Title: SILENSED ANTI - CD28 ANTI BODI ES AND USE THEREOF Abstract: The present
i nvention provides anti-CD28 antibodi es which are def ecti ved #4nedd0bgeni c
activity (wobzsed anti-CD28 anti bodies), nethods of progocsgr47955
conpositions containing the anti body and nmet hods of i nmunosuppression,

i nducing T-cell tol- erance and treating organ and/or tissue transpl ant
rejections. 9 June 2005 WD 02/47721 PCT/US01/47955 it TITLE OF THE

| NVENTI ON SI LENCED ANTI - CD28 ANTI BODI ES AND USE THEREOF Field of the
Invention 5 This invention relates to anti-CD28 anti bodi es defective of
mtogenic activity and to uses thereof. Background of the Invention | mune
reactions, particularly organ transplant rejections, are chiefly attri buted
to the activation of T- |ynphocJHdCF THENVENAION at i on of T cells is induced

by a signal from antiggps I P ignal 10 fromthe
APC involves a first S%%TQ‘FE%S@W%@@&M%@% ) and a second
signal (costinulatory signal) via costinulatory nolecules. The first signal
is fromthe major histoconpatibility antigen (MHC) conpl ex of peptides
anti gen whieldeofthfmerC | s presents the T-cell antigen through the TCR The
second signal is nediated by several co-stinulatory nol ecules, exanples of

whi ci? i ncl ude B vgafion rglate D28 fytibpdies defpoiysgfmiiosesic activiyndic usgthedefands on
the APC side and CD28, CTLA-4, etc. as receptors on the T-cell side. The
ligand B7 is a 15 glycoprotein belonging to the immnogl obulin super famly
and is ex Gadlofiha den@i@l | S et c. which belong to the antigen-presenting
cell group. Both CD28 and CTLA-4, which recognize B7 as the conmon |igand,
are transnmenbires gyFtipasopsrtiotlaly prganlvaispimepieiagions Grotchistlyiafwitutadig ke Ixtivation o Trper

fam ly. Thus, the_ activation of T cells is regulated by the concurrent

t ransduct g@%‘“@%‘es't et °fg‘i°aﬁﬁlm-g\‘f’i“§by?€ﬁ“’afﬁﬁ‘ai‘%@'@"é@&’?ﬁdelgi(‘ﬁ)ﬁél“‘F?l%‘f‘h e.g.,
the 7 angom GORR fehies AR vE b0k LLANIRE) e STRE gt e
wher eas themsi gnal frgm Bs to CTLA-4 20 tn ?%I t's tﬁ%@é%ﬁ%%%%g%pwﬁ' cells
[ Wat er houstinetatog molecufss.i Bha 6l sighal 3 76k the Bi}é hdADmYibility HEEQAAO BmpidkeF t he

purpose of inducing immunosuppression or tolerance, attenpts have been nade
to bl ockpeptfes BiEeryrs theirGh diprcpsys Belfrelieafigaydicpgh ©TTOR. Thepecondsignal Bhediated

ti body/anti-B7-2 ti bod t]- . ti.bod the like. F | e,
CTi i a1y B herp Bl Fivls ¥ ot vHEE Hhoamtva Bie ey ang
CD28 and, asBgands of B9 ABCHRRELDD ALK 4 1eRCs SRR bn & POUGR2 &l Rrafly 3 t

I nmunosuppressi ve activity. However, 25 since the reaction between B7 and
CTLASA i sglbmaein pelvbdinettetbl istumokibtmlreonss fayily abdieexpiegstial B s & ifichdelagd thg
negatively on the activation of T cells is also suppressed so that the
dosi red tIREPEAEE €1 HOW- PAHGERC Rt Biichayeomize B7 o the common igaod, ae

transmembrane glycoproteins belonging to the inmmmnoglobulin super family. Thus, the activation of T cells is

regulated by the concurrent transduction of the first signal via TCR and the second signal from, e.g., the B7 and
CD28/CTLA-4. The signal from B7—t‘o CD28 is known to promote whereas the signal from B7 to CTLA-4
20 inhibits the activation of T cells [Waterhouse et al., Science, 270:985-988 (1995)].

Heretofore, for the putpose of inducing immunosuppression or tolerance, attempts have been made to
block the B7-CD28 signal by administering CTLA-41g, anti-B7-1 antibody/anti-B7-2 antibody, anti-CD28
antibody or the like, For example, CTIA-41g binds to B7 thereby interfering with the reaction between B7 and
CD28 and, as a consequence, block the signal from CD28 to exhibit immunosuppressive activity. However,

25 since the reaction between B7 and CTLA-4 is also inhibited sinmltaneously, the signal of CTLA-4 acting
negatively on the activation of T cells is also suppressed so that the desired tolerance is not induced (Kirk et 2.,
Proc. Natl. Acad. Sci. USA, 94:8789-8794 (1997). An anti-B7 antibody was also prepared and reported to have

suppressed activation of T cells but just as in the case of CTLA-4lg, it suppressed the CTLA-4 signal as well.



Proc. Natl. Acad. Sci. USA, 94:8789-8794 (1997). An anti-B7 anti body was
al so prepared and reported to have suppressed activation dfJuned®0bs but
just as in tweorésel of CTLA-4lg, it suppressed the CTLA-4 si braRsyel . 1
9 June 2005 WD 02/47721 PCTIUSO01/ 47955 An anti-CD28 antibody, 1n an in
intro experinent, was found to produce a mtogenic effect on T cells, and
the conbination of the stimulation with this antibody and an anti-CD3
ant i body pr appiieshé Hend 1 ' ' of T cells and enhanced the
production of cytoki nesf’[gl%%’%?%%%%# Lf&ru?ﬂﬁ?mqucrﬁ*’riur?llté’?%‘&?/ﬁ,%“f%l,e‘f @‘-ﬁ_ﬂfﬁ%
(1986), et conbinatiowotiivetimibntion witrihs @@RIG) id Hbbt0aH3akIL pRfnobd s 8 LREREOr Of
the T cell by an anti-CD28 anti body has been 5 stinulated 1n vivo resulted
in the geneP@tFAndsrhancedtheppiuctionaf pxfolings BYD 9705744/ Eus . Atuinaslogly.L611789-1356C 9B,

signal fro i %8 [yin. et . al | mmunol ogy, 163:4328-4334 (1999)].
These T- cem“%a@%f?%’?t i ’ngm%ﬁ1 Aot OIve °féﬁﬁ(§é@§?°@é?r ?fﬂﬁti%ﬂﬂ’ya%ﬂf‘i@@ﬂ@%(ﬁﬁ%y

m ght e useshuaed v resak SRREERG AR ' har cancer . and, Al DS (WO
90/ 05541). SUMMARY OF THE | NVENTI R eg’égr‘]%% sl aeﬁ??‘bé‘%ﬂ“‘e%’m%@%ar ed
by convent i 6R#IYie gehddinpgiobsy, BR:6328-4334 (1H9D)) ORuOH: DAL de@ikin® Frnchiofs QlebeSied thallat hOUgh
t he reasons f‘%ﬁ aﬁf?i,bs m t o%grs\i c activity is not fully understood, the

bi ndi ng of PHEPHTOBIHE Prdsqdatin Srmunopeintisnginphe thempyaftaner apd AIDEEVO 90/05541),
antigen-presenting cell is believed to be the probable reason (Cole et al.,
J. I munol ogy, 36:159 (1997). Therefore, by utilizing genetic engineering
technol ogy, we introduced nut atdgidasaryighiras 8o €cept or binding site of
the anti-CD28 antibody to nodify the antibody so that it would no |onger

15 haV@ ni t ogenilee LD anfbodi@papesd bivoanatisnbiadyholokies cRiQ S@bHenik 2R 0L Péclis, NAVE
gener at ed, IA‘IF}Q 8, | GZI\/P, in which |g&M has two amno acid substitution in
| gG gene. FUPTRSPHEFRS Ol milopsrresintivng: filly audenthed, thelining by aa- (TR Eerekzion
anti - CD28 ahdfed ) i G.activi which is very useful for
inducing T celffQ tégltogfﬁkﬁggl.gmﬁggg%geﬁle}f %‘feﬁ}e{m:)%g‘ggrﬁ?amfﬁ?&?ﬂ%ﬁ“‘p?-ovi des
anti - CD28 dmiuinbiogyi 39 5$@957)) Thédoré] bf RGRD b VIR ipafter referred to
as silenced anti-CD28 anti bodi es)% andkuggs o%g%%cﬁﬁogﬁ’%%g?d%%?ugﬁoﬁshe 20
manuf act ur &gk FrEerptonbiedingsitefobihs i OP2Beaibidn & notiRIREniO G RSP lidks ul ar |y
trans[_y ant .rej ect L on fatgld i nduci ng i munot ol erance by using said

S,
ant i bodi es RREEHERYvitOnf fh g3ithodythrbrepepfiueptoraveissnomtod TN2RE desM3 it whicED2 8

anti body, wWeelrehd Ae AR LaddieRuofRtidedy, ey be a chimeric anti body and or a
humani zed anti body. The vari g%tfogmtfl%'b ng'n%“m ¥, Be dpppsirated ntihesonlting slpcsd nay

i ncl ude thaﬁmmmymﬁmweﬁﬁ@mM}éﬁﬁ&@d‘;&g&ﬁffeﬁmhﬁhg and 9 and 25
pol ynucl eoti-deghe codi ng such am no aci d sequences.” For exanple, such

pol ynucl eot i des "THEP-(eTeEBEIvontynroRides pnti-GD28@ntikedigs Bvindmotikemicabjvagt of t he

resent i i i ect.ors, an el |l. hosts conprising the ol ynucl eot i des
\F/)Vhi ch enc g‘lglg{ﬂ%%gl%geh dlt¥ ﬁﬁﬂ@cﬁiﬂﬁ'”g8 aggb_odles), and usesrT;)}:i)’ such antilg)odies for thg Y

20 manufacture of medicaments for suppressing immune reactions, particularly transplant rejections, and

inducing immunotolerance by using said antibodies.

An object of the present invention is a silenced anti-CD28 antibody, where the anti-CD28
antibody may be a chimeric antibody and or a humanized antibody. The variable regions of the anti-
CD28 antibodies may include the amino acid sequences shown in SEQ ID NOS: 2, 4, 7 and 9 and

25 . . . .
polynucleotides encoding such amino acid sequences. For example, such polynucleotides include SEQ

IDNOS: 1,3, 6, and 8.

Another object of the present invention is vectors and cell hosts comprising the
polynucleotides which encode the anti-CD28 antibodies.
Another object of the present invention is methods for producing the silenced anti-CD28
: antibody by culturing a cell host comprising the polynucleotides which encode the anti-CD28

antibodies under conditions which allow expression of the polynucleotide and collecting the gene

- products produced.




Anot her object of the present invention is nethods for producing the
silenced anti-CD28 antibody by culturing a cell host conprdum230%e
pol ynucl eoti des whi ch encode the anti-CD28 anti bodi es under conditions
whi ch al | ow expression of the polynucl eotide and collecting the gene

products producedanghedobiddPin . Anot her object of the present invention
is a pharnmaceuti cal c?o?%})osi tig%%g(t:%%ﬁtﬁnésla GABHENSH CPRpPIIop FOmPREnEnt einc ed

ant i - CD28 aninbrs oftheslenciaed-enRRM¥oBE 7 fichi r_nore pharmaceutically
acceptabl e ingredi ents. The sil ence egeﬁ#ily\-%c%gegq‘gﬁﬁ%ﬁ{) ?WéEi1 V& sef ul for
i nduci ng T- c¥kdptablpingmedientsse, i nmunosuppression and as a

prophyl actic/therapeutic drug for organ or tissue transplant rejection.
Accordingly, net hBEslengsd aqtifdiginepdits mayibe usefol foriaducieg T-tammlR@SLIPPT €SSi on, and
providing a prophyl axis or treatnent ther ap¥ during an organ or tissue
transpl ant réj ect o B9 8 dh Horbylashy/ dhgrreis dye fopesean opfssue rensplasi feiectived

anti - CD28 an&&@gﬁ%g&eﬁ]gdsg%wh&r&e alcsio rovided. Preferably, such

silenced anti-CD28 antl es-are adm WPHEPTIsTionand proyiing apserbyintic al
coNposi ti on caeatl@SOhd A dur ek Wl di.t i onal
dr ug/ phar maceut i cal s rA\%ﬁer egaltlpﬁg?n o(g? gléetr%?ﬁpl?ﬁgé’%ﬁ%sbg% TR BT SHMYF efshenr ovi des

use of the silinexdeetHCR2HaNEHEDR % AninB0EY BS ploGied! Meral R AL SGIM S 2508

medi cament for inducing T-cell tolerance, providing i munosuppression and
treating ortfRAdigrepiniaiered in aragiimaaveutica papbiitnn as BRHEE MAESGRIE IniOF
DRAW NGS Fi Quke J[ Pl asm d constructs for ChTN228 anti body expression. VL
and VH of niaieadl depgiphsmnageuticals whsreapprorsieid as ni ni - exons fl anked by Xbal

sites. The VL seg ‘%&t%@eﬁﬁgnn oré)o{{qat ed into the expression vector pVk and
the VH sequence was I NCOr Porarad 14t Be piile suepprdaut T ayibediesfor g 2VB.  Fi gur e
2. Nucl eot | ggnfeRMRPLESI ggg@ L. ho_acid.sequences of the |light chain
of ChTN228 in the m n?ifcgﬁ%hs. s"l'% glrt]oé‘%anﬁeéﬁrf) Yl%@q?QWéwgéﬁlo%M UeHibg t al i cs.
The CDRs ar ezudesibe tasglant Ipetionmat ure i ght chain begins with an aspartic
acid residue (bold letter). Untranslated and intron sequences are in |ower
case. (SEQID NOCS: 1 and 2). Figure 3. Nucl eotide sequences and deduced

am no aci d sequences of the heavy chain variable regions of ChTN228 in the
m ni - exons. The signal pept i BHEEBERERIPHONAFORAWINGS| i cs. The CDRs are
underlined. The r tu(;jeP headvg chain begins with a glutam ne residue (bold
letter). Untransiared AHedoPusiyet fr SERVARS ansibody peprdssion) e Véiag anrifeSEQ | D NOS:
\:;"Vi ?Rdzg) -ng T 5§ Geré conSdABREL ot Qlons ALE Lyn%)r;l} éitesl.:)'ls"h]éS\%LCsEz[%esnce gglhlcgrpg\rgtgd? intlnnCUbat ed

the expression vector pVk and the VH sequence was incorporated into the expression vector pVg2ZM3,

Figure 2. Nucleotide sequences and deduced amino acid sequences of the light chain of
ChTN228 in the mini-exons. The signal peptide sequences are in italics. The CDRs are undertined. The
mature light chain begins with an aspartic acid residue (bold letter). Untransiated and intron sequences

are in lower case. (SEQ ID NOS: 1 and 2).

Figure 3. Nucleotide sequences and deduced amino acid sequences of the heavy chain
variable regions of ChTN228 in the mini-exons. The signal peptide sequences are in italics. The CDRs
are underlined. The mature heavy chain begins with a glutamine residue (bold letter). Untranslated and
intron sequences are in lower case. (SEQ ID NOS: 3 and 4).

Figure 4. Competition experiment. P§15/CD28" cells were incubated with 25 ng of
MuTNZ228-FITC and two-fold serial dilutions of either ChTN228 or MUTN228 as described.

P815/CD28" cells were also incubated with MuTN228-FITC alone, without any competitor. The mean

channel fluorescence for each sample was plotted against the concentration of competitor.



MuTN228-FI TC and two-fold serial dilutions of either ChTN228 or MJTN228 as

described. P815/CD28' cells were also incubated wth MiTN228urE 2005al one,
wi t hout any conpetitor. The nean channel fluorescence for each sanple was
pl otted agai nst the concentration of conpetitor. 3 9 June 2005 Figure 5.
I nhibition effect of TN228-1g&nB8 on human primary M.R(1). Percentage
inhibition of primary MR from four individuals were shown separately.
Figure 6. |nhi bit Fignre&fifigtion erfect tNRR D I GSAH (2).
Percentage inhibition of primary MR fron1#gﬁr |nd|V|(§(‘l(1 §%ﬁgie shown
separately. BabgonfpEmpPOYER fonCod MddTRAdwdRGRbwISehAdig955 Figure 7. The
effect of TN228- Ig nﬁ on secondag& M_LR. The data fromtwo vol unteers were
shown separately. RFE ylﬁl?‘@‘?"t‘iéﬁeﬁﬁtf 28115323 @n WoRn przrey NITRRQE Réretltags

per cent age o; | at.ion alone in |IstMRas 100.

TN228- | gezne&lf)&%ﬁ] ? Et"ﬁgl “iELRS u"r“‘gEu Indpyfdalsater SEyStRREEYs for HUTN228 anti body
expression. VL and VII of hunanlzed TN228 were constructed as m ni - exons
fl anked by Xbal sites. The VL sequence was incorporated into the expression
vector pVk and the VH sequence was incorporated into the expression vector
pVvg2MB Figure 9. Nucl eoti de sequences and deduced am no acid sequences of
the heavy chain variable regions of HuTN228 in the mni exons. The signal
pepti de sequences are in italics. The CDRs are underlined. The 10 nature
heavy chain begins with a glutam ne residue (bold letter). (SEQ ID NCS: 6
and 7) Figure 10. Nucl eotide sequences and deduced am no acid sequences of
the light chain variable regions of HUTN228 in the mni exons. The signal
pepti de sequences are in italics. The CDRs are underlined. The nature
light chain begins with an aspartic acid residue (bold letter). (SEQID
NOS: 8 and 9) Figure 11. FACS conpetition assay. The bindi ng of

FI TC- | abel ed MuTN228 to P815/CD28' cells in 15 the presence of various
anounts of conpetitor MUTN228 or HUTN228 anti body was anal yzed in a fl ow

" cytonmetry conpetition experinment as described in the exanples. Figure 12.
ELI SA conpetition assay. The binding of biotinylated MuTN228 to sCD28-Fc in
the presence of various anounts of conpetitor MuTN228 or HuTN228 anti body
was anal yzed in an ELI SA conpetition experinent as described in the
exanples. 20 Figure 13. 1-125 conpetition assay. The binding of 1211

| abel ed MUTN228 to P815/CD28' cells in the

3a



presence of various anmounts of conpetitor MuTN228 or HuTN228 anti body was
anal yzed in an 1251 | abeled antibody conpetition experi men® JHee ¥&Scri bed
in the exanyDag/47Blgure 14. Plasm d constructs for. PV 1-1 géSrresiijspasy
expression. VL and Vg of PV | were 25 constructed as m ni-exons flanked by
Xbal sites. The VL sequence was incorporated into the expression vector
pMk. rg. dE, and the V1 sequence into the expression vector pM/g3.D. Tt. The
two plasm ds we u,teh,qmeeﬁeagmgﬂggz_ a single plasmd

CO- expressi ng tﬁg heavy and |i gh ﬁg::%&g&%?ﬁ%@ 1-1g&3. Figure 15A
Sequences of ¢ DNk daimforgled udetterawdasbova sdpthatdiequences of the |ight chain and
heavy chain in,h{] nni -exons. The CDRs are underlined. The mature |ight
chai n begi ns wi § FHrEPdRe e is2odMl Rveenasseriobss paouigeel ofdorh of Raih diamhiion alohp inat

POSi ti on 2Qy viSEQed. BrdES; ZL%_D 11). 4 9 June 2005 WD 02/47721
PCT/ US01/ 47955 Fi gure 15%‘? equences of cDNA and deduced anmino acid

sequentes of varigabb.erlistigicoiifuctOfor HOYNI8 BntibdaPexprikibt. VEX N of LREnSIITRIAT ©
underlined. The nmature heavy chain with glutam ne (doubl e underlined) at

position e cquebmelydapminRons figked hyXuhBics. Fhe YT sequeild wasiivadpyratbdintothe &Mestiod gG3 by
si ze excl usi n‘&hr raoh% using IIPLC as described in 5 Methods. The
protein vvas‘fecﬁ)%l ta%cﬁg’?}g ‘F’{L"g % PEWROBeH ife the expogsion YeRPr YR e 17. SDS- PAGE
anal ysi s of NDUBigurk 8l kel ¥ t . Pl | ane. 2) . and PV
| -1 gG;S (1 afne 3%§;Pr ot gLnE i%%%ggldgﬁjze%q&%%auﬁ% eo% t]“ﬁ?l%eﬁ‘iyé'ﬂfgg’%% Bleglonsl
condi t i ons pf BuM228 in diéauite lexols. IMBCHAGAI FiPtids Rphckd aRASitalidYMhe CORE £S5 B MG TR ECUl ar
wei ght mar Ig,%g@ehe;?g agltbgggrsnhar . Ws%@]d(grkgs in KD. Fi qure 18. EL4 cells
stainfd with PV 1(A), 37.5 (aéf,am&}’r“ Oy EFQ IBNGS iz ed by flow
cytonetry. 10 Secondary anti bodi e sed were: FITC conjugated donkey
anti - Arneni an hﬁ%&g‘r ﬁ‘:égfean CERLT} B deE’WW?W@%PU%‘@G“&GﬁKEWE@M
kappa for v T g mep Rt T g pep P ol e SAOR ER o Tea wi ¢
secondary &AMIeHgHchain begihsywith Tinepdotcakia resitiee e GRS I 0ps: 838N  cel | s
stained with both primary and secondary antibodies as described in Methods
Mouse | gG3 i JoR%Afd: cPigpetitipn ghsay nBite bigding ofFTE-Hbelnd MuBNZ28 atPa1 VI8 sdiomn) . 15

Fi gur.g 19. ss . PVl r PV - | onpetes with R-PE-conjugated PV |
for bendi nﬁéé"t%%"“%%%é“éf“i“%“f‘fs ‘i’ﬁ"f’f??"é‘%‘l"ﬁ*ﬁ?%%ﬁ uT¥128 pispody Fasapaligeddn @9wet ry

hi st ogr am Jﬁﬁé@&@@%ﬁo@&égé&eﬂa&d&&ﬁﬁedﬁ%eﬁ&ﬁé&ni ng, thick solid line (dark
blue) cells stained with R-PE-PV 1 alone, thin broken line (magenta) cells

stai ned with RF¥REreP¥| ElFfvdcompotiessay Thakjdidgd bioghylayd MuTrantke LB rdqub! € br oken
line (light blue) cells stained with R-PE-PV1l and excess unconjugated PV

1- 1 gG3. BFEEEY hEHYE *ryesofcaBelis STy s et iuTNZg antibodg fsaedlyzetin REREAPV | ' s

bi ndi ng t Q,kléiof .not shown). (B). Excess 145.2Cl11, or 145.2C
1-1gG3 con%%t]ee Dvm%rﬁﬂigt- @%‘%ﬁ“ﬁ%& 75 2C11 for

20 Figure 13. I-125 competition assay. The binding of "I labeled MuTN228 to P815/CD28" cells in the

presence of various amounts of competitor MuTN228 or HuTN228 antibody was analyzed in an I labeled

antibody competition experiment as described in the examples.

Figure 14. Plasmid constructs for PV1-IgG3 antibody expression. Vi and Viy of PV1 were
25 constructed as mini-exons flanked by Xbal sites. The V. sequence was incorporated into the expression vecior
pMVk.g.dE, and the Vi sequence into the expression vector PMVg3.D.Tt. The two plasmids were then
recombined to generate a single plasmid co-expressing the heavy and light chains of PV1-IgG3.
Figure 15A , Sequences of cDNA and deduced amino acid sequences of the light chain and heavy

chain in the mini-exons. The CDRs are underlined, The mature light chain begins with an aspartic acid residue

30 | (double underlined) at position 20. (SEQ ID NOS: 10 and 11),



binding to EL4. Thin solid line (black) represents cells w thout any _
staining, thick solid line (dark blue) cells stained with RJme2005 2C11
al one, thi nwbreak4Z1l i ne (magenta) cells stained with R PE-pdbudfshdosand
excess unconjugated 145.2Cl11, and thin double broken line (Iight blue)
cells stained with R-PE-145.2Cl1 and excess unconjugated 145.2C11-19gG3.
(O . Excess PV1 conpetes with PV1-1gG3 for binding to EIA cells. EIA cells

25 were stained pdubdIsE bedneded GRDWA bl ahced Yl QS < e%?var'?a\detelgigng l"tlcf?r%\ll’(\‘iyee

washed and stained with nouse 1gG3- specific, FI TG conjuga

ant i - mouse thigi@sqap+ihy CORshienmdsibdd O infie Hebly aifais Witk @SS @ddbit w@liha) Shakaed with
secondary ant I anly, thick solid line (dark blue) cells stained with
PV I -1 g@'%q'és}ggﬂ%ﬁﬁ%[r@a‘éﬂﬂ bodi es, and thin broken line (nagenta) cells
stained with PVylsl.363.a cess:PY 1. .and secondary antibodies. Figure
20. Muse spl eniF?:g“ceeI I's %tggfﬁrﬁgﬁg%bgﬁmﬁvhi’?ﬁc&fﬁ&%&% IDET ¥ deseedia yer e
st ai ned Wi tiferAadU S proddh Wagiachitbreddh ¥aSo G R Bb @A) OF PVi-19G3 (B),
counter-stained with R PE-conjugated goat anti-nouse 1gG and 5 9 June 2005
WO 02/ 47721 PCTFigmG17-FPSBAEGE amplysh oftoT€Iztd hntypg enea (14ué F), PG kue 2pad ranaLyzed by
t wo- col or fllgg torretPréX s described in Materials and Methods . Only
cells in th e&%‘ﬁ%’éﬁ’t eb%f“?%?”@&ﬁ’ﬁ?“ﬁ%éﬁ@%:@m@@%ﬁgcwﬁmlMW are in
Lhe upPer  GUANEAREuARLRRORL BIKE SASh Sarlh i, L E 11 ONC Si de

guadrants. The nunber in each quadrant represents percentage of the cells

in that parti cuFiguretfi a4 @MstafedREd PSR ESHRE B 'ﬁlgﬁh,gggl}{!}?%ﬁ,l Lo the
s §n8 anti bo y"c%

context of this invention, the term"silenced anti- Eans any
anti - &2g Srrerdpdnfbodise psetrersy BTG foningatedipaliey mtigharenian Hayhster Mg (H+ peev T F1val |y, it

is an anti bod ich binds specijfically to.the antigen CD28 receptor on the
surface of “fnhué’éaﬁa%ﬂg?yl “%%E“oha’g%ef 85 pr bt TG praiugpted eqetpubmovcieiny Bt FGHe@E. T

cell's by comibiagite prokfiks foblediibat &:201 Win fohic niibody. A& silenced
anti-CD28 anti bodyprcarslgege const ruct eégglﬁﬂjf%gbogﬁsm & g*"ﬁ’%“%ﬁ"%%“%ti body
or an anti eslGBEEd wifitbolh pdhyerpnoOBesiay Guibiaks isdapmed MERIRL MAGe 3&3{}9&0;{40!;& an
agoni stic anti-CD28 anti body by a genetic engineering technique or by
cheni cal BT 4l ffata FeiRlion- t he use of genetic engineering technol ogy as
an exanple, t i di ng af £ini of the anti-CD28 antibody for the Fe
receptors can ll}gg'?ée uced (‘g‘r "éf’ﬁswln?i gﬁg%mﬁt?ﬂﬁ%%ﬁlpﬁ@%%/WQ@WOi nt o
the am no Bicelis SEEHSRCIR. Black RASlov g]ggqistg of i hody. For ex l.e, a
silenced anti-CD28 anti gjo&l?/ cgn%ltaoe obt a%neﬁﬁr%%%l“'gﬁu%ays%%ﬁigﬁﬁd .

hybr i dorma lise{dprs bloQ pell kteined fwitipR-BEIPAII albge, @il bdkduiline (k) Wﬁﬁﬂe@ﬂi@&ﬁ@ﬁt&%{jy and
i ntroduci ?F%ﬁa nutation(s) into the region of the sequence corresponding to
the Fc ddf&rHRsRArLEdBY agnd tiogbipbesken dpet(lishtiiue) dells stainel stk RPERY1 indedchie FC

oot ot ed oRRBRERrRls. RaSRickec ot b e el B iy o i Al el
~Thus 200 n t(ine: n6t3E@MP {(B)AExcess 145.2C11, or 145.2C1 1-IgG3 compete with R-PE-conjugated 145.2C11 for
binding to EI4. Thin solid line (black) represents cells without any staining, thick solid line (dark blue) cells
stained with R-PE-145.2C11 alone, thin broken line {magenta) cells stained with R-PE-145.2C11 and excess
unconjugated 145.2C11, and thin double broken line (light blue) cells stained with R-PE-145.2C11 and excess
- unconjugated 145.2C11-IgG3. (C). Excess PV1 competes with PV1-IgG3 for binding to BL4 cells, EL4 cells
25 were stained with PV1-IgG3 with or without excess PV1. Cells were washed and stained with mouse IgG3-
specific, FITC-conjugated donkey ant-i-mousc IgG (IH+L). Thin solid line (black) represents cells stained with
secondary antibodies only, thick solid Jine (dark blue) cells stained with PV1-IgG3 and secondary antibodies,
and thin broken line (magenta) colls stained with PV1-1gG3 and excess PV1, and secondary antibodies.
Figure 20. Mouse splenic cells stained with PV1-IgG3 and 1452C11. Cells were stained with mouse

30 IgG3 isotype control (A) or PV1-IgG3 (B), counter-stained with R-PE-conjugated goat anti-mouse IgG3 and



20 G ass 1gG anti body, for instance, the H-chain amno acid residues 234,
235, 236, 237, 318, 320 and 322 are preferred and a sil enc@dure2d05CD28
anti body wavamgrmaonstructed by replacing at | east one of pdwesiamsso aci ds
with a different am no acid. The source of such a silenced anti-CD28

anti body can be judiciously selected according to the target animal in
whi ch the antibody is used. For exanple, nonhuman nonocl onal anti bodies
contain amﬂ{ﬁr@&hjgga%«?lté%ﬂ%gﬁﬁyz%ﬂ}%dlﬁlo%wc?x&ﬁls‘tr%stdéfscdbgh IMEBRR HYer a
fairly broad range. Many studies have shown that the I nmune response of a
patient tMetkodf O agits i lydebyte fabdl et \abalygedi P et @it Eellf iein &ntiphoahdraits
remarkably intense and the very administration of the antibody may bring
t he pati efif CPPrpesitiy cpllemieindhedisht sifediradionth e noprbys i) opck avepant gaeseHoRisreriee dthe

t herapeutjc ut.ility. refore, it is recommendable to replace the Fc

regi on so&%?H%%Mﬁg%%cﬂ%ad%ﬁ i body relatively nore honologous to the
therapeutic target animal, replace the framework potions of the variable
regions, or use 30 the antibody obtained froma transgenic aninal into

whi ch the anti body gene of PATLEYY DRSCRIPRIONOR EINVENTION 6 9 June 2005 WO
02/ 47721 PCTI USQO1/ 47955 . i ntroduced,  For exa

I i ) | e, when the antibody is to
be admi ni st er €8¢ g A{ fiaiavention. & fep sflquced pti GhgR gptitofso ansastysm guti-CLIS qupibedy o oy

repl acemepk..qf FE i A0k st ATBAL 256 %ﬁﬁm;e ' fapIEWOr K
portion replaced %"’EP?)23340%?-”%34“@1%2%@%}%; urrans%’ﬁg‘ﬁ%g’%"’(a@%mn, VO
97/ 0767 1) Coitrezipioe 6h the sfBedof the T O GRITo& n& PlofiBek the dréviOor Whliv4Ebh drirec1bsymmpiRat | body
gene has been introduced. By introducing nutations in these antibodies by 5
genelli ¢ evighipfee rithg aaticdintiiedys such as t hose descri bed above or by cheni cal
nodi fication, the mto ic. activity of the antibodies can be reduced or
oyt nared. adk SFeREESH i b v ot gt B ool s o8 S OB SO H A

sil enced E®ghLRBbEDBrodlcRE hyBrikAN: BB hoand ListQ Mldork Sudba) d QU5

descri bed herei ndg?gtoer ?nﬁ??e atr?p%gs sectlatr)lﬂéa%t (gl o) iﬁlﬁe %r&%&lg I es

synt het i cafihegringprlefas @ty thahitamddifieation Makignlie ueagi-fiic GeRerifecinbBgtnar apeut i c
target animal and the variable region pol ynucl eotides 10 based on the am no

aci d sequstesthefindipg affinityofthe i RA3sntprdy i e Feo rs@etets @n hyaedpeed prglineted bpr  SEQ | D

NO 7,.and NO.9. EX | es of suc ol ynucl eot i des..ar EQ 1 D -1, 3, 6, and
8. Nbre s%%gg?cfn (%mgtf'( é’?rpmfoetﬁs% ot ?ct&is‘gs)qu?nnevog%% 1:%0 %%W’ég °éﬁﬂ‘¥%ﬁﬁﬁ?2§l and Fab
f r agment syt bBsRafivodyche obikin bHMRAL BNR 6H 8@ Lidora AR dayelile biEudISl £8f and
etc.. As appreciated by thoese skilled in tgﬁe man?t, Siécause _lcljc]lédgt hird base
degener aciD?2s alemplgttal Aiieryandinicgdacing ¢ imdatiod(s) igaihe degonrobipe eqenaé @eespyndingis et han one
triplet codon in a coding nucleotide sequence. Further, mnor base pair

changes nRgyOParsTicf plays agimperiant rals in th binding o faetFo treeploy (Y 53107890 Abe sitepE mpationni no

aci d seq D SR deg T i.al alter th

bi ol ogi cal acti vi Qy o?t t hg ge%éhgggﬁgtﬁ}g@e?%%??&gﬁ%ﬁ%’%héb?%i ﬁ%?sdngl‘ae‘ﬁaﬁeé’n%i ng
encadi Ng Gass PG @RI, finsR@P) e R hdfertlioS6l RSQE 2BLBS| 36, 20818020 MRGIS ke d
"slightly in sequence (e.g., substitution of a nucleotide in

preferred and a silenced anti-CD28 antibody can be constructed by replacing at least one of these amino acids

3

with a different amino acid.
The source of such a silencec'l anti-CD28 antibody can be judiciously selected according to the target

animal in which the antibody is used. For example, nonbuman monaclonal antibodies contain amine acid

25 sequences showing antigenicity in lurmans over a fairly broad range. Many studies have shown that the immume
response of a patient fo a foreign antibody following injection of the antibody is remarkably intense and the very
administration of the antibody may bn:ng the patient into a perilous condition or deprive the antibody of the
therapeutic utility. Therefore, it is recommendable to replace the Fc region 5o as to make the antibody relatively
more homologous to the therapeutic target animal, replace the framework potions of the variable regions, or use

30 the antibody obtained from a transgenic animal into which the antibody gene of the target animal has been



a triplet codon), and yet still encode its respective gene gr oduct of the
same amino acid sequence. 20 The term "expression vector" reféns2Q0§8 an

pol ynucl eotWa&24fi2th encodes t he peptide of the invention pandsqressdes the
sequences necessary for its expression in the selected host cell.
Expression vectors will generally include a transcriptional pronoter and
termnator, or will provide fof incorporation adjacent to an endogenous
promot er. Expihesk Fomxange dmshowitbddy it sbabduyhishd @l Asih, d Shindy ks (26 0Q5RE) Si Ng
an origin of replication_and one or nore selectable markers. However,
expressi on a\‘?é‘@?‘%i”é”ﬁﬁ?“&?@é?ﬁ&@?“&ﬁé‘%@ afopdy with tefirrbioenattion fledilesi gned t o

infect the BQSiosqo0fpohsts rﬁ& '!F Vec - ' 2% to integrate at a
preferred site wthin tﬁﬁ%a 0S %gbo%@ﬁ%?{ﬁ%%@& pé’gmbﬁdﬁ%‘?b?"é?ﬁ%ﬁ’melectors
are di scl osmdwlidh il iikisy fheHai bog inods8 OF Akl is inte SR Foadsd) L1 ON,
Sanbrook, Fritsch, and Maniatis, Cold Spriﬁ% Harbor  Labor at ory %rg%ss, 1989.
Sui t abt e hegeticeagiteying rhnigueymedigsthondafibet Hovear byehod natifitataRRAmBFh: body

east, .archae, and other eukaryotic cells.

i ncl ude prokar es,. VY.
Appr opri at g%%%#ﬁ@““%?ﬁ‘ff%?&%@%ﬁ%ﬂors for use with bacterial, fungal,

30 yeast and mm of I g . wel . knawn in the art, e.g.,
Pouvel s et al. Ig:ly%éniﬂﬁg @eéétogﬁrmga:gm %%b%ﬁaem ShyEe %@2‘)‘2‘?‘??&%’@?‘5‘%@01/ 47955
Labor at or y ndvealyité antitishigselesiribed hefsmyfterin thk Exashfl& Soction B 8l SheARbYdies RRAL| S are
manmmal i an cells. The vector may be a plasnmid vector, a single of

doubl e- st r BFRIEH 5518 i eonsfantregion geng pf the thsiaprytiodargsf aniiol s the @idbi Rgie sl olpMNAle&TiesDNA

vi ral V e Clia6dd.on $id 6Riny 26t sQusnc J B | 8l

pol ynll?cl eoti des, prefer aﬁy %‘Iilg\\:an%;/ér%{ngglﬁﬁrgﬂﬁt@[gﬁﬁ%ialﬁﬁ%éﬁf)roSrE I]r?t roduci ng
DNA and RNHO:¥ mdN@ 2 |Ekasnpled biauck @6l mitisatidésretsRO 188681 Of ¢ RRwe and viral vectors
also 5 may be and preferably are introduced into cells as packaged or
encapsul at ed viMusspiific weinpleslofibisfvensin b HATNRSS hOKuTNZE B8 Fib WRen@Rihereof
transduction, Viral vectors may be replication conpetent or replication

def ect i ve. F(§)2 frpgmontsfhopegh derivativea therpaf erid eior opagat i on general Iy will occur only
in conpl enenting . host é:belﬂlloése.skiﬁfﬁll-fr e transl ation systens could also be
enpl oyed to produce fhe protel s Hefrgrapredg bes damerior.ghror reypriaswsidt  DNA
CONStIEUCT Scan Bei@reSdnte ERGRE 1A brie wolobBaA M J ot eins .can be purified by

i sol ation/ puri qul cation nethods for ﬁ%é%%%ﬁéﬁéﬁgﬁﬁgﬁeﬁ fr’ﬁ’h“%'\%ﬁc?’%’ t he
field of [huesimayenidinvgiion cohbraivastiinmu iRt dhinobdiblefekalhoddss, HERL LoREE, for
exanpl e, extraction, recrystallization, salting out with ammonium sulfate,
sodi um sul®f Spsantially glter the bioloeice] potierof thygene pepidust. ks, pucleicteriddeiuetoing bricig 2

adsorptio . ion _exch chy omat ogr aphy, hydr ophobic
chr onat og :} g%ﬁfo?ﬁ%%@%«%&g%%cg 11 g’ﬁﬁ‘?&é}%&ﬂ‘ﬁ% m s?@??é‘r@écﬂ"?ﬁﬁ&%”&“&ﬁ\‘%% #gr aphy,
gel filtr atrippRcod®y, AAGset sfiEthooddiR bdpRALE g&&&a@%&ﬂ%gg}taga Affinity

istr

chr omat ogr aphy, el ectrophoresis, countercurrent I bution, etc. and 15
conb?hat i ons offheitie Sepresiercostel! wafyrs taon bdt@uqdiois &ih dnbbdE Mo lp&Bde oPHS ihfehid

anti bodi es_may. be produced by the reconbi nant expression systens described
above. Thé%‘%{ﬁﬁs&heéw Regssapy 9 1% g xpragionin i eefecteddiodt oally Bxpredsion vemiks willt h  an

expr essi 0P a6l ude a transeriptional promoter and terminator, or will provide for incorporation adjacent fo an

endogenous promoter. Expression vectors will usually be plasmids, further comprising an origin of replication
and one or more selectable markers. However, expression vectors may alternatively be viral recombinants
25 designed to infect the host, or integrating vectors designed.to integrate at a preferred site within the host's

genome. Examples of expression vectors are disclosed in Molecular Cloning: A Laboratory Manual, Second
Edition, Sambrook, Fritsch, and Maniatis, Cold Spring Harbor Laboratory Press, 1989,

Suitable host cells for expression of the silenced anti-CD28 antibody include prokaryotes, yeast,

archae, and other eukaryotic cells, Aﬁpropn’atc cloning and expression vectors for use with bacterial, fungal,

30 yeast, and mammalian cellular hosts are well known in the art, e.g., Pouwels et al. Cloning Vectors: A



conprising a DNA sequence that encodes the protein under conditions
sufficient to pronote expression of the protein. The prot e duries200hen
recover edwig@areul ture nmedi um or cell extracts, dependi ngeawosviiatngs
expression 20 system enployed. As is known to the skilled artisan,
procedures for purifying a reconbinant protein will vary according to such
factors as the type of host cells enployed and whet her or not the

reconbi na | 0 di S N ture nudi ' ced

anti - ®28£%%If9§r8%4§d§/1£’ %ﬁer’l‘sigegrryﬁkzgg% %r%?%bagth%%gsr#faceut ?'(l:éaéﬁg g%%g%oz%ﬁgn can be
used i N 4Egmidkans phiffior d@pleaimded g Sdoloh) tia Bigeld di @ouble-suasied FINA &DNaRiff or gans
or tissues, such as heart, kidney, liver, bone 25 marrow, skin, cones,

| ung, panteetera Such Enipss Pay hyaniredupad dnto cpifs getiolrmuclpptidey.prefapably DNA Wy welhinpnt - ver sus- host

~reactions_in t trans ntation of bone marrow ( aut oi. ne di seases
Gtch ae. T LU B AR ERP e R Gty Bt O ot R e Bt o
SCl er50Si SmayY i3 bRl ParPih@dhcSd mt YeRSas hackieARPIE S sulaRl firus byRBhalofh tedn iR ¥6:
di seases such as asthma, atopic dermatitis, etc. Wii'le the silenced
ant i - CD2 Sinfacibs dpdakpsdaytion. V3@l vkctgarmy beregixgiechegtettor sligiseB BetiviiTiubcateeact i ons
and 30 transpl ant rejections and induce i nunotol erance, it can also be
used in cwﬂaffwaﬁwweﬁﬂw#@fc%@mmgg hog @S-ﬁﬁ'@“%%fl"we’@?{ 47721
PCT/ USOL/ 619 o S NG ucthetin it A el Bt 100 GOLBLMLAO Wi th the
silence antl - antibody are variots | rr!mnosupprpefssants such’” as
rapanycin, deoySRREGARICDIS ani®bdyk/prSEMQando birBQAY isolddb/huriEl2dRlme B kb ody,
prograf, cyclosporin A, anti-IL-2 antibody, anti-I1L2 receptor anti body,
ant i10] L- 1ioteinsizénrelihjnowayin the fleld bPprotaxdiptigny. Mond patticndiyly, temdenh/Eentied onycin, in
particular, inhibits transduction of the signal related to growh of T

cel |'s anoffg*Rs SFHE EeorRbmithe st vibeapram uie setiesiig: o qietion
conbi nat | Gt e BRaL AR ke e SR oDl et Al

conbination with a specific In I'tor I's expected to be
usef ul . TihemSbdBRCREmA Hase-clbidopapty) rbaeit-pitke dufdinSodrpMeR! fil@foAhod) Gel
adm nistered orally or parenterally, preferably by the intravenous,
i nt r anus cfugrtiopfrogpibeiphyn adinity shrematreeephy Flvetropliotesin eavnlerenrredt digiiRBongatt uody  of
t hi S i nvent{.on Caf{}hbe prepared in the formof a solution or a 10
| yophi | i Z8EBEREE™Ehd, where necessary, may be formul ated with various
phar maceut i cal i GRiH ARl LinveARE b e SRl 1ad B AR EXS) 'x&&gmuzﬂ%%%%ﬂh’
stabilizer, isotonizing agent and buffer. The pre?erre additives 1 nclude a
sugar Sucistas daabidebee. The sithddaabpaires culthtinga RSt cflOaysFtidd 8itean eRpfesddiivit@r aci d such
as glycine, a protein such as human serum al bunin, and a salt such as
sodi um cHeBpisigE: D} seapence fat eprgdes terrpiein vades genpitieps sulffsjert do padsiols expressipapiths ons
(sol utions,.s ensi.ons, enul,sion solids to b 15 di sso] ved when used,
etc), tabfers &ﬁ%éoﬁ%ﬂu %Gsrfmﬁ‘r@éeﬁ% %%,mﬁgm‘i‘ er"é‘,’cEl F}ft(aq‘gsr Greendipy WILEFEPTHA usi ons,
0i NROENt SysteRmBloyed. EACAMMA to BOWHRS StisarSRbcBNHis fob ,mh@lng; deRLRANERLSwin @Y dr ops,
~eye ointnents, suppositories, pessaries, and the Tike

according to such factors as the type of host cells employed and whether or not the recombinant protein is

secreted into the culture medinm,

The silenced anti-CD28 antibody when formulated into a pharmaceutical composition can be used in
(a) transplant rejections following the transplantation of organs or tissues, such as heart, kidney, liver, bone

25 marrow, skin, comea, lung, pancreas, small intestine, mmscle, nerve, ete.; (b) graft-versus-host reactions in the

trapsplantation of bone marrow; (c) autoimmune diseases such as theumatoid arthritis, systemic lupus
erythematosus, multiple sclerosis, myasthenia gravis, type I diabetes, etc.; and (d) immune diseases such as
asthma, atopic dermatitis, etc.

While the silenced anti-CD28 antibody by itself can be expected to suppress immune reactions and

30 transplant rejections and induce immhnotolerance, it can also be used in combination with other drugs. Among



can be sel ected appropriately depending on the adm ni stration nmethod, and

the peptide of the present invention can be accordingly fdJunez208a.

Formul ati eywp bnemgeneral is described in Chapter 25.2 of Copprebengbsse

Medi ci nal Chem stry, Volunme 5, Editor Hansch et al, Perganon Press 1990. 20
The dosage of the pharmaceutical conposition of this invention is dependent
on the specific conposition, the type of disease as the target of therapy
or pr ophylsaX bier dievhiRirh@e @ cadminpvigitcalich® Anti-d02€ antiPedl ket age and
condition and the duration of treatnent, anong  -other variables. However, in
t he case @fmumpsrpressoEsforhss ramygadrerserbaln, ti-Chdlratitodn eud4 A dnmibedysirezsti on,

0. 01-100 kg, preferably. 0.1-10 / kg, per, da er adult can be

admi ni ste if’sl’%%‘g\?ﬂﬁbeﬁfztaﬁg’x?i @%ﬁ’&é&%ﬂf‘&‘@bﬁ"ﬁﬁ?%@&% WL PR 7R i on i s
used fOr SRR S cif n thii kS BB lrsisfik o bt ook HGD O s among

i mmunot ol erance in an organ or tissue transplantation, the COITpOgltI on can
be adsi ni sig@lsdtn a2 receh@s bBut drfes mtiaHitit trdnsdugtok af tiibapopiosiavelatbaisadl Yo e frakein
transplantati on, imedi ately after transplantation, and 3, 7, 12, 18, 25,

35, 45 and@oinaiipgvih apeciic inpibiin offic SRE&spd i exppgedforbepsifenous, i ntramuscul ar or
subcut aneous iR ection.. adm.nistration frequency . and dosage may be
judiciously i n?iﬁeésaeg(éegmgicygg%nﬁl%g%oefgn SWAT %(éncta%é:’ a%:md%#e eg‘%yyr"é}”’é%ﬁa% 30

reacti on gfeteRbly by iRl east, Al RculaSor BBRKLRGEEMe. O 9 June 2005 WO 02/47721
PCT/ USOL/ 47955 Wil e the admi nistration interval depends on the method of
adm ni st r at i onThesiegced mdi-CDRSangleodly of fifs dnventiorvel teipoprred trifgmod xantich &ct or s, not
only continuous adm nistration but also intermttent admnistration is

f easithl e. Wphifized reydsrand.(Hhge wergap ey befprpplaed ol vatigtsiplermRpenae bt areriabenvent i on i s
an anti body.. I i . i-ned  effect. s h intermittent. dosing
may be  eqiigt{pef ik bRy RS R e P e R SR et

5 once a bRhreiich imafsdh ArhdanBdhailolveRRe, an klthcucll QL BHGR, idd6ch ABuREAI ned
even if the use of the silenced anti-CD28 antibody is discontinued. In
t hi s respewm altpiingnds dakbsvelond sediumickl@@28 ant i body i s undoubtedly superior to

ot her irrrrunos%]g(pregsan%s t he i mMmunosuppressi ve effect of which declines
after disconti it aeee Wﬁ%&ﬁ/ﬁfﬁ@k PSBAATPRS (gBIpas Senegrioprepuisionseglice boibe

i nvepd i ong t LN i ference t certain
Spocti o cudaibiGls WA AR ARt bl SR oL SLERER A o o

only, andefdi] po@iers DiagRtiie@olirs, eld didpl, bR Gintah€ Hipoditon QI palsss, &RG6 ik ed. The
exanpl es bel ow are carried out using standard techniques, that are well
known andcarbereleriel aprsopritteis éepenflinasitie pdnjinistratipp mefhod, andthicrepide ofife pesewtdvertiv se

described in detail. 1 l.e. 1, Am no, aci d, sequenci ng of the nouse
anti - hunafe e ﬁ%@ﬁﬁ%ﬁw PESHE ‘sp"ﬁﬁﬂ‘l?gi“r‘?g"%ﬁh%SiZ-°ﬁ%‘imﬁhe@5?8 anti body
(cl one: TNREBoinalCHd Sy, VSRmel6ARIRG YRSt al, Pergamon Press 1990.

20 The dosage of the pharmaceutical composition of this invention is dependent on the specific

composition, the type of disease as the target of therapy or prophylaxis, the method of administration, the
patient’s age and condition and the dm.:ation of ireatment, among other variables. However, in the case of
intravenous, intramuscular or subcutaneous administration, 0.01-100 mg/kg, preferably 0.1-10 mg/kg, per day
per adult can be administered.

25 When the silenced anti-CD28 antibody of this invention is used for suppression of transplant rejection
or induction of immunotolerance in an organ or tissue transplantation, the composition can be adnministered in a
dose of about 1 mg/kp/day immediately before transplantation, immediately after transplantation, and 3, 7, 12,
18, 25, 35, 45 and 60 days after transplantation, by infravenous, intramuscular or subcutaneous injection. The
administration frequency and dosage may be judiciously increased or decreased while the course of rejection

30 reaction after transplantation is monitored.



gener ousl y provided by Dr. Yagr ta (Juntendo Uni ver si ty School of Medi ci ne,
Japan). Approximately 0.2 ng of purified anti-human CD28 aﬂﬂumﬁ)m%(TNZZS)
was reduce ¢gzin7164 M guanidine-HC, 0.28 M Tris-HC, pH&Huse1Q794355 M DI7
for 90' at 60 C (under argon), car boxyrret hyl at ed by additi on of iodoacetic
acid to 0.13 Mfor 45 20 at roomtenperature (in the dark), followed by
addition of DIr to 0.32 M(to term nate the carboxynethylation reaction),
and i medi at el yhild ¥k t Bl @XeH ARG depkrds & tde nMnSOH At RAOSRERLEme fidd2 M EDTA,
pH 8.0 using a PD- 10 colum (catal og #17-0851-01, Anmersham Pharnaci a

Bi ot ech, tdpial 2mpnsSiberd@tois, nofldnky catinngis edmigdrativd pui glfodderhigent PrBB&atM iDTT, 0. 02 %
gl ycerol and one third of the solution (about 0.35 m) was transferred to

a separ at Bsplsp&hussigee theysiepredanfi P2 %“@&W&V@WHEWEW@SWIP@W%SﬁS“SWFé sanpl e

7530, Torora Lt Bt o) ool Rt BT 0l RPRAPLLASTER 7, 00

N-t ersmi Nadnce SEEHEABES estibliskell Bhid tb1gkike ek rARAMM oA Fitld sseﬁ)ft@erm&nhﬁ agledyiec k ed
sanple vY were determ ned by 20 cycles of automated Edman degradation and
PTH anal yasiikadpi digcontiyed| In this tespetghisdilenc®optiepié antibddyriswhdovbtedPsupkrier d othi®al 0 Al t 0,

Setioncor "R EREEHA EORERRC B S O H R T e RSPt uror o

i nstructions using reagents, solvents, and colums obtained from Hew ett 30
Packard. 10 9 June 2005 WD 02/47721 PCT/USO1/ 47955 N-termi nal sequenci ng
results for TN228 debl ocked wi th pyrogl utamat e am nopepti dase were as

foll ows: residue am no residueno am no residueno am no residue am no no.
aci d%acid acid no. acid 1 D, Q6 Q EXAMPLES16 GQ 2 1,v 7 $ 12 AV 17 QS
3V, Q8PGBVA A .S P.19 S T 1OS G 15 L,
S20T, | a“ﬁ%%"m% gedéﬁ‘%?‘?rﬂ’rﬁsgm"S’r%" %?“gﬂér‘%g“go"ﬁ“pﬂéé\'ﬁ%"#%% % Bgi on cDNAS
for the | éegm speiild olRRBNvhieh AL Rsvided helém%zr%urmés%fms%&%fyragmré 1eBindhBY ¢b fO TR
cells by an anchored pol ynerase chain reaction (PCR) nethod described by
Co et at . linfit@g ynlégh Shewidd shetificlly TghakapwleheloP arCcarrieCaut Gaing stividdrd teddivianets klanaieorell D. A.

Schei nberg, and C, Queen. 1992. Chineric and humani zed anti bodies with
known and routine to those of skill in the art, except where otherwise described in detail

15 Example 1. Amino acid sequencing of the mouse anti-human CD28 antibod

The hybridoma producing anti-human CD28 antibody (clone:TN228, mouse IgGl kappa) was

generously provided by Dr. Yagita (Juntendo Univessity School of Medicine, Japan). Approximately 0.2 mg of
purified anti-human CI)28 antibody (’i‘N228) was reduced in 0.64 M guanidine-HCI, 0.28 M Tris-HCI, pH 8.5,
0.055 M DT7 for 50'at 60 C (under argon), carboxymethylated by addition of iodoacetic acid to (.13 M for 45

20 at room temperature (in the dark), followed by addition of DTt to 0.32 M (to terminate the carboxymethytation
reaction), and immediately buffer-exchanged in 0.1 M sodium phosphate, 0.002 M EDTA, pH 8.0 using a PD-
10 column (catalog #17-0851-01, Amersham Pharmacia Biotech, Uppsala, Sweden). The elnate was adjusted to
0.005 M DTT, 0.02 % glycerol, and one third of the solution (about 0.35 rl) was transferred to a separate tube
for N-terminal deblocking of the heavy chain. The sample was digested with 1800 pU of py;oglummate

25 aminopeptidase (catalog # 7334, Takara Shuzo Co., Ltd., Tokyo, Japan) for 24 hours at 45 C. The N-terminal
sequences of the light and heavy chains from the deblocked sample were determined by 20 cycles of automated
Edman degradation and PTH analysis-on 2 Model 241 Protein Sequencer (Hewlett Packard, Palo Alto, CA).
The PTH derivatives were analyzed on a Hypersil ODS C18 column. The sequencer and HPLC were operated
according to the manufacturer's instructions using reagents, solvents, and columns obtained from Hewlett

30 Packazd.
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specificity for the CD33 antigen.
Amplification was performed on cDNA using 10 3

J.

| mmunol .

148: 1149-1154.).
primers tha® Jammeeqs

respecti vel Wota/4taé nouse kappa and gamma chain C regi ons, p@ptse4possPri mer

t hat anneal s

to the added G tai
has the sequence (SEQ ID NGO 14):

5!

of the cDNA. For VL PCR,

the 3

pri mer

TATAGAGCTCAAGCT TGGATGGTGCGAAGATGGATACAGTTGGTGC3, 15 with residues 17- 46

hybri di zi ng to tNemim kRl Qe P28 R W
sequences (SEQ I D NOCs: 15, 16,

5" TATAGAGCFERNECT TCCAGT GGATAGACCGAT GGGGCT GTOGT TTTGGAC3'

degenerate

gk R

s have the
weare as

T 20 with residues

17 - 50 hybridizing-to npuse 1gG Cnl, The non- hvbr|d|2|ng seqguences in the
two primer gaife ¢ damag | rederd emitgn fagnino The] VL and VI
CDNAs wer e} ghbclongd.d ntd a TORQLL Bl gen, I ng.

Carl sbad, CA) for dequenge detgrm nat fddheavy chain

cl ones wer g1sequend TTpén ﬁ?ﬁepe t Fo—the 25 |ight
chai n, two|uni que ggaen:es hon% ogou use Ilgﬁt chaj% ari pbl e

regi ons wel2 identiifived. fOne Vlls 11 9 /@5 PCT{ USO1/ 47955
sequence w ctiopal dud to a and wap

i dentified|3s the n&R prptiucti U@ @l | e] B. Thé¢V, ot hdri8VL se has typical
of a funct pprat—rotise—tkappa—chdin-varfable yeqgiaon | For chain, a
uni que seglence ho Ypi chi* nougdFheay9chai n e region
was identiff§ed.— Theq : BEes E@d t*%ir | no acid
sequences jof varia e descwlbed i Fig 9 and ﬁ?b. 3.15 Exanpl e
3. Construction and expression of cni mericTN228~ta@M—ethods) TN228 VL
and Va were converted by PCR into m ni-exon segnents flanked by Xbal sites
as described by He et at (Fb X Y., Z. Xu, J. Melrose, A Millowney, M
Vasqugz C Kllngbell MS. 10 Co, and E. L. Berg.
1998. "Hu 5%t i cs of a nDnocIonaI anti body with

specificity fOﬁm@Oka
wer e subel oned into the

(Fig. 1).

vari abl e region

nost honol

to splice s}:e@

m ni - exon

10

hﬁe%ﬁ

dﬁmhbﬁﬂpﬂyme&xﬁﬂalﬁﬁﬂﬁ@ PR) ﬂmtﬁddg&aibedﬁiﬁ b L9e (8 aqY!
sequence and a splicing donor sequence

FEkhA

aln

8”%%5

160: 1029-1035
TR R semod e el b s

eﬂ%ff?%%”??on1the

and

Vriiyedslevig Deta Sibrintgaeed C Seh. 1921 Cletingiig andABAReREMLERGRS are used

%mty for gng b&g

3' primers that anneal respectively to the mouse kappa and gamma chain C regions, and a 5' primer that anneals

antigen.

.

exon to the human antibody constant
Immunol. 148: 1149-1154.). Amplification was performed on cDNA using

to the added G-tail of the cDNA. For VL PCR, the 3 primer has the sequence (SEQ ID NO:14):

5' TATAGAGCTCAAGCTTGGATGGTGGGAAGATGGATACAGTTGGTGC 3'

15

sequences (SEQ ID NOS: 15, 16, and 17);

A

G T

5' TATAGAGCT CAAGCTTCCAGTGGATAGACCGATGGGGCTGTCGTT'ITGGC 3

20

T

regi on.

Each

with residues 17- 46 hybndmmg to the mouse Cy region. For VH PCR, the 3' primers have the degenerate

with residues 17 - 50 hybridizing to mouse IgG Cxl. The non-hybridizing sequences in the two primer sets

contain restriction sites used for cloning. The VL and VH ¢cDNAs were subcloned into a TOPOII Blunt vector

(Invitrogen, Inc., Carlsbad, CA) for sequence determination.

25

Several light and heavy chain clones were sequenced from two independent PCR reactions, For the

11

light chain, two unigque sequences homologous to mouse light chain variable regions were identified, One VL



15 was sequenced after it had been cloned into the expression vector to
ensure the correct sequence was obtained and that no PCR €9 dwes2086r e
gener at edwolfpareenst ant regi on exons of the Iight and heayr/odoaurmss
expression plasmds were also confirnmed by sequencing. In this
specification, ChTN228 refers to a chinmeric antibody containing the nouse
TN228 VL and VH variable regions, a human 1g&M constant region for the
heavy chajophenceRf néh-AMHRA dAPPRE HRShBR ahdBib :Eléhﬁﬁé&%sth%@z%r@&cﬂv&ﬁlﬁl&_ﬁ@a' n. The
heavy chain constant region was nodified (Cole, MS., C Anasetti, and J.Y.
Tso. 1997othetNiRiuedog @R typial iobd firstiond] medad kgt tlain asbble 1 €R. Berée h@mthdipgenic to T
cells. J. Immnol. 159: 3613-3621) fromthe gemline human 2 genom c
f r agment , WERRFEUPRSe Homplpgousip aiiical feessedeyy dharvariabls seiop was Slenird. ﬂ'ée“%‘??ﬁ?ﬂe K genoni ¢
fragment 'se%%cg éﬁu'&?&é’e}i a'nod cildlsegpe%c Co?@alri&ieqee 1 e Jse'b%r'llyie. anl%)ﬁigH::e human
cyt onegal ovi s maj or | e Pat e eareiy pr onot er - and enhancer . e heavy
chaig gene is followed by the transcription termnator derived fromthe 25
human conmpl enent gene C2 (Ashfield, it, P. Enriquez-Harris, and N.J.
Pr oudf oot Exafukes] C atieg endi exrirdssiqnaf chinferiy TRP28£GDE bet ween the cl osely |inked
human con&g%gt genes C2 and factor B: common termnation factor for C2
and c-nyc?* J. 10: 4197-4207). The |ight chain sel ection marker gpt
gene (Ml | | 02MnofRfrunt APheRonverPlyop bk o130 Legls;nw&k;ﬁgx@mi@;ﬂak as&hlss that
codi ng uani ne

express the Escherichia coll gen or Xant hi ne-

phosphor i Bosyial Rl eraser MBfecA. Mllbvney aVhsqul C..QubkdsAV. T8der, ORI 769. and t he
heavy chain sel ection marker 30 dhfr gene (Sinonsen, C C., and AD.

Levilfison. Co9g 8.l Rexgn] 988 Fomanirrionandphassasphipetic 1 a anoglonapanihgdyigthapscificitpfo  June
2005 WD 02/.47721 PCT/ US01/ 4795 i rof ol at e, .requgctase c . Proc. Natl.
Acad. Scib."_ d 6‘?“@45#5’%5;6%&15%9'@%%&3?‘??}‘ - V“?ﬂ‘&ﬁ%@ﬁ’faé‘@!ﬂévc onot er .
For expr egghdabh ik 'lﬁﬂll’iﬁﬁﬁ.'ﬁch%-%ﬁm c&n&mgﬁﬂf,qp& o AARREC] i Jab R 7 cell's

(rmonkey ki dney ‘cel I'ne) was done using [ipofectamne (catalog #
10964- 01 3sequesicB86T: BRlijs. dosopeicnchextiived fibh GErinbst IRmBlogdd mdude d Hiangeak, afutiSplichg e
anal yzed for human |1 gGM3_anti body production by ELISA, using goat

ant i - huned?dr gFareprarAiRrsedingphice te Y ssion pior to Sa humsa enlibogy consmniyesinni Frgh minlggeant  and

HRPconj ugat ed goat. anti-hunman .kappa chain_ antibo as _ devel oping reagent.
The Spent eSS0 i BB LSRR B o p B SR B SR ¢ o
P815/ CD284q fifthd BCR ekrdrks Atk Yendrko@iN $heR6d: @ refifl diondbitlt hﬁ@%ﬁhisa?j}&aiﬁ) ssiofToUS e

mast cytoma)) by indirect imunofl uorescent staining an anal yzed by fl ow
cyt onet r yplasikidy wegtalapdosfirped By séqhangng. pr oducti on, the chimeric expression
pl asm ds were_transfected into nurine nyeloma cell line Sp2/0 by

el ect r opor at i Shitispepiioption GHINZR pfeps 49 p chimpgicapbedy|corgaiming the spuse N2 Wh#d ¥8j on. 10
The spent, pedia.fr.om §tgcgr% 2D C t r. | yzed b LI SA as for the
transient t rang‘ ect on.I esﬁf’t S %’%lgn% or’%g“a’y %E iaa]?lcf {’)ﬁi“g‘“e" aéés{mvfgfeltrm lc’g%’ﬁverted

i Nt @oM Ni theAERBIHnD YheMEIRy {Hrin Gonstadrt BEI6h wa) meiied @b, 04O Andsddt, @nd JiviR0l1bght and
“heavy chai n expression vectors as descri bed above and shown in Fig. 1.

Human IgG2 variants of chimeric anti-CD3 are nonmitogenic to T cells. J. Immumol. 159: 3613-3621) from the

gemmline human 2 genomic fragment, and the light chain was derived from the germline human K genomic
fragment. Both the heavy and light chain genes are driven by the human cytomegalovirus major immediate
early promoter and enhancer. The heavy chain gene is followed by the transcription tem:inat‘or derived from the
25 human complement gene C2 (Ashﬂelci, R., P. Enriquez-Harris, and N.J, Proudfoot. 1991. Transcriptional
termination between the closely linked human complement genes C2 and factor B: common termination factor
for C2 and c-myc? EMBO J. 10: 4197-4207). The light chain selection marker gpt gene (Mulligan, R.C,, and P.
Berg. 1981. Selection for animal cells that express the Escherichia coli gene coding for xanthine-guanine
phosphoribosyliransferase., Proc. Nat!. Acad. Sci. USA 78: 2072-2076} and the heavy chain selection marker

30 dhfr gene (Simonsen, C.C., and A D. Levinson. 1983. Isolation and expression of an altered monse
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15 Transient transfection of COS-7 cells: The chinmeric expression vectors

were transiently transfected into nonkey kidney cell |ine €08:€2808 produce
t he chi megyo2ld¥2348+ anti body. Spent medium fromthe transpeguedsresl | s was
tested by ELISA for the production of chineric Ig&M antibodi es and by
flow cytonmetry for binding to P815/CD28' cells. Spent nedium was positive
in both assays. The yield of chineric antibody fromtransient transfection
was -0.9 p#fatiolate iRt lcDNAZ Boa bl RedYsd GO 5480158t bakl BRENA 8BV 40kalNd to
P815/ CD28+ cells in 20 a concentrati on dependent manner (data not shown).
St abl e t r posfteCcFdr expresfon SpBimeic TN12B Sransibit camshdtineinth CORX pilegwikarkidigetiding wer e
transfected into Sp210 cells for the production of a stable cell line.

Spent nedi¥ dPrediiediafestamine (optalopdrl @96 -1t FBGR PRIt SRentagdis fm thaprient ipuseitsi on of
hi i i i.ndi / .th th
Crane ent Ve aiyBEkl 06V GRR sl BLARRG bie L Bkl SHRT ublc BB il | 1001

One t3 ansr&fianibodas cphafshedntihd ItrScoljhgibEloaait iud@dyppR reid kibdayist y and 25
expanded to growin 5 L of serumfree nedium ChTN228 was purified from5 L
of spent Mwelpningrdagenta licisprntmedia wiyplonrtested fpr tpdhifity oTPRING384¢ Wndad PEHYED2RT eelts ant i body
was - 25 . Exanpl P, in i fication chinmeric anti body, ChTN228 One
of the h?&ﬁ“&ﬁ%@?g‘“’i‘mg‘é@i‘%‘\“ﬁﬁ‘ﬁ‘ﬂﬁ?%ﬁ%ﬁﬂ toppeefporgsiert spaRE ect i on
(Clone 71 Ol . I L um

(cat al og T35 By b BB sk i OB A R

02/ 47721 RSHliS@kId0Bbline Sp2pey Aat@abionan ket tretakeRBted o ebr eXpireddiinl 1 t Y
reached 10 % or bel ow, concentrated to 500 ml, and | oaded onto a 5 ni

pr ot ¥l n- ATISERsRimedia Gore ably Fpnsiodqnty Heraanmyrad bradiSa apfor th fiepsicpasfepiion. i n) . The
colum was washed with PBS before the antibody was eluted with 0.1 M
Gycine, 0.1 MNad, pH 2.7. The eluted protein was dialyzed. against 3
changes oOfesdisL PBS and then desalted onto a PD-10 colum equilibrated with
PBS containing an 5 additional 0.1 M NaCl. The desalted protein solution
was filtered tThedughVom@V2gepaaw dobertediitd iini-ckas IBPORAFE 2 add 3flandaubcldmxdinp| € 5
Purity determ nation by size exclusion HPLC and 81)5- PAGE Si ze excl usion
HPLC was PBelishigpdbeayy qeinsgprasipapdersds deisrbef shapsed Somripfigdonsi sting of a PE |ISS
200 dvanced . .Pr of.~a PE Series 410 Bio LC a, PE 235C
b1 ods sy el bl £ERRR Uyl e e P oo LB R BB

Tur bochr ofRmReKidgd arinY/enST © Prodhoskhe ik WANG2 SNRSbIdP Eflerk Redf@Hom &b trinb¥Sited
aut osanpl er, punp, and detector, and to acquire, store, and process the

dat a. SepeHenap tsrichha ELIAS Foir thpretiucign vighimenio [gGTHS oibieiss Sk Gk kytBBO0B:IMKng Si ze

excl usi on HPL o] s, 7.8 mMmx 300 mm 5 pmparticle size, 250 A pore
si ze (cat t&?%‘ﬁ@gﬁ)gég%mﬂf@%%“&%?m%h‘t"@ﬁﬁﬁ?yfrvw yield ofigigperic gpidy fretantient e j es.

The mobi | £npliascalas gh mithRAaRARRNESERabSLER oI ARNsRESI IR, EN! Or 1 de
at pH 6.9, and the fl'ow rate was 1. nmL/ m nute. e col'um el uate was
nONi 2001 etk et pépeddai i ¢Bia bat sdém)bot h 220 M and 280 nm The i nj ection
vol ume was 50 .
Stable transfection of Sp2/0 cells: The chimeric expression vectors were transfected into Sp2/0 cells for
the production of a stable cell line. Spent media from several transfectants were tested for the production of
chimeric TN228 antibody and for binding to P815/CD28" cells as with the transient transfectants. Most
. transfectants were positive for both assays. One transfectant was chosen for its higher antibody produnctivity and
25 expanded to grow in 5 L of serum free medium. ChTN228 was purified from 5 L of spent medium by affinity

chromategraphy. The yield of purified antibody was ~25 mg.

Ezample 4 Profein purification of chimeric antibody CHTN228
One of the high ChTN228 expressing transfectants from the stable transfection (Clane 7H) was grown

30 in 5 L of GIBCO hybridoma serum-free medinm (catalog # 12045-076, GIBCO BRL). Spent culture
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irL (50 g) of the ChTN228 sanpl e. SDS- PAGE was perfornmed according to

standard procedures on a 4-20% gradi ent gel (catalog # EC6DXFe 26ex, San
D ego, CAwowheripurity of the isolated ChTN228 was anal yzpdr/iogoigs7#ss

excl usion HPLC and SDS- PAGE. Based on 20 this analysis, the proteinis
96.5 % nononer and has the nobility corresponding to a protein of nolecul ar
wei ght-1601: 1) . SDS- PAGE anal ysis of MuTN228, isotype control MIFd79 (nouse
19G ), ChTiNZddnt b Ehrvedt A VhARE! GO fedned 10 EnPo‘éﬁwa QbRRred 19 STME a0 & onto 2
nonreduci ng conditions also indicated that all four antibodies have a

nmol ecul ar Swéprgisit-ASepharipe el bhg 1 BrrhacibP] phna(R-§ $i/@in)D fThd dilgms S washed titith PBDL ei ns
under reducjng conditions .indicated all four antibodies were conprised of
a heavy cﬁ%f?rﬁg‘W"PW%wﬁf}Ftﬁjcvﬂ‘P% M (Eyegin0-1 0 Nagh 58 £7-Fbe hyd asqtingesiflpsdght  chai n
with a no I ' 0. (%iti.on experinment:
Met hods Alaﬁi%{? g%af%ﬁ&g)@%gg%ﬁg%?ﬁ%b%%lgg%nh@%gp%gﬁ@%ﬁdWf Wo-Tord diTutions of
MUTN228- Fhdiomnd.i o6yl DegisaRd figein htaiwa2@RrelBloas b 0.2 [38 Aok 028 ol 4. ( 5105
cells/test) were incubated with FI TC | abel ed anti body for 1 hour on ice,

14 9 June 2005 WD 02/47721 PCT/US01/ 47955 washed with PBS and anal yzed by
flow cytonetry. For. the coetit' Qn experinents, 25 ng of MUTN228-FI TC and
serial tws ] S G S 8¥%r MUTN228 anti bodi es

Ot u S0 v v" [
begi nni ng at 8§ AaHskEr HEY frﬁgiqlg% [ @il 2R yRE €
cells/test). As ; cglntrol , ﬁ%ﬁ%/CDZ ’ cre l's (5x10§ cﬁsét%?ae%sa% ﬁ\%?oe
i ncubat edAdwhdedLOBmpigProdessbd aFRAE8:s Fl0 Bl 120 rafg a PE 235C Divlid ARV Detetty, aa@rpet i t or) .
HUEP5C7 and MuUFd79 isotgpe_ control 5 antibodies (800ng/test) were al so

test 8H asNERpWSFHesEIK. Ymegd prhochigr pwagetet)Vepdion .1 sofimaravisiuisd tdyontrpliteur e i n a

final vol ld.for one hour on i.ce (i he, dar.k), then washed and
anal yzed by ?T?p%r c taggrr%e.teftf/r.’ md ﬁé‘%quml’ef Lo pb"f’e%saﬁger%w'ssﬁﬁaéﬁmf‘%vﬁaf ?"g‘e"(ﬁ‘i“‘s{“ﬁ@’"NUTNZZB
and ChTN22&ouad TIRQSHLE S 0008WXE QRGN E1.cRothche W sGHE LIFB bk Y5 m&ﬁfﬁﬁ@&%}%s@%
experinent as described in the Methods. Various anmounts of unl abel e

MUTN228 oporGiy# [MR28z # (B0 1) Wopailaay) Mopigorudnivitie, D) agmoikd irbelit: Rhebieghhd vENARS

anti body and incubated with P815/ CD28" cells. Both MaTN228 and ChTN228
conpet ed FMPREPEREaRsate} S oM nptassivr Sheridnat PR 6-P-ond terdlow et 1. 9Pamtreinute. Thedi cat i ng

t hat,¢ bi ngdhng .ok . L.oodies | s g' i.c_for..the cB.ant' en ig. 4).
The 1'sot y%ué‘ﬂgoﬁ{t r‘%?l;ng}ﬁt?? %JS%I élis1 G{% E‘&a}%%g’nthgioﬁﬁ@'ﬁgl&%i %?m%‘iﬁ’!"?%&f'?(sgﬁ th
MUTN22S- FLiT @ pugd) Betheamiing sddpet t he MUTN228 and ChTN228 anti bodi es recognize

the CD28 antigen through V-region specific interactions. 15
SDS-PAGE was performed according to standard procedures on a 4-20% gradient gel (catalog #

EC6025, Novex, San Diego, CA),
The putity of the isolated CRTN228 was analyzed by size exclusion HPLC and SDS-PAGE. Based on
20 this analysis, the protein is 96.5 % monomer and has the mobility corresponding fo a protein of molecular
weight ~160 kD. SDS-PAGE analysis of MuTN228, isotype conirol MuFd79 (mouse IgGl), ChTN228, and
isotype control HUEPSC7 (hurman IgG2M3) under nonreducing conditions also indicated that all four antibodies
have a molecular weight of about 150-160 kD. Analysis of the same four proteins under reducing conditions
indicated all four antibodies were comprised of a heavy chain with a molecular weight of ab;ﬁt 50kDanda

25 light chain with a molecular weight of about 25 kD,

Example 6. Competition experiment;
Methods

A ftitration experiment was done vsing serial two-fold dilutions of MuTN228-FITC antibody beginning

30 at 250 ngfest. P815/CD28™ cells (5x10° cells/tost) were incubated with FITC-labeled antibody for 1 hour on ice,

14



Exanple 7 Chineric anti-human CD28 anti body which has reduced affinity to
human F R inhibits primary m xed |ynphocyte reaction. Cell9 gump0ati on 20
Human per ivwder/ai72bl ood nononucl ear cells (PBMC) were prepacedsamgmsnor nal
heal t hy 'vol unteers by density gradient centrifugation using Ficoll-Paque
pl us (Amersham Phar maci a Bi otech, Tokyo, Japan). Human bl ood were dil uted
with equal volune of RPM 1640 and overlaid on Ficoll-Paque plus. After

cent ri f ugadaih@dwit\®BS and GhaBided bpflowlcREHB), SRS caligefiiRn exPBMass, YRLCreaNbeaired and
washed with RPM 1640. Thereafter, PBMCs were suspended with the

medi un( RPpdsgdpdtwe-tnth difitiapsipficoppeios CrliNEas oty &228 Batibertiey bagin@ing w300 sgfitsoerhanol , and
25 antibiotjcs pRli.ed,to a nylon fjber colum ko junyaku, Osaka,
Japan). Aﬁ%&m%&ﬁ%{uﬁﬁbgf ?Oof‘l‘a tf'St)S};S 3(9"?“}‘?” PEGPEglls ¢ V\‘gé‘fufl WEE &Rt ed wit h
war m medi W 25he ofhv FR93ne N | 8P4 ell lines
(Raji and JY)S]n\%er eﬁahg%d as gg%w%uﬁ?%ﬁeﬁ@ﬁ@?% m xeéﬁl yg%ﬁglgglte

react$ on. antibhis B0@echiswarnlse eedrnadpmpetifoBACAE ek iR Rh habibo® mikGes in Pr i mary

m xed | ynphocyte reaction (1" MR) 5 Purified human T cells (1 x 105

cel | s/ wel el xdhaeeiof 150 uiferorschoray jce (nheydarpiion washedepd pnityzyd hydlpwecyingttved i n 96wel |
flat bott%nsufgsi cro plate. Antibodies were added to the cul ture nmedi um and
cells weretricubated for 7 days. Al cultures were |abeled for final 6
hours with 10 kB8 dpeckridiblok My M2 0 and ARRERNANG KD s TBRaRd Bk AlEGIhery Cel | S
were harvested and incorporated radioactivity was nmeasured by [iquid

sci nti | | atémpatitiootxpdrigent as fkreribed i éhe Meibdds. TNEAS anhogfEif Bulb NN RIS ooChTRIsMAr Y MR
was shown on Fig.5 and 6. The original 10 anti-human CD28 anti body TN228
(MITHR28) "8 BHOVIRRA T SECHPTsdM PR el o FEpbetobHIBRB1SICD 8l Bty

TN228-1g e al oY i | nt manner. . Therefore. .conversion of
Fc region oﬁ %ﬁ?}d - E%%éo%ﬁ%q@ﬁfl ﬁ%ﬁ-@ﬂ?bﬂ one ngﬁﬁ%de?eél%ﬁténéﬁmﬁ?l?l?aﬁ?gtﬂ?{ to

hu man Fc Bndﬂ;ﬁkﬁﬁoﬂi igbodRtd sﬁ@ﬁ_&foﬂﬁg @9 RitiBdnl(Gg. )0 THe i$oBhd coﬁo%ﬁﬁo@&ﬁ@ &9 and
Chineric anti-human CD28 anti body which has reduced affinity to hunman Fc R
reduced THERESCT fidygt coppeiqron TNREEHC indigtte dadieMaTN228 el ChyNIZh atiyddes r eact i on.
15 Secondary n xe hgcyte reaction (2a MLR) Purified human T cells (1 x
1 05 cel | sfe\?\%f“ﬁtﬁeac%&g %ﬁg&ﬁg’f“éﬁ SGE PeciginfRetiom. " 105 cel I's/well) were plated
in g6-well flat bottommcro plates. Antibodies were added to the culture
medi um and cells were incubated. After 5 days, cells were collected,
washed Wi Efumble @ Shimerie ditibtinan@r2k snivddy hichhkSaesRdethitmothlind Fashni®sima and

cultured 20 for 8 days. Cells were restinulated with irradiated Raji or JY
cel |'s. Af mipd bymliparte peagtion. 7 days culture, cells were

fy

Cell preparation

20 Human peripheral blood mononuclear cells (PBMC) were prepared i'ron':l normal healthy volunteers by
density gradient centrifugation using Ficoll-Paque plus (Amersham Pharmacia Biotech, Tokyo, Japan). Human
blood were diluted with equal volume of RPMI1640 and overlaid on Ficoll-Paque plus, Afier centrifugation for
30 min, at room temperature, PBMCs were collected and washed with RPM11640. Thereafter, PBMCs were
suspended with the medium(RPMI1640 containing 2.5% human type AB serum, 2-msrcapto;thanol, and

25 antibiotics) and applied to a nylon fiber column(Wako junyaku, Osaka, Japan), After 1 hr incubation at 37 C in

5 % CO,, T cells were eluted with warm medium,
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i ncubated with 10 kBg/well [3H thym dine for 6 hours. Cells were harvested
and radioactivity was neasured by liquid scintillation coudtiemne 2005
TN228- | gGavd o/mtebi ted primary MLR (Fig. 5 and 6). Next, rerapal4gssd t he
effect of this antibody on secondaryM.R The anti body was applied to
primary MR culture, then antibody was renoved from 25 cul ture supernatant.
After culturing in the mediumw thout antibodies, cells were re-stinulated
with the sane HeduhBUbBha RS A IS (WeRjubed as@fimdldit bells DAL fitedfripideliabRbd)Y) . The
proliferation of cells treated with TN228-1g&nt3 through primary MR was
reduced cadpgeieiBrerd-retimdiasd CHERGeresnt ed cel | s. However, both cells
proliferated to alnost the sane extent with third party stinmulator (1Y)
(Fig. 7). This result indicates that anti-human CD28 anti body with reduced

affinity wﬁw T-cell energy through al o-antigen
stimulation. 30 Exanple 8. Design of humani zed TN228 vari able regions 16 9
June 2005 WO Daifiihaiid TREAE (IS0’ TARRAME Sd Thuiatkl Kai g :010° GIBGEBNER latef in DAwTIN2 28

wer e analﬁé%d by computer nodeling. Based on a sequence honol ogy search

agai nst t Hebréamaicopipts Baiihgdios wereeideddo bronlipraadion gnd ool ereiombatedifor 7 el AR T, WA,

2000. Rab its l,i,cati : .30 years after the fjrst

vari abi | i %mﬁﬁq%%e%ﬁlgcﬁffﬁa%6 cr s&’é% eklgq&%qﬂ%ﬁgﬁf%?mﬁﬁntﬁmﬁ\ﬂﬁﬁgﬂ)rﬁéﬁ -Lory,
A, J.B. KatEaveddd ol thoblpR@@iradiohortivifiHasiiBhied byNqui®intiRionBountd. aond. 1991,

Mol ecul ar 5 characteristics of antibodi es bearing an anti-DNA-associ at ed

i di otype. J. EXypefehafTNRF-IEG2AHEYINESS 21 privars MLE ahssbdvadn Figs pud 6\Thakeigihh e _

f rampwor k f,(r)?r bgﬁg thtg humani zed TN228 heavy chain and |ight chain variable
regi Bns. “HERGRAtARTed TPRODEEZE\Mid opt bt prappary M Ra by e PRSI 1 esi dues

out of 85 E@Qﬂj L8] i i.cal .t hose .of..t he se
TN228 hea}/@bg aln r%ﬁ%ﬁﬁg?‘ﬁ?deg{ﬁﬁ}t 0 sré%%%%éé c‘l’q‘gfésﬁo ?ﬁl{(f . eg’%%fg??ﬂhrrmﬁarﬁcéﬁgg TN228
l'i ght chabdfibadatoiomblite rodR e 13 SurROFc Rk U SntiBoll alzor@: i T apWREKIR eS| dues
that are identical to those of 10 the nmouse TN228 |ight chain franework, or
70% sequence | hevrrig gnji-huiph ED2ombadyarhicikeprytumnis HABNMOBrant IENGADTCHEw tt, M
1983. Mol ecul ar dynam cs of native protein. |I. Conputer sinulations of
traj ectorTeggl?swﬁn.ess%éﬁfcfmdg?’&m?d11%‘%?"’"85’5‘{3‘%“20) were used to construct a

nol egul ar nodel of the TN228 wvari abl e domain, which was used to |ocate the
amno acids in the nouse TN228 framework that are close enough to the CDRs
t 0 pot ent Seadnliayy mirdd dun@bdeytye fadirho design the humani zed 15 TN228 heavy
and light chain variable regions, the CDRs fromthe npuse TN228 heavy chain
were grafted i PiEi§ed b Toells s dellstresliamhimadisfed Rijiecelly (ivatd” detBAveommeplatehiai N and

t he CDRs om.t mouse . TN228_|.i ght i r e rafted into the franmework
regi ons o%év{cﬁ]gatﬁoﬁtﬁ%r?‘ TP ‘%‘WP Odgg‘ﬁﬁr“’rf%‘?egprg}fe\ﬁﬁﬁ@ﬁ%\?” POST FEHERHTEr <t he
conput er s &pdas RHGURSEE Faskd 9t fbiCARhmCOM AGL sifchdd {8 HRRm L frafhdd 7O
acids fromthe nouse anti body were substituted  for the origina uman

f r ar@@wor kfoxddayso Cells wets restipmlatedwifivinmidiztedtRafl MY Sellst Kftes addfiGnalPQiRye cuiibre, o€l iwlties 27,

29, 30, 48,
incubated with 10 kBq/well [*H]jthymidine for 6 hours, Cells were harvested and radioactivity was measured by

liguid scintillation counter.

TN228-1gG2m3 inhibited primary MLR (Fig. 5 and 6). Next, we analyzed the effect of this antibody
on secondary MLR. The antibody was applied to primary MLR culture, then antibody was r.;:-lmved from

25 culture supernatant, After culturing in the medium without antibodies, cells were re-stimulated with the same

stimulator cells(Raji) or third party stimulator(FY). The proliferation of cells treated with TN228-1gG2m3
through primary MLR was reduced compared to that of none-treated cells. However, both cells proliferated to
almost the same extent with third party stinmlator (TY) (Fig. 7). This result indicates that anti-human CD28
antibody with reduced affinjty to human Fc R may induce T-cell energy through alo-antigen stimmlation.

30 Example 8. Design of humanized TN228 variable regions
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20 67, 71 and 78 of the heavy chain. For the light chain, no substitutions
were made (ie., a straight grafting of the MTN228 CDRs i n® duneh2006C4

f ramewor k wegyomzmwas done). Furthernore, framework residupgsr/iub@bsresscurred
only rarely at their positions in the database of human anti bodi es were
repl aced by human consensus amino acids at those positions. For humani zed
TN228 this was done at residues 23, 40, 73, 83 and 85 of the heavy chain
and at resi duegn:6fedi@eqlohoe@fs Mulli®228 krgthina¢A@tyRempldEnRAN BadE bith sspGUENCES Of
t he humani zed 25 TN228 anti body heavy and |'ight chain variable regions are
shown Fi gbeeolddy gareh ageinst thefRrlaaigutitedySequ@orrsilasedl. i Iamsoa it 2@iii¥. 885100 Kefat hunani zed
TN228- | gC%Ir\‘% Met hods, Once_the hunani zed vari abl e_re%i on amno acid
sequences © Fddn Pisatoph e amatie e By v BiliG plef, BucleicgygidyRes 28 204218 Iehnst r uct ed
to encode N, di [ i : I €6, 0 i and

appr opri at(%ﬁg%&gﬁ%g %g%%aa %ﬁﬂ%ﬁ}?%o%@%& ?%%OI?L% 213%8%5{99[?3%@ ?Jllagti on enzyne
si tess (Fi enafaCerBffcs of Bodie Bdsyngangi DNghisota iddtyya iR Medl 188163016208 Wer e
constructed and anplified using eight overl apping synthetic

ol i gonuc| edsriedye groviderilyifnmevork fr boirftheufamized BT oy rain eldlielg Bhaingar8ige regiaises  ( He,

XY, Z. X J. Me A.. Mull ey, Vasquez ! en, V, Vexler, C

Kl i ngbei | l}lhﬁ\lﬂ“gméofh&E%%Yy é’?’ﬁym@g‘*\r’%‘.ﬂy‘ﬁ]@g%.m%ﬂ%ﬁ% P?é%“ﬁf%rgffé‘d'ﬁsrfgaf ficoki neti cs
of a Mnogkgbals iRk ROHNMNEIL 1eREGEE kGt LTt daeRiR Nl RmSlegCt i N. J.

| mmunol . 160: 1029-1035). The ol1gonucl eotides were anneal ed pairw se and
ext ended WN224 light thein drigoiumiin lagiteaidues but DNATpEyREE GBS sre Méntdaltb figse bOUT

doubl e-stranded fragments. The resulting fragnments were denatured,

anneH ed B‘&PPW@@?S%HE@%&W%“\XP%FFQW%%WW yielding two fragnents. These

fragments wer enat ur ed | { LW, xtended once again,
yielding a fr iaﬁcg? %&rtpﬁogrga‘%s nwaéf‘?“é@%? Fvﬁ%&p}ﬁg%tc}g’?“éﬁgym%%ﬁaﬁeed by

pol yner asgo€ial Oonfp@@GlrhiRiond dPERctokis] 1810l BEb1 DGR 368850) $8¢ us8Bb coRiidi {1 €d, ,
digested with Xbal, gel 10 purified again, and subcloned into the Xbal site
of pVg2NM3mflepulathadel efcyr @22 veripblp flontain awieh erimaised fo levarelthpArbinofacids i fhamoueXPRESSSi on of
l'i ght chain. %D%apVgZNB vector for human gamma 2 heavy chain expression
(Col e, M Eemewesk thatare sloserepqueh toye CDRs $p potputiglly isfrggtvith them; Tfletigaghehumpapizgdt s of
chingric i I Ni Gyt mmunol . 159: ..

5615 3621 e el Db S Cond i B g U0 R v Bty (o
MS., N. Mhe frdacRiegibrs 6f thdhukan 1EaESN chaiYhnd the AVAIRION fouse PNASS 16 RBlRBET 9. and
C. Queen. 1992. Chineric and humani zed 15 anti bodies with specificity for

t he CD33 erfiieil gptsthe fgmevjorkyegive of thd ih@ar]IC4 Behtich &4} At framesyork peitions weeyd t redapyuter

descri bed. 1'I'he Sﬁgue ces of the V-regions and constant region exons of the
heavy and®f¥ighes 1of FoRPet B HDRS, Befmoa adis frpop fhegousRpatbadn wei sybgnted
SEQUENC] N il BiEinflhORS £t kb ASO orlifindl 1 MPh AR iR MBI, U254 6l DY
restriction napping. Al DNA mani pul ati ons were perforne eby standard

met ods. 67n71tahd B ofpeiebvyicinit Fa Fhe LigttchiNR 28substifufiinS wérdmade (16l MR hoeh i bf o dy

‘containing the humani zed TN228 WVu
nTN228 CDRs into the IC4 framework region was done). Furthermore, famework residues that ocenrred

only rarely at their positions in the database of human antibodies were replaced by human consensus amino
acids at those positions. For humanized TN228 this was done at residues 23, 40, 73, 83 and 85 of the heavy
chain and at residues 62 and 77 of the light chain. The amino acid sequences of the humanized

25 TN228 antibody heavy and light chain variable regions are shown Figure 9 and 10,

Example 9. Construction and expression of humanized TN228-1gG2M3

Methods
Once the humanized variable region amino acid sequences had been designed as described above,

30 genes were constructed to encode them, including signal peptides, splice donor signals and appropriate
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20 and VL variable regions, a human | g&M3 constant region for the heavy

chain, and a human kappa constant region for the |ight chd& June®985heavy
chai n const@ni/sr7egi on was nodified (Cole, MS., C Anasetp¢rrosendsidssY. Tso.
1997. Human 1 gQ& variants of chinmeric anti-CD3 are nonmtogenic to T cells.
J. Immunol. 159: 3613-3621) fromthe germine human 2 genom c fragnent,
and the light chain was derived fromthe germine human K genoniic
fragment . refi@iohehHRR sy (PRHE YATR\GEFVidd H%“m @fin VaHITR B Bnd 3k YonRa@RELT and
enhancer drive both the 25 heavy and light chain genes. The heavy chain
gene is f ekifiwadngrjcht dvelpping obetic pligowpledides g indemeidl &em spexifndniSttd®®  human
conpl emen{l1 %ﬁge %‘,2 Ashfield, R, P. Enriquez-Harris, and N. J. Proudfoot.
1991, Tr aRSEHHE TR & Vet 4 A smen: Visarr ¢ RecerVoaley Ci Hinhel M fan

conpl enen NBSe Gehs ARdn b -y | tor...faor and
c-nyc? ENTI%%%% g% %481197- 42%‘%%@%9 R‘%}:# oiq}gﬁ?&ﬁ{a@e{ng%ﬁt%% s%ﬁllﬁ%%?ng’%&gene

(Mul 14 gan andR-selectin. allhmkol. 188109910398 The oRRIEH IR Fert SlcaRMpaiRise B @éxtehdad Wil

express the Escherichia coli gene coding for xanthine-guanine 30

phosphor i Be%ehav il BN & polmerses L, vidhiing fourouplp-str@ddd fragnigys. 78e re@RL2676) and
the heavy_chain sel eciion marker 8.9 June, 2005 WD 02/47721

PCTI USOL] 178 B rhelst R e Sfrad] etk dion S e o by (et ooy

| sol ati on saReted¥RERE 4 aa‘deﬁ&deakﬁoesg%ﬁl,gﬂmgeﬁm off ehAlsRrf GGt @5€ CDNA.
Proc. Natl. Acad. Sci. USA 80: 2495-2499) are both driven by the SV40 early
pr onot er . akifieddy prlessichairotactidd FRRPBing Taopolgheeand, gel-pudifilf diétddonth K, @e1.COS- 7
cells (nmonkey kidney cell line) was 5 done using Lipofectamnm ne 2000

(cat ¥} og BorHigdsgsn g pubclpred ftothe Xhyl site GER Ve Y fordpresmpresituedf hgavy chgim aofl pififrdhst

transfectants. nal yze r_hu | g&G2MB, ant i_bod roductiqn by ELI SA,
usi ng goa gﬁf"%ﬂﬁh&ghﬁml gtﬁpqﬁzgv%r‘r'ﬁcmé g’g?"nmz IsE %)mé’%?%li'e?:wﬁhﬁ’tni%’é §/°ng§’?eclg%t’ Gri ng
reagent apghsdiiRnQ @0 08476 BRRG2 didts JTHERRC KARDA ot Rakibaitith BOMY 1. @S

devel opi ng reagent. The spent nedia were also tested for the ability of
HUTN228 t Guninineidl 59: 361P8428), GBES pVk webrlfe higyan kapphi lighe clainjexprossiva (¢ dt.8230eNt st ai ni ng

and anal yzed ‘P}é flow cytonetry (data not shown). For stable cell 10 |ine
prooduct i ofY2EHE HintENT-26Y Ac3PYs DifoPrhatbeespdls Qs 499 Sirarised Baepisdo nur i ne
transfectants
V'

nyel g calidodd 0 502 Ul Ok, re
ol e o Flhodle 18 3080 P e cBLRAED R Mt DR A0 PRSI RER R <
were anal yzed th sdghehSfofas virgfiont M cdnidnSdicdRkond ot AP EhGhd 191 chRa84 bldniacs 15 Based
on the humani zed V-region anmno acid sequence design, heavy and |ight chain
V- genes ( Prgsrided bpmpleetidgsequensiag. €The gross sivciortseithafinalpisadsiiee derifind tymetiet hods.

The heavy and || chai.n. V- gene re cloned into the pvg2M3 and pVk
vectors, P@’gﬁ%&%?—m%"?ﬁ% °$°H¥L$P’QWP‘3‘“’8'?EQ’S‘§VH al clones were anal yzed
by nucl eoti de 1, 3GANERGHNIEAND G 65 hubl RS Q&L;-&&%mm@af- in and

i ght chain expreglg:i on %ggtors were used for the transtecti or%lﬁz%ll'ﬁ“e
consXant ey erighicoégions b mbhiigGIMEvsystanitekioh fogthé hetwyalish, AX PhASSEaYA cob@Ed O S Wer e

~also confirmed by )
region for the light chain. The heavy chain consiant region was modified (Cole, M.S., C. Anasetti, and J.Y. Tso.

1997. Human IgG2 variants of chimeric anti-CD3 are nonmitogenic to T ceils. J. Immunol. 159: 3613-3621)
from the germline human 2 genomic fragment, and the light chain was derived from the germline hyman K.
genonyic fragment, The buman cytomegalovirus major immediate early proinotcr and enhan;er drive both the

25 heavy and light chain genes, The heavy chain gene is followed by the transcription terminetor derived from the
humnan complement gene C2 (Ashfield, R, P. Enriquez-Harris, and N.J. Proudfoot. 1991. Transcriptional
termination between the closely linked human complement genes C2 and factor B: common termination factor
for C2 and c-myc? EMBO J. 10: 4197-4207). The light chain selection marker gpf gene (Mulligan, R.C., and P,
Berg. 1981. Selection for animal cells that express the Escherichia coli gene coding for xanthine-guanine

30 phosphoribosyliransferase. Proc. Natl. Acad. Sci. USA 78: 2072-2076) and the heavy chain selection marker
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20 sequencing. Exanple 10. Expression of HuTN228. Transient transfection of
COS-7 cells: The expression vectors were transiently transf@dumd200at o
nonkey ki awey2/48ki | ine COS-7 to produce the HUTN228 anti potysoiapesat nmedi um
fromthe transfected cells was tested by ELISA for the production of

humani zed g&M3 anti bodi es and by flow cytonmetry for binding to 25

PO15/ CD28+ cells (data not shown). Spent nedi umwas positive in both

assays. Thigs ¥n€Bshotn, 0.CNRIAIAZE Devkthl 1BBKolaths AMbRRS behilcdld ARG €Cti on was
-3.7 g/m. The HUTN228 anti body from transi ent supernatant bound to

P815/ CD2841111E<1§¢1?1§6 Tegiciese eRME dimeMatliAorl. #e Pentelos-HeP me botl divteby o 8Vlaeinn) . 19 9
June 2005 V\D 02/ 47721 PCT/ USO1/ 47955 Stable transfection of Sp2/0 cells:
The humanfy&a™ expression vectors were transfected into Sp2/Ocells for the

product] on of fuSiAbks of sl e WEBARIROLG | LOIARYAAAL LIRGRLECt 20t o

were tested for the production o Fu ThD ant | % ansi ent

t r ansf ect anf ssingOefedtinan00DChalng # (164300E Lifk)TedhRoged) OSiRM k@ fidul tSnsRirgher
anti body productivity and expanded in G BCO hybridoma serum free nedi um
HUTN228  arffersfsesan Ve analzzep for hupriaelgCaMBrntibedy Oropkiction by B3 wsingmokit mhbgunzgﬁf inity

chromat ogr a hy The urifie nple 11.
Protein pdri emﬁ)'(m%]%yﬁfca rﬁ‘ﬁe’é‘ m&ﬁ#ﬂﬁ@%‘iﬁ%ﬁé‘%‘?‘%‘@ éﬂ’é‘fléﬂ’c'&ﬁt s from
the stabl esaem@ﬁgﬁsgadt OFhe bfot H8ia ke am@éstm&wabh&ofﬁiﬁmﬁﬁ i@l 1o B 5Ny br i doma
serumfree nedium (catal og # 12045076, Life Technol ogies). Spent cuI ture 10

super nat apdlls bgagduhcammﬂedevatammgdnh andliy byl flotr yytdneacdetholsisun Fol2abiowr and
| oaded onto a 2 ni| protein-A Sepharose colum. The colum was washed w th
PBS Bbf or EnePrRducHn e monisih expiession Riagrids werp tmnstrotadingy Wﬁ@reloela Ll ShE@lY, pH 2. 5.

The el ute al vzed st 3 chan and_t hen
desal t ed glnut%él% %ﬁ@%ﬁ%&&f ctﬁ]}r{rsnm(’ée S%%Fd TR ﬁﬁeﬁﬁg‘ %%Jﬁ%‘ﬁ FHOIF g fctants

addi ti onakvergmhyﬂhbiaéﬂxszxJMmd@ﬁaéniﬁ&fdaﬁaat ein solution was filtered through
a 0.2in filter prior to storage at 40C. 15 Exanple 11. Purity

determ nation by size exclusion HPLC and SDS- PAGE Met hods Size excl usion
HPLC was ﬁerfor med using a Perldn El mer HPLC system consisting of a PE |ISS
200 Adva LC Sanpl e Processor, a PE Series 410 Bic LC Purrp a PE 235C

Di odgs Array DepfGl@bhe mmeavfrﬁm%&n d &né%% Sﬁr LR ﬁg‘ﬁ& el Eb“er

Tur bochr ol m Navi gator Version 4.1 so re wa

aut osanpl emdlpmwmpomdemm%amm@mdhﬁQTWthﬁhﬁﬁﬁ @Bﬁ’er&m&l%ﬁé the
data. Separation was achieved using two TosoHaas TSK-GEL G3000SWKL si ze

excl usi onthHPe2M3 endpii eector, :@pagtively, 2800Vt Figure. Sepprad elpries wdromajzadry nRbGide

sequencing and correct clones of both the heavy chain and light chain expression vectors were used for the

transfection. The constant regions of both the heavy and light chain expression vectors were also confirmed by
20 sequencing.

Example 10. Expression of HuTN228,

Transient transfection of COS-7 cells: The expression vectors were transienly ransfected into
monkey kidney cell line COS-7 to pm&uce the HUTN228 antibody. Spent medium from the transfected cells
was tested by ELISA for the production of humanized gG2M3 antibodies and by flow cytorr;t?;try for hinding to

25 FeI%/CD28" cells (data not shown), Spent medium was positive in both assays. The yield of humanized autibody
from fransient transfection was -3.7 g/ml. The HuTN228 antibody from transient supernatant bound to

P815/CD28" cells in a concentration dependent manner (data not shown).
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pore size; catal og # 08541, TosoHaas, Mntgoneryville, NMD) connected in
series. The nobil e phase was 200 nM pot assi um phosphat e/ 159 Juk Z{#l5assi um
chl ori de @fo¢d7219, and the flow rate was 1.00 nlL/ m nut e.pdimesoda7ess! umm
el uate was nonitored spectrophotonetrically at both 220 urn and 280 ran.
The injection volunme was 60 1(60 g) of the HuTN228 sanpl e. SDS- PAGE was
performed according to standard procedures on a 4-20% gradi ent gel (catal og
# [EC6025, Nov@dle ndafdctioh 8520 &) The fttnideSRpditn Ritord e R i@blsAnihlody was
confirmed using the Human |1gG Subcl ass Profile ELISA Kit 30 (catalog #
99- 1000, Rytremodugioneiaighld celline.Spent inedBdnm Fyan Giosfectants @AY tefiad lfdr Gowrovgcetiohed
manuf acturer's regom"renigeati ons. (Results) 20 9 June 2005 WO 02/47721
PCT/ USOL/ #9985 2pifdysg pith W‘Ttﬁé“‘%é%ﬁs'aqnéﬂmﬁﬁefﬂﬂfifgm o ey oWa B hal yzed by
si ze excl ysi %%ffc rﬁ(gml% i BHsl HUTN228 i s
not shom%%ogglggﬁghﬁﬁggégﬁﬁg ysi sc,)hyg e prgjgtgglgér?&é?lgﬂ%B% r?oalrllh%??g%asand has t he
nobi [d ty poifisdRMOATHIREspbdmalingi b it chdinatoRipRy Hheyiel d\ & p@ifitd afitody wacD.mgSDS- PAGE
anal ysis of MuTN228, isotype control MiIFd79 (nouse 1gd), HuTN228, and
i sotype 5 control HUEP5C7 (human | g&M3) under nonreducing conditions al so
i ndi cat ed tha]t 1aIPII f our. anti bodi es have a nol ecul ar wei ght of about

X . Prote D) : v

if . ; out
150- 160 e same four proteins under reducing conditions

i ndi cated t hagpedthe fi@Whn@Rt LBOGh SR ndUBER: oA hIEFHnRER ((AGEN Waldh@in®h W th a
nol ecul ar wei ght of about 50 1:1) and a light chain with a nolecul ar
wei ght of 57l GRG0 kBridohheringet ndam (eslbe # 12015074] gk Téchatogitd Spinsabtype of t he

HuTN228 anti body was consistent with the expected 10 |g& isotype (data
not hownyupereia vt harvested wiea cel] vishjlipschaditepordslpp i fraded onto aEl R9EE-AA ti trati on

experinmen s done using serial,twa=fold dilutions,of, | - Fl

ant i body %%%a\%rs\cnﬁor%m ' ﬁt’gcoé%névgsowa%&} vtﬂ}gsg?é. 196‘5?1‘%/?%5 s %ue I“%w%g@l%ggmcaejﬁ s/test)
ver e i ncubalaerpe.3. MhddiulploRia GhsithyRA ka8l dhake@f of 1 L BB BFh defilRed orid b Y 1 Of
FACS Staining Buffer (FSB = PBS, 2% FBS, 3% normal nouse serum 0. 1%NaN3)
washed wi totunfl equilibraiod wiESBS captingaalditioaad]0. bM NalClo Wheglpdaktadptoteip sdlgiart s filgted shown) .
For the conpetition experinments, MITN228-FI TC (50 ng/test) in 25 1 of FSB
was combi HEBEBRO2R Blipapriarde #9ee2 405 i al  di | utions of competing HUTN228 or
MUTNZ28 anti bodi es (beginning at 200 g/m) in 251 of 20 FSB, and added to
P815/CD28+ cells (3x105 cells/test) in 50 1 of FSB. Asa control,

P815/ CD28fixamgiel 1. Suibedetmiinbonda biedxdnkibrit INZP8rRGEC al one (50 ng/test in 50

1 of FSB). HUEP5C7 (human | g&M3) and MuFd79
Methods

Size exchision HPLC was performed using a Perkin Elmer HPLC system consisting of a PE ISS 200
Advanced LC Sample Processor, a PE Series 410 Bio LC Pump, a PE 235C Diode Array Detector, and a PE
20 Nelson 600 Series LINK. Perkin Elmer Turbochrolm Navigator Version 4.1 software was used to conirol the
autosarapler, pump, and detector, and fo acquire, store, and process the data. Separation was achieved using two
TosoHaas TSK-GEL G3000SWXL size exclusion HPLC colunms (7.8 mm x 300 mm, 5 m particle size, 250
pore size; catalog # 08541, TosoHaas, Montgomeryville, MD) connected in series. The mobile phase was 200
_mM potassium phosphate/150 mM po-tassium chloride at pH 6.9, and the flow rate was 1.00 ;L!minute. The
25 column eluate was monitored spectrophotometrically at both 220 nm and 280 mn. The injection volume was 60
1(60 g) of the HuTIN228 sample.
SDS-PAGE was performed according to standard procedures on a 4-20% gradient gel (catalog #
EC6025, Novex, San Diego, CA).
The isotype of the purified antibody was confirmed using the Human IgG Subclass Profile ELISA Kit
30 (catalog # 99-1000, Zymed Laboratories, South San Francisco, CA) following the manufacturer's

reconumendations, (Results)
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(mouse 1gd@) isotype control antibodies (200 g/m) in 25 1 of FSB were al so

tested as nonspecific conpetitors. Cells were incubated w $Huneh20Ganti body
m xture i ww@wfimad volunme of 100 1 for one hour on ice (irctbsidasss), then
washed with 2 ml of FSB, and anal yzed by flow cytonetry. This experinent
was repeated three tines. 25 Results The binding specificity of the MuiTN228
and HUTN228 anti bodies to CD28 nol ecul es on P815/CD28' <cells was conpared
in a flow cyt orebdn e @Rk HON20%RRdy IBRLyBEydBSGasREAPTIO I d1-IRiENOdS . A
representative result is shown in Figure 5. Both MiTN228 and HuTN228
conpet ed TeERLOAITNRGSIMIHOIN2E isnotcbevae Rispdatnithirnalysio e pdein s -98¢tmmaomer anddi cat i ng
t hat bi ndj ng of, _both antibodies is specific for the CD28 antigen. The

rel ative BOOhERdisrgrsondREfNersrm phuolr i iFeht 5168055 t han that of MITN228.
The isotype coipslgranlLled ) 47721
POTI UB0L) 470on DA ar i B %g%e?”ga%“fﬁ;@#ﬁ%&%ﬁ%& Al ng t hat
t he NUTN2RGhAGEPHTTINAR BIpGINI) b dhin@Beducing Edagifdng SsotiddRat63BR Bl @t dnflotiestiive@ugh

V-region specific interactions. Exanple 13. ELI SA conpetition experinment 5
Met hods And@ulggsteightpf panl 51161, Analypieoffhepams douyiraitins undewredtinggonditions dndisated

Nal geNunc erville 1L coated. wth 100 || of 28-Fc (0.5 g/ m
T Pas) | betb RSt et R R Plinaths Aot PR | oy
domai NS Ofyaif k¥AGh MR @ar GORRbMAGH: MAab.h the CH2 and CH3 domains of |gG)
overnight at 4 C. The plate was blocked for 30 mnutes with 300 1/well of
Super bl ock Bl oxhkisetgpe Butfrkiesteditiat (lRBStyfe@athaliO0f228 2BbbB5Svas dohsBieit @jth thdxRRowedk f or d,
IL), and washed wth 300 |I/well of ELISA Wash Buffer (EWB = PBS, 0.1%
Tweel- 20)18G2s95pg (daf wot shgFm)\ TN228- bi otin (0.5 g/nm) in 100 1 of ELISA Buffer
(EB = PBS, 1% BSA, 0.1% Tween-20) and tbree-fold serially diluted HuTN228
or MUTN228 conpetitor antibodies (starting at 100 g/m ) in 100 1 of EB was
added i negdddiPldl BALEombbiifonfioB@lentvOl ume of 200 Uwel | . Isotype control

ant i bodi es HUEP5C7 and MuFd79 (100 g/m) in 100 1 of EB were al so tested
as non- spdethobls ¢ conpetitors. As a' no conpetitor' control, 100 1 of EB was

added 15 to 100 1 of MITN228- bi ot i n'ﬂ&O'S t9/_rr1_). As a bl ank, 200 1 of BB was
added to the rtWRITHFRGTHE e dopshg ssiah FAdPId Figtior pFMYDE2ETISE paibody 998@mipt at e was

. t . i ; hi
e el | o F0abRATPUFRAL Qithfiod Bty Spnp b e TR 8K Uit S8R 00
g(mM, catialmg ofrAkisthing Buff @SB = PR¥ D% BBK] 8% ndral dlokse fehi, 024 WBL) whied Rlhat e was

i ncubated at roomtenperature for 1 hour with shaking. After washing the
wel | s as miebkaB, and @plyted wefldw cppuxp@atsasbsheymit e (cat al og #507602 & 506502, KPL,

Gai t hersburg, 20, MD) was added wells. T | at e was. i.ncubated at
room t enper at Lflz’”éth"f% Pe@?%ﬁﬁﬁ%éﬁﬁ%g'}:ﬁg?ﬁﬁ)ﬁ&fw E‘gﬁ%} ‘Y@%“‘ng"dﬂ&t&d at 415
ran. Thi speXRRkdaRi MR oAk Rk i ek d BSodics (boginming at 200 gl) in 25 1 of

20 FSB, and added to PB15/CD28" cells (3x1 0 cellsftest) in 50 1 of FSB. As a control, P815/CD28" cells were

incubated with MuTN228-FITC alone (50 ng/test in 50 1of FSB). HuEP5C7 (human IgG2M3) and MuFd79
(mouse IgGl) isotype conirol antibodies (200 g/mD) in 25 1 of FSB were also tested as nonspecific competitors,
Cells were incubated with the antibody mixture in a final volume of 100 1 for one hour on ice (in the dark), then
washed with 2 ml of FSB, and analyzed by flow cytometry, This experiment was repeated ﬁl:‘ée times.

25 Results ‘

The binding specificity of the MuTN228 and HuTN228 antibodies to CD28 molecules on P815/CD28"
cells was compared in a flow cytometry competition experiment as described in the Methods. A representative
result is shown in Figure 5. Both MuTN228 and HuTN228 competed with MuTN228-FITC in a conceniration
dependent manner, indicating that binding of both antibodies is specific for the CD28 antigen. The relative

30 binding of HuTN228 was a few fold less than that of MuTN228, The isotype control antibodies MuFd79 and
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Results The binding specificity of the HUTN228 and MuTN228 anti bodies to
sCD28-Fc was conpared in an 25 ELI SA conpetition experinmend June d¥scri bed
in the Metods4778 representative result is shown in Fi gurect@sol/sBessh
MuTN228 and HuTN228 conpeted with MuTN228-biotin in a concentration
dependent manner. The isotype control antibodies MiFd79 and HUEPS5C7 did
not conpete with MuTN228-biotin, indicating that the MTN228 and HuTN228
ant i bodi eﬁm@@pm%mmmmmg%cm%@u% MYTN220in@ By RS dnfoSics
interactions. The |1C50 values of MiTN228 and HuTN228 for all three
exper i mentesogaireches1p@guntigemthibadh|Veregdon spbtific intgbetitrisve bi ndi ng of 30 HUuTN228 was
on average 2.6 fold less than that of MuTN228. 22 9 June 2005 WD 02/47721
PCT/ US01/ 47955 Table 2. ELI SA conpetition sumary | C50 (g/m) Conpetitor

Expt 1 Exﬁiamgle@(%hsﬁc@‘é Sﬁlngﬂ_ Dev. MITN228 0.21 0.20 0.15 0.19 0.03
HUTN228 O . Bxamml e 14. 1251 -1 abel ed anti body
conpet i ti smh@ixperi ment 5 Met hods The relative binding affinities of the

MuTN228 and HuTN228 anti bodi es were determ ned follow ng the nethod of
- Queen et aI (@é‘@ﬂ EU@APEWG-IS@WM@PWOH 49456d0pIpdNnc, Wopiayillday was | coaNd F

Landol fi QV Vi t R P. Junghans

val dnan, " 150 VRITERee ot e BgRrR e e e TR,
recept or. dd?r[aﬂ?obe@dt\JJere cé%{édw&qﬁ Cl-ﬁg‘ndjéﬁ@a&nﬂnggﬁﬁ) OVl |i ;.t|4 e%)gateq‘gs Of

7251 -1 abel ed MuTN228 in 50 10 1 of Binding Bufft (BB =PBS, 2% FBS, 1 g/m
mouse | g@lodRedlfBh3Naind)s wita 300asiDeNSREbiotk Risckipd Bm&mw(ctamog h3mes; pibed d seri al
dilutions of MUTN228 or HuTN228 conpetitor antibodi es (beginning at 400 g
/m )% n 56°°§f°féfﬂ-)sﬂsd washied jithy300 J/welbes BRISAWahPuler G¥p%= PRSe0.1% Tyveen-2D).xA miyture

Ils/ |
T5773, | notaeils RS S RIS Ol SOk R B et o505 s
Cwith gemmdmaﬁmms or MABIEP Gontp it EdboaRiitheBR ] 196 A ERRET o GaMiRA79 (400

g/m) in 50 1 of BB were also tested as nonspecific 15 conpetitors.

Fol | owi ngintripdcateriroafind volow, of 200 &/welk [HotypetbitioDalbodits KEERSS7 avd SuFd78(168¢ ghad t o
centrifuge tubes (Sarstedt Mcro Tubes, catalog # 72.702, Sarstedt,

Newt on, NEP 1ebFR Yfaqfsn sty aimﬁfneﬂ%mmﬁ‘m&tw Dﬁﬁ?ﬂf?&t}tﬁtc@&zlowcspﬁﬂ@éﬂmdﬂcd t he
|ncultgat| of 15HPE$s ng nd baund_and free
count s mré%epa?ﬁgbxéﬁ%?gm@? ‘é!n%?%oﬁﬂgés aé'é'@qut mf’ﬂmnz%we}la(cwwg S. J.

Mor gan, ~ Tro@uTiNasgss). ‘Fhe plaeiwtd holbated at réafitdnpbritre fok1.5 Ho@Y witYhakiny B Awasnh3 9 7 -
Severe reduction in | eukocyte adhesi on and nonocyte extravasation in mce
def i ci ent thy wellgftimes with 300 Iwell of EWB, 100 Vwell of Streptavidin-HRP (1 g/ml, catalog # 21124, Pierce)

was  added to all the wells. The plate was incubated at room temperature for 1 hour with shaking., After
washing the wells as above, 100 Vwell of ABTS substrate (catalog #507602 & 506502, KPL, Gaithersburg,
20 MD) was added to all the wells. The plate was incubated at room temperature for 5-7 minutes and the optical

density was read at 415 nm, This experiment was repeated three times,

Results
The binding specificity of the HuTN228 and MuTN228 antibodies to sCD28-Fe was compared in an
25 ELISA competition experiment as described in the Methods. A representative result is shown in Figure 12.
Both MuTN228 and HuTN228 competed with MuTN228-biotin in a concentration dependent manner, The
isotype control antibodies MuFd79 and HuEP5C7 did not compete with MuTN228-biotin, indicating that the
MuTN228 and HuTN228 antibodies recognize the CD28 antigen through V-region specific interactions. The
ICsp values of MuTN228 and HuTN228 for all three experiments are shown in Table 2. The relative binding of

30 HuTN228 was on average 2.6 fold less than that of MuTN228.
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20 chenoki ne receptor 2. Proc.
experinent was repeated three tines.

Nat | .

Acad. Sci .

' 94: 12053- 12058)
Results The relative B 95

Thi s

af finiti eweéadrma MUTN228 and HuTN228 anti bodi es wer e conpareshiisatvsan 1231 -
| abel ed anti body conpetition experinent as described in the Method. A

representati ve result

is shown in

Figure 13. Both MuTN228 and HuTN228

conpeted with "51-1abel ed MUTN228 in a concentration dependent 25 manner.
The i sot Y16 idaQbmmhdoh Raf¥yMIPd79 showed weak but repeatable conpetition

at high concentrations,
conpete with 1251 -1 abel ed MUTN228,

recogni zes_the CD?8 antigen through V-region specific interactions. T
| G50 val ydsmpfitop3 o Brade” 2005] BT 02/ 477B¥tPCT/ USiraess  NiFENED8 and
HUTN228 f TRbag ThY e xper-rppl s—are—shpyh—-A """}'b" 3—FHhe apparent
bi ndi ng alkhfl nl%y of UTN228 Was appromﬁgely 2. 4 Fol d | ess tﬁan t hat
t he MITN2AZBRIBRT DOUYg57Tabt e 3 gr £25 CONpeL Tt T oM ¥ HIrery 5 Tgee TV
Conpetitogr Expt 1 Expt 2 Expt|3 Average{St. Dev. [MiTN228 0.193 1.05 1.
1.00 0.06 HuTN228 2.65 2.43 2.13 2.40 0.20 Exanple 15 Amno acid

but the isotype control

iIeijzodt i ng that the

sequenci ng of thes hamsterb ant| -rrurl ne CD28 anti body Met hod

ant i bodi ekt

obt ai_.ned

(R-PB)-c

Phar M ngen (San Di ego,

: rom ATCC (ATCC HB- 12352)
ted PV1 were purchased from Sout hern Bi ot echnol ogy

(Bi rm ngham  Alp) relathd Gy, ahﬁmesh.@tn@mm@dm PN oL iR QLY aeRfinined riGRsing§ T OM

fhri ne CD28 hybridoma PV |
Purified PVI,

R- phycoer

Secondary anti bodi es fl uorescein

ant i body HUEP5C7 di d not
HUTN228 anti body

e

of

02

10 Hybi doma and

was
ythrin

(FI TC) - coth¢ et d@u@b@ﬂlﬁé@u@ﬂﬁl@ “WAP.ISemeider) H.EhGeliokt BBW. Haghe; N ¥-HEAn)olf, FF. Moe@gNnj ugat ed

donkey antl - Syrl an_hanst er

FI TC—COI’I] ugat ed donkey anti

15 nouse

H+L
et (R BT %éWid%@P@WFWUﬁ’Gkson

| gG ( H+L) NMavdglovis MpLeyit,

| mmunoResg Qv u

kappa, RP ceglﬁjjl%éﬁs%rdhgo%g[ t?Ac @1&6&2@9 lllzdog ﬁneﬁ% nFse lgloba% nltb}p%grrg;blsdase
(HRAp- conjsdgatiabugs ain 2¥Hs, rM?g)ﬁﬁiﬁﬁﬁeIwb@%fNﬁI@Jﬂva%%ﬁbﬂﬁdﬂ iRb GRNRGL 09y .
Goat anti- nmouse 1gG3, and nouse 1g&3 isotype control FLOPC 22 were from

Si gma. Chefridewibigiit(igs ofmﬂmzss orﬂliil)l\mgrdqepenwarmqulalﬂnemmtaellﬂo it ia fUTGERB, CD3

ant i body

15

20

25

145.2C11 and

/mpuse, chinmeric version 145 2Cl1-1gG3 20
wer e gene‘iﬂgﬂdéﬂw? F1°f5’§|]r5/q’)§§)c??15{205r"¢0 qéis*r‘@ B griybetion fkey (Skafgn Mperopel) Lube Strips

Boehrin g eJataﬂyE'ip Bl?’%l, mlgcluﬂqu)e@lne%%nﬁle, CA), and incubated for 90 minutes at 4 C with gentle shaking,

Isotype confrol antibodies HuEP5C7 and MuFd79 (400 g/ml) in 50 1of BB were also tested as nonspecific

competitors. Following the incubation, the cell-antibody mixture was transferred to centrifuge tubes (Sarstedt

Micro Tubes, catalog # 72.702, Sarstedt, Newton, NC) containing 0.1 ml 80% dibutyl phthaiate-20% olive oil,

the incubation tubes were washed once with 50 1.of BB, and bound and free counts were separated by

centrifugation as described (Kuzel, W.A., S.J. Morgan, T.C, Dawson, 3. Griffin, 0. Smithies, K. Ley, N.

Maeda. 1997. Severe reduction in lenkocyte adhesion and monocyte extravasation in mice deficient in CC

chemokine receptor 2. Proc. Natl. Acad. Sci. 94:12053-12058). This experiment was repeated three times,

Resulis

The relative binding affinities of the MuTN228 and HuTN228 antibodies were compared in an **I-

labeled antibody cornpetition experiment as describad in the Method. A representative result is shown in

Figure 13. Both MuTN228 and HuTN228 competed with '*I-labeled MuTN228 in a concentration dependent

manner. The isotype control antibody MuFd79 showed weak but repeatable competition at high concentrations,

but the isotype control antibody HuEPSC7 did not compete with '*’I-labeled MuTN228, indicating that the

HuTN228 antibody 1ecognizes the CD28 antigen through V-region specific interactions. The ICs, values of
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Cloning of variable region cDNAs. The V region cDNAs for the Iight and
heavy chains of PV 1 were cloned fromthe hybridoma cells ®yumn2@ischor ed
pol yrmer asavobzirrzr eacti on (PCR) net hod described by Co et patmwsi@ress 25
MS., NM Avadalovic, P.C. Caron, MV. Avadal ovic, D. A Scheinberg, and C
Queen. 1992. J. Immunol. 148:1149-1154.). Anplification was perfornmed on
CDNA using T prinmers that anneal respectively to the hanster kappa and
gamma chaiMuTR28 SRIHRMS228 &R dedRxpefithdndRE shbWiat THRBERL Spdét filaRe g Gtail of
the cDNA. For 24 9 June 2005 WD 02/47721 PCT/USOl 47955 VL PCR, the 3

pri mer haduiFes wesquregimeatclpr-4 Bild IFNipa GAGOCTOONTEIRBASTCCCC (SEQ | D NO  21),
wth residues 11- 24 hybridizing to the hanster Ck region. For VH PCP, the
3" primers has the degenerated sequences of (SEQ ID NCS: 18, 19 and 20): A
G T 5 5" TAMGNAT (AN HIIEART CGATAGACCGATGEGCCTGTCGITTTGEC, T with
residues 19 - 50 hybridizing to nost rodent 1gG CH . The non-hybridi zi ng
sequefices in the two prinmer sets colkguM) restriction sites used for
cloning. The VI and VH cDNAs were subcloned into a pUC19 vector for 10
sequence (€@t nat i EWiL To avdiB®tPCR- ger|dreifed er ridivemgef | ve |Sidependent

cl ones f ot A \?g?4;—éEQuﬁnced__ard only thel clones w
agreed w e con<8 us seqLé te were éﬁ%sen to .

PVl . ResuMismuad Crowgng—of—P\h ¥ regtot
chain V region cDNA$S were cloreé fronltré&ypybrldonéocelIs

Met hods. For the VL PCRonly 3 . primer corresponding to the namster Cy
regi on could yleld VL cDNA product froanVI A 3" prinmer fromthe hanster

Cy regi onExam ut : gfia ) BCR product. These results
i ndi cated t hat the hybrl dorra PV I uses kappa for its light chain. 20
Several |ight and heavy chain clones were sequenced and were found to
contain tRessane VL and Vii, respectively. Limted CHL and Cy sequence

dat a |nd|cafed that the cloned heavy and |ight chains are not nurine in

ori gio. EXgiinne almGoBe! TheQir@in ARl QXRRGRSITIR Lydfidoal b VB SotMiford 3. 25
Met hod PVl VL and VH were nade by PCR into mini-exon segnents flanked by
Xbal sit edTEZ(AJESHP1BEY- Pridied BYLR- Phyfz’erythlﬁqiR PB)-commaﬂcfbls\é weyh purbipsed oaney, M

Vasquez, G N B8 emofsey Witingham, 51y, e SAADBhmbttr ot D28 Soboce 305 G om S 90 1998

PharMingen (San Diego, CA). Secondary antibodies flnorescein (FITC)-conjugated donkey anti-Armenian

hamster IgG (H+L), FITC-conjugated donkey anti-Syrian hamster IgG (H+L), FITC-conjugated donkey anti-

15 mouse IgG (H+L), R-PE-F(ab’); donkey anti-mouse IgG (H+L) were from Jackson ImmunoResearch (West

Grove, PA); and FITC-conjugated goat anti-monse kappa, R-PE-conjngated goat anti-mouse IgG3, and horse
redish peroxidase (HRP)-conjugated goat anti-mouse kappa were from Southern Biotechnology. Goat anti-
mouse IgG3, and mouse IgG3 isotype comrp:.l FLOPC 22 were from Sigma Chemicals (St. Louis, MO). The
Armenian hamster anti-murine CD3 apﬁbod;' 145.2C1H and its hamster/mouse chimeric version 145,2C11-IgG3

20 were generated in our laboratory, FITC-conjugated 145.2C11 was from Boehringer Mannheim (Indianapolis,
IN).

Cloning of variable regjon ¢cDNAs. The V region cDNAs for the light and heavy chains of PV1 were cloned

from the hybridoma cells by an anchored polymerase chain reaction (PCR) method described by Co et al. (Co,
25 M.S., N.M. Avadalovic, P.C. Caron, M.V. Avadalovie, D.A. Scheinberg, and C. Queen. 1992, J. Fumunol,

148:1149-1154.). Amplification was performed on cDNA using 3' primers that anneal respectively to the

hamster kappa and gamma chain C regions, and a 5' primer that anneals to the added G-tafl of the cDNA. For

24



J. Immunol. 160: 1029-1035.) and they were separately introduced to the
|l i ght chain and heavy chain expression plasnids (Fig. 14).9gamh208ni - exon
cont ai ns a wo@2#l7zpepti de sequence, a mature vari abl e regimrsRIYRRce and a
30 5 splicing donor sequence derived fromthe nost honol ogous nouse J
chain gene. Such splicing donor is used to splice the V region exon to the
nouse anti body constant region. Each m ni-exon was sequenced again after it
25 9 June 2BER, MO pRA 4 7R loqiRGel hldSOATa4 QBB A CHREADROA: Cqsﬁﬂ‘iﬂaniﬁ “ﬁc}{ﬂ
expression vector to ensure the correct splicing signal was intioduced, and
no PCR er regifiss ieddyiyidiieg fa thebhmsts Cy @gitrO For W BCE, @ Stptinier 1Rghhé @edetidddess bot h the
heavy and |i ght chal n genes of the chinmeric PV 1-1g&8 5 froma single
pl asmid. | n*ef4pess ¢ qus\lirngI@OTef ers to a chineric antibody containing
the hanster PV I VL and VIl varigble re |ons a nmouse 1gG3 constant region
for the he@“ﬁ&rﬁéﬁ@t@é@ﬁc&d@@é&&ﬁeﬁ@ Eél?:gpﬁ kggion for the |ight
chain. The expression vector pV lrg 4) was obtained by a
t wo-step cloning process S|mlar to that described by Cole et. al. (Cole,
MS., C Anasetti, and J.Y. Tso. 1997. J. Imunol. 159:3613- 3621.). The
heavy chai Wfbcf‘é”*ﬁ‘%"@ %150 Pbgifizieg tovaest rerlsntTafei f Toonanibtuidining ss@eng® igrenried r agment
and the |I%{§] in 10 fromthe x fragnent. Both the heavy and |ight chain
genes are ﬁ’/l”am reﬁ?"ti"ﬁ%w%‘ﬁel‘?ﬁ °18”§1°th% argvY] HFQ@MWEF@F’GIOWGPH@@ vester foy/

pro er thetranscrlptlon

ter m)ltrqat o%g g’??&\}%lc: r%n‘m% %mdgﬁy eﬂn cgﬁ‘gﬁé p“’"éé‘ﬁ gongsforexck (PNAVGE R p.
Enri quez- Haqubrosd, andbiflly ¥ olbnes RQLIGORL agredBAik the ENRRuskequ JnQevé&legcé sen‘]fg%g resh the 1 1€
sel ection nmarker gpt gene (Mulligan, R C, and P. erg 1 ?3 Nat | .

Acad. Sci .chig@&F¥8: 2072- 2076) is driven by a nodified SV40 early prormt er.
For expression of the chinmeric PV 1-1gG3, the single 15 plasm d vector was
transfected into the murine nmycloma cell line NSO and the transfectants
were selected for gpt expression. Spent nedia fromtransfectants were
anal yzed fBasulifpuse 1 gG3 anti body production by ELISA,  using goat
anti-nouse 1gG3 as capturing reagent and HRP-conjugated goat anti-nouse
kappd®chain as devel opi ng reagent. The assay is specific for nouse |gG3;

s A S L T IR R SCR TR AT
descr | bed T Rotacar A ARgs s ER oré%taﬁﬁl’dﬁ”tn?ﬁa” = resw%?%gé?%%ﬁég?iect or
ohineric Boinrag .ﬁé"pé‘%*ﬁf%@duﬁm?ﬁo%f DPi e G b S P8 ek ayed by
E :_Ingf\ngo'[ gid E‘f_giﬁ% Wb%?f%%%e%%%%% e p%%?‘??“\%é% tgﬁfcﬁiagaé; a;) ; One
t r an®¥ ect SaveralWglg and heavy chain clones were sequenced and were found to confain the same Vi, and Vi,

respectively. Limited Cyl and Cy sequence data indicated that the ¢loned heavy and light chains are not murine

in origin.

Example 16 Construction and expression of chimeric PV1-JpG3.
25 Method

PV1 V,, and Vy; were made by PCR into mini-exon segments flanked by Xbal sites as described (He, X.Y., Z.
Xu, J. Melrose, A. Mullowney, M. Vasquez, C. Queen, V. Vexler, C. Klingbeil, M.S. Co, and E.L. Berg. 1998,
J. Inminunol. 160:1029-1035.) and they were separately introduced to the Iight chain and heavy chain expression
plasmids (Fig. 14). Each mini-exon contains & signal peptide sequence, a mature variable region sequence and a
30 5” splicing donor sequence derived frém the most homologous mouse I chain gene, Such splicing donor is used

to splice the V region exon to the mouse antibody constant region, Each mini-exon was sequenced again after it
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chosen for its high antibody productivity and expanded to grow in 1 L of
serumfree mediumPV 1-1g& was purified fromthe 1 L spen® Juw2@0n by
affinity guemtagraphy. The yield was >10 ng/L. 30 26 9 pewesdddss WO

02/ 47721 PCT/ USQJ/ 47955 Exanple 17 Characterization of the purified
chimeric PVI-1gG3 by HPLC and SDS- PAGE Methods Protein Purification. One
of the high 1gG3-expressing transfectants (Clone #1) was grown in 1 L of

G bco 5 Sai bk ddnembihbExpdRREv A diiheARQBHectGitbild MpBal FURRIMAIIANE notR har vest ed
when cell viability reached 30 % or below, concentrated to 200 nil, and

| oaded orrgrs FerSgamtratggy ot ei n- A Sephar ose col utm using a Pharmacia Pl punp
(2-3 M/mn). The colum was then washed wi th PBS containing an additi onal
0.1 M NaCl (final concentration of NaCl was 0.25 M before the antibody
was eluted wt i s gh-u?gj onto a
PD10 col um eﬁeﬁfﬁaﬁoﬁg\%ﬁ %Or%%%ﬁ%%?%ﬁ%ﬁg%&%f %Hia%na gﬁilt l%/Ig?\laCI . The
desalst ed fpinh siplaplssaildu In fHsrepod:(PVass3 frdfdrd 1€ 4 @thetid Bhibid @i toBaithg ethised 1o, prior to
storage at 4 C. Like all nouse 19gG, PV 1-1gG& at high concentrations (>1
mg/ L) praeeé Vpterisheasgiopya nevee I cusiguiresionfor thytsavy ehain.opd ahayss kivpe eapsteniiresipnat 37 C.

The antib . stays.in solution .at_rogm.t erature. - Repeated cycl es of
Cot - pr ecrinmigR R bty B e RS BRI B bR My ¢y o
the anti bashi o il dRbibkd i PR LEANENRISQ 0. Dsef] ZE5. €% 1057, 9 NmAlabiG 538613 SDS- PAGE.
Si ze exclusion HPLC was perfornmed using a Perkin Elmer B PLC system
consi st i reg2i0f Tee bty thifcddO Aglaancdtvel ConSaanpdue yPicaaicHQinent, andRiE lifiehies 410
Bin LC Punp, a PE 235C Diode Array Detector, and a PE Nel son 600 Series
LI NK® Perfkomrthed fisgmentT Gpth the hraorand gbhrhagrepbnys ard/eivaibpilie Mimin wofutgalevies wgs used t o
control the autosanpler, punp, and detector, and to acquire, store, and

process tiEeREealy Peomterand enfigoepand thex #p seppzripd bisthsioseplonteraiper derivaddiemde
G3000SWK i | i P | (T 41, 7.8
63000 mnthu@%%mpg%g#% gyglazee@i @gogn%ﬁm&s( ug§9.'ﬂ%o%§m%ﬁd%ﬁ&;flo@ﬁ§z- el

ore srz connecte In series.

mobi | e phase). Was1206h nidide2pf RSt RS Rl 84l M31.PMcRRlassl sivehisanizde at pH
6.9, and the flowrate was 1.00 nlL/m nute. The colum el uate was nonitored

spect r opRETDivdtiveh by nogifiedt SV40 ¢arly SrO¥pten niopgpkessigd the phimeTin BV HiaGe e simle vol une was
R R IR B T e )
it on B o Ao, XER oGty b Aok Db bos g Fomail S bt
t he pr ot akifg dost aBBRouPEIEER . Cap@ild rdageSt and HRP-conjugated goat anti-mouse kappa chain as

developing reagent. The assay is specific for mouse ¥gG3; other mouse IgG isotypes are negative in this

analysis.

20

Results

Expression of the chimeric PV1-JpG3. The cloned Vi and Viy were made into mini-exons (Fig. 15) and
incorporated into an expression vector as described in Materials and Methods and Fig. 15. The expression

25 vector was then transfected into a murine myeloma cell line NSO to produce the chimeric PV1-IgG3. Spent
media from several transfectants were assayed by ELISA for the production of mouse 1gG3 antibodies and by
FACScan for binding to ELA cells. Most transfectants were positive in both assays. One transfectant was
chosen for its high antibody produectivity and expanded to grow in 1 L of serum-free medinm. PV1-IgG3 was
purified from the 1 I spent medium by affinity chromatography. The yield was >10 mg/L.

30
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the nobility corresponding to the nol ecul ar wei ght of 150 kD. SDS-PAGE
anal ysis of PV, PVi-1gG3 and 30 isotype control under nonr e@daierf05s

condi ti onwabx4r7iindi cated all three anti bodi es have the mpéeosdiarssei ght of
27 9 June 2005 WO 02/47721 PCT/USO1/ 47955 about 150 kD (Fig. 17A). The
m nor bands seen in Fig. 17A were artifacts due to boiling of the sanples
in SDS w thout reduction. They reflected the nunber of inconplete

i nt er - chapflnels v Eh881QRRES: ifihd Digifiad EiRARSH PITpGAB S CSndlspkim G@me three
protel ns under reduclng conditrons 1 g. , _however, 1 ndicated that PV
1, but not PV 1-1gG3 or the isotype control, has a heavy chain with

nol ecul ar wei ght slightly higher than the 50 kD 5 nol ecul ar wei ght usually
seen w t hMetig® The bani ster anti body PV1 thus either has heavy

glycosylation at Asn297 in CH3, or it has an extra glycosylation site
el sewher etIppnpyidcation, (ne of fha figh IeGlcexpipssing fansteiants A lane #piag %meﬂqﬁ }sﬁﬁ}bco

gl ycasyl i AP A8l oLRY: i ' nspeci.fic hinding to ElA
cel | g pgéf aps g%/btn%n{eactl n ﬁ%{)uhugyfﬁ’%%%t%\%%g%ﬁq‘%ﬁécgﬁBablL:h)?arﬁap e&;%fg& Met hods
FI ow cyt Osemix{ dpncerbited 19 200 InlGd badkd oftS 2 Elfbrdtddl-A Sepkadsdcotimd @p §Blhnshidh12udy ) Were
stained with 1 g/nd of PVi, 37.51 or PVI-1g&G at 4 C for 30 mn, washed
with 2 ni@3aimap| e plgn wagtepn geshad wisllPRA cortpining aj addjfions]§d & F4CE(fidl eporemetimo ne-
conj ugat e

ST e BAPRSARAM Py by it Relafb bt shindba oG et RhCScan.

(Becton D ck ' . . l.n the..competi tiqn.e Lment, BlA cells
(2.5 x 108582 ?@%8‘.“%%‘?21"%@%?5@&°’é‘?%“‘ R gy PR IWRFACRIRE 25
pg/ b of AV kiterdd WouktG®D pndHilted pBi6E% dto‘éagw Pe. GBI Mlusedcadr vt @ aB@ M N in the
dark, washed with PBS and analyzed by FACScan. Simlar conpetition
exper i nmendonoprisiiond @ bmgwhdercipigtls 1 gk pdd brartirguissolrtndy onsingit 31°45 TRGHtbedy20 | n t he
reverse co _etilt_i on experi ment, ElAcells (2.5 x 105 cells/0.2 nil) were
st ai ned vﬁ”‘gﬁnf" Y oo tepRprapire- Repesied grrlps FsoldRircipitatig dopyt seemge affict fhe fugigen 30 i n,
washed 2 1B s.uW. thnBS0gst ai ned with FI TG conj ugated donkey anti-nouse
| gG (HtL), d%shﬁ%' nﬁ&gn’gl yzed by FACScan. To control for nonspecific
bi ndi ng of the secondary antibodies to PV 1, EL4 cells were stained with
excess PV | wthout PV 1-1gG and anal yzed. 25 For nouse T cell staining,
BALBS ¢ noflusity Determésiptiop bygie xglugion FRTQ and§DS-RAGE. $iz0 ex@lusin/PLG@rsoerftrad ndgdawi t h 1
g/ m of u I i sotype copntrol (FLOPC 21) or PVI-1gG3 at 4 C for 30
mn, washé i et ing g 6@%?9 Zﬁ%ﬁdva”gid&i%ta’%fﬁsswﬁ“awm Bio
FI TC- conj d¢gated pi 45c2fichd At TREM: an @3 :RerRbo PeRil) at
R R R T o, R e S TR e ST e

Navigator Version 4.1 software was used to control the autosampler, pump, and detector, and to acquire, store,

and process the data. Separation was achieved using two TosoHaas TSK-GEL G3000SWXL. size exclusion
20 HPLC columns (TosoHaas, catalog # 08541, 7.8 mm x 300 mm, 5 pm particle size, 250 A pore size) connected
in series. The mobile phase was 200 mM potassium phosphate/150 mM potassium chloride at pH 6.9, and the
flow rate was 1.00 mL/minute. The column eluate was monitored spectrophotometrically at both 220 nm and
280 nm. The injection volume was 50 pL (63.5 pg) of the undiluted PV1-IgG3 sample. SDS-PAGE was
performed according to standard procedures.
25
" Results
. The purity of the isolated PV1-IgG3 was analyzed by size exclusion HPLC and SDS-PAGE. The HPLC
elution profile of PV1-IgG3 is shown in Fig. 16. Based on this analysis, the protein is 99% monomer and has
the mobility corresponding to the molecular weight of 150 kD. SDS-PAGE analysis of PV1, PV1-IgG3 and

30 isotype control under nonreducing conditions also indicated all three antibodies have the molecular weight of
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1gG3 (10 g/m ). After 20 rain of incubation at 4 Cin the dark, the cells

were washed with PBS and anal yzed byFACScan. 5 Results Cha¥ddnee200bati on of
PV I and Mledg@ by flow cytonmetry. PV 1 was used to stapor/GsR8t7gsssitive T
cell line EL4 and analyzed by FACScan. The pattern of staining indicated
that PVI binds EL4 cells at two different sites (Fig. 17A). In addition,
PV1 as well as several Arnenian hanster anti-marine T cell antibodies

(145. 2C11bout aS0KD-(GH3I7A) HBE nidrhanda setxd in FICRTA eachrifich GuedddoDing df the amples-#S1SA4)  al so

bi nd nonspeC|f| cally to CD28-negative 10 nyeloma cell |ine NSO (data not
shown) . THEodgedncop. wfed dRp @B’Zﬁ‘éﬂﬁ%&?ﬂ‘%ﬂ?‘ﬂg‘iﬂm@ﬁmﬂﬁ@@ﬂdﬁ%r hand,

bi nds spe E ars
that, in gé&d%‘%(?gﬂﬁ¥#%8%@§¥lﬂs %I%&“&g%%i%ﬁ M(ﬁ: J()B% ¥ vsm%bns e %@a ‘Eg%t o0 ot her
sites, pogmf@d;yorthlarsaﬁgbon&h,eaamﬁ@@émdmrﬁdeb@ﬁw@t&hmh@{am%smI on. As
shown in Fig. 17C, the chineric PV I-1gG3 does not contain this

nonseci f inelechianyichigsugllyistey ithieG THebagsttriasielly PH1 thebsitedhs heove klymsylationat pat t er n
simlar to that of 37.51, and it does not bind to CD28-negative NSO cells
(dat a not Assbpoins3. of Bhay b exstra slybesylsiiomsipessivtieiedn the harly riginpaoibesedlatgf PV | |ies in
t he heavy chain constant region of this particular antibody and it is

el i M nat ethual @cosytioaiterrerhay edatribulre Berdashdeiit Bndidgad ELRWIs, bglags bpont ai ns t he
CD28- speci fic binding activity, we used the FACScan conpetition assay. In
t hese expkttippashphlatefiqpticaonj ugated PV | was mixed with excess (25-fold)

unl abeled PV 1, PV 1-1gG3 20 or: nouse 1gG3 control, and the m xture was
used to stain ETA cells. As shown in Fig. 18A, both PV I and PV1 |IgG3, but
not jssot yﬂmm” fgol, prevented R PE-conjugated PV | frombinding to EM
cells. The TrniDItion by PV t-1g& was |less than that by PV 1, and we

i nterpr etﬁghgdpese data as PVI-1gG3 conpeted with R PE- conj ugat ed PV I for
the CD28 sites but not for the nonspecific sites. Simlarly, both

145. 2011(}4}5@{5]:_@91 MIHIEL O 1@ BLd o m%s rd e 11 -19G3
prevente -con| ugat ed 145. 2C from ﬂgﬂ 25 t%ﬂggﬂﬁ%ﬁﬁ%&% iI'g. 18B),
butthechl dy. 0.0 ts i.nabilit

el i m nat e™ SFE{E&TEJ}E %‘EI%I nonsp%%"#“f%?d&%ﬁtﬁ“g&"}ﬂ% 319215 pAofs Pﬁ%é &P%%’“aiﬂa t he
reverse copmgkh sebc%neasmﬁ&ésgmﬂig/ smegz@sﬁeﬁn%uﬁaaoi af Blcdh) imddn | meloAlis Gagpet e with
PV 1-19gG3 for binding to | s. Although PV-1-1gG3 was not |abeled in
t hi slScasewasi:cﬂmﬂaEBSsmlfmd:talFMScmaBa@nDEBﬂsob,w@m CA30 FI TC-conj ugat ed donkey
anti-nouse antibodies.:The results in Fig. 18C showed that the inhibition
of PV 1- 29 9 June 2005 WD 02/47721 PCT/USOL/ 47955 19gG&3's binding to EM
cells by excess PVI was al nost conplsete, denonstrating that PVI and PV
1-19G3 bi BB Pt Bae &t 9pe’ * ﬁ%l‘ﬂpw}ml)pveff%&h SRRERY 8¢ ai n

nouse splenic cells. PV 1-1gG3-coated splenic cells were specifically
25 pg/rol of PV1, PV1-IgG3, or IgG3 isotype control at 4% C for 30 min in the dark, washed with PBS and

analyzed by FACScan, Similar competition experiment was also conducted using various versions of 145.2C11,

20 In the reverse competition experiment, EL4 cells (2.5 x 105 cells/0.2 mt) were stained with 1 pgfml of PV1-

IgG3 and 25 pg/ml of PV at 4° C for 30 min, washed 2 times with PBS, stained with FITC-conjugated donkey
anti-mouse IgG (H+L), washed, and analyzed by FACScan. To control for nonspecific bindjlﬁg of the secondary

antibodies to FV1, ELA4 cells were stained with excess PV1 without PV1-IgG3 and analyzed.
25 For mouse T cell staining, BALB/c mouse splenic cells (2.5 x 1(}5 cells/0.2 mi) were stained with 1 pg/ml of

mouse IgG3 isotype control (FLOPC 21} or PVI-IgG3 at 4° C for 30 min, washed with 2 ml of cold PBS, and

stained with 20 p:1 of FITC-conjugated 145.2C11 (10 pg/ml) and 20 pl of R-PE-conjugated goat anti-mouse
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5 recogni zed by the secondary anti bodi es R - PE-conj ugated goat anti-nouse

| gG3. Simul taneously, FITG conjugated 145.2Cl1 was al so ad¥ddna 05pl eni c
cells to madeds7@3-positive cells. In the two-col or flow pcyuUseetyss

anal ysis. PVI-1gG3 specifically stained CD3-positive cells, but not
CD3-negative cells (Fig. 19B). Muse 1gG3 isotype control, on the other
hand, did not stain the CD3-positive cells (Fig. 19A). Thus, the <chineric
PV 1-1 gG31gGa (10 ggind.esfteadd naumdfingdutios #141 C inshe éxT) the s:liextreOnshatwithPBS ddediyked, an
antigen binding activity that is 10 consistent with an anti-CD28 anti body.
Exanpl e 1%HA%d#€ti on of  Col I agen Induced Arthritis Methods 15 Mce were

i muni zed intradermally at the base of the tail with 125 g of bovine Cl |
(Coll agen G jutsu Kenkyukai, Japan) enulsified with an equal volune of CFA
(Wake, Japan). Mce were boosted by intradermal injection with 125g of
bovine CH in CPA on day 21. Mce were treated anti-CD28 anti body (PV1-1g&3)
at the dBssltef 1ng/ kg/ day continuous infusion via osnotic punp for 7days
after the initi aI i m’rum zatl on. Arthritis devel opment was checked by

i nspect i oGhagfterfzpt bS5 by pftbravtry. tHVE weoed ickiaini@iPedpaisiteiTari] inand t he 20
i nflanmation of four Fpaws was graded fromO to 3 as described previously

(Tada Y EL4gnd ngfyzedyyy FRCSon, (fhe pplters gf staipipg indicgtedbat PYL bindpRbd qelfs at twodiffesenisys  Tada,

Y., a1 XD, Each paw
was gr ade né\%m}{our sagvo?u\eé'ésseb\/\%rfér%%%édms seﬁacnﬁéﬁlﬁl %heébrgrdgislgﬁrr%%mécore per

nmouse WasankidD3;H5e-597unti TR {ahSUC10ARN-10as:-CRAG HisabifThoktyecitibuty @iCDEk-Aavd Ot al
score of the experinental mce by the nunber of the total nunber of m ce.
25 Rdsul tgyes:@m@ﬂmom@@tw@l}omﬁmwmmmr%y 51Mnde otherhendi nuni zed
wi th bovine, Cl | bser fo ment of arthritis. At day 11 after
the second® letf %1 ydﬁes“%l ?‘glglﬁ%)e anpgs g 1 A4oR 28 bipding i i n i ce

d
(77500, 66" aPErheio ey B0k J0K Kokl R anShomiaR e e MRS ERE SR, con

ni ce wer et AC/ RGPy Clpse i@snoRiousin thibagpagcifid Hiding {-iKad OTha Biflibody Bk B).4
Animals were all housed in a specific pathogen-free facility in
m cr oi sol etun 2 pgegrsmilg o fhatof $75drapdit doesnothing to GREENegeitveNSY) oplly (data not shown).

15 Thus, the nonspecific binding property of PV1 lies in the heavy chain constant region of this particular antibody

and it is eliminated upon chimerization.

To demonstrate that PV1-IgG3 contains the CD28-specific binding activity, we used the FACScan competition

assay. In these experiments, R-PE-conjugated PV1 was mixed with excess (25-fold) unlabeled PV1, PV1-1gG3
20 or mouse IgG3 control, and the mixtur.e was used to stain EFA4 cells. As shown in Fig, 18A, both PV1 and PV1-

Ig(G3, but not isotype control, prevented R-PE-conjugated PV from binding to EL4 cells. The inhibition by

PV1-IgG3 was less than that by PV1, and we interpreted these data as PV1-IgG3 competed with R-PE-

conjugated PV1 for the CD28 sites bdt not for the nonspecific sites, Similarly, both 145.2C1 1{Armenian

hamster anti-murine CD3) and the chimeric 145.2C11-IgG3 prevented R-PE-conjugated 145.2C11 from binding
25 to EL4 cells (Fig. 18B), but the chimeric antibody is less efficient due to its inability to eliminate R-PE-

145.2C11’s nonspecific binding to cells.
We also did the reverse competition experiment using excess (25-fold) PV1 to compete with PV1-IgG3 for

binding to EL4 cells. Although PV-1-IgG3 was not labeled in this case, it was specifically recognized by the

30 FITC-conjugated donkey anti-mouse antibodies. The results in Fig, 18C showed that the inhibition of PV1-
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food and water. Al mce were 6-8 wk of age when experinents were
initiated. Antibodies; 15 Anti-nouse silent CD28 (PV 1-1g®@yuneaddlbdenti cal
speci fi citwp da7t2hat of PV-1 clone but it does not have str@mgsoiagssi stic
activity in vitro (Fc-1gG3): Anti-nouse CD154 (TRAP1l, 1gd) was purchased
from BD PharM ngen (San Diego, CA). CTLA4-1g (CTLA-4/Fc Chinmera) was
purchased from Genzyne (Canbridge, MA). Tail-Skin transplantation; 20 Full
t hi cknesslgGki Hindgg @ BLacellshy BrcesyPY1 Was gmost cuinpleis fenthgmaing that B BAPBAgG bindch) wer e
transpl anted on the dorsal thorax of recipient mce(C3H H 2b) and secured
with a bdldesiEitioPor 7 days. Graft survival was then followed by daily

vi sual inspection. Rejection was defined as the >80% | oss of viable

epi dermal graft tissue. Statistical analyses were perfornmed using a
Dunnet t* seifMi, PV IkE3 0 iR biBiR Rordsplenic ¥R HPSIGL-Rated HloBO MBS spBalfer ed
significant. 25 Treatnent protocols; Skin graft recipients were treated

wi th310, r?;@gnizm the pegonddry @mddiesrﬂa%@njsﬁateemt a@PR@se IXBO Siguigheogdit FITGOUse CD154
and 100 p - | dnj.nj s red i on the day of transplantation (day
0y and SR pa pRE B 3 Esste b emite ST o britmeoho2) 47721
PCT/ US01/ ¢ t GKad 8 T cell
costinul a o@%%ﬁ%&lﬁs QL&?}% n?@ﬁigt% I g&ﬁof aﬁj{l t%tréoﬂég%g%%%u?ﬁ% 8 and
ant i - Mo U S¥oufsiEAsogbd certioi, wittheotpr aiDdEot Sdid ife BB p@GHEdells (BN YA) Blus,iie C311 mi ce.
Control animals rejected their grafts at 9 days. Anti-CD4OL mAb al one
nodest | y %WC&N@&SB acvesigs et ntigrnthytiisegreseBTtie Tialseip antigentpirdingratvis @8h t o

dramat i cal I ro when conbi ned with CD28 extendi ng nedi an

sur Vi val %@%&%@M@ Y33 days. This strategy is narkedly |ess
effective |n adm ni stration of CTLA4-1g and anti-nouse CD40OL mAb, with MST
of 12 days. Exanple 21 Preparation of Fab and F(ab')2 fragnent and of

ant i - CD2 &xanid 18 &ndnetion bOCHeep Budaed othriyf Fab fragnment of anti-CD28 anti body
Anti - human CD28 anti body (HuTN228) was digested with imnobilized-Ficin
(Pierce, USA). Inmmobilized ficin was activated with 50mM Tris-HCL pH 6.8
buf fer cqptaining 5mM EDTA and 11.5mM cysteine’ HO and

15 Mice were immunized intraderma}ly at the base of the tail with 125 pg of bovine CII (Collagen Gijutsu
Kenkyukai, Japan) emulsified with an.equal volume of CFA (Wako, Japan), Mice were boosted by intradermal
injection with 125pg of bovine CII in CFA on day 21. Mice were treated anti-CD28 antibody (PV1-IgG3) at the
dose of 1mg/kg/day continuous infusion via osmotic pumyp for 7days after the initial immunization. Arthritis
development was checked by inspection of four paws on day 11 afier the second immunization, and the

20 inflammation of four paws was graded from 0 to 3 as described previously (Tada, Y., A. Ho, D.-R. Koh, T. W,
Mak. 1996. J. Immunol. 156:4520, . Tada, Y., A. Ho, T. Matsuyama, T, W, Mak. 1997. J. Bxp. Med, 185:231).
Bach paw was graded and the four scores were added such that the maximal score per mouse was 12. The
arthritis index was calculated by dividing the total score of the experimental mice by the number of the total
number of mice.

25

‘Resulis
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packed to a colum. Antibody solution was added to the colum, and
i ncubated at 37t for 2 or 3 days. The 15 colum was washed YWtrie BBS and t he
di gest wawe@oecent rated by ultrafiltrati on. The concentrapegudigesds was
applied to the gel-filtration colum (TSKgel-3000SWl, Tosob, Japan) and
appropriate fractions were collected and concentrated by ultrafiltration.
Protein concentration was determ ned by absorbance at 280nm (Abs280 = 1.4
for | my/ myliceadsd idii@izddva@ BRAL CIS I HIRLWRE 15 AREIbIBRdr Pt SAPa R AN FRer 12 Qechlgepar ati on
of F(ab')2 fragnent of anti-CD28 anti body Anti-hunman 8 anti body was
prepar ed vrirhnizities aghaifiendnetd oighitanily laduted i mifcadatdd e aETD2Ea0a ML (0.6330.50h e
concentration of cysteine (1.15mM) and the period of incubation (one over
ni ght). 2%P<0Bliverestopirel (fipep.60s nodi fi cati ons and variations of the present
invention are possible in light of the above teachings. It is therefore to
be understood that within the scope of the appended cl ains, the invention
may be practiced otherwi se than as specifically described herein. Al
publications, patent applications, patents, and other references nentioned
herei n ar exdrpe@ porated by reference in their entirety. 30 32 9 June 2005
What is clainmed is: 1. A silenced anti-CD28 anti body. 2. The anti body of
Caiml which is a chineric antibody. 3. The antibody of Caiml whichis
a humani zed anti body. 4. The antibody of Caiml which has a variable
regi on coﬁ%ﬁh?géi ng the am no acid sequence in SEQID NO 2 or SEQ ID NO 4.
5. The anyjhady of Caiml which has a variable region conprising the am no
acid sequence In SEQID NO 2 and SEQ ID NO 4. 6. The antibody of Jdaim1l
whi cIp has Fénal RALB kil (BB Giicd RerE UEREA iFobd tarled ¥over fih OnABAckbh S SIHBAC Srimatl) SEQ | D
NO 7 or SEQID NG 9. 7. The antibody of aiml which has a variable region
conpr i si nyere Hhoused inpspesificdathpgemfeniality it micOB@atbriagGyifh fitiinel :BRQikcdiid. 8. A
pol ynucl \?\ﬁ’%"idg encqQdi.ng the anti body of Caim1. 9. The pol ynucl eoti de of
Claims8 fed TugeSverR 08 v e BheE pEimeR ¥dtisde sel ected from the
group consisting of SEQID NGO 1, SEQID NG 3, SEQID NGO 6, and SEQ I D NO 8.
10. An expression vector conprising the pol ynucl eotide of C aim8.

Antibodies;

15 Anti-mouse silent CD28 (PV1-IgG3) has identical specificity to that of PV-1 clone but it does not have strong
agonistic activity in vitro (Fc—IgG3). Anti-mouse CD154 (TRAP1, IgG1) was purchased from BD PharMingen.

(San Diego, CA). CTLA4-Ig (CTLA-4/F¢ Chimeza) was purchased from Genzyme (Cambridge, MA).

Tail-Skin transplantation;

20 Full thickness skin grafts (0.5 cm2) from tail of donor mice(BALB/c:H-2d) were transplanted on the dorsal
thorax of recipient mice(C3H:H-2b) a;ld secured with a band-aid for 7 days. Graft survival was then followed by
dailly visual inspection. Rejection was defined as the >80% loss of viable epidermal graft tissue. Statistical

analyses were performed using a Dunnett’s Multiple Comparison test. Values of P < 0.05 were considered

significant.
25
Treatment protocols;
Skin graft recipients were treated with 10, 50, 250 pg of anti-mouse silent CD28,
250 pg of auti-mouse CD154 and 100 pg of CTLA4-Ig administered ip. on the day of transplantation (day )
and on postoperative days 3, and 6.
30
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11. A host cell conprising the polynucleotide of laim8. 12. A host cell

conprising the expression vector of Claim10. 13. A nethod 8fups @gifici ng a
sil enced o oxHGPA8 anti body conprising 33 9 June 2005 cedt/usiingesshe host
cell of Cdaim1l1l under conditions suitable for expression of the antibody
and recovering the expressed antibody fromsaid culture. 14. A nethod of
produci ng a silenced anti-CD28 anti body conprising culturing the host cell
of C ai m ggumnder conditions suitable for expression of the antibody and
recovering t he expressed anti body fromsaid culture. 15. A nmethod of

pr oduci ngSismukndorshivciddenf the CIIDRS! AR T brd) dystinawdatgay natiivayg by aimitistatinof mgubhe

polynucleotide of Claimg@ into a host cell: culturing the host ceII under
condi ti ongeggpg%%? Ftimgpse g’iﬁfl SO PHPrERots HEr losr S A icg- Gl 't he

eXpr eSS ed; k] dadind & Oy Rhbrfibl A fome hlleon i8S ke Ol 8 s&nlel erein
sai d pol ynucl eotide conprises at |east one " polynucl eoti de selectéd from

t he gF oupt @RStes toldiehatidhily Sipidve ﬁvﬁ@wh&lcmﬁﬁ@immaqcnc&&@em&sm@:ﬁumand SEQ I D
NO 8. 17. A method of producing a silenced anti-CD28 antibody conpri sing

i nt r oduci A§THverorids devs Jhipriratoayasmerkedf lesepifptiye i dninigirarion of{ @5 44-Ig@id anti-merse ur i ng

t he host de ngi.t.ions suitable for expression of the antibody; and
recoveri ngﬁéokién%gkptr&g@g@gh SR body fromsaid culture. 18. A pharnaceuti cal
conposition conprising the silenced anti-CD28 antibody of Caim1 and a
phar maceut i caIIy accept abI e |ngr edl ent 19. Use of an effective anmount of

t he ant i bBxyple? atnand Ft anth CDER sptiiodydi cament  to i nduce
T-cell tolerance in a patlent 20. The use of Claim 19, wherein said

nedi Pament furt her conpri ses another imunosuppressant. 21. Use of an

ef fecti ve,anpunt g Caiml for the manufacture of a
medi canmen %g&ﬁfﬁélﬂ ?t%ueﬂﬂ%%%%m on in a patient. 34 9 June 2005 22.

The use of Ghfhiag ED28MRR0SH (H13@25) wikRICk:EA WRI bl A ibin PRI USAR Tmmobilized

ficin was activated with 50mM Tris-HCL pH 6.8 buffer containing 5SmM EDTA and 11.5mM cysteine - HCI and
packed to a column, Antibody solution was added to the coluron, and incubated at 37°C for 2 or 3 days. The

15 column was washed with PBS and the digest was concentrated by ultvafiltration. The concentrated digest was
applied to the gel-filtration colummn (TSKgel-3000SWxl, Tosoh, Japan) and appropriate fractions were collected
and concentrated by ulirafiltration. Protein concentration was determined by absorbance at 280nm (Abs280 =

1.4 for 1mg/ml.} and the fragment size was confirmed by SDS-PAGE.

20 Preparation of F(ab*)2 fragment of anti-CD28 antibody

Anti-human CD28 antibody was prepared with the same method as that of Fab fragment except for the

cencentration of cysteine (1.15mM) and the period of incubation (one over nighi).

25 Obviously, numerous modifications and variations of the present invention are possible in light of the
above teachings, It is therefore to be understood that within the scope of the appended claims, the invention may
be practiced otherwise than as specifically described herein.

All publications, patent applications, patents, and other references mentioned herein are incorporated
by reference in their entirety.
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i nosuppressant. 23. Use of an effective anmount of the_antibody
gPOtCIh:irm Irm:‘Jor tﬁg manuf acture of a medicanent to treat or§aHN®2083 ssue
transplant rejection in a patient. 24. The use of O aim 23, ‘wherein said
medi cament further conprises another imunosuppressant. 25. An anti body
HUTN228. 35 @nal wRRink@RS WO 02/ 47721 PCT/ US01/ 47955 SEQUENCE LI STI NG <110>
VASQUEZ, Maxim liano H NTON, Paul TAMJURA, Kouichi H GASHI, Yauyuki SEKI,
Nobuo UEDA, Hi r ok sugilenced 9f.CBES an¥ibidliy <120> S| LENCED ANTI - CD28 ANTI BODI ES AND
USE THEREOF <130> 200071USCPROV <1§0> US 60/ 255, 155 <151> 2000-12-14
<160> 21 <170> Patentln version 3.1 <210> 1 <211> 427 <212> DNA <213>
hybrid <220> <221> CDS <222> (12)..(404) <223> <400> 1

2. Theantibody of Claim 1 which is a chimeric antibody.

3. The antibody of Claim 1 which is a humanized antibody.

4. The antibody of Claim 1 which has a variable region comprising the amino acid sequence

in SEQ ID NO:2 or SEQ ID NO-4.

5. The antibody of Claim 1 which has a variable region comprising the amino acid sequence

in SEQ ID NO:2 and SEQ ID NO:4.

6. The antibody of Claim 1 which has a variable region comprising the amino acid sequence

in SEQ ID NO:7 or SEQ ID NO:9.

7. The antibody of Claim 1 which has a variable region comprising the amino acid sequence

in SEQ ID NO:7 and SEQ ID NO:9.
8. A polynucleotide encoding the antibody of Claim 1.

9. The polynucleotide of Claim 8§ which comprises at least one polynucleotide selected from

the group consisting of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:6, and SEQ ID NO:8.
10. An expression vector comprising the polynucleotide of Claim 8.
11. A host cell comprising the polynucleotide of Claim 8.
12. A host cell comprising the expression vector of Claim 10,

13. A method of producing a silenced anti-CD28 antibody comprising
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tctagaccac ¢ atg gag tca gac aca ctc ctg cta tgg gtg ctg ctg ctc 50 Met

A u Ser Asp Thr Leu Leu Leu Trp Val Leu Leu Leu 1 . 5 10 tgngfﬂﬁﬁQQéa ggc

tcc act ggt gac att gtg ctc acc caa tct eca get 98 Trp Val Pro Ay Ser Thr
Gy Asp Ile val Leu Thr Gn Ser Pro Ala 15 20 25 tct ttg got gtg tct ctg

ggg cag aga gcc acc atc tcc t a gcc 146 Ser lLeu Ala Val_ Ser Leu Ay
&0 A Aa The 1 rindncyd cafif i s sidon g GRS Bt gan tar
tat'gtc aca agt tta atg cag tgg tac caa 194 Ser Gu Ser Val Qu Tyr Tyr
Val Thr Sewntibadyandistco@ig e pyprfyed a@ibadyS@m58id @furecag aaa cca gga cag cca cccC
aaa ctc ctc atc tat get gca tcc aac 242 dn Lys Pro Gy Gn Pro Pro Lys

Leu Leu Il e Tyri14AlA8neMod ofSR6dudiseh sfiéncelQntiZOD28Ghibo@Bdombi@singdgg gt C cct gcc agg
ttt agt ggc agt ggg tot ggg aca 290 Val Asp Ser Gy Val Pro Ala Arg Phe

Ser Ay Ser Ay Ser. GVl Pt & , 200 Q2147721
PCT/ US01/ 47955 gac ttc;gyt aegﬁégté%co gg‘?:n a?l gde%(é()t%d%%? ?“éttg‘ggf fgaeé‘mgséb &ate gat att gca
atg 338 Asp Phe Ser Leu Asn Ile Hs Pro Val Qu Gu Asp Asp Ile Ala Met 95
100 105 t afttibadyandggeoveing thepxpregyrd antigdvLroq s eulliita ttc acg ttc ggc tcg ggg 386
Tyr Phe Cys A n Gn Ser Arg Lys Val Pro Phe Thr Phe Ay Ser Gy 110 - 115
120 125 aca aaglst ignagms ofyr@uciam stgtelagt-GQIoRs agdtoldt @epdsingaga 427 Thr Lys Leu
Gu lle Lys 130 <210> 2

introducing the polynucleotide of Claim 8 into a host cell;

culturing the host cell under conditions suitable for expression of the antibody; and

recovering the expressed antibody from said culture.

16. The method of Claim 15 wherein said polynucleotide comprises at least one

polynucleotide selected from the group consisting of SEQ ID NO: 1, SEQ ID NO:3, SEQ 1D NO:6, and

SEQ ID NO:8.
17. A method of producing a silenced anti-CD28 antibody comprising
introducing the expression vector of Claim 10 into a host cell;
culturing the host cell under conditions suitable for expression of the antibody; and
recovering the expressed antibody from said culture.
18. A pharmaceutical composition comprising the silenced anti-CD28 antibody of Claim |
and a pharmaceutically acceptable ingredient.
19. Use of an effective amount of the antibedy of Claim 1 for the manufactuie of a medicament
to induce T-cell tolerance in a patient.
20. The use of Claim 19, whergin said medicament further comprises another
immunosuppressant.
21. Use of an effective amount of the antibody of Ciaim 1 for the manufacture of a medicament

to provide immunosuppression in a patient.
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<211> 131 <212> PRT <213> hybrid <400> 2 Met Qu Ser Asp Thr Leu Leu Leu
Trp Val Leu Leu Leu Trp Val Pro 1 5 10 15 dvy Ser Thr d y2Aupe 208 val Leu
Thr G n Ser Pro Ala Ser Leu Ala 20 25 30 Val Ser Leu Gy G@n Arg Ala. Thr
Ile Ser Cys Arg Ala Ser Gu Ser 35 40 45 Val Qu Tyr Tyr Val Thr Ser Leu
Met A n Trp Tyr n . Br 20 55 Q0 Adn Pro Pro Lys Leu Leu lle
Tyr Ala Ala Ser %'nmggfl Ol‘gl%m é’?”herggsmfgm%ar@g fyr@rf(’%FeSPr o Ala Arg Phe Ser
Ay Ser Gy dnetherGhiunddipprodan. Phe Ser 85 90 95 Leu Asn Ile His Pro Val GQu
Gu Asp Asp Ile Ala Met Tyr Phe Cys 100 105 110 Gn G n Ser Arg Lys Val
ProPhe Thr Phe Gy Ser Ay Thr Lys Leu 115 120 125 du lle Lys 130 <210>
3 2 9 June 2005 WD 02/47721 PCT/ US01/ 47955 <211> 877 <212> DNA <213>
hybrid <220> <2§Ij_.>Us€gj‘gn@%arp@@o@ﬁ@ﬁp)ibodyofﬂaimlforthe manufacture of a

medicament to freat organ or tissue transplant rejection in a patient.

24. The use of Claim 23, wherein said medicament further comprises

another immunosuppressant,

25. An antibody HuTN228.
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<223> <400> 3 tctagaccac c atg gag tca gac aca ctc ctg cta tgg gtg ctg ctg
ctc 50 Met G u Ser Asp Thr Leu Leu Leu Trp Val Leu Leu Leu9 Jume 2@5t gg gt't
cca ggc togoagi7ggt gac att gtg ctc acc caa tct cca get 9Berspisidfass Pro Ay
Ser Thr Ay Asp Ile Val Leu Thr A n Ser Pro Ala 15 20 25 tct ttg get gtg
tct ctg ggg cag aga gcc acc atc tcc tgc aga gcc 146 -Ser Leu Ala Val Ser
Leu Ady.A@n Arg Ala Thr Ile Ser Cys Arg Ala 30 35 40 45 agt gaa agt gtt
gaa tat tat gtc aca agt tta atg cag tgg tac caa 194 Ser Gu Ser Val Qu
Tyr Tyr Val Thr Ser Leu I\/IetS nNTrgx'[%rGGl n 50 55 60 cag aaa cca gga cag
cca ccc aaa ctc ctc atc tat c&':c T¢8%aac 242 an Lys Pro Gy Gn Pro

Pro Lys i@y LRdoudze vi¥inAligndl @ Ser Asn 65 70 75 gta gat tct ggg gtc cot
gcc agg ttt mgtroggeadgt ggg tct ggg aca 290 Val Asp Ser Ay Val Pro Al a
Arg Phe Ser 1@MyriGekoGlchi Ser Ay Thr 80 85 90 gac ttc agc ctc aac atc cat
cct gtg gag Sf%ﬂ@e{vﬁatt gca atg 338 Asp Phe Ser Leu Asn Ile H's Pro
Val Qu GU%E- 31 e Ala Met 95 100 105 tat ttc tgt cag caa agt agg aag
gtt cca ttc%@ "}Htlz g€t og ggg 386 Tyr Phe Cys G n @ n Ser ArgLys Val Pro
Phe Thr Phe Ay Ser y 110 115 120 125 aca aag ttg gaa ata aaa cgt aag

tag act.ibbl Getmeizs BAt-@he AdinoplBE AwSudeCts@kdr | | € Lys Arg Lys Thr Phe
Ala Leu Asp Leu 130 135 gaccaccatg gctgtcctgg tgctgttcct ctgectggtt
gcat tt cdaa> gepgeyuetrROY91 gt cccaggt g cagct gaagg agt caggacc tggcctggtg
gcgccctcac agagcctgtc 551 catcacttgc actgtctctg gattttcatt aaccagct at
oot ot acaSt: odf tigbooLL

1
<1l60> 21
<170> PatentIn version 3.1

<210> 1
<211> 427
<212> DNA
<213> hybrid

<220>

<221> CDS

<222 {12)..(404)
<223>

<400> 1

tctagaccac ¢ atg gag tea gac aca ctc ctg ota tgg gtg ctg ctg cte 50
Met Glu Ser Asp Thr Leu Leu Leu Trp Val Leu Leu Leu
1 5 10

tgg gtt cca gge tec act ggt gac att gtg cte acc caa tet cea get 58
Trp Val Pro Gly Ser Thr Gly asp Ile Val Leu Thr Gln Ser Pro Ala
15 20 25

tct ttg got gtg tet ctg ggg cag aga goc ace ate tee tge aga geco l4e
Ser Leu Ala Val Ser Leu Gly Gln Arg Ala Thr Ile Ser Cys Arg Ala
30 35 40 45

agt gaa agt gtt gaa tat tat'gte aca agt tta atg cag tgg tac caa 194
Ser Glu Ser Val Glu Tyr Tyr Val Thr Ser Leu Met Gln Trp Tyr Gln
50 55 60

cag aaa cca gga cag cca cec aza cte cte ate tat geot gea tee aac 242
Gln Lys Pro Gly Gln Pro Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn
65 70 75

gta gat tct ggg gtc cet geec agg ttt agt gge agt ggg tct gag aca 290
Val Asp Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr
80 "85 S0



gcct ccagga aagggt ct gg aat ggct ggg agt cat at gg cct ggt ggag gcaaaaattt 671
taattcggct ctcatgtcca gactgagcat cagcgaagac aact ccaaga gcca@dune200331 3 9
June 2005wy\&/92247721 PCT/ US01/ 47955 cttaaaaat g aacact ct ger/es@dgat ga
cacagccata tattattgtg ccagagatcg 791 ggcgtatggt aactacctct atgccatgga
ctact ggggt caaggaacct cagtcaccgt 851 ctcctcaggt aagaatggcc tctaga 877
<210> 4 <211> 133 <212> PRT <213> hybrid <400> 4 Met Qu Ser Asp Thr Leu
Leu Leu Trp VaI Leu Leu Leu Trp Val Pro 1 5 10 15 dy Ser Thr Ay Asp lle
Val Leu r Pro AIa Ser LeuAI 20 25 30 Val Ser Leu Ay dn Arg
N Thrazﬁ :séar @és 5 o o G oS SLARURGR Ty T val T
Ser Leu yr n Lys 507 % n Pro Pro Lys Leu
Leu Ile Tyr AIa AIa Ser Asn Val Asp Ser 65 70 75 80 dy Val Pro Ala Arg
Phe Sert#ll yrSept Gay Beraddl wod keg Agp RhetteheBbtOQgBScglewly ASn kée His Pro
Val d @ BheASps ASp FineSey ardviys Tpd RivePieyShr P8O clPek1@yd n G n Ser Arg
Lys Vall¥ro Phe Thr Phe”@y Ser Ay Thrti%s Leu 115 1285125 Qu lle Lys

Arg Lys c]aSQag tg& gaa ata aaa cgtaagtaga cttttgetet aga 427
Thr Lys Leu Glu Ile Lys
130

<210> 2

- <21ls> 131
<212> PRT
<213> hybrid

<400> 2
Met Glu Ser Asp Thr Leu Leu Lieu Trp Val Leu Leu Leu Trp Val Pro
1 5 ig is

Gly Ser Thr Gly Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala
20 25 30

Val Ser Leu Gly Gln Arg Ala. Thr Ile Ser Cys Arg Ala Ser Glu Ser
35 40 45

Val Glu Tyr Tyr Val Thr Ser Leu Met Gln Trp Tyr Glu Gln Lys Pro
50 55 60

Gly Gln Pro Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn Val Asp Ser
65 70 75 80

Gly Val Pro Ala Arg Phe Ser Gly ‘Ser Gly Ser Gly Thr Asp Phe Ser
85 20 95

Leu Asn Ile His Pro Val Glu Glu Asp Asp Ile Ala Met Tyr Phe Cys
100 1058 110

Gln Gln Ser Arg Lys Val Pro.Phe Thr Phe Gly Ser Gly Thr Lys Leu
115 120 125

Glu Ile Lys
130

<210> 3



<211> 6 <212> PRT
PCT/ USO01/ 47955 Thr
<213> hybmwael02/4220>

atg
Leu
ctg
Au
tgc
Val

cag
Pro

ggc
Thr

gat gtc
Phe Leu
cag gag
Ser Ay

got_gi ¢
Sor 1y
cot.£6a
Pro Gy

aca<a@at
n<221>

<222>
<223>

<400

tgg
Trp

tet
Ser
30

agt
Ser

cag
Gln

gta
Val

gac
Asp

tat

Tyr
110

aca
Thr

gaccaccatg getgtectgg tgetgttect
gtcoeaggtyg cagctgaagg agteaggacc
catcacttgc actgtectectg gatttteatt

geectecagga aagggtotgg aatggetggg

taattegget cteatgtcea gactgageat

gtt
val
i5

ttg
Leu

gaa
Glu

aaa
Lys

gat
Asp

tte
Phe
95

tte
Phe

aag
Lys

ctg gtg
Cys Lau
tca gga
Pro Gy
t,ol, gga
235 40 45
ggeriP4 Phe Ser
50 55 60 aag ggt ctg gaa tgg ctg gga gtc ata tgg cct ggt gga
Zng Lys Gy Leu Qu Trp Leu Ay Val Ile Trp Pro Ay Ay Gy

<213> hybrid <400> 5 4 9 June 2005 WD 02/47721

Phe Ala Leu Asp Leu 1 5

<221> CDS <222> (12)..(431)

<210> 6 <211> 98@ne 20052> DNA

<223> <496prySotimoszgaccac c

ctg ttc ctc tgc ctg gtt gca ttt 50 Mt Ala Val Leu Val
Ala Phe 1 5 10 cca ago tgt gtc ctg tcc cag gtg cag
Gn Val Adn Leu An
15 20 25 ctg gtg aag ccc tca gag acc ctg tcc etc act
146 Leu Val

Val

cot ggc 98 Pro Ser

(22} ..(431)

3 .
tctagaccac c atg gag tea gac aca cte ctg cta tgg gtg ctg ctg cte
Met Glu Ser Asp Thr Leu Leu Leu Trp Val Leu Leu Leu

1

cca gge
Pro Gly

gct gtg
Ala Val

agt gtt
Ser Val

¢cca gga
Pro Gly
65

tet ggg
Ser Gly

80

agc cto
Ser Leu

tgt cag
Cys Gln

ttg gaa
Leu Glu

teo
Ser

tct
Ser

gaa
Glu
50

cag
Gln

gta
Val

aac
Asn

caa
Gln

ata
Ile
130

act
Thr

ctyg
Leu
35

tat
Tyr

cca
Pro

cct
Pro

atg
Ile

agt
Ser
115

aaa
Liys

ggt
Gly
20

989

Gly.

tat
Tyr

ccc
Pro

gceo
Ala

cat
His
100

agyg

Arg:

cgt
Arg

5

gac
Asp

cag
Gln

gte
val

aaa
Lys

agg
Arg
85

cct

Pro

azag
Lys

aag
Lys

Cys Val

Lys Pro Ser

‘att

Ile

aga
Arg

aca
Thr

cte
Leu
70

ttt

Phe

gtg
val

gtt
Val

tag

Ser Tyr

gtg
Val

gece
Ala

agt
Ser
55

cte

Leu

agt
Ser

gag
Glu

cca
Pro

ackt
Thx

cto
Leu

acoe
Thr
40

tta
Leu

atc
Ile

ggc
CGly

gag
Glu

tte
Phe
120

ttt
Phe
i35

ctgoctggtt

tggectggtg

aaccagctat

agtcatatgy

cagcgaagac

acc
Thr
25

ate
Ile

atg
Met

tat
Tyr

agt
Ser

gat
AsSp
105

acg

Thr

gct
Ala

gceatttcoccaa gctgtgtoct
gecgecctcac agagectgte
ggtgtacact gggttegcocea
cctggtggag geacaaattt

aactceaaga gocaagtttt

A u ThrLeu Ser
ttt tca tta acc agc tat ggt gta cac tgg att cgc
Leu Thr

Ay Vval

10

caa Lot
Gln Ser

toe tge
Ser Cys

cag tgg
Gln Trp

gct gea
Ala Ala
75

ggg tet
Gly Ser

30
gat att
Agp Ile

tte ggo
Phe Gly

cta gat
Leu Asp

Leu Ser

Leu Thr Cys Al a

Hs Trp lle Arg A n

cCa
Pro

aga
Arg

tac
Tyr
60

teo

Ser

g99
Gly

gca
Ala

teg
Ser

cta
Leu

got
Ala

gco
Ala
45

caa
Gln

aac
Agn

aca
Thr

atg
Met

g99
Gly
125

50

o8

l4a6

194

242

290

338

38¢

431

491

551

611

671

731



65 70 75 ttt aat tog get ctc atg tcc aga ctg acc atc agc gaa gac acc tee
290 Phe Asn Ser Ala Leu Met Ser Arg Leu Thr Ile Ser A u AspJihe 2@& 80 85
90 aag aaowoOax4Tt tcc tta aaa ttg ago tct gtg aca got gopCcpasoesdss338 Lys
Asn @ n Val Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr 95 100 105 gcc
gta tat tat tgt gcc aga gat cgg gcg tat ggt aac tac ctc tat 386 Al a Val
‘Tyr Tyr Cys Ala Arg'Asp Arg Ala Tyr Ay Asn Tyr Leu Tyr 110 115 120 125
gcg atg gac tac tgg ggt caa gga acc tta gtc acc gtc tee tca 431 Al a Mt

Asp Tyr Tt n.d.y Thr Leu Val Thr_Va e er 130 135 140 ggtaagaatg
gcct ct a%tgagﬁagt¥<%8§t?%2ffigtgfﬁ%a 5*0 GRS Eb%@&??ﬁ §5PA92¢ PCTPUS01/ 47955
<212> RREbgckd® dbidddct %QQ&tZg%Eaﬂg@g@@Ea%%ﬁaé@l c HafJ&@ LeysLys Lau Val
Ala Phe Pro Ser Cys 1 5 10 15 Val Leu Ser n Val n Léu G@n Qu Ser Ay
Pro G ycticetcadgglk dagsati2yc23:c88z2 Pro Ser A u Thr Lau Ser Leu Thr €ys Al a Val
Ser Ay Phe Ser Leu 35 40 45 Thr Bar Tyr Gy Val Hs Trp'lle Arg Gn Pro
Pro Ay ) y Lau 50 55 60 Qdu Trp Leu Ay Val Ile Trp Pro Ay Ay dy
Thr Asn;lé:e ggg Ser 65 70 75 80

<212> PRT
<213> hybrid

<400> 4
Met Glu Ser Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro

1 5 10 15

Gly Ser Thr Gly Asp Ile Val Leu Thr @&ln Ser Pro Ala Ser Leu Ala
20 25 30

Val Ser Leu Gly Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Glu Ser
35 - 40 45

Val Glu Tyr Tyr Val Thr Ser Leu Met Gin Txp Tyr Gln Gln Lys Pro
50 55 680

Gly GIln Pro Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn Val Asp Ser
65 70 75 80

Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ser
85 20 95

Leu Asn Ile His Pro Val Glu Glu Asp Asp Ile Ala Met Tyr Phe Cys
100 105 110

Gln Gln Ser Arg Lys Val Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu
115 ti20 125

Glu Ile Lys Arg Lys
130

<210 5
<211l &
«212> PRT
<213> hybrid

<400> 5



Ala Leu Met Ser Arg Lau Thr Ile Ser Gu Asp Thr Ser Lys Asn G n 85 90 95
Val Ser Lau Lys Lau Ser Ser Val Thr Ala Ala Asp Thr Al a Val 97yne 200 105
110 Tyr Cyeoéd/ev7irg Asp Arg Ala Tyr Ay Asn Tyr Leu Tyr Aperivkdisbess 115
120 125 Tyr Trp Gy Gn Ay Thr Leu' Val Thr Val Ser Ser 130 135 140 <210>
8 <211> 427 <212> DNA <213> hybrid <220> <221> CDS <222> (12)..(404)
<223> <400> 8 tctagaccac c atg gag tca gac aca etc ctg cta tgg gtg ctg ctg
ctc 50 Met GQu Ser Asp Thr Leu Leu Leu Trp Val Lau Lau Lau 1 5 10 6 9
June 2005 WD 02/ 47721 PCT/US01/ 47955 tgg gtt cca ggc tcc act ggt gac att
cag at é}l%q’rc‘ghecﬁaatr‘c?fl% afefuot 98 Trp Val Pro Ay Ser Thr Ay Asp Ile G n Met
Thr A n Ser Pro Ser 15 20 25 tct ttg tot gcg tot gtg ggg gac agg gtc acc
atc aca tgc aga gcc 146 Ser Leu Ser Ala Ser Val Gy Asp Arg Val Thr Ile
Thr Cys<2ang Al a 30 35 40 45 agt gaa agt gtt gaa tat tat gtc aca agt tta
atg cag<2t1§g 1488 caa 194 Ser Qu Ser Val GQu Tyr Tyr Val Thr Ser Leu Met

dn Tr pj_l:i %‘@ri%o 55 60

«<220>

«221> CDS

<222> (12}..(431)
<223 >

<400> 6 .

tectagaccac ¢ atg get gte ctg gtg ctg tte cte tge ctg gttt goa ttt 50
Met Ala Val Leu Val Leu Phe Leu Cys Leu Val Ala Phe
1 5 10

cca age tgt gte ctg tec cag gtg cag ctg cag gag tea gga cct gge S8
Pro Ser Cys Val Leu Ser Gln Val Gln Leu Gln Glu Ser Gly Pro Gly
i5 20 25

ctg gtg aag ccc tca gag ace ctg teoe cte act tge get gte tot gga l46
Leu Val Lys Pro Sexr Glu Thr' Leu Ser Leu Thr Cys Ala Val Ser Gly
30 35 40 45

tEt tca tta acc age tat ggt gta cac tgg att cge cag cect cca gga 154
Phe Ser Leu Thr Ser Tyr Gly Val His Trp Ile Arg Gln Pro Pro Giy
50 55 60

aag ggt ctg gaa tgg ctg gga gte ata tgg cct ggt gga gge aca aat 242
Lys Gly Leu Glu Trp Leu Gly Val Ile Trp Pro Gly Gly Gly Thr Asn
65 70 75

ttt aat teg get cte atg tce aga ctg ace atc age gaa gac ace koo 220
Phe Asn Ser Ala Leu Met Ser Arg Leu Thr Ile Ser Glu Asp Thr Ser
80 85 20

aag aac caa gtt tce tta aama ttg age tct gtg aca get get gac aca 338
Lys Asn Gln Val Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr
85 100 105

gee gta tat tat tgt gece aga‘gat cgg gog tat ggt aac tac cte tat 386
Ala Val Tyr Tyr Cys Ala Arg Asp Arg Ala Tyr Gly Asn Tyr Leu Tyr
110 115 120 125

geg atg gac tac tgg ggt caa gga ace tta gte ace gte tec tea 431
Ala Met Asp Tyr Trp Gly @Gln Gly Thr Leu Val Thr Val Sex Ser

130 135 140
gotaagaatyg gcoctotaga 450

<210> 7
<211> 140



cag aaa cca gga aag gca ccc aaa ctc ctc atc tat got gca tcc aac 242 dn

Lys Pro Ay Lys Ala Pro Lys Leu Leu Ile Tyr Ala Al a Ser AsnS@ane/ZN035 gta
gat tot gegoel/4r7rEict tcc agg ttt agt ggc agt ggg tot ggg aper®edu7d&l Asp
Ser Gy Val Pro Ser Arg Phe Ser Ay Ser Ay Ser Gy Thr 80 85 90 gac ttc
acc ctc ace atc tot' tot ctg cag ccg gag gat att gca acg 338 Asp Phe Thr
Leu Thr Ile Ser Ser Leu An Pro Qu Asp Ile Ala Thr 95 100 105 tat tao tgt
cag caa agt agg aag gtt cca ttc acg ttc ggc ggg ggg 386 Tyr Tyr Cys G n
An Ser_ALg Lys Val Pro Phe Thr Phe Ay Gy Gy 110 115 120 125 aca aag
gtg gaa..3t2 agg-i0t aagtaga cttttgctct aga 427 Thr Lys Val Qu lle Lys 130
<210> 9 <211>131 <212> PRT <213> hybrid <400> 9 Net Qu Ser Asp Thr Leu
Leu Leudmop>Val Leu Leu Leu Trp Val Pro 15 10 15 dy Ser Thr Ay Asp lle
Gn Met Thr A n Ser Pro Ser Ser Leu Ser 20 25 30 Ala Ser Val Ay Asp Arg
Val Thriet| BlarRel ©py VRt gleN Bhesgpu Gve 1Survallsla Ble £8o\&glr Gtsu Tyr Tyr Val Thr
Ser Leu* Met G n Trp®Tyr An dn Lys o 50 55 60 @5 Lys Ala Pro Lys Leu
Leu Ile Tyr Ala Ala Ser Asn Val Asp Ser 7 9 June 2005 WO 02/47721

PCT/ USQ?Ja./l4I7.e9_15§er Gln Val @Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys
20 25 30

Pro Ser Glu Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Phe Ser Leu
38 40 45

Thr Ser Tyr Gly Val His Trp' Ile Arg Gln Pro Pro Gly Lys Gly Leu
50 55 60

Glu Trp Leu Gly Val Ile Trp Pro Gly Gly Gly Thr Asn Phe Asn Ser
65 70 75 BO

Ala Leu Met Ser Arg Leu Thr Ile Ser Glu Asgp Thr Ser Lys Asn Gln
85 20 95

Val Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr
100 105 110

Tyr Cys Ala Arg Asp Arg Ala Tyr Gly Asn Tyr Leu Tyr Ala Met Asp
115 120 125

Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
130 135 140

<210> 8
<211l> 427
<212> DNA
<213> hybrid

<220>

<221> CDS

<222> {12)..(404)

<223>

<400> 8

tctagaccac ¢ atg gag tea gac aca cte ctg cta tgg gtg ctg ctg cte 50
Met Glu Ser Asp Thr Leu Leu Leu Trp Val Leu Leu Leu
1 5 10



65 70 75 80 Ay Val Pro Ser Arg Phe Ser Ay Ser Gy Ser Ay Thr Asp Phe Thr
85 90 95 Leu Thr Ile Ser Ser Leu G n Pro GQu Asp |le A a TArduigR0OB/r Cys
100 105 1Mo otr2(a n Ser Arg Lys Val Pro Phe Thr Phe Ay eCyuShya7dsy Lys
Val 115 120 125 du lle Lys 130 <210> 10 <211> 445 <212> DNA <213>
hybrid <220> <221> CDS <222> (21)..(419) <223> <400> 10 tctagacagt
ggggaacaat atg gat tca cag atc cag gtc ctc atg tcc ctg 53 Mt Asp Ser dn
Ile An Val Leu Met Ser Leu 1 5 10 ctc etc tgg atg tct ggt gcc tgt gga gat
att gt gt%‘. t%cc%a(%% ﬁg 1t01 t‘l_g%.lél alEgu ;I’r Met Ser Gy Ala Cys Ay Asp lle
Val Met % \;@%ttct 2 EF gca gé%l gag aag
gtc accTat §gag%}ot gg 14922}%%%1,1&%?818%?; neungEgﬁ a S§gr§,&| gerG y Qu Lys Val
Thr Met Ser Cys 30 .35 40 agg tcc agt cag agc ctc tat tac agt gga atc aaa
aag aactet tigttgt19% tAr gtbews $er (GongtSeacd et Bya thyrag@egedd y | hesLys Lys
Asn LeuS¢eleyFe5(355¢ ¥2k gy t2ae Avagvalabhradde Gba QygcAmagla ct ccg aaa ctg
ctg atc*tac 245 Ala Trp°Tyr G n A@n Ly$Pro Ay @ n Set5Pro Lys Leu Leu

Ile Tyragt gaa agt gtt gaa tat tat gtc aca agt tta atg cag tgg tac caa 194

Ser Glu Ser Val Glu Tyr Tyr Val Thr Ser Leu Met Gln Trp Tyr Gin
50 ' 55 60

cag aaa Cca gga aag gea coc aaa cte ctc ate tat get gea teoec aac 242
Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn
65 70 75

gta gat tct ggg gtc cct tee agyg ttt agt gge agt ggg tot ggy aca 290
Val Asp Ser Gly Val Pro Ser Arg Phe Ser Gly Ser CGly Ser Gly Thr
BO 85 20

gac ttc ace ctc acc atc tet ket ctg cag ccg gag gat att gea acg 338
Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Ile Ala Thr
95 100 105

tat tac tgt cag caa agt agg aag gtt cca tte acg tte ggc 9gg gagg 386
Tyr Tyr Cys Gln Gln Ser Arg Lys Val Pro Phe Thr Fhe Gly Gly Gly
110 1is 120 125

aca aag gtg gaa ata aaa cgtaagtaga cttttgetct aga 427
Thr Lys Val Glu Ile Lys
130

<210 9
<211> 131
<212> PRT
<213> hybrid

<400> 9
Met Glu Ser Asp Thr Leu Leu Leu Trp Val Leu heu Leu Trp Val Pro

1 5 10 15

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

Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Glu Ser
35 .40 45

Val Glu Tyr Tyr Val Thr Ser Leu Met Gln Trp Tyr Gln Gln Lys Pro
50 55 60

Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn Val Asp Ser



60 65 70 75 ¢ttt aca tct act cgg tta cctggg gta ccg gat cgc ttc aca ggc agt
293 Phe Thr Ser Thr Arg Leu Pro Gy Val Pro Asp Arg Phe Th®Ja@g2®sr 80 85

90 gga teavogpggraca gat tac act ctc acc atc acc agt gtc cegrwstr/ges 341
Gy Ser Ay Thr Asp Tyr Thr Leu Thr Ile Thr Ser Val G n Ala Au 8 9 June
2005 WD 02/47721 PCT/ US01/ 47955 95 100 105 gac atg ggg cat tat ttc tgt
cag cag ggt ata agc act ccg ctc acg 389 Asp Met Gy Hs Tyr Phe Cys.dn
Gn Ay Ile Ser Thr Pro Leu Thr 110 115 120 ttc ggt gat ggc acc aag ctg gag
ata aga,cgt aagt aga atccg@agtc 439 The (ly Asp Ay Thr Lys Leu Gulle Arg
125 130 tctaga 445 <210> 11 <211> 133 .<212> PRT <213> hybrid <400> 11
Met Asp Ser An Ile @dn Val Leu Met Ser Leu Leu Leu Trp Met Ser 1 5 10 15
Ay A aclyvalGryo AR AdgeralseMatiFgerGily Ser by ahdyspSeate Rt Ala 20 25 30
Val Ser Ala Gy G u &8s Val Thr Met 8Ser Cys Arg Ser Ser A n Ser 35 40 45
Leu Tyr Tyr Ser Ay Ile Lys Lys Asn Leu Leu Ala Trp Tyr Gn dn 50 55 60
5" " Codd o RBE SLOLKY B o W AP oY I WL S5 o0 A0 00 70T

Gln Gln Ser Arg Lys Val Pro Phe Thr Phe Gly Gly Gly Thr Lys Val
115 120 125

Glu Ile Lys
130

<210> 10
<211> 445
<212> DNA
<213> hybrid

<220>

<221> (DS

«<222> (21)..{419)
<223 >

<400> 10

tctagacagt ggggaacaat atg gat tea cag atc vag gte ckc atg tee ctg B3
Met Asp Ser @ln Ile Gln Val Leu Met Ser Leu
1 5 10

cte ctec tgg atg tet ggk goc tgk gga gat att gtg atg ace cag tect 101
Leu Leu Trp Met Ser Gly Ala Cys Gly Asp Ile Val Met Thr ¢ln Ser
15 20 25

cca tat tec ctg get gtg tea goa gga gag aag gte ace atg agt tge 149
Pro Tyr Ser Leu Ala Val Ser Ala Gly Glu Lys Val Thr Met Ser Cys
30 .35 40

agg tec agt cag age cte tat tac agt gga atc aaa aag aac cte ttg- 197
Arg Ser Ser Gln Ser Leu Tyr Tyr Ser Gly Ile Lys Lys Asn Leu Leu
45 50 55

gce tgg tac cag cag aaa cca gge cag tct ceg aaa ctg ctg ate tac 245
Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr
60 65 70 75

ttt aca tet act cgg tta cct-gygg gta ceg gat cge the aca ggoe agt 293
Phe Thr Ser Thr Arg Leu Pro Gly Val Pro Asp Arg Phe Thr Gly Ser
80 85 80

gga tct ggg aca gat tac act cte ace atc ace agt gte cag got gaa 341
Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Thr Ser Val Gln Ala Glu



Leu Pro Gy Val Pro Asp Arg The Thr Ay Ser Gy Ser Gy Thr Asp 85 90 95
Tyr Thr Leu Thr Ile Thr Ser Val Adn Ala Gu Asp Met Ay Hi s2¥yme 20080 105
110 Phe Cwo@ur7d n Gy Ile Ser Thr Pro Leu Thr The Gy Appr/Ghy/afdss 115
120 125 Lys Leu Qu Ile Arg 130 <210> .12 9 9 June 2005 WD 02/47721

PCT/ USO1/ 47955 <211> 467 <212> DNA <213> hybrid <220> <221> CDS <222>
(16)..(444) <223> <400> 12 tctagagtct tcacc atg gta tgg ggc ttg atc atc
atc ttc ctg gtc aca 51 Mt Val Trp Ay Leu lle lle Ile Phe Leu Val Thr 1 5
10 gca get aca ggt gtc cac tcc cigg%gtc cag ttg qgg cag tct ggg get 99 Al a
Ala Thr Ay Val H's Ser. d@n Val n Leu Lys Gn r dy Ala 15 20 25 gag
Ctt Ot Gyadagks 6y 308 € CLtl 8gi0key 2ag gtaattacggé gék 2@a aetadca 1475, Gu Leu
Val LysashreetCoyy Aia 15errndabyd wsn ldie d2@r116ysed yor Bhb 13arT 35 40 ggc tat
acc ttc act garoggc tacatg aaeitgg gtt gag cagzmag cct 195 Gy Tyr Thr Phe

Thr Asp Ay Tyr Met Asn Trp Val Gu d@n Lys Pro 45 50 55 60
tte ggt gat gge ace aag ctg gag ata aga cgtaagtaga atccaaagtc 439

» Phe Gly Asp Gly Thr Lys Leu Glu Ile Arg
125 130

tetaga 445
<210> 11

«211> 133

212> PRT

<213> hybrid

<400> 11

Met Asp Ser Gln Ile Gln Val Leu Met Ser Leu Leu Leu Trp Met Ser

1 5 10 15

Gly Ala Cys Gly Asp Ile Val Met Thr Gln Ser Pro Tyr Ser Leu Ala
20 _ 25 30

Val Ser ala Gly Glu Lys Val Thr Met Ser Cys Arg Ser Ser Gln Ser
35 40 45

Leu Tyr Tyr Ser Gly Ile Lys Lys Asn Leu Leu Ala Trp Tyr Gln Gln
50 55 . 60

Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr Fhe Thr Ser Thr Arg
65 70 75 80

Leu Pro Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp
85 20 95

Tyr Thr Leu Thr Ile Thr Ser Val Gln Ala Glu Asp Met Gly His Tyr
100 105 110

Phe Cys Gln Gln Gly Ile Ser Thr Pro Leu Thr Phe Gly Asp Gly Thr
115 120 125

Lys Leu Glu Ile Arg
130

<210> .12



ggg
Adn

Ccgg
Tyr
tcc
Ser
gtc
Tyr
tac
Phe

ggtgagtcct taaaacctct aga 467 Val Ser Ser <210> 13 <211> 143
<213> h rd % 9 June 2005 WD 02/47721 PCT/ US01/ 47955 <400> 13 Net Val

1 g)‘l_lfg4 e Phe Leu Val Thr Ala Ala Thr dy 1 5 10 15 Val Hs
nLeu Lys An Ser Ay Ala Gu Leu Vval Lys 20 25 30 Pro @y

Trp
Ser

cag ggc ctt gag t
Ay Leu Au Trp |
tac aavooz¢f7ama t
Asn A n Lys Phe G

g att gga aga att gat cct gat agt ggt aat 243 dy
e Gy Arg Ile Asp Pro Asp Ser Ay Asn9dsng@00ss act
C cag ggc aag gcc aca ctg act aga geCcT®9d1/4733% Arg
n Ay Lys Ala Thr Leu Thr Arg Asp 80 85 90 aaa tcc

agc aca gtc tac atg gac ctc agg agc ctg aca tct gag 339 Lys Ser Ser
Thr Val Tyr-Met Asp Leu Arg Ser Leu Thr Ser Qu 95 100 105 gac tct got
tat tac tgt gcg aga gat ggg acc ttc tac ggt acc 387 Asp Ser Al a Val
Tyr.4pds Alsa Arg Asp Ay Thr Phe Tyr Gy Thr 110 115 120 tac ggc tac tgg
ttcegat tve tgg ggc cag ggg acc cag gtc acc 435 Tyr Ay Tyr Trp Tyr
Asp<Rize Rypridy G n Ay Thr A n Val Thr 125 130 135 140 gtc tee tca

Ay, ég G
G n.p¥al &

<212> PRT

Ala Ser Val Lys Ile Ser Cys Lys Thr Ser @y Tyr Thr The 35 40 45 Thr Asp

Ay

Tyr Met Asn Trp Val Qu A n Lys Pro Gy Gn dy Leu
<400> 12
totagagtet teacc atg gta tgg gge ttg ate ate ate tte ctg gte aca
Met Val Trp Gly Leu Ile Ile Ile Phe Leu Val Thr
1 5 10

gea gek aca ggt gte cac teco cagfgtc cag ttg aag cag tet ggg get
Ala ala Thr Gly Val Hig Ser.Gln .Val Gln Leu Lys Gln Ser Gly Ala
15 20 25

gag ctt gty aag cct gga goc tca gtg aag ata tece tge aaa act tea
Glu Leu Val Lys Pro Gly Ala Ser Val Lys Ile Ser Cys Lys Thr Ser
30 35 40

gge tat acc ttc act gat gge tac atg aac tgg gtt gag cag aag cct
Gly Tyr Thr Phe Thr Asp Gly Tyr Met Asn Trp Val Glu Gln Lys Pro
45 50 55 6C

99g cag ggc ctt gag tgg att gga aga att gat cct gat agt ggt aat
Gly Gln Gly Leu Glu Trp Ile Gly Arg Ile Asp Pro Asp Ser Gly Asn
65 70 75

act cgg tac aat cag aaa ttc cag gge aag goc aca ctg act aga gac
Thr Arg Tyr Asn Gln hys Phe Gln Gly Lys Ala Thr Leu Thr Arg Asp
80 : 85 90

aaa tocc teo age aca gte tac atg gac cte agg age ctg aca tct gag
Lys Ser Ser Ser Thr Val Tyx Met Asp Leu Arg Ser Leu Thr Ser Glu
95 100 105

gac tct get gtce tat tac tgt geg aga gat ggg acc tte tac ggt ace
Asp Ser Ala Val Tyr Tyr Cys Ala Arg Asp Gly Thr Phe Tyr Gly Thr
110 115 B 120

tac gge tac tgg tac tte gat tte tgg gge cag ggg acc cag gtc acc -~

Tyr Gly Tyr Trp Tyr Phe Asp Phe Trxp Gly Gln Gly Thr Gln Val Thr
125 130 135 140

gtc tee tea ggtgagtcoct tasaacctet aga
Val Ser Ser

<210> 13
<21i> 143
<212> PRT
<213> lhiybrid

10

51

929
147
195
243
291
338
387
435

467



5055 60 du Trplle Ay Arg Ile Asp Pro Asp Ser Ay Asn Thr Arg Tyr Asn
65 70 75 80 Gn Lys Phe Adn @y Lys Ala Thr Leu Thr Arg AsPJuge Ser

Ser 85 90 W@ 024121 Val Tyr Met Asp Leu Arg Ser Leu Thr SerpCrwsésqefer Al a
Val 100 105 110 Tyr Tyr Cys Ala Arg Asp Ay Thr Phe Tyr Ay Thr Tyr Gy
Tyr Trp 115 120 125 Tyr Phe Asp Phe Trp Ay Gn Ay Thr Gn Val Thr Val
Ser Ser 130 135 140 <210> 14 <211> 46 <212> DNA <213> Artificial Sequence
<220> <223> synthetic DNA <400> 14 tatagagctc aagcttggat ggtgggaaga

t ggat acagfy.t ggt gc 46 <210> 15 <211> 50 <212> DNA <213> Artifici al
Sequence <220> <223> synthetic DNA 11 9 June 2005 WD 02/47721

PCT/ USQiidtA 785 Trp 1@ 0=ul 51.d alagagahe magedlt esAg1h gdatagags, gat ggggcet g
tcgttttygec 50 <210>516 <211> 50 10 15

Val His Ser Gln Val Gln Leu Lys Gln Ser Gly Ala Glu Leu Val Lys
20 25 30

Pro Gly Ala Ser Val Lys Ile Ser Cys Lys Thr Ser Gly Tyr Thr Phe
35 40 45

Thr Asp Gly Tyr Met Asn Trp Val Glu Gln Lys Pro Gly Gln Gly Leu
50 55 ' 60

Glu Trp Ile Gly Arg Ile Asp Pro Asp Ser Gly Asn Thr Arg Tyr Asn
65 70 . 75 80

Gln Lys Phe Gln Gly Lys Ala Thr Leu Thr Arg Asp Lys Ser Ser Ser
85 20 95

Thr Val Tyr Met Asp Leu Arg Ser Leu Thr Ser Glu Asp Ser ala Val
100 105 110

Tyr Tyr Cys Ala Arg Asp Gly Thr Phe Tyr Gly Thr Tyr Gly Tyr Txp
115 120 125

Tyr Phe Asp Phe Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser
130 135 140

<210> 14

<211l> 46

<212> DNA

<213> Artificial Sequence

220>
<223> synthetic DNA

<400> 14
tatagagctc aagcttggat ggtgggaaga tggatacagt tggtge 46

«210> 15

«<211> 50O

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic DNA

11



<212> DNA <213> Artificial Sequence <220> <223> synthetic DNA <400> 16

t at agagct ¢ aagcttccag tggatagaca 4atgggggtg ttgttttgge 50 Q2uee2006 <211>

50 <212>wWRa2/4P28> Artificial Sequence

17 tatagagctc aagcttccag tggatagacc gttggggctg tcgttttggec 50
Sequence

<400> 18 tatagagctc aagcttccag tggatagacc gatggggctg tcgttttggc 50

<211> 50 <212> DNA <213> Artificial

19 <211> 50 <212> DNA <213> Artificial

<400> 19 tatagagctc aagcttccag tggatagacc gatgggggtg ttgttttggc 50

20 <21124d@ 15

tatagagcte aagcttecag tggatagacce gatggggetg tegttttgge

16

50

DNA

Artificial Sequence

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

<220>
<223> synthetic DNA

<400> 16

tatagagete aagettcecag tggatagaca gatgggggtyg tkgttttgge

17

50

DNA

Artificial Sequence

<210>
<211l>
<212>
«<213>

<220>
<223> synthetic DNA

<400> 17

tatagagcte aagecttecag tggatagace gttggggetg togttttgge

18

50

DNA

Artificial Sequence

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

<220>
<223> synthetic DNA

<400> 18

' tatagagcetc aagettecag tggatagacc gatagggctg tegttttgge

18

50

DNA

Artificial Sequence

<210>
<211>
<212>
«<213>»

<22(0>»
<223> synthetic DNA

<4Q0> 15

tatagagcte aagettccag tggatagacc gatgggogtg ttgttttgge

<210
<211
«212>
<213>

20

50

DNA

Artificial Sequence

<220> <223> synt RETIUSOIINASS <400>
<210> 18
<220> <223> synthetic DNA

<210>
Sequence <220> <223> synthetic DNA
<210>
50
50
50
50

50

12



<212> DNA <213> Artificial Sequence 12 9 June 2005 WD 02/47721
PCT/ US01/ 47955 <220> <223> synthetic DNA <400> 20 tat agag@tlenadees t ccag
t ggat agt cov@arggeygct g tcgttttgge 50 <210> 21 <211> 24 <PLPASEING93S213>
Artificial Sequence <220> <223> synthetic DNA <400> 21 tatagagctc

cacttccagt gccc 24 ii 13

<220>
<223> synthetic DNA

<400> 20
tatagagete aagettecag tggatagtee gatggggetg tegtittgge 50

«<210> 21

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic DNA

<400> 21
tatagagctc cacttccagt geoce 24

13





