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Proc. Natl. Acad. Sci. USA, 94:8789-8794 (1997). An anti-B7 antibody was

al so prepared and reported to have suppressed activation ofJanegd0bs but
just as i wohpsase of CTLA-41g, it suppressed the CTLA-4psTgnelid7es well. 1
9 June 2005 WD 02/47721 PCTIUSO01/ 47955 An anti-CD28 antibody, in 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

anti body pronoted the growh and activation of T cells and enhanced the
production of cytokines [W 90/05541, Eur. J. I mmunol ogy, 16,1289-1296
(1986), etc.]. Furthernore, mtogenic stinulation of the CD28 receptor of
the T cell by an anti-CD28 anti body has been 5 stinulated in vivo resulted
in the generation of a T-cell aBtiRRRTHANENHN simlar to the second
signal fromB7 to CD2 i , I . 4328- 4334 (1999)].
These T-cell activatin%Ibﬁgﬁ?ﬁﬁ%gb%ﬁaégg#gﬁﬂﬁﬁgﬁﬂ%ﬁﬂ%g i - CD28 anti body

m ght be used as an i nmunopotentiator in the therapy of cancer and AIDS (WO
90/ 05541). SUWMMARY OF THE I NVENTI ON 10 The anti-CD28 anti bodi es prepared
by convenFieldngthe Ihverdomol ogi es exert a mitogenioaction on T cells. Al though
the reasons for this mtogenic activity is not fully understood, the

bi ndi*ng of the%“ﬁ%‘gesg%@'é’a?scmm@ﬁ defprivepfmijopiuis 3Etgity 2ad to psgsherect.
antigen-presenting cell is believed to be the probable reason (Cole et al.,
J. I'mmunol ogy, 36:159 (1997). Therefore, by utilizing genetic engineering

t echnol oggackapennd sTtite OflénGexd mMut ati ons into the Fe receptor binding site of
the anti-CD28 anti body to nodify the antibody so that it would no | onger

15 have ni t ogelmpneageetions nagriculyD erean et lentueictiond)yeretchieflyptinedit the rietitof & have

gener at ed N228 L ich g&M has two amino acid substitution in
| gG gene. Iyﬁélgﬁyﬁe%r#%%%ﬁgé%ﬁﬁ?c& & SEHHOmEpHBe RS eptine cplly (ARG hhe dapal

ant i rCD28aibd DA olvaS R0 VR BE PGl 18 6hd: ickYanfeEla di il 10T
i nducing T cell td?erancegﬂ%herefSré,%%%§?p%gégﬁﬁﬁ?%%g&%%%ﬁﬂésg%¥%g§
ant i - CD2 8costininlalveychiotesalds ot it sfponl [ irti0 gemije hd6dompitibilty adiB@QAIIORbh of ef erred to
as silenced anti-CD28 antibodies), and uses of such antibodies for the 20
manuf act ubegtidstantigepiissetie $ES ispesponts hp el geiepidiriugntyECR: Thcsedondtrignal pawdidtadul ar | y

transpl ant rejectio and . i ndugi | ol erance by using said

ant 1 bod o2 =R Shigostieye TrEEA TR OB s R ea s isenns

ant i body, asWhlsen b RPERMeiand @RS, CTAN ROH Yol obfe RodHilTBEL fraftilyihody and or a
humani zed anti body. The variable regions of the anti- anti bodi es may

i ncliide tdiwomoitinigloagiede Beigmengaslisdy@amilyandSEQyhkdb NS elistc. #hichbelaigeh 2 and 25
pol ynucl eoti des encodi ng such am no acid sequences. For exanple, such

pol ynucl eBtseraesiigtell gairsBesh CP18 s LAY, wiich rgognigeRyl o8 the pymwiombigandptst ect  of t he

present | AERLLAN oot Bl RS A B b0 R Sur SRR Thilhe WMGmoPPrLyg! SOt des

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 mhibits 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.



Anot her object of the present invention is nethods for producing the
silenced anti-CD28 antibody by culturing a cell host conprd &inegdhe

pol ynucl eot iw@e2441zch encode the anti-CD28 antibodi es undg: gigdgsons
whi ch al | ow expression of the polynucl eotide and coll ecting the gene
products produced. 2 9 June 2005 Another object of the present invention
is a pharmaceutical conposition conprising one or nore of the silenced
anti-CD28 anhhReb2esrinday, &84 i ith one ar nore pharpaceutically
acceptabl e ingredients. j;Thaggng’imla)élxrliceg ’g{%??u}-mé%ﬂ'gé)u‘éen"tr?l%%%‘f%%Ct%k@cegsgmg@éf ul for
i nduci ng T- cedbinationdidcatimfion it BHBEAPRI MG DI aibekyPmbred the growth and activation
prophyl actic/therapeutic drug for organ or tissue transplant rejection.
Accor di ngl y o rrefsaptrahapest the prefiietiong cyipkiaes [WO 90695%1 dns & Imrinmwtopy, s 1 PROY B5$i90), and
providing a [ or treatnen herapy during an organ or tissue
transpl ant ?tgjf' g%?%%éb@m%ﬁ Pns“rﬂﬂg}(’g?ﬁghﬁén%ﬁ"é@é?? O 5L eselbty ap #1E-CDE] aniibadydies been

anti - CB28 agimdherth 6 rbsolted in Rk (ioR PN referabl v, . such
silenced anti-CD28 anti bodies ar esfgg?né'nﬁﬁg?%?% ?ﬂﬂgsat%sf) lgdrSI %:freol[ftlhﬁé%ll
conposi t i onCa% [Hegek. T Huoudbee ] 63:43284330Q9)]. Nitksd el sdletink BdiBds suggested that an

drug/ phar rrace_;&é'%scal s where appropriate. The present invention also provides
use of the ZPTRACETOGHPERt baysad asin imppragiatipior i the thampy ofieimef s A GVQ0/G541),

medi cament for inducing T-cell tolerance, providing inmunosuppression and
treating organ or tissue transplant rejection. BRI EF DESCRI PTI ON OF

DRAW NGS Figure 1. Plasmd consgumﬁq%anti body expression. VL
and VH of nmurine TN228 were constructed as m ni-exons flanked by Xbal
sites10The VL sdtrewEB28raibolinpupyrd bavwehtisnati@hnololies MR BsSHORHMeST Qi PVK and
the VH sequl_,gtgcg1 S inéotrgjgorat ed into the expression vector pVg2M3. Figure
2. Nucl eot i‘U8™SCHUERTEL" U1 B FSTRICEHY it fiily wedersteodsbefimling ofshefiti- CRBFd gt  Chai n

of  ChTN22§, ad¥ctdlS ot i e.sl.gnal. peptide sequences are in italics.
The CDRs are unde%ltoi ned.agﬁFﬁek fith lﬁugsb?‘febeﬁf’gﬁﬁ&?rﬁbagéﬁi‘sﬂ%(cﬁfftﬁl"én aspartic

aci d resi duenfhiodyd6l169 (1 €37). ThdddtrE, 85\ili etid Bhint are in | ower
case. (SEQID NOs: 1 and 2). Fi ggjrlgimg;ggéli\ilucF}%Ig%tgég%%ggﬁggg%gﬁddm&%%ced

ani no aci d Rkplerewtr bidinghie ofibdantCORaitibody waolifthemitegisona 10budd [Ng28 i n the
m ni - onshavTh gi.ganal pepti de seygfllljences_ are initalics. The CDRs are
under I ned ™ THEERECETLE- HES o 2ibasbegessntiyenigrbavegengtaigd, ANE28 &GOS, ixdwbieh ( bol d

letter). U ; subsbfoOR uences are in |ower case. (SEQ |D NOS:
3 and 21). %ﬁ% ?f’%c’gﬁp&gdt i%sﬁ%%gei%&g‘} %“ﬁdﬂe.‘m"ﬁ‘sﬁﬁféﬁ*zgmdé”é1 ‘P@ges%@a(géﬂcméubat ed

W th 25 ngamtifCD28 antibody has no mitogenic activity which is very useful for inducing T cell tolerance.

Therefore, the present invention provides anti-CD28 antibodies having no mitogenic activity
(hereinafter referred to as silenced anti-CD28 antibedies), and uses of such antibodies for the
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.



MuTN228- FI TC and two-fold serial dilutions of either ChTN228 or MJTN228 as
described. P815/CD28' cells were also incubated w th MiTN22duns 23@85a] 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 nhi bition effect agd; . ONn. huma rimary MLR(1). Percentage

i nhi bition of pri marl;;J BT 1!#1%1% oﬂ%ml'or’%ésla Fﬁﬁﬁcle‘gwﬂé?@o%t%ﬁwpg%‘ﬁ%n&?fel y.

Fi gure 6. | nibbifthaierrideetnBihand, P i rimary MR (2).
Percentage inhibition of pri rrargfml\/l%s %ﬁﬁ?gﬁrﬁl %i%\r/'fﬁoﬁqﬁﬁmg&&%?‘gu’ghom
separ at el y. Beeroblgingmedi@@05 WO 02/ 47721 PCTIUS01/ 47955 Figure 7. The
effect of TN228-1g&nB on secondary MR The data fromtwo vol unteers were
shown separ at el y. THFiRseA GRS ppitodieemdyrbe Bsafil M iRluvieg Beditasant ed as

per cent age of g[%rsr‘llolte Rajm%é stinmulation alone in IstMRas 100.

TN228- | gG2nB: 0. TugF it o8 “ 3yt arehyactitherappytig dug fos erean et dssue sansiuTeR@8nant i body

expressi on. AMeordilgy, Wethod ni-zZ TN228 were constructed as m ni -exons
f1 anked by Xbalr&g?}t’ es. OTEOé @E gaﬁgﬁ%%mmm‘f“ﬂ%@feﬁﬂ%%“éﬂw‘ﬁﬁ&ﬁI{r%yl@stﬁoressi on

vect or pVk aftleatdar dMrhps SGHENCEVR Sssh 1RLRA inta.the expression vector
PVg2MB Figure 9. Nucl eotide sequences aﬁ% é%é E%eb a%mrhmsr%eclim g Bugtidtfces of
the heavy chikinpedwati-CBlslaatiboéigitoiigumnf ard 48 MR 2AGed! Mrertrlify, Sl ] e signal
peptide sequences are in italics. The CDRs are unrg‘gyr’l I nelgsé%ﬁgc?gpnature
heavy chai n 2B&giferegitinisigredh exaphvimseution balpesion & dsciRl b@#) and BER:ILE NOS: 6
and 7) Fi gurgd.tljag. Nucl eoti de sequences and deduced am no acid sequences of
the Iight cA&YEdrpRiBrmacquicals Whese 2ppPiatPN228 i n the mi ni exons. The si gnal
peptide sequenceg iLp italjcs. . The CDRs are underlined. The nmature
|ight chain begi nlé% ‘E’"hg"éer‘n‘&éls‘}%‘éﬁf‘f"i‘dés e pldhesilapsd gei-CiRSientibpdiestiaitie, ( SEQ I D
NCS: 8 and Sdnubic@ilo€a rteticaidES ; Itlon assay.. The bindi ng of ]

NI TG | abol 60 N eoniofs siesicul 6 GERCL il B D Yidipg mmuROsBRIERN B PR ous
amount s of oganpetissicatansplint NZ2&nOr HUTN228 anti body was anal yzed in a flow
cytonetry 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 coBdEED PHINEFIDRAWINGS described in the

exanpl es. 20 Figure | - 125 conpetiti n assay. The binding of 1211
| abel ed MuTN228 '5“"?%?"5!?3@528““% fqr ShTNP28 pitbody expression. VL and VH of murine

TN228 were constructed as mini-exons flanked by Xbal sites. The VL sequence was incorporated into

the expression vector pVk and the VH sequence was incorporated into the expression vector pvg2M3,

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.



presence of various amounts of conpetitor MuTN228 or HuTN228 anti body was
anal yzed in an 1251 | abel ed antibody conpetition experi men?Jue 2088cri bed
in the exanples. Figure 14. Plasm d constructs for PV 1-1gG3 anti body
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 wer eFighes. nhite eRbe INDEILLASE i | 1. d

co- expressing the heavy and I|ight chaf%? o#ﬂ%%mﬁyﬁggghﬁﬁﬁd%§%h¥%A.
Sequences of MRipHiPe of pimagediL kol Awiimiyidads wrestauernaaslyof the |ight chain and
heavy chain in the mnj-exons. The CDRs are underlined. The mature |ight
chai n begins wi t h" 81 &sBhbfon effegiaf ANZ28EGRMS on BEnag pouhiMLRIY @erbdnagd) at

posi tion 20.;.{SEQ kD ; d.11). 4 9 June 2005 WO 02/47721
PCT/ USO01/ 47955 E§GLFéﬁ%ﬁ%gﬂkgggﬁgHéﬁ%mﬂﬁw?ﬁﬂ%mméﬁﬁmﬁﬁduced amino acid

sequences of variable regions of PVi in the mni-exons. The CDRs are
underlined. The mature heavy chain with glutam ne (doubl e underlined) at
position 20. (SEQ ID NCS: 12 and 13). Figure 16. Analysis of PV-1-1gG3 by
si ze excl usi on chromat ography using Il PLC as described in 5 Methods. The
protein was nonitored by its absorbance at 280 nM Figure 17. SDS- PAGE
anal ysis of nouse 1g& isotype control (lane 1), P111 (lane 2), and PV
I-1gG (lane 3). Proteins in Panel A were run under nonreducing
conditions, and in Panel B reducing conditions. MN represents nol ecul ar
wei ght markers. The nunbers are MNstandards in kD. Figure 18. EL4 cells
stained with PV 1(A), 37.51 (B), or PV 1-1g& (O, and analyzed by fl ow
cytonetry. 10 Secondary anti bodi es used were: FITC- conjugated donkey
anti-Armeni an hanster 1gG (H+L) for PV 1, FITC conjugated donkey
anti-Syrian hanster 1gG for 37.51, and FI TG conjugated goat anti-nouse
kappa for PV 1-1gG. The solid line profiles represent cells stained with
" secondary anti bodies only. The broken line profiles represent cells
stained with both primary and secondary anti bodi es as descri bed in Mthods
. Mouse 1gG3 isotype control did not stain EL4 cells (data not shown). 15
Figure 19. (A), Excess PVI, orPVI-1gG3 conpetes with R-PE-conjugated PV
for binding to EL4 cells. Thin solid line (black) in flow cytonetry

hi stogram represents cells w thout any staining, thick solid line (dark
blue) cells stained wwth RPE-PV 1 alone, thin broken line (magenta) cells
stained with R-PE-PVI and excess unconjugated PV I, and thin doubl e broken
line (light blue) cells stained with R-PE-PV1l and excess unconjugated PV
1-1gG&3. Excess nouse 1gG3 isotype control had no effect on RPE-PV |'s

bi nding to E14 cells 20 (data not shown). (B). Excess 145.2Cl1, or 145.2C
1-1g&3 conpete with R -PE-conjugated 145.2C11 for

3a



binding to EL4. Thin solid line (black) represents cells w thout any
staining, thick solid line (dark blue) cells stained with RJme=30§ 2c11
al one, thi nWbreghkeid1| i ne (nagenta) cells stained wi.th R PE-fddhudizhissand
excess unconjugated 145.2Cl11, and thin double broken line (Iight blue)
cells stained with R-PE-145.2Cl1 and excess unconjugated 145.2C11-19gG3.
(©. Excess PV1 conpetes with PV1-1gG3 for binding to EIA cells. ElIA cells
25 wer e st ai ned pidule B, BYetest bSR3 2M Qf selihd) excess PVI. Cells were
washed and st ai r]iﬁegc; wi t h nouse r%%d%ssfoeci fi g#kFl TC- conj ugat ed donkey
anti-nouse | gG (Thékty froxftwio moleebrs ekrd shawe sdphrdidCk) represents cells stained with
secondary anti bggi)%qnl y, thick solid line (dark blue) cells stained with
PV | -1gG3 and séB6Taudns wipkeinyadfileRsyere pseted 43 paetaze kidpm pfi Raid stitmiatipe ibma)n cel | s

stai ned W Ry P¥easknd. zﬁg@z- PV 1, and secondary antibodies. Figure
20. Muse splenic cells th%?l’?gl%ﬁ%ith PV 1-1gG3 and 145.2C11. Cells were

stai nefl Wi th nDEgere 8.30ashy CRistubObYRENES Bibda) exprilio? VLRY v S63nab: B0 vons
counter-stained with R-PE-conjugated goat anti-nouse 1gG3 and 5 9 June 2005

WO 02/ 4772 Fepeorstusates mipbeens flyked hy Fali@ssc VU ggtead wisifro&didd ineteexpiasiby zed by
t wo- col or fépw tdo Y. as described in Materials and Mthods . Only
cells in tﬁémf@/‘ﬁ%ﬁo% Y8 VRAFBPOR4S [n{p she gRpregsign Yectprp8Mhsi ti ve cel l's are in
the upper quadrgpkso, 1@EE R ARS bld ihoScifleGrencl: ok AEphd, L, Stde
quadrants. The ni%ber in each qua rdg(ﬁ%esifgée%?ré@%%f%cesﬁyrﬁ%%eﬁ SYB B TH® cel | s
in that paptHUEN22A N dopd eaRd The sl Pk RalRSGRIPTHEONTHICDR R LMYENTHN 1 n the
context of this.lA¥gat the term"sil ed anti-CD28 anti body” neans any
anti - ¥o28 ana'?"llr bgd‘é} ﬁagiedfeglg T@lea gg&“}‘{ﬁ{%ﬁ‘%ﬁ?‘g&ﬁ%ﬂf}r GERJD NOSr&and Peci fical Iy, it
is an antibody which Rinds, speci fig I.ly to the antigen CD28 receptor on the
surface of the ‘T-cell and Goes Ko %PW%P&P@W@EWWWMa@PW‘&WW%f T
cells by CamRimMaelin thbGhird biohiU rktsl ik D20 o it ﬁ:DSna i, bod A si] enced
anti-CD28 antibody can bg consstg%ﬂpgwed n ts%{ea%blascf's Sgbgsnar%% L ant i body
or an ant i maEpRight ghtin bsgiahywith moaipeticragid Fyibhiel (SHI TR X SEBITANON G af 9yn0di f yi ng an
agoni stic anti-CD28 antibody by a genetic engineering technique or by
chemical nodi f %8S 3nFASsRyprEton preay (Bl bindingpBFTEE-lalosled MyTNZ28 td BAL/ATEE aliok OQY  aS

an anpl pnding affinit anti-CD28 anti body for the Fe
recegliéors %%pﬁ&%ge °?‘éaﬂﬁucse 0"3{5 °ge°f"1|npr?’i¥t?f§%“gh5§9‘ PENG2A prbesly wpspbaeding 0% on i nt o
the am no GwinelySQEPURIE Sp@imekt BeeSRnHAM LRLQL:, t he anti body. For exanple, a
silenced anti-CD28 anti body can be obtained by isolating cDNA from

hybri doma cel | FiguedabFldsofompetitichacshyn ThethdRibiot-IRREVEINOTHL TRk FéR i body and
introducing a nutation(s) into the region of the sequence corresponding to
the Fc ddTTaTe Fren 2pIuss of cappefippdBaN2es or HuGN2S antibedy wasshaigedigantBbISahe Fc

recept or ﬁ*ﬁﬁgﬁgﬁgﬂ ) i.te of tation is not particularly
restrict e&yﬁﬁasw astaf%egc%gelﬁrl{l&i%ﬁg “the Fc receptors may be inhibited.

Thuszoin the capeedd. 1825 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),



20 Class 1gG antibody, for instance, the H chain am no acid residues 234,
235, 236, 237, 318, 320 and 322 are preferred and a sil enc8duah2@05CD28
anti body cawole/4gimstructed by replacing at | east one of thepgs@any#ag aci ds
with a different amno 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 an no a® redSB SSRLBR i i icity.in. hunans er_a
fairly broad rang%. Many stugﬁggﬁﬁgéég%%%%g%éw%ﬁ%w?fgg%glnﬂ%ee of a
patient to minifeems| HrCBRRrcnoUind OTH MMirsigavy B 6tk Stanifs (ol ARLHAPAYostish
remar kabl y in%]?@ﬁg glcj the very admnistration of the antibody may bring
t he pati ent?%¢ N§ ?PYdd- condition or deprive the anti body of the
t herapeutic uti lgd, V16 Ta f rohd .S [ eco ndable to replace_the Fc
region so as to Fkrf‘zt“abléeél G'tﬁﬁlgﬁgr?tﬂiﬁﬁlgﬁg}lgbﬁ &f°at |%’%ﬂm;%m%w’8hyﬁﬂw5§w§s°@6d?he
t her apeut i ovdra#sgEhe peatdin ek monitel b 8 Qbbb Rclaf RHBWOr K potions of the variable
regions, or use 30 the antibody obtained froma transgenic aninal into
whi ch the anti b&&yredefBSBAGE drelysts afrgese Ithisorypk cdnad (e eNPVIGLER 2] aev2Res WO
02/ 47721 P%ﬁ'! gggl/ 47911%5 %ntroduced. For exanple, when the antibody is to
be adnmi ni st @1l B MmN Werr b s ppredacisg roRdisisRnyand imPaeiRedeyiog cenditiprs. alSWe  on
r epl acenente,Rfent B8 ' [ nti body. with the framework
portion replpaceed (OE%O% 94%%?&2%8%%%%2%&%“% “anti body (EP546073, WO
97/ 07671) obt ai Rigare i8. 81 @ldshARSGEPNIGARIVSTES), orbﬂt@gms,%ﬁa%mﬁgﬁe i body
gene has been introduced. By introducing nutations in these antibodies by 5
genet &  engreAuaEy pribedicetspriraptEEC-craiogateddonitch ot ks iiniie teGe(ie) &: BV 1, iyccheri cal
nodi fication. the m ]Eaghqg}%i activi t_)/sﬁof t he anti bodi es can be reduced or
Ic t

el i mi nat ed RS PEET] SR IRRTL I B ST and BTG conestsd gost antimenpe Hewepy forky 145G,

si | enced FendsQQitfdbrotidd fprseft 8dits Hne ARl Nk, oR! ¥ the antibodies
described herei naf t er ?6?1 te_he Exaﬁﬁetééc%g%ﬁngbﬁ%ﬁsuo y‘a?‘hs?%m?ﬂﬁ EREFUBUTES
synt het i cabdlystained eifhdoib glrirtesy an@isetobifiry GQBSHeRR destrBeH iR MreBlRh vmbifse @&ﬁso&ﬁ@&&ﬁ?&ﬁ' ¢
target animal and the variabl e regi on pol ynucl eotides 10 based on the am no
aci d sequePft¥¥n i cgli§fdatapotehopmgi ons shown in SEQ ID NO 2 and NO. 4 or SEQ ID
NO 7 and NO 9. i | es uch_pol ynucl eotides _are SEQ ID NOS: 1, 3, 6, and
8. Mbre specific e‘gfa&hpl eg‘x)b Wﬁf@’?r VERT Brplss Bith Ry Tieenigeaiet BV INbr piugipgo and  Fab
fragments tiaRROthin bl (Rok) hABYE DSy 1146 - derivatives thereof and
etc.. As appreciated by %bhgkge ski'l | 2“3 in iﬂﬁ%prgsf%ce &q%”ﬁtsan s(t)afmnﬁ’ﬁlfl“lid‘:' ase .
degener acyline @hrvblog) caly erined svivh RyBE-BICli albne, thin bRIA R mSgRi) 8IS iR vk PHONA Jf1an one
triplet codon in a coding nucleotide sequence. Further, mnor base pair
changes neRFEBHmISaieH P/ iafnd hin dgwpleorolem dieer(light Hinpkockssintd Wil RIPBAV1 imd etclhe  ani NO

acid sequ . 3 ot ected to substantially alter the

bi ol ogi Caﬁﬂ%&;ﬁg??ﬁ;ﬁ%@_t xgessrg}[éoﬁsee?%}sgﬁm?fmfﬂ % no gffet pu RePEF VA 8 biggling dodikd pells ng

encoddng ddat@biGhdin)) (BY. BR&Pidsd611a5 148h84l. rein, ified
"slightly in sequence (e.g., substi t&ti on o aﬁrﬁ%ﬁg%??%é%%ﬁmgﬁﬁm

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



a triplet codon), and yet still encode its respective gene product of the
sanme ami no aci d sequence. 20 The term "expression vector" refunes2dd an

pol ynucl egtg edp7whi ch encodes the peptide of the inventionecrEoshiaresi des t he
sequences necessary for its expression in the selected host cell.
Expression vectors will generally include a transcriptional pronoter and
termnator, or will provide for incorporation adjacent to an endogenous
pronot er . \pWEeshARd YBGEA! Sa Waildd %@oiob’ﬂo%%im%e@r? BatkSved ikl b BSHs PPN i Si Ng
an origin of replication and one or nore selectable markers. However,

eXPr essi OMethedct OfyScelsaythallrtdboiia patewwetcynayeed VPV idk G eaiebilnadnih e podesizgned t o
infect the host, or integrati n(azj vectors-designed to integrate at a

pr ef er r ed?1d CPEPfjiyaspli ate frahetiiglhi eidequadipatey Fhpmmberineagh awdran reprasepy neetagefv ect or s
are discl J . r_ Cl'oning A Laboratory Menu t Second Edition,
Sanbr ook,tg?sfr%l %‘%@ﬁ}%ﬁ@*ﬂk‘%ﬁ%u s, Cold Spring Harbor Laboratory Press, 1989.
Suitabl e host cells for expression of the silenced anti-CD28 anti body

i ncl ude prokaryotes, yeast, archae, and other eukaryotic cells.
Appropriate cloning and expPERALERDRSERIPHIO! JEIE B h bacterial, fungal,
30 yeast and ma lian_cellular hosts are well known in the art, e.qg.,

Pouwnel s et al .12t toAeH §f feinvenfiog the jomy" séencpfl ppti-Chgipagtibodyymerss any gu5-CDBFativgd) 1/ 47955
Labor at O g My bkipgchih REWlrore BENMCD K b 3RO vl BLLLAMNY o lGufifl | S are
manmal i an cel | s. T%e vector may be a p asma’vectorp, a gl ngl e ~“or

doubl e- st crsdRebtop BABSUREIFBE T cdll tnddio& nbtgloRotethe FOHHDr Bciisdibodr ot eslts RNOmBfied DNA
viral vector. Such vectors may be introduced into cells as

pol yuc| etimpighes withyp aftieGDspt{podPNA, by wel | known techni ques for introducing
DNA and RNA i ntsr%l S he_.vect %rs, in the case of phage _and viral vectors

|
al so 5 may be X &n?’%ra%tf'(é‘?zgﬁ?tﬂl?"défa@ P PRYBER] Qe e ot B atrai AR R kG or
encapsul aged aNﬂbe—%To@%mehdoM%mE&%m%zﬂ%ﬁgﬁnLé?sﬁistic bt @64 LdtbaPBld penetic

transduction. Viral vecCtors nay be replication conpetent or reﬁrnlecati on
def ect i veengihdaridgltehniqas drby chertiesb@odificatial. TakigERgsior @Rigapiedkalglesimaloglas @ccur only
in conplenmenting host cells. Cell-free translation systenms could also be
enpl oyed *HWs befirdie pfiaityof b ali-R28 gatibprdy fRileEo rersptpryepberedased pisbmipataddent  DNA

constructs, .The silenc anti - 8 ant.j s/.pr.qt ei n be purified by
o1 S 1 oriHii r R R e e e R b RSB B B R e
field of jnebedRivelent slbined MPldRRADNA Gt BfbkiYoma bk BihrREuiddBhoned, for
exanpl e, extraction, recrystallization, salting out with amoni um sul f at e,
sodi um s utTi28 imenocigiatantibodyeand infrddunipg  meton(s)ditaihaegich of thé sequaricé dotrespdntlifgtp the

adsor pti on chromat ogr aphy, ion exchange chromatogra h%/, hydr ophobi c

chr omat odiC4PTRR Whith Pl o Ihoew rolgip ‘Bmdﬁ@%ﬁﬁf“ﬁi’@v&&@@ %ﬂag@ sgenf srEtiongr aphy,
gel filtratian. | N r Q . i ni

chr omat og%lf)%&ﬁ%{ygégg%p (S)I?méﬁé)?%gh,gg %%ﬁfﬁgtgﬁc}ﬁ%?pen I%Eﬁlgeg]{;%l dgﬁluéh’flﬁlée/ ET%nd 15

contzb nat i CMasIe6 fntibdug,F6t. insAGS, Ae B h dnfholal@reRduBIDEM) £35] 136,281, B1BM20 Rid B ke d
“anti bodi es may be produced by the reconbi nant expression systens described
above. Threefamed 498 eisilersednanti-CB2B agtibbdygmi ba gonsirubieidty repledide atleastinssfof theve anivd abids an

expr essi on_vegct or
P mnth a sigferent amino acid.

The source of such a silenced 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



conprising a DNA sequence that encodes the protein under conditions
sufficient to pronmpte expression of the protein. The prote?dures2Q08en
recovered fWOMREIRture nedi umor cell extracts, dependi ng rEOOSK1AG9s5
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

r econbi nantintweds For ciagple, Yot busibody 1 totbe hddhisGell bl hiaailB ik ankbb@y @b 126082 d

anti - CD28 ant_iq?od\é when fornulated into a pharmaceutical conposition can be
used in (&Y EYLNSPPERT o dp ECrsirdursizidanibey vithbe fameyrdiowintadidcdn of or gans

or tissues, g@@no?@ﬂyg%?(g ' ' 5 narrow, skin, cones,

| ung, pancr(gfgls, shal |- 1 htes |ngl,%ydrgr{ué%:%g(?n’ﬁ%@?méﬁ%@fm@ﬂ?a@ﬁ“ﬁf"c"’-“@’é’ﬂsus-host
reacti ons iufo itk the s HRGY @hd S beiurHARR. BPhofWing fufidioR Ul JTHHAS sQ{r seases
such as rheumatoid arthritis, system c |lupus erythenmatosus, mul t1 pl e

scl er osi s, erytesrgiesiingieriongs sych as dryedeborighii sivetoeby, chepical njodifieaGlon( @) milogEAR N E

di seases such. as, asthma, atqpic dermatitis, etc. Wiile the silenced

anti - CD28 ?n%wﬁ’gtc}i‘ﬁ/m Rpdirseade el or gimiselihect ed to suppress i mmune reactions

and 30 transpl api spécgi I y L omunat olerance, it can also be
used i n conbi nat i gnﬁi\?\a’gﬁ%ﬂ%’? %ﬁ?ﬂ%@%ﬁ%ﬁ‘&g a%“@)ed%ﬁé“"iﬁ‘ﬁ%m ns7721
PCT/ US01/ 47868y thsatthdiotineibediiet e e Bradle sddsd bt hisd Y an@0MRIRAGp th the
silence anti-CD28 anti body are various i munosuppressants such as
rapanyci n, PERIEE Y8 B epatint Pgiongene pLUSIEGpeutin tiriptrlimal sadthé vaGiblb MgiongttymbRetdes
prograf, Eyddlod #ie ehinélachl se@bHcdsof afi i i [ P ti body,
ant i -@L- 12 anti body, ant icﬁlngk\kare%é%tg%drnpgﬂ%‘? gg@bgﬁé Wgﬁg%gﬁyci n, in
par ti cul arNO: pi Nid:9. Sxdmplen sduid pbigiuciefidéshe SEQUNRbS1 8 @birk. t 0 growth of T
cells anmong 5 signals fromthe 112 receptor but does not inhibit

transducti on ofMerhe@ecifp epiiplsiostris @bt dre STNAS and FOTNDSnd b SraghRfils thdleor
conmbination with a specific inhibitor of the CD28 signal 1I's expected to be

usef ul . ThEsR? fresqentifheat derivatipeg therenf pideidy of this i nvention can be

adm ni stered orgl rent.erally, referably by the intravenous,

i ntramuscul ar o%a%&ﬁ%%%bgﬁlg%@?%% © itig Preeleaiteys slopg gveraminenisidy  of

t hi s 15NV € Njad RfFeptcaditeldB) nRfeARA LR Hiplel tolidd S o D& 24 ti or.a, 10,

| yophi | i zed powder and, wher e@ﬁécgssara;, Mrgay el%%?%%%]@?heeﬁmﬁﬁtbﬁw@%‘ri ous
phar mac eutchaads Fpy el b pariatin éconsartialivd sidsisrioR)IE e dino i RYeicPLBRiLs, arblick HERka
stabili zer,gjggot ni zi n%_ agent and buffer. The preferred additives include a
sugar such® "r‘?ﬁﬂﬁifﬂtﬁ’éi,’c iologicl pesipity afthe asnegtpdiss Thole pabiclacid equemitg amsdngaaci d such
as glycin Ll as human .serum al bumn, and a salt such as

sodi um chl%ortl Jﬁ,éﬁﬁ gﬁd,ls &? Sr%nghcéf&namdgg ?’%"?ﬁﬁﬁ@% I seaognpy (B sghylitatiop plaperlegtide i s

(sol uti onsmpfeu&mnsﬂd@asmwe&uéf@w}éﬁwgeaéﬂdrﬁﬁctkt%cl%&ca&ggo issol ved when used,
etc), tablets, capsules, granules, powders, |iquids, |p%§oné i ncl usi ons,

oi nt#ents, gel 3heteraiepmession vegaivains % an gelynat@tide whititdnetids @ pANIEESiveR g dr OPS,

“eye oint rre&ts . SLM)DOSi tories, pessaries, and the |ike
and provides tile sequences necessary for its expression in the selected host cell. Expression vectors will

generally include a franscriptional promoter and terminator, or will provide for incorporation adjacent to 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



can be sel ected appropriately depending on the adm ni stration nmethod, and
the peptide of the present invention can be accordingly fofduneat08a.

For mul at i wip g2a7general is described in Chapter 25.2 of Corqgwredveapisye

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 prophy i . Wb St Lal b i ' d

condi ti ontag%%wgaﬁ’uéﬁgﬁ}%ﬁkwgf rk??gg't iﬁgéht.lbjﬁz g%%sga}sot er v‘g?{)g‘ﬁs‘g@?& wever, in
t he case ©OflasmidRéciof ¥ SipRS doublBinaniBd khedd vdfor, Gifa sifigd 1@ Uduble-eahisd RGNS vt | on,
0.01-100 ng/ kg, preferably 0.1-10 ng/ kg, per day per adult can be

admi ni st eYeeler: S'?B""VW@Wﬂxﬂﬁémsweéﬁ@é?ﬁusawg’ﬂ%&a’wﬁabbww welhfngwr nvention is

used for s ression of tra ant rejection. _or induction of

rinot ol SPEREES R PR BIRAI lpe 5B post FBS o Cha% 1 on can
be adn ni i@k £ plefrafly arfiBSRuRA in BAYLSs paetcddBl oKk Qe PNt B R Blo¥n BHEQEEror
transpl antation, imediately after transplantation, and 3, 7, 12, 18, 25,
35, 45 anidfe@ion aldymsdadibe rvitarvansxhag hé mgilication codopetent ot eghivatinioidetivé. i diigscul ar  or
subcut aneous i njection. The adm nistration frequency and dosage nmay be
j udi ci ousTAF v Prregaignecrselly il pergoply n tpppnlementipghogt 6. Lesll Fpe tpslstionsysims 30
reaction I i i ni 9,June 5 02/ 47721
PCT/ USOL/ %%g% bgV\ﬁll: z&ttﬂ%B%E rrﬂl% R’f"g ra gﬁ?{cﬁr 3‘% %Da me&’éeﬁeélhlcg}gﬁp%’ﬁswvﬁgé met hod of
adm ni st r at i onrheigig@zdangichizantdadyl/QaEiS can®@ Reikdd b9 RolaBARREcQ6n R Mok AET Or S, not
only ‘conti nuous adm nistration but also intermttent admnistration is
f easli®bl e. prawing gevergllykeevntitibe fold obmrgedchanitty - MeBABrtieutaly o pandf medipred, fonvent i on i s
an anti body, i rovides_a sustained effect so that intermttent dosing

t
my be ré &Fle?}“ PrerRElE e Rl by prmenim slfates sl sulfaseste. Seprpaton eat ment

5 once a } =Tt i ] | .be mai nt ai ned
even if t g}lsﬁ’se O?a%%ﬁgeﬁ%r#tﬁg%gﬁgé%? ?%%%Qée%%%%o%&?fﬁi&%ﬁ%g ontinued. In
thi s resp@iptodidphySnofihdl fHaGRElo@dtdetapHy 28 8rsed phdsd 1 BidiatbeBapbiEbOfitRlieHhehog Wper i or to
ot her i mmunosuppressants the i mMmunosuppressive effect of which declines
af ter di seesttionthepririomaphy, @i ANRographyplrptiphoryein equatirbuprent disrdhulidpent. 4l S

invelgti on, f.arther understandi ng can be obtained by reference to certain
specific BREMPTES ch are provided herein for purposes of illustration
only, and are Qg I HEG: HRRE pukdedinfioRS tAPb G cgalt}%\%c&ihﬁm%h&ioﬁd- The
exanpl es bel ow are carried out using standard techni dues, that are well
known an chysteeds tidsaiBedtabove. S enetdd catghribek cultiting MiRdst@#lt ransbited Pith AhQisi@lRF W Se
described in detail. 15 Exanple 1. Am no acid sequencing of the nouse

ant i - hunefmesiog? i segrseny thatsacofny the prefeirendys covditiers swgiciam td pramekeerreSdR 8 tent | body

(clone: TNp;o%eEi)’ﬁ. ng)plflcﬁeem 1L geGln reclé\aepeﬁ %zm Witk medium or cell eXxtracts, depending upon the expression

20 system employed. As is known to the-skilled artisan, procedures for purifying a recombinant protein will vary

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



generously provided by Dr. Yagita (Juntendo University School of Medicine,

Japan). Approximately 0.2 ng of purified anti-human CD28 &hiungddPps( TN228)
was reducegb bme@264 M guani dine-HCl, 0.28 M Tris-HCl, pH Bchusei7885 M DT7
for 90" "at 60 C (under argon), carboxynethylated by addition 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 mredisah 6kt dlagsfiiaK areein 300 gRdininwith 1k sidh&Qelictive RiaesIpHSda8ous 0. 002 M EDTA,
pH 8.0 using a PD- 10 colum (catal og #17-0851-01, Amersham Phar naci a

Bi ot ech, @W@@PH’WSWH-‘)I&P@YP@, @P?umreauﬁsa@ﬁéf@ﬂmﬁledh 6-CDAVLO@ BV TS, 0. 02 %

| | f the sol ut bout t r ansf dt
2 Laparat SR LBt PR AT RO SRy Bt RSBy L AR PR arpl o

was di gestgdmakt inl ohdde tal og #
7334, Takara Shuﬂz}o O, M@@%%&%&%%ggﬁﬁ %%é%ﬂﬁ%&%h%?aﬁgé%@ The

N-t er s nalsignakéiopti €A D2 Secgptor bul doed dogitibitaaddubiia ufithe@ftpiofiSrelhtdighd, Behd edlsoie ke d
sanpl e vY were determ ned by 20 %cl es of automated Ednman degradati on and

PTH anal y§?@%ﬁnéﬂq\ﬁﬁ@ﬁ°2’h@®f&¢ Fﬁ%ﬁb‘ié’ﬁ?&‘éﬂdf"(ﬂﬂl&ﬁﬁ%tt Packard, Palo Alto,
CA The PTH rva ODS C18 colum. The
) E%Ll&n an\ﬂ%?)zgveu od: dor}%us Ven ca;canbe amt?sﬁeée%ﬁglf%ﬁ g%‘fl gfr

sequencer and vvere opera e according to

instructi gﬂﬁrab@b_ﬂ&ﬁqﬁ@@@&tﬁm&@iay&ﬁfbm&moﬁ@| unms obt ai ned from Hew ett 30
Packard. 10 9 June 2005 WD 02/47721 PCT/ US01/ 47955 N-term nal sequencing

resul ts for TN2RSilgehhnticlDaddiamiboie fsinyetion cartepepasadinigfenbl delsienwer € as
follows: residue am no resi dueno am no residueno am no residue am no no.

aci d ¥%ci d vaptilgedpgvderaog, d’hefineESSS@“!@*a@eéf’fﬂh‘Ed i oy phagmagentjcaliy ageeptalep v 17 Q S

3V, Q8 P .14 A P.1 K 10 G 15 L,
S 20 T, %&g@gﬁh%%xpﬁa oni thSta'bﬂ advi gtt‘r)mmﬁl’a%eérmédgtiu%%Ams ;f[ﬁddlt\fs "E818n coNas
for t he | b@ﬁ'&;wﬁﬁbdnah@@,‘éﬁuﬁmtsﬁ&aﬂfolymggn%ﬁtﬁm@ L%glyéﬂe%&emﬁuc}ﬂﬁ%gpm
cells by an anchored pol ynmerase chain reaction (PCR) nethod descri bed by

Co et at. squBmlbuiyinGnd a et yth sdgdilaklderids, P. C.  Caron, M V. Avadal ovic, D. A

Schei nber g, angh een. 1992, Chineric and humanl zed antibodies with
o, the ddsage form such as injectable preparations (solutions, suspensions, emulsions, solids fo be

15 dissolved when used, etc.), tablets, capsules, granules, powders, liquids, liposome inclusions, ointments, gels,
external powders, sprays, inhalating powders, eye drops, eye ointments, suppositories, pessaries, and the like
can be selected appropriately depending on the administration method, and the peptide of the present invention
can be accordingly formulated. Formulation in general is described in Chapter 25.2 of Comprehensive
Medicinal Chemistry, Volume 5, Editor Hansch et 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 rej ection

30 reaction after transplantation is monitored.



specificity for the CD33 antigen. J. Imunol. 148: 1149-1154.).
Anplification was performed on cDNA using 10 3' priners tha¥ JamnadQs
respect i velgzl4o7ihe nouse kappa and gamma chain C regi onspcEnshia7dss pri ner
that anneals to the added Gtail of the cDNA. For VL PCR, the 3' priner
has the sequence (SEQ ID NO 14): 5
TATAGAGCTCAAGCTTGGATGGTGCGAAGATGGATACAGTTGGTGC3, 15 with residues 17- 46
hybri di zi ng t owkild @i BIMESRatleKinfeR 8l 3Q8nds &0%e MR ¥ mirsBRionuseddbd S Senflave the
degenerate sequences (SEQ ID 15, 16, and 17): AGT
5' TATAGAGSHRAGOTECCAGFCEAPABSACEGATCBBRTTEHUET 1 HBBEBnt adkinis@@ionk t h r esi dues

17 - 50 hybridizing to nouse 1gG Cnl. The_ non-hybridi zi ng sequences in the
two pri nef%“%t Lhus, sigge fhe sijenge .Tcg%ﬂﬁﬂﬂﬂ%ﬂff this invegtion e 2p pfibody, HRIoKidEs 2 MEned. and VI |
CcDNAs wer QH§J el Aot ol e ggg cacet AW EL LS o ,

Car | sbad,gﬁ(ﬁg\) ct)?lgseqh@;r)\%g e%%dnﬁ%#%%.% ev%ﬁay’ |gh‘%£gﬁ{g&ﬁeg%§t’chai n

cl onas wesres Setepu® AR el estab1Rrey, indolirdepenaaniintdGhn ifeR 6l oNRSsilenb@tmit d1@y 25 |1 ght
chain, two uni que sequences honol ogous to nouse |ight chain variable

regi ons wasiody i dipepritivged.din th@mespert] this siigncdl agtiyR28 20 &ty iswBodRly Fupgripr PER¥TUS0 1/ 47955
sequence was non-fupctional due tq a fr hift jutation and was

i dentifi e’ﬂ’mgléc's"fpﬂrémrﬂ?g B e ErTRRe egff“ft 8{""@“@% s 287 BT % quence was typi cal
of a functional nouse kappa chain variable region. For the heavy chain, a
uni que sequence honol ogous to a typical nouse heavy chain variable region
was identified. Their nucleotide sequences and their deduced am no acid
sequences of variable region are described in Fig. 2 and Fig. 3. 5 Exanple
3. d8nstruction and expression of cBEAMPLES TN228-1aG2MB (Met hods) TN228 VL

and Va were caonverted. by P i.nt o m nL-£x0 egnent.s fl.anked. b bal sites
as described By $&"5tY gtets m%%eﬂ’,ls yeRpe s Wgﬂimgﬂ%"f‘? % §%‘f‘m§\§y %‘ie%/’&gfén ey, M
Vasquez, &raif pQEH cxaMples\ibith £E provided iﬁ'ﬁhﬁﬂ'lﬁ@béses oMitRuation!ddly GRd ardbPinkndkd to BET O-
1998. Humani zati on and pharmacoki netics of a nonocl onal antibody with
speci fi ci limitife onleshobelwife-speeifid. Poesginpled ticlow ard carded povusmQ btanddr G Hchnid? €=tL@3B) and
wer e subel oned _into the I%@ht chain and heavy chain expression plasmds
(Fig. 1). . psadinpie Pdiesme dBit & Hsoxprisghahrprederdel Béidence, a mature

varigbl e 1600 0 S L Orasgauence derived fromthe
far N gene y g donor sequences are used

oJo . f 0
to splice the MMely@giotR pBbiH hhdbechiiRBod Hdbras, censiakpdpgk on.  Each
m ni - exon
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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15 was sequenced after it had been cloned into the expression vector to
ensure the correct sequence was obtained and that no PCR ePduns2Q0sr e
gener at ed. W283138t ant regi on exons of the |ight and heavycgtigiiiress
expression plasmds were also confirnmed by sequencing. In this
specification, ChTN228 refers to a chinmeric antibody containing the nouse
TN228 VL and VH "vari able regions, a human 1g&M constant region for the
heavy chain, and-ambieERdkaRRa: HPTED ﬂi?ﬁ}m te%,ﬂ]& e ght chain. The
heavy chai n const ant ﬁﬂéﬁgbidg% was nndi?‘img(c)i&t(%%ﬁo eEﬁI\Q/ltgﬂg‘a EP uﬁlggg'?rﬁs, and J.Y.
Tso. 1997. folarwein 1 g& variants of chineric anti-CD3 are nonnmitogenic to T
cells. J. Imma!ngl 159. 3613-3621) fromthe geniline human 2 genomic
fragment, aF%¥he |PGR EFsfusmoneanger [ pade | ennd he 880l | presidounah K genomi ¢
fragment. Bpih the[heavyiand |ight chiin genes, ar & driven{ by the{human

cyt onegal oyi ns maj ar | medi at e'| €ar | y] pr onod & and ®nhancgfd The| heavy
chain genefis TolTowpg DfgThne [I’(FE%{ ptTom[fermrggor—defiyget— om t he 25
human conplenent geéne C2| (Ashfijel'd, 1§, P. Enriquez-Harrig, and N. J.
Proudfoot.|2991. Thranscriptiondls terpianati ()n,\bet%e"en Thegsosety |inked
human conmplenent genes (P _and flactor PB: compon_terjm natiop factof for C2

and c-nyc?| EMBO J. | YR 4&@7-420?’)‘? ThE3l i ght Vohai rj I§el ectjoR nmarker gpt
gene (Mill Fpar—=R Ak 5 R %e.pg____lham Selectign for ) cbl s t hat
express the Escherjchia foli gen“e cod Ir*l‘g f of S¥ant Hilfle- gualSe

phosphor i bESy T TaIms TR ars|erg Proqg dNat-HAeat—Sei——WUSA—78. 2072-2076) and the
heavy chailn sel ection ker 30 ’d(?]fr

Jéne (SFm)nseR, C. C.| Bhnd AD. .
Levi nson. 1983. I|solation and expressionm of amattered—rouse—312 9 June
2005 WD 02/47721 PCT/ US01/ 47955 di hydrofol ate reductase cDNA. Pr.oc. Natl.
Acad. Sci. USA 80: 2495-2499) are both driven by the Sv40 early pronoter.
For eépres];ir]e?%ochi r'b(f TN228, transient transfection into CO5-7 cells
(monkey kidney cerl aorrey e ellidse using | i pof ect ami ne (catal og #

10964- 013, G B . ja.fromtr j.ent transfectants were

anal yzed for hl?%ﬁﬁ gn&)%@ié&%tth{%gé VTS °?gﬁizg9’°rﬁ'f_l?”3‘%€°“?f§‘i Ikyderencells by

ant i - humarm mﬁr@ammr@wmmmmﬁodmkﬂbm?m asc (cﬁﬁ@.h.gﬁw HER980L and
HRPconj ugat ed goat anti-human kappa chai n anfi body as evel opi ng’ réagent .
The spent Q?@&i“gvvﬁsdahﬁg 84 Bdhtivtgref apd CtQueenabi2l Clhityierid bnd CREN22BndbediRivitg t O
P815/ CD28+_cel. bly transfected cell wth CD28 into P815 (nouse
mast cyt o nasfe)cﬁﬁb&?r it g ﬁ’%@f“}/g?‘?‘rﬂu

ol §1%ed &4 strmlifiteting varmirformpicon yDMlusloy T | ow
cyt on@t r y.3 Jufkrs Bhtakbe bty th BE modRS i on he. chi merj c expression

pl asm ds were transf erc&%géd e’% nt om?rurlgﬁ'gg’}&f%ﬁﬁam?eﬂmf’i SIS Phapgpneals

el ect r opor athieadded Aickiltofithe tnmﬁﬂmmmewiﬁeﬂﬁdﬁ&ge@@n&%Ec%ﬂN@ ression. 10
The spent nedia fromstable transfectants were anal yzed by ELI SA as for the
transi ent transfection. Results The cloned VL and VH genes were converted

into mnixz L9, 3)...and subcloned into the Iight and
" heavy chaf %25%?@@%%@%@@%ﬁ‘@éﬁﬁ%&c‘&%ﬁ‘@@ﬁé" shown in Fig. 1.

15 with residues 17- 46 hybridizing to the mouse C region. For VH PCR, the 3' primers have the degenerate

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

A G T
5' TATAGAGCT CAAGCTTCCAGTGGATAGACCGATGGGGCTGTCGTT'ITGGC 3

20 '

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

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

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

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

25 light chain, two unigque sequences homologous to mouse light chain variable regions were identified, One VL
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15 Transient transfection of COS-7 cells: The chinmeric expression vectors
were transiently transfected into nonkey kidney cell |ine ©8#%e2006 produce
t he chi megwigh2iMB28+ anti body. Spent nedi um from the transi@giedsrsel | s was
tested by ELISA for the production of chineric |Ig&M antibodi es and by
flow cytonetry for binding to P815/CD28' cells. Spent nmediumwas positive |
in both assays. The yield of chineric antibody fromtransient transfection -
was -0.9 palnd wasl&%m%bm%%ao 2tk BRGSO b ADEER A S idRGbMakate Barnd to

P815/ CD28+ cells in 20 a concentration dependent manner (data not shown).

St abl e t r amsVieeqisenwsiypSy 3f Jucerhd! swusdliagre cain vetilcregoop F@ 88 haw cw@cs or s wer e
transfected into Sp210 cells for +the production of a stable cell line.

Spent  mediT LEPRCSIOTRIPEOPS 1o # B e te A i WW%P%H“F"G?“@%&“HPWB@ﬁ on of
chimeric IN228 anti and f bi ndi 0% 142 P815/. el,l S, with the

transi ent “transt e 'ﬂ%ﬂ %‘{l{&d%oatm Sequeﬁcﬁssqf er%%on\?\régeg%%sl?ﬁ\%m%ﬁa ‘bot h assays.

One tsransfect ant vvas chosen for its hi gher ant i body productivity and 25
expanded to gr0W|n 5 L of serumfree medi um ChTN228 was purified from5 L

of spent EmeuipledrCénstrug 0y ticIRR28AEGPM3The yi el d of purified anti body
was -25 . anple 4 Prot ein purifi cat| on of chinmeric anti body ChTN228 One

of the hin@'ﬁ N228 expressing transfectants fromthe stable transfection
(done 711) oK dj.um

(catalog 11 12078 G viihsaliig /P ouphibiat R g6l I bG8 u iy

02/ 47721 HREEASEE ¥¥9 55, 5MAREAMITbwiNES. Vedov2C.IgRekn\W) F8k1E, &), Klinytea i d.i ty

reached 10 % or bel ow, concentrated to 500 ml, and | oaded onto a 5 ni

pr otii n- A@@@ﬁﬁér%?%lf’éﬁ)lf@ﬁﬁmﬁgqnﬁgipéaﬂmdm‘m?faHmocmhﬂﬁh’t(o%t‘@ﬂlmc¢lﬂq1m1§°r The

col um t h _PBS e anti bod th 0,1 M

d yci nem%m\#awpﬁlé%ﬁ\%n B L P@h@g 0%%“8“’5‘? 8‘?@?’%1 ’ﬂ/&g‘ gﬁ“%ﬁﬁl Bbeavy SR st 3
changes of i dﬁpig ated with
PBS cont alxﬁ%ﬂg£§§5 dl? {.}ﬁghnﬂﬁ%%h%&%ﬂ Naégalge‘F %Qeggéﬁ%gﬁp‘%gh%% nmsol ution
was filt edeehct it oaplitingaiofir Rqupic: feribdd@bm e in@ hotnBloghtisficB e citin géhe Guch shicagpl € 5
Purity determ nation by size exclusion HPLC and 81)5- PAGE Si ze excl usion
HPLC was ‘}9@?‘?86‘?3{3@%?‘%‘? gsphceﬁ@ VRieten Eighie fhe Pmamangbedy enieirricnsadnginiskona PE | SS
200 Advanced LC a PE S ries 410 Biog LC Pu a PE 235C
Di odd Arr%y BEFEL or . be z"“fﬁ'é“ ﬁfff% 'Tor (t.ﬂf"%re e@‘?"%ﬁ If”g}r)‘i](’fa’ﬁ “Ehner
Tur bochr ofy Havé ﬂﬁtte@ffns V&E Sen@hledd The ot W@i&@ex&@%ﬂﬁéﬁ@d a&d@eﬁ?&bﬁ SbredsDE

aut osanpl er, punp, and detector, and to acquire, store, and process the
dat a. Sepmsmiamawa@nﬁmbdb\mdenm ng two TosoHaas TSK- GEL G3000SWKL si ze
excl usi on HPLC col ums, nm x 300 hm 5 pmparticle size, 250 A pore

si ze (catal og %?@@aﬁW@WQEGf“SWWWYWW 'ﬁ“@é? ¥eieof NHser j es.

The nobi | vgq? 2 2}?1\4 S t e/ 150 SI um.chl ori de
at pH 6. 9‘%133%%%% \%83 rate %%%ﬁ%%mﬁ@% ﬁ’(%ﬁ% Ja'llhﬁmn%%{lp untﬁegleofluate was
MDNi2b Or € CtheSiPR ChatnD PR AL PR kdatthnk YgidH wabiadlti e@(%@[e,mmS.;mdnaZe%@aﬂmY. T6Q997nj ecti on

“vol une was 50
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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irL (50 g) of the ChTN228 sanpl e. SDS- PAGE was perfornmed according to

st andard procedures on a 4-20% gradi ent gel (catalog # EC69d&e 2dex, San
D ego, CAwodhe@7aaurity of the isolated ChTN228 was anal yzedr/bso1&es

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
19d ), ChiEhad@iaattlcnst SRIY Bac. SRNALA! sl BECR A0S MISRR bhGR M) it B carly

nonr educi ng conditions also indicated that all four antibodies have a

mol ecul ar pweétgrhFor expressomofichit&d THES, thsitht twddtiyisine CO$-7 tele(meukepkidhayuell Hpe)ot ei ns
under reducing conditions indicated all four antibodies were conprised of

a heavy cH#idreRFitgirefcpineCritiop® 108611t CIBEO BRGuPrentrefistogpusientansiestagist  chai n

wth a no | |, € oabanti (W peri ment:
Met hods Auft?flgt r t|%ﬁ%ﬁ%ﬁM&%@%ﬁé%ﬁﬁgy%ﬁg&égﬁ@%Fg‘%\%%&#&ﬁti ons of
MUTNZ28- FhptédicandtodyQs apRa el réapdnt vd I8 QoghgatdDatA@i asin kafps dibih &ldBAgascel | s (5x105

cells/test) were incubated with FITC | abel ed anti body for 1 hour on ice,
14 9 Junedzd@ins repEnt) PlesRpaedpei Ayso i BYHEHilitneBSHTRR s i (IRS/CINE" wlval yzed by

flow cyto ry. For the etition experi ts,. 25 ng of MUTN228-FI TC and
serial t t-a%l%%a&s rfef ffﬁli“%gg%?m"c‘%%ﬁ’ﬂs St@ﬁ"F%gg%m ot oS PBBRR"E s
begi nni ng . PAEk e : Hufd R
cel | s/t es?’)ﬁl_g’z“’%sg’p%@g%%ﬁ%l , s of S loulhof il (B £ Bpfily ?f"itages'etléﬁmmée?%d
i ncubat edintowiutife n8omeCrelline MDY A& dpbrifon ald@iR@adsiecrmits wede telveret forapréxpEasget i t or) .
HUEP5C7 and MuFd79 isotype control 5 antibodies (800ng/test) were also
t est ¥ asThesprpiatefip By stableapystectaps Fare npleabyER B AR forih tresieatiersfei ey ni xture in a
final volunme of 150 Id for one hour on ice (in the dark), then washed and
anal yzed by flow cytonetry. ‘Results The binding specificity of the MiTN228
and ChTN2g&mant i bodi es was conpared in a flow cytonetry conpetition
experinment as described in the Methods. Various anounts of unl abel ed
MUTN228 or ChTH228ned Y05 endyiwxechnwaitddintbinirgonofy PER TiGz. L alde) adsubdchdd228
antibody and incubated with P815/CD28' cells. Both MaTN228 and ChTN228
conpet ed R et ARAbPRD Shineropesiqnryecks agdricabrd ebovq deberayeFigént manner, indicating
t hat . bi ndi ng . i ies.is specific for the 3 tige Fig. 4).
The I'sotype coﬁ%nrslgﬁ%%ﬁ | “83?@%?%%?}’7@ an e@ﬁﬁﬁﬁﬁe@?mc‘flmg%ﬁﬁ?nﬁg% eé{;%iglw th
MITN22S- Ry KidaficErinb 05-1 9 Blodube 8 MuTNARS: 82 il dE THER Beohi HoR @ k-@SrcidseCOgNI Z€
the CD28 antigen through V-region specific interactions. 15

- cells was tested by ELISA for the production of chimeric IgG2M3 antibodies and by flow cytometry for binding

to P815/CD28" cells. Spent mcdium was positive in both assays, The yield of chimeric antibody from transient
transfection was ~0.9 pg/ml. The ChTN228 antibody from transient supematant bound to P815/CD28" cells in
20 a concentration dependent manner (data not shown),

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

. iransfectants were positive for both assays. One transfectant was chosen for its higher antibo);ly productivity 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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Exanple 7 Chineric anti-human CD28 anti body which has reduced affinity to

human F R inhibits primary m xed |ynphocyte reaction. Cel |9 gurepi0ati on 20
Human per ivpez/&d720l ood nononucl ear cells (PBMC) were preppCeEUstwapssnor nal
heal t hy volunteers by density gradient centrifugation using Ficoll-Paque
pl us (Amersham Phar maci a Bi otech, Tokyo, Japan). Human bl ood were dil uted
wi th equal volune of RPM 1640 and overlaid on Ficoll-Paque plus. After

cent ri f UQiph@Manl AL harvdedPhen cilviabifh) BadnI 0 8 RbdibCoondRMESt YRIE, aﬁﬁ!mh&%teg and
washed with RPM 1640. Thereafter, PBMCs were suspended with the

medi un( RPIS’In:ﬂ_ﬁdt@n-eém:dlaosnpqhgmisn@%hmmalmPltpyum2A&1/m} (The coltmuiveds @-spddo@h PESNOl ,  and
25 anti biot] cs) and applied to_ a | on fiber col um(Wako junyaku, Osaka,

Japan) . APt thq anpody was efped wid prl %Glg?e»élwac“jl’@@ Eape “*l'qede@TeP?a veede| ut ed Wi t h
war m medl 190.9..J449¢ / 79 n.B cell |ines
(Raji %t Vier & use ggs%éshfnlvé% tmgﬁryz@e (rs m%g#e er%w)l(edlz'l%Jc Emﬁ':gcyte
reacts on addHiﬁB(El M 1S ThbeEsaltedprbtely sokukibndils ﬁkﬁﬂﬂu@@@ﬂmbﬂﬁ{ to WBi8ge af A . MR Y
m xed | ynphocyte reaction (1" MLR) 5 Purified human s (1 x 105
cells/well) and irradiated Raji (1 x 105 cells/well) were plated in 96well
flat bott 0. plate. tlAr';tl bodf dded to the culture nmedium and

: i sEmes - Pere | abel ed for final
hours with 10 &M&{ﬁu m%l;ua;gamaﬂ a(ﬁmeme@aﬂae{eameng&f%eg& Cel ' S
were harvested and i ncorporated radioactivity was measured b urd
sci nti | | atibemetiolSigs Prockher, HEfsets 4 0BicINA28y, hgﬁﬂasﬁn(omﬁaam@amﬁmﬁrmr y MR
was shown on Fi %FS and 6. The original 10 anti-hunman CD28 anti body TN228
( MuTHR28) Neffog 69ferie h‘ﬁ%ﬁfhﬁ@ﬁéwochwmwtﬂewon 4é BrifiFvese s usgd toicentrel e
TN228- Ig(%@ hi L se depend Ther ef or onver sion of
Fc region amapnt an&idet aé‘gQ’a%qf“mli)g"dy mfedgmf)eﬁ ‘f‘hs“’?*'éaati’c‘@a“ FF 18 It o
human Fc Eosa@dsmxtm cemosmgmzeemzﬁgpmetcmnm 8 hn©8d0b mﬂ,rsqhﬁgaﬁa@;ee%m
Chineric anti-human CD28 antibody whi ch has reduced affinity to human Fc R
reduced Traedize (chiavg # (8848 Jilvrrdihas.Natgemdryvills &) pahascyd ibaiesd TheynpilR@Ryd vas po@act i on.

15 Secondary m xed I rrphofnﬁe reaction (2a MLR) Purified human T cells (1 x
|05 cells W‘“‘&P}USH /59 P@tﬂ%lﬁ&f#lor@eﬁtpgﬁefn efly® acetas KPOmEymiutendhee pl at ed

1 B bl SO ol AL S BB B 1

washed w fgsh g stiheoativazeampiel | s Wer e, suspended with fresh nmedi um and
cultured 20 for 8 days. Cells were restinulated wth irradiated Raji or JY
cells. After aUWRAGEWad reforgapsoding tostrmiard predetiiges we 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;dt 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,
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i ncubated with 10 kBg/well [3Hthym dine for 6 hours. Cells were harvested
and radi oactivity was neasured by liquid scintillation cou#theme 2005
TN228- | gG3w@ o2aivebi ted primary MLR (Fig. 5 and 6). Next, perasalgsd the
effect of this antibody on secondaryM.R The antibody was applied to
primary MR culture, then antibody was renoved from 25 cul ture supernatant.
After culturing in the nediumw thout antibodies, cells were re-stimulated
W th the sieswihPBIME alaRled GRlowS{idRair). JFofite chriiefitdn H@&rinknt$ b9 SFWhdiBnds e The
proliferation of cells treated with TN228-1g&nt3 through primary MR was
reduced capframabiorodoll ditkiigns offompriipgChTNES o 18238 agibodide buaipaing at 390 bdfiescwdrd S
proliferat t S he s extent with thir arty stinmulator (1Y)
(Fig. 7). a%%?g:?‘?lé?&?? c?tllﬁﬁi‘ anfe t"@hﬁf“&’r‘ﬁ"%ﬂﬂﬁ]ﬁ% @%Z(g’dosﬁ%flfeﬂ&ﬁﬁ?mﬁhfw reduced
affinity t“@(hm%@m 21 Walz ]t} T LOMAFRQR j.gen
stimulation. 3 aﬁpﬁe@aldﬁggygﬁm%?%ﬁ%%e PI'§|\|62}28 va?ni%a ?'%er’dggli ons 16 9
June 2005 antBdidd BOehZ RN wekdGEb {5 be chififors.TOMs Werd igha i witEBH baibo B Snitfre v TN228
were anal yzed by conputer nodeling. Based on a sequence honology search
agai nst t Aee! kdpRer Bheifeenron erigeidis darkk tipaethedes! angpbdiy dow cvBrettyand T. 7. WA,
2000. Rabat_. database and its applications: 30 years after the first

vari abil i Reml ot. Nucleic Acids Res. 28: 214-218), 1C4 (Manhei mer-Lory,

A., J.B. Katz, TéuvinRhd dpéclt8i8/of thEMuTEEBEEMINIA antBEHick Ras cﬁnpm@l ﬁgﬁMytoﬂ-@u?;'

Mol ecul ar 5 characteristics of antibodies bearing an anti-DNA-assocCi at ed

i di ot ype. competifiopexpdilment asHgsdribed i 8O MEBEIR ) Vavias amop@d of eildeled M TpiR 8w ClaNEie
framework for both the humani zed TN228 heavy chain and | ight chain vari abl e
regi bhs. "REPAUREAT 28iFH Kb deddEaR328 anigdy and dicvbater} Wi EBIHGDRS prlls Bl 1 esi dues
out of 85 I ' : Ldentical. to those of. t.h se
TN228 hea\%‘/1 c%al n déqu}gér%i{?glyﬁe% v%t?%%\&?ggaggﬁgoémﬁn%gﬂ ???&ewcﬁﬁé}%ﬁ?gz@ TN228

|'i ght chabiadivarbaahhebodl@ i ASHEED S Bk U8S 410 Yo iR p&8ntol ARRNRNMFIS figdues
that are identical to those of 10 the nouse TN228 |ight chain franework, or

70% sequeHEPSCHddot soypeteTis MuGNPPEFHIC, ipliotpe daphe ABVRES amtChENRABRbddeyi tt, M
1983. Mbl ecul,arthd%?g?m'_cs of native rotein. |I. Conmputer si'nulations of
traj ect or fEzee Qi antigsn firoushy\sseionspuetfigpignctigns o ysed to construct a

mol egul ar nodel of the TN228 variabl 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 Elbly 7 Clifn@ic ati huinkrf 428 @661 OhichdSir@ificed d¥8hitlh té/Kidin B a0inilies f¥aR8 heavy
and light chain variable regions, the CDRs fromthe nouse TN228 heavy chain
wer e gr af pies lmagheovte reagiok r arpwor k r egi ons of the human | C4 heavy chain and
the CDRs fromthe nouse TN228 |ight chain were grafted into the framework
regions of the human IC4 light chain. At framework positions where the
conput er ciREBleaggest ed significant contact with the CDRS, the am no
acids fromthe nouse anti body were substituted for the original human

f ram®wor k ani ridweacpedsheralfbiiod inenorula edis (PRIZRByerdphbfedim noloRiGeaily volaGde beS 27,

© 29, 30, 48, '

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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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®dunenz006C4

f ramewor k wegt/ormzwas done). Furthernore, framework resi dupet/ub@at47esscurred
only rarely at their positions in the database of human antibodi 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 dueBufif Basding (RefiandyinBreteiugth bs s celislih @ AR ApAGIER@QUENces Of
t he humani zed 25 TN228 anti body heavy and |ight chain variable regions are
shown Fi glkees Slisziey Xgey imad@ie @PI0R) before@snst r uct i on and expressi on of humani zed
TN228-1 g&M3 Met hods Once the hunmani zed vari able region amno acid
sequences had been desi gned as described above, 30 genes were constructed

t 0. encode pliBeFhixdd Nedhbedt er;gac&jn%mm?epti des, splice donor signals and
appropriate 17 9 June 2005 47721 PCTIUS01/ 47955 restriction enzynme
sitess (Fi gur e BiifiedhineanTeells ! xanttelsiwell) tndaduaiaind Ragi (1 :a00] @lisve)iven paedie Sewae ! e
constructed and anplified using eight overlappin%bsynthetic

A&

ol i gonuc| ¥brtgmanier AgEbpdes erpeied i hesiiegsmsiion pdaells e ig@bated fgDdayhddles ( He,

XY, Z. X . [ e A MUl L asqu ! een,,. V., . Vexler, C
Kl i ngbei | %ﬂﬁgsf%?@ﬁ%r?&“ phqurs Wéﬁe)%‘gg’fﬁgd@‘y’ﬁﬁ‘%‘ﬁﬁﬁﬁsﬁ%%ﬁ’ﬁ% bﬁf?%fp'réﬁi)ki netics
of a mDnO%reﬁwestea@ﬁoﬂme@&atw:mae%ﬂ@&iaa‘wwfnﬁﬁd Retibuds cotn@d P-selectin. J.

| munol . 160: 1029-1035). The ol igonucl eoti des were anneal ed pairw se and
ext ended wit h Thepctid BN3HIGLRYFEIN2ZE) fu DMy MOR yeshax@en Fig.5 yod €/ THé argindl OUr

doub] e-stra dedgbasaagments The resulting fragnents were denatured,

anne) ed P R e RPEHYRTNAAPI nRmbib primags; MiRohowgves eitmeris 2ivdht s. These
fragnents { ; ik WM d ende nce Ln,

Vi oldi g Bee AT AR Y o UG e e B B RO o 20

pol yner as auibdagio dnelveta ekhiced bfi{nAGRbumd S Fd Fomak & the BRI BlideSitic 198 Leutfidrhbicad,

digested with Xbal, gel 10 purified again, and subcloned into the Xbal site
of pVg2M3 for ¢Hresripgnpitenes CB2R anfbodyerdislyhag tydriced affimityo Ipivin FeoR refubrd T celdpw €SSi on  of
| i ght chain. The %%Zl\ddg?vec or hf or hunman gamma 2 heavy chai n expression
(Col e, M EPOISEesS RIGOWPY MxGHEP Iy 2y 1997. Hrmi anl g&2 variants of
chingric anti-CD3 are nonmtogenic to T cells. J. Inmunol. 159:
3613-3621), and the pVk vector for human kappa |ight chain expression (CQ
M S., N. Mecondaramiadd bawinBacytbresctionCt M V. Avadal ovic, D.A. Scheinberg, and
C. Queen. 1992. Chinmeric and humani zed 15 anti bodies with specificity for
the CD33 anti gRmified uman’feallié) x 10hcelly/welDaon iraduy Rijicpolls (eldheelioeiivon plalpd in

descri bed uenc of the V-regions and constant regi on exons of the
heavy and9ﬁ'Tc]gEE?‘b°§§%fnfl°r?pﬁanﬁ‘l ‘L’ﬁf’o Weﬂﬁsaggs\‘}\@:'&g c&é‘f"i“? WY PRV Reptafed e fter
S€qUENCi NPaaysTRBs vebreQSIRctsd, frbdhh WS SesDficafiecdnl pal sﬂe&ﬁ@%ﬁ%&ﬁ%gﬁm\{ Sl kg8 PY

restriction mapping. Al DNA manipul ati ons were performed by standard
met Rds. forB dajsi Sells paeicfinptd itk irraiafNRA 8r TvetlBr Sfret idiodalTrigm cvlitel caBwhdody

~containing the humani zed, TN228 Vu
incubated with 10 kBq/well ["H]thymidine 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 and VL variable regions, a human | g&M3 constant region for the heavy
chain, and a human kappa constant region for the |ight cha®dunelisheavy
chai n const@oi/ar7egi on was nodified (Cole, MS., C Anasetpér/usndidssY. Tso.
1997. Human 1gQ& 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
fragnent. The DavaBidhlERIMIYNIE SerbBi1Pkd by thERALRBA Haed B Q0RLES and
enhancer drive both the 25 heavy and |ight chain genes. The heavy chain
gene i s f binodnmegarthagdidydhetKahathodystduere duelass (§ dbtosondia rid/BT Wor 2900 Kaet hunman
conpl ementag%ene C2 ffAshfieId, R, P. Enriquez-Harris, and N. J. Proudfoot.
1991. Tr aPSPPE B HRTcatopa O Par AT HA C S ERiLH plpt Nudsicwcid Bes- 25 ke Onifran

conpl enen ] y NG fa6 10 fhimB: . 1 .e6M J. f r C2 and
c-nyc? E O%%ﬁ%%%@%ﬁ%%’?@? T eé’q?%g%?m’c’g%r%e agl(%%di %%E'grjé)}eﬁer gpt gene
( Mul 15 gan chafdctéristics afagtibbiies bidipGn and DY A-ass&fiked @iotypd) 1525, Ml 181608692 5w hat
express the Escherichia coli gene coding for xanthine-guanine 30

phosphor i bssipd o pariderte iameavork iy beh thelpninized (BNEeE hedy phain GALH Ehain2@ifide 2H®E) and

t he heavy.chain.s ion marker .18 9 June 2005 0247721

PCTI USOL/ Z%Q’%‘%ﬁmzﬁf’lfb&%h@ﬂ’é“"(‘%i‘% “’sdéﬁ?‘“’iﬁ‘?é"?s‘d&%a‘_‘*ﬂ{sﬁ NG (i 113

| sol at i ON;dadiichs RS M AhseOMNI R e dhGh ﬁﬂmmu%%%lsh%{&&eqaeﬂ&ﬁtﬁe L ase cDNA.
Proc. Natl. Acad. Sci. USA 80: 2495-2499) are both driven by the SV40 early
pr onot er . TIRZEB light ginie saiidariondin kuSENRD@:s ot 6180 Srireebrk tekidiasthaa at id@Bcal 10these XOS- 7
cells (nonkey kidney cell line) was 5 done using Lipofectam ne 2000

(cat H} og e TaeEEI230heht chyin frmwdprdP% eawsacy idedilyent nedia from transi ent

transfectants re anal yzed h i.bod roductiqon by ELI SA,
usi ng goat antrl}%-%ﬁ% _%ﬁrpf %ga@%mggg@r#@%%& ﬁ@gﬁ%ﬁ £ t&Bur i ng
reagent apdiiREPca0EgRhLRM: @efload! §. Mo BRN 14625288205 RaL ReAlchRREY as

devel opi ng reagent. The spent nedia were also tested for the ability of

HUTN228 t wolulatinddd oRBIBR2ED28ble damwin] véhich yasiumed korl@att the aainencids iibs eaeamP2sst ai ni ng
and anal yﬁed by flow cytonetry (data not shown). For stable cell 10 |ine

product i of*PPAE B HTEIRTe TR X Bt SRS foantepipllydpirirev Todsrigethebierd@i=adnt o nuri ne
myel gma calidyg bd SRR B Viriab R eGils! ' transfectants. yere

sel ected ?grzggéﬁgxpr gg%sl on. E%%g&’stgﬁ{@%@g@%g us?eoltrﬁagsthggbvyée]mtu%ﬁg%c%‘;ﬁt S

wer e anal iz eghebyrk febibiSo¢ REmbANCABAy thid BRIRIDRE 15 R6{ITRILe HPR Sk Were 15 Based
on the humani zed V-regi on am no acid sequence design, heavy and |ight chain
V- genes (& pigdints thedramevegrk regjons ob thehuman TSt ightrhanl A4 Garsbeyerk positied whane thdvemviet hods.

The heavy a%g: Iisg’ht. chain V-genes were cloned into the pVg2M3 and pVk
vectors, TEE[TRREFT Upr)ficent contadt Kifh e GDRE, the amiwo geids &pr thy mpusqapibdyrerabgivieda| vz ed

by nucl ek florigHi AGRERG R MGl B6lhublk 006 A mﬁ)%ﬁo&eaﬁ%&%w 28 ?rﬂhél and
| i ght chain expression vectors were used for the transfecti on. e
consitant §7eli2041 obthe le@iylahainh Bor khe Bahychaifl fo dubgjtitions¥idd MadeX Q) Q6HdhORaf@of B S wer e

“al so confirnmed by '
MuTN228 CDRs into the IC4 framework region was done). Furthermore, framework residues that ocourred

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 sequencing. Exanple 10. Expression of HuTN228. Transient transfection of

COS-7 cells: The expression vectors were transiently transfeitne®0dnt o
nonkey ki avey2/embl | ine COS-7 to produce the HUTN228 anti pbogysoiapesst 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. ThguitioRbntlyn@itch GIFRE B)Z @& 1R dnld GlYchaid ¥2RMebdpRRSch® Mikre tdn@Gdaged | ON WaS
-3.7 g/m. The HUTN228 anti body from transi ent supernatant bound to

P815/ CD2 8 4mplidied using qightpverlbyping mintheiic plipanudieqtiéen degire infepth &vm frgakimateiods ts$®own) . 19 9
June 2005 V\% %/ 4%721 PC{{I;/ USD1/ 47955 St abl e transfection of S 2/ 0 cells:
The humanP?E&3 %50 &3 oHe ?&M”E‘“’%@’r]& Yot Qorrd: YL C3gorel- Mt F%  for the

product i ogn A Ber tlggglﬁlmgﬁg ah:ﬂﬁ? &g@gg %go PSS ants
were teste forB roduction o HUTRD antcl E)A % a%%vﬁ\ln eﬁlh{uﬁtﬁa&%o&%m ent
transf ect amtrsselediner. Mﬁmtmtoa:{)cm raﬁgoﬁh):lema web HERRA padisd dnSexRh BRI

anti body productivity and expanded in G BCO hybridoma serum free nedi um

HUTN228 afle Kb&wﬁamt SOy pelfricrset Lfsichiine STGlowdc-strnded fragmentyrddls romwitihg fraathdafs ni t y

chr omat ogr ap ld o ur| nti bo le 11.

Pr ot ei n qu %]%géie%?gm ﬁﬁﬁ%@é&%@?@ﬁ%@%&%m from
the stabl aensmledﬁ%@aﬁab&&s& Qd@ﬂ&dé&)) aéggijngi ah:ﬁlengi:?%gnenﬂer&tﬂmg pRd: ¢ bri doma

serumfree nedium (catal og # 12045076, 'Li fe Technol ogi es pent culture 10
super nat anthplifisidy béymemstchath rodotin (ROB) dsiny T polretaye, geeﬁﬁhﬁdﬁg'bﬂ&ﬁmﬁmxﬁhﬂkﬂw and

| oaded onto _a 2 nil protein-A_ Sepharose colum. The colum was washed w th

PBS Hef or urifipfazs gnd 5?5’619’139\7&? the Xyl eitg %@‘BWO&*W}@%O#@M@% anfp\fgferite pH 2. 5.

The el uted el st 3 ch n of 2 L d then
desal ted 0 GSS% ti""' colpb%%ﬁea%?ﬁ’r%%%ﬁmw §e’8’eﬁ?°£.(%§n‘gg

addi ti Onahnagettlaﬂm:fm 19970 S 32 b R Lt P T HiririD ar DY bk MRMRSud th T L@ d  t hrough
a0.2in filter prior to storage at 40C. 15 Exanple 11. Purity

det er m natomonelidy9: §613-8624) wid tis pBrvet#RIiE hamd k-BRIIP AGHE exphdsddn ¢eix M3l 28Mexcl usi on

HPLC was per.forned usi gg}sa Perl dn El mer HPLC system consisting of a PE ISS
200 Advaft@edoc sSAp-AT Hrisuaade P-A- Srhpbergapd & Quesn A998 Chimeric g fpnanized pE 235C

D odg A Lo LNK _Per ki
0008 o Pl e an s g, Mk, M0 S50 AGER g

aut osanpl er, pPrHIPequeiddlofde VaEhdas and andhnt ELiAGEH of Be heBlyQfidigh @%Mlgﬁﬁﬁcﬁ t he
data. Separ ati on was achieved. using two TosoHaas TSK- GEL G3000SWKL si ze

excl usi onwPrediiad by wripalidy sgqugncingn The SO sieirres obthé finaiplasmifsoler verifipdhy r@Gion
mapping. All DNA manipulations were performed by standard methods.

In this specification, HuTN228 refers to a4 humanized antibody containing the humanized TN228 Vi

20 and Vy, variable regions, a human IgG2M3 constant region for the heavy chain, and a human kappa constant
region for the light chain, The heavy f;hain constant region was modified (Cole, M.S., C. Anasetti, and 1.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 gennlme human K
genonyic fragment, The buman cytomegalovirus major immediate early promotcr and enhancer 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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pore size; catal og # 08541, TosoHaas, Mntgoneryville, NMD) connected in
series. The nobile phase was 200 nM pot assi um phosphat e/ 159Jus 286assi um
chloride avopt4G20, and the flow rate was 1.00 nL/ m nut e. pdves@m7essl um

el uate was nonitored spectrophotonetrically at both 220 urn and 280 ran.
The injection volunme was 60 1(60 g) of the HuTN228 sanple. SDS- PAGE was
performed according to standard procedures on a 4-20% gradi ent gel (catal og
# EC6025 dnNe@@imosad)C.0, &G A.D. Enson BB, (:SQbYRAEcxPessioh 6 aPMled hitsh ant i body was
confirmed using the Human |1gG Subcl ass Profile ELISA Kit 30 (catalog #

99- 1000, ZW‘M&%@F@F el 4e Proc btk tAadSEn UsA $n2PSHe0) a€BYth érivkd by Bigiothie

manuf act urer' recomendati ons. (Results) 20 9 June 2005 WO 02/47721

PCT/ USQOL/ 3’?5’8? The purity of the isolated HUTN228 anti body was anal yzed by
si ze excl usi ongpik, PR HUTN228 i s
not shown. Based tp%ss?oﬁ?fs anaﬂgels%fusent Lﬁémﬁf%fs:glgény%eg&?l §l§5}ﬂq dIl!r’?(chrar\ar and has t he
mobi 15ty deknegiipafiitngn:2000ga@bot B663-027, Lﬂtﬁ!ie@ﬁcﬂﬂgﬁd). SRirgdia AokGRustemD.  SDS- PAGE
anal ysis of MuTN228, isotype control MIFd79 (m)use lgd@), HUTN228, and

i sotype 5“&‘6%#?“6[‘""%@@@@“@ WM@@NE r@minebymﬁiﬁ,empaﬂgmémd@| ons al so
i ndi cated _that,all four nt|b [ | ar  wei ght of about

3¢ ecific 5 So h $ %
150- 160  WERSR sPiltspesind el ss capine iapciP gy B cortiente gt an- PR SIS AREPRYY ons
i ndi cat edm&mbm@ieigeitom@s@ﬂweme%ﬁoM%:ﬁ%ﬁﬂo?ﬁm&s t@bﬁﬁ@iféis/eﬁf’s‘* nwtha

nol ecul ar wei ght of about 50 1:1) and a light " chain wth a nolecul ar

wei ght of calbbitdi@ginkinofidi@cenisoinipad traigied byTidw eitinetly (ddtadot shévi). iFetaypan of t he
HuTN228 antl body was consistent with the expected 10 |g& isotype (data
not thown)™ ﬁﬂ‘r %%’B‘?}%%WWW%@%%WC myelgpe el diue SR/Qlivt r at i on

experlnen d di.l utj ons. of

ant i body Eegl nnﬁ&%tﬁ%‘a&?ﬁ %’%0 it 571?3 fmgp Laen m&‘@ﬂagu’?féﬁ% %ﬁ?“'fss/ test)
wer e incubaaaﬁlyzwwELEsATaGfdrmb@dn%tﬁHstfdcmdy for 1 hour onice in 100 1 of
FACS Staining Buffer (FSB = PBS, 2% FBS, 3% normal nouse serum 0. 1%NaN3)
washed with 2 m of FSB, and. anal yzed by flow cytonetry (data not shown).
For the c etition experinments, MuTN228-FITC (50 ng/test) in 25 1 of FSB
was conbi Bwith three- fold serial dilutions of conpeting HUTN228 or

MITNR28 anti b 0 2 d_added t
Pslgl%z 28 L;%&(%B%EOS e ;éé‘%%’ i) eg%f)’?h"q |§—E§§y “&\sga@’“‘?fﬁnfs?p AERSE O

P815/ CD28b andQ @) we cortfueted 43 aumam&mww@mﬁhgﬁ&@h%& wle atigst in 50
1 of FSB). HUEP5C7 (human | g&M3) and MuFd79
the pVg2ZM3 and pVk vectors, respectively, as shown in Figure 8. Several clones were analyzed by nucleotide

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

tested as nonspecific conpetitors. Cells were incubated w €Huneh200ant i body
m xture igwcodd7ral vol unme of 100 1 for one hour on ice (ircwbsidassk), 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 HuUTN228 anti bodies to CD28 nol ecul es on P815/CD28" cells was conpared
in a flow cyt osmleidnsRedpaishi/i @IR: B REAIHIPRbresdidn RAGSE WdrdRekricld ikthgpaiiBods. A
representative result is shown in Figure 5. Both MiTN228 and HuTN228
conpet ed i héprdduTiNPLE sEHICTE kg Spentowiz dprh seadrd] Gasieathalp werelested foriemeduction ¢fdi cat i ng

t hat binding _of both antibodies is specific for the CD28 antigen. The
rel ative SBUBHAINRE B3 P RS e QS B (0 A i FHoteR B BEeR T 28

The isoty : i |3 GG T i 2/ 47721
PCT/ US01/ %@%@&Lﬁ%ﬁ%@@%ﬁﬁ con%@f’g%g\ﬁmtn ﬁéel\?'%%lﬁg;%l Fl T%,mbl ndi cati ng that
t he MITNZZSifiet TImISTTNDL PerdRtdinbbel hfisty chi@GIOGHphY ht Yidd Ep2Bedinfibody@as +7hmgough
V-regi on specific interactions. Exanple 13. ELI SA conpetition experinent 5
Met hods A 96 wel | ELI SA plate (Nunc-Inmno plate, catal og # 439454,

Nal geNunc ryille JdL) was coated wth 100 Ilwellof sCD28-Fc (0.5 g/ni
in PBS) ( =  fused protein, in which the extracell ul ar

domai ns of %e%ﬁﬁﬂéﬁ%ﬁ@&pﬂsﬁ%nﬁsﬁ&m@ﬂ%m%%%mt@&e gfwaéoggﬁn)m
overnight at 4 C. The plate was | ocked for 30 minutes with 300 1/well of
Super bl ockroBl eisHBCQhyBtfofn@seruinfred i Bing (cahlad 2015 043078,/58 Fechidlogies) Speni@iinRo c k f or d,
L), and washed with 300 I/well of ELISA Wash Buffer (EWB = PBS, 0.1%
Tweel: 20) supsmafpphyes hagested haggepingp by ichadilfys prihelaw g fppded prip 2230 prpteigt £ | SA Buf f er
(EB = PBS,_,1% B 1% Tween- 20) . tbree-fol seri.al il ut ed. HUTN228
or TN 2 EPERrar o S B P bR s e HH G T e
added | NMiNaCPH LAYR: diifbd Brofein A dialy@H bidRst 9 bhap@br VBB and 1heQtc MR ot HIY- R

anti bodi es HUEP5C7 and MuFd79 (100 g/m) in 100 1 of EB were al so tested
as non- spebdihegilibpipeith B ceitainibg angtditonat O N@ECE Ghd deplnd prowin solti®Ovad filpfed EB Was
added 15 to 100_1 of MuTN228-biotin (0.5 g/m ). As a blank, 200 1 of BB was
added to st dg HrrRgoniRTrge#é¥nt ai ning no MUTN228-biotin). The plate was
incupated at roomtenperature for 1.5 hours with shaking. After washing
the wells 4 times with 300 1/well of EWB, 100 Uwell of Streptavidin-HRP (1
g(m , catplapgleth. 2 eriiia@in®e Yize e¥iSorxdde dndsps@hGELt he wel |'s. The plate was

i ncubated at roomtenperature for 1 hour with shaking. After washing the
wel | s as Metbade 100 |l well of ABTS substrate (catal og #507602 & 506502, KPL,

Gai t hersburg, 20 . added to all _the |l s.. The plate was_incubated at
room t enper at Lr%z@ e’:‘\égg“”‘svﬁicrﬁa?ﬁf el g aﬁ’ﬁ‘?“_@ﬁ’i ﬂgvjdc sys&@ﬁ@ﬁ“ft?g RaLE AW at 415
ran. Thi s,&XREMd SRRk WoRssh:SR8aE:&0 410 B8 @ plbTB BE 235C Diode Amray Detoctor, 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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Results The binding specificity of the HUTN228 and MuTN228 anti bodies to
sCD28-Fc was conpared in an 25 ELI SA conpetition experinen® Jase 28$cri bed
in the Meswmos4774 representative result is shown in Fi gureci@sor/4Bssh
MuTN228 and HuTN228 conpeted with MiTN228-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
anti bodi es 1 ecRgpiigts hdiol#DBBIIAMN du@BE) vl Vnhed by Vizd REHsRRHBRAE SHSPAGE.
interactions. The |1C50 values of MiTN228 and HuTN228 for all three

exper i mentis BERE@clyionpwiild of HIRRS Mot shovine Brsed e ittiinaenlylsis, tid protgin 61 98%30nddelidi@ 28 was
on average 2.6 foI d less than that of MITN228. 22 9 June 2005 WO 02/47721
PCT/ US01/ H¥§e@ebilizagpepoydingsq g regiem ob mplesplaneight -l kmr y 1 C50 (g/ni) Conpeti t or
Expt 1 Expt 2 oo 19 0. 03
T R P e ik tiﬂ‘s"%%‘?’#ﬁ M08 G ebh erhendade |

conpet i t i @arER{EPSCT(Bittan frGIE) e Sonfdaing ednditidny o iridRelédrigt o Fut dﬂh‘ﬂo&%&zaﬁfa t he
MuTN228 and HUTN228 anti bodi es were determ ned following the nethod of
Queen et Wleculanyyighiqf abeut 150§0AD. Spabypigetchs pame fpupprotels pdgieedugng\pgnditiony frdicatad F

Ve . oo R e e T G i oo SRR,

recept or . cuih A a Dcdtar whGR Gk bomGls xp,86: 10029- 10033) . Briefly, -10 ng of
7251 -1 abel ed MuUTN228 in 50 10 1 of Binding Buffer (BB =PBS, 2% FBS, 1 g/m

nmouse | gG 0. 1% Maps Jestivelisataicatiheriogipe ofitht HUTDR2GAbEdyWiad donststatt @@k thd @pedies er i al
dilutions of MuTN228 or HuTN228 conpetitor anti bodi es (begi nning at 400 g

/ m )10 n 5gGAisehe (dpfanot sha¥ld to 100 1 of P815/ CD28' cells (2.5 x 10
cells/test) in incubation tubes (Skatron Macrowel| Tube Strips, -catalog #
15773, WMol ecul ar Devi ces, Sunnyvale, CA), and incubated for 90 mnutes at 4
C wi th gemthse Bhaktd@moetifich@in¥@@nicont rol anti bodi es HUEPSC7 and MuFd79 (400
g/m) in 50 1 of BB were also tested as nonspecific 15 conpetitors.

Fol | ow ngMétieds i ncubati on, the cell-antibody mi xture was transferred to

centrifuge tubes %Sar stedt M cro Tubes, catalog # 72.702, Sarstedt,
Newt on, NC) cohtBITHemGIernIatiope R B dip tfﬂ“’rf’g}“éfp‘éz SHIE stibesbegiping ¢ he

i ncuRati o n free
o SRss, MSEoIESILANGE b Skl R B0 OUDS P8
Morgan, T (00 B8NS Stainkg BGHe FEB ﬁPBEQZ%ﬁ;s B892 in€ifial nbuse deRiyh, 0. MNaN}jBﬁdlad with997.

Severe reduction in | eukocyte adhesi on and nonocyte extravasation in mce
defi ci entmljofF3B¢and analyzed by flow cytometry {data not shown).

For the competition experiments, MuTN228-FITC (50 ng/test) in 25 1 of FSB was combined with

three-fold serial dilutions of competing HuTN228 or MuTN228 antibodies (beginning at 200 g/ml) in 25 1of
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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20 chenoki ne receptor 2. Proc. Natl. Acad. Sci. 94:12053-12058). This

experi-nent was repeated three tines. Results The rel ative Hiunt 2095
affiniti eswvob2atier MUTN228 and HuUTN228 anti bodi es were conpar/esbiianesan 1231 -
| abel ed anti body conpetition experinent as described in the Method. A

r epr esent ative result is showmn in Figure 13. Both MuTN228 and HuTN228
conpeted with "51-1abel ed MUITN228 in a concentration dependent 25 nanner.
The i sot y peErSeN&id Rt coftpbd WwaR SYTIAIRETE, iRRaNe . We RTPYE b ARPREbARlRgsoNPet i tion
at high concentrations, but the isotype control antibody HUEP5C7 did not
conpet e wetdsman@ICDIZ&bedeeﬂimhéth,spemﬁdntMomg that the HUTN228 anti body
recogni zes the CD28 antigen through V-region specific interactions. The

| G50 val ues of 23 9 June 2005 WD 02/47721 PCT/US01/ 47955 MITN228 and

HUTN228 f Qr. &k ks, tEE%Sg%"?f%%%‘j‘ DERLE are shown in Table 3. The apparent
binding aftfrnity o was approximately 2.4 fold | ess than that of
t he MUTN2&Baaigt i body. Table 3. 1-125 conpetition summary 5 | C50 (nM

Competitor Expt 1 Expt 2 Expt 3 Average St. Dev. MITN228 0.93 1.05 1.02
-1.00 0.06 HuTN%ﬁz‘?H@U%Plzte @@mzhn@snozmo:a@o@%9@eafnlmmﬂcmpmlm) sasicghted

ant i bod 686 P AVRARAPAE 4 Mt PRl UBo it S b Hibge ol

obt ai ned ElJnﬁﬂE of DS rek A Hine R ki3 8 hnd IR keSS I%Yi ove EPQ fueo %%iatérv&;ap

(R PB)-conjugated PVl were purchased from Sout hern Bi ot echnol ogy
( Bi r mi nghsioakedAbrp0 mihines vl BUOARveESBedlockeBlickind lRe icTHSI(QRBY# 8/8358eras from
Phar M ngen (San Di ego Secondary anti bodi es fl uorescein

( FI T@) - coRge t%h“ﬂ&’?fk‘@&‘“’%ﬁ’l”wﬁl} HERISA N st By (VB T BRS, 9. 1% Tyyeen-20). Pomizxtyrsj ugat ed

100 (b s BRaBT 8 Tl nag 5 R LR B PR T i,

| MMuNo Re s @G BilkedEFiNz283: SideN22E Alnper@d ehifddb s 2RI HOR b/ DR ol JRMS e
kappa, R-PEconjugated goat anti-nouse |gG3, and horse radi sh peroxi dase

( HRP) - conintriptitatzdh agiaatvolmtof 2000wele HogypyranttwkbantbodicsGREISOTIAnk BuRi7B{100 gahiol ogy.
Goat anti-_nouse and mouse 1gG3 isotype control FLOPC 22 were from

Si gnma CheMidaf®® "(e&als" ifﬁft‘i‘la§“°nmlﬁ° c‘masﬁ“wé-ﬁérﬁoawpmwﬁl WAt PiFfWF #dedCcD3
tikod ter/,nm 145 &3 20
an Iltgo y %4&] %r%h‘l@agbx %gg &4 bﬁnﬁlg&) lcorf.l was ae 8‘%3%‘%' %%fﬁ_g wells cc¥1 I,am.ﬁg

were generated in our conj ugat
Boehr i ngesio Midammtseiomm)/( m(ﬂlaﬁ ﬂa@é)ﬁﬂlﬂba&d at ré¥m temperature for 1.5 hours with shaking. After washing

the wells 4 times with 300 lwell of EWB, 100 Vwell of Streptavidin-HRP (! 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 tﬁe wells. The plate was incubated at room temperafure 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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8 cells 2.5% 10 cells/test) in mcubatlou tubes (Skatron Macrowell Tube Strips,

catalog # 15773, Molecular Devices, Sunnyvale, 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

15

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

20

Resulis

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

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

25

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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J. Immunol. 160: 1029-1035.) and they were separately introduced to the

| i ght chain and heavy chain expression plasmds (Fig. 14).9Hawh2065ni - exon
cont ai ns avolgwakl pepti de sequence, a mature vari abl e regeonvuse@ressce 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 M2ON8 addBuORI26 o Al RETHAIR d-4oh S TR Y. TS Par&l tRRE ] 6 t he
expression vector to ensure the correct splicing signal was introduced, and
no PCR erluEiss visperrqyenaicly 34 fodfl lesythap dhettobihe MuRN2¢%midodyict ed t 0 express both the
heavy and |ight chain genes of the chineric PV 1-1gG 5 froma single
plasmid. In this report, PV1-1gG& refers to a chineric antibody containing
the hamst efyd3Vi125 MepetRBitkuMbdry vari abl e regi ons, a nouse | gG constant region
for the heavy chain, and a nouse kappa constant region for the |ight

chai ns The expression vector pV 1.g3icguE (Fig. 14) was obtained by a
two-step cloning process simlar to that described by Cole et. al. (Cole,
MS., C peaseiwi, afetd v, Tddxt2997. JEstAnunol .| A8@we3613-|B6RL. ). The
heavy chalp—-canstant i i use y3 genom. c fragient,
and the || $K2%hai n] 98 from t Ha% fragmgrt® Bot h thleooheavy 06 i ght chain
genes are Hl'hngll I[Jy 'tEIEﬁ: fremem lzné Ullcga: GoE S IIIJ.]

pronoter fand enhancer, and thgy are seperé%ed by the transcr pti on
term nator derived fromthe hunan conpl enent gene 2 (Ashfretd,R—F:
Enriquez-Harris, and N J Proudf oot 1991 EI\/BOJ 10: 4197- 4207.). The
sel ect i onExaplk &7 Ay sqquenging Fasier aff D3glanfbodBer g. 1981. Proc. Natl.
Acad. Sci. USA 78: 2072 2076) IS dr| ven by a m)dl fied Sv40 early pronoter.
For expression of the chinmeric PV 1-1gG3, the single 15 plasm d vector was
transfect gggigt o the nurine nmycloma cell line NSO and the transfectants
were selected for gpt expression. Spent nedia fromtransfectants were
anal yzed HgridsmusenitdEa, TLATBOGYhaRES Ghn TIY hfblidodArv1 WhS bdehe QAL
anti-nouse 1gG3 as capturing reagent and HRP-conjugated goat anti-nouse
kappa chaif @TCG@F}P%B} H@"ﬁﬁ‘é‘é‘ge&rphym?mmdgé’womwasﬁé&vfexecpmﬁmedchmuse | gG3;

th t hi 20 Result
Bxpr eser oRre CRETEHA B 1, Tnel ot hameied o ubeth &7 YR e | nt o
m ni - exonﬁhaﬁf I\%l%(Sx;hlsﬁwg@rtgx) ge%Mb@élé:s‘ udre@(teﬁ (ﬁ%}% gtid)s(dﬁtrg(gys aéi@%%xgé? vect or

described in erials and Methods and Fig

was then MﬂﬂmﬁﬁFIﬁ‘maﬂu&tdﬁﬁﬁw@enﬂmﬁhMteﬁgbI(H-llIJ),rFH‘d-\l&@gﬁtﬁ defeghage the
chimeric PV1-19gG3. Spent nedia fromseveral transfectants were assayed by

ELI SB f or mbuselp®(Eo0)) BPEFEbYS doluas mbigé33G L) badkkairadivd maymorkwdieaq st f or
binding to EL4 cells. Mst transfectants were positive in both assays. One

t ransf ect addbe, W9Sand FITC-conjugated goat anti-mouse kappa, R-PE-conjugated goat anti-mouse 1gG3, and horse

redish peroxidase (HRP)-conjugated goat anti-mouse kappa were from Southern Biotechnology. Goat anti-
mouse IgG3, and mouse IgG3 isotype comrq:.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
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chosen for its high antibody productivity and expanded to growin 1 L of
serumfree medium PV 1-1g& was purified fromthe 1 L spen? Juneddm by
affinity chwometogr aphy. The yield was >10 ng/L. 30 26 9 Jheux9@mss 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 SeNypeH, Be® philyid hised 6eneni 6 S TABBRIrcE-Edeh Ercatd Sl R B b ymjtﬁarvested
when cell viability reached 30 % or below, concentrated to 200" nil, and
| oaded ont &siduedllnd4 hjridiies n hdhaBepCargise Fe ) BOM thd 31 piigerdhaiiiadepiad@ Pl punp
(2-3 M/mn). The colum was then washed wi th PBS contai ning an additi onal
0.1 M NaCl ' FRierrst ofE€HIBMNASHEi 18md 20f NaCl was 0.25 M) before the anti body
was eluted with 3.5 M MC12. The eluted protein was then desalted onto a
PDLO. GOl U fdhiaktRiabad ol RRA oAl GoAl-addI tional 0.1 M Nadl. The
g

desalted protein solution 10 waspfiltered through'a 0.2 tmfilter prior to
storage at 4 C. Like all nouse 1gG3, PV 1-1gG3 at high concentrations (>1
mg/ m.) precipitates in the cold but returns to solution by warmng at 37 C
The ant i botip residpesI&- 50 ybsidiringte most redent iaGiinl t Brprashytridiries sequiRep éatbedeh miyed es  of
cold precisp' tation .do not sgem to affect the antigen binding activity of

L | ,
the anti body “FB U P DEWEF APt TN L By Ve rAsaer FeprstintoppYC1g nettoSS- PAGE.
Si ze gxcl ug] LG was wper faraed usin .Perkin Elmer B PLC system
consilgti nlg';'(>§ %’?&5&4 SRS Zggmﬂgég%éméa © vﬁ{?ﬂ?e‘é%@%%fﬂfl‘??h&nwg%ri es 410
Bin LCP encétl, MEordABCeldats QHR e AEERY 2 Yol ri es
LI NK. Perllfiaqr? El mer Turbochrom Navi gg?‘%@ﬁ%gfﬁc%ggz@iﬁso%re %grgssﬁged to
control thimsigPRYdanpl er, punp, and detector, and to acquire, store, and
process the data. Separation was achi eved using two TosoHaas TSK- GEL
G3000SWKL si ze exclusion 20 HPLC col ums (TosoHaas, catalog # 08541, 7.8 nmm
x 300 mm 5 pmparticle size, 2501 pore size) connected in series. The
nmobi | e phdesuligas 200 mM pot assi um phosphat e/ 150 nM pot assi um chl ori de at pH
6.9, and the flowrate was 1.00 nL/ m nute. The colum eluate was nonitored
spectlf ophotonetrically at both 220 nmand 280 am The injection volune was

50 pL (63. he. undi | uted PV 1-19gG3 sanple. SDS-PAGE was perforned

g\c/l colr dic;gg Wd%g& fﬁ?@éﬁ%&ﬁg@%ﬁ;@gﬁ%@?ﬁmﬁ? P:_ sé ol at ed
-lg . Q | X S , an - PALC. e

el ution p}ﬁ%?lf(%g olg‘lézsP\/sc{?%é]i %&ﬁfﬁ lg %“&ﬁbﬁf’ ?Pibg . PR coppsnondine i e P Snal ysi s,

the prot e&é&&hﬁ%"eﬁ@%@ﬂ:«ﬁ&%ﬁ?ﬁ. A 3’ primer from the hamster C, region, on the other hand,

did not yield any PCR product. These results indicated that the hybridoma PV1 nses kappa for its light chain,

Cb

20 Several light and heavy chain clones were sequenced and were found to contain the same Vi, and Vg,

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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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®udetengd05

condi ti ongygad2z7dindi cated all three anti bodi es have the nedwgostiaressei ght of
27 9 June 2005 WD 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 - chajafvddh dhkd ihifl@e HPREZn VeBtorltd\BouB el cBR6HsRiSing siphl) FhsYloSucdf and RPcRAMTE t hr ee
protei ns under reducing condi'tions (Fig. 17B), however, indicated that PV
1, but notrorsRyfegengrg@3 or t he i sotype 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 with 1gG The bani ster antibody PV1 thus either has heavy

gl ycosyl ati on COSY site

el sewhere in tﬁ%ﬂ%@gﬁ%ﬁc&? F?g;%sss ‘%ﬁléﬂ ghﬂ;ggagd]%gtt%ﬁg%&%gﬂ% unuggg{ A6

gl ycesyl a&mmgapmsmtdnmmyxe@ﬁmvnﬂgmtr@eﬁt@a dvhedd SO EERAGIslleGaiicrlilng to ElI A
cells, perhaps | ectin/carbohydrate interaction. 10 Exanple 18 Methods
Fl ow cyt ot *gﬁnabxﬁuwon*ea moueeetg% doiistiet gjoforthq Heayy ¢hin.gnda@ mops kenpd donglagi riion] ) wer e
st ai ned nd shed
o2 B el pBeertion o Vh e FaE Bl 1 VE R Ehadhutinp e FREBPREHY one.
conj ugat %ﬁﬁ@%@@&%emma@dm@ox&m @/ Bhdetti; and¥ ¥, 80, 97, mﬂam@,t,z isgg¢ipation at 4
Cin the dark, the cells were 15 washed with PBS and anal yzed by FACScan
(Bect on Diszke Methegvy dithih pintt@stegiéiAvas detived frbieth€6iiRad behdnfid fra@osdde bid iR Mgt chBth A cel | s
(2.5 x 105 cells/0.2 nil) were stained wwth 1 g/m of RPE-PV 1 and 25

pg/ rift of ffy the Kiiggment Bath the heatygpaBightsiyineoms modivmby thakumdn @ofmealo@@s mijan i n t he
dark, washed with PBS and _analyzed by FACScan. Simlar conpetition

exper i rreriFmWé?éﬁ%FY@E?HE%@P@EF%@&%%W&W%Eéfagﬁcmgnfam&fw@@l@m% In the

reverse ta e I ) were
Gt ai nod PR plaR S CRURE e, £ e, i3 sipdiny S 0 e 0"
washed 2 ztzomjes*he/su&chonlaaﬁer o9l ieiEahigeh, RIT, d PO &0 Mz U Ol Ok JRRK &Y, Usafitdozoouse
| gG (HtL), washed, and anal yzed by FACScan. To control for nonspeci fic

bi ndi ng P74 hdrisebrrebdifigd SV4H tarlpselnates. Fopexpretsign of fip dhirvgegit PE1-1glY; the sitgkei ned wi t h
excess PV I without PV and ana zed. 25 For nouse T cell staining,
BALE? ¢ nd%?é‘@‘d?ﬁ%%ﬂséf‘”ﬁf&‘l“ﬂé&%%m&“fe‘s & g N30, and ihe rgnstagiants weep selepfedforni ¢ h 1

o 15 i e i e

FI TC- conjusigadostintilddnseA L3k d:fptusieidagenRONIBoighgated golRafEn@egpgabiess goat

anti-nouse 28 9 June 2005 WO 02/47721 PCT/ USQOL/ 47955
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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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¥ detest(Ozati on of
PV I and Wdedg® by flow cytonetry. PV 1 was used to stapor/GE@gssitive T
cell line EL4 and anal yzed 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

(145.2C1 1Exg@%l§ 17 @ﬁﬁéct&‘&lﬁéﬁgf’th@@?iﬁe&_ @Bﬁﬁg@-@@ b9 EPPClchd sPRLP %@ LA4) al so
bi nd nonspecitically to -negati1ve nyelrom ce I ne ata not
shown). The Syrian hanmster anti-CD28 anti body 37.51, on the other hand,

bi nds specifically to only one site on EMcells (Fig. 17B). It appears
that, in Hedidti on to CD28 binding, PVl also binds nonspecifically to other

sites, possibly thr ou%h t he car bohydrate/l ectin tépe of interaction. As
shown i nﬂﬁ%—?ﬁ%‘é@ PRt A Mgt e eexpirsipe tpppfeganis SEene ADwacsevedt I of fibee
nons ecif'g,Eﬂ.Eg' it i inds ,E14. .cell|s i attern
sim Par t%c t hat ﬁ%t&%ﬁ%e%ﬁa%e&t %EF& oe;sﬂal%gfg%gﬁle%edf‘nge%‘g&ﬁl grgafl}e@"’eoq/ O cells
(dat a not besopistpntratidio 04, and 12dva0 § PRTHdiIEA SpRiehsd \GIuih @REE PiémAfi: FYudp | 1 €S i N
the heavy chain constant region of this particular antibody and it is
el i m nat e@-3ayefy- e el »est thes ashed it frypntaining preedditicmnl O] NaCh(B8:1 wogsttafians t he
CD28- speci fi g bindi chivity, use F an conpetition assay. In
these oxpt Fhem e EORE e bt iR o e i iR et of o)
unl abel ed PV - 2 - mouse | ,and the m xture was
used to scfng)iaﬁ ﬁﬁ%fﬁh%%ﬁmgﬁ%%ﬁmﬁﬁn% 5&%{%%0{}%;8}%% WQ?Sd%%°tﬁffI“?°6@, but
NOt 1S Ot Y ke trddbh a O @VARRE Pk ttdRize £ OW). W kitehuRYed3 lf\rlq?ﬁiﬁﬂ ing to EM

y

cells. The inhibition by PV t-1g& was |ess than that 1, and we
i Nt er pr et @etettiiiose>tayalipscbifes h &3 utpetadsolstidnlyy Raiing at 6. TatuiadyPV | f or
the CD28 sites, hut not for the nonspecific sites. Simlarly, both

145, 2C11(CRYTRITHM 2 e isrpsansy Repesideyoire ol etibyrecipiiion fpaocterrmiitied e apieen 1| - | g &3
prevent eq,;R E’fﬁg g}ﬂgg& . 145.2C11 from binding 25 to EMcells (Fig. 18B),
but the chineri cgantl o‘ﬁ% is less efficient due to its inability to
elimnate R PE- 145.2Cll's nonspecific binding to cells. W also did the
reverse conpetition experinment using excess (25-fold) PV | to conpete with
PV 15| gG3ufityDeterpyinafion hyysine excliion FPBC | AEAGE Pk exeisich HPGCRespardrmd tsiigabel ed i n

t hi ' 'f' I_I oan d by the 30 FITC ' ted donk
ant | - MU ST DT e e PR8N ST R SE SR IE SEAIP A b 1 On
of PV 1- 2Gap 88635230 ml\AQDQ@éto‘},%Zé’ajfapﬂén ié A8 pedl B ug{o/fifkhng to EM

cells by excess PVI was al rost conpl ete, denonstrating t at and PV

1-1 gG3 biNudigdta Verbilnet. Safigreepi fsaire contrdl thadutoyampletypulny | 8GR teltver Santll 6 @uiteDstofd, al N
nmouse splenic cells. PV 1-19gG3-coated splenic cells were specifically
and process the data. Separation was achieved using two TosoFaas 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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5 recogni zed by the secondary anti bodi es R -PE-conjugated goat anti-nouse

| g&G3. Sinultaneously, FITCG conjugated 145.2Cl11 was al so addddng 2005pl eni ¢
cells to mabelis7@33- positive cells. In the two-col or flow pcplisemetyss

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-| gG3atoe¢Hgii(Eig37anTimmdinogienis felraib Fig. 3 7/enqs @ifsaducanboiling ¢t ke sabplegh B  an
anti gen binding activi t)f/1 that is 10 consistent with an anti-CD28 anti body.
Exanpl o 190pHachig o Felleis i gahe PHRGERLE P G5 Bk RAASTTM co wer o

i mmuni zed, | nf. . e of.. 1 fail wth .125 bovine Cl |
(Col | agen e FEEHR el pBbint s A5G Shsbelin 2y i ARl BIEE Ot e
(Vake, Japangcs dviie RotR baibl0Rsd efly din kil iR @d: Fkbt stisitly Siglel 04 tdhd 1 1259 of
bovine CH in CPA on day 21. Mce were treated anti-CD28 anti body (PV1-1gG&3)
at the dodesulefwelthtysuklly/seta yitcle®t Thebaoeter aptivbdy £V bisyiter lnsivoy glgcoplatippaf or  7days
after the initial immnization. Arthritis devel opnent was checked by

i nspect i ofsngl infCudror ibkepen exirp siyoopylation siff deovhetelimthaherpridini Ardismissedleterothis and t he 20
i nfl ammati on of four paws was graded fromO to 3 as described previously
(Tada, Y. ynushal glylmsylaion pttern<trly conttibutdAd PV Nadsnspek B0 Ginding 1o HIAGANE) @draapskp6: 4520, . Tada,
Y., A Ho, T. Matsuyama, T. W Mak. 1997. J. Exp. Med. 185:231). Each paw
was gr adelctinprabobrgteinmctioncor es wer e added such that the maxi mal score per
nmouse was 12. The arthritis index was cal cul ated by dividing the total
score of the experinental mce by the nunber of the total nunber of m ce.
25 Rgsul tg,30,91dune 2005 WO 02/ 47721 PCT/US01/ 47955 M ce were inmmunized
Wi t h bovi , and observed for devel opnent of arthritis. At day 11 after
the secong.mdgfmuni zation, arthritis index was significantly reduced in mce
treated wih anti-CD28 anti body (0.63 0.50) (P<0.01) versus control

(7. 500. 66hoy Gl TBhfned oy MEEDAUR 2 I o2 ) Forc\irb SR d C3H

mi ce were obtarned from g:harfi'es Rver Japan, *neé. fﬂE(o oﬁg%@kﬁgaﬁﬂ

Ani mal s I sed.in S i fi.c hogen-free facili in

S o B A il DS et 50 P bbb
conjugated secondary antibodies (10 pg/mil}. After 20 min of incubation at 4° C in the dark, the cells were

15 washed with PBS and analyzed by FACScan (Becton Dickenson, Milpitas, CA).

1

In the competition experiment, BL4 célls (2.5x 105 cells/0.2 ml) were stained with 1 pg/ml of R-PE-PV1 and

25 pg/rol of PV, 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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food and water. Al mce were 6-8 wk of age when experinents were
initiated. Antibodies; 15 Anti-nouse silent CD28 (PV 1-1g@@yumg085denti cal
speci fici syobvamwhiat of PV-1 clone but it does not have stpongsoiagessi stic
activity in vitro (Fc-1gG3): Anti-nouse CD154 (TRAP1, 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 cknessIgsRiin pgmf Afer Z00nisdof tindd)tiof #tahiq inatie Bark) fhe chivveere waihe(iBABBd addiy22d) Wer e
transpl anted on the dorsal thorax of recipient mce(C3H H 2b) and secured
with a baPtFEMPd2for 7 days. Graft survival was then followed by daily
visual inspection. Rejection was defined as the >80% 1| oss of viable

epi dermal graft tissue. Statistical analyses were perfornmed using a
Dunnett's Multiple Conparison test. Values ofp < 0.05 were consi dered
significant. 25 Treatnent protocols; Skin graft recipients were treated

wi t h 510, BEsult®50 jig of anti-npuse silent CD28, 250 g of anti-npuse CD154
and 100 pg of CTLA4-1g adnministered i.p. on the day of transplantation (day
0) and ofhapcerizativeofFVil vid PNHIPG3 By flogregiotfeiry. FY1 3ds vded Jushia CRODZositAD cBilind 7721

PCT/ US01/ 47955 Resul ts; Sinultaneous bl ockade of the CD40 and CD28 T cell
costi mul aF68) BarFREFECE™ Jbrreps et siaipipeirlicgied i PY L biRgt f4 colls phtwnfiifferopysites o o

anti - nousg: £.eCHV. Ski .OQr. i.val,.in.C311 mce.
Control a fgfcr]n?%‘g%gdg}fugné%‘?ﬁﬁealp{&%ﬁ@%& 5%2%%?@%%@4%1’al one
nodest | y pitiaipe;ipedoaintiagr ahd UGI0LWioV 8| ant.GCE5 R4y l00 Bidospeciicallyo CHBEnegRRN t O

dramatically inprove survival when conbined with CD28 extendi ng nedi an
sur vidval myeipma cqll BNSD (data pes pled w3 Tt Byripn hafjyiersnts CP2§teityydy BE5 Inwartheatibnpardde s s

effective in adm pistratiogn LA4- | nd anti-muse CD40L _mAb, with MST
of 15 oy ERSEGS o St Bt PPl 7 S e R o R BREREY o

anti - CD28, ' i 5 ' g}Qg‘;g : Lz a2 j body
Anti - humar*é %%gﬁﬁ%%et liﬁ%agjatg %ﬂgi%%%é‘zs%ﬁy Bm%‘s@g?a%%t e {/ﬂ\/léd%nl1cgpie rgnﬂélt%) %87 gse -Ficin

(Pi erce, #8#)17C)tirbibEdcPYelEG3 fdeChofcontis thit @brspsettictthding dchvith OrAVholibdds billELpH 6. 8

buf f er contai ni ng 5nM EDTA and 11.5nM cystei ne' HCO and
cells in a patiern similar to that 0f37.51, and it does not bind to CD28-negative NSO cells (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 MB 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 bgt 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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packed to a columm. Antibody solution was added to the colum, and

i ncubated at 37t for 2 or 3 days. The 15 col um was washed $lure 288 and t he
di gest waswooreneemtrated by ultrafiltration. The concent r afE@gushigess 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 | ng/ nigQ3 ctireding ta ELA cebeghresatss BY izves slast oopldid, darmeddiys SHEV RACKY 1126 ®keapar at i on
of F(ab')2 fragment of anti-CD28 anti body Anti-human CD28 anti body was

pr epar ed s P¥E> same net hod as that of Fab fragment except for the
concentration of cysteine (1.15mM) and the period of incubation (one over
ni ght). 25 Gbviously, nunerous nodifications and variations of the present

i nvent i ONFRNELPPINEES vk Bed 10 sthih Gibse sPkenid 3. PRIORUELcOhAGHRLIDEEs wekdspdeiicaiier ef ore to
be understood that within the scope of the appended cl ains, the iInvention
may Sbe pragizEydescmdryinioderialE- @a)ustpemtfantetadu#eyg@wmmgblm@ n. All

publ i cati ons t ap I | catl 0 ate and ot her references nentioned
her ein ar"@nji‘gﬁt&‘ﬁ%g& R ?“é?‘?ﬁse“’*al?? CPeResive Rl refgtvo-edr89v 9 June 2005

What is Vc\g‘h,@{n g g ptq%i_g ody of
Caiml c%‘??nsaiygs E\# ﬁgésr%’%:élfgﬂgggnﬁ%bh poga%%ﬁ@%gﬂnt &efgﬁ f 1%?(3%% V\/ni chis
a humani 2egkseag0siidogphtontdl, onTthEﬁnﬂﬁfHaﬁd)ﬁdﬁbtﬁntﬁmmsiuvMHi{hg hes. sy aei abl e
region conprising the amno acid sequence in SEQID NG 2 or SEQ I D NG 4.
5. The arrbinpdsdly1e4G3 Geeguias bn yifiger Hatliserpressed enympusityl Teceliscayy iagigentbivdipg actitn@atishe  ami no
aci d,sequence and SEQ 1D NO 4. 6. The antibody of Claiml
gpl hasmgmkltgﬂﬂlaabllane%rﬂezg%d%onprl sing the anino acid sequence in SEQID
NO? or SEQID NGO 9. 7. The antibody of Caiml which has a variable region
conpri sing the am no aC| d sequence in SEQIDNO7 and SEQID NGO 9. 8. A
pol ynucl eaxd s ] i1 die of Claim 1. 9. The pol ynucl eoti de of
Claim 8 whi ch corrprl ses at |east one pol ynucl eoti de selected from the
group consisting of SEQID NGO 1, SEQID NG 3, SEQID NGO 6, and SEQ I D NO 8.
10. An ewerthe)gssi on vector conprising the polynucl eotide of C aim8.

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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11. A host cell conprising the polynucleotide of Caim8. 12. A host cell

conprising the expression vector of Claim10. 13. A nethod 9fumm®ici ng a
sil enced a0 0¢£OP28 anti body conprising 33 9 June 2005 cuttmkéingedshe host
cell of Cdaim1ll 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 O ai M JBeethdR Rrm@RAG:H ARSI Whdlctlavel fgrg&clgiﬁéﬁt%m.}@ﬁaytlhﬁm #@RtbRody and
recovering the expressed anti body fromsaid culture. 15. A method of

pr oduci ng immpizitien edutisinix wEHBRB iceniy jednow jh rai@nmpdtdd SAMet-ODRE MntkabtisqD.6Rg- 0t b

pol ynucl eotide of Claim8 into a host cell; culturing the host cell under
condi t i on$P<KRADverbk eonfrah (7.58pH@ssi on of the anti body; and recovering the
expressed anti body fromsaid culture. 16. The nmethod of C aim 15 wherein
sai d pol ynucl eoti de conprises at |east one polynucleotide selected from
the group consisting of SEQID NO 1, SEQID NO3, SEQID NO6, and SEQID
NO 8.7 17. A nmethod of producing a silenced anti-CD28 anti body conpri sing

i nt roduci @@gfiagg expression vector of Caim10 into a host cell; culturing
t he host cell under conditions suitable for expression of the antibody; and
recovering the expressed anti body fromsaid culture. 18. A pharnaceuti cal
conposition conprising the silenced anti-CD28 antibody of Claiml1l and a
phar naceutME'@%ﬂﬂly acceptable ingredient. 19. Use of an effective anmount of
the antibgy..of & aim1l for the manufacture of a nedicanment to induce
T-cell tolerance in a patient. 20. The use of Claim 19, wherein said

medi @RMeN Fenfald BANB/E @ TOR kics A&e SHBAL R ChirRIRIAL BHRANLE 8% Rdhima, Bhn). M3@10f an
effective anmount of the antibody of Claiml for the nmanuf acture of a

medi canmentere dlgoysediy ¢ ghecificretbpaersiupheilinis mreispirtorgageaiih dhred o8 dndFeckune 2005 22,

The use o 9 gi m ZAJH, wherein said nedi canent further conprises
ood and water. All mice were 6-8 wk of age when experiments were initiated,

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.
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anot her i mmunosuppressant. 23. Use of an effective anmobunt of the antibody
of CQaiml for the manufacture of a nedicanent to treat or§adone0ds ssue
transpl aniwg ej/&edii on in a patient. 24. The use of C ai m 28;T/wdarsedss sai d
medi cament further conprises another inmunosuppressant. 25. An anti body
HuTN228. 35 9 June 2005 WD 02/47721 PCT/ US01/ 47955 SEQUENCE LI STI NG <110>
VASQUEZ, Maxim liano H NTON, Paul TAMJURA, Kouichi H GASHI, Yauyuki SEKI,
Nobuo UERMwisH rotsugu TSO, J. Yun <120> SI LENCED ANTI - CD28 ANTI BCDI ES AND
USE THERECF <130> 200071USOPROV <150> US 60/ 255, 155 <151> 2000-12-14
<160> 21 SinfBmeoRiogkifd ofithy EP49iami D38 1 cell c@tirfulatoty palddysbyhhiinistea@chdLanbiiuse <213>
hybrid <220> <221> CDS <222> (12). .130404211 <223> <400> 1 .

silent CD28 and anti-mouse CD154 effe¢tively promotes skin allograft survival in C3H mice. Control animals

rejected their grafts at 9 days. Anti-CD40L mAb alone modestly prolonged allograft survival (MST 10 days),

5 but was seen to dramatically improve survival when combined with CD28 extending median survival time-
(MST-) beyond 33 days. This sirategy is markedly less effective in administration of CTLA4-Ig and anti-mouse

CD40L mAb, with MST of 12 days.

Example 21 Preparation of Fab and F(ab’)2 fragment and of anti-CD28 antibody
10

Preparation of Fab fragment of anti-CD28 antibody
Anti-hweman CD28 antibody (HuTN228) was digested with immobilized-Ficin (Pierce, USA). Immobilized

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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tctagaccac ¢ 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 Leu 1 . 5 10 tg§Jgne 20%a 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
009 cag aga Wifisdkfme@dlsC tCC tgc aga gcc 146 Ser Leu Ala Val Ser Leu Gy
G@n Arg Ala Thr Ile Ser Cys Arg Ala 30 35 40 45 agt gaa agt gtt gaa tat
tat' gtc aca agt tiaAallegcedadi-d@gadiBiycaa 194 Ser Gu Ser Val Gu Tyr Tyr
Val Thr Ser Leu Met A n Trp Tyr An 50 55 60 cag aaa cca gga cag cca ccc
aaa ctc ctc atc tat get gca tcc aac 242 dn Lys Pro Gy Gn Pro Pro Lys
Leu Leu Ile Tyr Ala Ala Ser Asn 65 70 75 gta gat tct ggg gtc cct gcc agg
ttt agt ggc agt dggTredrtibelygf Geim 1DdGh isyabimazpntBely. Gy Val Pro Ala Arg Phe
Ser Ay Ser Ay Ser Ay Thr 80 *85 90 1 9 June 2005 WD 02/47721

PCT/ US01/ 47955 gac ttc agc ctc aac atc cat cot gtg gag gag gat gat att gca

atg 338 Asp Phe ;Sefp.L&# . His.Pro Val. Qu Qu Asp Asp Ile Ala Met 95
100 105 tat ttc fgt cag ¢ apgéllt"qfélﬁf?gﬁémbaf"tzed@&té?c"{ytc 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 aag ttg gas ata aaa cgtaagtaga cttttgctct aga 427 Thr Lys Leu
Gu Ile Lys 130 4<ZMh@=ntiBody 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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<211> 131 <212> PRT <213> hybrid <400> 2 Met Qu Ser Asp Thr Leu Leu Leu
Trp Val Leu Leu Leu Trp Val Pro 15 10 15 Gy Ser Thr d y%Adme 2008 val Leu
Thr A n Ser Pro Ala Ser Leu Ala 20 25 30 Val Ser Leu Gy dn Arg Ala. Thr
Ile Ser Cys Arg Ala Ser Gu Ser 35 40 45 Val Qu Tyr Tyr Val Thr Ser Leu

Met Gn Trp Tyr An An s P 0. 5560 Gy d ro Pro L Leu Leu Ile
Tyr Ala Aln Ser ASHUGE o celgt o e songiont yiopleff SpiesPaptioar g pho- Ser
Ay Ser Ay Ser Ay Thr Asp Phe Ser 85 90 95 Leu Asn |Ile H's Pro Val Gu
G u Asp Asrtibddgandiregovgting tiRyexpriised adjpedy fib@G2id 0810 G n 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 200514, WGhddhdl 4pfelibiciiBGH14dSA it HTORINtibedchbmp®ing <212> DNA <213>
hybrid <220> <221> CDS <222> (12)(431)
culturing the host cell of Claim 12 under conditions suitable for expression of the
antibody and recovering the expressed antibody from said culture.
15. A method of producing a silenced anti-CD28 antibody comprising
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, wherein 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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<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 Leugﬂuﬁe?ﬁ&& gg gtt
cca ggc tcc act ggt gac att gtg ctc acc caa tct cca get 98 Trp Val 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 a cc tgc.aga gce 146 . Ser Leu Al a Val Ser
Leu dy.dn Arg 2?a“%ﬁ%°ﬁﬁ§mgéﬁm%§%“ o ﬁm%5&§§mﬂ65%5 agt gaa agt gtt
gaa tat tat gberafmunddfprddam. at g cag tgg tac caa 194 Ser Gu Ser Val Gu
Tyr Tyr Val Thr Ser Leu Met A n Trp Tyr G n 50 55 60 cag aaa cca gga cag
cca ccc aaa ctc ctc atc tat get gca tcc aac 242 An Lys Pro Ay Gn Pro
Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn 65 70 75 gta gat tct ggg gtc cot
gcc agg ttt agt @écUsagian gfgiive emouygdthaaeib@90r Cltital fohgip mSefact@eyfaval Pro Al a
Arg Phe Ser Ay Ser Gy Ser Ay Thr 80 85 90 gac ttc agc ctc aac atc cat
cct gtg gag"ﬁ%émﬁﬁﬁ”ﬁﬁf%ﬁvf“ﬁ@ﬁwﬁwamg%%mmAgﬁmmm% Ser Leu Asn lle His Pro
Val Gu Qu Asp Asp Ile Ala Met 95 100 105 tat ttc tgt cag caa agt agg aag
gtt cca ttc acg ttc ggc tog ggg 386 Tyr Phe Cys A n A@n Ser ArgLys Val Pro
Phe Thr Phe Ay SermhEhsY of : : . . gaa ata aaa cgt aag
tag act ttt get cta gat (ﬁl%n%%?héérﬁsrﬁ%?gm%ﬁﬁ@%cﬁgrﬁ%mﬁ%ys Arg Lys Thr Phe
Al a Leu Asparosher idBhodifresssggiccaccat g gctgtcctgg tgectgttcct ctgectggtt
gcatttccaa gctgtgtcct 491 gtcccaggtg cagctgaagg agt caggacc tggcctggtg
gcgccctcac agagcctgtc 551 catcacttgc actgtctctg gattttcatt aaccagctat

t gt acact ttcgcca 611
99t g 999 25(‘.:] An antibody HuTN228.
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gcct ccagga aagggt ct gg aat ggct ggg agt catat gg cctggtggag gcaaaaattt 671
taattcggct ctcatgtcca gactgagcat cagcgaagac aact ccaaga gcca@dune 200631 3 9
June 2005 woWr/@24617721 PCT/ USO01/ 47955 cttaaaaat g aacact ct geTaaewdirgat 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 Val Leu Leu Leu Trp Val Pro 1 5 10 15 dy Ser Thr Ay Asp lle
Val Leu Thr A n Ser Pro Al a r.leu Ala 20 25 30 Val Ser Leu Ay Gn Arg
Ala Thr Ile Ser Cys Arg Al as“g’g’FN?ﬁ gz%TéF’G 35 40 45 Val Gu Tyr Tyr Val Thr
Ser Leu. Bt @nBoddzl Minidilndd N Lys Pro 50 55 60 Gy G@n Pro Pro Lys Leu
Leu Ile Tyr Aneodl @afler Asn Val Asp Ser 65 70 75 80 dy Val Pro Ala Arg
Phe Ser Gy Berr(d yo8ehi @y Thr Asp Phe Ser 85 90 95 Leu Asn Ile Hs Pro
Val du Qu ﬁgs%gﬁquw a Met Tyr Phe Cys 100 105 110 G n G@n Ser Arg

Lys Val ProUE ‘H‘j’rucgﬁgucsly Ser Ay Thr Lys Leu 115 120 125 du lle Lys
Arg Lys 130 gE21057%" .

<120> SILENCED ANTI-CD28 ANTIBODIES AND USE THEREQF
<130> 200071USQPROV

<150> US 60/255,155
<151> 2000-12-14

<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



<211> 6 <212> PRT <213> hybrid <400> 5 4 9 June 2005 WD 02/47721

PCT/ USO01/ 47955 Thr Phe Ala Leu Asp Leu 1 5 <210> 6 <211> 948dne 20052> DNA
<213> hybmyelo2/s220> <221> CDS <222> (12)..(431) <223> <4p@puSoiieés®gaccac c

atg
Leu
ctg
Au
tgc
Val

cag
Pro

ggc
Thr

gat gtc ctg gtg ctg ttc ctc tgc ctg gtt gca ttt 50 Mt Ala Val Leu Val
Phe Leu Cys Lau Val Ala Phe 1 5 10 cca ago tgt gtc ctg tcc cag gtg cag
cag gag tca gga cot ggc 98 Pro Ser Cys Val Leu Ser Gn Val dn Leu An
Ser Ay Pro Ay 15 20 25 ctg gtg aag ccc tca gag acc ctg tcc etc act
%otg%t gttétgg%aﬁla%at%gft Y’gél ﬁ%agrg?ggezr:t Gat_tj Thrglaeu t%gr LegﬁBThr Cys Al a
er 5 (o t ac t att cgc
cotAsccglslggg 16§ 5 hIeleS%z tIfeu r ]§er “rgd;l; %@/ i\{’?'glmg}%e%rp Ile Arg @n
Pro Ay 50 55 60 aag ggt ctg gaa tgg ctg gga gtc ata tgg cct ggt gga

acacaatt@4gt daysca@ ygtl egy Ghy gEEpedaetdChyy Yot dobecchrggdfro Geys Ay Ay
Asrffyr Phne Cys Gln Gln Ser Arg Lys Val Pro Phe Thr Phe Gly Ser Gly

110 - 115 120 125
aca aag ttg gaa ata aaa cgtaagtaga cttttgetet aga 427
Thr Lys Leu Glu Ile Lys
130
<210> 2
©o«211ls 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



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 Au AsHJane2088r 80 85
90 aag aasv@er4mget tcc tta aaa ttg ago tct gtg aca got gopcgaseaness338 Lys

Asn G n Val Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr
gta tat tat tgt gcc aga gat cgg gcg tat ggt aac tac ctc tat
Tyr Tyr Cys Ala Arg' Asp Arg Ala Tyr Ay Asn Tyr Leu Tyr 110
gcg atg gac tac tgg ggt caa gga acc tta gtc acc gtc tee tca
Asp Tyr_.trp Gy Gn @y Thr Leu Val Thr Val Ser Ser 130 135
gcctct agh ,45@n<210> 7 <211> 140 5 9 June 2005 WO 02/47721
<212> PRE3s2}3srddybrid <400> 7 Met Ala Val Leu Val Leu Phe
Ala Phe Pro Ser Cys 1 5 10 15 Val Leu Ser Adn Val dn Leu

95 100 105 gcc

386 Ala Val
115 120 125
431 Ala Met

140 ggtaagaatg
PCT/ USO01/ 47955
Leu Cys Lau Val
Gn u Ser Ay

Pro 3 y<42ew Val Lys 20 25 30 Pro Ser Au Thr Lau Ser Leu Thr Cys Al a Val
Ser dy<3he SEF Leu 35 40 45 Thr Bar Tyr Ay Val Hs Trp'lle Arg An Pro
Pro Gy‘?é? &9 1d6%%50 55 60 Qu Trp Leu Ay Val Ile Trp Pro Ay Gy Gy

Thr Asn“PHé Asn Ser 65 70 75 80

«400> 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 5 10

tgg gtt cca ggc tec act ggt gactatt gtg cte acc caa tct cca got
Trp Val Pro Gly Ser Thr Gly Zsp Ile Val Leu Thr Gln Ser Pro Ala
15 20 25

tet ttg get gtg tet ctg ggg cag aga goc ace ate tee tge aga gcce
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 gtc aca agt tta atg cag tgg tac caa
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 ccc aaa cte cke atc tat got gea tee aac
Gln Lys Pro Gly Gln Pro Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn
65 70 75

gta gat tet ggg gtc cct gee agg ttt agt gge agt ggg tet ggg aca
Val Asp Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr
80 85 90

gac ttc agc ctc aac atc cat cct gtg gag gag gat gat att gea atg
Asp Phe Ser Leu Asn Ile His Pro Val Glu Glu Asp Asp Ile Ala Met
95 100 105

tat ttc tgt cag caa agt agy aag gtt cca tte aeg tte gge tog ggg
Tyr Phe Cys Gln Gln Ser Arg Lys Val Pro Phe Thr Phe Gly Ser Gly

110 iis 120 125

aca aayg ttg gaa ata aaa cgt aag tag act ttt get cta gat cta

Thr Lys Leu @lu Ile Lys Arg Lys Thr Phe Ala Leu Asp Leu
130 135

gaccaccatg getgtcetgg tgetgttect ctgectggtt geatttceaa geotgtgtoct
gtcoecaggtg cagctgaagg agtcaggace tggectagtg gegecctcac agagectgte
catcacttgc actgtectctg gatttteatt aaccagetat ggtgtacact gggttegeca
gectecagga aagggtotgg aatggetggy agteatatgg cctggtggag gocacaaattt

taattegget cteatgteca gactgageat cagegaagac aactceaaga gocaagtttt

50

o8

l4a6

194

242

290

338

38¢

431

491

551

611

671

731



Ala Leu Met Ser Arg Lau Thr Ile Ser Gu Asp Thr Ser Lys Asn Gdn 85 90 95
Val Ser Lau Lys Lau Ser Ser Val Thr Ala Ala Asp Thr Al a Val STyne 204@0 105
110 Tyr CwmsoAb/ar7ar g Asp Arg Ala Tyr Ay Asn Tyr Leu Tyr Abetrisbdi/éess 115
120 125 Tyr Trp Ay 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 G u Ser Asp Thr Leu Leu Leu Trp Val Lau Lau Lau 1 5 10 6 9
June 20 4712; PCT/ SO /47955 t ca .99¢c tcc act t gac att
cag at g&gcg%é’\ggg %acf“ “t L{@g% poRAal atéﬁ/t% F RIS As 91rI e An Mt

Thr G nggegeatde a%@r:aa&czcatgécgtgga tctgctgﬁggfgega%gac&t SidfgRC 396, gic acc
atc aca tgc aga gcc 146 Ser Leu Ser a Ser Val Qy Asp rg Val Thr Ile
Thr CysctArgratioh B8@a8%1940 bagsagt gaa agt gtt gaa tat tat gtc aeavagt tta
atg cag tgg tac caa 194 Ser GQu Ser Val du Tyr Tyr Val Thr Ser Leu Met

An Tr p{z‘[}g g n 50 55 60
<21l> 133

<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



cag aaa cca gga aag gca ccc aaa ctc ctc atc tat got gca tcc aac 242 dn
Lys Pro Gy Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn9@bng20065 gta

gat tot gs@gliiroict tcc agg ttt agt ggc agt ggg tot ggg aper/eé/a7d&al
Pro Ser Arg Phe Ser Ay Ser Gy Ser Ay Thr 80 85 90 gac ttc

Ser Ay Val
tot ctg cag ccg gag gat att gca acg 338 Asp Phe Thr

acc ctc ace atc tot'

Leu Thr Il e Ser

Ser

<210> 9 <211> 131

Leu LeuTrp Val

A n Met<ZThs @ n Ser

Ser LelrZpRt &M

Leu || €ty7 AVY

PCT/ USQLL 47955
«<221>

<222
<223 >

<400>

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

cca
Pro

ctg
Leu
30

ttt
Phe

aag
Lys

ttt
Phe

aag
Lys

gcee
Ala
110

gcg
Ala

cDs

drp Tyr
W a Ser Asn Val

Leu Adn Pro Qu Asp Ile Ala Thr
cag caa agt agg aag gtt cca ttc acg ttc ggc ggg ggg 386 Tyr Tyr Cys G n
An SerArg L al Pro Phe Thr Phe Ay Ay Gy 110 115 120 125 aca aag
gtg ga%hgtgheaégal%?agsﬁtléegua cttttgctct aga 427 Thr Lys Val Qu Ile Lys 130

<212> PRT

(12}..(431)

6

1

age tgt gte ctg tee cag

Sexr
15

gty
Val

tca
Ser

ggt
Gly

aat
Asn

aac
Asn
95

gta
Val

atg
Met

Cys

aag
Lys

tta
Leu

ctg
Leu

tcg
Ser
80

caa

Gln

tat
Tyx

gac
Asp

val

[elale!
Pro

acc
Thr

gaa
Glu
65

get
Ala

gtt
val

tat
Tyr

tac
Tyr

Leu

teca
Sexr

agc
Ser
50

tgg
Trp

cto
Leu

tco
Ser

tgt
Cys

tgg
Trp
130

Ser

gag
Glu
35

tat
Tyr

ctg
Leu

atg
Met

tta
Leu

gcc
Ala
115

ggt
Gly

gotaagaatyg gcoctotaga

<210>
<21lli>

7
140

Gln
20

acc

Thr

ggt
Gly

gga
Gly

tce
Ser

aaa
Lys
100

aga

Arg’

caa
Gln

Ser

<213> hybrid
Leu Leu Leu Trp Val
Pro Ser
Val Thr<2itfe PRP Cys Arg Ala Ser G u Ser
G@Gn dn Lys Pro
Asp Ser

5

gtg cag
Val Gln

ctg tce
Leu Ser

gta cac
Val Hisg

gte ata
val Ile
70

aga c¢tg
Arg Leu
85

ttg agce

Leu Ser

gat cgg
Asp Arg

gga acc
Gly Thr

Pro

Leu Ser

ctyg
Leu

ctc
Leu

tgy
Trp
55

tgg
TIp

acc
Thr

tct
Ser

geg
Ala

tta
Leu
135

Asp

95 100 105 tat tao tgt

<400> 9 Net GQu Ser Asp Thr Leu

151015 dy Ser Thr Ay Asp Ile
Gy Asp Arg

20 25 30 Ala Ser Vval

35 .40 45 Vval

7 9 June 2005 WD 02/47721

cag gag
Gln Glu
25

act tgco
Thr Cys
40

att cge
Ile Arg

cct ggt
Pro Gly

atc age
Ile Ser

atg aca
Val Thr
105

tat ggt
Tyr Gly
120

gte ace
Val Thr

10

tca
Ser

got
Ala

cag
Gln

gga
CGly

gaa
Glu
20

get
ala

aac
Asn

gte
Val

gga
Gly

gtec
Val

cet
Pro

ggc
Gly
75

gac

Asp

gct
Ala

tac
Tyr

tcec
Sex

cct
Pro

tct
Ser

ceca
Pro
60

aca
Thr

agg
Thr

gac
Asp

cte
Leu

teca
Ser
140

AQu Tyr Tyr Val Thr
50 55 60 Gy Lys Ala Pro Lys Leu

gge
Gly

gga
Gly
45

gga
Gly

aat
Asn

tce
Ser

aca
Thr

tat

Tyr
125

50

o8

lis

154

242

220

338

386

431

450



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 An - Pro GQu Asp |le A a Tadue2005yr Cys
100 105 1o eEMm1G n Ser Arg Lys Val Pro Phe Thr Phe Ay gtyuSdiu7dsar Lys
Val 115 120 125 Gu Ile 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 An
Ile An Val Leu Met Ser Leu 1 5 10 ctc etc tgg atg tct ggt gcc tgt gga gat
att gtg, %g g cag tot 101 Leu Leu Trp Met Ser Gy Ala Cys Gy Asp Ile
Val Met_shRht %%griger 15 20 25 cca tat tcc ctg get gtg tca gca gga gag aag
gtc acc atg agt tgc 149 Pro Tyr Ser Leu Ala Val Ser Ala Ay Qu Lys Val
Thr Met<4Bes @ys 30 .35 40 agg tcc agt cag agc ctc tat tac agt gga atc aaa
aag aac ctc ttg 197 Arg Ser Ser Gn Ser Leu Tyr Tyr Ser Ay Ile Lys Lys
Asn LedteuuBab@egsadgceeyt Gor Lok Cageeatpladke Eba Pygderagyst ct ccg aaa ctg
ctg atcttac 245 A@ Trp Tyr Adn An%ys Pro Ay d m5Ser Pro Lys Leu Leu
Ile Tyr

Val Leu Ser Glm 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



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 Ay Val Pro Asp Arg Phe ThPJ@hg2&&x 80 85
90 gga towvogygriaca gat tac act ctc acc atc acc agt gtc cagrasty/gess 341
Ay Ser Ay Thr Asp Tyr Thr Leu Thr Ile Thr Ser Val A 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 His 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, ot t al ccaaa 439 The Thr S Leu GI ulle Arg
125 130 gggg@% 3% E gt ﬁgﬁt%ﬁ M%ﬁ% Ser%fs 2 thybr i d°® <400> 11
Met Asp Sersd aZO{eu Vet ef_elg et Ser 15 10 15
Gy Ala Cys Gy Asp IIe Val MetThr A n Ser Pro Tyr Ser Leu Ala 20 25 30

Val Sert@l st@Etgt @ag toks gMalged lyac Mey Ber acdy atdraga Seic Hergéd n Senss 35 40 45
Leu Tyrselwfﬂs‘ﬁer@l? Fee Vel €17 yop Agy YaduThedlalTar Typ Bxgral@n A n 50 55 60
Lys Pro*dy A n Ser Pro3tys Leu Leu Il e*Tyr The Thr Ser4¥hr Arg 65 70 75

80 agt 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



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 s9¥me 20050 105
110 Phe Cwo@ur7 n Gy lle Ser Thr Pro Leu Thr The Ay ABpr/Ghyi/4diss 115
120 125 Lys Leu Qu lle 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 gcagget aca ggt gtc,gac tcc cagYgtc.cag ttg aag caggfct ggg get 99 Ala
Ala Thr Ay Val Hs Ser. @n Val dn Leu Lys Gn Ser Ay Ala 15 20 25 gag
ctt gtg aag cct gga gcc tca gtg aag ata tcc tgd aaa act tca 147 du Leu
Val LyseRr valdryo Mlea By Phalset Y8y |dee @Br s&yS13- Wae Tap Her 72O 35 40 ggce tat
acc ttc act gat ggc &%catg aac tgg gft gag cag aag cet 195 Ay Tyr Thr Phe
Thr Asp Ay Tyr Met Asn Trp Val Gu A@n Lys Pro 45 50 55 60

Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys
160 105 11¢

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



att gga aga att gat cct gat agt ggt aat 243 Qy

ggg cag ggc ctt gag g
e Ay Arg Ile Asp Pro Asp Ser Ay Asn2dsnefZ003S act
c
n

t
AGn dy Leu Qu Trp |
Cgg tac aavooxzg7alna t cag ggc aag gcc aca ctg act aga gecr/®9¢/4798r Arg
Tyr Asn A n Lys Phe Gn Ay Lys Ala Thr Leu Thr Arg Asp 80 85 90 aaa tcc
tcc agc aca gtc tac atg gac ctc agg agc ctg aca tct gag 339 Lys Ser Ser
Ser Thr Val Tyr-Met Asp Leu Arg Ser Leu Thr Ser G u 95 100 105 gac tct got
gtc tat tac tgt gcg aga gat ggg acc ttc tac ggt acc 387 Asp Ser Al a Val
Tyr Tyr Cys Ala ALg Asp Gy Thr 1@9 Tyr Gy Thr }ég 115 120 tac ggc tac tgg
tac ttc gat ttc tQg ggc cag g acc g gtc acc Tyr Ay Tyr Trp Tyr
Phe AspyaRhgeqlesy Ghy t@tntt@ YgtTlaEg e \éelatlhagclzéc 13 &353&3;10 gig tee tea
ggt gagizpt nétnaRAGss Clyzage 467 LVela S2Y Sef se2i0> ris 1ealiib> 143  <212> PRT
<213> hybrid 1009 June 2005 W 02/47721 PCT/W801/ 47955 <400> 13 Net Val
Trp Ay Leu IIe Ile Ile Phe Leu Val Thr Ala Ala Thr Gy 1 5 10 15 Val H's
Ser G ri;bea?gfc? gg %g s29g ﬁtgségget 3P LRI EEY 2PSF2a295C 20 25 8¢ Pro Ay
Ala SerVal I g% e "SE 198 8% §U TAF 288r @y Tyr Thr The 35 40 45 Thr Asp
Gy Tyr I\/bt Asn Trp Val Glu Gln Lys Pro Gy Gdn dy Leu

tetaga 445

<210> 1%
<211ls> 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



50 55 60 du Trplle Ay Arg Ile Asp Pro Asp Ser Ay Asn Thr Arg
65 70 75 80 Gn Lys Phe G n Ay Lys Ala Thr Leu Thr Arg AsfJupe

Met Asp Leu Arg Ser
Val 100 105 110 Tyr Tyr Cys Ala Arg Asp Ay Thr
Tyr Trp 115 120 125 Tyr
Ser Ser 130 135 140

Ser 85 90 vo8 02/TiTe1 Val

Tyr

Tyr Asn

Ser

Leu Thr Ser pCrmséisoSer Al a
Phe Tyr Gy Thr Tyr Gy

Phe Asp Phe Trp Ay G n @y Thr @ n Val
<212> DNA <213> Artificial

<210> 14 <211> 46

Thr Val
Sequence

<220> <223> synthetic DNA <400> 14 tatagagctc aagcttggat ggtgggaaga

t ggat acagt:-t ggbgc 46

<210> 15 <211> 50

Sequencezi125228 <223> synthetic DNA 11 9 June 2005 WD 02/47721
PCT/ US0491279535bri400> 15 t at agagct ¢ aagcttccag tggat agacc gat ggggctg

tcottt t<gzg£%>50

<221> (DS

222>

<223 >

<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

gca
Ala

gag
Glu

ggce
Gly
45

999
Gly

act
Thr

aaa
Lys

gac
Bap

tac

Tyr
125

gtc
Val

get aca ggt
Ala Thr Gly
15

ctt gtg aag
Leu Val Lys
30

tat acc ttc
Tyr Thr Phe

cag ggc ctt
Gln Gly Leu

cgg tac aat
Arg Tyr Asn
80

tcc tce ago
Ser Ser Ser
a5

tckt get gtco
Ser Ala Val
110

gge tac tgg
Gly Tyr Trp

{16} .. {444}

1

gte
Val

cct
Pro

act
Thr

gag
Glu
65

cag
Gln

aca
Thr

tat
Tyr

tac
Tyr

cac
Hisg

gga
Gly

gat
Asp
50

tgg
Trp

aaa
Lys

gtc
Val

tac
Tyr

tte
Phe
130

<210> 16 <211> 50

5

tce cagfgtc cag
Ser. Gin .Val Gln

gcc

20

tca

gtg aag

Ala Ser Val Lys

35

ggc

tac

‘atg aac

Gly Tyr Met Asn

att
Ile

tte
Phe

tac

Ty

tgt
Cys
115

gat
Asp

gga
Gly

cag
Gln

atg
Met
100

gcyg
Ala

tte
Phe

aga att
Arg Ile
70

gge aag
Gly Lys
85

gac cte
Asp Leu

aga gat

‘Arg Asp

tgg ggc
Trp Gly

teec tea ggtgagtoct taaaacctet aga

Ser Ser

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

ttg
Leu

ata
Ile

tgg
Trp
55

gat
Asp

gce
Ala

agg
Arg

999
Gly

cag
Gln
135

10

10

aag cag tect

Lys

tco
Ser
4Q

gtt
val

cect
Pro

aca
Thr

agc
Ser

ace
Thr
120

999
Gly

Gln
25

tgc
Cys

gag
Glu

gat
Asp

ctg
Leu

ctyg
Leu
105

tte
Phe

acc
Thr

Sexr

aaa
Lys

cag
Gln

agt
Ser

act
Thx
80

aca
Thr

tac

cag
Gln

ggg gct

Gly Ala

act tca
Thr Ser

aag cct
Lys Pro
60

ggt aat
Gly Ran
75

aga gac

Arg Asp

tct gag
Ser Glu

ggt ace
Gly Thr

gtc acc -~

Val Thr
140

51

29

147

195

243

291

338

387

435

467

<212> DNA <213> Artificial



<212> DNA <213> Artificial Sequence <220> <223> synthetic DNA <400> 16
tatagagctc aagcttccag tggatagaca 4atgggggtg ttgttttgge 50 2340e2006 <211>
50 <212>vMNe/4228> Artificial Sequence <220> <223> syntherﬂmoﬂW¥§s <300>
<210> 1

<211> 50 <212> DNA <213> Artificial Sequence <220> <223> synthetic DNA

17 tatagagctc aagcttccag tggatagacc gttggggctg tcgttttggec 50

<400> 18 tatagagctc aagcttccag tggatagacc gatggggctg tcgttttggc 50
19 <211> 50 <212> DNA <213> Artificial Sequence <220> <223> synthetic DNA

<400> 19,4t agagctc aagcttccag tggatagacc gatgggggtg ttgttttgge 50

20 <211> 50
Met Val Trp Gly Leu Ile Ile Ile Phe Leu Val Thr Ala Ala Thr Gly
1 5 io 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

«210> 15

«<211> 50O

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic DNA

11

46

<210>

<210>



<212> DNA <213> Artificial Sequence 12 9 June 2005 WD 02/47721
PCT/ US01/ 47955 <220> <223> synthetic DNA <400> 20 tat agag@uunedltt ccag
t ggat agt covVgaRdYdyct g tcgttttgge 50 <210> 21 <211> 24 <PCRAUSEMN9ISS213>
Artificial Sequence <220> <223> synthetic DNA <400> 21 tatagagctc

cacttccagt gccc 24 ii 13

<400> 15
tatagagcte aagcttecag tggatagacce gatggggetg tegttttgge 50

<210> 16

<211l> 50

<212> DNA

<213> Artificlal Sequence

<220>
<223> synthetic DNA

<400> 16
tatagagete aagettcecag tggatagacg gatgggggtyg tkgttttgge 50

<210> 17

<211l> 5O

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic DNA

<400> 17
tatagagcte aagettecag tggatagace gttggggetg togtittgge 50

<210> 18

<21l> 50O

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic DNA

<400> 18
' tatagagcetc aagettecag tggatagacc gatagggctg tegttttgge 50

«<210> 19

<211> &0

<212> DNA

<213> Artificial Sequence

<22(0>»
<223> synthetic DNA

<400> 19
tatagagcte aagettccag tggatagacc gatgggogtg ttgttttgge 50

«<210> 20

<211> &0

<212> DNA

<213> Artificial Sequence

12




9 June 2005
WO 02/47721 PCT/US01/47955

<220>
<223> synthetic DNA

<400> 20
i 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



