting time courses of unbound-type
cynomolgus monkey IL-6 receptor concentrations in cynomolgus monkeys, in relation to
pH-dependently-binding anti-IL-6 receptor antibodies (H3 pl/L73-1gG | -, Fv | -M71 -, Fv1-M73-,
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curves i sorgr rres 0 , 25, 12.5, and 6.25 ng L-6, from above.
FIG.Se 27 %yggﬁg’a%éé%g s%%%éi?éfcfmﬁd’é)p%ﬁ%g #Yé' PH-tepB 'Bﬂ%?%%?"ﬁé%ﬁﬂgfﬁl-@g receptor
antibodygrangs1L3 1R clone 1, to the IL-31 receptor at pH 7.4 and pH 5.5. The curves in the

sensorgram at pH®.5LRIEeSRAN R A 29 28uRRY F2RHAMMU L= 31 R OESERRIA AP RDpVe.

FIG. 28 depicts the time course of plasma antibody concentration” after intravénqus administration of a

mixture SOTERIGH CONEREINGSR%4 R RSl felatiR A RST-SRRERARR S atwe 126
depicts teedinoe axoinstasi(plasiia SR34Y . dorebtitiationl B intradntils, FyadviiistFatlan ¢if-a mixture

solgdion gonial L@ﬁiﬁﬁﬁﬁﬂ%ﬂﬂxﬁﬁs@@a@f@&ﬁ&mﬁ receptor antibody to mouse. Mode for Carrying Out

the Invention The present invention provides methods for increasing.the number of times of
30antigen-binding i ZhBqe AR RTHEELIBL: Miteldbbaadif* Fesradtht bdnlidMorsiides
methodsCORhoféasingctudnn (ke Viimed hfdityenddiptingdmatigenibindivig moletstteshy

impairing, e anfiganshinding. 3pliky AL 1% AR9R0 BIRdNgDalREIeS 3 AGIdIC PH as compared to that

at neutral pH. Furthermore, the present invention provides methods fof increasing the number of times
of antigen-bindifigin ZhBigarmbiAdiRy HoRSEEIEE 1Y) SERISHREHy PH-dependent binding of an
15 anti-IL-6 antibody, Anti-IL6 clone 2, to I1.-6 at pH 7.4 and pH 5.5. The curves in the

sensorgram at pH 7.4 correspond to 100, 50, 25, 12.5, and 6.25 ng/mL IL-6, from above.

FIG. 27 presents a Biacore sensorgram depicting the pH-dependent binding of an
anti-]L-31 receptor antibody, Anti-IL3IR clone 1, to the I1.-31 receptor at pH 7.4 and pH 5.3.
The curves in the sensorgram at pH 5.5 correspond to 100, 50, 25, and 12.5 ng/mL IL-31

20 receptor, from above.

F1G. 28 depicts the time course of plasma antibody concentration after intravenous
administration of a mixture solution containing SR344 and an anti-human IL-6 receptor antibody
to mouse, _

FIG. 29 depicts the time course of plasma SR344 concentration after intravenous

25  administration of a mixture solution containing SR344 and an anti-human IL-6 receptor antibody

{0 mouse.

Mode for Carrving Out the Invention

The present invention provides methods for increasing the number of times of
30  antigen-binding in anfigen-binding molecules. More specifically, the present invention
provides methods for increasing the number of times of antigen-binding in antigen-binding
molecules by impairing the antigen-binding abilify of the antigen-binding molecules at acidic pH
as compared to that at neutral pH. Furthermore, the present invention provides methods for
increasing the number of times of antigen-binding in antigen-binding molecules by substituting
35 histidine for at least one amino acid in the antigen-binding molecules or inserting at least one

histidine into the antigen-binding molecules. In addition, the present invention provides



35histidine for at least one amino acid in the antigen-binding molecules or inserting at least one
histidine into the antigen-binding molecules. In addition, the present invention provides 12 methods for
increasing the number of times of antigen-binding in antigen-binding molecules by substituting,
deleting, adding, and/or inserting amino acids in the i@ntibody constant region of antigen-binding
molecules. The present invention also provides methods for increasing the number of antigens that
5can be bound by an antigen-binding molecule. More specifically, the present invention provides
methods for increasing the number of antigens that can be bound by an antigen-binding molecule by

impairi?gﬂ%%?&?ﬁ%ﬁ@%@&ﬂ%@@é‘&éﬁ?&%@ﬁrﬁ& @?t zﬁR[@Bﬁﬁgﬁcﬁ% hﬁtt_aﬁ{i g&’;‘;‘%?#d?ﬁg IEH%GQ@%QS?, the
present invention proyides methods for, increasing the.number of antigens that can be bound. by an

P tgen TR RGBS SO AR SRaTHE S GF AR G AR PO AR Eh.binding
moleculesntigisbitidigatlelgstiene histidine into the antigen-binding molecules. In addition, the present

invention providegimgiaods rnG5RANG%HE AURREE I ABHERRSAIR AR DOUSELNAR: that

antigen-binding molecule through substituting, deleting, adding, and/or inserting aminq acids in the
antibddy E@h@?a‘?ﬂ“r‘é%%@%f%%@%‘?ﬁﬁ g SR Cules! ﬁépﬁPéfééﬂ?ﬁ’n@?rﬁfﬁﬁeg%BWBes methods
for disso@@ﬁ@wﬂ%@s&rmwﬁmmmmﬂwmmt_immﬁ]ge;nahiadﬁ@nﬁﬁiﬂ@@e.
More spegifically, 16 REeRa Y SRHOL RURES MRS faf dispac gD @461 AR.AAtigen from

an extracellularly-bound antigen-binding molecule b%lmpalnng the anti en-bindin&abi!ity at acidic pH

as compardd f5Hese- b BT IV EIR SRRTHE SRS BRES AT IRGESARES BrovialeetAphgssy that
dissocia_tkmg; Mtbuuﬂddgﬂ maﬂ@gebiﬁﬁngméaﬁc@mhﬂmlﬂsby&h@iugmgﬁﬂgmrfmi adiwmﬁlgauiafbgcid
20spbstitfing Qfﬁ%%iﬂ%if&fiﬁé leaRlane M@&f’i‘ﬁ%"aﬂé&% SUIGLARINIRG MOGEHIEOFIngRLtINg at least

one histidine into the antégrfn-binding molecule. [h addition, the present invention provides methods for
dissociatfg A a Expddition: PR ER ErisRarardAs sethadsdag iesatingdm e through

substitutiag gieleting cad dinbeanditeradn aatijeg-aniingaecicdsdal thtranibeoystanaiand¢rgion alding,
antigen-bjpgi e 25T, ' [o) ide Is for. releasi
il L L A T s
antigen-free formi & (& SUtdRIEHIdR 8 e prriies dpebraliy dirsqsiadanmibentsalbroviéEmethods
for neleadingmam artigentbindirishma estlenvwichhasdeandowidrtospa Eigenangigdamalized into a
cell, in aqnavg}lig Ir11-fr§ : farm g tt Pl%tgi?se q%{#ll%e% g‘%{ igy iggﬁaaiéin lthgn%rntlig%rﬁ-binding ability at acidic
pH 30as compare%r o that at neutral pH. =i more, the presen fvention provides methods for
extracellularly-bound antigen-binding molecule by impairing the antigen-binding ability at acidic

pH as compared to that at neutral pH. Furthermore, the present invention provides methods for
dissociating within a cell an antigen from an extracellularly-bound antigen-binding molecule by

20 substituting histidine for at least one amino acid in the antigen-binding molecule or inserting at
least one histidine into the antigen-binding molecule. In addition, the present invention
provides methods for dissociating within a cell an antigen from an extracellulariy-bound
antigen-binding molecule through substituting, deleting, adding, and/or inserting amino acids in
the antibody constant region of antigen-binding molecule,

25 The present invention also provides methods for releasing an antigen-binding molecuie,
which has been bound to an antigen and internalized into a cell, in an antigen-free form to the
outside of the cell. More specifically, the present invention provides methods for releasing an
antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell, by impairing the antigen-binding ability at acidic pH

30  as compared to that at neutral pH. Furthermore, the present invention provides methods for
releasing an antigen-binding molecule, which has been bound to an antigen and internalized into
a cell, in an antigen-free form {0 the outside of the cell, by substituting histidine for at least one
amino acid in the antigen-binding molecule or inserting at least one histidine into the
antigen-binding molecule. In addition, the present invention provides methods for releasing an

35  antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an



releasing an antigen-binding molecule, which has been bound to an antigen and internalized into a
cell, in an antigen-free fonn to the outside of the cell, by substituting histidine for at least one amino
acid in the antigen-binding molecule or inserting at least one histidine into the antigen-binding
molecule. In addition, the present invention provideSmethods for releasing an 35antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, in an 13 antigen-free form
to the outside of the cell, through substituting, deleting, adding, and/or inserting amino acids in the
antibody constant region of antigen-binding molecule. The present invention also provides methods for
increasingithe, ability,ntap @ptigendeinging cpleswede elbninatesaatzens, iaddiagmadMere specifically,
the present%ginvention fg)r.(avide&l me% ods for incr aesin(%ltg 8‘%gilit _g{n inantig%n-li)fi:nding molecule to
eliminatd SHHGERTTR DR Y THP AT The antgen-binding apiity at acidic pH s compared to that
at neutral pH. Fithenesoné inventirasas progitismsiboticeneersdnoihnebdisingahe ability of an

antigen-pindingunalasuip ie sliminateArtioans inPlasnaky. suaskiuiee hisiidinaderatirast one
amino acid in the antigen-bindi alecules or ins%riu? aft Ieas%.one“bf}igégdine mt%u eetolglimina
antiyenBHAHGHEN, %33“1%1 &{%olﬁl,cfﬁ%sﬂ%ggn% IhVEtich prode the

Ion pro SHetfods for InCreasing

ability obatigentige pHindihy impRedoletie elitdeadeahitigehdity plasidi Wmﬁﬁﬂﬁb@i@életing,
adding, ﬁéaﬁr_mermm@%gsﬁ@s@ﬁ Atikedy sentanhisnion afantaashindingmgleeule. The
present invention also,prowqgﬁié*net ds. for wg&rovmggg é)hali:tma%%klrgegms ofﬁ}l#?ant ent-Plncglng
molecul 88 AR BBARE NG e P A I T (U RAG RS S HAP ﬁ%% G 2 eas
pharmacekinetics afidnidersigdmbinddlgoutdscigrelongisgting sblesstiondmistaBnsanisythepairing the

anfigen-pindinarabilify Al acidieLHas.eamparad iadhak %ivr&%ﬁ@m&wm@_&m&g%%%ﬁegt
invention provides methods for improving the pharmacokinetjcs of, anti en-%%%%l%% n‘}cglecules by
substitufffyPRisia MerforiieraabiuRe ARAIRG LEil PR IE AREGERES SBPHHERPEng at
least onédhisitiginel ditg, thel antigentinin ding ot utethe araddidio notlepreseen ifemtigon-prolides
methods for improving the pharmacokinetics of antigen-binding molecules by substituting, deleting,
adding, and/or inserting amino acids in the antibody constant region of ant'gen-birglin .molecules.

Further, the pred@StAFRAERENHRAN I HIHEES TG RS HBRIRS ARil BRFB3SRENEIEH Binding
makeculestigealishidaig mpligans.in plasmacdificallspdeiffcatiynthe prace ptivwdestiontprdyitdes methods
for increasing. 1 il s.antigen-binding | I umi i j by impairing
the antié%?#?t‘?i‘ég%%%%ﬁﬁ%% the ar%?g%%%in%%\gl ?h%%c%lﬁéls&ft%%%%%ﬁ ggﬁ%?n*gg%%%%ﬁtlhat at neutral

pH. FurPleimaeyHansese thsiieissarh 1o b HieHouide M G admeytRs ‘ot o rteral pH.
antigen-bingdingone) ek iesstaelirmintta Joantigenst o dldsmmn einpstitfihg mtbeastaine @mnino acid in
the antigep-binding;molecuierith NG 8RR % 2hisask ane Aistidiagiipdhe antgen-binding
moleculgs. f a%d}%oﬁ,rtrhe preseS% mvenUon%rowges mej[tﬁ_ods_ for increasing_the ability of the
ardiyen-wiHemghwsissunsdomsisnipiiaiering gelreThopmainadine st ARG deRinAig cmalfg snd/or
inserting-anaingagids indheranivbadynonnsidas regianiofariigeaviiadingpinelescemBhbkefein,
"improvglrlpt%ré}lgé‘ig m@q%(i}rlggu eléigf :tsltclgsuti?’[%g,'85?&?&%&9%& and/or inserting amino acids in the
antibody constant region of antigen-binding molecules.
Further, the present invention provides methods for increasing the ability of the
25  antigen-binding molecules to eliminate antigens in plasma. More specifically, the present
invention provides methods for increasing the ability of the antigen-binding molecules to
eliminate antigens in plasma by impairing the antigen-binding ability of the antigen-binding
molecules at acidic pH as compared to that at neutral pH. Furthermore, the present invention
provides methods for increasing the ability of the antigen-binding molecules to eliminate
30  antigens in plasma by substituting at least one amino acid in the antigen-binding molecules with
histidine or inserting at least one histidine into the antigen-binding molecules. In addition, the
present invention provides methods for increasing the ability of the antigen-binding molecules to
eliminate antigens in plasma by substituting, deleting, adding, and/or inserting amino acids in the
antibody constant region of antigen-binding molecules.
35 Herein, “improvement of the pharmacokinetics”, “amelioration of the

pharmacokinetics”, “superior pharmacokinetics” are interchangeable with “improvement of the



pharmacokinetics”, "superior pharmacokinetics" are interchangeable with "improvement of the 14
retention in plasma (blood)", "amelioration of the retention in plasma (blood)", and "superior retention
in plasma (blood)", respectively, and these phrases are synonymous. Herein, impairing the
antigen-binding activity at acidic pH as compared to that at neutral pH means that the antigen-binding
ability of an antigen-binding molecule at pH 4.0 to pH 56.5 is impaired as compared to that at pH 6.7 to
pH 10.0, preferably that the antigen-binding activity of an antigen-binding molecule at pH 5.5 to pH 6.5
is impaired as compared to that at pH 7.0 to pH 8.0, and more preferably that the antigen-binding

activity o ' indi relel -5 8 s i C o.that at:pH 7.4.
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neutral pHs. For example, the value of KD(pHS5.8)/KD(pH7.4) should be increased, as
described below. The difference in the antigen-binding ability of an antigen-binding molecule
between acidic and neutral pHs may be increased, for example, by either or both, impairing the

20 antigen-binding ability at acidic pH and increasing the antigen-binding ability at neutral pH.

Conditions other than the pH for determining the antigen-binding activity can be
selected appropriately by those skilled in the art, and the conditions are not particularly limited.
The antigen-binding activity can be determined, for example, under conditions of MES buffer
and 37°C as described in the Examples herein.  Furthermore, the antigen-binding activity of an

25  antigen-binding molecule can be determined by methods known to those skilled in the art, for
example, using Biacore (GE Healthcare) or the like, as described in the Examples herein.
When the antigen is a soluble antigen, the activity of binding to the soluble antigen can be
assessed by injecting the antigen as an analyte onto a chip immobilized with the antigen-binding
molecule. Alternatively, when the antigen is a membrane antigen, the activity of binding to the

. 30 membrane antigen can be assessed by injecting the antigen-binding molecule as an analvte onto
an antigen-immobilized chip.

In the present invention, the difference in the antigen-binding activity between acidic
and neutral pHs is not particularly limited as long as the antigen-binding activity at acidic pH is
lower than that at neutral pH. However, the value of KD{pHS5.8)/KD(pH7.4), which is a ratio

35  of dissociation constant (KD) against an antigen at pH 5.8 and that at pH 7.4, is preferably 2 or
greater, more preferably 10 or greater, and stiil more preferably 40 or greater. The upper limit



In the present invention, the difference in the antigen-binding activity between acidic and neutral pHs is
not particularly limited as long as the antigen-binding activity at acidic pH is lower than that at neutral
pH. However, the value of ICD(pH5.8)/KD(pF17.4), which is a ratio 350f dissociation constant (ICD)
against an antigen at pH 5.8 and that at pH 7.4, is prigferably 2 or greater, more preferably 10 or
greater, and still more preferably 40 or greater. The upper limit 15 of KD(pH5.8)/K_D(pH7.4) value is
not particularly limited, and may be any value, for example, 400, 1,000, or 10,000, as long as the
molecule can be produced by technologies of those skilled in the art. When the antigen is a soluble

antigen, t!g;ez@ﬁ%gwﬂ;mg}@ﬁﬂy@ﬂﬁéns%ﬁ!ﬁ%&ﬁi@ﬁymﬁﬁi@@ Qb NG HIBROGIFNANEORSANLISD)-
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use, for example a.disspciation rate constant, as an 10indicator for the difference in the
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at pH 5.8 and that at 7.4, 1s prefera é/ 2 or greater, more prefera or greater, even more

preferabl?ef&%)emc i Slmt1%9niorehreferably 30 or greater. The upper limit of
kd(pH5.8)/Icd(pHA idgrvadivelis inat pastitldaoydimited:-anthimay, edanyoialive, toe examipleadh 100, or
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When the antigen Is a soluble antigen, t ntig e presente it terms of the
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partlcuIaﬂWﬁ#ﬁ?@&éﬁWWﬁ@%Wﬁ@d&%@éﬁ%@ﬁbﬁ@ m“élude for 30example, methods for
impairing the antig@enhifeiing activty satuit 2 asnCenpRArRA b iRdhataRbity can be presented in
terms of the dissociation rate constant (kg). Alternatively, when the antigen is a membrane
20 antigen, the antigen-binding activity can be presented in terms of the apparent dissociation rate
constant. The dissociation rate constant (kg) and apparent dissociation rate constant (apparent
k4) can be determined by methods known to those skilled in the art, for example, using Biacore
(GE healthcare) or FACS.
In the present invention, when the antigen-binding activity of an antigen-binding
25  molecule is determined at different pHs, it is preferred that the measurement conditions except
for pH are constant. _

The methods for impairing the antigen-binding activity of an antigen-binding molecule
at pH 5.8 as compared to that at pH 7.4 (methods for conferring the pH-dependent binding
ability} are not particularly limited and may be any methods. Such methods include, for

30 example, methods for impairing the antigen-binding activity at pH 5.8 as compared to that at pH
7.4 by substituting histidine for amino acids in the antigen-binding molecule or inserting
histidine into the antigen-binding molecule. It is already known that an antibody can be
conferred with a pH-dependent antigen-binding activity by substituting histidine for amino acids
in the antibody (FEBS Letter, 309(1), 8588 (1992)).  Such histidine mutation (substitution) or

35  insertion sites are not particularly limited, and any site is acceptable as long as the

antigen-binding activity at pH 5.8 is lowered than that at pH 7.4 (the value of



7.4 by substituting histidine for amino acids in the antigen-binding molecule or inserting histidine into
the antigen-binding molecule. It is already known that an antibody can be conferred with a
pH-dependent antigen-binding activity by substituting histidine for amino acids in the antibody (FEBS
Letter, 309(1), 8588 (1992)). Such histidine mutation §substitution) or 35insertion sites are not
particularly limited, and any site is acceptable as long as the antigen-binding activity at pH 5.8 is
lowered than that at pH 7.4 (the value of 16 1CD(pH5.8)/10(pH7.4) gets greater) as compared to
before mutation or insertion. When the antigen-binding molecule is an antibody, such sites include, for
example kISR BNRTinpsitvaidakls 16gianpdbe RPRIRRiale iR e YhistidingumeHation or
insertion si%es can tae a%r?éori?tely det%rbmwed %t@gse slfil{lfd in the artTeHisttg(Sji&%hrpa be substituted
or insertéd &t 5a élilnélf Gife6r fwo Or'imore <iés: tSISeaS.llSnOC[SIOSSI [e"t8 iHrGdUcs on-histidine mutation
(mutatiomstitediminebtidsditier thamapizoginey auhbesahki sitdcrovtabomoran sisiieriélenaeatisn may
be introdycad siptslianaensiveyity RisHineinsarting ot is PRaside asuRsHibiarmeeihusidine at
randpm using a method such as histidine sca&g%}r;%v@&ch uses %istidine 'nsteaéid of alanine in alanine
sca ingfi RS SE LRI BITTR Sﬂrﬁ%s‘artl.%it I ,9183 éﬂ’ﬁa PEBIRHY HERsC e ose
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7.4 after histidine substitution or insertion is comparable to that at pH 7,Aiébefore histidine substitution
or insertiﬁ}ﬁ‘t%‘é‘éﬁ%ﬁﬁﬁﬁ@\?&?gﬁ@ﬁh@ﬂﬂge&%ﬁ%ﬁm%ﬁﬁww e Y molecule

retains 18Mtasiomoreéngnefesably 20 50% or more, more preferably 80% or more, and still more

preferably 90% afmaore;of e antiggp:hinding ﬁﬁﬁw%&&b@égﬁeam%@sm@nwgﬁmgmleroknﬁgémﬁ-

When the antigen-binding activity of the antigen-binding molecule has been impaired due to histidine
substitutR M ABRROAGHS ahthganalsidingt atruryHedy e Aefaeindady hatdbe BrtpSib&tiRton,
delesion, aaddition drdint jesesticingfrosiecatanopdiamind acidsitite tbsintijendrindingeadecule so
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insertion. The present invention also includes such antigen-binding molecules hayving a comparable
binding &&tvity 8§ Beestirsr busmunslkcusetiph, ZddtishbisHaes MHESHiHPBIBARSERIPRIR amino
acids aftesthistidinie suhstishen 70t eserdibhitiAliersaivturiethads datitmpaitag: thetantdgerfidinding
activity of. tigan-hindi u R A J-4ngl thods of
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noRthatutat afs e e iastinRs Hpsbly 86 ¢sosP aidetilbmais Prasraetie MYiokrsiahBethe pKa can
be artificialiizepmnioliag asingnenberiw aisadinosabidsuAngavinéhiem. [Mvice. tRE@hti4dn-B#idGlhem Soc

Rev. 2003399 3PS tHkE28 BTN L5t WRRH Bl o il WIOGRIESE Bf Invention,
insertion, the antigen-binding activity may be adjusted by introducing substitution, deletion,
addition, and/or insertion of one or more amino acids into the antigen-binding molecule so that

25  the antigen-binding activity becomes comparable to that before histidine substitution or insertion.
The present invention also includes such antigen-binding molecules having a comparable
binding activity as a result of substitution, deletion, addition, and/or insertion of one or more
amino acids after histidine substitution or insertion.

Alternative methods for impairing the antigen-binding activity of an antigen-binding

30 molecule at pH 5.8 as compared to that at pH 7.4 include methods of substituting non-natural
amino acids for amino acids in an antigen-binding molecule or inserting non-natural amino acids
into amino acids of an antigen-binding molecule. It is known that the pKa can be artificially
controlled using non-natural amino acids (Angew. Chem. Int. Ed. 2005, 44, 34; Chem Soc Rev.
2004 Sep 10;33(7):422-30; Amino Acids. 1999;16(3-4):345-79). Thus, in the present invention,

35  non-natural amino acids can be used instead of histidine described above.  Such non-natural

amino acid substitution and/or insertion may be introduced simultaneously with the histidine



35non-natural amino acids can be used instead of histidine described above. Such non-natural amino
acid substitution and/or insertion may be introduced simultaneously with the histidine 17 substitution
and/or insertion described above. Any non-natural amino acids may be used in the present invention.
It is possible to use non-natural amino acids known to/those skilled in the art. Furthermore, when the
antigen-binding molecule is a substance having an antibody 5constant region, alternative methods for
impairing the antigen-binding activity of the antigen-binding molecule at pH 5.8 as compared to that at
pH 7.4 include methods for modifying the antibody constant region contained in the antigen-binding

molecule sgischumeihadsionmediyisatheaatibady consireaion AnGhg e examplg.matheds for
substituti nstant regiqn.descri in_ the Examples herein. 10Alternative methods for modifying
the antib gglgg%%s?t‘éeﬁ{t% lr%%]ioﬁnpi‘r?éiﬁ%F‘,QI%O&S%B}EP%%‘%%%‘?S g é@%ﬁﬂ&ﬂﬁ%ﬁé{ﬂ F?Ielaigr]‘? isotypes
(IgGl, Ig0EL1gG3, and IgG4) and select an isotype that impairs the antigen-binding activity at pH 5.8

(increases the digsggistian-Eatenah pid B8Lehltarmativehs cesthadsdndludedhoss forimpaibag the
antig;n-biggé%{a%i\{gg a&gH ?.8 %]Ctﬁ%ggﬂ% the dissocjation. rate at pH 5.8&;_ Su gtltut|ng amino
acids in tﬁe‘amlno Gitr 158EGUER AW 3&3‘)88%%%}58%@% HEig- d8%f wild type IgG |
, 1gG2, |geBger-ljGlirg thelsadpiengd dBthedumgersddiothef mpHritib doylwnststho de giomisdifying
considerahbuAfIEntAMaANGSANRBAEAG i Uzl andiomdland hedifeianca e e hinge
region aming.acid sequence, has a great impact o antigen-binding activity, Thus, it is possible to
select an%%%r%lﬁl %%i%%@ﬂg%‘iﬁ?b%ﬁ%oﬁfﬁa&fﬁ%if iSRRG PEoAs 408 TP HErEEg fingstant
20dissoctagion dawabeH58) Byacupisiderieig the type of antigen or epitope. Furthermore, since the

diffetence In the ngdRalandABINGAGILIRGHANGR and HAnlfcant IOlieNGR AL e AURRREInding

activity, pre{%rr d amino acid substitution sites [n the aming acid sequence of a wild type Isotype are

assumed 5B WIS YARGES SRR A BRGS SHEHih ditétabsiity Brhehinsmdnstirg
substancisay pHIB:Sisp25wialkenigdrebmpiageat to et tatlp bl (fnérdasrs 1 @k5o8)4ti0 L. 4) prdlue is
increased)dyy thaabavs despifedmathedsiand ﬁu%ggiﬁlgéem%f&mr%@ﬁ@ cLaRls Ab%fr%ea;ﬁg 5.8

ICD(pH5,8)/KD(pH7.4) value be two times or more, more préeferably Tive times or mo even more

preferabHERARELRST HisPEoRsAip Ao o W AV PN Sigmamiptiptdy g mEiAvention is not
particulassqimitec {lrereid-t GiHewoine (He improvenh seqwhiticofhaldnapoRr@licR GReRG3pHelongation
of the timedagiuveflatdhe.el By natian of s Andegnbiading teleaieomeasmadipnexample,
reaching fthe State where the antigen-binding molecule canriot return tothe plasma due to degradation
in cells, GHGTHAN ASARBMEPLtRSS Adkiinisitids b6 arnddafid) strchibe Filfsrsncarip the hiage rssitkey,
rabbit, ordtp asidveliasnpediang gtian iafithe piagrametentisndipeaihe. antigenDindiogBRnelecule
oo i T g8 8.0 AP (AL RS A D PYGFR 5 D e
20 dissociation rate at pH 5.8) by considering the type of antigen or epitope. Furthermore, since
the difference in the hinge region amino acid sequence has a significant influence on the
antigen-binding activity, preferred amino acid substitution sites in the amino acid sequence of a
wild type isotype are assumed to be within the hinge region.
When the antigen-binding activity of the antigen-binding substance at pH 5.8 is
25 weakened compared to that at pH 7.4 (when KD{(pHS5.8)/KD(pH7.4) value is increased) by the
above described methods and such, it is generally preferable that the KD(pHS.8)/KD(pH7.4)
value be two times or more, more preferably five times or more, and even more preferably ten
times or more as compared to that of the original antibody, although the invention is not
particularly limited thereto.
30 Herein, the “improvement of the pharmacokinetics” means prolongation of the time
required for the elimination of the antigen-binding molecule from plasma (for example, reaching
the state where the antigen-binding molecule cannot refurn to the plasma due to degradation in
cells, or other reasons) after administration to an animal such as human, mouse, rat, monkey,
rabbit, or dog, as well as prolongation of the plasma retention time of the antigen-binding
35 molecule being in a form capable of binding to antigens (for example, being in an antigen-free

form) during the period until it is eliminated from the plasma after administration. Fven if an



18 antigen-binding molecule is circulated in plasma, it cannot bind to an antigen when it already binds
to another antigen. Accordingly, the period where the antigen-binding molecule can newly binds to
another antigen is prolonged (the chance to bind another antigen increases) by prolonging the period
where the antigen-binding molecule is in an antigent-free form. This Smakes it possible to shorten the
period where the antigen is free from antigen-binding molecules in vivo (in other words, to prolong the
period where the antigen is bound by an antigen-binding molecule). For example, the ratio of antigens
bound to antigen-binding molecules against the antigens in the body in plasma (total of antigen

molecu'%Bgan&ﬁ%g%&%&{eﬁe éﬂ%ﬁ%@? hinding moleculeshasnarally deCrRases iRacertain
7 ) oty

period of time after the 10 administration of the antigen-binding molecules. However, such decrease
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O et el i b i A R bl e
ratio of dftigexsiipbuteetdeariyendbimenpycaohscoids agalist therptigeritherstoodynisinedased.
Thus, in thepipsantinnentienethesimproyamapint bemphanpacakinglics” ancomnassesat least:
(1) prolongation ofr%hhe time eq ired rth&eliminati%n of.the anti qn-bindin molecule 30from plasma
atter adrFISESUBASrAS ShAUERC RO HO ARG e RIS ABAET the SRS Fetlfton tme
of the arhigbnibindirigimmsidedlefiimefofier caphbie adiimdifgtioran antigen after administration of the
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antigen-Eindin [moleculg (rate of elimination,.from plasma) is equivalent, there are cases 5where
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prolongation of the time of the antigen-binding molecule present in plasma in a form capable of binding
to antigeh& A& n one embodiment, the "improvement of the pharmacokinetics" of

the pericd where the antigen is free from an antigen-binding molecule in the body is
shortened (in other words, the period where the antigen-binding molecule is bound to an antigen
25 is prolonged); and
the ratio of antigens bound to antigen-binding molecules agamst the antigens in the
body 1s increased. Thus, in the present invention, the “improvement of the pharmacokinetics”
encompasses at least:
(1) prolongation of the time required for the elimination of the antigen-binding molecule
30  from plasma after administration of the antigen-binding molecule;
(2) prolongation of the plasma retention time of the antigen-binding molecule in a form
capable of binding to an antigen after administration of the antigen-binding molecule;
(3) shortening of the period where the antigen is free from an antigen-binding molecule
in the body after administration of the antigen-binding molecule (prolongation of the period

35  where the antigen-binding molecule is bound to an antigen in the body); and



10 antigen-binding molecules of the present invention includes increasing the rate of eliminating
soluble antigens from plasma after administration of the antigen-binding molecules (the ability of the
antigen-binding molecule to eliminate antigens from plasma). In the present invention, when the
antigen is a membrane antigen, whether a single  18ntigen-binding molecule binds to multiple
antigens can be assessed by testing whether the 15pharrnacokinetics of the antigen-binding molecule
is improved. Whether the "pharmacokinetics is improved" can be assessed by the following method.
For example, whether the time required for the elimination of an antigen-binding molecule after

administration is groleneed ¢aRBe.88SRSREON HeRIMBIRG AN NRE S RYRMEIEES 1AL B oen in

antigen- bér; molecule such as half-life in plasma, mean plasma retention time, and clearance in
plasma 2 (( armacokinetics: Enshu- -niyoru Rikai (Understandlng through practice)" Nanzando). For
example, when théhhalftiferingstasnadnble antigtaspres setentidas timesvfraif tietigensiccling toelkeCule
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measurem‘elﬁsmaﬁgeaaﬁiﬁsmg)ﬁ@lﬁbﬁhmd%fh@ﬁmaednﬂg)&& ﬁrﬁfrﬂﬁéﬁhﬁ% -17. 20 Furthermore,
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administration o tlgen cules Is shortene hiere the antigén-binding
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the period where the concentration of free, antigen in plasmor th eamo%lt Jatio, of free antigen against

§
the total antigen remalns Iow. Oev% asma goar?ceesr?teratlgn of ?1 egan%gen or ‘amount ratio of free
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when them% éc%?en SE R PP e in plasma, mean plasma retention time, and clearance in plasma

20 (“Pharmacokinetics: Enshu-miyoru Rikai (Understanding through practice)” Nanzando). For
examyple, when the half-life in plasma or mean plasma retention time of an antigen-binding
molecule administered to mice, rats, monkeys, rabbits, dogs, humans, or other animals is
prolonged, the pharmacokinetics of the antigen-binding molecule is judged to be improved.
These parameters can be determined by methods known to those skilled in the art.  For example,

25  the parameters can be appropriately assessed by noncompartmental analysis using
pharmacokinetics analysis software WinNonlin (Pharsight) according to the appended instruction
manual.

Alternatively, whether the plasma retention time of an antigen-binding molecule in a
form capable of binding to antigens after administration of the antigen-binding molecule is

36 prolonged can be assessed by measuring the plasma concentration of the antigen-free
antigen-binding molecule and determining any one of parameters for the antigen-free
antigen-binding molecule, such as half-life in plasma, mean plasma retention time, and clearance
in plasma. The concentration of the antigen-free antigen-binding molecule in plasma can be
measured by methods known to those skilled in the art. For example, such measurements are

35  described in Clin Pharmacol. 2008 Apr;48(4):406-17.



10function in vivo, whether the antigen is bound by an antigen-binding molecule that neutralizes the
antigen's function (antagonistic molecule) can be assessed by testing whether the function of the
antigen is neutralized Whether the function of the antigen is neutralized can be assessed by assaying
an in vivo marker that reflects the function of the antiggn. Whether the antigen is bound by an
antigen-binding molecule that activates the function of the antigen (agonistic 15molecule) can be
assessed by assaying an in vivo marker that reflects the function of the antigen. There is no
particular limitation on the determination of the plasma concentration of free antigen and amount ratio

of free antigen sopsidaIBlaNner. A0 Iyivematker assan RIS SRISIIARIOn IR fprably
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20 an antigen-binding substance is not particularly limited, and an approprlate period can be

determined by those skilled in the art depending on the properties of the administered
antigen-binding substance and the like. Examples of the period are: one day after
administration of an antigen-binding substance; three days after administration of an
antigen-binding substance, seven days after administration of an antigen-binding substance, 14

25 days after administration of an antigen-binding substance, and 28 days after administration of an
antigen-binding substance.

In the present invention, it is preferred to improve the pharmacokinetics in human.
Even when the plasma retention in human is difficult to determine, it can be predicted based on
the plasma retention in mice (for example, normal mice, human antigen-expressing transgenic

30  mice, and human FcRn-expressing transgenic mice) or monkeys (for example, cynomolgus
monkeys).

Methods for determining the retention in plasma are not particularly limited. The
determination can be carried out, for example, according to the methods described in the
Examples herein.

35 Whether an antigen-binding molecule is capable of binding to antigens multiple times

can be assessed by testing whether the antigen bound to an antigen-binding molecule under the



to be increased to twice that of the antigen-binding molecule before modification. Alternatively, when
the antigen is a membrane antigen and thus the antigen-binding molecule is eliminated from plasma
through antigen-mediated uptake and degradation in a lysosome, whether the number of times of
binding of the antigen-binding molecule conferred @ith the pH-dependent 15binding ability is increased
as compared to that before modification can be assessed by comparing the pharmacokinetics or
duration of antigen binding between the antigen-binding molecule conferred with the pH-dependent
binding ability and the antigen-binding molecule before modification. For example, when the
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Thus, it is also, possible to determi ether the antigen-binding.molecule is a e of binding to
antigenglﬁ%%‘%’?ﬁ% ef&éfﬁ‘%fﬁ%%%ggg 5 grﬁ%egﬁnggl&gé}%%t% ra%sk)éll ?gg‘é‘%e f’ha%\izf)e%rlé?ln, “"increasing
th20nunaipsigok-indingheritien tifiding o dheatipticidn windiagofissué bindasofilie the number of
cycles igjngraasadindeniiRiieg asanscyvaiedRe Pracgesdsien dncasigen:binding malecule
administered to_human, mouse, monkey, oi(rm%uch blnd??gto a&ar;g_% nﬁanﬁﬁls int nallzted 1nto a cell.
specificdfiFAETdm e e R TRHR T B s B BIRE T BHOE TR A AR G ANRERL AL the

antigensiieditiy platecuteriveuinatioy afi antigenis imtpsalirddch is free from the antigen-binding

molecule, is determined and the period where the plasma concentration of the free antigen ot the

25  amount ratio of the free antigen against the total antigen remains low is prolonged to twice, the
number of times of binding of the antigen-binding molecule conferred with the pH-dependent
binding ability is judged to be increased to twice that of the antigen-binding molecule before
modification.

When the antigen is a soluble antigen, if the antigen bound to an antigen-binding

30  molecule under the neutral condition in plasma dissociates in an endosome, and the
antigen-binding molecule returns to the plasma, the antigen-binding molecule can again bind fo
an antigen under the neutral condition in plasma. Thus, an antigen-binding molecule that has
the characteristics to dissociate with an antigen in acidic condition of an endosome is capable of
binding to antigens multiple times. Compared to when the antigen bound to an antigen-binding

35  molecule does not dissociate in an endosome (the antigen remains bound to the antigen-binding

molecule when returning to plasma), when the antigen bound to an antigen-binding molecule



into a cell and released in an antigen-free form to the outside of the cell, and the released
antigen-binding molecule rebinds to another antigen and is internalized into a cell again. When the
antigen-binding molecule is internalized into a cell, it may be in a form bound by a single antigen, or
two or more antigens. 20Herein, "the number of tim&$ of antigen-binding of an antigen-binding
molecule is increased” does not necessarily mean that the number of times of antigen-binding
increases in every antigen-binding molecules. For example, among antigen-binding molecules in an
antigen-binding-molecule composition, the proportion of antigen-binding molecules that bind to

antigens14468; 9 MR NS ERAYINEHEASEIs TethR RUGAYE, nRe Ll biRding-e@Ate d thus, the
25antigen-binfirf moJ[ecuI in an. anti en-b'indin -molecule cam osi}ion ay inc gase, In the
resent MBS IR STL LSt O Th U RIBET ST RSt aror Biria g RN g S5 it
moleculevheifeadhs ankligenthindhagovoledslatmapsbred bindihg tnantidowevelinihbmés issdigfidalt to
geterénin%%ﬁﬂsf%mlatgﬁ%%eﬁm ; ég&;@%tg@mﬂﬁqiage{ﬂm@@nxﬂﬂ@t Py 2 6%iﬁb!ﬂi‘8c%rbﬁ%§é/a9?igﬁdi0ted
as (6] e resuits o In y.IN VIO assa rmeasurement usin mice (10or exa e,
antigen SARETA AR5 SRIETTHEB A Er RPIAHGE B A SEEIRG HSHSHERS IfiBes I IRy (for
examplegymorheigus ngenieyding molé¢nutlee presentidvbationg[dsisipgdferroddtrdtatiorantigemndinding
moleculginds 1o aRfiaenswieR ol @grﬁﬁmaf&m@m@p%&ﬁ@é@f&r%%,fm)mﬁ gytigen-binding
e

molecules in an antigen-binding-malecule c posmon,ét least 10% ?r more, preferab1y 30% or

35more, AYSTRASTHEr A0S BRR B S ESGaSHIFHR SHE PRI SB: SRABHE ROl SRAMASTES 5096 or
more, 95%ma§“aﬁ1re,’rémd, ﬁd@ﬂ):dnbtﬂ%l&ﬂdgkt@hﬂiemm&ﬁmﬁ%ge@f&inding-l_mtﬂmm'@:rﬁsreasing the
numper of ARIERE: el £ANRe RAvRd. Ry R ANtigenbinding MoleGWE. TRERSPEIGRASING the.Qumber

of antigens that can be pound by an antigen-binding molecule duringthe period until the
antigen-binding MOIEEuIdYE hsyta fmRPRISomTES of %@ﬁ%ﬁ%@ﬁmmgﬁaﬂaﬁe&r%ﬁglaﬁngen-binding
molecule:mm]ahhmM@uhm dsehumaer, m}ﬁwshség ﬁmg@éwhen tdhi@aetmb ayﬁlbm&gscmaem as IgG
have tw H}Q'&Qa%%g%ébr??gﬁ} bR & RNl ARHROSY,BIngS. 10, 8 M HUMOT BYOARUSNS /AR

antibody bound to a internalized into a cell, and the antibody and antigen(s) are degraded
in a lyso¥uiRen g hBramairbiiossth asngrificallibibmittia MathfgRt Sfidioamedstl Wien the
antigen-bincing activityof ancifattiigere hintiag rhaleguiadenl csoandEitbodytaidh e ancdostinedl pH is

mbaired,s SUmPAIEAe. A A NS RRAMAP LAY D0 Ehads o dieaiearntiRuelon, the

antigen-binding molecule such as an antibody internalized into a cell dissociates the antigen and is
released b 458" bindior B YIS LEKY A @%ﬁﬁr@m&f‘@ andisdrismdierdigiot talbtEainwords, the
methods of the pragarthinventionbeniiblerioleani anigembingtdgrmoiesiicitenbinekta mArendntigens than
the numge%ofl_iltsi 135116{{1t%f ‘i{f](():iionlqnsites. ﬁ gI(I:SificaIIy, by using the methods of the present invention,
for exam Ie,sllgé awﬁg i gsnés can bind to three or more antigens, preferably four

(0] antlgen-%ﬁ?lallln 2 Rull - =g
or #hore Herein, “the number of times of antigen-binding of an antigen-binding molecule is

increased” does not necessarily mean that the number of times of antigen-binding increases in
every antigen-binding molecules. For example, among antigen-binding molecules in an
antigen-binding-molecule composition, the proportion of antigen-binding molecules that bind to
antigens twice or more imes may increase, or the average number of binding events of

25  antigen-binding molecules in an antigen-binding-molecule composition may increase.

In the present invention, it is preferred that the number of times of antigen-binding of an
antigen-binding molecule increases when the molecule is administered to a human. However,
when it is difficult to determine the number of times of antigen-binding in human, the number in
human may be predicted based on the results obtained by in vitro assay or measurement using

30 mice (for example, antigen-expressing transgenic mice and human FcRn-expressing transgenic
mice) or monkeys (for example, cynomolgus monkeys).

In the present invention, it is preferred that an antigen-binding molecule binds to
antigens twice or more times.  For example, it is preferred that, of the antipen-binding
molecules in an antigen-binding-molecule composition, at least 10% or more, preferably 30% or

35 more, more preferably 50% or more, and still more preferably 80% or more (for example, 90%

or more, 95% or more, and so on) bind to antigens twice or more times.



antigens, during a period until the antibody is degraded after administration. For example, when the
antibody is a neutralizing antibody, "increasing the number of antigens that can be bound by an
antigen-binding molecule" is interchangable with "increasing the number of 20antigens that the
antigen-binding molecule can neutralize". Thus, "bin2l3 can be replaced with "neutralize” when the
antibody is a neutralizing antibody. In the present invention, "increasing the number of antigens
that can be bound by an antigen-binding molecule" does not necessarily mean increasing the number
of antigens that can be bound by every antigen-binding molecule. For example, the average number of

antigens 25that cpbe Do B anantiganspipding maleeH e @n Baoso-bindingmalesle

composition may increase, or the proportion of antigen-binding molecules that can bind to more

antigens TREIFTHE RSB T BF GRS PG HroRAIbH I geiRse iRt et ds hovnd (e a5y aetprnrRiaitisn, it is
preferredthdtdhle duriizethefrartidens tiat caiyhe Hading byhndatigeehideling melesulacinfreases

when theﬂeﬁ%&%ﬂ@@ﬁ inj @&@ﬁ%g@&ﬁ%@%@ﬁ&%ﬁ s, difficylt 1o deteiming the number

in human, it may be predicted base obtained by In vitro assay or measurement using
mice-:(for %#Fﬁle, antigen-expressing transgenic mice and human FcRn-expressing transgenic mice)
or monkeys (for exageplesicynobadigysuatonkeys hadherthadintihboy:lsn aeiutializisg dotihddydhe
above-descri number of times of antigen-hinding of the antigen-hinding.moleculg i erall
eassum i o R B R

molecule 2Thihe anEhadnped anttermgoraadsradsnibe heosamsed Byeareral aRthpsieh g dedlecule
can be delgrminee Anihgisamemehastseescritad abBoyenioraeteiminiag e mber of times of

bindipg of an any Sé}ﬁ’i!'%gé'fgcrﬁ‘g'se%}{'% Luithermore, fhe present inyeation provides methods for
binding an aﬁﬁgen- mglng molecule to antigens twice or more times in the’bo y,aby ad Inistering an
antigen-bibafiabitEhdtsae Wby dbeantdedssintingasamitpaeziogidlisrng tenrbindiag maleatssuttal pH.
Thhe prei@@m?ﬁﬁm@y%ﬁ%ﬁsla@imo;a%mp@i§miﬁg§y(};ﬁ4 iiﬂﬁ%@ﬂﬁ?ﬂ?f{é&él&&@d@o&&%ﬁfﬂﬂwr tfgan
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that at neuveini. edferiblgn tisipeadending ereriie ketbintbie Oreaaotigeior thew it izimabtirelisr more

antigens, praferahhd{apREMORRAHMIBRNRS BY using the methods of the present invention, for example,
IgG having two antigen-binding sites can bind to three or more antigens, preferably four or more
antigens, during a period until the antibody 1s degraded after administration. For example,
when the antibody is a neutralizing antibody, “increasing the number of antigens that can be
bound by an antigen-binding molecule™ 15 interchangable with “increasing the number of

20  antigens that the antigen-binding molecule can neutralize”. Thus, “bind” can be replaced with
“neutralize” when the antibody is a neutralizing antibody.

In the present invention, “increasing the number of antigens that can be bound by an
antigen-binding molecule” does not necessarily mean increasing the number of antigens that can
be bound by every antigen-binding molecule.  For example, the average number of antigens

25  that can be bound by an antigen-binding molecule in an antigen-binding-molecule composition
may increase, or the proportion of antigen-binding molecules that can bind to more antigens than
the number of their antigen-binding sites may increase.

In the present invention, it is preferred that the number of antigens that can be bound by
an antigen-binding molecule increases when the molecule is administered to a human.

30  However, when it is difficult to determine the number in human, it may be predicted based on
the results obtained by in vitro assay or measurement using mice {for example,
antigen-expressing transgenic mice and human FcRn-expressing transgenic mice) or monkeys
(for example, cynomolgus monkeys). When the antibody is a neutralizing antibody, the
above-described number of times of antigen-binding of the antigen-binding molecule is generally

35  assumed to correlates with the number of antigens which can be neutralized by an

antigen-binding molecule. Thus, the number of antigens which can be neutralized by an



administering 1IgG whose antigen-binding activity at acidic pH is lower than that at neutral pH. The
present invention also relates to methods for dissociating within a cell an antigen from an
extracellularly-bound antigen-binding molecule by impairing the antigen-binding ability of the
antigen-binding molecule at acidic pH as compared tgthat at neutral pH. In the present 15invention,
the antigen may be dissociated from the antigen-binding molecule anywhere within a cell; however, it
is preferred that the antigen is dissociated within an early endosome. In the present invention, "an
antigen is dissociated within a cell from an extracellularly-bound antigen-binding molecule" does not

necessarily mean that every antigen internalized jnto a cell via binding,to the antigen-binding molecule
s cissoc o T SR BT D T EE TS LB e e A B teetine proporton

of antigerfetmigndigsbeiatenbfron tmeantibadibndirm asigoubindihgrnwlesitlincreases when compared
to before impairing #igeaaeibincing alkibiyioh heaatiosrbinding Hﬂﬁ&ﬁgﬂﬁl%ﬁg@%ﬂi‘diﬁ% _
compared t thagt neutraléjH“Furthermore, th(reh%e%ent inve tlo.n.r?lates to methods fqr enhancing
the intracg}f(a%ﬁu iﬁﬂﬂ’ﬁf’b %Cgrﬂfd%?f-%%?ﬁd fe ?ﬂ%’f?é’ea ]r%l%lﬁr%?d’e?’ﬂ@% ampairing
the ahtigencbindiagrbbitityroictre tandige adtivding asodecpl? iatlasidithphitha ebnepard b that at neutral
th-_ In g%neéal, Fqﬁ}e Hg&gﬁ%ﬁ%ﬁ%&-?ﬁmgﬂgﬁwg Mtﬂmﬁdﬁatg%a%g%sw%@@r%&r in
antigen-binding molecule boun a memhrane antigen is assum ot to bind to FcRn. Thus, in a

o etorteaTBHCA S S THERPER S R TR A LB AR G AR S5 hrdEn i Ention
includes mrethraldsiigraetidndivqdneesicosg thalalis gecibtivhngfravitigelesihors amtigenHiiigg
moleculegangiys aRANGING R RERNRINdRe. Rfdhs AntisRR:RIBYINgRlecH oSy DY  iRRaiRg the

antigen-binding_ ahility of an antigen-binding mojecule at the endosomal pH (acidic pH) as compared to
that!dt th@lﬁ@gﬁ%a?‘mﬂfé@f@v% g}?@?\ﬂﬁéﬁﬂfﬁé‘%@@‘é“n Rgeﬁewbbf%ﬁﬁawwaﬁ% H-binding
molecule hmnitvistdriogHeRnsihothapiesehiedorB3aabsgnaecidih@ldntifiercd fidissbaiationwfadlantigen

from the antigen-bidingmolachle YR QN9RSMES ARG AIRMEIShE: AL OGS antigen

antigen-binding ability of the antigen-binding 25 molecule at intraendosomal (acidic) pH as compared
to that at [oRIBrHA THERRFHY Bl -HramecRa gAY B Kt BRRAHE P O el Bt RS8N i an
antigen" cdinhbexeiiftanbrdiby theltodthadsididhéipresempureeé nsidint Raganedié sslof héthereamantigen
Pl e
process, ththAMYSEIb i dmgciReRt Y S5 aplirriotsissprigd m@ﬁﬁgg?méqmes@h fvention,
"en hanci@geﬁegtﬁﬁ%p@ndiiag aﬁt@gtm@t@mﬁmd&mmmeméﬁ Pt lalae&aﬁiédﬁlﬂsrnow@@@ssarily mean
tigen B B P b e o
comparedfifobidsie tinfbairigmebartine Mol agintgorigdiom denptismg nbRrenel stwise
endrsomal it dscehpared sodiakiae thet plrssreppHioRisfameeaaiigendpinsingemoieeules in the
mgltgggfé RlIPS ERRRL Mvenienan i anring s niacs ian finging hstwagn.the aptigen-binding
antigen-binding ability of the antigen-binding molecule at acidic pH as compared to that at
neutral pH.
Furthermore, the present invention relates to methods for enhancing the intracellular
25  binding of an antigen-binding molecule free from an antigen to FcRn by impairing the
antigen-binding ability of the antigen-binding molecule at acidic pH as compared to that at
neutral pH. In general, FcRn binds to an antigen-binding molecule within an endosome.
However, an antigen-binding molecule bound to a membrane antigen is assumed not to bind to
FcRn. Thus, in a preferred embodiment, when the antigen is a membrane-bound antigen, the
30 present invention includes methods for enhancing the endosomal dissociation of antigens from
antigen-binding molecules and thus enhancing the FcRn binding of the antigen-binding
molecules, by impairing the antigen-binding ability of an antigen-binding molecule at. the
endesomal pH (acidic pH) as compared to that at the plasma pH (neutral pH). When the
antigen is a soluble antigen, the antigen-binding molecule can bind to FcRn in the presence or
35  absence of the antigen. If dissociation of the antigen from the antigen-binding molecule within

endosomes can be promoted by impairing the antigen-binding ability of the antigen-binding



and FcRn include, for example, antigen-binding molecules that bind to membrane-bound 15antigens
(membrane antigens) such as membrane proteins. Other preferable antigen-binding molecules include
antigen-binding molecules that bind to soluble antigens such as soluble proteins. The methods of
enhancing the binding of an antigen-binding molecujg and FcRn within a cell are alternatively
expressed as the methods of promoting the FeRn binding of an 20antigen-binding molecule within a
cell, for example, within endosomes. Furthermore, the present invention relates to methods for
releasing an antigen- binding molecule which has been bound to an antigen and internalized into a

cell, in an anti for tsid the cell, by.im |r|n t ean en ahility of the
antlgen blngll’%ﬁ moﬁé%u gnat0 gc % %Ic ccgrlnapsacr(()elgq%ra%/tdt Fr)%eutrgf‘)pf-sl fh f%e prégen%\%n%%n

releasun@laﬁ%aﬁﬂg*eﬁ%mnb@m@@wﬂ@cmmtna sfractidse an @b esn aeigeheahanipré aliged into a

cell, in amamtigesfree f;aggéﬁ@lﬁa@@mlslde of the cell" does not necessarily mean that every
antigen-binding olec ich has been bound to an antigen and |nt rnalized inta a cell released
oleeyeunich has el e acel e
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antigen- B d‘?ﬁ&%el&w F’tﬂé? or SFﬁB%I‘%‘F%tF@&sﬁ&}EHCéH% 8GR, which has
been bourigerabizditigeméasel inteithatizedlini t@aw@t,mmmanﬂgem%é@fmymﬁe@utﬁm the cell

can also %1@19@@91&9 t%%ﬁﬁethﬁ(ﬂs%fc%%kf:ﬁﬂéﬂﬁa%%ﬂﬂ%gf@? NPRRHIE HBIQRE!LY that the
antigen-binding molecule becomes mor asny 26 released to the outside of the cell in an

am.ﬁ%n i %%m 858 a%%”é}mrﬂ if R GRS AR eBRA U s AHlized into a
cell. mpmm@amhgmmnmm&mf@ammmtaﬂumgmﬁemu}easthgdstmé)s:bll:mg/}ﬁﬂth;e

antigen- ta&%%é@%ﬁgﬂ%&%hgem ANtGRAS-IRIASEIA- mﬁ mgcmesqateﬂ@ﬁl&miygéﬁéo'“ty of
the antigen-binding molecules_at acidic pH as Co%iﬁé%igﬂt% at neutral pH. In_the present invention

"the abiliff & BHMTAE R OGEMERT Pl A Fasery HcEhiR AR BB BR 3 alEBEns that
are presentiinglasma)dehfen ehempiugamgunelhmgdmgIﬁnﬂdaeslese‘nadmmh%emﬁhbranwdmnﬁe secreted in

vivasThug,dpdhe presebinustion, dagrsesing e atilty.alihenissnsinging melecip,elminate

antigen in pl asma means that the_ rate of | Oelimination_of antigens from plasma w
antigen-BIodGi R dhsliidle sutecsdnndisterlsrirs ohe diedie g@ﬁ%%ﬁ%ﬁ@%@%ﬁ%@?ﬁ@fore lowering

the antigpredeingling ability of the antigen-binding molecules at acidic p1-1 as compared to that at

neutral pH. Wheter theailine of ihe anigrnshiagl gf'HR'%ﬁ%% %%'&Iﬁ %81@6&?8595%%?%&1%}

increased can be determined by, for example, ad Inistering soluble antigens an
molecule’ SR s v SrREssSeRiAYy sa s hedt efrsmetiaa s E R ribEkam ¢iagma. When the
cortentratipgeofisaditienolecule within a cell, for example, within endosomes.

Furthermore, the present invention relates to methods for releasing an antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, in an antigen-free
form to the outside of the cell, by impairing the antigen-binding ability of the antigen-binding
molecule at acidic pH as compared that at neutral pH. In the present invention, “releasing an

25  antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell” does not necessarily mean that every antigen-binding
molecule, which has been bound to an antigen and internalized into a cell, is released in an
antigen-free form to the outside of the cell. It is acceptable that the proportion of
antigen-binding molecules that are released to the outside of the cell increases when compared to

30  before impairing the antigen-binding ability of the antigen-binding molecule at acidic pH as
compared to that at neutral pH. It is preferred that the antigen-binding molecule released to the
outside of a cell retains the antigen-binding ability. Furthermore, the method of releasing an
antigen-binding molecule, which has been bound to an antigen and internalized into a cell, in an
antigen-free form to the outside of the cell can also be referred to as a method of conferring to

35  the antigen-binding molecule a property that the antigen-binding molecule becomes more easily



antigens in plasma after the administration of soluble antigens and antigen-binding molecules is
reduced by lowering the antigen-binding ability of the antigen-binding molecule at acidic pH than that
at neutral pH, it can be determined that the ability of the antigen-binding molecule to eliminate antigens
in plasma is increased. 20The present invention al<8 relates to methods for improving the
pharmacokinetics of an antigen-binding molecule by substituting histidine or non-natural amino acid for
at least one amino acid in the antigen-binding molecule or inserting histidine or non-natural amino acid
into the molecule. Furthermore, the present invention provides methods for increasing the number of
times 25ufeastidéntiindisglobathantlen duindinggmridtedolenbysulsbttaningevbiiding orobandnasural

amino agjg ol Rtieast Ane.amine acis i the,antigen-binding molecule or inserting histidine or
non-natural amino -acid into the molecule. In,addit'!on, the present invention relates tQ methods for
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molecul as been bound to an antigen and infe into a cell, in an antigen-free form to
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with histrfigearimshoganasralensé asidc pHinseptpradteihelcr newrabpltal Aiebedhe rbithe
molecules ITheiglie whdisticingono ep kialamine Gl shitation ferhstitiondaseastismegtc.) is not
particularl imited. & hisidine. ornon.natural amino, agid ey e subsituied or nserted.af gy site.
Preferrgé Sites S PR i Or Rsnaatural aminG Acid SubstUtion or Meertich include. 16t example,
sité8 withinaauwérgohetbendsat oy actublethetigeniyerpbisming abliay Getrmentigsiombiidrighisolecule.
For examplgeMheRIRG ARG O IR MARGIE d51 aR amtibad desushsitesimelgR RBudRigody
variable re iorégr fDR.. TheEnumber (ﬂ‘ h%stidi & n{)jn-natural a}gniréo acid mu atict)ns.(i%s nat particularly
limited. ﬁﬁ%%%‘ﬁ DINCA R HF A H ARG 8‘%1339 B QLS BtET P ISR KR SRt St r at two or
more sit8swRbattaé newrel pHtéletorheadidaionindd seatidre, @il of tsstntigon-bindihe malsdedeids may

be introdueed simpianrqushawith thedistidine or non-natural amino acid substitution or insertion. 20In

the present invention, when the antigen-binding molecule.is an antibody, possible ., .
%(? 'Iljhe present mvent?ong S0 reﬂltes 90 met 0'51’3 for 1ampr0V1lr)1g tga garmacokmetlcs of an

antigen-binding molecule by substituting histidine or non-natural amino acid for at least one
amino acid in the antigen-binding molecule or inserting histidine or non-natural amino acid into
the molecule.
Furthermore, the present invention provides methods for increasing the number of times
25  of antigen-binding of an antigen-binding molecule by substituting histidine or non-natural amino
acid for at least one amino acid in the antigen-binding molecule or inserting histidine or
non-natural amino acid into the molecule.
In addition, the present invention relates to methods for increasing the number of
antigens that can be bound by an antigen-binding molecule by substituting histidine or
30 non-natural amino acid for at least one amino acid in the antigen-binding molecule or inserting
histidine or non-natural amino acid into the molecule.
The present invention also provides methods for dissociating an antigen within a cell
from an extracellularly-bound antigen-binding molecule by substituting at least one amino acid
in the antigen-binding molecule with histidine or non-natural amino acid, or inserting histidine or

35  non-natural amino acid into the molecule.



sites of histidine or non-natural amino acid substitution include, for example, sites within the CDR
sequence or sequence responsible for the CDR structure of an antibody. Such sites include, for
example, the sites listed below. The amino acid positions are numbered based on the ICabat
numbering (Kabat EA etal., (1991) Sequences of Pfdteins of Immunological Interest, 25 NIH).

Heavy chain: H27, H31, 1-132, H33, H35, HSO, H58,1-159, H61, H62, H63, H64, H65, H99, H100b,
and H102 Light chain: L24, L27, L28, L32, L53, L54, L56, L90, L92, and L94 Among the above sites,
H32, H61, L53, L90, and L94 could be universal modification 30sites. When the antigen is the
IL-6 receptor (e. Q“&;mmntlhr&ﬁﬁ@ﬁm@pﬂrﬁ@ﬁbiamw Hicatieashieannalise hiadollowilgattowever,

the modifi hain: H27, H3 2, H35, HSO, H58,
Hglmaagb%lggessg aé%grﬁgesgé{& igo%%%ﬁ% 3%‘@%83% %?r%v %ﬁg”? gL g%;hL%gieLQO L92,
and L94 opggide of Wﬁéﬂhﬁmﬁh@Bﬁlﬁaﬁida%eiran&ﬁqmawahéléb@gﬂtm@a—laﬁm;préwéwbﬂeferred

combinaliprigiet suhstitutinnshasdoclideofon Rxanpidiacombinatinanohime d@linanthél35;
|nat|o of H27 H31, H32, H35, H58, H62, and H102; combination of L32 and L53; and

co
com%ma{non o? E28 L32, and L53. In addition, preferred combinations of substitution sites of 5heavy
and light chains The s shbiewenbiasion pPMATs Methoisfomindresdng the apilishofidantigen is IL-6 (e.

g, humamllgeﬁblﬁ@ﬁgr@ah@medﬁlgﬁﬁﬁ&&@%&!yeie phedelioninesddams elcliemogdificatipnisites
are notp ula,trlét/ lteéj thereo IIIea\v%/1 h in: H32, H59, Fﬁ% and H9%e ht chain: 153, L54, L90,
and L94T AERTHE Antgenis ﬁ?u e eéé%'t%e C(Erém'ﬁ]& 3P A8 ﬁ? ‘l‘}smaﬁt@ﬁ%ﬁmcaﬂon
sites inchfienaaal mmwd m@ thodifidedtide sites are not particularly limited thereto.

Reggrding the a@ay@@t@ﬁa@ﬂml&nﬁr sis-mRvNeshhsilad it hisiging eLRoRRAMIRLAMIRO acid.

Alternatively, mult ites ma tituted with histidine or non-natural amino 15acid.
not )f)artlcu gr?yﬁlmﬁed yg%mugfcﬁe or non-naturat anglmo acid may be substituted or mserted at

any site.  Preferred sites of histidine or non-natural amino acid substitution or insertion include,
for example, sites within a region that has an impact on the antigen-binding ability of the
antigen-binding molecule. For example, when the antigen-binding molecule is an antibody,

15 such sites include an antibody variable region or CDR.  The number of histidine or non-natural
amino acid mutations is not particularly limited. Histidine or non-natural amino acid may be
substituted or inserted at a single site, or at two or more sites. Furthermore, a deletion, addition,
insertion, and/or substitution of other amino acids may be introduced simultaneously with the
histidine or non-natural amino acid substitution or insertion.

20 In the present invention, when the antigen-binding molecule is an antibody, possible
sites of histidine or non-natural amino acid substitution include, for example, sites within the
CDR sequence or sequence responsible for the CDR structure of an antibody.  Such sites
include, for example, the sites listed below. The amino acid positions are numbered based on
the Kabat numbering (Kabat EA ef ol., (1991) Sequences of Proteins of Immunological Interest,

25  NIH).

Heavy cham: H27, H31, H32, H33, H35, H50, H58, H59, H6l, H62, H63, H64, H65,
H99, H100b, and H102

Light chain: 1.24,1.27, 1.28, .32, 153, 1.54, L56, 190, 192, and .94

Among the above sites, H32, H61, 153, L90, and L94 could be universal modification

30 sites.

When the antigen is the IL-6 receptor (e.g., human [L-6 receptor), preferable
modification sites include the following. However, the modification sites are not particularly
limited thereto.

Heavy chain: H27, H31, H32, H35, H50, H58, H61, H62, H63, H64, He5, H100b, and

35 H102
Light chain: L.24, L.27, L28, 1.32, L53, 1.56, 1.90, 1.92, and 194



The methods of the present invention are applicable to any antigen-binding molecules, regardless of
the type of target antigen. The antigen-binding molecules of the present invention are not
particularly limited as long as they have the specific binding activity to an antigen of interest. Preferred
20antigen-binding molecules of the present inventiéi® include, for example, substances having an
antigen-binding domain of an antibody. The antigen-binding domain of an antibody includes, for
example, CDR and variable region. When the antigen-binding domain of an antibody is CDR, the
antigen-binding molecule may include all of the six CDRs of a whole antibody, or one, or two or more
of them. Alternativgbn wﬂﬁi@bamm@aﬂmm@mammm@ﬁ DR R %&ﬁn&iﬁgrcbzﬂmain ofan’

antibocly,the COR may nclugs aming acd deleton, substiion, addlian asior seriamygsmay be
a partlal‘%f’ EUrheRmore, when'the antig LB Ing moleculée |nc es an antlb y conistant

region, th@@?@@%ﬁ@éﬂ?@ﬁﬁél&&@gié{%ﬁé&ﬁéaﬂmﬁ’aﬂiﬂa WWMM&FE? Sa?nﬁ@@n -binding
molecul%%mlmﬂiﬂm% (forexampss, aqﬂ%@ﬁ@kﬁgﬁ&ﬁ%@@mﬂ@i@&mSa%ﬂmm@&a@mernon)

of t |bod ian in the an en- blndln ecul ion, when the
ant%een%1 Lﬁt@ Elﬁl l&‘éar?]hgn I)l/a(t:ons ﬁ?’é&%r‘f %he ’presenflstlnventlon provides
methods for mcré‘é}smghhenmgmmdbfﬁums biistigénthintifiyabl amedifigaiopi Ades dgnstadedhte by

modificafign, {fgsexamplevaminorsidrRbshtuiondelstioniadditipnnanapisertion) of the antibody

constant region the aﬂg%r%{% ?é%g [ﬁg ecul Furthermore, when the antigen-binding molecule
includes an anti WES Yiont iNvention relates to methods for increasing the

number of antigdngithdiatanliy8, kicﬁiln@%%uyl éﬁﬁhntlgen binding molecule by modification (for
exggple, amino %M@%&%%Qﬁéeﬂom%m (2adiosinsention).efipean mﬁenstant region in

the antigen-binding molecule. Furthermore, when the antigen-binding molec clu s an
antibody RRtiEteR AR §it5H WHBI%‘?&@M iR e e FRE RO Y5V gé’é’i‘g{?ﬁl t g ell an

antigen filgae@n Sextracellularly-bound antigen-binding molecule by modification (for example, amino

acid substitution, R@%L?HH& ﬁQ%!% S%Q/ ghipSEigR) mam%uﬂaﬁ%&%a&qﬁgﬁsgw BriA AR atural
antigen-binding mofecule Furthermore, when the an en blndlqg lecule mcludes an antibody

constant¥eHieRcifie p‘?‘é@ghﬁﬁ?)é’nﬂ%“r@%%sténﬁi’e?ﬁéﬂg t?éé’f‘?rbﬁﬂﬁﬁﬁ fisistule,

whiah hagili0Obeen bound to an antlgen and internalized into a cell, in an antigen-free form to the

outside of the cely by mRsIcaYAn (ELXANBIR, DO ATASUSI OB deiebhRic iR ancUor

insertion) of the antlbo y constantregion in the inding molécule
regardless of the type of target antigen.

The antigen-binding molecules of the present invention are not particularly limited as

long as they have the specific binding activity to an antigen of interest.  Preferred

20  antigen-binding molecules of the present invention include, for example, substances having an
antigen-binding domain of an antibody. The antigen-binding domain of an antibody includes,
for example, CDR and variable region. When the antigen-binding domain of an antibody is
CDR, the antigen-binding molecule may include all of the six CDRs of a whole antibody, or one,
or two or more of them.  Alternatively, when an antigen-binding molecule includes CDR as a

25  binding domain of an antibody, the CDR may include amino acid deletion, substitution, addition,
and/or insertion, or may be a partial CDR.

Furthermore, when the antigen-binding molecule includes an antibody constant region,
the present invention relates to methods for improving the pharmacokinetics of antigen-binding
molecules by modification (for example, amino acid substitution, deletion, addition, and/or

30  insertion) of the antibody constant region in the antigen-binding molecule.

In addition, when the antigen-binding molecule includes an antibody constant region,
the present invention provides methods for increasing the number of times of antigen-binding of
an antigen-binding molecule by modification (for example, amino acid substitution, deletion,
addition, and/or insertion) of the antibody constant region in the antigen-binding molecule.

35 Furthermore, when the antigen-binding molecule includes an antibody constant region,

the present invention relates to methods for increasing the number of antigens that can be bound



Furthermore, when the antigen-binding molecule includes an antibody constant region, the present
invention relates to methods for increasing the ability of an antigen-binding molecule 15to eliminate
antigens in plasma by modification (for example, amino acid substitution, deletion, addition, ancUor
insertion) of the antibody constant region in the anti%%n-binding molecule. In a preferred
embodiment, the antigen-binding substance of the present invention includes antigen-binding
substances including an FcRn-binding region. After internalized into cells, antigen-binding substances
including an FeRn-binding region can return to the plasma by 20the FeRn salvage pathway. The
FcRn-birding regiemisipdafgiablycald dmaiadithadioeciy bindsio keRn RigfamediamRndaivging region
includes,. for: i Fe reqi r..the FeRn-binding region of the present invention
may be & o B e e o LA SIS i or
IgG, since such FCYIORRICcARBINRPIEIIREHERAE T Isavin & Heres- BirnH B cdbipgreaRt BRgR indirectly
to FCRn tha pibsemntitn20iio refides to mbdbge s dsagnzed Wﬁﬂtw}@m&mm(ﬂﬁﬁu@s such as
antigodies et piRigaL iRdNsIehons flihe ASsant nvanien ale nofPAcUA. INEd, Such
antibodies of interest may recognize any antigen. ngboales_w ose p armePC(_)klr]eﬁcs IS'to be
improve Wy tiHEiATetdelionf sdvasand/priaatcien el ide, Aothedampistaahiigiones that recognize
membragpgatigansiskeibfRag receptor proteins (membrane-bound receptors and soluble receptors)

and cell surface markers, and antipodies that recognize soluble antigens such as cytolcines. Preferred
examples of mer?ﬁ%ﬁ%ngﬁig‘%%sn 0 ffﬁ%ltsi ee%"é)ﬁ |hr§%ﬁ?§%cﬁl$€cfﬁalélgﬁ§%%?ﬁlﬂ%° Vo‘f@%@’é&eﬁw&es of
soluble dhtigesssmfitvenpraseirtiiniermothods|fnfadersiie pronsipes-Nddens rdoodnirddcbyrantibodies
oAy i T e L T
exam
receptor???.liéi ¥e%8l%’[%??@§!&%%%}?gﬁgﬁ fEx Stlg)csgﬁ’fgﬂnc lf'dl,oéﬁ’ﬁ%bﬁé@: ?é%%t‘é’ﬁ%ﬂﬂh,
CRTH2,d raitib@F Opedp Gomoriodheecctigendtactiogactbrg D23, TNF-a, HMGB-1, a4 integrin,
ICAM-1, CCR2, Rt ckD3nENe BlpenttbAiRRnSGR1310R02 Anthilval /s aeiar Rasicularly

referred antigens .include IL-6 receptor, Furthenudre, the antigen-binding molecule of intérest in the
method<H B %%ﬁ?%?mm%%%ﬁbaé% iAeBiT R B AR S h AV G MR AR BISHR S ctivity
(antagoristiGramtitreant redinig piaﬂﬁraﬁbes)aadﬁiﬁwﬁtgeﬁebimﬁmlm elemdesidavibgianiagatistioractivity
(agonistigiantigeabinding.melaciies) npisErrsdambediment e antigamRinding melecule

includes antagonistic antigen-binding molecules; in particular, antagonistic antigen-binding molecules
that recognize mBrABIEEShagRRLIgsen he fad “Igé?‘éﬁngéﬁhﬂ@me of the present invention

includes antigen-binding substances including an FcRn-binding region.  After internalized into

cells, antigen-binding substances including an FcRn-binding region can return to the plasma by
20 the FcRn salvage pathway. The FcRn-binding region is preferably a domain that directly binds

to FcRn.  Preferred FcRn-binding region includes, for example, antibody Fe regions.

However, the FcRn-binding region of the present invention may be a region that can bind to a

polypeptide having the ability to bind to FcRn such as albumin or IgG, since such region that can

bind to the polypeptide having FcRa-binding ability can binds indirectly to FcRn via albumin,
25 IgG, ete.

Antigens recognized by antigen-binding molecules such as antibodies of interest in the
methods of the present invention are not particularly limited. ~Such antibodies of interest may
recognize any antigen. Antibodies whose pharmacokinetics is fo be improved by the methods
of the present invention include, for example, antibodies that recognize membrane antigens such

30 as receptor proteins (membrane-bound receptors and soluble receptors) and cell surface markers,
and antibodies that recognize soluble antigens such as cytokines. Preferred examples of
membrane antigens of the present invention include membrane proteins.  Examples of soluble
antigens of the present invention include soluble proteins. Antigens recognized by antibodies
whose pharmacokinetics is to be improved by the methods of the present invention include, for

35  example, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, TL-8, 11.-9, IL-10, IL-11, IL-12, IL-15, IL-31,
IL-23, IL-2 receptor, IL-6 receptor, OSM receptor, gpl130, IL-5 receptor, CD40, CD4, Fas,



10antigens such as cytokines. For example, an antagonistic antigen-binding molecule that recognizes
a receptor inhibits the ligand-receptor binding by binding to the receptor, and thus inhibits the signaling
mediated via the receptor. In the present invention, the antigen-binding molecule of interest is not
particularly limited, and may be any antigen-binding#nolecules. The antigen-binding molecule of the
15present invention preferably includes both antigen-binding activity (antigen-binding region) and
FcRn-binding region. In particular, preferred antigen-binding molecule of the present invention includes
a region that binds to human FcRn. The antigen-binding molecule including both antigen-binding

activity angebsRinhingingiregiondneiudespfaexamige antibadiesa e antiboties predered in the

context Qf resent invention includ e le ibaodies. t i to be used
is an Igéﬁ é\g ibo y?él@%%glbiqégi i_g ’n%glnﬁtégﬂ%é ?gk%gb%%ol%’gm@’ o%%%%@é% E‘f@tbc asys such as
1gGl, 1gozndds33 bicrgpreantseigstsalyRuedseied oréleansitecide Hmftagisntote.g., M73) may be
!ntroduceg @nt? tgﬁrﬁ%ﬁi@ﬂéf Efﬁ@ﬁﬁgﬁ@ﬂ%ﬁhgﬁ%@ctﬁ@ (S06vR hﬁii;ﬁlrﬂl;@d_' %%@@HEH@@&EPQIQGN rcad
Introduced Inclu e, r.exampie, 1ose otentiate or Impair t Inding to Fc receptor. 2roc Natl Aca
o D) & RSB s AT (e A B oA th EERATGS oo (2 oo
Chem. 200igMeriaddnsi®)689ds 604 abligardnditmitet¢olth desing amptosisitentiaiiyely, it is also
possible to aliefidhaRiRrIsRenganbRinding by felesing an sRBrRseH aansiaptiagiprsuch as of

lg62. ntigen-bindisgﬁ maqlecule aof interest of the presen&ﬁiﬁ:vention.is.an antibody, it may
|

g hen the a
be an arffi &i}%é‘?ﬁ%%‘éﬁﬁ%tﬁgﬁ%‘ ARLSEOPERE TGRS B H i ARAEHHE), rat 30antibody,
rabbit aritigey; godingmitiedyles tid mebamtib edym Purth eithgess thelastitsodytona b bibhodified

antiody,far xamiles 2 AhimRIC anhadkA0dinRaisyal. amodifisdmnibesineluding amino acid
substitution in the sequence, of‘a,hugi%é?ﬁi antlbod# etc. The anél,bodleiﬁlso include bispecific
antibodiSE RS FHOHTCRRON A58 R HHREEPIOR MDA A RBIEE S P SN Bt eSncluding

antiboglyiﬂha’bi’trs&htssi@ﬁl@igimgdi‘xatamiﬁmdiejséca‘moanf[ibodigs prepared by combining sequences lderived -
from different awmkspég?&ﬁ'ﬂﬁ@éﬁﬁ&&e{m@?g&mkﬂﬁgxﬂaﬂiﬁsMﬁﬁ&fé&m&a ﬂﬁi@ﬁ%&?ﬁ having 31

heavy and light chain variable (V) regions from a mousé antibody and heavy and light chdin constant

(C) regidiifrdntadiiandls anvisapget-bindigg malsonlsinibborstecdinding raltsds tEtitaped human
antibodigs:sare antioshgsdiembighetmplém@niatibydeiedininieg vgiGns (ERsjiof anantibody

derived foR), 3,9 3 % {9 SHATRIE o3 {NGHS HRNSRIRYPE I NG GRS G 2
human antibody. Met d%nfoﬂ%lgntl :’lng ’C,EDRS areag}%wn ggﬁgt et at, Sequen eeq? Proteé?rlﬂs of
Immunol8gieatd Atesiep that binds to human FeRn.  The antigen-binding molecule including both

antigen-binding activity and FcRn-binding region includes, for example, antibodies. The
antibodies preferred in the context of the present invention include, for example, IgG antibodies.

20 When the antibody to be used is an IgG antibody, the type of 1gG is not limited; the IgG
belonging to any isotype (subclass) such as 1gG1, G2, 1gG3, or 1gG4 can be used.
Furthermore, amino acid mutations (e.g., M73) may be introduced into the constant region of
any of these IgG 1sotypes. Amino acid mutations to be introduced include, for example, those
potentiate or impair the binding to Fcy receptor (Proc Natl Acad Sci U S A. 2006 Mar

25 14;103(11):4005-10) and those potentiate or impair the binding to FcRa (J Biol Chem. 2001 Mar
2;276(9):6591-604), but are not limited to these examples. Alternatively, it is also possible to
alter the pH-dependent binding by selecting an appropriate constant region such as of IgG2.

When the antigen-binding molecule of interest of the present invention is an antibody, it

may be an antibody dertved from any animal, such as a mouse antibody, human antibody, rat

30 antibody, rabbit antibody, goat antibody, or came! antibody. Furthermore, the antibody may be
a modified antibody, for example, a chimeric antibody, and in particular, a modified antibody
including amino acid substitution in the sequence of a humanized antibody, etc. The antibodies
also include bispecific antibodies, antibody modification products linked with various molecules,
and polypeptides including antibody fragments.

35 “Chimeric antibodies” are antibodies prepared by combining sequences derived from

different amimals.  Specifically, the chimeric antibody includes, for example, antibodies having



(1987), National Institute of Health, Bethesda, Md.; Chothia eta?., Nature (1989) 342:877). General
genetic recombination technologies suitable for this purpose are also known (see European Patent
Application EP 125023; and WO 96/02576). 10Bispecific antibody refers to an antibody that has, in the
same antibody molecule, variable regions that recoghize different epitopes. A bispecific antibody may
be an antibody that recognizes two or more different antigens, or an antibody that recognizes two or
more different epitopes on a same antigen. Furthermore, polypeptides including antibody fragments
include, for example, Fab 15fragments, F(ab')2 fragments, scFv (Nat Biotechnol. 2005 Sep;

23(9): 113636 xndaiphirianit vaditse(AR M6 20BAARE82 2116 ROLRT0R260Nd Sufv-FrigVO

2005/03%%%%?@%%%%;%%%& %@?dyOf these, molecules including an Pc domain have the

activity o . _are therefore suitable for use in the methods discovered in the present
invention. 20FurthBrngEzadtgERodissing s erbuirdderrararbanpp camsie oithedppsentnihodiRsn may be
antibodyikenrviplestigsmemantitrerikenpaletile is BrREPIgGHAAHBs SAeNatb i dung HRRATRYaRINdINg

to a target molecule (Current Opinion in Biotechnol 2006,.17,653-658; Current Opinjgn in
Biotéchn%%lgy%co%f, fﬁﬁﬁ%;ﬂ uor“rlgen’ta&plﬁllr%)slé’:1 ﬁln%gg%/tt%%? Ig]g)) osgy(??fQ Wﬁ%nfé’g%)é% Pr@%?r? @cience
2006, 15a4denjifyig iRbiRdes: foouxahphe! BARFAGUANG PEP200D20BBELMRIiEE) [(Wedst
1995/001887), Autiaakl( W 1404 OR401 In My 2D XaDA0R S 2R sRRGHN (Y6 2092/932925). If

these antibody:like molecules.can bind,to target mglecules in a pH-dependent manner, it is possible
for a sinnéq%nreﬁollggﬁ fE'fo" ?ﬂ@?ﬁ%ﬁ%ﬁ?e%ﬁ%%&‘ﬁ?% esculljf%%e éf‘}hﬁ%ﬁ%@fﬁ%ﬁﬁfﬁﬁ%ﬂ%gﬁ% molecule may
be a recEpropgoiiieer Aprdoeptor Ft BOR oandr8€P#R1IALS to a target, including, for example,
protan (ot Met T e B B e ofoins and
protein ed. an;9(1):47-52; BioDrugs. :20(3):151- such receptor proteins an
receptor'®d siaﬁgw&éﬁﬁéfsa#mﬁ%%Fg?a‘é?rfﬁ%émeéziw%ﬁl%aéﬁaha@hwahﬁ Fiksibie for a
single mblggate goibasdweultiplertadgitmno ledigess, 36 MoretiberdytHeartigendsntingmotecule may be

an artifiq%fm@gpq){%gg:j;rbgraasg;ﬂgi@[{ﬁ%nd fusion protein that binds to a target and has the neutralizing
effect, and incll:)ges or 32 example, mytant |L-6 (E BBﬂ?’ %%4 Dec 15;13(24):5863-70). If such
b S

artificial ligand HERREmGTE 20 HerRia e ey T R B GO ERBIEsiAba
pHidepdrgentmizafitedr)i feapossibledbr \singletechiedLBHES Bepcl(@itipleddigietiomédcules.
Furthermpgs fhe RailBogies oedRiase ity ShismMmaYINSlele Mo iesByaRrsRgInEABARbodies
with modified sugar chains include, for example, antibodie’s with modified o

and Fe fusion proteins. Of these, molecules including an Fc domain have the activity of

binding to FcRn, and are therefore suitable for use in the methods discovered in the present

mnvention.

20 Further, the antigen-binding molecules that are applicable fo the present invention may
be antibody-like molecules. An antibody-like molecule is a molecule that can exhibit functions
by binding to a target molecule (Current Opinion in Biotechnology 2006, 17:653-658; Current
Opinion in Biotechnology 2007, 18:1-10; Current Opinion in Structural Biclogy 1997,
7:463-469; Protein Science 2006, 15:14-27), and includes, for example, DARPins (WO

25 2002/020565), Affibody (WO 1995/001937), Avimer (WO 2004/044011; WO 2005/040229),
and Adnectin (WO 2002/032925). If these antibody-like molecules can bind to target
molecules in a pH-dependent manner, it is possible for a single molecule to bind multiple target
molecules.

Furthermore, the antigen-binding molecule may be a receptor protein or a receptor-Fc

30  fusion protein that binds to a target, including, for example, TNFR-Fe fusion protein, ILIR-Fc¢
fusion protein, VEGFR-Fc fusion protein, and CTLA4-Fc fusion protein (Nat Med. 2003
Jan;9(1):47-52; BioDrugs. 2006;20(3):151-60).  If such receptor proteins and receptor-Fc
fusion proteins can bind to target molecules in a pH-dependent manner, it is possible for a single
molecule to bind multiple target molecules.

35 Moreover, the antigen-binding molecule may be an artificial ligand protein or artificial

ligand fusion protein that binds to a target and has the neufralizing effect, and includes, for



glycosylation (WO 99/54342), antibodies that are deficient in fucose that is added to the sugar chain
(WO 00/61739; WO 02/31140; WO 2006/067847; W02 006/067913), and antibodies having sugar
chains with bisecting GIcNAc (WO 02/79255). Although the methods of the present invention are not
limited to any specific theory, the 10relationship befWeen making the antigen-binding ability at acidic
pH weaker as compared to that at neutral pH, the improvement of the pharmacokinetics, and the
multiple-time binding to the antigen can be explained as follows, for instance. For example, when
the antibody is an antibody that binds to a membrane antigen, the antibody administered into the body
binds to éhenastigantamdithe (HSMBKEN Lipyibdotestiaizalica bt ettlasbmesiciihkgeals together with

the antigen il .anti IS; i anti cates to
Iysosomg%%s(,) %?e%e%ﬁ%%g}z]ﬁ% %%léﬁ%%%%%{%ﬂcég ag}t%gtﬁ ,_%%ﬁ%@%h%gﬁ%ﬁgg?gﬂ%%y the
lysosom@spethbispessthle sty sngirradiesdniing ronlagiaieralimmleaides from the plasma is called
ant:genl-depend@mm&mheaé,iqne anehsaR @ﬁmm&@éhhaﬁrém% ﬁg@pm@blwhm;@m%mugamﬁmdg .
molecules (Drug Discov T 202006 Jan;11(1-2).81-8). en .a single molecule of IgG antibo
bin§s to%ﬁi%%#gslr%%%?\}gggf cgnsél %re?, neSISfllr(% ‘%ean% B¢ y ﬁ{gﬁéﬁéolsl |%twer1:€r}?a |§§ d W ilg the antibgdy
s kept beupesH e (REABGEA Fblesited s \PagrdoBel 11 R WSsB BHIcS AGGBAIMEN Sthe case of
typical agiibadies; one mobeayte of lG4antbohosnaos hnduo ey oe meleaitesief antigen.

For example, a single 19G antihady mol h izing activity cannot neutralize 25three or
more an ‘g‘gﬁgrﬁg‘?@?:fﬁéagf}s Wit thleSér%% '\(/Eglé;lt%%mgegz ?ﬁgﬁgﬁé‘n (slow elimination) of IgG molecules in
the plasma is duklteottgh fiactiothaks PERhe wisishisivsoUsn ascanshlvaiedrscapicpet G hvumndbtes.

W%@” tax‘é%iHﬂsiﬁbe%ﬂﬂ&Zﬂ%ﬁén‘é{?jn@ﬁ%?%&ﬁ%%&ﬁ@ %Ql@ﬁv\k;ih%r%iﬁli@ Itpdrlzééﬁél} ﬁ%%@%g%@d%tg%h 201
endosomes under.the acidic condition_in the endospmes. While olecules that did not bin )
o rdhSHH R e RSt & AR AP RS L DO N i Banolocate
to the celhBpefacandrec:xptunmedgaiioliowse iptasstenby dissociating from FcRn under the neutral
~condition in the p@%%nﬁﬂé,em@éﬁ/&la/amt&ﬂam@ﬁfﬁi&%é@%ﬁ@ﬂﬂ@@o@%&mwa@ﬁg&b{&amigen,

the antibody administered into the bpdy hinds to the antigen and then is taken yp.into cefls while the
ooty RO BULTTES e B W QAR SRR e B A T e

outside oftcelisiviarkeRn thtowhy erpatineestitie thatinodiesarevkliedbe ditttthéy outsidebeliodlis th83 with
the antihgdies, kerinpund 19:aigansd0EARIBIYIeS LAY QR AINGALQAMIISNS BYR Do IRHS dimilar to

antibodies that bind to'membran€ antigens, in the case of typical antibodiés, one molecule of IgG

antibody ¥R TbEBhERE G IR DI BT HiBR P bRASIRS. [9#ahSFeSER R FEHETS red88ned that, when
antibodiasdhatlibatimdtedatigerissuaioadrom the plasma is called antigen-dependent elimination,

and such elimination has been reported with numerous antibody molecules (Drug Discov Today.
20 2006 Jan;11(1-2):81-8). When a single molecule of [gG antibody binds to antigens in a
divalent manner, the single antibody molecule is internalized while the antibody is kept bound to
the two antigen molecules, and degraded in the lysosome. Accordingly, in the case of typical
antibodies, one molecule of IgG antibody cannot bind to three or more molecules of antigen.
For example, a single 1gG antibody molecule having a neutralizing activity cannot neutralize
25  three or more antigen molecules.

The relatively prolonged retention (slow elimination) of IgG molecules in the plasma is
due to the function of FcRn which is known as a salvage receptor of IgG molecules.  When
taken up into endosomes via pinocytosis, IgG molecules bind to FeRn expressed in the
endosomes under the acidic condition in the endosomes. While IgG molecules that did not bind

30 to FcRn transfer to lysosomes where they are degraded, IgG molecules that bound to FcRn
translocate to the cell surface and return again in the plasma by dissociating from FcRn under the
neutral condition in the plasma.

Alternatively, when the antigen is an antigen that binds to a soluble antigen, the
antibody administered into the body binds to the antigen and then is taken up into cells while the

35  antibody is kept bound to the antigen. Many antibodies taken up into cells are released to the

outside of cells via FcRn, However, since the antibodies are released to the outside of cells,



5 membrane antigens are taken up into endosomes by internalization, while the antibodies that are
kept bound to the antigens translocate to lysosomes and are degraded, the IgG antibodies whose
antigens dissociated in the endosomes could bind to FcRn that are expressed in the endosomes.
Specifically, the present inventors discovered that &4 antibody that strongly binds to an antigen in the
plasma but weakly binds to the antigen within the endosome can bind to an antigen in 10 plasma and
be taken up while kept forming a complex with the antigen into endosomes in the cells via
internalization; dissociate from the antigen in the endosome; then bind to FcRn and translocate to the

cell surfaggh andareibma0aip: ihothel Rhash g asiate BotRowaskin BRlitensiRaRWEalze Muiiple
membrane-titou%d ankt;i§?§ns F%th rgnore, t?]hérprestent in\zeq ors discg%/ere th ag.asnt(i)b%dy having the
property BFRbHGE) Bidding 8 ditg ShE A AL Bt WS KR 1 SN AISY B APHERST the
endosomectanldistixiiastirody ttrneitijedsaihtise endosoant gvemaldmiethe antibody had bound to
antigens such aggolybleantigens:therefare dihey.ats falaaracagainioie erdemadap.state not
boue%d to antigens and can neléf‘rﬁa,_lgze multlg}f solubl antlge%fl. . In rtlglular .%ﬁ.preﬁent inventors
noted thAATREBE APHHET 45 A R RS B POt SR SH NG G0 S8 e A RdicHBab¥Sred that
ant?bodi@;thhbmqube Mmgmagﬂu@mody%mmaimfb ck_agcﬁticﬁ; But @ tanvelzidichinbioss
antigens Ager.RdREealn' CORMIBRNEIS.ARSHA HIGISRICRI LR Nas AN DeraSRa0e

antibody molecule could bind to multiple antigens. The_endosomes, Vé/)&l h are membrane
vesicles St HRNGINEPRTHE W@éﬂ%@ﬁ@g@aﬁ@c@f@g% TEEB scli’brllgsfé‘? IS PEbolism of
macromaleabslgadimitieprecklstimein t@ﬁzﬂm@@hmé@nhrﬂm&ﬂd& bentysasdmeisto Hneapliin ik_ae

e”‘é@SO %H@M@tﬁ&?ﬁf%ﬂﬁa&%ﬂ?%%ﬁggﬁéﬂk@%‘ QR M. BrQ Nk ReEY ML et Bil. 2004

FeDb;5(2):121-32). Meanwhile, the pHin the plasma is known to be almost neutral (normally, pH 7.4).
Accordirfghs 511 dremehzsiinnndisraista Bombss e hir andy sencidrer Bndito pigke tiéaker than
the antigenxblinaiogoadtivity! atufetty ahpthindsptort e thapgeminithe splasnoa whicht3@hagenamweutral
pH, is ta intQ ce n i i m ' i Lndosor ' an
acidic pﬁg‘%}ﬁ%ﬁ%%%gﬁgﬁﬁr%?%ﬁaﬁ%&% g%%ﬁg?ggbcig@g%%ﬁ?ﬁ@é %g%é&r?lt b?ﬁé%ﬁ%%g}? ,Jt%?gﬁeslocates
to the celt&imrasibady havipadhs ganpatye plesiely Rindinade Ao HEEIR e dtrpensuiageaklisult, the
antigen-binding wneleiguls tambihddecaniigens seltipteiiimeseand dbes phainachkinetiesds ivhproved.

35 <Antigen-hindi lecule, substances> 34 rthermore, the pr. ' i royides
antigen-g}ﬁ éfﬁlg%?nd%%é%%ﬁ’e"s‘” W tc())s%n%?%seﬁ%}llnaai%(éugég\%?é ?HEH%?%I‘%S@%?% %”%%%Er%%%a%ﬁ at at pH
6.7 to pHpi®the plesarably satied-bivahip rBieenicadersecaisdanmpiémtsabiRlrpeigsmss.o to pH
6.0 is lower thanthat-atiy, e 19:8:0¢ SnesificalyicantigenirlingHy pleculeswhioserantigan-binding
activity 4.0 to pH 6.5 is lower, than that at .7 to pH 10.0 include, for example
tigen B TR he s ety eyt 2 TG R s sy

Antigen-pisraiagthetadities WHdbet arridgbnbbiddingnbeduiyadep s S8l ehafithaterpH 7.4 can

also be expeassad:eeaniopnkinhisameiesideswhespantigenbindingiadivityeipttfid is higher
than tha%%tlg%a& 10As for the antigen-binding molecules of the present invention whose
antigen-Di '

The endosomes, which are membrane vesicles, form networks in the cytoplasm of

eukaryotic cells and are responsible for the metabolism of macromolecules in the process from

25  the cell membrane to the lysosomes. The pH in the endosomes has been reported be generally
an acidic pH of 5.5 to 6.0 (Nat Rev Mol Cell Biol. 2004 Feb;5(2):121-32). Meanwhile, the pH
in the plasma is known to be almost neutral (normally, pH 7.4). '

Accordingly, an antigen-binding molecule whose antigen-binding activity at acidic pH

is weaker than the antigen-binding activity at neutral pH binds to the antigen in the plasma which

30  have a neutral pH, is taken up into cells, and then dissociates from the antigen in the endosomes
which have an acidic pH. The antigen-binding molecule that dissociated from the antigen binds
to FcRn, translocates to the cell surface, and returns again in the plasma in a state not bound to
antigens. As a result, the antigen-binding molecule can bind to antigens multiple times, and the
pharmacokinetics is improved.

35

<Antigen-binding molecule substances>



activity at pH 5.8 is lower than that at pH 7.4, so long as the antigen-binding activity at pH 5.8 is lower
than the binding at 7.4, there is no limitation on the difference in binding activity, and the
antigen-binding activity at pH 5.8 only need to be lower, even slightly. A preferred embodiment of an
antigen-binding molecule of the present invention whose 15antigen-binding activity at pH 5.8 is lower
than that at pH 7.4 includes antigen-binding molecules whose antigen-binding activity at pH 7.4 is
twice or greater than that at pH 5.8. A more preferred embodiment of the antigen-binding molecule
includes antigen-binding molecules whose antigen-binding activity at pH 7.4 is ten times or greater
than that at pH 5t8rthestiibiachs presertatventisodimenico thimanigetngintdikguiestehuke includes

antigen-bifdos MalagLieshase AOOBR biadingiasiviy alRH £id 6440 fmes orgtealg han that
atpH 5.8, . ip%cmcall , in a preferred embodiment, the antigen-binding molecule of the present
inventiorn AAEARY ﬁﬁ%&ﬁétﬁﬁ@f%ﬁﬁ%@é’m&% EaRtRLRHNRY & pE ¢ disirerehandehiue

ofICD(pH6 8}/ 1O b7 .45 pardifietaily sardigorobitiifo mbkeultig erhadepidtiéh srigdinataati pity Gt Hs

prefgrably @(9rorgaies | fnkeie reates, ' r X reater. The
upper limit ﬁ:@tfflr%@@%)/m(gﬁ&% %{%t?s%%%%%ﬁg%ﬁﬁé%%ﬁ%ﬁ%eg{gﬁgl%alue, for

e
example™ UG 16 BB REAE UL pisdhefon fip ssm dhenthgt M@ edihologies of those skilled
in the artAntigemtamdittiemplafelired srbadiguenbiitin antgenyhinping. Snglrsude tah theaprasgnyinvention
whose apiigenrsaipd i SX:N that L4, has.a value. of .
30kap145..8)/k3?é?|—%%%%ﬁi/g% fﬁs&gggtioﬁloﬁfiltlfgﬁég)@ gt é‘%ﬂ%%g%ﬁlé% é}%%é‘%%agtﬂ? kaéi %{r thhﬁél%mtigen at
pH 7.4, t]f’l’&hfg g é‘fé?l,{rﬁtgre preferably 5 or greater, even more preferably 10 or greater, and still

moté preferably 89for treatepehttdndhpemibatuddsbe e (iek:®) ikdéptith Ynaligiscoptmadtiularly
limited, apd. maybeany value, f 4100, or 200, as long as production is possible using
the technolageigs (lg)f thésé ‘skillgﬁ%agtﬁggg%%ggbhg |_t|1(())ﬁ§ %?%%er ?ﬁlaf g[%agfipl? ' nagtavs#ﬁ“c]ﬁyt%%pﬁ%bé -
antigen-BiGHG R Bdineaihietaberclnpp optisien weibedidoynpobebiriiag sattvidyamdnd the
conditionseaneliget-pardicilactyvimise g 33 hatyared thednerstreraeslizsayn be carried out, for example,
under conditions r 7Cy.as described.in the Ex . Furtheimore, the
2L MER Y : SO IRt
antigen-bin_ding a fwty of_? a_r;I\Il %ﬁ%ﬂ%?ﬂg%%ﬁnanﬁ%%?ﬁ éi iggnng)g% 3}2?%5%%%8%@6%&%1&%‘8@%% those
skilled ifBHEAyORsHRE AGHSIE, Haedre 1o (G Hedlthchieelhetigendindasgribed in the
Examplesol&rillds presurmedhasisueh anamtiaeprbmdingmelesuleswhighmeakly pinds to an antigen
at acidic asily dissociates from the antigen.under the endosgmal acidic condjtion, and that after
el D SO N A O A LTS TS e oA e A B N THES
antigen-Bifiinaniesedindingastsiitothl dutéidendintes eelisewiththankibingtdddfetlieddrsitiertive cells
can binchageirdeatnapige ke AsGoEBaiINheN e AMgeRDIRAING MOIBEH R i3 AAIer example,
anantigen-binding neutralizing, molecu .antigen-binding malecule that easily dissociates from the
nz% . Wﬂ k%e d.ﬂgen%)mgilr.; | 11V} | at l%f ir?s 69‘ bind h T!ﬁl N | f h

antigen Under the en osor‘r%a?am it Cahdition c%n BIGS A FaTRARD & Bﬁtg%%ss ultiple times. As a
result, antigen-bieliHicatividadesafimssecamidimebintingratsivithinding molecule of the present

invention has antigen-binding activity at pH 5.8 that is lower than that at pH 7.4, wherein the

value of KD(pHS5.8)/KD(pH7.4), which is a ratio of KD for the antigen at pH 5.8 and that at pH

7.4, 15 preferably 2 or greater, more preferably 10 or greater, and still more preferably 40 or

25  greater. The upper limit of the KD(pH5.8)/KD(pH7.4) value is not particularly limited, and
may be any value, for example, 400, 1000, or 10000, as Jong as production is possible using the

technologies of those skilled in the art.

In another preferred embodiment, the antigen-binding molecule of the present invention

whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4, has a value of

30 ko(pHS5.8)/ky(pH7.4), which is a ratio of the kg for the antigen at pH 5.8 and the kq for the antigen
at pH 7.4, that is 2 or greater, more preferably 5 or greater, even more preferably 10 or greater,
and still more preferably 30 or greater. The upper limit of the ka(pH5.8)/k4(pH7.4) value is not
particularly limited, and may be any value, for example, 50, 100, or 200, as long as production is
possible using the technologies of those skilled in the art.

35 Conditions other than the pH at which the antigen-binding activity is measured can be
appropriately selected by those skilled in the art, and the conditions are not particularly limited;



at4.0 to pH 6.5 is lower than that at pH 6.7 to pH 10.0 are superior in retention in the plasma. In a
preferred embodiment, the antigen-binding molecule whose antigen-binding 15activity at pH 5.8 is
lower than that at pH 7.4 includes antigen-binding molecules in which at least one amino acid in the
antigen-binding molecule is substituted with histidingor a non-natural amino acid, or in which at least
one histidine or a non-natural amino acid has been inserted. The site into which the histidine or
non-natural amino acid mutation is introduced is not particularly limited and may be any site, as long
as the antigen-binding activity at pH 5.8 is 20weaker than that at pH 7.4 (the KID(pH5.8)/ICD(pH7.4)

value is %@%@EPE@%M&NMWc%Y@%%H%&T %Qé.%‘i}al%s GRDPYRALSRPISSUBSHLY0R-
Example p lude variable r%cgeons ang CDRs of an antibody in the case the antigen-binding molecule

is an anti 2FASSHR &ids fPHE R the AR AR H RS Hafiral amino acid
and the rautrmarmﬁarrgmmo&mdb taubbddsenadthed b bmethpipnmtetytdehesnikéitdintteseskited in

25the art QnpierainnAsi R by Sebetiuled M Sisiing oL nenmuy amh%@n fAfifbsOr one amino

acid may be insérted, or two or more amino acids may be substituted with histidine or non-natural

amino acids, or th BFW@%WH%“&I&%Wéﬂfﬁé’iﬁ@é‘ﬁé’aom%ov’@ﬂc%ﬁ%% hingrete @B Siiafns to
histidine @ratadiopHh atsibl dizsing aaidromitsestdpaof dridedihe md@%ma}aaﬁ&iw&@miﬁ@z@ardi deletion,

additon.Jseian, ADor SO0 AN syehiel alhel amine 30adids Y. Rg e siuligneously

carried out. Substitutions to histidiie or to non-natural amino-acid or insertion o |d|ne or Of

non-natutf aRtigenderinaysiccas redreisd 4 A gstdsighe srdthvdkerbeis s Aemnsde Ginsiiang,
which usgs mﬁﬁwﬁﬁﬁteg@lmf@m&a@nmgaiﬁningmm@g witieh iﬁd@ﬁvgsnubﬁmgg Sigliediiighe art.
Anigenpinding moleeuise hase DIRLIRMIKDRNL M of d(aHE BUHz &) I ngreased s
compare ré mutat n can & selected fom an igen- n%eng moleclles nto Which histidine or

non- nat&’éﬁ%fﬁﬁ?% et rutabgarnasipdsn @ﬁﬁ@’m’@@oﬁﬁﬂiaﬁ@mﬁﬂm@@mb%ﬁé@m@éh%lndlng

moleculefmg&lammigﬂa ﬁmlasstldm% @ésﬁﬂtnﬁﬁxgé{lﬁﬁﬂcﬁ'@Eﬁbl@&k@e@%&@@ﬁﬁg@ﬂ“&ﬁﬂwﬁﬂﬁwww at
pH 5.8 |s o A&;ncl d& qp %{ ?B en -bindin mol? %‘es whose,
antigen- 6# Ing actf\)/ ity at p Jhistiding of to non-natiral amiho aB g

equivalent to thélaﬁ@g%fﬁriﬂﬁéméoém@n‘}s ﬁmﬂt%ﬂﬂébém thelenulatidiete Hisadineimting non-natural

amjgo agidiJiythepresent isvention. fanaptioen-hinding a%ﬂg&&i@xﬁﬂﬁé histidingsqn RANAatural amino
acid mutlatlon has an antlaen mdmg ac VI that i r@uwale%g “i%?t of the a(? gen binding molecule

A G HBR AP S A S St lrjléltn SR SR N T i§eitifinding activity of

before hiSHidine P RoR-HAtUrar SAfh
an antigearbatiira molecadalbefarevhistidineast oambiidiad aminoraoiuradicatine rsEzde60%, 10the

antitgtt-:fn-n_{ag{telg acﬁw%mfimg M@ﬁ%ﬂﬁﬁ@%@@lﬁ&wﬁaﬁ@r ﬂﬁﬂgiag@ﬁ%%ég&?tgﬁﬁh%ﬂs&a %di |
mutation is at le % ar efera % or more, more, pre y 80% or m nd still more
preferabRy'g¥E "ﬁ?ﬁ g E%‘?ﬁé?éqﬁ' rﬁﬁ‘%@“&:ﬁ@ %ﬁﬁﬁﬁ? Fgiticey ﬁfgf%}ﬁéi%?v r?tr%ﬁﬁ ‘Emino acid
muBtionwemkebidar dztiort thidrY th &lanKGEnHA RIIKgO4Gotivit) akhid i dribefore Histidine or non-natural
amino agigqy 9@}'@(’%%”\/%%@&%%8 RdinghActd Y @eﬁ&%%ﬁﬂ&ﬁ'@%@rp'”@&‘ﬂdﬂ%ﬁ%ﬁﬁdé‘

decreased dgf to su tltut(é)n or n}sertlon of histidine or non-natural
variable regions and CDRSs of an antibody m the case the antigen-binding molecule is an

antibody. The number of amino acids to be substitated with histidine or non-natural amino acid
and the number of amino acids 1o be inserted can be appropriately determined by those skilled in
25 theart. One amino acid may be substituted with histidine or non-natural amino acid, or one
amino acid may be inserted, or two or more amino acids may be substituted with histidine or
non-natural amino acids, or two or more amino acids may be inserted. Moreover, apart from
the substitutions to histidine or to non-natural amino acid or insertion of histidine or of
non-natural amino acid, deletion, addition, msertion, and/or substitution and such of other amino
30  acids may also be simultaneously carried out.  Substitutions to histidine or to non-natural amino
acid or insertion of histidine or of non-natural amino acid may be carried out at random using a
method such as histidine scanning, which uses histidine instead of alanine in alanine scanning
which is known to those skilled in the art. Antigen-binding molecules whose
KD(pHS5.8)/KD(pH7.4) or ke(pH5.8)/ka(pH7.4) is increased as compared to before mutation can
35  be selected from antigen-binding molecules into which histidine or non-natural amino acid

mutation has been introduced at random.



amino acid, the antigen-binding activity may be adjusted by introducing substitution, deletion, addition,
and/or insertion and such of one or more amino acids into the antigen-binding molecule so that the
antigen-binding activity becomes equivalent to that? fore histidine substitution or insertion. The
present invention also includes such antigen-binding molecules whose binding 20activity has been
made equivalent as a result of substitution, deletion, addition, and/or insertion of one or more amino
acids after histidine substitution or insertion. Further, when the antigen-binding molecule is a
substance including an antibody constant region, in another preferred embodiment of the
antigen-binding Risfetigibantigse tardige noisineines activityuiatise ©. 8iidiibaeethanciantrp iz, the
present iyenRtievRslbdessantneingdsHormagdiying antibedyreansiant Feoionseaniaingd in the
antigen-bindin moLecul%s. GS ecifi%e@m%s of atntibo ) onstant.regliﬁopg_zﬁg]er mogification include
the consTART YRR GiGHEETBSTRHEE M S ESapIsanteeny LNty ah Bih g ety
antigen-birditgisatsstanue arpkabsnisnveakeneghicoispare thtoathiakeat pktih g (uihety at pH 7.4
1CD(pHBSYK PR A otb B iNAEeASe RoRV e B AabRVE desqHhed sRathrdsand.ausky, it is

generally preferable, that the ICD(pH5.8)/1CD(pH7.4) value is two times or more, more preferably five
times or 8?5?%&%??9%?@%‘%%&éﬁ@%%%ﬂ%’%‘%?%%‘r@‘%&%ﬁ%gﬂé@%‘mﬁf 8 the original

gntibodwﬁigd&bimﬂpwﬁclﬁmm&ﬁhimqmﬁmbm.to that‘blﬁéharatig’gankii_irﬁihgg moleculeddbthe present
inventionmay fuBhes N aYeaNY-IReLRIGRE YRS AQ@&@&&Q%@M@Qﬁ%&r@ﬁ}fg%ﬁﬁ%ﬂ-0 to pH

6.5 is lower than that at pH 6.7 35to pH 10.0. For example, the antigen-binding molecules’may be
agonisti@ P HHEGGHISREARAGEN DRI HIUEEG IR PR SRROSIIFi R FRd et 8 the
prdsent @hqentigpn-ﬁm_ﬁn@at&ivﬁmy eﬁﬁm_ pigiggnthgxa}hi@tmaﬂﬂge mﬂa;iﬂ ﬁi@tjdﬁfnel&ﬁqlﬁﬁngkmg&la_eﬁab an
antagoniztis atigrn: Rindipgmelaciienbibitsdeasptopmsdiaied m&rl%cg)é%%bﬁ;g@@dm& Rycjahibiting the

binding between a ligand (agonist) and the receptor. Furthermore, the present invention provides
antibodi@gqﬁ%ﬁ’&?ﬁﬁfﬁf@%ﬁiﬁggﬁﬁ’d{rl@&gﬁ5 dhe SreeFRiatBRRSIOVtsS pbs trtewhiRMisEdine or
non-natusal-anting asithoAwithmasitbpesitjdrsgacetindicated haseeh dirtiie Kahatinumpidring (Kabat EA
ot 586 Somanees g B ITRRen v Moy ASORLSINEDL
L2k Lonfigen puping maleals sglectmsedguaistbuintinhg thscatione Srsidiag er penaiss | 90,
and L94aeainlsldoniLihiy efsigembilification sitgsnay be adiiRes ieiantiganis soBstluisacestaioe.g.,
e I SISEeBa SRS PRI a0 05 e Uil e g et
H62,1-183thabiheaptieqndopdingsgtivity becomes equivalent to that before histidine substitution or
insertion. The present invention also includes such antigen-binding molecules whose binding
20  activity has been made equivalent as a result of substitution, deletion, addition, and/or insertion
of one or more amino acids after histidine substitution or insertion.
Further, when the antigen-binding molecule is a substance including an antibody
constant region, in another preferred embodiment of the antigen-binding molecule whose
antigen-binding activity at pH 5.8 is lower than that at pH 7.4, the present invention includes
25 methods for modifying antibody constant regions contained in the antigen-binding molecules.
Specific examples of antibody constant regions after modification include the constant regions
described in the Examples.
When the antigen-binding activity of the antigen-binding substance at pH 5.8 is
weakened compared to that at pH 7.4 (when KD(pH5.8YKD{pH7.4) value is increased) by the
30 above described methods and such, it is generally preferable that the KD(pH5.8)/KD(pH7.4)
value is two times or more, more preferably five times or more, and even more preferably ten
times or more as compared to that of the original antibody, but is not particularly limited thereto.
The antigen-binding molecules of the present invention may further have any other
property, as long as their antigen-binding activity at pH 4.0 to pH 6.5 is lower than that at pH 6.7
35 topH 10.0. For example, the antigen-binding molecules may be agonistic or antagonistic

antigen-binding molecules. Preferred antigen-binding molecules of the present invention



[-1102 Light chain: L24, L27, L28, L32, L53, L56, L90, L92, and L94 When histidine or non-natural
amino acid is substituted at multiple sites, preferred 20combinations of substitution sites include, for
example, the combination of H27, H31, and H35; combination of H27, H31, H32, H35, H58, H62, and
H102; combination of L32 and L53; and combinatiof’of L28, L32, and L53. In addition, preferred
combinations of substitution sites of heavy and light chains include the combination of H27, H31, L32,
and L53. When the antigen is IL-6 (e.g., human IL-6), preferable modification sites include the
25following. However, the modification sites are not particularly limited thereto. Heavy chain: H32,
H59, H6 lndndeHD9 ddghbrhainaddndstldbhila, Hndih@holecule¥Vhen g@@eﬁeﬂti%%@ﬁl&h&l receptor

(e.g., hu%q{%é#agﬁlﬁ%t&éq%%ﬁ%rgg r&rgﬂ% |f|cat| n eéel-s 'rna%elfﬁﬁ 33nal‘—1|f)W%ver %lflcatlon sites

are not parti ed 30thereto GRS I A RaLBE Ry FHERERE Riantion may
recogmz@“&‘?ﬁ-&hﬁ@@ﬁmﬂdt@éﬁwgﬁ@éﬁ%‘if@ﬁﬁﬂ@ﬁles of the present invention specifically include

the above- mﬁntlgnﬁﬁd@ﬁﬁ@t@ﬁé{ﬁﬁ&%ﬂﬁi u?@vh%%ﬁ%&ﬂéﬁ@@ﬁ@[ﬂhﬁlﬁﬁ%ﬁp&@ lléﬁ!ﬁnffane
antl ens sucn, as e mar ntlgens SucC OKINes, 10r exampie

35IL 2. 1P% Sﬁﬁl“% %is %l_{’%P ||_‘§“°’ t’ﬁfeéj"l’t%l‘l eﬂ_gi‘i V) %“T%Sl% agido 3 ATIBEEKhor IL-6
rece ptor?@SM%@@pth@tpﬁ%sﬁ@lr@@éé@bﬂt cwabrop 4K rbat lostelodoniii? 138 @RTIS, € D26,
PDGF-Dp6fogld onpReemidshenpatiactantfactor, CD23, INF-a, HMGB-1, a4 integrin, ICAM-1, CCR2,

antigens inclodd PR %%aﬁéﬁd%%ﬁf%%ﬁ%ﬁé%ﬁéé@ O R BB B e

described¥hdv00h ansrEfHiled embodiment of the present invention, the antigen-binding molecules
inclgde antibodigs.hntiRadiesdading artigen:-hinding aqtivity apdifeRisRinging region include, for

example, G arjodies, Wher he sy sed s o GG, gboc, ere e no imigion s ot
sites. _
When the antigen is the IL-6 receptor (e.g., human IL-6 receptor), preferable
modification sites include the following. However, the modification sites are not particularly
I5  limited thereto.
Heavy chain: H27, H31, H32, H35, H50, H58, H61, H62, H63, H64, H65, H100b, and
Hi102
Light chain: 1.24, 1.27, 1.28, 1.32, L33, L36, 190, 1.92, and 1.94
When histidine or non-natural amino acid is substituted at multiple sites, preferred
20 combinations of substitution sites include, for example, the combination of H27, H31, and H35;
combination of H27, H31, H32, H35, H58, H62, and H102; combination of L32 and [.53; and
combination of L28, 132, and L53. In addition, preferred combinations of substitution sites of
heavy and light chains include the combination of H27, H31, L32, and L53.
When the antigen 1s IL-6 (e.g., human IL-6), preferable modification sites include the
25  following. However, the modification sites are not particularly limited thereto.
Heavy chain: H32, H59, 161, and H99
Light chain: 153, 1.54, 1.90, and 194
When the antigen is the IL.-31 receptor (e.g., human IL-31 receptor), preferable
modification sites include H33. However, the modification sites are not particularly limited
30 thereto.
The antigen-binding molecules of the present invention may recognize any antigen.
Antigens recognized by antibodies of the present invention specifically include the
above-mentioned receptor proteins (membrane-bound receptors or soluble receptors), membrane
antigens such as cell surface markers, and soluble antigens such as cytokines, for example, IL-1,
35 IL-2,IL-3, IL-4, IL-5, IL-6, IL-7, 11.-8, 11-9, }L-10, I[L-11, TL-12, IL-15, TL.-31, IL-23, IL-2
receptor, IL-6 receptor, OSM receptor, gp130, IL-5 receptor, CD40, CD4, Fas, osteopontin,



10The origin of antibody of the present invention is not particularly limited, and may be of any origin. It
is possible to use, for example, mouse antibodies, human antibodies, rat antibodies, rabbit antibodies,
goat antibodies, camel antibodies, and others. Furthermore, the antibodies may be, for example, the
above-described chimeric antibodies, and in particu$§r, modified antibodies with amino acid sequence
substitutions, such as humanized antibodies. 15The antibodies may also be the above-described
bispecific antibodies, antibody modification products to which various molecules have been linked,
polypeptides including antibody fragments, and antibodies with modified sugar chains. Generation
of chime(RAitihddiEs P RGTAD, CTDE caseofia dirmantmotase fabioneGD2amtibedy: fordgBrpleda DNA

encodinqﬁg%gﬂgﬁﬂggm\_/l [W ’r_ra;qylt?g, ll@lb?,dlfi{l\l?, BN ewﬂjﬁggﬁﬁgg)@é@tﬁaqﬁgfegion; this

can be inserted into an expression vector and introduced into a to ce’the chimeric antibody.
"HumaniZ&§ @ thodies" are also referred to as reshaped human antibodies, and are antibodies in
which the compl@méntdrity phetieimihngi gegionc(Gi2R) ol ahaebpgman mammal, for example a mouse,

is transplanted tqﬂg%@&%&ﬂme@ﬂf%%%Pgﬁg%gg%ﬁ%hq%%tgﬁ%&ggga%é are known (Kabat et

al., Sequence of Proteins of Immunological | ational Institute o eeﬁth, Bethesda, Md.;

Chothia et al., NS F&efeae) enbogimendibrargemiieviassminieicachinsiogisgkgitisle for this
purpose adudlsankibodies(seaftibpednRagenitipplidaton BRI 120023 FaRd-WELA6/R2346)-

Humaniz JeTele]] I y ethads, for exam he CDR of a mouse
antibod;1 %g[?%é%§§%§§%6§§$§x g‘%ﬁ%ﬁnﬁgﬁﬁ% %Qgﬁ%g %/&l(rlls\?v%%étﬁ%t% "is Tinked To the
framewoHESIBR *{FF‘?)l@ft%umléhsé’ﬁﬁﬁbﬁ%%%ﬁ%ﬁﬁédl&%ﬁiﬁ@%@@ﬁti%ﬁﬁé@can then be produced
using a system tiat usigheavEBianAfexpressiaN vestars: SushiaMNAs 43N 8 e thasiEedianPCR,
using as a%;rggr%nse ral OQ%FU{E}%Q“ es orepa, fgad tguhave oréion that over %%iwith tthe end regions
of both the'C 5 an ﬁp@ee e method described i Wo' ictstsy IS VTt anﬁ%gay FRs linked via

CDRs 334tdediec bt e fnstiehecdmiibadicn eunablathnitien didditigsite Pntbguirend, dmino acids
ir?the FRa®Hea ﬂtdga@eg'f f@raaiﬁb;]ﬂ@giﬁ@mb h%sﬁiﬂ%%ﬁtufﬁﬁe’iﬁbtﬁkﬁtﬁb@i%%§ of Qﬁié(ﬁ%%%l;ed 39
uman anti cap.form a syitable antigen binding site (Sato, K. et al., Cancer, Res.

310 0 R A S SR ot R Mty bin to
an khtigdn/ratieriicovadem ssobridi¢ahtveteassrieib hvpqaidssndbadizs, asd)pdorioddidativinfluence or
nave an giach ama, ODRSLCHIRIGRONR Bk ! pBiohd 28714361590 Lok, and portons
involvedtjg VH- Léggeratc ions (EE; 239@%% hen the antibodies of the present invention are
chimeric SRtibadTe r%fh?éiﬁﬁéﬁ‘ LBSES Sus8 EdlBons of these antibodies are preferably derived
from human antibertiesiRar skamgsle a@ybodipe i CyBvand Grthcambefiskadfan-theuscatdmnewhile CK

and O. cafibsaysed iahad £hain: Meraayein fAaaLiree: ARINPANGLILHIRHLRS M5y Re intaduced
intg the human 10 antibody C.region to enhance or Jower the binding to Fcy receptor or FCRn or to
impfbve BRYBERUERM CFBRECRNAT X CHHEACURABGTEF U8 SrESEE AR SR doly

host to produce the chimeric antibody.

“Humanized antibodies™ are also referred to as reshaped human antibodies, and are
antibodies in which the complementarity determining region (CDR) of a nonhuman mammal, for
example a mouse, 1s transplanted to the CDR of a human antibody. Methods for identifying

25  CDRs are known (Kabat ef al., Sequence of Proteins of Immunological Interest (1987), National
Institute of Health, Bethesda, Md.; Chothia ef al., Nature (1989) 342:877). General genetic
recombination technologies suitable for this purpose are also known (see European Patent
Application EP 125023; and WO 96/02576). Humanized antibodies can be produced by known
methods, for example, the CDR of a mouse antibody can be determined, and a DNA encoding an

30 antibody in which the CDR is linked to the framework region (FR) of a human antibody is
obtained. Humanized antibodies can then be produced using a system that uses conventional
expression vectors. Such DNAs can be synthesized by PCR, using as primers several
ohigonucleotides prepared to have portions that overlap with the end regions of both the CDR
and FR (see the method described in WO 98/13388). Human antibody FRs linked via CDRs

35 are selected such that the CDRs form a suitable antigen binding site.  If required, amino acids in
the FRs of an antibody variable region may be substituted so that the CDRs of the reshaped



includes a variable region of an antibody derived from a nonhuman mammal and a constant region
derived from a human antibody. Meanwhile, a humanized antibody preferably includes CDRs of an
antibody derived from a nonhuman mammal and FRs and C regions derived from a 15human
antibody. The constant regions derived from humard @antibodies preferably include an FcRn-binding
region. Such antibodies include, for example, IgGs (IgGl, 1gG2, 1gG3, and 1gG4). The constant regions
used for the humanized antibodies of the present invention may be constant regions of antibodies of
any isotype. A constant region of human IgG is preferably used, though it is not limited thereto. The

FRs derigegdrammpdunan suntiboshitabhich:aie tsedizO ok tmburanized antibodias  ayesot

particulagly Jimited.either,.and be derived an antipody of any isotype. . e variable and
constantggléi%téltgg c_h‘?ﬂielﬁ%aac% ﬁrﬁigﬁfznet eagltglgé%‘]%g%]f Ré Bﬁég%%%?ﬁ\?gﬁ ()oﬁt%%%%/%%tr% &fttl)‘éd by
deletion beebitiaitiHidpR & oL DeuAbrAdaiwl{ Aand eleh, Sudoery(48%the bindihh SPepifitionof the
original am‘_b@ﬂmé_sb @ﬁhﬂ@m@. @%ﬁi%&ﬁ@@ﬁﬂg@%ﬁﬁeiaﬂwﬂ@% Mﬁamgg%ﬁ ftqlvyngﬁﬂg&himeric
and hu [ antibodies usin man-derived sequenc thought to be useful when
adm#}i;?q%ﬁﬁ’ ﬁBH %rél or fﬁ‘é%‘beléﬁf?(-:e [%%%%é%‘tse%rg Eﬁ%ﬁ&sp%‘?%(g ntibodies of the present invention
may be preparedVbyafie aéthodicrortbsarmpiel mvibodiesratiusenntgebetistindractvigedt pH 5.8 is
originally,aiesiessthae OreamRyahiRIa3HnAtabR A mAaYy feiatificillnmadified thraugh pigtidine
substitution descr. b?dﬁ_’a%o&e or the lﬂl%e so that t eé)r aFthl n-bjnding activity at pH 5.8 becomes lower
than tha%ﬁ’%a%. VA frefmrdtie PG b SERR WERSS R ?g%erﬁ%ffﬁhiﬁ%“gcﬁﬁﬁpgt H AR HEPThan that
at pH 7.thelaylinanseldbeaebbgr sdinegnireg camimobei biramibodiesptaineddisord ancethtibodyatibrary or
hyhtjdomas:aadeseiRptkbsimin 3RMpsRNSIBing: % SHRLNEEDIor AMing. 36145 apantibody, known
fsequences.tr)nagi be liilfeq for t%ham I’&:‘ih,cham_ gnnﬁéno acid sequence of the antibody before
introduchBHPSFABARNEPRY H: of SFHIFSAERPERqER ALLRedrastimb SHHERIQBIRF BEthled by
methodstchalen 107ihiebt skified on themitahndalsoelidrused nBohexample; e antibodismmay be

obtaine -anki [ a i i | i ies from
hybndo%%?‘Eﬁé&imé&%%ﬁﬁ%%3.‘%%?&?5%%3*2%‘%%2%?%a%%ﬁ%iﬁ#ﬁ%%@%t?é??&%branes

are alreadF &YV, L e dFPRSRARY R MBS MY and § Bsenddo teqinn disbreddremAose
skillgd ihthemadtntdodpprdhoatelyabtair antdeodydibrardatar axibogis; pfﬁxj&rﬂ:ingiﬁﬂﬂhedy phage

ibrariesy oge ANSSISLIRINe Yerauin 3460 A3 GIRCksPn sl NauIe 9%, 257 G4 G arks etal, 1.

Mol. Bio). 1991, 22 97; Waterhouses et al., Nucleic Acids Res . 6; Griffiths et
10al., ERSBH).). 186 40n8anbegione ueed fgh ds snaniadaBhodienAbibegy et invertivy-mey disd
JapaneserRatentKohyo Pubiioatier oy (i:A)H20- 204970 (eppramineskddpangsediatibnal phase
publicati r ing.to.a. nese intgrnat| blication). In.addition, it is possihle to use
o e e P L, B o e
digiflay fRethedemanieernBhe desrFoRaGiRa s BHtAmitsrhei then a8 sens do Y pirediftpuisiig human
antibodydiiisadie sfareyalsagaown. For example, variable regions of human antibodies can be
expressed on t f phages as single chain antibodies (scEvs) using pha isplay methods,
and phages that ?r%gglr%%gegncsg%%%n ’ée%lé’%%?é?‘ &eﬁé%i%ngﬁﬁ%lsﬁg%% eg%)gl‘gg eg Bg%glgs% (Izlrgn
detelininBvERioNRaE dUBPE & Rt delpdomswRiapionegiens o huferaditiond ks swshbreddoethe
antigenss @Geae-ding DINASRAYETA8S M SehVaibiRdstexhibited.

25 Since the immunogenicity in the human body is lowered, chimeric and humanized

antibodies using human-derived seqguences are thought to be useful when administered to
humans for therapeutic purposes or such.
The antibodies of the present invention may be prepared by any method. For example,
aniibodies whose antigen-binding activity at pH 5.8 is originally greater than or comparable to
30  that at pH 7.4 may be artificially modified through histidine substitution described above or the
like so that their antigen-binding activity at pH 5.8 becomes lower than that at pH 7.4.
Alternatively, antibodies whose antigen-binding activity at pH 5.8 is lower than that at pH 7.4
may be selected by screening a number of antibodies obtained from an antibody library or
hybridomas as described below.
35 When histidine is substituted for amino acids in an antibody, known sequences may be

used for the H chain or L chain amino acid sequence of the antibody before introduction of



20the antigens is revealed, suitable expression vectors can be produced based on these sequences to
obtain human antibodies. These methods are already well known, and one can refer to WO 92/01047,
WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO 95/15388. As for
methods for obtaining genes encoding antibodies ffSm hybridomas, known 25technologies may be
basically used, which involve the use of desired antigens or cells expressing the desired antigens as
sensitizing antigens, using these to perform immunizations according to conventional immunization
methods, fusing the resulting immune cells with known parent cells by conventional cell fusion
methodshisgdeeningariony dp aalentikiddyquaducinthaaisdghrisdmesh by Conveatiodakscraening

methodsnYCRAREIAEPNAGRLANROMyaARIe A0R0I90e L IRARON IR BRNAR Al gDt ned

hybridomas usm? reverse transcriptase, and linking t s encoding the desired antibody

constan&FégiMs '

{eraiagribyy mayNie Rb g iatipins SrpSR A eBiRiA BT above-described
antibodyhgbrigsnencading e hbabamsieadiboghains include both complete antigens with
immunogenicity and incomplete antigens including hapteps and the like with no antigenicity; however
e e mat 251 e et
peptidesi & prrstethe onfiperydibrarias dittors ot ks aruihets areuBissmed Basm grtsabcaplysaccharides,
41 nUC|&A§}ﬁﬁiﬁ§atHBidﬁts?ﬁ%§|&&m§d@&@ﬁ@miM%xm,t@aﬁﬂﬂ%eél&i%ﬁ??ﬁﬁﬁfﬁﬂi@ﬁé@f the preiintd
invention are pot particularly limited. T ntigens e red. hods known to those skille
i the art e A s B e Rl 2
Hybridomiid. ¢8R e protRic8d; Wriekamisie chyl tidurieth dbigh Mustd P et Blil 2263 RoheEheleC.
M"ﬁﬁé@d){@%ﬁ@@ E.nmpi-_ﬁl@@i(g@)';l &%@iﬁﬂ@%ﬁ\lms@ib&éﬂi&%@%gwﬁi%%@@Pﬁ@,ﬂﬂ@n is |QV\_/t,
immunization m e perfoini er. linking, the i macromolecule having immunogenicity,
Such as BT ARG P e R, e D R GA R T BT TR by
linking tirbasanitiblotheemeolaeidend wgHer: trandaamiscantematiecalas blicktias)menbsddiécantigens (for
ex?m Pl&;JesaRter ﬁ);@]&%dﬁ?%@&8&?@&&%&3@%9%Eﬂ%%l%?@@%ﬂ@iﬁ%ﬁﬁ#?&%@ﬁb@twe_m brﬁme
antigens used as a fragment, or cells expressing transmembrane mqlecules on their ce
curiace By B EE HE0 OG0k Oy HASH B LTI 5 e RNy imrmunizing
anirhals arsibgdapprp paste:gensitZingrantyehsis édrnbedaabelse. kxltematiVelysamtiflodyaprbtiucing cells
can be RegRAed Rk IRTUREAIaR LANaR e babeaR praduch AN Badics YarauS

mammals can be used for immunization; such commonly used animals include rodents, lagomorphas,

and pritéSHEESISHER RAER G TRRY S REr e BRE SRS dBMEIEH A JRIRRER PR SAEFStmstEraete
Iagomommmmsm@ﬂ@sphmghpdmaiﬂs&@adhw@)ﬁ@nkmsmasodyn@momﬁmmgw rhesus
monkeys DaRannsARe SIPRRFESSHULAGAIHON. KARSYRNSHARICIAIR CARGPUMAR pianibody

gene repertoires are also known, and human antibodies can be obtained by using these
20 the antigens is revealed, suitable expression vectors can be produced based on thése sequences to

obtain human antibodies. These methods are already well known, and one can refer to WO
92/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO
95/15388.
As for methods for obtaining genes encoding antibodies from hybridomas, known

25  technologies may be basically used, which involve the use of desired antigens or cells expressing
the desired antigens as sensitizing antigens, using these to perform immunizations according to
conventional immunization methods, fusing the resulting immune cells with known parent cells
by conventional cell fusion methods, screening monoclonal antibody producing cells
(hybridomas) by conventional screening methods, synthesizing cDNAs of antibody variable

30 regions (V regions) from mRNAs of the obtained hybridomas using reverse franscriptase, and
linking them with DNAs encoding the desired antibody constant regions (C regions).

More specifically, sensitizing antigens to obtain the above-described antibody genes
encoding the H chains and L chains include both complete antigens with immunogenicity and
incomplete antigens including haptens and the like with no antigenicity; however they are not

35  limited to these examples. For example, it is possible to use whole proteins and partial peptides

of proteins of interest.  In addition, it is known that substances comprising polysaccharides,



animals (see WO 96/34096; Mendez et al., Nat. Genet. 1997, 15: 146-56). Instead of using such
transgenic animals, for example, desired human antibodies having binding activity against antigens
can be obtained by in vitro sensitization of human lymphocytes with desired antigens or cells
expressing the desired antigens, and then fusing the sensitized lymphocytes with human 25myeloma
cells such as U266 (see Japanese Patent Application Kokoku Publication No. (JP-B) H01-59878
(examined, approved Japanese patent application published for opposition)). Furtheimore, desired
human antibodies can be obtained by immunizing transgenic animals carrying a complete repertoire of

human dHSBEYGEN &SR detrbaamipanicese Whrodhemyizepyofdhyondbsdinroighn2602, WO
96/34096r:3aat WRRIBHE3R) RRANIMAYiMtedizatins aalpbes can iedpeesdydapprgpkieiemdilaiing and
suspendi {tizing.antigen in phosphate buffered saline, (P siological saline, or such,
e e S PRSP o Bl s SR s e

subcutad8Gedi)/hed s intoihndngmaskan bmeredusitzing ampe ke wethareliMilstriesmplete
adjuvaniis (urekenabhuaad MinGieked, saveraldimeseyensiaur i 2k daws ArtibodyHsogisction can be
ssconfirpsRyusasydeasdicr &1ie antadatinierost nanmalSaia using canvenional
methods.” S\ y-procﬁJcmg ceﬂsr%%l_tarnedﬁ%[rlom yymrﬂmcy €S or animars immunized with a
desired Shthyemeapmpedudedavimermelonvaaetisioydneratbunyivridoiiamatiedyctimasasiamal fusing

agents (farigxanmpig beelribylenaelvsridiGadings MongrlapalAnthadiss:Rrscinles and/Ryactice,
Academgz Press b1986m51%:'1?§s)' When re%lti%ired, hybridoma cells c?n be Cl%|tl,lél’)§d 5an%grown, and the
binding sp%lel%?ﬁ%rlli{y%]fl?heoarﬁ?b d§}] Bl?oaéd]&% T gggnﬁ HIOHAER Rl B8 LTty ﬁwg known

anHllysisaniatisd oty abthmmirasptedipitagions efdhsimamboassayigRiAjaahd exzyane-linked
immunosgehent assay¢ELbRANntheiraliehivhridemas redusing.antinediesof i fergst whose

specificit%, affinity, or activity has been determined can be subcloned by methods such as limiting
dilution.* >géhes encoding the selected antibodies can be cloned from hybridomas or

antibody-producing bells gsshsitizeck isephdeyibeimddsunhhusiziggrolres thaingaapspecifically bind to
the antigglies, (for.auammpfseligenusisntides comBlaRe A, ﬁ@%&ﬁg%&ﬂc&g{%@ fe,antibody
co §tan§re, ions).. Itis alpsq,poss&%é clone the genes from mRNA using RT-PCR. Immunoglobulins
ar s St D TVB RHFER %?Faﬁe,s @Dﬁ, %@%Pﬁa&lF%lﬁatW%e?heg’@%&%wg%%Cﬁﬁmer
divided httoseéverahsubaizsges {isdtypeshidy exainpliendpGatiudiG ety 18g@nadrpg@s4nidA-1 and
I9A-2; agg.suel). HyehaiRsand lchrins usedndhe ArgsenLinyention fa produce.apibodies are not

particularly limited and may originate from antibodies belonging to any of these classes$ or subclasses;

howeve 4GB PR itehaTyardierAnd midralrs frdyduismBrrks yh st 49 SRaRY s BIARkG¥hes and
L-chain@agmmg@mehamusmgrghﬁéﬂ@merlngdénmﬁpkm@egerﬁemQﬁm#)tmdiﬁéﬂ@mﬂbodies,
sush as ehimeroanthndisand bulanizsd aniibadien wiiehravepeedAlicall wadiirgdor he
purpose of decreasing heterologous |mmunogen|0|ct?/ and such %galnst humans, can be appropriately

producet iR HE RIS MudsztiBodias, Farentibdbiés: FBnibhntbsthed oharirger

antibodieghshaspeaidibddies, fndcanstadiiedirsm@himgbicdantibadieoaieianibodi®scainst
antigens can be obtained by in vitro sensitization of human lymphocytes with desired antigens or
cells expressing the desired antigens, and then fusing the sensitized lymphocytes with human

25  myeloma cells such as U266 (see Japanese Patent Application Kokoku Publication No. (JP-B)
H01-59878 (examined, approved Japanese patent application published for opposition)).
Furthermore, desired human antibodies can be obtained by immunizing transgenic animals
carrying a complete repertoire of human antibody genes, with desired antigens (see WO
93/12227, WO 92/03918, WO 94/02602, WO 96/34096, and WO 96/33735).

30 Animal immunization can be carried out by appropriately diluting and suspending a
sensitizing antigen in phosphate buffered saline (PBS), physiological saline, or such, and mixing
it with an adjuvant to emulsify, if necessary. This is then intraperitoneally or subcutaneously
injected into animals. Then, the sensitizing antigen mixed with Freund’s incomplete adjuvant is
preferably administered several times every four to 21 days.  Antibody production can be

35  confirmed by measuring the titer of the antibody of interest in animal sera using conventional

methods.



25including H chain and L chain variable regions of nonhuman mammal antibody, such as mouse
antibody, and the H chain and L chain constant regions of human antibody. Chimeric antibodies can
be obtained by ligating a DNA encoding a variablei gion of a mouse antibody to a DNA encoding a
constant region of a human antibody, inserting thisimto an expression vector, and introducing the
vector into a host to produce the antibody. A humanized antibody, which is 30also called a reshaped
human antibody, can be synthesized by PCR using several oligonucleotides produced so that they
have overlapping portions at the ends of DNA sequences designed to link the complementarity
deteitnining regidns{GIyRs) bicingastibobabicd fromhiymahonde mialisustisdsianmausiewThe resulting
_DNAtczra;&géwa&age&oMﬁ&%@%ﬁ@@&f}%@%@@ﬁ%ﬁ&@ﬁf@& d@@%&éﬂﬁ Ctagl be
inserted into an expression vector, and the ector can be introduced into a host tg produce the
tiboo, (808 BT UAD SN o6 BCBA6 ERERG o0y ER A AL e METRF DR are
selectecanthBrathecCBRdfomesPactay bPE6) S 948 Antigbindindiugr sitehibridoassatls amimocatidsdn the
framewopi"eQion, ahamaHikerly YaKiaRIe1edioR ML RE JibsilEd sHeR Ak aGRR aldie

reshaped human antibody forms an appropriate antigen-binding site (K. Sato et al., Cancer Res. 1993,

53: 10.0TH5158). HHradditn B he i arr Ao S S BERCRERL b SEFEAMEYBEs S dified to
Simproverieir dnid loginakdiopet tiesn fapexamplesthe Rinding toline afivgan bndhespresdotinyention,
such m%@B@&'@E‘éf‘iﬁ{é}?:@t%ﬁ%é(@ge@ﬁ%{@?ﬂﬁi%“%'i‘ Qai%sﬁﬂage&ésﬂ JRARERES gree for example,
Kunkel (1910.0) Proc. Natl. Acad. Sci. USA 82: 488), PCR mutagenesis, and cassette mutagenesis. In

general SHAGARTHRTBSHRedNcReLIBNEREA HBPRties have been improved show amino acid
sediience homdiegy, aattoessmiiagithoteednhigbaicnanc 2 Qpretarably BISGdmhigber, and even

more prefesably. 0%, iGN (0 BAN RIS A% 0r Ngher, 9706, 099,01 398 en copared o

the amino acid sequence of the original an y"variable re% ein, sequence homology and/or
similaritfiidenhrarabafieT A exammivo AiEerisiatideshar R BHIBIJg SasURs e ResHNB YRS similar
(amino aaithresidues-alassiied)intaithesame: guep basedien thegaoaral Rroperies RTardRo acid
S'de.ch%&gﬁj o%iébﬁﬂgéna%' 1raniipody residlugs, alte VCEQ%%‘??“EPE%J]%?P YEHGERS BRER
maximized by sequence alignment and gap introduction, | hetes ry. tn général, Matlral amino acid

resitiueslarece risdidrTr ity Wieshindorwsertow bk whasionsn e ekenplRidehdids G fdB6WS: (1)
hydrophgaldicyalaniae,-isphaugines valinssdmethionings andi e uging: (- nevirRl fvdiephilisaasparagine,
glutamirllj%&ycset %}tﬂl ’Omég%én]?dt%ggt%%[% hzzggge)d%nu ir%afa}s r%%ﬁ%tg?;%nal%%t%%gﬁg ige?grgcgling to
any of these classes or subclasses; however, 1gG is particularly preferred.
Herein, it is possible to modify H-chain-encoding genes and L-chain-encoding genes
20 using genetic engineering technologies. (Genetically modified antibodies, such as chimeric
antibodies and humanized antibodies, which have been artificially modified for the purpose of
decreasing heterologous immunogenicity and such against humans, can be appropriately
produced for antibodies such as mouse antibodies, rat antibodies, rabbit antibodies, hamster
antibodies, sheep antibodies, and camel antibodies. Chimeric antibodies are antibodies
25  including H chain and L chain variable regions of nonhuman mammal antibody, such as mouse
antibody, and the H chain and 1. chain constant regions of human antibody. Chimeric
antibodies can be obtained by ligating a DNA encoding a variable region of a mouse antibody to
a DNA encoding a constant region of a human antibody, inserting this into an expression vector,
and infroducing the vector into a host to produce the antibody. A humanized antibody, which is
30 also called a reshaped human antibody, can be synthesized by PCR using several
oligonucleotides produced so that they have overlapping portions at the ends of DNA sequences
designed to iink the complementarity determining regions (CDRs) of an antibody of a nonhuman
mammal such as a mouse. The resulting DNA can be ligated to a DNA encoding a human
antibody constant region.  The ligated DNA can be inserted into an expression vector, and the
35 vector can be infroduced into a host to produce the antibody (see EP 239400 and WO 96/02576).
Human antibody FRs that are ligated via the CDR are selected when the CDR forms a favorable



(4) basic: arginine, histidine, and lysine; (5) residues that affect the orientation of the chain: glycine,
and proline; and (6) aromatic tyrosine, tryptophan, and phenylalanine. In general, a total of six
complementarity determining regions (CDRs; hypervariable 25regions) present on the H chain and L
chain variable regions interact with each other to fofth an antigen-binding site of an antibody. A
variable region alone is also known to be capable of recognizing and binding to an antigen, although
its affinity is lower than the affinity of the whole binding site. Thus, antibody genes encoding the H
chain and L chain of the present invention may encode fragments each including the H chain or L

Eheéiln anﬁﬂﬁg‘bgiﬁﬁﬂﬂgéﬂi@;.aSIM@&W?&QQ@'M@Q@E@%@EF@ﬁ&Q&M %@@%&fﬁiﬁiﬂﬁ)_&%@%@y of |
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acid resigRIEeRE e aphigaribmdansie Gpprapridwly SenserdifoPOanfiol Adid-idsidles, for example, in
§5CDR or FbR.Oll_nIg%%gls_ﬁbxgﬁﬂiﬁ%ﬂm&ﬁ@ﬂ@&%@g@@dgﬁ%&ﬁ;%ﬁs&gﬁmﬁ%ﬁ%the
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obtain appropriate sequences. that can be used as an.FR of antibqdy, variable region of an organism
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be@ny wma%m%ha@&é&ﬂ&éﬁmw&@@f&%ﬂ@@@%%wgﬁfbﬁ(k&eexamp@%h@m@w&be
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Such in vitro production systems iriclude, for examp roduction systems using eukaryotic cells or

prokarydHt TME SETEarasfitt e araeral PR eTEes A inRp ceis st Ghainp i esignghimal cells,
plaift 15entibpaneefithgal aftisthnimaticelsonolsge vaiaminabasroelstorekampelauot0 (J. Exp. Med.
(1995) : Hg}p@ s T3 , V. ter ki , d Vero;
amphib?ﬁr%ggnﬁssgguch asp %ﬁ%ﬁé@ﬁﬁ%ﬁ%@? (_\?Ig:%l(égt%ﬁ)’. n%%?%%ﬁi}gg{g%%%%%m and insect
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20 (3) acidic: aspartic acid and glutamic acid;

(4) basic: arginine, histidine, and lysine;
(5) residues that affect the orientation of the chain: glycine, and proline; and
(6} aromatic: tyrosine, tryptophan, and phenylalanine.
In general, a total of six complementarity determining regions (CDRs; hypervariable
25  regions) present on the H chain and L chain variable regions interact with each other to form an
antigen-binding site of an antibody. A variable region alone is also known to be capable of
recognizing and binding to an antigen, although its affinity is lower than the affinity of the whole
binding site. Thus, antibody genes encoding the H chain and L chain of the present invention
may encode fragments each including the H chain or L chain antigen-binding site, as long as the
30 polypeptide encoded by the gene retains the activity of binding to the desired antigen.
As described above, the heavy chain variable region is in general constituted by three
CDRs and four FRs. In a preferred embodiment of the present invention, amino acid residues
to be “modified” can be appropriately selected from amino acid residues, for example, in a CDR
or FR. In general, modifications of amino acid residues in the CORs may reduce the
35  antigen-binding ability. Thus, appropriate amino acid residues to be “modified” in the present

invention are preferably selected from amino acid residues in the FRs, but are not limited thereto.



introduced into host cells, for example, by calcium phosphate methods, DEAE-dextran methods,
methods using cationic liposome DOTAP (Boehringer-Mannheim), electroporation methods, and
lipofection methods. Regarding plant cells, for exam%e, Nicotiana tabacum-derived cells and
duckweed 25(Lemna minor) are known as a protein production system. Calluses can be cultured from
these cells to produce the antibodies of the present invention. Regarding fungal cells, known protein
expression systems are those using yeast cells, for example, cells of genus Saccharomyces (such as
Saccharomyces cerevisiae and Saccharornyces pombe); and cells of filamentous fungi, for example,

genus AdpBrBitfstlete redesiaspiacnitids Mg DRnesiorets temisdifiset cashashosrtoosfisroduss the
antibodias efdhe preseRtinyvention. AlcRacterialivellsisaphtivasdintiePiakaruriic raruGton

systems, Regarding bacterial cells, production systems usin Bag[%l#is ubtjlis,are known in addjtion to
the roa I L TR B LSt 650 S e By e A B GEet PR GERIEHG the
antibodie Of gapigreseht dnhentdorer 35aScreening methods> 45 The present invention provides

metlods of screenineiorABtige prbioging, Belss M@@g&@@%@d&%@ﬁi@%ﬁ%ﬂi&%ﬁ@c PH s

lower than that at neutral pH, The present.invention alsQ provides methods of screening for
antigen-lg’irr?a?r% RGtR s %ﬁ(ﬁ?‘b%r??ﬁai{} W%%Of}d%ﬁﬁﬁb?é’gﬁﬁﬁ%ﬁé@?ﬂ%&ﬁ H¥ention also

providesasrehous ofdserddnig oY Antigeleioindidgmlbles wethaviieh are superior in the retention in
plasma. The presghRhiueREORABARPMJET eSO RetagRing ot anaAaliganspiding melecule

that dissociates within a cell from an extracellularly-bound antigen. The present invention also provides

method<*8P LEreeifid48t SHSHHGEABRIGHHE M ABERE RIS HEGHEE S B de AL PYERINzed into
a cHl, anairetdastsl to The loustsidés afithdeetieih fr antigetefrea forducihe iGpeesenpiodenrtion also

provides,ehods of #RENNg du an.antigeuoding mplesuls athas nsisased abiibsfg eliminate

antigens in pl érnﬁa Furthermore, the present invention also provides methods of Screening for
antigen-B?ﬁ’éFﬁ‘??g B RS RIARCPr AR AR ISP us SR RS TS LS Pasrrea el éniositions.

Specificahynthi presbrtinyeytionsprovideskmrethiedsdf scresking fiar @fiigen-binding 15molecules,
which com ggi'e éﬁ%%%%&%%@&%‘ﬁf%@@%%%@Eigﬁ&'ﬁl%ﬁ@ RFUNI-Bl @, ARIe e RN
15 cells, and fungal cells. Animal cells include: mammalian cells, for example, CHO (J. Exp. Med.
(1995) 108: 94.0), COS, HEK293, 3T3, myeloma, BHK (baby hamster kidney), HeLa, and Vero;
amphibian cells such as Xenopus laevis oocytes (Valle et al., Nature (1981) 291: 338-340); and
insect cells such as Sf9, S21, and Tn5. CHO-DG44, CHO-DX11B, COS7 cells, HEK293 cells,
and BHK cells are preferably used to express the antibodies of the present invention. Among
20 animal cells, CHO cells are particularly preferable for large-scale expression. Vectors can be
introduced into host cells, for example, by calcium phosphate methods, DEAE-dexiran methods,
methods using cationic liposome DOTAP (Boehringer-Mannheim), electroporation methods, and
lipofection methods.

Regarding plant cells, for example, Nicotiana tabacum-derived cells and duckweed

25 (Lemna minor) are known as a protein production system. Calluses can be cultured from these
cells to produce the antibodies of the present invention. Regarding fungal cells, known protein
expression systems are those using yeast cells, for example, cells of genus Saccharomyces (such
as Saccharonyces cerevisiae and Saccharomyces pombe); and cells of filamentous fungi, for
example, genus Aspergillus (such as Aspergillus niger). These cells can be used as a host to

30 produce the antibodies of the present invention,

Bacterial cells can be used in the prokaryotic production systems. Regarding bacterial
cells, production systems using Bacillus subtilis are known in addition to the production systems
using E. coli described above.  Such systems can be used in producing the antibodies of the
present invention.

35
<Screening methods>



(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5; and
20(c) selecting an antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than the antigen-binding activity at pH 4.0 t tg)H 6.5. In the screening methods of the present

invention, the antigen-binding activity of the antigen-binding molecule at pH 6.7 to pH 10.0 is not

particularly limited, as long as it is an antigen-binding activity at a pH between pH 6.7 and pH 10.0.
However, for example, a 25preferred antigen-binding activity is an antigen-binding activity at a pH
between pH 7.0 and pH 8.0, and a more preferred antigen-binding activity is an antigen-binding activity
at pH 7.4. Furthel M@ ssapgareBirngaddctreted ahtgeruinadiignicrtbiadingmaswspH 6.5 is
not particuiadly dirtifes basliopg @R ity saridnigEndlindingnastivity ahaupil gtweendhie4a:and pH 6.5.

However.,_for.ex e referred antigen-binding. activity is, an antigen-binding activity 30at a pH
benwoen BB e R e ity
at pH 5.8k pepslly bind tormaliptrpmismeinglaetivisest myeniigersoindinifenststindsedh be
I e bind
appropriate etermine tho SKllled | alt. e antigen-ninai Cuvi a igen-pindin
o e e B e e B S e P e e e T amparest
KD), dissbiagietesateiivo) calb ferarrnissucritider ratw tagpatigenkd)The suashnTinvsaticoradtants 46 can
be deterpiinadedyptaeds dnewmOrthoneskilleddndns:aH. foh examn e MsIRIRIAGRAIR (Pd

whoso Al BB BSHa SreA s % SOR9E Graimar e AL GBIV O o S has
saffe memsin by cterbsteppod vdisctintads aitigeabindigpmoitgale Wiibse moiligele thatlng activity
at pH 4-@@'@9&{%‘37&@&_iﬁtm%ﬁim%@ﬁ{tﬁegﬁiéﬂléﬁﬁﬂ 10Pthermord RcJiHEERCR BRGNS GIRANE
antigen-binding actiyity, gt H 6..7.to 10,0 arjglﬁ_t@?t at pH 4.0 tgﬁi? .5 is not particularly limited as
long as #& V&ﬁ i gﬁ%ﬂ% ﬁﬁ%’é’ﬁ‘x‘?i‘@»g;?b BB EPRo0 28 B 9L s S A A AR B ot 8%,
Howevenistideaaptigemeéintitad caotipitsitiinsH 6.7 to 10p1-1 10.0 is preferably twice or greater, more
preferably ten fi gfcgng?{ﬁ@lﬁe&ﬁtﬁih{r&aﬁ%ﬂﬁtﬁra@bfm@%@@&%&mgfﬂ}%ﬁ@@n@&ﬂaﬁ{gbinding
aciyly arglgllgcﬁigs,%vﬁg_clhescomprise the steps of:
(a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0; '
(b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
and
20 {c) selecting an antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than the antigen-binding activity at pH 4.0 to pH 6.5.

In the screening methods of the present invention, the antigen-binding activity of the
antigen-binding molecule at pH 6.7 to pH 10.0 is not particularly limited, as long as it is an
antigen-binding activity at a pH between pH 6.7 and pH 10.0. However, for example, a

25  preferred antigen-binding activity is an antigen-binding activity at a pH between pH 7.0 and pH
8.0, and a more preferred antigen-binding activity is an antigen-binding activity at pH 7.4.
Further, the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5 is not
particularly limited, as long as it is an antigen-binding activity at a pH between pH 4.0 and pH
6.5. However, for example, a preferred antigen-binding activity is an antigen-binding activity

30 atapH between pH 5.5 to pH 6.5, and a more preferred antigen-binding activity is an
antigen-binding activity at pH 5.8 or pH 5.5. |

The antigen-binding activity of an antigen-binding molecule can be determined by
methods known fo those skilled in the art.  Conditions other than the pH can be appropriately
determined by those skilled in the art.  The antigen-binding activity of an antigen-binding

35 molecule can be assessed as dissociation constant (KD), apparent dissociation constant (apparent

KD), dissociation rate (kg), apparent dissociation rate (apparent kq), or such. These constants



Furthermore, the present invention also provides methods of screening for antigen-binding molecules,
which comprise the steps of: (a) binding an antigen-binding molecule to an antigen under a condition
of pH 6.7 to pH 10.0; 15 (b) placing the antigen-binging molecule that bound to the antigen of (a) under
a condition of pH 4.0 to pH 6.5; and (c) obtaining the antigen-binding molecule that dissociated under
the condition of pH 4.0 to pH 6.5. In addition, the present invention also provides methods of screening
for 20antigen-binding molecules, which comprise the steps of: (a) selecting an antigen-binding
molecule that does not bind to an antigen under a condition of pH 4.0 to pH 6.5; (b) blndln% the

antigen-BdiRGsiarREsh et ay aribasagkilehsehs sonisHBRH BRESHeD & hand
25(c) obraulihgathy satigendpicing Mmategule that bound to the antigen under the condition of pH 6.7 to

D o incing Haeihore. Ue-pieesak vanion alse e se.elodeal seiegmgal
antigen-binding mo chIes w compri e steps or: |n an an?lg “folecule to an

antigen aﬁa@waa&aﬁoﬁ%w%w& ?Stg)f%ﬁiﬁl@i@’l @7@%!5’} pfééh{bt figdasis ﬁ%@%@&a@fﬁa@ bound

to the arst@ﬁ@f@émhugdgraatcgmmﬂmﬁ bl Qa6 eﬁmg@h%ﬁ@iﬂs@g&hﬁt%ﬂgmmndlpg gwlecule
that dlssoglatedtHndﬁ{ %a% "P)dbt'{) fp&dA .0to pH 6.5; (d) amplifying the gene encoding the
antigen- blndlng moleculs that dissociated: and 35(e) obtaining the eluted antigen-binding molecule.

47 The steab%dr(ﬁql’ml‘(a)bﬁﬁw%éhép@agéa -hwiding ratiiiey il 6T hissphhéGbesshibizivé nlibn

providesithespetars g@ﬁg&@@q@@pmtwmmwm ans Qi:ﬁ@ﬁ%ﬂiﬁfﬁ}ﬁhﬁfﬂps oftéaprio (d) twice

or more { S Thete %hf]: orre Qn }gﬁeﬁ%ep%o W(e‘)er / 6)ls not H:artécxlféir All 3]ltatj:;gdﬁ%l_ilgvxfever the
i id

number IS'in g &ral tef or'fed moré, the preserit IVENtion arso es’me
scr&ni@%dﬂ&ﬁ@d@ﬁwﬁg"m@ lscgikasenviniets porigaBl flge éte@ﬁscmf@reater and still more
preferably 40 times or greater than the antigen-binding activity at pH 4.0 to pH 6.5.

Furthermore, the present invention also provides methods of screening for
antigen-binding molecules, which comprise the steps of: '
{a) binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;
15 (b) placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH
' 4.0 to pH 6.5; and
(c) obtaining the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5.
In addition, the present invention also provides methods of screening for
20  antigen-binding molecules, which comprise the steps of:
(a) selecting an antigen-binding molecule that does not bind to an antigen under a condition of
pH4.0topH 6.5;
(b) binding the antigen-binding molecule selected in (a) to an antigen under a condition of pH
6.7 to pH 10.0; and
25 {(c) obtaining the antigen-binding molecule that bound to the antigen under the condition of pH
6.7 to pH 10.0.
Furthermore, the present invention also provides methods of screening for
antigen-binding molecules, which comprise the steps of:
(a) binding an antigen-binding molecule to an antigen under a condition of pH 6.7 to pH 10.0;
30 (b) placing the antigen-binding molecule that bound to the antigen of (a) under a condition of pH
4.0to pH 6.5;
(¢) obtaining the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
6.5;
(d) amplifying the gene encoding the antigen-binding molecule that dissociated; and

35  (e) obtaining the eluted antigen-binding molecule.



(a) selecting an antigen-binding molecule that does not bind to an antigen under a condition of pH 4.0
to pH 6.5;  (b) binding the antigen-binding molecule selected in (a) to an antigen under a condition
of pH 106.7 to pH 10.0; (c) obtaining the antigen-bjading molecule that bound to the antigen under the
condition of pH 6.7 to pH 10.0; (d) amplifying the gene encoding the antigen-binding molecule that
dissociated; and (e) collecting the eluted antigen-binding molecule. 15The steps of (a) to (d) may be
repeated twice or more times. Thus, the present invention provides the methods described above
further including a step of repeating the steps of (m-(d) twice or more times. The number for
repeating the st 6t 26 @)t(i’s(&i“ﬁéhi‘c{%ﬁﬁ BRE POWRNFIAR ndHSerTe Weg@Heral ten or
less.  invéMhenprovhageHibianafssuebribedsad e thedsaraenidthmethgdsk of fhaipresentdpyention, 20
the step ﬁji ing the gene encoding the antigen-hinding molecule alse be a step of amplifying
phages.@15 ?an t em%g{ho Sorthe p%(ﬁ;}%siéﬁ m%/eern |5r§? ??%dﬂgg{%f %?16 Sa%ﬁ%iﬁogf%chsn%oﬁnolecule and the

antigen piatdvéads diedialihavdeeatiestabayitheug puratitachingiation. For example, binding of the
antigen-binding mplesyiR RNehthe aBticRRManbesaFirdey hiyeasiating:amantigen with 25an

immobilizetd an_tliagec?-bindir11eqc oIecEIeh or bg co act'%n an.antigen-binding molecule with an
immobiliZedFaitigen. AlteHatvern” Binding Bf the §n5t|8%5n9 inding molecule and the antigen may be
carried dal $jecontaaniagtipendnitidiog medcewtgbai-Bivsingt hiokdtuhn antgsolutider 2 condrigthermore, the
present mamigppq{s&ggrovides methods of screening for antigen-binding molecules whose binding
activity agir t‘ﬁ%H is %[E‘eater than that at a SeCT)n(tZI HCH’fHSWhECh C?m%%réi%ﬁthe steﬁlz.of: %&Pinding an
antigen- P1 i) 3o élgsrﬁhl% 5&9 FﬁPA%Sﬁ SEG Bt A LR Gltfor°5 “ﬁ?s? ; (b)
elutthg the/ ampgehldinding molecule that had bound to the column at the first pH from the column
under the condition e.seeend RidrandoRR4a) ekipiinadhe il isd RnteRer RAIBeImelesyis: 48

Furthermare, thecfres_ent invention also provides methods of screening for antigen-binding molecules
whose b@nﬁfﬁéﬂé{ R/ﬁ?y at a first pH is smaller than that at a second pH, which comprise the steps of:
(a) passidy-amphfitigenbbigeing molboy ibdhndiggh-bmdimggenienizabiizEssechiadn andder the 5condition

ofa ﬁrSt(Qj_Eoliecting the eluted antigen-binding molecule.
15 The steps of (a) to (d) may be repeated twice or more times. Thus, the present

invention provides the methods described above further including a step of repeating the steps of
(a) to (d) twice or more times. The number for repeating the steps of (a) to {d) is not
particularly limited; however, the number is in general ten or less.

When a phage library or such is used in the screening methods of the present invention,

20 the step of amplifying the gene encoding the antigen-binding molecule can also be a step of
amplifying phages.

In the methods of the present invention, binding of the antigen-binding molecule and the
antigen may be carried out under any state, without particular limitation. For example, binding
of the antigen-binding molecule and the antigen may be carried out by contacting an antigen with

25  an immobilized antigen-binding molecule, or by contacting an antigen-binding molecule with an
immobilized antigen. Altemnatively, binding of the antigen-binding molecule and the antigen
may be carried out by contacting the antigen and antigen-binding molecule in a solution.

Furthermore, the present invention also provides methods of screening for
antigen-binding molecules whose binding activity at a first pH is greater than that at a second pH,

30  which comprise the steps oft ‘
(a) binding an antigen-binding molecule to an antigen-immobilized column under the condition
of a first pH;
(b) eluting the antigen-binding molecule that had bound to the column at the first pH from the
column under the condition of a second pH; and '

35 (c) obtaining the eluted antigen-binding molecule.



(b) collecting the antigen-binding molecule that eluted without binding to the column in step (a); (c)
binding the antigen-binding molecule collected in (b) to a column under the condition of a second pH;
and (d) obtaining the antigen-binding molecule that bound to the column in step (c). 10Furthermore,
the present invention also provides methods of scregéhing for antigen-binding molecules whose binding
activity at a first pH is greater than that at a second pH, which comprise the steps of: (a) binding an
antigen-binding molecule library to an antigen-immobilized column under the condition of a first pH;
15(b) eluting the antigen-binding molecule from the column under the condition of a second pH; (c)
amplifying the gdristhemmaeiinghheresate dnaetidgenabindirmy ol ectileydand (deobimiding the eluted

antigen-hingling-pigieclao EBE Sleps of ki 4GLmay, be Jepaaipd duica o Marentimes. iy the
anrowdes tTEE\1 methods described above further including the step of repeating the

presentin ntlE% .
steps 208f ta) B i TRRE G M Er®iMes. The number for repeating the steps of (a) to (c) is not

particulafB) iassaw owsger: thelmgmidedslniyenghadnentigdessimobilinetheopresemdavéation, each of
the first and saeand PHIPAY be any pH, as long as they are not identical. In a preferred combination
xample, the first pH is between pH 6.7 and pH 10.0, and the second

of the first and second pHs, for _ | 6,

pH is peRiLe lﬁﬁlagoam*‘b@%. i BieGRe hat BRI HE R A LT HRRb EVIERARSH 7.0
and pH &), tamdirtpehsenviganpbinidibe et dlbantipkbp b ;sanduinasiibmbse qiéficsrest a
combinatign,thedirghpH is pH 7.4 and the second pH is pH 5.8 or pH5.5. In another preferred
combinatign of the first and second pHs, for example, the first pH is between pH 4.0 and pH 6.5,

and the $&L0N@ IS SANssR-BHEDE Aol e e hauadrisibaeplvenariadieb Mbination, the first pH is
betibeen pH 5.5 BmdhptinGrb, hagitiesdaonsiphldkbetwadssphthaiand pHBpaad in a still more
preferre inati | | . S d IS, pH.7.4.

Aigen B A MG S M Bty A8 S SR AL AR e st
antigen-BiAtk Gomeriuibe sieps ekample, it is possible to use the above-described

(a) binding an antigen-binding molecule library to an antigen-immobilized column under the
condition of a first pH;
15 (b) eluting the antigen-binding molecule from the column under the condition of a second pH;
(c) amplifying the gene encoding the eluted antigen-binding molecule; and
(d) obtaining the eluted antigen-binding molecule.
The steps of (a) to {c) may be repeated twice or more times. Thus, the present
invention provides the methods described above further inciuding the step of repeating the steps
20 of (a) to (c) twice or more times. The number for repeating the steps of (a) to (c) is not
particularly limited; however, the number is in general ten or less.
In the present invention, each of the first and second pHs may be any pH, as long as
they are not identical. In a preferred combination of the first and second pHs, for example, the
first pH is between pH 6.7 and pH 10.0, and the second pH is between pH 4.0 and pH 6.5; in a
25  more preferred combination, the first pH is between pH 7.0 and pH 8.0, and the second pH is
between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH is pH 7.4 and
the second pH is pH 5.8 or pHS5.5.
In another preferred combination of the first and second pHs, for example, the first pH is
between pH 4.0 and pH 6.5, and the second pH is between pH 6.7 and pH 10.0; in a more
30 preferred combination, the first pH is between pH 5.5 and pH 6.5, and the second pH is between
pH 7.0 and pH 8.0; and in & still more preferred combination, the first pH is pH 5.8 or pH5.5 and
the second pH is pH 7.4.
Antigen-binding molecules that are screened by the methods of the present invention
may be any antigen-binding molecules. For example, it is possible to use the above-described
35  antigen-binding molecules in the screening of the present invention. For example, it is possible

to screen antigen-binding molecules including natural sequences or antigen-binding molecules



35antigen-binding molecules in the screening of the present invention. For example, it is possible to
screen antigen-binding molecules including natural sequences or antigen-binding molecules 49
including amino acid sequences with substitutions. Preferred antigen-binding molecules that are
screened in the present invention include, for examffe, antigen-binding molecules in which at least
one amino acid is substituted with histidine or at least one histidine is inserted. The site of introduction
of histidine substitution or insertion is not particularly limited, and may be introduced at any site.
Furthermore, histidine substitution or insertion may be introduced at one site, or may be introduced at

two or mafesiies afth e aeguerete vegh ansigridbindingrplecuies toatanaiasreenedii the present
invention includeﬂf [ egfgm Ieén:%lrgtigeer%.-bindin dm?IecuIes igecludi.ng rr%)odéfied an{tibold .conﬁtahntt
regions. ¢ S Rt BH IS R GTRAtRE A e SorRaMEL Y s Thdiitine BPtRe e et Hyahtion
10may bleasirne bt aifferesibshtiged widuhigifeleoubistodudistdiithhissiting. subtisitieds or
insertiong,abAifarRN eI QMRS DY HRidIe SCaAYRGicularlyTIMScH)8RCrRgHRY methods of
the present invention may further comprise the step qf substituting at least one aminq acid in the
antiden- ST FIGIEELHS Witn EFRTFECGF THGEHEIG BTG SF SR T HHEN RS (e REGEF DI AR
moleculesiEsim thry Seravnidgcadethbs of theeriésentinvbntionra prefratedaindigindmdidg may be used
instead of, BIStdIen ARSI LG PIESBRLIN GIVIAR GRMMEIS DS HodarHROth By Jepiaaing the

above-meniionfd histidine with.non-natural amino acids. Moreover, the screening methods of the

present VSRS FREVSnEHEPLEHD ALY SRS BRIMEHNhg amino acids of antibody constant
regions. 20Antigéntgedingsup stahmedethhbbre screandd pylth enstrednifighmettredsiof¢chigopresent

nvegORRAE isReYse Ao elhodsFr el nResble iy pimeslg agbodies

pre-existing libraries gphage libraries and the like), antibodies and libraries that are prepared from

hybridor A S SHERS At YR ARG Al S Arikaate 6r Biohis BliaI&capMiunized animals, antibodies and
libraries (librarie$hiththiglereomienirafinigt difithopreosmniatuwiai aming 2odeid ctibatieshatsegudged with

histidine nat i ' ific. S e Ji j sing hjstidine
mtatior B B D L
so on. AlRfgerRbiMgtisinmBTRC e atHarbhads &TBoSMEeNn multiple times, which are thus superior in the

reteﬁltiqn in p|asmah@w@m@@tﬁie@d@yomespfmﬂiﬁgvmemc{ﬁoﬁfd_meﬂaraﬁﬁnb 3@1’&3/&@15}91@: ukbds, the
screeningengda.ofihe PreaeliveRion.ca he use.as Seieeling Meligds (oL shialig.
antlgen- Inding molecules that are superior in the r_etentl_on In pﬁasma. (Eurt eimore,

antigen-BiuRE REREd sistidine sithirrntaaieahamgehasids or more times when administered to
animals such asMiciRa/Rs, (icRr&mingnkeysGAsr e phiadnethnihe sexeaningnsihads aldhepresent

invention, [NUSIS SHeS I M NR & NS RIS Y ons.

20 Antigen-binding substances that are screened by the screening methods of the present
invention may be prepared by any method. For example, it is possible to use pre-existing
antibodies, pre-existing libraries (phage libraries and the like), antibodies and libraries that are
prepared from hybridomas obtained by immunizing animals or from B cells of immunized
animals, antibodies and libraries (libraries with high content of histidine or non-natural amino

25 acid, libraries introduced with histidine or non-natural amino acid at specific sites, and the like)
prepared by introducing histidine mutations or non-natural amino acid mutations into the
above-described antibodies and libraries, and so on.

Antigen-binding molecules that bind to the antigen multiple times, which are thus
superior in the retention in plasma, can be obtained by the screening methods of the present

30  invention. Thus, the screening methods of the present invention can be used as screening
methods for obtaining antigen-binding molecules that are superior in the retention in plasma.

Furthermore, antigen-binding molecules that can bind to the antigen two or more times
when administered to animals such as humans, mice, or monkeys can be obtained by the
screening methods of the present invention. Thus, the screening methods of the present

35  invention can be used as screening methods for obtaining antigen-binding molecules that can

bind to the antigen two or more times.



35invention can be used as screening methods for obtaining antigen-binding molecules that can bind
to the antigen two or more times. 50 Furthermore, antigen-binding molecules that are capable of
binding to more antigens as compared to the number of their antigen-binding sites when administered
to animals such as humans, mice, or monkeys can B8 obtained by the screening methods of the
present invention. Thus, the screening methods of the present invention can be used as screening
methods for 5obtaining antigen-binding molecules that are capable of binding to more antigens as
compared to the number of their antigen-binding sites. For example, when the antibody is a
neutralizing antidogyheecsererniieg-rstinglsiolethiep tbseatinvsition Tandessetias suiganing

methods {ghhiainintantigrRiipdieg MalecHissdhalean REralize RS ARligeRRIAS kgmpared to the
number qf the antigen-binding sites oé%t:q ant;%(ragl-bmdmg molecules. 10Furthermore, antigen-binding

moleculeS AP 48 Capddie BREHE S0 3 DEISFST RS BRrRIRi Ry ERHE AKEER when
administerkesithanimals muctethedwnfidnsyevice, ioventinkeys bansbé attaicadupyntbib sty éening

q : ) i . : ; q
methpds gfithe sﬁﬁgéﬂrmﬁeﬂf_gh@m;4@&&0&6&9&@%&5}%&@ t@%@%ﬁ@%@%ﬁ%}@%&?&se

as screening methods for obtalnlr:%antlgen-binding molecules t ssoclating within a

cell from B ¥R RIMGIEAPUSSORINSRGSIES. P FaBRN rehem ffepuBGN & mBfESHéEnBat are
bound tozantantjgere anddniegnatited intbteegelsan drelehse ddothesedisiderotihy ealthodRtor

antigen iz fonl, WHRARINBISIEL AP SEN ARALMANS, ISR, QL MANkSYs Gap be obtained

by the screening methods of the present invention. Thus, the screeriing met of the present
inventioEP Bl s rat srasbindingyireth b ersieentirtding arrigerisinding molecules that are bound
to di antigen andinfesnadlizediriescelians sRladsehio thecapiside plithe sellip wntantigen-free form.

Furthermerg, antigersbinding molseylse (Al ean.apidly slminale aiaens n plasma when,,
administered to animals such as umargs, mice, or monkeys Can be obtaine f/l%e screening
methodsBPEKEYE SR ANRES By thriscrasaisermsthngsmbtho pesmiayeient JBmwetiton can be
used as soresiingrrBtiees fhe phiaining anligetabibdingdalesueswith-ncmaseduhighsability to
eliminate, grlgens i pIasa . yEVSIIAIe suehantigen-binding mplecules are expected to be
especially stiperior asgp armaceu%%aafg, Bécalse the dose %Wrelauecr?cy of administration in patients
carl be régtiaesinlad aberpdsutiges total dosage can be reduced. Thus, the screening methods of the

present 30inventippicambe Useitas thethedaataateenina-ios antignspinainc melestigs ot yse as

mnto a cell, and released to the outside of the cell in an antigen-free form when administered to

animals such as humans, mice, or monkeys can be obtained by the screening methods of the
present invention. Thus, the screening methods of the present invention can be used as

20 screening methods for obtaining antigen-binding molecules that are bound to an antigen and
internalized into a cell, and released to the outside of the cell in an antigen-free form.

Furthermore, antigen-binding molecules that can rapidly eliminate antigens in plasma
when administered to animals such as humans, mice, or monkeys can be obtained by the
screening methods of the present invention. Thus, the screening methods of the present

25  invention can be used as screening methods for obtaining antigen-binding molecules with
increased (high) ability to eliminate antigens in plasma.

Furthermore, such antigen-binding molecules are expected to be especially superior as
pharmaceuticals, because the dose and frequency of administration in patients can be reduced
and as a result the total dosage can be reduced. Thus, the screening methods of the present

30 invention can be used as methods of screening for antigen-binding molecules for use as
pharmaceutical compositions.

In addition, the present invention provides libraries in which the histidine content is
increased as compared to the original libraries. Libraries containing antigen-binding molecules
with increased histidine content can be used in the screening methods described above and the

35  production methods described hereinafter,



pharmaceutical compositions. In addition, the present invention provides libraries in which the
histidine content is increased as compared to the original libraries. Libraries containing antigen-binding
molecules with increased histidine content can be used in the screening methods described above and
the 35production methods described hereinafter. 511 Libraries with increased histidine content
can be prepared by methods known to those skilled in the art, which include the following method. 20
types of triplet codons (trinucleotides) encoding 20 types of amino acids can be incorporated at equal
frequency when synthesizing nucleic acids to prepare a library by the trinucleotide-method (J Mol Biol.

2008 Feb 5 29; Bitatdshi R i20QhsAbHstREN cHifcpOSHion: mitried forthehbidrdnsantbehmade to
contain 20;iypes A AMINOIRCIAS A0l RIphaRIiRhs resiency of hisfidine,in the position mutated
for the library can be intrease Increasing proportion of a*histidine-encoding trinucleotide as
compardiftoiectidesineinaal Beroh ey SR REI AR BIHIE S GeRReSSOS TR
prquCirlgfﬁt!ﬁ@%ﬂIQiﬁlﬁﬂlﬂﬁcrﬂﬁlﬁ%@@are a Hﬂé_ﬁrpr@;sgﬂ;t ﬂﬁﬂ@&l@@ﬁd@rﬁw@@al (m@&m;ﬁapaamdli@ng )
antigen- 0 ose antigen-pinding.activity at,the endgsoma IS 10 r than that at the
s o s e R S B i AR RS TR it T e that
are supetobyipete peremniarids glewebprrhebgisent nBatemealsy prgidies mibthestior prodeding

15antigembindingmolas @@&Hﬁ@ég@&%?%ﬂ&%@iﬁgﬁ@fgk%%ﬁm ashnareacsuticalicRpIRasitions.
Specifically, the present invention provides methods far 8ducin tigen-binding molecules, which
B e SRR BTG Bty oF

comprisAYHEERARI I A5 TR ARG e A OB iR g CuBRy PR ANHEH.binding molecule at

pH 6.7 to pH 10.0; 20(b) determining the antigen-binding activity of the antigen-binding molecule at pH
4.0fp PHEGrande) BRISRING AR SiiensRindipgnmelegle whose antigen-binding activity at pH 6.7 to pH
10.0 is greater tggjn that at pH 4.0 to pH 6,5; (dggo%t ining the gene encogi'g the antigen-binding
molecule select W(Eﬁ%’&“’%&}‘ﬁ%ﬁﬁ&ﬂ‘@%ﬁ*& A @aé?{-Bﬁ P EGEEtTe tHE§& 8So‘f5%ﬁ‘?ed in
(d). 25ThetjesbntdmentiontakEdhsrenvidesmb titd dslforqorbdu ciag athigplzdoiadiFy nidie cudestwhich
comprise, e SteR Rl pRIRIHIPE AR ARtgsaRindingmelasHle 0 AN AMCeRALRHE.ZHeRE 10.0; (b)

allowing the antigen-binding molecule bound to the antigen of (a) to_stand under the condition of pH
4.0 to ptP'8 BLEUIRY SoREETY thEPSMGERLETERE iERLETE isE FERSGRISHRIAT e condition of pH

4.0 fo pHntigen-binding molecules that are especially useful when used as pharmaceutical compositions.
Specifically, the present invention provides methods for producing antigen-binding
molecules, Which comprise the steps of:
(a) determining the antigen-binding activity of an antigen-binding molecule at pH 6.7 to pH
10.0;

20 (b) determining the antigen-binding activity of the antigen-binding molecule at pH 4.0 to pH 6.5;
(c) selecting an antigen-binding molecule whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than that at pH 4.0 to pH 6.5;

(d) obtaining the gene encoding the antigen-binding molecule selected in (¢); and
{e} producing the antigen-binding molecule using the gene obtained in (d).

25 The present invention also provides methods for producing antigen-binding molecules,

which comprise the steps of:

(a) binding an antigen-binding molecule to an antigen at pH 6.7 to pH 10.0;

(b) allowing the antigen-binding molecule bound to the antigen of (a) to stand under the
condition of pH 4.0 to pH 6.5;

30 (c) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH

6.5;
(d) obtaining the gene encoding the antigen-binding molecule obtained in (c¢); and
(e) producing the antigen-binding molecule using the gene obtained in (d).
Furthermore, the present invention provides methods for producing antigen-binding

35 molecules, which comprise the steps of?



6.5; (d) obtaining the gene encoding the antigen-binding molecule obtained in (c); and (e) producing
the antigen-binding molecule using the gene obtained in (d). Furthermore, the present
invention provides methods for producing antigen-binding 35molecules, which comprise the steps of:
52 (a) selecting an antigen-binding molecule that do&s not bind to the antigen under the condition of
pH 4.0 to pH 6.5; (b) binding the antigen under the condition of pH 6.7 to pH 10.0 to the
antigen-binding molecule selected in (a); 5(c) collecting the antigen-binding molecule that bound to the
antigen under the condition of pH 6.7 to pH 10.0; (d) obtaining the gene encoding the antigen-binding
molecule(ebidecsia dratointaged-{E) dinminoleguise i tigentsinbindtrble sufigarsimgeh g epedoisaieied in
(d). pHID.@¢dlfiior, she present invention provides methods for producing antigen-binding

10molecuyles, which comprise the steps of:...(a) bindj n antigen-binding molecule to an antigen
undor e SGTRHNBR Y FRTES K9S G G5 ARG e - RO BT CHEL SR TS e
antigen ise{edttd stepgl under the condition of pH 4.0 to pH 6.5;  (c) collecting the antigen-binding

molecule thab gisspgiatedrhidainairensition rfpk .04 RHHL B ReADnamplibvingdhig9sngrencoding
the disso |ﬁted réjlfgﬁ‘n-bln ing molecule; (e) collecting the eluted antigen-binding molecule; (0
obtaining’t éog%% toding the antigen-binding molecule collected in (e); and (g) producing the

antigep-lﬁd)dibgzimiegﬂwgmi ngctnéng_ehe zﬂbigmebindi(@. rﬁ@Sﬁm;hsoéd)@e(rﬁ)Ma)y del r(_apeated twice or
more times ol iRl aseRkibERIOTARY el Methars desstber apove, which further

comprise the step of repeating steps (a) to (d) twice or more times. The number of times steps (a) to
(d) is repeated i %éﬁﬁgﬁ&ﬁi’grﬂi‘?ﬁ?ﬂféta?ﬂ&wme‘iﬁ%s&ﬁé?&ﬁf‘i&ﬁfﬂﬂ‘r@%ﬁ@%@“bmdmg

10 molecules, which comprise the steps of:
(a) binding an antigen-binding molecule to an antigen under the condition of pH 6.7 to 10.0;
(b) allowing the antigen-hinding molecule that bound to the antigen in (a) to stand under the
condition of pH 4.0 10 pH 6.5;
(c) collecting the antigen-binding molecule that dissociated under the condition of pH 4.0 to pH
15 6.5;
(d) amplifying the gene encoding the dissociated antigen-binding molecule;
(e) collecting the eluted antigen-binding molecule;
(f) obtaining the gene encoding the antigen-binding molecule collected in (e); and
(g) producing the antigen-binding molecule using the gene obtained in (f).
20 Steps (a) to (d) may be repeated twice or more times.  Thus, the present invention
provides the methods described above, which further comprise the step of repeating steps (a) to
(d) twice or more times. The number of times steps (a) to (d) is repeated is not particularly
limited; however, it is generally ten times or less.
Furthermore, the present invention provides methods of screening for antigen-binding
25  molecules, which comprise the steps of:
(a) selecting an antigen-binding molecule that does not bind to the antigen under the condition of
pH 4.0 to pH 6.5;
(b} binding the antigen under the condition of pH 6.7 to pH 10.0 to the antigen-binding molecule
selected in (a);
30 (c) collecting the antigen-binding molecule that bound to the antigen under the condition of pH
6.7 to pH 10.0;
(d) amplifying the gene encoding the dissociated antigen-binding molecule;
(e) collecting the eluted antigen-binding molecule;
(f) obtaining the gene encoding the antigen-binding molecule collected in (e); and

35  (g) producing the antigen-binding molecule using the gene obtained in (f).



Furthermore, the present invention provides methods of screening for antigen-binding 25molecules,
which comprise the steps of (a) selecting an antigen-binding molecule that does not bind to the
antigen under the condition of pH 4.0 to pH 6.5; (b) binding the antigen under the condition of pH 6.7
to pH 10.0 to the antigen-binding molecule selected’ (a); 30(c) collecting the antigen-binding
molecule that bound to the antigen under the condition of pH 6.7 to pH 10.0; (d) amplifying the gene
encoding the dissociated antigen-binding molecule; (e) collecting the eluted antigen-binding molecule;
(O obtaining the gene encoding the antigen-binding molecule collected in (e); and 35(g) producing the
antigen-binding hisksciaktasigrictgenpeststhineckior @or53imes. St€pss(a)d@iglemaywbatepeated
twice or ";E}%Rﬁd@%-rﬁ&ﬁéd&%QWEBBV@,WH&IPPB&%‘?%62‘?‘?{1%@{?{&%%9%%%9&% Qs Wi further
[

comprise the step of repeating steps (a) o (d). twice or more times. The number of imes steps (a) to
(d) is rep&AEYE ?\ro'flﬁgrﬁ%ﬁrly firsitHr P pe e SRR QI te RTa & 888 PRt HIERmore, the
present ihvetwiphprovides ingthadd faeprodercimdeantigen-binding molecules whose binding activity at

a first pH is greafer ap thatat @é@&&qgvehhm?&&%@“R{éﬁ%ﬁ@@ﬁ@gﬁg&ﬁgggﬁgﬁﬁﬁg 100)

antigen-binding molecule to a column immabilized with antigen u ]
eluting tHBFRIEHUAIRRAREP BRI W A IS BRIl Atis A8 Cormiat ahBissaprimmbe pitiebndition from
the colurnommitertaesegens:pH condition; (c) collecting the eluted antigen-binding molecule; (d)

antigen S B e B e
providesﬂﬁé‘iﬁ%g%i producing antigen-binding molecules whose binding activity at a first pH is
gresder ttareiigite secendpitinhiebleamprisecths sieps of ir)dindingamaniigartkinding molecule
library to 3, CRltR R SRmRPNEd MR BNI9EN M FAf dgflighpH condition;

(c) collecting the eluted antigen-binding molecule;

(d) obtaining the gene encoding the antigen-binding molecule collected in (¢); and

(e) producing the antigen-binding molecule using the gene obtained in (d).

15 Furthermore, the present invention provides methods for producing antigen-binding
molecules whose binding activity at a first pH is greater than that at a second pH, which
comprise the steps of:

(a) binding an antigen-binding molecule library to a column immobilized with antigen under the
first pH condition;

20 (b) eluting the antigen-binding molecule from the column under the second pH condition;

(c) amplifying the gene encoding the eluted antigen-binding molecule;

(d) collecting the eluted antigen-binding molecule;

(e) obtaining the gene encoding the antigen-binding molecule collected in (d); and
() producing the antigen-binding molecule using the gene obtained in {e).

25 Steps (a) to (c) may be repeated twice or more times. Thus, the present invention
provides the methods described above, which further comprise the step of repeating steps (a) to
(c) twice or more times. The number of times steps (2) to (c¢) is repeated is not particularly
limited; however, it is generally ten times or less,

When a phage library or such is used in the production methods of the present invention,

30 the step of amplifying the gene encoding the antigen-binding molecule may be the step of
amplifying phages. '

Antigen-binding substances that are used in the production methods of the present
invention may be prepared by any method. For example, it is possible to use pre-existing
antibodies, pre-existing libraries (phage libraries and the like), antibodies and libraries that are

35  prepared from hybridomas obtained by immunizing animals or from B cells of immunized

animals, antibodies and libraries (libraries with high content of histidine or non-natural amino



20(b) eluting the antigen-binding molecule from the column under the second pH condition; (c)
amplifying the gene encoding the eluted antigen-binding molecule; (d) collecting the eluted
antigen-binding molecule; (e) obtaining the gene e%coding the antigen-binding molecule collected in
(d); and (0 producing the antigen-binding molecule éing the gene obtained in (e). 25Steps (a) to (c)
may be repeated twice or more times. Thus, the present invention provides the methods described
above, which further comprise the step of repeating steps (a) to (c) twice or more times. The number
of times steps (a) to (c) is repeated is not particularly limited; however, it is generally ten times or less.
When a (it éihitsrarsy ioiredesert wish dijidves productionmlsthdnts asi dlag speesensitesemtibthedlittle step of
amplifying-the-gepe pRcngdneamtigenhingdiogmelesule manbe hestarehampliwing phages.
Antigen-binding substances that are used in the production methods of the present invention may be
prepared 9‘5%? ?ﬁ’éﬁ%%@%? ﬂaﬁ?éﬁﬂfml,%eﬁo@é‘fbi% 8-use pre-existing antibodies, pre-existing
libraries (phage lhithdedermddtrstiked randipcie matic dih rddes tizat die Bsgprapated{ftben hybridomas
obtained by imimyginonanials Aoy Baais ebinmunizat animals, antiaotles angdbraries

on

(libraries wit hi%h a tent, of histidine or non-natural amino 54 acid, libraries introduced with histidine

or non-n&RiFES AR Yo it GiterHhivRen i) Cofepdrdd b thirdbBtsfgrRistidine mutations or
non-natuzaligenibndicid mtitatjonsliatettheldbetwesele ptfibEchamh bbelieiachd tibraresicurd so on. In the

above-deseibet ARALSHAD P ehRfs: e Antioambinging gethdv-atiha RartatbiRdig polecule at

pH 6.7 to p .Q is_not particularly limited, as long as the antigen-binding activity Is that at a pH

between P ARG R prafd Addartiden BinehRarHeniARyidTHiadatalone Betheen pH 7.0 and
pH 810, amtigemiretpreferretvaintibandindirg eetbvityHsstbahdtiHers4. Altertativaly, the

antigen-bingi fvi igen-hings H 4. 6.5 is_not particularly limited,
as long E'&sﬂt%ég%ggﬁ%& e%ﬁ%ﬁ%%%%%?%ﬁ g%%%ﬁség%gg{ngbﬁ %% Ty "5 ﬁrg%?%\cgpreferred
antigen-BiIRR RBHAg 96 HHAY &1 B@tbineesr BH 55 to pH 6.5, and a more preferred antigen-binding
activity is that at e auligerpblihllag activity of an antigen-binding molecule can be determined by

methods known to those skilled in the art.  Conditions except for pH can be appropriately

15 determined by those skilled in the art.

The step of selecting antigen-binding molecules whose antigen-binding activity at pH
6.7 to pH 10.0 is greater than that at pIf 4.0 to pH 6.5 is synonymous with the step of selecting
antigen-binding molecules whose antigen-binding activity at pH 4.0 to pH 6.5 is lower than that
at pH 6.7 to pH 10.0.

20 The difference in the antigen-binding activity at pH 6.7 to pH 10.0 and at pH 4.0 to pH
6.5 is not particularly limited as long as the antigen-binding activity at pH 6.7 to pH 10.0 is
greater than that at pH 4.0 to pH 6.5.  The antigen-binding activity at pH 6.7 to pH 10.0 is
preferably twice or greater, more preferably ten times or greater, and still more preferably 40
times or greater than that at pH 4.0 to pH 6.5.

25 In the production methods described above, the antigen-binding molecule may be bound
to the antigen under any condition, and the condition is not particularty limited. For example,
the antigen-binding molecule may be bound to the antigen by contacting the antigen with the
immobilized antigen-binding molecule, or by contacting the antigen-binding molecule with the
immobilized antigen. Alternatively, the antigen-binding molecule may be bound to the antigen

30 by contacting the antigen and antigen-binding molecule in a solution.

In the production methods described above, each of the first and second pHs may be any
pH, as long as they are not identical. In a preferred combination of the first and second pHs, for
example, the first pH is between pH 6.7 and pH 10.0, and the second pH is between pH 4.0 and
pH 6.5, in a more preferred combination, the first pH is between pH 7.0 and pH 8.0, and the

35  second pH is between pH 5.5 and pH 6.5; and in a still more preferred combination, the first pH
1s pH 7.4 and the second pH is pH 5.8 or pH 5.5.



The antigen-binding activity of an antigen-binding molecule can be determined by = methods known
to those skilled in the art. Conditions except for pH can be appropriately 15determined by those skilled
in the art. The step of selecting antigen-binding molecules whose antigen-binding activity at pH
6.7 to pH 10.0 is greater than that at pH 4.0 to pH 6®is synonymous with the step of selecting
antigen-binding molecules whose antigen-binding activity at pH 4.0 to pH 6.5 is lower than that at pH
6.7 to pH 10.0. 20The difference in the antigen-binding activity at pH 6.7 to pH 10.0 and at pH 4.0 to
pH 6.5 is not particularly limited as long as the antigen-binding activity at pH 6.7 to p1-1 10.0 is greater
than that at pH 418 taghet hefbhedrsigbihisgin0iactivity-at Bt 6hd #01pH @:Qussefesably puice or
greater, e [ r.areater, and,still more preferably 40,ti reater than that at
B e PR B e

pH 4.0 to pH 6.5. 25In the pr t ibe above, the anti |hg r%g}g{:eule may be
bound to RFfdearsembiRpioanthe Siglinbhis deber cohdifiomdohot-parnd iheripapniad] Fdresxesnple, the

antigen-hipding no e W@ raay hekauntde thefanbgerimysaniaciedithe antigan &tk ther smmobilized

antigen-bjpdli ecul O,ZP{?Y ntacting the antigen-binding molecule with the immobilized antigen.
Alte%ativ%§%§§éﬁggﬁﬁf ing'%holecule may be bound to the antigen 30by contacting the antigen

and antigen-bindigfigrstdrndans modetutisrihat are preduerd duichemtebititusmiebodbddsaibsd, each of

the first an@wesRthe sy mayRe-BRL nRdlanssas thex.ara Ratddentic@hd i Risieiredicamipation
of the first and I's.ecopd .7 .and pH 10.0, anq the second

gHs, or exa (pl , the first pH.is between pH 6 %ﬁs
oH is et AP RS SIS 10 et P EA AL 1 ATHIBR 261 R SRR RS 0 and
pH 8.0, a¥icthesgBuwcuinddos fxpbeweagntdds. 5 Bk vebBreamdlinatstinenonspeaférietiaeddination,

the fiiyst it Rk dcAiang mﬁ@@%saaqrﬁrvlﬂé el RHmy2ie5 FurtlBARKNELRIRIEHRd ¢RmPination
of the first anﬂ s.ecoré;ilgHs for example, the first pH js between pH 4.0 and pH 6.5, and the second

pH is betREERTA'S, Eﬁ%%ﬁnf@.l& 4 G SPEtEREE combination, the first pH is between pH 5.5
and pH 6.5, and thaseboptbpktinheterbeds pkitiedamdnp kb 8:0tiamchity dustilbmoneppisefdreestkp of

combinatiohgfigst R IB R R38Rl 2 2roaRkIReSRAR R dsiPHifhristidinAMIGREFRIRAING

molecules that are, 8r%iduc;ed by the production methods described above may be any antigén-binding

molecule§2PrEie AtigUA-BiHamsPROIRe MeEmtiide, for example, antigen-binding molecules in
which at least onle dmipdaidds sulistitstddiwithesistidinemioat leashane histiclinechésreeeinserted.

The site %Qr&s‘i&%ﬁmﬁﬁﬁ@i@ﬁéﬂU‘ﬂﬁ@@fbﬁé%%%%@iﬂ%ﬂ&&?%ﬂ%&ﬁ@% Jlgzgg@g@dadb@ ?égf%‘éin

introduced at any site. Furthermore, histidine mutation may be introduce one site’o ttwogor more
sites.  eANYCHEHIBERE BT st E tsnap tRalid o Be¥ion may further comprise the step of
substituting at leEstthaenanirio agichin antadiigentbinding yoo!etiudie ywitb bislieiteaonin pestingat least

one histng, e, AR HIRAIRG MRIEREBol SR NRETRS SR SR R AR BIGSRRL fyenton
non-natural amino acids may be

mcluding modified antibody constani regions. Accordingly, the production methods of the

present invention may further comprise the step of modifying the amino acids of antibody

constant regions.

The antigen-binding molecules that are produced by the production methods of the
present invention are superior in the retention in plasma. Thus, the production methods of the

25 present invention can be used as methods for producing antigen-binding molecules that are
superior in the retention in plasma.

Furthermore, antigen-binding molecules produced by the production methods are
expected to be capable of binding to the antigen two or more times when administered to animals
such as humans, mice, or monkeys. Thus, the production methods of the present invention can

30 be used as methods for producing antigen-binding molecules that are capable of binding to the
antigen two or more fimes.

Furthermore, antigen-binding molecules produced by the production methods of the
present invention are expected to be capable of binding to more antigens as compared fo the
number of their antigen-binding sites when administered to animals such as humans, mice, or

35 monkeys. Thus, the production methods of the present invention can be used as methods for



used instead of histidine. Therefore, the present invention can also be understood by replacing the
above-mentioned histidine with non-natural amino acids. Furthermore, in another embodiment, the
antigen-binding molecules that are produced by the production methods described above include, for
example, antigen-binding molecules 20including médified antibody constant regions. Accordingly, the
production methods of the present invention may further comprise the step of modifying the amino
acids of antibody constant regions. The antigen-binding molecules that are produced by the
production methods of the present invention are superior in the retention in plasma. Thus, the
productigstatethedmabéhorbpigsentinventansacanlced nsdigthogpionpigancing antigen-binding
moleculec}%b%gt %%Sb%%%%%r'% e re_g%g&({)ln |Sr.1té%lasma. Furthermore, antigen-binding molecules

produced by the % oduction methods are é(ﬁected to be capable of binding to the antigen two or more
times when adm

-anirgsais Bodinagplanbespradiccd bmbskegd uTtismeibodioeiibton
methodsatibe presenhavestiarcan3bepsad asdinsibrésdanmpdusingptiggn-binding molecules

that are capable of binding o the antigen twa or mote times. Furthermore, antigen-bindin
moleit:ule%x%% %‘gg{?%qg%geépar%g f& i%vﬁer%é% R ekt éoparrélé%ﬁfi &%&W”é‘%ﬁﬁ%&é’& %Oé}éeg (pable of
binding td merthantigent asmechisiaredthe tesenimivenodiein batigehabimdihgdsifes mbdirciagministered
to animajspstLia8 IS8R AT 3o BARAKRYSE diié2idNEArediciQRIMBThogs of the present
invention can bﬁ' ll:%? as ethtods for 56 producing antigen-binding molecules that are capable of
binding 5 More & 'aélﬁ%ug %Ibh%ﬁ%tred to the number of their antigen-binding sites. Furthermore,
antigen-binding mmemmmmedab;dmgmmmmmmddymwm@mmmmm expected
to he cappblenefissaciatiog withinarel dipmrn Pextaceimatly Rovrgantigenwhenadpipistered to
animals s Eh as hﬁm ns, mice, or monkeys. hufs the ﬁ:,oductlon methods of the present invention
can be u%%l AP OEL R HEa S A8 ﬁhf‘nﬁf B\ QB AR {5 F a8 bf dissociating
within a aéthimm:md E»(ME&mﬂmmﬂh-MMndaam?tigm,‘EUMGMre, M%Mu@mhm pfoduced
oy ihe Prid LR mRNIRRS ehie: HApIER SRt AR SxRSrntIdRRGAPABRARANG Heund o an

antigen and internalized into a cell as well as being releasedto the outside of the cell inan
antigen-fraE R8T WS ERG SRR s mARh I i iataLsY, arideeing mbarasl o thRgyttide
praductiof threthibds of antigen-free form.

Furthermore, antigen-binding molecules that are produced by the production methods of

the present invention are expected to be capable of rapidiy eliminating antigens from plasma
when administered to animals such as humans, mice, or monkeys. Thus, the production
methods of the present invention can be used as method for producing antigen-binding molecules

20 with increased (high) ability to eliminate antigens in plasma.

Furthermore, such antigen-binding molecules can reduce the number of doses in
patients and are expected to be especially superior as pharmaceuticals. Thus, the production
methods of the present invention can be used as methods for producing antigen-binding
molecules for used as pharmaceutical compositions.

25 Genes obtained by the production methods of the present invention are typically carried
by (inserted into) appropriate vectors, and then introduced into host cells. The vectors are not
particularly limited as long as they stably retain the inserted nucleic acids. For example, when
Escherichia coli (E. coli) is used as the host, preferred cloning vectors include pBluescript vector
(Stratagene); however, various cornmercially available vectors may be used. When using

30 vectors to produce the antigen-binding molecules of the present invention, expression vectors are
particularly useful. The expression vectors are not particularly limited as long as the vectors
express the antigen-binding molecules in vifro, in E. coli, in culture cells, or in a body of an
organism. For example, pBEST vector (Promega) 1s preferred for in vitro expression; pET
vector (Invitrogen) is preferred for E. coli; pME18S-FL3 vector (GenBank Accession No.

35 ABO009864) is preferred for culture cells; and pME18S vector (Mol Cell Biol. 8:466-472 (1988))

1s preferred for bodies of organisms. DNAS of the present invention can be inserted into the



the present invention can be used as methods for producing antigen-binding molecules that are
capable of being bound to an antigen and internalized into a cell and being released to the outside
150f the cell in an antigen-free form. Furthermore, antigen-binding molecules that are produced
by the production methods of the present invention &fe expected to be capable of rapidly eliminating
antigens from plasma when administered to animals such as humans, mice, or monkeys. Thus, the
production methods of the present invention can be used as method for producing antigen-binding
molecules 20with increased (high) ability to eliminate antigens in plasma. Furthermore, such
antigen-biagisg m@@mﬁman@duﬁ%tmh&wﬁw, @Ef%@&@i@ﬂﬂ:@i@@%&‘&ﬁ%ﬁ%@éﬁz@m@ﬂ to be ]
especiall erior as pharmaceuticals,. Thus, t roduction me % e.present inveption can be
used as %C}t’uf% J fgroﬁﬁ%ﬁlﬁ% &h |8re%38}%%¥h89§t%e%#7eeé %F?J]Sé a gﬁé}rﬁw}gcjeg%ﬂm%gr%positions.
25Genes oBtarrstiBy thd-pleblietion methods of the present invention are typically carried by (inserted

into) appropriate MeckBEvcatdithan i odueediilerRosherlS alde MR A &NOLRRHC Wiy limited as
long.as tpheg/ st bI@/ re#glin the insert nucféic ?ciqés.pg:or examfle, when, Escager%hia c%%l (\1'}:' coil) is
used as the RoS , por% e?rglér%?gﬁing vERBPEH TGS @ﬂfé@é?ﬁf? %ﬁ%f”@ﬁg{" d% 8% HEWEVER, various
commerdizlydaitidielasbots alieas BeossetiS ivhinsassinrg Spbrtorscaiprédadd tHeeptigensbinding
mO'eCl:'%ﬁffﬁﬁ‘@ﬂlﬁffﬁﬁ_ﬂ%@‘,’%ﬁféﬁ@oﬁég&ﬁ%&ﬂﬁﬁfﬁﬁ@%ﬁ%%@%Qg?ﬂbsﬁ%@%ﬁ@&%&{bﬂeﬁog
are not particular s Jong as ctors expres an - | olecules in vitro, in E.
coil, in cﬁﬁé?%%@ﬁ%{iggﬁa&% %ffﬁ“ogg i g&&jﬁ’fﬁ&a %?E?@T tﬁ?&nﬁ%&aﬂg preferred
for in vitrBEBKpleEXidM} .paT Bevter rielaitrogremlls) prefartad fetlE. cUkcioMELS BefhiBodectdrifGenBank
Acegssion Qe HORANIS IR RIefer &%M%%lﬁ;@ﬂ%@ﬁ@&&%ﬂ&&%&m,%" Biol.

B
8:466-472 (1988)) is preferred for bodies of organisms. DNAs of the present invention can be inserted
into the é’?ﬁ\}@&%ﬁ)@ 5%Mt@%%@%ﬂ%?%l&ﬁmﬁ@@%@ﬁﬁ’ﬁsﬁf&‘t‘é@tﬁﬁﬁ6rﬁ]‘é’ﬁﬂ/me sites
(Current Rublsbolslin MdlgcéiaoBiokgyioadit! Augubpd fctibn (he8iBER uhlishicomjeWildeyrikals,
section 11.4-L11) nhi.anous iasaslisss natwatieiady Ipiedxangyasions.teg! aglismay be

used 5depending on the purpose.Examples 0f cells for expressing the antigen-binding molecules
include 550RoTt 06 (UEN b IT dh b SO PR Tobch b6 e U STEdtERhyces, and
Batflus $hbyilis)ydekarybivitcatimifsuchpdsibosenyadsk and Aspetdikesinin@Ed)celithstith as
Drosophj 0 § imal csll HO : C127, 313, BHK,
HEK29§#%r%&%%§V§£Q§%%&gﬁn§a§§§ Is ?tglr%aplﬂg égelsﬁ%%giqgrésgg%@e% i%gé%%ré%%%ﬁg%ﬁgﬁgst cell by

known nfEfHBEHE: foriskRAtioe it ateiind pHdupiatly grabifntdfich fretherslS to 200 hours.  Medium

is exchanged, aerated, or agitated, as necessary.

Appropriate secretion signals may be incorporated to polypeptides of interest so that the
20 antigen-binding molecules expressed in the host cell are secreted into the lumen of the
endoplasmic reticulum, into the periplasmic space, or into the extracellular environment.
These signals may be endogenous to the antigen-binding molecules of interest or may be
heterologous signals.
On the other hand, for example, production systems using animals or plants may be
25 used as systems for producing polypeptides in vivo. A polynucleotide of interest is introduced
into an animal or plant and the polypeptide is produced in the body of the animal or plant, and
then collected. The “hosts” of the present invention include such animals and plants.
The production system using animals include those using mammals or insects. It is
possible to use mammals such as goats, pigs, sheep, mice, and bovines (Vicki Glaser
30 SPECTRUM Biotechnology Applications (1993)). The mammals may be transgenic animals,
For example, a polynucleotide encoding an antigen-binding molecule of the present
invention is prepared as a fusion gene with a gene encoding a polypeptide specifically produced
in milk, such as the goat B-casein. Next, goat embryos are injected with polynucleotide
fragments containing the fusion gene, and then transplanted to female goats. Desired
35  antigen-binding molecules can be obtained from milk produced by the transgenic goats, which

are born from the goats that received the embryos, or from their offspring. Hormones may be



electroporation methods (Current protocols in Molecular Biology edit. Ausubel et al. (1987) Publish.
John Wiley 8c Sons, Section 9.1-9.9), lipofection methods, and microinjection methods. The host cells
can be cultured by known methods. For example, when using animal cells as a host, DMEM, MEM,
RPMI 1640, or IMDM may be used as the culture médium. 15They may be used with serum
supplements such as FBS or fetal calf serum (FCS). The cells may be cultured in serum-free cultures.
The preferred pH is about 6 to 8 during the course of culturing. Incubation is carried out typically at 30
to 40C for about 15 to 200 hours. Medium is exchanged, aerated, or agitated, as necessary.
AIOprOpri@dﬁxﬁ%@mﬂ@ﬁ?ﬁd@pﬁlprmﬁ@ﬁﬁg&%&ﬁh@%mMﬂﬂ{)ﬁﬁiﬁaiﬁfﬂgl&%e&tt@ﬁhﬁhﬁiﬁg
20antigen-hinding molecules expressed.in t t cell are.secreted into t , doplasmic
etoulon T R B B B T2 B e

endogenous to thsenttisieai-pirfilngombienalkeoritépasedrin eratrreiinioe ssigrars dithe other

hand, f%@s,@lm eﬂﬁe%r@eluctwﬁe%yﬁm%im@ 3@&3@4&%@&@@@ RaYyRe; Auseshak sYSteRS iong
producing polypepti in vivo. A palynucleotide of interest is introduced intg gn anjmal ot plant and
the Boly R AN BB S Doy ST AR S b AR P T R e
present impdestidhanhtitrdesseashberibtaiked appldbey. body fiMilproduction system using animals include

those using manpgais aloRseaien KimRoss RiedGUse (R alsRAARIANAIRIBigSShe@p, mice, and
bownesr#Vlckl Glaser, 30SPECTRUM |otechnol?jg¥iA§pll ion (31993) . Th%marrllmalﬁ mtaa\i/ebe
transge CETMBIS HOn, 195 SR ffléo a?%’gl%adfc gotide en ﬂﬁzo fesn Fg%%‘ic- inEhgMolEclre of the
present vediignas pregardinds g hidionlgehenieittsblgmseredcotingiapolyprstide speoifidatly
proguced,in, ik ueihas e Aok Feasein: Nexbhaaalembryesais nisciediwiypabiygleotide

fragments c%%tlglnmg the fusion gene, and, then trans Iant%d to female goats. Desired

35antige B RIE molbuRESRHA BE BISTaHaw Frbin IR IPbactetiel eI aHeGR e e s Which are
born frorththizgoet sitiatrédadidieg théceniryas borcfibenttd dhooffdpiingateifitmesimdyubd. 58

administered asappiriate &9 incgeasa s yalume;plpikanpta ning theantisan tipding melecule
produced by the_transgenic goats (Ebert et al., Bio/Technology (1994) 12: 699-702). . . Insects such

as silkwSFHESHMRHRAGEEE-to HIEUGEN RS HidRsirssl Aaiter i DBHES B0 NERRDN. When
silkdormseaneheshd:kvaed| cxliugascdavying/a HolyBuakedide 2doding 3a(1 2ntigEnri68iing molecule of

nterest can be userliqiagh KRB AR D6 TR HNa SRIESYE ARGk G AR aptainec

from their body f _ )
{such as the medium and milk) of host cells, and purified as substantially pure and homogenous

antigen-binding molecules. The methods for isolating and purifying antigen-binding molecules
are not particularly limited, and isolation and purification methods usually used for polypeptide
20  purification can be used. Antigen-binding molecules may be isolated and purified, by
appropriately selecting and combining, for example, chromatographic columns, filtration,
ultrafiltration, salting out, solvent precipitation, solvent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, and
recrystallization,
25 Chromatography includes, 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 ef al., (1996) Cold Spring Harbor Laboratory
Press). Such chromatographic methods can be conducted using liquid phase chromatography
30 suchas HPLC and FPLC. Columns used for affinity chromatography include, protein A
columns and protein G columns. Columns using protein A include, for example, Hyper D,
POROS, and Sepharose F. F. (Pharmacia).
If needed, an antigen-binding molecule can be modified arbitrarily, and peptides can be
partially deleted by allowing an appropriate protein modification enzyme to act before or after
35  purification of the antigen-binding molecule. Such protein modification enzymes include, for

example, trypsin, chymotrypsin, lysyl endopeptidases, protein kinases, and glucosidases.



Furthermore, when plants are used to produce the antigen-binding molecules of the present invention,
for example, tobacco may be used. When tobacco is used, a polynucleotide encoding an
antigen-binding molecule of interest is inserted into a plant expression vector, for 10example, pMON
530, and then the vector is introduced into bacteria,sguch as Agrobacterium tumefaciens. The bacteria
are then allowed to infect tobacco such as Nicotiana tabacum, and the desired antigen-binding
molecules can be collected from their leaves (Ma et al., Ear. J. Immunol. (1994) 24: 131-138).
Alternatively, it is possible to infect duckweed (Lemna minor) with similar bacteria. After cloning, the
desired antigen-binding molecules can be obtained 15from the duckweed cells (Cox KM et al., Nat.

Biotechngk%@@ﬁ_@%egﬂﬁ%ggg@;w?). The thus obtained antigen-binding molecules may be
isolated from the _insjde or outside (such as the medium and mi_Iﬁhof host cells, and purified as

substantially purd SHE R FEnGEcEh R EHHAR AR 1RSI SR R Hn relonanabosianh Ak

purifying(antigeowbinding molecules are not particularly limited, and isolation and purification methods

usuafly Lpﬁ*%%ﬂ%ﬂ%ﬂ%&%&g@iﬁ@gmﬁ% %@’?9?@%@%9; g;bglmglsw&ah%%% g.isglated

and purified, by approprlate[é,select|ng and combining, xample, chromatograp umns,

filtration, %eHift 4O RaRnGYD 8t PSSIVEREPréTiIfA RIS iivEnt ERPAEASHORiSEHARBIA! position 35,
immunodrecipitaininnSDSApo baenitionide, get elenisaplinosicisaogledtion foos|Sing  Tdivdy $issifog
recrystalhié tj Nh& dmo Mﬁ&p fQr.ex <affini elé tography..ion exchange
chromatogrga%ghy, r%%rgpgggé?gi%%atogra i{)%{eﬁl il rat%r‘{jﬂrlé\%grg -%égggsgﬁ%m%aﬁ%}tg%éy, and
adsorptidi natography (Strategies for Protein Purification and Characterization: A Laboratory
Coupse ManmalnEshDamigliRcIMasshiadeet ahaitl 9263HTolTRY B Hatheinkakosatory Kiess). Such
chromatQgraphic methods-can be condugcted using liguid phase,chromatography 30such as HPLC and
FPLC. C%%l‘ﬁngﬁggulsneg%%gfc in%/péﬁclr%(r)ﬁla o’ggasgh%]?nocsllc&gg,egfo ecllr?lh (?rg ?731%13 122(3; %’rqﬁ%m &'%olumns.
ColumngtisingapratsiniS e lad Gor kampreiabiprepnporOBcaAd SEpkdrosd Fif. (Pharmacia).
If neededsyam antipeayhindingl naetecasachhie MEMIFR aiitrailL 2Rd ReptidRsicagReratally
deleted by allowing.an apprapriate protein.modification enzyme ct before .or gfter 35purification of
the anigE R Hm A ROIE, S Ao ARG B B2 R ETY BharhAAsh Bypsin,
chymotrypsifolys§l Secwpeptidasss apoleindtinastsndfd givbeosidases:idb@qantelbES & Eptor
antibodiegy: 1 (HF8RBEERIOEING RECSBRENNARKANGT Q1idasithe anti-IL-6 receptor antibodies of (a) to
(m) below; 5(a) an agti%odi;léha includes a hea\% cqﬁin variatéi @a}i%r%includin .an amino acid
sequencd iﬁg\/éﬂf&%o Y 1945 Sy SEei RO 9O IR SRBh Ll RSP AHBSifEN 32, Trp at
position 8§ uEpeaipeditibn 51 armrsitiopasitidarsg, ideitian Fdsitiem 26 Poblietrad poBitich kB&iEmsS Tyr at
position 408 i b ming 8eidSRAERre0ERERIRNQid.HHTR Yariableegionhhas begrubstituted
20 and in which Ser at position 99 has been substituted with Val and Thr at position 103 has been
substituted with e in the amino acid sequence of SEQ ID NO: 1 (H53 variable region);
(e} an antibody that includes a heavy chain variable region having an amino acid sequence, in
which Asp at position 31, Tyr at position 51, Ser at position 63, Met at position 106, and Tyr at
position 108 in the amino acid sequence of SEQ ID NO: 1 (H53 variable region) have been
25  substituted with His;
(f) an antibody that includes a heavy chain variable region (CLHS5} having an amino acid
sequence, in which Asp at position 31, Tyr at position 51, Ser at position 63, Met at position 106,
and Tyr at position 108 have been substituted with His, and in which Ser at position 99 has been
substituted with Phe and Thr at position 103 has been substituted with Iie in the amino acid
30 sequence of SEQ ID NO: 1 (H53 variable region);
{(g) an antibody that includes a light chain variable region having an amino acid sequence, in
which at least one of Asp at position 28, Tyr at position 32, Glu at position 53, Ser at position 56,
and Asn at position 92 in the amino acid sequence of SEQ ID NO: 2 (PF1L variable region) has

been substituted with His;



with His; 10(b) an antibody that includes a heavy chain variable region (H3pl) having an amino acid
sequence, in which Tyr at position 27, Asp at position 31, and Trp at position 35 in the amino acid
sequence of SEQ ID NO: 1 (H53 variable region) have been substituted with His; (c) an antibody that
includes a heavy chain variable region having an affino acid sequence, in which Tyr at position 27,
Asp at position 31, Asp at position 32, Trp at position 35, Asn at 15position 59, Ser at position 63, and
Tyr at position 108 in the amino acid sequence of SEQ ID NO: 1 (H53 variable region) have been
substituted with His; (d) an antibody that includes a heavy chain variable region (H170) having an

amino agg %ﬁ%ﬁ%@y mﬁawm@ﬂ%&léxraqlm%u&@ﬁ el AP RERRSTION v iR %ﬁhﬁﬁﬁm%@%ﬂﬁc@t
position 35 Asn ition 59, %e ositipn 633-' and, Tyr at posMon;a ave heen s bstituted with
i, 20m8 0 R APLPAT B A 05 RS LERR 586 PO Va1 2rid I ARBSRGA 103 has been
substituteetiwndtisd lefifERI Rt gl Heqaed@b oieSBEQMDN@:s(HSBwadiatlb Fgion); (e) an
antibody, gb@ﬁ inghudes dNeavyEhain yariala %ﬁm&% iag @rgﬁmmr@%g SRAHSHCR, JBMANGH Asp at

p05| ion position 51, osition 63, Met osmon 106, and Tyr at_position 108 in the
amino aé}h@ﬁ%&@%@@@ﬁf@ ‘g%ﬁ%w&if&b? i AFT it HAitHs; () an
antibody(that inciables exiveatyeHaionsabatteted gioth EGE;H5) having an amino acid sequence, in which
ASp at pesitog o by Rk RAS AR ?%gﬁ@éﬁﬁ&@%&%‘e%%i}é&?gé‘t89§ﬁ%% aehd XE@%‘%@&Q@ 108

have been sg§ pstituted with His, and in which Ser at [tion has been substituted with Phe and

at positidh Y85 hdS e LHpR At e RO RNRS: SFTALPIEIHOR SetRibASE BrEoBBom KE: PeH53
variable aegiand¢idgpqueantibtely@Har MOk lightiahkd me‘gar@bievﬁd@em dubwtitgtad winiibsacid

seqgen gcg%"&ﬂ{%bé‘{v 'ﬁﬁ?&%ﬂ%&ftﬁéﬂhﬁ ﬁéﬁﬂ%ﬁ JXE%}B&%&‘ 3 8, ‘{ghg’é(@é}f@a?%béer at

position and Asn at position 92 in mino acid sequence of L variable
region) Hﬁ%‘%@ﬁ@&bshtuted with His; 60 (h) an antibody that includes a light chain variable region

(L73) ham@ammmam|m§eqme®mwbmmm@@§gt@n£$dﬂwmQ@ﬂoah&%, athiRu at
position 15% 3) acid sequence of SEQ ID NO: 2 (PF1L variable region) have been substituted
with His; (gha tibody that includes a light chain variable region (L82) having an amino acid

sequenc@l)s‘”f‘ﬁ Wﬁ}bﬁ#ﬁh@tlﬁ@@ﬁrﬁﬁ@z}lﬁwm@t\ﬁa@m@ﬁﬂs@mqﬁ@aaﬂ%@%@é@léﬂa@ﬁé@@iﬂsEQ ID
NQ:51 (Hé@(y@.ﬁﬁtﬂ? region) have been substituted with His; 0) an antibody that includes a light chain

variable region ( havm an aming acid se uence, |nw ch Tyr at position 32, Glu at pasition 53,
Ser at position Sgp }pos?li%n %efvﬁr fhe arﬁ?ﬁlg acid Ié)aﬁ]er%/c 3? §E61 ChfﬂolS {"variable
region) h’slwlb@énagnm@maf@mr\mmom@q@@kmﬁ alrpisoidyntR &s fkrtl gdlpesttieTheavirolraiprsidiialsie region

of (b) antlyihg: igbiichasm, vadiallBosition 59, Ser at position 63, Met at position 106, and Tyr at position
108 in the amino acid sequence of SEQ ID NO: 1 (H53 variable region) has been substituted
20 with His include, for example, the following heavy chain variable regions.
a heavy chain variable region having the amino acid sequence of SEQ ID NO: 3 (H3pl)
a heavy chain variable region having the amino acid sequence of SEQ ID NO: 4 (H170)
a heavy chain variable region having the amino acid sequence of SEQ ID NO: 5 (CLHS)
Specific examples of the light chain variable region having an amino acid sequence in
25  which at least one of Asp at position 28, Tyr at position 32, Glu at position 53, Ser at position 56,
and Asn at position 92 in the amino acid sequence of SEQ ID NO: 2 (PF1L variable region) has
been substituted with His include, for example, the following light chain variable regions.
a light chain variable region having the amino acid sequence of SEQ ID NO: 6 (L73)
a light chain variable region having the amino acid sequence of SEQ ID NO: 7 (L82)
30 a light chain variable region having the amino acid sequence of SEQ ID NO: 8 (CLL35)
The amino acid positions and substitutions in each of the above-described antibodies
H3pl, H170, CLHS, L73, L82, and CLL5 are shown below in Table 1. The amino acid

positions are shown based on the Kabat numbering.

35 [Table 1]



region of (h); (1) an antibody that includes the heavy chain variable region of (d) and the light chain
variable region of (i); and  (m) an antibody that includes the heavy chain variable region of (1) and
the light chain variable 15region of (h). Specific examples of the heavy chain variable region
having an amino acid sequence in which at least ofiL of Tyr at position 27, Asp at position 31, Asp at
position 32, Trp at position 35, Tyr at position 51, Asn at position 59, Ser at position 63, Met at position
106, and Tyr at position 108 in the amino acid sequence of SEQ ID NO: 1 (H53 variable region) has
been substituted 20with His include, for example, the following heavy chain variable regions. a heavy
chain vaifighlg &b hay a811186 [ael IS EGIENEL] 6k SEXd 38 TN fodB3kbz heavy chain variable
region havipghe gnmipojacig gegugnce of SEQ TDINO: 4 (HT 70) & heavy chain Yariable region having
the aminp ggibsequence BfiSEQHD NO:+b|(CLUHD) Specific efampled of the light chain variable region
having an a#golacid segugngel in 25which at jeagt one off Asp atjppsitign 28 HTyr at position 32, Glu at
position 53, Ser at position 56, and Asn at position 92 in the amino acid sequence of SEQ ID NO: 2
(PF1L vdnabienedion)hies haen igaterbw|tBeHBtinclude, for example, the following light chain
variable regio®s.ia light chainHvariable legion Having the amino acid sequence of SEQ ID NO: 6 (L73)
a light chainB&riable redion [hidwvirdy ithe am}no cid sequence of SEQ ID NO: 7 (L82) 30a light chain
variable tegid® having the ahiino Rdidiseduendetht SEHQ ID NO: 8 (CLL5) The amino acid positions
and subsiionsin gAh offhesbeus:deseted astbgsien RRl A0 GHHB LIS 88, and CLLS
are shown below in Table 1. The amino acid posifiohs are shown based on the Kabat numbering. 61
sitbn nfigintira 50 58 61 62 63 64 65

The present invention provides antibodies comprising at least any one of the amino acid

5  substitutions described above in (a) to (j), and methods for producing the anfibodies.  Thus, the
antibodies of the present invention also include antibodies comprising not only any of the amino
acid substitutions described above in (a) to (j) but also amine acid substitution(s) other than those
described above in (a) to (j). Amino acid substitutions other than those described above in (a)
to (j) include, for example, substitution, deletion, addition, and/or insertion in the amino acid

10 sequence of CDRs and FRs.
Furthermore, the present invention provides the anti-IL-6 receptor antibodies of (1) to
{28) below:
(1) an'antibody that includes the heavy chain variable region (VHI-IgG1 variable region) having
the amino acid sequence from positions 1 to 119 in SEQ ID NO: 21 (VH1-1gG1);
15  (2) an antibody that includes the heavy chain variable region (VH2-IgG1 variable region) having
the amino acid sequence from positions 1 to 119 in SEQ ID NO: 22 (VH2-IgG1);
(3) an antibody that includes the heavy chain variable region (VH3-IgG1 variable region) having
the amino acid sequence from positions 1 to 119 in SEQ ID NO: 23 (VH3-IgG1);
(4) an antibody that includes the heavy chain variable region (VH4-IgG1 variable region) having
20 the amino acid sequence from positions 1 to 119 in SEQ ID NO: 24 (VH4-1gG1Y);
(5) an antibody that includes the Iight chain variable region (V1.1-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 25 (VL1-CK);
(6) an antibody that includes the light chain variable region (VL2-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 26 (VL2-CK);
25  {7) an antibody that includes the light chain variable region (VL3-CK variable region) having the
amino acid sequence from positions 1 to 107 in SEQ ID NO: 27 (VL3-CK);
(8) an antibody (Fv1-IgG1) that includes the heavy chain variable region of (2) and the light
chain variable region of (6);
(9) an antibody (Fv2-I1gG1) that includes the heavy chain variable region of (1) and a light chain
30 variable region having the amino acid sequence of SEQ ID NO: 7 (L82);
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(10) an antibody (Fv3-IgG1) that includes the heavy chain variabie region of (4) and the light
chain variable region of (5);
(11) an antibody (Fv4-IgG1) that includes the heavy chain variable region of (3) and the light
chain variable region of (7);
5 (12) an antibody (VH3-IgG2AGK) that includes a heavy chain having the amino acid secjuence
of SEQ ID NO: 33; :
(13) an antibody (VH3-M58) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 34;
(14) an antibody (VH3-M73) that includes a heavy chain having the amino acid sequence of
10 SEQID NO: 35
(15) an antibody (Fv4-1gG2AGK) that includes the heavy chain of (12) and a light chain having
the amino acid sequence of SEQ ID NO: 27 (VL3-CK});
(16) an antibody (Fv4-M58) that includes the heavy chain of (13) and a light chain having the
amino acid sequence of SEQ ID NO: 27 (VL3-CK);
15 (17) an antibody (Fv4-M73) that includes the heavy chain of (14) and a light chain having the
amino acid sequence of SEQ ID NO: 27 (VL3-CK);
(18) an antibody (VH2-M71) that includes a heavy chain having the amino acid sequence of
SEQ ID NQO: 36 (VH2-MT71);
(19) an antibody (VH2-M73) that includes a heavy chain having the amino acid sequence of
20 SEQIDNO: 37 (VH2-MT73);
(20) an antibody (VH4-M71) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 38 (VH4-MT71);
(21) an antibody (VH4-M73) that includes a heavy chain having the amino acid sequence of
SEQ ID NO: 39 (VH4-M73);
25 (22) an antibody (Fv1-M71) that includes the heavy chain of (18) and a light chain having the
amino acid sequence of SEQ ID NO: 26 (V1.2-CK);
(23) an antibody (Fv1-M73) that includes the heavy chain of (19) and a light chain having the
amino acid sequence of SEQ ID NO: 26 (VL2-CK);
(24} an antibody (Fv3-M71) that includes the heavy chain of (20) and a light chain having the
30  amino acid sequence of SEQ ID NO: 25 (VL1-CK); _
(25) an antibody (Fv3-M73) that includes the heavy chain of (21) and a light chain having the
amino acid sequence of SEQ 1D NO: 25 (VL1-CK);
(26) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 25
(VL1-CK);
35  (27) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 26
{(VL2-CK); and
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(28) an antibody that includes a light chain having the amino acid sequence of SEQ ID NO: 27
(VL3-CK).

Furthermore, the present invention provides the FRs and CDRs of (a) to {v) below:
(a) the heavy chain CDR1 of SEQ ID NO: 40 (VH1, 2, 3, 4);
(b) the heavy chain CDR2 of SEQ ID NO: 41 (VH1, 2);

(c) the heavy chain CDR2 of SEQ ID NO: 42 (VH3);

(d) the heavy chain CDR2 of SEQ ID NO: 43 (VH4);

(e) the heavy chain CDR3 of SEQ ID NO: 44 (VHI, 2);

(f) the heavy chain CDR3 of SEQ ID NO: 45 (VH3, 4);

(g) the heavy chain FR1 of SEQ ID NO: 46 (VHI, 2);

(h) the heavy chain FR1 of SEQ ID NO: 47 (VH3, 4):

(i) the heavy chain FR2 of SEQ ID NO: 48 (VHI, 2, 3, 4);
(3) the heavy chain FR3 of SEQ ID NO: 49 (VHI);

(k) the heavy chain FR3 of SEQ ID NO: 50 (VH2);

(1} the heavy chain FR3 of SEQ ID NO: 51 (VH3, 4);

{(m) the heavy chain FR4 of SEQ ID NO: 52 (VH]1, 2, 3, 4);
(n) the light chain CDR1 of SEQ ID NO: 53 (VL1, 2);

(0) the light chain CDR1 of SEQ ID NO: 54 (VL3);

(p) the light chain CDR2 of SEQ ID NO: 55 (VL1, VL3);
(q) the light chain CDR2 of SEQ ID NO: 56 (VL2);

(r) the light chain CDR3 of SEQ ID NO: 57 (VL1, 2, 3);
(s) the light chain FR1 of SEQ ID NO: 58 (VL1, 2, 3);

(t) the light chain FR2 of SEQ ID NO: 59 (VL1, 2, 3);

(u) the light chain FR3 of SEQ ID NO: 60 (VL1, 2, 3); and
(v) the light chain FR4 of SEQ ID NO: 61 (VL1, 2, 3).

The respective sequences of the above (a) to (v) are shown in Fig. 25. Furthermore,
the present invention provides polypeptides including any one of the FRs and CDRs of the above
(a) to (v).

The anti-IL-6 receptor antibodies of the present invention also include fragments and
modified products of antibodies including any of the amino acid substitutions described above.
Such antibody fragments include, for example, Fab, F(ab")2, Fv, single chain Fv (scFv) in which
Fvof Hand L chains are linked together via an appropriate linker, single domain H chain and
single domain L chain (for example, Nat. Biotechnol. 2005 Sep;23(9):1126-36), Unibody (WO
2007059782 A1), and SMIP (WO 2007014278 A2). The origin of antibodies is not particularly
iimited. The antibodies include human, mouse, rat, and rabbit antibodies. The antibodies of

the present invention may also be chimeric, humanized, fully humanized antibodies, or such.



HH OLL5S HHHH H *InWT, the H chain has histidine at position 33, while the L chain has
histidine at position 55. The present invention provides antibodies comprising at least any one of the
amino acid 5substitutions described above in (a) toﬁ(g, and methods for producing the antibodies.
Thus, the antibodies of the present invention also if¢lude antibodies comprising not only any of the
amino acid substitutions described above in (a) to (j) but also amino acid substitution(s) other than
those described above in (a) to (j). Amino acid substitutions other than those described above in (a)

Specifically, such antibody fragments are obtained by treating antibodies with enzymes,
for example, papain or pepsin, or by constructing genes that encode such antibody fragments,
inserting them into expression vectors, and then expressing them in appropriate host cells (see,
for example, Co, M.S. ef 4l., J. Immunol. {1994) 152, 2968-2976; Better, M. & Horwitz, A. H.

5  Methods in Enzymology (1989) 178, 476-496; Plueckthun, A. & Skerra, A. Methods in
Enzymology (1989) 178, 497-515; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
Rousseaux, J. ef al., Methods in Enzymology (1989) 121, 663-66; Bird, R. E. er al., TIBTECH
(1961) 9, 132-137).

The present invention provides methods of producing (i) a polypeptide of the present

10 invention, or (ii) a polypeptide encoded by a gene encoding the polypeptide of the present
invention, wherein the methods comprise the step of culturing a host cell comprising a vector
into which a polynuclectide encoding the polypeptide of the present invention is introduced.

More specifically, the present invention provides methods of producing a polypeptide of
the present invention, which comprise the steps of:

15 (a) culturing a host cell comprising a vector into which a gene encoding the polypeptide of the
present invention is introduced; and
(b) obtaining the polypeptide encoded by the gene.
scFv 1s obtained by linking the V regions of antibody H and L chains. In such scfv,
the H chain V region is linked to the L chain V region via a linker, preferably a peptide linker
20 (Huston, 1. S. ef al., Proc. Natl. Acad. Sc1. U.S. A. (1988) 10.0, 5879-5883). The Hchainand L
chain V regions in an scFv may be derived from any of the antibodies described above., The
peptide linker to link the V regions includes, for example, arbitrary single chain peptides of 12 to
19 amino acid residues.
When an anti-I1.-6 receptor antibody of the present invention includes a constant region,
25  the constant region may be of any type, for example, IgG1, IgG2, or IgG4 may be used. The
constant region is preferably a human antibody constant region.  Alternatively, the constant
region may be a modified form including substitution, deletion, addition, and/or insertion in the
amino acid sequence of human 1gG1, human IgG2, or human Ig(G4 constant regions.
Preferred IL-6 receptor to which an anti-IL-6 receptor antibody of the present invention
30 binds is human IL-6 receptor.

The anti-1L-6 receptor antibodies of the present invention are superior in the retention in
plasma, and they exist for a prolonged period in the plasma in a form capable of binding to the
antigen, i.e., soluble or membrane-associated IL-6 receptors. Thus, the anti-IL-6 receptor
antibodies bind in vive to soluble or membrane-associated IL-6 receptors for a prolonged period.

35  Furthermore, the anti-IL-6 receptor antibodies are capable of binding to IL-6 receptors twice or

more times, and thus assumed to be able to neutralize three or more 1L-6 receptors,



to (j) include, for example, substitution, deletion, addition, and/or insertion in the amino acid 10
sequence of CDRs and FRs. Furthermore, the present invention provides the anti-IL-6 receptor
antibodies of (1) to (28) below: (1) an antibody that includes the heavy chain variable region (VHI-IgG1
variable region) having the amino acid sequence fres positions 1 to 119 in SEQ ID NO: 21
(VH1-1gG1); 15(2) an antibody that includes the heavy chain variable region (VH2-IgG | variable
region) having the amino acid sequence from positions 1 to 119 in SEQ ID NO: 22 (VH2-1gG1); (3) an
antibody that includes the heavy chain variable region (VH3-1gG1 variable region) having the amino
acid sequence from positions 1 to 119 in SEQ ID NO: 23 (VH3-IgG1); (4) an antibody that includes
the heavy chain variable region (VH4-IgG1 variable region) having 20 the amino acid sequence from
positionsHbarmaierEEE MmMNOLPA/HA-1gG1); (5) an antibody that includes the light chain variable

region (VL1-CK Y@B@b&@efﬂ%@@ﬂﬂi@vﬁl%tf&a&mtBQJB&ﬂﬁ%QueﬂC@ﬁi@mm@ﬁmﬁﬂs1il;d10cﬂe07 in SEQ ID

NO: 25 (V 1-C n) nt| od(}/f%at &r%gjg?gvgh %haln va riable rg% ]&;%é\gz@%ﬁéﬁ%@ble

region) hav}ﬁent Ao aC| Sequence from posi ENIL 25(7) an
antnﬁodysma@nmguu@bqﬁseqfqh@ @rmnt/arvam@regrcww@kmdwra@lécré@qmmﬁ] BitiEamino acid

sequence HamRAsHIRs 6@&@@&&5@\1&1&1@ 27}(&&%@&&)};&&)@@@5@1@& ¢Fik-lg&dthat
includes the heav haln va %E C%% {f?h chacp vfarlablel[l (6) (9) an
antlbodyl?ll—‘v}i t?‘{é{%?{& C’avy alnu\{}%rla le réjgloﬁl % da Ilgr;ﬁﬁ1 aln varlable
region hmgtmemmmaerdrsémml@f @E@S@W@dm@%pweq1@;%%@@@@@(%@4@@1) that
'nC'UdeSﬁ@ad%ﬁ@yxﬁ:!a@'M@@ﬁ\%&ﬁ%%@dﬁ%@@g&ﬁﬁeItg&tem@ﬁs\é%mlgmﬁ&@eegﬁé@ (11) an
antlgody (Ev4- I G1) thg{hmc udes the .heavy chain va le region. of 3% and the li I(gh chain variable
region oFf’?}p%f PPan @WW i\%@g hoﬁ(i) d&8 S%é% PERBiIRHaVIRG tRe amino acid
sequencphahﬁeﬁ@ﬁbaﬂlﬁacssms(h]@)carﬂamlbody (VH3-M58) that includes a heavy chain having the

amino acid Seauoe o101 NG Horr (141 A0 A0 RRENHaMTNakichesa heavy chain

having the amino acid sequence of 10 (F ID NO: g
treating or preventing, or testing and dlagnosimg diseases.

The pharmaceutical compositions of the present invention can be formulated by

15  methods known to those skilled in the art. For example, they can be used parenterally, in the
form of injections of sterile solutions or suspensions including water or other pharmaceutically
acceptable liquid. For example, such compositions may be formulated by mixing in the form of
unit dose required in the generally approved medicine manufacturing practice by appropriately
combining with pharmaceutically acceptable carriers or media, specifically with sterile water,

20 physiological saline, vegetable oil, emulsifier, suspension, surfactant, stabilizer, flavoring agent,
excipient, vehicle, preservative, binder, or such. In such formulations, the amount of active
ingredient is adjusted to obtain an appropriate amount in a pre-determined range.

Sterile compositions for injection can be formulated using vehicles such as distilled
water for injection, according to standard formulation practice.

25 | Aqueous solutions for injection include, for example, physiological saline and isotonic
solutions containing dextrose or other adjuvants (for example, D-sorbitol, D-mannose,
D-mannitol, and sodium chloride). It is also possible to use in combination appropriate
solubilizers, for example, alcohols (ethano! and such), polyalcohols (propylene glycol,
polyethylene glycol, and such), non-ionic surfactants (polysorbate 80(TM), HCO-50, and such).

30 Oils include sesame oil and soybean oils. Benzyl benzoate and/or benzyl alcohol can
be used in combination as solubilizers. It is also possible to combine buffers (for example,
phosphate buffer and sodium acetate buffer), scothing agents (for example, procaine
hydrochloride), stabilizers (for example, benzyl alcohol and phenol), and/or antioxidants.
Appropriate ampules are filled with the prepared injections.

35 The pharmaceutical compositions of the present invention are preferably administered

parenterally. For example, the compositions may be in the dosage form for injections,



(15) an antibody (Fv4-1gG2AGK) that includes the heavy chain of (12) and a light chain having the
amino acid sequence of SEQ ID NO: 27 (VL3-CK); (16) an antibody (Fv4-M58) that includes the
heavy chain of (13) and a light chain having the amino acid sequence of SEQ ID NO: 27 (VL3-CK);
15(17) an antibody (Fv4-M73) that includes the he#&éy chain of (14) and a light chain having the amino
acid sequence of SEQ ID NO: 27 (VL3-CK); (18) an antibody (VH2-M71) that includes a heavy chain
having the amino acid sequence of SEQ ID NO: 36 (VH2-M71);  (19) an antibody (VH2-M73) that
includes a heavy chain having the amino acid sequence of 20 SEQ ID NO: 37 (VH2-M73); (20) an

antibody (Y Eid-MZhhibatinclides ahampnaiainhavingibe, Iminaacid.seauanasalisk Q H:NO: 38
(VH4-M71); (%1) an antibody, (VH4-M73) that includes a FL}eavy chain having, the amino acid sequence
of SEQ R5FNB 38 ¢y i Ao 575, Y SISAHGHNY (BU LA 71 PR R B eS T H®vy chain of (18) and

a light chatiarhasdnbt g cemningi sicighsequen ey oft b QuUBr NOed6s (M| c240K) pr(88han antibody

(Fv1-M73) that iﬂﬁ?ﬁ%ﬁ%&%ﬁ%{}{&d&%ﬁm&?ﬁ@ﬂﬁeﬁy htcoam;hasnedhe AR oL seguence of
SEQ ID NO: 26 (VL2-CK); (24) an_antibody ( v_f?égl 1) that includes the heavy chain of (20) and a

ligh chaBeARARIRECSH anife LS AR mESIE s CRiRes B CORRIERS, APy igsint
(Fv3-M73pikatitnelides fhedremyecli@in Of0EL) @nhed iglatlohésn daakindnhesanting. acid sequence of

SEQ ID NO: 25-(VI.1.CK); \ Iy : ) — : .
sequenc%i%%%%/% tr%? Ofé%ﬁ%%g%gé%gaﬁ%ﬂg%ﬁ %@?f%&é@éﬁg ﬁ%ﬁgm kﬁg‘\ﬁér?ggr the amino
acid sedheREs B SRS inyLes. bycimanerc el an deseibbre Abpxcn il dossiiitdchain having
the amindratidsesprenetholl Sy B NANIZY (Vihd-patErturirgpitonge thenpresantanyention provides the

SRS R IR SRR R SR
(VI-13); the factors described above.
Amino acids contained in the amino acid sequences of the present invention may be
post-translationally modified. For example, the modification of an N-terminal glutamine (Gln})
residue into a pyroglutamic acid (pGhu) residue by pyroglutamylation is well-known to those
15  skilled in the art. Naturally, such post-translationally modified amino acids are included in the
amino acid sequences in the present invention.

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

Examples
20 Herein below, the present invention will be specifically described with reference to

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

[Example 1] Production of Modified Humanized PM1 Antibody
Preparation of Recombinant Soluble Human IL-6 Receptor (SR344)
25 A recombinant human I1.-6 receptor of the human 1L-6 receptor, " which served an

antigen, was prepared as described below. A CHO cell line that constantly expresses a soluble
human IL-6 receptor (hereinafter referred to as SR344) (Yamasaki, et al., Science 1988; 241:
825-828 (GenBank #X12830)) consisting of the amino acid sequence from the 1st amino acid to
the 344th amino acid on the N-terminal side as reported in J. Biochem., 108, 673-676 (1990),

30 was produced.

SR344 was purified from culture supernatant obtained from the SR344-expressing CHO
cells using three column chromatographies: Blue Sepharose 6 FF column chromatography,
affinity chromatography using a column in which an antibody specific to SR344 is immobilized,
and gel filtration column chromatography. The fraction that eluted as the main peak was used

35  asthe final purified product.



(d) the heavy chain CDR2 of SEQ ID NO: 43 (VH4); (e) the heavy chain CDR3 of SEQ ID NO: 44
(VH1, 2);  (f) the heavy chain CDR3 of SEQ ID NO: 45 (VH3, 4); 10 (g) the heavy chain FR1 of SEQ
ID NO: 46 (VH1, 2); (h) the heavy chain FRI of SEQ ID NO: 47 (VH3, 4): (i) the heavy chain FR2 of
SEQ ID NO: 48 (VH1, 2, 3, 4); (5) the heavy chain BR3 of SEQ ID NO: 49 (VH1); (k) the heavy chain
FR3 of SEQ ID NO: 50 (VH2); 15(1) the heavy chain FR3 of SEQ ID NO: 51 (V113, 4);  (m) the
heavy chain FR4 of SEQ ID NO: 52 (VH1, 2, 3,4); (n) the light chain CDR1 of SEQ ID NO: 53 (VL1, 2);
(o) the light chain CDR1 of SEQ ID NO: 54 (VL3); (p) the light chain CDR2 of SEQ ID NO: 55 (VLI,

VL3); 20 g hedight cRaiBHR2: ofAEELIRNoaRVENiHig thes lidiephaite@DRS of SEQ ID NO: 57

SO WL, 2 9, (D RN R 5 S O L (0L L S O 25t DL Yot AR R o

IS
SEQID md@x@\basﬁdzozsyha’n@t@mwebéeqh@neexmkﬂyeﬂalﬁovee@m@m spaushenPImETgt 25.

Furthermpre: i eseis NGALARIAYides PAIVG RS Inching Av-aan PIRAIRS andigDRs of
the abo ve (a) to (v). T e anti-IL-6 receptor antibodies ofﬂ%e preﬁﬁgc%nventlon als:% mcé%def agments

and 30mAdHePHRAUE t@%?&ﬁﬂ%&i&&%ﬁ&ﬂ?&ﬁ?ﬁ %hy 'oR SHSLEERES, &ABES above.
Such anfibadly eﬁtﬁgﬂg@ﬂtﬁgﬂ&:mdekdpﬁb%ampﬂet@@wm)zeﬁmélhgl@%mr@p(wgm)liﬁnﬂﬁ&ﬂh Fs, of
H and L chaipgafglnked; ﬁgg@&w Rrﬁla IRt linkeheal Ei{% dé)m@'f‘ ingle domain

L chain (for example, Nat. echnol. 2005 Sep; 3 126-36), U 007059 Al), and
SMIP (WSFSH701 4079 RB50FRE LRSI EHBGA: éé%ﬁ&ﬁﬂ%?ﬂéﬂ &ﬁﬁ%ﬁﬁ?ﬁ?@ﬁ %& a?ﬁ%%d.es
inqlude_ hagien (mmsepm)amﬁmbg ami_@mdi_mdﬁfmfanﬁbmﬂig&%ﬂmﬁwéke@mnmmgﬂnmazgﬂalso be
chimeric, AUmAniasAe &l AHMARIZES, 3MROPIGR R SUEL 6R N-EcoRI (SEQ ID NO: 18) and

CynolL6R C-Notl-His (SEQ ID NO: 19). The resulting DNA fragment was digested with

EcoRI and Notl and inserted into a mammalian cell expression vector, and this was then used to

produce a stable expression CHO line {cyno.sIL-6R-producing CHO cells).
A culture medium of cyno.sIL-6R-producing CHO cells was purified with a HisTrap
15 column (GE Healthcare Biosciences), concentrated using Amicon Ultra-15 Ultracel-10k
(Millipore), and further purified with a Superdex 200 pg 16/60 gel filtration column (GE
Healthcare Biosciences) to obtain the final purified product of soluble cynomolgus monkey IL-6

receptor (hereinafter referred to as cIL-6R).

20  Preparation of Recombinant Cynomolgus Monkey IT.-6 (cIL-6)
Cynomolgus monkey IL-6 was prepared as follows. A nucleotide sequence encoding
the 212 amino acids registered under SWISSPROT Accession No. P79341 was produced, cloned

into a mammalian cell expression vector, and introduced into CHO cells to produce a stable

expression cell line (cyno.IL-6-producing CHO cells). A culture medium of

25  cyno.IL-6-producing CHO celis was purified with an SP-Sepharose/FF column (GE Healthcare
Biosciences), concentrated using Amicon Ultra-15 Ultracel-5k (Millipore), and then further
purified with a Superdex 75 pg 26/60 gel filiration column (GE Healthcare Biosciences). This
was concentrated using Amicon Ultra-15 Ultracel-5k (Millipore} to obtain a final purified
product of cynomolgus monkey IL-6 (hereinafter referred to as cIL-6).

Establishment of Human gp130-Expressing BaF3 Cell Line
A BaF3 cell line expressing human gp130 was established as indicated below in order to

obtain a cell line exhibiting IL-6-dependent growth.
Full-length human gp130 ¢cDNA (Hibi et al., Cell 1990; 63: 1149-1157 (GenBank
35  #NM_002184)) was amplified by PCR and cloned into the expression vector pCOS2Zeo, which
was prepared by removing the DHFR gene expression site from pCHOI (Hirata, et al., FEBS



64 Specifically, such antibody fragments are obtained by treating antibodies with enzymes, for
example, papain or pepsin, or by constructing genes that encode such antibody fragments, inserting
them into expression vectors, and then expressing them in appropriate host cells (see, for example,
Co, M.S. et al., J. Immunol. (1994) 152, 2968-2976§§3etter, M. & Horwitz, A. H. 5Methods in
Enzymology (1989) 178, 476-496; Plueckthun, A. & Slcerra, A. Methods in Enzymology (1989) 178,
497-515; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663; Rousseaux, J. etal., Methods in
Enzymology (1989) 121, 663-66; Bird, R. E. et al., TIBTECH (1991) 9, 132-137). The present invention
provideshrath 08340 B roddddd ) zadnly et d&.ob therpresane Heinyentiersion §ifatpolypaptide
encoded ey eeng SRl ing ROl RERIA% IR BEARILIVEANRG: BSIQIn.INe-Belfgg comprise

the step of culturing a host cell comprising a vector into which a polynucleotide encoding t

polypeptRi&DFtAd GredBripgemtis FrsHiedibedR/PeDNbid Gpecifitaty I HIeSer RS isRs
providesmiettidols BLPROClBINY SophlY peliidagkitkdie$as, ianeé pibrdwhich comp dadhe steps of:
15(a) cultyrin S isi ve in hi ene.encoding t t] f the
precbnt e ooty M BORRREICE,
obtainedgﬁyqiﬁt{ﬁ@%@%ﬁ@l@ﬁ@@?&%&ﬂ%ﬂf%ﬁdﬁ@%ﬂ%% Wil dathand ghidny region is
linked toRIP®ILIGHBIMMiTegIORvMigcadinkentpigieraling/ REPOe FMEIZO(EIUSION (BerPorbE) addroc. Natl.
Acad. SqgidJ).9.A.(1988).10.0, 5879-5883). -The,H chal haip' V_regions in an scFy may be
derived ?rg#)l %ﬁé é?‘{ﬁ%ggﬁu 0 |g§ealea§3rrit3)%%%%iot\?e? e%néq tLFd?é”fF kgP?itﬂ?r?kS%%e@ere |ochgiﬁllfn ludes,
for exaniplévi Bt appdiglecerminngeitites Bl leimaminindenlsio-fedidul s warpiap) all8ng/mle
recaptor@;ﬁﬂﬁ%ﬂ@%ﬂlﬁﬁ&ﬁﬁgtm}@?ﬁ%&?m&?@ﬁ@ﬁ@ﬁ@mmm}%tb_%ﬁgaﬁﬁ?tﬁﬁgkﬁﬂ rt?ay be of
any type xample 4 Or m e psed. The gopsta ion.is preferably a human
oy G TR AR S HE T PG i B bR et KPR cucig
substitutiéat; depd 8 praliiindes, iarbigarinsestofn e ardrowcidosgtiiBntsshrrrehSB &4 Human
1962, or pamRN e cORBIARt e gidRgh RipfskRd Abz@i@({%eﬁ%pq mhésg%%t@m&éﬁﬁ@m tor antibody
of the present invention, 3Qbinds is human IL-6 receptor. he anti-IL-6 receptor antibodies of the
present ﬁ?\t}é/ﬁ%'gﬁ aar%uéri}ﬁ ﬁg?qﬁt?ﬁgpi%gﬁ%n in plasma, and they exist for a prolonged period in the
plasma in a form capable of binding to the antigen, i.e., soluble or membrane-associated IL-6

receptorsy kg ofer ntlnhiB 8 26RIar antikpdias hingyhdyivo to soluble or membrane-associated IL-6
receptors for a proﬁged peré(%d. 3bFurthermore, the anti-1L-6 receptor antibodies are capable of

binding to IL-6 redhg Srntcntal dhe mstant example and elsewhere herein, the term “wild type” 1s
abbreviated as WT, the term “wild type H chain” is abbreviated as H{(WT) (amino acid sequence
of SEQ ID NO: 9), and the term “wild type L chain is abbreviated as L{WT) (amino acid
20 sequence: SEQ ID NO. 10). In this context, mutations were introduced into the framework

sequence and CDR sequence of humanized mouse PM1 antibody described in Cancer Res. 1993,
Feb. 15; 53(4): 851-6, to produce modified H chains H53 (amino acid sequence: SEQ ID NO: 1)
and PF1H (amino acid sequence: SEQ ID NO: 11), and modified L chains .28 (amino acid
sequence: SEQ ID NO: 12) and PF1L (amino acid sequence: SEQ ID NO: 2).  More

25  specifically, the mutants were produced using the QuikChange Site-Directed Mutagenesis Kit
{Stratagene) according to the method described in the instructions provided, and the resulting
plasmid fragments were inserted into a mammalian cell expression vector to produce the desired
H chain expression vectors and L chain expression vectors. The nucleotide sequences of the
obtained expression vectors were determined using conventional methodologies known to

30  persons skilled in the art.

Expression and Purification of Humanized Anti-IL-6 Receptor Antibody

The antibodies were expressed by the method described below. Human embryonic
kidney cancer-derived HEK293H cell line (Invitrogen) was suspended in DMEM (Invitrogen)
35  supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells were plated at 10 mi per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 5 to 6 x 10°



more times, and thus assumed to be able to neutralize three or more IL-6 receptors. 65
<Pharmaceutical compositions> The present invention also relates to pharmaceutical compositions
that include antigen-binding molecules of the presené invention, antigen-binding molecules isolated by
the 5screening methods of the present invention, oPantigen-binding molecules produced by the
production methods of the present invention. The antigen-binding molecules of the present invention
and antigen-binding molecules produced by the production methods of the present invention are
superior in the retention in plasma, and thus, expected to reduce the administration frequency of the

antigen-lsirdting Andlealiteed amd Gfé tinerbitve (338611546 pPRafracativhbkodsnwpdsitidis. Then,
pharma%etiﬁ@&tﬁﬂmmﬂ@fwd@? %ﬁ%ﬁ&ﬁﬂﬂé&%gma m@g@mcgp %?&lﬁﬁﬁf;{mﬁ@@@}gmfﬁs
carriers. n resent invention, pharmagceutical compasitjons ordinarily refer to agents for
roating BHAFvr T 4SSN WGRBCIHG HRaDS CHS B oH Rt ERBaS At of the
present irpgalitigrrehvwrd evformaliitisdusye IS Hrsthdds kirduee to(thosexskillely idOfegat tior wample, they
can be used parsnisralmin e farmhaliRigeians, AataHleRRIIRBS0 SHSRRRSRNS inglding water of
other pharm c?}%gcally acl;élzggétable liquid. For ex%m le, such composition ma@l/ be fofrtmulated by
mixing R 8 Bl PRRRTREETH the GHRRTAR AP R BTG A YA S practice by
appropriatehresmbibing with@hknnac cuticatyskitiodptatiie oaning dirmeidia, Speivificsl ) Witk sterile
water, 2@piysiglagicelsaling NAaeIRbIe Ol RMMIGE SHsRansion SHTRGIARkSIARESSyflavoring

agent, excipient, vehicle, preservative, binder, or such. In such formulations, the amount of active

ingredieAPTORATEHE TS 6B APHREPHSIRE 4rRstianDe Bractidter ARG P4 fgReentratigag;fxere
cormipositiginslfcadififectitre dardnedodnmelatedsiging ubbictescucheaScilistiteidvizter forhnjBAH0R,

accordinglé&g &r&fg&ﬂ@i%g@%}gﬁ_gwyeous solutions for injection include, for example,

physiological saline and isotonic sofutions containing dextrose or other adjuvants (for example,
D-sorbitol, D-mannose, D-mannitol, and sodium chloride). It is also possible to use in combination
approprife seplbilizPrsdiot examiieDelroliels (eBiatoiandtiue) Hiplyalphols (propylene glycol,
polyethyﬁg&g&yﬁgl ) h).. leni \ ) g:n(gs-so, and such). 300ils
include sesame 0 ] ' - BE ' Tt yr-afconof can be used in
corhbination as SiGBlEarsoiersisrse passils WsreraHpmbzpipspHate buffer and
sodium asetatehsifencsaoihingaagenizdfonRxantplanpiesaing tydeedh ore) reiabilizersifferor
examp'%:%%”%&'iﬁ‘éﬁ%@&% ; heﬂ%%e??é?’f%fn%‘}ﬁ é%'d.%{‘et%fﬁ@ﬁ% ! 'aet%?acrt“&“a!%%&&%ﬂ%{ﬁg with the
prepared injections. € pharmaceutical compaositions of the present invention are preferably
administ&tBbody over a certain period, it is necessary to administer an amount of the antibody equal to or

greater than the amount of antigen produced during the period. Thus, there is a limitation on

20 the extent to which the required dose of antibody can be reduced by improving the
pharmacokinetics or affinity of antibody. Therefore, if it were possible to neutralize two or
more antigen molecules with a single IgG molecule, the same dose could improve the duration of
neutralizing effect, or alternatively the dose of antibody required to achieve the same duration
could be reduced.

25 For neutralizing antibodies, there are two types of target antigens: soluble-type antigens,
which are present in plasma, and membrane-bound antigens, which are expressed on the surface
of cells.

When the antigen is a membrane-bound antigen, an administered antibody binds to the
membrane antigen on the cellular surface, and the antibody 1s subsequently taken up into

30  endosomes within the cell by internalization together with the membrane antigen bound to the
antibody. Then, the antibody which is kept bound to the antigen moves to a lysosome where it
is degraded by lysosome together with the antigen. The elimination of antibody from the
plasma mediated by internalization by membrane antigen is referred to as antigen-dependent
elimination, and this has been reported for numerous antibody molecules (Drug Discov. Today,

35 2006 Jan; 11(1-2): 81-8). Since a single 1g(G antibody molecule binds to two antigen molecules



parenterally. For example, the compositions may be in the dosage form for injections, 66 transnasal
administration, transpulmonary administration, or transdermal administration. For example, they can
be administered systemically or locally by intravengus injection, intramuscular injection, intraperitoneal
injection, subcutaneous injection, or such. Administration methods can be appropriately selected in
consideration of the patient's 5age and symptoms. The dose of a pharmaceutical composition
containing an antigen-binding molecule may be, for example, from 0.0001 to 1000 mg/kg for each
administration. Alternatively, the dose may be, for example, from 0.001 to 100,000 m? per patient.

HoweveWh%ibﬁé%%Fﬁ%\;éﬁ@i%Wi%?mﬁm%@%%miﬁ@m@ﬁ@&ﬂ%&aﬁ%% STHEYSes and
administratigieroetieds iyayuditpdndngamnhepatientsoveight aageesymiorks, (&hd $uch. 10Those
skilled in the artﬁ%”ré%kﬁ@?f%?é'%@gqgéﬁﬁo ggjllggrgfﬂ}ﬁi{gﬁl&@imgg}?%ol]récqﬂ@ssigﬁggﬁg ﬁfﬂﬁ? factors

described above. mino acids contained in the amino acid uences of the zresent invention
may be PeRRtansBIS I hawsHlerah axampTRlthdRTineAbGh BFanRmRRinal YlutsRine (GM)
resisiue fintg: a Iypsglutapsarastidi(eSile) ieaiduerbiipyr aglitamylisiomis Weibitooynsis thase 15skilled
in the arg, Natrally, speh pestansiational e@go%ﬁk%%l%ré“cﬂe _&%Sﬁi 18 inqlided i he aming agid
sequences in the presen?lnven??on. prior art documents cited in the specification are incorporated

herein bichifapened? Exraneiprstzombestilise dissepats fdernt sRvends panted sprdifatiyidescribed
with refeyignae dadxsample plautd! whilet i hectansttuatidle ketigdimirerihewiedxample 1]
Product'ion of Mg%@ﬁ_}l ” uam%niégd al?é\/ldL ﬁnti?ﬁ)dy Preparation of Recombinant Soluble Human IL-6
Receptoﬁ@ﬁ@ﬂ) ATedsmbinan ﬁu“n 1 TL-6 receptor of the human IL-6 receptor, which served an
antiglen, was prégfarsalegtfsdrind ddreiovniraaHO AR Fe tHencanBtEniNreseess 8 ¢Psofsle human

IL-6 recgpiatfnaroinafiehieienas amaR 3 ¥ammasseeehabe SENGAIIBS 1ddkd8amn828
(ngBa agXlZ %'%)gﬂg%r?laisgn% %L ?&a@iqg atadesefq1 eréﬁgg[iom tthe 1st.amino %i%togllg 344th
amino a8id G the R Emiirals % as’ IB ied ' 5 %gloc%em., 6@, Brd ?1133%) T \Was produced.
undergoes degradation together with the antigens. If the IgG antibody, when taken up into
intracellular endosomes by internalization, can dissociate from the antigen under intraendosomal
15 acidic conditions, the dissociated antibody may be able to bind to FcRn expressed in the
endosomes. The IgGG molecule dissociated from the antigen and bound to FcRn is transferred to
the cell surface and then dissociated from FeRn under neutral conditions in the plasma, thereby
return to the plasma again. The IgG molecule that has returned to the plasma is able to bind to
a new membrane antigen again. The repetition of this process allows a single IgG molecule to
20  repeatedly bind to membrane antigens, thereby enabling neutralization of a multiple antigens
with a single IgG molecule (Fig. 3).

In the case of a soluble antigen, an antibody administered binds to the antigen in the
plasma, and remains in the plasma in the form of an antigen-antibody complex. Normally,
while the retention of antibody in plasma is very long (elimination rate is very slow) due to the

25  function of FcRn as described above, the retention of antigen in plasma is short (elimination rate
is fast). Thus, antibody-bound antigens show retention in plasma comparable to that of
antibody (elimination rate 1s very slow). Antigens are produced in the body at a constant rate
and, in the absence of antibody, presént in plasma at a concentration at which the antigen
production rate and the antigen elimination rate are under equilibrium. In the presence of

30  antibody, most of the antigens are bound to antibodies, resulting in the very slow elimination of

- antigens. Thus, the antigen concentration in plasma increases as compared with that in the
absence of antibody (Kidney Int. 2003, 64, 697-703; J. National Cancer Institute 2002, 94(19),
1484-1493; J. Allergy and Clinical Immunology 1997, 100(1), 110-121; Eur. J. Immunol. 1993,
23;2026-2029). Even if the affinity of antibody for antigen is infinite, antigen concentration

35  elevates as antibody is slowly eliminated from the plasma, and the neutralizing effect of antibody

ferminates after the concentrations of antibody and antigen become equal.  Although antibodies



SR344 was purified from culture supernatant obtained from the SR344-expressing CHO cells using
three column chromatographies: Blue Sepharose 6 FF column chromatography, affinity
chromatography using a column in which an antibodylspecific to SR344 is immobilized, and gel
filtration column chromatography. The fraction that eluted as the main peak was used 35as the final
purified product. 67 Preparation of Recombinant Cvnomolgus Monkey Soluble 1L-6 Receptor (cIL-6R)
Oligo DNA primers Rhe6Rfl (SEQ ID NO: 16) and Rhe6Rr2 (SEQ ID NO: 17) were produced based on
the publicly-available rhesus monkey IL-6 receptor gene sequence (Bimey et al., Ensemble 2006,
Nucleic ARHS REODSBORSI5IRIPNSATFAIA IS0 e8P E3556 B30I SRIEESEre DRep AR HSm
cynomolgus@mncittas asiddérypiate;mihifefiiaghnéhiddecoding tHrecentirattetigihy Ohoy paniotgers
monkey b RATRTRUEREMAS RIERRRAIMES Brusinapiimars RRcARL AN RICARIA: s the
resulting DNA fragment as a template, a’1131 bp DNA fragment (SEQ"ID NO: 20] encoding a protein
in which EReREsE: e@qwég&érﬁﬁa%ﬁ&%@bh?% Fahiort evietherase sy BJAtAMNGA Sl region
of cyhomislgud meinkeynd, B reerdionlge beunias iRampliieddyRER Asisigdhskolige PWA primers
CynolL6R N-EcoR IR NG pall 6R C-Notl-His ID.NQ@; 19). The resuliing DNA
fragmentev%%%%g%@f \%Ct)h CS%?%12%1§%§)ﬁ)\g¢1%1§e%g§%tglgnré%agﬂ%nﬁ%%é gr%pe)?gg%ﬁal\f/ector, and

this was #5e LRt Pfodudes diaprdesiieseisy loRmapeyadhe sRL st NGEHD cells). A
culture madivea pfcyan. bhluiRonadusipenGhROieel|givvasi purifiad Wilreriishiapnboealuepmi(G@as
Healthcare Biosciences),.congentrated using Amico tra-15 Ultracel-10k (Millipore), and further
unied A B dhe b e MR e U RO R e
final purifiéaneiddié tonew apteehvriisiglesmbnkby s Gaeseplet meletwddicrarnfosreei ats 9w L-6R).
20 Pre paﬁﬁii%ﬁtﬁ@éi%wmfmﬁé@ymm algeR Mﬁﬂgﬁbhﬁ,—h'tﬁe(@lbs@iated a@ﬁé@&'ﬂl@iﬂ W11 @Igeaftd)L-fS was
prepared as A eotide sequence encoding the 212 amino acids reqgistere er
s R AL A SR G B e A B Dt s T ceion vector,

and introdweetlptc@Hcuse e teplesneazestdbbiagpetsioroell fmectciped 3G epleibeinbpCHO
cells). A galisireriRasiun:p heuichivOpadyngdeiaicigeds \Wasprptie h With AR - Srphasose/FF
col mn (Gg'feHeﬁJth are Illiaiosci?nce% concentr tgd u_s_i Algnic n. Ultra-15 Ultracel-5k (Millipoye), and
theh urtRBIE S IBH Wit S SHEHHLREHE 3% B/R0°G it ELAR |CE ARG AL i db el es).
This wad gornzetaeate tousirgtadhidonduizeluble intigenssk [hidlipehdyte oivglinlatimadloavified product
of cynon}gg@ﬂgpﬁ{g@ggje-gl(@g%i@aifé_efg_eferred to as clL-6). 30 Establishment of Human
gplBO-EXpreSSIrlgh%glieggr !{lels_ilsnc?f whether the antigen is a membrane antigen or soluble antigen, if the
dissociation of IgG antibody from the antigen is possible under intraendosomal acidic conditions,
20 a single IgG molecule would be able to repeatedly neutralize antigens. In order for IgG
antibodies to dissociate from antigens under intraendosomal acidic conditions, it is necessary that
antigen-antibody binding be considerably weaker under acidic conditions than under neutral
conditions. Since membrane antigens on the cell surface need to be neutralized, antibodies
have to strongly bind to antigens at the cell surface pH, namely pH 7.4.  Since the
25  intraendosomal pH has been reported to be typically pH 5.5 to 6.0 (Nat. Rev. Mol. Cell. Biol.
2004 Feb; 5(2): 121-32), an antibody that weakly binds to an antigen at pH 5.5 to 6.0 is
considered to dissociate from the antigen under intraendosomal acidic conditions. More
specifically, a single IgG molecule that strongly binds to an antibody at the cell surface pH of 7.4
and weakly binds to the antigen at the intraendosomal pH of 5.5 to 6.0 may be able to neutralize
30  a multiple antigens and thereby improve the pharmacokinetics.

In general, protein-protein interactions consist of hydrophobic interaction, electrostatic
interaction and hydrogen bonding, and the binding strength is typically expressed as a binding
constant (affinity) or apparent binding constant (avidity). pH-dependent binding, whose
binding strength varies between neutral conditions (pH 7.4) and acidic conditions {pH 5.5 t0 6.0),

35 is present in naturally-occurring protein-protein interactions. For example, the

above-mentioned binding between IgG molecules and FcRn known as a salvage receptor for IeG



A BaF3 cell line expressing human gp130 was established as indicated below in order to obtain a cell
line exhibiting IL-6-dependent growth. Full-length human gp130 cDNA (Hibi et al., Cell 1990; 63:
1149-1157 (GenBank 35#NM 002184)) was amplified by PCR and cloned into the expression vector
pCOS2Zeo, which was prepared by removing the DHFR gene expression site from pCHOI (Hirata, et
al., FEBS 68 Letter 1994; 356: 244-248) and inserting a Zeocin resistance gene expression site, to
construct pCOS2Zeo/gp130. Full-length human IL-6R cDNA was amplified by PCR and cloned into
pcDNA3.1(+) (Invitrogen) to construct hiL-6R/pcDNA3.1(+). 10 tig of pCOS2Zeo/gp130 was mixed into
BaF3 cel¢®8ics bricens padeperndisctan@pasanl pulded (sihe scoarePriserismilsrugaysh a

V?Itage ofchaRik ang sz.amaCNmI%mdﬁﬁ%ﬁFc%piaﬂEﬁtgeﬂgahgiﬁggam@lﬁrgﬁéﬂaxgﬁmﬁréeﬁ@dmteion by)
electroporation freatment were cultyred one whgle night in RPM11640 medium (Ipvj n
okl PR e g e gt R e s
referred to &S FBSpiay@Idire)ciatidnistaicser bistidinb yestithpg VREe Eswoemaelitis eordiamdAld0 ng/mL
of humarinierlaulinib RARRXIOMS) 408.m0/mipdAathwnandatadeskingg sRluble-reseptandR&D
Systems)_and, 10% PBS to establish a huma plBé)ﬁ(jxpredssiré%ABéifj ellvlflrgg ﬂjter%inafter referred to
as BaF3/gPEs6} %i E@%@@%F&Bi@ﬁrﬁﬁg}ﬁéé’t&e‘” IRBPPELEARE of HuarfiHten 8RS (R&D
Systems)pasith 8R4 iedandmgon o dydhogts gieny dwthsinhibitasidichoinditrenn @yl f.560 6.0).
;{ecept?f-ﬂgféggl%m}%&%at%}a@h@?ﬂta E%eeﬁa?qxﬂg?ﬂg%@ﬂiel%ﬁeﬂmgﬁse@fzrg@man}me@daﬂdh;g
eceptor, Antibody n the context of the instant ex n ewhere herein, "Wi
type" is eplree AR bk %Bfﬁ“‘éﬁéfﬁg? %ﬂeﬁ%@eé@j %ﬁﬂgﬁﬁ%
sequence of SEQEr&NGe PHakghehdeternrdwlid iyerted haipriscabipretdatetasdnadamino acid

20sequenge 5 Rd PN Rk I Hid oM dalionsivs R e eash I e, ramework sequence
and CDR sequence of humanized mouse PM1 antibody .described in Cancer Res. 1{3{93 Feb. 15;

53(4): 85846 SFOILEATIEREE RITHARNG 8 R I e q Ul &S TS 249 AR Pr1H
(amino agid&eguenten-$oQITMCctib)sdrivaadificdddotsaing 428 ¢ammul acitisedetioad 'SEQ 1D

NO: 12) anh Rt (BMiNg Al neaenaRePRRADIR: Qnbir dhanarificalVe RNt B5e

produced using trie Qu ange Site-Directed Mutagenesis Kit (Stratagene) according to the method

desclibedniFofre e Rt R HadD Rrigmre Ui gPismia Hgrimanen e tEiino a
mammalibgieelvex@essian vegiogdpipeagucelthel desing do-hafisid etpras sicpared toySrandidcoizain

expression ¥asiemihec R ealiis aeatielrre b ARleIH SxpLERSIPRY RAIPR eI lgtermined
using conventional methodologies known L
tissues but weakly binds under neutral conditions has been reported (WO 2003-105757).
Although methods for introducing pH dependency into antigen-antibody reactions have

20  been reported as described above, an IgG molecule that neutralizes multiple antigens by strongly
binding to antigens at the body fluid pH of 7.4 but weakly binding to antigens at the
intraecndosomal pH of pH 5.5 to 6.0 has not been reported.  In other words, there have been no
reports relating to modifications that significantly reduce the binding under acidic conditions
while maintaining the binding under neutral conditions such that, as compared to an unmodified

25  antibody, 2 modified antibody binds to antigens multiple times in vivo and thereby shows
improved pharmacokinetics as well as improved duration of the neutralizing effect at the same
dose.

The IL.-6 receptor is present in the body in the form of either soluble IL-6 receptor or

membrane [L-6 receptor (Nat. Clin. Pract. Rheumatol. 2006 Nov; 2(11): 619-26). Anti-[L-6

30  receptor antibodies bind to both the soluble I1.-6 receptor and membrane IL-6 receptor, and
neutralize their biological action. It is considered that, after binding to the membrane IL-6
receptor, anti-IL-6 receptor antibodies are taken up into intracellular endosomes by
internalization while bound to the membrane IL-6 receptor, then move into lysosomes while the
antibodies are kept bound to the membrane IL-6 receptor, and undergo degradation by Iysosomes

35  together with the membrane IL-6 receptor. In fact, it has been reported that a humanized

anti-IL-6 receptor antibody exhibits non-linear clearance, and its antigen-dependent elimination



30persons skilled in the art. Expression and Purification of Humanized Anti-IL-6 Receptor Antibody
The antibodies were expressed by the method described below. Human embryonic kidney
cancer-derived HEK293H cell line (Invitrogen) was %lé\?pended in DMEM (Invitrogen) 35supplemented
with 10% Fetal Bovine Serum (Invitrogen). The cells were plated at 10 ml per dish in dishes for
adherent cells (10 cm in diameter; CORNING) at a cell density of 5 to 6 x 105 69 cells/ml and cultured
in a CO2 incubator (37C, 5% CO2) for one whole day and night. Then, the medium was removed by
aspiration, and 6.9 ml of CHO-S-SFM-1I medium (Invitrogen) was added. The prepared plasmid was

introduce&9atty teaisibngas yortes pbatantom mctho by red attingl cOltevensuparibedp S vefeucoifected,
centrifuged tARRRAXIMALEIY(RB0QG 7247841 409 SteMPEFAtHEIA JEMAYVEIES e ARthatalilizeg bY
filtering thro [?O.ZZ-ktm filter MILL e_GVFSEM”“p(mggéO btain the, sypern tanf?s. ntibodieS were
purifid P3N T B AR R LTS ARLEY & S REP R 5 HUS-Ha Fne art using
rProtein M@aptiardseTveEmsks pwygtnarshant Biogorendss) s Tosdelermimedheccondditiation of the
purified mmesqﬁwkﬁ@ﬁegwm@ﬁ@diagfaﬁ;m}uﬂr&graaéﬁ?&&r&m&&@ﬁﬁ?feéﬁm@xme
concentratiops were 10c Icul?}tgd ro%{tge det rmI%ed values using an absorbance coefficient
calculated B TRE PIRERS TEHOA PETb AT LA Y bel TESPI SR8 RS ST FOTLEHEH o
pH-DepepdiedtyeBiadirgndmgiody | H3ptAcpioMethioatfor Gulatic JIAA bogyBGapalie aéudalitkalizing
Antigen Mulfiple iR asmiaRiRcs |06 melecyles arscdialentn A SINYIS. 0% BRlesHIS sammeutralize up

to two antigen molecules when the twq sites bind to thé antigens; however, it cannot neutralize three
or more SHAGEHIGIREURS FHEFRURS Hesirtbin thendetkianding aisdt ot EEFRIREAIRg Ueitibody
ovéfia centainmppenod tittiguedtessdrdmadmiste efocamaunt af dhesamthbdysequal to or greater than
the amount of antigen produced during the period. Thus, there is a limitation on 20 the extent to which

molecule, the samecdose ditighavantbe dDRtier béaertatizihgsaefiasthod aligmaiivelyihe dose of

o acierdanealins IDaaANE AIBIAN SRUIO A sueed. 2RO RB Al adis. there

are two l;‘;?;E)es fta%r;qet antigens; soluble-type antigens, ent 1n’plasnia,”and

membraHeBeera BrdgeHac wHitFesil expraesebonihneustisacd brosmiable regignad te antigen is a
membrabishound priigesd anfadministesad priiedycbitas iathecmembitane-aniigen, arthe geliular

surface,r%ggetpgf Wﬁi%\%g Qﬁ%ge%gy%éamkcﬁgg%prﬁ%%ﬁng using MOE software (Chemical

Computing Group Inc.). A three-dimensional model constructed on the basis of the sequence
information of H53/PF1L was used to select H27, H31, H35, 1.28, L32 and L53 (Kabat

20 numbering, Kabat, E.A. et al,, 1991, Sequences of Proteins of Immunological Interest, NIH) as
mutation sites that may introduce pH-dependent antigen-binding by histidine introduction. The
product in which the residues at H27, H31 and H35 in H53 produced in Example [ were
substituted with histidines was designated as H3pl (amino acid sequence: SEQ ID NO: 3), and
the product in which the residues at 128, 1.32 and 1.53 in PF1L produced in Example 1 were

25 substituted with histidines was designated as 1.73 (amino acid sequence: SEQ ID NO: 6).

Production, Expression and Purification of H3pl/L73 Expression Vector

Amino acid modification was carried out to produce antibodies modified at the selected

sites. Mutations were introduced into H53 (nucleotide sequence: SEQ ID NO: 13) and PFiL
30 (nucleotide sequence: SEQ ID NO: 14) produced in Example 1 to produce H3pl (amino acid

sequence: SEQ ID NO: 3) and L73 (amino acid sequence: SEQ ID NO: 6). More specifically,

the QuikChange Site-Directed Mutagenesis Kit (Stratagene) was used according to the method

described in the instructions provided, and the resulting plasmid fragments were inserted into a

mammalian cell expression vector to produce the desired H chain expression vector and L chain
35  expression vector. The nucleotide sequences of the resulting expression vectors were

determined using a method known to persons skilled in the art.  H3pl/L.73 which uses H3pl for



30endosomes within the cell by internalization together with the membrane antigen bound to the
antibody. Then, the antibody which is kept bound to the antigen moves to a lysosome where it is
degraded by lysosome together with the antigen. The elimination of antibody from the plasma
mediated by internalization by membrane antigen is referred to as antigen-dependent elimination, and
this has been reported for numerous antibody molecules (Drug Discov. Today, 352006 Jan; 11(1-2):
81-8). Since a single IgG antibody molecule binds to two antigen molecules 70 when it divalently
binds to antigens, and is then internalized and directly degraded by lysosome, a single ordinary IgG
antibodythadhesirandlize dvbibe ekaiamtgerproied tad frigliad by thephethedsbndobanéniong
retentiongglayyielimination) of I9G molecules in plasma is that FcRn, known as an IgG molecule
salvage receptor, functions (Nat. Rev. Immunol. 2007 Sep; 57(9): 715-25). 1IgG molecules that have

been taken up into endosomes by pinocytosis bind to FcRn expressed in endosomes under
intraend¢Esampladifiicocdemitipns!-ypendiatdesdso thiddnL R bye s MobéiksinfaceCirere they
dissgciatggimg%gmwb@sr@% Qnditions in plasma and return to plasma, while IgG molecules
unable topbi d to FCRn procee s

bound toa-tef e artigenare-takett up-Hto-mtracettttar-endosomes by internalization, move into
lysosomes while Theundamibea] diMidentibody unliery o ddgradatied sWhdh-&R lgGrantjbdcndivBiently
binds to a54igeps . neyiRIEasHYQ ANlIGRRBRIREYI&FaNd HNdegaRs degradation dpoeiaimuih the

antigens, If the IgG antibody, when taken_up intp intracellular endosomes by internalization, can
dissociatey fFér AR HIGEH HdeY IntfaeiiBd S6R 183 CRIETEHERSAS e ggglgﬁgﬁt%%dy may
be Hble SBpdRIAELRA Bxpressedhithie\Endasgmesicdtie IgG molecule dissociated from the antigen
and bound to FcRn is transferred to the cell surface and then dissociated from FcRn under neutral
conditions in the plasma, thereby return to the plasma again. The IgG molecule that has returned to
the plas ! I = elesitionsp Eistidine Seanniig otition of this process allows a
single 1gG mole@R ta:2repeated lyshndho prieindrd heramiigedh BMA g byc EndiilAganettralzation of a
multiple gnjigeps WS NBIOR MARCHS (5B fhe colNRREASROkaGANDIEARIARNuAR antibody

administered binds to the antigén in the plasma, and remains in the plasma in the form of an

antigen-ANGHEVFERRTOES NeFhaNTIHAT. thd FehaHtinn DERRmI8 Y b s sRIRME P8R limination

rate is verydsipwidue te thet2biufetiba lifrhgRmascghserbeithabate a tbelsetentiespohdintigen in plasma

is short (elimination is fast). ' - 5&919@ sh ion | arable

to that 03155%% g?grl?rﬁenra?&%%ng-%% @&%ﬁ%&,ﬁﬁig@eﬁ are gﬁw%%%?ﬁ%%%%%%%%g r%g‘%gnt rate
a

ti
g?%}é lon rate is vﬁeﬁg slo s > :
and, in thE a15sBRde IF Bntiddgcoprbastadiiiasnie af Retrt srthatibh BedtadAneeaiageniftoduction
rate andaeapigaRcelipinkiionFfaiiatiounde agUibliuml dreihesptesenesfofm XL1-Blue

20  (Stratagene). The resulting colonies were used to evaluate antigen binding by phage ELISA

and analyze the sequence of HL. scFv. Phage ELISA was carried out using a plate coated with
SR344 at 1 pg/mL in accordance with J. Mol. Biol. 1992; 227: 381-388. Clones that were
found to bind to SR344 were subjected to sequence analysis using specific primers.
Phage titer was determined by ELISA with an anti-Etag antibody (GE Healthcare} and
25  anti-M13 antibody {(GE Healthcare). This value was then used to select positions where
substitution of the CDR residue with histidine did not significantly alter the binding ability as
compared to humanized PM1 HL scFv, based on the results of phage ELISA for SR344. The
selected positions are shown in Table 2. Numbering of each residue was in accordance with the
Kabat numbering (Kabat, et al., 1991, Sequences of Proteins of Immunological Interest, NIH).
30 .
[Table 2] Positions of Histidine Substitution Not Significantly Affecting Binding Ability
H31, H50, H54, H36, H57, H58, H59, H60, H61, H62, H63, He4, H65, H100a, H100b, H102
L24,1.26,1.27,1.28, 130, 1.31, .32, 52, L53, L54, 156, 1.90, .92, 1.93, .94

35  Construction of Histidine-Modified CDR Library




30antibody, most of the antigens are bound to antibodies, resulting in the very slow elimination of
antigens. Thus, the antigen concentration in plasma increases as compared with that in the absence of
antibody (Kidney Int. 2003, 64, 697-703; J. Natlonatéancer Institute 2002, 94(19), 1484-1493; J.
Allergy and Clinical Immunology 1997, 100(1), 110-121; Eur, J. Imrnuriol. 1993, 23; 2026-2029). Even
if the affinity of antibody for antigen is infinite, antigen concentration 35elevates as antibody is slowly
eliminated from the plasma, and the neutralizing effect of antibody terminates after the concentrations
of antibody and antigen become equal. Although antibodies 71 with a stronger dissociation constant

(ICD) can neutrafiZebsaivibies dasigapd ia wisi crcormbsacibreiehb Bissiduatdadissl & concentration

half or |e§§rﬁfﬁﬂﬁh? a@aqaetsamﬂgc&baﬁt@gmearaaﬁﬁta@ Mﬁﬂbiﬁstﬁiﬂﬁl&iaﬂé%nﬁigﬂﬁﬁe@gafd|e$5 of
how stro aftlnlt ntibody. is (Biochem. BIO un 2005 Sep 9; ?{40(1423 1004-13).
sl oo

As is th t}vltfﬁn uCl }egg elsfoﬁicSJ Ol}}ﬁlé ?ﬂ%l asuelndéin Boand to ant igens’in the
plasma a“ﬁ@eétbwam Q@W@@tﬂb@@d@% thy Eﬁﬂ@@m@%@f @ﬁdﬁﬁh@m&ﬁéﬁrﬁl@(ﬁreé’s@@ﬁm Bihdesomes

under infreRAQsAMALAGHICICOR HigRed Retlat Rekcule e ihiary th-mrRVGstadhe cell surface
while the antibod |s k bou d.to the antlgé%ﬁlﬁand then dgso iate.from the FcRn under neutral

condition§FATHE LY g’er? R £6 OB R AT S48 S B2 ma while bound to the antigen,
they 10cannot b"ﬁmbtbbmew fportigensvinethenstasred. iy PSR ombey ifrig@raribie cutes dsarzdissosiate from

the antigggy %%%Eti@H%@Qmméﬁ%&%PQ{EQMa} %&'%ﬁ@%@éﬁ%ﬁﬁﬂ%ﬂﬂ' Qplohe akigiteRind to
FcRnand t ereby may be degraded b ééso g}mes rﬁzoe'% 2} tﬁg&ﬁge 1gG olecules can return
t0 the pISLHE- A DY BARG LRI ISP TG bt R B YR b sma
havé alreathe éil’ssmgzlatbenbttmm Thesantigtonineadosamlogdahby areebbibROR Gindob Biebw¥btigen
again in {he. plasipa. The repetition of this process allows a single IgG molecule to repeatedly bind to
soluble antigens. fhis enables a single IgG molecule to neutralize multiple antigens (Fig.

Thus, regardless B’fsvt}tkfézfﬁe?”ﬁﬁél%%ét?]i?ta“%@rﬁﬁpéﬂ’é“aﬂt?é’ew&bﬁfmHfé"%ﬁ?ﬁ FESHY ghssouatlon
of IgG ahtibnchy foginahd ahdideiPRopd3sibléduhtier imrashaddsoamat acidiscéeniditions/ 283l smgle 19G
molecule, would-e able fo sepeatedly %@t&&@g siR IR PR IgG.ahtibadissdaidisgpciate

from antigens under intraendosomal aC| ic conditions, |s necessary that antigen-antibody binding be
cohdiderffy %Q%@%Mﬂlﬁ&%ﬁﬁﬁ%ﬁ@wm fraathoseprdiitiey grdieateniortie antigens
on the celisusiagesfiéed to be neutralized, antibodies have to strongly bind to antigens at the cell
surface pH, namely pH 7.4. Since the 25intraendosomal pH has been reported to be typically pH 5.5 to
6.0 (Nat. Rev. Mol. CeII Biol. 2004 Feb 5(2) 121 32), an antibody that weakly binds to an antigen at
pH 5.5 téedpistishel ddiddens SRRl h & ARG BRRAERBE SR IBEd mal acidic conditions.
More spemﬂcall;tna.ﬁiagﬂe dgﬁém@m@uteytharsttamg@thmﬁlattoyan bindhodiRattheaelbsurface pH of 7.4
o eARanes R e dniden.siihe usepdasamAlAt Ol oA v baRbIRNGH RS 50 2
pIe a igens an improve armacokinetics g)ﬁenera protein-pro

interactibi§s> ]c?n§1%tg?n‘lﬁ%rop?@dﬁ%@tﬁ%%?é@t%%tﬁ%%%& Had W@Hfbﬁ’ﬁ‘é‘i?@ and the
binding sirep@ih is tpigally erpiessedasabiddingueonstaniNatiniybastaghasenidigeing constant

(avidiy). pi-deperndeni inging. hose bdeq SHAND M B behSERnE g FoRdliage (1174
and acidic condition
specific primers.  After digesting with Sfil, the digested HL scFv was inserted into a phagemide

25  vector pELBG lacl that was also digested with Sfil, and then used to transform XL1-Blue
(Stratagene).
Escherichia coli cells carrying the desired plasmid were grown to 0.4 to 0.6 O.D./mL in

2YT medium containing 100 ng/ml. ampicillin and 2% glucose. A helper phage (M13K07,
4.5 x 10" pfu) was added thereto, statically cultured for 30 minutes at 37°C, and then cultured
30 with shaking for 30 minutes at 37°C. The culture was transferred to a 50 mL Falcon tube,
centrifuged for 10 minutes at 3000 rpm, resuspended in 2YT medium containing 100 pg/ml.
ampicillin, 25 pg/mL kanamycin, and 0.5 mM IPTG, and then incubated overnight at 30°C.
The culture incubated overnight was precipitated with 2.5 M NaCl and 10% PEG, and
then diluted with PBS to obtain a phage library solution.  10% M-PBS (PBS containing 10%
35  skim milk) and 1 M Tris-HCI were added to the phage library solution to the final concentration
of 2.5% M-PBS and pH 7.4. Panning was carried out by a typical panning method using an



35is present in naturally-occurring protein-protein interactions. For example, the above-mentioned
binding between IgG molecules and FcRn known as a salvage receptor for IgG 72 molecules is strong
under acidic conditions (pH 5.5 to 6.0) but remarkalglfy weak under neutral conditions (pH 7.4). Most of
such pH-dependently changing protein-protein interactions are associated with histidine residues.
Since the pKa of histidine residue is in the vicinity of pH 6.0 to 6.5, the proton dissociation state of
histidine residues varies between neutral conditions (pH 57.4) and acidic conditions (pH 5.5 to 6.0).
Specifically, histidine residues are not charged and function as hydrogen atom acceptors under neutral
conditio@W@?W%me%mbﬁéggﬁﬁem%?@b%ﬁ@ﬁr@ & K urogéh Aot dbnors
under adishimeasiditieis (31 3E.5 ma. 04T has: Hée R i8p Gied dratltieqpH206p evigeApbindiay of the
above-dessrined Ig6- ' tion.is al G fth-histidi ' ' (Mol.
cel. zooﬁf%%’@;ég%%é%%?%@%%%@@@% e I i
interactidifsasy aubdwliya araseaErd Tedidir anverd@iv rtewep b tinGnteractions with a

histiline Sesislu db1-byaisd behiiiD a4l stidipe) inalan inteiation-SiBs SR atbents Favekaso been
made in peglelnproleinnicranions bawaan anhodies and Aptioers, AndamHaNL Ankhody with
antigen-bin ngla%ﬁlyéiecrease Under acidic con itions has been stccessfully acquired b
15introd tisnsg Hidtibmik fhignhel EBRIBRferridaimiag Grificehysrmitd1psbZyanditBody S Letter
(vol. 3091 bchd85-88, 14800 pknRdditionn BRAPERGHYIthaY is prepared M iphpduciRgdistigiee into its
CDR sequen nd specifically binds to an antigen at the low cancer tissues but weakly binds
. e e CE RN VS S B i
dependerby Rtacd tlgeill an bty keaatio nl Mage i Obweniee p B aa Hesdé Sdribdarab&rasioan 1dGe
lr)n0|eCU|Eﬁ%§¥ﬁ%t@ﬁiﬁéﬁﬂ|&@lﬁ(ﬁ%!9%§ Béhﬁi{ QQ%'M@%H%J&M%@?‘@T!%%&QMW pHd0f|7-4
ut wea inding t igens at the intraendasoma 5.5 t0 6.0 has not been repprted. In
othor woTE AP LR 15 relHE ol oSS, T A REAR I UTS R T binding
under acigtiecaorititio as debitébaskihtain ang teedsiribinproniier hémgal conditions such that, as compared
to an unmodified 25antibody, a modified antibody binds to antigens multiple times in vivo and thereby
shzygs irg;ar ved 1? armacok| ? ics as well as improved duration of the neutralizing effect at the same
dose. el sent in the body in the form of either soluble IL-6 receptor or
membrane |L-6 fdeegiove NaglCliroRiscteRheonvdabid 20000Ngv o 2T, 690-28mAntificBlBOreceptor
gﬂtlibOQi@l%bé?&&ﬁbﬂ@ ihe Hﬁ?&%{h@%&ﬁ?ﬁ?&%ﬁ%ﬂ%ﬁ%ﬁ!ﬂ%ﬁﬁ%ﬂi—a@jl@‘%.pt%@ngf@ﬁ%tﬁ%ﬂé%theirt
iological action. ]t is consjdere [ binding to the. membrane I|.-6 receptor, anti-IL-6 receptor
o SEB B CHER LT AT SRS FILH Bl SR ATE GO0 T brane
IL-6 recdgtorrsher ifove mmnygqﬁmg@@wﬁimmbmimﬁém kebumm]rﬂjmd(tﬁpfmaﬂd:wadlml L-6
receptoryand WpdstamaRgIAGEeLRY iSOIRIRES BPsihriwith ihe-membans,IL-6 receptor. In fact,

it has been reported that a humanized anti-1L-6 1rlece tor antibody exhib}'ts non-linear clearance, and its
antig en-é‘é‘ﬁ‘@%@?ﬂ‘élmﬁﬁ%ﬂmm was replaced with 300 plL of 2 YT,"100 ug/mL ampiciilin, 25 pg/mL

kanamycin, and 0.5 mM IPTG. = After culturing overnight at 30°C, the centrifuged supernatant
was recovered. 360 pL of 50 mM PBS (pH 7.4) was added to 40 pL of the centrifuged
supernatant and subjected to ELISA. A StreptaWell 96-well microtiter plate (Roche) was
25  coated overnight with 100 pul of PBS containing 62.5 ng/mL of biotin-labeled SR344.  After
removing the antigen by washing with PBST, blocking was carried out with 250 pL of 2%
BSA-PBS for 1 hour or more.  After removing the 2% BSA-PBS, the prepared culture
supernatant was added and allowed to stand for 1 hour at 37°C for antibody binding.  After
washing, 50 mM PBS (pH 7.4) or 50 mM PBS (pH 5.5) was added and incubated by standing for
30 30 minutes at 37°C.  After washing, detection was carried out with an HRP-conjugated
anti-M13 antibody (Amersham Pharmacia Biotech) diluted with 2% BSA-PBS and TMB single
solution (Zymed), followed by the addition of suifuric acid to stop the reaction, and the
measurement of absorbance at 450 nm.
However, no clones exhibiting potent pH-dependent binding ability were obtained by
35  this panning using the antigen inunobilized on the magnetic beads. Clones that were found to

show weak pH-dependent binding ability were subjected to sequence analysis using specific



73 greatly contributes to the elimination of the humanized anti-IL-6 receptor antibody (The Journal of
Rheumatology, 2003, 30; 71426-1435). Thus, one humanized anti-IL-6 receptor antibody binds to one
or two membrane IL-6 receptors (monovalently or divalently), and is then internalized and degraded in
lysosomes. Therefore, if it is possible to produce médified Santibodies that exhibit greatly reduced
binding ability under acidic conditions but retain the same binding ability as the wild type humanized
anti-IL-6 receptor antibody under neutral conditions (pH-dependent binding anti-IL-6 receptor
antibody), multiple IL-6 receptors can be neutralized with a single humanized anti-IL-6 receptor
antibodypiiings. in Tonppatizms igitheadlddype Wrrrahized mnidd Haeoe ptarkagiibodias, shevdependent
binding anjizll 56 receptor antibodies 10may improve the duration of the neutralizing effect in vivo at the
same dosage. Production of pH-Dependently Binding Humanized Anti-IL-6 Receptor Antibody
H3pl/L73: Introduction of histidine into a CDR has been reported as a method for introducing

pH- depeﬁ%tﬁ bindrogi tioantigdistaditib Sdpsiattio D dEeBs Leiter PiabeI08rdp (Maghe88,H6482)). 15In
ord g%l%@no acid residues exposed on the surface of the variable region of the H53/PF1L

pro In le 1 and possible residues interacting with the antigen, a Ev region model of
H53/PF1}E3\QraIsii§r ?éd%?zmgfﬁ%l%@ﬂnﬁﬁeﬁ smg MOE software (Chemical Computing Group Inc.).
A three-dipaengimnal snosel Lomstuistedcon el lsesis of the sequence information of H53/PF1L was
used to select H27, H31, H35, L28, L32 and L53 (Kabat 20numbering, Kabat, E.A. et al., 1991,
Sequences of Protelns of Immunologlcal Interest NIH) as mutation S|tes that may mtroduce

PRPRNBCIRS SHIKENRE hLiba : BEIRR residues at H27, H31

and@35in H53 NB&QU@@QH@VEW@J@ igtweépesﬁbﬁﬂMt@ﬂngﬁblnr@tw@esw@tﬁmppm pentigp!
(amino acid S8 ence S NO:.3 ro inw ch the r id at 128, .32 and L53 in
PFIL proéntﬁ: in x%trﬁ’gi%f) wereOB@ize sa‘P t eﬁ dFﬁ];ls idi neesd\ll}°v€ats0 es%?l%teggamisﬁl ?arrnflino acid
sequencéc SEDIE NOLEY mtsawmm@zbre@%waaem Eedsion P Hspal B g gissessreY ector
Amino agighinRelificationcwasisaiindiouhiemigduca aatikedies mﬂiﬁed atthesselestedlsies.
Mutatlorﬁs were | ?EL){( dgcc’f[:%:%o gi% ér&g]glegtld %ue ce; tﬁg hf‘z ); tJﬁBQ 6}0 EaIL 30 nucleotlde

sequence roduce amino acid sequence: n§EQ ID
NG:53) apld drgr@enmcresitcbedpdeindae §E@HI§W®n€?ﬁM€ﬂ§@%cmcally, the kaChange
Site-Directed Mutggenssi ﬁhﬁ%ﬁﬁﬁg%mm&%m&%t&@mg&%@ dascribeddn the
|nstruct|ons g‘l}/lded and the reagfgrzlge% mii}flraglgtentg were inserted |nto mammallan ctell
expressiORVEROES JrEURe M haily ExpresSion Vedior and EEBH 3285 3eELB I ector.
The nucléoficessbauieacds-dfntrdrasbindipe spidsstonvegeenniagewith an antlgen-Imoblhzed

column. In the panning using an antigen-immobilized column, when phages that have been

20 bound under neutral conditions are eluted under acidic conditions, clones having weak pH
dependency rebind to the antigen within the column and are thereby less eluted, allowing
strongly pH-dependent clones that less rebind within the column to be selectively eluted from the
column. In addition, although "all" phages that have dissociated under acidic conditions are
recovered in the panning using the antigen immobilized on fnagnetic beads or a plate, the

25  panning using a column immobilized with the antigen enables selective recovery of phages
having strong pH-dependent binding ability by allowing an acidic buffer to flow through the
column to begin the elution and recovering only "appropriate fractions”.

First, a column to which the antigen SR344 was immobilized was prepared. 200 pi of
Streptavidin Sepharose (GE Healthcare) was washed with 1 ml of PBS, suspended in 500 pl of

30  PBS, and contacted with 400 pmol of biotin-labeled SR344 for 1 hour at room temperature,
Subsequently, an empty column (Amersham Pharmacia Biotech) was filled with the above
sepharose and washed with about 3 mL of PBS.  The above-mentioned PEG-precipitated
library phages were diluted to 1/25 with 0.5% BSA-PBS (pH 7.4), passed through a 0.45 nm
filter, and then added to the column. After washing with about 6 mL of PBS (pH 7.4), 50 mM

35  MES-NaCl (pHS5.5) was allowed to flow through the column to elute antibodies that dissociate

under low pH. The appropriate eluted fractions were collected, and the recovered phage



determined using a method known to persons skilled in the art. H3pl/L73 which uses H3p1 for 74 the
H chain and L73 for the L chain was expressed and purified by the method described in Example 1.
[Example 3] Conferring pH-Dependent Antigen Binding Ability by His Modification of CDR 5Using
Phage Display Technology Production of scFv Mole@ule of Humanized PM1 Antibody The
humanized PM1 antibody, which is a humanized anti-IL-6R antibody (Cancer Res. 1993 Feb 15; 53(4):
851-6), was converted into scFv. The VH and VL regions were amplified by PCR, and humanized PM1
HL scEv having the linker sequence GGGGSGGGGSGGGGS 10 (SEQ ID NO. 15) between VI-1 and
VL was prddticedaS etttticn o6 HiktidihexdrtiodicegvterBlopitioasxiyi Histid{D®DSanhihg to 0.P&R was

performeg;ysing:the prodyced umanized-pM1L IIL scFv DNA as a template to produce a histidine
library in which a%qne of the CDR amino acids is replaced with histidine. 15The Iibra?/ portions were

constructed by PEI. TR Drinetd TG IREChetd Ad-ofdR SrmnddRiBiye Srats Gt for the
library wag/replacedcilfih GAIT% gdosecofeapofiding tochistidine; baghniliditpadiohagyerdture
qon%rucgﬁqh@/sé}%rgﬂ!‘g& S‘&%,fﬁ&f)ﬁﬂg{;@éﬂg@é@&gﬂ%%ﬂy asggmble PCR. The constructed .
library was digested with Sfil, inserted into a phagemide vector [%ELBG ad that was also digested with
Sfil, and then used to transform XL 1-Blue 20(Stratagene). The resulting colonies were used to
evaluate fanfigeobind gy IphiEge ELISA and analyze the sequence of HL scFv. Phage ELISA was
carried out usin I | an it L. Biol. 1992; 227:

I PlRiaRa AN B3 a0/ ) 295RRANCa WD Mtk HiBlnA 99502

381-388. Clones Ind to SR3 ubjected to sequence analysis usm%specific
primers. PIoRgEHErRERd A VATR SHDIRF I (S AHREN e AR b BA RS e E O HIPER thAre SR

25amnti-Msk3 antitiogys (Shbvwhigaliheare)-Helsyatue Masinben ssegdeselcstipasitiansamadre sybstitution

of the C residye with histidi id not significantly alter inding.ability as compared to
aman T e TG o o e B R o o e
shown inoF&bIE X XuimbbHiAgaaraa difesidiass EBriANCR With itk sberHbihprstingrabat, et
al., 199Lsi2egysndeseiiBioteiisglkaupaiapicalmierasidy s 36/{Takig 2aPasitieasef Histidine

e R e G LA e T R R e Lo

L56 5L oousimpthegmtiggy immobilized onto magnetic beads, can be obtained by panning using a column

immobilized with the antigen. Therefore, panning using an antigen-immobilized column was

found to be a highly effective method for obtaining pH-dependently binding antibodies from a

library. The amino acid sequences of the clones showing pH-dependent binding were analyzed,

and the positions where histidine was present at a high probability in the concentrated clones are
20  shown in Table 4. ‘

[Table 4] Positions of Histidine Substitution found by Phage Library (Column Panning)
H31, H50, H58, H62, H63, H6S5, H100b, H102
L24, 127, 1.28, 1.32, 1L53, L56, L90, 1.92, 1.94

25
{Example 4] Expression and Purification of Histidine-Modified Humanized IL-6 Receptor
Antibody
Production. Expression and Purification of Expression Vector of Histidine-Modified Humanized
IL-6 Receptor Antibody

30 In order fo convert clones showing strong pH dependency in phage ELISA to [gG, VH
and VL were respectively amplified by PCR, digested with Xhol/Nhel and EcoRI, and inserted
to a mammalian cell expression vector. The nucieotide sequence of each DNA fragment was
determined by a method known 1o persons skilled in the art. CLH5/L73, in which CLHS was

used for the H chain and L73 obtained in Example 2 was used for the L chain, was expressed and

35  purified as IgG. Expression and purification were carried out by the method described in

Example 1.



35Construction of Histidine-Modified CDR Library 75 A library was designed in which the amino
acids of CDR residues that did not significantly alter the binding ability when substituted with histidine
as shown in Table 2 (histidine-introducible positions) are their original sequence (wild type sequence)
or histidine. The library was constructed based on thé sequences of the H chain PF | H and the L
chain PF IL 5produced in Example | such that the mutated positions for the library have the original
sequences or histidines (either the original sequence or histidines). The library portions were
constructed by PCR using primers that were designed such that a position desired to be mutated for
the library has theniigihahamigesacidigbdoplbdbpstidine cods precho ot ter qorbonsgvengproduced by

normal RgR, Orakaxe'a%ﬁ*tyénaga%ﬁ@%ereﬁi{rﬁ@aééoh%ﬁa%ehh@{e{e HRNSHorhRESE paTtigagwere then
linked by assemble PCR (J 996; 256: 77-88). This library was used to, construct a

ribosomé& EHEPIEY 11395????3@85r@§ﬂ€@v3ﬁJ Hidmidfomylddl %éfhgagll‘%’@ 2% QNS o rder to
carry ouitEdeteficieangllcc2 Mvitre esubstitroctt arishaltiotid ma, SRA-EEqueh B ribasdméthbisdingtsite) and 17

promotel WErR AL & R dnd 3E.ANA A AEREH RATIAARURNES RRAVING agik: o nbosome

display was ligated to sidé using Sfil." Acquisition of pH Dependent Binding set's, from Library by

Bead PaMRtRF ARSI eeshee g mﬁwm’é’? iR Hing o 28 8ea, E%%ﬁ%%)was 20
carried o Ndcg byiheribasabe cispinytingthod dnhadendiianeelWwihvWNdattre Biptedhnaagy?D00 Dec;

18: 1287-129 S iotinyl P bt
antigen. %‘glnnn%l%m cf%él)r%lregl %ﬁ%ﬁlﬁh&ﬁ% nl(lz/l %E?%&?Qgﬁ grﬁgﬁwﬁ:ﬁgﬁﬁg{%}suﬁn‘%&gNA
pool as @’@WE@CW%@FEWﬁ?%étoréﬁ W%Rlﬁé‘i’ﬁﬁ% ﬁd‘ﬁ‘ﬁﬁ#ﬁ%fﬁﬁgﬁ? Higaatgdi8 s, the

digestedudl seiiviwvascinsariad wio & phaganideplnyedar pEL Bénlaththatived ddsaridigeisted with Stil,
and therEused to transform XL1-Blue (Stratagene). Escherichia coli cells carrying the desired
plasmid Were%rown to 0.4 t0 0.6 0.D./mL in 2YT medium containing 100 ug/mL arnpicillin and 2%
glucose. A helper phage.(M13K07, 4.5 x 10" pfu) was added thereto, statically cultured for 30 minutes

at 37C, apgahpn 6y itiwacadh with strkingdaraReniuasyaiPIC Dtpendetit Bintasg tanifedred to a 50

mL Falc%n th<§ ce tﬁfuedﬂfa 6]I? mlr][utelgI att3900 (O[T, [ERUSPE ded &1 %QQ g&e{dlycontalnmg 100
ug/mL armp o[ y 2 Ubated overright at 30C.

ThéSculture mcuE&@eﬂtﬁ@W@fmmﬁFﬂ@eﬂﬁ@ﬁE@lWlﬁhﬁQ%’ WN&@fféfer‘E@%lbe@Sahmwednuted with
PBS to qhtpinaipbagewitmansabysiam 1% PBSARBE contemingit096 2oskimmik) and4d. M

Tris-HC1 were 3191%%1 s%%é%?cgl?ﬁqge"ﬁf%r ¥e%8}>%? gctgt}a Lezfmaalic & e%‘}e{s"?‘ g\%}umed using
Bal'3/gp130 exhibiting I1.-6/IL-6 receptor-dependent growth. Bal3/gp130 was washed three
times with RPMI1640 medium containing 10% FBS, then suspended at 5 x 10* cells/mL in

20  RPMI1640 medium containing 60 ng/ml of human interleukin-6 (Toray), 60 ng/mL of
recombinant soluble human IL-6 receptor (SR344) and 10% FBS. 50 ul. of the suspension was

dispensed into each of the wells of a 96-well plate (Coming). Next, the purified antibody was
diluted with RMPI1640 containing 10% FBS, and 50 pl of the antibody was mixed into each
well.  After culturing for 3 days at 37°C and 5% CO,, WST-8 reagent (Cell Counting Kit-8,

25 Dojindo Laboratories) diluted two-fold with PBS was added at 20 pL/well, and then immediately
measured for absorbance at 450 nm (reference wavelength: 620 nm) using the Sunrise Classic
(Tecan). After culturing for 2 hours, absorbance at 450 nm was measured again (reference
wavelength: 620 nm). The IL-6 receptor-neutralizing activity was evaluated based on the
change in absorbance after 2 hours. As a result, as shown in Fig. 7, H3pI/L73, CLH5/L73 and

30  H170/L82 were shown to have equivalent biological neutralization activity in comparison with
the humanized PM1 antibody (WT).

[Example 6] Biacore Analysis of pH-Dependently Binding Antibody
Analysis of Binding of pH-Dependently Binding Clones to Soluble IT.-6 Receptor

35 Kinetic analyses of antigen-antibody reactions at pH 5.8 and pH 7.4 were carried out
using Biacore T100 (GE Healthcare) on the four antibodies: humanized PM1 antibody (WT) and




of 2.5% M-PBS and pH 7.4. Panning was carried out by a typical panning method using an 76 antigen
immobilized on magnetic beads (J. Immunol. Methods 2008 Mar 20; 3320-2): 2-9; J. Immunol.
Methods 2001 Jan 1; 2470-2): 191-203; Biotechnol, Prog. 2002 Mar-Apr; 18(2): 212-20). More
specifically, 40 pmot of biotin-labeled SR344 was atided to the prepared phage library and the library
was contacted with the antigen for 60 minutes at 37C. 5Streptavidin-coated beads (Dynal M-280)
washed with 5% M-PBS (PBS containing 5% skim milk) were added and allowed to bind for 15
minutes at 37C. The beads were washed five times with both 0.5 ml of PBST (PBS containing 0.1%
Tween-Z203 A 734 ahth RBB {pHIT1Zf/Th2 treduscwerd aemsushendiédintfernl lohPBEHP KPS 5) at

37C, and the; P98 \WER HaRPYEIEY Immedisiein Jhepcovergdrhage saltionasaddah 10 mL of

logarithmic-growth-phase 10XL1-Biue (0D600 of 0.4 to Q.5) and allowed to stand minutes at
37C for ATFSRAGHPTUTARYLEEd it aﬁwge-raf&féa o<%%§ w%wﬁaﬁate%%ﬁd% 24T, 100

ug/mL ampimitimaaibaye ik osd0ThddevEs toticiedre tisechip begiraalgitonal phaigsauitede in the
same mﬂﬂ@@&@t%ﬂ?ﬁ?ﬂ?ﬁﬁ@@ﬁ&?d@ﬂ@b’iﬁ@ﬁ@ e Rapning 8 imesvla-R@lationhy Eﬁﬁl@% ELdSA

The above single colonies were inoculated in 100t3%_ of 2YT, 100 pg/mL ampicillin 2%§6é1?(£§de and
300 p1

12.5 pgifiL tetFaiaRas s ETIRPSEE BRI A RDEC 2 phsSpHaL QR IR HRSLRHS Ka df
of 2YT, B38cpiglini rampiciitimarid 2 pivaesej i dt esioyBisedréol Whdins at BTG ofhalpéiphage

(M13KO7waz added do g cutiie Al P R8s Aloweth1012088RGHOL A0 BiMHESS @lid4C and then

shaken tfor 30 minutes at 37C for infection. Subsequently, the medium was replaced with 300 p1 of 2

YT, 1004 0GR 2m NGHER o5 Hig Ao EA AT LS RloDB mbramsied! AfteY SifimtaiRrkipigRtat 30C,
the Gentrifsiged sugemnaiabtivyes desoverity 368 PkhofBRraNRBS (e A whsnadadeo, 40 pL, of the

centiuged supegnalanl e shiRigy IRGHISA, ARIGRRNELIS el mirtisnals (Roghe) was

25coated overnight with 1001.Th of PBS containing 62.5 ng/mL of biotin-labeled SR344. After
emovintherid bSRFSASY B G R PES T ek AL eitried bitiath 356 SRAFLWFBSA PBS for
1 hour of Infore, FhefotemoMiagiing 2%4pBSteRB&cthehpreipandd philtdee ssidpetbatdiwasadded and
allowed}j%gagsdhfphlrt&g)ur@ 7C for antibody binding. After washing, 50 mM PBS (pH 7.4) or 50 mM
PBS (pH 5. Wasadded and incubated by standing for 3030 minutes at 37C. After washing, detection

wals’ carried out vithr B HRIP RS ReHes el Ars natibeRe toatheraHar Priermtisiaarbtedn)tiluted

with 2%Ha5a-RBprandtd MB sifigle sotutionaniedin f0Boneth bytthe @Hgitan obsulivpeaaid ¢ stop
the reaction, and the measurement of abs nce at.450.rim . However, no clones exhibiting
potent p ARG R Sy S e Ao Deica new R4S &%%aéht‘ii e on

the magitetic BERtsI@Iores iharorsrscrouribas s Rt hresikinty aepBnténtuisshiy briafvdeat
subjectggta seHMARES AMAYSISIINE IBRREHICMEYe than 10 times.

20
{Table 5] Comparison of Binding of pH-Dependently Binding Clones Directed Against SR344

to Soluble IL-6 Receptor

pH7.4 pH5.8
ka(1/Ms) kd(1/s) KD(M) ka{1/Ms) kd(1/s) KD(M) KD(pH5.8)/KD{pH7.4)
WT S{EH5  1.0F03 21E09 76E+05 38803 B5.0E-03 24
M3pl73  54E+05  T4E-04 14503 17EX05 B87E03 57E08 41.3
H170/.82 68E+05 131603 16E-03 26E¢04 17E02 64E-0T7 3935
CLHB/LT3 715405 78E-04 11E-03 3BEHOS 28E02 T4E-08 66 .1

25  Analysis of Binding of pH-Dependently Binding Clones to Membrane I1.-6 Receptor

Antigen-antibody reactions to membrane IL-6 receptor at pH 5.8 and pH 7.4 were
observed for the above produced pH-dependent binding clones, using Biacore T100 (GE
Heaithcare). The binding to membrane [L-6 receptor was evaluated by evaluating the binding
to the IL-6 receptor immobilized onto a sensor chip. SR344 was biotinylated according to a

30 method known to persons skilled in the art, and the biotinylated SR344 was immobilized on the
sensor chip via streptavidin by utilizing the affinity between streptavidin and biotin.  All the

measurements were carried out at 37°C, and the mobile phase buffer contained 10 mM MES (pH



primers. The positions in these clones where histidine was present at a high rate are shown in Table 3.
[Table 3] Positions of Histidine Substitution Detected Using Phage Library (Magnetic Bead 5 Panning)
HSO, H58, H61, H62, H63, H64, H65, H102 L24, Lg? L28, L32, L53, L56, L90, L92, L94 Acquisition of
pH-Dependently Binding scFv from Library by Column Pamilno 10No clones having strong
pH-dependent binding ability were obtained by typical panning using the magnetic bead-immobilized
antigen. This may be due to the following reasons. In the palming using an antigen immobilized on
magnetic beads or a gg;:te, all phages dissociated from the magnetic beads or plate under acidic

conditions®ré ¥omddidrClrod Mg weriedthavidg Weslepmmdsapbindert ! paes versdningither reduce

tf|1e likelingod thaidelomes hayine S 9RO 71b i dqs%aea@mgr@; iamydeggiremgﬁim&w@cmﬂaairmed
clones. l Bgy,nllmmo e { ntige examined as a more
stringenf%%rl%%eﬁﬁg;?gg%? %Qéctﬁaveo been %%%rg\i}%vt&g F%%ogﬁg%ﬁ? %ﬁgiséfgaﬁ%ﬁ?gnog clones

having pHcdepertieribpimaivity abiig 1y o5ing panaingviath(Bigalitigen-immobilized column. In the
panging using aRnggeR-mmeRized M WbewRRagesthal have Prsnr0bosnd wieeReutral

conditions are el nder acidic conditions, clones having weak pH ndency. rebingd to the
antigen TR B e (it T e PSS A D HPe MG at less
rebind Mmiﬁamel@(wamwda@ééledm/h@%lﬁmﬁc? fon dhenddiafrl, mdddititn alteoughad" phages
f[hat hg}/lﬁi%éé%éﬁtﬁgllé:%ﬁf ﬁfﬂi}éi‘%;ﬁ@@lﬁéi,oﬁ)@gﬁéfﬁ%@_@éﬁg mdf‘% Wﬁ%@iﬂgdﬁi%ﬁ!ﬁgﬁﬂ?ﬁ? .
immobilized on magneti s or e, the anning using a c immapbili Wi antigen
enablos CRTECTITAE L O PHAEE e lrOIEA = BHASHR Dl BTy SRR S mcic
buffér toHiliitbawdly fiteirphmyrtio dieginitherchition amdiréddovering bflyd/apprdptiatedipttioas”.

First, a qoluRanda whithihesaptipen pRE#hwasmmaRitzed yvas dreparedd 4005t Strenfavidin
Sepharos%é?E Healthcare) was washed with 1 ml of PBS su?&?ﬁ%%%ﬁ% 500 j.tL of 30 PBS, and

contactel @%6@MOOWMONHQ&@§%8%%IAVFGP%PTOUFB‘? StisrecetiBiédiGently, an
empty coturrtanfAinsrsihelon P ashoacianBletéelt) was filled with the above sepharose and washed with
about 3 mL of PBS. The above-mentioned PEG-precipitated library phages were diluted to 1/25 with
0.5% BSA-PBS (pH 7.4), passed through a 0.45 rim filter, and. then added to the column. After
washingl WitHabout 6 R GIOBEERBIA T2 EY ANt SSIELRACHHIBBAGHLS IR & bW through
the coludiretteélageiasitiitdié Sithat™dissbriatd inideedopiopH. The appropriate eluted fractions were
collected, and the recovered phage 78 solution was added to 10 ml. of logarithmic-growth-phase XL
1-Blue (0D600 of 0.4 to 0.5k&¢=allowed tolstaatibfor 30 minutes at 37C. The infected E. coli
were plated onto a 225 gin X 22pAme plajeisanianing 2YT, 100 y.g/mL ampicillin, and 2% glucose.
These E."COlTyyere usqdiiehngin agdiipnal pRage culture Sin the same manner as described above

and repeat {ji5,RaAning H4HQSs 7893 11.0
H170/L82 7.70E-04 1.44E-03 1.9
CLH5/L73 1.04E-03 5.57E-03 5.5

The highest pH dependency of the dissociation ratio was observed in H3pl/L73

20  followed by CLHS/L73 and H170/1.82 in descending order, and each clone demonstrated higher
pH-dependent dissociation from the membrane IL-6 receptor than WT. However, the rank of
pH-dependent association/dissociation was different between the soluble IL-6 receptor and
membrane IL-6 receptor. 1t was revealed that H170/L82, which exhibited the highest
pH-dependent binding in the analysis of binding to soluble IL-6 receptor, showed the lowest

25  pH-dependent binding in the analysis of binding to the membrane [L-6 receptor. In general, it
is known that while IgG molecules monovalently bind to a soluble antigen (affinity), they
divalently bind to membrane antigens (avidity). It is suggested that this difference in the
binding mode between soluble antigens and membrane antigens influenced the pH-dependent
binding of H170/L.82.

30
[Example 7} Confirmation of Multiple Binding to Antigen by pH-Dependent Binding Antibody



Evaluation by Phage ELISA The resulting phages were evaluated by phage ELISA. Clones that
were found to have strong pH dependency were subjected to sequence analysis using specific
primers. As a result, 10 several clones showing str%ag pH-dependent binding as compared to WT
were obtained. As shown in Fig. 6, clone CL5 (H chain: CLH5, L chain: CLL5) (CLH5: amino acid
sequence of SEQ ID NO: 5, CLL5: amino acid sequence of SEQ ID NO: 8) was found to exhibit
particularly strong pH-dependent binding as compared to WT. It was thus confirmed that antibodies
exhibiting strong pH-dependent binding, while being unable to be obtained by typical panning 15using

the antigen imméBifgeaibridmiagrutle badddcasndsatShdinemioedisiRGLEMRPl calbinthio
immobilizegheitninRisrtigess. Theseftie paanifgdspngian ahitien snmmaliliredhesbwandvas:found to
be a highly.effective method far ohtainin -depende bindi ipodies fr li The amino
acid seq%%ﬁcﬁélsf Sq??ﬁ'és%%lnécsa %%g%fﬁguggﬂ%;%negr? ent g%éfn&%%vﬁg%%§§%e ,easng1 Pﬁ%%@%%ns where
histidinetwdes fre seirandasegn! sebissmyliionie coheantihesy bivde sodfelpasnahmshymapieutqTable
4] PositignspisHistidpiaRubstituiivafandhy-Bnagel kéararyidcelnnd? doniigbHad dSDisHBE, H62,
H63, H65, H100b, H102 L24 127, L28,L32 L53, 156,190, L92 194 25 [Example 4] Expression and
Purificat%r? %’fg) |S%3f%ﬁé%ﬁ§§@ﬂm8[arﬁ Fzreec? E%Efgﬁﬁggtehﬁfc}?f%ﬁ%oeaéés qc%?n?@i%r%%%&lﬁ and
Purificatbaitibfdisgpiebiidrioatiermsrikidmiés diffdavieupnales deC pnBhrdcs kst AnaBoRYe30In order
to convegtlppesRReBiNgHGHPRsepentrprey icnhagretSivta BGnYiboand Widwere

respectively amplified by, PCR, digested wjth XhoUNhel and EcoRlI, and inserted ta a mammalian cell
et G T s R St el T S S
kndWn tospEesorrswiittebbimthie anti enHBA TRréfontrennot bisdiasemeatisenhe HensiaugndyL 73

obtained,in,Exampie< wWas ksetfabiheil shait; wamsxRLasseikand dppurled R IgGnExpression
and purification were, carried out he method described in Example 1. 79 Antibody having
& Ay B

even higtieFi5H43e 0 duced by combining mutation sites. Based on the locations where
His was concentfhateefinetHevywitegyelibtedywhsthes| Hesthives iflictependafolnhatidmaaatibedike, 1432, H58,
H6§ 3ggtﬂqblﬁd ZIHJWB t@eh\y%m?@,w&@é@b?@m%g)%mr @aqi%m%e@@m AdMEFR SUS &i&@tﬁgﬂv{mislti%ne,
an an were further substituted with valine and isoleycine, respectjvely, to produce

(S0 IR T CAAR  RR G RESEhCEF JUTHG W Bt Gt o Sebimple 1. 1
addition, L82 (SBRdDeNOE Haskis-produzedsky substitatinththe2atihistidinersing @, sihith swds

pfoduce@kﬁé&&ih% iyin EXAMNIS210¥RAPALiC A6, TR aiaRkerodyrlion;was eatied out using
the method described in Example I. H170/L82, in.which H170 W%E used for tt()tﬁ H,chain and L82

10was UREHRTTEE RAHIR NALEBRERE R A BT LGRS LAY B P SSE ABKRFin
coupling method, and a mobile phase of pH 7.4 was allowed to flow (step 1). SR344 solution

20 adjusted to pH 7.4 was then allowed to flow as an analyte to bind SR344 to the antibody at pH
7.4 (step 2). This binding at pH 7.4 mimics the antigen binding in plasma. Subsequently,
buffer adjusted to pH 5.8 alone (not containing SR344) was added as an analyte to expose the
antigen bound to the antibody to acidic conditions (step 3). This dissociation at pH 5.8 mimics
the binding state of antigen-antibody complexes in endosomes. Subsequently, step 2 was

25  repeated. This mimics the rebinding of antibody that has been returned to plasma by FcRnto a
new antigen. Subsequently, step 2 was repeated to expose the antibody-antigen complex to
acidic conditions. Repeating “step 2 to step 3” multiple times at 37°C as described above can
mimic the in vivo state in which antibodies are repeatedly taken up from the plasma into
endosomes by pinocytosis and returned to the plasma by FcRn (Nat. Rev. Immunoi. 2007 Sep;

30 7(9): 715-25).

The produced pH-dependent binding clones described above were analyzed using
Biacore T100 (GE Healthcare) for their ability to bind to the antigen SR344 multipe times at pH
5.8 and pH 7.4. More specifically, the analysis was carried out as follows.  All the
measurements were carried out at 37°C.  First, the sample antibodies described above were

35  bound onto a recomb-protein A/G (Pierce)-immobilized sensor chip by amine-coupling, where

the mobile phase buffer was 10 mM MES (pH 5.8), 150 mM NaCl, and 0.05% Tween 20 (step 1).



Example 1. [Example 5] Evaluation of IL-6R-Neutralizing Activity of pH-Dependent Binding Antibody
Evaluation of Human IL-6 Receptor-Neutralizing Activity of Clones Converted to Igo 15The IL-6
receptor-neutralizing activity was evaluated for four g}:tibodies: humanized PM1 antibody (WT) and
H3pl/L73, CLH5/L73 and H170/L82 produced in Examples 2 and 4. More specifically, the I1L-6
receptor-neutralizing activity was evaluated using BaF3/gp130 exhibiting IL-6/IL-6 receptor-dependent
growth. BaF3/gp130 was washed three times with RPMI11640 medium containing 10% FBS, then
suspended at 5 x 104 cells/mL in 20 RPMI1640 medium containing 60 ng/mL of human interleukin-6
(bray), 66Refhedissiestiomisierasngelislefamani( dtewsine¢sR 38 40 and Moo FBBIBLep At Plthe

SUfEegsrm mﬂtﬁp@@ﬁ?&ﬂaﬁ | ]l%ﬁﬁ‘fféfrtfﬂ)@i D@%Sg%&kglg%m%m HN%)ttb d the ﬁ@tﬁ'ﬁﬁélatl t
antibo Wi ainin 0 an e antibo ed into
e ey e S 2 R A e B e
25DojindodtalsarsasyieS pHitufedandforddiit PR Sowalsoatide desv2ds po avehisati tribodffdtidtely
mea§ur%fﬁﬁl@?%ﬁ&\%%%‘é&ﬂ%@%ﬁ@jCe vavelengthnie 2ehamy &Ei&ggz theeHpugs slassic

(Tecart). After. culturlnglﬁ r 2 hours, a ance at 450 nm yas measure (referen

€
wavelen§H§PeD RS STHE 18 HIUBR IFBEH S 29181’&8?(& RN E R T é‘H‘Sn“EHE Hange in
absorbanigevafter Bhdurs. R ahesell, les dhonridtidrigf BRA3H HLABg CleHbIdif3aneb @0 LN FOPLB2 were

shown t%x*ﬂflk{@n@&m!éﬁ!ﬁﬁ&l@'%}@g&ﬁbﬂ%@%iﬁéﬁ RLAGIYAY I ERIPRSISeR Wilk.ihe humanized PM1
antibody (WT) [Example iacore Analysis of pH-Dependently |nd|r§%Antl ody Analysis of Binding

of pH-DEP ﬁ%ﬁﬂ&%ﬂ&ﬂ&%ﬂéﬁ%@?@é‘b‘fﬁbléﬂlE%”ﬁé‘&é{afﬁ?%@#&ﬂﬁ‘éﬁ?& aRdedeBradsi Sindintbody
reaidtionslatphiBBianar T A l8Peacd @BH Dt 7ds iyrBiatore d 40O (G E ditsalthdaredomthéddour

antibodigg; HUMARNERM 5'&‘{2—6@%%%&\’\6&?&90&% 'éﬁ@l:{%?’as%'rd's@}a&?ﬁ and M%%@é&@%a&f%?ed in

Examples 2 and 4 (buffer; 10 inM MES (pH 7.4 or pH 5.8), 150 mM NaC1, and 0.05% Tweén 20).
Various SHBSfs R 8o thbierhie Beseiiisccnipith %@%ﬁﬁ?&on%tb?o]tglﬁewfﬁﬂ@%e) by
amine cotiphingir8R344taqop) stedl dc Gorepnirati¢siss D A o400 M WASShjpd € 165 Thip as an

analyte. ﬁ%%%@g%@%gde&%%&qﬂ%&fﬂ%gﬂ flependent binding clones to SR344 was observed in

real tlme (Figs. 8
The obtamed sensorgrams were used to calculate the binding amount of SR344 in each

~ set for each sample using Biacore T100 Evaluation Software (GE Healthcare). The integrated
values in the time course of the 10 sets are shown in Fig. 12. The integrated RU values
obtained at the 10th set are equivalent to the total amount of antigens bound during the ten cycles.
The pH-dependent binding clones, particuiarly H170/L82 and CLH5/L73, showed the largest
20 total amounts of bound antigens in comparison with WT, and were demonstrated to be able to
repeatedly bind to roughly four times the amount of antigens bound by WT. Accordingly, it
was revealed that by conferring pH-dependent binding ability to WT, such antibodies can

repeatedly bind to antigens and thereby neutralize multiple antigens.

25  [Example 8] PK/PD Test of pH-Dependentiy-Binding Antibody Using Human IL-6 Receptor

Transgenic Mice
IL-6 receptors are present in the body in both soluble I1.-6 receptor form and

membrane-type IL-6 receptor form (Nat. Clin. Pract. Rheumatol. 2006 Nov; 2(11): 619-26).
Anti-IL-6 receptor antibodies bind to soluble IL-6 receptors and membrane-type 11L-6 receptors

30  and neutralize their biological action. It is believed that an anti-IL-6 receptor antibody binds to
a membrane-type IL-6 receptor, is subsequently taken up into an endosome within a cell by
internalization while the antibody is kept bound to the membrane-type 11.-6 receptor, and then
moves to a lysosome while still kept bound to the membrane-type IL-6 receptor where it is
degraded by lysosome together with the membrane-type IL-6 receptor.  If H3pl/L73,

35 CLHS5/L73, and H170/L82, which are the pH-dependent-binding IL-6 receptor antibodies

evaluated in Example 6, are able to return to plasma via FeRn as a result of dissociation under



9). All the measurements were carried out at 37C. Association rate constants ka (1/Ms) and
dissociation rate constants kd (1/s) were calculated using Biacore 1100 Evaluation Software (GE
Healthcare), and dissociation constants KD (M) Welge calculated on the basis of those values (Table 5).
Moreover, the ratio of the affinities at pH 5.8 and p 47.4 were calculated for each 10clone to evaluate
pH-dependent binding. All the measurements were carried out at 37C. As a result of calculating the
affinity ratio between pH 5.8 and pH 7.4 for each clone, the pH-dependent binding (affinity) of
H3pl/L73, H170/L82 and CLH5/L73 to SR344 was 41-fold, 394-fold and 66-fold, respectively, each
showing abidiplacadisiendaritbinenidgsaioes thaantdeadrsthigheysheinet. @ SKrplase rasdpisrio
antibodieg#ehstaraly hind tadbeAntiganatihe AlasmarHrbAkutyweakly hipehiatheianiigen at
the mtraer}%?som% H of I5'5 to 6.%55%? not been reForted eéet. n this st C%Qnantigoediuel% v¥ere obtained
that retaifithé B %agé'flﬂé’ﬁwgliza %Iii‘\)/ft?o TVSIERE {8 the au‘fﬁaa ize4i 26" rseceB or antibody
and the adiffisttyagiop Mider, dsidiexhitditinasaffithity endesossstisatchisy beentkfecifivaliidwlered more than
é% gﬁ;j?%%@:%%?ﬁl&%ﬂ%ﬂ fﬁpi’{%HﬁéEgﬂﬂﬂHé}ét%@&%k X BM%M%%@%&Q@%&&Q&”“
0, Soluble IL- cepto . . .
the p armacolgne’gcs 8% tﬁese gnti%odiers) are ?mprg\gec{ assgompared with that of WT.
Thus, the pharmacokinetics in human-IL-6-receptor transgenic mice (hIL-6R tg mice,
Proc. Natl. Acad. Sci. USA 1995 May 23; 92(11): 4862-6) was evaluated for the four types of
antibodies, that is, humanized PM1 antibody (wild type: WT) and H3pl/L.73, CLH5/L73, and
10 H170/1.82 constructed in Examples 2 and 4. 'WT, H3pI/L73, CLH5/L73, or H170/L.82 was
administered by single-dose intravenous administration to hIL-6R tg mice at 25 mg/kg, and
blood samples were collected, before administration and over time.  Collected blood was
immediately centrifuged for 15 minutes at 15,000 rpm and 4°C to obtain plasma. Separated
plasma was stored in a freezer set to -20°C or lower until measurements were carried out.
15 The measurement of concentration in mouse plasma was carried out by ELISA.
Samples for calibration curve were prepared at plasma concentrations of 6.4, 3.2, 1.6, 0.8, 0.4,
0.2 and 0.1 pg/mL. The calibration curve samples and mouse plasma measurement samples
were dispensed into an immunoplate (Nunc-Immuno Plate, MaxiSorp (Nalge Nunc
International)) immobilized with anti-human IgG (y-chain specific) F(ab")2 (Sigma), and allowed
20 to stand undisturbed for one hour at room temperature. Goat anti-human IgG-BIOT (Southern
Biotechnology Associates) and streptavidin-alkaline phosphatase conjugate {(Roche Diagnostics)
were sequentially allowed to react, and a chromogenic reaction was carried out by using
BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry Laboratories) as
substrate. Absorbance at 650 nm was measured with a microplate reader. The concentrations
25  in mouse plasma were calculated from the absorbance of the calibration curve using the
analytical software SOFTmax PRO (Molecular Devices). Time courses of plasma
concentrations of WT as well as H3pl/L73, CLH5/L73, and H170/L82 are shown in FIG. 13.
The pharmacokinetics was improved for all of H3pl/L73, CLHS/L73, and H170/L82 as
compared with WT. In particular, the pharmacokinetics of H3pl/L73 and CLHS5/L73 were
30 improved considerably. A wild type anti-IL-6 receptor antibody (WT) bound to
membrane-type IL-6 receptor is taken up into an endosome within a cell by internalization,
moves to a lysosome while the antibody is kept bound to the antigen, and then degraded;
therefore, it has a short residence time in the plasma. In contrast, since the pharmacokinetics of
the pH-dependent-binding anti-IL-6 receptor antibodies were improved considerably, the
35  pH-dependent-binding anti-IL-6 receptor antibodies were thought to return to the plasma again



kd(1/s) KD(M) ka(1 /Ms) kd (1 /s) KD(M) KD(pH5.8)/KD(pH7.4) WT 5.1 E+05 1.0E-03 2.1 E-09
7.6E+05 3.8E-03 5.0E09 2.4 H3p1/L73 5.4E-05 7.4E-04 1 .4E-09 1.7E+05 9.7E03 5.7E08 41.3
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via FcRn as a result of dissociation from the antigen, membrane-type IL-6 receptor, under acidic
conditions within endosomes.

Although the pharmacckinetics was improved for all of H3pI/L73, CLHS5/L73, and
H170/L82 as compared with WT, the effect of prolonging plasma persistence time of H170/L82
was weaker than that of H3pI/L73 and CLHS5/1.73.  Since IgG molecules are thought to
normally bind divalently to membrane-bound antigen, it is thought that anti-1L-6 receptor
antibodies also bind divalently (avidity) to membrane-type 1L.-6 receptors and then are
internalized. As indicated in Example 6, the analysis using Biacore revealed that H170/L82
rapidly dissociated from the IL-6 receptor at pH 5.8 when binding to soluble I1.-6 receptor (FIG.
9), but the dissociation rate thereof from the IL-6 receptor at pH 5.8 when binding to
membrane-type IL-6 receptor was extremely slow (FIG. 10). From this result, the reason for
the weak effect of prolonging residence time in plasma of H170/L82 is thought to be that the
antibody was unable t'o‘adequately dissociate within endosomes after having been internalized
due to its slow dissociation at pH 5.8 when binding to membrane-type IL-6 receptor. Namely,
as for the case relating to membrane antigens, it was determined that in order for a single IgG
molecule to neutralize multiple membrane antigens, the pH dependency of dissociation from
divalent binding (avidity) is more important than the pH dependency of monovalent binding

{(affinity).

[Example 9] PK/PD Test of pH-Dependently-Binding Antibody Using Cynomolgus Monkeys

Since the pharmacokinetics of the pH-dependently-binding anti-1L-6 receptor antibodies
were improved considerably in Example 8, the pH-dependently-binding anti-IL-6 receptor
antibodies were thought to return to plasma via FcRn as a result of dissociation from the antigen,
membrane-type IL-6 receptor, under acidic conditions within endosomes. If antibodies that
have returned to the plasma can bind to membrane-type IL-6 receptors again, neutralization of an
antigen, the membrane-type IL-6 receptor, by pH-dependently-binding anti-IL-6 receptor
antibodies is thought to persist longer than that by the wild-type anti-IL-6 receptor antibody, at
the same dosage. In addition, since the soluble IL-6 receptor is also present among I1.-6
receptors, the duration of neutralization is thought to be longer for the same dosage with respect
to the soluble [L-6 receptor as well.

The pharmacokinetics in cynomolgus monkeys was evaluated for WT and H3pU/L73.
WT or H3pl/L73 was administered to cynomolgus monkeys by single-dose intravenous
administration at 1 mg/kg, and blood samples were collected, before administration and over
time. Collected blood was immediately centrifuged for 15 minutes at 15,000 rpm and 4°C to
obtain plasma. The separated plasma was stored in a freezer set to -20°C or lower until

measurements were carried out.



H170/L82 6.8E+05 1.1 E-03 1 .6E-09 2.6E+04 1 .7E-02 6.4E07 993.5 CLH5/L73 7.1 EH:6 7.9E-04 1.1
E-09 3.8E+05 2.8E02 7.4 frOB 661 25Analysis of Binding of pH-Dependently Binding Clones to
Membrane IL-6 Receptor Antigen-antibody reagcrtéions to membrane IL-6 receptor at pH 5.8 and pH
7.4 were observed for the above produced pH-dependent binding clones, using Biacore 1100 (GE
Healthcare). The binding to membrane IL-6 receptor was evaluated by evaluating the binding to the
IL-6 receptor immobilized onto a sensor chip. SR344 was biotinylated according to a 30method known
to persons skilled in the art, and the biotinylated SR344 was immobilized on the sensor chip via
streptavidin by ufikgifrgaper aftmity bamreahaipapmeldiprarigdsiowmmbal Hesmessd emtassware carried

out at 371, @nd theymohile Rhase buffer aentalped il MM MERLRIENt of antibody (Sigma) was
dispensed into a Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and allowed to stand
undisturbed overnight at 4°C to prepare plates immobilized with anti-human IgG. Calibration
5  curve samples having plasma concentrations of 3.2, 1.6, 0.8, 0.4, 0.2, 0.1 and 0.05 pug/mL and

cynomolgus monkey plasma measurement samples diluted 100-fold or more were prepared; 200
pL of 20 ng/mL cynomolgus monkey IL-6R was added to 100 pL of the calibration curve
samples and plasma measurement samples; and then, they were allowed to stand undisturbed for
one hour at room temperature. Subsequently, the samples were dispensed into the anti-human

10 TgG-immobilized plate and allowed to stand undisturbed for another one hour at room
temperature.  Biotinylated Anti-Human H.-6R Antibody (R&D) was allowed to react for one
hour at room temperature, and then Streptavidin-PolyHRP80 (Stereospecific Detection
Technologies) was allowed to react for one hour. A chromogenic reaction was carried out by
using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as substrate, then,

15  the reaction was stopped with IN sulfuric acid (Showa Chemical) and the absorbance at 450 nm
was measured with a microplate reader. The concentrations in cynomolgus monkey plasma
were calculated from the absorbance of the calibration curve using the analytical software
SOFTmax PRO (Molecular Devices). The time courses of plasma concentrations of WT and
H3pl/L73 after the intravenous administration are shown in FIG. 14,  As a result, the

20 pharmacokinetics of H3pl/L.73 was improved considerably in comparison with WT m
cynomolgus monkeys in the same manner as in human IL-6 receptor transgenic mice.  Since the
pharmacokinetics of a pH-dependent-binding anti-IL-6 receptor antibody, H3pl/L73, was
improved considerably, H3pl/L.73 was thought to return to the plasma via FcRn as a result of
dissociation from the antigen, membrane-type IL-6 receptor, under acidic conditions within

25  endosomes.

In order to evaluate the degree to which cynomolgus monkey membrane-type [L-6
receptor 1s neutralized by the intravenous administration of WT and H3pl/L73, the effects of
sample antibodies on plasma C-reactive protein (CRP) induced by cynomolgus monkey 1L-6
were studied. Since CRP is secreted when IL-6 binds to membrane-type IL-6 receptors, CRP

30  serves as an indicator of neutralization of membrane-type IL-6 receptors. Cynomolgus monkey
| TL-6 (cyno.IL-6 ﬁrepared in Example 1) containing 1% mactivated cynomolgus monkey plasma
was administered subcutaneously into lower backs of the animals daily at 5 pg/kg from day 3 to
day 10 after the administration of WT or H3pl/L.73. Blood samples were collected from the
saphenous vein immediately before the start of cynomolgus monkey IL-6 administration (day 3)
35  and after the administration at 24-hour intervals (day 4 o day 11), then were separated into

plasma. The CRP concentrations of individual animals were measured with Cias R CRP



81 5.8), 150 mM NaC1 and 0.05% Tween 20. The pH-dependent binding clones were injected therein
under the condition of pH 7.4 and allowed to bind to SR344 (injection sample buffer: 10 mM MES (pH
7.4), 150 mM NacCl, 0.05% Tween 20), and the pH-gependent dissociation of each clone at the mobile
phase pH of 5.8 was observed (Fig. 10). 5The dissociation rate (kd(1 /s)) at pH 5.8 was calculated
using Biacore T100 Evaluation Software (GE Healthcare) by fitting only the dissociation phase at pH
5.8, where 0.5 ug/mL of the sample was bound in 10 mM MES (pH 7.4), 150 mM NacCl, and 0.05%
Tween 20, and dissociated in 10 mM MES (pH 5.8), 150 mM NaC1, and 0.05% Tween 20. Similarly,
the diss&aBSHGRBICE @RS 8 pHoTSwhaehieaT AR Biatere e M Eval SassmSoftibee (GE

10HealthaaseydaysHstr oM. dhe-dissasiatiomn phaseiah Rt Adobigie (l564@1f1‘i kcghébersample was

bound in_1 and 0.05%.Twee d dissociated |n 10 mM MES
(pH 7. 4)%@%}4\1%3&{§ 3’%183& ween%) Jﬁ%t : %gu}éafgen%%: ssoliaton rate Constant of each
clone is BFOAREAY ﬂf@lkﬂ@@al:ﬂﬁ[bﬁﬁéﬁéﬁdémp@@@éﬁfﬁﬁRMﬁsta@cmDmmﬂbﬁ dpgingdependent
Binging Glpaescaieciashagai aﬁiﬁll%éc&ﬁm Mﬁ%@a@%%{ﬁﬂemtﬂfo&g@{&&%@i&mw 4 pH5.8

PHS. 8/pHi7as4m\év\T1a4 PBf{IJE] gs4aZe%§ (%4 ﬂ%s%gg on Ifrom its antigen, membrane-type [1.-6 receptor, under

acidic conditions within endosomes; and neutralize the membrane-type IL-6 receptor by
re-binding thereto; and thereby suppress production of CRP for a longer period of time than WT.
In other words, H3pl/L.73 was shown to be able to bind to and neutralize the membrane-type

10 IL-6 receptor more than once, as a single antibody molecule. Since the duration of suppression
of CRP production by H3pl/L73 is prolonged in comparison to that by WT, the duration of time
where an antigen, the membrane-type IL-6 receptor, is bound by antibodies was indicated to be
prolonged for H3pl/L73 than WT. ' '

In order to evaluate the degree to which cynomolgus monkey soluble IL-6 receptor is

15 neutralized by the intravenous administration of WT and H3pl/L 73, the concentration of
unbound cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was
measured. All IgG-type antibodies (cynomolgus monkey IgG, anti-human IL.-6 receptor
antibody, and a complex of anti-human-I1.-6 receptor antibody and cynomolgus monkey soluble
1L-6 receptor) present in the plasma were adsorbed to Protein A by adding 30 puL of cynomolgus

20 monkey plasma to an appropriate amount of rProtein A Sepharose Fast Flow (GE Healthcare)
resin dried in a 0.22 pm filter cup (Millipore).  After spinning down with a high-speed
centrifuge, the solution that passed through (hereinafter referred to as “pass solution™) was
recovered. Since the pass solution does not contain the complex of anti-human IL-6 receptor
antibody and cynomolgus monkey soluble IL-6 receptor which is bound to protein A, the

25  concentration of unbound soluble IL-6 receptor can be measured by measuring the concentration
of cynomolgus monkey soluble IL-6 receptor in the pass solution. Monoclonal Anti-human
IL-6R Antibody (R&D) that was ruthenium-labeted with Sulfo-Tag NHS Ester (Meso Scale
Discovery) and Biotinylated Anti-human IL-6R Antibody (R&D) were mixed with cynomolgus
monkey IL-6 receptor calibration curve samples adjusted to concentrations of 4000, 2000, 1000,

30 500, 250, 125, and 62.5 pg/mL and the plasma samples treated with Protein A as described
above. The mixtures were allowed to react for one hour at room temperature.  Subsequently,
the mixtures were dispensed into an SA-Coated Standard MA2400 96-well plate (Meso Scale
Discovery). After allowing to react for another one hour and washing, Read Buffer T (x4)
(Meso Scale Discovery) was dispensed. Immediately thereafter, the measurement with Sector

35  Imager 2400 (Meso Scale Discovery) was conducted. The concentrations of cynomolgus

monkey IL-6 receptor were calculated from the response of the calibration curve by using the



3.44E-04 3.78E-03 11.0 H170/L82 7.70E-04 1.44E-03 1.9 CLH51L73 1.04E-03 5.67E-03 5.5 The
highest pH dependency of the dissociation ratio was observed in H3p1/L73 20followed by CLH5/L73
and HI 701L82 in descending order, and each cloneggemonstrated higher pH-dependent dissociation
from the membrane IL-6 receptor than WT. However, the rank of pH-dependent
association/dissociation was different between the soluble IL-6 receptor and membrane IL-6 receptor.
It was revealed that HI 70!L82, which exhibited the highest pH-dependent binding in the analysis of
binding to soluble IL-6 receptor, showed the lowest 25pH-dependent binding in the analysis of binding

to the méAMYELE RO regeplor  myehRAMNMckerrgh RIS RNild T & miotestiesvhemswalEnibind to a
soluble asttigei (atfioiynifigudivetesilydinddol nerahane fonigEnsdavigity) 7 i Assiggestedithat this

dterenceds U A0 ORGSR OIS AR 0TS UMSTATS SRR RkeTRe e
antibodid3 el Bevasieorsriably artlgesedrvrgmpashts Hpeeifivally, Ppithabpinaétiibimiling.
antisodyithasakRodes babaigenissnes-preciicalyiaka/ upiniaendospmegikutdissreiated
from the polIg: A lIa e A8 e Y AR oM Al S URA5sohh S AR D R By 2N
Y via FcRn; and bind to and neutralize the soluble IL-6 receptor again.  Since the duration of
suppression of unbound cynomolgus monkey soluble IL-6 receptor by H3pl/L73 is prolonged in
comparison to that by WT, the duration of time where an antigen, the soluble IL-6 receptor, is
10 bound by antibodies was mdicated to be prolonged for H3pl/L73 than WT.
From these findings, the time until the antibody disappears from the plasma as well as
the time where soluble and membrane-type IL-6 receptors are bound by the antibody in the body
were found to be considerably 'eiongated for the pH-dependent-binding anti-IL.-6 receptor
antibodies that were made to bind strongly to the antigen at pH 7.4, which is the pH in the
15 plasma, but bind weakly to the antigen at pH 5.8, which is the pH within endosomes, as
compared to the wild-type anti-IL-6 receptor antibody. This makes it possible to reduce the
dosage and frequency of administration to patients, and in consequence, the total administration
dosage. Therefore, the pH-dependent-binding anti-IL-6 receptor antibody is thought to be
particularly advantageous as a pharmaceutical for use as an IL-6 antagonist.
20
[Example 10] Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by
Optimization of Variable Region
Optimization of Variable Regions H3pl/1.73 and CLH5/L.82

Antibodies having pH-dependent binding abilities were shown to demonstrate superior

25  effects in Example 9. Therefore, to further improve the pH-dependent binding abilities,
mutations were introduced into the CDR sequence of CLHS obtained in Example 3 to construct
VH1-IgG1 (SEQ ID NO: 21) and VH2-IgG1 (SEQ ID NO: 22).  In addition, mutations were
introduced into the framework sequence and CDR sequence of H3pl to construct the modified I
chains VH3-IgG1 (SEQ ID NO: 23) and VH4-1gG1 (SEQ ID NO: 24). Mutations were

30 introduced into the CDR sequences of .73 and L82 to construct the modified L chains VL.1-CK
(SEQ ID NO: 25), VL2-CK (SEQ 1D NO: 26}, and VL3-CK (SEQ ID NO: 27). More
specifically, the mutants were constructed using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene) according to the method described in the appended instructions, and the resulting
plasmid fragments were inserted into an mammalian cell expression vector to construct the

35  desired H chain expression vectors and L chain expression vectors. The nucleotide sequences



5the plasma. Since the antibody that has returned to the plasma is not bound to antigen, it is able to
bind to a new antigen again. The repetition of this process enables pH-dependent binding antibodies
to bind to antigens multiple times. However, for IgG antibodies that do not have pH-dependent binding
ability, not all antigens are dissociated from the antibodies under the intraendosomal acidic conditions.
Thus, such antibodies that have been returned to the plasma 10by FeRn remain bound to antigen, and
therefore cannot bind to new antigens. Consequently, in nearly all cases, each single molecule of IgG
antibodies is able to neutralize only two antigens (in the case of divalent binding). Therefore, it was
evaluateBWHPRRYERE SHRSBSHIDAESEH SISy dsiivamigashbb sento s BRATE, REEIIBALTEh arEIA7 0/ 82)
constructgdllitnEXamples 2 and 4 were able to bind to the 15antigen SR344 multiple times as
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neWantifien. Subsequently, step 2 was repeated to expose the antibody-antigen complex to acidic
condltlons Repeatlng step 2 to step 3" multiple times at 37C as descrlbed above can m|m|c the in
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ific al carried out as follows. All the measurements were carrled out
enls %%j o A S P TR SBRGTA Gry Ry8edHsroteiHOAfeE
(Pierce)direattbtilizietheios orichil DyESrisié-taupl igmvhieCth 6. 636bilapbagé buffervastitddnM MES

(OH SBlodioBati DiatederRBA BBt itaelh(otep ity SREHHE aelupiofingconcentration of

about 40 nM was injected as an analyte for 3 min es atpH 7.4 and alloWwed to nd the buffer for
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Subsequentiyjdtiednjectionohs R3dvavad biseontiated anthd diabilephasenf Itk H8xwas allowed to

floygfor 39%&?(90??&%Hﬁi}ﬁe%?ssﬁamﬁe%—%g%ﬁg%l?(—[%)/{’nding clones. All the measurements were
carried out at 37°C.  Association rate constants k, (1/Ms) and dissociation rate constants kg (1/s)
were calculated using Biacore T100 Evaluation Software (GE Healthcare), and dissociation
constants KD (M) were calculated on the basis of those values (Table 7).

25 [Table 7] Comparison of Dissociation Rate Constants of pH-Dependent-Binding Clones from
Soluble IL-6 Receptor, SR344

Sample ke (1/Ms) kg (1/3) KD W)

WT 4. 0E+05 1. 1E-03 2. TE-09
H3pl/L73 4. 1E+05 5. 9e~04 1. 4E-09
Fv2~-1gGi 3. 9E+05 7. 7TE-04 2. 0OE-09
Fvd-1gG1 1. 2E+05 1. OE-03 1. 4E-09

As a result of calculating the affinity at pH 7.4 for each clone, the dissociation constants
30 (affinity, KD value) of WT, H3pl/L73-1gG1, Fv2-IgG1, and Fv4-IgG1 to SR344 were,
respectively, 2.7 nM, 1.4 nM, 2.0 nM, and 1.4 nM, and they are nearly equivalent. Fv2-IgG1



5complex under acidic conditions (step 3). Ten sets of this binding (step 2)/acidity exposure (step 3)
process were continuously repeated to observe the sensorgram in real-time, which is shown in Fig. 11.
WT showed less dissociation of SR344 during the a § ic exposure in step 3, and consequently the
proportion of antibody capable of binding to new anti éens in the subsequent step 2 was extremely low.
In contrast, it was found that the pH-dependent binding 10clones, particularly HI 70/L82 and
CLI-I5/L73, demonstrated so strong dissociation during the acidic exposure in step 3 that most of the
bound SR344 was dissociated, and therefore nearly all antibodies were able to bind to new antigens in
the subsetdi&ntt el lovmademonsestedietven bindiabibdiy (Gsthp o) diel lcliiewsrpudhies istep 3),
almost allddai"ky L8 28nedGhdiaHaf 3raptibodies were able to bind to new antigens in each set. 15The
obtained sensorgrams were used to calculate the binding amount of SR344 in each set for each
sample usmg Blacore 1100 Evaluatlon Software (GE Healthcare) The mtegrated values in the time
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150 mM NaCl, and 0.05% Tween 20, dissociation was carried out in 10 mM MES (pH 7.4), 150
mM NaCl, and 0.05% Tween 20, and the dissociation rate constants (kg(1/s)) at pH 7.4 were

25 calculated by fitting only the dissociation phase at pH 7.4 using Biacore T100 Evaluation
Software (GE Healthcare). The pH-dependent dissociation rate constants of each clone are

shown in Table 8.

[Table 8] Comparison of Dissociation Rate Constants of pH-Dependent-Binding Clones from
30 Membrane-Type IL-6 Receptor, SR344

pH7.4 pH5.8 pH Dependency
Sample kd (1/s) kd (1/s)  kd(pH5.8)/kd(pH7.4)
WT 2 5E~04 2 5E-04 1.00
H3pl/L.73 2 .6E-04 6.7E-04 259
Fv2-igG1 3.4E-04 2.4E-03 7.18

Fvd-1gG1 4.7E-04 2.6E-03 5.56




10H170/82 constructed in Examples 2 and 4. WT,1-13pUL73, CLH5/L73, or H170/82 was
administered by single-dose intravenous administration to hIL-6R tg mice at 25 mg/kg, and blood
samples were collected, before administration and % er time. Collected blood was immediately
centrifuged for 15 minutes at 15,000 rpm and 4C toobtain plasma. Separated plasma was stored in a
freezer set to -20C or lower until measurements were carried out. 15The measurement of
concentration in mouse plasma was carried out by EL1SA. Samples for calibration curve were
prepared at plasma concentrations of 6.4, 3.2, 1.6, 0.8, 0.4, 0.2 and 0.1 ug/mL The calibration curve
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improved for all of H3p1/L73; CLH5/L73, and H170/L82 as compared with WT. In particular, the
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degraded; therefare, it has a short residence time in the plasma. In contrast, since the

pharmacoki netlcglﬁfﬁhma@ﬁéﬁ%?ﬁ Joiddeglamdifvg J@gé]pl%ﬁ‘ﬁﬂﬂlﬁéafég %ér’éﬁﬁ%ﬁf&é&m
considerpielysrthieads phk:iependditsnipting antiel kvl recepteinartibbdiesers thoyghi temetamicto the

plasma ggain, 83 YiRERMAg a Kaulka éﬂ/ﬁ??ﬁ%&?“ﬁ@”ﬁ‘ﬁ@? PRI AeNRLANG YRR | Eg%eceptor

under acidic conditions within endosomes. Although the pharmacokinetics was improved for-all of

H3]iﬁ/ L7§1%L6Fme7@tréﬁﬁnﬁli?éﬁ@?%%twg%oéﬁlfﬁ Wee ﬂﬁ@%ﬁ%&f%%ﬁ@ﬁﬁ@%ﬁ%@ of
persisteraehtimgtoliy in 104 82-bwasmvweakarrtdan thakaht dpiihéSaama Kldnple 83. SiheeingG molecules

are thou%ﬁrts%s of the plasma concentrations of WT, H3pl/L73-1gG1, Fv2-IgG1, and Fv4-IgG1 are
shown in FIG. 18.
The pharmacokinetics of H3pl/L73-IgG1 improved in comparison with WT in the same

20  manner as in Example 8, while the pharmacokinetics of Fv2-IgG1 and Fv4-IgG1 was further
improved than H3pl/1.73-IgG1. Measurement as to the unbound 1L-6 receptor concentrations,
as measured in cynomolgus monkeys in Example 9, was carried out in the hIL-6R tg mice in this
test using the same method.  As a result, prolongation of the duration of neutralization of the
soluble IL-6 receptor was confirmed for Fv2-IgG1 and Fv4-IgGl in comparison to that for

25  H3pl/L73-1g(G1 (data not shown). As indicated in Example 10, the pH-dependent binding to
the membrane-type IL-6 receptor was improved for Fv2-IgG1 and Fv4-IgG1 as compared with
H3pi/L73—IgGI. Therefore, it was indicated that further improvement in the pharmacokinetics
and duration of neutralization of the soluble IL-6 receptor over those of H3pl/L73-1gG1 is
possible by improving the pH-dependent binding to the membrane-type IL-6 receptor.
[Example 12] Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by
Optimization of Constant Region
Optimization of Constant Region of Fv4-Ig(Gl

Generally, binding to membrane-bound antigens has been reported to vary depending on
35  the constant region of the antibody (J. Immunol. Methods 1997 Jun 23; 205(1). 67-72). The
constant regions of the pH-dependent-binding antibodies prepared above were of the IgG1



normally bind divalently to membrane-bound antigen, it is thought that anti-IL-6 receptor antibodies
also bind divalently (avidity) to membrane-type IL-6 receptors and then are internalized. As indicated in
Example 6, the analysis using Biacore revealed that HI 70/L82 rapidly dissociated from the IL-6
receptor at pH 5.8 when binding to soluble IL-6 recgator (FIG. 109), but the dissociation rate thereof
from the IL-6 receptor at pH 5.8 when binding to membrane-type IL-6 receptor was extremely slow
(FIG. 10). From this result, the reason for the weak effect of prolonging residence time in plasma of
H170/L82 is thought to be that the antibody was unable to adequately dissociate within endosomes
after haviswgyipeen Thteefimlizedtdde voritsistbiatisptividasivabpHib@whshrboling tadecimbrane-type

IL-6 recepipfoNany ;q‘dlc?ég.ﬁgg{ %@g@@%@m@%&m@m@gﬁ% it was determined that in
order for a smgle lg rane antlgens the pH dependency of

cule to neutralize multlple
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cynomolgus monkeys was eva r WT a WT or H pUL 73 was administered to

cynomolgRssosAREYs i pRpE R SeZinf AP 8T mg@féﬂbﬁwlﬁdwﬂéﬁabﬁtﬁa%awes were
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minutes & 15,0000 800 6,0 Apobian RlasIA L8 SRARIPHRISIANGS plolad nafeezer set
to -20C or tower unti measure ents were carried out. easurement of concentration in
cyﬁémol@@]%%ﬁﬁh@ﬁiﬁ@ﬁﬁéﬁﬂé‘tﬁl@@ﬂ out by ELISA. Flrst, anti-human IgG (7-chain specific) F(ab")2

fragment of antimgyggﬁig{w\yaﬁﬁ&ﬁﬁeﬂw&ﬁt@r&cﬁd@m@dmﬁwmﬂaiﬂgwla)dﬁg@(ﬁﬁﬁge Nunc
Internati ) tu oyernigh bilized with
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0.1 and @@@I@YﬁrMﬁﬁ@%ygdﬁ@dﬂ§%{§@@%ﬁ%hféé§@ﬁéh@ﬁﬁs%ﬁﬂé§tﬂl&téﬁﬁﬁ)m&@ or more
were preyaiediiZ00 ke @a@&mmmglmﬁamgy%@mgaﬂﬂﬁﬁhwﬂdmm@%he galibrgtign
Curve s etampe and then, the allowed to stand undisturbe
for5 \Qnem at r(?gjF ejtempera? %SIIJ s%c(]%en Eﬂ%{ rggsr%)p es V\Pe%?ev%tglc %[:1)%% dc |n?mt%3e antlsntﬁnan 10
lgG- mrﬁb%ﬂli}@é@@lé@écéh@ﬂamﬂltd@stand undlsturbed for another one hour at room temperature.

Biotinylated Anti-Human IL-6R Antibody (R&D) was allowed to react for one hour at room temperature,

and then Stietav_ in-PolyHRP&Q Steresemfc etectlo L Technolagies) was allowed to react for
one hour TR SULHRE R e S AL SRR AT sy R B E B orem S B Microwell

Substrate (BlOFYh@Gﬁbmamr(esWh subdisste]aiien fosHEREEcHorewhsestop pod with-ine bifsisic acid
(Showa Ghemicaland the,ahsarbanss atAsP AR -prepared Fva-IgG1, Fv4-IgG2, Fv4-M58, and

Fv4-M73 as well as WT. The association rate constants k, (1/Ms) and dissociation rate
constants kg (1/s) were calculated after analysis in the same manner, and then, dissociation

constants KD (M) were calculated on the basis of those values (Table 9).

30  [Table 9] Comparison of Dissociation Rate Constants of pH-Dependently-Binding Clones from
Soluble IL-6 Receptor, SR344

Sample ka (1/Ms) kd (1/s) KD (M)
Fvd—-1gG1 1.2E+05 1.0E-D3 14E-09
Fv4-1gG2 8.6E+05 1.2E-03 1.3E-08
Fv4d—-MBB 8.3E+(b 1.1E-03 1.4E-09

Fv4-M73 1.5E+05 1.0E~03 1.4E~09




was measured with a microplate reader. The concentrations in cynomolgus monkey plasma were
calculated from the absorbance of the calibration curve using the analytical software SOFTmax PRO
(Molecular Devices). The time courses of plasma cg;%centrations of WT and H3pl/L73 after the
intravenous administration are shown in FIG. 14. As a result, the 20 pharmacokinetics of H3p1/L73
was improved considerably in comparison with WT in cynomolgus monkeys in the same manner as in
human IL-6 receptor transgenic mice. Since the pharmacokinetics of a pH-dependent-binding anti-I1L-6
receptor antibody, H3p1/L73, was improved considerably, H3pUL73 was thought to return to the
plasma via FcRnAssaansuitichliskdiciationafioni thé piitigéfonseshiniane-thp diksosisscaponstanter

aCIdIlS coph ﬁtﬁg}s mﬁ{war %'P@Qﬁot'ét@? Fv4- té@f@r@eﬁimiga&a@m@mgrgsﬁ%?mf&qymcamoIgus
monkey mem - oris ne 1Z e Intravenous mi rall
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receplors, &3P HReYaS AR ﬁ@tqrngtaﬁﬁwgdrzaﬂ% hMBRIPRRSYRRi e, QH@Sﬁmgr
Cynomolg‘a monkey IL-6 ( (ﬁ(tno repared in Example 1) contai %‘V gﬁ{ﬁ: ted c olgus
ooy DG AV BT e - CHBE AR SBU RO TN BELRS Y e A 3415 BT gikg
from dayc3raaayebihaftersthienddriyimstdaiiah of WT or H3p1/L73. Blood samples were collected from
the saphenous vein immediately before the start of cynomolgus monkey IL-6 administration (day 3)
35and after the admrnrstratlon at 24- hour |ntervals day 4 to day 112 then were separated into plasma.
&3 8 i AENEEH SRy Zinm e smbrepm Typedlsy Chemical)
using anmmd analyzer (TBA 120FR, Toshrba Medrcal Systems) The time courses of CRP

concentation UpRpSLSHRBINEXNBRAIONS heiihacspest 18 MiTnRod Ry T aigchoun i

FIG. 15. As a result, the duration of CRP sﬁgﬁressron was prolonged considéerably by 3pI/L73 in
com parréﬁ‘ﬁ’%ﬁﬁ%‘?d@ﬁ thiestasreseihietigbihgl Weiskid ﬁén]d%%k-ﬁ‘i’ﬂd:ﬁ MR sy sl asptoh

antibody;iHBMAES nviasdhaLght tameturiitesthe Plassra Via (RN dsitress)t ofldissaciation from its
antigen, SEMBIERS DL SsaRiot. e aAde sandUsns D SRARSATES: end ellipize the

membrane thereto; and thereby suppress production of CRP for a
longér péwerg fﬁrﬁgiﬁéna%ﬁbﬂﬁ@?@tﬂ&é%@?fﬁéﬁtﬂ_“ﬂg%éégwlt&%@%%%Bih‘d“tdﬂétrﬁdg

neutralize:gbedpaarbraneshiRem kDHIGE Iecepiahmoleatias ance casdacsiigletantihadydnalecsien Since
the duration of re RP production.by H3pl/ 0 tg,that by WT,
the dura#%n ATOF fuﬁo %%Sr%eef)ﬁ{eféﬁ%e%{e qlécrsﬁg% %%‘%égty%%e erleé(?g%gt%?erghbounﬁ E?/Ba%ttrﬂt)mdres was
indicated to be prolonged for H3pl/L73 than WT. In order to evaluate the degree to which cynomolgus
monkey gpiuRie 8-6a8sRIR0E dEDRUtAlIZEH RMAEHINIEAIE BO WS A0EPINGHANOBIaHMAT(ABGeE3p1/L 73,
thezﬁonclerntr i n gf unk uned&ﬁyg r]?t A(Ley soluble IL-6 receptor in cynomolgus monkey
plasma was measured, Al ies (cynomolgus monkey IgG, anti-human IL-6 receptor
antibody, and a complex oder‘ftréhuman IiEﬁé feceptorRint %9 homolgus monkey soluble IL-6
receptor) présmpie the pladiie were akddigad to afrd AMEHAMAFS0 uL of cynomolgus 20monkey

plasma to afvdpieGpriate dribuft of rPdEENIR Sepharose Basét Flow (GE Healthcare)

Fv4—-1gG2 1.0E-03 1.86-02 16.99
Fvd—M58 5.4E-04 9.5E-03 17.64
Ev4d—M73 5.1E-04 5.1E-03 10.06

As aresult of calculating the pH dependency for each clone, the pH dependencies of

Fv4-IgGl, Fvd-1gG2, Fv4-M58, and Fv4-M73 to SR344 were 5.6-fold, 17.0-fold, 17.6-fold, and
25 10.1-fold, respectively; thus, Fv4-1gG2, Fv4-M358, and Fv4-M73 all demonstrated higher
pH-dependent dissociation from the membrane-type I1-6 receptor than Fv4-Ig(s].

Based on the results of analyzing binding to the soluble I1.-6 receptor and binding to the
membrane-type 1L-6 receptor using the variable region of Fv4, it was found that substitution of
the constant region from IgG1 to IgG2, M58, or M73 could improve the pH-dependent binding

30  tothe membrane-type IL-6 receptor, without causing a change in the affinity to the soluble IL-6

receptor.  This was considered to similarly hold for Fvi, Fv2, and Fv3.



resin dried in a 0.221.tm filter cup (Millipore). After spinning down with a high-speed centrifuge, the
solution that passed through (hereinafter referred to as "pass solution") was recovered. Since the pass
solution does not contain the complex of anti-human IL-6 receptor antibody and cynomolgus monkey
soluble IL-6 receptor which is bound to protein A, th&*®25concentration of unbound soluble IL-6 receptor
can be measured by measuring the concentration of cynomolgus monkey soluble IL-6 receptor in the
pass solution. Monoclonal Anti-human IL-6R Antibody (R&D) that was ruthenium-labeled with
Sulfo-Tag NHS Ester (Meso Scale Discovery) and Biotinylated Anti-human IL-6R Antibody (R&D) were
mixed wifl:xymplooRjuKniih Key: kbf 6ilebeptor calip@tivingubvd sadns| &b vidip Siptinidzed hsenteations of

4000, 20ﬁg%]ogqgsiﬁg%%ﬁﬁ,_%%eég%ﬁgérggémk Ridthe plasma samples treated with Protein A as

described above. Thé mixtures were allowed to react for one hour at room temperature. Subsequently,
the mixtures were dispensed into an SA-Coated Standard MA2400 96-well plate (Meso Scale
Discovery). Afterdllophingnteskactifer diifothds GheRvadiparid and ShisdvIRe pcButie mTEgabtMésdo Scale
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receptor WHHB1 ATEths phetsrrpelineBensdidoteteltard ByAwrS rikaa diskhsh iBrimiedviere an antigen,
the solubjgnik6iseaamtarria Jpoound fy antinegies wakdndicaied 10-be-peptongesfatrtidpl/la£3 than
WT. | pleemdbese ndings. e o unilihe satbody disaepears AT heqiasmaasgllas the
time whete soluble and merrbrane- y|3/e it- rec%pto’rs &rebound by the antibo y%rﬂ & bo y were

y nt
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Werhe ma@d@l@i@@i&@@ﬁbﬂ@ﬁ@@oﬁﬂﬂﬂ@a ﬁiﬁmﬂm@mm@z&s¢hﬂmx&m¢%@aﬁﬁm@§mbuf bind weakly
to the anj pH 5.8, which is the, pH within.endosomes co red to the wild-type, anti-1L-6
recepto?%%%@%?é&@??%l}%ta S 'osélsoﬁlédfgartg QRethe gslégséhgr? ﬁ%ee Szé‘%:%/t %’%naénn%iﬁgls Tation to

patients, raenilirnoerzee lefoectitorovak aaprievst daoh dokeib amth Erdidfe Sthecpruuepbndidnt-binding
anti-IL-6 reggptol antihody s thavahineWheRarticriadvAcHantageaus g Adehesmasguibcatior use as
an %_ ® glnér%%?arggiyzp% IL-6 receptor and improvement in the pharmacokinetics and duration of

neufralization of the soluble I1-6 receptor are possible by substituting the constant region from

IgG1 to IgG2 or M58. On the basis of this finding, it was thought that the pharmacokinetics

and duration of neutralization of the soluble IL-6 receptor, not only in the case of Fv4, but also in

the cases of Fvl, Fv2, and Fv3, can be improved as compared to 1gG1 by substituting the

25  constant region from 1gG1 to IgG2 or M58.

[Example 14} Construction of pH-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions
VH2-M71 (SEQ ID NO: 36) and VH2-M73 (SEQ ID NO: 37), having M71 and M73
30  for the constant region of VHQ;IgGI, and VH4-M71 (SEQ ID NO: 38) and VH4-M73 (SEQ ID
NO: 39), having M71 and M73 for the constant region of VH4-Ig(G1, were constructed using the
same method as described above.
Fv1-M71 using VH2-M71 for the H chain and VL2-CK for the L chain, Fv1-M73 using
VH2-M73 for the H chain and VL2-CK for the H chain, Fv3-M71 using VH4-M71 for the H
35  chain and VL1-CK for the L chain, and Fv3-M73 using VH4-M73 for the H chain and VL1-CK



[Example 10] Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor by
Optimization of Variable Region Optimization of Variable Regions H3pl/L73 and CLH5/L82 Antibodies
having pH-dependent binding abilities were shown t § demonstrate superior 25effects in Example 9.
Therefore, to further improve the pH-dependent bin ng abilities, mutations were introduced into the
CDR sequence of CLH5 obtained in Example 3 to construct VH1-IgG1 (SEQ ID NO: 21) and
VH2-IgG1 (SEQ ID NO: 22). In addition, mutations were introduced into the framework sequence and
CDR sequence of H3pl to construct the modified H chains VH3-IgG1 (SEQ ID NO: 23) and VH4-1gG1
(SEQ ID foth24). dihitatioms wweres3gimnd ducddntobhpr PR segusniesohl PRLemd8d totconstruct
the modlf{gqlk ﬂé@ﬁ&h‘é&'ﬂ%ﬁ%ﬁ%@x&@p}@@ VL2-CK (SEQ ID NO: 26), and VL3-CK (SEQ ID NO:
27). More specifically, the mutants were constructed using the QuikChange Site-Directed Mutagenesis
Kit (Stratagene) according to the method described |n the appended mstructlons and the resulting
plasmid fraggheats fiidnedingeed ihicpandaxbmelimn/cafibexpre Skiv: tor e the

H chain %Qﬁmlpﬁeﬁ&gg)% angilichaig ﬁg&rg_ﬁéslon vectors. The nucleotlde sequences 89 of the
resulting expression vectors were determined by methods known to persons with ordinary skill in the
art.  The antibBSRAVAEYIIAIE PTG DTS- T2y Hs¥e e tpahe s&%%mo 26) as
L chain wasngahetethasnethbdgS E thepintilfofy thawilegyddHiipby G L SHQHE, NiOmadiy&dd¥vH chain and
L82 as L&H%B A8 stﬁ%)F\&%rk@%t/LhB %ggtr{?O%hﬁ/Wﬂgp‘éttM@ﬁMﬁg%tDWQMﬁ) as H chain

and VL1-CK S ID NO: 25) as L chain was oted as Fv3-1gGl, and the antlbody having

V131081 Fty‘htgﬁist)‘é‘é Rt b R (GG B CEEHE AR B as
Fv4t tlgGIa@bﬂi&&m ﬁv&elg@damadcﬁmgﬁa]ndﬂm@xpﬁeﬁsed aoskpuirified| 1THexexpoaksikincdibgl
purificati %%Qmpﬂ&] g;[

pH- Depe%lﬂtf\eﬁg% %gglg%]%? %?b%%ﬁg%%%%gtggﬁ Kinetic arg%%é%ﬁo@gﬁt%%ﬁnk %g{fpspsdy
reactlonsoiﬁweﬁﬂlﬁfélgéﬁﬁlecp out on the four types of antibodies, i.e., the humanized PM1 antibody
(wild type: WT), and WT, H3p1/L73-IgG I, 15Fv2-IgGl, and Fv4-lgG1 constructed in Examples 2 and
10, by us e 100 H : 5%
Tween 2 E?agﬁi a%%%t?o?l?#ﬁgsg% ga%égnlﬁstcgéc iponw L\/{%Ffﬁlﬁpb_le r?tflizfg a|n pec EOF(ab)Z
(Pidrze) \ﬁamﬁﬁﬁ%ﬂl Bywiinte ¥8éffing, and then, SR344 adjusted to a concentratlon of 9.8 to 40
nM was '%%ﬁt?lg merl?t%?‘ﬁ an a{nagy} I ne([asﬁpuatlon to and dissociation from SR344 were
200bserv aj-time-ba O e pHydepgndent- binding clones. All the measurements were

carried o%g /yg A,ss@gdgtlon g: X gpnstaptgﬁl@ (1/Ms) and dissociation rate constants kd (1/s)

Fyv1-i7t 5. 5E+05 5. 4E-04 §. TE-10
Fvi-H73 6. 1E+05 5. bE-04 9. 1E-10
Fv2-1gG1 3. 9E+05 7. TE-04 2. 0E~09
Fv3-N71 7. BE+05 8. 2E-04 1. 1E-09
Fy3-H73 8. 5E+05 8. TE-04 1. OE-09
Fvd-[gGt  7.2E+05 1. 0E-03 1. 4E-09
Fvd-igGZ  9.6E+05 1. 2E-03 1. 3E-09
Fv4-M58 8. 3E+05 1. 1E-03 1. 4E-09
Fvd-§73 7. 5E+05 1. OE-03 1. 4E-09

All of the resulting ten types of pH-dependent-binding clones were found fo have
dissociation constants {affinity, KD values) to the soluble IL-6 receptor equal to or stronger than
20  that of WT.

Analyses of Binding of pH-Dependently-Binding Antibodies Having Optimized Variable and
Constant Regions to Membrane-Type I1-6 Receptor

Antigen-antibody reactions to the membrane-type 1L-6 receptor at pH 5.8 and pH 7.4
25  were observed in the same manner as in Example 10 using Biacore T100 (GE Healthcare) for the
eleven types of antibodies, humanized PM1 antibody (wild type: WT) and H3pl/L73-IgGl,
Fv1-MT71, Fv1-MT73, Fv2-IgGl, Fv3-MT71, Fv3-M73, Fv4-IgGl, Fv4-1gG2, Fv4-M38, and
Fv4-M73, prepared as described above. The pH-dependently-binding clones were injected



were calculated using Biacore T100 Evaluation Software (GE Healthcare), and dissociation constants

KD (M) were calculated on the basis of those values (Table 7). 25[Table 7] Comparison of Dissociation

Rate Constants of pH-Dependent-Binding Clones frgm Soluble IL-6 Receptor, SR344 Sample
IQ(1/Ms) Ki(1/s) KD(M) WT 4. OE+05 1. 1E-03 2. 7E-09 H3p 1/L73 4. 1E+05 5. 9E-04 1. 4E-09 Fv2- |
gG1 3. 9E+05 7. 7E-04 2. OE-09 Fv4- | gG1 7.2E+05 1. OE-03

under the condition of pH 7.4 to allow them to bind to SR344, and then, the pH-dependent
dissociation of each clone at the pH of the mobile phase, pH 5.8, was observed. The results are
shown in FIG. 21 (results for Fv1-M71, Fv1-M73, Fv3-M71, and Fv3-M73 are shown in FIG. 21,
while results for other clones are shown in FIGs. 17 and 19).  Analyses were carried out in the

5  same manner as in Example 10 and the pH dependencies of the dissociation rate constants of all

of the eleven types of clones are shown in Table 12,

[Table 12] pH Dependencies of Dissociation Rate Constants of pH-Dependently-Binding
Clones from Membrane-Type 1L.-6 Receptor, SR344

pH7.4 pH5.8 pH Dependency
Sample kd (1/8) kd (178} kd{pH5.8)/ kd(pH7.4)

WT 2.5E-04 2.5E~04 1.00
H3pl/L73 2.6E-04 6.7E-04 259
Fvl-MT71 §.1E-04 B.9E-03 11.29
Fv1-M73 3.7E-04 3.2E-03 8.80
Fv2-igGl 3.4E-04 2.4E-03 718
Fva-mM71 8.1E-04 9.7E-03 10.74
Fv3—-M73 49F-04 53E-03 10.88
Fvd-1gGl 4.7E-04 2.B6E~-03 5.58
Fvd—1gG2 1.0E-03 1.8E-02 16.89
Fv4—-M58 5.4E-04 9.5E-03 17.64
Fd~M73 5.1E-04 §.1E-03 10.06

10
The ten types of obtained pH-dependently-binding clones demonstrated pH-dependent

binding ability to the membrane-type IL-6 receptor. Moreover, all of Fv1-M71, FvI-M73,
Fv2-1gG1l, Fv3-M71, Fv3-M73, Fv4-IgG1, Fv4-1gG2, Fv4-MS58, and Fv4-M73 were found to
demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in comparison
15  with H3pl/L73-IgG1, for which the time unti] the antibody disappears from the plasma as well as
the time where the soluble IL-6 receptor and membrane-type IL-6 receptor are bound by the
antibody in the body were found to be prolonged considerably in comparison with WT, as shown

in cynomolgus monkeys in Example 9.

20 [Example 15} PK/PD Test of pH-Dependently-Binding Antibodies Having Optimized Variable
and Constant Regions Using Cynomolgus Monkeys
Construction of Known High-Affinity Anti-II.-6 Receptor Antibody

A mammalian cell expression vector was constructed to express the high-affinity

anti-11.-6 receptor antibody VQ8F11-21 higG1 described in US 2007/0280945 A1 (US

25 2007/0280945 A1, amino acid sequences 19 and 27), as a known high-affinity anti-IL-6 receptor
antibody. An antibody variable region was constructed by PCR combining synthetic
oligo-DNAs (assembly PCR).  The constant region was amplified by PCR from the expression

vector used in Example 1. The antibody variable region and antibody constant region were



1.4E-09 As a result of calculating the affinity at pH 7.4 for each clone, the dissociation constants
30(affinity, KD value) of WT, H3p1IL73-IgG |, Fv2-1gG I, and Fv4-IgG1 to SR344 were, respectively,
2.7 nM, 1.4 nM, 2.0 nM, and 1.4 nM, and they are rh_e7arly equivalent. Fv2-1gG1 90 and Fv4-IgG1 were
demonstrated to have binding ability to the soluble IL-6 receptor that is equal to or greater than that of
WT. Analysis of Binding of pH-Dependent-Binding Clones to Membrane-Type IL-6 Receptor
5Antigen-antibody reactions to membrane-type IL-6 receptor were observed at pH 5.8 and pH 7.4 for
the four types of constructed clones, WT, H3p1/L73-IgGl, Fv2-1gGl, and Fv4-1gG1 by using
Biacore11G0«(GH Heatthéaf)RBindinscttedhistmentstan&ngenisdorereprnmals. evahgarsd by
evaluating finding 49 the: ik BNaceRtdmmablizad aniassnsahsRiIRnIBR44pNasibiotinsdatad in
accordance with a method known among ersc()ir;I?r ith ordina?( skill 10in #he art tandrltlhe biotinylated
SR344 WRIHHIIBRIZE B HPESHEB ERIE R gé?‘é’\l/ﬁffﬁr% 8 RS SR BEteen Sreptavidin and
biotin. Alhticlotidasarementsfbrercaitied ouiratsEnCy e ol el brsimeslibie r wethed kWMIES (pH

5.8) 5150, 1M Nagehangi8, Qhdh.Tweem 20 mEngip Hedependenihinding slaneswe taniectad therein
under conditions of pH 7.4 to allow them tg_bind tp SR344 (injection sample baffer: 10 mM MES (pH

7.4), 150RPREFESCE OFUFFINBSRIDT 15 IR R BBH EHHENFUISSBEISBH 6F QHEH Vb E Was
observednatlibé qescabtdemibbitepih ase @ft A8 tHE B gh-Affinity Btripié roapentatibndyv(kighadjusted to
0.25 t.ig/g@ﬂhﬁ inding was carried out in 10 mM MES (pH 7.4), 150 mM NaCl, and 0.05% Tween 20.
Dissociation was carried out in 10 mM MES (pH 5.8), 150 mM NacCl, and 0.05% Tween 20. For this
case, the dissociation rate 20constants (k(1/s)) at pH 5.8 were calculated by fitting only the
dissociattayphasstdh ghmisisinoMBiakeve 1100 Evaluation Software (GE Healthcare). In a similar

manner, sample {l re.adlj S 4. gl e j mM MES
(o 7.4, 150 T R e s 7,

; MES
150 inM Rk a0 losph tirradodlvabading artdendigion ek Cretihte @< G bl ere
25calcul gieri by fiting -onfis thadliseosiaiandtirdmatvathi g afsimey Biatotes it O bovahtiiiaty Software

(GE Healthcare), The,pH-d t dissogiati tg. GO s 9 hclong-ar R Table 8.
Frable o] Lo B DicL T el Car e o L Piaraort Bindad ot fam 30

Mehibra i SETRE K pIBPISREBASpksHidy single-dose intravenous administration at 0.5
mg/kg, while the high affinity Ab was administered by single-dose intravenous administration at

1.0 mg/kg. Blood samples were collected before administration and over time. The plasma
concentration of each antibody was measured in the same manner as in Example 9. The time
courses of plasma concentrations of H3pl/1.73-1gG1, Fv1-MT71, Fv1-M73, Fv2-IgG1, Fv3-M73,

20  and Fv4-M73, as well as the high affinity Ab are shown in FIG. 21. In order to evaluate the
pharmacological efficacy in terms of the degree to which the cynomolgus monkey
membrane-type IL-6 receptor is neutralized, cynomolgus monkey IL-6 was administered
subcutaneously into the lower backs of the animals daily at 5 pg/kg from day 3 to day 10 (from
day 6 to day 10 with respect to the high affinity Ab) after the administration of antibody, in the

25  same manner as in Example 9. The CRP concentration of each animal was measured 24 hours
after each administration. The time courses of CRP concentrations with the administration of
each antibody are shown in FIG. 22. In order to evaluate the pharmacological efficacy in terms
of the degree of neutralization of cynomolgus monkey soluble IL-6 receptor, the concentration of
the unbound cynomolgus monkey soluble IL-6 receptor in cynomolgus monkey plasma was

30  measured in the same manner as Example 9. The time courses of the unbound cynomolgus
monkey soluble IL-6 receptor concentrations with the administration of each antibody are shown
in FIG. 23.

As a result, the antibody concentrations in plasma were maintained high for each of

Ev1-M71, Fv1-M73, Fv2-IgG1, Fv3-M73 and Fv4-M73 in comparison with H3pl/L73-IgG1,

35  while the concentrations of CRP and the unbound cynomolgus monkey soluble IL-6 receptor

were maintained at low levels. Namely, this result showed that the time where the



pH7.4 kd (1/s) pH5.8 kd (1/s) pH Dependency kd(pH5.8)/Iccl(pH7.4) WT 2.5E-04 2.5E-04 1.00
H3p1/1_73 2.6E-04 6.7E-04 2.59 Fv2-lgG1 3.4E-04 2.4E-03 7.18 Fv4-IgG1 4.7E-04 2.6E-03 5.56

98

membrane-type and soluble 1L-6 receptors are bound by the antibody (or in other words, the
duration of neutralization) was prolonged by the antibodies in comparison with H3pl/L73-I1gG1.

In addition, these pH-dependently-binding anti-11-6 receptor antibodies were confirmed
for their neutralization effects and sustained efficacy equal to or greater than that of the known

5  high-affinity anti-IL-6 receptor antibody (high affinity Ab) administered at 1.0 mg/kg, at only
half the dosage thereof, i.e., at 0.5 mg/kg.  Therefore, the pH-dependently-binding antibodies
were elucidated to have the neutralization effects and sustained efficacy superior to those of the
known high-affinity anti-IL-6 receptor antibody.

Those antibodies shown in Table 12 for which PK/PD tests were not carried out using

10 cynomolgus monkeys as in this test, have also been confirmed to demonstrate improved
pH-dependent binding to the membrane-type IL-6 receptor in comparison with H3pl/1.73-1gG1.
Therefore, the time during which the membrane-type and soluble IL-6 receptor are bound by the
antibodies (or in other words, the duration of neutralization and sustained neutralization effects)
are also thought to be prolonged for the antibodies in comparison with H3pl/L73-1gG1.

15 In Example 9, for H3pl/L73-Ig(G1, the time until the antibody disappears from the
plasma as well as the time where the soluble IL-6 receptor and membrane-type [L-6 receptor are
bound by the antibody in the body (sustained neutralization effects) were found to be proionged
considerably as compared with WT. Fvi-M71, Fvl-M73, Fv2-IgGl, Fv3-M71, Fv3-M73,
Fvd-lgGl, Fv4-1gG2, Fvd-M58, and Fv4-M73, having superior sustained neutralization effects

20 to H3pl/L73-Ig(G1, are therefore thought to have remarkably improved sustained neutralization
effects as compared with WT.

In contrast to anti-IL-6 receptor antibodies, the pH-dependent-binding anti-IL-6 receptor
antibodies that are made to strongly bind to the antigen at the pH in the plasma of pH 7.4 but
only weakly bind to the antigen at the pH in endosomes of pH 5.8, make it possible to reduce the

25 patient dosage and administration frequency of the anti-I1L-6 receptor antibody, and as a result,
they can considerably reduce the total administration amount. Therefore, the
pH-dependently-binding anti-IL-6 receptor antibodies are thought to be extremely superior as a

pharmaceutical for use as an [L-6 antagonist.

30 [Example 16] Construction of pH-Dependently Binding Anti-IL-6 Antibody
Expression and Purification of Anti-IL-6 Antibody
In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that
pH-dependently bind to the IL-6 receptor were successfully created by imparting the dependency
through introducing histidine substitutions and the like into the variable region, in particular, the
35  CDR sequences of the humanized anti-IL-6 receptor antibodies. It was found that all of these




91 As a result of calculating pH dependency for each clone, the pH dependencies of binding to
the membrane-type IL-6 receptor of the four clones, WT, H3pl/L73-IgGl, Fv2-IgG |, and Fv4-1gG1 with
respect to SR344 were 1.0-fold, 2.59-fold, 7.18-fold éand 5.56-fold, respectively. Fv2-lgG1 and
Fv4-IgG1 demonstrated higher pH-dependency i |n ociation 5from the membrane-type IL-6 receptor
than H3p1/L73-1gGl. On the basis of the above, Fv2-lgG1 and Fv4-1gG1 were shown to
demonstrate stronger pH-dependent binding to the membrane-type IL-6 receptor than H3pl/L73-IgG |
while maintaining the affinity for the soluble IL-6 receptor equal to or stronger than that of WT.
10[Exarmplebbd fePipgrBiiFesndftp k@ pe merent B ireintgmnomisitndies otk Ot remveriapiéiRegions
Using HpmasL-6 Receptor Transgenic Mice The pharmacokinetics of Fv2-1gG | and Fv4-IgGl,
as well as WT_and H3p1/L73-Ig red and eyaluated in Exam e 10 were eval ted using the
oman 1.6 reLBBEF il S§EH IO RIEB LB H AT Bt oD O AT OIS F FvdioG
was administeredy Ei@smn@eed@sennttavenbb@admmmgmtgem@éhiﬁﬁég/kg and the
congentration of each Aatibodyinihe Plasmayesdneasiueddn ihemamemanneLAsdn Fxample 8. The

time courses of the plasma concentrations of WT, H pl/L73-Ig nd F hown
e O AR smelﬁéﬁéﬁéiﬁ IR G e 20
manner @sxiimd xeidh pte R puhifER diphadmaEgokinetids eisfodilgGh dest et tgG’ﬂ@vMﬂ%@Zﬁnproved
than H3i%"~’}:5§1ﬂ JileasrerenhAs g e unhend -0 5a98Rieh tetttﬂattﬁﬁea%ﬂatﬁa@aa%eﬁed in

cynomolgus monkeys in xample 9, was carried out in the hlL_-6R f“é? mice in thla test using the same

method. FRERTESARCHAME Y& A5H R ATERIRRTA SRINEREESI Lo TS BRBed 1o
confirmegtflosfpvdd e Land Fvdedgbhion tkmdipmmmmﬂmbfm&ﬁiﬂapﬂﬂ&@ﬁemmmamhmmn) As

ndicated inreplerto ttt?eettnsi@@@msgg@t@mgsta&ﬂ £ gmgtaﬂ%&ee't&gseemam1 roved

for Fv2-Ig v4 Ig 1 as compared with H3p11L/ Therefore, it was indicated that further

|mproveﬁt@t%hﬁctrlf@‘iﬂ%%%éjéwﬁ%ﬁéé‘%‘ﬁd a‘h‘i‘%{tpﬁ? SrilbbRamatoPERHd Sl iEdePpedptor over

those of risdhdd de3ctiped ia peasible hy improving the pH-dependent binding to the membrane-type IL-6

receptor. 30 [Example 12] Improvement of pH-Dependent Binding to Membrane-Type IL-6 Receptor

by Optlmlzatlon of Constant Reglon Optlmlzatlon of Constant Region of Fv4-1gG | Generally,
LY : ad:iz: alidndirted to vary depending on 35the constant region

of the antlbody&dﬂﬂéﬁ urwp}t\/tﬁiﬁ@dﬁ;ﬁ%ﬂw lﬂﬁﬁe Bﬁﬁﬁbﬁyﬁ% Fid)d fohie constdoinegibastofdhe

pH- dEpewngr%qglgorgid b[gg BB RaSs 1n8819 VRIS 1tl?ﬁ l‘_gz?n%tbody (Anti-IL6 wild type)
including the H chain (WT) (amino acid sequence: SEQ ID NO: 62) and L chain (WT) (amino
acid sequence: SEQ ID NO: 63). By substituting histidine in the CDR amino acids and

20  subsequently screening, several clones that demonstrate the pH-dependent binding were obtained.

The binding at pF 5.5 was significantly reduced as compared with the binding at pH 7.4. The
positions of histidine substitution in the pH-dependent clones are shown in Table 13.  The
examples include “Anti-IL6 clone 1” including the H chain (c1) (amino acid sequence: SEQ ID
NO: 64) and L chain (c1) (amino acid sequence: SEQ ID NO: 65), and “Anti-IL-6 clone 27

25  including the H chain (c1) (amino acid sequence: SEQ ID NO: 64) and L chain (c2) (amino acid
sequence: SEQ ID NO: 66).  Anti-IL6 clone 1 and Anti-IL-6 clone 2 were expressed and
purified by the method described in Example 1.

[Table 13] Positions of Histidine Substitution in pH-dependent clones
30 H32,H59, H6l, H99
1.53, 154, 190, 1.94

Analvsis of Binding of pH-Dependent Clones to Human IL-6

Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using
35  Biacore T100 (GE Healthcare) for the three types of antibodies prepared as mentioned above:
Anti-IL6 wild type, Anti-IL6 clone 1, and Anti-IL-6 clone 2 (buffer: DPBS(-) (pH 7.4 or pH 5.5),



92 isotype. Therefore, a study was made for optimization of the constant region in order to improve the
pH-dependent binding to the membrane-type IL-6 receptor. A mutation was introduced into a
naturally-occurring constant region, i.e., constant rﬁ%on Ig02 (SEQ ID NO: 28), to construct constant
region IgG2ACK (SEQ ID NO: 29). 5Another mutation was introduced into the constant region
IlgG2AGK to construct constant region M58 (SEQ ID NO: 30). Mutations were further introduced into
the constant regions Ig62 and M58 to construct constant regions M71 (SEQ ID NO: 31) and M73 (SEQ
ID NO: 32). VI-13-1gG2AGK (SEQ ID NO: 33) was constructed by substituting the constant region
of VH3-1§E1mpyeNafdi inEixanphedieswimaopddie sersuvbs (GBI oeBhjvign debhstructed

by substjititing thaconsiamnlirediep M‘iﬁé\égﬁpﬁ@ Mid MR tSEQIB NGr35kwasiconsticted by
substitutin SP% the.constant region with, M7 or&gp cificall %r?);%[es gg}eotors in whlcp the constant

region pBPROPEAGSLEENE hogﬁ%ﬂ}éecl A Subsfilité asired Conetant region by Nhel/Notl
digestiomarnddigattis3 Viere mmrﬁfmgonmwdél%men@é@ﬁfmémsﬁm aoreigntessioisyectors

Weég de}%&?&l@ﬁ@ﬁt{aﬁ@q 5 1&%@?@ W:&%@%ﬁi%% w&ﬂnﬁéxrge IHAﬂg Eﬁ@@h@ﬁoressm?f
and purification were carried ou 0] \ S D.NQ: 33) for
the H chefRAEHS 19‘}[?&% ?.S% ﬁb?@f% dsmg"f?%ﬁ“ﬁ‘ﬁé%%%é CiIO 34)
for the Haffwaiiy amH\/j_SeﬁKg(HE@ h@amkcm?a)tédrf@meadch@m el Fveate/ne pididgperBIN 73 (SEQ ID
NO: 35) ﬁ%&ﬁ‘fﬁ"‘ chain and 20 VL3-CK (SEQ ID NO: 27) for the L chain. Expression and purification
were carried out using the method described in Example 1. Analysis of Binding of Fv4 Having

Optimized Constant Region to Soluble IL-6 Receptor The association with and dissociation from
SRRN4 WesklehdérvEdmpas se@abfi Bimﬁagisfaﬁ{@ﬂgeﬂtbmaﬁﬂmmemw@s Example 10 for

thus-prepared-Fy4-lgGH-Fy4-1602—v4-M58—ane-Fvd-MA3-as-y s WT. The association rate
constantsgéé“ﬂ ] Q*ﬁq'ﬂnﬁ 5"&4@ }"*MW Sﬂz* e cég'ﬁﬂba“ a2 ﬁ?ﬁ culated after analysis in the same
manner,\amdtglpeﬂpﬁ”fe":r 'zgﬁ‘ﬁm '945‘94, ke were caloslated on the basis of those values (Table
9). 30[Table 9] CobpdrisitEi9hi248E o 4 -85 Constants of pH-Dependently-Binding Clones from

Tt

Soluble ILgf,RecePidd SRIEA0T [4.71E-03] 438E-10_ (03
pH5.5 | 2.05E+06 |9.06E-03 452E-09

pH7.4 | 8.96E+06 |2.63E-03; 2.04E-10
pH5.5 | 2.76E+06i1.10E-021 3.98E-0B

clone? 13.5

The ratio of affinity at pH 5.5 and pH 7.4 (KD)(pH 5.5)/(KD)(pH 7.4)) calculated, which
indicates the pH-dependent binding to human IL-6, was 0.8, 10.3, and 13.5 for Anti-IL6 wild
15  type, Anti-IL6 clone 1, and Anti-IL6 clone 2, respectively.  That is, the pH-dependent binding
ability of each clone is more than 10 times greater than that of WT.  The sensorgrams of
Anti-IL-6 clone 2 at pH 7.4 and pH 5.5 are shown in FIG. 26.
Thus, it was shown that, as in the case of the anti-IL-6 receptor antibodies,
pH-dependently binding anti-IL-6 antibodies that bind to the antigen strongly under plasma
20  neutral conditions, but weakly under intraendosomal acidic conditions can be constructed by
introducing histidine substitutions and the like mainly into the CDR amino acid sequences. As
indicated in Examples 1 to 15, an anti-IL-6 receptor antibody that has the pH-dependent binding
ability repeatedly binds to the IL-6 receptor and PK/PD is remarkably improved. That is, it was
suggested that Anti-IL-6 clone 1 and Anti-IL-6 clone 2, which have the pH-dependent binding
25 ability, repeatedly bind to more antigens with significantly improved PK/PD, as compared with
Anti-IL6 wild type.

[Example 17] Construction of pH-Dependently Binding Anti-IL-31 Receptor Antibody
Expression and Purification of Anti-IL-31 Receptor Antibody
30 In Examples 1 to 15, a plurality of humanized anti-IL-6 receptor antibodies that

pH-dependently bind to the IL-6 receptor were successfully created by conferring the pH



Sample ka (1/Ms) kd (Us) KD (M) Fv4-IgG1 7.2E-F05 1.0E-03 1.4E-09 Fv4-1gG2 9.6E-F05 1.2E-03
1.3E-09 Fv4-M58 8.3E+05 1.1E-03 1.4E-09 Fv4-M73 7.5E+05 1.0E-03 1.4E-09 93

101

dependency through introducing histidine substitutions and the like into the variable region, in
particular, the CDR sequences of the humanized anti-{L-6 receptor antibodies. It was found
that all of these antibodies repeatedly bind to the I11.-6 receptor and demonstrate a considerable
improvement of PK/PD.

5 Therefore, it was confirmed that the pH dependent ability of an antibody to bind to an
antigen could be confered to another antibody that binds to an antigen other than the IL-6
receptor using a similar method. Mouse I1.-31 receptor was selected as the antigen, and an
anti-IL-31 receptor antibody including the H chain (WT) (amino acid sequence: SEQ ID NO: 67)
and L chain (WT) (amino acid sequence: SEQ ID NO: 68), which binds to the mouse 11-31

10 receptor as described in WO 2007/142325, (“Anti-IL31R wild type™) was constructed. Using a
method known to those skilled in the art, gene fragments encoding the amino acid sequences of
interest were inserted into mammalian cell expression vectors to construct the H chain
expression vector and L chain expression vector of interest. The nucleotide seQuences of the
resulting expression vectors were determined using a method known to a skilled person.

15 Anti-IL31R wild type was expressed and purified by the method described in Example 1.

Construction of pH-Dependent Anti-11.-31 Receptor Antibody
To confer the pH-dependent ability of the antibody to bind to the IL-31 receptor, histidine
substitutions were introduced into the amino acids of CDR of the anti-IL-31 receptor antibody
20 (Anti-IL31R wild type) including the H chain (WT) (amino acid sequence: SEQ 1D NO: 67) and
L chain (WT) (amino acid sequence: SEQ ID NO: 68). By histidine substitutions in the CDR

amino acids and subsequent screening, several clones that demonstrate the pH-dependent
binding were obtained. The binding at pH 5.5 was significantly reduced as compared with the
binding at pH 7.4. The position of histidine substitution in the pH-dependent clones is shown
25  in Table 15. Anexample is “Anti-IL31R clone 17 including the H chain (c1) (amino acid
sequence: SEQ ID NO: 69) and L chain (WT). Anti-IL31R clone I was expressed and purified

using the method described in Example 1.

[Table 15] Position of Histidine Substitution in pH-dependent clones
30  H33

Analysis of Binding of pH-Dependent Clones to Soluble IL-31 Receptor
Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using
Riacore T100 (GE Healthcare) for the two types of antibodies prepared as mentioned above:
35  Anti-IL31R wild type and Anti-IL31R clone 1 (buffer: DPBS(-) (pH 7.4 or pH 5.5}, 150 mM
NaCl, 0.01% Tween 20, 0.02% NaNs). The antibodies were bound to a sensor chip on which




As a result of calculating the affinity at pH 7.4 for each clone, the dissociation constants (affinity, KD
value) of Fv4-1gGl, Fv4-19G2, Fv4-M58, and Fv4-M73 to SR344 were 1.4 nM, 1.3 nM, 1.4 nM, and 1.4
nM, respectively, and they are almost equivalent. This indicates that the binding ability of
pH-dependent-binding clones to the soluble IL-6 re %tor, SR344, does not 5change even after
modifying the constant region. On the basis of this finding, the binding ability to the soluble IL-6
receptor was thought to not change for Fvl, Fv2, and Fv3 even if the constant region was similarly
modified.  Analysis of Binding of Fv4 Having Optimized Constant Region to Membrane-Type IL-6
10Receptaomb-pratwiig dritatitibody weactiombibztk membranesnpe,| ko6 teoeftoseluplé Bi8isnd pl-|
7.4 werepbseuedhior thusRranatefifyAd 9 i G2 FivAIMBR@DIIT I E3 asnal ae YT, in
the same manner as in Example 10 usin C1BJ|ﬁcor,e T100 (GﬁF Heal{&ll?};:l‘%%e%i The results obtained by
injecting tHBPRILEEFORGEHTANNUING (BB AR A RDAGRIBHS o PTG to SR344,
and by otwerdngthe 19t e pessdentidissoeiaticmofsdad Alnerd dmsqetittng mehiteghasddiésshown
in FIG. 19 Fuhenaalyses warecondicisdinhe same manneiaainsamledorndide

pH-dependent dissociation tates for each clone are shown in Table 10. Table 10] Comparjson of

DissociafioPFiaate e MARE br kBep drsreh - BisaiNg bR 5d FomMERebmeTE: Rpwte g
Recepton{nB44 pHHY. 2 40id D18 DK e peahadrtey Sanyale ddngis) kdiiizs) thd (piE G kdgaH7.4)
FV4'|QG%i‘1]itﬁ§g'p4 2.6E-03

10 [Table 16] Comparison of Binding of pH-Dependent Clones to Mouse IL-31 Receptor

Sample | pH  : ka(1/Ms) | kd(1/s) KD{(M) KD{pH5.5)/KD(pH7.4)

. H7.4 [1.40E+ AOE- .30E-08
Wild type p 1.40E+05 :3.40E-03;: 2 39

pH5.5 | 5.10E+05 3.80E-03! 7.40E-08

pH7.4  170E+05 3.30F~03. 2.20E-08
clone1 1000.0
pHS.5 | 1.10E+03 | 2.40E-02; 2 20E-D5 a

The ratio of affinity at pH 5.5 and pH 7.4 (KD)(pH 5.5)/(KD)(pH 7.4)) calculated, which
indicates the pH-dependent binding to the mouse IL-31 receptor, was 3.2 and 1000 for
15 Anti-IL31R wild type and Anti-IL31R clone 1, respectively. That is, the pH-dependent binding
ability of Anti-IL31R clone 1 is about 300 times greater than that of WT. The sensorgrams for
Anti-IL31R clone 1 at pH 7.4 and pH 5.5 are shown in FIG. 27.
Thus, it was shown that, as in the cases of the anti-IL-6 receptor antibodies and anti-IL-6
antibodies, pH-dependent binding anti-IL-31 receptor antibodies that bind to the antigen strongly
20  under plasma neutral conditions, but weakly under iniraendosomal acidic conditions can be
constructed by introducing histidine substitutions and the like mainly into the CDR amino acid
sequences. As indicated in Examples 1 to 15, an anti-IL-6 receptor antibody that has the
pH-dependent binding ability repeatedly binds to the IL-6 receptor and PK/PD is remarkably
improved. That is, it was suggested that Anti-IL31R clone 1, which has the pH-dependent
25  binding ability, repeatedly binds to more antigens with significantly improved PK/PD, as
compared with Anti-IL3 1R wild type.

[Example 18] Repetitive Binding to Antigen by pH-Dependently Binding Antibody
Expression and Purification of Antibody Administered to Mice

30 The four types of humanized IL.-6 receptor antibodies described below were prepared.
As the antibodies that do not pH-dependently bind to the IL-6 receptor, WT-IgG1 including H



5,56 Fv4-1gG2 1.0E-03 1.8E-02 16.99 Fv4-M58 5.4E-04 9.5E-03 17.64 Fv4-M73 5.1E-04 5.1E-03
10.06 As a result of calculating the pH dependency for each clone, the pH dependencies of
Fv4-l1gGl, Fv4-1gG2, Fv4-M58, and Fv4-M73 to SR §4 were 5.6-fold, 17.0-fold, 17,6-fold, and
2510.1-fold, respectively; thus, Fv4-IgG2, Fv4-M58,

gnd Fv4-M73 all demonstrated higher
pH-dependent dissociation from the membrane-type IL-6 receptor than Fv4-IgGl. Based on the

results of analyzing binding to the soluble IL-6 receptor and binding to the membrane-type IL-6
receptor using the variable region of Fv4, it was found that substitution of the constant region from IgG
| to 1gG A WiHg aorin 28idcainéms SRQAR piQdeparberMbindpgiBoasithecavenist ardtypeL-6
receptor; witheutsausAiacehanasiindie aifinivéothe selublelsBaacerior 7Dhimwas sonsidered to
SImIIarlyaQ? dséglrn!::r}gé:?g(ﬁ ?Bq\%l:sﬂ)gévere expressed and purified using the method indicated in

Example 1. As the antibodies that pH-dependently bind to the IL-6 receptor, H170/L82-IgG]

5  of Example 3 including H170 (amino acid sequence: SEQ ID NO: 4) and L82 (amino acid
sequence: SEQ 1D NO: 7), and Fv4-IgG1 of Example 10 including VH3-1gG1 (SEQ ID NO: 23)
and VL3-CK (SEQ D NO: 27), were expressed and purified using the method indicated in

Example 1.

Analysis of Binding of Each Type of Antibody to Soluble IL-6 Receptor

Kinetic analysis of antigen-antibody reactions at pH 7.4 and pH 5.8 was carried out using
Biacore T100 (GE Healthcare) for the four types of antibodies prepared: WT-IgGl,
H54/1.28-1gG1, H170/1L82-1gG1, and Fv4-IgG1 (buffer: 10 mM MES (pH 7.4 or pH 5.8), 150
mM NaCl, 0.05% Surfactant-P20).

recomb-protein A/G (Pierce) was immobilized by amine coupling, and SR344 adjusted to an

10

The antibodies were bound to a sensor chip on which

5
appropriate concentration was injected therein as an analyte.  The association with and
dissociation from SR344 of each type of antibody were observed on a real-time basis.  All the
measurements were carried out at 37°C.  Association rate constants k. (1/Ms) and dissociation
rate constants kg (1/s) were calculated using Biacore T100 Evaluation Software (GE Healthcare),

20  and dissociation constants KD (M) were calculated based on those values (Table 17).

[Table 17] Comparison of Association Rates (k,), Dissociation Rates (kq), and Dissociation

Constants of Each Type of Antibody Against Solubie I1.-6 Receptor (SR344)
pH7.4 pH5.8 pH Dependency

25

30

Sample

ka{1/Ms) kd(l/s} KD(M)

ka{t/Ms) kd(1/s) KDIM)

kd(pH5.8)/kd(pH14) KD(oH5.8)/KD(eHT4)

WT-gG1
Ha4/L.28-1eG1
Hi70/L82-1gG1
Fyvéd-lgG1

4.9E+05 94E-04 1.9E-09
BIEA05 14E-03 1.7E-09
6.JE+05 1.1£-03 1.5E-09
9.8E+05 9.5E-04 8.7E-10

89E+05 2.7E-03 3.9E-09
240408 2.7E-03 1IE-09
120405 13602 1.0E-07
146406 37502 26E-08

2.9 1.6
20 0.7
114 61.9
38.8 273

The ratio of affinity (KD) at pH 5.8 and pH 7.4 for each antibody was calculated. The
KIJ ratio, which indicates the pH-dependent binding to SR344, was 1.6, 0.7, 61.9, and 27.3 for
WTQIgGl, H54/1.28-1gG1, H170/L82-IgG1, and Fvd-IgGl, respectively.  In addition, the ratio
of dissociation rate (kq) at pH 5.8 and pH 7.4 for each antibody was calculated. The k4 ratio,
which indicates the pH-dependent dissociation rate for SR344, was 2.9, 2.0, 11.4, and 38.8 for
WT-IgG1, H34/1.28-1gG1, H170/1.82-IgG1, and Fv4-IgGl, respectively. Thus, it was
confirmed that H170/L82-1gG1 and Fv4-IgG1 demonstrate the pH-dependent binding, while the

conventional antibodies WT-IgG1 and H54/1.28-IgG1 hardly exhibit the ability.

In addition,



[Example 13] PK/I'D Test of pH-Dependently-Binding Antibodies Having Optimized Constant Region
Using Human IL-6 Receptor Transgenic Mice The pharmacokinetics of Fv4-IgG |, Fv4-1g02, and
Fv4-M58 prepared in Example 13 Swere evaluatequz?lng the human IL-6 receptor transgenic mice
(hIL-6R tg mice) used in Example 8 to examine the effects of the constant region on the
pharmacokinetics. WT, Fv4-1gGl, Fv4-1gG2, or Fv4-M58 was administered to the hIL-6R tg mice by
single-dose intravenous administration at 25 mg/kg, and then, measurement of the plasma
concentrations of each antibody was carried out in the same manner as in Example 8. The time

courses Bhgsidberrdirobordcenehtitngs srRodissed-GT, Fras geply e harse iz shbwa & FIG. 20.

Similar toi&«@mplacliiathe Phaimacaiinebies@ivaldntgGl was improved in comparison with WT, and
the pharmacokinetics of Fv4-1gG2 and Fv4-M58 was further improved in comparison with Fv4-1gGl.

Measurement as to the unbound IL- 6 receptor concentrations, as measured in cynomolgus monkeys
in Examyite’s RETEIRA g e BRABEMICe In this 15test using the same method. As a result,

prolongation qfﬁ@ M&mﬁém%ﬁw@rﬁlfﬂﬁ@aﬁﬁ@ﬁﬁdhﬁf@@&%ﬁb%@@&iw&?@é@ﬂ@édl902
and Fv4- NII:]SS iIn comparison to t v4- ].H(Gd ta not shown) A?is |catqi] E) dple 10, the
o-lop R HA AT A e ko AL FoEABRAT LSt oA G0 e Fua-wiss
as com mdtmmlﬁ\ﬂﬂimgastfﬁherecﬁéMﬁ\ﬁ/asdsﬂmwnttﬁwmp}b@m@mm @h@fpﬂdyd@pem@@ﬂﬂndmg to
the 20 memrgaes tRe kit BCRPIelA @mzememelermmmg@mm a&sﬂogaﬁl@tmnn@t

neutralization of the soluble IL-6 receptor ar e by the con t region from IgG1 to
002 or OO S SIS R L NE B AT e D BB T & DR of
nelfraliZRids afththsohibleithat Feeepicepiootutibpdy (ﬁe,Lgésé ohd 04, mg'alsorénpmivalsesvad Fvl, Fv2,

and Fv3, cﬁﬂﬂd@?efgm%é{%dcéédﬁpm?%ﬁ@% |9GdsbyaHBstMIRG the #RgoRrgtantregian from IgG1 to
IgG2 or M58. [Example 14] Construction of pH-Dependently-Binding Antibodies Havmg timized

Variable23Hd &8 it FSGRIRSAIHALRIMA(SETFTD RS %E1UAE PSSRTABES B RS 375 aving
M71 andtMZS8tB6ufgitt thetcrnstant reffienSFEHH B:i@ulcarnd: by by SEQIEHNE: 3B)<amﬂ VH4-M73
(SEQ ID, mlé%et@xm%éla@wMz&égrztm@ﬁ@nﬂﬁﬂfrgeg' élgzroﬂ{s% Gy yvar&aggnﬁﬁyg/gemusmg

the same method as described above. Fvl-M71 using V M71 for the H chain and V[.2-CK for

thd 1 chédmisRAdRrrsanding dave ar@nraaﬂswméfrnf%m%%o@f&% NoPthemRFRe TR VR bhg
VH4-M7defior filyedHi 35 1chaimanday L0 fpnthad 460ain pandnFi g asinbhy HAskE 3deartitel H chain
and VLI siedl kSRR, W RxRigasRy and [I%{éfﬁk%g FHRRSHIONANG Plicaiion pere carried

out using the method described ih Exam ses of Binding of pH-Dependent-Binding

Antibodi Tﬁa@hg&éﬂa%%%%#éﬂw I%ﬁ%@aﬁYﬁé&fﬂn@% g%ﬂﬁ@%th? @néwﬁﬁa# L6 The

associatiggepeanatitisseciation from SR344 were observed on a real-time basis using the same

m @od as Example 10 for the eleven types of antibodies, humanized PM1 antibody (wild type: WT)

and H3p1/L73 IgGI Fvl- M71 FyI M73 Fv2-1gGl, Fv3-M71, Fv3-M73, Fv4-1gGl, Fv4-1gG2, Fv4-M58,
AISUTEEMS A ‘ HRacEDk r-ﬁm;bodv Plasma Concentration by ELIS

The concentration of human IL-6 receptor antibody in mouse plasma was measured by

ELISA. Anti-human IgG (y-chain specific) F(ab")2 antibody fragment (Sigma) was dispensed
onto a Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and allowed to stand

25  overnight at 4°C to prepare anti-human IgG-immobilized plates. Calibration curve samples
having plasma concentrations of 0.8, 0.4, 0.2, 0.1, 0.05, 0.025, and 0.0125 pg/mL, and mouse
plasma samples diluted 100-fold or more were prepared. 200 pL of 20 ng/mL SR344 was
added to 100 pL of the calibration curve samples and plasma samples, and then the samples were
allowed fo stand for 1 hour at room temperature.  Subsequently, the samples were dispensed

30  into the anti-human [gG-immobilized plates, and allowed to stand for 1 hour at room temperature.
Theﬁ, Biotinylated Anti-Human IL-6R Antibody “(R&D) was added to react for 1 hour at room
temperature. Subsequently, Streptavidin-PolyHRP80 (Stereospecific Detection Technologies)
was added to react for 1 hour at room temperature, and chromogenic reaction was carried out
using TMP One Component HRP Microwell Substrate (BioFX Laboratories) as a substrate.

35  After stopping the reaction with 1 N sulfuric acid (Showa Chemical), the absorbance at 450 nm

was measured by a microplate reader.  The concentration in mouse plasma was calculated from



10association rate constants Ic, (I/Ms) and dissociation rate constants kd (1/s) were calculated by
analysis in the same manner, and the dissociation constants KD (M) were calculated on the basis of
those values (Table 11).  [Table 11] Comparison qf Dissociation Rate Constants of
pH-Dependently-Binding Clones 15from Soluble IL-6 Receptor, SR344 Sample k,(1/Ms) KJ(1/s) 10 (M)
WT 4. 0E+05 1. 1E-03 2. 7E-09 113p1/L73 4.1E+05 5.9E-04 1.4E-09 Fv1-M71 5.5E+05 5.4E-04 9.
7E-10 Fyl-M73 6. 1E+05 5. 5E-04

the absorbance of the calibration curve using the analytical software SOFTmax PRO (Molecular
Devices). The time course of plasma concentration after intravenous administration as

measured by this method is shown in FIG. 28.

5 Measurement of SR344 Plasma Concentration by Electrochemiluminescence

The concentration of SR344 in mouse plasma was measured by electrochemiluminescence.
SR344 calibration curve samples adjusted to concentrations of 2000, 1000, 500, 250, 125, 62.5,
and 31.25 pg/mL., and mouse plasma samples diluted 50-fold or more were prepared. The
samples were mixed with a solution of Monoclonal Anti-human I1L-6R Antibody (R&D)

10 ruthenium-labeled with Sulfo-Tag NHS Ester (Meso Scale Discovery), Biotinylated Anti-human
IL-6R Antibody (R&D), and WT-IgGl, and then allowed to react overnight at 37°C.  The final
concentration of WT-IgG1 was 333 ;ig/mL, which is in excess of the concentration of -
anti-human IL-6 receptor antibody contained in the samples, for the purpose of binding nearly all
of the SR344 molecules in the samples to WT-IgGl. Subsequently, the samples were

15  dispensed into an MA400 PR Streptavidin Plate (Meso Scale Discovery), and allowed to react
for 1 hour at room temperature, and washing was performed. Immediately after Read Buffer T
(x4) (Meso Scale Discovery) was dispensed, the measurement was performed by the Sector PR
400 Reader (Meso Scale Discovery). The SR344 concentration was calculated based on the
response of the calibration curve using the analytical software SOFTmax PRO (Molecular

20  Devices). The time course of SR344 plasma concentrafion after infravenous administration as

measured by this method is shown in FIG. 20.

Effects of pH-Dependent Binding
With respect to the time course of antibody concentration of WT-IgG1 and H54/L.28-IgGl1,
25  which do not demonstrate the pH-dependent binding, and H170/L82-1gG1 and Fv4-IgG1, which
demonstrate the pH-dependent binding, the time course of concentration was roughly identical
for WT-1gG1, H54/1.28-[gG1 and Fv4-IgG1, while H170/L82-Ig(G1 was eliminated slightly

more rapidly. The data of the time course of plasma concentration was analyzed by the

pharmacokinetics analysis software WinNonlin (Pharsight). The half-lives in the plasma of
30 WT-IgGl, H54/1.28-1gG1, Fv4-1gGl, and H170/L28-1gG1 were 21.0, 28.8, 26.2, and 7.3 days,
respectively.

As described in Example 2, when the antigen is a soluble antigen, an administered
antibody binds to the antigen in the plasma, and is retained in the plasma in the form of an
anfigen-antibody complex. Generally, in contrast to extremely long plasma retention time of an

35  antibody (the elimination rate is extremely low) due to the function of FcRn, the plasma

retention time of an antigen is short (the elimination rate is high). Thus, an antigen that is



9. 1E-10 Fv2- 1 gG1 3. 9E+05 7.7E-04 2. OE-09 Fv3-M71 7. 8E+05 8. 2E-04 1. 1E-09 Fv3-M73 8.
5E+05 8. 7E-04 1. OE-09 Fv4- |1 gG1 7.2E+05 1. OE-03 1. 4E-09 Fv4- 1 gG2 9. 6E+05 1. 2E-03 1.3E-09

Fv4-M58 106

bound to an antibody has a prolonged plasma retention time similar to that of an antibody (the
elimination rate is extremely low). Similarly, when the antigen of humanized [L-6 receptor
antibody, SR344 (soluble human IL-6 receptor), was administered alone, SR344 was extremely
rapidly eliminated (plasma half-life: 0.2 days). However, in the case of concurrent
5  administration of SR344 with a conventional antibody, WT-IgG1 or H54/1.28-1g(51, which does

not demonstrate the pH-dependent binding, the elimination rate of SR344 was considerably
reduced, and the plasma retention time of SR344 was prolonged (plasma half-life: 5.3 days for
WT-1gG1, 6.3 days for H54/L.28-Ig(G1).  This is because nearly all of the SR344 molecules
were bound by the antibodies administered together, and thus SR344 bound by the antibodies

10 had a prolonged plasma retention time similar to that of the antibody, due to the function of
FcRn as described above.

In the case of concurrent administration of SR344 with the H170/L82-IgG1 or Fv4-1gGl
antibody, which demonstrates the pH-dependent binding, the elimination of SR344 was
significantly rapid {(plasma half-life: 1.3 days for H170/L.82-IgGt, 0.6 days for Fv4-1gG1), as

15 compared to the case of concurrent administration with WT-IgG1 or H54/1.28-IgG1. This
tendency was particularly prominent for Fv4-IgGl. Since the affinity of Fv4-IgG1 at pH 7.4 is
equivalent to or stonger than that of WT-IgG1 and H54/1.28-IgG1, it is thought that nearly all of
the SR344 molecules were bound to Fv4-1gGl. Even though Fv4-IgGl demonstrates
equivalent or slightly longer plasma retention and slower elimination compared to WT-IgG1 and

20 H54/1.28-1gGl, the elimination of SR344 bound to Fv4-1gGl was extremely rapid. This can be
explained by the concept of the present technology shown in FIG. 4. In the case of
conventional antibodies that do not demonstrate the pH-dependent binding, an antibody-soluble
antigen complex is taken up into endosomes by pinocytosis in the plasma, and binds to FcRa
expressed in endosomes under intraendosomal acidic conditions.  Since the antibody-soluble

25  antigen complex bound to FcRn transfers to the cell surface as it is, and again returns to the
plasma, the antigen bound to the antibody has a prolonged plasma retention time similar to that
of the antibody (the elimination is extremely slow). On the other hand, in the case of antibodies
that demonstrate the pH-dependent binding, the antigen dissociates from the antibody under
mtraendosomal acidic conditions, and thus only the antibody binds to FcRn and returns again to

30  the plasma. Since the antigen dissociated from the antibody is degraded in lysosomes without
returning to the plasma, the elimination of antigen is extremely rapid as compared to the case of
antibodies that do not demonstrate the pH-dependent binding. Namely, in the case of
concurrent administration of SR344 with the WT-IgG1 or H54/1.28-IgG1 antibody, which does
not demonstrate the pH-dependent binding, the elimination of SR344 1is slow to the similar

35  degree as the antibody, since SR344 binds to WT-IgG1 or H54/L.28-IgG1 both in plasma and

endosomes. In conirast, in the case of concurrent administration of SR344 with the



8. 3E+05 1. 1E-03 1. 4E-09 Fv4-M73 7. 5E+05 1. OE-03 1. 4E-09 All of the resulting ten types
of pH-dependent-binding clones were found to have dissociation constants (affinity, 10 values) to the
soluble IL-6 receptor equal to or stronger than 20 that of WT. Analyses of Binding of
pH-Dependently-Binding Antibodies Having Optimized Variable and Constant Regions to
Membrane-T _pe IL-6 Receptor Antigen-antibody reactions to the membrane-type IL-6 receptor at pH
5.8 and pH 7.4 25were observed in the same manner as in Example 10 using Biacore T100 (GE
Healthcare) for the eleven types of antibodies, humanized PM1 antibody (wH%;%pe WT) and

H3pUL 75U e lewirar B-Rad, anibadis Iwhieh femonsimati tae pliadpperdeuitipding iha-Mss, and
Fv4-M7 3liméparedod S Restiibedabelerabhd pinedSparidatity-bindingoetomesiwdialinigcted 96 under

e concon.chatihin AU R A 18 SR 344, 1 e Psyotiependoptssociaton o

each clone at the pH ase p 8, was observ resulfs are shown in FIG. 21

(results WWﬂWFMW@WWP%@W@%@%&WWﬁ fomp PRAfdy8ults for other
clores aYﬁﬁh@&W’Sdﬂ;ﬁlﬁﬁzrﬁH andrdfhAnalsesvere @iame@/@ammgtbe &SBWIBIWE Bgsin Example

igO?l\?: IE’?%P fgen a ﬁhueg 8%1%%8??%’?}2?85"31: (I:tSOSQO)S(;[Iaé.nI%g% ét CéOHS ants pessgf Clones "
pH- Dep@ﬁ@eﬁtlwﬁsm@a@@ﬁ@ fbdrﬁp isferiEhEoTYpe MiRReedhon SRS Sarhpie 7 4 kd (1/s)
environment and returning to the plasma with FcRn without binding to the antigen, an antibody
that demonstrates the pl-dependent binding can again bind to an antigen in the plasma. It was

10 also shown that, by repeating this process, the antibody that demonstrates the pH-dependent
binding can repeatedly bind to multiple antigens. This is consistent with the Biacore data
shown in Example 7, demonstrating that pH-dependent antibodies can repeatedly bind to
antigens. Thus, by enhancing the pH-dependent binding of an antibody to an antigen, the
number of times of repetitive antigen binding can be increased.

15 When the antigen 1s a soluble antigen, and the antigen binds to an antibody under plasma
neutral conditions, but dissociates from the antibody in endosomes and the antibody returns to
the plasma with FcRn, the antibody can again bind {o an antigen under plasma neutral conditions.
Thus, an antibody that has the ability to dissociate from an antigen under intraendosomal acidic
conditions can bind to antigens multiple times. As compared to when an antigen bound to an

26 antibody does not dissociate from the antibody in endosomes (i.e., the antigen bound to the
antibody returns to the plasma), if an antigen bound to an antibody dissociates from the antibody
in endosomes, the plasma elimination rate of the antigen is increased, since the antigen is
transported to lysosomes and degraded. Thus, the plasma elimination rate of an antigen can be
used as an index to determine whether an antibody can bind to the antigen multiple times.

25 Determination of the plasma elimination rate of an antigen can be performed, for example, by
administering an antigen and an antibody in vive, and then measuring the plasma antigen
concentration after the administration, as shown in the Examples.

An antibody that demonstrates the pH-dependent binding can repeatedly bind to multiple
antigens in contrast to the case of a conventional antibody that does not demonstrate the

30  pH-dependent binding. Thus, the amount of antibody administered can be considerably
reduced, and the administration intervals can be greatly prolonged.

The repetitive binding to multiple antigens of this mechanism is based on pH-dependent
antigen-antibody reaction. Thus, regardless of the type of antigen, if an antibody demonstrating
the pH-dependent binding that binds to an antigen at pH 7.4 of plasma but dissociates from the

35  antigen at intraendosomal acidic pH can be constructed, then such an antibody can repeatedly

bind to multiple antigens.  Accordingly, the present technology is useful in that it can be



pH 5.8 kd (1/s) pH Dependency kd(pH5.8)Ad(pH7.4) WT 2.5E-04 2.5E-04 1.00 H3p1/1_73 2.6E-04
6.7E-04 2.59 Fv1- M71 6.1E-04 6.9E-03 11.29 Fv1-M73 3.7E-04 3.2E-03 8.80 Fv2-IgG1 3.4E-04

108

applied not only to antibodies to the IL-6 receptor, 1L.-6, and the I1-31 receptor, but generally to
any antibody to any antigen, regardless of the type of antigen.



2.4E-03 7.18 Fv3- M71 9.1E-04 9.7E-03 10.74 Fv3- M73 4.9E-04 5.3E-03 10.88 Fv4-IgG1 4.7E-04
2.6E-03 5.56 Fv4-1gG2 1.0E-03 1.8E-02 16.99 F\4SM58 5.4E-04 9.5E-03 17.64

CLAIMS

1. A method for producing a pharmaceutical agent, which comprises the steps of:
(a) determining the antigen-binding activity of an antibody at pH 6.7 to pH 10.0
5 () determining the antigen-binding activity of the antibody at pH 4.0 to pH 6.5;

{c) éelecting the antibody whose antigen-binding activity at pH 6.7 to pH 10.0 is
greater than that at pH 4.0 to pH 6.5, _
(d) “obtaining the gene encoding the antibody selected in (c); and
(e} producing the antibody using the gene obtained in (d),

10 wherein the pharmaceutical agent comprises any one of the followings:
(i) an antibody that is superior in retention in plasma; |
(ii) an antibody that 1s bapable of binding to an antigen two or more times when
measured in an animal comprising a cell eﬁpressing FcRn;
(1ii) an antibody that is capable of binding to more antigens as compared.to the

15 number of its antigen-binding sites when measured in an animal comprising a cell

expressing FeRn;
(iv) - an antibody that dissociates an extracellularly-bound antigen within a cell;
() an.aniibody that is bound to an antigen and internalized into a2 cell, and

released to the outside of the cell in an antigen-free form; or

20 (vi) an antibody that has increased ability to eliminate an antigen in plasma.

2. A method for producing a pharmaceutical agent, which comprises the steps of:

(a) binding an antibody to an antigen under a condition of pH 6.7 to pH 10.0;

{(b) allowing the antibody bouﬁ_d to the antigen of () to stand under a condition
25  ofpH 4.0 to pH 6.5; | |
(e collecting the antibody that dissociated under the condition of pH 4.0 to pH
6.5, ' - o

(d) obtaining the géne encoding the antibody obtained in (¢); and

(e} producing the antibody using the gene obtained in (d),
30  wherein the pharmaceutical agent comprises any one of the followings:

(1) an antibody that is superior in retention in plasma; '

(ii) an antibody that is capable of binding to an antigen two or more times when

measured in an animal comprising a cell expressing FeRun;

(i) an antibody that is capable of binding to more antigens as cornpéred to the
35  number of its antigen-binding sites when measured in an animal comprising a cell

expressing FcRn;



Fv4- M73 5.1E-04 5.1E-03 10.06 The ten types of obtained pH-dependently-binding clones
demonstrated pH-dependent binding ability to thé Hiembrane-type IL-6 receptor. Moreover, all of
Fyl-M71, Fyl-M73, Fv2-lgGl, Fy3-M71, Fv3-M73, Fv4-1gG |, Fv4-IgG2, Fv4-M58, and Fv4-M73 were
found to demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor, in
comparison 15with H3p1/L73-IgGl, for which the time until the antibody disappears from the plasma as
well as the e wheresthipseiuble: tistoreaeptor and cadinbiananiydenti@ieckpioratipound by the
antibody in body were.fo ndft be rolocgjgI d.co i% rably:in IS0 I(? , hown in
cynomolgusmrﬁonkeé% %n%(%#ﬁp g%.liog[%?amgeaﬁﬁ% gfb e%?%%%qgégg%e%ﬁ er%{l[iBglﬁ%sing
Antibodies RSO thaiReg danbbe GHdCBRIERFREGOIEMHRg Cynomolgus Monkeys
Constructiogvf Knosrudrigbdifiinity AritieH-a6cR ebitiptonAtitiioeie an antfyendmphatiam cell expression
vector was constructed to express the high-affinity anti-IL-6 receptor antibody VQ8F1I-21 higG1l
described in US 2007/0280945 Al (US 252007/0280945 Al, amino acid sequences 19 and 27), as a
known high-hffirfty et fer adytiRaARbEay 2 RHISHiBRER VAR CYBRISITWAS ¥GRSficted by PCR
combining sigtheticdlidiedDdAsntitssbniblyP @Rl heooristatreglomwasdampiifigttdypHCR from the
expression yectar Used in Example 1. The antibody variable region and antibody constant region were
. 97 ligated b assem&ly_PCR and |nserted info.a,vectqr for expression i mmﬁs The resulting H
chain and Lé?ﬁain GiERITE e Trse t&dﬁ%%gﬁar{%ﬁé%é%ﬁ*e@ﬁtﬁ%é’ vE % construct
the H dhain edlpressintevestsoad¢ll ehrditierpression vector of interest. The nucleotide sequences of
thg rgsulting((gxpresm%g%q&\é&_@_{gd%q%gaga,ed by a method known 5among persons with ordinary
skill in the ara}Exprg&ilon an(aélgurelgg%%ogd\{ver garrl%g dOUtb si%g dﬂi}? gc _nst&ucted expression vectors.
Expression 5 d purifi %B%N ca_rne& ourf%smémt%e n?éﬂ]o%f lescri ' Example 1 to obtain the
high-affinity Ghti-1L-®redepner thawpsbodniinarthngendybiom midrest in Cynomolgus Monkeys
wherein the pharmaceutical agent comprises an antibody whose binding activity at a
P
15 first pH is greater than that at a second pH, wherein the first pH is 6.7 to 10.0 and the
second pH is 4.0 to 6.5, and the antibody is-any one of the followings:
(i) an antibody that is saperior in retention in plasma;
(i) =~ an antibody that is capable of binding to an antigen two or more times when
measured in an animal comprising a cell expressing FcRn;
20 (i) an antibody that is capable of binding to more antigens as compared to the

number of its antigen-binding sites when measured in an animal comprising a cell

expressing FcRn,
(1v) an antibody that dissociates an extracellularly-bound antigen within a cell;
v) an antibody that is bound to an antigen and internalized into a cell, and

25  released to the outside of the cell in an antigen-free form; or

(vi) ~an antibody that has increased ability to eliminate an antigen in ﬁlasma.

4. A method for producing a pharmaceutical agent, which comprises the steps of:

(a) binding an antibody library to an antigen-immobilized column under the first
30  pH condition;

(b) eluting the antibody from the column under the second pH condition;

{c) amplifying the gene encoding the eluted antibody;

(d) collecting the eluted antibody;

(e) obtaining the gene encoding the antibody collected in (d); and
35 (f) producing the antibody using the gene obtained in (e),



The phannacolcinetics and pharmacological efficacy were evaluated in cynomolgus monkeys for the
pH-dependently-binding antibodies H3p1/L73-lgG1 &nd Fv1-M71, FvI-M73, Fv2-lgGl, Fv3-M73, and
Fv4-M73 and the known high-affinity anti-IL-6 receptor antibody (high affinity Ab). H3p1/L73-IgGl,

- Fv1-M71, Fv1-M73, Fv2-IgGl, Fv3-M73, or Fv4-M73 15was administered to cynomolgus monkeys by
single-dose intravenous administration at 0.5 mg/kg, while the high affinity Ab was administered by
single-dose witkauBntssphdrninisinationainl SmgikesBloadtiadpebose tiiligcieshisiare

administrati e in the same
manner as |%H§%%q¥§gr9é%%et t%weg%%au[:%sagé %ﬁelgﬁrig%c%%ce%t%gﬁt%}né Wf?r@%%fg%ﬁqhyl M71,
Fv1-M73, Fyecpyd P}II:W'FQ 65%3R¢ thwmb@dw%n eretpehigRIEMARESAD are shown in FIG. 21. In
order to evaliiate th@@bﬁﬂﬁt&l}db@ﬁs@d@émcmlretmmﬁmﬁtphsdﬁmee to which the cynomolgus monkey

membrane- gﬁ?e IL- GaE?Qﬁ%%gﬁtﬂﬁ%f e DF A ’E&?Qﬁﬁg&ﬁ@&!"&sﬁg@ﬁlﬁ@r%
subcutaneously he animals daily at 5 big’kg from day 3 to day 10 ?from day 6

into the lower backs of
to day 10 witRsEhet H(?Jﬂ?é“ﬂ?@icgf’ﬁﬂﬁ’ﬁ%ﬁ SHEPRECSHRE g}tjrﬁtlon of antibody, in the 25 same
manner as ifiitxampie SfithelCRE cocgeiatd biotess hvamiona kuiismeascrep24houthafter each
administratigpfiie B@“ﬁsc%% ShERP SRRCEALAIABS WL sheaﬁdammtr@&a?&fls chaptibody are
shown in FIG. 22. IH&%? o evaluate the pharmacological efficacy in terms of the degree of
neutralizatioff8f 5%58 monkey soluble IL-6 receptor, the concentration of the unbound
cynom&gus(ﬁﬁbnke%@l@iﬂi’@dﬁi@a@ﬁm@ﬁﬁ% eprioreiglsimbrkeyndlasfizewailso medkured in the
same manneas ExampigiBedinentime sauﬁaeﬁ)oz‘iﬂhm@e@uma%&mﬂé@ menkeyeRolkde IL-6
receptor conc?ntraél? ‘é"'&ﬁtg? agf:ia}mlsHatlon of eac ntllg PT}/ are shown in FIG. 23. As a result,
the antlbody concentrations In p asma were maal%a%e *Sach of Fv1- M71, Fv1-M73, Fv2-IgGl,
Fv3-M73 anfvBv4- M@Bqﬁt&ﬂﬁpﬁ%bﬁwmﬁeraﬁ@é@bﬂmg@ehrasm@tﬁ@l@em@mﬂﬁéms of CRP and the
unbound cynomolgus monkey soluble IL-6 receptor were maintained at low levels. Namely, this result
showed that the e I I e s.are boungd by the
antlboi?t (or?tn otiﬂ] %’1"&3{5&%}1 ureﬁ%oé? %%%lt% 1zatl ﬂ‘?@vaé) grlék%%he gtgh%gélrﬁ%g&%s in
comparison ##th ¥ 3p ?E’?@lf@@‘ leaSt ORf AR ACHELERS Bilstmse ArSeE Beceptor
antibodies werkeaomtmhedithndhsis theutngiboetyon effects and sustalned efflcacy equal to or greater
than that of the known 5 high-affinity anti-IL-6 receptor antibody (high affinity Ab) administered at 1.0
mg/kg, at only half the dosage thereof, i.e., at 0.5 mg/kg. Therefore, the pH-dependently-binding
antibodies were elucidated to have the neutralization effects and sustained efficacy superior to those
of the known high-affinity anti-IL-6 receptor antibody. Those antibodies shown in Table 12 for which
PK/PD tests were not carried out using 10 cynomolgus monkeys as in this test, have also been
confirmed to demonstrate improved pH-dependent binding to the membrane-type IL-6 receptor in
.comparison with H3p1/1 ,73-1gGl. Therefore, the time during which the membrane-type and soluble
IL-6 receptor are bound by the antibodies (or in other words, the duration of neutralization and
sustained neutralization effects) are also thought to be prolonged for the antibodies in comparison with
H3p1/L73-IgGl. 15In Example 9, for H3p1/L73-1gGl, the time until the antibody disappears from the
plasma as well as the time where the soluble IL-6 receptor and membrane-type IL-6 receptor are
bound by the antibody in the body (sustained neutralization effects) were found to be prolonged
considerably as compared with WT. 11v1-M71, Fv1-M73, Fv2-IgG |, Fv3-M71, Fv3-M73, Fv4-1gG |,
Fv4-19G2, Fv4-M58, and Fv4-M73, having superior sustained neutralization effects 20to
H3p1/L73-lgGl, are therefore thought to have remarkably improved sustained neutralization effects as
compared with WT.



In contrast to anti-IL-6 receptor antibodies, the pH-dependent-binding anti-IL-6 receptor antibodies that
are made to strongly bind to the antigen at the pHlithe plasma of pH 7.4 but only weakly bind to the
antigen at the p1-1 in endosomes of pH 5.8, make it possible to reduce the 25patient dosage and
administration frequency of the anti-IL-6 receptor antibody, and as a result, they can considerably
reduce the total administration amount. Therefore, the pH-dependently-binding anti-1L-6 receptor
antibodies argNMOGEN-BIND G ev@lyESUPER T AR AR MRRENIAIGor OSEWS @RIMGARtagonist.

30[Example 16] Construction OWTR?@QM@LF @_%ggﬁ,%@ %Mbody Expression and
e ura

Purification of Anti-IL-6 Antibody In Examples 1 to 15, a p ity of humanized anti-IL-6 receptor
antibodies that pH-dependently bind to the IL-6 receptor were successfully created by imparting the
dependency through introducing histidine subsBSTBAsCENd the like into the variable region, in
particular, the 35CDR sequences. of the humanized anti-IL-6 receptor antibodies. It was found that all
of these 99 antibodies repeatedly pind to the ||_-6 receptor and demonstrate a considerable
improvement in PK/IfBe PTeRAR e BT NRs BBRAVATEH thihethedBHRagssndBRRBiIi $¥4h antibody to
bind to an anfifjeencontinzracomforetitie sadsherdmtibodykhat bimssatosam wittigbat athike titén the IL-6

Sreceptor us&g%las%a@ﬁ@g Gasirdtiuman fe-Gruasiselecied as s REUORRA oA AML ARt 6 antibody
including the ch mél amlr% %fld segl ance. SE%A’\? Q: 62 %é chain (V%T)Eﬁﬁmmo acid
sequence: PO R ). Wi ABINGS 8 IPLERE gAY l‘ﬁnWé G686 AR L6 wild
type") Was cohithidrstcanding &raretige known to those skilled in the art, gene fragments encoding the
antibody amino acid sequences of interest were inserted into mammalian 10cell expression vectors to
construct thgﬁ %}?latgb xlgressmin vector and L chain expression vector of interest. The nucleotide
sequences he resultin exp ession vectors were determined using a method known to a skilled
person. Anti-1L6 wild type was expressed and purified by the method described in Example 1.
15Construction of pH-Dependent Anti-IL-6 Antibody To confer the pH-dependent ability of the
antibody to bind to IL-6, histidine substitutions were introduced into the amino acids in CDR of the
anti-IL-6 antibody (Anti-1L6 wild type) including the H chain (WT) (amino acid sequence: SEQ ID NO:
62) and L chain (WT) (amino acid sequence: SEQ ID NO: 63). By substituting histidine in the CDR
amino acids and 20subsequently screening, several clones that demonstrate the pH-dependent
binding were obtained. The binding at pH 5.5 was significantly reduced as compared with the binding
at pH 7.4. The positions of histidine substitution in the pH-dependent clones are shown in Table 13.
The examples include "Anti-1L6 clone 1" including the H chain (el) (amino acid sequence: SEQ ID



NO: 64) and L chain (el) (amino acid sequence: SEQ ID NO: 65), and "Anti-IL-6 clone 2" 25including
the H chain (el) (amino acid sequence: SEQ ID NO: 64) and L chain (c2) (amino acid sequence: SEQ
ID NO: 66). Anti-1L6 clone 1 and Anti-IL-6 clone 2;wgre expressed and purified by the method
described in Example 1.  [Table 13] Positions of Histidine Substitution in pH-dependent clones 30
H32, H59, H61, H99 L53, L54, L90, L94 Analysis of Binding of pH-Dependent Clones to Human IL-6
Kinetic analysis of antigen-antibody reactions at pH 5.5 and pH 7.4 was carried out using 35Biacore Tl

00 (GE Healthcare) for the three typeg %ﬂ?gl{ﬁﬁ prepared as mentioned above: Anti-1L6 wild type,
Anti-1L6 clone 1, and Anti-IL-6 clone r. %(-) (pH 7.4 or pH 5.5), 100 150 mM NaCe. The

antibodies were bound to a sensor chip on which recornb-protein A/G (Pierce) was immobilized by

amine coupliigpandiiten seimao ks onayh eipisted to an appropriate concentration was injected on
the chip as an analyte. All the measurements were carried out at 37C. Association rate constants ka

(1/Ms) and dissociation rate constants kd (1/s) 5were calculated using Biacore T100 Evaluation
Software (GE!HaaltEAGEN-BINR! NE LA SRl EPAABEERRS D T QvEHR (RaNBRFANTI BRASKI il S0 se values
(Table 14). RapEIEED®re, the ratio of affinity at pH 5.5 and pH 7.4 was calculated for each clone to
evaluate the pH-dependent binding. 10 [Table 14] Comparison of Binding of pH-Dependent Clones to

L6 Sam WV MRS 1vap

<140> PCT/JP2009/057309
<141>  2009-04~10

<150> JP 2008-104147
<151> 2008-04-11

<150>  JP 2008-247713
161> 2008-09-26

<150>  JP 2009-068744
151> 2009-03-19

<160> 70

<170> Patentin version 3.4

210> 1
211> 119
212> PRY

213> Artificial

{2205
<223> An artificially synthesized peptide sequence

<400> 1

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



pH pH7.4 pH5.5 pH7.4 pH5.5 pH7.4 pH5.5 ka(1 /Ms) 2.05E+07 1.52E+07 1.07E+07 2.05E+06
8.96E+06 236E+06 kd( 1 /s)KD(M)KD(pH5.5)/KD(pH7.4) 3.91E-041 1.91E-11 ! 0.8 2.45E-041
1.61E-11 4.71E-031 4.38E-10 10.3 9.26E-031 4.@2}%09 2.63E-031 294E-10 1.10E-02 3.98E-0913.5
clonel

Thr Leu Ser Leu Thr Gys Ala Val Ser Giy Tyr Ser [le Ser Asp Asp
20 25 30

His Afla Trp Ser Trp Val Arg Gin Pro Pro Giy Glu Gly Leu Glu Trp
35 40 45

tle Gly Tyr {le Ser Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn GIn Phe Ser
65 70 75 80

Leu Lys Lau Ser Ser Val! Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 80 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

Q10> 2

ARV (W]

{212> PRT

213> Artificial



clone2 The ratio of affinity at pH 5.5 and pH 7.4 ((KD)(pH 5.5)/(KD)Q1-I 7.4)) calculated,
which indicates the pH-dependent binding to human IL-6, was 0.8, 10.3, and 13.5 for Anti-1L6 wild
15type, Anti-1L6 clone 1, and Anti-1L6 clone 2, rea?@jgtively. That is, the pH-dependent binding ability
of each clone is more than 10 times greater than of WT. The sensorgrams of Anti-IL-6 clone 2 at
pH 7.4 and pH 5.5 are shown in FIG. 26. Thus, it was shown that, as in the case of the anti-IL-6
receptor antibodies, pH-dependently binding anti-IL-6 antibodies that bind to the antigen strongly
under plasma 20neutral conditions, but weakly under intraendosomal acidic conditions can be
constructed B8Atroducing histidine substitutions and the like mainly into the CDR amino acid

sequences. Agindigated iniExampigsthdsi & pepanis-ltedisaceptor antibody that has the
pH-dependent binding ability repeatedly binds to the IL-6 receptor and PK/PD is remarkably improved.
That is, it was suggested that Anti-IL-6 clone 1 and Anti-IL-6 clone 2, which have the pH-dependent
binding 00>~2

Asp lle Gln Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

hsp Ser Val Thr lie Thr Cys Gin Ala Ser GIn Asp |le Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu fle
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Glu Ala
65 70 15 80

Glu Asp Ala Ala Thr Tyr Tyr Gys Gly Gin Gly Asn Arg Leu Pro Tyr
85 80 a5

Thr Phe Gly Gln Giy Thr Lys Va! Glu lle Glu
100 105

Q10> 3
21> 19
<212> PRY



25ability, repeatedly bind to more antigens with significantly improved PK/PD, as compared with
Anti-1L6 wild type. [Example 17] Construction of pH-Dependently Binding Anti-IL-31 Receptor
Antibody Expression and Purification of Anti-IL-31 /Fﬁgeptor Antibody 30In Examples Ito 15, a plurality
of humanized anti-IL-6 receptor antibodies that pH-dependently bind to the IL-6 receptor were
successfully created by conferring the pH 101 dependency through introducing histidine substitutions
and the like into the variable region, in particular, the CDR sequences of the humanized anti-IL-6
receptor antibodies. It was found that all of these antibodies repeatedly bind to the IL-6 receptor and
demonstrate‘d ¢onéiddfdbié improvement of PIC/PD. 5Therefore, it was confirmed that the pH
dependent ability of an antibody to bind to an antigen could be confered to another antibody that binds
to an antigep-gger than the IL-6 receptor using a similar method. Mouse IL-31 receptor was selected
as the antigen, and an anti-IL-31 receptor antibody. including the H chain (WT) (amino acid sequence:
SEQID NO:<%27:)>arﬁf‘ 12CHAT @A) AD! 290PERLERHEIe®) 1D NO: 68), which binds to the mouse
IL-31 10receptor as described in WO 2007/142325, ("Anti-IL3IR wild type") was constructed. Using a
method knowjpde those skilled in the art, gene fragments encoding the amino acid sequences of
interest were inserted into mammalian cell expression vectors to construct the H chain expression
vector and L chain expression vector of interest. The nucleotide sequences of the resulting expression
vectors weré iet@infiledaysiig &l mheéendd kriowste bevkiliedper®onsSasAliti-1L3 1R wild type was
expressed and purified by tlge method describedn Example 1. Conggruction of pH-Dependent
Anti-IL-31 Receptor Antibody  To confer the pH-dependent ability of the antibody to bind to the IL-31
receptor, histidine substitutions were introduced into the amino acids of CDR of the anti-IL-31 receptor
antibody 20 (Anti-1L31R wild type) including the H chain (WT) (amino acid sequence: SEQ ID NO: 67)
and L chainTiw Te{assibeacidrseguencya SBE) 10 ND: GR). Biehgstidine spbstitutions in the CDR amino
acids and subsequent s%eening, several clgnes that demonstrgje the pH-dependent binding were
obtained. The binding at pH 5.5 was significantly reduced as compared with the binding at pH 7.4. The
position of histidine substitution in the pH-dependent clones is shown 25in Table 15. An example is
"Anti-IL31R clone 1" including the H chain (el) (amino acid sequence: SEQ ID NO: 69) and L chain
(WT). Anti-1L31R clene sl was expressed-apd, pudfied uging ipe speaifeg described in Example I.
[Table 15] Position Qf Histidine Substitution in pH-dependerA clones 30 H33 Analysis of Binding of
pH-Dependent Clonés to Soluble IL-31 Receptor Kinetic arfalysis of antigen-antibody reactions at pH
5.5 and pH 7.4 was carried out using

e Gly Tyr Ile Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 55 80

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 10 75 80

Leu Lys Leu Ser Ser Vai Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 80 95

Ala Arg Ser Leu Als Arg Thr Thr Als Met Asp Tvr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser



Biacore T100 (GE Healthcare) for the two types of antibodies prepared as mentioned above:
35Anti-1L3 1R wild type and Anti-1L31R clone 1 (buffer: DPBS(-) (pH 7.4 or pH 5.5), 150 mM NaCl,
0.01% Tween 20, 0.02% NaN3). The antibodies er bound to a sensor chip on which 102
recomb-protein A/G (Pierce) was immobilized by amine coupling, and then the soluble mouse IL-31
receptor (prepared according to the method described in WO 2007/142325) adjusted to an appropriate
concentration was injected therein as an analyte. All the measurements were carried out at 25C.
Association rate constants ka (1/Ms) and dissociation rate constants kd (1/s) Swere calculated using
Biacore 1100 Evaluafidn Software (GE Healthcare), and dissociation constants KD (M) were
calculated based on those values (Table 16). Furthermore, the ratio of affinity at pH 5.5 and pH 7.4
was calculated for each clone to evaluate the pH-dependent binding. 10 [Table 16] Comparison of
Binding of pH- ;p%ndent Clones to Mouse IL-31 Receptor Sample pHka(1/Ms)kd(l/s)KD(M) I
KD(pH5.5)/I§ PH7.4) Wild type pH7.4 1.40E+05 3.40E-03 2.30E-08 3.2 pH5.5 5.10E+05 13.80E-03

7.40E-08 <211> 119
212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

400> 4
Gln Val Gin Leu Gin Giu Ser Gly Pro Gly leu Val Lys Pro Ser Glu

i 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser {le Ser His His
20 25 30

His Ala His Ser Trp Val Arg Gln Pro Pro Gly Glu Giy Leu Giu Trp
35 40 45

Ile Gly Tyr lie Ser Tyr Ser Gly tie Thr His Tyr Asn Pro His Leu
50 55 60

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 90 g5



clonel pH7.4 1.70E+05 3.30E-03 2.20E-08 1000.0 pH5.5 1.10E+03, 2.40E-022.20E-05 The ratio
of affinity at pH 5.5 and pH 7.4 ((KD)(pH 5.5)/(KD)(pH 7.4)) calculated, which indicates the
pH-dependent binding to the mouse IL-31 receptey, ywas 3.2 and 1000 for 15 Anti-1L3Il R wild type and
Anti-1L31R clone 1, respectively. That is, the pH-dependent binding ability of Anti-IL31R clone 1 is
about 300 times greater than that of WT. The sensorgrams for Anti-1L3 1Rclone 1 at pH 7.4 and pH
5.5 are shown in FIG. 27.  Thus, it was shown that, as in the cases of the anti-IL-6 receptor
antibodies and anti-IL-6 antibodies, pH-dependent binding anti-IL-31 receptor antibodies that bind to
the antigen strongly 20under plasma neutral conditions, but weakly under intraendosomal acidic
conditions chiable xdasthactddrblr mtrbm living hiltitlihen Stissiitatiehs @adithye like mainly into the CDR
amino acid sequences. A indicated in Exafpgles 1 to 15, an antjL-6 receptor antibody that has the
pH-dependent binding ability repeatedly binds to the IL-6 receptor and PIC/PD is remarkably
improved. That is, it was suggested that Anti-IL31R clone 1, which has the pH-dependent 25binding
ability, repeatedly binds to more antigens with significantly improved PK/PD, as compared with

Anti-1L3 1R7wild dype | [ExavilesdBkRepetitive Binding to Antigen by pH-Dependently Binding
Antibody ExpressioqE nd Purification of Antibody Administered to Mice 30The four types of
humanized IL-6 receptor antibodies described below were prepared.

210> 5

211> 19

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 5

Gln Val &ln Leu Gin Giu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp
20 25 30

His Afa Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
3b 40 45

Ile Gly His [le Ser Tyr Ser Gly [le Thr Asn Tyr Asn Pro His Leu
50 55 60

Lys Gly Arg Val Thr ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser



As the antibodies that do not pH-dependently bind to the IL-6 receptor, WT-IgG1 including H 103
(WT) (amino acid sequence: SEQ ID NO: 9) and L (WT) (amino acid sequence: SEQ ID NO: 10), and
H54/1 28-IgG | including H54 (amino acid sequenge; SEQ ID NO: 70) and L28 (amino acid sequence:
SEQ ID NO: 12) were expressed and purified using tLe method indicated in Example I. As the
antibodies that pH-dependently bind to the IL-6 receptor, H170/L82-1gG | 5 of Example 3 including
H170 (amino acid sequence: SEQ ID NO: 4) and L82 (amino acid sequence: SEQ ID NO: 7), and
Fv4-1gG1 of Example 10 including VH3-1gGI (SEQ ID NO: 23) and VL3-CK (SEQ ID NO: 27), were
expressed and purified using theé method indicated iWExample 1. 10An§R/sis of Binding of Each Type
of Antibody to Soluble IL-6 Receptor Kinetic analysis of antigen-antibody reactions at pH 7.4 and
pH 5.8 was carried out using Biacore Tl 00 (GE Healthcare) for the four types of antibodies prepared:

WT-IgGl, H54/L.28-19GI, H170/L82-1gG an&Fv4-l | (puffer: 10 ES (pH 7.4 or pH 5.8), 150
mM NacCl, 0. goéyéugr%c grntg_gé%%. 1%5%%1% ?jiés'sp\%&e 81&% tc}’mn’vgjﬁ? chip on which
15recomb-protein A/G (Pier8&) was immobilizedby amine coupling®and 5R344 adjusted to an
appropriate concentration was injected therein as an analyte. The association with and dissociation

from SR344 of each type of antibody were observed on a real-time basis. All the measurements were
carried out at 37C. Association rate constants | ‘(1/Msgiand dissociation rate constants kd (1/s) were
calculated uSIAQM R dCBré o188 BvaIhERidH SHRWHFEABE! ieHIhBAYeS 6And dissociation constants KD
(M) were calculated basei on those values {(Bable 17). [Table 1fApComparison of Association Rates
(ka), Dissociation Rates (kd), and Dissociation Constants of Each Type of Antibody Against Soluble
IL-6 Receptor (SR344) pH7.4 pH5.8 pH Dependency Sample ka(1/Ms) kd(1/s) KD(N) ka(1/Ms) kd(l/s)
I<D(M) 19(p115.8)/k017.4)KE/$115.81/106117.6

Thr Leu Val Thr Val Ser Ser

115

Q210> 6

Q211> 107

212> PRT

213> Artificial

{220>
223> An artificially synthesized peptide sequence

400> 6
Asp ile GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr tle Thr Cys GIn Ata Ser Gln His lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro @lu Leu Leu fle
35 40 45



WT-101 4.9E+05 9.4E-04 1.9E-09 8.9E+05 2.7E-03 3.1E-09 2.91.6 H54/L28-101 82E+05 1.4E-O3
13E-09 24E+06 23E-03 11E-09 2.00.7 6170/L82-4163E+05 11E-02 19E-09 12E+05 12E-02 19E-07
11.461.9 Fv4-1gG1 98E+05 9.5E-04 93E-10 1AE¢6-33E-02 29E-08 38.827.3 25 The ratio of
affinity (10) at pH 5.8 and pH 7.4 for each antibody was calculated. The KD ratio, which indicates the
pH-dependent binding to 5R344, was 1.6, 0.7, 61.9, and 27.3 for WT-IgGl, H54/L28-1gGl,
H170/L82-IgGl, and Fv4-IgGl, respectively. In addition, the ratio of dissociation rate (kd) at pH 5.8 and
pH 7.4 for each antibody was calculated. The kd ratio, 30which indicates the pH-dependent
dissociation rate for SR344, was 2.9, 2.0, 11.4, and 38.8 for WT-IgGl, H54/L28-1gG |, H170/L82-IgG 1,
and Fv4-lgGlyrelypeetivély. Fisubedt asSeorifisnmitd firat $¢1 707 $Rel $&1 &md Fv4-1gG | demonstrate the
pH-dependent bigding, while the cogentional antibodiggyWT-IgG1 and H54/1_28-I1gG 1 hardly exhibit
the ability. In addition,

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Glu Ala
65 70 15 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr
85 ‘ 90 85

Thr Phe Gly GIn Giy Thr Lys Val Glu lle Glu
100 105

Q10> 7

Q21 107

212> BRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 7

Asp tle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Ser Val Thr Ile Thr Cys Gin Ala Ser Gin Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Lsu ile



104 since the affinity (ICD) of these antibodies at pH 7.4 was nearly equal, their ability to bind to
SR344 in the plasma was thought to be equivalent. In Vivo Pharmacokinetics Test Using Mice 5The
pharmacokinetics of SR344 and the anti-human I+6;Feceptor antibody were evaluated following
administration of SR344 (human IL-6 receptor, prepared in Example 1) only or simultaneous
administration of SR344 and the anti-human IL-6 receptor antibody to mice that do not express the
human IL-6 receptor (C57BL/6J; the anti-human IL-6 receptor antibodies do not bind to the mouse IL-6
receptor). An SR34%5sqution 5 pig/mL)4r6r)]r a mixed solution, containing 10SR344 and the anti-human
IL-6 receptor antibody (5 lig/mL and 0.1 mg/mL, respectively) was administered into a caudal vein by
single-dose administration at 10 mL/kg. Since the anti-human IL-6 receptor antibody was present in an
adequate excess amount relative to 5R344, it was thought that nearly all of the SR344 molecules were
bound by th [ . samp l%%t 5,miniite urs, 8 hours, 1 day, 2 days, 3
days, 4 dayf,y% a)?éxl?éfgﬁéyg%liﬁ Ea\)é/,g:rz}rﬁg Fféd)egé g%téb‘rpg%?n%ﬁa% n. The collected blood
samples were irﬁ%ediately centrifué@d for 15 minutes &t’15,000 rpom and 4C to obtain the plasma. The
plasma separated was stored in a freezer set to -20C or lower until the time of measurement.
Above-described WT-1gGl, H54/L28-1gG |, H170/L82-IgGl, and Fv4-1gGl were used as the anti-human
IL-6 receptor antibodies, 20 Measurement of Anti-Human IL-6 Receptor Antibody Plasma
ConcentratiSf by £PF6A!Y T %R%% ét%’ﬁ SPhdiSarerL Ut Ahfibody in mouse plasma was
measured BBPELISA. Anti-humalf IgG (y-chain spedific) F(abr)2 antibodgffragment (Sigma) was
dispensed onto a Nunc-ImmunoPlate MaxiSorp (Nalge Nunc International) and allowed to stand
250vernight at 4C to prepare anti-human IgG-immobilized plates. Calibration curve samples having
plasma concentrations of 0.8, 0.4, 0.2, 0.1, 0.05, 0.025, and 0 0125 p.g/mL, and mouse plasma
samples dilGledAs0dfol8l oo wire pregaredi Oy Asnobrzoley/file $R344 was added to 100 juL of
the calibration curve samplgs and plasma samples, and then the sagmples were allowed to stand for |
hour at room temperature. Subsequently, the samples were dispensed 30into the anti-human
lgG-immobilized plates, and allowed to stand for | hour at room temperature. Then, Biotinylated
Anti-Human IL-6R Antibody (R&D) was added to react for 1 hour at room temperature. Subsequently,
Streptavidirritobyl BR8G! (SkevetispegifigdDatrction Jlechnologies) was added to react for 1 hour at
room temperature, and ggromogenic reactiggrwas carried out using TMP One Component HRP
Microwell Substrate (BioFX Laboratories) as a substrate. 35After stopping the reaction with I N sulfuric
acid (Showa Chemical), the absorbance at 450 nm was measured by a microplate reader. The
concentration in mouse plasma was calculated from

210> 8

211> W7

<212> PRT

213> Artificial

220>
{223 An artificially synthesized peptide sequence

400> 8
Asp [fe Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lie Thr Cys Gin Ala Ser Gin Asp lie Ser Ser His
20 25 30



105 the absorbance of the calibration curve using the analytical software SOFTmax PRO (Molecular
Devices). The time course of plasma concentration after intravenous administration as measured by
this method is shown in FIG. 28. SMeasurement of 5R344 Plasma Concentration by
Electrochemiluminescence  The concentration O]ZSR344 in mouse plasma was measured by
electrochemiluminescence. SR344 calibration curve samples adjusted to concentrations of 2000,
1000, 500, 250, 125, 62.5, and 31.25 pg/mL, and mouse plasma samples diluted 50-fold or more were
prepared. The samples were mixed with a solution of Monoclonal Anti-human IL-6R Antibody (R&D)
10ruthenium-labeled with Sulfo-Tag NHS Ester (Meso Scale Discovery), Biotinylated Anti-human
1L-6R Antiblatly ARSI, andeW TG GYsabre thienlaioded’to act avéenidhe at 37C. The final
concentration of WkggG1 was 333 gg/my-, which is in excegs of the concentration of anti-human IL-6
receptor antibody contained in the samples, for the purpose of binding nearly all of the SR344
molecules in the samples to WT-1gGl. Subsequently, the samples were 15dispensed into an MA400
PR Streptavidin Plate (Meso Scale Discovery), and allowed to react for 1 hour at room temperature,
and washingywasrperfosateti dmenediately afterviReacbBsfexrE 6d) {Mesy Scale Discovery) was
dispensed, the measurement was pgrformed by the Segior PR 400 Reader (Meso Scale Discovery).
The 5R344 concentration was calculated based on the response of the calibration curve using the
analytical software SOFTmax PRO (Molecular 20Devices). The time course of SR344 plasma
concentration after intravenous administration as measured by this method is shown in FIG. 29.
Effects of ply:Depeadeqi Bindind Wib iesRset iathe dime capreg ofgniippdy concentration of
WT-1gG1 and H54/L28-IgGl, 25which do not demonstrate the pH-dependent binding, and
H170/L82-|§E;| and Fv4-1gG | ,?/thch demonstrate fhe pH-dependent lﬁﬂding, the time course of
concentration was roughly identical for WT-IgG |, H54/L28-1gGI and Fv4-IgGl, while H170/82-1gG1
was eliminated slightly more rapidly. The data of the time course of plasma concentration was
analyzed by, the pharmacokinetics analysis software WinNonli éP arsight). The half-lives in the
iasia of SV HTOET HEARo T 108 RGP Al PO ST ubte 21.0, 28,8, 76.2, and 7.5
days, respectively. As descbed in Example 2,%hen the antigen i& soluble antigen, an administered
antibody binds to the antigen in the plasma, and is retained in the plasma in the form of an
antigen-antibody complex. Generally, in contrast to extremely long plasma retention time of an
35antibodyT(the elimination rate is extremely low) due to the function of FCRn, the plasma

hr Phe Gly Gin Gly Thr Lys Val Glu lle Glu

100 105

Q21 9

211> 448

212> PRT

213> Artificial

{2207
223> An artificially synthesized peptide sequence

<400> 9
Gin Val Gin Led Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Glin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Giy Tyr Ser lle Thr Ser Asp



retention time of an antigen is short (the elimination rate is high). Thus, an antigen that is 106 bound
to an antibody has a prolonged plasma retention time similar to that of an antibody (the elimination rate
is extremely low). Similarly, when the antigen of qqm%ﬂzed IL-6 receptor antibody, SR344 (soluble
human IL-6 receptor), was administered alone, SR344 was extremely rapidly eliminated (plasma
half-life: 0.2 days). However, in the case of concurrent 5administration of SR344 with a conventional
antibody, WT-IgG1 or H54/L28-IgGl, which does not demonstrate the pH-dependent binding, the
elimination rate of SR344 was considerably reduced, and the plasma retention time of SR344 was
prolonged (plasma half-ﬁPe: 5.3 days for WT2 gG |, 6.3 days for %4/L28-I9G1). This is because nearly
all of the SR344 molecules were bound by the antibodies administered together, and thus 5R344
bound by the antibodies 10had a prolonged plasma retention time similar to that of the antibody, due
to the functi nsg’g Igcﬁn %grd?sc@ggc}irab&vrgpr ILn o,ﬂlﬁ cqﬁe Lc?né: e t administration of SR344 with
the H170/8 -Ig l or Pv -19& antibo%ly, Which 'démbnstratestné pH-d Bpendent binding, the
elimination of SR344%vas significantly r4id (plasma half-lifd% 1.3 days for H170/L82-IgGE 0.6 days for
Fv4-1gG1l), as 15compared to the case of concurrent administration with WT-IgG1 or H54/L28-IgGl.
This tendency was particularly prominent for Fv4-IgG | . Since the affinity of Fv4-IgG1l at pH 7.4 is
equivalent to or stonger than that of WT-IgG1 and H54/L28-1gG I, it is thought that nearly all of the
SR344 molééﬁlgémgrre busfd thyEven ity dRTthidtgh 080 v e rheihstrates equivalent or slightly
longer plasma réfention and slowerilimination comparét to WT-IgG | and 201-154/L28-1gGl, the
elimination of SR344 bound to Fv4-1gG | was extremely rapid. This can be explained by the concept of
the present technology shown in FIG. 4. In the case of conventional antibodies that do not
demonstrate the pH-dependent binding, an antibody-soluble antigen complex is taken up into
endosomesllyy Sarosdygoéis imthiéeplasimbrcaneh bihdSto ExRhAsexpressedén endosomes under
intraendosogpal acidic conditiong Since the antibodyssoluble 25antigerggomplex bound to FcRn
transfers to the cell surface as it is, and again returns to the plasma, the antigen bound to the antibody
has a prolonged plasma retention time similar to that of the antibody (the elimination is extremely
slow). On the other hand, in the case of antibodies that demonstrate the pH-dependent binding, the
antigen dissegiglies feansdhgantipody-under iatizenrespraalAaciic pgngions, and thus only the
antibody binds to FcRn and,feturns again to 30ghe plasma. Since the antigen dissociated from the
antibody is degraded in lysosomes without returning to the plasma, the elimination of antigen is
extremely rapid as compared to the case of antibodies that do not demonstrate the pH-dependent
binding. Namely, in the case of concurrent administration of SR344 with the WT-IgG1 or

H541L28-igz1 & il@@ﬂ%e\ﬁ"'}iﬁpﬂ%eﬁp%ge@é)'ﬂ%@'%“?%pﬁbdﬁg?@ @hpinding, the elimination of
Il [ ' R344

SR344 is slow to the similar 35degree as the antibody, since S inds to WT-IgG1 or

H54/L28-1gG1 both in piggma and endosom&. In contrast, in tHé0ase of concurrent administration of
SR344 with the

Ser Leu VYal Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

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

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu



107 H170/L82-1gG1 or Fv4-1gG1 antibody, which demonstrates the pH-dependent binding, the
elimination of SR344 is extremely rapid, since SR344 dissociates from the antibody in the
intraendosomal low-pH environment. That is, singg thg H170/L28-1gG1 and Fv4-IgG1 antibodies,
which demonstrate the pH-dependent binding, dissociate from SR344 in the 5intraendosomal low-pH
environment, the majority of H170/L82-IgG1 or Fv4-1gGl that has returned again to the plasma with
FcRn is thought to be not bound to SR344. Thus, as shown in FIG. 4, it was revealed that, by
dissociating from an antigen@rs2| the intraendoso% low-pH environment and returning to the plasma
with FcRn without binding to the antigen, an antibody that demonstrdtes the pll-dependent binding
can again bind to an antigen in the plasma. It was 10also shown that, by repeating this process, the
antibody that demonstrates the pH-dependent binding can repeatedly bind to multiple antigens. This is
consistent wjth the Biacgre data-shQwn,in Example onstrating that pH-dependent antibodies can
repeatedvakﬁh(]j?gra%?fggr[?’s.gﬁa& rl%?re% %Eﬁélrrr:é%t%gépﬁij-%ep rn(?gﬁt% bih ﬁEg of an antibody to an
antigen, the number of tiffes of repetitive anfigen binding can bE¥hcreased. 15When the antigen is a
soluble antigen, and the antigen binds to an antibody under plasma neutral conditions, but dissociates
from the antibody in endosomes and the antibody returns to the plasma with FcRn, the antibody can
again bind to an antigen under plasma neutral conditions. Thus, an antibody that has the ability to
dissociate fr§ih S drftigdhy Jﬁﬂg" hifieMfodbmaraditidebridrians b¥h Bitd to antigens multiple times.
As compared to whéBban antigen boundd® an 20antibody dz@¥és not dissociate from the antibody in
endosomes (i.e., the antigen bound to the antibody returns to the plasma), if an antigen bound to an
antibody dissociates from the antibody in endosomes, the plasma elimination rate of the antigen is
increased, since the antigen is transported to lysosomes and degraded. Thus, the plasma elimination
rate of an ahtigdarcahr beytidedl Aspdryintex ol detePmineywibethysaAsantitsody can bind to the antigen
multiple times. 2%petermination of thg plasma eliminatiggprate of an antigen can be performed, for
example, by administering an antigen and an antibody in viva, and then measuring the plasma antigen
concentration after the administration, as shown in the Examples. An antibody that demonstrates the
pH-dependent binding can repeatedly bind to multiple  antigens in contrast to the case of a
conventionghartikothyr thad deePnotgemanstraredhs 30pHidemepdsrt Bipding. Thus, the amount of
antibody adé%nistered can be c%;bsiderably reduce%sand the administr%iévn intervals can be greatly
prolonged.  The repetitive binding to multiple antigens of this mechanism is based on pH-dependent
antigen-antibody reaction. Thus, regardless of the type of antigen, if an antibody demonstrating the
pH-dependent binding that binds to an antigen at pH 7.4 of plasma but dissociates from the 35antigen

at intraendagorpa| %@iEeE?"#k%aﬁ‘rpqﬁ%"i‘_%”#ﬂ?_‘ﬂyéh %ghL@@.Mil?péjg&an repeatedly bind to multiple

antigens. Accordingly, the present technology is_useful in that it can be
245 250 255

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

Pro Glu Yal Lys Phe Asn Trp Tyr Val Asp Gly Va! Giu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu &ln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu



108 applied not only to antibodies to the IL-6 receptor, IL-6, and the IL-31 receptor, but generally to
any antibody to any antigen, regardless of the type of antigen. 109 CLAIMS 1. A method for producing
a pharmaceutical agent, which comprises the st ﬂf' (a)determining the antigen-binding activity of an
antibody at pH 6.7 to pH 10.0 5(b)determining the antigen-binding activity of the antibody at pH 4.0 to
pH 6.5; (c) selecting the antibody whose antigen-binding activity at pH 6.7 to pH 10.0 is greater than
that at pH 4.0 to pH 6.5; (d) obtaining the gene encoding the antibody selected in (c); and (e)
producing the antibody using the gene obtained in (g) 10 wherein the pharmaceutical agent comprises
any one of tﬁ@followings: an anti ody that is superi 1réin retention in pla‘rizr?]a; (i) an antibody that is
capable of binding to an antigen two or more times when measured in an animal comprising a cell
expressing FoRn; (iii) an antibody that is capable of binding to more antigens as compared to the
15number of its antigen-bingding _sites WQ@S easured in an animal comprising a cell expressing FcRn;
(iv) an antibi%l’y st &sts&ig?éssﬁrn & rﬁr]:faﬂ?/gbcﬁ?néli Aritigeh fuithin&ell: (v) an antibody that is
bound to an antigen and intéZhalized into a cell33fhd released to thé¥utside of the cell in an
antigen-free foim; or 20(vi)an antibody that has increased ability to eliminate an antigen in plasma. 2. A
method for producing a pharmaceutical agent, which comprises the steps of: (a) binding an antibody
to an antigen under a condition of pH 6.7 to pH 10.0; (b) allowing the antibody bound to the antigen of
(a) to stand UrdeleaSebriditidma Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr Thr

340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr
355 - 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 385 400

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

Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

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

210> 10



250f pH 4.0 to pH 6.5; (c) collecting the antibody that dissociated under the condition of pH 4.0 to pH
6.5; (d) obtaining the gene encoding the antibody obtained in (c); and (e) producing the antibody
using the gene obtained in (d), 30wherein the pharmaceutical agent comprises any one of the
followings: (i) an antibody that is superior in retehtion-in plasma; (ii) an antibody that is capable of
binding to an antigen two or more times when measured in an animal comprising a cell expressing
FeRn; (iii) an antibody that is capable of binding to more antigens as compared to the 35number of its
antigen-binding sites when measured in an animal comprising a cell expressing FcRn; 110 (iv) an
antibody thatdligsotiidtes an extracellularly-bound antigen within a cell; (v) an antibody that is bound to
an antigen anghintexpalized into a cell, and released to the outside of the cell in an antigen-free form,
or (vi)an &r?]gipogyttnatc 'haa}s increased ability to eliminate an antigen in plasma 5 3. A method for
producing a p Armaceutical agent, which comprises the steps of: (a) binding an antibody to an
antigen-immobilized column under the first pH condition;  (b) eluting the antibody, which is bound to
the column agahe first pH, from the 10 column under a second pH condition; (c) collecting the eluted

antibody; (%g@taiﬂn&é@ﬁ %e)%n?yegmggggzgae% ii%dyeapet@g@ed in (c); and (e) producing the antibody
in (d),

using the gene obtaine wherein the pharmaceutical agent comprises an antibody whose
binding activity at a 15first pH is greater than that at a second pH, wherein the first pH is 6.7 to 10.0
and the <400> 10

Asp lle Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr fle Thr Cys Arg Ala Ser Gin Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu lle
35 40 45

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 b5 60

Ser Giy Ser Giy Thr Asp Phe Thr Phe Thr [le Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp lle Ala Thr Tyr Tyr Cys Gin Gin Gly Asn Thr Leu Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu [fe Lys Arg Thr Val Ala Ala
100 105 110



second pH is 4.0 to 6.5, and the antibody is any one of the followings: an antibody that is superior in
retention in plasma; (iij)an antibody that is capable of binding to an antigen two or more times when
measured in an animal comprising a cell expressin/g FcRn; 20(iil)an antibody that is capable of binding
to more antigens as compared to the number of i3 éHigen-binding sites when measured in an animal
comprising a cell expressing FcRn; (iv) an antibody that dissociates an extracellularly-bound antigen
within a cell; (v) an antibody that is bound to an antigen and internalized into a cell, and 25released to
the outside of the cell in an antigen-free foiiii; or (vi) an antibody that has increased ability to eliminate
an antigen in plasma. 4. A method for producing a pharmaceutical agent, which comprises the steps

of:  (a) bipding.ayAnBROdyJiBrarg Lo &1 %}ig@sra-i@mgngmliggp Lc}gllggmypder the first 30 pH condition;
(b) eluting the antibody from the colum? under the second E]E-I%condition; (c) amplifying the gene

encoding the eluted' & tibody; (d) co I%Q:ting the eluted antibody;  (e) obtaining the gene encoding
the antibody collected in (d); and 35(0producing the antibody using the gene obtained in (e), 111
wherein the pharmaceutical agent comprises an antibody whose binding activity at a first pH is greater

than that at.a seco wherein the first pH is 6.7,to 10.0.and the, segond pH is 4.0 to 6.5, and the
antibody is nrye%? ék%fptlgéel f(\)[ %v%?’r?gge:u(ikglﬁ %nsw iggﬁyp?ﬁajpi% gﬁ%@ﬁ%ﬁﬁii‘l r%(itaantion in plasma; 5(ii)an
antibody that is é8pable of binding t3%&n antigen two or#fbre times when

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
' 165 170 175

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

Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

Q2i> 1

Q211> 119

<212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence



measured in an animal comprising a cell expressing FcRn; (iii)an antibody that is capable of binding to
more antigens as compared to the number of its antigen-binding sites when measured in an animal
comprising a cell expressing FcRn; 10(iv)an antibady that dissociates an extracellularly-bound antigen
within a cell; (v)an antibody that is bound to an ah@i’diﬁ and internalized into a cell, and released to the
outside of the cell in an antigen-free form; or (vl)an antibody that has increased ability to eliminate an
antigen in plasma. 155. The production method of any one of claims 1 to 4, which further comprises
the step of substituting at least one amino acid of the antibody with histidine, or inserting at least one
histidine into the antibody. 112 ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING TO TWO
OR MORE ANJJGEN MOLECULES REPEATEDLY ABSTRACT 5 The present inventors
discovered that antibodies having weaker antigen-binding activity at the early endosomal pH in
comparison with that at the pH of plasma are capable of binding to multiple antigen molecules with a

single antib6tly Yablébulesthalre oG arakinBeoif indsthda hdshBie ¥ipfoved durations of time in
10which they can bind to amtigen. (No Suitable fiigures) 1/113 SEQRJENCE LISTING <110> CHUGAI
SEIYAKU KABUSHIKI KAISHA

Thr Leu Ser Leu Thr Cys Ala Va!l Ser Gly Tyr Ser |le Ser Asp Asp
20 25 30

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

Ile Gly Tyr ile Ser Tyr Ser Gly {le Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn GIn Phe Ser
65 70 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 a0 g5

Ala Arg Val Leu Ala Arg {le Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 - 110

Thr Leu Va! Thr Val Ser Ser
115

21 12



<120> ANTIGEN-BINDING MOLECULE CAPABLE OF BINDING TO TWO OR MORE ANTIGEN
MOLECULES REPEATEDLY <130> CI-A0801Y2P <140> PCT/JP2009/057309 <141> 2009-04-10
<150> JP 2008-104147 <151> 2008-04-11 <150> JP 2008-247713 <151> 2008-09-26 <150> JP
2009-068744 <151> 2009-03-19 <160> 70 <1705’Bafentin version 3.4 <210> 1 <211> 119 <212>
PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 1 2/113 151015
Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp 202530

Q211> 107
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 12
Asp lle Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser GIn Asp lie Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Giu Leu Leu lie
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Giy Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr |le Ser Ser Leu Glu Ala
65 70 15 80

Giu Asp Ala Ala Thr Tyr Tyr Cys Gin GIn Gly Asn Ser Leu Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu [le Glu
100 105



His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lie Ser Tyr Ser
Gly lle [hr Asn Tyr Asn Pro Ser Leu 505560 Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin
Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys 859095 Ala Arg
Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly #kl HGly 100105110 Thr Leu Val Thr Val Ser Ser 115
<210> 2 <211> 107 <212> PRT <213> Artificial 3/113 <220> <223> An artificially synthesized peptide
sequence <400> 2 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser
Val Thr lle Thr Cys Gin Ala Ser Gin Asp lle Ser Ser Tyr 202530

210> 13

211> 1404
<212> DNA

<213> Artificial

{220>
223> An artificially synthesized nucleotide seguence

<400> 13
ateggatgea gotgtatcat cctottcettg gtagecaacag ctacageisgt ccactoccag 60

gtocaactge aggagagege iccaggtctt gtgaaaccta gogagaccct gagcctgace 120
tecgocgtet ctgpetactoc aattageogac gatcatecot ggagetgeet teogocageea 180
cctggagaag ptottpagte pattpgatac attagttata giggaatcac aasactataat 240
ccatcictca aaggcagagt gacaatatceg agagacacca geaagaacca gitcagoote 300
aaactcagea gogtgacage cgocgacace gegpcttatt attgtecaag atccotaget 360
cggactacgg ctatggacta ctggegteaa ggeaccotog tcacagtcte cteagectece 420
accaagegcs catcggictt coccoctggeca cooctoctcoca agagcacctc tgegegoaca 480
gcgegccctee gotecetpet caapgactac ticcccgaac cggteaceet gicsisgasac 540
tcaggczcce tgaccagegg cgigeacace tiocogecte tectacagic ctcaggacic 600
tactccctca goagegtegt gacogtgoce tocageaget tgggoaccca gacctacate 660
tgcaacgiga atcacaagoc cagcaacace aagetgpaca apaaagttpa goccaaatct 720

tetegacaasaa ctcacacatg cccaccgtee coageaccte aactcootgesg gggaccgtca 780



Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser Glu Leu His
Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe [hr Phe Thr lle Ser Ser Leu
Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr 859095 Thr Phe
Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210878&211> 119 <212> PRT 4/113 <213> Artificial
<220> <223> An artificially synthesized peptide sequence <400> 3 Gin Val GIn Leu GIn Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 [hr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His

Asp

gtottcotot toccoccaaa acccaageac acccteatga totoccgeac

acatgcetee

gacggegteg

taccegteteg

aagtpgcaage

aaaggecass

aagaaccagg

gagtgegaga

tococgacgect

gegaacetot

agocctoteoceo

<210> 14

211> 321

<212> DNA

21D

<220>
223>

<400> 14

tegtgoacgt gageccacgaa

aggtgcataa tgocaagaca

tcarcetect caccgtoets

tetecaacaa agocctocca

coocgagaace acaggtgtac

tcageotgac otgeotggtic

goaatgggea gecggagaac

ccttettect ctacagcaag

totcatgetc cegtgatgcat

tgtetoocger taaa

Artificial

gaccctgagg

aagCCECEEE

caccaggact

goccccateg

acccigscee

aaaggetict

aactacaaga

ctoaccgtgy

gagegctetee

tcaapticas

aggagcagia

ggeigaateg

agaaaaccat

catccogega

atoccagoga

ccacgectceo

acaagageag

acaaccacta

An artificially synthesized nucleotide sequence

sectgagete

ctegtacegte

caacageacyg

caaggagtac

ctocaaagee

tragocigace

catcgocete

cgtegctegeac

gtegcageag

cacgcagaag

gacatccaga tgacccagag cccaageage ctgagegoca gogtegegtge cagegteace

atcacctetc aagccageca ggacatoage agttacotga attggtacca goagaagoca

840

800

960

1020

1080

1140

1200

1260

1320

1380

1404

60

120



202530 His Ala His Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser
Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560 Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys
Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys 859095
Ala Arg Ser Leu Ala Arg Thr [hr Ala Met Asp Tyrzquﬁ jély Glu Gly 100105110 5/113 115 <210>4
<211> 119 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 4 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

ggaaagectc cagagotgct gatctactac gectocgaac tgcactotgg tgtgocaage 180
agattoageg gtapcgetag cestacogac ticaccitca coatcageag ccicgaggea 240
gagpaceccg cltacctacia ctgcpgscag getaaccgee Tiocatacac gttoggocaa 300
gggaccaags tegaaatoga a 321
210> 15
211> 15
212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 15
Giy Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1 5 10 15

210> 16

Q11> 24

212> DNA

213> Artificial

2200
223> An artificially syntheisized primer seguence

400> 16
ttococaccag cotetecgee toig 24

<210> 17



151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His His 202530 His Ala Hisser Trp
Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr His Tyr Asn
Pro His Leu 505560 Lys Gly Arg Val Thr lle Ser?J% sp Thr Ser Lys Asn Gin Phe Ser 65707580

H

6/113 Ala Arg Val Leu Ala Arg lle Thr Ala Met A

Trp Gly Glu Gly 100105110 Thr Leu Val Thr Val

Ser Ser 115 <210> 5 <211> 119 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 5 GIn Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015
Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp

Q11>
<2

Q213>

220>

24
DNA
Artificial

223> hn artificialty syntheisized primer sequence

<400>

17

cgtpaageca aaggocccac toce

210>
L2110
Q12>
213>

<220>
223>

<400>

18

32

DNA
Artificial

An artificially syntheisized primer seguence

18

tagaattoca ceatgoigge cgioggetec o

Q210
211>
212>
\WARY

<220>
223>

{4007

19

57

DNA
Artificial

An artificially syntheisized primer seguence

18

attegceeccy cttatcagtg gtgatgatga tzatgiseta ccgaagaaga atcitec

210>

20

24

32

57



202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly His lle Ser
Tyr Ser Gly lle [hr Asn Tyr Asn Pro His Leu 505560 7/113 65707580 Leu Lys Leu Ser Ser Val Thr Ala
Ala Asp Thr Ala Ala Tyr Tyr Cys 859095 Ala Arg Phe@eu Ala Arg lle Thr Ala His Asp His Trp Gly Glu
Gly 100105110 Thr Leu Val Thr Val Ser Ser 1152291 6 <211> 107 <212> PRT <213> Artificial
<220> <223> An artificially synthesized peptide sequence <400> 6 Asp lle Gin Met Thr Gin Ser Pro
Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Ala Ser Gin His lle Ser Ser

His 202530
211> 1131

212> DHNA
213> Artificial

220>
223> An artificially synthesized nucleotide sequence

<400> 20
gaattccace atgetgeocce togectecee golgecteect gocctoctes cogeogcogge 60

gecegcecte gococggeee gotgeoctee acaggagetg gogagagetsg tocteaccagp 120
teteccagga gacagogtea ctctgacctg cocagggeega gagcoggaag acaatgecac © 180
tgttcactee gtictecagga agecagotgt aggeotececac ctcageagat ggpcteecet 240
geggaaggage ctgctpotpa gptegeteca gotccatgac totpgaasact atteatgota 300
ccgegccgge cgeccpgoty paactetpoa ottgetegty gatgttocee copaggagco 360
ccagetctes tpottoogra apapcoccoct capcaacgtt pittgtgagt geeptoctop 420
gageacocca totocgacga coaaggetet gotettecte ageaagtitc agaacagtce 480
geccgaagac ttccaggage cgteccagta ticccageag toccagaagt totoctzeoca 540
giteecagtc ccggagegag acagetcttt clacatagts tocatstgeg togocagiag 600
tetcgegasge aageticagea aaacicagac ctiicagpst tgtggaatel tpcapcctga 660
tcegcctgee aacatcacag toactgccgt pgecagaaac cecogetgee toagtgteac 720
ctegoaagac ccccactoet gegaactcatc tttctacaga ctacggtttg agctcagata 780

tcgagetgaa cggtoaaaga cattcacaac atggategstc aaggacctce ageatcactg 840



8/113 Tyr Tyr Giy Ser His Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr
Asp The Thr Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly
Asn Arg Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210> 7 <211> 107
<212> PRT <213> Atrtificial <220> <223> An zatrtiééi/zillry;s synthesized peptide sequence <400> 7 Asp lle
Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser Vai Thr lle [hr Cys Gin Ala
Ser Gin Asp lle Ser Ser His 202530 9/113 354045

tgteatccac gacgoctgea geggeotgag goacgiegte cagettogte cocaggagga 800
gitcegecaa ggogagtega gegagtgear cccggageoe atgegeacec cttpzacaga 860
atccaggagt cctocagete agaacgaggt giccaccocce acpcagzcac ctactactaa 1020
taaagatgat gataatatic fctccagaga tictgcasat gcgacaagcc tecocagtzca 1080
agattettet teggtaccac atcatcatoa tcaccactga taagoggoce ¢ 1131
210> 21

211> 448

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide seguence

400> 21
Gln Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ite Gly His Iie Ser Tyr Ser Gly fte Thr Asn Tyr Asn Pro His Leu
50 55 60



Tyr Tyr My Ser His Leu His Ser Gly Val Pro Ser kg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe
Thr Phe Thr He Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg
Leu Pro Tyr 859095 [hr Phe Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210> 8 <211> 107 <212>
PRT <213> Atrtificial <220> <223> An artificially %@Hﬂ%sized peptide sequence <400> 8 Asp lle Gin
Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 10/113 Leu Asn Trp Tyr Gin Gin Lys
Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser His Leu His His Gly Val Pro Ser Arg Phe
Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala

Gin Asp Arg Val Thr Ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 ' 10 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys
85 90 95

Ala Arg Phe Leu Ala Arg lie Thr Ala His Asp His Trp Giy Glu Gly
100 105 110

Thr leu Val Thr Val Ser Ser Ala Ser Thr Lys Giy Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cvs Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

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

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 o 190

Ser Ser Leu 8ly Thr Gln Thr Tyr lle Cys Asn Val Asn His Lys Pro
195 200 205



65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly His Arg Leu Pro Tyr 859095 Thr Phe Gly Gin
Gly Thr Lys Val Glu lie Glu 100105 <210> 9 <211> 448 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 9 GIn Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val
Arg Pro Ser Gin 151015 202530 His Ala Trp Sef¥tg V/al Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr
Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp

Thr Ala Val Tyr Tyr Cys 859095

Ser Asn Thr Lys Val Asp Lys Lys Val Giu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Het lle Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Va! Val Asp VYal Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Afa Lys Thr Lys Pro Arg Glu Gfu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Giu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Giu Lys
325 330 336

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350



Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly 100105110 Ser Leu Val Thr Val Ser
Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser [hr Ser Gly Gly
Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val [hr Val Ser Trp
145150155160 12/113 165170175 Gin Ser Ser%ﬁfﬁ?‘su Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180185190 Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr
Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His [hr Cys Pro Pro Cys Pro Ala
Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp

Let Pro Pro Ser Arg Asp Giu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp {le Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395 400

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

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Gys Ser Va! Met His Glu
420 425 430

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

Lys

210> 22

211> 449

212> PRT

Q213> Artificial

{2205
223> An artificially synthesized peptide seguence



260265270 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr
Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 290295300 13/113 305310315320 Tyr Lys Cys
Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu %@1325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro
Arg Glu Pro Gin Val Tyr Thr 340345350 Leu Pro éer Arg Asp Glu Leu Thr Lys Asn Gin Val Ser
Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser
Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser Asp Gly Ser
Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gin Gin Gly Asn Val Phe Ser
Cys Ser Val Met His Glu 420425430

400> 22

Pro Gly Leu Val Lvs Pro Ser Glu
10 15

Gln Val Gin Leu Gin Glu Ser Gly
1 5

Ser Gly Tyr Ser lle Ser His Asp
25 30

Thr Leu Ser Leu Thr Cys Ala Val
20

His Ala Trp Ser Trp Val Arg GIn
35 40

Pro Pro &ly Giu Giy Leu Glu Trp
45

[te Thr Asn Tyr Asn Pro His Leu
60

fle Gy His e Ser Tyr Ser Gly
50 55

Asp Thr Ser Lys Asn Gin Phe Ser
15 80

Gin Asp Arg Val Thr lle Ser Arg
65 70

Ala Asp Thr Ala Val Tyr Tyr Cys
90 85

Leu Lys Leu Ser Ser Val Thr Ala
B5

hAia Arg Phe Leu Ala Arg lle Thr
100

Thr Leu Val Thr Val Ser Ser Ala
115 120

Pro Leu Ala Pro Ser Ser Lys Ser

Ala His Asp His Trp Gly Glu Gly
105 110

Ser Thr Lys Gly Pro Ser Val Phe
125

Thr Ser Gly Gly Thr Ala Ala Leu



Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly 435440445 14/113 <211> 214
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 10 Asp
lle Gin Met [hr Gin Ser Pro Sr Ser Leu Ser Ala Ser Val Gly 151015 Asp Arg Val [hr lle Thr Cys Arg Ala
Ser Gin Asp lle Ser Ser Tyr 202530 Leu Asn Trpz‘?r in Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle
354045 Tyr Tyr [hr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr
Asp Phe Thr Phe Thr lle Ser Ser Leu Gin Pro 65707580 Glu Asp lle Ala Thr Tyr Tyr Cys Gin Gin Gly

Asn Thr Leu Pro Tyr 859095 15/113
130 135 140

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

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

Gin Ser Ser Gfy Leu Tyr Ser lLeu Ser Ser Val Val Thr Val Pro Ser
180 , _ 185 190

Ser Ser Leu Gly Thr Gin Thr Tyr |le Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lvs Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Giv Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu ¥et lie Ser
245 250 255

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

Pro Gtu Yai Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn



Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys
Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin
Ser Gly Mn Ser Gin 145150155160 Glu Ser Val gpr Glu GIn Asp Ser Lys Asp Ser [hr Tyr Ser Leu Ser
165170175 Ser [hr Leu [hr Leu Ser Lys Ala Asp %/rléﬁu Lys His Lys Val Tyr 180185190 Ala Cys Glu
Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu Cys 210 <210>
11 <211> 119 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence
16/113 <400> 11 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu
Ser Leu Thr Cys AldNal Ser Gly Tyr Se8fle Ser Asp Asp 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro [le Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr
355 360 365

Cvs Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Giu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Lsu
385 390 385 400

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

Ser Arg Trp Gln Gin Giy Asn Val Phe Ser Cys Ser Val Met His &lu



202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser
Tyr Ser Gly lle Thr Asn Tyr Mn Pro Ser Leo 505560 Lys Gly Arg Val Thr lle Ser Arg Asp Thr Ser Lys
Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys 859095
Ala Arg Val Leo Ala Arg lle Thr Ala Met Asp Tyr T¢pl&ly Glu Gly 100105110 Thr Leo Val Thr Val Ser
Ser 115 17/113 <211> 107 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 12 Asp lle Gin Met [hr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015
Asp Ser Val Thr lle Thr Cys Gin Ala Ser Gin Asp lle Ser Ser Tyr 202530

420 425 430

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

lys

10> 23

211> 449

212> PRT

213> Artificial

220>
(223> An artificially synthesized peptide sequence

400> 23
Gin Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser ile Ser His Asp
20 25 30

His Afa Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

e Gly Phe lle Ser Tyr Ser Gly {le Thr Asn Tyr Asn Pro Ser Leu
50 b5 60



Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser Glu Leu His
Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe [hr lle Ser Ser Leu
Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr %@%n Gin Gly Asn Ser Leu Pro Tyr 859095 Thr Phe
Gly Gin Gly [hr Lys Val Glu lle Glu 100105 18/ <210> 13 <211> 1404 <212> DNA <213> Artificial
<220> <223> An artificially synthesized nucleotide sequence <400> 13 atgggatgga gctgtatcat
cctcttcttg gtagcaacag ctacaggtgt ccactcccag60 gtecaacto aggagagcgg tccaggtctt gtgaaaccta
gogagaccot gagcctgacc120 tgcgcecegtgt ctggctactc aattagcgac gatcatgect ggagcetgggt tcgeccagecal80

Gin Gty Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Giy Giu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gty Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Giu Pro Val Thr Val Ser Trp
145 150 155 160

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

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gin Thr Tyr |le Cys Asn Val Asn His Lys Pro
185 200 205



cctggagaag gtcttgagtg gattggatac attagttata gtggaatcac aaactataat240 ccatctctca aaggcagagt
gacaatatcg agagacacca gcaagaacca gttcagcctg300 aaactcagca gcgtgacagc cgccgacacc goggettatt
attgtgcaag atccotagot360 oggactacgg ctatggactgf}ﬁ%ggtgaa ggcaccctcg tcacagtctc ctcagcctccd20
accaagggcc catcggtctt ccccctggca coctoctcca agagoaccto tgggggcaca480 goggocctgg gctgectggt
caaggactac ttoccogaac cggtgacggt gtcgtggaac540 tcaggcgccc tgaccagcgg cgtgcacacc ttcccggcetg
tcctacagtc ctcaggactc600 tactocctca gcagcegtggt gaccgtgecc tccagcagct tgggcaccca gacctacatc660
tgcaacgtga atcacaagcc cagoaacacc aaggtggaca agaaagttga gcccaaatct720 tgtgacaaaa ctcacacatg
cocaccgtgc ccagoacctg aactoctggg gggaccgtca780 19/113 gtottcctct tcoccccaaa acccaaggac

accctcatga Yetcasgdhc loectagifie8406 agatdeytéjy tBrgtdgaciitrgageasedaa gaccctgagg tcaagttcaa
ctggtacgtg900 gagggcgtgg aggtgcatan tgccaagaca aaggggcggy aggagceagta caacagcacg960
taccgtgtgg tcagcgtect caccgtoctg caccaggact ggctgaatgg caaggagtac 1020 aagtgcaagg totccaacaa
agccctccca gecoccatog agaaaaccat ctccaaagcc 1080 aaagggcagc ccogagaacc acaggtgtac accctgoccc
catoccggga tgagctgacc 1140 aagaaccagg tcagcctgac ctgoctggto aaaggottct atcccagoga catcgccgtg

1200 gagtongagps eRaigOBEa BS8Y3TR3CAPAHAC B3RP GCREEQTI0E 1GTIg6tggac 1260 tocgacggct
ccttettcct ctfzrsapaag ctcaccgtggﬁcaagagcag gtggc%cag 1320 gggaacgjct tctcatgctc cgtgatgcat
gaggctotgc acaaccacta cacgcagaag 1380 agoctacCo tgtotcoggg taaa 4 <210> 14 <211> 321
<212> DNA <213> Atrtificial <220> <223> An artificially synthesized nucleotide sequence

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser
245 250 255

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

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Giy Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

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

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Afa Pro lle Glu Lys
325 330 335

Thr {fe Ser Lys Ala Lys Giy GIn Pro Arg Glu Pro GIn Val Tyr Thr
340 345 350



<400> 14 gacatccaga tgacccagag cccaagcagc ctgagcgcca gecgtgggtga cagegtgacc60 20/113
ggaaaggctc cagagutget gatctactac ggctccgaac tgcactctgg tgtgccaagcl80 agattcagcg gtageggtag
cggtaccgac ttcaccttca ccatcagcag cctcgaggca240 gaggacgccg ctacctacta ctgcgggcag ggtaaccggce
ttccatacac gttoggccaa300 gggaccaagg tggaaatcéﬂﬁzf 1<210> 15 <211> 15 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 15 Gly Gly Gly Gly Ser Gly
Gly Gly Gly Ser Gly Gly Gly Gly Ser 151015 <210> 16 <211> 24 <212> DNA <213> Artificial <220>
<223> An artificially syntheisized primer sequence <400> 16 ttoccaccag cctgtccgec tctg24 21/113
<211> 24

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr

355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le Ala Val Glu Trp Giu
370 375 380

Ser Asn Giy GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395 400

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

Ser Arg Trp Gln Glin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr Gln Lys Ser beu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 24

Q211> 448

212> PRT

213> Artificial

{2207
223> hAn artificially synthesized peptide sequence



<212> DNA <213> Artificial <220> <223> An artificially syntheisized primer sequence <400> 17
cgtgaagcca aaggccccac tcpc24 <210> 18 <211> 32 <212> DNA <213> Artificial <220> <223> An
artificially syntheisized primer sequence <400> 12,8 i attcca ccatgctggc cgtcggctge gc32 <210> 19
<211> 57 <212> DNA <213> Artificial <220> <2 ﬁ n artificially syntheisized primer sequence <400>
19 attgcggccg cttatcagtg gtgatgatga tgatgtggta ccgaagaaga atcttge57 22/113 <211> 1131 <212> DNA
<213> Artificial <220>

<400> 24

Gin Val GIn Leu &in Glu Ser Gly Pro Giy Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Giy Leu Glu Trp
35 40 45

Ite Giy Phe Ile Ser Tyr Ser Giy lle Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Giv Arg Val Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
o 85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Afa Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu



<223> An artificially synthesized nucleotide sequence <400> 20 gaattccacc atgctggccg toggcetgegce
gctotggct geectgetgg ccgegecggg60 goggegotg gocceggggg getgecctge acaggaggtg gcgagaggtg
totgaccagl20 tctgccagga gacagcgtga ctotgacctg cccaggggga gagccggaag acaatgccacl80 tgttcactgg
gttctcagga agccagctgt aggctcccac ctcagcagat g cgt240 gggaaggagg ctgctgctga ggtcggtgca
gctccatgac tctggaaact attcatgcta300 ccgggecgge coccggctg gaactgtgca cttgotggtg gatgttcocc
ccgaggagcec360 ccagctotcc tgcttccgga agagccocct cagcaacgtt gtttgtgagt ggggtcctcg420 gagcacccca
tctccgacga coaaggctgt getgttggtg aggaagtttc agaacagtcc480 ggccgaagac ttccaggagce cgtgccagta
ttcccaggag tcccHifaagt tetcctgeca5485gttggeagte ccggaddfyag acagctcttt ctacatagtg tccatgtog
tcgccagtag600 tgtcgggagc aagctcagca aaactcagac ctttcagggt tgtggaatct tgcagcctga660 tccgectgece
aacatcacag tcactgccgt ggccagaaac coccgctggc tcagtgtcac720 ctggcaagac coccactect ggaactcato
tttctacaga ctacggtttg agetcagata780 tcgagotgaa cggtcaaaga cattcacaac atggatggtc aaggacctcc
agcatcactg@40 (28/1¢3 Ygtchtaoke Jucgtetdga §gdeetdaly Beadatagrpy Eaycttcgty cccaggagga900
gttcgggcaa ggcgagtgga gcgagtggiag ccoggaggcec atgggceacgc cttggacaga®60 atccaggagt cctocagcetg
agaacgaggt gtocaccocc acgcaggcac ctactactaal020 taaagatgat gataatattc tctccagaga ttctgcaaat
gcgacaagcc tcccagtgca 1080

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

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 ‘ 185 180

Ser Ser Leu Gly Thr Gin Thr Tyr 1le Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser
245 250 255

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

Pro Gluy Val Lys Phe Asn Trp Tyr Val Asp Giy Val Glu Val His Asn



agattcttct tcggtaccac atcatcatca tcaccactga taauggccg ¢1131 <210> 21 <211> 449 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peptide sequence <400> 21 GIn Val GIn Leu GIn Glu
Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 15101§étﬁllgeu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle
Ser His Asp 202530 H s Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly
His lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu 505560 24/113 Gin Asp Arg Val Thr lle Ser
Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala
Tyr Tyr Cys 859095 Ala Arg Phe Leu Ala Arg lle [hr Ala His Asp His Trp Gly Glu Gly 100105110 Thr
Leu Val Thr Val SefSer Ala Ser Thr Ly%B%Iy Pro Ser Val PR&°

Aa Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu
306 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr 1le Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro GlIn Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn GIn Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 3485 400

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

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu



115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Sly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly
Val His [hr Phe Pro Ala Val Leu 165170175 Gin i,z/ %er Sly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
Pro Ser 180185190 25/113 Ser Mn Thr Lys Val E) Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210215220 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys
Val Val Val Asp Val Ser His Glu Asp 260265270 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu
Val His Asn 275280285%la Lys Thr Lys Prd2Rrg Glu Glu GIn T$#Rsn Ser Thr Tyr Arg Val

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Lsu Ser Pro Gly
435 440 445

Lys

210> 25

211> 214

<212> PRT

213> Artificial

{2205
223> An artificially synthesized peptide ssquence

400> 25
Asp fle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp ile Ser Ser His
20 25 30

leu Asn Trp Tyr Gln GiIn Lys Pro Gly Lys Ala Pro Glu Leu Leu [le
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Giy
50 55 60



290295300 Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys
Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 26/113 Leu Pro Pro Ser Arg Asp
Glu Leu Thr Lys Asn GIn Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala
Val Glu Trp Glu 370375380 Ser Asn Gly GIn Pro&ii Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385390395400 Asp Set- Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser
Arg Trp GIn GIn Gly Asn Val Phe Ser Gys Ser Val Met His Glu 420425430 Ala Leu His Asn His Tyr Thr
GIn Lys Ser Leu Ser Leu Ser Pro Gly 435440445 Lys <210> 22 <211> 449 <212> PRT <213> Atrtificial

<220>
Ser Giy Ser Gly Thr Asp Phe Thr Phe Thr |le Ser Ser Leu Glu Ala

65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gln Giy Asn Arg Leu Pro Tyr
85 80 95

Thr Phe Giy Gin Gly Thr Lys Val Glu [le Glu Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe tle Phe Pro Pro Ser Asp Giu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Giy Asn Ser &In
145 150 155 160

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lvs 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



<223> An artificially synthesized peptide sequence 27/113 <400> 22 Gin Val Gin Leu Gin Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His
Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly His lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro His Leu 95580 Gin Asp Arg Val Thr lle Ser Arg Asp Thr Ser
Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Arg Phe Leu Ala Arg lle Thr Ala His Asp His Trp Gly Glu Gly 100105110 Thr Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 28/113

Phe Asn Arg Gly Giu Gys
210

210> 26

211> 214

212> PRY

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 26
Asp Ile Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr !le Thr Cys Gln Ala Ser Arg Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Giu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser His Leu Glu Ser Gly Val Pro Ser Arz Phe Ser Gly
50 55 60

Ser Gly Ser Giy Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr



130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser
Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu
Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr GIn Thr Tyr lle Cys Asn Val Asn His
Lys Pro 195200205 Ser Asn Thr Lys Val Asp Ly&§1¥5Val Glu Pro Lys Ser Cys Asp Lys 210215220
Thr His Thr Cys Pro Pro Cys Pro Ala Pro Giu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu
Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr Pro Glu Val Thr Cys Val Val Val
Asp Val Ser His Glu Asp 260265270 29/113 275280285 Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn
Ser Thr Tyr Arg Val 29029%800 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu [le Giu Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gip Ser Gly Asn Ser Gin
145 150 155 ib‘O

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

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

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 27



Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val
Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu
Pro Gin Val Tyr [hr 340345350 Leu Pro Pro Ser Arg Asp Glu Leu [hr Lys Asn Gin Val Ser Leu Thr
355360365 Cys Leu Val Lys Gly Phe Tyr Pro Se‘% lle Ala Val Glu Trp Giu 370375380 Ser Asn Gly
GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser Asp Gly Ser Phe Phe
Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 30/113 420425430 Ala Leu His Asn His Tyr Thr Gin
Lys Ser Leu Ser Leu Ser Pro Gls, 435440445 Lys <210> 23 <211> 449 <212> PRT <213> Artificial
<220> 21> 214

<212> PRT
Q213> Artificial

<2207
223> An artificially synthesized peptide seguence

<400> 27
Asp lle GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 ) 10 15

Asp Ser Val Thr lle Thr Cys GIn Ala Ser Thr Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Giy Llys Ala Pro Giu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala
65 Fit] 75 80

Gfu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 80 95

Thr Phe Giy Gin Gly Thr Lys Val Glu Ile Glu Arg Thr Vat Ala Ala
100 105 110



<223> An artificially synthesized peptide sequence <400> 23 Gin Val Gin Leu GIn Glu Ser Gly Pro Gly
Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Iy glu Gly Leu Glu Trp 354045 31/113 Gin Gly Arg
Val [hr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu %Il %707580 Leu GIn Met Asn Ser Leu Arg Ala Glu
Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100105110 Thr Leu Val Thr Val Ser Ser Ala Ser [hr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala
Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro
Glu Pro Val Thr Val Ser Trp 145150155160

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly

15 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Giu Ala
130 135 140

Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser lys Ala Asp Tyr &lu Lys His Lys Val Tyr
180 185 190

Ata Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

{210> 28

211> 326

212> PRT

<213> Homo sapiens

<400> 28



Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr
Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 32/113 Ser Asn Thr Lys Val Asp Lys Lys Val Glu
Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
Pro 225230235240 Ser Val Phe Leu Phe Pro Prét8Ald Pro Lys Asp Thr Leu Met He Ser 245250255
Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 260265270 Pro Glu Val Lys Phe Asn
Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser
Thr Tyr Arg Val 290295300 Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu
305310315326 Fsr Ligs CysdlysPualS&eNfsibeyRr Alacedl £ Ry AlyPoedlarglu Lys 325330335

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Giu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
' 35 40 45

Gly Val His Thr Phe Pro Ata Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Vai Pro Ser Ser Asn Phe Gty Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Giu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Giy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Tie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140



33/113 Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr 355360365 Cys Leu Val
Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly GIn Pro Glu Asn Asn Tyr
Lys Thr Thr Pro Pro Val Leu 385390395400 Asp -ﬁl%sp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
Val Asp Lys 405410415 Ser Arg Trp GIn GIn Gly'Asn'Val Phe Ser Cys Ser Val Met His Glu 420425430
Ala Leu His Mn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly 435440445 Lys <210> 24 <211> 449
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence 34/113 <400>

24 Gin Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly

145 150 155 160

Val Glu Val His Asn Ala Lvs Thr Lys Pro Arg Giu Glu Gln Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 ' 200 205

Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp ile
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260 265 210

The Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe lLeu Tyr Ser Lys
275 280 285



151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp 202530 His Ala Trp Ser Trp
Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser Tyr Ser Gly lle Thr Asn Tyr
Asn Pro [hr Leu 505560 Gin Gly Arg Val [hr lle S r@i[ﬁg Asp Asn Ser Lys Asn [hr Leu Tyr 65707580
Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr A‘ﬁj Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg
Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu Val [hr Val Ser Ser Ala Ser Thr Lys Gly
Pro Ser Val Phe 115120125 35/113 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr

Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165170175Leu Thr Vai Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys

290 295 300

Ser Val Wet His Giu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

Q10> 29
Q1> 324

212> PRT _
213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 29
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Gvs Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Giy Ala Leu Thr Ser
35 : 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr Gin
Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Rrp;Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr
Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 260265270 36/113 275280285 Ala Lys Thr
Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val Leu Thr Val Leu His Gin
Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle
Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Giy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met e Ser Arg Thr Pro Giu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 165 160

Val Glu VYal His Asn Ala Lys Thr Lys Pro Arg Glu Giu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
185 200 205



340345350 Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Mn GIn Val Ser Leu Thr 355360365 Cys Leu Val
Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Asn Asn Tyr
Lys Thr Thr Pro Pro Val Leu 385390395400 Asp4§)91r1§\sp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
Val Asp Lys 405410415 3 7/1 1 3 420425430 Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Lou
Ser Pro Gly 435440445 Lys <210> 25 <211> 214 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 25 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser
Ala Ser Val Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His

Ala Pro lie Glu Lys Thr 1le Ser Lys Thr Lys Giy GIn Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Giy Phe Tyr Pro Ser Asp lle
245 250 255

Afa Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr-
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

teu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

<210> 30
Q211> 324



202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 38/113 Ser Gly Ser
Gly Thr Asp Phe Thr Phe Thr He Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly
GIn Gly Asn Arg Leu Pro Tyr 859095 Thr Phe GI‘%/ in,Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala
100105110 Pro Ser Val Phe lle Phe Pro Pro Ser & lu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser
Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn
Ala Leu Gin Ser Gly Asn Ser Gin 145150155160 Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr

Ser Leu Ser 165170175 Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190
212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 30
Ala Ser Thr Lys Gly Pro Ser Vail Phs Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Giy Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Sar
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Yal Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 _ 75 80

Tyr Thr Gys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 80 95

Thr Val &lu Arg Lys Ser Cys Val Glu Cys Pro Pro {ys Pro Ala Pro
100 165 110



39/113 Phe Asn Arg Gly Glu Cys 210 <210> 26 <211> 214 <212> PRT <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence <400> 26 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu
Ser Ala Ser Val Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His 202530
Leu Mn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro’GiliPeu Leu Ile 354045 Tyr Tyr Gly Ser His Leu Glu
Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lie Ser Ser Leu
Glu Ala 65707580 40/113 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala

100105110 Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly
Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp

115 120 125

Thr Leu Met [ie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gin Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Giu Val His Asn Ala Lys Thr Lys Pro Arg Glu Giu Gln Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro lie Glu Lys Thr Ile Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Yal Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lie
245 250 255



115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin
Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser GIn 145150155160 Glu Ser Val Thr Glu Gin Asp
Ser Lys Asp Ser Thr Tyr Ser Leu Ser 165170175 Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His
Lys Val Tyr 180185190 Ala Cys Glu Val Thr His an/n1 b?’Iy Leu Ser Ser Pro Val Thr Lys Ser 195200205
Phe Asn Arg Gly Glu Cys 210 41/113 <211> 214 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 27 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser

Ala Ser Val Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Ala Ser Thr Asp lle Ser Ser His 202530
Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr

260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Giy Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys
290 285 300

Ser Val Met His Glu Ala Leu His Asn His Tvr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 31

211> 326

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 31
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys leu Val Lvs Asp Tyr
20 25 30



Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser His Leu Leu
Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser

Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr 859095
42/113 Pro Ser Val Phe lle Phe Pro Pro Ser Asg {3{y{Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val
Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val GIn Trp Lys Val Asp Asn Ala
Leu GIn Ser Gly Asn Ser GIn 145150155160 Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser
Lau Ser 165170175 Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala
Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val [hr Lys Ser 195200205

Phe Pro Glu Pro Val Thr Va! Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Glin Ser Ser Giy Leu Tyr Ser
50 55 50

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Giy Thr Gin Thr
65 70 75 80

Tyr Thr Gys Asn Val Asp His Lys Pro Ser Asn Thr Lys Vai Asp Lys
85 90 g5

Thr Val! Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Afa Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met |le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Giu Glu GIn Phe Asn
165 170 175



Phe Asn Arg Gly Glu Cys 210 <210> 28 <211> 326 <212> PRT <213> Homo sapiens 43/113 Ala Ser
Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala
Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu [hr
Ser 354045 Gly Val His Thr Phe Pro Ala Val Legy@lsSer Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val
Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser
Asn [hr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 44/113

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 180

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro lie Glu Lys Thr 1le Ser Lys Thr Lys Gly Gln Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

G!n Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 2h5

Ala Val Glu Trp Giu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Gln Gly Asn Val Phe Ser Cys
290 265 300

Ser Val Met His Giu Ala Leu His Ala His Tyr Thr Gln Lys Ser Leu
305 310 315 320



Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn
Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val
Val His Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Led Pro
195200205 Ala Pro lle Glu Lys Thr lle Ser Lys 'Iétgthés Gly Gin Pro Arg Glu 210215220 Pro Gin Val
Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu
Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn
Tyr Lys Thr 260265270 45/113 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr [hr Gin Lys Ser Leu 305310315320

Ser Leu Ser Pro Gly Lys
325

210> 32

Q11> 324

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 32

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

-

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 70 75 80



Ser Leu Ser Pro Gly Lys 325 <210> 29 <211> 324 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 29 Ala Ser [hr Lys Gly Pro Ser Val Phe Pro Leu Ala
Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530
Phe Pro Glu Pro Val [hr Val Ser Trp Asn Ser Glg.A{a4-eu Thr Ser 354045 46/113 Lea Ser Ser Val Val
Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn
Thr Lys Val Asp Lys 859095 [hr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys

85 90 95

Thr Val Giu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser GlIn Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Aia Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180 185 180

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Giy Leu Pro
185 200 205

Ala Pro tle Giu Lys Thr Ile Ser Lys Thr Lys Gly Gln Pro Arg Glu
210 215 220



Thr Lea Met lle Ser Arg Thr Pro Glu Val [hr Cys Val Val Val Asp 130135140 Val Ser His Glu Asp Pro
Glu Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Lea [hr Val Val His Gin Asp Trp
180185190 47/113 Ala Pro lle Glu Lys [hr lle Sgyiys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin
Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys
Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn
Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys

275280285 Loy TH: V3| Ash, st 574 #19 TiP 60 6 Gl RemfaL Bgsier Cys 200295300
225 230 235 240

Pro Ser Asp lle
255

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250

Asn Tyr Lys Thr
270

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn
260 265

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe
275 280

Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn
280 295 300

Ser Val Met His Glu Ala Leu His Ala His Tyr Thr

Leu Tyr Ser Lys
285

Val Phe Ser Cys

Gin Lys Ser Leu

305 310 315 320

Ser Leu Ser Pro

210
ARD.
N2>
<213

33

443

PRT
Artificial

220>

<293> An artificially synthesized peptide sequence



Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu Ser Pro
<210> 30 48/113 <212> PRT <213> Avrtificial <220> <223> An atrtificially synthesized peptide
sequence <400> 30 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr
Ser Sly Sly Thr Ala Ala Leu Sly Cys Leu Val Lys;ésip3Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp
Asn Ser Gly Ala Leu [hr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Mn Phe Sty Thr GIn Thr 65707580 Tyr Thr Cys Asn
Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys

400> 33
Gln Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lie Ser His Asp
20 25 30

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

ile Gly Phe 1le Ser Tyr Ser Gly tle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

GIn Gly Arg Val Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 8O

Leu Gln Bet Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Gfu Ser Thr Ala Ala Leu
130 135 140



859095 49/113 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr
Leu Met lle Ser Arg Thr Pro Glu Val [hr Cys Val Val Val Asp 130135140 Val Ser GIn Glu Asp Pro Glu
Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
Glu GIn Phe Asn 165170175 Ser [hr Phe Arg VakMahSer Val Leu Thr Val Val His GIn Asp Trp
180185190 Leu Mn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro lle
Glu Lys [hr lle Ser Lys Thr Lys Gly GIn Pro Arg Glu 210215220 Pro GIn Val Tyr Thr Leu Pro Pro Ser
GIn Glu Glu Met Thr Lys Asn 225230235240 50/113 Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn
Asn Tyr Lys Thr

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

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

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Va! Val Thr Vai Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe lLeu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met [le Ser Arg Thr Pro Giu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 210

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285



260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr
Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu
His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu Ser Pro <210> 31 <211> 326 <212>
PRT <213> Artificial <220> <223> An artificiallysynthesized peptide sequence <400> 31 Ala Ser Thr
Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 151015 5 1/113 Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu
Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580

Pro Arg Glu Giu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Vai His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

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

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

Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu Ser Asn Gly Gln
370 375 380

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

~ Ser Phe Phe Leu Tyr Ser Lys leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Va! Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430



Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Cys
Gys Val Glu Gys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro
Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro G u Val Thr Cys Val Val Val Asp
130135140 Val Ser His Glu Asp Pro Glu Val GlgghesAsn Trp Tyr Val Asp Gly 145150155160 52/113
Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr
Lys Gys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly
Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225230235240 Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440

210> 34

Q> 443

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 34
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Afa Val Ser Gly His Ser 1le Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Giu Giy Leu Glu Trp
35 40 45

{le Gly Phe lle Ser Tyr Ser Gly Iie Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Gln Gly Arg Val Thr [le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80



Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gln GIn
Gly Asn Val Phe Ser Cys 290295300 53/113 Ser Leu Ser Pro Gly Lys 325 <210> 32 <211> 324
<212> PRT <213> Artificial <220> <223> An ariifigiglly synthesized peptide sequence <400> 32 Ala
Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala
Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu
Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Afa Val Tyr Tyr Oys

85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Giy
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 1356 140

Gly Cvs Leu Val Lvs Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 165 160

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

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Giy Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Giu Arg Lys Ser Cys Val Glu
210 215 220



54/113 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Giu Arg Lys
Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe
Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130135140 Val Ser GIn Glu Asp Pro Glu Val GlgPhg Asn Trp Tyr Val Asp Gly 145150155160 Val Glu
Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val
Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
Gly Leu Pro 195200205 55/113 Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn

225230233 yAs'OPro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu

225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Giu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
280 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys &lu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Aia Pro lie Glu Lys Thr lle Ser Lys
325 330 335

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

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



Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser
Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe
Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys
290295300 Ser Val Met His Glu Ala Leu His Aladdig kyr Thr GIn Lys Ser Leu 305310315320 Ser Leu
Ser Pro <210> 33 <211> 443 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized
peptide sequence 56/113 <400> 33 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp 202530 His Ala Trp Ser Trp

val Arg GmGPJOP?E)er%S%r%Ige?lXS eGA']jaT{}Igi Glu Trp Giu Ser Asn Gly Gin

370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 380 395 400

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

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

Q10> 35
Q1> 443
212> PRT
213> Artificial

{2205
223> An artificially synthesized peptide seguence

<400> 35
Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 30



354045 lle Gly Phe lle Ser Tyr Ser Gly lle [hr Asn Tyr Asn Pro Ser Leu 505560 Gin Gly Arg Val [hr lle
Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp [hr Ala
Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110
Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly6§>@§er Val Phe 115120125 57/113 Gly Cys Leu Val
Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Lau Thr Ser Gly Val
His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser 180185190 Ser Mn Phe Gly Thr Gin Thr Tyr [hr Cys Mn Val Asp His Lys Pro 195200205 Ser Asn
Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu

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

Ile Gty Phe lle Ser Tyr Ser Gly 1lle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Gin Gly Arg Val Thr |le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 10 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Vai Ser Ser Ala Ser Thr Lys &ly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Giu Pro Val Thr Val Ser Trp
145 150 155 160

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



210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro
Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val
Ser His Glu Asp Pro Glu Val GIn 260265270 58/113 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg
Val Val Ser Val Leu 290295300 [hr Val Val His %ng/ﬁp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys
Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn Gin
Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser GIn Glu Asp Pro Giu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
260 295 300

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



385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu [hr Val Asp Lys Ser Arg Trp Gin 405410415 59/113
His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 34 <211> 443 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence <400> 34 Gin Val Gin Leu Gin Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr LeysgrsLeu Thr Cys Ala Val Ser Gly His Ser lle Ser His
Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560 60/113 Leu Gin Met Mn Ser Leu Arg Ala Glu
Asp Thr Ala Val Tyr Tyr Cys

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

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

Gin Glu Giu Met Thr Lys Asn Gin Val Ser leu Thr Cys Leu Val Lys
355 360 365

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

Pro Gtu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 345 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln
A0S 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Giu Ala Leu His Ala
420 475 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 36
211> 445



859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145150155160 Asn Ser Gly Ala Leu Thr Ser Gly¥ahhlis Thr Phe Pro Ala Val Leu 165170175 Gin Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val [hr Val Pro Ser 180185190 Ser Asn Phe Gly Thr Gin Thr Tyr
Thr Cys Asn-Val Asp His Lys Pro 195200205 61/113 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly
Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245250255 <\ﬁqj>ThF;R?ys Val Val Val Asp Val Ser GIn Glu Asp Pro Glu Val Gin

<213> Artificial

<2207
<223> An artificially synthesized peptide sequence

<400> 36
Gin Val Gln Leu Gin Glu Ser Gly Pro Giy Leu Val Lys Pro Ser Glu

1 5 10 : 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser His Asp
20 25 30

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

Ile Gly His |le Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro His Leu
50 55 60

Gin Asp Arg Val Thr ile Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ata Val Tyr Tyr Cys
85 90 85

Ala Arg Phe Leu Ala Arg Ile Thr Ala His Asp His Trp Gly Glu Gly
100 105 110



260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu
Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His GIn Asp Trp Leu
Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Mn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr
lle Ser Lys 325330335 Thr Lys Gly GIn Pro Arg é%;.lf gro GIn Val Tyr Thr Leu Pro Pro Ser 340345350
62/113 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn
Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu
[hr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu

His Asn 420425430 His Tyr [hr Gin Lys Ser Ley S r Leu Ser Psr
Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe

115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Giu Pro Val Thr Val Ser Trp
145 150 155 160

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

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Vai Giu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met tle Ser Arg Thr Pro Glu
245 250 255



435440 <210> 35 <211> 443 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 35 Gin Val GIn Leu GIn Giu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015
63/113 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser
Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu 50§§@9§3in Gly Arg Val Thr lle Ser Arg Asp Asn Ser Lys
Asn Thr Leu Tyr 65707580 Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110

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

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 285 300

The Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

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

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

Arg Giu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Afa Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

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



Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser
Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
Thr Val Ser Trp 145150155160 64/113 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser 180185190 Ser Asn Phe Gly Thr Gin Thr Tygg'}' (1Cys Asn Val Asp His Lys Pro 195200205 Ser
Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala
Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle
Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser GIn Glu Asp Pro Glu Val Gin

260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala I.ys Thr Lys 275280285
Ser Phe Phe {Lu yr Ser Les Lgh Thr Val Asp Lys/ﬁer Arg H¥p ETL y

405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

210> 37

Q211> 443

<212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide seguence

400> 37
Gin Val G!n Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Giu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser fle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

{1e Gly His lle Ser Tyr Ser Gly {le Thr Asn Tyr Asn Pro His Leu
50 55 60



Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 65/113 Val Ser Asn
Lys Gly Leu Pro Ala Pro He Glu Lys Thr He Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro Ser 340345350 GIn Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu
Val Lys 355360365 Gly Phe Tyr Pro Ser Asp Ileﬁ}@l\s{al Glu Trp Glu Ser Asn Gly Gin 370375380 Pro
Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser Cys Ser Val Met
His Glu Ala Leu His Ala 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 36

Gin Asp Arg Val Thr tle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Arg Phe Leu Ala Arg 1le Thr Ala His Asp His Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 165 160

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

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
185 200 206



66/113 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400>
36 GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys
Ala Val Ser Gly Tyr Ser lle Ser His Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly
Leu Glu Trp 354045 lle Gly His lle Ser Tyr Ser Gly,{lesThr Asn Tyr Asn Pro His Leu 505560 Gin Asp
Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Lys Leu Ser Ser Val Thr Ala
Ala Asp [hr Ala Val Tyr Tyr Cys 859095 67/113 [hr Leu Val Thr Val Ser Ser Ala Ser [hr Lys Gly Pro
Ser Val Phe 115120125

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Vai Giu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 . 235 Z40

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu
245 . 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Giu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

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

Val Ser Asn Lys Gly Leu Pro Ala Pro ile Glu Lys Thr lie Ser Lys
325 330 335

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



Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys
Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His
Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val [hr Val Pro Ser
180185190 Ser Asn Phe Gly Thr GIn Thr Tyr Th %y Asn Val Asp His Lys Pro 195200205 Ser Asn
Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys C);sz ASF’GIU 210215220 Cys Pro Pro Cys Pro Ala Pro
Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 68/113 Val Thr Cys Val Val Val Asp Val Ser His
Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300

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

Gly Phe Tyr Pro Ser Asp !le Ala Val Glu Trp Glu Ser Asn Giy Gin
370 375 380

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

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

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 38

Q211> 445

<212> PRT

213> Artificial

220>
{223> An artificially synthesized peptide sequence

<400> 38



Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly
Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr
Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355360365 Gly Phe Tyr Pro Ser Asp He Ala Vaégﬂl’d/grp Glu Ser Mn Gly Gin 370375380 69/113 Ser
Phe Phe Leu Tyr Ser Lys Lou Thr Val Asp Lys g Trp Gin 405410415 GIn Gly Asn Val Phe Ser
Cys Ser Val Met His Glu Ala Leu His Ala 420425430 His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
Lys 435440445 <210> 37 <211> 443 <212> PRT <213> Atrtificial <220> <223> An artificially

synthesized peptide sequence <400> 37
Gln Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

i 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser Ile Ser His Asp
20 25 30

His Ala Trp Ser Trp Vai Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

Ife Gly Phe lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gln Gly Arg Val Thr fle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Afa Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140



Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys
Ala Val Ser Gly Tyr Ser lle Ser His Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly
Leu Glu Trp 354045 70/113 Gin Asp Arg Val Thr He Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser
65707580 Leu Lys Leu Ser Ser Val Thr Ala Ala %gg Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Phe Leu
Ala Arg lle Thr Ala His Asp His Trp Gly Glu Gly T ]1 110 Thr Leu Val Thr Val Ser Ser Ala Ser Thr
Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser [hr Ser Gly Gly [hr Ala Ala Leu
130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175
Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp

145 150 155 160

Ash Ser Gly Ala Leu Thr Ser Gty Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser.Asn Phe Giy Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Gys Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser VYal Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu
245 250 255

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

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285



Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 71/113 Ser Asn Thr Lys
Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala
Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr
Pro Glu 245250255 Val Thr Cys Val Val Val Asz% L er Gin Giu.Asp Pro Glu Val Gin 260265270 Phe
Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Al ? hr Lys 275280285 Pro Arg Glu Giu GIn Phe Asn
Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr
Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys
325330335 72/113

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Vel Leu

290 295 300

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

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr [le Ser Lys
325 330 335

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

Arg Glu Glu Met The Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp {le Ala Vai Glu Trp Glu Ser Asn Gly Gln
370 375 380

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

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

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 475 430



Gin Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser
Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met
Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
Gin 405410415 Glu Gly Asn Val Phe Ser Cys %gn Val Met His Glu Ala Leu His Ala 420425430 His Tyr
Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 38 (211> 445 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence 73/113 Gin Val Gin Leu Gin Gfu Ser Gly Pro Gly
Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp

202530 Hig Alp Top eI T70.Val Arg, 3 48 Rip By G G Leu Glu Trp
435 440 445

210> 39

Q11> 443

Q12> PRT

Q13> Artificial

{220
<293> An artificially synthesized peptide seguence

<400> 39
Gin Val Gin Leu Gin Glu Ser Giy Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser {le Ser His Asp
20 25 30

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

e Gly Phe tle Ser Tyr Ser Giy lle Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Gly Arg Val Thr le Ser Arg Asp Asn Ser Lys Asn Thr _I__eu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 a0 85



354045 lle Gly Phe lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu 505560 Gin Gly Arg Val Thr lle
Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr
Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100105110 Thr Leu Val Thr Val Ser Ser Ala Ser7Tiridys Gly Pro Ser Val Phe 115120125 74/113 Gly
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Lou Thr
- Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ata Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Yal Thr Val Ser Trp
145 150 155 160

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

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val! Val Thr Val Pro Ser
180 185 _ 180

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

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cvs Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Va! Phe Leu
225 230 235 240



210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro
Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val
Ser His Glu Asp Pro Glu Val Gin 260265270 75/113 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg
Val Val Ser Val Leu 290295300 Thr Val Val His sp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Gly Leu Pro Ala ProTle Glu Lys Thr He Ser Lys 325330335 [hr Lys
Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn Gin
Val Ser Leu [hr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu Ser Asn
Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin
260 265 210

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ata Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 285 300

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

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

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

Gln Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365

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



385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Gin Gly
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala 420425430 76/113 His Tyr Thr Gin Lys Ser
Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 39 <211> 443 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequenge ?§100> 39 GIn Val GIn Leu Gin Glu Ser Gly Pro Gly
Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu [nr"'Cys Ala Val Ser Gly His Ser lle Ser His Asp
202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser
Tyr Ser Gly lle [hr Mn Tyr Asn Pro Thr Leu 505560 Gin Gly Arg Val Thr lle Ser Arg Asp Mn Ser Lys
Asn Thr Leu Tyr

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 3580 395 400

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

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 40

211> 6

<212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 40

His Asp His Ala Trp Ser
1 5

210> 41

211> 16

<212> PRT

213> Artificial



65707580 77/113 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 [hr
Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys
Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
Val Ser Trp 145150155160 Asn Ser Gly Ala Legg'légéer Gly Val His Thr Phe Pro Ala Val Leu
165170175 GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe
Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val
Glu Arg Lys Ser Cys Val Glu 210215220 78/113 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg
Thr Pro Glu

{2200
223> An artificially synthesized peptide sequence

<400> 41

His 1le Ser Tyr Ser Gly tle Thr Asn Tyr Asn Pro His Leu Gin Asp
1 5 10 15

210> 42

Q211> 16

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 42

Phe 1le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser leu Gin Gly
i 5 10 15

210> 43

211> 16

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide seguence

<400> 43

Phe lie Ser Tyr Ser Gly lie Thr Asn Tyr Asn Pro Thr Leu Gin Gly
1 5 10 15



245250255 Val Thr Cys Val Val Val Asp Val Ser GIn Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu GIn Phe Asn Ser [hr

Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys

Lys 305310315320 Val Ser Mn Lys Gly Leu Pro, @r?i ro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys
0

P
Gly Gin Pro Arg Glu Pro Gin Val Tyr [hr Leu Pro8 %er 340345350 GIn Glu Glu Met Thr Lys Asn GIn

Val Ser Leu Thr Cys Leu Val Lys 355360365 79/113 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met
Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
Gin 405410415 Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala

210> 44
211> 10
212> PRT
213> Artificial

22
223> MAn artificialiy synthesized peptide sequence

<400> 44

Phe Leu Ala Arg |le Thr Ala His Asp His
1 5 10

210> 45

211> 10

212> PRT

213> Artificial

{2205
223> An artificially synthesized peptide sequence

400> 45
Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr

1 5 10

210> 48
211> 30
212> PRT
213> Artificial

(220>



420425430 His Tyr [hr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 40 <211> 6 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 40 His Asp His Ala Trp Ser
15 <210> 41 <211> 16 <212> PRT <213> Artificial 80/113 <220> <223> An atrtificially synthesized
peptide sequence <400> 41 His lle Ser Tyr Serg(g})(ilge Thr Asn Tyr Asn Pro His Leu Gin Asp

<223> An artificially synthesized peptide sequence
<400> 46

Gln Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Giu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser
20 25 30

Q10> 47
Q11> 30
212> PRT
Q13> Artificial

Q20
273> An artificially synthesized peptide sequence

400> 47

Gln Val GIn Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser |le Ser
20 25 30

<210> 48 .

Q211> 14

<212> PRT

213> Artificial

<220>



151015 <210> 42 <211> 16 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide sequence <400> 42 Phe lle Ser Tyr Ser Gly lle [hr Asn Tyr Asn Pro Ser Leu Gin Gly 151015
<210> 43 <211> 16 <212> PRT <213> Art oral <220> <223> An artificially synthesized peptide
sequence <400> 43 81/113 <210> 44 <211> 19 7.12&1?12> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 24 e Leu Ala Arg lle Thr Ala His Asp His 1510
<210> 45 <211> 10 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence

{293> An artificially synthesized peptide sequence
400> 48

Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp lle Gly
1 5 10

210> 49

11> 32

212> PRT

213> Artificial

(220>
¢223> An artificially synthesized peptide sequence

<400> 49

Arg Val Thr 1le Ser Arg Asp Thr Ser Lys Asn Gin Phe Ser Leu Lys
1 5 10 15

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Ala Tyr Tyr Cys Ala Arg
20 25 30

<210> 50
Qi 32
212> PRT
213> Artificial

2200
923> An artificially synthesized peptide seguence

<400> 50



<400> 45 Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr 1510 <210> 46 <211> 30 <212> PRT <213>
Artificial 82/113 <223> An artificially synthesized peptide sequence <400> 46 Gin Val GIn Leu GIn Glu
Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle
Ser 202530 <210> 47 <211> 30 <212> PRT <213> Artificial <220> <223> An atrtificially synthesized
peptide sequence <400> 47 GIn Val Gin Leu Gik‘GilPser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015
Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser 202530 <210> 48 <211> 14 <212> PRT
<213> Atrtificial

Arg Val Thr Ile Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser Leu Lys
1 5 10 15

Leu Ser Ser VYal Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

210> 51

11> 32

212> PRT

213> Artificial

2205
223> An artificially synthesized peptide sequence

<400> 51

Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gin
1 5 10 15

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
20 25 30

Q210> 82

a1 N

212> PRT

213> Artificial

2200
<293> An artificiaily synthesized peplide sequence

400> 52



83/113 <223> An artificially synthesized peptide sequence <400> 48 Trp Val Arg GIn Pro Pro Gly Glu
Gly Leu Glu Trp He Gly 1510 <210> 49 <211> 32 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 49 Arg Val Thr lle Ser Arg Asp Thr Ser Lys Asn Gin
Phe Ser Leu Lys 151015 Leu Ser Ser Val Thr A?Sﬁ Asp Thr Ala Ala Tyr Tyr Cys Ala Arg 202530
<210> 50 <211> 32 <212> PRT <213> Atrtificial € <223> An artificially synthesized peptide
sequence 84/113 Arg Val [hr lle Ser Arg Asp Thr Ser Lys Mn Gin Phe Ser Leu Lys 151015 Leu Ser
Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg 202530

Trp Gly Glu Gly Thr Leu Val Thr Val Ser Ser
1 5 10

210> 53

211 1

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 53

Gln Ala Ser Arg Asp [le Ser Ser His Leu Asn
1 5 10

<210> 54

AP Y

212> BRT

213> Artificial

2200
€223> An artificially synthesized peptide sequence

400> 54

Gin Ala Ser Thr Asp lle Ser Ser His Leu Asn
1 5 10

210> 55

Qi 7

21> PRT

213> Artificial



<210> 51 <211> 32 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 51 Arg Val [hr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu Gin 151015 Met Asn
Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg 202530 <210> 52 <211> 11 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence 85/113 Trp Gly Glu Gly Thr
Leu Val Thr Val Ser Ser 1510 <210> 53 <211> $¢/kb1 2> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 53 Gin Ala Ser Arg Asp lle Ser Ser His Leu Asn 1510
<210> 54 <211> 11 <212> PRT <213> Atrtificial

220>
<223> An artificially synthesized peptide segquence

<400> 55

Tyr Gly Ser His Leu Leu Ser
1 5

{210> 56

21 7

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<A00> 56
Tyr Gly Ser His Leu Glu Ser

1 5

<210> 57

<2it> 8

212> PRT

213> Artificial

{2200
<223> An artificially synthesized peptide seguence

<400> 57

Gly Gin Gty Asn Arg Leu Pro Tyr Thr
1 5



<220> <223> An artificially synthesized peptide sequence <400> 54 Gin Ala Ser Thr Asp lle Ser Ser
His Leu Asn 1510 <210> 55 <211> 7 <212> PRT <213> Artificial 86/113 <220> <223> An atrtificially
synthesized peptide sequence <400> 55 Tyr Gly Ser His Leu Leu Ser 15 <210> 56 <211> 7 <212>
PRT <213> Atrtificial <220> <223> An artificially 8s%//r_lulk}’esized peptide sequence

<210, 58

Q1> 23

212> PRT

13 Artificial

220>
923> An artificially synthesized peptide sequence

<400> 58

Asp Ile Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Ser Val Thr fle Thr Cys
20

<210> 59

211> 15

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 59
Trp Tyr Gin Gin Lys Pro Gly Lys Afa Pro Glu Leu Leu lle Tyr

1 5 10 15

210> 60
211> 32



<400> 56 Tyr Gly Ser His Leu Glu Ser 15 <210> 57 <211> 9 <212> PRT <213> Avrtificial <220> <223>
An artificially synthesized peptide sequence <400> 57 Gly GIn Gly Mn Arg Leu Pro Tyr Thr 87/113
<210> 58 <211> 23 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 58 Asp lle Gin Met Thr Gin Ser Pro _Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Ser
Val Thr lle Thr Cys 20 <210> 59 <211> 15 <213%/PRT <213> Artificial

212> PRT
213> Artificial

{2207
323> An artificially synthesized peptide sequence

<400> 60

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
1 5 10 15

Phe Thr |le Ser Ser Leu Giu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys
20 25 30

<210> 61

211> 10

212> PRT

213> Artifictal

220>
¢293> An artificially synthesized peptide sequence

<400> 61
Phe Gly Gin Gly Thr Lys Val Glu lle Glu

1 5 10

<210> 62

2H> 448

212> PRT

213> Artificial

220>



<220> <223> An artificially synthesized peptide sequence <400> 59 Trp Tyr Gin GIn Lys Pro Gly Lys
Ala Pro Glu Leu Leu lle Tyr 151015 <210> 60 88/113 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 60 Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly
Thr Asp Phe Thr 151015 Phe Thr lle Ser Ser Leu Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys 202530
<210> 61 <211> 10 <212> PRT <213> Artificial®&bb <223> An artificially synthesized peptide
sequence <400> 61 Phe Gly Gin Gly Thr Lys Val Glu lle Glu -

223> An artificially synthesized peptide sequence
400> 62
Glu Val Gin Leu Val Glu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly

1 5 10 15

Ser Leu Lys Leu Ser Oys Ala Ala Ser Gly Phe Thr Phe Ser Ser Phe
20 25 30

Ala Met Ser Trp Phe Arg Gln Ser Pro Glu Lys Arg Leu Glu Trp Val
35 40 45

Ala Glu lle Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Thr Val
50 55 60

Thr Giy Arg Phe Thr ile Ser Arg Asp Asn Ala lys Asn Thr Leu Tyr
65 10 75 80

Leu Glu Met Ser Ser Leu Arg Ser Glu Asp Thr Ala Net Tyr Tyr Cys
85 99 g5

Ala Arg Gly Leu Trp Gly Tyr Tyr Ala Leu Asp Tyr Trp Gly Gin Gly
100 105 110

Thr Ser Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125



1510 <210> 62 <211> 449 <212> PRT <213> Artificial <220> 89/113 <223> An artificially synthesized
peptide sequence <400> 62 Glu Val GIn Leu Val Glu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly 151015
Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe [hr Phe Ser Ser Phe 202530 Ala Met Ser Trp Phe Arg
GIn Ser Pro Glu Lys Arg Leu Glu Trp Val 35404%la Glu lle Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Pro
Asp Thr Val 505560 Thr Gly Arg Phe Thr lle Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 65707580 Leu
Glu Met Ser Ser Leu Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys 859095 Ala Arg Gly Leu Trp Gly Tyr Tyr
Ala Leu Asp Tyr Trp Gly GIn Gly 100105110

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

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

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

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

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

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



90/13 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val
Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val
His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val [hr Val Pro
Ser 180185190 Ser Ser Leu Gly Thr Gin Thr Tymoliet Cys Mn Val Asn His Lys Pro 195200205 Ser Asn
Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Pro Cys
Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
Thr Leu Met lle Ser 245250255 91/113 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His

Asn 275280255 Alahy BT iHkYRsR TP Gl Clu Gy Tog1 Afry g1 T T Arg Val

275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Glin Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys
325 330 335

Thr lie Ser Lys Ala Lys Gly Gin Pro Arg Giu Pro Gin Val Tyr Thr
340 345 350

leu Pro Pro Ser Arg Asp Glu Leu Thr Lvys Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lvs Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370 375 380

Ser Asn Giy Gin Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Val leu
385 390 395 400

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



290295300 Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys
Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly Gin
Pro Arg Glu Pro GIn Val Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val
Ser Leu Thr 355360365 Cys Leu Val Lys Gly Ph&iiiBPro Ser Asp lle Ala Val Glu Trp Glu 370375380
Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 92/113 Ser Arg Trp
Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu His Asn His Tyr Thr GIn Lys
Ser Leu Ser Leu Ser Pro Gly 435440445 Lys <210> 63 <211> 213 <212> PRT <213> Artificial <220>

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

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 63

211> 213

212> PRT

213> Artificial

{220%
223> MAn artificially synthesized peptide sequence

400> 63
Gin lle Val Leu tie Gin Ser Pro Ala {le Met Ser Ala Ser Pro Gly

1 5 10 15

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
20 25 30

Tyr Trp Tyr Gin GIn Lys Pro Gly Ser Ser Pro Arg Leu Leu He Tyr
35 40 45

Asp Thr Ser Asn Leu Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
50 55 60



<223> An artificially synthesized peptide sequence <400> 63 Gin lle Val Leu lle Gin Ser Pro Ala lle
Met Ser Ala Ser Pro Gly 151015 Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
202530 Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu lle Tyr 354045 93/113 Gly Ser Gly
Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Ala%Bli 166707580 Asp Ala Ala Thr Tyr Tyr Cys GIn Gin
Trp Ser Gly Tyr Pro Tyr Thr 859095 Phe Gly Gly Gly Thr Lys Leu Glu lle Lys Arg Thr Val Ala Ala Pro
100105110 Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr 115120125 Ala Ser Val
Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys 130135140 Val Gin Trp Lys Val Asp Asn Ala
Leu GIn Ser Gly Asn Ser GIn Glu 145150155160

Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Giu Ala Glu
65 70 75 80

Asp Ata Ala Thr Tyr Tyr Cys Gln Gin Trp Ser Gly Tyr Pro Tyr Thr
85 80 85

Phe Gly Gly Gly Thr Lys Leu Glu {le Lys Arg Thr Val Ala Ala Pro
100 105 110

Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr
115 120 125

Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140

Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu
145 150 155 160

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175

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

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



Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser 165170175 Thr Leu Thr Leu Ser
Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala 180185190 94/113 Asn Arg Gly Glu Cys 210 <210> 64
<211> 449 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 64 Glu Val GIn Leu Val Glu Ser Gly Gly Ly4/11éd Leu Lys Pro Gly Gly 151015 Ser Leu Lys Leu
Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser His 202530 Ala Met Ser Trp Phe Arg Gin Ser Pro Glu
Lys Arg Leu Glu Trp Val 354045 Ala Glu lle Ser Ser Gly Gly Ser Tyr Thr Tyr His Pro His Thr Val
505560 95/113 Leu Glu Met Ser Ser Leu Arg Ser Glu Asp [hr Ala Met Tyr Tyr Cys

Asn Arg Gly Glu Cys
210

<210> 64

Q211> 449

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 64
Glu Val Gin Leu Val Glu Ser Gly Gly Lys Leu Leu Lys Pro Gly Gly

1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser His
20 25 30

Ala Met Ser Trp Phe Arg Glin Ser Pro Glu Lys Arg Leu Glu Trp Val
35 40 45

Ala Glu lte Ser Ser Gty Gty Ser Tvr Thr Tyr His Pro His Thr Val
50 55 60

Thr Gly Arg Phe Thr tle Ser Arg Asp Asn Ala Lvs Asn Thr Leu Tyr
65 70 75 80



859095 Ala Arg Gly Leu Trp Gly His Tyr Ala Leu Asp Tyr Trp Gly GIn Gly 100105110 Thr Ser Val Thr
Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
Gly Gly Thr Ala A a Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser lip
145150155160 Asn Ser Gly Ala Leu Thr Ser GlyN&lHis Thr Phe Pro Ala Val Leu 165170175 Gin Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly [hr Gin Thr Tyr
lle Cys Asn Val Asn His Lys Pro 195200205 96/113 Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser

245250255 AugGThmneroserlisefal dhnkgysel @iV akly ahAsp &/ b SeyHiy GlysAsp
85 90 95

Ala Arg Gly Leuv Trp Gly His Tyr Ala Leu Asp Tyr Trp Glv Gln Gy
100 105 110

Thr Ser Yal Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Vai Ser Trp
145 150 155 160

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

Gin Ser Ser Giy Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 180

Ser Ser Leu Gly Thr Gin Thr Tyr lle Oys Asn Val Asn His Lys Pro
195 200 205

Ser Asn thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220



260265270 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr
Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val Leu Thr Val Lou His GIn
Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle
Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly @&ifi P¥o Arg Glu Pro Gin Val Tyr Thr 340345350
97R13 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin
Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser Asp Gly Ser Phe Phe Leu
Tyr Ser Lys Leu Thr Val Asp Lys 405410415 Ser Arg Trp Gin Gin Gly Asn Vat Phe Ser Cys Ser Val

Met His Gluyi2QA2PA3@ Al leepr bligyAsndlisal ¥ ol Br.ClauLysuSmy Ley Bey Leu Ser Pro Gly
225 230 235 240

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

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

Pro Giu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Giu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

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

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys
325 330 . 335

Thr Ile Ser Lys Ata Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr
340 345 350

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



435440445 Lys <210> 65 <211> 213 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 65 98/113 Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val
Ser Tyr Met 202530 Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu lle Tyr 354045 Asp Thr
Ser Asn His Ala Ser Gly Val Pro Val Arg Phe SepTly Ser 505560 Gly Ser Gly Thr Ser Tyr Ser Leu Thr
lle Ser Arg Met Glu Ala Glu 65707580 Asp Ala Ala Thr Tyr Tyr Cys GIn His Trp Ser Gly His Pro Tyr
Thr 859095 Phe Gly Gly Gly Thr Lys Leu Glu lle Lys Arg Thr Val Ala Ala Pro 100105110 Ser Val Phe
lle Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly Thr 115120125

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

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val lLeu
385 390 385 ' 400

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

Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

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

Lys

<210> 65

Q11> 213

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide seguence

400> 65

Gin Ile Val Leu lle Gin Ser Pro Ala |le Met Ser Ala Ser Pro Gly
1 5 10 15



Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys 130135140 99/113 Ser Val Thr
Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser 165170175 Thr Leu Thr Leu Ser Lys Ala Asp
Tyr Glu Lys His Lys Val Tyr Ala 180185190 Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys
Ser Phe 195200205 Asn Arg Gly Glu Cys 210 <28Q3%%6 <211> 213 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence <400> 66 Gin lle Val Leu lle Gin Ser Pro Ala lle
Met Ser Ala Ser Pro Gly 151015 100/113 Tyr Trp Tyr Gin Gin Lys Pro Gly Ser Ser Pro Arg Leo Leo lle
Tyr 354045 Asp Thr Ser His His Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Het
20 25 30

Tyr Trp Tyr Gln Gin Lys Pro Gly Ser Ser Pro Arg Leu Leu |le Tyr
35 40 45

Asp Thr Ser Asn His Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr lle Ser Arg Met Glu Ala Glu
65 70 75 80

Asp Ala Ala Thr Tyr Tyr Cys GIn His Trp Ser Gly His Pro Tyr Thr
85 90 95

Phe Gly Gly Gly Thr Lys Leu Glu lle Lys Arg Thr Val Ala Ala Pro
100 105 110

Ser Val Phe lle Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly thr
115 120 125

Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140

Val Gln Trp Lys Val Asp Asn Ala Leu Gin Ser Giy Asn Ser Gin Glu
145 150 155 160



505560 Gly Ser Gly Thr Ser Tyr Ser Leo Thr lle Ser Arg Met Glu Ala Glu 65707580 Asp Ala Ala [hr Tyr
Tyr Cys Gin His Trp Ser Gly His Pro Tyr Thr 859095 Phe Gly Gly Gly Thr Lys Leo Glu lle Lys Arg Thr
Val Ala Ala Pro 100105110 Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leo Lys Ser Gly Thr
115120125 Ala Ser Val Val Cys Leo Leo Asn AsgpPhe Tyr Pro Arg Glu Ala Lys 130135140 Val Gin Trp
Lys Val Asp Asn Ala Leo Gin Ser Gly Asn Ser Gin Glu 145150155160 101/113 Thr Lew Thr Leu Ser
Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala 180185190 Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro
Val Thr Lys Ser Phe 195200205 Asn Arg Gly Glu Cys 210 <210> 67 <211> 456 <212> PRT <213>
Artificial <220>

Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175

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

Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
195 200 205

Asn Arg Gly &lu Cys
210

<210> 66

Q11> 213

212> PRY

213> Artificial

{2200
223> An artificially synthesized peptide sequence

<400> 66
Gin tle Val Leu fle Gin Ser Pro Ala {ie Met Ser Ala Ser Pro Gly

1 5 10 15

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
20 25 30



<223> An artificially synthesized peptide sequence <400> 67 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 102/113 Gin Gly
Arg Val Thr Met Thr Arg Asp Thr Ser lle Ser Thi ®al Tyr 65707580 Met Glu Leu Ser 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 100105110 Asp Val Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr 115120125 Lys Gly
Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser 130135140 Gly Gly Thr Ala Ala Leu Gly Cys

Leu Val Lys@ysprpyrP e PeorGlis 151801851686 Pro Arg Leu Leu Ile Tyr
35 40 45

Asp Thr Ser His His Ala Ser Gly Val Pro Val Arg Phe Ser Giy Ser
50 55 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Giu
65 70 75 80

Asp Ala Ala Thr Tyr Tyr Cys Glin His Trp Ser Gly His Pro Tyr Thr
85 90 85

Phe Gly Giy Gly Thr Lys Leu Glu 1le Lys Arg Thr Val Ala Ala Pro
100 105 110

Ser Val Phe |ie Phe Pro Pro Ser Asp Glu Gln leu Lys Ser Gly Thr
115 120 125

Ata Ser Val Val Cys Leu Leu Asnt Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140

Va! Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu
145 150 155 160

Ser Val Thr Giu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175



Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His 165170175 Thr Phe Pro Ala Val Leu
Gin Ser Ser Gly Leu Tyr Ser Leu 5cr Ser 180185190 103/113 Asn Val Asn His Lys Pro Ser Asn Thr
Lys Val Asp Lys Lys Val Glu 210215220 Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro
Ala Pro 225230235240 Glu Leu Leu Gly Gly Pra &gi Mal Phe Leu Phe Pro Pro Lys Pro Lys 245250255
Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 260265270 Asp Val Ser His Glu Asp
Pro Glu Val Lys Phe Asn Trp Tyr Val Asp 275280285 Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
Glu Glu GIn Tyr 290295300 Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn Asp

305310315320 Tjp e ALY YA FHeT H5 46 CY5:-HE VG SR ASP hvs Ala Leu 325330335
180 185 190

Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
185 200 205

Asn Arg Gly Glu Cys
210

210> 67

211> 456

<212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

400> 67
Gin Val Gin Leu Val Gin Ser Gly Ala Giu 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 Ata Pro Gly Gin Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe
50 55 60



104/113 Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys 355360365 Asn Gin Val
Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp 370375380 He Ala Val Glu Trp Glu Ser Asn Gly
Gin Pro Glu Asn Asn Tyr Lys 385390395400 Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
Leu Tyr Ser 405410415 Lys Leu Thr Val Asp LygiggnArg Trp Gin Gin Gly Asn Val Phe Ser 420425430
Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser 435440445 Leu Ser Leu Ser Pro Gly
Lys Gly 450455 <210> 68 <211> 214 <212> PRT <213> Atrtificial 105/113 <223> An artificially
synthesized peptide sequence <400> 68 Leu Pro Val Leu Thr Gin Pro Pro Ser Val Ser Val Ala Pro Gly
Gin

Gin Giy Arg Val Thr Met Thr Arg Asp Thr Ser ile Ser Thr Afa Tyr
65 70 75 80

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 a5

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 Ala Ser Thr
115 120 125

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

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

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

Thr Phe Pro Ala Val Leu Gin Ser Ser Giy Leu Tyr Ser Leu Ser Ser
180 185 180

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr [ie Cys
185 200 205



151015 [hr 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 [hr Asp Arg Pro Ala Gly lle Pro Glu Arg
Phe Ser Gly Ala 505560 Asn Ser Gly Asn [hr Ala Thr Lea Thr lle Ser kg Val Glu Ala Gly 65707580 Asp
Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Sét6Fhi Asp His 859095 Gly Val Phe Gly Gly Gly Thr Lys
Leu Thr Val Leu Gly GIn Pro Lys 100105110 106/113 Ala Mn Lys Ala Thr Leu Val Cys Leu lle Ser Asp
Phe Tyr Pro Gly 130135140 Ala Val Thr Val Ala Trp Lys Ala Asp Gly Ser Pro Val Lys Ala Gly
145150155160 Val Glu Thr Thr Lys Pro Ser Lys GIn Ser Asn Asn Lys Tyr Ala Ala 165170175 Ser Ser
Tyr Leu Ser Leu Thr Pro Glu Gin Trp Lys Ser His Arg Ser

Asn Val Asn His Lys Pro Ssr Asn Thr Lys Val Asp Lys Lys Val Glu
210 215 220

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Gys Pro Ala Pro
225 230 235 240

Glu Leu Leu Giy Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
245 250 255

Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 _ 265 270

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
275 280 285

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Giu Gin Tyr
290 295 300

hsn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val leu His Gin Asp
305 310 315 320

Trp Leu Asn Gly Lys Glu Tyr Lys Gys Lys Val Ser Asn Lys Ala lLeu
' 325 o 330 335

Pro Ala Pro Ite Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg
340 345 350 '



180185190 Tyr Ser Cys Gin Val Thr His Glu Gly Ser Thr Val Glu Lys Thr Val 195200205 Ala Pro Thr
Glu Cys Ser 210 <210> 69 <211> 456 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 69 107/113 Ser Val Lys Val Ser Cys Lys Ala Ser lily Tyr Thr
Phe Thr lily Tyr 202530 His Met His Trp Val Argi il Ala Pro Gly GIn Gly Leu Glu Trp Met 354045 lily
Trp lle Asn Pro Asn Ser lily lily Thr Asn Tyr Ala Gin Lys Phe 505560 GlIn lily Arg Val Thr Met [hr Arg
Asp Thr Ser lle Ser Thr Ala Tyr 65707580 Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr
Tyr Cys 859095 Ala Arg Giu Asp Val Val Pro Ala Ala Met Ser Phe Tyr Tyr Gly Met 100105110

Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
355 360 365

Ash Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
370 375 380

e Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys
385 390 395 400

Thr Thr Pro Pro Val Leu Asp Ser Asp Giy Ser Phe Phe Leu Tyr Ser
405 410 415

Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser
420 425 430

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
435 440 445

Lau Ser Leu Ser Pro Gly Lys Gly
450 455

210> 868

<2ty 214

212> PRT

213> Artificial

<220>



Asp Val Trp lily Arg lily Thr Leu Val Thr Val Ser Ser Ala Ser Thr 115120125 Lys lily Pro Ser Val Phe
Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser 130135140 108/113 Pro Val [hr Val Ser Trp Asn Ser Gly Ala
Leu Thr Ser Gly Val His 165170175 Thr Phe Pro Ala Val Leu G n Ser Ser Gly Leu Tyr Ser Leu Ser Ser
180185190 Val Val Thr Val Pro Ser Ser Ser Led @i Thr Gin Thr Tyr lle Cys 195200205 Asn Val Asn
His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu 210215220 Pro Lys Ser Cys Asp Lys Thr His Thr
Cys Pro Pro Cys Pro Ala Pro 225230235240 Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
Lys Pro Lys 245250255 Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 260265270

Asp Val Set s, Glith ASP FIa {71y YalthysiBhe shi ddRdadeN! Asp 275280285

<400> 68
Leu Pro Val Leu Thr Gin Pro Pro Ser Val Ser Val Ala Pro Gly Gin

1 5 10 15

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

Tyr Trp Tyr Gin GIn Glu Pro Gly Gin Ata Pro Val Leu Val Val Tyr
35 40 45

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

Asn Ser Gly Asn Thr Ala Thr Leu Thr tle Ser Arg Val Glu Ala Gly
65 70 15 B0

Asp Glu Ala Asp Tyr Tyr Cys Gin Val Trp Asp Ser Ser Thr Asp His
B85 90 85

Gly Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Gin Pro Lys
100 105 110

Ala Asn Pro Thr Va! Thr Leu Phe Pro Pro Ser Ser Glu Glu Leu Gin
115 120 125



109/113 Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn Asp 305310315320 Trp Lou Asn
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Lou 325330335 Pro Ala Pro lle Glu Lys Thr lle Ser
Lys Ala Lys Gly Gin Pro Arg 340345350 Glu Pro GIn Val Tyr Thr Lou Pro Pro Ser Arg Asp Glu Lou Thr
Lys 355360365 Asn GIn Val Ser Lou Thr Cys Lo0&¥VdlALys Gly Phe Tyr Pro Ser Asp 370375380 lle Ala
Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys 385390395400 Thr Thr Pro Pro Val Leu Asp
Ser Asp Gly Ser Phe Phe Lou Tyr Ser 405410415 Lys Lou Thr Val Asp Lys Ser Arg Trp GIn Gin Gly
Asn Val Phe Ser 420425430 Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser

435440445, LAQLL Y35 Ala Thr Leu Val Cys Leu Ile Ser Asp Phe Tyr Pro Gly
130 135 140

Ala Val Thr Val Ala Trp Lys Ala Asp Gly Ser Pro Val Lys Ala Gly
145 150 155 166

Val Glu Thr Thr Lys Pro Ser Lys Gin Ser Asn Asn Lys Tyr Ala Ala
165 170 175

Ser Ser Tyr Leu Ser Leu Thr Pro Giu Gin Trp Lys Ser His Arg Ser
180 185 190

Tyr Ser Cys Gln Val Thr His Glu @iy Ser Thr Val Giu Lys Thr Val
195 200 205

Ala Pro Thr Glu Cys Ser
210

<210> 69

211> 456

<212> PRT

213> Artificial

<2205
223> An artificially synthesized peptide sequence

<400> 69

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Giy Ala
1 5 10 15



Leu Ser Leu Ser Pro Gly Lys Gly 450455 <210> 70 <211> 449 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence <400> 70 Gin Val Gin Leu GIn Glu Ser Gly Pro Gly
Leu Val Lys Pro Ser Glu 151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lle Ser Asp Asp
202530 GIn Ala Trp Ser Trp Val Arg GIn Pro Pré0&yiGlu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser
Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560 Leu Lys Leu Ser Ser Val Thr Ala Ala Asp [hr Ala
Ala Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110
Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser
Lys Ser [hr Ser Gly Gly Thr Ala Ala Leu

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

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

Gty Trp 1le Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala GIn Lys Phe
50 5h 60

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

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

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

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

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

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



130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser
Gly Ala Leu Thr Ser Gly Val His [hr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu
Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His
Lys Pro 195200205 112/113 Thr His Thr Cys Pré8Prb3Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 Arg Thr
Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 260265270 Pro Glu Val Lys Phe Asn Trp Tyr
Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr
Arg Val 290295300 Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu

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

Thr Phe Pro Ala Va! Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser
180 185 180

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr ile Cys
195 200 205

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Vai Glu
210 215 220

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
225 230 235 240

Glu Leu Leu Gly Giy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
245 250 2b5

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 265 270

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
2715 280 ‘ 285

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr
290 295 300



305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle
Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 340345350 1 13/1 13 Cys Leu Val Lys Gly
Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Asn Mn Tyr Lys Thr
Thr Pro Pro Val Leu 385390395400 Asp Ser Asp0&1yiSer Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
Lys 405410415 Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu
His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly 435440445 Lys

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
305 310 315 320

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
325 330 335

Pro Ala Pro lie Glu Lys Thr !le Ser Lys Ala Lys Gly GIn Pro Arg
340 345 350

Giu Pro 6In Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
355 360 365

Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
370 375 380

[le Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Giu Asn Asn Tyr Lys
385 390 395 400

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
405 410 415

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gin Gly Asn Val Phe Ser
420 425 430

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser
435 440 445



116/113

Leu Ser Leu Ser Pro Gly Lys Gly
450 455

Q1 70
211> 445
212> PRT
213> Artificial

<2205
{223> An artificially synthesized peptide segquence

400> 70
Gln Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Giu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser f[le Ser Asp Asp
20 25 30

Gln Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

te Gly Tyr lle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 55 80

Lys Giy Arg Val Thr lie Ser Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 75 80



1117113

Leu Lys Leu Ser Ser Val Thr Afa Ala Asp Thr Ala Ala Tyr Tyr Cys
85 80 85

Ata Arg Ser Leu Ala Arg Thr Thr Ala Het Asp Tyr Trp Gly Giu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys @iy Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Giy Thr Ala Ala Leu
130 135 140

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

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

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Yal Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gin Thr Tyr 1le Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220



112/113

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Giy Pro

225

Ser Val Phe Leu Phe
245

Arg Thr Pro Glu Val
260

Pro Glu Val Lys Phe
275

Ata Lys Thr Lys Pro
290

Val Ser Val Leu Thr
305

Tyr Lys Cys Lys Val
325

Thr [le Ser Lys Ala
340

235

Pro Pro Lys Pro Lys Asp Thr Leu

250

Thr Cys Val Val Val Asp Val Ser

265

285

Arg Glu Glu Gin Tyr Asn Ser Thr

300

315

330

345

Leu Pro Pro Ser Arg Asp Glu teu Thr Lys Asn Gln Val

355

365

240

Met [le Ser
255

His Glu Asp
270

Asn Trp Tyr Val Asp Gly Val Glu Val His Asn

Tyr Arg Val

Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu

320

Ser Asn Lys Ala Leu Pro Ala Pro [le Glu Lys

335

Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr

350

Ser Leu Thr



113/113

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

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 _ 395 400

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

Ser Arg Trp Gin Gin Gly Asn-Val Phe Ser Cys Ser Val Met His Glu
420 425 430

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

Lys



