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t herein. Thus, in a first aspect, the invention concerns a stable
pharmaceutical fornulation conprising a nonoclonal antibody in
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chain is linked to a heavy chain by one coval ent disulfide bond, while the



at least one free thioi group. F(ah')2 antibody frognmen* originally were
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The "epitope 41)5" is the region in the eictracellular domain of BER2 to
whi ch the antibody 41)5 (ATCC CR!, 10463) and Trastnurnab bind, This
epitope is close to the transneni brane, domain of I MR2, and wi thin Donain
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Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harl ow and DaV| d Lane
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has significantly higher levels of a HER receptor, such as HER2, at die
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vincristine, and prednisolone, and FOLFOX, an abbreviation for a treatnent
regimen with oxaliplatin (1.1 , OXATINTm) conbined with 5-FU and
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anti-estrogens with mxed agonistiantagonist profile, including, tamoxifen
( NOLVADEX0) , 4- hydroxytarri oxi fen t or emfeneE\%IgPARESTO\I]%&) |deX| f eue,

drci | oxi fé‘aWéllghf‘éPF‘bg’PF@’rﬂé(W§Tﬂ dgghe CORs L PERE andBeB XY Holloyg DR ect i ve
estrogen rEBEmN STHNCHRL CEQITS Nb.SERIVE FDRUGEQ BENGERVE; pure anti-estrogens
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and exeﬁe%@aﬁroﬂo&s NoRo: 602 BBRNGBS IERQ b0 2kd @RI (SEf BIR. d2Nhi bi tors such

as anastrazol e %Egglsshaéng%%m A% nea0meLlhar] de. and
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of anti bodf ‘e"gcs\/\%ggcdnwaﬁfnﬁ'ﬂm’ieg rﬁgﬁ%?&é%n%lq{)n d"':f%st %ﬁ'&&c‘ﬂfﬁﬁ“ HE 8506) ,

Nf Ab 455 (@tFdesdcRL 11E8507), |vl Ab 225 (ATCC CRI: 8508) MA b 528 (ATCC
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ant i bodi essaPﬂ&stwcﬁlsﬁ type “’l‘?‘ﬁlfsgﬂ‘f”"é@ﬁ‘?y(sﬁs Patent No. 5,212, 290);

humani zed and dhureed shewant it prdfilefr helas itEGaaiHERRIuERE syuee Mab@epk kKineterbypat ent
No. 5, 891, 886ias dtdorbiLingi} sentd et 28 4@l tb FiRcbrdefER ongan6 ved s8aldWladd. HOP ( see
W98150133, Ab%‘gaw shomﬁe rﬂla&duaé-éga%ﬁﬁcmﬁlﬁmqyo gxndQsN&@sﬁqu% Qﬁ) Mih a

eyt ot oxi ¢ agent, gener a runi ocen 439A2,
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precedi ng pea¢naging plricattle walehce 83Q3 Mo | 505l abe b iEhddERPO P3/35685ion dudust AR $293.
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(avai | abl e(shqmblammnb amdibac[hedaER i nhi bitors such as canertinib (Cl-1033;
Rharrnaci a) , hi,Pirt Qr.s sue | bl e
from 181 Phar pESLCCRar & My I B PR AROT IRt A Shig VAL
TK i nhi bi t 8130 1) eRneasidispaEenpasi b tnesyl am (G eevacn) avai I able from G axo;
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qui nazol i ne opyrimdines;” pyrinm dopyri m di nes; -
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CDR FM sequence of VWWYYSXXYWEDV wherein the X at position 6 is N, A Y, W
or O, and the X at position 7is S or R(SEQ M No. 70), for exanple SEQ ID
No. 62 (Fig. 18B), The CDR sequences above are generally present

wi thin human variable |light and vari abl e heavy franmework sequences, such as
substantially the human consensus FR residues of human |ight chain kappa
subgroup I (V14), and substantially the human _consensus FR resi dues of
human heavy ¢ HE§UFe 32 StotyF el ementiofthy mate 22176 aust AYSHitRAycbs S5F2 TP Nobreatd S at ) .
The vari ablpetikagy gequegisownaith Katjvalatledbrbio residieureierilggid Bikvadisvnt donsitraidte

regi on, V\ﬂ%g{& the region may be, for exanpl e, ¥%3. or IgOS i ncl udi ng
native sequence and vari ant constant g b fﬁlﬁa‘?%éé

enbodi nent, sugﬁm&?ﬁ#’%d?alt%‘ﬁfﬁ?‘ifg‘ég‘ef"ﬁ "f%f’ﬂ?lgﬂﬁ%é V"ych g’ﬂ%ﬁ te of
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are at posrtions 298, 333, and 334, preferably 5298A, 13333A, and K334A,
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a1v1a SO
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conpri se anfigusaiop) one ani no acid substi tutl on in the Fe region that

i ncreases CDC aCtthbld" Fofmulftiof is encanialid@ the poRRRNeRInRGemdilly r@as its pysselbstility eddioon at

t idn%ss s i
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vari abl e hﬂ@avy bajesirpa it intedeS EI@IEH1if) ofbe fop@latignnPdrigregianslyticahierbeiquad fotrvegringiptobsiut
substit ut k@Sy kb adilableen the@i aard fefiewdll RPEALY and AREiINTGIRIGHRT-BE] Vighed Liear i abl e

O e e N 8%?@#’%”%@?%?%222

or 392A; OF9NEoMCRaf StEbBtA canibp megsyrgdiaty splppted Sgperature for a sgigcjed fige peedl. freferahly) o
heavy chaitefoohulztbi BudBe aipubi@Erioriadestabdui 2tves, adpotenttpabt 5gband/ord 56 for at
ant i bOdy §etas@§)h*ohélsy anq}apstdbﬁ ataaBSHt B% f&ggltgagl%'nﬁ)hthscoaﬁl%ag %eﬁr fFQrEhexﬁHx@ %ﬂe‘f&rﬁlﬁlh&aﬁ]

In a sumar some various preferred embodi ments of the invention, the
vari abl e Fsé’ﬁf"ﬁ‘l‘i’lyosfab‘e flpwing feeringlOer-80 Y 052 F‘"N"TB"“& Bfrﬁfﬁrf‘?'%‘@a“t"ﬁ &or spmpipolaing )
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vari ants have e sa s tha Humanl zed
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VS ilvl FWW%?&SKBHS ﬁ)@cﬁ%ﬁ&ﬂn& RoFI0SEAGE@alysis to compare reduced and intact antibody;

TLTI SSLQ PPP(F Alln;(li_)g (for am Ic;[ olr MWﬁysﬁa\r&éﬁ% blo%%chk;cnvi%g)' antigen bmdmg%guo% H7v16

variabl e R&aws mal

EvQLVEsoc atwah%dm@s&@ rtpmwmohwwz@&m of AR AP eiREIHAPENCE A1PKOR

FI | SVDKSKMtafldAL € loNGiRAE R T YA GARY MEYNEMBIV ¥ Bt Asp saeaionyr vss ( SEQ | D No.

29) . it
my’ conpr .°?§*“§"’9dfflmfﬁamm?ﬁgmﬁ*%%%%ﬁg%’aﬂ@%isg*°§‘"%q6’ffm SRR

| CRASSSVS TR Wetseyf(c tepsgipehpspeising: ﬂ‘vmmé@wgﬁm@en R
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EAK. VQN\KVDNAL QSGNSQESVTEQDSEDSTYSI BSTLTLSI CADYEKI HKVYACEVTFI QCi LSSPVTKSEN
RCGEC (SEQ I D No. 63); and the heaumy- chain am no acid sequence of SEQ
I D No. 65 or EVOLVES. GOGE. VQPOGSLI t HSCAASGYTFTYNNI HW

VRQAPOKGLEW/GAI Y1 ' Li NGUI SYNQKFKGR

FTI SVDKSKNTL YLQWNSLRAEDTAVYYCARVVYYSNSYWYFDVWOQUFL VTVSSASTKGPSVFPLAP

SSI CSTSGOTAALOCI NKDYFPEPNI TVSVWNSCI ALTSGVEI THI AAVI . 8. SO XSU3S™ v- VTVPSSSLOTO
TYI C NVNI | KPSNI CKYOKI OTHEKSCDK. THI CPPCPA. PELLGGPS' z' FI | PPKPI CDTUAI SI C
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‘A PN A oA A e s . p—p——— R I\ =r=\ sl 7 o — R O Ir™E sr==s I8 7 ™I A IR 1] AL T A= =1 o~ 1



RCGEC (SEQ | D No, 64) and the heavy chain am no acid sequence of SEQ
ID No 66 or: EVQ, VESGEE . NQPGQSLRLSCAASGY. TFTSTNVHWN QAPCGKGE . EW V 0

Al YEGNOATNYT, . i f 2KFKOR

PTI SVDI C. SKNTLYL. QUNSLRAEDTAVYYCARVVYYSYRYW ' FDVYWNGQE LVTVSSASTKGPSVFPI A
PSSKSTSOOTAALQCI VI CDYI TEPVTVSWNSGALTSGVH t TAVLQSSALYSLSSVVTVPSSSLGTQTYI
CNVNFf KPSI\FI‘IWDI EPKSCDATHTCPPCP, t s. PELI , GGPSVFE. FPPKLPKDTLM SI CPEVIMNVVDVS

H ecamidated” monoclonal antibody herein is one in which one or more asparagine residue thereof has

EDPEVKI 7 NA#iSledd\e. NAKaSpRIREEQD YN TadHEHavhlid/l ROQDW - NG CEYKI CKVSNAALPAPI A. A.
T SI CAl COQPPERLL ibbdy %Eiﬁ?"sl}éc RSk YRRl AMIEWNE SINGEIRENMYAEF hidn id- DSDGS
FFLYSl Cl, TVDI CSE. NVESC; S HEALHNHYTQKSI . S1, SPO (SEQ I D No. 72).
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agai nst B"%"é‘?“fPHs"El“PS“ ‘”1“ ‘f‘irers such as CD2-0. The term
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along with its nucl eotide sequence (SEQ ID Nos. 47 and 48) as published in
WO 98151793 on Novenber 19, 1998, A transcriptional splice variant of human
DR5 receptor is known in the art. This splice variant encodes the 440 am no
aci d sequence of human DES receptor as shown in Figs. 26A-C, along with its
nucl eoti de sequence (SEQ I D Nos. 49 and 50) and as published in WO
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aci d sequendel tb 618 6fthd IS hdil @letdchean DO/ iA Lo @abiyaxty hiathed trbikal twb taiyahgnspangi ng
in | engt hth;{nggg%} pgndrcg@lrggogs (gf%ly&g}%gmgrhgk s cont al ni ng a hundr ed or nore

resi dues as | ntrasequence I nsertions of Si g X %hg e amino
aci d resi dues, ViEeTArEY 5t °f By R R °]i‘gﬂ§‘é’53["1d%ﬁ'{§°“it%sfﬁhﬁ ety °)XH‘| Body"Si't h an
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ant i body. composition.  Angt her type of variant is an amino acid substitution
vari ant . TheseUnkarindaatdotivense, 2861 bligastchagirsraiuieh eeraroinaidesésl, Gurd G1(1-Q bd
Antibody aRheGHigrtepl aced by a different residue. The sites of greatest
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ami no aci d cl asoBosyadelind a5 e Rersefireeti oSy i HR A PPUEY EPE € PRENEH™ Tabl e |
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area of tREFELD ut'l on P St I cal conformation,
(h) the cﬁWthﬁcehW@leolBﬁ:Wﬁ'md?ec%@1%?9écule at the target side, or (c)
t he IbuI k of t henisdadl efediafuictioMieREto 86de Ei5logTaY acth@icgitEiblip@H tca:o Fegion@ ndtide
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(1) non- pfﬂ“‘é’f’“s ingjuge C(lse\ymduvaqomelvycnt derepdepticytotoxiqitys Fe ?5ept°wr8m§ P?“b"d?“ﬁ&l’e‘(dﬁ')t TIT
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(F), Ifis(H Alternatively, naturally occurring residues may be

di vided into ginps based on coErunon sidechain properties; (1) hydrophobic:
Norteocine, Met, Ala, Val, Leu, Be; (2) neutral hydrophilic; Cys, Sec,
Thr, Asn, Gn; (3) acidic: Asp, Gn; (4) basic: H's, Lys, Arg; (5) residues
that influence chain orientation: Gy, Pro; (6) aromatic; Tip, Tyr, M.
Non- conservative substitutions will entail exchanging a nenber of one. of




Anot her type of amino acid variant of the antibody alters the original

gl ycosyl ation pattern of the antibody. By altering is neant del eting one or
nore carbohydrate noieties found in the anlibody, and/or adding one or nore
gl ycosylation sites that are not present in the antibody.
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version Ogcmtahr% r@c@ﬁt&rg an‘y FcyI(ﬂﬁ (laxl ')ﬁﬁfuﬁﬁ@eﬂ&")f\@ch ﬁd% bl#ﬂﬁhdirﬁﬁo wid s}aqlfemﬁs tekesi red

properties ue ra t &s avnel been descri bed
above. OY&eETRERip fhﬁ @'l”pésg'f‘ “f‘,’f'm&sﬁ?e? gft@'%tm\g\ngf eﬁg’r %C?' n'biologlcal ¥ o

char act erirssing-based agiisatigemitif @BAM) in its cytoplapgic defesiyt F'#“}?lt'@ﬁ“alﬁ?fl% %H‘P’E?P“bl ocks

l'i gand anhrhn)ﬁ&Edeﬁt& ty2sin@bdelaRhibli6E @REFATIV) 18 cRRidhit Jonaih. (ikgedntibolyano bl ock
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conj ugati o tor wth which the HER Mrﬁ%igﬁga;ag
i nterest % GP?H} CéP“'HEFé W@”’f"é’f"(‘f"@ﬁ‘ 1990rmadAefaes gt of 1R0da cells
nat ur al | y19e3p0®s FiRagncluding hasandé detifid irttir faxpresspmidiER by gbepoFeR’ é!?reltl he HER
bet eco- Ol’['h(gt@r';'rﬂﬁ b inkEH¥s tpe%eén@tﬁ't@&;t& rclVM, mchtlJ}é‘st?ElBlb RPEY w8k Jr heBmaxgReask t o
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| abel ed HER | and ant i bI ock figand

bi ndi ng tfﬁ"st(ﬁ‘@{ @’(f‘é’ff? g & gsﬁé?ﬁgané—lgﬁ Heter8ys 2QQR’)yr t hen be

eval uat ed. “Compleffgnt degondenislytetoxitinhir BERG aeierotp thp iR Qf B ﬁ'dlﬁﬁﬁc P& APEER br east
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cultures on ice t essenti

W01/ 002 48orErsthetpral el Pt BRL s ST A, Blner ATy BERE RS

i ncubated for 30 m nutes. |abeled IHRCPl [7/-224 (25 pnm) may then be added,
and the incubation nmay he continued for 4 to 16 hours. Dose response
curves may be prepared and an | C50 valge may be cal cul ated for the antibody
of interest. In one enbodinent, the antibody which blocks |igand activation
of an HER receptor wll have an 1 C50 for inhibiting ERG binding to M F7
cells in this assay of about 50n141 or less, nore preferably 1.03i Nt or

| ess. Where the antibody is an antibody fragnment such as a Fab fragnent,
the 1C50 for inhibiting nRa binding to IvleF7 cells in this assay may, for
exanpl e, be about 100nM or Jess, nmore preferably 50nhl or | ess.
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To screen for antibodies which bind to an opitope on HER2 bound by an

anti body of interest, a routine cross-blocking assay such as that descri bed
in Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, Ed

Harl ow and David Lane. (1988), can be perforned to assess whet her the

anti body cross-bl oc-1m bi nding of an antibody, such as 2C4 or Perti m nnab,
to HER2. Alternatively, or additionally, epithee mappi ng can be per f or med
by met hotessksnermalonant acifyetionrs(CDS e bt-2- BT HsSCHbeR M SPEfeRy- Sﬁffﬁﬁ@ﬁﬁ’? i-B8842'BBR2

st r uct urgedolranieh (19963 tnaple peatedr Cel | 5: 317-328 (2004)) to see what

domai n(s) of &k 25 anhb%élésf 8e QQAﬁgﬁ'et&&{eumﬁc Qlybtoﬁragﬁu)fab@dt)ﬁo obGHAMEIQ&@BJe%Qﬁt es
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baCt eri g lmx'nhlto 91911'11': is dyQL sABch PavyARd TERdcheM disd hdd regi G ka6t B@rachdit AgARBrggeand/ or
variants ereofradi oactive isotope (i.e., a radiciconjugate).

Chenot hekasipeat cpinhgarnsend s efigile domain (e [Haviet e ngRbendt casfmdqmaaT %ﬁtbﬂ‘f ugat es
have been descri bed above. Conjugates of an anti bod&/ nd ontéom e srral I
mol ecul echeiplas p¥ariable damaingt ong epd (VL) AP gPHRY Sppaingt B gPE i i AT E” aﬁ’a?

S5, 208, 02(hhe chﬁn i ﬂigﬁéh%tlhtﬁef@st cakikht §ohiQ 6hnedE Ry ahis Qnd?tﬁd‘ltgﬂniﬁﬂlrai‘aﬁiﬂlehemﬁi&
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one or nBFEPREYT ARSI RS g [to about 10 maytansine
mol ecul e@wﬁe?bemwéeycfma degve yhain (aptedosriffe may, for exanple, be converted
to May- SS- Mo Mhieaidtvarahc logery te Beibe thatcertalvpyri@it §3heaymriible camhedifaurhsirddin | ed
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Structur ﬁ‘Lng%&ﬁLe%%%ﬁ{s)szﬂieC@dbﬁ D& Qf'n&w%a@nnm}ft s Ua%ﬁéimbﬁk@ boud®s, but are

not limt a3l, N-acet

Cancer REEEY f‘dé’Ff‘“Sgﬂ Sh%"é%"@ﬁ%’?ﬂ"é‘ ?T@@?)by ﬁ‘héa g’iferv e rﬁ%m&g%h fOI("Hoos? g% %JHE%
2925- 292 8d(l:008pjes foSem partf.Jie, B-stySt sPeptueen ffheml@rva@bw Jegions@gpachghanage h3‘7‘4,

S, 264, 588t cibse Fré3mBb the ¥Ry 08 Sitythé Hypovapdlcadsits fereiometlain ehebenoahe

5:1 EK?EI I go%ln%& n et‘% !mY Seﬁ %ﬁﬁl\g@ &Qﬂxb&%@@%ﬂa%et L) @Jqﬁ&tt‘es W Ldis GaRmBBILMeed 1 ncl ude

act]ve eria toxin,
exot oxi n”%”i‘fh?i]i‘?fi f‘ﬂ“dﬁ’?l?’ssé“f"ﬁ‘? P%ﬂ?“ﬁé?ﬁ%gﬁg% g’fs(aa P’ﬁl} ﬂ%btl g 1 ST abrirt A
chai n, nodeosimnotinghad dietialnbhdinsalantibpriy to spwiaen pieahibiprageus °fE9?t8‘tf€'i°‘t*P§“S di ant hi n
pr ot ei NS g PRk ion 3RS dn @303 R LIPS ddnoARlar cy3ARkiy (ADAC)PAP- S),  monor di ca
al um na i nhi bjI'lE ?rrh hy;lftlegv(é\'rll e I‘Céltor?’t“l’hgﬂ use%%gég Qél:s t&he%ﬁrﬁdogél&@ldué of zﬂﬂht@b&ﬁf

gelatin, m togelel ocln henony enorTK

hi cot heeatisisare 1‘3?@@5“’1? €9f aneseah*ﬂ‘f"e TWWF?R%%W RS °é‘8“%i:%‘l5’é“?‘§ 5g1ui 993,
The pr eseni adom@aiehtany deterrtitigrregoo i SOPR" 4t @ ssiduas 24r9ﬁﬂr1b EoHj LR AnISIPBE i

bet ween i 1igHd L QQXbl%galﬁang @meHEdSO% ﬁiﬁ) 5 64-80 1Y) inCGhe A&} dhhih Yarifife dghmaid;

ri bonucl ease o n XY d 2t se).
A vari et aleﬁ et lera &F%e’é 8::(3‘ Pfs-goui 8’?’{05‘6””"%%;{“‘3 Hl erest?ﬁh l":b%[ pu%lﬁ)wmhlg&(% : qui ﬁ%’[ﬁiﬁ Otntu of
r adi oconjotigralte Beth4ERMIn 99 1) ee/as grose paigues faom o hrpeygipEle s @gges'?f? 2635Iekanpl es

i ncl ude Ab.sz (Lt) and 91-96 @LY) in th%%ham GiBleRomdicthnd 262080158 V2 (H2p0d dpWs FGP il the
Conj ugat &8 avy challu va%ab%%x!nglp ot d Eéél?ﬁ m%bz& f@@@(ﬁblﬁ@%ﬁ?e FRRORAUSHDY & variety

of b|func ional protein coup such

as
N-sucei ni"f§ d?FT“"BafE ?%5%?%&%?"& ‘Fﬁ‘%‘Fs)“'ﬁ‘i't{ffﬁfhﬁh’erém(‘%ﬁ%n resigiesias Begeindened:

succi ni m dy 1- 2aphiddigatioe bivntbodiss@tobncks)twijwmiiclreseameinding dragniyess ydlled ‘Eab”

i m not hi cHa?[ﬂ:ﬂtS (egcil()mth ;pskn%lg DL BPhe € hddhddsiaV@ S Ofaghaddl whodd amé S1Meh irédboity et hy |
aclipi mda , active esters (aura as disucei ni m dyi_suber at e?

al dehydesgo (rstatbkp ra@b’g Pertimteinge higdegn Flehladrenenidiyt Moy BiEadInfiag R aadis |5 il

(p-azi dobet ; iarnine), bis-diazonitun derivatives (such as

bi s- (p- di° z%)l?lc%rn%elnz%%ﬁﬁget hyl enedi am ne di | socyanat es .(suc(p as t ol yene
2, 6-di i socyanate, theawamﬁagte?e Y; fipemen} eiish PIRERIng biepB iR TLEp LRGeeRtigand antigen-

1, 5- di f| waiing st 4Fnidiragiob Soadkdrz £di@gr of droliead)cbainphégne Bght dhgn verigbiprdgmat o g can be
prepared as described in Vitetta et at Science 238: 1098 (1987).

Car bon- 144abel ed 1-i sot hi ocyanat obenzyis- 3- netl ryl di et hyl che

triam nepentaacetic acid (MX-DTPA) is an exenplary dictating agent for
conjugation of radionucleotide to the anti body, See WO94/11026. The |i nker
may be a "cleavable linker" facilitating release of the cytotoxic drug in
the cell. For exanple, an acid-labile |linker, peptidase-sensitive |inker,
di rethyl linker or disulfide-containing |inker (Chad a at Cancer Research
52: 127- 131 (1992)) may be used Al ternatively, a fusion protein
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Particularly useful |iposonmes can be generated by the reverse phase
evaporation nethod with a |ipid conposition conprising phosphatidyl eholi ne,
chol esterol and PEG derivatited phosphati dyl et hanol arni ne (PEG PE).

Li posonmes are extruded through filters of defined pore size to yield
l'iposornes with the desired dianeter, R b fragments of the antibody of the
present invention can be conjugated to the |iposornes as described in
Martin aftongavalgt aspopigtion Chis g pefisggign higde (oo Bpyrvaipde raelate ScF raePls )PeR change
reactio t G Wpt i1t he

Li posorrgm'%‘m@g%‘“gg‘#@’g%} %gw@gﬁ%ﬁ’?\%@gggﬁc&?ﬁ%}/%ﬁ%@ rfg’) 1484 ?%%39) (i x)
Exenpl armygiohntonfocdiigesbinding specifidix @it lagtibydy aieviekro diee 8 sipgld vetinble éwabéorfléfrqfru | at ed

accor di ng g &niphs% Bﬁl?ﬁﬁ@ﬁypér%ﬁ)mrég%% sbdafﬁlc FE8 aktgtn) Bds Bre Bty o beBighi®thnd Bnd he
fol |l ow é g anti-1ER2 anti bodi es, such as

e
t hose deag'%%‘i‘ Blé*}ﬂ“‘% ﬁtaﬁ%wergﬂl ’(%lanltﬁscﬁ‘énrmgbmr?mgmntl bodi es that bind to a B-cell
surface mar kéfhe Fas fregmens glspntaisy the @mstant demsin ofshedispickeingnd e HERTS RIMBKAN( 0) and
humani ze@udbi #g hea'glokedh, FABDAQmENs dikBrli{ody FattffdginbrBl @8 additiad of bfemeksithes &gk | ncl udi ng

Onui |
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A “HER2-expressing cancer” is one comprising cells which have HER2 protein present at their cell

surface.

A cancer which “overexpresses” a HER receptox is one which has significantly higher levels of a HER
receptor, such as HER2, at the cell surface thereof, compared to a noncancerous cell of the same tissue type.
Such overexpression may be caused by gene amplification or by increased transcription or translation. HER
receptor overexpression may be determined in a diagnostic or prognostic assay by evaluating increased levels of
the HER protein present on the surface of a cell (¢.g. via an immunohistochemistry assay; IHC). Alternatively,

or additionally, one may measure levels of HER-encoding nucleic acid in the cell, e.g. via fluorescent in situ
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was formulated into 20 rnM histidine-acetate buffer with 120 ni M sucrose
and 0.02 % pol yserbate 20. The pHs of fornulations were adjusted \vith
acetic- acid to final pH between 5.0 and 7.0. The protein concentration was
30 nead,. Each fornulation was filled into 3 cc HS? Type |I glass vials and
stored at 40=C for stability analysis. The results showed that Pertuzutnah
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sucrose, OhD2ebplyloftbomatipatean2gibodypyhigh i optioeplly latgledvigh aeseciolly el €812 face, 240
raM SucCr O8®eactivlis@¥oapidiMHm 6t tHaaktBod & call .ithe patient can be evaluated, e.g. by external scanning
for radioactivity or by analyzing a biopsy taken from a patient previously exposed to the antibody.
Conversely, a cancer which “does not overexpress HER2 receptor” is one which does not express
higher than normal levels of HER2 receptor compared to a noncancerous cell of the same tissue type.
A cancer which “overexpresses” a HER ligand is one which produces significantly higber levels of that
ligand compared to a noncancerous cell of the same tissue type. Such overexpression may be caused by gene
amplification or by increased transcription or translation. Overexpression of the HER ligand may be determined
diagnostically by evaluating levels of the ligand (or nucleic acid encoding it) in the patient, e.g. in a tumor
biopsy or by various diagnostic assays such as the THC, FISH, southern blotting, PCR or in vivo assays described
above.

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of

cells and/or causes destruction of cells. The term is intended to include radioactive isotopes (e.g. A 211, 1131,

125 186 _ 1 153 .212 _32
i Y90, Re 88 3 3

1 JRe ,Sm ~,Bi""“, P and radioactive isotopes of Lu), ch.emotherapeutic agents, and

toxins such as small molecule toxins or enzymatically active toxins of bacterial, fungal, plant or animal origin,
including fragments and/or variants thereof.

A “chemotherapeutic agent” is a chemical compound useful in the treatment of cancer. Examples of
chemotherapeutic agents include alkylating agents such as thiotepa and cyclosphosphamide (CYTOXAN®),
alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines and methylamelamines including altre-tamine, triethylenemelamine,
trietylenephosphoramide, triethiylenethiophosphoramide and trimethylolomelaxnine; acetogenins (especially
bullatacin and bullatacinone); delta-9-tetrahydrocannabinol (dronabinol, MARTINOL®); beta-lapachone;
lapachol; colchicines; betulinic acid; a camptothecin (including the synthetic aralogue topotecan
(HYCAMTIN®), CPT-11 (irinotecan, CAMPTOSAR®), acetylcamptothecin, scopolectin, and 9-
aminocamptothecin); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin
synthetic analogues); podophylotoxin; podophyllinic acid; teniposide; cryptophiycins (particularly cryptophycin
1 and cryptophycin 8); dolastatin; duocarmy.cin (including the synthetic analoguies, KW-2189 and CB1-TM1);
eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil,
chlornaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfarmide, uracil mustard; nitrosureas
such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and ranirnnustine; antibiotics such as the
enediyne antibiotics (e. g., calicheamicin, especially calicheamicin gammall and calicheamicin omegall (see,
e.g., Agnew, Chem Intl. Ed. Engl., 33: 183-186 (1994)); dynemicin, including dynemicin A; an esperamicin; as
well as neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic chromophores),
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Each formulation was tilled into 3 cc FORMA V TRUtvirm USP Type 1 gl ass
vial sealed with FLUROTE C. I mfaced butyl rubber stoppers. Sanples were
stored at 30C and 40C and stability was evaluated for quality (CAC) and
purity (SEC, MC), The stability results showed that Pertuzuniab in
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trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic

acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine ; demecolcine; diaziquone;
elfornithine; elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids
such as maytansine and ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin;
phenamet; pirarubicin; losoxantrone; 2-ethylhydrazide; procarbazine; PSK® polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid; triaziquone;
2,2 ,2”-trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and anguidine);
urethan; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobromamn; gacytosine; arabinoside (“Ara-C”);
thiotepa; taxoid, e.g., paclitaxel (TAXOL®), albumin-engineered nanoparticle formulation of paclitaxel
(ABRAXANE™), and docetaxel (TAXOTERE®); chloranbucil; 6-thioguainine; mercaptopurine; methotrexate;
platinum agents such as cisplatin, oxaliplatin, and carboplatin; vincas, which prevent tubulin polymerization
from forming microtubules, including vinblastine (VELBAN®), vincristine (ONCOVIN®), vindesine
(ELDISINE@, FILDESIN®), and vinorelbine (NAVELBINE®); etoposide (VP-16); ifosfamide; mitoxantrone;
leucovovin; novantrone; edatrexate; daunomycin; aminopterin; ibandronate; topoisomerase inhibitor RES 2000;
difluorometlhylornithine (DMFO); retinoids such as retinoic acid, includimg bexarotene (TARGRETIN®);
bisphosphonates such as clodronate (for example, BONEFOS® or OSTAC®), etidronate (DIDROCAL®), NE-
58095, zoledronic acid/zoledronate (ZOMETA®), alendronate (FOSAMA X®), pamidronate (AREDIA®),
tiludronate (SKELID®), or risedronate (ACTONEL®); troxacitabine (a 1,3-dioxolane nucleoside cytosine
analog); antisense oligonucleotides, particularly those that inhibit expression of genes in signaling pathways
implicated in aberrant cell proliferation, such as, for example, PKC-alpha, Raf, H-Ras, and epidermal growth
factor receptor (BGF-R); vaccines such as THERATOPE® vaccine and gene therapy vaccines, for example,
ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccine; topoisomerase 1 inhibitor (e.g.,
LURTOTECAN®); rmRH (e.g., ABARELIX®); BAY439006 (sorafenib; Bayer); SU-11248 (Pfizer); perifosine,
COX-2 inhibitor (e.g. celecoxib or etoricoxib), proteosome inhibitor (e.g. S341); bortezomib (VELCADE®);
CCI-779; tipifarnib (R11577); orafenib, ABT510; Bcl-2 inhibitor such as Oblimersen sodium (GENASENSE®),
pixantrone; EGFR inhibitors (see definition below); tyrosine kinase inhibitors (see definition below); and
pharmaceutically acceptable salts, acids or derivatives of any of the aboves as well as combinations of two or

more of the above such as CHOP, an abbreviation for a combined therapy of cyclophosphamide, doxorubicin,
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vincristine, and prednisolone, and FOLFOX, an abbreviation for a treatment regimen with oxaliplatin
(ELOXATIN™) combined with 5-FU and leucovovin.

Also included in this definition are anti-hormonal agents that act to regulate or inhibit hormone action
on tumors such as anti-estrogens with mixed agonist/antagonist profile, including, tamoxifen (NOLVADEX®),
4-hydroxytamoxifen, toremifene (FRARESTON®), idoxifene, droloxifene, raloxifene (EVISTA®), trioxifene,
keoxifene, and selective estrogen receptor modulators (SERMs) such as SERM3; pure anti-estrogens without
agonist properties, such as fulvestrant (FASLODEX®), and EM800 (such agents may block estrogen receptor
(ER) dimerization, inhibit DNA binding, increase ER turnover, and/or suppress ER levels); aromatase inhibitors,
including steroidal aromatase inhibitors such as formestane and exemestane (AROMASIN®), and nonsteroidal
aromatase inhibitors such as anastrazole (ARIMIDEX®), letrozole (FEMARA®) and aminoglutethimide, and
other aromatase inhibitors including vorozole (RIVISOR®), megestrol acetate (MEGASE®), fadrozole,
imidazole; lutenizing hormone-releaseing hormone agonists, including leuprolide (LUPRON® and
ELIGARD®), goserelin, buserelin, and tripterelin; sex steroids, including progestines such as megestrol acetate
and medroxyprogesterone acetate, estrogens such as diethylstilbestrol and premarin, and androgens/retinoids
such as fluoxymesterons, all transretionic acid and fenretinide; onapristone; anti-progesterones; estrogen
receptor down-regulators (ERDs); anti-androgens such as flutamide, nilutamide and bicalutamide; testolactone;
and pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as combinations of two or

more of the above.

As used herein, the term “EGFR-targeted drug” refers to a therapeutic agent that binds to EGFR and,
optionally, inhibits EGFR activation. Examples of such agents include antibodies and small molecules that bind
to EGFR. Examples of antibodies which bind to EGFR include MAb 579 (ATCC CRL HB 8506), MAb 455
(ATCC CRL HB8507), MAb 225 (ATCC CRL 8508), MAb 528 (ATCC CRL 8509) (see, US Patent No. 4,943,
533, Mendelsohn ez al.) and variants thereof, such as chimerized 225 (C225 or Cetuximab; ERBUTIX®) and
reshaped human 225 (H225) (see, WO 96/40210, Imclone Systems Inc.); antibodies that bind type II mutant
EGFR (US Patent No. 5,212,290); humanized and chimeric antibodies that bind EGFR as described in US Patent
No. 5,891,996; and human antibodies that bind EGFR, such as ABX-EGF (see WO098/50433, Abgenix). The
anti-EGFR antibody may be conjugated with a cytotoxic agent, thus generating an immunoconjugate (see, e.g.,
EP659,439A2, Merck Patent GmbH). Examples of small molecules that bind to EGFR include ZD1839 or
Gefitinib IRESSATM; Astra Zeneca), CP-358774 or Erlotinib HCL. (TARCEVA™; Genentech/OSI) and
AG1478, AG1571 (SU 5271; Sugen).

A “tyrosine kinase inhibitor”is a molecule which inhibits to some extent tyrosine kinase activity of a
tyrosine kinase such as a HER receptor. Examples of such inhibitors include the BEGFR-targeted drugs noted in
the preceding paragraph as well as small molecule HER? tyrosine kinase inhibitor such as TAK 165 available
from Takeda, dual-HER inhibitors such as EKB-569 (available from Wyeth) which preferentially binds EGFR
but inhibits both HER2 & EGFR-overexpressing cells, GW572016 (available from Glaxo) an oral HER2 and
EGFR tyrosine kinase inhibitor, and PKI-166 (available from Novartis); pan-HER inhibitors such as canertinib
(CI-1033; Pharmacia); Raf-1 inhibitors such as antisense agent ISIS-5132 available from ISIS Pharmaceuticals
which inhibits Raf-1 signaling; non-HER targeted TK inhibitors such as Imatinib mesylate (Gleevac™) available
from Glaxo; MAPK extracellular regulated kinase I inhibitor CI-1040 (available from Pharmacia); quinazolines,

such as PD 153035,4-(3-chloroanilino) quinazoline; pyridopyrimidines; pyrimidopyrimidines;
26-



Pass for Col or, Appearance and Clarity: Cear to slightly opal escent,

odorl ess to pale yellow solution. EXAMPLE 6 Pert uzurnab was

formul ated using tangential flow filtration (UPP). The final fornulation
contains 20 nmM histidine-acetate, 120 tri M sucrose, 0.02 (X, polysorbate
20, pH 6.0 at protein concennationt of 30 trighnL. Sanples were filled into
a 20 ML FORVA VI TRUMThl USP Type | glass vial, capped with the 20 mm

PLURCT! r pyfrelopgdimilsiogts yshch ns (pBRG9326t @5i71$6268 and &G 62786 PyselzalipyrFmidinagi (prewamfrio)- p-top
caps. Aljy. ETEIIZ ) [wﬁrﬁl@inét&fcﬁﬁin @tfemlg)@m&aanes@s-blg-@@luoaﬂﬂhrﬁipﬁbﬂﬁrﬁ&y was

e b o L P ek B LA

sho rna Inthis
f or nul at tha bind tp HAR-scefinagecldpacidCiuiparline s @S Pasent He- 5 $E430) SyrbpHHph SIS Patmape. 5.
St abi | i tyso@ﬁgs?@bbmz@aﬁa&naca) FgKasB(Niaak/Schering EG); (i AER ibibifbrrahky CI54331

Bi oassay pf /0 SRECL f h&s 868 ¥ntid; th@Rib esylate (Gleevac; Novartis); PKT 166 (Novartis); GW2016
(Glaxo SmithKline); CI-1033 (Pfizer); EKB-569 (Wyeth); Semaxinib (Sugzen); ZD6474 (AstraZeneca); PTK-
787 (Novartis/Schering AG); INC-1C11 (Imclone); or as described in any of the following patent publications:
US Patent No. 5,804,396; W099/09016 (American Cyanimid); WO098/43960 (American Cyanamid);
W097/38983 (Warner Lambert); W099/06378 (Warner Lambert); W099/06396 (Warner Lambert);
'W096/30347 (Pfizer, Inc); WO96/33978 (Zeneca); W096/3397 (Zeneca); and WQO96/33980 (Zeneca).

An “anti-angiogenic agent” refers to a compound which blocks, or interferes with to some degree, the
development of blood vessels. The anti-angiogenic factor may, for instance, be a small molecule or antibody
that binds to a growth factor or growth factor receptor involved in promoting angiogenesis. The preferred anti-
angiogenic factor herein is an antibody that binds to Vascular Endothelial Growth Factor (VEGF), such as
Bevacizumab (AVASTIN®).

The term "cytokine" is a generic term for proteins released by one cell population which act on another
cell as intercellular mediators. Examples of such cytokines are lymphokines, monokines, and traditional
polypeptide hormones. Included among the cytokines are growth hormone such as human growth hormone, N-
methiony]l human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; insulin;
proinsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle stinnulating hormone (FSH), thyroid
stimulating hormone (TSH), and luteinizing hormone (LH); hepatic growth factor; fibroblast growth factor;
prolactin; placental lactogen; tumor necrosis factor-o, and -B; mullerian-inhibiting substance; mouse
gonadotropin-associated peptide; inhibin; activin; vascular endothelial gro-wth factor; integrin; thrombopoietin
(TPO); nerve growth factors such as NGF-; platelet-growth factor; transforming growth factors (TGFs) such as
TGF-o and TGE-B; insulin-like growth factor-I and -II; erythropoietin (EP O); osteoinductive factors; interferons
such as interferon-o, -, and -y; colony stimulating factors (CSFs) such as macrophage-CSF (M-CSF);
granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins (ILs) such as oL-1, IL-1a,
-2, -3, L4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL.-11, IL.-12; a tumor necrosis factor such as TNF-q, or
TNF-B; and other polypeptide factors including LIF and kit ligand (KL). As used hetein, the term cytokine
includes proteins from natural sources or from recombinant cell culture and biologically active equivalents of the

native sequence cytokines.

The antibody which is formulated is preferably essentially pure and desirably essentially homogeneous
(i.e. free from contaminating proteins etc). "Essentially pure" antibody means a composition comprising at least
about 90% by weight of the antibody, based on total weight of the composition, preferably at least about 95% by
weight. "Essentially homogeneous” antibody means a composition comprising at least about 99% by weight of

antibody, based on total weight of the composition.

A “B-cell surface marker” or “B-cell surface antigen” herein is an antigen expressed on the surface of a

B cell that can be targeted with an antibody that binds thereto. Exemplary B-cell surface markers include the
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process, See IerngembﬂgBment, the humanized 2H7 antibody comprises one, two, three, four, five or six of the

following CDR sequences:

CDR L1 sequence RASSSVSYXH wherein X is M or L (SEQ ID No. 67), for example SEQ ID No. 57 (Fig.
18A),

CDR L2 sequence of SEQ ID No. 58 (Fig. 18A),

CDR L3 sequence QQWXFNPPT wherein X is S or A (SEQ ID No. 68), for example SEQ ID No. 59 (Fig. 184),
CDR H1 sequence of SEQ ID No. 60 (Fig. 18B),

CDR H2 sequence of ATYPGNGXTSYNQKFKG wherein X is D or A (SEQ ID No. 69), for example SEQ ID
No. 61 (Fig. 18B), and

CDR H3 sequence of VVYYSXXYWYFDV wherein the X at position 6is N, A, Y, W or D, and the X at
position 7 is S or R (SEQ ID No. 70), for example SEQ ID No. 62 (Fig. 18B).

The CDR sequences above are generally present within human variable light and variable heavxy
framework sequences, such as substantially the human consensus FR residues of human light chain kappa
subgroup I (V(xI), and substantially the human consensus FR residues of human heavy chain subgroup XII
(VD). See also WO 2004/056312 (Lowman et al.).

. The variable heavy region may be joined to a human IgG chain constant region, wherein the region may
be, for example, IgG1 or IgG3, including native sequence and variant constant regions.

In a preferred embodiment, such antibody comprises the variable heavy domain sequence of SEQID
No. 29 (v16, as shown in Fig. 18B), optionally also comprising the variable light domain sequence of SEEQ ID
No. 26 (v16, as shown in Fig. 18A), which optionally comprises one or more amino acid substitution(s) at
positions 56, 100, and/or 100a, e.g. DS6A, N100A or N100Y, and/or $100aR in the variable heavy domain and
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consists essentially of 30inglinii, Fertuzurriab in 20rOM histicline

acetate, 120Si| sucrose, 0.02% pol ysorbato 20, at pH 6.0. 420rrig dose vi al
configuration: Vial: 20 cc Formal Vitium Type | gl ass Stopper: 20nTsi
DAYKYO GREY, fluoro-resin Cam 20uuri flip top alum numFill volume: 11.50
niL Delivery: 14.0 M Pertuzumab in normal saline |V bag. 1050ng dose vi al

conf i guenabi ngme amfio adid sulsBtuiga(sFeoposidns ¥ andfer T2y pe M32lgind/esSogt, éjﬁhﬁelpﬂablﬁ Ozt aDAI KYO

GREY,  fhddai@l BretbSs3), Me Lnamdp@mﬁtac%ﬂbod;%ﬁgnang thé hicBPn ﬁhdm.maueﬁwofmb
36.0 m Pet t uzuma | Dg |V bag. EXAVPLE | |

Thi s ex%jr%ﬂsgl‘)’l roﬁc%c}lﬁ%vy élﬁ’&aﬂié? acfgé?qf'ﬂﬁusrﬁfgg(lggﬁ?m% ?S i ‘fihi ch has been used

in Phase | aohprefRred Bwmanized 2HT a3fikody is effedlzgmabTHesewasWposi ti on consi sts of 25
i ngi M Por t ug Bfibudy Adebid dbylrh& tdngiise 8- 18t onb bbb iicid substkioh MMe Stiegiaam: 0. 02%

Pol ysor &ap}oges %BCC cht_xlvig'; s(aéh as one wherein the amino acid substitutions are at positions 298, 333, and 334,
preferably S298A, B3334, and K334A, using Bu numbering of heavy chain residues. See also US Patent No.
6,737,056B1, Presta.

Any of these antibodies may comprise at least one substitution in the Fc region that improves FcRn
binding or serum half-life, for example a substitution at heavy chain position 434, such as N434W. See also US
Patent No. 6,737,056B1, Presta.

Any of these antibodies may further comprise at least one amino acid substitution in the Fc region that
increases CDC activity, for example, comprising at least a substitution at position 326, preferably K326A or
K326W. See also US Patent No. 6,528,624B1 (Idusogie et al.).

Some preferred humanized 2H7 variants are those comprising the variable light domain of SEQ ID No.
26 and the variable heavy domain of SEQ ID No. 29, 1ncluding those with or without substitutions in an Fc
region (if present), and those comprising a variable heavy domain with alteration N100A; or D56A and N100A;
or D56A, N100Y, and S100aR; in SEQ ID No. 29 and a variable light domain with alteration M32L; or S§92A; or
M32L and S924; in SEQ ID No. 26.

M34 in the variable heavy chain of 2H7v16 h.as been identified as a potential source of antibody
stability and is another potential candidate for substitution.

In a summary of some various preferred embodiments of the invention, the variable region of variants
based on 2H7v16 comprise the amino acid sequences of v16 except at the positions of amino acid substitutions

that are indicated in the Table below. Unless otherwise indicated, the 2H7 variants will have the same light

chain as that of v16.
Exemplary Humsaanized 2H7 Antibody Variants
2H7 Heavy chain  [Light chain |E'c changes
Version |(Vu) changes |(Vy) changes
16 for
reference -
31 - - S298A, E333A, K334A
73 IN1OOA [M32L
75 N100A M32L S298A, E333A, K334A
06 D564, N100A [S92A
114 D56A, N100A |M32L, S92A |S298A, E333A, K334A
115 D56A, N100A |M32L, S92A [S298A, E333A, K3344, E356D, M358L
116 D56A, N100A [M32L, S92A [|S298A, K334A4, K322A
138 D56A, N100A |M32L, S92A |S298A, E333A, K334A, K326A
477 D56A, N100A |M32L, S92A |[S298A, E3334, K334A, K326A, N434W
375 - = K(334L
588 - = S298A, E333A, K334A, K326A
D564, N100Y,
511 S100aR M32L, S92A |S298A, E333A, K334A, K326A
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One preferred humanized 2H7 comprises 2H7v16 variable light doxmain sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLI'Y APSNLASGVPSRFSGSGSGTDF
TLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKR (SEQ ID No. 26);

and 2H7v16 variable heavy domain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSYNQKFKGR
FTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVW GQGTLVTVSS (SEQ ID No. 29).

Where the humanized 2H7v16 antibody is an intact antibody, it may comprise the light chain amino

acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLI YAPSNLASGVPSRFSGSGSGTDF
TLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR
EAKVQWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEK HKVYACEVTHQGLSSPVTKSEN
RGEC (SEQ ID No. 63);

and the heavy chain amino acid sequence of SEQ ID No. 65 or:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSYNQKFKGR
FTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVW GQGTLVTVSSASTKGPSVFPLAP
SSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYIC
NVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP KDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWINGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFR
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ XD No. 71).

Another preferred humanized 2H7 antibody comprises 2H7v511 variable light domain sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHEWYQQKPGKAPKPLIY APSNLASGVPSRESGSGSGTDF
TLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKR (SEQ ID No. 73)

and 2H7v511 variable heavy domain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEW VGAIYPGNGATSYNQKFKGR
FTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVW GQGTLVTVSS (SEQ ID No. 74).

Where the humanized 2H7v511 antibody is an intact antibody, it may comprise the light chain amino
acid sequence:

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIY APSNLASGVPSRESGSGSGTDF
TLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR
EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEK HKVYACEVTHQGLSSPVTKSEN
RGEC (SEQ ID No. 64)

and the heavy chain amino acid sequence of SEQ ID No. 66 or:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHW VRQAPGKGLEW VGATYPGNGATSYNQKFKGR
FTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVW GQGTLVTVSSASTKGPSVFPLA
PSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYI
CNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPK PKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRVVSVLTVLHOQDWLNGKEYKCKVSNAALPAPIAA
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW ESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID No. 72).
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A “B-cell malignancy” herein includes non-Hodgkin’s lymphoma (NHL), including low
grade/follicular NHL, small lymphocytic (SL) NHL, intermediate grade/follicular NHL, intermediate grade
diffuse NHL, high grade immunoblastic NHL, high grade lymphoblastic NHL, high grade small non-cleaved cell
NHL, bulky disease NHL, mantle cell lymphoma, AIDS-elated lymphoma, and Waldenstrom’s
Macroglobulinemia; leukemia, including acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia
(CLL), Hairy cell leukemia and chronic myeloblastic leukemia; and other hematologic malignancies. Such

malignancies may be treated with antibodies directed against B-cell surface markers, such as CD20.

The term “non-Hodgkin’s lymphoma” or “NHL”, as used herein, refers to a cancer of the lymphatic
system other than Hodgkin's lymphomas. Hodgkin's lymphomas can generally be distinguished from non-
Hodgkin’s lymphomas by the presence of Reed-Sternberg cells in Hodgkin’s lymphomas and the absence of said
cells in non-Hodgkin’s lymphomas. Examples of non-Hodgkin’s lymphomas encompassed by the term as used
herein include any that would be identified as such by one skilled in the art (e.g., an oncologist or pathologist) in
accordance with classification schemes known in the art, such as the Revised European-American Lymphoma
(REAL) scheme as described in Color Atlas of Clinical Hematology, Third Edition; A. Victor Hoffbrand and
John E. Pettit (eds.) (Harcourt Publishers Limited 2000) (see, in particular Fig. 11.57, 11.58 and/or 11.59). More
specific examples include, but are not limited to, relapsed or refractory NHL, front line low grade NHL, Stage
II/TV NHL, chemotherapy resistant NHL, precursor B lymphoblastic leukemia and/or lymphoma, small
lymphocytic lymphoma, B cell chronic lymphacytic leukemia and/or prolymphocytic leukemia and/or small
lymophocytic lymphoma, B-cell prolymphocytic lymphoma, immunocytoma andfor lymphoplasmacytic
lymphoma, rnarginal zone B cell lymphoma, splenic marginal zone lymphoma, extranodal marginal zone -
MALT lymphoma, nodal marginal zone lymphoma, hairy cell leukemia, plasmacytoma and/or plasma cell
myeloma, low grade/follicular lymphoma, intermediate grade/follicular NHL, mantle cell lymphoma, follicle
center lymphoma (follicular), intermediate grade diffuse NHL, diffuse large B-cell lymphoma, aggressive NHL
(including aggréssive front-line NHL and aggressive relapsed NHL), NHL relapsing after or refractory to
autologous stem cell transplantation, primary mediastinal large B-cell lymphoma, primary effusion lymphoma,
high grade imnmunoblastic NHL, high grade lymphoblastic NHL, high grade small non-cleaved cell NHL, bulky
disease NHL., Burkitt’s lymphoma, precursor (peripheral) T-cell lymphoblastic leukemia and/or lymphoma, adult
T-cell lymphioma and/or leukemia, T cell chronic lymphocytic leukemia and/or prolymphacytic leukemia, large
granular lymphocytic leukemia, mycosis fungoides and/or Sezary syndrome, extranodal natural killer/T-ceil
(nasal type) lymphoma, enteropathy type T-cell lymphoma, hepatosplenic T-cell lymphoma, subcutaneous
panniculitis Like T-cell lymphoma, skin (cutaneous) lymphomas, anaplastic large cell lymphoma, angiocentric
lymphoma, intestinal T cell lymphoma, peripheral T-cell (not otherwise specified) lymphoma and

angioimmunoblastic T-cell lymphoma.

An “autoimmune disease” herein is a disease or disorder arising from and directed against an
individual’s own tissues or a co-segregate or manifestation thereof or resulting condition therefrom. Examples
of autoimmune diseases or disorders include, but are not limited to arthritis (rtheumatoid arthritis, juvenile-onset
rheumatoid arthritis, osteoarthritis, psoriatic arthritis, and ankylosing spondylitis), psoriasis, dermatitis including
atopic  dermatitis, chronic  idiopathic  urticaria, including chronic  autoimmune urticaria,
polymyositis/dermatomyositis, toxic epidermal necrolysis, scleroderma (including systemic scleroderma),

sclerosis such as progressive systemic sclerosis, inflammatory bowel disease (IBD) (for example, Crohn's
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disease, ulcerative colitis, auteimmune inflammatory bowel disease), pyoderma gangrenosum, erythema
nodosum, primary sclerosing cholangitis, episcleritis), respiratory distress syndrome, including adult respiratory
distress syndrome (ARDS), meningitis, IgE-mediated diseases such as anaphylaxis and allergic and atopic
rhinitis, encephalitis such as Rasmussen's encephalitis, uveitis or autoimmune uveitis, colitis such as microscopic
colitis and collagenous colitis, glomerulonephritis (GN) such as membranous GN (membranous nephropathy),
idiopathic membranous GN, membranous proliferative GN (MPGN), including Type I and Type 11, and rapidly
progressive GN, allergic conditions, allergic reaction, eczema, asthma, conditions involving infiltration of T cells
and chronic inflammatory responses, atherosclerosis, autoimmune myocarditis, leukocyte adhesion deficiency,
systemic lupus erythematosus (SLE) such as cutaneous SLE, subacute cutaneous lupus erythematosus, lupus
(including nephritis, cerebritis, pediatrric, non-renal, discoid, alopecia), juvenile onset (Type I) diabetes mellitus,
including pediatric insulin-dependent diabetes mellitus IDDM), adult onset diabetes mellitus (Type II diabetes),
multiple sclerosis (MS) such as spino-optical MS, immune responses associated with acute and delayed
hypersensitivity mediated by cytokines and T-lymphocytes, tuberculosis, sarcoidosis, granulomatosis including
lymphomatoid granulomatosis, Wegener’s granulomatosis, agranulocytosis, vasculitis (including large vessel
vasculitis (including polymyalgia rheumatica and giant cell (Takayasu’s) arteritis), medium vessel vasculitis
(including Kawasaki’s disease and polyarteritis nodosa), CNS vasculitis, systemic necrotizing vasculitis, and
ANCA-associated vasculitis , such as Churg-Strauss vasculitis or syndrome (CSS)), temporal arteritis, aplastic
anemia, Coombs positive anemia, Diamond Blackfan anemia, hemolytic anemia or immune hemolytic anemia
including autoimmune hemolytic anexmia (ATHA), pernicious anemia, pure red cell aplasia (PRCA), Factor VIII
deficiency, hemophilia A, autoimmune neutropenia, pancytopenia, leukopenia, diseases involving leukocyte
diapedesis, CNS inflammatory disorders, multiple organ injury syndrome, antigen-antibody complex mediated
diseases, anti-glomerular basement membrane disease, anti-phospholipid antibody syndrome, allergic neuritis,
Bechet's or Behcet's disease, Castlemman’s syndrome, Goodpasture’s syndrome, Reynaud's syndrome, Sjogren's
syndrome, Stevens-Johnson syndrome, pemphigoid such as pemphigoid bullous, pemphigus (including vulgaris,
foliaceus, and pemphigus mucus-mermbrane pemphigoid), autoimmune polyendocrinopathies, Reiter's disease,
immune complex nephritis, chronic meuropathy such as IgM polyneuropathies or IgM-mediated neuropathy,
thrombocytopenia (as developed by myocardial infarction patients, for example), including thrombotic
thrombocytopenic purpura (TTP) and autoimmune or immune-mediated thrombocytopenia such as idiopathic
thrombocytopenic purpura (ITP) including chronic or acute ITP, autoimmune disease of the testis and ovary
including autoimune orchitis and oophoritis, primary hypothyroidism, hypoparathyroidism, autoimmune
endocrine diseases including thyroiditis such as autoimmune thyroiditis, chronic thyroiditis (Hashimoto’s
thyroiditis), or subacute thyroiditis, autoimmune thyroid disease, idiopathic hypothyroidism, Addison’s disease,
Grave's disease, polyglandular syndromes such as autoimmune polyglandular syndromes (or polyglandular
endocrinopathy syndromes), paraneoplastic syndromes, including neurologic paraneoplastic syndromes such as
Lambert-Baton myasthenic syndrome or BEaton-Lambert syndrome, stiff-man or stiff-person syndrome,
encephalomyelitis such as allergic encephalomyelitis, myasthenia gravis, cerebellar degeneration, limbic and/or
brainstem encephalitis, neuromyotonia, opsoclonus or opsoclonus myoclonus syndrome (OMS), and sensory
neuropathy, Sheehan’s syndrome, autoimmune hepatitis, chronic hepatitis, lupoid hepatitis, chronic active
hepatitis or autoimmune chronic active hepatitis, lymphoid interstitial pneumonitis, bronchiolitis obliterans (non-

transplant) vs NSIP, Guillain-Barré syndrome, Berger’s disease (IgA nephropathy), primary biliary cirrhosis,
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celiac sprue (gluten enteropathy), refractory sprue, dermatitis herpetiformis, cryoglobulinemia, amylotrophic
lateral sclerosis (ALS; Lou Gehrig's disease), coronary artery disease, autoimmune inner ear disease (AIED); or
autoimmune hearing loss, opsoclonus myoclonus syndrrome (OMS), polychondritis such as refractory
polychondritis, pulmonary alveolar proteinosis, amyloidosis, giant cell hepatitis, scleritis, a non-cancerous
lymphocytosis, a primary lymphocytosis, which includes monoclonal B cell lymphocytosis (e.g., benign
monoclonal gammopathy and monoclonal garnmopathy o©f undetermined significance, MGUS), peripheral
neuropathy, paraneoplastic syndrome, channelopathies such as epilepsy, migraine, arrhythmia, muscular
disorders, deafness, blindness, periodic paralysis, and ch.annelopathies of the CNS, autism, inflammatory
myopathy, focal segmental glomerulosclerosis (FSGS), enclocrine ophthalmopathy, uveoretinitis, autoimmune
hepatological disorder, fibromyalgia, multiple endocrine failure, Schmidt's syndrome, adrenalitis, gastric atrophy,
presenile dementia, demyelinating diseases, Dressler's syndrome, alopeeia arcata, CREST syndrome (calcinosis,
Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia), male and female
autoimmune infertility, ankylosing spondolytis, mixed coranective tissue disease, Chagas' disease, rheumatic
fever, recurrent abortion, farmer's lung, erythema multiforme, post-cardiotomy syndrome, Cushing’s syndrome,
bird-fancier's lung, Alport's syndrome, alveolitis such as allergic alveolitis and fibrosing alveolitis, interstitial
lung disease, transfusion reaction, leprosy, malaria, leishmaniasis, kypanosomiasis, schistosomiasis, ascariasis,
aspergillosis, Sampter's syndrome, Caplan's syndrome, dengue, endocarditis, endomyocardial fibrosis,
endophthalmitis, erythema elevatum et diutinum, erythroblastosis fetalis, eosinophilic faciitis, Shulman's
syndrome, Felty's syndrome, flariasis, cyclitis such as chronuic cyclitis, heterochronic cyclitis, or Fuch's cyclitis,
Henoch-Schonlein purpura, bhuman immunodeficiency virus (HIV) infection, echovirus infection,
cardiomyopathy, Alzheimer's disease, parvovirus infection, xubella virus infection, post-vaccination syndromes,
congenital rubella infection, Epstein-Barr virus infection, mumps, Evan's syndrome, autoimmune gonadal failure,
Sydenham's chorea, post-streptococcal nephritis, thromboamgitis ubiterans, thyrotoxicosis, tabes dorsalis, and

giant cell polymyalgia.

The “tumor necrosis factor receptor superfamily” or- “TNF receptor superfamily” herein refers to
receptor polypeptides bound by cytokines in the TNF family. Generally, these receptors are Type I
transmembrane receptors with one or more cysteine rich repesat sequences in their extracellular domain. The
TNF receptor superfamily may be further subdivided into (1) death receptors; (2) decoy receptors; and (3)
signaling receptors that lack death domains. The “death rece:ptors” contain in their cytoplasmic or intracellular
region a “death domain”, i.e., a region or sequence which acts to transduce signals in the cell which can result in
apoptosis or in induction of certain genes. The “decoy receptors” lack a functional death domain and are
incapable of transducing signals which result in apoptosis. Examples of cytokines in the TNF gene family
include Tumor Necrosis Factor- alpha (TNF-alpha), Tumor Necrosis Factor-beta (TNF-beta or lymphotoxin),
CD30 ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4-1 BB ligand, Apo-1 ligand (also referred to as Fas
ligand or CD95 ligand), Apo-2 ligand (also referred to as TR_AIL), Apo-3 ligand (also referred to as TWEAK),
osteoprotegerin (OPG), APRIL, RANK ligand (also referred to as TRANCE), and TALL-1 (also referred to as
BlyS, BAFF or THANK). Examples of receptors in the TNE receptor superfamily include: type 1 Tumor
Necrosis Factor Receptor (TNFR1), type 2 Tumor Necrosis Factor Receptor (TNFR2), p75 Nerve Growth Factor
receptor (NGFR), the B cell surface antigen CD40, the T cell antigen OX-40, Apo-1 receptor (also called Fas or
CD95), Apo-3 receptor (also called DR3, swl-1, TRAMP and LARD), the receptor called “Transmembrane
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Activator and CAML-Interactor” or “TACI”, BCMA protein, DR4, DR5 (alternatively referred to as Apo—2;
TRAIL-R2, TR6, Tango-63, hAPOS, TRICK2 or KILLER), DR6, DcR1 (also referred to as TRID, LIT or
TRAIL-R3), DcR2 (also called TRAIL-R4 or TRUNDD), OPG, DcR3 (also called TR6 or M68), CAR 1, HVEM
(also called ATAR or TR2), GITR, ZTNFR-5, NTR-1, TNFL1, CD30, Lymphotoxin beta receptor (LTBr), 4-
1BB receptor and TR9 (EP988, 371A1).

The terms "Apo-2 ligand", "Apo-2L", “Apo2L”, Apo-2 ligand/TRAIL" and “TRAIL" are used herein
interchangeably to refer to a polypeptide sequence which includes amino acid residues 114-281, inclusive , 95-
281, inclusive, residues 92-281, inclusive, residues 91-281, inclusive, residues 41-281, inclusive, residues 39-
281, inclusive, residues 15-281, inclusive, or residues 1-281, inclusive, of the amino acid sequence shown in Fig.
24 (SEQ ID No. 46), as well as biologically active fragments, deletional, insertional, and/or substitutional
variants of the above sequences. In one embodiment, the polypeptide sequence comprises residues 114-281 of
Fig. 24 (SEQ ID No. 46). Optionally, the polypeptide sequence comprises residues 92-281 or residues 91 -281 of
Fig. 24 (SEQ ID No. 46). The Apo-2L polypeptides may be encoded by the native nucleotide sequence shhown
in Fig. 24 (SEQ ID No. 45). Optionally, the codon which encodes residue Pro119 (Fig. 24; SEQ ID No. 4-5) may
be “CCT” or “CCG". Optionally, the fragments or variants are biologically active and have at least about 80%
amino acid sequence identity, or at least about 90% sequence identity, or at least 95%, 96%, 97%, 98%, ox 99%
sequence identity with any one of the above sequences. The definition encompasses substitutional variants of
Apo-2 ligand in which at least one of its native amino acids are substituted by another amino acid such as an
alanine residue. The definition also encompasses a native sequence Apo-2 ligand isolated from an Apo-2 ligand
source or prepared by recombinant and/or synthetic methods. The Apo-2 ligand of the invention includes the
polypeptides referred to as Apo-2 ligand or TRAIL disclosed in W097/01633 published January 16, 1997,
W097/25428 published July 17, 1997, WQ99/36535 published July 22, 1999, WO 01/00832 published January
4, 2001, WO002/09755 published February 7, 2002, WO 00/75191 published December 14, 2000, and U.S .
Patent No. 6,030,945 issued February 29, 2000. The terms are used to refer generally to forms of the Apo-2
ligand which include monomer, dimer, trimer, hexamer or hight oligomer forms of the polypeptide. All
numbering of amino acid residues referred to in the Apo-2L sequence use the numbering according to Fig,. 24

(SEQ ID No. 46), unless specifically stated otherwise.

“Apo-2 ligand receptor” includes the receptors referred to in the art as “DR4” and “DR5.” Pan et al.
have described the TNF receptor family member referred to as "DR4" (Pan et al., Science, 276:111-113 (1997);
see also W098/32856 published July 30, 1998; WO 99/37684 published July 29, 1999; WO 00/73349 published
December 7, 2000; US 6,433,147 issued August 13, 2002; US 6,461,823 issued October 8, 2002, and US
6,342,383 issued January 29, 2002). Sheridan et al,, Science, 277:818-821 (1997) and Pan et al., Science,
277:815-818 (1997) described another receptor for Apo2L/TRAIL (see also, WO98/51793 published November
19, 1998; W098/41629 published September 24, 1998). This receptor is referred to as DRS5 (the receptor has
also been alternatively referred to as Apo-2; TRAIL-R, TR6, Tango-63, hAPO8, TRICK2 or KILLER; Screaton
et al., Curr. Biol., 7:693-696 (1997); Walczak et al., EMBO J., 16:5386-5387 (1997); Wu et al., Nature Genetics,
17:141-143 (1997); W098/35986 published August 20, 1998; EP870,827 published October 14, 1998,
W098/46643 published October 22, 1998; W099/02653 published January 21, 1999; W099/09165 published
February 25, 1999; W099/11791 published March 11, 1999; US 2002/0072091 published August 13, 2002; US
2002/0098550 published December 7, 2001; US 6,313,269 issued December 6, 2001; US 2001/0010924
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published August 2, 2001; US 2003/01255540 published July 3, 2003; US 2002/0160446 published October 31,
2002, US 2002/0048785 published April 25, 2002; US 6,569,642 issued May 27, 2003, US 6,072,047 issued
June 6, 2000, US 6,642,358 issued November 4, 2003). As described above, other receptors for Apo-2L include
DcR1, DcR2, and OPG. The term "Apo-2L receptor” when used herein encompasses native sequence receptor
and receptor variants. These terms encompass Apo-2L receptor expressed in a variety of mammals, including
humans. Apo-2L receptor may be endogenously expressed as occurs naturally in a variety of human tissue
lineages, or may be expressed by recombinant or synthetic methods. A "native sequence Apo-2L receptor”
comprises a polypeptide having the same amino acid sequence as an Apo-2L receptor derived from nature. Thus,
a native sequence Apo-2L receptor can have the amino acid sequence of naturally-occurring Apo-2L receptor
from any mammal, including humans. Such native sequence Apo-2L receptor can be isolated from nature or can
be produced by recombinant or synthetic means. The term "native sequence Apo-2L receptor™ specifically
encompasses naturally-occurring truncated or secreted forms of the receptor (e.g., a soluble form containing, for
instance, an extracellular domain sequence), naturally-occurring variant forms (e.g., alternatively spliced forms)
and naturally-occurring allelic variants. Receptor variants may include fragments or deletion mutants of the
native sequence Apo-2L receptor. Figs. 25A-C show the 411 amino acid sequence of human DRS receptor,
along with its nucleotide sequence (SEQ ID Nos. 47 and 48) as published in WO 98/51793 on November 19,
1998. A transcriptional splice variant of human DRS5 receptor is known in the art. This splice variant encodes
the 440 amino acid sequence of human DRS receptor as shown in Figs. 26A-C, along with its nucleotide
sequence (SEQ ID Nos. 49 and 50), and as published in WO 98/35986 on August 20, 1998.

“Death receptor antibody” is used herein to refer generally to antibody or antibodies directed to a
receptor in the tumor necrosis factor receptor superfamily and containing a death domain capable of signalling

apoptosis, and such antibodies include DR5 antibody and DR4 antibody.

“DRS5 receptor antibody”, “DRS5 antibody”, or “anti-DRS5 antibody” is used in a broad sense to refer to
antibodies that bind to at least one form of a DR5 receptor or extracellular domain thereof. Optionally the DRS
antibody is fused or linked to a heterologous sequence or molecule. Preferably the heterologous sequence allows
or assists the antibody to form higher order or oligomeric complexes. Optionally, the DRS antibody binds to
DRS5 receptor but does not bind or cross-react with any additional Apo-2L receptor (e.g. DR4, DcR1, or DcR2).
Optionally the antibody is an agonist of DR5 signalling activity.

Optionally, the DRS5 antibody of the invention binds to a DRS receptor at a concentration range of about
0.1 nM to about 20 mM as measured in a BIAcore binding assay. Optionally, the DR5 antibodies of the
invention exhibit an IC50 value of about 0.6 nM to about 18 mM as measured in a BIAcore binding assay.

Purely for the purposes herein, the term “Apomab’ refers to an agonist antibody which binds to DRS
and comprises the variable heavy and variable light amino acid sequences of SEQ ID Nos. 55 and 56. Preferably”
Apomab comprises the heavy and light chains of SEQ ID Nos. 51 and 52, respectively.
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40 O the extracellular domain of a receptor) can be used as the immunogen. Alternatively, cells expressing the
transmembrane molecule can be used as the immunogen. Such cells can be derived fronn a natural source (e.g.
cancer cell lines) or may be cells which have been transformed by recombinant techniques to express the
transmembrane molecule. Other antigens and forms thereof useful for preparing antibodlies will be apparent to

those in the art.

For production of HER?2 antibodies, the HER2 antigen to be used for productiom thereof may be, e.g., 2
soluble form of the extracellular domain of HER2 or a portion thereof, containing the desired epitope.
Alternatively, cells expressing HER?2 at their cell surface (e.g. NIH-3T3 cells transforme=d to overexpress HER2;
or a carcinoma cell line such as SK-BR-3 cells, see Stancovski et al. PNAS (USA) 88:8691-8695 (1991)) can be

used to generate antibodies.
(ii) Monoclonal antibodies

Monoclonal antibodies are obtained from a population of substantially homo gemeous antibodies, i.e.,
the individual antibodies comprising the population are identical and/or bind the same epitope, except for
possible variants that may arise during production of the monoclonal antibody. Thus, the modifier "monoclonal

indicates the character of the antibody as not being a mixture of discrete antibodies.

For example, the monoclonal antibodies may be made using the hybridoma method first described by
Kohler et al., Nature, 256:495 (1975), or may be made by recombinant DNA methods (U.S. Patent No.
4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as 2 lxamster, is immunized as
hereinabove described to elicit lymphocytes that produce or are capable of producing amtibodies that will
specifically bind to the protein used for immunization. Alternatively, lymphocytes may be immunized in vitro.
Lymphocytes then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to
form a hybridoma cell (Goding, Monoclonal Antibodies: Principles and Practice, pp-59-103 (Academic Press,
1986)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medivm that preferably
contains one or more substances that inhibit the growth or survival of the unfused, parertal myeloma cells. For
example, if the parental myeloma cells lack the enzyme hypoxanthine guanine phosphor-ibosyl transferase
(HGPRT or HPRT), the culture medium for the hybridomas typically will include hypoxanthine, aminopterin,
and thymidine (HAT medium), which substances prevent the growth of HGPRT-deficiemt cells.

Preferred myeloma cells are those that fuse efficiently, support stable high-leve:1 production of antibody
by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. Among these,

preferred myeloma cell lines are murine myeloma lines, such as those derived from MOPC-21 and MPC-11
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Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an

antibody, or they are substituted for the variable domains of one antigen-combining site of an antibody to create
a chimeric bivalent antibody comprising one antigen-combining site having specificity for an antigen and

another antigen-combining site having specificity for a different antigen.
(iii) Humanized antibodies

Methods for humanizing non-human antibodies have been described in the art. Preferably, a humanized
antibody has one or more amino acid residues introduced into it from a source which is non-human. These non-
human amino acid residues are often referred to as "import" residues, which are typically taken from an “import*
variable domain. Humanization can be essentially performed following the method of Winter and co-workers
(Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al.,
Science, 239:1534-1536 (1988)), by substituting hypervariable region sequences for the corresponding
sequences of a human antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent
No. 4,816,567) wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human species. In practice, humanized antibodies are typically human
antibodies in which some hypervariable region residues and possibly some FR residues are substituted by

residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making the humanized
antibodies is very important to reduce antigenicity. According to the so-called "best-fit" method, the sequence of
the variable domain of a rodent antibody is screened against the entire library of known human variable-domain
sequences. The human sequence which is closest to that of the rodent is then accepted as the human framework
region (FR) for the humanized antibody (Sims et al., J. Immurol., 151:2296 (1993); Chothia et al., J. Mol. Biol.,
196:901 (1987)). Another method uses a particular framework region derived from the consensus sequence of
all human antibodies of a particular subgroup of light or heavy chains. The same framework may be used for
several different humanized antibodies (Carter ef al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J.
Immunol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity for the antigen and
other favorable biological properties. To achieve this goal, according to a preferred method, humanized
antibodies are prepared by a process of analysis of the parental sequences and various conceptual humanized
products using three-dimensional models of the parental and humanized sequences. Three-dimensional
immunoglobulin models are commonly available and are familiar to those skilled in the art. Computer programs
are available which illustrate and display probable three-dimensional conformational structures of selected
candidate immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the
residues in the functioning of the candidate immunoglobulin sequence, i.e., the analysis of residues that
influence the ability of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be
selected and combined from the recipient and import sequences so that the desired antibody characteristic, such
as increased affinity for the target antigen(s), is achieved. In general, the hypervariable region residues are

directly and most substantially involved in influencing antigen binding.
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W001/00245 describes production of exemplary humanized HER?2 antibodies which bind HEIR2 and
block ligand activation of a HER receptor. The humanized antibody of particular interest herein blocks EGF,
TGF-o and/or HRG mediated activation of MAPK essentially as effectively as murine monoclonal antibody 2C4
(or a Fab fragment thereof) and/or binds HER2 essentially as effectively as murine monoclonal antibody 2C4 (or
a Fab fragment thereof). The humanized antibody herein may, for example, comprise nonhuman hyper—variable
region residues incorporated into a_human variable heavy domain and may further comprise a framework region
(FR) substitution at a position selected from the group consisting of 69H, 71H and 73H utilizing the vaxiable
domain numbering system set forth in Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD (1991). In one embodiment, the huxmanized
antibody comprises FR substitutions at two or all of positions 69H, 71H and 73H.

An exemplary humanized antibody of interest herein comprises variable heavy domain
complementarity determining residues GFTFTDYTMX, where X is preferably D or S (SEQ ID No. 7);
DVNPNSGGSIYNQRFKG (SEQ ID No. 8); and/or NLGPSFYFDY (SEQ ID No. 9), optionally comprising
amino acid modifications of those CDR residues, e.g. where the modifications essentially maintain or izmprove
affinity of the antibody. For example, the antibody variant of interest may have from about one to aboust seven
or about five amino acid substitutions in the above variable heavy CDR sequences. Such antibody variants may
be prepared by affinity maturation, e.g., as described below. The most preferred humanized antibody c omprises

the variable heavy domain amino acid sequence in SEQ ID No. 4.

The humanized antibody may comprise variable light domain complementarity determining residues
KASQDVSIGVA (SEQ ID No. 10); SASYXXX, where the X as position 5 is preferably R or L, wheresin the X
at position 6 is preferably Y or E, and the X as position 7 is preferably T or S (SEQ ID No. 11); and/or
QQYYIYPYT (SEQ ID No. 12), e.g. in addition to those variable heavy domain CDR residues in the preceding
paragraph. Such humanized antibodies optionally comprise amino acid modifications of the above CDR
residues, e.g. where the modifications essentially maintain or improve affinity of the antibody. For exammple, the
antibody variant of interest may have from about one to about seven or about five amino acid substituti-ons in the
above variable light CDR sequences. Such antibody variants may be prepared by affinity maturation, .g8., as
described below. The most preferred humanized antibody comprises the variable light domain amino acid
sequence in SEQ ID No. 3.

The present application also contemplates affinity matured antibodies which bind HER2 and block
ligand activation of a HER receptor. The parent antibody may be a human antibody or a humanized antibody,
e.g., one comprising the variable light and/or heavy sequences of SEQ ID Nos. 3 and 4, respectively (i. <. variant
574). The affinity matured antibody preferably binds to HER2 receptor with an affinity superior to that of
murine 2C4 or variant 574 (e.g. from about two or about four fold, to about 100 fold or about 1000 fold
improved affinity, e.g. as assessed using a HER2-extracellular domain (ECD) ELISA) . Exemplary variable
heavy CDR residues for substitution include H28, H30, H34, H35, H64, H96, H99, or combinations of two or
more (e.g. two, three, four, five, six, or seven of these residues). Examples of variable light CDR residues for
alteration include 1.28, L50, L53, L56, L91, L92, 1.93, 194, 196, 1.97 or combinations of two or more (e.g. two

to three, four, five or up to about ten of these residues).
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Various forms of the humanized antibody or affinity matured antibody are contemplated. For example,
the humanized antibody or affinity matured antibody may be an antibody fragment, such as a Fab, which is
optionally conjugated with one or more cytotoxic agent(s) in order to generate an immunoconjugate.
Alternatively, the humanized antibody or affinity matured antibody may be an full length antibody, such as an
full length IgG1 antibody.

(iv) Human antibodies

As an alternative to humanization, human antibodies can be generated. For example, it is now possible
to produce trans genic animals (e.g., mice) that are capable, upon immunization, of producing a full repertoire of
human antibodies in the absence of endogenous immunoglobulin production. For example, it has been described
that the homozy gous deletion of the antibody heavy-chain joining region (Ji) gene in chimeric and germ-line
mutant mice results in complete inhibition of endogenous antibody production. Transfer of the human germ-line
immunoglobulin gene array in such germ-line mutant mice will result in the production of human antibodies
upon antigen challenge. See, e.g., Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et
al,, Nature, 362:255-258 (1993); Bruggermann et al., Year in Immuno., 7:33 (1993); and U.S. Patent Nos.
5,591,669, 5,589,369 and 5,545,807.

Alternatively, phage display technology (McCafferty et al., Nature 348:552-553 (1990)) can be used to
produce human antibodies and antibody fragments in vitro, from immunoglobulin variable (V) domain gene
repertoires from unimmunized donors. According to this technique, antibody V domain genes are cloned in-
frame into either a major or minor coat protein gene of a filamentous bacteriophage, such as M13 or fd, and
displayed as functional antibody fragmeants on the surface of the phage particle. Because the filamentous particle
contains a single-stranded DNA copy of the phage genome, selections based on the functional properties of the
antibody also result in selection of the gene encoding the antibody exhibiting those properties. Thus, the phage
mimics some of the properties of the B-cell. Phage display can be performed in a variety of formats; for their
review see, e.g., Johnson, Kevin S. and Chiswell, David I., Current Opinion in Structural Biology 3:564-571
(1993). Several sources of V-gene segments can be used for phage display. Clackson et al., Nature, 352:624-
628 (1991) isolated a diverse array of anti-oxazolone antibodies from a small random combinatorial library of V
genes derived from the spleens of immunized mice. A repertoire of V genes from unimmunized human donors
can be constructed and antibodies to a diverse array of antigens (including self-antigens) can be isolated
essentially following the techniques described by Marks et al., J. Mol. Biol. 222:581-597 (1991), or Griffith ez
al., EMBOJ. 12:725-734 (1993). See, also, U.S. Patent Nos. 5,565,332 and 5,573,905.

As discussed above, human antibodies may also be generated by in vitro activated B cells (see U.S.
Patents 5,567,610 and 5,229,275).

Human HER?2 antibodies are described in U.S. Patent No. 5,772,997 issued June 30, 1998 and WO
97/00271 published January 3, 1997.

v) Antibody fragments

Various techniques have been developed for the production of antibody fragments. Traditionally, these
fragments were derived via proteolytic digestion of full length antibodies (see, e.g., Morimoto et al. , Journal of
Biochemical and Biophysical Methods 24:107-117 (1992); and Brennan et al., Science, 229:81 (1985)).
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However, these fragments can now be produced directly by recombinant host cells. For example, the antibody

fragments can be isolated from the antibody phage libraries discussed above. Alternati vely, Fab'-SH fragments

can be directly recovered from E. coli and chemically coupled to form F(ab'); fragments (Carter et al.,

Bio/Technology 10:163-167 (1992)). According to another approach, F(ab'); fragments can be isolated directly

from recombinant host cell culture. Other techniques for the production of antibody fragments will be apparent
to the skilled practitioner. In other embodiments, the antibody of choice is a single chain Fv fragment (scFv).
See WO 93/16185; U.S. Patent No. 5,57 1,894; and U.S. Patent No. 5,587,458. The antibody fragment may also
be a “linear antibody™, e.g., as described in U.S. Patent 5,641,870 for example. Such linear antibody fragments

may be monospecific or bispecific.
(vi) Bispecific antibodies

Bispecific antibodies are antibodies that have binding specificities for at least two different epitopes.
Exemplary bispecific antibodies may bind to two different epitopes of the HER2 proteiin. Other such antibodies
may combine a HER2 binding site with binding site(s) for EGFR, HER3 and/or HERA4 . Alternatively, a HER2
arm may be combined with an arm which binds to a triggering molecule on a leukocyte such as a T-cell receptor
molecule (e.g. CD2 or CD3), or Fc receptors for IgG (FcyR), such as FeyRI (CD64), FcyRII (CD32) and FeyRII
(CD16) so as to focus cellular defense mechanisms to the HER2-expressing cell. Bispecific antibodies may also
be used to localize cytotoxic agents to cells which express HER2. These antibodies possess a HER2-binding arm
and an arm which binds the cytotoxic agent (e.g. saporin, anti-interferon-o, vinca alkal oid, ricin A chain,
methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as full length antibodies or

antibody fragments (e.g. F(ab"), bispecific antibodies).

WO 96/16673 describes a bispecific HER2/FeyRII antibody and U.S. Patent No. 5,837,234 discloses a
bispecific HER2/FcyRI antibody IDM1 (Osidem). A bispecific HER2/Fco. antibody is shown in W098/02463.

U.S. Patent No. 5,821,337 teaches a bispecific HER2/CD3 antibody. MDX-210 is a bispecific HER2-FcyRIII
Ab.

Methods for making bispecific antibodies are known in the art. Traditional production of full length
bispecific antibodies is based on the coexpression of two immunoglobulin heavy chaira-light chain pairs, where
the two chains have different specificities Millstein et al., Nature, 305:537-539 (1983 )). Because of the random
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential
mixture of 10 different antibody molecules, of which only one has the correct bispecific structure. Purification
of the correct molecule, which is usually” done by affinity chromatography steps, is rather cumbersome, and the

product yields are low. Similar proceduxes are disclosed in WO 93/08829, and in Traunecker et al., EMBO J.,
10:3655-3659 (1991).

According to a different approach, antibody variable domains with the desired binding specificities
(antibody-antigen combining sites) are fused to immunoglobulin constant domain sequiences. The fusion
preferably is with an immunoglobulin heavy chain constant domain, comprising at least part of the hinge, CH2,
and CH3 regions. It is preferred to have the first heavy-chain constant region (CHL) c ontaining the site
necessary for light chain binding, present in at Ieast one of the fusions. DNAs encodinag the immunoglobulin

heavy chain fusions and, if desired, the inmunoglobulin light chain, are inserted into separate expression vectors,
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and are co-transfected into a suitable host organism. This provides for great flexibility in adjusting the mutual
proportions of the three polypeptide fragments in embodiments when unequal ratios of the three polypeptide
chains used in the construction provide the optimum yields. It is, however, possible to insext the coding
sequences for two or all three polypeptide chains in one expression vector when the expression of at least two

polypeptide chains in equal ratios results in high yields or when the ratios are of no particul ar significance.

In a preferred embodiment of this approach, the bispecific antibodies are composed of a hybrid
immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid imxnunoglobulin heavy
chain-light chain pair (providing a second binding specificity) in the other arm. It was fourad that this
asymmetric structure facilitates the separation of the desired bispecific compound from unwanted
immunoglobulin chain combinations, as the presence of an immunoglobulin light chain in only one half of the
bispecific molecule provides for a facile way of separation. This approach is disclosed in WO 94/04690. For
further details of generating bispecific antibodies see, for example, Suresh et al., Methods ién Enzymology,
121:210 (1986).

According to another approach described in U.S. Patent No. 5,731,168, the interface between a pair of

antibody molecules can be engineered to maximize the percentage of heterodimers which are recovered from
recombinant cell culture. The preferred interface comprises at least a part of the Cy3 domain of an antibody

constant domain. In this method, one or more small amino acid side chains from the interface of the first

antibody molecule are replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of
identical or similar size to the large side chain(s) are created on the interface of the second antibody molecule by
replacing large amino acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism

for increasing the yield of the heterodimer over other unwanted end-products such as homodimers.

Bispecific antibodies include cross-linked or “heteroconjugate” antibodies. For example, one of the
antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies have, for
example, been proposed to target immune system cells to unwanted cells (U.S. Patent No. 4,676,980), and for
treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089). Heteroconjugate antibadies may be
made using any convenient cross-linking methods. Suitable cross-linking agents are well known in the art, and

are disclosed in U.S. Patent No. 4,676,980, along with a number of cross-linking techniques.

Techniques for generating bispecific antibodies from antibody fragments have also been described in
the literature. For example, bispecific antibodies can be prepared using chemical linkage. Brennan et al.,

Science, 229: 81 (1985) describe a procedure wherein full length antibodies are proteolytically cleaved to
generate F(ab"), fragments. These fragments are reduced in the presence of the dithiol complexing agent sodium

arsenite to stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments

generated are then converted to thionitrobenzoate (TNB) derivatives. One of the Fab-TNB derivatives is then
reconverted to the Fab'-thiol by reduction with mercaptoethylamine and i§ mixed with an equimolar amount of
the other Fab'-TNB derivative to form the bispecific antibody. The bispecific antibodies produced can be used

as agents for the selective immobilization of enzymes.

Recent progress has facilitated the direct recovery of Fab'-SH fragments from E. coli, which can be
chemically coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med., 175: 217-225 (1992) describe the
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production of a fully humanized bispecific antibody F(ab'); molecule. Each Fab' fragment was separately

secreted from E. coli and subjected to directed chemical coupling in vitro to form the bispecific antibody. The
bispecific antibody thus formed was able to bind to cells overexpressing the HER2 receptor and normal human
T cells, as well as trigger the lytic activity of human cytotoxic lymphocytes against human bre-ast tumor targets.
Various techniques for making and isolating bispecific antibody fragments directly from recormbinant cell
culture have also been described. For example, bispecific antibodies have been produced usin g leucine zippers.
Kostelny éz al., J. Immunol., 148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and Jun
proteins were linked to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers
were reduced at the hinge region to form monomers and then re-oxidized to form the antibody heterodimers.
This method can also be utilized for the production of antibody homodimers. The "diabody" technology
described by Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993) has provided an alternative

mechanism for making bispecific antibody fragments. The fragments comprise a heavy-chain variable domain

(VR) connected to a light-chain variable domain (VL) by a linker which is too short to allow pairing between the
two domains on the same chain. Accordingly, the Vi and V|, domains of one fragment are forced to pair with

the complementary Vp, and Vy domains of another fragment, thereby forming two antigen-binding sites.

Another strategy for making bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also
been reported, See Gruber et al., J. Immunol., 152:5368 (1994).

Antibodies with more than two valencies are contemplated. For example, trispecific antibodies can be
prepared. Tutt et al. J. Immunol. 147: 60 (1991).

(vii) Other amino acid sequence modifications

Amino acid sequence modification(s) of the antibodies described herein are contemplated. For example,
it may be desirable to improve the binding affinity and/or other biological properties of the antibody. Amino acid
sequence variants of the Antibody are prepared by introducing appropriate nucleotide changes into the Antibody
nucleic acid, or by peptide synthesis. Such modifications include, for example, deletions from, and/or insertions
into and/or substitutions of, residues within the amino acid sequences of the Antibody. Any combination of
deletion, insertion, and substitution is made to arrive at the final construct, provided that the final construct
possesses the desired characteristics. The amino acid changes also may alter post-translational processes of the

Antibody, such as changing the number or position of glycosylation sites.

A useful method for identification of certain residues or regions of the Antibody that are preferred
locations for mutagenesis is called "alanine scanning mutagenesis" as described by Cunningham and Wells
Science, 244:1081-1085 (1989). -Here, a residue or group of target residues are identified (e.g-, charged residues
such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively charged amino acid (most preferably
alanine or polyalanine) to affect the interaction of the amino acids with antigen. Those amino acid locations
demonstrating functional sensitivity to the substitutions then are refined by introducing furthex or other variants
at, or for, the sites of substitution. Thus, while the site for introducing an amino acid sequence variation is
predetermined, the nature of the mutation per se need not be predetermined. For example, to analyze the
performance of a mutation at a given site, ala scanning or random mutagenesis is conducted at the target codon
or region and the expressed Antibody variants are screened for the desired activity.
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Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging in length from
one residue to polypeptides containing a hundred or more residues, as well as intrasequence insertions of single
or multiple amino acid residues. Examples of terminal insertions include a Antibody with an N-terminal
methionyl residue or the antibody fused to a cytotoxic polypeptide. Other insertional variants of the Antibody
molecule include the fusion to the N- or C-terminus of the Antibody to an enzyme (e.g. for ADEPT) or a
polypeptide which increases the serum half-life of the antibody.

Another type of variant is an amino acid substitution variant. These variants have at least one amino
acid residue in the Antibody molecule replaced by a different residue. The sites of greatest interest for
substitutional mutagenesis include the hypervariable regions, but FR or Fc region alterations are also
contemplated. Conservative substitutions are shown in Table 1 under the heading of "preferred substitutions”. If
such substitutions result in a change in biological activity, then more substantial changes, denominated
"exemplary substitutions" in Table 1, or as further described below in reference to amino acid classes, may be

introduced and the products screened.

-45-



6.0 20.0 93.7 31 64 40 3 nonth Cear Slightly yellow 5.9 20.3 91.5 22 53 40
ggonth Clear Slightly yellow 6,0 20.2 83.9 NT 26 40 9 nonth C ear Yellow

Table 1

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; Ile Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gin; His; Asp, Lys; Arg Gln
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gln (Q) Asn; Glu Asn
Glu (B) Asp; Gln Asp
Gly (G) Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
Ile @ Leu; Val; Met; Ala; Leu

Phe; Norleucine
Leu(L) Norleucine; Ile; Val; Ile

Met; Ala; Phe
Lys (K) Arg; Gln; Asn Arg
Met (M) Leu; Phe; Ile Leu
Phe (F) Tip; Leu; Val; Ile; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Leu

Ala; Norleucine

Substantial modifications in the biological properties of the antib ody are accomplished by selecting
substitutions that differ significantly in their effect on maintaining (a) the structure of the polypeptide backbone
in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophobicity

of the molecule at the target site, or (c) the bulk of the side chain. Amino acids may be grouped according to
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Non-conservative substitutions will entail exchanging a member of one of these classes for another
class.

Any cysteine residue not involved in maintaining the proper conformation of the Antibody also may be
substituted, generally with serine, to improve the oxidative stability of the molecule and prev-ent aberrant
crosslinking. Conversely, cysteine bond(s) may be added to the antibody to improve its stability (particularly
where the antibody is an antibody fragment such as an Fv fragment).

A particularly preferred type of substitutional variant involves substituting one or more hypervariable
region residues of a parent antibody (e.g. a humanized or human antibody). Generally, the resulting variant(s)
selected for further development will have improved biological properties relative to the parent antibody from
which they are generated. A convenient way for generating such substitutional variants involves affinity
maturation using phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated to
generate all possible amino substitutions at each site. The antibody variants thus generated are displayed in a
monovalent fashion from filamentous phage particles as fusions to the gene III product of M 13 packaged within
each particle. The phage-displayed variants are then screened for their biological activity (e. 8. binding affinity)
as herein disclosed. In order to identify candidate hypervariable region sites for modification., alanine scanning
mutagenesis can be performed to identify hypervariable region residues contributing significantly to antigen
binding. Alternatively, or additionally, it may be beneficial to analyze a crystal structure of the antigen-antibody
complex to identify contact points between the antibody and its antigen. Such contact residues and neighboring
residues are candidates for substitution according to the techniques elaborated herein. Once such variants are
generated, the panel of variants is subjected to screening as described herein and antibodies wvith superior
properties in one or more relevant assays may be selected for further development.

Another type of amino acid variant of the antibody alters the original glycosylation pattern of the
antibody. By altering is meant deleting one or more carbohydrate moieties found in the antibody, and/or adding

one or more glycosylation sites that are not present in the antibody.
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Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers to the attachment
of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine-X-
serine and asparagine-X-threonine, where X is any amino acid except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a potential glycosylation site. O-linked glycosylation refers
to the attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most
commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used.

Addition of glycosylation sites to the antibody is conveniently accomplished by altering the amino acid
sequence such that it contains one or more of the above-described tripeptide sequences (for N-linked
glycosylation sites). The alteration may also be made by the addition of, or substitution by, one or more serine
or threonine residues to the sequence of the original antibody (for O-linked glycosylation sites).

Where the antibody comprises an Fc region, the carbohydrate attached thereto may be altered. For
example, antibodies with a mature carbohydrate structure that lacks fucose attached to an Fe region of the
antibody are described in US Pat Appl No US 2003/0157108 Al, Presta, L. See also US 2004/0093621 A1l
(Kyowa Hakko Kogyo Co., Ltd). Antibodies with a bisecting N-acetylglucosamine (GIcNAc) in the
carbohydrate attached to an Fc region of the antibody are referenced in WO03/011878, Jean-Mairet et al. and US
Patent No. 6,602,684, Umana et al. Antibodies with at least one galactose residue in the oligosaccharide
attached to an Fc region of the antibody are reported in W097/30087, Patel e al. See, also, WO98/58964 (Raju,
S.) and WO99/22764 (Raju, S.) concerning antibodies with altered carbohydrate attached to the Fc region
thereof. Antibody compositions comprising main species antibody with such carbohydrate structures attached to
the Fc region are contemplated herein.

Nucleic acid molecules encoding amino acid sequence variants of the Antibody are prepared by a
variety of methods known in the art. These methods include, but are not limited to, isolation from a natural
source (in the case of naturally occurring amino acid sequence variants) or preparation by oligonucleotide-
mediated (or site-directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared
variant or a non-variant version of the antibody.

(viii)  Screening for antibodies with the desired properties

Techniques for generating antibodies have been described above. One may further select antibodies
with certain biological characteristics, as desired.

To identify an antibody which blocks ligand activation of a HER receptor, the ability of the antibody to
block HER ligand binding to cells expressing the HER receptor (e.g. in conjugation with another HER receptor
with which the HER receptor of interest forms a HER hetero-oligomer) may be determined. For example, cells
naturally expressing, or transfected to express, HER receptors of the HER hetero-oligomer may be incubated
with the antibody and then exposed to labeled HER ligand. The ability of the HER2 antibody to block ligand
binding to the HER receptor in the HER hetero-oligomer may then be evaluated.

For example, inhibition of HRG binding to MCF7 breast tumor cell lines by HER? antibodies may be

performed using monolayer MCF7 cultures on ice in a 24-well-plate format essentially as described in

W001/00245. HER? monoclonal antibodies may be added to each well and incubated for 30 minutes. '~ I-

labeled tHRGP1177.224 (25 pm) may then be added, and the incubation may be continued for 4 to 16 hours.
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Dose response curves may be prepared and an ICsg value may be calculated for the antibody of interest. In one

embodiment, the antibody which blocks ligand activation of an HER receptor will have an IC5( for inhibiting
HRG binding to MCF7 cells in this assay of about 50nM or less, more preferably 10nM or less. Where the
antibody is an antibody fragment such as a Fab fragment, the ICsg for inhibiting FIRG binding to MCF7 cells in

this assay may, for example, be about 100nM or less, more preferably 50nM or less.

Alternatively, or additionally, the ability of the HER2 antibody to block HER ligand-stimulated tyrosine
phosphorylation of a HER receptor present in 2 HER hetero-oligomer may be assessed. For example, cells
endogenously expressing the HER receptors or transfected to expressed them may be incubated with the
antibody and then assayed for HER ligand-dependent tyrosine phosphorylation activity using an anti-
phosphotyrosine monoclonal (which is optionally conjugated with a detectable lalboel). The kinase receptor
activation assay described in U.S. Patent No. 5,766,863 is also available for deteranining HER receptor activation
and blocking of that activity by an antibody.

In one embodiment, one may screen for an antibody which inhibits HRG stimulation of p180 tyrosine
phosphorylation in MCF?7 cells essentially as described in W001/00245. For example, the MCF7 cells may be
plated in 24-well plates and monoclonal antibodies to HER2 may be added to each well and incubated for 30

minutes at room temperature; then THRGP1177.944 may be added to each well to a final concentration of 0.2 nM,

and the incubation may be continued for 8 minutes. Media may be aspirated from each well, and reactions may
be stopped by the addition of 100 pl of SDS sample buffer (5% SDS, 25 mM DTT, and 25 mM Tris-HC], pH
6.8). Each sample (25 p!) may be electrophoresed on a 4-12% gradient gel (Novex) and then electrophoretically
transferred to polyvinylidene difluoride membrane. Antiphosphotyrosine (at 1 pg/ml) immunoblots may be

developed, and the intensity of the predominant reactive band at My ~180,000 may be quantified by reflectance

densitometry. The antibody selected will preferably significantly inhibit HRG stirmulation of p180 tyrosine
phosphorylatiou to about 0-35% of control in this assay. A dose-response curve for inhibition of HRG
stimulation of p180 tyrosine phosphorylation as determined by reflectance densitometry may be prepared and an
ICs, for the antibody of interest may be calculated. In one embodiment, the antibody which blocks ligand
activation of a HER receptor will have an ICs, for inhibiting HRG stimulation of p180 tyrosine phosphorylation
in this assay of about 50nM or less, more preferably 10nM or less. Where the antibody is an antibody fragment

such as a Fab fragment, the IC50 for inhibiting HRG stimulation of p180 tyrosine phosphorylation in this assay

may, for example, be about 100nM or less, more preferably S0nM or less.

One may also assess the growth inhibitory effects of the antibody on MIDA-MB-175 cells, e.g,
essentially as described in Schaefer et al. Oncogene 15:1385-1394 (1997). According to this assay, MDA-MB-
175 cells may treated with a HER2 monoclonal antibody (10pg/mL) for 4 days and stained with crystal violet.
Incubation with a HER2 antibody may show a growth inhibitory effect on this cell line similar to that displayed
by monoclonal antibody 2C4. In a further embodiment, exogenous HRG will not significantly reverse this
inhibition. Preferably, the antibody will be able to inhibit cell proliferation of MIDA-MB-175 cells to a greater
extent than monoclonal antibody 4D5 (and optionally to a greater extent than momoclonal antibody 7F3), both in

the presence and absence of exogenous HRG.
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In one embodiment, the HER2 antibody of interest may block heregulin dependent association of HER2
with HER3 in both MCF7 and SK-BR-3 cells as determined in a co-immunoprecipitation experi ment such as
that described in WO01/00245 substantially more effectively than monoclonal antibody 4DS5, arad preferably
substantially more effectively than monoclonal antibody 7F3.

To identify growth inhibitory HER?2 antibodies, one may screen for antibodies which inhibit the
growth of cancer cells which overexpress HER2. In one embodiment, the growth inhibitory antibody of choice
is able to inhibit growth of SK-BR-3 cells in cell culture by about 20-100% and preferably by about 50-100% at
an antibody concentration of about 0.5 to 30 pg/ml. To identify such antibodies, the SK-BR-3 assay described in
U.S. Patent No. 5,677,171 can be performed. According to this assay, SK-BR-3 cells are growra in a 1:1 mixture
of F12 and DMEM medium supplemented with 10% fetal bovine serum, glutamine and penicill in streptomycin.
The SK-BR-3 cells are plated at 20,000 cells in a 35mm cell culture dish (2mis/35mm dish). 0.5 to 30 pg/ml of
the HER?2 antibody is added per dish. After six days, the number of cells, compared to untreated cells are
counted using an electronic COULTER™ cell counter. Those antibodies which inhibit growth ©f the SK-BR-3
cells by about 20-100% or about 50-100% may be selected as growth inhibitory antibodies. See US Pat No.
5,677,171 for assays for screening for growth inhibitory antibodies, such as 4D5 and 3ES.

In order to select for HER2 antibodies which induce apoptosis, an annexin binding assay using BT474
cells is available. The BT474 cells are cultured and seeded in dishes as discussed in the precedi ng paragraph.
The medium is then removed and replaced with fresh medium alone or medium containing 10pg/ml of the

monoclonal antibody. Following a three day incubation period, monolayers are washed with PBS and detached
by trypsinization. Cells are then centrifuged, resuspended in Ca2+ binding buffer and aliquoted. into tubes as

discussed above for the cell death assay. Tubes then receive labeled annexin (e.g. annexin V-FTIC) (1ug/ml).
Samples may be analyzed using a FACSCAN™ flow cytometer and FACSCONVERT™ CellQuest software
(Becton Dickinson). Those antibodies which induce statistically significant levels of annexin binding relative to
control are selected as apoptosis-inducing antibodies. In addition to the annexin binding assay, a DNA staining
assay using BT474 cells is available. In order to perform this assay, BT474 cells which have been treated with
the antibody of interest as described in the preceding two paragraphs are incubated with 9ug/ml HOECHST
33342™ for 2 hr at 37°C, then analyzed on an EPICS ELITE™ flow cytometer (Coulter Corporration) using
MODFIT LT™ software (Verity Software House). Antibodies which induce a change in the percentage of
apoptotic cells which is 2 fold or greater (and preferably 3 fold or greater) than untreated cells Cup to 100%
apoptotic cells) may be selected as pro-apoptotic antibodies using this assay. See W098/17797 for assays for
screening for HER?2 antibodies which induce apoptosis, such as 7C2 and 7F3.

To screen for antibodies which bind to an epitope on HER2 bound by an antibody of inaterest, a routine
cross-blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Flarbor Laboratory,
Ed Harlow and David Lane (1988), can be performed to assess whether the antibody cross-blocks binding of an
antibody, such as 2C4 or Pertuzumab, to HER2. Aliernatively, or additionally, epitope mappin.g can be
performed by methods known in the art and/or one can study the antibody-HER2 structure (Franklin et al.
Cancer Cell 5:317-328 (2004)) to see what domain(s) of HER?2 is/are bound by the antibody.

(ix) Immunoconjugates
The invention also pertains to immunoconjugates comprising an antibody conjugated to a cytotoxic

agent such as a chemotherapeutic agent, toxin (e.g. a small molecule toxin or an enzymatically active toxin of
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compound with nucleolytic activity (e.g. a ribonuclease or a DNA endonuclease such as a deoxyribonuclease;
DNase).
A variety of radioactive isotopes are available for the production of radioconjugated HER? antibodies.

2 . e
Exarples include Atzu, 1131 1125 Y R R 188, Sm153, BiZlZ, P3 and radioactive isotopes of Lu.

Conjugates of the antibody and cytotoxic agent may be made using a variety of bifunctional protein
coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), succinimidyl-4-(N-
maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (IT), bifunctional derivatives of imidoesters (such
as dimethyl adipimidate HCL.), active esters (such as disuccinimidyl suberate), aldehydes (such as

. glutareldehyde), bis—azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives
(such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-
active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be
prepared as described in Vitetta et al. Science 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-
methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of
radionucleotide to the antibody. See W(094/11026. The linker may be a “cleavable linker” facilitating release of
the cytotoxic drug i the cell. For example, an acid-labile linker, peptidase-sensitive linker, dimethyl linker or
disulfide-containing; linker (Chari et al. Cancer Research 52: 127-131 (1992)) may be used.

Alternatively, a fusion protein comprising the HER2 antibody and cytotoxic agent may be made, e.g. by

recombinant technicques or peptide synthesis.
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of clai m 8 wheyeinpther prebodipent g dntleody mayzbe eningriadriod Fegwtor” ek steepREdipddery| at i on
of clai mnBLaMem;h& pk‘ﬂx@etﬁ@-@&hﬂ{ thelﬁmbcﬁlyli’ec@tbalscﬁﬁl@te is alihinisitiadto the pautrt ddliowel Of

claims8 V@%o@al Qf u boundS Ce'laﬁ 1trcu§ihlo%ru91§ aclear}ﬂgage;[m?d %qu(!m}uﬁ%ﬁo?mf Of claim38

wher ei n tiyhe e Chas (ﬁonjuéoncen fonis from mMto about 1M 13,
The f or niikad"i(en a‘(ﬁm)(‘l"f“dl 1Pr?°£12g%‘i’é13 apfptxresse g R %R ®dAcent ration is |im

about 60nildl to abawer ZBehy mdificatidsd, The forrul ation of claim1 further
conpri sing S%tﬁeﬁﬁ&ﬁﬂé&t onsjoﬁthe ;Eﬁgocfy%eWt&{plaQ@hé?Jm %@km;yiylthe\’mtﬁf)@'nﬁy bfiked

surfactant is polysor : 5 wherel n the
sur f act afAprejoka %B?“B‘&'F’éamﬁpdﬁ"ﬁeés’ f- 6r1f?gu‘£\’?‘i“8g[yc8ﬁ‘ p"&’ip%?f’*ﬁ“i “Wherei n t he
sur f act aptyoxyaikgdess ¢radpblpmers & pdlyetivlabgptol Bd OQQLYsme elydob (The iy abg mayTise

for nul at énQeH: Qfin GikBdaPdsHorophier @k‘@xaﬁrﬁ]ﬁ b?k!ﬁaf:@faﬁ@ﬂ@ch:ﬁ@%ﬁﬁytlﬁt&fablﬂ Polyreerifatioin about
0.019% t o_about | ation of jrpnocl onal

anti body™ §xaﬁp]f ?IY%omeée gt cﬁlugsﬁtof e Mg am?%)wrﬁg% tg}il%\%ﬁgyga epm{ugl&ﬂ]sulg wher ei n
t he nonoretrentizdly).amrelididstiiug) deliverp Sb’fge@s forgrtpaiotippsomes albumipamiteipbeishat i on of cl ai m
1. wher einirobisioi®) RAC bR} andiinob@elyes), & iambwamniiae dudindchiimerypre disd@ed ifhe

formul at ke‘Bﬂx s BlafHaBidicalMAHE f]Gth?uomgCA%akwmt' bOdy i's an anti body

fragment corrprl si.ng an anti gen- I | ation of
clai m 22 wher&P# b g 4o g g&f‘??ﬁ‘g?f{éﬁ?ﬂ]‘? gﬁuoﬁaﬁhreslpwff() a%‘c') IZEQ'}‘:% fent. 24.
The f or malegicomtigri-deemlpnyrell-mafiipgeH cyotoxisite(APLE) and/orpguplemige dfpgfdepaeyoleEitiof ¢l ai m
| wher ei @oidhé welhivhiy 08iiGdal 84 achlddlng diodvbifigitie Sfinotenitning el SiBlitgphadarifcom t he

group con S'lms(;[f he g]ngodhﬂgg‘n\%%,dgg? %Qi"[“ﬁ 5 an @ggrcm{lug(g)u mal Déim}éﬁﬁd in thgﬁz rechJ;\e

formul ati® %ﬁn go raeQal
ant i bodyﬂ‘ngbyﬁEﬂYﬁﬁl‘%““ﬂ?t‘*iﬁ“ bopg formption ffhipsedt i ?"“&“P&a WHEr&In the
anti gen inay MfeTmandd inlsalizaivoebadnlil adiet inpyerehd cmleswmlasmaoﬂmszad a“flt}?éy

f or mul at §QEnag cefhi byBrokicWh@DELY. $d3eaBPa ek amabea tisilmadydsi(B95 usicegd, Bl/e t o
den: dant » ol 148298 %?&b%g }%omi)gléxe%[ [ z{nﬁbodlfe 1%1.@&0%(94&&—%@(10%@%%& Mbch i's

stabl e upon storage a east rmul ati on

of cl ai nPFPaEAPEH hft‘é“’%ft“ﬁlfﬂ“é‘ giiolipket Ef’rdaij’é egin V%ﬂ%ﬂf’l g‘@“(S F“&‘i‘%‘&g 5%%%9? or at
teas; 3 OB).hatemBively, Thetifody e batizorerafwhih hisdval Fosppiontend maydhezeht kevagolancedt or age

3\;1 aEOUt Cont%Q:Qerft s Ab Ab@@-&;pabaltlgp rBee Stk\leﬁson 321, Antb@ndeopap balsh amoabo @dsa). m 1 |
I C IS Sta e ai m
kl&g&%& ﬁsﬁ E } J1 gt‘l% t1bo§'1es pr(%g’d .?J(&hefchﬁJ %@&rés&x@e OQLungaL The

whi ch is aque ornmu ion o frozen, 35.
f or mul at FiéatorsliseVhsiehe znt\mleewn}rglswnq a5ig ﬁ‘l‘??‘l“i“ﬁ‘é&”ﬁ"rfd fﬂ%‘&%‘hﬁ?ﬁ Bdathslin ect ed
t o prior altiy@p Kith inpatdd ADCCIGupriFeraufstmtinnt @ besvipns #PS, 633aindi3B4 effte Ehregien. aqueous

and is ag}lk&iﬂ? e E.h%gd ﬁ&eg@onﬁ%%:@ﬁﬁ IgG1 Fc region comprising or consisting of substitutions at one, two

or three of these positions.

Antibodies with altered Clq binding and/or complement dependent cytotoxicity (CDC) are described in
W099/51642, US Patent No. 6,194,551 B1, US Patent No. 6,242,195B1, US Patent No. 6,528,624B1 and US
Patent No. 6,538,124 (Idusogie et al.). "Yhe antibodies comprise an amino acid substitution at one or more of

amino acid positions 270, 322, 326, 327, 329, 313, 333 and/or 334 of the Fc region thereof.

To increase the serum half life of the antibody, one may incorporate a salvage receptor binding epitope
into the antibody (especially an antibod:ss fragment) as described in US Patent 5,739,277, for example. As used
herein, the term "salvage receptor bindimg epitope” refers to an epitope of the Fc region of an IgG molecule (e.g.,
12G,, IgG,, IgGs, or IgG,) that is resporasible for increasing the in vivo serum half-life of the IgG molecule.
Antibodies with substitutions in an Fc region thereof and increased serum half-lives are also described in

WO00/42072 (Presta, L.).
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37. The fornul ation of claim 36 wherein the fornulation is for intravenous
(I'V), subcutaneous (SQ or intramuscul arachuinistation. 38. The

formul ation of claim37 which is for ry adm nistration and the anti body
concentration is from about 20aiginEL to about 4ChrighuL. 39. The

formul ation of claim37 which is for SQ a.dmnistration and the antibody
concentration is fromabout 80ngful to about 250nm8/M.. 40. A vial with a
st opper pi er &egitsred dpgoodiessyithithyer eesniprefesbintyun frectipen! ATERTGRE BFS %9 24Pm |

i nsi de tch@enmplagal (US Apbla NONES20280046H7 AC)MalIde: a0 Whi ch is stored at about 2-8t
42. The vial of claim40 which is a 20ce or 50ce 43. A stainless steel
tank conpri siThgtERRantbotigndisdestdnreismaxdlabedonmujaisd psdamupelipgsaiys. LipgwmesThe t ank
of clai mbrﬂa}l]mwaﬂl.ibﬂdytak:ﬁ)rdcpﬁﬁdﬂglhﬁﬂl(bd@ﬂlotvhiﬂlﬁﬂhrﬂ sicBasfdleziBdd.in Hybtein At alFrérOBario f
treati ngicgi. 9&.?&‘3‘%&3&% (1(;!35201[1 etalrl Pfbe W DJA?cﬁit scf 980 7;7%3’65119@65% §|P§t§ ﬁ&;' ng the

formul at| In_an anount ef ectlvetotreat t he
di sease 46‘135 0fiS apstepas 45 yagd WRS ?erﬁlé‘é*lﬁf Peober PP Hiu L HRoPEIS Wl RBtanest fg at("&) a
full | enigklace dgadsednUisbiagyt Nous@epIsi bl e t o deam dation or aggregation in an

grf]?]ynt from G}QQHkarn usgﬁgipmomgs(amﬁ)ﬁgé&rataﬁg%l‘@gé}ﬁlphasé Boapdaitish h@lhdaentﬂlﬁﬁﬂa@tte f
u er, cchna u con | ng (0]
trelial C?B‘émélﬁ?f °§ﬂ'€:‘158§%h° Pg%‘dgﬁm terP%Aﬁ%gﬁ‘fa"?e%@ﬂ TR |afus;g'¥68l R SOUt 250uri t vk
and ( d)PEpdligesorebat etreiyd Mu@rﬁltamfgfrﬁwdfppre piredd el hrt}zsmwtbtha%c?é dmel% 471 A

met hod frap' fh@AHE bAG aftdBAylok thé phésdddiiveRtion aGQE Gk BE lipsdulessapetibed i
monocl o rl\ﬁlal.mnaél;‘lgl s .P 9 Q%C}fe?r% erﬁsg glgil?l;lg}l&lgl:ﬁld&gte&ﬂﬁgc Q-Q,Ic{l&lp Mhén{bth@rapeutlc agent

hi sti di ne-acet ate gq? he met hod 2%‘3 %

conpri sitheptierrly Gairsd i e Artams oo CuEen dat Y4 Gregdit %lglé“l ¥ef ore and
after the anti bodyixiBerpbun Aveibodds 49. A pharnmaceutical fornulation

conpri sing arEx@tﬂ;tldrmg%d&Mchbdnmdﬁnﬁuﬁtedmlﬂk th the pEsefElRRntioR indludd] it drlione

buf f er alt tedB fferLm about 5.5 to about 6.5, a saecharide, and a

surf act ant g’@ l‘f‘ formul ati on of claim49 wherein the buffer is

hi sti cl |%%'E%?@éf‘té’9‘ées’ incipgling I AER pripdist: pushhes drosedpsgiiypd Aoneih &t bt he  TI E1k2.
ant i bodyant@tipsrths Bisd tb AB-crlbsnifaddeket, ugings CRIN EDIG(or edzinpleRianipabdRITHEANE) aid

sequencqgmh‘gze;ﬁﬁ@) |dPoNe$4o 3 paBd 4, respectively. 52 The fornul ati on of

o S antBSL DS M PR OSSR L ok e a8 0
sequenceFige 1&EB defeif) WIKF‘@E@NWCNG) TePgniibprly vth an oo a"‘FHE"S tb‘PﬁfﬂPast“Pb ASof
cl ai m 4%rahRireida titeftes (pionf/o o4 Aormudoa tHigan7A-8 hériomaalyB attib&ly8s o about 6. 2.

54. The 6&/6&66’4%’%110& aﬁ);ntlﬁ\tjdﬁ umuéig Aﬂﬁtﬁﬁﬁ&a énggndqﬁlf- 1k Meikdaed SOI&F@SI&M junction
bet ween 110 I\/B|

3CF, i cl a| m 49
wher oi n FHRRCARERHS6 °§th°aa12€fwt‘ ‘idg?ﬁggfehg cGitsty - g b RREE, ol &
cl ai m 490nigtetiopd] Rubfi¢psondies WBGE0181 HE Bsitnt M- P64 3?%13?“136 Hebaaw dt 199% VA §iteif No-t o

about 405713, isdd Febufpal 1vag eud 9308173 hublished Mdh@NL 92 BP0 PBO19Tp ddBlied Zaammb | N an

anount f{40[939,99(1+5812‘1ggp1\gl {Q. about 40i nghut, histidine- acet ate buffer,
sucrose, an sorbate’ wherein the pH of the for tiopis fro
about 5. @t‘?%‘eﬁtbﬁ d t8"§°“1%g‘d°ﬂ‘l‘11i@ @PBM%&P&W@F? °p} P KT H g gvflchzém%boout

301119/ i @VASPRfOuuvebizllyakrdete fR@rGendngch) ad R&Wm@abe@@@wﬂsn&b out 120ml\ 4
sucr 0se, anads ahiglies B RRVE: RO LYS0108:83281988), andVA@n@ioRkl tPiGlicitioh N6, Wdves/Fa5ul at i on

![?lea?glrjt "I‘q gCAaélg?dwsp%ﬁ 4233;5 th a stopper pierceable by a syringe conprising
anti-CD40 antibodies, including S2C6 and humanized variants thereof (WOQ0/75348);

anti-CD11a antibodies, including efalizumab (RAPTIVA®) (US Patent No. 5,622,700, WO 98/23761, Steppe
et al., Transplant Intl. 4:3-7 (1991), and Hourmant et al., Transplantation 58:377-380 (1994)); anti-CD18
antibodies (US Patent No. 5,622,700, issued April 22, 1997, or as in WO 97/26912, published July 31, 1997);
anti~Apo-2 receptor antibody (WO 98/51793 published November 19, 1998);

anti-TNF-alpha antibodies including cA2 (REMICADE®), CDP571 and MAK-195 (See, US Patent No.
5,672,347 issued September 30, 1997, Lorenz et al. J. Immunol. 156(4):1646-1653 (1996), and Dhainaut et al.
Crit. Care Med. 23(9):1461-1469 (1995));

anti-Tissue Pactor (TF) (Buropean Patent No, 0 420 937 B1 granted November 9, 1994);
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60. A stainless steel tank conprising the forrmulation of claim49 in the
tank. 61. A nethod of treating HER2-expressing cancer in a subject,
conprising adm nistering the pharmaceutical fornulation of claim49 to the
subject in an a.nosint effective to treat the cancer. 62. The method of
claim6l1l wherein the thinulation is admnistered to the subject

i ntravenously, subcutaneously, or intramuscularly. 63. A nethod of making
a phar macethinea bapf iae g (0 DR 2¢aqpistied Fabgary 14 898)pr eparing the formul ati on of
claiml; Apdeel B) lboﬁgsaina@cug@gmmm fiHanis2h Blahiibbdy as if WRITea@I0 Shimbieh i ty, or

bi ol ogi c activi he nonocl onal antibody in the fornulation, 64. A
phar naceuP?CE“éFrlP’dP%ul atl on conpi s3ng a DR5 antibody in a histidine buffer
at a pH f meiODaBGLies subh 4s@KAD BiftPaent Ho. 431 59e shvedNMad, 198d a sm faetant. 6.5.
The for WL@@D@% -1l atibBli@ duckReIEEN (heLbeifd) e (ks b) Génes paatat e. 66,
The for mJI | on of. Clﬁ;jn%? V\:hEI’EI n the DR5 antibody is an agoni st

ant i body. > 21d PEPRRTT 403°0h of clai m 64 wherein the DR5 antibody is
Apomab. 68\“-%@115@}%#143#1&\9 the FM 3412 etibgdn{ BT siifed drity Rt SBREZZMEBBRY conpri ses
t he heavyaxﬁfwmanmlmuoa@g chseoueIRicdiharbEQL INDu32:583-337a168): i ght chai n ami no

aci d sequence Rk 08 o] AL, Bhber €i n
the pH of “t'he crece toran oggls‘gﬁaﬁ SE%\?%ZS%%% gﬁet%w%&él toc%allbout 6la . 70. The

. fornul at F%HOHP96CSP%(H9@4 wherein the antibody is a full |ength antibody.
71. The f etiruitisdehniayoniohntigdndCRA)Getibuire sueh 23 hWINel4 Shirkeh oy Cersndent5P@Suem):i s front
about 10akgkd Johds (1b4),about 30i ngt rrL 72. A pharmaceutical fornulation

conpri sin ro ' I a roi"
hi stidin egrgl(b’(@f %l({frécteg a¥afnst%reas? ”DL%,% cells ific u %H.)I lFrl.’- % MDQQ& %IS &ﬁgrﬁg{ I’li%tg f ¢ pH of
the for nuRetISEH: 53§2Sf5$i§h@99<§b6‘l§tm05m6‘ e{"é C&’Efﬁ’Lﬁ“ )6/5(?? S“PPY§9‘6T§?3°? Grt ati on of
claim 72 emibiies it Bigd ta bddstcarRHiniagélls suih as CSBakinale; ol Fpoubn@eH. GG 1): hP SO ne:

acetate, %’tﬂ.ﬁbﬁs?%ﬂwdumgk@h%%ﬁmﬁo%,ﬂn@ubs@)@aﬁfmmgso;sor bate 20, wherein
e

e Do) ks ou i Lo RNy th ol Sy R FRIRRGu
st ai nl ess 6&%t®e€PPflank conprising the foranliation of claim64 in the tank.
76. A et hadcmb adibRat dubtgs CENE BjmphdCidt (Budj @6l Canco RPISHE@I Sugplashidsiofis€I®Rg t he

phar ”aceUtﬁc%'cAi(a%dﬁwwﬁEchQ 19f1A&1AﬂbﬂE@§) to the subject in an anount

ef fective e cancer of cI aim 76 wherein the
cancer is 23" W@Iﬁaf“ﬁ%ﬁsSuchafébw‘ﬁfgmr%]?%gﬁ&%%)p%ﬁl% m' 76 wherein the cancer is
non- Hodgkiami-RSY aytibpdie sweh as NERI-4THEYAGIE® of clai m 76 wherein the

f or r ant af i,@PcNr® adshadleusitersrdvaré;he subj ect i ntravenously, subcutaneously,

or intramusc 6. Listing <110> GENENTECH, INC. ANDYA, JAMES
GWEP, SHI A N&wﬁa“‘“ﬁ‘_’%(/@[ j‘\?}ﬁfqgﬁgﬁ YE <120> ANT| ggﬂg{v FORMULATI ONS <130> P2104R1L

PCT <140> apehrpaispoes)io seeh 2 theaqirtop Bapsdy (5T

anti-CA 125 antibody OvaRex;

anti-idiotypic GD3 epitope antibody BEC2;

anti-ovp3 antibody VITAXIN®;

anti-human renal cell carcinoma antibody such as ch-G250; ING-1;
anti-human 17-1A antibody (3622W94);

anti-human colorectal tumor antibody (A33);

anti-human melanoma antibody R24 directed against GD3 ganglioside;
anti-human squamous-cell carcinoma (SF-25); and
anti-human leukocyte antigen (HLA) antibodies such as Smart ID10 and the anti-HLA DR antibody Oncolym
(Lym-1). ~
(xi) Antibody variant compositions

The present invention, in at least one aspect, concerns formulations comprising a composition which
comprises a mixture of a main species antibody and one or more variants thereof. Where the main species
antibody binds HER2, preferably the HER2 antibody (either or both of the main species HER2 antibody and
antibody variant thereof) is one which binds to Domain I of HER?2, inhibits HER dimerization more effectively
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<150> Us 60/620, 413 <151> 2004-10-20 <160> 74 <2111,- 1 <211> 107 <212> PRT
<213> Mus nuscul us <400> 1 Asp Thr Val Met TimGn Ser Hs Lys Ile Mt Ser
Thr Ser Val 151015 Ay Asp Arg Val Ser Ile Thr Cys Lys Ala Ser G n Asp Val
Ser 202530 Ile Gy Val Ala Ttp Tyr Gn Gn Arg Pro Ely Gn Ser Pro Lys
354045 Len Len Ile Tyr Ser A a Ser Tyr Arg Tyr Thr Ely Val Pro Asp 505560
Arg Phe Thr Gy ser Ely Ser " Thr Asp Phe Thr Phe Thr |le 657075 ser Ser
Val G n %"é‘"’a@"ﬂmﬁs*ﬁd’l’_‘é’ﬁ‘dw &h%‘fdlm\’?‘erFg sty of HER Yy @W’%TB@SQP@WW hef§fp off | & Tyr
Pro Tyr th&mailRpeicCinybol iyonekomptisiig the yscidbiUlightland @58 0dQHantidoacill yeguentsli@SEQ <211>
119 <2121b PPBIalﬁ%]ﬁE mMﬂﬁefWh\ in<§1ﬂ%ﬁcl%mgnﬂloyad se@er@e Leﬁ&eﬁoﬂl S%ﬁb REr El'y

(F;I’; Shg en e a[lf/'ﬁl]y ?ggw ac1dsequencese]ectet?gomg/ba(imllyo lé ser Qys Lys Ala ser

In one embodiment, the formulated HER2 antibody composition comprises a mixture of the main
species HER2 antibody and an amino acid sequence variant thereof comprising an amino-terminal leader
extension. Preferably, the amino-terminal leader extension is on a light chain of the antibody variant (e.g. on one
or two light chains of the antibody variant). The main species HER2 antibody or the antibody variant may be an
full length antibody or antibody fragment (e.g. Fab of F(ab’)2 fragments), but preferably both are full length
antibodies. The antibody variant herein may comprise an amino-terminal leader extension on any one or more of
the heavy or light chains thereof. Preferably, the ammino-terminal leader extension is on one or two light chains
of the antibody. The amino-terminal leader extension preferably comprises or consists of VHS-, Presence of
the amino-terminal leader extension in the composition can be detected by various analytical techniques
including, but not limited to, N-terminal sequence aunalysis, assay for charge heterogeneity (for instance, cation
exchange chromatography or capillary zone electrophoresis), mass spectrometry, etc. The amount of the
antibody variant in the composition generally ranges from an amount that constitutes the detection limit of any
assay (preferably N-terminal sequence analysis) used to detect the variant to an amount less than the amount of
the main species aatibody. Generally, about 20% or less (e.g. from about 1% to about 15%, for instance from
5% to about 15%) of the antibody molecules in the composition comprise an amino-terminal leader extension.
Such percentage amounts are preferably determined using quantitative N-terminal sequence analysis or cation
exchange analysis (preferably using a high-resolution, weak cation-exchange column, such as a PROPAC WCX-
10™ cation exchange column). Aside from the amino-terminal leader extension variant, further amino acid
sequence alterations of the main species antibody and/or variant are contemplated, including but not limited to
an antibody comprising a C-terminal lysine residue on one or both heavy chains thereof, a deamidated antibody
variant, etc.

Moreover, the main species antibody or variant may further comprise glycosylation variations, non-
limiting examples of which include HER?2 antibody comprising a G1 or G2 oligosaccharide structure attached to
the Fc region thereof, HER2 antibody comprising a carbohydrate moiety attached to a light chain thereof (e.g.
one or two carbohydrate moieties attached to one ox two light chains of the antibody), HER2 antibody

comprising a non-glycosylated heavy chain.

. Preparation of the Formulation

The present invention provides, in a first aspect, a stable pharmaceutical formulation comprising a
monoclonal antibody, preferably a full length human or humanized IgG1 antibody, in histidine-acetate buffer,
pH 5.5 to 6.5, preferably pH 5.8 to 6.2. However, the antibody in the formulation may be an antibody fragment
comprising an antigen-binding region, such as a Fab or F(ab’)2 fragment.

In another embodiment, the invention concerns a pharmaceutical formulation comprising, or consisting
essentially of, a full length IgG1 antibody susceptible to deamidation or aggregation in an amount from about
10mg/mL to about 250mg/mL; histidine-acetate buffer, pH 5.5 to 6.5; saccharide selected from the group
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Asp Tyr Thr Met Asp Trp Val Lys cm Ser His Ely Lys Ser Len 354045 GQu TIT
Ile Ely Asp val Asn Pro ASH Ser Gy Ely Ser Ile Tyr 505560 Page 1 Asn G n
Arg Phe Ser Arg Ile val Thr Ala Val Tyr he Asp Tyr Thp <210> 3 <211> 107
<212> PRT <213> Artificial Lys Ay Lys Ala ser 65 Tg Met G u Leu Arg Tyr
Cys Ala Arg Mh 95 Ay Gn @y Thr Thr 110 Sequence Leu thr Val AS Arg Ser
7075 Ser Leu Thr 85 Leu Gy Pro 100 Leu Thr Val Ser ser 115 <220> <223>

sequenc ecoims%ti@%f'&ehﬁéé A g]crose, in an amount from about 60xmM to about 250mM; and polysorbate 20 in an
amount from about 0.01% to about 0.1%.

In yet a further embodiment, the invention provides a pharmaceutical formulation comprising an
antibody that binds to domain I of HER2 in a histidine buffer at a pH from about 5.5 to about 6.5, a saccharide
and a surfactant. For example, the formulation may comprise Pertuzumab in an amount from about 20mg/mL to
about 40mg/mL, histidine-acetate buffer, sucrose, and polysorbate 20, wherein the pH of the formulation is from
about 5.5 to about 6.5

In another aspect, the invention provides a pharmaceutical formulation comprising a DR5 antibody ina
histidine buffer at a pH from about 5.5 to about 6.5, a saccharide, and a surfactant. Such a formulation may, for
example, comprise, Apomab in an amount from about 10mg/ml- to about 30mg/mL, histidine-acetate buffer,
trehalose, and polysorbate 20, wherein the pH of the formulation is from about 5.5 to about 6.5.

The formulation is especially useful for antibodies that are susceptible to deamidation and/or
aggregation and/or fragmentation, in that the buffer retards deamidation and/or aggregation and/or fragmentation
of the antibody formulated therein. In addition, unlike other histidine buffers prepared using HCI, the histidine-
acetate buffer lacks the chloride ion which was found to be beneficial herein in that this buffer when combined
with saccharide had the same protective effect on antibody as polysorbate 20, and was stable and compatible
with storage in stainless steel tanks. Thus, in addition to the forrmulation per se comprising the antibody
susceptible to deamidation, aggregation and/or fragmentation, the invention provides a method for reducing
deamidation, aggregation and/or fragmentation of a therapeutic xmonoclonal antibody (for example, relative to a
composition at a different pH or in a different buffer), comprising formulating the antibody in a histidine-acetate
buffer, pH 5.5 to 6.5. In this embodiment, one may determine ox measure deamidation, aggregation and/or
ﬁ'agmentation before and after the antibody is formulated, with the formulated antibody demonstrating
acceptable deainidation, aggregation and/or fragmentation in the formulation and upon storage thereof.

The antibody in the formulation may bind an antigen including but not limited to: HER2, CD20, IgE,
DRS3, BR3 and VEGF.

‘Where the formulated antibody binds HER?2, it preferably is one which binds to Domain II of HER2,
inhibits HER dimerization more effectively than Trastuzumab, and/or binds to a heterodimeric binding site of
HER?2. The preferred embodiment herein of a formulated HER2 antibody is one comprising the variable light
and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, and most preferably comprising the light
chain and heavy chain amino acid sequences in SEQ ID Nos. 15 and 16 (Pertuzumab).

Examples of CD20 antibodies which can be formulated herein include: “C2B8" which is now called
“Rituximab” (‘RITUXAN®”) commercially available from Genentech (see also US Patent No. 5,736,137,
expressly incorporated herein by reference); the yttrium-[90)-labeled 2B8 murine antibody designated “Y2B38"
or “Ibritumomab Tiuxetan” ZEVALIN® commercially available from Biogen-Idec (see also US Patent No.
5,736,137, expressly incorporated herein by reference); murine XgG2a “B1," also called “Tositumomab,”
optionally labeled with 131 to generate the “1311-B1" antibody Ciodine 1131 tositumomab, BEXXART™) (US
Patent No. 5,595,721, expressly incorporated herein by reference); murine monoclonal antibody “1F5" (Press et
al. Blood 69(2):584-591 (1987) and variants thereof including “framework patched” or humanized 1F5
(W003/002607, Leung, S.); ATCC deposit HB-96450); murine 2H7 and chimeric 2H7 antibody (Clark et al.
PNAS 82: 1766-1770 (1985); US Patent No. 5,500,362, expressLy incorporated herein by reference), humanized
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Ile Lys <210> 4 <211> 119 <212> PRT <213> Artificial Sequence <220> <223>
sequence i s synthesized <400> 4, du Val Gn 1 Leu Val GQu Ser lily 5 @y
Gy Leu val Gn Pro lily 1015 lily ser Leu Arg Leu Ser Cys Ala 20 Asp Tyr
Thr nmet Asp Trp Val Arg 35 Gu Trp Val Ala Asp Val Asn Pro 50 Asn G n Arq
Phe Lys (fly Arg Phe 65 Lys Asn Thr Leu Tyr Leu G n net Mh Set' Lev Arg

Ala Gu ASEEMSOSSQO Thr Ala Val Tyr T}/r s Ala Arg Asn Leu Ay Pro Ser Phe
Tyr 951804 B/ apE20N30 0493607 fippmel, {enmyark ;é"%ﬁmﬁﬂpﬂ’é‘?}“‘%&?ﬂ”ﬁf’mt\?% 88y ser 110115

210> 5 antibody or variants thereof such as chimeric or humanized A20 antibody (cA20, hA20, respectivel /) (US
2003/0219433, Immunomedics); and monoclonal antibodies L27, G28-2, 93-1B3, B-C1 or NU-B2 available
from the International Leukocyte Typing Workshop (Valentine et al., In: Leukocyte Typing Il (McMichael, Ed.,
p. 440, Oxford University Press (1987)).

In the preferred embodiment of a formulated CD20 antibody, the CD20 antibody is a humanized 2H7
antibody. Prefered humanized 2H7 antibodies herein are 2H7v16 and 2H7v511. The humanized 2E{7v16 may
be an intact antibody or antibody fragment comprising the variable light and variable heavy sequences in Figs.
18A-B (SEQ ID Nos. 26 and 29). Where the humanized 2H7v16 antibody is a full length antibody, preferably it
comprises the light and heavy chain amino acid sequences with SEQ ID Nos. 63 and 65.

‘Where the antibody binds VEGF, it preferably comprises the variable domain sequences ass depicted in
Fig. 19. The most preferred anti-VEGF antibody is full length humanized IgGlantibody, Bevacizunnab
(AVASTIN™), commercially available from Genentech.

Where the formulated antibody binds IgE, it is preferably selected from the group consistirag of: E25,
Omalizumab (XOLAIR®) commercially available from Genentech (see also Figs. 17A-B), E26 (Figs. 17A-B
herein), HAE! (Figs. 17A-B herein), IgE antibody with an amino acid substitution at position 265 of an Fc
region thereof (US 2004/0191244 A1), Hu-901 (Figs. 17A-B herein), an IgE antibody as in W02004/070011, or
an antibody (including antibody fragments and full length antibodies) comprising the variable doma.ins of any of
those IgE antibodies.

‘Where the antibody binds to a receptor in the tumor necrosis factor (TNF) superfamily or t© a death
receptor, it preferably binds to DRS, and preferably is an agonist antibody. Publications in this area include
Sheridan et al., Science, 277:818-821 (1997), Pan et al., Science, 277:815-818 (1997), WQ98/51793 published
November 19, 1998; W098/41629 published September 24, 1998; Screaton et al., Curr. Biol., 7:693-696 (1997);
Walczak et al., EMBO J., 16:5386-5387 (1997); Wu et al., Nature Genetics, 17:141-143 (1997); WCO98/35986
published August 20, 1998; EP870,827 published October 14, 1998; W098/46643 published October 22, 1998,
W099/02653 published January 21, 1999; W(099/09165 published February 25, 1999; W099/1179 1 published
March 11, 1999; US 2002/0072091 published August 13, 2002; US 2002/0098550 published Deceoniber 7, 2001;
US 6,313,269 issued December 6, 2001; US 2001/0010924 published August 2, 2001; US 2003/012.55540
published July 3, 2003; US 2002/0160446 published October 31, 2002, US 2002/0048785 publishecd April 25,
2002; US 6,342,369 issued February, 2002; US 6,569,642 issued May 27, 2003, US 6,072,047 issued June 6,
2000, US 6,642,358 issued November 4, 2003; US 6,743,625 issued June 1, 2004. The most prefermed DRS
antibody is Apomab.

Each of the formulations noted above comprises a buffer, preferably a histidine buffer, and most
preferably a histidine-acetate buffer with a pH of 5.5 to 6.5, preferably 5.8 to 6.2, for example approximately 6.0.
The concentration of the buffer is dictated, at least in part, by the desired pH. Exemplary concentrations for the
buffer are in the range from about 1mM to about 200mM, preferably from about 10mM to about 40rnM, most
preferably about 20mM.

The antibody concentration in the formulation is preferably in the range from about 10mg/rmL to about
250mg/mL. The antibody concentration may be determined based on the intended use and mode of

administration of the formulation. For example, where the formulation is for IV administration (e.g. a HER2
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211> 107 <212> PRT <213> Artificial Sequence <220> <223> sequence is

synt hesi zed <400> 5 Asp Ile Gn Met Thr Gn Ser Pro ser Ser Leu 5cr Ala Ser
Val 151015 Ay Asp Arg Val Thr Ile Thr cys Arg Ala Ser G n Ser |Ile Ser
202530 Asn Tyr Lou Ala Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys 354045
Len Leu tie Tyr Al a Ala Ser Sor Lets Gu Ser Ay Val Pro Ser 505560 Arg Phe
Ser Gy Ser Ser y Thr Asp Phe Thr Lets Thr Ile 657075 Ser Ser Lets
Gn Pro G‘WX%‘% aF‘f‘i’édyAP‘}ﬁemrﬁ‘P" “FW foygation ispregraplydop Asepigemir PR mERL- | ot s Pro
Trp Thr Rl efeytifed Ferthzhiytab Btulitiy6intoiabd fd intra@5O OU0BmibistentidnyBe aafib@> 6 211> 119

S212> PREnchAAR o o b ﬂ@&%@&f@)mé%a%s%my%qmmﬁ; s synthesi zed

<400> 6 Qu G n Pro Gy 151015
Ay Ser Lets %F “Eéf‘@@éﬁ“f“é%’r N ﬂ“ﬂs%f‘t‘@éf“g é Rk %’u@ P PELPCIFIETD Ser
Tyr Al a e aesdy TybeesiredASgh @bstanddllahi fr aptit@yycorcerirati@hsymaly be froBEUQYHme/mL to

about 250mg/mL, or from about 80mg/mL to about 250mg/mL, or from about 100mg/mL to about 200mg/mL..

Where the formulation comprises a DR5 antibody, such as Apomab, exemplary antibody concentrations
are from about 10mg/mL to about 30mg/mL, for example about 20mg/mL DRS antibody; such formulation
being useful for intravenous administration.

The formulation for administration is preferably an aqueous formulation (not lyophilized) and has not
been subjected to prior lyophilization. While the formulation may be lyophilized, preferably it is not. However,
freezing of the aqueous formulation, without simultaneous drying that occurs during freeze-drying, is
specifically contemplated herein, facilitating longer term storage thereof, for instance in a stainless steel tank.

The formulation preferably further comprises a saccharide, most preferably a disaccharide, such as
trehalose or sucrose. The saccharide is generally included in an amount which reduces soluble aggregate
formation, such as that which occurs upon freeze/thaw. Exemplary saccharide concentrations are in the range
from about 10mM to about 1M, for example from about 60mM to about 250mM, and most preferably about
120mM for a HER?2 antibody formulation, and about 240mM for a DRS antibody formulation,

While it was found herein that a formulation comprising histidine-acetate buffer and saccharide was
stable, the formulation optionally further comprises surfactant, such as polysorbate, most preferably polysorbate
20. The surfactant is generally included in an amount which reduces insoluble aggregate formation (such as that
which occurs upon shaking or shipping). The surfactant concentration is preferably from about 0.0001% to
about 1.0%, most preferably from about 0.01% to about 0.1%, for example about 0.02%.

Optionally, the formulation does not contain a tonicifying amount of a salt such as sodium chloride.

The formulation is generally sterile, and this can be achieved according to the procedures known to the
skilled person for generating sterile pharmaceutical formulations suitable for administration to human subjects,
including filtration through sterile filtration membranes, prior to, or following, preparation of the formulation.

Moreover, the formulation is desirably one which has been demonstrated to be stable upon storage.
Various stability assays are available to the skilled practitioner for confirming the stability of the formulation.
For example, the formulation may be one which is found to be stable upon storage: at about 40°C for at least 4
weeks; at about 5°C or about 15°C for at least 3 months or at least 1 year; and/or about -20°C for at least 3
months. Stability can be tested by evaluating physical stability, chemical stability, and/or biological activity of
the antibody in the formulation around the time of formulation as well as following storage at the noted
temperatures. Physical and/or stability can be evaluated qualitatively and/or quantitatively in a variety of
different ways, including evaluation of aggregate formation (for example using size exclusion chromatography,
by measuring turbidity, and/or by visual inspection); by assessing charge heterogeneity using cation exchange
chromatography or capillary zone electrophoresis; amino-terminal or carboxy-terminal sequence analysis; mass
spectrometric analysis; SDS-PAGE analysis to compare reduced and intact antibody; peptide map (for example
tryptic or LYS-C) analysis; evaluting biological activity or antigen binding function of the antibody; etc.

Instability may result in aggregation, deamidation (e.g. Asn deamidation), oxidation (e.g. Met oxidation),
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(flu Trp Val Ala Val Ile Ser Gy Asp Ay Ay ser Thr Tyr Tyr Sc, 5560 Al a
Asp Ser Val Lys Ay Arg Phe Thr Ile ser Arg Asp WMh Ser 657075 808590 Thr
Ala Val Tyr Tyr Cys Ala Arg Gy Arg val @y Tyr Set' Leu 95100105 Tyr Asp
Tyr Trp Ay Gn (fly Thr Leu Val Thr Val Ser ser nous <210> 7 <211> 10
<212> PRT <213> Artificial sequence <220> <223> sequence is synthesi zed.
<220> <221> xaa <222> 10 <223> Xaa is preferrably D or S <400> 7 @y Phe
Thr Phésoifigrizatifs e e Topp isdeherizfion), oippins/hipirabpip/agmentaton (§-8 %%@&m SagoRtatien)y 3>
Arti fi Gicathimfie GHRRGLuH AR st6iRRR N-t& Rk A& on, S-teihinll pebszifg] glycd§lion3
differences, etc. Biological activity or antigen binding function can be evaluated using various techniques
available to the skilled practitioner.
As noted above, freezing of the formulation is specifically contemplated herein. Hence, the formulation
can be tested for stability upon freezing and thawing.
According, the invention also provides a method of making a pharmacceutical formulation comprising
preparing the formulation as described herein, and evaluating physical stability, chemical stability, or biological
activity of the monoclonal antibody in the formulation.
In the preferred embodiment, the formulation is provided inside a vial with a stopper pierceable by a
syringe, preferably in aqueous form. The vial is desirably stored at about 2-8=C until it is administered to a
subject in need thereof. The vial may for example be a 20cc vial (for example for a 420mg dose) or 50cc vial
(for example for a 1050mg dose). For a DRS antibody, such as Apomab, the formulation may be provided in a
Scc glass vial (e.g. 5.5ml fill).
In another embodiment, the formulation is provided inside a stainless steel tank. The formulation in the
stainless steel tank is optionally frozen and not freeze-dried.
One or more other pharmaceutically acceptable carriers, excipients ox stabilizers such as those
described in Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980) may be included in the
formulation provided that they do not adversely affect the desired characteristics of the formulation. Acceptable
carriers, excipients or stabilizers are nontoxic to recipients at the dosages and concentrations employed and
include; additional buffering agents; co-solvents; antioxidants including ascorbic acid and methionine; chelating
agents such as EDTA; metal complexes (e.g. Zn-protein complexes); biodegradable polymers such as polyesters;

preservatives; and/or salt-forming counterions such as sodium.

IV, Treatment with the Antibody Formulation

In one embodiment, the invention provides a method of treating a disease or disorder in a subject
comprising administering the formulation described herein to a subject in an amount effective to treat the disease
or disorder.

Where the antibody in the formulation binds to HERZ, it is preferably used to treat cancer. The cancer
will generally comprise HER2-expressing cells, such that the HER?2 antibody herein is able to bind to the cancer
cells. Thus, the invention in this embodiment concerns a method for treating JHER2-expressing cancer in a
subject, comprising administering the HER2 antibody pharmaceutical formulation to the subject in an amount
effective to treat the cancer. Various cancers that can be treated with the composition are listed in the definitions
section above.

It is also contemplated that the HER2 antibody formulation may be wsed to treat various non-malignant
diseases or disorders, such a include autoimmune disease (e.g. psoriasis); end ometriosis; scleroderma; restenosis;
polyps such as colon polyps, nasal polyps or gastrointestinal polyps; fibroademomaj respiratory disease (see
definition above); cholecystitis; neurofibromatosis; polycystic kidney diseases inflammatory diseases; skin
disorders including psoriasis and dermatitis; vascular disease (see definition above); conditions involving

abnormal proliferation of vascular epithelial cells; gastrointestinal ulcers; Memetrier’s disease, secreting
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Asp Val Asn Pro Mh Ser Ay Gy Ser Ile Tyr Asn G n Arg Phe 151015 Lys <210>
9 <211> 10 <212> PRT <213> Artificial sequence <220> <223> sequence is y h
i zed <400> 9 Asn Leu Ay Pro ser Phe Tyr Phe Asp Tyr 10 <210> 10 <211> 11
<212> NT <213> Artificial sequence <220> <223> sequence i s synthesized
<400> 10 Lys Ala Ser Gn AS Val Ser Ile Gy Vval Ala 510 <210> 11 <211> 7

<212> PRT <213> Artificial sequence <220> 223> Sequence is synthesized.
<220> <2@4nsm)&pg protein loss syndrome; renal disorders; angiogenic disorders; ocular disease such as agze related

macular degeneration, presumed ocular histoplasmosis syndrome, retinal neovascularization from proliferative
diabetic retinopathy, retinal vascularization, diabetic retinopathy, or age related macular degeneration; bone
associated pathologies such as osteoarthritis, rickets and osteoporosis; damage following a cerebral ischemic
event; fibrotic or edemia diseases such as hepatic cirrhosis, lung fibrosis, carcoidosis, throiditis, hy perviscosity
synidrome systemic, Osler Weber-Rendu disease, chronic occlusive pulmonary disease, or edema following
burns, trauma, radiation, stroke, hypoxia or ischemia; hypersensitivity reaction of the skin; diabetic retinopathy
and diabetic nephropathy; Guillain-Barre syndrome; graft versus host disease or transplant rejectiora; Paget’s
disease; bone or joint inflammation; photoaging (e.g. caused by UV radiation of human skin); benign prostatic
hypertrophy; certain microbial infections including microbial pathogens selected from adenovirus, hantaviruses,
Bourelia burgdorferi, Yersinia spp. and Bordetella pertussis; thrombus caused by platelet aggregation;
reproductive conditions such as endometriosis, ovarian hyperstimulation syndrome, preeclampsia, cysfunctional
uterine bleeding, or menometrorrhagia; synovitis; atheroma; acute and chronic nephropathies (inchading
proliferative glomerulonephritis and diabetes-induced renal disease); eczema; hypertrophic scar foramation;
endotoxic shock and fungal infection; familial adenomatosis polyposis; neurodedenerative diseases (e.g.
Alzheimer’s disease, AIDS-related dementia, Parkinson’s disease, amyotrophic lateral sclerosis, retinitis
pigmentosa, spinal muscular atrophy and cerebellar degeneration); myelodysplastic syndromes; apl astic anemia;
ischemic injury; fibrosis of the lung, kidney or liver; T-cell mediated hypersensitivity disease; infamtile
hypertrophic pyloric stenosis; urinary obstructive syndrome; psoriatic arthritis; and Hasimoto’s thyroiditis.
Preferred non-malignant indications for therapy herein include psoriasis, endometriosis, sclerodermv.a, vascular
disease (e.g. restenosis, artherosclerosis, coronary artery disease, or hypertension), colon polyps, fibroadenoma
or respiratory disease (e.g. asthma, chronic bronchitis, bronchieactasis or cystic fibrosis).

‘Where the antibody in the formulation binds to a B-cell surface marker such as CD20 or B R3, the
formulation may be used to treat a B-cell malignancy, such as NHL or CLL, an autoimmune disease, graft
rejection, or to block an immune response to a foreign antigen, such as an antibody, a toxin, a gene therapy viral
vector, a graft, an infectious agent, or an alloantigen (see WO 01/03734, Grillo-Lopez et al.).

Where the antibody in the formulation is an IgE antibody, it may be used to treat an IgE-m-ediated
disorder (USSN 2004/0197324 A1, Liu and Shire), such as allergic asthma, allergic rhinitis, atopic <lermatitis,
allergic gastroenteropathy, hypersensitivity, eczema, urticaria, allergic bronchopulmonary aspergillosis, parasitic
disease, hyper-IgE syndrome, ataxia-telangiectasia, Wiskott-Aldrich syndrome, thymic alymphoplasia, IgE
myeloma, and graft-versus-host reaction.

Antibodies that bind to a receptor in the TNF superfamily (for instance which bind to DR5 ), or which
bind to VEGF (or a receptor thereof), may be used to treat cancer, various forms of which are described in the
definitions section above. Preferably, the cancer treated with a DR5 antibody formulation is a solid tumor or
NHL.

Where the indication is cancer, the patient may be treated with a combination of the antibody
formulation, and a chemotherapeutic agent. The combined administration includes coadministrationa or
concurrent administration, using separate formulations or a single pbarmaceutical formulation, and consecutive
adrninistration in either order, wherein preferably there is a time period while both (or all) active agents

simultaneously exert their biological activities. Thus, the chemotherapeutic agent may be administexred prior to,
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<222> 5 <223> xaa is preferably Ror L. <220> 221> Xaa <222> 6 <223> Xaa
is preferably Y or E <220> <221> Xaa <222> 7 <223> Xaa is preferably 7 or
S. <400> 11 Ser Ala Ser Tyr xaa Xaa Xaa 5 <210> 12 <211> 9 <212> PRT <213>
Artificial sequence <220> <223> sequence i s synthesized <400> 12 Gn Gn
Tyr Tyr Ile Tyr Pro Tyr Thr 5 <210> 13 <211> 214 <212> PRT <213> Artificial
sequence <220> <223> sequence | s synthesized <400> 13 As Ile Gn nmet Thr
G n Serr iHayinggpmiatsiratiop gt tae qomppsion. difpis ubpdinest e Bmigg Rrtwaen st ii‘r“d’“‘\/al Thr 1le Thr
Cys Ar gdofihigra@G@nf thse cheAspera@btic Agnt a0 bBMne administration of the composition is preferably

approximately 1 month or less, and most preferably approximately 2 weeks or less. Alternatively, the
chemotherapeutic agzent and the composition are administered concurrently to the patient, in a single formulati on
or separate formulations.

Treatment with the formulation will result in an improvement in the signs or symptoms of cancer or
disease. For instance, where the disease being treated is cancer, such therapy may result in an improvement irm.
survival (overall survival and/or progression free survival) and/or may result in an objective clinical response
(partial or complete). Moreover, treatment with the combination of the chemotherapeutic agent and the antibody
formulation may res ult in a synergistic, or greater than additive, therapeutic benefit to the patient.

Preferably, the antibody in the formulation administered is a naked antibody. However, the antibody
administered may be conjugated with a cytotoxic agent. Preferably, the immunoconjugate and/or antigen to
which it is bound is/are internalized by the cell, resulting in increased therapeutic efficacy of the
immunoconjugate ina killing the cancer cell to which it binds. In a preferred embodiment, the cytotoxic agent
targets or interferes ‘with nucleic acid in the cancer cell. Examples of such cytotoxic agents include
maytansinoids, calicheamicins, ribonucleases and DNA endonucleases.

The formul ation is administered to a human patient in accord with known methods, such as intravencus
administration, e.g., as a bolus or by continuous infusion over a period of time, by intramuscular, intraperitone=al,
intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes.
Intravenous, intramuiscular or subcutaneous administration of antibody composition is preferred, with
intravenous administration being most preferred.

For subcutaneous delivery, the formulation may be administered via syringe; injection device (e.g. thee
INJECT-EASE™ annd GENJECT™ device); injector pen (such as the GENPEN™); needleless device (e.g.
MEDIECTOR™ and BIOJECTOR™; or subcutaneous patch delivery system.

For the pre-vention or treatment of disease, the appropriate dosage of the antibody will depend on the
type of disease to be treated, as defined above, the severity and course of the disease, whether the antibody is
administered for preventive or therapeutic purposes, previous therapy, the patient's clinical history and response
to the antibody, and the discretion of the attending physician. The antibody is suitably administered to the
patient at one time or over a series of treatments. Depending on the type and severity of the disease, about 1
ug/kg to 50 mg/kg (e.g. 0.1-20mg/kg) of HER2 or DRS antibody is an initial candidate dosage for administrataon
to the patient, whether, for example, by one ot more separate administrations, or by continuous infusion. The
dosage of the antibody will generally be in the range from about 0.05mg/kg to about 10mg/kg. Ifa
chemotherapeutic ageent is administered, it is usually administered at dosages known therefor, or optionally
lowered due to combined action of the drugs or negative side effects attributable to administration of the
chemotherapeutic agent. Preparation and dosing schedules for such chemotherapeutic agents may be used
according to manufacturers' instructions or as determined empirically by the skilled practitioner. Preparation zand
dosing schedules fox such chemotherapy are also described in Chemotherapy Service Ed., M.C. Perry, Williaoms
& Wilkins, Baltimoxe, MD (1992).

Other therapeutic regimens may be combined with the antibody including, but not limited to: a second

(third, fourth, etc) chiemotherapeutic agent(s) (i.e. “cocktails” of different chemotherapeutic agents); another
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Tr Ala Val Ala Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys 354045 Leu Leu
Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Ay val Pro ser 505560 Arg Phe Ser Gy
Ser Arg Ser Ay Thr Asp Phe ihr Leu Thr Ile 657075 Ser ser Leo Gn Pro Qu
Asp Phe Ala Thr Tyr Tyr Cys G n Gn 808590 His Tyr Thr Thr Pro Pro Thr Phe
Gy Gn dy Thr Lys val Gu 95100105 Ile Lys Arg Thr Val Ala Ala Pro Ser
Val Phe Ile he Pro Pro 110115120 Ser Asp GQu Gn Leu Lys Ser Ay Thr Al a
Ser Valmo\{@dlonmr&xb&d@u grbwth inBBilc3Hagkoe W dytotola agetrea chymothyappuikegpnGIREERHZEAYEs val G n

PI:]IP Ly %%%s?éﬁgxtmdﬁﬁggcﬂ%ehﬁarﬁ/ogyﬂ)hgg&cg y Mi ser Gn GQu Ser Val

AS Ser Thr
Thr 17017518{9&(19'@%11 tagip abpyg “}&P%F“%@ "'1*9% thezpajent ey ‘19|¥“"J°ﬁ‘§7ft° Ve a’?“”m‘%%f"mr L'eu
185190 198s audtdr ralifationledpyG N Ay Leu ser ser Pro val Thr Lys ser Phe M
200205210 Arg Ay Qu y <210> 14 <211> 449 <212> PRT <213)- Artificial

sequence <220> < >
q 35 Arucles%le\%an equence i's synthesized <400> 14

In another embodiment of the invention, an article of manufacture js provided whick contains the
pharmaceutical formulation of the present invention and provides instructions for its use. Thue article of
manufacture comprises a container. Suitable containers include, for example, bottles, vials (e.g. dual chamber
vials), syringes (such as dual chamber syringes) and test tubes. The container may be formecd from a variety of
materials such as glass or plastic. The container holds the formulation and the label on, or associated with, the
container may indicate directions for use. The conutainer holding the formulation may be a maulti-use vial, which
allows for repeat administrations (e.g. from 2-6 ad ministrations) of the reconstituted formulation. The article of
manufacture may further include other materials desirable from a commercial and user stand point, including
other buffers, diluents, filters, needles, syringes, and package inserts with instructions for use as noted in the
previous section.

The invention will be more fully understood by reference to the following examples. They should not,
however, be construed as limiting the scope of the invention. All literature and patent citations are incorporated

herein by reference.

EXAMPLES
Stable Pertuzvamab Liquid Formulations
These examples describe the developmerat and stability testing of stable liquid formulations comprising
Pertuzumab at protein concentrations in the range from about 10 mg/mL — 180 mg/mL. The selected
formulations had low turbidity, and were physically and chemically stable. A chloride ion was removed from
the formulation to reduce the risk of corrosion. Thie formulation was isotonic, and suitable for subcutaneous or
intramuscular delivery. Insoluble aggregate formation upon agitation stress was prevented using histidine-

acetate and sucrose formulation, without the need to include polysorbate 20.

Analytical Methods
Color, Appearance and Clarity (CAC)
The color, appearance, and clarity of the samples were determined by visual inspection of vials against

a white and black background under white fluorescence light at room temperature.

UV Concentration Measurements

The liquid product aliquot was first diluted with formulation buffer so that the A, near 278 nm is
within 0.5-1.0 absorbance unit. The UV absorbance of the diluted samples was measured in a quartz cuvette with
1 cm path length on an HP 8453 spectrophotometer. Absorbance was measured at 278 nm amnid 320 nm. The

absorbance from 320 nm is used to correct background light scattering due to larger aggregactes, bubbles and
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meter. Thgprobe used was a combined glass/reference electrode wvith radiometer connector (Sigma, Catit E~
5759). Standard solutions of pH 4.01 and pH 7.00 (EM Science) were used for calibration of the pH meter.

Ion-Exchange Chromatography (IEX)

Cation exchange chromatography was employed to measure changes in charge variants. This assay/
utilizes a DIONEX PROPAC WCX-10™ column on an HP 1100T™ HPLC system. Samples were diluted to 1
mg/mL with the mobile phase A containing 20 mM MES at pH 6.0. 50 mL of diluted samples were then loaded
on the column that was kept at ambient temperature. The peaks were eluted with a shallow NaCl gradient using
mobile B containing 20 mM MES, 250 mM NaCl, pH 6.0. The eluent was monitored at 280 nm. The data were
analyzed using HP CHEMSTATION™ software (Rev A08.03).

Capillary Zone Electrophophoresis (CZE)

The purity of Fab and F(ab’), fragments was determined by CZE. This assay was run on a BIORATD
BIOFOCUS™ 3000™ capillary electrophoresis system with a BLOCAP XL™ capillary, 50 pm LD., 44.6 cm
total length and 40 cm to the detector.

Size Exclusion Chromatography (SEC)

Size exclusion chromatography was used to quantitate aggregates and fragments. This assay utilizes a
TSK G3000 SWXL™, 7.8 x 300 mm column and runs on an HP 1100™ HPLC system. Samples were diluted to
10 mg/mL with the mobile phase and injection volume was 20 pL.. The mobile phase was 100 mM K;HPO4 at
pH 6.8 and the protein was eluted with an isocratic gradient at 0.5 mL/min for 45 minutes. The eluent
absorbance was monitored at 280 nm. Integration was done using HP CHEMSTATION™ software (Rev
A08.03).

Biological Activity
The biological activity of Pertuzumab was determined by measuring its ability to inhibit proliferation of
the human breast cancer cell line MDA-MB-175-VI.

EXAMPLE 1
Pertuzumab Fab and F(ab’), antibody fragments were formulated at protein concentration of 1.0 mxg/mL
in the following buffer conditions:
10 mM citrate, 140 mM NaCl, pH 4.0;
10 mM succinate, 140 mM NacCl, pH 5.0;
10 mM succinate, 140 mM NaCl,, pH 6.0;
10 mM histidine, 140 mM NacCl, pH 7.0; and
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Len Hs Gn Asp 305310315 Trp Len Asn Ay Lys G n Tyr
Lys Al a 320.325330 Len
Lys Gy erihformsisiongasigterer heaplguey

Mh His Lys Pro Ser 200205210 Asn Thr
Cys Asp Lys 215220225 Thr
Pro Pro Cys Pro Ala Pro Qu lcu Leu Ay Ay 230235240 Pro Ser Val
Leu Met 245250255 lie -er Arg Thr
Ser 260265270 Hs Gn Asp Pro Qu Val
H's Mh Ala Lys Thr
Ser val

Lys Cys Lys

55 SR Sy T

G nwiBi TEFBORN356:86 @rajviity! FhppetsySempps v@Ferstorgd bt 46e R °G. &hp sbility @padyspsef dryg |

Phe , 36R3HN3d Bat h¥ BabRAR(BRY, WS okt kifblNetveatdkl s@ai .p G n Ser M Gy Gn
Len Asp Ser Asp Gy
Asp Lys Ser Arg Trp

380385390 G n
Phe

Mh Mh Tyr
Phe Len Tyr

Lys Thr Thr

Pro Pro val
Lys Len Thr Val

4104154 Table 2. Effect of pH on degradatiom of Fab or F(ab’); stored at 40°C

Formulation pH | Fab F(ab’),
CZE SEC CZE SEC
% Main Peak: % Main Peak % Main Peak % Main Peak
40 74.1 96.7 43.6 894
5.0 832 96.4 65.4 94.0
6.0 829 96.2 69.0 923
70 83.9 96.4 62.3 91.3
8.0 721 96.4 49.2 89.8
EXAMPLE 2

Pertuzumab was formulated into 20 mM histidine-acetate buffer with 120 mM sucrose and 0.02 %

polysorbate 20. The pHs of formulations were adjusted with acetic acid to final pH between 5.0 and 7.0. The

protein concentration was 30 mg/mL. Each formulation was filled into 3 cc USP Type I glas s vials and stored at

40°C for stability analysis. The results showed that Pertuzumab was most stable around pH 6.0.

Table 3. Effect of pH on degradatiom of Pertuzumab stored at 40°C

Formulation pH Temperatuxre Storage Time SEC 1IEX
°C) (wks) % Monomer % Main Peak
5.0 40 2 99.4 574
55 40 2 99.4 59.2
6.0 40 2 99.4 60.6
6.5 40 2 99.3 60.5
7.0 40 2 99.1 54.0
5.0 40 4 97.3 48.1
55 40 4 99.1 50.5
6.0 40 4 99.1 53.3
6.5 40 4 99.0 52.3
7.0 40 4 98.6 42.3
EXAMPLE 3

Pertuzumab formulations at pprotein concentration of 100 mg/mL were prepared in the following

excipients:

(1) 10 mM histidine-HCI, 240 mM sucrose, 0.02% pol
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ysorbate 20, pH 6.0;




Gn Gn Ay Asn val Phe Ser cys ser val nmet 1115 G n Ala Len 425430435 Hi s
Asn His Tyr Air G n Lys 5cr Len ser Len Ser Pro Gy 440445 <210> 15 <211>

214 <212> PRT <213> Artificial sequence <220> <223> sequence i s synthesized
<400> 15 Asp Ile G n Met Thr G n Ser Pro Ser Ser Len Ser Ala Ser Val 151015
Gy Asp Arg Val Thr lie Thr Cys Lys Ala Ser G n Asp val Ser 202530 354045
Leu Leu Ile Tyr Ser Ala Ser Tyr Ary Tyr Thr Ay Val Pro Ser 505560 Arg Phe
Ser Ay @el0 @l YistiSee-acGhty, 24T mM AssePHE% Phiysolbge20Thif 6.0:| e 657075 Ser Ser Leu G n

'FFII:]I’O (F?h(l; P nﬁ@ﬁsﬁﬁ%m@p@%ﬁa@_ YJOm{v/MI[lcr& 3.0? ﬁ%ggrﬁgtca@,?ﬁg.@; Tyr Tyr hi le Tyr Pro Tyr
Pro Ser % “&@“ﬁ%s“}fﬁgé Db?/"gw ﬁ'?r se:(Lalogt_{f fé’isﬂ‘gg%%ral V 6pd'_ és uArGig nTLtrauVE;/ s AISgr AIGay
Thr Ala Ser val val Cys Leu 123130135 Leu Mh Asn rue Tyr Pro Arg Qu Al a
Lys val G n Tiaph tbSiatiéa hwasldildd 3 50r0hsp WIRUNe Use Uyl flasSan scigd il ser G n Gu
Ser Val HURO@EH‘M:I[&?C?d]b@xtgllrﬁb%er stoppers. Samples were stored at 30°C and 40°C and stability was evaluated

for quality (CAC) and purity (SEC, IEC). The stability results showed that Pertuzumab in hiistidine-phosphate

buffer degraded much faster than in other histidine buffers upon storage at 40°C (Fig. 8 and Fig. 9).

EXAMPLE 4
Pertuzumab was concentrated by ultrafiltration/diafiltration to various concentrations in the following
buffers:
(1) 20 mM histidine-acetate, pH 6.0;
(2) 10 mM histidine-HC], pH 6.0, and
(3) 10 mM histidine-sulfate, pH 6.0.

The turbidity of each formulation was measured before the filtration. The results, as shown in Fig. 10,
demonstrated that Pertuzumab samples formulated in histidine-acetate and histidine-HC1 had less amounts of

insoluble aggregates than those in histidine-sulfate buffer.

EXAMPLE §

Pertuzumab was formulated at 30 mg/mL in 20 mM histidine-acetate, 120 mM sucrose, 0.02 %
polysorbate 20, pH 6.0. Pertuzmab was filled in 316L and HASTELLOY™ stainless steel xniniature tanks. All
samples were stored at -20°C and 5°C and evaluated for quality (CAC), purity (SEC, IEC) and strength (UV-
Vis). The stability analyses showed that Pertuzumab was stable in this formulation upon storage at —20°C and
5°C for at least 3 months. The chloride free formulation is compatible with 316L and HAS"TELLOY™ stainless
steel tank.

Table 4. Stability of Pertuzumab in Stainless Steel Tanks

Tanks Temp Time CAC UV Spec. SEC IEC
Q) (Months) (mg/mL) | (% monomer) | (% main peak)
0 Pass® 29.0 99.8 67.9
316L
-20 3 Pass 289 99.7 66.8
5 3 Pass 28.7 99.7 66.8
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G n Asp Ser Lys Asp Ser Thr Tyr Ser
ser Lys Ala Asp Tyr G I
Hs Gn Gy Leu ser ser

Pro val Thr

Leu Ser
Lys Hi s Lys Val
Lys ser
Cys <210> 16 <211> 448 <212> PRT <213> Artificial
sequence i s synthesized <400> 16 G u Va

Ser Thr

G n Leu val

Leu

Thr

170175180 Leu
Tyr Ala Cys du 185190195 Val
Phe Mnh 200205210 Arg Gy Qu
sequence <220:
Gu Ser dy dy Ay

Thr
<223>

Leu Val Gn pro Ay 151015 Ay Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe
Thr Phe [HustBQ25330|Asp Tyfp Thr t Asp|Trp Vall Arg G n a Pro dly Lys dy
Leu 354045 G u Trp|val20Aim ASp val W Rro2Mh Ser @% Gy Sef®ile Tyr SO6560
M G n g Phe Lys|@y Arg Phe Thr Leu |ser Val| Asp Arg [Ser 657075| Lys Asn
Thr Lau [Tyr Leu G h—5cr—Ltep Arg jAfa @4 ASp SB5Q0 Thr Al al Val Tyr
Tyr Cys a Ary Mn|Les Al Pr3o Sgp Pise [Tye8.®5100108.7 Phe Asp’-Tyr [irp Ay
Gn (fly] Thr Leu Val Thr jMal 5cr [Ser Alfla 110115120

* Pass for Color, Appearance and Clarity: Clear to slightly opalescent, colorless to pale yellow solution.

EXAMPLE 6

Pertuzumab was formulated using tangential flow filtration (TFF). The final formulati on contains 20
mM histidine-acetate, 120 mM sucrose, 0.02 % polysorbate 20, pH 6.0 at protein concentration. of 30 mg/mL.
Samples were filled into a 20 Ml FORMA VITRUM™ USP Type I glass vial, capped with the 20 mm
FLUROTECT faced butyl rubber stoppers, and sealed with aluminium flip-top caps. All samples were stored
at—70°C, 5°C, 15°C, and stability was evaluated for quality (CAC), purity (SEC, IEC), strength (UV-Vis), and
potency (Bioassay). The results showed that Pertuzumab is stable in this formulation upon storage at 5°C and
15°C for at least 3 months.

Table 5. Stability of Pertuzumab in glass vials

CAC
Temp Time UV Spec. 1IEC Bioassay
(0 (Months) (mg/mL) SEC (% main (% s pecific
(% monomer) peak) activity)
Pass
0 29.2 99.8 64.1 83
-70 1 Pass
29.7 99.8 65.2 92
3 Pass
30.7 99.8 67.0 93
5 3 Pass
304 99.7 67.2 90
15 1 Pass
29.7 99.7 64.4 78
3 Pass
304 99.7 65.5 93
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Ser

TimLys Ay Pro Ser Val Phe Pro Lou Ala Pro Ser Ser Lys 125130135 Ser

TimSer Ay Ay Thr Ala Ala Leu Ay Cys Leu Val Lys Asp 140145150 Tyr Phe

Pro
Val

Ser
I'le
Au
Pro
Lys
val

Asp
Tyr
Asp
Leu

335340345 Bach formulation was added with different concentration of polysorbate 20. All samples were fill

GQu Pro Val TimVal Ser Trp Mh ser Gy Ala Leu 155160165 Tim Ser dvy
Hs TimPhe Pro Ala Val Leu Gn ser ser fly 170175180 Leu Tyr Ser Leu
ser Vail val Thr Val Pro Ser Ser ser Leu 185190195 fly Thr G n Thr Tyr
cys Asn val Mh His Lys Pro Ser M 200205210 Thr Lys Val Asp Lys Lys Val
Pro Lys Ser Cys Asp Lys Thr 2153MAEF His Thr Cys Pro Pro cys Pro Ala

flu Leu bghafiadwis ifmith@ 2230 2322 4QneSowM@butiBignalsen: Phe Pro Pro Lys Pro
Asp Thr Leu 45250255 Ser Arg Thr Pro flu Val Thr cys Val Val

et || ;
Asp(Vdegé?Stf‘il-'ﬁ%{Jé@gf 5270 flu Asp Pro flu Val Lys Phe Mh Trp Tyr val
f 1y (ap mM histieF IR O2BEM yugfosdPEOWn Al a Lys Thr Lys Pro Arg Gn Gu Gn
M S8y 2004RRA0Q pH B; adyr Arg Vail Vail Ser val Leu Thr val Leu H's Gn

- Fr ggégggﬁ%%%gﬁ}zﬁu%@gugﬁelaypﬁ@ flu Tyr Lys cys Lys val ser M Lys Ala

320 o) a Pro e uLys Thr Ile ser Lys Ala Lysflé/,Gln Pro
d into

3 cc USP Type I glass vials and were agitated horizontally at 70 rpm at room temperature for up to 7 days. The

stability of each sample was evaluated at 7 day time point for turbidity. The results demonstrated that the use of”

polysorbate 20 in the final formulation effectively prevented formation of insoluble aggregates. See Fig. 11.

EXAMPLE §

Pertuzumab was prepared in the following formulations:
( 1) 25 mg/mL Pertuzumab, 10 mM histidine-HCl, 240 mM sucrose, pH 6.0;
(2) 50 mg/mL Pertuzumab, 10 mM histidine-HCI, 240 mM sucrose, pH 6.0;
(3) 60 mg/mL Pertuzumab, 20 mM histidine-acetate, 120 mM sucrose, pH 6.0.

Various amounts of polysorbate 20 were added to each formulation. All samples were filled into 3 cc
USP Type I glass vials, and agitated horizontally at 70 rpm at room temperature for up to 7 days. The physical
stability of each sample was evaluated at 7 day time point for turbidity. The results demonstrated that the use of”
polysorbate 20 in histidine-HCl and sucrose formulation effectively prevented formation of insoluble particulates.
The formulation containing histidine-acetate and sucrose appeared to have the same protective effect on protein.

as polysorbate 20. See Fig. 12.

EXAMPLE 9

Pertuzumab was formulated as follows:
(1) 100 mg/mL protein, 10 mM histidine-HCl, pH 6.0;
(2) 100 mg/mL protein, 20 mM succinate, pH 6.0;
(3) 60 mg/mL protein, 20 mM histidine-acetate, pH 6.0.

Bach formulation was mixed with different amounts of sucrose. All samples were sterilely filled into 3
cc USP Type I glass vials. They were then frozen at —70°C and thawed at 5°C three times. The physical stabilits/
of each sample was determined after the three cycles of freezing and thawing. The results demonstrated that

sucrose prevents soluble aggregate formation during the freeze-thawing process. See Fig. 13.
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Arg Gu Pro Eln Val Tyr TimLa Pro Pro Ser Arg Qu Gu Mt 350355360 Tim
Lys Mh Gn Val Ser Leu TimCys Leu Val Lys fly Phe Tyr 365370375 Pro Ser
Asp Ile Ala val GQu Trp Qu ser Mn fly Gn Pro Gu 380385390 Mhvh Tyr Lys
TimThr Pro Pro Val Leu Asp Ser Asp Gy Ser 395400405 Phe he Leu Tyr Ser
Lys Leu Thr Val Asp Lys Ser Arg Trp G n 410415420 G n fly M val Phe Ser
Cys Ser Val Met His flu Ala Leu Hi's 425430435 Wn H's Tyr Thr G n Lys Ser
Lev Ser La Ser Pro fly 440445 PageEXAMBEIND> 17 211> 233 <212)- PRT <213>

Artificial Seﬂyﬁ@@@eﬁa%%ab f%%&&u&%&%ﬂgﬁuau&csam& bs@sﬁaan@skammgpewmmm Gy

Trp Ser s 1le 151015 Ay Val H s Ser
Asp Ile %épf“%fud‘?ﬁ?“@eﬁz‘gg/?suﬁf’% °§2%P %SPrb teh{o 6@%@0 Ser Ala Ser '"tai Ay Asp
Arg Val Thr Ile Thr Cys Lys Ala Ser 354045 Gn Asp Val Ser Ile Ay val Al a

Trp Tyr GdnGhs LYS Pro (TTY SOSS%R&nwation Amount/L
Pertuzumab 30 mg/mL 30g
L-Histidine P 310g
MW=155.16g/mol
Glacial Acetic Acid
MW=60.05g/mol 11,6 mM 0.66 mL
Density=1.05g/cm’

Sucrose

MW=342.3g/mol 120 mM 41.1g
Polysorbate 20 0.02% (wiv) e
Density=1.012g/cm’

MW: Molecular weight

420mg dose vial configuration:

Vial: 20 cc Formal Vitrum Type I glass

Stopper: 20mm DATIKYO GREY™, fluoro-resin laminated
Cap: 20mm flip top aluminum

Fill volume: 14.50 mL

Delivery: 14.0 mL. Pertuzumab in normal saline IV bag.

1050mg dose vial configuration:

Vial: 50 cc Formal Vitrum Type I glass

Stopper: 20mm DAIKYO GREY™, fluoro-resin laminated
Cap: 20mm flip top aluminum

Fill volume: 36.0 mL

Delivery: 35.0 mL Pertuzumab in normal saline IV bag.
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Lys Ala Pro Lys Leu Leu Ile Tyr Ser Ala Ser Tyr Ar) Tyr Thr 657075 @y Val
Pro Ser Arg Phe Ser Ay 5¢cr Ay Ser Gy Thr Asp Phe SOSS90 Tbr Leo Thr Ile
Ser Ser Leo Gn Pro Qu Asp Phe Ala Thr Tyr 95100105 Tyr Cys G n G n Tyr
Tyr Ile Tyr Pro Tyr Thr Phe Ay Gn Ay 110115120 Thr Lys Val Qu Ile Lys
Arg Thr Val Ala Ala Pro Ser Val Phe 125130135 Ile Phe Pro Pro ser Asp Qu
Gn Leu Lys Ser Ay Thr Ala Ser 140145150 Val Val Cys Leu Leu Asn Asn Phe
Tyr Pro Arg Au Ala Lys Val 15516Gk@MmpEEn1 Trp Lys Al Asp Asn Ala eu G n ser

Gy MSer ;}glg o %% eé}ﬁ.%{tﬁéﬂ X%Lthf-mulaﬁn%ﬁﬁs&ipus&% Ph¥ST 48 Prastif T_hr Tyr

Ser Leo Ser r Lys i-us
Lys Val chopbgse Toe PyPOSAPRCORNFLS °@5G‘%F6‘WWP“‘HF%M@¥IHU‘@‘%}{%38%%921'495'& Pro Val
Thr 21522022 6.01% BolsebatdoepHMD. Ara Ay G u Cys 230 <210> 18 <211> 467 <212>

PRT <213 fo <220><223> sequencgo,;c&t,yt{grnnzea <400>] 18 Met
€] Yy Trp er Q/q lle | Leu Phe leo Vall _Ala Thr a_'[h,p_pa_g,e__;:g_
Pertuzumab 25 mg/ml

L-His HCL.H,0 (MW 209.6) 1.12 mg/ml (0.01225 M)

L-His(MW 155.2) 0.72 mgml (0.0099 M)

Sucrose (MW342.3) 82.15 mg/ml (0.240 M)

Polysorbate 20 0.2 mg/ml (0.02 %)
EXAMPLE 12

Cellular apoptosis is mediated by intrinsic and extrinsic pathways. Chemotherapy can cause cell
damage and may trigger apoptosis by the intrinsic pathway in response to cellular damages. However, cancer
cells often develop resistance to chemotherapy through mutations in the p53 tumor suppressor gene (Ashkenazi
A. Targeting Death and Decoy Receptors of the Tumour-Necrosis Factor Superfamily. Nature Reviews 2:420-
430 (2002)). Death receptors, such as DR4 and DRS, located on the surface of cells trigger apoptosis via the
extrinsic pathway that does not involve p53. Agonistic molecules, such as Apo2L, bind to DR4 and DR5
receptors and activate caspases 8 and 10 through Fas-associated death domain. Caspase 8 and 10 then activate
caspases 3, 6, and 7 to induce apoptosis. Molecular signaling of death receptors on tumor- cells has therapeutic
potential for the elimination of cancer cells that are resistant to conventional therapies andl molecules, like
Apo2L, are currently undergoing clinical evaluation.

“Apomab” is a full-length CHO derived humanized IgG1 constructed with a lamda light chain. Itisan
agonist antibody against DR5 that has been shown to induce apoptosis of various cancer cell lines. Preclinical
studies using a murine tumor implant model have shown that Apomab has similar or improved tumor reduction
compared to Apo2L. Apomab is being evaluated as an anti-cancer agent in the indications of advanced solid
turnors and Non-Hodgkin’s Lymphoma (NHL). The heavy and light chain amino acid secjuences of Apomab

used in these experiments are shown in Figs. 27 and 28.

Preparation of Antibody Formulations

Recombinantly produced Apomab had very dilute protein concentration and high pH. The material was
concentrated to approximately 20 mg/mL and exchanged into 20 mM sodium acetate, pH 5.0 buffer using a
Millipore Labscale tangential flow filtration (TFF) system with MILLIPORE PELLICON™ X1, PLCGC10, 50
cm membrane. Apomab samples were formulated into various buffer systems covering p¥ range from 4.0 to 7.0
using sodium acetate, histidine acetate, and sodium phosphate without trehalose and TWEEEN 20® using dialysis
with a 10,000 Da molecular weight cut off membrane (Pierce, Inc). Trehalose at 240 mML was added in the last
dialysis. After dialysis, 0.02% TWEEN 20™ was added to the formulation and the samples were filtered with
0.22 pm filters (Millipore, Inc.). A 0.5 mL volume of Apomab was filled into sterile 3 cc glass vials (Forma
Vitrum, Inc.) and sealed with 13 mm stoppers (Daikyo, Inc). Protein stability was evaluated at -70°C, 5°C, 30°C,
and 40°C with storage for up to 3 months,
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151015 dy Val H's Ser Gn Val Gn Len val Gn Ser Ay Ay Ay Len 202530
Gn Pro dy Gy Ser Len Arg Len ser Cys Ala Ala Ser Ay 354045 Phe Thr
Asp Tyr Thr nmet Asp Trp val Arg An Ala Pro 505560 Gy Lys Ay Len
Trp Val Ala Asp val Asn Pro Mh 5¢cr Ay 657075 Ay Ser Ile Tyr Asn G n
Phe Lys Gy Are Phe Thr Len Ser 808590 Val Asp Arg Ser Lys M Thr
Gn net Mh Ser Len 95100105 Arg Ala G n Asp Thr Ala Val Tyr Tyr
Asn Len Ay 110115120 Pro ser Phe Tyr Phe Asp Tyr Trp Gy Gn Qy

val
Phe
Gn
Arg
Tyr
Al a
Thr
Pro
Ay

18519019
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Len
Arg
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S'%ﬂ?l“yf%li Eﬁ%?% yal Ser 5er Ma 5cr Thr Lys Gy Pro Ser Val Phe
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0 ser ser Lys Ser, Thr Al a Len
155160 1688 Prgist S\tﬂalhtYLv%“gA@’ﬁmﬂN?mF*H&d "ﬁ“&”“é “ﬁ° ?a‘i”)oéoaﬁ?( iﬂ'ﬁ‘”@l% g% Trp
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pe@ NnP&dreaIEhooE S I—f’:@‘t Mﬁo@%mh%n&%ﬁudﬁer val Val Thr Val Pro

Len

200 e s ity o BBl S50 H8,R15220225

filter andl 10 mL was filled into autoclaved 20cc 316L stainless steel mini-tanks, The tanks weres placed upright
at-20°C and 5°C. A 1 mL aliquot was aseptically removed from the mini-tanks at specified tinne intervals to

assess protein quality. The control vials were 1 mL aliquots in 3 cc glass vials stored at -20°C.

Color, A ppearance, and Clarity
The clarity, appearance, and color of the samples were visually assessed under white fLuorescent light
using a 1ight inspection station with black and white background. For analysis of the drug substance, mini-tank

samples were transferred to a 3 cc glass vial for inspection.

pH

pH was measured at room temperature with THERMO ORION SURE-FLOW ROSS™ semi-micro pH
electrode for measuring buffers or THERMO ORION GLS™ combination micro pH electrode for measuring
protein pH screening samples, a Beckman microelectrode probe for Toxicology stability samples. The
METERTL.AB™ pHM?240 pH/Ton meter (Radiometer Analytical) was calibrated every day with Duffer standards
(EM Science) at pH 7 and pH 4.

Concentration

Protein concentration was determined by ultraviolet absorption spectroscopy using an AGILENT
8453™ spectrophotometer. The samples were diluted with appropriate formulation buffer blanks to give an
absorbamce from 0.5 to 1.0. The instrument was blanked with the diluent solution and the spectwrum was scanned
from 240 to 500 nm. The absorbance value at 320 nm was subtracted from the absorbance at 279 nm to correct

for offset and light scattering. The protein concentrations were calculated by the following equation:

Conc. (mg/mL) = (A279 — A320) X dilution f'lct()['
absorptivity coefficient in cm™ }(mg/mL)"

The absorptivity coefficient based on sequence was initially determined to be 1.32 cx’ 1(mgfmL)" and
this value was used for the pH screening studies. A later value of 1.7 cm"(mg/mL)'l was deterrmined by amino
acid anallysis and proteolysis methods and this value was used for the stability analysis of Apomnab used in

Toxicology studies.

Ion-Exchange Chromatography
Ion exchange chromatography was carried out on an 1100 series HPLC (Agilent Techraologies, Inc.)
equipped with a diode array detector. Chromatography was carried out on a PROPAC WCX-10™ (Dionex)

column (4 x 250 mm) at a flow rate of 0.5 mL/min and with column temperature at 40°C. Mcbile phase A was
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Cys Asp Lys Thr Hi's Thr CyS Pro Pro Cys Pro Ala Pro G n Len 245250255 Len
Gy Ay Pro ser val Phe Len phe pro Pro Lys Pro Lys Asp 260265270 Thr Len
nmet Ile Ser Are Thr Pro G n Val Thr cys Val Val val 275280285 Asp Val Ser
Hs Gn Asp Pro Gn Val Lys Phe Asn Trp lyr Val 290295300 Asp Gy Val Qdn
val Hs WMn Ala Lys Thr Lys Pro Arg Gn G n 305310315 G n Tyr Asn Ser Thr

Tyr Arg val val ser Val Len Thr val Len 320325330 His G n Trp Len Mh

Gy Lys25GMiscdivih ployisatyH 65yKolkfidd phise B waSHE mdBdBunPedpadelim the|sgrae ‘@g‘y abilPr o Arg
Qu Pro h@eﬁ Ya colid wa-g p({uﬂiﬁ:ﬁ&!d iR 1%§ﬁ5 ph3f A3 FO M Serodi@g SnipleSntamblet of Bar Ly

M G n Val Ser Leu 380385390 L r As
RS HIRCIRIC AR T K VA MMM WM T TR O
Pro Pr oﬁdﬁadledgmmnmtphdfimm@g@GWESer Asp Ay Ser Phe Phe Lou Tyr Ser Lys Lou
Thr Val Asp Lys 425430435 Egfe iy TrgA n G n @y Asn val Phe ser Cys Sr

Val Met Hi s 440445450 du a Leu Hi H's Tyr Thr G n Lys Ser Leu Ser
Leu Ser 455460465 fla Jod¥h 4 y

50 0 100
51 100 0
70 100 0

For stability analysis of material used in the Toxicology studies an amount of 30 mg of Apomab was

loaded onto the column and the absorbance was monitored at 280 nm. Protein was eluted from the column with

the following gradient:

Gradient: Time (min) %0 A B
0 100 0
40.0 40 60
410 0 100
450 0 100
45.1 100 0
60.0 100 0

Size-Exclusion Chromatography

Size exclusion chromatography was carried out on an 1100 series HPLC (Agilent Technologies, Inc.)

equipped with a diode array detector. An amount of 50 jig Apomab was loaded onto a TSK Gel 3000SWXL™
. (7.8 x 300 mm) columa and run ata flow rate of 0.9 mL/min for 20 minutes for pH screening samples and 0.5
mL/min for 30 minutes for Toxicology stability samples with 0.20 M potassium phosphate, 0.25 M potassium

chloride, pH 6.2 as a mobile phase. Absorbance was monitored at 280 nm.
Potency

The purpose of the potency bioassay was to measure the ability of Apomab to kill Colo205 cells using
ALAMARBLUE™, Colo205 is a colon carcinoma cell line, which expresses both DR5 and DR4 death
receptors. This assay incorporates a flixorometric/colorimetric growth indicator based on detection of metabolic
activity. ALAMARBLUE™ is aredox. dye that is blue and non-fluorescent in oxidized state. The intracellular
metabolic reduction converts it into a red color that is also fluorescent. The changes in color and fluorescence
are proportional to the metabolic activity and number of living cells. The signal decreased when cells die.
Apomab was diluted in medium with anti-Fc and then Colo 205 cells were added to Apomab samples and
incubate at 37°C for 48 hours. ALAMARBLUE™ is added for the last 2-3 hours. "The plate was read at 530 nm
excitation and 590 nm emission to get relative fluorescence units (RFU). The data were analyzed by

KALEIDAGRAPH™, A dilution curve of killing was generated.
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Pro (fly <210> 1.9 <211> 195 <212> PRT <213> Honp sapi ens <400> 19 Thr Gn
Val cys Thr Gy Thu' Asp Met Lys Lou Arg Lou Pro Ala 151015 Ser Pro G u Thr
H's Lou Asp nmet Lou Arg His Lou Tyr Gn Ay 202530 Cys G n val val Gn dy
Mh Leu Gu Leu Thr Tyr Lou Pro Thr 354045 Mh Ala Ser LQOU ser Phe Lou G n
Asp Ile Gn Gu Val Gn @y 505560 Tyr Val Lou Ile Ala H's Mi Gn Val Arg
Gn val Pro Lou Gn 657075 Arg Leu Arg Ile Val Arg Gy Thr G n Leu Phe Qu
Asp Mh Tyr 808590 Ala Lou Ala Val keswrssp Mh Ay Asp Pro Lou Mh Wn Thr Thr
95100105 Pro Val Thr Ay Ala Ser Pro Ay Ay Lou Arg Qu Leu Gn LQU
1101151PgmplatpnglHSceam$tulir Gu Ile Lou Lys (fly (fly val Leu Ile Gn Arg

140145150 phie HeG 1yt Ao SR oschllohibe Mmoo Bl iR

155160165 like Eor Basranalysigy Ahproeb @psiofiulptedyt &) @panlIaiipoy ip 24 s apytate pfipr ey

1701751894.0, 4.5,5.0, 5.5; 20 mM histidine acetate buffer at pH 6.0 and 6.5; and 20 mM sodium phosphate buffer at
pH 7.0. All of the formulations contained 240 mM trehalose and 0.62% TWEEN 20®. The formaulations were
stored for up to 3 months at temperatures of-70°C, 5°C, 30°C, and 40°C and protein stability was determined by
various analytical assays, including CAC, pH, concentration, SEC and IEC. No significant changes in CAC, pH

or protein concentration were observed during storage of the samples.

Analysis of the samples by SEC showed that no significant changes occurred during storage at 5°C and
-70°C. However, degradation observed as the formation of antibody fragments and soluble aggre gates occurred
during storage at 30°C and 40°C (Fig. 20). To compare the formulations, antibody monomer kinetics during
storage was monitored and the first-order rate constants were calculated. The obtained pH rate profile for the
Joss in antibody monomer is shown in Fig. 21. The optimal condition for the stability of antibody” monomer was

obtained by formulating in histidine acetate buffer at pH 6.0,

Apomab charge heterogeneity was monitored by IEC. No significant changes in the IEC profile
oceurred during storage at 5°C and -70°C. However, deggradation observed as the formation of acidic or basic
variants occurred depending on the formulation (Fig. 22). In general, increased basic variants were formed at
lower formulation pH and more acidic variants were formed at higher formulation pH. T'o compare the
formulations, TEC main peak kinetics was monitored during storage and the first-order rate constants were
calculated. The obtained pH rate profile for the loss in IEC main peak is shown in Fig. 23. The rate constants
observed by IEC were approximately 10 fold higher than those from SEC (Fig. 21). Therefore, the loss in IEC
main peak was the primary degradation of the antibody that will ultimately limit the product shelf life.
Purthermore, as observed by SEC, optimal antibody stability to stabilize TEC main peak was obtained by
formulating in histidine acetate buffer at pH 6.0.

Following the analysis of pH screening data described above, an Apomab formulation wras selected that
comprised 20 mg/mL antibody in 20 mM histidine acetate, 240 mM trehalose, 0.02% polysorbate 20, pH 6.0.
For the drug product, the vial configuration consisted of 5.5 mL fill in a 5 cc FORMA VITRUM™ vial with a 20
mM DAIKYO™ West stopper. Apomab was stored in stainless steel tanks.
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Pane 12 Arg Cys Trp Gy Gu Ser ser Gu Asp Cys G n ser Leu Thr Arg
185190195 <210> 20 211> 124 <212> PRT <213> Honop sapi ens <400> 20 Thr Val
Cys Ala Ay Ay Cys Ala Arg Cys Lys Ay Pro Leu Pro 151015 Thr Asp Cys Cys
Hs GQu @n Cs Ala Ala Ay Cys Thr Ay Pro 202530 Lys His Ser Asp Cys Leu
Ala Cys Leu H's rue Asn Hs Ser Gy 354045 Ile Cys Qu Leu H's Cys Pro Ala
Leu Val Thr Tyr Ash Thr Asp 505560 Thr Phe Qu Ser Pro Asn Pro Qu Ay Arg
TKY Thr Phe 16k ¥ty f ApbidabIRtig Ey@ctMads evlited\naheCGs gipds Qiall yonifighsation Wésclitr@  Ser
Thr Asp_.808 S I col@lho ' 0.4 u Val
95100 1ojﬁ’§‘?"’h52§i ﬁ%‘%‘%ﬁ%‘%ﬁ“ﬁ?‘% ¢ *&%{%@% EI“%?%%&/E% lg‘é%‘i}%‘gﬁlg"
11011512trvety2ed malyzedpy thy fqllowipg gsaysy qoles, papparant glarisp HC), PRProEPLIRCepigigN: S8 ens

<400> 2IEC, and potency. The results from these assays are shown in Table 6 for samples stored at -70°C and 5°C and
Table 7 for samples stoxed at 30°C and 40°C.

Table 6. Stability Data for Apomab Stored at -70°C and 5°C

SEC IEC Potency
Temp Time Concentration (% (% main (% Specitic
(°C) Point  Clarity Color pH (mg/mL) monomer)  peak) Activity)
Acceptance Criteria: Report Report 6.0£0.3 20+2 >95% Report 60 - 140%
NA T=0 Clear Colotless 5.9 20.2 99.8 63 24
-70 1 month Clear Colorless 6.0 20.5 99.8 63 86
-70 2 month Clear Colorless 6.0 20.4 99.7 64 91
-70 3 month Clear Colorless 6.0 20.5 99.7 63 83
-70 6 month Clear Colorless 6.0 20.4 99.7 64 85
-70 9 month Clear Colorless 6.0 20.4 99.8 65 89
-70 12 Clear Colorless 6.0 20.8 99.7 63 107
month
5 1 month Clear Colorless 6.0 20.5 99.7 63 89
5 2 month Clear Colorless 6.0 204 99.7 64 99
5 3 month Clear Colorless 6.0 20.6 99.7 63 84
5 6 month Clear Colorless 6.0 20.5 99.7 64 93
5 9 month Clear Colorless 6.0 20.6 99.7 64 88
5 12 Clear Colorless 6.0 20.7 99.6 64 106
month
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Cys Tyr Cly Leu Ay net Gu H's Leu Arg Gu Val Arg Ala Val 151015 Thr Ser
Ala Asn Ile Gn Gu Phe Ala Ay Cys Lys Lys Ile Phe 202530 Gy Ser Leu Al a
Phe Leu Pro G u ser Phe Asp Gy Asp Pro Ala 354045 ser Asn Thr Ala Pro Leu
Gn Pro Qu Gn Leu Gn Val Phe Gu 505560 Thr Leu Gu GQu Ile Thr Ay Tyr
LeuTyr Ile Ser Ala Trp Pro 657075 Asp Ser Leu Pro Asp Leo ser val Phe Gn
Ash Leu Gn Val Ile 808590 Arg Ay Arg Ile Leu H's Asn Ay Ala Tyr Ser Leu

Thr Leu G.j,;. 95 Ll 8oSel 4P Leu Gy Leu Arg Ser Leo Arg
g rey tiEleess ?‘gé&e‘r"‘l"%;?’gt%eé‘a@aéﬁ‘gﬁah e His Hs AM Thr H's Leu Oys

Phe Page 13 125130135 Val His Thr Val Pro Trp Asp Gn Leu Phe Arg Asn Pro
Hs Gn 140145150 Ala Len Len H's Thr Ala Asn Arg Pro G n Asp G n Cys| Vval
Ay 155160165 Gn Ay Len Ala 210> 22 <211> 142 <2%2c PRTEC213PotkiagD
sapi ens €400> 22 cys H's G n Len cys Al a Artge@plpn H d%Cys (BmpinQ (¥ SPyciic (3 y
Pro 15101%emp (°C) TimePoint  Clarity Color pH (mg/ml)  monomer)  peak) Activity)
Acceptance Criteria: Report Report  6.040.3 20+2 >95% Report 60 - 140%
30 1 month Clear  Colorless 6.0 20.6 98.2 59 91
30 2 month Clear  Colorless 6.0 20.3 97.4 54 80
30 3 month Clear  Colorless 6.0 20.6 97.2 49 74
30 6 month Clear  Colorless 6.0 20.2 94.1 37 51
30 9 month Clear Slightly 6.0 20.4 93.2 31 55
yellow
30 12month  Clear Slightly 6.0 20.6 91.6 25 59
yellow
40 1 month Ciear  Colorless 6.0 204 96.6 44 79
40 2 month Clear Colorless 6.0 20.0 93.7 31 64
40 3 month Clear Slightly 59 20.3 91.5 22 53
yellow
40 6 month Clear Slightly 6.0 20.2 83.9 NT 26
yellow
40 9 month Clear Yellow 5.9 20.3 78.8 NT 25
40 12 month  Clear Yellow 5.9 20.5 71.4 NT 31

NT = not quantitated

No change in protein quality was observed after twelve months storage at -70°C and 5°C. For instance,
the pH remained at 6.0 3 0.3, Apomab appeared as a clear and colorless liquid, the protein concentration
remained at 20.0 + 2.0 mg/mL, and % monomer was unchanged. Furthermore, there was no significant change
in % IEC main peak and % specific activity determined by the cell-killing potency assay was within the assay
precision of 60 % to 140 % specific activity. The results showed that Apomab stored in 5 cc glass vials was
stable for at least 12 months at 5°C.

Table 7 shows that changes in protein quality occusred at 30°C and 40°C. SEC showed a decrease in %
monomer with a rise primarily in fragment species. Aggregates increase as well at higher temperature, but the
rate was much slower. However, the aggregates increase significantly after 6 months at 40°C. IEC % main peak
decreased with a corresponding increase in acidic variants. Basic peaks decreased slightly after 2 months at
40°C and 9 months at 30°C. After six months of storage at 40°C, degradation occurred to an extent that IEC
main peak could no longer be integrated. The cell killing bioassay showed loss of % specific activity at higher
temperature with longer storage time. Protein concentration and pH were unchanged. The solution becomes

slightly yellow after 3 months at 40°C and 9 months at 30°C and becomes yellow after 9 months at 40°C.
Drug Substance Stability
Freeze-thaw stability data for drug substance are shown in Table 8.
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Thr Gn Cvs Val Asn Cys Ser G n Phe Len Arg Gy Gn Gn s 202530 Val Qu
Gn Cys An) val Len Gn Gy Len Pro Arg G n Ty?/ val 3540?5/ Asn Ala Arg Hi s
cys Len Pro Cys Hs Pro Gn Cys Gn Pro Gn 505560 Asn Gy Ser Val Thr cys
Phe Gy Pro Gn Ala Asp On Cys Val 657075 Ala Cys Ala His Tyr Lys Asp Pro
Pro Phe Cys Val Ala Arg Cys 808590 Pro Ser Gy val Lys Pro As Len Ser Tyr
Met Pro Il'e Trp Lys 95100105 Phe Pro ASGn Gn Ay Ala cys Gn Pro Cys Pro

Ile ﬁ  D6kha " ; k&n . ki d P
Al a T%%Si%%é églﬂ XMD B é§g": %ﬁ% d\L{gh’l "‘?ﬁf}emo e%g%c}éﬁgs 5115 217 <2125

PRT <2132 fFrcrat equence <220>"<223> sequence
T p eezZ q éoﬁceﬁtyéuonea Z@@ <400> 23
b:: (|_3|: ; & rgi?a f eﬁ% I\/b'f\ol;[y Gn Ser Pro Spi Ser kiinier #bbbiep| a Ser
e—-t Se—2025 f b

Val Al aAFFﬁé’ta’mCr@”ﬁ Gn LVSquP’it) G y F’L’\)”f§t Ara 60£03 630‘51530 va B%E‘yl ! ay

Control 0 Clear Colorless 6.0 209 29.6

(unfrozen)

—20/25 1 Clear Colorless 6.0 208 99.6

-20/25 2 Clear Colorless 6.0 20.8 99.6

-20/25 3 Clear Colorless 6.0 209 99.6

Table 9. Stability Data for Apomab Filled in Miniature Stainless Steel Tanks

SEC IEC Potency
Temp Time Concentration (% (% main (% Specific
(°C) Point Clarity Color pH (mg/mL) monomer) peak) Activity)
Acceptance Criteria: Report Report 6.010.3 2042 >95% Report 60 — 140%
| NA T=0  Clear Colofess 5.9 20.0 99.7 63 88
-20 1month Clear Colorless 6.0 20.6 99.7 63 107
-20 3month Clear Colorless 6.0 20.6 99.7 63 82
-20 6 month Clear Colorless 6.0 20.3 99.7 64 92
-20 9 month Clear Colorless 6.0 20.6 99.7 64 22
-20 12 Clear Colorless 6.0 21.2 99.7 65 24
month
5 1month Clear Colorless 6.0 20.5 99.7 62 95
5 3month Clear Colorless 6.0 20.7 99.6 62 71
5 6 month Clear Colorless 6.0 20.4 99.5 62 84
5 9month  Clear Colorless 6.0 20.8 99.4 61 84
5 12 Clear Colorless 6.0 21.3 99.2 59 82
month

No significant changes in the chemical characteristics of the protein were observesd after being frozen at
20°C for at least 15 hours and thawed at ambient temperature three times. For example, Apomab appeared as a

clear and colorless liquid, the pH remained at 6.0 + 0.3, and the SEC monomer peak percemtage was unchanged.

Apomab stability in stainless steel containers was evaluated at -20°C and 5°C (Table 9).
Samples were aseptically pulled from the mini-tanks at specific intervals and anal yzed.

Apomab showed no change in protein quality at 5°C by pH, CAC, protein concentratior: and % main peak by
IEC but lost 0.1% monomer by SEC every 3 months, Decreased potency was observed duaring storage at 5°C for
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354045 Ala Pro Lys Len Len Tie Tyr Ser Ala Ser Tyr Arg Tyr -M dvy 505560
Page 14 Val Pro Ser Arg Phe Ser Ay Ser Gy Ser Ay rhr Asp Phe Thr 657075
Leu Thr lie ScrSer Leu Gn Pro Qu Asp he Ala Thr Tyr Tyr 808590 Cys G n
Gn Tyr Tyr lie Tyr Pro Tyr Thr Phe Ay Gn Gy Thr 95 Lys Val Gu Ile Lys
Arg Thr Val Ala Ala Pro Ser Val Phe Ile 110115120 Phe Pro Pro ser Asp Qu
Gn Leu Lys Ser Gy Thr Ala Ser Val 125130 val Cys Leo Leu Asn Mh Phe Tyr
pro Ar g3 hnths AHowelvy Sherpoterfd OF i SarPhepinctogesd agein at fbs 6 angry ety ipepgingy A1y sy Asn
ger ?78 _%g]\!'éd éncmreyael at BB ofshtd ik pOind\6dd atsﬂbﬁted_fyi SssASyrider. AdomablshsweBeso Leu Ser
1 grS 190 1%3[»\,5(4;?%&&%3 \L;?g%b'yrﬁ,w E{Xé\l px d)te'lar‘ls t.logl;l %mlcnyo e“!ySSEby % m\éﬂl _Fea]zgy

200205 21EG, mé ro sinifcansohangy iy peingy. (Ghestabijity dta 510% ﬁ*i'o%vmz%? ‘WZ‘H for atzi@“é owe PRT
<213> Ayded fhaehedoiguence <220> <223> sequence i s synthesized <400> 24 Qu
Val dn Leo val Qu Ser dy Ay Ay Leu Val Gn Pro Ay 1510

CONCLUSION

Formulation screening studies were performed to select a formulation for Apomab. A pH screen
covering the pH range 4.0 to 7.0 using sodium acetate, histidine acetate, and sodium phosphate as buffers with
240 mM trehalose dihydrate and 0.02% polysorbate 20 showed that Apomab is most stable in solution at pH 6. 0.
Therefore, a formulation consisting of 20 mM histidine acetate, 240 mM trehalose, 0.02% polysorbate 2, pH 6 .0
was developed and demonstrated experimentally to be stable. Using this formulation, Apomab was shown to be
stable for at least 12 months at 5°C. Furthermore, Apomab was shown to be stable for at least 12 months at -
90°C and three months at 5°C when stored in 316L stainless steel containers. Apomab was also shown to e

stable when subjected to up to 3 freeze/thaw cycles.



Ay Ser Leo Arg Leo Ser Cys Ala Ala ser Gy Phe Thr Phe Thr 202530 Asp Tyr
Thr met AS Trp val Arg Gn Ala Pro Ay Lys Gy Leo 354045 GQu Trp val Al a
Asp Val Asn Pro Mh ser (fly (fly Ser Ile Tyr 505500 Mh G n Arg Phe Lys Gy
Arg Phe Thr Leu Ser Val Asp Ara Ser 657075 Lys Mh Thr Leo Tyr Leo G n net
Ash Ser Leo AD Ala G u Asp SGB590 Ttr Ala Val Tyr Tyr Cys Ala Arg Asn Leu
@y Pro Ser Phe Tyr 95100105 Phe Asp Tyr Tp @y Gn dy Thr Leo val Thr
Val Serwigeris ALAMEDJL15120 ys Ay Pro Ser Val Phe Pro Leo Ala Pro Ser Ser
Lys 125130135 Page 15 SerSer Gy Gy Thr Ala Ala Let] Ay cys Leu Val Lys
Asp 140145150 Tyr Phe Pro Gu Pro Val Thr val Ser Trp Asn Ser Ay Ala Let]
155160165 sthblé pha@iaceGiicyl forablatich @mptsing RPienoBlowl AlitadYad hidtiding-acGhtn buber, pISe.s td y
17017536§0 Leu Tyr Ser Let] Ser Ser Val Val Thr Val Pro Ser Ser Ser Let]
185190195 @y Thr G n Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser M

20020521 Ohe Fbtmuthass of Alm AsRrelayts pli kSrom 52 td@ 1 Pro Lys Ser Cys Asp Lys Thr
215220225

3. The formulation of claim 1 wherein the histidine-acetate buffer concentration is from about 1mM to about
200mM.

4. The formulation of claim 3 wherein the histidine-acetate buffer conce ntration is from about 10mM to about
40mM.

5. The formulation of claim 1wherein the antibody concentration is from about 10mg/mL to about 250mg/mL..

6. The formulation of claim 5 wherein the monoclonal antibody concentr-ation is from about 20mg/mL to about
40mg/mL.

7. The formulation of claim 5 wherein the monoclonal antibody concentration is from about 80mg/mL to about
250mg/mL.

8. The formulation of claim 1 further comprising saccharide.

9. The formulation of claim 8 wherein the saccharide is a disaccharide.

10. The formulation of claim 8 wherein the saccharide is trehalose.

11. The formulation of claim 8 wherein the saccharide is sucrose.

12. The formulation of claim 8 wherein the saccharide concentration is from about 10mM to about 1M.

13. The formulation of claim 12 wherein the saccharide concentration is firom about 60mM to about 250mM.
14. The formulation of claim 1 further comprising surfactant.

15. The formulation of claim 14 wherein the surfactant is polysorbate.

16. The formulation of claim 15 wherein the surfactant is polysorbate 20.

17. The formulation of claim 14 wherein the surfactant concentration is from about 0.0001% to about 1.0%.
18. The formulation of claim 17 wherein the surfactant concentration is from about 0.01% to about 0.1%.
19. The formulation of claim 1 wherein the monoclonal antibody is a full 1ength antibody.

20. The formulation of claim 19 wherein the monoclonal antibody is an IzG1 antibody.

21. The formulation of claim 1 wherein the monoclonal antibody is a hum.anized antibody.

22. The formulation of claim 1 wherein the monoclonal antibody is an antibody fragment comprising an

antigen-binding region.
23. The formulation of claim 22 wherein the antibody fragment is 2 Fab o F(ab’)2 fragment.
24. The formulation of claim 1 which is sterile.
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H s
Val
Thr
Au
Lys
Ser
Lys
Ile
pro
Leu
Asn
Ser
Arg
LEN

Thr Cys Pro Pro Cys Pro Ala Pro Gu Leu Lou Gy Ay Pro 230235240 Ser

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Let] net |le 245250255 Ser Arg
Pro Gu Val Thr Cys Val Val Val Asp Val Ser H's 260265270 A u Asp Pro

Val Lys Phe Asn Trp Tyr Val Asp Gy val Gu 275280265 val H's Asn Al a

Thr Lys Pro Arg Gu Au Gn Tyr Mh Ser 290295300 Thr Tyr Arg val Val

Val u Thr Val Let] Hs Gn Asp T 305 315 leu n Lys Qu Tyr
cys25LyTéh‘s {pamulatiap °W’I‘.§§”hﬂl"&&‘ﬁé‘ﬁ“°§'ﬂ'ﬁ?§ E‘ﬁ‘% a“,&lltgewﬁstf? g"‘éﬂ‘ﬁ Y8 Thr g
S er cohyyginglf HERY SDA, PRIGBR3, BECan@BES 0345 Arg G u Pro G n Val Tyr Thr Let]

Pro Ser Arg (flu Gu Met 350355360 Thr Lys Mh G n Val Ser Th
Val 26 {5 foajuiptiqiegelay 25 @6@9?@3%@%‘??%@}“ ﬂﬁ%}.‘}“ﬂc’r’@l ARG h“’éi"\fe%{b Glr u qéZr

ro Gu 5390 et] As
P Tl i L el T L L A RV iy
Tr P Gii)e AhQthdrdeQaifd @h&l&’thﬁ%ﬂoc\éﬂh aﬁlﬁ&ly %@ﬁsce@b‘fe tSehmiMAb nFBigekkSod U Al a
H s 425430435 Mh H's Tyr Th G n Lys ser Leu Ser Leu Ser Pro Gy Lys

440445 29. The formulation of claim I which is stable upon storage at about 40°C for at least 4 weeks

30. The formulation of claim 1 which is stable upon storage at about 5°C or about 15°C for at least 3 months.
31. The formulation of claim 1 which is stable upon storage at about -20°C for at least 3 months.

32. The formulation of claim 1 which is stable upon freezing and thawing.

33. The formulation of claim 1 which is aqueous.

34. The formulation of claim 1 which is frozen.

35. The formulation of claim 1 which is not lyophilized and has not been subjected to prior lyyophilization.
36. The formulation of claim 35 which is aqueous and is administered to a subject.

37. The formulation of claim 36 wherein the formulation is for intravenous (IV), subcutaneous (SQ) or

intramuscular (IM) administration.

38. The formulation of claim 37 which is for IV administration and the antibody concentration is from about

20mg/mL to about 40mg/mL.

39. The formulation of claim 37 which is for SQ administration and the antibody concentration is from about
80mg/mL to about 250mg/mL.

40. A vial with a stopper pierceable by a syringe comprising the formulation of claim 1 inside the vial.
41. The vial of claim 40 which is stored at about 2-8°C.

42, The vial of claim 40 which is a 20cc or 50cc vial.

43. A stainless steel tank comprising the formulation of claim 1 inside the tank.

44. The tank of claim 43 wherein the formulation therein is frozen.

45. A method of treating a disease or disorder in a subject comprising administering the formulation of claim 1

to a subject in an amount effective to treat the disease or disorder.
46. A pharmaceutical formulation comprising:

(a) a full length IgG1 antibody susceptible to deamidation or aggregation in an amount from about 10mg/mL to
about 250mg/mL;

(b) histidine-acetate buffer, pH 5.5 t0 6.5;

(¢) saccharide selected from the group consisting of trehalose and sucrose, in an amount fromn about 60mM to
about 250mM; and
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<210> 25 <-211> 107 <212> PRT <213> Mus nusculus <400> 25 Gn ||

Ser Gn Ser Pro Ala lie Lets Ser Ala Ser Pro 1S1015 Ay Qu Lys V:I V‘?'IhrL(l\a/tth
Thr Cys Arg Ala Ser Ser Ser Val Ser 202530 Tyr Met His Trp Tyr Gn Gn Lys
Pro Gy ser Ser Pro Lys Pro 354045 Trp Ile Tyr Ala Pro Ser Mh Lets Al a Ser
(fly Val Pro Ala Arg SO5560 Phe Ser Ay Ser Gy Ser Ay Thr Ser Tyr Ser
Lets Thr Ile Ser 657075 Arg W G| Ala Gu Asp Ala Ala Thr Tyr Tyr cys Gn
G n Tr Ry 3RB8R20: S61n emdvat bR @oIThs abhe.1E y Ala Gy Thr Lys Lets Gu Lets
95100105 Arg <210> 26 <211> 107 <212> PRT <213> Artific_ 1 sequence <220>
<223> seqaenrod<EhORtucRE dagidation or agirgatign of ahsfapeggicinogesiongbanbesky, cogRPSIiEa  Ser Al a
Ser Valgdadd®e GiboddSPa M¥tdiny @btatd bufer pre5.5t06.5 Cys Arg Ala Ser Ser Ser Val Ser

202530 Tyr t Hs Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Pro 354045
48. The method of claim 47 comprising evaluating any antibody deamidation or aggregation before and after the

antibody is formulated.

49. A pharmaceutical formulation comprising an antibody that binds to domain II of HER2 in a histidine buffer
at a pH from about 5.5 to about 6.5, a saccharide, and a surfactant.

50. The formulation of claim 49 wherein the buffer is histidine-acetate.

51. The formulation of claim 49 wherein the HER2 antibody comprises the variable light amd variable heavy
amino acid sequiences in SEQ ID Nos. 3 and 4, respectively.

52. The formul ation of claim 51 wherein the HER2 antibody comprises a light chain amino acid sequence
selected from SEQ ID No. 15 and 23, and a heavy chain amino acid sequence selected from SEQ ID No. 16 and
24.

53. The formul ation of claim 49 wherein the pH of the formulation is from about 5.8 to about 6.2.

54. The formulation of claim 49 wherein the antibody binds to the junction between domains I, 1T and III of
HER2.

55. The formulation of claim 49 wherein the antibody is a full length antibody.
56. The formulation of claim 49 wherein the antibody concentration is from about 20mg/m.L to about 40mg/mL.

57. A pharmaceutical formulation comprising Pertuzumab in an amount from about 20mg/mL to about
40mg/mL, histidine-acetate buffer, sucrose, and polysorbate 20, wherein the pH of the formulation is from about
5.5 to about 6.5.

58. The formulation of claim 57 comprising about 30mg/mL Pertuzumab, about 20mM his tidine-acetate, about
120mM sucrose, and about 0.02% polysorbate 20, wherein the pH of the formulation is about 6.0.

59. A vial with a stopper pierceable by a syringe comprising the formulation of claim 49.
60. A stainless steel tank comprising the formulation of claim 49 in the tank.

61. A method of treating HER2-expressing cancer in a subject, comprising administering the pharmaceutical

formulation of claim 49 to the subject in an amount effective to treat the cancer.

62. The method of claim 61 wherein the formulation is administered to the subject intravernously,

subcutaneously, or intramuscularly.
63. A method of making a pharmaceutical formulation comprising:
(a) preparing the formulation of claim 1; and

(b) evaluating physical stability, chemical stability, or biological activity of the monoclional antibody in the

formulation.
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Lets Ile Tyr Ala Pro ser Mh Lets Ala Ser Gy Val Pro Ser Arg 505560 the Ser
Ay Ser Ay Ser Ay Thr Asp Phe Thr Lets Thr Ile Ser 657075 Ser Lets G n
Pro Qu Asp Phe Ala Thr Tyr Tyr Cys G n Gn Trp SOB590 Ser Phe Mh Pro Pro
Thr the Ay Gn @y Thr Lys val Qu Ile 95100105 ys Arg <210> 27 <211> 108
<212> PRY <213> Artificial Sequence <220> <223> sequence is synthesized
<400> 27 Asp Ile Gn Met Thr Gn _Ser Pro Ser Ser Leu Ser Ala Ser 1510 Gy
Asp Ar gé4vA phappgeeutfgabforpyjatiomgempnipipg APRS agipodgngg histidine pyftsr s5a pH fOPIBOL PER Tyr Leu
Al a Tr pabdiy b.5,Gisaachéida, ahy/ssufPedantd y Lys Ala Pro Lys 354045 Leu Leu Ile Tyr Al a
Ala Ser Ser Leu Gn Ser Ay val Pro Ser 505560 Arg Phe Ser Ay Ser Gy Ser
Ay Thr5ad}s feraulgtiep oficlaim Sfyherpin e GEfen B Bisline-agtare. Len G n Pro G u Asp Phe Al a

m: 3266\-.[ fxe f%snﬁl%gif%%b%%%g’gg e RS Mhibo s o Sabintacibady,? 117 Phe Gy Gn Gy
67. The formulation of claim 64 wherein the DRS5 antibody is Apomab.

68. The formulation of claim 67 wherein the DRS5 antibody comprises the heavy chain amino acid sequence of
SEQ ID No. 51, and light chain amino acid seqquence of SEQ ID No. 52.

69. The formulation of claim 64 wherein the pH of the formulation is from about 5.8 to about 6.2.
70. The formulation of claim 64 wherein the antibody is a full length antibody.
71. The formulation of claim 64 wherein the antibody concentration is from about 10mg/mL to about 30mg/mL.

72. A pharmaceutical formulation comprising Apomab in an amount from about 10mg/mL to about 30mg/mL,
histidine-acetate buffer, trehalose, and polysorbate 20, wherein the pH of the formulation is from about 5.5 to
about 6.5.

73. The formulation of claim 72 comprising about 20mg/mL Apomab, about 20mM histidine acetate, about
240mM trehalose, and about 0.02% polysorbate 20, wherein the pH of the formulation is about 6.0.

74. A vial with a stopper pierceable by a syringe comprising the formulation of claim 64.
75. A stainless steel tank comprising the formulation of claim 64 in the tank.

76. A method of treating cancer in a subject, comprising administering the pharmaceutical formulation of claim

64 to the subject in an amount effective to treat the cancer.
77. The method of claim 76 wherein the cancer is a solid tumor.
78. The method of claim 76 wherein the cancer is non-Hodgkin’s lymphoma.

79. The method of claim 76 wherein the formulation is administered to the subject intraveno usly,

subcutaneously, or intramuscularly.
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Ile Lys Arg
Ala Tyr Len
Lys Met Ser
Trp val Lys
Pro Ay Ash
Len Thr Val
Thr Ser G n

Asn Ser 95100105 Tyr Trp Tyr PRe‘ASH

<210> 28 <211> 122 <212> PRT <213> Mus nuscul us <400> 28 G n
Gn dn ser Ay Ala Gn Len Val Arg Pro Ay 151015 Ala Ser Val
cys Lys Ala ser Ay Tyr Thr Phe Thr 202530 Ser Tyr Mh Met His
Gn Thr Pro Arg Gn Gy Len 354045 Gn Trp Tie Gy Ala Ile Tyr
Gy Asp Thr Ser Tyr 505560 Asn G n Lys Phe Lys Ay Lys Ala Thr
Asp Lys 5cr 657075 5cr Ser Thr Ala Tyr Met G n Len ser Ser Len
Asp 808590 Ser Al a_Val Teyr.%?cq%@s Ala Ary val val Tyr Tyr Ser
VA" p Gy Thr Gy Thr Thr Val Thr

val 11Q110%b12NeSerCHSEINCS210> 29 <211> 122 <212> PRT <213> Artifici al

sequence <2

Gn Ser (flyg

Ag Iis%equence is synthesized <400> 29 G n val Gn Leu Val
Th %/ Len Val Gn Pro Ay 151015 Page 18 Ely Ser Leu Arg

Leu Ser Cysswingy®Nl a Ser Gy Tyr Thr Phe Thr 202530
<120> ANTIBODY FORMULATIONS
P2104R1 PCT

PCT/US2005/037471
2005-10-19

us 60/620,413
2004-10-20
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<130>

<140>
<141>

<150>
<151>

<160>
<210>
<211>
<212>
<213>

<400>

1

107
PRT
Mus musculus

1

Asp Thr val Met Thr Gln Ser His Lys Ile Met Ser Thr Ser val
1 5

10 15

Gly Asp Arg val Ser Ile Thr Cys Lys Ala Ser GIn Asp val Ser

20 25 30

Ile Gly val Ala Trp Tyr Gln Gln Arg Pro Gly GIn Ser Pro LXE

35 40

lLeu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly val Pro Agg

Arg Phe Thr Gly ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile
70 '

50 35

65 75

ser ser val Gln Ala Glu Asp Leu Ala val Tyr Tyr Cys GIn Gln

80 85 20

Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu

95 100 105

Ile Lys

<210>
<211>
<212>
<213>

2

119
PRT
Mus musculus

<400> 2
G1g val GIn Leu 612 GIn Ser Gly Pro Glu Leu val Lys Pro G}g

10

Thr ser val Lys 1;8 ser Cys Lys Ala ser Gly Phe Thr phe Thr

25 30

Asp Tyr Thr met Agp Trp val Lys GIn Ser His Gly Lys Ser Leu
5

40 45

Glu Trp Ile Gly Asp val Ash Pro Asn Ser Gly Gly Ser Ile Tyr
50

55 60

page 1



Ser Tyr Asn net His Trp Val Arg Gn Ala Pro Ely Lys Ely Leu 354045 GQu Trp
Val Ely Ala Ile Tyr Pro Ely Asn GL Asp Thr Ser Tyr 505560 Asn G n Lys Phe
Lys Ely Arg Phe Thr Ile Ser Val Asp Lys Ser 657075 Lys M1 Thr Leu Tyr Leu
Gn Met Mh ser Leu Arg Ala G u Asp 808590 Thr Ala Val Tyr Tyr Cys Ala Arg
Val Val Tyr Tyr Ser Asn Ser 95100105 Tyr Trp Tyr Phe Asp Val Trp Ely Gn
Ely Thr Leu Val Thr Val 110115120 ser ser <210> 30 <211> 119 <212> PRT

<213> Artificial Sequencge <220> <223> sequence._i hesi zed <400> 30 G u
val G nAi’bﬁHR‘/&rgr—fﬁﬁ %rGﬁi vYEAN?BY %Uﬁ%a ﬁeg# %F%)%gy 151015 Ely ser Leu
Arg Leu ser cys Ala Ala ser Ely Phe Thr Phe Ser 202530 ser Tyr Ala net ser
Trp vii FenAgy G VRTaTYPr BetEGYU |Led AFDySqreteu3BDABe HY “BEp viii Ala val Ile

Ser Gy Asp Ely Ely r Thr Tyr Tyr 55G0 Ala Asp Sér Val Lys Ely Arg Phe

Thr 1] eTRen1Ang1Asp %ﬂcﬁemﬁﬁﬁﬂﬁan iSS Gly pro Ser phe {)62

Phe Asp Tyr Trp 21% Gln Gly Thr Thr Leu Thr val Ser ser

115
<210> 3
<211> 107
<212> PRT
<213> Artificial Sequence
<220>
<223> sequence 1is synthesized
<400> 3
Asp Ile GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Lys Ala Ser GIn Asp val ser
20 25 30

Ile Gly val Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn Gln
80 85 90

Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly GIn Gly Thr Lys val Glu
95 100 105

Ile Lys

<210> 4

<211> 119

<212> PRT

<213> Artificial Sequence

<220>
<223> sequence is synthesized

<400> 4
Glu val Gln Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Sser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr phe Thr
20 25 30

Asp Tyr Thr Met Asp Trp val Arg Gin Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Ala Asp val Asn Pro Asn Ser Gly Gly Ser Ile Tyr
50 55 60

Asn Gln Arg Phe Lys Gly Arg Phe Thr Leu Ser val Asp Arg Ser
65 70 75
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Lys Asn Thr Leu Tyr Leu G n nmet M ser Leu Arg Ala G u Asp 808590 Thr Al a
viii Tyr Tyr Cys Ala Arg Ely Aro Val Ely Tyr 5cr Leu 95100105 Tyr Asp Tyr
Trp Ely Gn Ely "M Leu Val Thr Val ser Ser 110115 <210> 31 <211> 107
<212.- PRT <213> Artificial sequence <220> <223> Sequence i s synthesi zed.
<400> 31 Asp Ile @n nmet Thr Gn Thr Thr 5cr . r eu Ser Ala Ser Leu Page 19
Ay Asp Arg Val Ile lle Ser Cys Ser Ala Ser G n Asp Ile Ser 202530 Wnh Tyr
Leu Mn Trp Tyr Gn Gn Lys Pro Asp Cy Thr Val Lys 354045 Val Leu Tie Tyr

Phe The $erasSefnrLesl s LSec1E metVadn B850 L&enr0356AuXs Phe Ser Gy Ser Gy
5cr Ay Thr Asp Tyr s& Leu Thr Ile 687075 Ser Mh Le®Oclu Pro Qu Asp lle

Al a Thr r . Tyr s. G n 80 r . Ser.T rp.Tthr ["he dy Ay Ay
Thr L_ys_TE}e(uMél {sbTocypsT Pat gy asslss g@ Y0 SR P05 B0l b <otas
Artificial sequence <220> <223> Sequence i s synthesized. <400> 32

Phe Asp Tyr Trp g1% GIn Gly Thr Leu val Thr val ‘ser Ser

115
<210> 5
<211> 107
<212> PRT
<213> Artificial Sequence
<220>
<223> sequence is synthesized
<400> 5 '
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser
20 25 30
Asn Tyr Leu Ala Trp Tyr Gln GIn Lys Pro Gly Lys Ala Pro Lys
35 40 45
Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly val Pro Sgg
55
Arg Phe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 20
Tyr Asn Ser Leu Pro Trp Thr Phe Gly GIn Gly Thr Lys val Glu
95 100 105
Ile Lys
<210> 6
<211> 119
<212> PRT
<213> Artificial Sequence
<220> .
<223> sequence is synthesized
<400> 6
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30
Ser Tyr Ala Met Ser Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Ala val Ile ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60
Ala Asp Ser val Lys Gly Arg Phe Thr I}g Ser Arg Asp Asn s;g
65

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
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Qu lle Gn Leu Val Gn Ser Ay Pro Gu Leu Lys Gn Pro Ay 151015 du Thr
Val Ary Ile Ser Cys Lys Ala Ser Ay Tyr Thr Phe The 202530 Wn Tyr Ay Met
M Trp val Lys Gn Ala Pro Ay Lys Ay Leu 354045 Lys Trp Met Ay Trp Ile
WMh Thr Tyr Thr Ay Gu Pro Thr Tyr 505560 Ala Ala Asp Phe Lys Ary Ary Phe
Thr Phe Ser Leu GQu The Ser 657075 Ala Ser Thr Ala Tyr Leu Gn lie ser M
Leu Lys Mh Asp Asp 808590 Thr Ala Thr Tyr Phe cys Ala Lys Tyr Pro His Tyr

Tyr Ay Ser 95100105 Ser H's Trp Tyr g\;e Asp Val Trp ?y Ala Ay Thr The
val Till' 110115120 \B0 Ser Ser <2105%%33 <211> /07 <f 2> PRT <213>

Artificital gequentg 7220ys $323rgSeiquanreal syt esi zd, <400> 33 Asp lle
Gn nmet Thr Gn ser PPo Ser Ser Leu & Al a Ser Vval ¥P015 Ay Asp Arg Val

Thr 1l1e J i A T L A T T
G :1 G ﬁTK)EgAs%/@r?f{/p @ngﬁﬁg'lgr@r@@ {{é}eTﬁeﬂla?Q%535Qr M Tyr Leu AM Trp Tyr
7

<210>

<211> 10

<212> PRT

<213> Artificial sequence

<220> . .
<223> Sequence is synthesized.

<220>

<221> Xaa

<222> 10 |

<223> Xaa is preferrably D or S

<400> 7
Gly Phe Thr phe Thg Asp Tyr Thr Met X%g

<210> 8

<211> 17

<212> PRT

<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 8
Asg val Asn Pro Asg Ser Gly Gly Ser Ilg Tyr Asn GIln Arg ng

Lys Gly

<210> 9

<211> 10

<212> PRT

<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 9
Asn Leu Gly Pro Seg Phe Tyr Phe Asp T{g

<210> 10

<211> 11

<212> PRT

<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 10
Lys Ala Ser Gln Asg val ser Ile Gly Vig Ala

<210> 11

<211> 7

<212> PRT

<213> Artificial sequence
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354045 Val Leu Ile Tyr Phe Thr Ser Ser Leu His 5¢cr Gy Val Pro Ser 5055QG0
Arg Phe Ser Ay Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile 657075 Ser Ser
Leu Gn Pro Qu Asp Phe Ala Thr Tyr Tyr Cys G n G n 808590 Tyr ser Thr val
Pro Trp Ti's Phe (fly Gn Gy Thr Lys Val Gu 95100105 Ile Lys <210> 34
<211> 123 ,f212> PRT <213> Artsequence <220> <223> Sequence i s synthesi zed.
<400> 34 Qu Val Gn Leu Val Gn Ser Ay Ay Gy Leu vVal Gn Pro dy 151015
Gy ser Len Arg Leu ser Cys Ala Ala ser Ay Tyr Thr Phe Thr 202530 Asn Tyr
Gy net,hgn Trp val Arg Gn Ala Pro dy Lys Gy Leu 354045 Gu Trp Val Qy
Trp |1 e288n sthuendyrisTomtkdsiz&u Pro Thr Tyr 505560 Ala Ala Asp Phe Lys Arg
Arg Phe Thr Phe ser Leu Asp Thr Ser GS7075 Lys Ser Thr Ala Tyr Leu G n Met
AM Serj%%% g Ala Ju Asp 808590 Thr Ala Val Tyr Tyr cys Ala Lys Tyr Pro
Hi s Tyre2dysr s(fly Ser 95100105 Ser His Trp Tyr Phe Asp viii Trp Gy Gn dy
Thr Lew2¥3t X@iyris preferably R or L.

<220>

<221> Xaa

<222> 6

<223> Xaa is preferably Y or E.

<220>

<221> Xaa

<222> 7

<223> Xaa 1is preferably T or s.

<400> 11
Ser Ala Ser Tyr xag Xaa Xaa

<210> 12

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 12
Gln Gln Tyr Tyr I1§ Tyr Pro Tyr Thr

<210> 13
<211> 214
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 13
Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr ITe Thr Cys Arg Ala Ser GIn Asp val Asn
20 25 30
Thr Ala val Ala Trp Tyr GIn Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45
Leu Leu Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly val Pro Ser
50 55 60
Arg Phe ser Gly Ser Arg Ser Gly Thr Asp phe Thr Leu Thr Ile
65 70 75
Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gin
80 85 90
His Tyr Thr Thr pro Pro Thr Phe Gly Gin Gly Thr Lys val Glu
95 100 105
Ile Lys Arg Thr val Ala Ala Pro Ser val pPhe Ile Phe Pro Pro
110 115 120
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110115120 val Ser Ser <210> 35 <211> 107 <212> PRT <213> Artificial
sequence <220> <223> sequence i s synthesized. <400> 35 Asp Ile G n Leu Thr
Gn Ser Pro Ser Ser Leu Ser Ala Ser Val 1S1015 dy Asp Arg Val Thr Ile Thr
Cys Ser Ala Ser G n Asp Ile Ser 202530 Asn Tyr Leu Asn Trp Tyr Gn G n Lys
Pro (fly Lys Ala Pro Lys 354045 Val Leu Ile Tyr Phe Thr Ser Ser Leu His Ser
Ay Val Pro Ser 505560 Arg Phe Ser Ely Ser Ay Ser Gy Thr Asp Phe Thr Leu
Thr 1le 657075 _Ser. Ser Leu G n.Pr Asp P Thr Tyr Tyr s Gn Gn
SCB590 T§F ASBrEMhG NVEgY B ST pG-'*I‘hT?"r%% Eﬁ'])o"?iq g’ag‘%st@r‘; Lgs val glu 95100105
Il e Lys <210> 36 <211> 123 <212> PRT <213> Artificial e e <220> <223>
Sequencéei $s8 AN ’{gd?r«mmﬂgaﬂ %VS\/&ﬂ @mTE@et'-!YS\)@% Gu Ser Gy Ay Gy
Leu Val Gn Pro Ay 0 42

Asp Asn Ala Leu Gln Ser Gly Asn Ser GIn Glu Ser val Thr Glu

155 160 165

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr
170 175 180

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu
185 190 195

val Thr His GIn Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn
20 205 210

Arg Gly Glu cys

<210> 14
<211> 449
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 14
. Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly phe Asn Ile Lys
20 25 30

Asp Thr Tyr Ile His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Ala Arg Ile Tyr Pro Thr AEE Gly Tyr Thr Arg T%g
50

Ala Asp Ser val L%g Gly Arg Phe Thr I;S Ser Ala Asp Thr s;g

Lys Asn Thr Ala Tyr Leu Gln Met Ash Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 100 105

Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu val Thr val ser Ser
110 115 120

Ala ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser
125 130 135

Lys ser Thr ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val Lys
140 145 150

Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly Ala
155 160 165

Leu Thr ser Gly val His Thr Phe Pro Ala val Leu Gln Ser Ser
170 175 180

Gly Leu Tyr Ser Leu Ser Ser val val Thr val pro Ser Ser Ser
185 190 195
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151015 Ay Ser Leu Arg Leu Ser Gys Ala Ala Ser Ay Tyr Asp Phe Thr 202530
Hs Tyr Ay net Mh Trp Val Arg Gn Ala Pro Ay Lys Cy Leu 354045 Qu Trp
Val Ay Trp Ile Asn Thr Tyr Thr Ay GQu Pro Thr Tyr SOSS60 Al a Ala Asp Phe
Lys Arg Arg phe Thr Phe Ser Leu Asp Thr Ser 657075 L5Thr Ala TyrLeu G n net
Asn SerLeu Arg Ala G u Asp 808590 Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro
Tyr Tyr Tyr Ay Thr 95100105 Ser His Trp Tyr Phe Asp Val Trp Ay Gn Ay
Thr La Val Thr 110115120 val Ser ser <210> 37 <211> 218 <212> PRT <213>

Artificial waenﬁﬁ ﬁ.%Zﬂ?r $7233s SRAURNCAsH BisSYIM pesisepd.  <400> 37 Asp Ile
G n Leu Thr Gn Ser sec Ser Leu 2sr Ala Ser Val 2161015 Gy Asp Arg Val

RTER (R e e D

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
230 235 240

Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
245 250 255

ITle ser Arg Thr pro Glu val Thr Cys val val val Asp val Ser
260 265 270

His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val
275 280 285

Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn
290 295 300

Ser Thr Tyr Arg val val Ser val teu Thr val Leu His GIn Asp
305 310 315

Trp Leu Ashn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala
320 325 330

Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln
335 340 345

Pro Arg Glu Pro GIn val Tyr Thr .Leu Pro Pro Ser Arg Glu Glu
350 355 360

Met Thr Lys Asn Gln val Ser Leu Thr Cys Leu val Lys Gly Phe
365 370 375

Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly GIn Pro
380 385 390

Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly
395 400 405

Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp
410 415 420

GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu Ala Leu
425 430 435

His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
440 445

<210> 15

<211> 214

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 15
Asp ITe GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr ITe Thr Cys Lys Ala Ser GIn Asp val Ser
20 25 30

ITle Gly val Ala Trp Tyr Gln GlIn Lys Pro Gly Lys Ala Pro Lys
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Lys
Pro
Ile
Hi s
Arg
Gn
Tyr
Ser
Thr
Lys
Pro

Ala Pro Lys
Ser. Arg Ph
Ser Sec Leu
Gu Asp Pro
Al a
Lou Lys ser
Pro Arg Gu

Thr Val

Gy M Ser Gn Q4

H s Lys val

<212> Pfur
<400> 38 Assp
Ser Ser Leu

<21

Tyr Tyr Ile

Ile

Sar

Leu

Asp

GlIn

Leu

val

Lys

Asp

Asnhn

Asn

ASp

Ser

Thr

Arg

Glu

Asn

Ala

Ser

Lys

His

Arg Gly Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Glu
1
Gly
Asp
Glu
Asn

Lys

Thr

16

448
PRT .
Artificial sequence

Leu LQU Ile Tyr Ala Ala Sec Tyr

e Ser (fly Ser.

Tyr Thr

Phe Ay Gn Ay 95100105 Thr

Ala Pro Sec Val
Ay Thr Ala Ser

Al a

L%Ss 1VaI

55160165 sec

> Artié9 cial
cgnnPrI"o Glu Asp%h
80

TYyrP

Thr

GlIn

Phe

Leu

Lys

Ala

Gln

cys

Pro
95

val
110

Leu
125

Tyr
140

Gln
155

Asp
170

ASp
185

Gly
200

Tyr

Ala

Lys

Pro

Ser

Ser

Tyr

Leu

Thr Phe
Ala Pro
Ser Gly
Arg Glu
Gly Asn
Thr Tyr
Glu Lys

Ser Ser

sequence is synthesized

16
val

Ser

Tyr

Trp

Gln

Asnh

Ala

Gln Leu Vag Glu Ser Gly

Leu

Thr

val

Arg

Thr

val

Arg

Met

Ala

Phe

Leu

Tyr

Leu
20

AsSp
35

Asp
50

Lys
65

Tyr
80

TYr
95

Ser

Trp

val

Gly

Leu

cys

Cys Ala
val Arg
Asn Pro
Arg Phe
Gln Met

Ala Arg

Ay Ser

Leu A u Ser 505560 Ay Val

(fly Thr Asp Phe 657075 Thr Lou Thr
Gn Pro Gu Asp Phe Ala Thr Tyr 808590 Tyr Cys G n G n Ser

Lys Val

GQu lle Lys

Phe 110115120 Ile Phe Pro Pro Ser Asp du

125130135 Val

al

Asla Thr(‘?yS r

Gly
Ser
Thr
Ala
Ser
Ser
His

Pro

Gly
Ala
GIn
Asn
Thr
Asn

Asn

Gln
100

val
115

Ala
130

Lys
145

Gln
160

Leu
175

Lys
190

val
205

Gly
10

ser
25

Ala
40

Ser
55

Leu
70

Ser
85

Leu
100

Gly
Phe
ser
val
Glu
Ser
val

Thr

Leu
Gly
Pro
Gly
Ser
Leu

Gly

Page 8

Thr
Ile
val
Gln
Ser
Ser
Tyr

Lys

val
Phe
Gly
Gly
val
Arg

Pro

Val

Lys

Phe

val

Trp

val

Thr

Ala

Ser

GlIn

Thr

Lys

ser

ASp

Ala

ser

Cys Leu Leu Mh Asn Pile
140145150, G n Trp Lys Val,.Asp Asn Ala Leu G n
Thr
Tyr L8er_ebotleSeyr 3a0ATHES0 1SetArgThyr et cThivaLewoSee Lys Ala Asp Tyr Qu
1851980195 Tyr Ala Cys*’Gu Val Thr H % n @y Leu Ser Sec

Val aThre1200208R195 ksy SRF FerinRG0-( By o AL5 <210> 38 <211> 218
sequence AR20> <223> Sequeénce i s synthesized.

d.'eu Ser Ala ser Val 51015
n GT

val

Pro

cys

Lys

Thr

Leu

Cys

Phe

Pro

Phe

Gly

Ile

Arg

Glu

Phe

Gu Gn .&sp Ser

Glu
105

Pro
120

Leu
135

val
150

Glu
165

Thr
180

Glu
195

Asn
210

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

Lys Asp Sec



(fly Asp Arg Val Thr lie Thr Cys Arg Ala ser Lys Pro Val Asp 202530 (fly
GQu Ay Asp Sec Tyr Leu Asn Trp Tyr G n Gn Lys Pro Ay 354045 Lys Ala Pro
Lys Lou Leu Ile Tyr Ala Ala Ser Tyr Leu Gu Ser 505560 dvy Val Pro Ser Arg
Phe Ser Gy Ser Ay Ser Ay Thr Asp Phe 657075 Thr Len Thr Ile ser ser Len
Gn Pro Gn Asp Phe Ala Thr Tyr 808590 ryr Cys Gn Gn Ser Hs Gn Asp Pro
Tyr Thr Phe Ay Gn Ay 95100105 Thr Lys Val Qu lle Lys Arg Thr Val Al a
Ala Pro _Ser Val Phe Phe Pro Pr.o _Ser Ser Lys Asp Ser Thr Tyr
Ser Len g%r‘\s%eyrl?gl%le ﬁ’f kﬂ@ﬁ'e’fqﬂfgﬂ Q%fsﬁg/sseNAqusp Tyr Gn Lys His
Lys Val Tyr 140145150 Ala cys G n val Thr Hs Gn Gy Len Ser Ser Pro val
Thr Ly55155'h60-1/65G153e$ Rer P(Sh PRe Pl ﬁue\’hﬁl ey SAB el SGl n Len Lys Ser Gy
Thr 120175180 Al a Se al val Cys Le % en Asn Asn P Tyr Pro Arg Gn Al a
185190188r Lyis séalcid GﬂyTn'Ii)r' ays Aval LeAs@lyAsys Ak vheny&AaspSer Ay Asn Ser
200205210 G n G n SetWal Thr G n G H5Asp 215 <210> B9 <211> 218 <212> PRT

<213> At foheigh @I%qi'g‘Qﬂ Thr val Ser Trp Asn Ser Gly Ala Leu

160 165
Thr ser Gly val His Thr Phe Pro Ala val Leu Gln Ser Ser Gly
170 175 180

Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser Ser Leu
185 190 195

Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser Asn
200 205 210

Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr
215 220 225

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
230 235 240

Sser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
245 250 255

Ser Arg Thr Pro Glu val Thr Cys val val val Asp val Ser His
260 265 270

Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu
275 280 285

val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser
290 295 300

Thr Tyr Arg val val Ser val Leu Thr val Leu His Gln Asp Trp
305 310 315

Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu
320 325 330

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro
335 340 345

Arg Glu Pro Gin val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met
350 355 360

Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr
365 370 375

Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly GIn Pro Glu
380 385 390

Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser
395 400 405

Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gln
410 415 420

GIn Gly Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His
425 430 435

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
440 445

Page 9



<220> <223> Sequence is synthesized. <400> 39 - Asp Ile Gn Len Thr G n ser
Pro Ser Ser Len Ser Ala Ser Val 151015 Ay Asp Arg Val Thr Ile Thr Cys Arg
Ala Ser Lys Pro Val Asp 202530 (fly Gu Gy Asp ser Tyr Len Asn Trp Tyr G n
Gn Lys Pro Ay 354045 Ala Pro Lys Len Len Ile Tyr Ala Ala Ser Tyr Leu G n
Ser 505560 Ay Val Pro Ser Arg rue 5cr Gy Ser Gy Ser Ay Thr Asp Phe
657075 Thr Len Thr Ile Ser Ser Len Gn Pro G n Asp Phe Ala Thr Tyr 808590
Tyr Cys G n @n ser H's Gn Asp Pro Tyr Thr Phe Ay G n @y 95100105 Thr
Lys Val @yl e Lys An; Thr val Ala Ala Pro Ser Val Phe 110115120 |e Phe
Pro Pra2ger 228p Gn Gn Len Lys ser Ay Thr Ala Ser 125130135 Page 24 va
Val Cy§§k§yPEé#.Asq Asn Phe Tyr Pro Arg Gu Ala Lys Val 140145150 G n Trp
Lys Val* pA,'ag A% TS5 ser @ y Asn Ser G n G u 155160165 Ser Val Thr
Gu Gnr22ep Ser Lys Asp Ser Thr Tyr Ser Leu Ser 170175180 Ser Thr Leu Thr
Leu Ser<2P3¥s spaugnggdsinti@sizeys Hi s Lys Val

<400> 17

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu val Ala Thr Ala Thr
1 5 10 15

Gly val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
20 25 30

ser Ala ser val Gly Asp Arg val Thr Ile Thr Cys Lys Ala Ser
35 40 45

G1n Asp val ser Ile Gly val Ala Trp Tyr Gln Gln Lys Pro Gly
50 55 60

Lys Ala Pro Lys Leu Leu ITe Tyr Ser Ala Ser Tyr Arg Tyr Thr
65 70 75

Gly val Pro Ser Arg pPhe Ser Gly Ser Gly Ser Gly Thr Asp Phe
80 85 90

Thr Leu Thr Ile Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr
95 100 105

Tyr Cys GIn Gln Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gln Gly
110 115 120

Thr Lys val Glu Ile Lys Arg Thr val Ala Ala Pro Ser val Phe
125 130 135

Ile Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly Thr Ala Ser
140 145 150

val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val
155 160 165

GIn Trp Lys val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
170 175 180

Ser val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
185 190 195

ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
200 205 210

Tyr Ala Cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr
215 220 225

Lys Ser Phe Asn érg Gly Glu Cys
30

<210> 18

<211> 467

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 18
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu val Ala Thr Ala Thr
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185190195 Tyr Ala Cys G u Val

200205220 Lys Ser

<213> Artificial
Ile Leu Leu Thr
Ala Thr Leu Ser
Tyr Gn Gn Lys
Au ser |le ser
r Leu

Asp Phe Th

Pro 110
1251301%5

140 ' S

Leu

140145 lggeﬁ_ie

Gly
Gly
val
Arg
Pro
val
Pro
Leu
Ser
Gln
Ser
Lys
Cys
Leu
Thr
Asp
Asp
Gln

His

Lys

Ser

Asp

Ala

Ser

ser

ser

val

Gly

Ser

Ser

Pro

ASp

Gly

Leu

val

Gly

Tyr

Gln

Vh

Thr

Hs Gn Gy Leu ser Ser Pro val Thr

Phe Mh Arg Ay Gu Cys 215 <210> 40 <211> 214 <212> PRT

sequence <220> <223> Sequence i s synthesized. <400> 40 Asp
Pro Ay Thr

G n Ser
cys Arg Ala Ser G n Ser

Thr

Vh

Leu Ser

1% 657075 Ser Ar

glgs

Asn_Al a Leu

Phe

Thr

Gly Leu

Ile

Arg

Glu

Phe

Ser

Ser

Lys

Ala

Ser

ser

ser

Lys

Gly

Met

ser

val

Asn

ASp

Tyr

Ser

Asp

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Ser

Trp

Glu
65

Asn
80

Lys
95

Thr
110

Phe
125

ser
140

ser
155

Tyr
170

Thr
185

Leu
200

Gly
215

Thr
230
His
245

ser
260

ser
275

Glu
290

val
305

Thr
320

Leu
335

Trp

Gln

Asn

Ala

ASp

Thr

Thr

Phe

ser

Tyr

Thr

Lys

Thr

val

Arg

Asp

His

Tyr

Asn

Tyr

G n ser
Agg Tyr Thr Met Asp

val
Arg
Thr
val
Tyr
Lys
Ser
Pro
Gly
ser
Gln
val
cys
Phe
Thr
Pro
Asn
Arg

Gly

Ala

Phe

Leu

Tyr

Trp

Gly

Gly

Glu

val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

i u
f S A

d

Asp
Lys
Tyr
Tyr
Gly
Pro
Gly
Pro
His
ser
Tyr
Lys
Pro
Phe
Glu
val
Lys
val

Glu

Lou Ser

Pro 151015 dy GQu Arg

Ile Ay 202530 Thr Mh lie Hs Trp
Pro Ay Gn Ala Pro Arg 354045 Leu Leu Ile Lys Tyr Ala Ser
Cly lie Pro Ser 505560 Arq Phe Ser Gllyé ser Ay Ser Ay Thr
Leu Gu Pro GUu Asp Phe Ala Met Tyr
Tyr Cys c®y Iva® His868581 8&T AbpebevalTetu BeocThiclyhelyRlee Ay G n Gy Thr Lys
Val G u 95100105 Ile ¥s Arg Thr Val fHa Ala Pro Ser 3al rho Ile Phe Pro

@y aThrsefl @yScr val Val Cys Lou

e

¥§'§A§’Q‘ R%S

val
70

Gly

85
Leu
100

Cys
115

Gln
130

Ser
145

Thr
160

val
175

Thr
190

Ser
205

Ile
220

Lys
235

Cys
250

Pro
265

val
280

Lys
295

Thr
310

Ser
325

TY"r
340

Asn
Arg
GIn
Ala
Gly
val
Ala
Thr
Phe
val
Cys
val
Pro
Pro
Thr
Phe
Lys
val

Lys

page 11

a Lys Val

Pro

Phe

Met

Arg

Thr

Phe

Ala

val

Pro

val

AsNn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

@sn Trp Lys Val

annnmg lyggSer val Thr G u

Asn Ser Gly
75

Thr

Asn

Asn

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Leu

ser

Leu

val

Leu

Gly

Trp

val

val

Asn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Ser
90

Leu
105

Gly
120

Thr
135

Ala
150

Cys
165

Asn
180

Leu
195

Pro
210
His
225

Ser
240

Leu
255

ASp
270

val
285

val
300

Glu
315

Leu
330

Ser
345



155160165 G n Asp ser Lys Asp Ser Thr Tyr ser Leu ser ser Thr Leu Thr
170175180 Leu Ser Lys A AspTyrLysLys W Tyr Ala Cys G u 185190195 Arg dy
A u Cys <210> 41 <211> 451 <212> PRT <213> Artificial sequence <220> <223>
Sequence i s synthesized. <400> 41 Ju Val Gn Leu val Gu Ser Ay (fly Ay
Leu Val Gn Pro (fly 151015 (fly Ser Leu Arg Leu Ser cys Ala val ser Gy
Tyr ser Ile Thr 202530 Ser Ay Tyr Ser Trp Asn Trp Ile Arg Gn Ala Pro Ay
Lys (fly 354045 Leu Ju Trp val Ala ser Il e Thr Tyr As Gy Ser Thr Asn Tyr
505560 Aé'h LpchNSelreuv%qg 83 P@Wﬂ\r‘ij“l THr I1s ée‘éé& Asp Asp ser 657075
Lys Asn Thr Phe Tyr Leu G n nmet Asn Ser Leu Arg A a LT Asp 808590 Thr Al a
val Tyr L¥yclgydnMtra Arggcl préadinbiad Tyr TiRhéee@rPyo Hirg ¥5100105 Trp Hi s Phe
Ala val Trp dy Gn &% Thr Leu val Val Ser 11023120 Ser Ala Ser Thr

Lys Gya %@wemu\@t ﬂheLPi QAshaiinAla EerrOL@lBI‘rhri%5§3_Q&351ser Lys ser Thr ser
Ay Ay Thr Ala Ala B&®u Gy Cys Leu 3&l

Lys Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn
395 400 405

Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp
410 415 420

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys
425 430 435

ser Arg Trp Gln GlIn Gly Asn val Phe Ser Cys Ser val Met His
440 445 450

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser lLeu Ser
455 460 465

Pro Gly

<210> 19

<211> 195

<212> PRT

<213> Homo sapiens

<400> 19
Th; GIn val Cys Thr Gly Thr Asp Met L{S Leu Arg Leu Pro A}g
5

Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr GIn Gly
20 25 30

Cys GIn val val Gln Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr
35 40 45

Asn Ala Ser Leu Ser Phe Leu GIn Asp Ile GIn Glu val Gln Gly
50 55 60

Tyr val Leu Ile Ala His Asn GIn val Arg Gln val Pro Leu Gln
65 70 75

Arg Leu Arg Ile val Arg Gly Thr GIn Leu Phe Glu Asp Asn Tyr
80 85 90

Ala Leu Ala val Leu Asp Asn Gly Asp Pro Leu Asn Asnh Thr Thr
95 100 105

Pro val Thr Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu GIln Leu
110 115 120

Arg Ser Leu Thr Glu Ile Leu Lys Gly Gly val Leu Ile Gln Arg
125 130 135

Asn Pro GIn Leu Cys Tyr GIn Asp Thr Ile Leu Trp Lys Asp Ile
140 145 150

Phe His Lys Ash Asn GIn Leu Ala Leu Thr Leu Ile Asp Thr Asn

155 160 165
Arg Ser Arg Ala Cys His Pro Cys Ser Pro Met Cys Lys Gly Ser
170 175 180
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140145150 Lys Asp Tyr Phe Pro Qu Pro val Thr Val Ser Trp Asn Ser Gy
155160165 Ala Leu Thr Ser Ay Val H's Thr Phe Pro Ala Val Leu G n Ser
170175180 ser GFly Leu Tyr Ser Leu ser ser val val Thr Val Pro Sc 18519095
ser Leu dy Thr Gn Thr Tyr Ile Cys Asn val Wi H s Lys Pro 200205210 ser
Asn Thr Lys Val Asp Lys Lys Val GQu Pro Lys Ser Cys Asp 215220225 Lys Thr
H's Thr cys Pro Pro Cys pro Ala Pro Qu Leu Leu Ay 230235240 Gy Pro ser
val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu 245250255 Met Ile Ser Arg
Thr Proafd yYal-pTéw, %sé/ralseyfmuvﬁélp AspcVake20026R2 HIgPage 26 Ser Hs Gu
Asp Pro u VaI Lys ®te Asn Trp Tyr 18 Asp Ay 275280285 Val Qu Val H s
Wvh Al a 'z(? 1’@43 Lys Pro Arg Qu Qu G n Tyr 290295300 Mh Ser Thr Tyr Arg Val
val ser<2y o Thr val Lee Hi's G n 305310315 Asp Trp Lee Asn Gy Lys Qu
Tyr Lygzg PRys Val Ser M1 Lys 320325330 Ala Leu Pro Ala Pro Ile GQu Lys
Thr |1 e2&er Hplas sapigndys Gy 335340345 A n Pro Arg Gu Pro @ n val Tyr Thr
Lou Prasfs028er Arg Gu

Thr val cys Ala Gly Gly Cys Ala Arg Cys Lys Gly Pro Leu Pro
1 5 10 15

Thr Asp Cys Cys His Glu GlIn Cys Ala Ala Gly Cys Thr Gly Pro
20 25 30

Lys His Ser Asp Cys Leu Ala Cys Leu His Phe Asn His Ser Gly
35 40 45

ITe Cys Glu Leu His Cys Pro Ala Leu val Thr Tyr Asn Thr Asp
50 55 60

Thr Phe Glu Ser Met Pro Asn Pro Glu Gly Arg Tyr Thr Phe Gly
65 70 75

Ala ser cys val Thr Ala Cys Pro Tyr Asn Tyr Leu Ser Thr Asp
80 85 90

val Gly Ser Cys Thr Leu val Cys Pro Leu His Asn GIn Glu val
95 100 105

Thr Ala Glu Asp Gly Thr Gln Arg Cys Glu Lys Cys Ser Lys Pro
110 115 120

Cys Ala Arg val

<210> 21
<211> 169
<212> PRT
<213> Homo sapiens

<400> 21
Cys Tyr Gly Leu Gly Met Glu His Leu Arg Glu val Arg Ala val
1 5 10 15

Thr Sser Ala Asn Ile GIn Glu Phe Ala Gly Cys Lys Lys Ile Phe
20 25 30

Gly Ser Leu Ala Phe Leu Pro Glu Ser Phe Asp Gly Asp Pro Ala
35 40 45

Ser Asn Thr Ala Pro Leu Gln Pro Glu GIln Leu GIn val Phe Glu
50 55 60

Thr Leu Glu Glu Ile Thr Gly Tyr Leu Tyr Ile Ser Ala Trp Pro
65 70 75

Asp Ser Leu Pro Asp Leu Ser Vval Phe Gln Asn Leu Gln val Ile
30 85 90

Arg Gly Arg Ile Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gln
95 100 105

Gly Leu Gly ITle Ser Trp Leu Gly Leu Arg Ser Leu Arg Glu Leu
110 11 120

Gly Ser Gly Leu Ala Leu Ile His His Asn Thr His Leu Cys Phe
Page 13



350355360 G u net Thr Lys Mh Gn Val Ser Leu Thr Cys Lee Val Lys Gy
365370375 Phe Tyr Pro Ser Asp TIC Ala val GI., Trp Ge Ser Mh Ay Gn
380385390 Pre G u Asn Mh Tyr Lys Thr Thr Pro Pro val Leo Asp Ser Asp
395400405 Ay Ser Phe Phe Leo Tyr Ser Lys Leu Thr val Asp Lys ser Arg
410415420 Trp Gn Gn Ay M val Phe Ser Cys ser val Met Hs Gu Al a
425430435 Lee His Mh His Tyr Thr G n Lys ser Lee ser Lee Ser Pro Ay
440445450 Lys <210> 42 <211> 451 <212> PRT <213> Artli Ei ci al sequence <220>
<223> Sequence i syn]tzﬁesi zed, <400> #9 G u val Gn 1140 Val G u Ser dylyLeo
Val G nvEr aidyhdbb0 fhoyTiSeAsh&en Aleg dh@eargessnCyso Alisa atlai Ser Ay Tyr Ser lle
Thr 202530 Tyr ser TH® Mh Trp Ile A5G n Ala Pro A¥0Lys Ay 354045 Lee
die Trp | e th « TVr I r 505560 Wn Pro ser
val LysA'}(?fﬁlrLgu%ﬁ% }L]g;rAH]ésgé‘rrgﬁg é&pysxgefsuer&%g%%¥ws MPile. Tyr Lee

Gn Mt Gl\umG§$rLe|IJ_eA alArg Ala @ u Asp 808590

<210> 22

<211> 142

<212> PRT

<213> Homo sapiens

<400> 22 i
Cys His GIn Leu Cyg Ala Arg Gly His C{S Trp Gly Pro Gly P{g
1

Thr GIn Cys val Asn Cys Ser GIn Phe Leu Arg Gly Gln Glu Cys
20 25 30

val Glu Glu Cys Arg val Leu Gln Gly Leu Pro Arg Glu Tyr val
35 40 45

Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gln Pro Gln
50 55 60

Asn Gly ser val Thr Cys Phe Gly Pro Glu Ala Asp Gln Cys val
65 70 75

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys val Ala Arg Cys
80 85 90

Pro Ser Gly val Lys Pro Asp Leu Ser Tyr Met Pro Ile Trp Lys
95 100 105

Phe Pro Asp Glu Glu Gly Ala Cys Gln Pro Cys Pro Ile Asn Cys
110 115 120

Thr His Ser Cys val Asp Leu Asp Asp Lys Gly Cys Pro Ala Glu
125 130 135

Gln Arg Ala Ser Pro Leu Thr
140

<210> 23

<211> 217

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 23
val His Ser Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser
1 S5 10 15

Ala ser val Gly Asp Arg val Thr Ile Thr Cys Lys Ala Ser Gln
20 25 30

Asp val ser Ile Gly val Ala Trp Tyr Gln Gln Lys Pro Gly Lys
35 40 45

Ala Pro Lys Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly
50 55 60
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Thr Ala val Tyr lyr cys Ala Arg Gy Ser H's Tyr Phe Ay H's 95100105 Page
27 Trp His Phe Ala Val Trp Ay Gn cly Thr Leu Val Thr Val Ser 110115120
Ser Ala Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro Ser 125130135 Ser
Lys Ser Thr ser Ay Ay Thr Ala Ala Leu Gy Cys Leu Val 140145150 Lys Asp
Tyr Phe Pro Gu Pro val Thr val Ser Trp Mh Ser Gy 155160165 Al a Leu Thr
ser Gy val H's Thr Phe Pro Ala val Leu G n Ser 170175180 ser Gy Leu Tyr
Ser Leu Ser ser val Val Thr_Val Pro ser_gpr 185190195 ser Leu Ay Thr Gn
Thr Tyr VRl ETRyErMTOEIE RAT 1% SeY ST 12 268 £8P SBF REn Thr Lys Val Asp Lys
Lys val GQu Pro Lys ser Cys Asp 215220225 Lys Thr Hi s Thr Cys Pro Pro Cys
Pro Al alPywgh@ilelsar S®ULE F12302352405pGPRe PHd TBETYVAIYPhe Leu phe Pro Pro
Lys Pro Lys Asp Thr L&l 245250255 Met®l 1 e Ser Arg Thr'Pro G u val Thr Cys
Val Val cyalgiAspinValr 260266270 mperyr shrChie ASP i g1 thrval LYS Phe Mh Trp
Tyr Val Asp Gy 27528%285 val G u ValoOHis Asn Ala Ly®¥SThr Lys Pro Arg Qu

Gud ”Jwvﬁ%%%ﬁéo%g Arg Thr val Ala Ala pro Ser val Phe Ile

115 120
Phe Pro Pro Ser Asp Glu GlIn Leu Lys Ser Gly Thr Ala Ser val
125 130 135

val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val Gln
140 145 150

Trp Lys val Asp Asn Ala Leu GIn Ser Gly Asn Ser Gln Glu Ser
155 160 165

val Thr Glu GlIn Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser

Asp
170 175 - 180

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr
185 190 195

Ala cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr Lys
200 205 210

Ser Phe Asn Arg Gly Glu Cys
215

<210> 24
<211> 449
<212> PRT
<213> Artificial sequence

<220> _
<223> sequence is synthesized

<400> 24
Glu val GIn Leu val Glu ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly ser Leu Arg Leu Ser Cys Ala Ala Ser Gly pPhe Thr Phe Thr
20 25 30

Asp Tyr Thr Met Asp Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Ala Asp val Asn Pro Asn Ser Gly Gly Ser Ile Tyr
50 55 60

Asn Gln Arg Phe Lys Gly Arg Phe Thr Leu Ser val Asp Arg Ser
65 70 75

Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr
95 100 105

Phe Asp Tyr Trp Gly Gln Gly Thr Leu val Thr val ser Ser Ala
110 115 120

Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys
125 130 135
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Mh Ser Thr Tyr Arg val

Trp Leu Asn Ay Lys Qu Tyr
Pro Ala Pro Ile clu Lys Thr

GM Pro Gn
Asn G n Val
Ile Al a Val

val

Tyr Thr

Ser

Gu Trp ciu Ser

val

SCV Val

Leu Thr Cys Leu Val

Thr Thr Pro Pro val

Leu Ser
Art|f|C|
G n Leu VaI

Leu Thr val
Lys Cys Lys val
Il e ser

Ser

Leu Hs G n 305310315 Asp

Wh Lys 320325330 Al a Leu
Lys Ala Lys (fly 335340345 G n Pro Arg
Leu Pro Pro Ser Ary G u 350355360 G u Met Thr Lys
Lys Gy 365370375 Phe Tyr Pro Ser Asp

Leu Asp Ser Asp 395400405 dy 5cr

Lys LeusTnihValerAnly &¥priea /a8 A10418/d B GN (Gl y Asn Val Phe Ser
Cys ser Va th H| S G Al a 47543043%5Leu Hi s Mh Hi sl50yr Thr G n Lys ser

B8 @@G%%WSEE% R

G u Ser y (fl
Leu Ser TS SArafﬂVaYﬂS%S @Sf P‘I'?r""@e‘ﬂal 1/;% et GhpS8RFer G

Leu Tyr Ser Leu Ser

Gly
Thr
His
Ser
Ser
Glu
val
Thr
Leu
Pro
Arg
Thr
Pro
Asn
Phe
Gln
Asn

<210>
<211>
<212>
<213>

Thr

Lys

Thr

val

Arg

Asp

His

TYr

Asn

Ala

Glu

Lys

ser

Asn

Phe

Gly

His

25
107

Gln
val
Cys
Phe
Thr
Pro
Asn
Arg
Gly
Pro
Pro
Asn
Asp
Tyr
Leu
Asn

TYrr

PRT
Mus musculus

Thr

185

Tyr
200

Asp Lys

Pro

Leu

Pro

Glu

y
215

Pro
230

Phe
245

Glu
260

val
275

Ala Lys

val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

val

Thr

y
290

val
305

Glu
320

Glu
335

val
350

val
365

Ala
380

Thr
395

ser
410

Phe
425

Glin
440

Ser

Ile

Lys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Lys

Tyr

ser

val

Thr

Lys

ser

Lys

val

Cys

val

Pro

Pro

Thr

Phe

Lys

val

Lys

Thr

Thr

Leu

Glu

Pro

Leu

Cys

ser

val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

cys

ITe

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Leu Val

QSI"I éer‘ E%l

1S syn

Mh Cy Gn 380385390 Pro A u Asn Asn Tyr Lys

Phi ? Phe La Tyr Ser

%ﬁa%?% <212> PRT <213>

Thr val Pro Ser Ser Ser

val

Pro

Pro

Pro

val

Trp T

Arg

Thr

Lys

ser

Pro

Cys

Glu

val

val

val

ser

190

Asn
205

Lys
220

Glu
235

Lys
250

val

265
y

280

Glu
295

val
310

val
325

Lys
340

Pro
355

Leu
370

Ser
385

Leu
400

Asp
415

Met
430

Leu
445

Page

His

Ser

Leu

Asp

val

r val

Glu

Leu

Ser

Ala

ser

val

Asn

ASp

Lys

His

ser

16

Lys

Cys

Leu

Thr

AsSp

Asp

GlIn

His

Ash

LYsS

Arg

Lys

Gly

Ser

Ser

Glu

Pro

Pro

Asp

Gly

Leu

val

Gly

Tyr

GIn

Lys

Gly

Glu

Gly

Gln

Asp

Arg

Ala

Gly

ser
Lys
Gly
Met
Ser
val

Asnh

¥he5|126@d
Gn Pro Gly 151015 Gy Ser Leu Arg

180

Leu
195

Asn
210

Thr
225

Pro
240

Ile
255
His
270

Glu
285

Ser
300

Asp Tr

Ala

Gln

Glu

Phe

Pro

Gly

Trp

Leu

Lys

p
315

Leu
330

Pro
345

Met
360

Tyr
375

Glu
390

ser
405

Gln
420
His
435

<400 43 du Va



Ser
Trp
Lys
Gn
Ay
Thr
Leu
Cys
Ser
Ser

Ay Tyr 5¢cr Trp vh Trp Ile Arg G n Ala Pro Gy Lys Ay 354045 Leu Gu
val Ala ser lie Lys Tyr Ser Gy Gu Thr Lys Tyr 505560 Mh Pro ser Val
Gy Arg Ile Thr Ile Ser Arg Asp Asp Ser 657075 Lys Wnh Thr Phe Tyr Leu
Met Mh Ser Leu Arg Ala G u Asp 808590 Thr Ala val Tyr Tyr Cys Ala Arg
Ser H's Tyr Phe Ay H's 95100105 Trp Hi s phe Ala Val Trp Gy Gn Qy
Leu Val Thr Val Ser 110115120 Ala ser Thr Lys dy Pro Ser val Phe Pro
Ala Pro Ser 15130135 ser Lys Ser Thr Ser Cly Gy Thr Ala Ala Leu Gy
Leu,¥gl 3440145150 Lys Asp Tyr Phe Pro Gu Pro Val Thr Val Ser Trp M
G yc1pT160465LN serleln Bar mperal@ yleVadu ks aThrsePlreoPro Ala val Leu A n
170175180 ser Ay leu Tyr Ser Leul0Ser Ser Val Vall>Thr Val Pro ser ser

185190195, St Ly o Thee Gt daTarkyinal L QU sfisRaYelerh H s Lys Pro

20020521

215220225 Id_ﬁys Thr _H s Th[i %ﬁs Pro Pr
230235249" & I Bha

Ser n Thradys p Lys2sLys val G u PraoLys ser Cys Asp

P Al P d L L d
3 BT YLAIn BB WE P Bnalbe BFD Y YBRlys Acp Thr Len

245250255

Trp Ile Tyr Ala Pro Ser Ash Leu Ala Ser Gly val Pro Ala Arg
50 55 60

Phe ser Gly Ser Gly ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser
65 70 75

Arg val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln GIn Trp
80 85 90

Ser Phe Asn Pro ng Thr pPhe Gly Ala ga% Thr Lys Leu Glu Leu

105
Lys Arg
<210> 26
<211> 107
<212> PRT
<213> Artificial seguence
<220>
<223> sequence is synthesized
<400> 26
Asp Ile Gln Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30
Tyr Met His Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Pro
35 40 45
Leu Ile Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60
Phe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
65 70 75
Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Trp
80 85 90
Ser Phe Asn Pro Pro Thr Phe Gly Gin Gly Thr Lys val Glu Ile
95 100 105
Lys Arg
<210> 27
<211> 108
<212> PRT
<213> Artificial Sequence
<220>
<223> sequence is synthesized
<400> 27
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Met Ile Ser Arg Thr Pro Gu vai Thr rys Val Val Val Asp Val 260265270 Ser
Hs Qu Asp Pro (flu Val Lys Phe Asn Trp Tyr Val Asp Gy 275280285 Val G n
Val H's WMnh Ala Lys Thr Lys Pro Arg Gu G n Gn Tyr 290295300 Asn ser Thr
Tyr Arg val Val ser val Len Thr Val Len His G n 305310315 Asp Trp Len Asn
Gy Lys Gn Tyr Lys Cys Lys Val Ser Asn Lys 320325330 Ala Leu Pro Ala Pro
Ile Gn Lys Thr Ile Ser Lys Ala Lys Ay 335340345 G n Pro Arg Gn Pro Gn
Val Tyr Thr _Len Pro Pro fcr Arg G n 350355360 2 I\/E{}1Thr Lys Asn G n Val
ser LenAg@rﬂQ@“L“@?ﬁ W 1Y seaRy 0 385373 7 WeA% ®Pr'§sSer Asp Ile Ala Val
Gn Trp n Ser Asn Ay G n 380385390 Pro G n Asn Wn Tyr Lys Thr Thr Pro
Pro val clensAsyoSar 1%%@5&001465‘\@&1&8&?" PHBSPT]é1Eeﬁ§f‘Tyr Ser Lys Len Thr
Val Asp Lys Ser Arg 440415420 Ti p G G n G y M Val Phe Ser Cys Ser Val
Met Hi s aGh AyAl12udRB438430r leR dihsLyAsmoHeBy Tys AThrer&iuysLys Ser Len Ser Len
Ser Pro Gy 44044545031ys <210> 44 <2P1> 453 <212> PR¥ <213> Artificial

sequence.322071e Tyr Ala Ala Ser Ser Leu G-él; Ser Gly val Pro ser
50

60
Arg phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90
Tyr Asn Ser Leu Pro Trp Thr phe Gly Gln Gly Thr Lys val Glu
95 100 105
Ile Lys Arg
<210> 28
<211> 122
<212> PRT
<213> Mus musculus
<400> 28
GIn Ala Tyr Leu Gln GIn ser Gly Ala Glu Leu val Arg Pro Gly
1 5 10 15
Ala Ser val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Ser Tyr Asn Met His Trp val Lys GIn Thr Pro Arg Gln Gly Leu
35 40 45

Glu Trp Ile Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr
50 55 60

Asn GIn Lys Phe Lys Gly Lys Ala Thr Leu Thr val Asp Lys Ser
65 70 75

Ser Ser Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp

80 85 90
Ser Ala val Tyr Phe Cys Ala Arg val val Tyr Tyr Ser Asn Ser
95 . 100 105
r Trp Tyr Phe Asp val Trp Gly Thr Gly Thr Thr val Thr val
e Ty 110 115 120
Ser Ser
<210> 29
<211> 122
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 29

Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15
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<223> Sequence is synthesized <400> 44 Gn Val Gn Len Val Gn Ser Ay A a
Gn va Lys Lys Pro Gy 151015 Ala ser Val Lys val ser Cys 20 Ala ser Ay
Tyr Thr Phe Ser 2530 Met Tyr Trp Len Gn Trp Val Arg Gn Ala Pro Ay His
Cly Len 354045 Gn Trp Val Ay GQu Ile Ser Pro Ay Thr Phe Thr Thr M Tyr

505560 Asn G n Lys Phe Lys Ala Arg Ala |'hr Phe Thr Ala Asp Thr Ser 657075
Thr Mh Thr Ala Tyr Met G n Len Ser ser Len Arg Ser G n Asp 808590 Thr Al a
Val Tyr Tyr cys Ala Arg Phe Ser H's Phe Ser Ay Ser 95100105 Page 30 WMh

Iyr ASpG? E‘.%u%r% g’J sg p)ia(%ﬂ %%Gg"rynj*%r\ﬁ\le Thar 110115120 Val = Ser

Ser Val ro Leu Ala B35130135 Pro Ser Ser
Lys Ser Thr_ Ser Thr

AI a Ala Leu d s 14Q145150 Leu Val Lys Asp
Tyr PheSBf JVG"E“F‘Y“'G 'i'/ fhvavfrg e ﬁ?) T\%G%%X%(ﬁég‘ $er Gy Ala Leu Thr
Ser (fly Vval H's Thr e Pro Ala Val Leu

Glu Trp val Gly A18 Ile Tyr Pro Gly Agn Gly Asp Thr Ser T%S

Asn Glin Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65

70 75
Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Asn Ser
95 100 105
Tyr Trp Tyr Phe Asp val Trp Gly Gln Gly Thr Leu val Thr val
110 115 120
Ser ser
<210> 30 .
<211> 119
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 30
G1g val Gln Leu val Glu Ser Gly Gly 61% Leu val GIn Pro G1§
5 1

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser

20 25 30
Ser Tyr Ala Met Ser Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Ala val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60
Ala Asp Ser val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser
65 70 75
Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Gly Arg val Gly Tyr Ser Leu
95 100 105
Tyr Asp Tyr Trp Gly Gin Gly Thr Leu val Thr val Ser Ser
110 115
<210> 31
<211> 107
<212> PRT
<213> Artificial sequence
<220>
<223> Sequence is synthesized.
<400> 31

Asp ITe GIn Met Thr GIn Thr Thr Ser Ser Leu Ser Ala Ser Leu
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170175180 G n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
185190195 Ser Ser Ser Leu Ay Thr dn Thr Tyr Ile Cys Mr Val Mh Hi's
200205210 Lys Pro ser Mh Thr Lys Val Asp Lys Lys Val Qu Pro Lys Ser
215220225 cys Asp Lys Thr His -[hr Cys Pro Pro Cys Pro Ala Pro G u Leu
230235240 Leu Ay Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
245250255 Thr Leu Met Ile Ser Arg Thr Pro Gu val Thr Cys Val val Val
260265270 Asp Val Ser His Gu Asp Pro Qu Val Lys Phe Asn Trp Tyr val
275280285 Asp Gy Val G u val H's AsnPAla Lys Thr LysArg Gu G u 290295300
G n Tyr gRsnspeirg W1 THd 17¢ Gelw alys Vétlr SR sarak1d-@ep The seal Leu 305310315 His
Gn Asp Trp Leu Mn 30 Lys Au Tyr Ly Cys Lys Val Séf 320325330 M Lys Al a

ay oo DR A B T E B A @1 af SIS 1S Y Tel The
Vh

Lys Gp Val_Set' Leu Thr Cys LA, val 365&?0%75 Lys Gy Phe Tyr Pro Ser
Asp |1 eVal &eydledyy f{)ﬂaﬁ geSertr A 035890 V&l YESEIPro Giu M Asn Tyr
Lys Thr Thr Pro Pro Val La Asp

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile
65 70 75

Ser Asn Leu Glu Pro Glu Asp Ile Ala Thr Tyr Tyr Cys GIn Gln
80 85 90
Tyr Ser Thr val Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu
95 100 105
Ile Lys
<210> 32
<«21l> 123
<212> PRT
<213> Artificial sequence
<220>
<223> Sequence is synthesized.
<400> 32
Glu Tle Gln Leu val GIn Ser Gly Pro Glu Leu Lys GIn Pro Gly
1 5 10 15
Glu Thr val Arg Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
20 25 30
Asn Tyr Gly Met Asn Trp val Lys Gln Ala Pro Gly Lys Gly Leu
35 40 45
Lys Trp Met Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr
50 55 60
Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu Glu Thr ser
65 70 75

Ala ser Thr Ala Tyr Leu GIn Ile Ser Asn Leu Lys Asn AsSp Asp

80 85 90

Thr Ala Thr Tyr pPhe Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser
95 100 105

Ser His Trp Tyr Phe Asp val Trp Gly Ala Gly Thr Thr val Thr
110 115 120

val Ser Ser

<210> 33

<211> 107

<212> PRT

<213> Artificial sequence

<220>

<223> Sequence is synthesized.

<400> 33
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395400405 Ser Asp Gy Ser Phe Phe La Tyr Ser Lys La Thr val Asp Lys

410415420 Ser Arg Trp Gn Gn Ay Asn val Phe Sec Cys Ser Val Met His

425430435 Pro Gy Lys <210> 45 <211> 1042 <212> DNA <213> Honop sapi ens

<220 <221> Unsure <222> 447 <223> Nis T or C <400> 45 tttcctcact
ctgcctgget tggaggtcca atcttcacag ctttaccaac ttgettgttt gagagtatga
cgtt agaaag aagaaaagca agagtagcag ttctccaaac gggaatcatc aat ggtgaac
aacatacttt aacaaatggt ttgttgatga tggactctat acagaatttt gaagccagtt
aaaagcadff 135 5t@%{hg 5?{2;15%{ aase%aéggt hehger 638995561‘@%(: tgctcctgea
gagct gaagCc cttaaaagaa acagcccctg atgattttga acaaaatatt ctcacataac
t ccaagaaly Asaggagrajgohn ghe dar cva syatla sep§ltcaatideaisr aaagt gt ag
tccatctatc tgtttctgtattttcgggge acctTaaagt caaaaaat gaat agagaa
agt cagaate @gacugggatrgtret Gietgh Bgabacangaygalgaeagiys ct ggcaagtc
gaacctctga tctcccctagdt gggaccaga aaaatfgctct cattcatt d&® tgaaaaaggg

aggaaat gaf | LacAlahAcahA3AL adk LAl ARIRA0YAGIRGAR gags ctitttagtt
gact attcag gaccaadacaspo ggaagggctt tgasmggat ¢’ agacct gagt gt ggct gt aa

tactcc att t tt t
gogccacAs TGattanbt 0ej CIY Abt dd HBadsineat d"E 4501 DAL S 1 gt ot aaag

atttgagctt acttgataga ggctaactga ttttcaggat aacaaaca%a cagt gaccgg 50
W
wal 250 caat gacgaa 300

at ggct atsga SE00-eycE JaPfryyGhu 150 Rivet AlegThp ayR0or £3agn
tccgtcagct 350 tct aca@tc 400 aggtccntag 450 acacatt i

¢ SO0 at aaactcct 550

gcact t gagg seOOrHrctv£t Pecaap GHO megeldcghcaly Gor tlgacadteltlua 750 at gcagaata 800

aaggaaaat g 850 catgga®Tat 900 cctggaddya 950 gat acact®t 1000 aa 1042

46 <2113728s

<210> 34

<211> 123
<212> PRT
<213> Artificial sequence
<220>
<223> Sequence is synthesized.
<400> 34
Glu val Gln Leu val Glu ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 25 30
Ash Tyr Gly Met Asn Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr
50 55 60
Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser
65 70 75
Lys Ser Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser
95 100 105
Ser His Trp Tyr Phe Asp val Trp Gly Gln Gly Thr Leu val Thr
110 115 120
val ser Ser
<210> 35
<211> 107
<212> PRT
<213> Artificial sequence
<220>

<223> Sequence is synthesized.
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<222> PRT <213> Hono sapi ens <400> 46 Met Ala Met Met o Val Gn Ay Gy
Pro ser Leu Ay Gn thr 15101" .7 202530 Val Ala Val Thr Tyr Val Tyr Phe
Thr Mh Qu Leu Lys G n Met 354045 G n Asp Lys Tyr Ser Lys Ser Ay Ile Ala
Cys Phe Leu Lys G u 505560 Asp Asp Ser Tyr Trp Asp Pro Mh Asp Gu G u Ser
Met Asn Ser 657075 Pro Cys Trp Gn val Lys Trp Gn Leu Arg Gn Leu Val Arg
Lys 808590 Met Ile Leu Arg Thr Ser GQu Qu Thr Ile Ser Thr Val Gn Gu
9510010% d.y; Gn Gn M Ile Ser Pro Leu Val Arg Gn Ary Ay Pro Gn

1101157 %& 8 YAl Lol Akt KBS phb &seFNerGian 38 AR G Arc; Ser Mh Thr
1251301351 Leu Ser Ser 5Pfro Mh Ser Lys l0h Ju Lys Al a Léu Gly Arg Lys

140145150 |le Mh S s ' Phe Leo S
1551601%@” ORP (A58 ‘éﬁrT eGTH" eréegrﬁ”&i S{W/gfa(lﬁésséggra ueLygoGl ;r

170175180 Phe Tyr Tyr IIe T¥r ser Gn Thr Tyr Phe Arg Phe Gn Qu 'flu
185190198 Tyr Leu Asn ng Tyr Gin GIn Lys Pzg Gly Lys Ala Pro LX?

val Leu Ile Tyr Phe Thr Ser Ser Leu His Ser Gly val Pro Ser
50

55 60
Arg pPhe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
ser Ser Leu GIh Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn Gin
80 85 90
Tyr Ser Thr val pPro Trp Thr Phe Gly GIn Gly Thr Lys val Glu
95 100 105
Ile Lys
<210> 36
<211> 123
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized.
<400> 36
Glu val GlIn Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Asp Phe Thr
20 25 30
His Tyr Gly Met Asn Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr
50 55 60
Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser
65 70 75
Lys Ser Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Lys Tyr Pro Tyr Tyr Tyr Gly Thr
95 100 105
Ser His Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr
110 115 120
val ser Sser
<210> 37
<211> 218
<212> PRT
<213> Artificial sequence
<220>

<223> Sequence is synthesized.
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Ile Lys GQu Asti Thr Lys Mi Asp Lys Gn Met Val Gn Tyr Ile 200205210 Tyr
Lys Tyr Thr Ser lyr Pro Asp Pro Ile Leu Leu Met Lys Ser 215220225 Ala Arg
Mh Ser Cys Trp Ser Lys Asp Ala G n Tyr (fly Len Tyr 230235240 Ser Ile Tyr
Gn dy Ay Ile Phe Gn Len Lys G n Asn Asp Arg 245250255 Il e Phe Val Ser
val Thr vMh Gn H's Len Ile Asp Met Asp H s 260265270 G n Al a Ser Phe Phe
@y Ala Phe Len Val Ay 275280 <210> 47 <211> 411 <212> PRT <213> Honpo

sapi ens <220> <221> Xaa <222> 410 <223> xaa is L or m <400> 47 Met u Gn
Arg Gy Ala Pro Ala Ala Ser Ay Ala Arg 151015 202530 Gy Lea Arg
Val Pr OAkp’S19’G1hE|QauVﬂir‘ Lea sealpryaderAa Muaswala185404&1Lea Lea Leo Val ser
Ala Gu Skr Ala Lea Il% Thr Gn Gn Adp 505560 Lea Al Pro Gn Gn Ara Al a
Ala Prog ﬂmsg,ﬂ'glﬂ}/ﬁ ﬁ(@x%ﬁhﬁ%s%gmﬁsfﬂ Q1m8kr Gayl Ay Lew Cys Pro Pro Ay
Hs Hs 808590 Asp Cys Ile Sao Cys Lys Tyr (fly Gn

Asp Tyr T?rerAsglG ygés]bogél'goéyr Met Asn Trp TXS GIn Gln Lys Pro Gl}sl

Lys Ala Pro Lys Leg Leu Ile Tyr Ala Ala Ser Tyr Leu Glu Ser
5

55 60
Gly val Pro Ser Arg pPhe Ser Gly Ser Gly Ser Gly Thr Asp Phe
65 70 75
Thr Leu Thr Ile Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr
7 80 85 90
Tyr Cys GIn GIn Ser His Glu Asp Pro Tyr Thr Phe Gly GlIn Gly
95 100 105
Thr Lys val Glu Ile Lys Arg Thr val Ala Ala Pro Ser val Phe
110 115 120
Ile Phe Pro Pro ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser
125 130 135
val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val
. 140 145 150
GIn Trp Lys val Asp Ash Ala Leu GIn Ser Gly Asn Ser Gln Glu
155 160 165
Sser val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
170 175 180
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
185 190 195
Tyr Ala cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr
200 205 210
Lys Ser Phe Asn Arg Gly Glu Cys
215
<210> 38
<211> 218
<212> PRT
<213> Artificial sequence
<220>
<223> Sequence is synthesized.
<400> 38
Asp ITe GIn Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Lys Pro val Asp
20 25 30

Gly Glu Gly Asp Ser Tyr Leu Asn Trp Tyr Gln GIn Lys Pro Gly
35 40 45

Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Tyr Leu Glu Ser
50 55 60
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H's Trp Mh Asp Leu Lea Phe Cys Lea Arg Cys Thr Arg cys Asp 110115120 Ser
Gy Gu Val Qu Lea Ser Pro Cys Thr Thr Thr Arg Mh Thr 125130135 Val Cys
Gn Cs u Au Ay Thr Phe Arg Aa G a Asp Ser Pro 140145150 d a Met Cys
Arg Lys Cys Arg Thr Ay Cys Pro Ara Ay Met Val 155160165 Lys Val Ay Asp
Cys Thr Pro Trp Ser Asp Ile Gda Cys Val His 170175180 Lys Au Ser Gy lle
I1e IIe @y val Thr val Ala Ala Val Val 185290195 Lea Ile val Ala Val Phe

Val Gﬁé er Lea Lea Tr A ;1( 02052 Le Pro Tyr Lea Lys Ay
Ile Cys rv V°GS‘§/"§ }is?) Y3y ‘2%)'55"§ ¥’r Ay val "Asp Arg Ser Ser
Gn Arg Pro dy Ala u Asp 230235240 n Val LeoNhGIuIIe Val Ser Ile Lea
Gn ProThhr'-e@ Thf\/ﬂe 3 25502-55 FnoPr@ GhGF\EP #ha AlBtThG TYy'Val G n Gu Pro Al a
Gu Pro Thr Ay 26026%270 Val Asn Met 8 ea Ser Pro Ay%G u Ser Gu H s Lea
Leu G u 1procy276R086085eAlHas @Tu MAlpardd ayArrlr $8e dBynclArglyAug Arg Leu Lea Val
Pro Ala 290295300 Asn®Gu Gy Asp Pré0Orhr G u Thr LegOArg G n Cys Phe Asp

Asp 305340313 Phecfil 914595 163 HAl RIOARI&14% TR WIPRR Lea et Arg

320325330 120
Ile Phe Pro Pro Ser Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
125 130 135

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr

140 145 150
Ala Cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr Lys
155 160 165
Ser Phe Asn Arg Gly Glu Cys Asp Glu Gln Leu Lys Ser Gly Thr
170 175 180
Ala ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
185 190 195
Lys val GIn Trp Lys val Asp Asn Ala Leu Gln Ser Gly Asn Ser
200 205 210
Gln Glu Ser val Thr Glu GIn Asp
215
<210> 39
<211> 218
<212> PRT
<213> Artificial sequence
<220>
<223> Sequence is synthesized.
<400> 39
Asp Ile GIn Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr ITe Thr Cys Arg Ala Ser Lys Pro val Asp
20 25 30
Gly Glu Gly Asp Ser Tyr Leu Asn Trp Tyr GIn GIin Lys Pro Gly
35 40 45
Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Tyr Leu Glu Ser
50 55 60
Gly val pPro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
65 70 75
Thr Leu Thr Ile Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr
80 85 90
Tyr Cys GIn GlIn Ser His Glu Asp Pro Tyr Thr Phe Gly Gln Gly
95 100 105
Thr Lys val Glu ITe Lys Arg Thr val Ala Ala Pro Ser val Phe
110 115 120
Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser
125 130 135
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Lys Lea Gy Lea
Ala Ay H's Arg
Lys Thr Ay Arg

met Asp Mh da lle Lys Val
Asp Thr Lea Tyr Thu Met Lea
Asp Ala ser Val H's Thr Leu
Thr Leu Ay GQu Arg Leu Ala Lys Gn Lys Ile
Ser Ser Gy Lys Phe Met Tyr Leu u Ay Asn
Ser 410 <210> 48 <211r 1799 <212> DNA <213>
cccacgcgtc cgcat aaatc agcacgcggc cggagaaccc
aat acacqg \£9at gCCa0R T GLAGL) e
aagagcgttc cctaccgccasd ggaacaacg O143ggacagaac gcccisggccg
ccggaaaa cacggcccag 200 ccca a_ggcgc a caggcctg
ccccaag&g'gl Tdeg'gtY t 28 &g gﬁ@t%@%éciiﬁ@cgggg@r %t B)ﬁsgt cag
tct gat cacc caacaagacc tagctcccca gcagagagcg gccccAcaac 350
cagcccctea Vg&g@gaﬂblgi}%ﬂ&é@ttlgg re0agsrallzt ¢yO6r tLeérgdgacy
cat ctcctgc aaat at gga ggact at ag 450 ‘cact cact gg aat gacci cc
gcgct gcaee 1agategt gat Lelb@6r cagaiigaapt Tygoanct aagts agstygdacca
cacagt gt gt 550 cagt g¢®faag aaggcacctt1¥rgggaagaa gatt¥Pcctg
gaagt 9cege JGagoLal Ga L GRO3I0UAL GY! CARIEH S0Ptk Gf 650
t gacat cgaa t gt dgtccacapomagaat cagg catezet cata 700 ggagti®acag
agtcttgatt gtggctgtgt ttgtttgcaa 750 gtctttactg tggaagaaag
cct gaaagye %ﬂ"g’%"ﬁc %‘a@{‘-’:}s&%’ ngggc[yégt gg ggaccctgag cgt gt ggaca
acgacct 850 gctgaggaca atgtcctcaa tgagatcgtg agtatcttgc
ggt ccct gaaat gg aagt ccagga gccagcagag ccaacaggtg 950
gtccccc

@gg&rtogﬂ@gaa L Q9; ¢Gacggacct

gagagact at
cttcggggge
ggct ccgggt
ct gagt ct gc
aaaagaggt c
gt agagattg
ttttctgcett
cgaccagaaa
agat gt gccg
caccct ggag
tt gcagccgt

tccttcctta.

gaagct caca

Ala Lys Ala 3 u 335340345 Al a
Ile Lys Trp 350355360 Val
Leu Asp 365370375 Ala Leu Gu
G u 380385390 Asp His Leu Leu
395400405 Ala AS Ser Al a Xaa
Hono sapi ens <400> 48
cgcaatctct 50 gcgcccacaa

Asn

300

600

agcccaccca 900

t caacatgtt

t cagagc atctgctgga accggcagaa 1000 gct gaaaggt ctcagaggag

gaggct getiss girttfdatlaaeqiegaaggt ga 1050 tcccact gag actct gagac agtgcttcga
tgacttt _gact t ggt gc 1100 cctttgactc ctgggagccg ctcatgagga agttgggcct
catggad%gg,%@égyﬁ@g@tgﬁﬁggﬁgggptaaagc t gaggcagcg ggccacaggg acaccttgta 1200

cacgat gct |étaaagtggg t caacaaaac cgggcgagat gcctctgtcc 1250 Page 35
acaccct > ddgat t t aat t a ccat ccaaca
ggat gcc?gﬁ lﬁ@c'aeé‘t ?%??“E %ﬁag‘%g\%ét&ﬁ{ %‘gégéggffqlegg%gc%%ﬁ t tcacccagtg

gagacgct gg gagctctgga cctaagtgtg ttctggaaaa_gtcacatgac gatggaacat gag
gagact égét‘ig'é'a@'"é’t A'g"\ {f ¢et ra@’écﬁ%ﬁf@ SepG g(ﬁedng *CkPptaaCtt aataaggaca
agatttggtt taaatgcttt aaaaaaaaaa aagcttggcc lu Ala Arg
Thr Asn Ile His Trp Tyr Gln Gln Lys Pro Gly Gin Ala Pro Arg
35 40 45
Ile Glu

Ile Ile

55

Leu Leu Lys Tyr Ala

50

Ser Ser Ser Gly ser

60

Pro

Phe Ile

75

Gln
90

Glu
105

Arg ser Gly ser Thr phe Thr Thr

65

Gly Ser Gly Asp

70

Leu

Ser Arg Leu Glu Pro Glu Phe Ala

80

Asp met Gln

85

Gln
100

val
115

Ala
130

TYr Tyr Cys

Ser Ser Pro Thr Thr Phe

95

Asp Trp Gly Gly Thr Lys val

val Ala Ala Pro Phe Ile Phe

110

Ile Lys Arg Thr Ser Pro

120

Pro

Ser Asp Glu Gln Leu Thr val val

125

Lys Ser Gly Leu

135

val
150

Glu
165

Thr
180

Glu
195

Ser Cys

Leu Asn Asn Phe Tyr Pro Glu Ala val GIn

140

Glin
155

Arg Lys

145

Gln
160

Trp Lys

Asp Asn Ala Leu Ser Gly Asn Ser Glu ser val Thr

Gln Asp Ser Lys ?;8 Ser Thr Tyr Leu Thr

175

ser Ser ser Leu

Leu Ser Lys Ala Tyr Glu Lys His Lys val Ala

190

Asg TY"r Cys

18

val Thr His Gln Gly Pro val Thr Phe
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25 tgccaagcag 1300 atctagaagg 1350 ggaagtgaga 1400 gactccagtc 1450
agaaactctc 1500 ttcactgcac 1550 ctatggaaat 1600 tgggatgtca 1650 atttatttat
1/ 00 aaaaaaaaag 1750 gccatggcc 1799 Gy Pro Arg val Pro 35 Leu Leu Leu
val Ser 50 Leu Ala Pro Gn Gn 65 Arg Ala Ala Pro Gn 70 G n Lys Arg ser
ser 75 Pro Ser Qu Ay Lou Cys Pro Pro Ay Hs Hs 8085 Ile Ser Gu Asp
90 Gy Arg Asp Cys Ile 95 Ser Cys Lys Tyr Ay 100

200 205 210
Arg Gly Glu Cys
<210> 41
<211> 451
<212> PRT
<213> Artificial sequence
<220> .
<223> Sequence is synthesized.
<400> 41
Glu val Gln Leu Va; Glu ser Gly Gly G}y Leu val Gln Pro G}g
1 0

Gly Ser Leu Arg Leu Ser Cys Ala val Ser Gly Tyr Ser Ile Thr
) 20 25 30

ser Gly Tyr Ser Trp Asn Trp Ile Arg GlIn Ala Pro Gly Lys Gly
35 40 45

Leu Glu Trp val Ala Ser Ile Thr Tyr Asp Gly Ser Thr Asn Tyr

50 55 60

Ash Pro Ser val Lys Gly Arg Ile Thr Ile Ser Arg Asp Asp Ser
65 70 75

Lys Asn Thr Phe Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 20

Thr Ala val Tyr Tyr Cys Ala Arg Gly Ser His Tyr Phe Gly His
95 100 105

Trp His Phe Ala val Trp Gly Gln Gly Thr Leu val Thr val Ser
110 115 120

Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser

125 130 135
ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val
140 145 150

Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly

155 160 165
Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln Ser
170 175 180

ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser

185 190 195
Ser Leu Gly Thr G1n Thr Tyr Ile Cys Asn val Asn His Lys Pro
200 205 210

Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp
215 220 225

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly
230 235 240

Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250 255

Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp val
260 265 270
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Asp Tyr Ser Thr
Pro Cys Thr Thr Thr Ara Asn Thr
The Gy Cys Pro Arg Ay net val

see Asp Ile Gu Cys Val
Gu Ala Pro Ala Val

Val Thr Val

Leu Leu Tr

qQySeyig

Ay Val
Asn ser
Asp Trp
Ala Leu
Gln Pro
Glu Met
Phe Tyr
Pro Glu
Gly ser
Trp Gln
Leu His
Lys

<210> 42

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

<211> 451
<212> PRT

<213> Artificial sequence

<220>

ey

Ala Qu Asp Mh 2

Tyr
Asn
Ala
Glu
Lys
ser
Asn
Phe
Gly

His

105 cys Thr Arg Cys Asp 120 Ser Ay Gu Val Gu Leu
Gu net Cys Arg Lys Cys
155160165 Lys Val

Lys Val
gy o N3 a5 T he
265270 Val

Arg
305

Gly
320

Pro
335

Pro
350

Asnh
365

Asp
380

TYP
395

Leu
410

Asn
425

Tyr
440

125130135

Gy Asp cys Thr Pro

H's 170175180 Lys Gu ser Gy Thr Lys H'S ser

G u 185190195 200205210 Leu Ser Gy lie lle lle
Ala Al a Vval

val

Lys

Ile

GIn

GIn

Ile

Lys

Tyr

val

Thr

val

val

Glu

Glu

val

val

Ala

Thr

ser

Phe

Gln

Leu 215220225 Il e Val
230235240 Leu Pro
BOAFE® Yl Vv
h de lle VaI

Ser

Tyr

Lys

Tyr

Ser

val

Thr

Lys

ser

Lys

<223> Sequence is synthesized.

<400> 42
Glu val
1
Gly Ser
ser Gly
Leu Glu
AsSh Pro

Lys Asn

Thr Ala

G1n

Leu

Tyr

Trp

ser

Thr

val

Leu

Arg

Ser

val

val

Phe

Tyr

Vag Glu Ser

Leu
20

Trp
35

Ala
50

Lys
65

TYyr
80

Tyr
95

Ser

Cys

Asn Trp

Ser

Ile

Gly Arg

Leu

Gln

Cys Ala

Gly
Ala
Ile
Thr
Ile
Met

Arg

Leu
G nVv¥hlGc1 Pr\@1 2!47552%!287@ (2187 TGrrLy(SfFrrlq Mst G Glw/&ln

val

Leu
310

Lys Cys

Thr
Thr
Leu
Glu
Pro
Leu
Cys

Ser

Gly
val
Arg
Tyr
Thr
Asn

Gly

Y
325
Ile
340

Leu
355

Thr
370

Trp
385

Pro
400

Thr
415

ser
430

Leu
445

Gly
10

ser
25

GIn
40

Asp
55

Ile
70

ser
85

ser
100

Thr
Lys
Ser
Pro
cys
Glu
val
val
val

Ser

Leu
Gly
Ala
Gly
Ser
Leu

His
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val

val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Leu

val

Tyr

Pro

Ser

Arg

Arg

Tyr

R poms

Ala Val he Val Cys Lys

Leu His Gln

Ser

Ala

Ser

val

Asn

Asp

Lys

His

Ser

Gln

ser

Gly

Thr

Asp

Ala

Phe

315

Asn LysS

Lys
Arg
Lys
Gly
Ser
ser
Glu

Pro

Pro
Ile
Lys
Asn
Asp
Glu

Gly

y
330

Gly
345

Glu
360

Gly
375

Gin
390

Asp
405

Ar
42

Ala
435

Gly
450

Gly
15

Thr
30

Gly
45
TYyr
60

Ser
75

Asp

90
His
105

Lys Gy lle Cys Ser
{Ser Ser Gn Are Pro

er lle Leu Gn Pro
C%g AQu Pro Ala de Pro



290295300 Asn Met Leu Ser Pro Ay Gu Ser Qu Hs Leu Leu Ae Pro Ala
305310315 Gu Ala Qu Arg Ser Gn Arg Arg Arg Leu Leu Val Pro Ala Asn
320325330 Gu Ay Asp Pro Thr Au Thr Leu Arg G n Cys Phe Asp Asp Phe
335340345 Ala Asp Leu Val Pro Phe Asp Ser Trp GQu Pro Leu net Arg Lys
350355360 Leu Gy Leu Met Asp Ash Qu Ile Lys Val Ala Lys Ala Gu Al a
365370375 Ala Ay His AN Asp Thr Leu Tyr Thr Met Leu Ile Lys Trp val

380385390 Asn Lys Thr Gy AN Asp Ala Ser Val H S Thr Lee [Cu Asp Al a

3954004 u,. u in Llys Ile Gu Asp
4104154%phﬁ§ ﬁ@e“l%&i&gfp g@:}// @“ﬁ@'yg';g%%“ %f 1%?\’&&%@ ii dy Asn Al a
425430435 Asp ser Ala Met Ser 440 <210> SO -4211> 1323 <212> DNA <213> Hono
sapi ens S&4cd3 7 Bl?rg@?@é&(?"@c%ﬁ?gb@cgg Pﬁ%éé‘ad\déc"'"ﬁcigagt ctg ggccccacaa
gacaccat at ggggacagad ggacccaggg cctigtgctc ctctgatcac caaaagaggt

ct cagaagac Wwgcsocyycsengiegdyguy glat ?ta:gemgmmadzeagsaad ccagcccctc
ggt agagatt gcttcggggd*@gccaggect cggttrtget ctagetccl®c. agagggattg

gcat ct cGlyg asp Tyr Phe ;gcs) Glu pro val Thr \{g?) Ser Trp Asn Ser G'éy

165
Ala Leu Thr Ser Gly val His Thr phe Pro Ala val Leu Gln Ser
170 175 180

Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Sser Ser
185 190 195

Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Vval Asn His Lys Pro
200 205 210

Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp
215 220 225

Lys Thr His Thr Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly

Ccys
230 235 240

Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250 255

Met Ile Ser Arg'Thr Pro Glu val Thr Cys val val val Asp val
260 265 270

ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly
275 280 285

val Giu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GlIn Tyr
290 295 300

Asn Ser Thr Tyr Arg val val ser val Leu Thr val Leu His GIn
305 310 315

Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys
320 325 330

Ala Leu Pro Ala pPro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
335 340 345

GIn Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser Arg Glu
350 355 360

Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys Gly
365 370 375

Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gln
380 385 390

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp
395 400 405

Gly Ser pPhe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Ar
410 415 42

Trp Gln GIn Gly Asn val Phe Ser Cys ser val Met His Glu Ala
425 430 435

Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
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Page 37 cccggaaaag 50 gggccccggg 100 gttggtctca 150 agcagagagc 200
tgtccacctg 250 caaatatgga 300 gcactcactg tcaggtgaag tcagtgcgaa ggaagtgccg
acaccctgga cagtggggaa ctcctgcctc gcagccgtag gaagaaagtc accctgagcg
gtcctcaat g ggaaat ggaa cccccgggga cagagaagga tctgagacag gggagccgct

gct aaagct g aaagtgggtc atgccttgga cacttgttga tgccatgtcc gaatgacctc

t ggagct aag gaaggcacct cacaggg-tgt gtgacatcga gccccagcetg tccetgttct
tcttgattgt ggctgctgg‘4tgcttcgatg caiggggaag aggcagc%gg aacaaaaccg

gacgct ggga gctctggaa % aa 1323 cttt tgct tccgtgcacc tccgggaaga cccagaggga
atgtgtccge tggaggagac ctctcaggca ggctgtgttt tgcgctgcac 350 acgaccagaa 400
agattctcct 450 tggtcaaggt 500 aaagaat cag 550 ggtgacctcc 600 .tcatcatagg 650
gtttgcqg%; 490 750 800 850 900 950 <210> 51 <211> 451 <212> Pat <213>
Artifice ggguence <220> <223> Sequence i s synthesi zed. Gy Ser Leu Arg
Asp TerxZN>aPREt .G y TrB Val ser Ala AS ser Val Lys Asn ser Let set' Trp
Val Ar§238 TP a8509499 50 Gn Ala Pro Sly Lys Gy Leu 4045 Gn Sly sly

Ser Thr2ggy Tyr 5560
<223> Sequence is synthesized.

<400> 43 )
G1i val GIn Leu Va} Glu Ser Gly Gly 615 Leu val Gln Pro Glg
1

Gly Ser Leu Arg Leu Ser Cys Ala val Ser Gly Tyr Ser Ile Thr
20 25 30

Ser Gly Tyr Ser Trp Asn Trp Ile Arg Gln Ala Pro Gly Lys Gly
35 40 45

Leu Glu Trp val Ala Ser Ile Lys Tyr Ser Gly Glu Thr Lys Tyr
50 55 60

Asn Pro Ser val Lys Gly Arg Ile Thr Ile Ser Arg Asp Asp Ser
65 70 75

Lys Asn Thr Phe Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 20

Thr Ala val Tyr Tyr Cys Ala Arg Gly Ser His Tyr Phe Gly His
95 100 105

Trp His Phe Ala val Trp Gly Gln Gly Thr Leu val Thr val Ser
110 115 120

Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser
125 130 135

Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Vval
140 145 150

Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly
155 160 165

Ala Leu Thr ser Gly val His Thr Phe Pro Ala val Leu Gln Ser
170 175 180

Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser
185 190 195

Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn vVal Asn His Lys Pro
' 200 205 210

Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp
215 220 225

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly
230 235 240

Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250 255

Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp val
260 265 270
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Thr Ala Val Tyr Tyr cys Ala Lys |le Leu Ay Ala Gy Arg Ay 95100105 Trp Tyr
Phe Asp Tyr Trp Ay Lys Ay Thr Thr Val Thr Val Ser 110115120 Ser Al a Ser
Thr Lys Ay Pro ser Val Phe Pro Let] Ala Pro Ser 125130135 Ser Lys Ser Thr
Ser Ay Ay Thr Ala Ala Leu Gy Cys Let] val 140145150 Lys AS Tyr Phe Pro
Gu Pro Val Thr ig ser Trp Mh Ser Ay 155165 Ala Leo Thr Ser Ay val His
Thr Phe Pro Ala Val Let] Gn Ser 170175180 ser (fly Let] Tyr Ser Leu ser
Ser Val Val Thr. Val Pro ser Ser 185190195 Ser Let] Thr Gn llir Tyr Tie
Cys M V&I HASrehY ’%SH_%S% p?‘b"?bdﬁéS’?"fOA FrPadyr ¥l ‘159 G&al Asp Lys Lys Val
Gu Pro Lys Ser 215220225 Lys hr Hi s Thr Q/s Pro Pro Cys Pro Al a
Pro d uvlaéthUL\eﬂ] HHE gsrezmassmquv ProoASeG1Wa&llu Rie Tveu Phe Pro pro Lys Pro
Lys Asp Thr Let] 245%%b255 Met Ile Se¥® Arg Thr Pro d% val Thr oys val Vval

val Asp a¥alser2f326p24Ry ST Vil Ssefd ¥h1Asdy MO v WeYalislyls Phe M Trp Tyr Val
Asp Gy 275280285 VaB0Xd u val His Mi3W a Lys Thr Lys3¥Bro Arg Qu Gu Gn

Tyr 290%%?39_9 é%nAgeélgrmsu[l 1%rl,g,_})éaé)zlgv Ls 981 sggIAsheléngThr val Leu Hs Gn

3053103

Ala Leu Pro Ala Pro Ile Glu Lys Thr ITe Ser Lys Ala Lys Gly
335 340 345

Gln Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser Arg Glu

350 355 360
Glu Met Thr Lys Asn Gln val Ser Leu Thr Cys Leu val Lys Gly
365 370 375
Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gln
380 385 390
Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp
395 400 405
Gly ser phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg
410 415 420
Trp GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu Ala
425 430 435
Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
440 445 450
Lys
<210> 44
<211> 453
<212> PRT
<213> Artificial sequence
<220>
<223> Sequence 1is synthesized.
<400> 44
Gln val GIn Leu val Gln Ser Gly Ala Glu val Lys Lys Pro Gly
1 5 10 15
Ala ser val Lys val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Ser
20 _ 25 30
Met Tyr Trp Leu Glu Trp val Arg GIn Ala Pro Gly His Gly Leu
35 40 45
Glu Trp val Gly Glu Ile Ser Pro Gly Thr phe Thr Thr Asn Tyr
50 55 60
Asn Glu Lys Phe Lys Ala Arg Ala Thr Phe Thr Ala Asp Thr Ser
65 70 75
Thr Asn Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Phe Ser His Phe Ser Gly Ser
95 100 105
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Asp Trp Leu Mh Gy Lys du Tyr

Let] Pro Ala Pro Ile Qu Lys Thr
Tyr Thr

Arg (flu Pro G n Val

Lys Asn @ n val
Asp Ile Al a val
Thr Thr Pro Pro val
Lys Let] Thr Val

ser Leo,geryl-6Q
<213> ATtifrcial

Gu Leu Thr. G
1o T Ve eeSabr

Ser

Leu Thr Cys Let] Val

Lys Cys Lys Val
Il e Ser

Ser ASn Lys 320325330 Al a
Lys Ala Lys Ay 335340315 G n Pro

Leu Pro Pro Ser Ara 3 u 350355360 A u Met Thr

Lys Ay 365370375 Phe Tyr Pro Ser

Gu Trp u Ser Asn Ay G n 380385390 Pro Gu Mh M1 Tyr Lys
Let] Asp Ser Asp 395400405 Gy Ser
Asp Lys Ser Arg 410415420 Leu His Asn H's Tyr Thr G n Lys

SinLyfy, 73108, 821 SRE1> 213 <212> PRT
3m5Sequence 1s syinbhesi zed. <400> 52 Ser

TR B
Va

SBr AOAG ¥

sequEnce <

Gn Lys Pro dy Gn
Pro Ser ser Lys

Leu
ser
Gln
Ser
Lys
Cys
Leu
Thr
Asp
Asp
Gln
His
Asn
Lys
Arg
Lys
Gly
Ser
Ser

Glu

val
Gly
Ser
Ser
Pro
Asp
Gly
Leu
val
Gly
Tyr
Gln
Lys
Gly
Asp
Gly
Gln
Asp
Arg

Ala

Lys
Ala
Ser
Ser
Ser
Lys
Gly
Met
ser
val
Asn
Asp
Ala
Gln
Glu
Phe
Pro
Gly
Trp

Leu

Asp
Leu
Gly
Leu
Asn
Thr
Pro
Ile
His
Glu
Ser
Trp
Leu
Pro
Leu
Tyr
Glu
ser
Gln

His

a val

Yt &l

Ala Pro val
Thr Sser Gly Gly

Ser
140
Tyr
155
Thr
170

Leu
185

Gly
200

Thr
215

His
230

ser
245

Ser
260

Glu
275

val
290

Thr
305

Leu
320

Pro
335

Arg
350

Thr
365

Pro
380

Asn
395

Phe
410

Gln
425

Asn

Phe
Ser
Tyr
Thr
Lys
Thr
val
Arg
Asp
His
Tyr
Asn
Ala
Glu
Lys
Ser
Asn
Phe
Gly

His

Pro

Gly

Ser

Gln

val

cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

ASp

Tyr

Leu

Asn

Tyr

Glu
val
Leu
Thr
Asp
Pro
Leu
Pro
Glu
Ala
val
Lys
Ile
Gln
Gln
Ile
Lys
Tyr
val

Thr

$h0%0 39
ser
YA'S

Leu

Pro

His

ser

Tyr

Lys

Pro

Phe

Glu

val

Lys

val

Glu

Glu

val

val

Ala

Thr

Ser

Phe

GIn

145

val
160

Thr
175

ser
190

Ile
205

Lys
220

Cys
235

Pro
250

val
265
Lys
280
Thr
295

Ser
310

Tyr
325

Lys
340

Tyr
355

ser
370

val
385

Thr
400

LyS
415

Ser
430

Lys

Thr

Phe

val

Cys

val

Pro

Pro

Thr

Phe

LysS

val

Lys

Thr

Thr

Leu

Glu

Pro

Leu

Cys

ser

Page 31

val

Pro

val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

cys

ITe

Leu

Thr

Trp

Pro

Thr

Ser

Leu

ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

cys

Glu

val

val

val

ser

Thr Ala Ala Leu Gly Cgs

Trp

val

val

Asn

Lys

Glu

Lys

val

Tyr

Glu

val

val

Lys

Pro

Leu

Ser

Leu

ASp

Met

Leu

150

Asn
165

Leu
180

Pro
195

His
210

Ser
225

Leu
240

Asp
255

val
270

val
285

Glu
300

Leu
315

Ser
330

Ala
345

Ser
360

val
375

Asnh
390

ASp
405

Lys
420

His
435

Ser

Phe Phe Leu Tyr Ser

n 151015 Thr val Arg
Ala Ser Trp Tyr Gn



354045 Ile Tyr Ay Ala Mnh Mh Arg pro Ser Ay Ile Pro Asp Arg Phe ' 505560
Ser Ay Ser Ser Ser Gy Asn Thr Ala ser Leu Thr Ile Thr Gy 657075 Ala G n
Ala Gu Asp Gu Ala Asp Tyr Tyr Cys M Ser Ala Asp 808590 Ser Ser Ay M
Hs Val val Phe Ay Ay Ay Thr Lys Leu Thr 95100105 , Val Leu Gy Gn Pro
Lys Ala Ala Pro ser Val Thr Leu Phe Pro 11.0115120 Pro Ser Ser Qu du Leu
Gn Ala Mh Lys Ala Thr Leu Val Cys 125130135 Leu Ile Ser Asp Phe Tyr Pro
Gy Ala Val Thr val @La Trp Lys 140143150 Al a Asp Sgi,Ser Pro Val Lys Al a
Gy val Qu Thr Thr r Pro 155160165 Ser Lys G n Ser Mh Mn Lys Tyr Al a
Al a. Sepr&eily Tys Leu Ser 170175150 LEWThr Pro Gla G n Trp Lys ser H S Lys
ser Tyr Ser Cys G n 185190195 Val Thr Hs Gu @y Ser Thr Val Gu Lys Thr
Val Al aB5:043hr 200205210 d u Cys Ser <210> 53 <211> 451 <212> PRT <213>
A«tifi&%%ﬁ:%&?hence <220> <223> sequence is synthesized. <400> 53

<

<213>

<220>
<221>
<222>
<223>

<400> 45
tttcctcact

447

ctgcctgget
tggaggtcca
atcttcacag
ctttaccaac
ttgcttgttt
gagagtatga
cgttagaaag
aagaaaagca
agagtagcag
ttctccaaac
gggaatcatc
aatggtgaac
aacatacttt
aacaaatggt
ttgttgatga
tggactctat
acagaatttt
gaagccagtt
aaaagcaata

gaagatgttt

Homo sapiens

unsure

N is Tor G

gactataaaa
gacttacagc
gdgggggaccc
tgctcctgea
gagctgaagc
cttaaaagaa
acagcccectg
atgattttga
acaaaatatt
ctcacataac
tccaagaatg
aaggagtggg
tggtcatcca
cgatttcagg
ccaatatatt
aaagtgctag
tccatctatce
tgtttctgta
ttttcggggc
acctcaaagt

Caaaaaatct

gaatagagaa
agtcagactc
agcctgggac
gtctctctgt
agatgcagga
gatgacagtt
ctggcaagtc
gaacctctga
tctcccctag
tgggaccaga
aaaaggctct
cattcattcc
tgaaaaaggg
aggaaataaa
tacaaataca
aaatagttgt
aagggggaat
acaaatgagc
ctttttagtt
gactattcag

gaccaaaaca

ggaagggctt
tgacaggatc
agacctgcgt
gtggctgtaa
caagtactcc
attgggaccc
aagtggcaac
ggaaaccatt
tgagagaaag
ggaagaagca
gggccgcaaa
tgagcaactt
ttttactaca
agaaaacaca
caagttatcc
tggtctaaag
atttgagctt
acttgataga
ggctaactga
ttttcaggat

dacCaaacCaga

cagtgaccgg
atggctatga
gctgatcgtg
cttacgtgta
aaaagtggca
caatgacgaa
tccgtcaget
tctacagttc
aggtccncag
acacattgtc
ataaactcct
gcacttgagy
tctattccca
aagaacgaca
tgaccctata
atgcagaata
aaggaaaatg
catggaccat
cctggaaaga
gatacactat

aa 1042

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000

<210> 46

<211> 281

<212> PRT

<213> Homo sapiens

<400> 46

Met Ala Met Met G1g val GIn Gly Gly Prg Ser
1

Leu Gly Gln Thr
1 15

Cys val Leu Ile val 1le Phe Thr val Leu Leu
Page 32
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AQu Val Gn Lets Val Gn ser Ay Gy Ay val Qu Arg Pro Ay 151015 Gy Ser
Leu Arg Leu Ser Cys Ala Ala Ser Gy Phe Thr Phe Asp 202530 Asp Tyr Ay Met
Ser Trp Val Arg Gn Ala Pro Ay Lys Gy Leu 354045 Au Trp val Ser Ay lle
M Trp Mh Ay Ay 5cr Thr Gy Tyr 505560 Ala Asp ser Val Lys Gy Arg Val
Thr lie Ser Arg Asp WMnh Ala 657075 Lys Mh Ser Lets Tyr Leu G n net Asn Ser
Lets Arg Ala Qu Asp 808590 Thr Ala Val Tyr Tyr Cys Ala Lys Ile Leu Ay Ala
Gy Arg Ay 95100105 2‘5rp Tyr Phe Asp.Leu Trp Ay Lyszg@dy Thr Thr Val Thr
Val Ser 110115120 Ser"Ala Ser Thr Lys"@y Pro Ser va? Phe Pro Leu Ala Pro
Ser 12580485 vSerthkys/rSeal Thr pBerthEAsnGly Tdw Ly g1MMat Leu Gy Cys Leu Val
140145150 Lys Asp Tyr35Phe Pro A u Prd%val Thr val Sef’Trp Asn ser Gy

15516016H, Abg L%gl#yTWerS@Js Gy cYlr1Ei aaThs AheLdlr oyfAlgayVal Lets G n Ser
170175180 Ser (fly Letos Tyr Ser Lets5§er 5cr Val Val 6Thr Val Pro Ser ser

185190195 Ser _Let Thr _ Gn_Thr T | e l..Asn H's Lys Pro
300205248 &5 S ﬁ‘ﬁﬁﬁéyés‘\/gﬁ’ ﬁé'bqf?sé; y@”v%‘%@f%ﬁ'?%%ys Ser Cys Asp
215220225

Pro Cys Trp Gln Vgg Lys Trp Gln Leu Agg Gln Leu val Arg ng

Met Ile Leu Arg Thr Ser Glu Glu Thr Ile Ser Thr val Gln Glu
95 100 105

Lys Gln Gln Asn Ile Ser Pro Leu Val Arg Glu Arg Gly Pro Gln
110 115 120

Arg val Ala Ala His Ile Thr Gly Thr Arg Gly Arg Ser Asn Thr
125 130 135

Leu Ser Ser Pro Ash Ser Lys Asn Glu Lys Ala Leu Gly Arg Lys
140 145 150
ITe Asn Ser Trp Glu Ser Ser Arg Ser Gly His Ser Phe Leu Ser
155 160 165

Asn Leu His Leu Asn Gly Glu Leu val Ile His Glu Lys Gly

Ar
17 175 180

Phe Tyr Tyr Ile Tyr Ser GIn Thr Tyr Phe Arg Phe GIn Glu Glu
185 190 195

Ile Lys Glu Asn Thr Lys Asn Asp Lys Gln Met val Gln Tyr Ile
200 205 210

Tyr Lys Tyr Thr Ser Tyr Pro Asp Pro Ile Leu Leu Met Lys Ser
215 220 225

Ala Arg Asn Ser Cys Trp Ser Lys Asp Ala Glu Tyr Gly Leu Tyr
230 235 240
ser Ile Tyr GIn Gly Gly Ile Phe Glu Leu Lys Glu Asn Asp Arg

245 250 255

ITe Phe val Ser val Thr Asn Glu His Leu Ile Asp Met Asp His
260 265 270

Glu Ala ser Phe Phe Gly Ala Phe Leu val Gly
275 280

<210> 47

<211> 411

<212> PRT

<213> Homo sapiens

<220>

<221> Xaa

<222> 410

<223> Xaa is L or M.

<400> 47
Mei GIu GIn Arg G1§ Gln Asn Ala Pro A11a Ala ser Gly Ala Aig

Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro
page 33



Lys Thr H's Thr Cys Pro Pro Cys Pro Ala Pro Qu Lets Lets Ay 230235240 Gy
Pro Ser val Phe Lets Phe Pro Pro Lys Pro Lys Asp Thr Leu 245250255 Met Il e
Ser Arg Thr Pro A u val Thr Cys val Val val Asp val 260265270 Ser H u Asp
Pro Gu Val Lys Phe Mh Trp Tyr val Asp Gy 275280285 Val (flu Val H'S Asn
Ala Lys Thr Lys Pro Arg (flu Gu G n Tyr 290295300 Asn Ser Thr Tyr Arg Val
Val Ser val Leo Thr Val Leu H's Gn , 305310315 Asp Trp Lets Asn Ay Lys
Gu Tyr Lys Cys Lys Val Ser M Lys 320325330 Page 41_ Ala Leu Pro Al a
Prolle Gu LSIleSer L35 Ala Lys Gy 335340345 Gn Prd’Arg Gu Pro Gn v 1
Tyr Thr gheueRPrargRial & LN ghd Leu3203503601 GhuaMetaldhrallys Asn G n Val ser
Leu Thr Cys Leu Val L3, Gy 3653703750Phe Tyr Pro Se>Asp Ile Ala Val Gu

Trp Gu, ger ' On1BY 0 Gtk AP NS E1dYAsplys Thr Thr Pro Pro
Val Leu ngﬁe@é?%u%s% %Ggﬁgﬁé’% pgg_rl'ﬁhe rue Eep Tyr gager Lys Leu Thr Val
Asp Lys Ser Arz'%ﬁgﬁ)m 5420 TrIEA(ﬁan G n;BGIG,}/n Asn val Ph%rser Cys Ser Val Met

Hs dutafdla p3gln Arg A Pro G Lys Afg ser ser

Pro Ser Glu Gly Leu Cys Pro Pro Gly His His Ile Ser Glu Asp
80 85 90

Gly Arg Asp Cys Ile Ser Cys Lys Tyr Gly GIn Asp Tyr Ser Thr
95 100 105

His Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys Asp
110 115 120

ser Gly Glu val Glu Leu Ser Pro Cys Thr Thr Thr Arg Asn Thr
125 130 135

val Cys GlIn Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro
140 145 150

Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met val

155 160 165
Lys val Gly Asp Cys Thr Pro Trp Ser Asp Ile Glu Cys val His
170 175 180

Lys Glu Ser Gly Ile Ile Ile Gly val Thr val Ala Ala val val
185 190 195

Leu I1e val Ala val Phe val Cys Lys Ser Leu Leu Trp Lys Lys
200 205 210

val Leu Pro Tyr Leu Lys Gly Ile Cys Ser Gly Gly Gly Gly Asp
215 220 225

Pro Glu Arg val Asp Arg Ser Ser Gln Arg Pro Gly Ala Glu Asp
230 235 240

Asn val Leu Asn Glu Ile val Ser Ile Leu GIn Pro Thr Gln val
245 250 255

Pro Glu G1n Glu Met Glu val GIn Glu Pro Ala Glu Pro Thr Gly
260 265 270

val Asn Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu Pro

275 280 285
Ala Glu Ala Glu Arg Leu Leu val Pro Ala
295 300

Asn Glu Gly Asp Pro Thr Glu Thr Leu Arg GIn Cys Phe Asp Asp
305 310 315

Arg Ser Gln Arg Arg
290

Phe Ala Asp Leu val Pro Phe Asp Ser Trp Glu Pro Leu Met Arg

320 325 330
Lys Leu Gly Leu Met Asp Asn Glu Ile Lys val Ala Lys Ala Glu
335 340 345

Ala Ala Gly His Arg Asp Thr Leu Tyr Thr Met Leu Ile Lys Trp
35 355 360
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Leu Hi's Asn H's Tyr Thr G n Lys Ser Leu ser Leu Ser

Pro Gy 440445450 Lys
<210> 54 <211> 213 <212> PRT <213> Artificial

sequence <2.20> <223>

Sequence i s synthesized. <400> 54 ser G n Leu Thr Gn Asp pro Ala Val Ser
val Ala Lee Ay Gn 151015 Thr vVal Arg Ile Thr Cys Gn Ay Asp Ser Leu Arg
Ser Tyr Tyr 202530 Ala Ser Trp Tyr Gn Gn Lys Pro Ay Gn Ala Pro Val Lee
Val 354045 Ile Tyr Ay Lys Asn Asn Arg Pro Ser Ay lie Pro Asp Arg Phe
505560 Ser Gy Ser, Ser Ser Ay.Asn Thr a_sSer lee Thr Ile Thr Ay 657075
Ala G nYAl §58'Ys WA é‘SR\sABaT{)QF By “N‘c% "N&RT SEF BBy Asp 808590 Ser Ser
Gy M1 Hs Val Val Phe Gy Ay Gy Thr Lys Lee Thr 95100105 Val Lee Gy Gn
Pro Lys AAR d-epl & upFhy GLAIGT T Hyrg Ll Ly 61193 I8¢ KJUPro Ser Ser die die
Lee Gn Ala Mh Lys Thr Leo val c 125130135 Le€ Ple Ser Asp Phe Tyr

Pro Ay aébaiValeuTihdu y&d sét &1yrpyslsie MAO%l&ﬂG'IIS&ﬂyl.?&‘B G n Ser Asn M Lys
Tyr Ala Ala Ser Ser 9% Leu Ser 1701499180 05

Ala Asp Ser Ala Xaa Ser

<210>
<211>
<212>
<213>

<400> 48
ceccacgegte

48
1799
DNA

gcgececacaa
ccacgggcect
gggacagaac
gacccaggga
cttgtgctceg
tctgatcacc
aaaagaggtc
tcagaagacg
cactcactgg
caggtgaagt
cagtgcgaag
gaagtgccgce
caccctggag
ggagtcacag
gtctttactg
gtggtggtgg
gctgaggaca
ggtccctgag
tcaacatgtt
gctgaaaggt
tcccactgag
cctttgactc
gagataaagg
cacgatgctg

410

Homo sapiens

cgcataaatc
aatacaccga
gagagactat
gccccggecg
ggcgegggga
ttgtcgcege
caacaagacc
cagcccctea
gtagagattg
aatgacctcc
ggagctaagt
aaggcacctt
acagggtgtc
tgacatcgaa
ttgcagcegt
tggaagaaag
ggaccctgag
atgtcctcaa
caggaaatgg
gtcccccggg
ctcagaggag
actctgagac
ctgggagccg
tggctaaagc
ataaagtggg

agcacgcggc
cgatgcccga
aagagcgttc
cttcgggggc
gccaggectyg
ggtcctgcetg
tagctcccca
gagggattgt
catctectge
ttttctgctt
ccctgcacca
ccgggaagaa
ccagagggat
tgtgtccaca
agtcttgatt
tccttcctta
cgtgtggaca
tgagatcgtg
aagtccagga
gagtcagagc
gaggctgctg
agtgcttcga
ctcatgagga
tgaggcageg

tcaacaaaac

cggagaaccc
tctactttaa
cctaccgeca
ccggaaaagg
ggctccgggt
ttggtctcag
gcagagagceg
gtccacctgg
aaatatggac
gcgetgecacc
cgaccagaaa
gattctcctg
ggtcaaggtc
aagaatcagg
gtggctgtgt
cctgaaaggc
gaagctcaca
agtatcttgce
gccagcagag
atctgctgga
gttccagcaa
tgactttgca
agttgggcct
ggccacaggyg
cgggcgagat
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cgcaatctct
gggctgaaac
tggaacaacg
cacggcccag
ccccaagacc
ctgagtctgce
gccccacaac
acaccatatc
aggactatag
aggtgtgatt
cacagtgtgt
agatgtgccg
ggtgattgta
catcatcata
ttgtttgcaa
atctgctcag
acgacctgag
agcccaccca
ccaacaggtg
accggcagaa
atgaaggtga
gacttggtgc
catggacaat
acaccttgta

gcctetgtec

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



Leu Thr Pro Qu Gn Trp Lys Ser H'S Lys Ser Tyr Ser Cys G n 185190195 Va
Thr Hs Qu Ay Ser Thr val Qu Lys Thr Val Ala Pro Thr 200205210 G u Cys
Ser <210> 55 211> 126 212> ['Rl <213> Artificial sequence <220> <223>
Sequence i s synthesized. <400> 55 Qu Val Gn Leu Val Gn Ser Ay Ay Gy
val Qu Arg Pro Gy 51015 dy ser Leu Arg Leu Ser Cys Ala Ala Ser dy Phe
Thr Phe Asp 202530 Asp Tyr Ala Met Trp Val Arg Gin Ala Pro Ay Lys Ay Leu

A u 354045 TEE

505560
Mh Ser
Tyr Tyr
Trp A y

ARS8

C

Val
CtvggatE§&§t?f

Al a Li\ﬁﬁg

Ser

|le L(fly
th%ﬁt "I-“rﬁgt

S1daghotsbl grodfndt Eckabddal

begaﬁgatggLectta&ﬁ"gtNegagéﬁtg&mraagﬂi:taﬁgtqnﬂdtagﬁgg 1ﬂl§p Thr 808590 Al a Val

B Thr Ay Tyr Al a
p Asn Ala Lys 657075

G arteierfeapdonbliepd 508

105 Tyr
Al a ser Thr

Pro 125 cé&&h@tﬁ%&&ﬂti%cﬁé’g&&a RBdcca2dQ]p gdurtickdgtei ®IS0sequence

agtaggaaagd
ccatccaaca
ttggcattat
gtctggatca
ttgttttcac

ttgggctaca

ggcggeegeg

tgccacaatt
tcacccagtg
ttttataagc
ttccgtttgt
agcacttttt
ttgtaagatc

actctagagt

gtcacatgac
gatggaacat
tgaatgtgat
gcgtactttg
tatcctaatg
catctacaaa

cgacctgcag

cggtactgga
cctgtaactt
aataaggaca
agatttggtt
taaatgcttt
aaaaaaaaaa

aagcttggece

agaaactctc
ttcactgcac
ctatggaaat
tgggatgtca
atttatttat
aaaaaaaaag

gccatggec

1500
1550
1600
1650
1700
1750
1799

Phe Asp Tyr

Lys Gy

<210> 49

<211> 440

<212> PRT

<213> Homo sapiens

<400> 49

Met Glu Gln Ala Ala Ala
1

10

Ala
25

GIn Arg G1¥ Asn Ala Pro Ser Gly Arg

15

Lys Arg His Gly Pro Arg Glu Arg Gly Ala Pro

30

val
45

Gly Pro Arg
20

Gly Pro Arg val Pro Thr val val val Ala Ala

35

Lys Leu Leu

40

Leu Leu Leu val Ser Ala Glu Ala ITe Thr Gln GIn

50

Gln
65

Ser Leu

Asp
55

60
GIn GlIn
70

His
85

Leu Ala Pra Gin Arg Ala Ala Pro Lys Ser

75

ASp
90

Thr
105

Arg Ser

Pro Ser Glu Gly Leu His Ile Ser Glu

80

Ile
95

Cys Pro Pro Gly

Gly Arg Asp Cys Ser Cys Lys Tyr Gly GlIn

100

Asp Tyr Ser

His Trp Asn Leu Leu Phe

110

Glu
125

Glu
140

Lys
155

Asp Cys Leu Arg Thr

115

Thr
130

Cys Arg Cys As

p
120

Thr
135

ser Gly Glu val Leu Ser Pro Cys Thr Thr Arg Asn

val Cys Gln Cys Glu Gly Thr Phe Arg Glu Glu

145

Asp Pro

150

val
165

Ser

Glu Met Cys Arg Cys Arg Thr Gly E%g Pro Arg Gly Met

Lys val Gly Asp Cys Thr Ile Glu

170

Pro Trp ser Asp

175

Glu
190

His
180

Glu
195

Cys val

Glu Thr

185

Lys Ser Gly Lys His Ser Gly Ala Pro Ala val

Glu Thr val Thr Ser Ser Thr Pro Ala

Page 36

Pro Gily Ser Pro Cys Ser



220, - <223> Sequence is synthesized. <400> 56 Ser G u Leu Thr G n Asp Pro
Ala val ser val Ala Leu Ay G n 151015 Thr Val Arg Ile Thr Cys Ser Gy Asp
ser Leu Arg ser Tyr Tyr 202530 Ala Ser Trp Tyr Gn G@n Lys Pro Ay Gn A a
Pro Val Leu val 354045 1Ile Tyr Gy Ala Mh Mh Arg Pro Ser Ay lie Pro Asp
Arg Phe 5560 Ser Gy ser Ser Ser Gy Asn Thr Ala 65 Ala Gn Ala Gu Asp
(flu Ala Asp 7yr 80 Ser Leu Thr Tie Thr Ay 7075 Tyr cys Asn Ser Al a Asp
8590 Ser Ser Ay Hs Val Val Phe Ay 95 Val L Gy Ay Ay Thr Lys
200 Leu Thr 105 %0 s 2o

Leu Ser Gly val Leu

225

Ile Ile Ile Gly val Thr val Ala Ala val

1
215 220

val
240

Pro
255

val phe val

230

Lys
245

Ile val Ala Leu Leu

235

Gly
250

Cys Lys Ser Trp Lys Lys

Leu Pro Tyr Leu Gly Ile Cys Ser Gly Gly Gly Asp

Glu Arg val Asp Arg Ser Ser Gln Ala Glu

260

Ile
275

Glu
290

Pro
305

Ser
320

Thr
335

Pro
350

Asp
365

Asp
380

Gly Asn

270

Arg Pro

265

GIn
280

Ala
295

Asp

val Leu Asn Glu val Ser Ile Leu Pro Thr GIn val Pro

285

val
300

Ala
315

Glu Gln Glu Met val Gln Glu Pro Glu Pro Thr Gly

His Leu Leu Glu Pro

310

Leu
325

Gln
340

Glu
355

val
370

Met
385

ASn Met Leu Ser Gly Glu Ser Glu

Glu Ala Glu Arg GIn Arg Arg Leu val Pro Ala Asn

330

Phe
345

Arg

Glu Gly Asp Pro Glu Thr Leu Arg Cys Phe Asp Asp

Ala Asp Leu val Phe Asp Ser Trp Pro Leu Met Arg Lys

360

Ala
375

Leu Gly Leu Met Asn Glu Ile Lys Ala Lys Ala Glu

Thr val

390

Ala Gly His Arg Leu Tyr Thr Leu ITe Lys Trp

Asn Thr

Ala
405

His Thr Leu Leu

400

Lys Gly Arg Ala val

395

Gly
410

Asp Ser Asp

Leu GTu Thr Leu Glu Arg Leu Ala Gln Lys Ile Glu Asp

420

Ala
435

Lys
415

His Leu Leu Ser Phe Glu

425

Ser Gly Lys Met Tyr Leu Asn

430

Gly

Asp Ser Ala Met Ser

440

<210>
<211>
<212>
<213> Homo sapiens

<400> 50

50
1323
DNA

atggaacaac
gcacggccca
tccccaagac
gctgagtety
ggccccacaa

gacaccatat

ggggacagaa
ggacccaggg
ccttgtgctc
ctctgatcac
caaaagaggt

ctcagaagac

cgcececeggec
aggcgcgggy
gttgtcgccg
ccaacaagac
ccagccectce

ggtagagatt

gcttcggggy
agccaggcect
cggtcctget
ctagctceccc
agagggattg
gcatctcetg
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cccggaaaag S0

gggccccggg 100

gttggtctca 150

agcagagagc 200

tgtccacctg 250

caaatatgga 300



<210> 57 <211> 10 <212> PRT <213> Artificial sequence <220> <223> Sequence
is ynthesized. <400> 57 Arg Ala Ser Ser Ser Val Ser Tyr Met 50 <210> 58
<211> 7 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed, <400> 58 Ala Pro Ser Mh Leu Ala Ser 5 <210> 59 <211> 9 <212>
PRT <213> Artificial sequence <220> <223> Sequence is synthesized. <400.>
590 Gn Gn Trp Ser Phe WMh Pro Pro Thr 5 <210> 60 <211> 10 <212> NT <213>

AT clLaleeduence <220 S20%. SAMANSS.d Bacilbitak £ 400> 60 Gy Tyr Thr

caggtgtgat
acacagtgtg
gagatgtgcc
cggtgattgt
gtacaaagca
agcccaggga
agtcacagtt
ctttactgtg
ggtggtgggg
tgaggacaat
tccctgagea
aacatgttgt
tgaaaggtct
ccactgagac
tttgactcct
gataaaggtg
cgatgctgat
accctgcetgg
gattgaggac

atgcagactc

tcaggtgaag
tcagtgcgaa
dgaagtgccg
acaccctgga
cagtggggaa
ctcctgectc
gcagccgtag
gaagaaagtc
accctgagceg
gtcctcaatg
ggaaatggaa
ccceccgggga
cagaggagga
tctgagacag
gggagccget
gctaaagctg
aaagtgggtc
atgccttgga
cacttgttga

tgccatgtec

tggagctaag
gaaggcacct
cacagggtgt
gtgacatcga
gcceccagcetyg
tccctgttet
tcttgattgt
cttccttacc
tgtggacaga
agatcgtgag
gtccaggagc
gtcagagcat
ggctgctggt
tgcttcgatg
catgaggaag
aggcageggg
aacaaaaccg
gacgctggga
gctctggaaa
taa 1323

tccgtgeacc
tccgggaaga
cccagaggga
atgtgtccac
tggaggagac
ctctcaggca
ggctgtgttt.
tgaaaggcat
agctcacaac
tatcttgcag
cagcagagcc
ctgctggaac
tccagcaaat
actttgcaga
ttgggcctca
ccacagggac
ggcgagatge
gagagacttg

gttcatgtat

acgaccagaa
agattctcct
tggtcaaggt
aaagaatcag
ggtgacctcc
tcatcatagg
gtttgcaagt
ctgctcaggt
gacctggyggc
cccacccagy
aacaggtgtc
cggcagaagc
gaaggtgatc
cttggtgccc
tggacaatga
accttgtaca
ctctgtccac
ccaagcagaa

ctagaaggta

400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300

<210> 51
<211> 451
<212> PRT
<213> Artificial sequence

<220> .
<223> Sequence is synthesized.

<400> 51

G1g val GIn Leu va} GIn ser Gly Gly Gly val

10

ser
25

Glu Arg Pro Gly

15

Ser Cys Ala Ala Gly Phe Thr Phe Asp

Gly Ser Leu Arg Leu
20 30

Ala
40

Asp Tyr Ala Met Ser Gln

35
Glu Trp val ser Gly
50

Trp val Arg Leu

45

Pro Gly Lys Gly

Ile Asn Trp Gln Gly Ser Thr Gly Tyr

Gly
55 60

Ala
75

Ile
70

Ala Asp Ser val L%g Gly Arg val Thr Ser Arg Asp Asn

Lys Ash Ser Leu Tyr Leu Gin

80

Met Asn Ser Glu

85
Page 38

Leu Arg Ala Asp

90



<210> 61 <211> 17 <212> PRT <213> Artifici al
i s synthesi zed.

Lys Phe 151015 Lys Ay <210> 62 <211> 13 <212> PRT <213> Artificial
<400> 52 Val Val Tyr Tyr Ser

sequence <220> <223> Sequence i s synthesi zed.

<400> 61 Ala Ile Tyr

Mh Ser Tyr Trp Tyr

Artificial

G n Met Thr

sequence <220> <223> sequence i s synthesi zed.
G n Ser

Pile Asp Val

Pro Ser

Ser

Thr |1 er Thr

G n Lys IB?“%@ gsacgeyfptg

Al a Ser g

Thr LeuT'Tﬂ#y

Gn Gn Trp 808590
ser Ala Ser Thr

Ser
Lys
Ala
Ser
Ser
Ser
Lys
Gly
Met
Ser
val
Asn
ASp
Ala
GIn
Glu
phe
Pro
Gly

Trp

Lys
Asp
Leu
Gly
Leu
Asn
Thr
Pro
Ile
His
Glu
sSer
Trp
Leu
Pro
Met
Tyr
Glu
Ser

Gln

ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

AsSn

Phe

Gln

Pr o Ser Ar
¢ P pE7H s

Thr

Phe

ser

Tyr

Thr

Lys

Lys
125

ser
140

Pro
155

Gly
170

Ser
185

GIn
200

val
215

Thr Cys

val

Arg

Asp

His

Tyr

Asn

Ala

Glu

Lys

Ser

Asn

Phe

Gly

Yy
230
Phe
245

Thr
260

Pro
275

Asn
290

Arg
305

Gly
320

Pro
335

Pro
350

Asn
365

ASp
380

TYyr
395

Leu
410

Asn

Gly

Glu

val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

GlIn

GlIn

Ile

Lys

Tyr

val

sequence <220> <223> Sequence

Pro Ay Mi Ay Asp Thr ser Tyr Mh G n

510 <210> 63 <211> 213 <212> PRT <213>

Leu Ser Al a ser Val
s S96 VAl g 15em28R53Pg By Met Hi's Trp Tyr Gn
Pro |i3)64% 5 Leu?ylsl e '[[}bg Ala Pro Ser M1 Leu
Pil e Ser

9 50556

e

Gly
Pro
His
ser
Tyr
Lys
Pro
Phe
Glu
val
Lys
val
Glu
Glu
val
val
Ala
Thr
ser

Phe

Thr

val

Thr

ser

Ile

Lys

cys

Pro

val

Lys

Thr

Ser

TYyr

Lys

Tyr

ser

val

Thr

Lys

ser

Ala
Thr
Phe
val
cys
val

Pro

yghy Bovd

Gly Pro ser val Phe

130

Ala
145

val
160

Pro
175

val
190

Asn
205

Glu
220

Ala
235

Pro Lys

Thr C

Phe

Lys

val

y
250
y
265

Ash
280

Pro
295

Leu
310

Lys Cys

Thr

Thr

Leu

Glu

Pro

Leu

cys

Y
325

Ile
340

Leu
355

Thr
370

Trp
385

Pro
400

Thr
415

Ser

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

s val

Trp

Arg

Thr

Lys

ser

Pro

Cys

Glu

val

val

val
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Gly
Trp
val
val
Asn
Lys
Glu
Lys
val
Tyr
Glu
val
val
Lys
Pro
Leu
Ser
Leu
Asp

Met

SN

Pro Leu Ala

Cys

ASh

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

Ser

Ala

Ser

val

Asn

Asp

Lys

His

Pro

Leu

Ser

Gln

Ser

Lys

Cys

Leu

Thr

ASp

Asp

<400> 63 Asp lle
151015 Ay AS Arg Val

y ser Gy Thr Asp Phe
g Ala Thr Tyr Tyr Cys

ser
135

val
150

Gly
165

ser
180

ser
195

Pro
210

Asp
225

Gly
240

Leu
255

val
270

Gly
285

Gin Tyr

His

Asn

Lys

Arg

Lys

Gly

Ser

Ser

Glu

Y
300

Glin
315

Lys
330

Gly
345

Glu
360

Gly
375

Gln
390

Asp
405

Arg
420

Ala



Ser Phe Mh Pro Pro Thr the Ay Gn Ay Thr Lys Val Gu Ile 95100105 Lys Arg
Thr Val Ala Ala Pro Ser W the Ile Pile Pro Pro SC 110115120 Asp Qu Gn
Leu Lys Ser Ay Thr Ala ser Val wi Cys Leu Leu 125130135 Asn Asn Pile Tyr
Pro Arg Gu Ala Lys Val Gn Trp Lys val Asp 140145150 Mh Ala Lets G n Ser
Gy M Ser Gn Gu Ser Val Thr Gu G n 155160165 Asp Ser Lys Asp Ser Thr
Tyr ser Leu Ser Ser Thr Leu Thr Leu 170175180 Thr H's Gn Ay Leu Ser Ser
Pro val Thr Lys Ser ; e Asn Arg 2002&%210 Ay Gu Qyg5<210> 64 <211> 213
<212> PRT <213> Artificial sequence 20> <223> Sequénce i s synthesi zed.
<400> 64deldsips lAse HEisnmir GimcEBenyPraerSau S8t LauseserrdladySer Val 151015 Ay
Asp Arg Val Thr Tie # Cys Ara Ala ¥r Ser Ser Val “38r 202530 Tyr Leu Hi s
Trp Ter§§n Gn Lys Pro Ay Lys Ala Pro Lys Pro 354045 Leu Ile Tyr Ala Pro
ser Mh Leu Ala ser Ay Val Pro Ser Arg

<210> 52

<211> 213

<212> PRT

<213> Artificial sequence

<220> ]
<223> Ssequence is synthesized.

<400> 52
Ser Glu Leu Thr Gln Asp Pro Ala val Ser val Ala Leu Gly GlIn
1 5 10 15

Thr val Arg Ile Thr Cys Ser Gly Asp Ser Leu Arg Ser Tyr Tyr
20 25 30

Ala Ser Trp Tyr G1n Gln Lys Pro Gly Gln Ala Pro val Leu val
35 40 : 45

ITe Tyr Gly Ala Ash Asn Arg Pro Ser Gly Ile Pro Asp Arg Phe
) 50 55 60

ser Gly Ser Ser Ser Gly Asn Thr Ala Ser Leu Thr Ile Thr Gly
65 70 75

Ala GIn Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Asn Ser Ala Asp
80 85 90

Ser Ser Gly Asn His val val phe Gly Gly Gly Thr Lys Leu Thr
95 100 105

val Leu Gly GIn Pro Lys Ala Ala Pro Ser val Thr Leu Phe Pro
110 115 120

Pro Ser Ser Glu Glu Leu Gln Ala Asn Lys Ala Thr Leu val Cys
125 130 135
Leu Ile Ser Asp Phe Tyr Pro Gly Ala val Thr val Ala Trp Lys
140 145 150

Ala Asp Ser Ser Pro val Lys Ala Gly val Glu Thr Thr Thr Pro
155 160 165

Ser Lys Gln Ser Asn Asn Lys Tyr Ala Ala Ser Ser Tyr Leu Ser
170 175 180

Leu Thr Pro Glu GIn Trp Lys Ser His Lys Ser Tyr Ser Cys GlIn
185 190 195

val Thr His Glu Gly Ser Thr val Glu Lys Thr val Ala Pro Thr
200 205 210

Glu Cys ser

<210> 53

<211> 451

<212> PRT

<213> Artificial sequence

<220>
Page 40



505560 Phe Ser Ay ser Ay ser Ay Thr Asp Phe Thr

Ser Leu Gn pro Au Asp Phe Ala Thr Tyr Tyr

Asn Pro Pro Thr
Ala Pro ser val
Gy Thr Al a Ser

Ala Lys Val

Gn du

Gin

Phe Gy @dn dy Thr

Val

Trp Lys Val

ser ser 2%?} SE%T?"?%
Tyr Al &4Q@¥ys 5& u Val

ser Phe6
Artificia
Asp
Glu
Ala
Lys
Thr
Trp
ser
ser
Lys
Ala
ser
ser
Ser
Lys
Gly
Met
ser
val
Asn

ASp

Yahr@ n2loryn

sequence <
Gly Ser Leu Arg

Tyr

Trp

Asp

Asn

Ala

Tyr

Ala

Lys

Asp

Leu

Gly

Leu

Asn

Thr

Pro

Ile

His

Glu

Ser

Trp

Gly
val
Ser
Ser
val
Phe
ser
Ser
Tyr
Thr
Leu
Gly
Thr
His
Ser
Ser
Glu
val
Thr

Leu

Met

Ser

val

Leu

Tyr

Asp

Thr

Thr

Phe

Ser

Tyr

Thr

Lys

Val

Cys Lou Leu 125130135 Asn Asn Phe Tyr
Asp 140145150 Asn Ala Leu G n Ser

Witz

E%fﬂ)"

ser
35

Gly
50

Lys
65

TYyr
80

TYr
95

Leu
110

LysS
125

Ser
140

Pro
155

Gly
170

Ser
185

Gln
200

val
215

Thr Cys

val

Arg

Asp

His

TYr

Asn

Y
230

Phe
245

Thr
260

Pro
275

Asn
290

Arg
305

Gly
320

Trp
ITe
Gly
Leu
cys
Trp
Gly
Gly
Glu
val
Leu
Thr
Asp
Pro
Leu
Pro
Glu
Ala
val

Lys

Gy @Lﬁb'y%ly&q_bﬁ“s@rgci’ﬂ@zgsz <212> PRT <213>

Lys Val
Phe Ile Phe Pro Pro Ser

5160165

180 Ser
185190195 Thr

Leu Thr

Il e Ser

657075

Cys Gn Gn Trp 808590 Al a Phe
Gt 951000S Lys Arg Thr Val Ala

110115120 Asp Gu G n Leu Lys Ser

Asp Ser

Hs Gn Gy

Pro Arg Gu
Ay Asn ser

Lys Asp ser Thr Tyr ser Leu

Leu Ser ser

<223> sequence is synthe5|zed
Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp
20 25 30

val

ASn

Arg

Gin

Ala

Gly

Pro

Gly

Pro

His

Ser

Tyr

Lys

Pro

Phe

Glu

val

LysS

val

Glu

Arg

Trp

val

Met

Lys

Lys

ser

Thr

val

Thr

Ser

Ile

Lys

cys

Pro

val

Lys

Thr

Ser

Tyr

Gln
Asn
Thr
Asn
Ile
Gly
val
Ala
Thr
Phe
val
cys
val

Pro

Ala
40

Gly
55
Ile
70

Ser
85

Leu
100

Thr
115

Phe
130

Ala
145

val
160

Pro
175

val
190

Asn
205

Glu
220

Ala
235

Pro Lys

4
250

Thr Cys

Phe

Lys

val

Lys

y
265

Ash
280

Pro
295

Leu
310

cys
325

Pro Gly Lys Gly Leu
45

Gly

Ser

Leu

Gly

Thr

Pro

Leu

ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys
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ser
Arg
Arg
Ala
val
Leu
Gly
Trp
val
val
Asn
Lys
Glu
Lys
val
Tyr
Glu
val

val

Thr

Asp

Ala

Gly

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

Ser

Gly

Asn

Glu

Arg

val

Pro

Leu

Ser

Gln

Ser

Lys

Cys

Leu

Thr

Asp

Asp

Gln

His

Asn

Tyr
60

Ala
75

ASp
90

Gly
105

ser
120

Ser
135

val
150

Gly
165

ser
180

Ser
195

Pro
210

Asp
225

Gly
240

Leu
255

val
270

Gly
285

Tyr
300

GIn
315

Lys
330

Pro Val

Thr

Lys Ala Asp Tyr Qu Lys His Lys val

Lys



<400> 65 Gu Val Gn Leu val Gu Ser Ay Ay Ay Leu Val Gn Pro Ay 151015
Gy Ser Leu Arg Leu ser Cys Ala Ala Ser Ay Tyr Thr he Thr 202530 Ser Tyr
Asn Met His Trp Val Arg Gn Ala Pro Gy Lys Ay Leu 354045 Au Trp Val Gy
Ala lle Tyr Pro Ay Asn Ay Asp Thr Ser Tyr 505560 Asn G n Lys Phe Lys Gy
Arg Phe Thr Ile Ser Val Asp Ly 6570 Lys Asn Thr Leu Tyr Leu G n net M Ser
Leu Arg Ala A u Asp 808590 Thr Ala Val Tyr Tyr Cy.., Ala Arqg Val val Tyr
Tyr Ser Asn Ser 95100105 Tyr Trp Tyr he Asp val Trp Ay Gn Gy Thr Leu Val

Thr Val A3 Q11%180n18€kroSeTe eh@L?_@rThThﬁeLyei" g/wﬁr eySeiyval Phe Pro Leu Ala
Pro 125130135 Ser Se335Lys Ser Ti m se340d y y Thr Al3@5Ala Leu Gy Cys Leu

155160168 &9 A)xﬁaﬂﬂe*”r%ﬁ In GF o ridburb® YR sqardiells Vel Lew ain

170175180 ser ser Leu Tyr ser Leu Ser Ser val val. Thr Val Pro Ser
185190195 %et TSér'-M§e§gls Y YA Serri-evhgnrToys Hlevewm@vvm Asn Hi s Lys
200205210 Pro Ser Lys Val Asp Lys Lys val Bro ys 5cr Cys
Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn G1y G1n
380 385 390
Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp
395 400 405

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg
410 415 420

Trp GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu Ala

425 430 435
Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
440 445 450
Lys
<210> 54
<211> 213
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized.
<400> 54
ser Glu Leu Thr Gln Asp Pro Ala val Ser val Ala Leu Gly Gln
1 5 10 15
Thr val Arg Tle Thr Cys Gln Gly Asp Ser Leu Arg Ser Tyr Tyr
20 25 30
Ala Ser Trp Tyr GlIn GIn Lys Pro Gly GIn Ala Pro val Leu val
35 40 45
Ile Tyr Gly Lys Ash Asn Arg Pro Ser Gly Ile Pro Asp Arg Phe
50 55 60
ser Gly Ser Ser Ser Gly Ash Thr Ala Ser Leu Thr Ile Thr Gly
65 70 75
Ala GIn Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Ash Ser Arg Asp
80 85 90
Ser Ser Gly Asn His val val phe Gly Gly Gly Thr Lys Leu Thr
95 100 105
val Leu Gly GIn Pro Lys Ala Ala Pro Ser val Thr Leu Phe Pro
110 115 120
Pro Ser Ser Glu Glu Leu Gln Ala Asn Lys Ala Thr Leu val Cys
125 130 135

Leu ITe Ser Asp Phe Tyr Pro Gly Ala val Thr val Ala Trp Lys
140 145 150

Ala Asp Ser Ser Pro val Lys Ala Gly val Glu Thr Thr Thr Pro
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215220225 AS Lys Tiir H's TimCys Pro Pro cys Pro Ala Pro Qu Leu Leu
230235240 Ay Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245250255 Leu Met Ile Ser Arg Itir Pro Qu Val Thr cys val Val Val Asp
260265270 Val Ser His Gu Asp Pro Qu Val Lys Ph e Asn Trp Tyr Val Asp
275280285 Ay Val Qu val H's ASn Ala Lys Thr Lys Pro Arg Gu Gu Gn
290295300 Tyr Mh Ser Tim Tyr Arg Val Val Ser Val Leu Thr Val Leu H's
305310315 G n Asp Trpcdeu Asn Gy Lﬁeog u Tyr Lys Cyfgslys Val Ser Mh
320325330 Page 47 Lys Ala Leu Pro Ala Pro Ile Gu Lys Thr Ile Ser Lys Al a
Lys 335340345 @nys€li astPrAen Ayg TruATRr ol aGser val TYyriefhjerLeu Pro Pro Ser Arg
350355360 G u G u Met’®hr Lys Asn G & Val Ser Leu Th®%ys Leu Val Lys
3653703 1%uGhy #hecily 61Prep 396 Avpuilsl eyshsar b sekwyfrginG u Ser Mh Gy
380385390 G n Pro d #8Asn Asn Tyr Ly80Thr Thr Pro Pr¥5val Leu Asp Ser
3954004 y i eLh, Ty Thi. Val Asp Lys Ser
210410438 ﬁg hﬁ%‘*‘?%&&%’eéﬁ%ﬁ Sy s A §gﬁ&7’? eﬁSVal Met H's Qu

Glu Cys ser

<210> 55

<211> 126

<212> PRT

<213> Artificial sequence

<220> .
<223> sequence is synthesized.

<400> 55
Glu val GIn Leu val GIn Sser Gly Gly Gly val Glu Arg Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp
20 25 30

Asp Tyr Ala Met Trp val Arg GIn Ala Pro Gly Lys Gly Leu Glu
35 40 45

Trp val Ser Gly 118 Asn Trp Gln Gly G}g Ser Thr Gly Tyr Aég
5

Asp Ser val Lys Gly Arg val Thr Ile Ser Arg Asp Asn Ala Lys

65 70 75
Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr
80 85 . 90
Ala val Tyr Tyr Cys Ala Lys Ile Leu Gly Ala Gly Arg Gly Trp
95 100 105
Tyr Phe Asp Tyr Trp Gly Lys Gly Thr Thr val Thr val Ser Ser
110 115 120
Ala Ser Thr Lys Gly Pro
125
<210> 56
<211> 108
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized.
<400> 56

Sei Glu Leu Thr G]E Asp Pro Ala val Sig val Ala Leu Gly Gln
Thr val Arg Ile Thr Cys Ser Gly Asp Ser Leu Arg Ser Tyr Tyr
20 25 30

Ala Ser Trp Tyr GlIn GIn Lys Pro Gly Gln Ala Pro val Leu val
35 40 45
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425430435 Ala Leu Hs Mh Hs Tyr Thr Gn Lys ser Leu Ser Leu Ser Pro
440445450 Ay Lys <210> 66 <211> 452 <212> PRT <213> Artificial sequence
<220> <223> Sequence is synthesized. <400> 66 Au Val Gn Leu veil du ser
Gy Ay Ay Leu Val Gn Pro Gy 151015 Gy Ser Leu Arg Leu ser Cys Ala Ala
Ser Ay Tyr Thr pile Thr 202530 Ser Tyr Mi Met His Trp val Arg Gn Ala Pro
Gy Lys Ay Leu 354045 du Trp Val Gly Ala IIe Tyr Pro dy Mh Ay Ala Thr
Ser Tyr 560 Vh .G Phe L r val Asp Lys Ser
657075 Eg% K55 Xy a g_ﬁ,b 2fiﬂ“[%d’ r Sﬁrnaﬁs' E §\rP§§A| a du Asp 808590
Thr Ala Val Tyr Tyr cys Ala Arg val val Tyr T r ser Tyr Arg 95100105 Tyr
Trp Tyr SEhETASS VI g;pfitx 9S@Tgrc519*segh\=eq_éhw 3 T™RAG1Yal 110115120 Ser Ser
Ala ser Thr Lys Gy o ser val Phe Pro Leu Ala Pro Z 5130135 Ser Ser Lys
ser Thr Ai;aermﬁal@zacﬂ“ﬁmgg%m Ala Alsauryagggcwss Amséﬂ&ld&ggo i ss160165

Ser ser Gly Asn His val val Phe Gly Gly Gly Thr Lys Leu Thr
: 95 10% d 105

val Leu Gly

<210> 57

<211> 10

<212> PRT

<213> Artificial sequence

<220> .
<223> Sequence is synthesized.

<400> 57 )
Arg Ala Ser Ser Seg val Ser Tyr Met H13

<210> 58

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 58
Ala Pro Ser Asn Leg Ala Ser

<210> 59

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 59
GIn GIn Trp Ser Phe Asn Pro Pro Thr
5

<210> 60
<211> 10
<212> PRT
<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 60
Gly Tyr Thyr Phe Thg Ser Tyr Asnh Met H13

<210> 61

<211> 17

<212> PRT

<213> Artificial sequence
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Gy Ala Leu
Sep Ay Lev
Leu Ay Thr
Lys Val Asp
cys Pro Pro
Lev Phe Pro

Thr Cys_\Val
Trp Tyrj%@ s
n

Au Qu
Leu H s4

Thr
Tyr
Gn
Lys
Cys
Pro
Val

338

Ser
Ser
Thr
Lys

Lys
Val

S RSB G RIR g Diren Sk ThE

Gy Val
Leu Ser
Tyr lie Cys M Val

Val

H s Thr
Ser Val

Phe Pro Al a Val
val Thr Val

Pro Ser
ASH Hi s Lys 200205210 Pro Ser WMh Thr

Leu G n 170175180 Ser

185190195' Ser Ser

A u Pro Lys Ser Cys 215220225 Asp Lys Thr His Thr
Pro Ala Pro Qu Leu Leu 230235240 Gy Ay Pro Ser Val Phe

Pro Lys Asp Thr

Asp 260265270 Ser
5 05‘9?)%3%85%

10315
AS?! 320825380 YAIY

245250255 | e Ser Arg Thr Pro du val

335340345 dy Gn Pro Arg Gu Pro Gn val
35035536% Gl G u Met Thr

365370375 Gy Phe Tyr

3803853910> 62
<211> 13

<212>
<213>

<220>

<223>

<400> 62
val val Tyr Tyr Se; Asn Ser Tyr

<210> 63

<211>
<212>
<213>

PRT |
Artificial sequence

213
PRT

Lys Mh @ n val
Pro ser Asp Ile Al a val

Artificial sequence

<220>

<223>

<400> 63
Ile GIn Met Thg

Asp

1
Gly
Tyr
Leu
Phe
ser
ser
Lys
Asp
Asn
Asn
Asp

ser

Asp

Met

Ile

Ser

Leu

Phe

Arg

Glu

Asn

Ala

ser

Lys

Arg

His

Tyr

Gly

Gln

Asn

Thr

Gln

Phe

Leu

Lys

Ala

val

Trp

Ala

ser

Pro

Pro

val

Leu

TYyr

Gln

Asp

Asp

Thr
20

TYyr
35

Pro
50

Gly
65
Glu
80

Pro
95

Ala
110

Lys
125

Pro
140

Ser
155

ser
170

Tyr

Sequence is synthesized.

Sequence 1is synthesized.

Gln Ser Pro

Ile

GIn

Ser

ser

ASpP

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Thr
Gln
Asn
Gly
Phe
Phe
Pro
Gly
Glu
Asn
TYr

Lys

Cys
Lys
Leu
Thr
Ala
Gly
ser
Thr
Ala
ser
ser

His

Trp

Ser

Arg

Pro

Ala

Asp

Thr

Gln

val

Ala

Lys

Gln

Leu

Lys

Tyr Phe
10

Ser Leu
10

Ala Ser
25

Gly Lys
40

ser Gly
55

Phe Thr
70

TYyr TYr
85

Gly Thr
100

Phe Ile
115

ser val
130

val Gln
145

Glu Ser
160

ser Ser
175

val Tyr
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Tyr Thr

Asp

Ser

Ser

Ala

val

Leu

Cys

Lys

Phe

val

Trp

val

Thr

Ala

H's qu Asp Pro Gu Val Lys Phe Asn
sy val Gu Val Hs Mh Ala Lys Thr Lys Pro Arg
O Tyr ASH Ala Thr Tyr Arg Val Val Ser Val Leu Thr Val
ys Cys Lys Val Ser
Ile Ser Lys Ala Lys
Leu Pro Pro ser Arg

Sep Leu Thr Cys Leu Val Lys

GQu Trp Au Ser vh Ay

val

Ala

Ser

Pro

Pro

Thr

Gln

val

Pro

Ccys

Lys

Thr

Leu

Cys

Ser

val

Lys

Ser

Ile

Gln

Glu

Pro

Leu

val

Glu

Thr

Glu

val
15

Ser
30

Pro
45

Arg
60

Ser
75

Trp
90

Ile
105

Ser
120

Leu
135

AsSp
150

Gln
165

Leu
180

val



G@n PrOdu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser 395400405 Asp
Gy Ser Phe Phe Lou Tyr Ser Lys Leu Thr Val Asp Lys Ser 410415420 Arg Trp
Gn Gn Ay Asn val Phe ser cys Ser Val Met Hs G u 425430435 Ala Let! His
ASH H's Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro 440445450 'fly Lys <210> 67
<211> 10 <212> PRT <213> Artificial sequence <220> <223> Sequence is

synt hesi zed. <220> <221> Xaa <222> 9 <223> xaa is Mor L. <400> 67 Arg Al a
Ser ser Ser Val Ser il' r Xaa Hi s 510 10> 68 <211> 9,5212> PRT <213>
Artificial sequence 20> 223> Sequence is synthesized. <220> <221> xaa
<222> 4ThR223% GXaasﬂySlz_g% o¢r Ber Pro val }'gg Lys Ser Phe Asn Arg

210
Gly GTu Cys
<210> 64
<211> 213
<212> PRT
<213> Artificial sequence
<220> _
<223> Sequence 1is synthesized.
<400> 64
Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30
Tyr Leu His Trp Tyr Gln GlIn Lys Pro Gly Lys Ala Pro Lys Pro
35 40 45
Leu ITe Tyr Ala Pro Ser Asn Leu Ala Ser Gly val Pro Ser Arg
50 55 60
Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
65 70 75

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GIn Trp
80 85 90

Ala Phe Asn Pro Pro Thr Phe Gly Gln Gly Thr Lys val Glu Ile

95 100 105
Lys Arg Thr val Ala Ala Pro Ser val Phe Ile Phe Pro Pro Ser
110 115 120
Asp Glu GIn Leu Lys Ser Gly Thr Ala Ser val val Cys Leu Leu
125 130 135
Asn Asn Phe Tyr Pro Arg Glu Ala Lys val Gln Trp Lys val Asp
140 145 150
Asn Ala Leu Gln Ser Gly Asn Ser GIn Glu Ser val Thr Glu Gln
155 160 165
Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu
170 175 180
Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu val
185 190 195
Thr His GIn Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn Arg
200 205 210
Gly Glu Cys
<210> 65
<211> 452
<212> PRT
<213> Artificial sequence
<220>
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<400> 63 G n Gn Trp Xaa Phe Asn Pro Pro Thr 5 <210> 69 <211> 17 <212> PRT
<213> Artificial sequence <220> <223> sequence i s synthesized. <220> <221>
xaa <222> 8 223> Xaa is 0 or A <400> 69 Ala lle lyr Pro Ay M (fly Xaa
Thr Ser Tyr Mh G n Lys Phe 151015 Lys (fly <210> 70 <211> 13 <212> PRT

<213> Artificial sequence <220> <223> Sequence is synthesized. 220> <221>
xaa <222> 6 223> xaa is N, A Y Wor D <220> <221> Xaa <222> 7 <223> Xaa

is S <400> 70, Val l._Tyr T
IPde E&Z%Qfague?ie% 9ynt|\n/§s1ze(¥.r yr Ser Xaa Xaa Tyr Trp Tyr Phe Asp val

<400> 65
Glu val Gln Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gly A18 Ile Tyr Pro Gly Agg Gly Asp Thr Ser T%S
5

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys ser
65 70 75

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 20

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Asn Ser
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120

Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr Ser Gly val His Thr phe Pro Ala val Leu Gln
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

Ser Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn val Ash His Lys

200 205 210
Pro Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

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 Glu Gln
290 295 300

Tyr Asn Ser Thr Arg val val Ser val Leu Thr val Leu His

TYyr
305 310 315

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330
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<211> 451 PRT <213> Artificial sequence <220> <223> Sequence is

synt hesi zed. <400> 71 GQu Val Gn Leu val Gu ser Ay Ay Gy La val Gn
Pro Gy 151015 Gy Ser Leo Arg Leu Ser Cys Ala Ala 5¢cr Gy Tyr Thr Phe Thr
202530 5¢r TyrAsn Met His Trp Val Arg Gn Ala Pro Ay Ly.s Gy Leu 354045
GQu Trp Val dy Alalle Tyr Pro bly Mh Ay Asp Thr Ser Tyr 505560 nn G n
Lys Phe Lys Ay Arg Phe Thr Ile ser Val Asp Lys Ser 657075 Lys Asn Thr Leo
Tyr Leo G n net Asn Ser Leu Arg Ala G u Asp 808590 Thr Ala Vval Tyr Tyr Cys
NaAm I T, I 1 yr Phe Asp Val Trp
Gy L%? A1¥6}'euL%3/1rr \/Ql r IQ/él%ﬁlii' 11%%28%2% -s[ggr' o %%er Thr Lys Ay Pro
Ser vaI he Pro Leu a Pro_ 12513013 S Ser TimSer Ay Ay Thr
Al a Al aSPaSE ey gl iud FA3180 VA ly'se“Agbo TJ? *Bh&iBro G u Pro val = Thr
Val Ser Trp Asn Ser 5160165 Ay Ala Leu TimSer Ay Val H's Thr Phe Pro

Al a Val G[@@T@qutlwlmj_sg\ Gin val ser lg% Thr Cys Leu val I§¥§

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

G1n Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
395 400 405

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser
410 415 420

Arg Trp Gln GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly Lys

<210> 66
<211> 452
<212> PRT
<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<400> 66
Glu val GIn Leu val Glu ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr pPhe Thr
20 25 30

Ser Tyr Asn Met His Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gly Ala Ile Tyr Pro Gly Asn Gly Ala Thr Ser Tyr
50 55 60

Asn Gln Lys Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
85 0

Thr Ala val Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Tyr Arg
95 100 105

Tyr Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val

110 115 120
Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
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Ser Ser Ay La Tyr ser

Ser Leu Ay Thr

TimLys Va

Leo Ser ser Val
A@n Thr Tyr
| Asp Lys Lys Val

Val

Ile Cys M val
G u Pro Lys Ser Cys 215220225 Asp Lys Thr His

Thr Val

Pro

Ser 185190195 Ser
Asn Hi s Lys 200205210 Pro Ser WMnh

TimCys Pro Pro cys Pro Ala Pro G p Leu La 730235240 Ay dy Pro ser val

Phe La Phe Pro Pro Lys Pro Lys Asp Thr 245250255 Leo Met
Asp 260265270 Val

Pro du va

G n Val
val ser
val Gu Trp

| Thr
Val Lys Phe Mh Trp Tyr Val
Thr Lys Pro Arg Gu
Val Leughhniyaleul@y ¢HirscBOSILO3d SrhAsmeGns hysval wedydinlys Cys Lys Val Ser
Mh 320325330 Ala Prola0 e G u Lys Thrl75l e Ser Lys Al d8Pys 335340345 G u Pro
b-Fd.Met Thr Lys Mh G n
e TywsPro Ser Asp Ile Ala

380385390 G n Pro Gu
Tyr Ile Cys Asn val Asn His Lys

Gl

Cys

Val Va

5u G n 290295308°Tyr Mh ser Th

Gln

| val
Asp 27528028.5 dy Val

hr

Pro Ser Asn Thr 5{2 val Asp Lys Lys

Asp
Gly
Leu
val
Gly
Tyr
Gln
Ala
Gly
Glu
Gly
Gln
Asp
Arg
Ala

Gly

Lys

Gly

Met

Ser

val

Asn

Asp

Ala

GIn

Glu

Phe

Pro

Gly

Trp

Leu

Lys

<210> 67

<211>

10

Thr
Pro
Ile
His
Glu
Ala
Trp
Leu
Pro
Met
Tyr
Glu
Ser
Gln

His

<212> PRT
<213> Artificial

<220>

His

Ser

Ser

Glu

val

Thr

teu

Pro

Arg

Thr

Pro

Asn

Phe

GIn

Asn

Thr Cys
230

val phe
245

Arg Thr
260

Asp Pro
275

His Asn
290

TYr Arg
305

Asn Gly
320

Ala Pro
335

Glu Pro
350

Lys Asn
365

Ser Asp
380

Asn Tyr
395

Phe Leu
410

Gly Asn
425

His Tyr
440

sequence

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

val

Thr

Pro

Phe

Glu

val

Lys

val

Glu

Ala

val

val

Ala

Thr

ser

pPhe

GlIn

cys

Pro

val

Lys

Thr

Ser

Tyr

Ala

Tyr

Ser

val

Thr

Lys

Ser

Lys

205

val
220

Pro
235

Pro
250

Thr
265

Phe
280

Lys
295

val
310

Lys
325

Thr
340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Cys
430

ser
445

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu
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Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

cys

Glu

val

val

val

ser

sy e iy it 0§l PePSlr el INIROHH v
Ser Asn. Q3
Pro ProS¢alreldgu &y }3{;

Lys

Glu

Lys

val

Tyr

Glu

val

val

Lys

Pro

Leu

ser

Leu

Asp

Met

Leu

ser

Leu

ASp

val

val

Glu

Leu

Ser

Ala

ser

val

Asn

Asp

Lys

His

ser

Ser

ﬁi 6%/ Val

Vh
210

cys
225

Leu
240

Thr
255
ASp
270
Asp
285
GIn
300
His
315

Asn
330

Lys
345

Arg
360

LyS
375

Gly
390

ser
405

ser
420

Glu
435

Pro
450

Hs G

Ile Ser Arg Thr

u Asp Pro Qu
Hs Mn Ala Lys

r Arg Val Val Ser

M Tyr

Lys Thr Thr



395400405 Asp Gy Ser Phe Phe Leu Tyr ser Lys Leu Thr Val Asp Lys ser
410415420 Arg Trp Gn Gn Ay Asn Val Phe ser Cys ser val Met Hs Qu
425430435 Ala Leu Hdy <210> 72 <211> 451 <212> Pm <213> Art Asa His Tyr
Thr G n Lys ser Leu Ser Leo Ser Pro 440445450 icial sequence <220> <223>
Sequence is synthesized, <400> 72 Qu val Gn Lou val u Ser Ay Ay Gy
Leu val Gn Pro Ay 151015 Ay Ser Leu Arg Leu ser Cys Ala Ala Ser Ay Tyr
Thr Phe Thr 2025 ser Tyr Mh Met G n Trp val Gy Asn G n Lys Phe Lys M Thr
Leu Thr2A¥aSeatengs ds Tpnthesizadsr Phe Trp Val Arg Gn Ala Pro Ay Lys Ay
Leu 4045;,4) e Tyr Pro Ay Mh Gy Ala Thr ser Tyr 5560 Gy Arg Phe Thr Ile
ser val<%§?p>éha/s Ser 7075

< >

<223> Xaa is M or L.

<400> 67 ]
Arg Ala Ser Ser Seg val Ser Tyr Xaa ng

<210> 68

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<220>

<221> Xaa

<222> 4

<223> Xaa is S or A.

<400> 68
GIn GIn Trp Xaa Phe Asn Pro Pro Thr
5

<210> 69

<211> 17

<212> PRT

<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<220>

<221> Xaa

<222> 8

<223> Xaa is D or A.

<400> 69
A1i Ile Tyr Pro Gly Asn Gly Xaa Thr Ser Tyr Asn Gln Lys ng
S 10

Lys Gly

<210> 70

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> Sequence is synthesized.

<220>

<221> Xaa

<222> 6

<223> Xaa is N, A, Y, W or D.

<220>

<221> Xaa

<222> 7

<223> Xaa is S or R.

<400> 70
val val Tyr Tyr Ser Xaa Xaa Tyr Trp Tyr Phe Asp val
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Ser 3cr A a
Ser Lys ser
Asp Tyr Phe

Ser Ay Val

ser Lou Ser
Thr Tyr Ile

Lys Lys Val

cys Pro Ala

Pro Lys«Rpo 7bys
Cys val<2Vat 4Val

Trp TyrsoVel R

Hi s

Ser

Cys

Au

(flu (fra
Leo Hi s<2305310315 G n Asp itp,Leo Mh Ay Lys Gu Tyr Lys Cys Lys Val ser

Asn 3209238336999N5° ASaSYeBePE89Al a Pro Ile Ala Ala Thr Ile ser Lys Ala Lys
33534034%0> 71

Glu
1
Gly
Ser
Glu
Asn
Lys
Thr
Tyr
ser
Ser
val
Gly
Ser
Ser
Pro
Asp
Gly
Leu

val

val

ser

Tyr

Trp

Gln

Asn

Ala

Trp

ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

ser

Pro

Gln
Leu
Asn
val
Lys
Thr
val
Tyr
Ala
Lys
Asp
Leu
Gly
Leu
Asn
Thr
Pro
Ile

His

Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro 125130135 Ser
Thr

Pro

Ser Ay Ay Thr Ala Ala Leo Ay cys Leu 140145150 Vval Lys
GQu Pro Val Thr Val Ser Trp Mh Ser 155MO165 Gy Ala Leu Thr
Thr Phe Pro Ala Val Leo G n 170175180 Ser Ser Gy Leo Tyr
Val val Thr Val Pro Ser 185190195 Ser Ser Leo Ay Thr Gn
WMh val Asn H's Lys 200205210 Pro Ser Asn Thr Lys Val Asp
Pro Lys Ser Cys 215220225 Asp Lys Thr His Thr Cys Pro Pro
G u Lel Leo 230235240y @y Pro Sep Val Phe Leo Phe Pro

Asp Thr 245250255 Leo Met Ile Ser Arg Thr Pro Gu Val Thr
Asp 260265270 Val ser H's Go Asp Pro Gu val Lys Phe Asn

. 2 @y Val Qu Val Hs W Ala Lys Thr Lys Pro Arg
g@é%@Sggﬁﬁ%ﬁ Asn Ala Thr Tyr Arg val Val ser Val Lou Thr Val

Leu val Glu Ser Gly Gly Gly Leu val GIln Pro Gly
5 10 15

Arg Leu Ser cys Ala Ala ser Gly Tyr Thr Phe Thr
20 25 30

Met His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr
50 55 60

Phe Lys Gly Arg Phe Thr Ile Ser val Asp Lys Ser
65 70 75

Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Tyr Tyr Cys Ala Arg val val Tyr Tyr Ser Ash Ser
95 100 105

Phe Asp val Trp Gly GIn Gly Thr Leu val Thr val
110 115 120

Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro
125 130 135

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
140 ' 145 150

Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Thr ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His Lys
200 205 210

Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys
215 220 225

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

ser val pPhe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
275 280 285
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(fly Gn Pro Arg Gu Pro Gn val

do
Ser
Tyr
Tyr
rho
Lys
Arti
Gn
Thr
Gn
Al a
Thr
Gn

Met Th

Asp Ile Ala val

Tyr Thr

r Lys Mh Gn Val Ser LeuCys Leo Val

Gu Trp (flu Ser

ser Leo Ser Lou Ser Pro_440445450

fichh

Vabflened

Met Thr G n Ser Pro Ser Ser
Ti enihnsiOyser Athg PiraaRevaBarl Ser Wil LeBeThr282b36u
384045 Leu Ile
Ser cfd Msb/aerFLreQ AR WY Qy55Q5t56Q/rFﬂ'y@. &ar L yaBeer @sy Ser Ay
Leu Thr |Ile Ser 97075 Ser Leu

G nLJg'RJa Leu Pro Ala Pro Ile Glu Lys Thr

Lys Pro Ay Lys

Gly
Glu
Gly
Gln
Asp
Arg
Ala
Gly

<210>

Ad%a Pro Lys

335

GIn Pro Arg Glu Pro Gln val
350

Glu Met Thr Lys Asn GlIn val
365

Phe Tyr Pro Ser Asp Ile Ala
380

Pro Glu Asn Asn Tyr Lys Thr
395

Gly Ser Phe Phe Leu Tyr Ser
410

Trp GIn Gln Gly Asn val phe
425

Leu His Asn His Tyr Thr GlIn
440

72

<211> 451

<212>
<213>

<220>
<223>

<400>

Glu

1
Gly
ser
Glu
ASn
Lys
Thr

Tyr

PRT |
Artificial sequence

Sequence 1is synthesized.
72
val Gln Leu vag Glu ser Gly
Ser Leu Arg ng ser Cys Ala

Tyr Asn Met H§§ Trp val Arg

Trp val Gly Agg Ile Tyr Pro

GIn Lys Phe L%g Gly Arg Phe

Asn Thr Leu Tyr Leu Glh Met
80

Ala val Tyr Tyr Cys Ala Arg
95

Trp Tyr Phe Asp val Trp Gly
110

oS0 &b 1Y JBE

Leu

Pro

Tyr
Ser
val
Thr
Lys
Ser

Lys

Gly
Ala
GIn
Gly
Thr
Asn
val

Gln

<210> 7
¥ 8% §

Leo Pro Pro Ser Arg 350355360 Gu

Lys 365370375 Ay Phe Tyr Pro

T

er Ala Ser val

G2

340

Thr
355

Leu
370

Glu
385

Pro
400

Leu
415

Cys
430

Ser
445

Gly
10

Ser
25

Ala
40

Asn
55

ITe
70

Ser
85

val
100

Gly
115

16

<400>
1015 dy
Leu H s

P Ala Pro

Pro Gu Asp Bdé Ala Thr
Ile Ser Lys Ala Lys
345

Leu
Thr
Trp
Pro
Thr
Ser

Leu

Leu
Gly
Pro
Gly
Ser
Leu
Tyr

Thr
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Pro

Cys

Glu

val

val

val

Ser

val

Tyr

Gly

Ala

val

Arg

Tyr

L.eu

Pro

Leu

ser

Leu

ASp

Met

Leu

Gln

Thr

Lys

Thr

Asp

Ala

ser

val

Ser
val
Asn
Asp
Lys
His

ser

Pro
Phe
Gly
Ser
Lys
Glu
Tyr

Thr

Arg
360

Lys
375

Gly
390

ser
405

ser
420

Glu
435

Pro
450

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

Arg
105

val
120

Mh Ay 380385390 G n Pro Gu M Asn
Lys Thr Thr Pro Pro Val Leu AS Ser 395400405 Asp dvy Ser
Set' Lys Leo Thr val
SEW Cys Ser Val

Phe the Leo
Asp Lys ser 410415420 Arg Trp Gn Gn @y M val
Met Hs G u 425430435 Ala Leo His Mh H's Tyr Thr Gn
11> 107 <212> PRT <213>

R

73 Asp Ile
Asp Arg Val
Trp Tyr Gn
Ser Asn Leu
Thr Asp Phe

Tyr Tyr Cys



808590 Al a Phe Asn Pro Pro Thr Phe Gy Gn Ay Thr Lys Val Qu Ile 95100105
Lys Arg <210> 74 <211> 122 <212> PRT <213> Artificial sequence <220> <223>
Sequence i s synthesized, <400> 74 Au Val Gn Leu val u ser Ay Ay Gy
Leu Val Gn Pro Ay 1510/5 Ay Ser Leu Arg Leu Ser cys Ala Ala. Ser Gy Tyr
Thr Phe rhr 202530 Ser Tyr Mh Met His Trp val Arg Gn Ala Pro Gy Lys Gy
Leu 354045 Gu Trp Val Ay Alalle Tyr Pro Ay Asn Ay Ala Thr Ser Tyr
505560 Mnh G n Lys Phe Lys Gly Arg phe Thr Ile Ser Val Asp Lys Ser 657075

Lys Asng Th Up A Bo Ay G-yt Asp 808590 Thr Al a
Val Tyr Frc'e ‘i‘l’aBéF ﬁ I'va?| %F 1 g;r e?r% TyurNAAr 2395100105 Tyr Trp Tyr

Phe Asp vaI Trp Ay Gl n Glg Thr Leu val Thr v 110215120
Ser Ser Lys Ser ser Gly Gly Thr Ala Ala Leu Gly Cys Leu

140 145 150

val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser
155 160 165

Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln
170 175 180

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser
185 190 195

ser Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His Lys
200 205 210

Pro Ser Asn Thr Lys val Asp Lys Lys Val Glu Pro Lys Ser Cys
215 220 225

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
230 235 240

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

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 Glu Gln
290 295 300

Tyr Asn Ala Thr Tyr Arg val val ser val Leu Thr val Leu His
305 310 315

Gln Asp Trp Leu Ash Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
320 325 330

Ala Ala Leu Pro Ala Pro Ile Ala Ala Thr Ile Ser Lys Ala Lys
335 340 345

Gly Gln Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro ser Arg
350 355 360

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val LysS
365 370 375

Gly phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
380 385 390

Gln Pro GTu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
395 400 405

Asp Gly Ser Phe phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser
410 415 420

Arg Trp GIn Gln Gly Asn val Phe Ser Cys Ser val Met His Glu
425 430 435

Ala Leu His Ash His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
440 445 450

Gly
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<210> 73

<211> 107
<212> PRT .
<213> Artificial sequence

<220>

<223> Sequence is synthesized.

<400> 73

Asg Ile Gln Met Thg GIn Ser Pro

Gly Asp
Tyr Leu
Leu Ile
Phe Ser
Ser Leu
Ala Phe
Lys Arg

<210> 74

Arg
His
TYr
Gly
Glin

Asn

<211> 122
<212> PRT
<213> Artificial sequence

<220>

val

Trp

Ala

Ser

Pro

Pro

Thr
20

Tyr
35

Pro
50

Gly
65

Glu
80

Pro
95

Ile
Gln
ser
Ser
Asp

Thr

Thr

GlIn

Asn

Gly

Phe

Phe

Cys
Lys
Leu
Thr
Ala

Gly

<223> Sequence is synthesized.

<400> 74

G1g val GIn Leu val Glu Ser Gly
5

Gly ser
ser Tyr
Glu Trp
Asn Gln
Lys Asn
Thr Ala

Tyr Trp

Leu

Asn

val

Lys

Thr

val

Tyr

Arg

Met

Gly

Phe

Leu

Tyr

Phe

Leu
20
His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Ser
Trp
Ile
Gly
Leu
Cys

val

cys

val

Tyr

Arg

Gln

Ala

Trp

A1a
Arg
Pro
Phe
Met
Arg

Gly

Ser
Arg
Pro
Ala
Asp
Thr

Gln

Gly
Ala
Gln
Gly
Thr
Asn
val

G1In

Ser Leu
10

Ala Ser
25

Gly Lys
40

ser Gly
55

Phe Thr
70

Tyr Tyr
85

Gly Thr
100

Gly Leu
10

Ser Gl
25 Y

Ala Pro
40

Asn Gly
55

Ile Ser
70

ser Leu
85

val Tyr
100

Gly Thr
1315
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Ser

Ser

Ala

val

Leu

Cys

Lys

val

Tyr

Gly

Ala

val

Arg

Tyr

Leu

Ala

Ser

Pro

Pro

Thr

Gln

val

GIn

Thr

Lys

Thr

Asp

Ala

Ser

val

Ser

val

Lys

Ser

Ile

Gln

Glu

Pro

Phe

Gly

Ser

Lys

Glu

TYyrr

Thr

val
15

Ser
30

Pro
45

Arg
60

Ser
75

Trp
90

Ile
105

Gly
15

Thr
30

Leu
45

Tyr
60
ser
75

Asp
90

Arg
105

val
120



Ser ser
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