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activation of T 10 15 20 |ynphocytes. This activation of T cells is induced
by a signal from antigen-presenting cells (APC). The signal
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Thus, the activation of T cells is regulated by the concurrent transduction
of the first signal via TCR and the second signal from e.g., the B7 and
CD28| CTLAnéoroddd®s @l @itaonf rom B7-to CD28 is known to pronote whereas the
signal fromB7 to CILA-4 inhibits the activation of T cells [Wterhouse et
al ., Science, It 8856 FBrtiful@P&rpdn tratsigineicioétiotiseare dhivfly dithimtep trtiz@aRath ofiTnduci ng
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anti body and an anti-CD3 anti body pronoted the growth arid activation of T
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m togeni ¢ action on cells. Although the reasons for this mtogenic

activi ty antibodyak thé likel For exaohele, SITDG41Y bihdi @ HUithieetbynigte®fing W@ 1R Rdadtiok ¥oRBen By ah€gi ON t O
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SO that inbgaulylof thB extil MR cells is also suppressed so that the desired tolerance is not induced (Kirk et al.,

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.
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sequence was incorporated into the expression vector
Therefore, the present invention provides anti-CD28 antibodies having no mitogenic activity (

hereinafter referred to as silenced anti-CD28 antibodies), and a methods of suppressing imymune reactions,

20

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, 6 and 8 and polynucleotides encoding such

amino acid sequences. For example, such polnucleotides include SEQ ID NOS: 1, 3, 5, and 7.

25

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.



pVk and the VH sequence was incorporated into the expression vector pVg2Ms.
15 Figure 2. Nucl eotide sequences and deduced am no aci d sequences of the

| i ght chaw@ @H7RImTN228 in the mni-exons. The signal peptiRa/CWU4E6es are
initalics. The CDRs are underlined. The mature |ight chain begins with an
aspartic acid residue (bold letter). Uniranslated and intron sequences are
in lower case . (SEQID NOS: 1 and 2). Figure 3. Nucl eotide sequences and
deduced am no s36hé oFRALH R sRSntYverdibtBs N\RAMNceERA bdinpYdioh BiMpBsifz@EH & Mre ¢80T
ChTN228 in the mni-exons. The signal peptide sequences are in italics. The
CDRs ar e silenckd mubti-CIe2d antibériies, pacternbly adngeed yittodva ormolpehdrmeewicdllnacaepgblengerdian®. r esi due
(bold letter). Untranslated and intron sequences are in |ower case. (SEQ ID
'NCS: 3 and 4) .ThesilgnsedantrCO¥gaipadiss pregirfubiepiadiringhitell topsppes; imppipsuppiessiprsandasy e

i ncubated w th n f IN228-FEl TC and two-fold serial dilutians of
eitlier dPﬂﬁgyéaé‘%%r‘“ TR GBS a‘ésaf?"m ﬁ?éei%"fl'c%%‘ﬁ‘“%%?f EESEREFE al so

i ncubat edyWidbd etk 280y TGeBbRRRe, ihnlnbOHres@RYanE RRAE lpRbRy1LN& ERAA: Channel
fluorescence far each sanple was plotted against the concentration of
conpet i t otherapfilugiog 2@ ofgan dr titynelsiatsplam rejzftfor byt adwinisEiR 28 or )R n3hesitentrd ARirCOE | Mar y
M.R(1). Percentage inliibition of primary MR from four individuals were
shown sepafibaies|iqa manmmal, Peefepbly; sughisipngeqt H‘H‘ﬁ? @podigt areadpirstered 28 on hunan
primary . pPercer e il nhibiti f. J. TR R front four
i vi cuae et ol ekl okl el A0 o MeSBbbt ie05s 1 gure
7. The effgehia@f TN228-1gG2nB on secondary MLR The data fromtwo

vol unteers were shown separately. [3H -thym di ne uptake vi 2nd MR were
presiént ed as percentage of dpmof Raj i stinmulation alone in Ist MR as
100. TI~T228-1g&2n13:0,lug/nL- S F figure 8. Plasm d constructs for HuTN228
anti body expression. VL and %A e a2 AN were constructed as

m ni - exons fl g i | e i dinto the
xpr easi on veanr b G (TR o B S g R pEhE e

eXPr essi OgnmRfl e mifd ¥ghaMiankdd GYRIRI Ses. utOHABGUELEEWS BRMPREAARsadstREram no

aci d sequences of the heaiy chain variable regions
pVk and the VH sequence was incorporated into the expression vector pVg2M3.

15 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 underlined. The mature light chain
begins with an aspartic acid residue (bold letter). Untranslated 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
20 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. P815/CD28" cells were incubated with 25 ng of
MuTN228-FITC and two-fold serial dilutions of either ChTN228 or MuTN228 as described. P815/CD28' cells
25 were also incubated with MuTN228-FITC alone, without any competitor. The mean channel fluorescence for
each sample was plotted against the concentration of competitor.
Figure 5. Inhibition effect of TN228-IgG2m3 on human primary MLR(1). Percentage inhibition of
primary MLR from four individuals were shown separately.
Figure 6. Inhibition effect of TN228-IgG2m3 on human primary MLR(2). Percentage inhibition of

30 primary MLR from four individuals were shown separately.



of HUTN228 in the mni exons. The signal peptide sequences are in italics.
The CDRs are underlined. The 10 nature heavy chain begins wth a glutanune
resi due (WwolodM4rgtiter). (SEQ ID NOS: 5 and 6) Figure 10. NRIBGI0188955
sequences and deduced ami no acid sequences of the light chain variable
regions of HUTN228 iii the mni exons. The signal peptide sequences are in
italics. The CDRs are underlined. Tlie mature |ight chain begins with an

aspartic aci d yifsd g RN RLE®H: on el NANCS: 7 and 8) Figure 11. FACS
conpetition assay. The binding of FITC |abel ed MUTN228 to P815/CD28' cells

in 15 the presinde foh tvaviwess warstovinsepahtelgonpet i t or MUTN228 or HuTN228
anti body was aﬁgl yzed in a flow cytonetry conpetition experinent as

‘described in tHBE-txidipg priake in2ppi-Raweopresenfefl aypercentperenl i f Raizgimalgtion ipps ithi ndi ng
of bioti nylate 228,49 -Fc in the presence of various amounts of
conpeti tg%%f%b% or ﬁﬁéﬁﬁigg%ﬁu body was analyzed in an ELI SA conpetition
expeki Ment  as WASEH. iPhedd tastuheroeXANDIsQRibody Sk rds@uAl OL dnd-vH of hedmanic@ FREIsi t 1 on
assay. The binding of ~ZSI | abel ed MuTN228 to P815/ CD28+ cells in the
presence e opmhrioted 8s rainipuent §ankdd by Heupetts. Toy VIMagibi@ Basdrcorplusf2RSthampresoiogly  was

analyzed in an i Sl |abel ed anti body conpetition exgerinent as described in
t he exanpf@¢ PVipfiied/Hsatuense we ieoPaastdys frormestion vepy PYERMIG3 ant i body
Expression. VLFig%Qfds». \‘glclggtidca\cﬁluel%ragd c%n?uce%%rrr]u%t St s% %dnceas‘%?I 1 i3y SRR VR IL, raénlié esd by
Xbal sites. The V~ sequence was | ncor porate FNE G the express; on: vector

PMVK. 1 g. dizrvamds e nitilesas ted\Eal biti@ stdicd %P eSiRk. Ofhe ¥BR A miMaS TR Tt. The
two plasm ds were then reconbined to generate a single plasnud

COo- elRpr esmitpghepvyshandasiys with e slitergiiet resgialbeigleiteh). (PEQ ID ¥@RS3 andfE) gur e 15A .
Sequences of cDNA and deduced ami no acid sequences of the |ight chain and
heavy chain i rfF§¥ietOn i Rileotdesspuence pd dedugsphaming acid sequrares phihodisht thiqia Verighleegions; ght

posi 11 on S0Vl REARRR, Theu bl Sk AT 01084 Epki Rl PEE el

L f S tide th] 1 .
position 2 T‘%’é 29 an .- ) i TUSCLT 2 §SFlgure
1 SB. Seqmeiemst chfin @R WwitglaspRtbucie fsidld(voR 1sa6). (fEQanweng esi spf vari abl e
regions of PV 1 in the mni-exons. The CDRs are underlined. The mature
heavy chain wiFHigure i} G omeetifichoss. Ehetrinline bi FIEGkbetet! MuBEd28 oA SADD28 cBEQ | D
NOS: 11 an 122 : . : : :

15 e prescnce of various amounts of competitor MuTN228 or HuTN228 antibody was analyzed in a flow
cytometry competition experiment as described in the examples.

Figure 12. ELISA competition assay. The binding of biotinylated MuTN228 to sCD28-Fc in the
presence of various amounts of competitor MUTN228 or HuTN228 antibody was analyzed in an ELISA
competition experiment as described in the examples.

20 Figure 13. 1-125 competition assay. The binding of "I labeled MuTN228 to P815/CD28" cells in the

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

antibody competition experiment as described in the examples,

Figure 14. Plasmid constructs for PV1-IgG3 antibody expression. Vy and Vi of PV1 were
25 constructed as mini-exons flanked by Xbal sites. The V| sequence was incorporated into the expression vector
pMVk.rg.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:9 and 10).



Figure 16. Analysis of PV-1-19gG3 by size exclusion chromat ography using
HPLC as described in 5 A~ethods. The protein was nonitored by its

absor bancwoae/428d nM Figure 17. SDS- PACE anal ysi s of nousePdTiD1M4%58y pe
control (lane 1), PV1 (lane 2), and PVI-1g& (lane 3). Proteins in Panel A
were run under nonreducing conditions, and in Panel B reducing conditions.
MWV represents nol ecul ar wei ght markers. The nunbers are MW standards in kD.
Figure 18. EL4F‘i£§A 158. éﬁlﬁhd@ﬁﬁlcﬁ}t P Bhced Alino aé_Z seﬁl;enc(e@f vardBle J:e)é{ong-f)thg% t](ec)y and
anal yzed by flow cytonetry. 10 Secondary anti bodi es used were:

FI TC- conj wgiaked. Te CRhRyaraumtldrtindd. mMadinaite Ravyshadrwith @ldatinttdgubk aiderél), at fokitlda

conj ugat ed donkey anti-Syrian hanster 1gG for 37.51, and FI TC conj ugat ed
-goat ant i 206D R@SPhads) PV 1-19gG3. The solid line profiles represent
cells stained pith second ibodi es only. The brok ine profiles
represent cel Iﬁs%"sr{]lésl‘ %"éﬁswa}? ?éilg%tbﬁ Slf)erel"%“ﬁ‘rpi‘lc °Hﬁt°§%péﬁﬁﬁéﬁ§[‘ééﬁg75'ﬂ'@ﬁqo‘%s as
“descrsi bedubpbaVBibResn weMRHR R bHF3bbSLYRSG0GONN0l did not stain EL4 cells
(data not shown). 15 Figure 19. (A), Excess PV 1, or PVI-1gG3 conpetes with
R- PE- conj ugat etiguPdA71STISSRAGE anedhisie of nfoase E4G4 isowppel cantrol{lanel), Ul (lahe b)i aneP{higatk) in
flow cytonmetry hi stogramrepresents cells w thout any staining) thick solid
| i ne (dar{erpPubrpteiaein Faneldy werswppndgr paprefcipgcopdjtions, anddmRanc] B qdpring eqpfidens.| MiYe
(magenta)_cells stained v~zth R PE:PV_ nd ce unconj ugated PV1, and
thin doub&" nrtsorfiozcﬁlﬁ?riwﬁldhtw ’i%egr‘ﬁtﬁ%'fuhng N aé%'YI ﬁ.sm% ¢ ,“HE‘% with R-PE-PVI and excess
unconj ugat ed Ripube 18068 colEX RIS HPHSR), hH53D), S r t on
RPE-PV 1's binding to EL4 cells 20 %daﬁz 32 sﬁ%\iﬁ?%?%J)al.yagtjcﬂggé%lﬁeggzc:ll,
or 145, 2CletenigGatimdingeddevewsi RINC-EnfEated donjaygait- SchedighBhardEl EGI0rL) bi 1idi FIgCt 0 EL4.
Thin solid |ine (bl ac@ represents cells w thout any staining, tluck solid
| i ne {dar%emiBgaisé yonkeyppticSystntpmsies efifer A7-R. pi FELgomyeted aeptgricnougekange i1 KRG i ne

t | i i R- PE-145. 2C11 i ted
(T20C, &) Bt UL R B S i R ey

L45. 2C11, I roken ['1ne

R PE- 145. felshinddWAh®¥E fiifary 4 QB sbe b @ didsd Paedfilel 1 & ds . (Nouse 150488 Fe BMroldid
conpetes with PV 1-1gG3 for binding to EL4 cells. EL4 cells 25 were stained
Wi t h PVl - hoyy@an Klj4tctils Glata wgtslivon)t excess PV1. Cells were washed and stai ned

wi th nmouse 1 gG3 specific, FITC conj uvgat ed donkey anti-nouse 1gG (H+L), Thin
sol il Iine (bIEBESr epr e firesss R4} PuPWHeG seppetss ik REccaviveaied PV ieribidinli te's ol y,

thi ck sol 40 Linen{ dad ] ' “g' ' PVl- | and. secondary
ant i bodi es, calrsi'd l’E s:Eln IE‘F %Lagﬁﬁtﬁﬁéﬁ%nn%gﬁ%g rc\‘,\lltrae%'t{;hss Ccs\ﬁfgﬁﬁﬁgnyv&awg’%%-squ@ and
excess PMine (@iRGnSRARBEHIWIARPEPONNGS, hilbrOlA Bre ZRhgePLbiEs 5B GRIRCPEGEH 2
stained with PV 1-1gG3 and 145.2C11. Cells were stained with nmouse 30 1gG3
i sotype ceptyuntongjed 8Y 1, Py thin dogi@Bbrék@) line dlightrpiuedrcells stainad evdth RAPERY RnPBceson| ugat ed
goat anti s mouse I %?gé}gng . V\DUSUIZ/ 4_70721 PCT/ USOL/ 47955EV\A’ th FI TG conj ugat ed
145, 2C11, "SHTEAHANy 250 B3FoF MEST8PHiooPr e b spefeptyn BEEHU L e bipdyg ép HLA cells

Mat efol al Scaafbe bt (BP ERcess 19311, 62145 Scii BedaWinde TRERSY Lo SR anal yzed.
PV 1-1 gGS(- posi %i%ﬁg (*Cﬁ& I?Sare in the uppger bqudgﬁr ants anglg%’}%pz\gg“tgf ve cells
are in t higndig gHRL4STihesohillébel (bl Seprestit@ceNLUMHRAI anly Baifiag Mhickl svAdiR rk bRPAS ENt S
percentage of the cells in that particular quadrant. DETAI LED DESCRI PTI ON
OF THE | NNARAVENR-PE 145 A1 Icaéne, Bntbrasen linhmageptpheells spinnd, with REEH €3:261 ' vl breme ed

anti-CD28 anti body.' ans,.an ti-CD28 antibody defective of mtogenic
activity. “%’f“ég?gésc%%(%ﬁuwxfﬂ?pﬂffn15?’? &H&P“E?c? S%ﬂ‘?dd"l’f}‘ BiPRd S EpeeiFictal Iy to
the anti geRofbRG IEERERIRE, @ ibss BHEARERs A PVRRGE i Bildin %‘?&AQQESELQ% pronot e
the grom h or activation O@T cells by comnbi ne% L O stimulation wi tﬁ an
ant i25CD3 et dtdedlyith PA 150 3eviih exdvidad éxedsDAB. aelk whe dysha@amt shaedamabistigzed on t he
basis of an anti-CD28 anti body or an anti

specific, FITC-conjugated donkey anti-mouse IgG (H+L). Thin solid line (black) represents cells stained with

secondary antibodies only, thick solid line (dark blue) cells stained with PV1-IgG3 and secondary antibodies,

and thin broken line (magenta) cells stained with PV1-IgG3 and excess PV1, and secondary antibodies.

Figure 20. Mouse splenic cells stained with PV1-IgG3 and 145.2C11. 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



CD28 anti body- produci ng hybri doma by nutating or nodi fying an agonistic
anti-CD28 anti body by a genetic engineering technique or by chenucal

nodi fi catwor2/4Takli ng t he use of genetic engi neering technagysas7as
exanple, the binding affinity of the anti-CD28 anti body for the Fc
receptors can be reduced or elimnated by 15 i nh~oducing a nmutation into
the am no acid sequence of the Fc domain of the antibody. For exanple, a
si | enced atFiTcCoR faddids BOAYanE flyREbORE-BIR a6l %}é&nbmk dsdriDd i A als g™

hybri doma cel | s capabl e of producing an anii 8 ‘nmonocl onal anti body and

i Nt r oduciMeghods .rsyatlis@mnisy lymphbdote bdrevaragilaal. OV 1-130e-pesestenee: it bf ipps gaadiing t o
the Fc domain which plays an inportant role in the binding to the Fc
‘recept or ?W'@@F‘U?@g &y 1n theyjight giflg quadsgmts T fe vpbiin pagh qyedrangyapresprisppkrggntage of
restrict I , e binding to the Fc receptors may be inhibited.
Thus, i nq?ehcgﬂggtgggg%?ﬁ%q%%m& ass 1gG anti body, for instance, the Hchain
‘am ne acid residues 234, 235, 23G 237, 318, 320 and 322 are preferred and
a silenced anti-CD28 anti body can be consh~ucted by replacing at |east one
of these am no acids w th aDETAILED BERCRATIONMOBTHHNVENeIosouUr ce of such a
silenced anti-CD28 antjbody can be |udiciously selected according to the
target ani mal % RRAFEA hinaveatiopits &a slaced SutCDZR aptibedy smegsany aviRRZAavbody
nmonocl on i-badi.a t ai )= 14 NO. aci 5 .sequences show n

anti geni gc%egeim'i!‘&nf" Lﬁ‘r?%ﬁ?s&g@'e@%p arr l?yyﬁ)'ﬁ?"oagﬂgorya‘ﬁhécggm%ﬁ 1A ‘%aﬁ’ﬁtﬁ F’E%’gﬁ%fve shown
that the (DIELESIfF RIMREEE: @ ihe R cdlahd @Bnotpronte ke bk Br RMalidd QY celih | QXM
injection of the antibody is remarkably intense and the very adm nistration
of tlPe arftinpalidywithay afbirGD3gnttbpdy. pati ent into a perilous condition or deprive
the antibody of the therapeutic utility. Therefore, it is reconmendable to
repl ace the F& FGI9GM-SR S Feibody cand eontimeed 2R {i brsia of ap anti£iD28 antijedpererationol ogous

to the t i -ani replace the frane tions of the
vari abl eh?jezg?@ﬁ@? Srgzrhﬂ%g@%%%&% ﬁ%‘l‘“g‘ﬂ{‘% rgla{}g%%%nélﬁc’ﬁ“em ¥ t\?/%%ﬁa?&&?%ﬁ’%éeﬁftﬁ ani mal
i Nt o wWhi Ghgidebitig &bHniqtosd Yy Getien @ddifichin. tAkigBhe BdHr BB bticRAheRBERchna1 P Q8/ 47721
PCTI U SO1 L17955 introduced. For exanple, when the antibody is to be

adm ni st ekwglet the binding pffinity ofthednii-AR2S agtitadt foritis dfy re¢epiors t250 2B)cedaw einlvatl By on
repllgcenemqlt of ion, humani zed anti body with the franmework

the Fc.re
portion réep uél”é'é?im‘(tﬁsb?%él%dﬁ‘ﬁm E%G%T‘Q‘G)fﬂ‘ﬁ}:c domaip pldhs 2aiivedyp BAy*pEp3aboes, WO
97/ 07b7 1)an@b R SRR By KO0 Raihieh BSHRRY HNAHOAR btﬂgat,ﬁa%eﬁ@mp&% okgrg%lhm“ anti body

A CINg an.anii- .
gene has been introduced. By 1ntroduci ng Lons I'n these antibodi es by
genet i ¢ eMyB meetlbmpnti@dhunil Htieteif U Gl @b(s) 6 SereplBsdt it RAtnRRAMG oRing RYinE heni cal
modi fication, the nutogenic activity of the antibodies can be reduced or
el i m nat €8 domRé vdjshplays primporiapiplleds the pindingdo thaicirec PP BV BY/I7DR9Y yThirgity bivgitagion

sil enced .Fc. regi,o t.here c e.nmentioned not only the antibodies

descri bed ’F-?te‘?ag“?‘ﬂ%ﬁffgt‘eé?‘afdrnmf‘ﬁ“ggﬁgﬁ Ff%?‘%gs“’ g‘&’é‘t TPERIOTHTY b8 frRipitef nEus fthe sesg ples
synthiet i aMsd ¥G BHSRIRTES Ghstith, 4G HLdiEn £RRSLAREEZk 955, ,”fsz%s, ib%n%ﬁ%r%‘pe““ c
target animal and the variabl e region polynucleotides ased on the amuio
aci d seqwerfroesandi silvmed athCB23 agtpodyrvan 8 hawict:dby TpGLihd At R cAe aMidscMBind s SEQ 1 D
NO: 6 and NO: 8. Exanpl es of such pol ynucl eotides are SEQ 1D NOCs: 1, 3, 5, and
7. More SpB2fiffrent gyadskles of tlus iin-ention are HUTN228 and MuTN228 and

Fab fragments ot . E(ah)' 2 fr ts, thereof, derivatives thereof and
etc.. As appr g&‘{]sg%gecfff%?ﬂatsﬁ%geé S "Tal%gg%tb?dﬁ ca{nﬁguglfl?“,dyﬁeéeété O S et base
degener aGyimalal Wik the @MB5AY 388 NRor BGinple, 3hnGEAR BB IbEPHAREM G WI0LE t han one
triplet codon in a coding nucleotide sequence. Further, mnor base pair
chaR@es rreapeness shoiving antigapigity imbumas o(ec ofaile brvaltringe Mudpsitdiet hatd sBivn thatthd R@u@N NO

aci d sequence encoded, are not expected to substantially alter the

bi ol ogi cé?sp°£iset°?waf1§?t 18 rqiem apjibors fqpvypr jigction fhe antibpdy s eqmatkablyeitugr addeienci ng
encodi NG L@y = , ' i o) herei.n , he nmodjfied slightly
in sequeﬁ%gﬁgtgﬁgl.o?mgﬁllg%? ?IHJ){% ﬁnc?ﬁt%@?l{ egt%r%?ﬁ%glgfsiw gmf’ﬂnorg‘% vre?}ﬁ)cla%"%(?htgﬁ), and
yet stil ltheepmodeailityt EhefeREDRR tebdiBreBREIEL PHREWGF: REiod B85 15 ANB 1R MHBRly Afkifl:

- sequence. 20 The term "expression vector" refers to an pol ynucl eoti de which
encodes tTRE hprapiespido tf thergpentiy fanges aiingdsyeplace 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




and provi des the sequences necessary for its expression in the sel ected

host cell. Expression vectors will generally include a transcriptional
pronot er WO®2HERIM nator, or will provide for incorporati oPCINWELMSSt 0 an
endogenous pronoter. Expression vectors will usually be plasmds, further

conprising an origin of replication and one or nore sel ectabl e markers.
However, expression vectors may alternatively be viral reconbinants 25
desi gned ihttbdicsd. e6itexinpie, Vs the anbBbody 13 toebg hdadinistged VNS Aeshigmtire, EPabntegr at e
at a preferred site within the host's genone. Exanples of expression

vect or s avalabls eraenipsaintioftheEsiresion. adpmagizesiantrgdy/vith thie Seractwork pivkisruselece8e c ond

Edi ti on, riptsc and R4ani atl Spri.ng_ Harbor Laboratory
'Pr ess) 19‘?@‘{{?%%?%%‘5%%%? Sl FBilre TEw) Bep oty TERTEI R | - CD28
ant i body i Ghibtig HH RIS BLeER hadhBd HiroduBdd CBRBrodRdE RRGY in MK ALXQh Gy Cel | S.
Appropriate cloning and expression vectors for use wth bacterial’, fungal,

"30 yéast )zesetidenpinariml téchuiuesalidh by tafse deasibed all CorBRthbmikdd Budifichtivn tike@nitddehic €. g. ,
Pouwel s ec al. Cloning Vectors: A WD 02/-17721 PCT/U SO 1 /~ 7955

Labor at orafiiefiigiantibedies eapibeeducedopieliggiad. ( 1985) . Preferably, the cells are
mammal i an cells. The vecto , snud yector, .a single or,

doubl e- st r andét Spﬁﬁgcgeé{m\’/peeé ‘3‘%‘*@%?8223 a'gtlbg‘ldl%%v“}?ra S%B‘iﬁ%?°e¢%°[“ﬁ§‘?i%‘8‘d"°ﬁ?@°6ﬁﬂ DNA
viral veGlotdnly tdfBodS Gds@lbvsd HBMaHREn b EXBHCEG o YA o &8 biliBods sy&QJtiyaﬁwd eoti des,
preferably DNA, by well known techniques for introducing DNA and” RNA into
cel | s. Theepwetisiog ©¢ constent rbgiongers of txf theplpeugetaigét dninvidl brdll thewa R blofeSioradoMuck®Mesbe and
preferably are introduced into cells as packaged or encapsul ated virus by
wel 110k nowviiset etthi g edd seapences ff sasiphleypsionpthotryin SEQIRNG:d#nd NOproa FEQUBAI S sd may  be
replicatign tent .or. repl.cati >ctive. In the latter case viral
pr opagat i%s'g%ﬁqpﬁﬁf e, Dlﬂuagoé%eﬁ?mgg??/)qlsélﬁggr?’pﬂngﬁenti ng host cells.

Cel | -free traniddhéct empit:ihis GRHtich R FRONDR +RIRITRYBnd 9 RS ferdol€.
proteins using RNAs derived fi~omthe present DNA constructs. The silenced
ant i - CD2 &F(abiit Irizoeyshemoh teivatiges amofbal egur i fi ed by isol ationlpurification

met hods for 10 proteins generally knovmin the field of protein chem stry.
More parti cul dFPRPrecpydioseskiligddn TegpeQf thirdjrase dsasnppic almask pvery amipeyyid
recrystall] ' ' WL Eh nium syl fate, sadiumsulfate, etc.,
centl%,i f ung?ll;l %g%?egégge% ygo}ésd,;l‘gﬁ e#}rlpé%l‘v:cﬂd{&r%? fon: ““é‘a‘iﬁ (H)ersﬁ NS e ro%‘f’%ﬁ? BBhy, ion
exchange ohiiga iRy Ogl aRiation iAo RibGinas) AMRLAGS 2RIY. ugn@@é‘nmaj;d, PhRSEpected
chromat ogr aphy, reversed-phase chromat ography, gel C%I|tl’atl on net hod, gel
per meat i dnsubtiantiaiy pltstfhedyidiggicalaftivitnif thy sanbiprodwett Thyy, apllyic add se@bdchpinodd®gh S,

count er current di,%tri,b ti on,. etc. and 15 conbi nations of these. According
to the pris¥&hy Pird éﬁf‘?cg’ﬁcfi Pt ey Rednogiied Bty B scaprase (b sphsitge i@ nisjrotida in
reconb! na{gipl&é&ﬁrﬁ,saﬁd Rkt Ybde ﬂﬁeﬂ%ﬁ&%rﬁ%%d&?&%@ Saml-gneﬁnc%ltdgogcngepnp“ S€s
culturing a host cell transtformed with an expression vector conprising a
DNA28equence tlhatmeegpeees viche' i@Fsrob ed folyuRBeIde FRMbhdol@ts petdcfol 6d iBRhtioh O
pronot e expression of the protein. The protein is then recovered $ont

cul i ttre P BF sequeces nesetstra Bt i expiepavitihaglecigidost teiExprgsioewgpronill20 syst em
enpl oyed. E:Aé%ni S 1kdgo}é/n to.t lile. skilled arti s%rg] ﬁr ocedures for purifying a

r econbi ndRTDY BEET A TREFIPHopa pomater auH ey or & WAL REHIdR o inesroratien afipgntiame of host
cel | s enph@y&dusdRthodtel : i LN d. reted into
t he cul turgb!med?umo Theagsiqolnggr?tggghgﬁ??y-%%%%H%Ih{a‘?%oﬁgl r\%}?g%\l& 5’?%%%%%32%1 into a
phar mac e utni @@ br rapaspiesableinpiiers Hawdye, dipresion Vctérahaytali@mlyd8 Viral Ro@6Hdn@NS

foll ow ng the transplantation of organs or tissues, such as heart, Kkidney,
liver, boligengbo ipferttisost f ipteeratipgyyeptera desipngh ig intaseats et aoeaterredsita ithii ththos's | ne,

nuscl e, %ﬁo\ﬁgf}ix p?'s;bf e%ﬁgssi&rvg‘gt(;rs- avec{is%l%ssea ll?l(R/?Drlec rlas%ﬁt i I naot / eI ¢ ns]?c{ antation
of bonc marrow  (c) autol mune ai seasesmﬁﬁ%@%ﬁ% 19 s,

« system ¢ Hdiioh) Sarthdpk, FRIGA] Q8 Mniatifdboli isping HS6d- € iSRS, prddy &b NENI @ gravis, type |
di abetes, etc.; and (d) inmune di seases such as asthma, atopic dermatitis,
etc. Suitable host cells for expression of the silenced anti-CD28 antibody include prokaryotes, yeast,

archae, and other eukaryotic cells, Aﬁpropriatc cloning and expression vectors for use with bacterial, fungal,

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



VWhile the silenced anti-CD28 antibody by itself can be expected to suppress
i mune reactions and 30 transplant rejections and induce inmunot ol erance,

it can al¥®@ B&7lded in conbination with other drugs. AnongP@/USMETERR/ a7721
PCTI11 SO 1 /~ 7955 such other drugs which are useful for combining with
the silence anti-CD28 anti body arc various immunosuppressants such as
rapanycin, deoxyspergaulin, anti-CD40 anti body, anti-CD40L anti body,
prograf, C¥ahes MebiERyieREv vdibesARtkRO8 Yine AR bie thrhmdiad GHE PheQbc:@ Ry ROY,
anti-1L-12 antibody, anti-1L12 receptor antibody and MW. Rapanycin, in
par ti cul a¥plasiidnéclyr. & sngly a dgdlastrandsd piofe i@, o b gigilor dogblasuedled RNQsronAiraf T
cells anon rSié‘?c als fromthe 1L2 receptor but does not inhibit transduction

‘of the apBPPosy8YFEr Frete Wogie o eoffs 3 pofynuglqotidey, srsfeably BNAHY melblnore wi th a
speci fic Lahihi : ignal ds expected to be useful. The

si | enced %%?F@%%%mg%# ?géy o% A?ﬁﬁgge%f'nll\%‘r’letc%%’nm t!(i:l%tcrzl’ﬂeE))ep "2 ﬁf’dflvilrgltv ?ﬁ%ﬁgﬁr ally or
‘par ent er ahdyys anp pefe-abiakb Mirdicel R ckIRGY M@%ucaﬁsﬁl&tgm% WhiBino tecﬁﬂ&gg‘%la neous
route. The silenced anti-CD28 anti body of this invention can be prepared
iii the fipkgiprind manginttige.i \Grl wetoramdy®e beylgption banpereht praspti@tionalerekliveninatiedatiecessary,
may be for rrulﬁt ed with vallri ous pharnmaceutically acceptabl e additives such
as an exclpivEHPoPaEIPY gepally SILoRTur mivdp complerntiigingst ¢els %‘gﬁ‘t‘? tandinEpERy . The

pr ef er r eds,agtlioloh Yhstoykd16 bidélCe de RHIRLsif U As AR iviBLEH 08 Sresed rc]:)nas't(r:&cant such as
pol ysorbate, an am no acid such as gl'ycine, a pro i such 88 Kuman serum
al bunin, and ahsdlkicedutIDZEanEBENsHidIcEE20bd plfied BY iScliiod 8RS Aol /F M Such as
i njectable preparations (solutions, suspensions, emulsions, solids to be 15
di s981 vedPreitie sengayiknovatin thy field of briotein shemipayp Matle esticulgiathert @s be et B; | i qui ds,

| i posome inchusions, oi nt ments, gels, external powders, sprays, inhalating
powder s, B GFEHFE EERUFHOHEATRE Ot ¥ifipBepitpias sodymadiate etes centsifygptipthe | i ke
can be se}igg i I, n dmini stration nmethod, and
the popt | s T Ry Bl o R s ihal A Bl P PhbRLI ot el

For mul at i cbfomatbgrapiie e bhase hid @ACHApBSEvetst-fhhka Bl Satographd, (AfIGMNBEGRERS Ve

Medi ci nal Chem stry, Volune 5, Editor Hansch et al, I§ergarmn Press 1990. 20
The dosag&™sttior theenpleginin e Baihi ceminatesampodictopberessf cotntvicarranring ttonriciasd dependent
on the spec iflajﬁgnscﬁﬂLPeOSi tion, the type of disease as the target of therapy
or prophyﬁ axi's, the iethod of administration, the patient's age and

condi tion and dehgs@W &4 drQbh Afentidn SRR MibodRTRAG M&‘é‘eﬁbvﬁ%é‘m% 52

m@,g, cxl—iowever
the case of intravenous, intramuscul ar or subcutaneous aom Ri ot FParron,
0. 01-1 00 syaptk gescripedab@e.aftle yneBodleohRisedltiGhg a BF cell @asiRBEd vABWh bxpeRdn Rior

adm ni stered, 25 When the silenced anti-CD28 anti body of this invention is
used for “STREPEIRVbITsRCe thateeods 41 proteisjurdet cowslitionssuificialtic plowete expression of the

i nuriunotg ce I.n..an organ.or tissue transpl antation, the conposition
can be ad) n‘%t%!r' @%@rgdnfﬁsﬁm gcéerea g w‘é{%[(%ﬁieg‘im ?fﬁé]llfgtfaat&feﬁe?ﬁf‘éd?%fhéF’S?mffé’f‘or e
t r anepl anysi c@Bloycl. "XBHLSH:E Yhe il @Lrtichs, %&%@%%fﬁr@u rd8birtane prbtein bl varkS: 29
35, 45 and 60 days after transplantation, by intravenous, PRtramuscul ar or
subcut aneeaesing fy)sed frictom as thidtgpe athwitnélls tripddytdond Fieheuemncsic RabiHASAdEm FBy be
j udi ci ousl¥ increased or decreased while the course of rejection 30
reacti on SFEEP PG St i on is nonitored. WD 02/-47721 PCT/ USOL/ - 479w
Wil e the admiyistlat.leend ryal ends. on the netliod of adm nistration
used and the patient"s coﬁgﬁ% I’ rﬁhenggnrglglatedzlf‘t%?ha?né%e 5Pl gomRgETon SHI% UE Bt i nuous
a_dm' ni st r(@ttl?u@ﬂanbidfectiaﬁs&@mi’vﬁﬁ (i:V3 Hein§p!la@t&ton aﬂ{gaﬂio_ﬁﬁsgﬁ ks :he%rt,fk_ﬁﬁx%j lprlar,eoonJ hus, _
since the silenced anti-CD28 antibody of this invention is an antibody, it
pr oV des RTew; Skt Feiesel g foensteassinall inatting, mbselenervd, eng (b)kogivergusfidsyredogons @wRr ded
with the ex?‘g‘fﬁ%"g‘gﬂgffi ca(‘:ly(c%As to the period of treatnent, once a tolerant
| s

state | s @% P NPT (0} Giolrmppiseascs quch as Thrsmapeidariiess, susemye Wobs t he use of

+the silen ARl & CT=Nar N oTo ol VAN i jnued. IL.n.this respec this
si | enced gﬁ;td?_ CSZ%@%t i body %as euﬁgrgﬂ{’)?gcgl%bcgg’ﬁg? G prgning (hs arsg‘ S
I NmMMunNos ugmaggepienitmatitlgetcl NMunosuppr essi ve effect of which declines after

" di sconti nuation. ' _
While the silenced anti-CD28 antibody by itself can be expected to suppress immune reactions and

in

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



10 EXAMPLES Havi ng general ly described this invention, a further
under st andi ng can be obtained by reference to certain specific exanples

whi ch ar eWproaididéd herein for purposes of illustration onlBCT/ESVd/4#S8 not
intended to be limting unless otherw se specified. The exanpl es bel ow are
carried out using standard tecl miques, that are well |anbwn and routine to
those of skill in the art, except where otherw se described in detail. 15
Exanpl e lsuchAfemimgaehidh s aspiieReionbiniof withiie sidhitami-abusiantiboiyan vilbR8 ant i body The
hybri doma produci ng anti-human CD28 anti body (cl one: TN228) nouse |gQ

kappa) WelETHOFHEPIEAELs I hISSAPPIEbSHE, dBsxyppreauling giitCR4¢ entibrdie AticCRARL. yEbody, pypeiSic hool  of

Medi ci ne, . A oxjimately 0.2 of purified anti- n CD28 anti body
(Tro28) v P ety Rl Rt RS P s e S R ool o 05
M DT7 fOfan@QI'MFat{ap@chQ, iﬁyzﬂﬁjﬁﬁr, AKBIR MincduSiRh bﬁﬁ%)éféﬁatl Rlé!e@-{o%@wm%f @Eiﬁé aIrriofi)é1 of

i odoacetic acid to 0.13 Mfor 45 20 at roomtenperature (in the dark),
“foll dwed digpalafetai thd ID2we@btolDiir dots@otGuhDR tridsduttion bialierabdpatieretala@sighall b Extiede ity | at i on
reaction), and i nmedi ately buffer-exchanged in 0.1 M sodi um phosphate,

0. U02 M Eompnatipn yith agpeeifl; inbitgr qbiy 6D8sizpakis cxpesipdsd ksgseft 7- 0851- OL, Amer sham
Pham aci a Bi ot.gech d ... The eluate was adjusted to 0.005 M
DTT, 0.02 % g|1$§sélrb‘é§%’,oag‘§§é§go“ﬁ@g€yh°?{rﬁ% EFITER B SPRAH °(“§ ‘66?“’%?.‘%‘?; nm) was

t ransf er rgderdtd v3 1S BRMeRLE in iR UL sbkulafdold @l  debl ocki ng of the heavy
chain. The sanple was digested with 1800 ~U of pyrogl utamte 25

am nopept i daseh¢ glaiced aogCH28483d4y ol tals fnvantidiaizte plepared i thetform of DdckaGon od@pan) f or
24 hours at 45 C. The N-term nal seciuences of the light and heavy chains
front he H@Bilizse Revger anhishers nfgssswy: dray bertpivrhipetvityyariows Phapeicesicaly ettt ed Edman

degr adat i . nal ysis..on. .a Mydel. .241 Protein_Sequencer.  (Hew ett
Packar d, %QF‘%Q%PE%H %&? c.ny'%ugm’ﬁ[%ﬂgzﬁréfsg?/a e aﬁd/gbrueera 1§Ip%§eg‘&dca§‘ﬁmgs BEH9RR si |
CDS C18 Ceagatlsiith as hABscS LAMRARRNch & plydotkié; HBhifo a@i@gfcﬁis%gciﬁcgﬁg&% 6k & Bunlal ©
manuf acturer's instructions using reagents, solvents, and colums obtai ned

f r om Hewl setutn alB@uiRawlleaslichuchhsodiudg¥Bldidd. . | 7721 PCTI USQO / - 479SS N-t er mi nal
sequencui g results for TN228 debl ocked with pyrogl utamate am nopeptidase
were as fol | ovds® Fesofes famuch atiriabls £ieRAraseTs oiatontn prEnsesiont promisions elidsriokeni no

o1 552" SRR AL BT R cerih ettt oo ncssorg st aple 50, |

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 dur.ation of treatment, 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 administered in a
dose of about 1 mg/kg/day immediately before transplantation, immediately after transplantation, and 3, 7, 12,
18, 25, 35, 45 and 60 days after transplantation, by intravenous, intramuscular or subcutaneous injection. The

administration frequency and dosage may be judiciously increased or decreased while the course of rejection

30 reaction after transplantation is monitored.



5 Exanple 2. Coning of variable region cDNAs The V region cDNAs for the

| i ght and heavy chains of TN228 were cloned fromthe hybridoma cells by an
anchor ed WOIHRET2dse chain reaction (PCR) nethod descri bed RGI/GW1E7954! . ( Co,
MS., NM Avadalovic, P.C. CaromM V. Avadal ovic, D. A Scheinberg, and C
Queen. 1992. Chineric and humani zed anti bodies with specificity for the
CD33 antigen. J. Imunol. 148: 1149-1154.). Anplification was perfornmed on
CDNA usi ng 10 ‘Bhile e pdwgnigraton teraliagads off i peaiot bfaeihistaGortud anhtgRtickappa and
gamma chain C regions, and a 5 prinmer that anneals to the added Gtail of
the cDNA. corbifjon\zmonsefier fyckpes, Wowmwvm@w%o@emwmtmm i43) :

5' TATAGA resi dues 17- 46
‘hybri di z% (e E émcr?oﬁggl Cant W@&%’W@@ﬁs a”t‘"ﬁéb"%" ’tB"r"Y‘?Fé? sipaEde t he
degener at &r.8 &L REAStch el %aid%d withThe® ctéd@)’ﬁcacé sAb b enod of treatment,

5' TATAGAGCTCAAGCTTCCAGTGGETAGACCGATCIIISCT resi dues 17 -

"50 hybr i dingd anglertrostaroisigs@blisipd TiHblerarkk ta@ beyadintdmgdevierdhi thé mgoﬁﬂequmm esi-gmst he two

prinmer sets contain restriction sites used for cIonln% The VL and VH cDNAs
wer e subciPBitetss fifpprinugd Ty respay, ﬂmfﬂ%@ﬁﬂé@%ﬂ fthogy ipepdenbtedlnguperiottaptheshad)  CA)
for seque at i Sever haj.n cl ones were
sequence %ﬁmﬁﬁ%%ﬁ?ﬂs%'eugﬁﬁéﬁfwg e?@% ‘%gﬁ@?sggf ¥H§m§§°llght chain, two
uni que sequences honDIogous to nmouse light chain variable regions were
identified. One VL 11 WO 02/-17721 PCT/ USQ1/ ~79ss sequence was
non-functional due to a 'frane shift nutation and was identified as the
non- productive allele. The other VL sequence was typical of a functional
nous® kappa chain variabl e region. ﬁ&ﬂﬂﬂﬁ§heavy chain, a unique sequence

honol ogous to heav on. was_identified.
Their nucl eot i% %caei%ae geé??srhl’a their e E'"! ?Jr(':“édaSta%‘nﬁ&a"g&ﬁc’l’&an‘f‘yﬁmgﬁﬁl’é% of

vari abl e deRgH petifd RmEIRSMHich BE frotifkd hidrGn fo?pu?asgs JFiflstrat®m 01@'( Ak SotntenRSEe UCTT ON
and expression of chinmeric TN228-1g&@M (Methods) TN228 VL and VH were
conver t edingijng Rs Pthﬂf\ﬂsem)emﬁgde)Tbﬂ’ﬁx@@@mm&refchraﬂloetdmhg/sta}ﬂiai techhiquess thatareleiscr i bed

by He et . Melrose, A Millowney, M Vasquez, C
Queen, m%%"é?’“""&"’ ﬂ?@F‘i"ﬁﬂ"HﬁP fhe ¥LE xept Wigre oferwisg dgscpibed in defgil.g. | 998.

Humgpi zat gg ang B g{ % ng cs_of %g ongll antibody with specificity
for Both X 1@ 11{@ ljﬂ ttt]!nemouseant (Z\L _1035) and were subcl oned
into the Ii ghtThSﬁth[bn@.&dddaﬁgﬂéﬁM hﬁﬁhﬁbﬁvmmfogs(&b&m@is%dﬁ?ag@lkﬁ;ﬂ)gvas 1). Each

m ni - exon contains a signal peptide sequence, a rnaiure variable region
sequence nrpugly prplided bigy. Bsitounwig Ueinagty Séndl viddkdicing faptr) eAnpsinatip 00 g GO US
nouse J cha}.eg gene. épl i cing donor se uences_are used to splice 'the V
regi on exBH"F 8™ "n@?ﬁﬁm Wﬁ%ﬁ%‘”@dﬁéﬁeﬁﬁt‘) f Mrasifive et R 2AMfrs-BEbPH 5 was
sequenced @ \abr7ig: QB%OQ?@%e%L@QeQIb %ﬁa&ﬁ%&@ fishor oc(l)oachlce aCc;[dQOO BQ\g & dd%ur e the
correct sequence was obtaine and t errors were generate

consbant at @ghempeu@een i daik)) olibieg by adalﬂ&h oNBBMY0. LA M {t61te@kiAfe @ SAredRyrRinGivh S wer e
al so confnned by sequencing. In this specification, ChTN228 refers to a

chi nmeri c raastiqnh ardymees fteiibATangchahged imduU Sbsoting piRspiAte, ane M/EDUApHABgngad@i ons, a
liuman 1 gG2NB ¢ | for _the heavy chain, and_a human kappa

const ant %‘(j'\{ (O a(’rga#g}dogt5 E91 gmerﬁ‘fmg]??g?"ﬁag ‘é“ﬂ?é’%fefys"@ﬁ%ﬁ r:fh‘éﬁ?i‘?twé‘rﬁdluft@d? on was
nodi fi ed d@@k@TM@-%g]@eroﬁQxﬁ%ﬁgtﬁﬂd’of @m1ut]0n¥abm;[§ Qs nﬂ}%&%‘ansmg[ﬁ(? Je%% tl\ﬁ)@rl ants
of chineric anti-CD3 are nonmtogenic to X

3613- 362 1fpr ¥-teauinat debloggiag nf the-heavinehain.NTH2 s@@]’d@ﬂﬂcﬁgcsﬁd’d&gﬁmb wU affhofit@mdtd ght  chai n

was derived fromthe gernline human K genom c fragnent. Both the heavy and
|i gt chaAiropfetidss %i*fa@s&?%%éfﬁkﬂfpﬁhw@oﬂa ﬁlqwmxﬁégéﬂmmam Gﬁllw—tﬂmm:bdl ate
ear | y pr Orr(?%nﬁzgstog{ﬂ?ﬁl Ce[é:}[_laime g eg g%%kﬁ sg'rlnpqe \gere ete}rnsmecfl l())y 20 cycles ofb Xtox;[lart]c?l

transcri pt
. Edman degradation and PTH analysis-on a 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 Packard.
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25 human conpl enment gene C2 (.4shfield, R, P. Enriquez-Harris, and N.J.
Proudfoot. 1991. Transcriptional term nation between the closely |inked
human corpO@R@TZ1 genes C2 and factor B: conmmon temi nati orrdractoon79ser C2
and c-nyc? 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-guani ue

phosphor i bosy N k@l sefusie@e refltOer TN debloGBHh pypbilutantdSAnifShepididd wereR 76) and
t he heavy chain sel ection marker 30 dhfr gene (Sinonsen, C C, and A D
Levi nson.flb®83. |sol ati on and expression of an altered nouse 12 WO
(12/ 7721 PCT/USUl/ ~7955 di hydrofol ate reductase cDNA. _Proc. Natl. Acad.
‘Sci . USA|8§due2495 999 | ravidicrgqtatinglr i esviduonp [tapino SV4 @rsiéur | f apinonot er . For
expressign of chimeric [TN228, transignt transfectjon intqg COS-7 cells
(monkey Ki'tiney cel™1ink) was |d8he uging 1i|g8fect 48t ne (daP4I og #

"10964- 0133 R emtTRpEa Fpmrtranstent g anst ?‘ﬁ‘f&‘\l\ere
n 1 gQ&2 ant i !t?(’;dy pf oductijon by #L? SA, LS\GI’ g gojat

anal yzed (for hu
anti-humgn TgG gamma cw n 5 gReciTifiAant | gody asjitapt urigig reagent and
HRP- conj ygat ed goat antj - human kappal chai n |[anti bodly as dgvel opi ng r eagent.
The spent 3nedia wa6Qal spB tested.Gor |le ab
P815/ CD28§+ cells Y stahlly trandfected|cell
mast cyt o) ) by i|fdi rec?® i mundé$¥ uor p¥cent
cyt onet r y—Fer—stHable—cplH—-He—profiustion—ith ' ld—expres
pl asm ds aere traFEFéct o intcgﬁﬁrinenhyelo&ascell2?ine ;Bého by
el ect r oporatitonand the transfectants—were—setected—For—gpt—expressi on. 10
The spent nedia from stabl e hansfectants were. anal yzed by ELI SA as for the
h~ansi ent transfection. Results The cloned V~ and VH genes were converted
into mni-exons by PCR (Fig. 2 and 3) and subcloned into the |ight and
heavy ch Zotloni ghlgregigneDNAs descri bed above and shown in Fig. 1. 15

Transient tra f ct.i .A C 7 cells: The chinmeric expression vectors were
{ranei ont 1y tdBEreet At B HSHRLyF i e CBP] i e WS aRGalies t he
chi meri c ,IN2RSh naihd-ROGY;: ' : e fr d | s S
Cested by Beronrparsydln GO O b R St Rt 280,

fl ow cyt dlaeb,™.Viondabivind AGciembdiBadd/CORRaH 1902 | dhSmeriSRE RimBRAAiBdMASiPOSi i ve

in both assays. The £e|.d of chimeric antibody fromtransient transfection
was - - 0. gPGiFip e the PRE3 anfisrpbBomapali 1d% d1A91 4 pnAmphffestion mes peiresdrem R usibpund t 0

P815( CD28+ s in .20 a.concentration dependent, manner (data not shovv-~-).
St agf)e t%aprré]_%%\atla%nﬁalé pe ﬁﬁyg’q%érf"llsé(a%a@ %aﬁﬁmﬁgf??l& PP BESP PR B ver e

i ransf ectiegle ddadd@-1spaind BRA! For TOBCH, R 3RFRG ULk Quale @edial).g).cel | line.
Spent nedia fromseveral transfectants were tested for the production of

chinmeric TN228 anti body and for binding to P815/CD28~ cells as with the
transient_transfectants. Mst transfectants were positive for both assays.
One t r anst EECSHCCRERACHISEATPBFOGRAAGATGRATAGHETTISEAGC A oduct i vity and 25
expanded to growin S L of serum &e nedium ChTN228 was purified from5 L
of spent medium by affinity chromatography. The yield of purified antibody
Was 1525 1igth reERURETIL £ bridizal @ R nwe ICf, ieid, IFOTVEDSCROML 1Bt HaRlde RQEKGRTN228 One
of the high ChTN228. expressing transfectants fromthe stable transfection
(C one 7khavemess (RFARANOZ04,i1p28 16): of A BCO hybri doma serum free nedi um

(catal og # 12045-076, G BCO BRL). Spent culture 13 WD 02L47721 PCT/ U S01

bl o SuaHA RSP AR B BB YA oo % S ose

col ggm using a Pharntacia Pl punmp (2-3 m/mn). The colunvi was washed wth
PBS bef orwéth tehiguearnt-isbOndydinmo Qbuwst 196 cy¥. trhe fn-lybMifRe)6dutiBos ilnekwdMaGhs PH 2. 7.
- The eluted protein was dialyzed. against 3 changes of 2 L PBS and then
desal t ed cormyesricpm-siey uged fouriening qThe MLisnd{TeePNAis tvhre RBSonedint a TAOPATGBlam vaeldi t i onal
0.1 M Na%m,/i The deéa%l tg%éﬁ)goot.ei n solution was filtered through a 0.2 gm

filter prrofoss™stsray PR EEABMOS Purity deternination by size

excl usi on HPLG-aRdi-RRSr 1R Si i b 501 ITE i a
Perkin El mer HPLC § yst emﬁ%ﬁlgicgﬁs ﬁég%#ﬁ lggg%ﬁrtggmg%%d%g%éﬁg%%%ﬁggﬁpl e

Pr 08&s s oright ghaRRwSenique :qubi@s Binblodo tFmbiRs ligat cRin R3HE rddotdRreAdehidid. ek €ct or, and
a PE 10 Nel son 600 Series LINK. Perlcin El mer Turbochrom Navi gator Version
4.1 software was used to control the autosanpler, punp, and detector, and
to acquire, store, and process the data. Separation was achi eved using two
TosoHaas TSK- GEL G3000SWKL si ze excl usi on HPLC colums, 7.8 mmx 300 nm 5
ltm particle size, 250 ~ pore size (catal og # 08541, TosoHaas)

Mont goneryvill e, MD) connected in series. The nobil e phase was 200 mM

pot assi um phosphat e/ 150 nmM pot assi um chloride at pH 6.9, and the flow rate

I Y A 1

& Lo bijnd to
P815 (npuse
Ma¥yzed by flow
Si on

- o .
.!u [0 Yo JQITIED) Ody



15 colum el uate was nonitored spectrophotonetrically at both 220 nm and
280 nm The injection volunme was 50 1tL (50 pg) of the ChTN228 sanpl e.
SDS- PACGE Wad92(dé&rf or med according to standard procedures orPCGI/US2B95§r adi ent
gel (catal og # EC6025, Novex, San Diego, CA). The purity of the isolated
ChTN228 was anal yzed by size exclusion HPLC and SDS- PAGE. Based on 20 this
analysis, the protein is 96.5 % nononer and has the nobility correspondi ng
t o a pr otsequencokas il factidnslidudnes fdate shifd Duthtidiand SRSAMICEasaiR @by G bdmctod allbll T2 28)

i sotype conh~ol MiFd79 (nmouse 1gd ), ChTN228, and isotype control HuUEP5CY
(human | geNg) segawse washpicrlefh fatchepalamnd kapparhan wiishly régivdi Baathebbatylbeinal | f our
anti bodi es. have a hm)llecul ar Wi ght of about . %50-_160 | cD. Anal ysis of the
‘sanme f our "BFSTRIREIHRGE! P & HRI 'ﬁﬂ‘s e FRInSHEPR eipe Weribeds Tresdrclegtifei bodi es
wer e C_OmEdu%g_aﬁgtheﬁ dtlﬁ@e“ymjﬁMMQeq\ﬂéntégp@aMLﬁgi%a@é de%i)engl%og axﬁ? Ut 501: D and
a 25 light chain with a nol ecul ar wei ght of "about 25 [ cD. Exarpl e 6.
"Conpétition experinment: Methods A titration experinment was done using
serial two-fold dilutions of MITN228-FI TC anti body begi nning 30 at 250

ng/ est . quplccnogiTustion ard exmessigpof chimeris TNZ28H2(2Mbr e | ncubat ed with

FITC | abe(tvﬁgt ibody for 1 hour on ice, 14 WD 02/ 47721 PCT/USOL/ 47955
washed w S and anal yzed by flow cytonetry. For the conpetition
experiments, Anondy, @ha WiENZeferdsh BB @0 SELAEH sednts fhked b edabeds Q0

conpeting ChTN228 or MITN228 gr?ti’?odi e% beé(i nsﬁg ng at e80%ﬂr?5%ttsesfesc\%{éerde added
to P815/ GipE8sét at fHel XY ( BxXulDMelead, h shfilibsiiey, M. Aasqiez,CDQhce v, VIRBA B/t veel | s
(5x105 cellsltest) were incubated with 25 ng of MITN228-FI TC al one (i.e.

wi t HBut iy Birpsts: 195F-) Humapjrationad shereraqokifet ROt 4 evpajquel aptierdy mish spenificithiodi es
(800ng/t ) e.alsqg test ¢ etjtors. l1s e i ncubated w sh the
ant i bodyebr%nﬁl?t?}tljr\{rgclia’s‘?ler?!métc}’fT na F\(E/IGC())?{SJOrzrgéPo a‘i refsbcpﬁo)e? m6°n%e\q1%%lﬁli‘amc?ﬂdul}eﬁvéfll"‘l"_rl t he
dar k_) , 1 h@ﬁes%ﬁ%ﬁdﬂﬁ@. @r!ﬁl:lyriiﬁfixm&tihﬁ\i\’siﬁﬁl?p@ﬂﬁé JchuencB%%HtHe@anR]@reg%nnd' ng
specificity of the MuTN228 and ChTN228 anti bodi es was conpared in a flow
cyt onet r yequeamgpetl i $plidng denop @nucnme ddriveisiothals @fost hemblogsus mbee Mbiihgas Sudapliciag! S
amounts of unl abel ed MUTN228 or ChTN228 10 were mixed with 25 ng of

FI TC- | abeleraseiistriearsedie iHs dy Vapeipniexrs tnsbetharenantibpdypestas cgies' Eadhatificxon Bot | |
MuTN228 8..c eted witli MITN228-FI TC in a concentrati o
depgﬁdentavpd ?rnsf%rgl;lé;}‘?%l%ﬁmagg% gr]f)g:lfec][ D#%Ehe Bﬁpﬁﬁfoﬁéec%’fm Bt SRE b B S g gci fic
for the G_Qi?tﬁat ABAROEBrs (WEik ga_nerﬁad-. TEJE%nslaﬁtQég%QgcoﬁsQ@ﬁlg ﬁght_ aﬂ@ﬁ&@g%%%rwad?g and
HUEPS5C7 did not conpete with MuUTN228-FI'TC, indicating that the MuiTN228 and
ChTN228 atrsritrodreabo soaimghbyzeuenbieg. CD28 anti gen t hrough V-regi on specific
interactions. 15 Exanple 7 Chineric anti-human CD28 anti body which has
reduced af fi ni't §f' PEPHHfETREFHEN4RS refi thp thizneris antogy Gontaieiep thepasse R8s Lan @ i on.
Cel | pr epatabk ARionl: M r r d nononucl ear cells (PBMC)_ were
prepared from %gr’n% edl t fbl\%%'?ﬁ%{%g%&s%c 5 GEnsT ?Euénrmécilf’peaﬁ?m%:néﬁeglf)’? Ugat i on
usi g Fi alllight PagUehehkeavs cHaifagktEn R bRk ibdel CoB] MIse € hanask@kM@).y 48P g3y . Human
bl ood were diluted with equal volune of RPM 1640 and overlaid on

Fi col | - Pa¥en [gFgrianpfof ehimerieanti-£P3 arg aminitagenicge T &0s. frilmmunal 159 GO 1H-362NHen dhue,
PBMCs were col |l ected and washed with RPIvl] 1640. Thereafter, PBMCs were
suspend ecfer\?\nl? ’ﬁ%’“’f‘ﬂleze PR TR R AR G SR APTorigd B0 ds gramianhumeteesamis o r um

2-nerc aptfﬁ@ﬁelﬂt.a Iﬁ@tlh the ﬂtﬂdy 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 terminator derived from the
25 human complement gene C2 (Ashﬁel&, 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
phosphoribosyltransferase. Proc, Naﬂ. Acad. Sci, USA 78: 2072-2076) and the heavy chain selection marker

30 dhfr gene (Simonsen, C.C., and AD. Levinson. 1983, Isolation and expression of an altered mouse
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25 antibiotics) and applied to a nylon fiber colum(Wako junyaku, GOsaka)
Japan). Aftcr 1 hr incubation at 37 Cin 5 % CQOZ, T cells were eluted with
war m mediweo2/4a821 WO 02/-17721 PCT/L1S01/-179ss Human B celdr/ddomems$ Raj i
and n) were used as stinulator cells in the mxed | ynphocyte reaction.
These cells were X-ray irradi ated (2000R) before use. Primary nuxed

| ynphocyte reaction (Is° MRl Purified human T cells {1 x 105 cells/well)
and i rr adiitgdrelaiRajhictage tDNA 165c. Bal. [asddvel. UFA v&p@s pioas @cbothrariRewehd sviab akly bot t om
mcro plate. Antibodies were added to the culture nmediumand cells were

i ncubat edrgmgter. Foypagressionyf phimquic TNj228 Srangientdrasiatsion md Gp§f7 cflls Krallnke@ kikgured livd t h 10
kBg/wel | [ 3H t hym.di ne . rsham Phar maci a_bi ot e wer e harvest ed
'ang i ncor‘%‘%gﬂﬁ‘f g‘n]"pa&c%'ﬁ'é%qgg%%éoﬁe%ﬁ? EEL)bﬁpel“‘i ”E'fﬂia&"‘g E?“ﬁf“it Fanslicragh
counter t hozvn on
Fig.S and‘;l';%@ln ﬁéeﬁ%rhf‘g{ﬂ’%! g%g"dgn |-hﬁé§’a§wﬂ%§‘§)"s'% ﬁg‘g‘y TNé%&BB?‘%%@zs) di d
"not  5nhi bibdeifip britibay ys- MhiRing RaysRMET HRECj igded o6t aaRkuniaOiekypa tNNEZ8ibb@@2 8 i nl ubi t ed

in a dose dependent manner. Therefore, conversion of Fc region of
ant i - humefiveepipgregeeiti B arprtmedieyis 2k tﬁsﬁd foetiebaity Oéﬁlﬂﬂlﬁ?%/to bind th BBEEDEE cdlls nakes

th tib I 0 e rolife ric anti-human CD28
ant i body GHCRTAG Fha RS frre oo e Baue b rr S by
[ esponsi aReasyinbw a%ga,d%ystam &ﬁqnel Mz;mfaﬁm{e%m&l&@%{pue J&pﬁéxﬁé&r@%&?ﬁ%é{eﬂm xed

Iym~hoereact|on(2d M.R~ Purifi human T cel s/wel 1)
and i rr aditatnethe Rgglonia celiging $p2/0 bielecuapeﬁnoaeﬁdlt&/n\mfel:@nts\/\&feaelmeatoe@t éxprefen el |

flat bottommcro plates. Antibodies were added to the culture nedi um and
cel 18 werlbe soap gt fEn staple fraspleatany yere analyzsd bydELfidy 2 for th framgiengiehnsiesished with fresh
medium Cells were, suspended with fresh nmediumand cultured 20 for 8 days.
Cells were restinulated 7th irradiated Raji or JY cells. After additional 7
days cul tadgss cells were incubated with 10 kBg/well [3H thynnidine for 6
hours. Cells were harvested and radioactivity was nmeasured by |iquid
scintill ati on Thodmbdy, and W2 ks e GdRBrtddidid dinite@ehs Py BORAFY. 2MhR) bfdisghcloed ard 6) .

Next, we analyzed the effect of this antibody
the light'and heavy chain expression vectors as described above and shown in Fig, 1.

15 Transient transfection of COS-7 cells: The chimeric expression vectors were transiently transfected into
monkey kidney cell line COS-7 to produce the chimeric TN228" antibody. Spent medium from the transfected
cells was tested by ELISA for the production of chimeric IgG2M3 antibodies and by flow cytometry for binding
to P815/CD28" cells. Spent medium was positive in both assays. The yield of chimeric antibody from transient
transfection was ~0.9 pg/ml. The ChTN228 antibody from transient supernatant 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
transfectants were positive for both assays. One transfectant was chosen for its higher antibody productivity and

25 expanded to grow in 5 L of serum free medium. ChTN228 was purified from 5 L of spent medinm by affinity

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

Example 4 Protein purification of chimeric antibody ChTN228

One of the high ChTN228 expressing transfectants from the stable transfection (Clone 7H) was grown

30 in 5 L of GIBCO hybridoma serum-fiee medium (catalog # 12045-076, GIBCO BRL). Spent culture
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on secondary MLR The anti body was applied to primary MR culture, then
anti body was renoved from 25 culture supernatant. After culturing in the
medi um wiWBdH7RMht | bodi es) cells were re-stinulated w th tREI/EHAETISS
stinmulator cells(Raji) or third party stinulator{JY}. The proliferation of
cells treated with TN228-1g&xn3 through primary MR was reduced conpared
to that of none-treated cells. However, both cells proliferated to al nost
the same sepctoedt witinhMestelivied cdiafability ShdhbaLilo 34 & beldw] Yoncdafted to 560 mi, A loadel G5aM t

i ndi cates that anti-human CD28 anti body with reduced affinity to human Fc R
may i nducemProtgintA Seplpeosgpplumhnsgng g Rhaghagia Blrpring@+3 nd/mion Tha taluom waB@siek withHBS 8.
Desi gn ofb E}uman%e(g TN228 variable re b? ons. 1G WO 02/-47721

-PCT/ US01/22585% 24hedyas Aidsnh LY ne - 10F Nk pRIZ I gThglpied napielt v diaba5¢ conput er
nmodel i ng. B | , i : @hat anti body
seqguence a(%%?g%‘ggng&(ogz.§Johngﬁﬁﬁé@OQ%@'@O%?&%%%%M&?E%? at abase and
‘i ts appl iaaditidnfl10S M B4TLY A ESalid $r&tkin Eolu@onf viak Sltereld SiFoughl o2 il paibr.to Mt e, Aci ds
Res. 28: 214-218), 1C4 (Manheimer-Lory, A, J.B. Katz, M Pillinger, C
Ghossein, A Smth, B. Dianond. 1991. Ml ecular 5 characteristics of
antibodi es _bearjng an anti-DNA-assocjated idiotype. J. Exp. Med. 174:
1639- 165 2P4pe>-SuP deiumpaiopbysisg giclsion HELC pad s 58K for both the humani zed
TN228 heavy chaj j hal ariah " The. i ' N228
neavy chai i vart Sore dara e RaEhi AL B X Sep B BTN RS ch, (0
that ar e AdeiddiLCEhmilOPrbdaQeE: FEfSeiids €10MBMISEPukPR 28 2bseeniyie ahai D tebtbrpdxey ey Kk, or
76% sequence identity. The humani zed TN228 |ight chain variable domain has
56 rl@si duRiesoptfp Sesies IJUKT Peslitiioeriduibechion deweaton Hersierdd! spiarstviagustd i onttdhthise of | O

t he mouse TN228 1ight.chain framework or 70% sequence identity. The
conput er abltro%aﬁlzlg "mg\ tegtﬂrdanﬁﬁé%“ i ff%réfia‘fd{pf"cf\?f &iggggepwgt}oggmag}wv fSEiRs of
native prekdiask-GEERARNERKL Skt BRI c@ﬁlrmtnsf 4 rﬁlﬁ&%O'n%ﬁ?S pnl ar&@elsize,%s(p . 168:
595-620) were used to construct a nol ecul ar nodel of the TRE28 vari abl e
domai n, whicahe (eadoguIeth 1 TosdHos Al drtgbieyvali MID) catibcttd inl striet. e MBHILS ghask N2s2B0
framework that are close enough to the CDRs to potentially interact with
them To WésrtsHune Phesphisrieh riangiasigmiigrig atipl £19yand theiflaw refhwvasd R mipate i Bl e

regi,Qns, the fromthe se TN228 .h chaln were grafted into the
F arttwor ICoHE S T e ek NS AV SR P P B e DT Th rpuse

TN228 |i ght(selpRbiine\Wai@285appd i nto the framework regions of the human |1 C4
light chain. At framework positions where the conputer nodel suggested
significant cEPSRAGEwaddarféringl aCloldBg totstamiad proedurestoin d 8-26% gradidntyel (babg@ ant i body
were substituted for the original human franmework ami no acids. For

humani zedECERBMovex, fandisgaCAYone at resi dues 27, 29, 30, 48, 20 67, 71 and 78

of the heavy W : i chain,,.no substitutio r de (i.e.,
a straight gr g?ﬁ‘%g ogﬁg isﬁgﬁl%%agaséﬁ%é%bﬁf% The°f @éléfarn é;?r%élv%\rq% rggsﬁ‘lﬁé?n was
dOﬂ_@))_. FLthi_E ek dDheprottih ﬁmm%nd’nﬁﬁdndhb@&_e §nﬂ§ﬂ?ity &ﬁ%ﬁ&nﬁﬁ@oQ MinbBhdkkMarat their
positions in the database of human anti bodi es were replaced by human

consens uswagli 1160 ld% iSBS-PAGE prlysieof MoEN22B,050tpe chigrol MehdeinzwelleTNZEBNRRiamd Was done
at residues 23, 40, 73 83 and 85 of the heavy chain and at residues 69 and
77 of t he™POPyiRrL HIFPACT Gemen BORMD) vadr ppnisdiiipoaditons iiso friatsd hotatlifonaantibegies D 2.8
ant i body i hRevay 1,ahl [ . shown .Fi gure .9 and 10.
Beanpl o o A R IR A ol B D S Rl i 21 o
Once t he ihdicebalzed amidsdic Bbe coiPiieOFF a Ay iBaid @it noRaILR RERS ofissl: depanddesi gned
as descri bed above, 30 genes were constructed to encode them including

si grfal péelight chriswithg priojeevdar weighoof abqutpddPs and appropriate 17 WD 02/.17721
PCT/ US01/-1795S restriction enzyne sites (Figure 8). The heavy and |ight

c. haui variabl e region genes were constructed and anplified using eight
~over | appi gmsythalicn dk@Qpucl eotides ranging in | ength from approximtely
65 to 80 bases (He, XY, Z Xu, J. Melrose, A Millowey, M Vasquez, C
Queen, V.MdMmdter, C. Klingbeil, MS. Co, and E.L. Berg. 1998. Humani zati on
~and pharmacoki netics of a nonoclonal antibody with specificity for both E 5
and P-sel ecti rf* iTptiongrpeEebvas dopg peing seyiplgwor ldmitutions|eEMBIN 28 TE pusibrdy bhgisniveer e

annegl ed invj Xt it h the Kleno t of DNA pol ynerase
SR B ohE e A e i S PR b PR B e o
denat ured, anneal ed pairw se, and extended with Kl enow, yielding two
fragnents. These fragnents were denatured, anneal ed pairw se, and extended
once again, yielding a full-length gene. The resulting product was
anplified by polynerase chain reacti oM (PCR) using Taq pol ynerase,

gel -purified, digested with Xbal, gel 10 purified again, and subcloned into
the Xbal site of pvg2M3 for the expression of heavy chain, and pVk for the
expression of light chain. The pVg2M3 vector for human gamma 2 heavy chain

o A4 = — A NN~




15 antibodies with specificity for the CD33 antigen. J. |nmunol.

148: 1149- 1154) have been previously described. The sequences of the

V-regi onsward/i4eggmst ant regi on exons of the heavy and | i ghtPG@HS0m/4795Ral

pl asm ds were verified by nucl eoti de sequencing. The gross structures of
the final plasmds were verified by restriction mapping. All DNA

mani pul ati ons were perfornmed by standard nethods. In this specification,
HUTN228 rwefted gitit RBSandwisiyed weldw aytdnietno diyr tooonetitivin ecpedirteats, 26 ngpof MEERR2FREIZS  VH 20
and V~ vari abl e regi ons, a human 1 g&M constant region for the heavy

chaui , arfdd griH freefpld diliona ofcomretingHi T 28 PEYRTING?S aptihadipsibeginning p P4 pe/tettgreheav y
chain con nt Wola di.f.L ed, (Cal e +C, i, and J. Y. Tso.
D007 PurnRiA R A RS (P hoACad iy e, s ARREM bl gty
celI's. J. iR RIRtaNBLR HTCIBhX.S Giftbht ahy @RS, BRPBET ASMILIRRorge SEAGNUC _
fragment, and the light chain was derived fromthe gernine human K genom c
“f r agirent . anfffodicd {B00BgesD) yieo AiBgastcd vi cons:titn®] Odlls warripchbaddevite te kryibgdy pisnitedéra and
enhancer drive both the 25 heavy and |ight chain genes. The heavy chain
gene is fEPIvelpEerAp W ﬁéoqeh%%fqtﬁﬂeéﬁk)tgwmaﬂa%aaﬁ anglged Belpwicyioseity-he human
conpl ement__gene C2 (Ashfield, R, P. Enriquez-Harris, and N.J. Proudfoot.
1991. Transcriptional term nation between the closely |inked human

conpl ement  gengs bikdngdprdintiHot B MIEN2RIOITNE S Aiivdd@ts valomBedd 2 fo@ytéatetrgnd
c-nyc? EMBO J. 10: 4197-4207). The light chain selection marker gpt gene
(Mul I'i garsompRti@m expgrimenfas dBeribefl in hOBéthodSeVagors progwnth ofiuniarledMh T3t dr ChTHRRAB expr ess
the Escherichia coli gene codi 3’% f or xant hi ne- guani

ne 30
phosiBhor i BEsRrd i & 18 PEIEC-lapsled STNZZS pritibody gpq incabated withpg 1 7828 xef00Bas 7G)  and
t he heavy, I i on I .02/ -47721 PCT/ USO1/ - 1795s dl afr
gone. (8 ekl EyRakd QBRI hon S ] el bl ol 01 o
an al t er egndip UsRnm kb afsgkiat 8r hACHIS hAsE (GPMA ThEERe c NS kntibAG&MuFPEing USA
80: 2495-2499) are both driven by the Sv40 early pronoter. For expression
of  HuTN2 2BuEP§¢Tadidyiotnatnpetrarith MatN2 281 TiChindica @@Ghathdd TN 2§ antd GKIRI228einttbodiys cel |
line) was done using Lipofectam ne 2000 (catal og # 11668-027, Life
Technol og‘ie‘é’?}lz.eﬂgﬁgﬁga"ﬁ@gfhﬁ’“@\'\fiﬁ%‘?“rs&ﬁg‘ﬁlé‘f?fa"‘t"Psansfect ants were anal yzed for
humgg 1 g&M3 anti body production by ELISA, using goat anti-human |1gG gamma
chain specific antibody as capturing reagent and HRP-conj ugat ed goat
ant i - hunegxaissloPehiGdlia biti-lainin A6 ity SaMGhORiui affitifGEinan F RenSRAMgedi a were
al so tested for the ability of HUTN228 to bind to P815/ CD28+ cells by
i ndi rect mpwhiyphécptoreastionnt st ai ni ng and anal yzed by flow cytonetry (data
not shown). For stable cell 10 |line production, the humani zed expression
pl asm ds were transfected into marine nyeloma cell |ine Sp2/0 by
el ect r opogallpRa@d the transfectants were selected for gpt expression. The
spent nmedia fromstable transfectants were anal yzed by ELI SA as for the
trarei ent tr ardfecjerigharal YR@8 nibitosuclk cdBa @BHIQYRert frépaledl AdikoZRheMthy @@linRes B NO
aci d sequence design, heavy and |light chain V-genes (Figure 9 and 10) were
const r uct EEitAgredmsEnifigstion uping el Rpspewples SAmershina Phamaciy Bigpdh, Tokyphiepanh SiumanV/- genes

were cloned.intq.the. bV an ectors. respectivel as _shown_in
Froure 6 edyd didrab SR ool i Rinel B R S8 AeEPri st b or r ect
cl ones of 303Rk BrsbdageBiRANN, BN o Bhiedida QR waSHAR ki FN AT QB STiRRAMERINESMEr € used
for the transfection. The constant regions of both the heavy and | i ght

chai n expuegesiedwitvigaieding(RNEF1640absaningarifs hmnadypl ¥B 20uns e-gedpekitgol, sk anpl e 10.

Expression of HuT' N228. Transient transfection of COS-7 cells: The
expridssi ottiRigit arderriied ta 2 pylopdibir sl Wekg jyayals Oeale, fappnd After 1 hr incubation at 37 Ciin

5% CO,, T cells were eluted with warm medium.




nonkey kidney cell line COS-7 to produce the HUTN228 anti body. Spent nedi m
fromthe transfected cells was tested by ELISA for the production of
humani zeaw@@2MNB72ant | bodi es and by flow cytometry for bi ndiRGF/U913B55

Pa~5l CD28+ cells (data not shown). Spent medi um was positive in both
assays. The yield of hmmani zed anti body fromtransient transfection was
-3.7 g/m. The HUTN228 anti body from transi ent supernatant bound to
P8151CD28+ celHufmar Bl liO(RAR il I Btwezised @Ratelad te N M atixe{ BRafRcyRdactmhown) . 19
WO 02/ 47721 PCT/ USQOL/-17955 Stable transfection of Sp210 cells: The
humani zedhess palle e Srpy iradited G00QBbefore pignsf ect ed i nto Sp210 cells for the
production of a stable cell line. Spent nedia from several transfectants
‘were tested for the production of HUTN228 anti body as with the transient

transfect%%nﬁ,@&nﬁhgsﬂﬁa%ganMLﬁle one 4) was chosen for its higher
anti body productivity and expanded in G BCO hybridoma serum free nedi um
"HuTV228 ant i b@gyfiedmmapn tdlif {1&dofceinnmel 4h) indtiaci RG{yE010° cagwdnwdaypladafii gsively

chronat ography. The yield of purified antibody was ~7 ng. Exanple 11.
Prot ei n glattofiinpaicio glate. &nibodiss werhadddditgythe W@mem@%ieﬁgub@%fwsﬁ@m aht s

front the stable on ro i.n 70 il

hybr i dona“lsgléefﬂfff f’eéeg “Ef%{]ﬁ Séﬁﬂq‘g@(wé ﬁ%&%‘%’%‘m TPPE Haé‘&aﬁ‘ﬁB‘FW é:§§:o Spent
cul ture 1Q: Gt M HlrpoRs rm&u@@t@mé&mﬁ bmmd sc\ﬁ{uﬁ-mnl doufer " €AC hed 10% or
bel ow and | oaded onto a 2 ntl protein. A Sepharose colum. The colum was

washed wi t h PBSe gfeét ot BN2hRGa (ClﬂDd¥8)\Aﬂ.ﬁmﬁ*yMI€EUNamhbhldiFib Shhdd. YieioAigival 0. 1 M
NaCl, pH 2.5. The el ut egn\gr otein was dial yzed agai nst 3 changes of 2 L PBS
and Phen @Ebuman EB28antbedy; E?-(m%ﬁ)lﬂ*ﬁ? defihtiprim ey IER hower s chipgiceditedi ni ng an

20,2 m FrreeRobe ey G ERa e B eRpt OB Bt v TGP nat on
by size ex@loush o witdleba m%n%h%%;m% fbttd % 100N Skl S
per f or med usoflgfltg a Perl tcl n El mer HPLC system cons:ltggtsl ng of aHgE ItSS 200

Advanced LC Sanesc #iti-ow@s SD28 anéboBEwhsd hds @gucdd findy © hiufian Pel Bpsduad PEIZIGC Di ode
Array Detector, and a PE 20 Nel son 600 Series LINK. Perkin Eliner

Tur bocl t rEPIIEVEEs Ingesendary wisedlyarioste 1eagtigh t war e was used to control the

aut qganpl er, punp, and detector, and to acquire, store, and process the
data. Separ ati on was achi eved usi ng two TosoHaas TSK- GEL G3000SWKL si ze
excl usi onsekdrbidey iRl WilBocltd reRudi*MBR0 MM 5 mparticle size, 250 pore size;
catal og # 08541, TosoHaas, Montgoneryville, |~1D) connected in series. The
nmobi | e phase wasifi@QGmail plbt(bs B ety yprllpad madiedd Fefcativi pot’ agisivelywehpiaed ide at pH
6.9, and the flowrate was 1.00 ni/m nute. The 25 columm el uate was

moni t or edPoSY5R A% PR Gt HRLts; Luibedies Were fidedio oyl rpediver apdyolls s incapptpda Alﬂﬁﬁ ection
vol une S I SDS- PA er f
accordi \rqgss‘%ags’ cse'l} sé‘fleﬁ g? tﬁfg%séiggvfﬂgxgﬁg%% (%%6 rsusa?ngcr? t C%gvg@ ?:dg ar &)cuf@ dE06025

Novezs, Samr a0 Cells G} restitiBitell S iitqateORaji By QU iaTbraobiRad i b@giammwscnwaé i rmed
usi ng the Human |gG Subcl ass Profile ELISA Kit
incubated with 10 kBq/well [*H]thymidine for 6 hours. Cells were harvested and radioactivity was measured by

liquid scintillation counter,
TN228-IgG2m3 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 removed from
25 culture supernatant, After culfuring in the medium without antibodies, cells were re-stimulated with the same
stimulator cells(Raji) or third party stimulator(JY). 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 stimulator (JY) (Fig. 7). This result indicates that anti-human CD28

antibody with reduced affinity to human Fc R may induce T-cell energy through alo-antigen stimulation.

30 Example 8. Design of humanized TN228 variable regions
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30 (catal og # 99-1000, Zyned Laboratories, South San Francisco, CA)
follo~ring the manufacturer's recommendati ons. (Results) 20 WO 02/ 7721
PCT/ US01/W@p98%72The purity of the isolated HUTN228 anti bodCTWw1amsfyzed by
si ze exclusion HPLC and SDS- PAGE. The HPLC elution profile of HuTN228 is
not shown. Based on this analysis, the protein is -98% nononer and has the
nmobility corresponding to a protein of nolecular weight -160 kD. SDS- PAGE
anal ysi s of MIRNZZBion bcG@hd P MUDNE2E Gbre MAbAT G ofiFasRodeigd Baseddd I NgweBee and

i sotype control HUEP5C7 (human |1 g&M) under nonreduci ng conditions al so

i zi di cat edmelpgssearsh azaivg the Kebafabdddvesquirasdatabpsatd| lolmedna®., T dhVu.@p00akdat 15d- 160
kD. Analysis of the sane four ns  under reducjng._conditions indicated
‘that alil df$1 BRgre aadrlenes eps geéﬁ’f)&i“ YEEOIEY Pt Wéﬁ?}%/“‘ﬁélfsnzsiyfﬁzfg)é ‘ol ecul ar
vei ght  of aBeHkeaQrnkR, ﬁf‘ﬁtat@hjl'Pgl% Cé‘éhd;lse%ﬁ"éﬁmﬁl ﬁrqim%d& 3401 Wby, Of about 25
kD. The |sotype test Tndicated t he 1sotypé of the HUTN2 anti body was

'coNsh st entanbtetifficd d htibodpes:ted aﬂﬁn-bg@zssbamw@rpé daxp. Med. 12hewm)es2)sanpl e 12.
FACS conpetition experinment. Methods A titration experinent was done using
serial tweededfopratidr the frespryords for MThEtp@anze AT 2ahhery olbin ahdlightvhiimgriabs ragion2 50

[ test CD. I1s (.3x1 est ncbted th
R b AP ATER D) T s GEe B e b s oo o R " APHE Buf f er
(FSB = PB&MZ v !ﬁ&&n&%onmms hﬁ%’éﬁn BEEMOR, o765 A NANS RS PR Gt by 2 M Of

FSB, and anal yzed by flow cyto ry (data not shown). FOr the conpetition
experi menme?s wmnﬁle“ﬂ@m(ua@s FoQdstdes byt of 80 fraﬁewmea‘sm&saat\msdemmm thecbrW t h
three-fold serial dilutions of conpeting HuUTN228 or MuTN228 anti bodi es
(bedPnni ﬁbeWSCZU@ZSQWHCIMfwmgwklordﬁ%zqguemssient@nd added to PS15/GD28+ cells

3x105 [ 1s/ 50 1 S+ [ ]
ot od v s irmyS st e FEEA R FRaM R, Uty o cpo o
(human | gfR2MB ). RRFMEEILRnd FTRYSBrids 9 Fvibl, Imtlwo@gs%?@%@ Lse@RLLRAGI LS (200

g/m) in 25 1 of FSB were al so tested as nonspecific conpetitors. Cells

wer e |ncuimdcvédnmlddsftlteh'emsrvbnabbdgmam witidli fves usdd tlodate Eha bmivi@dcidir the nok®ONZRS f Or one
hour on ice (in the dark), then washed with 2 ml of FSB, and anal yzed by

f1 ow cyt dremetlythat arp plgse EROpRb RS onetentialycinterasgiwihribeme To ﬁ%’é‘sfhe @@mﬂe%ul ts The
bi ngLng SRBE Lh&l %Mlg&fchamgm LR Bk o N2 28, 200 PO i Tt ool ecul es

) ain were. grafted
s was co PO R e er ey e A Tt % per i nent
as descr i iRefmbwbnt r@@onb/ﬁ{tﬁl@x@ﬁm 14 wsﬁpE@%mtﬂ@tdmef:&neﬁéﬂl&usé TSP hdidwed gur e 5.
Both MuT: V228 and HuTN228 conpeted with MiTN228-FI TC in a concentration
dependentgrafedinte the frmmma&tgwnsg»f hhainaoiCh tghndhaia f Atliehdwokmpbsitoadihes thi Sonp&ci f i C

for the CD28 antlg The rel ative
model suggested significant contact with the CDRS, the amino acids from the mouse antibody were substituted

for the original human framework amino acids. For humanized TN228, this was done at residues 27, 29, 30, 48,

20 67, 71 and 78 of the heavy chain, For the light chain, no substitutions were made (i.e., a straight grafting of the
MuTN228 CDRs into the IC4 framework region was done). Furthermore, framework residues that occurred
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 69 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-IgG2M3

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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30 binding of HUITN228 was a few fold |l ess than that of MuITN228. The isotype
control antibodies MuFd79 and 21 WO 02/.17721 PCT/ USQOL/ - 47955 HUEPSC7 did
not conpewe HINIMUTN228-FI TC, indicating that the MITN22@PCAMBOHATING 28

ant i bodi es recogni ze the CD28 antigen through ~-region specific
interactions. Exanple 13. ELISA conpetition experinent. 5 Me ods A 96 wel |
); LI SA plate (Nunc-1nununo plate, catal og # 439454, Nal geNunc, Naperville,
L) was aegiced owyhdvitd@Elgutd spetie harby SORREIE vafifblcaegiph kémed wekdtokiBD)ed 4n8 CD28- Fc
means the fused protein, in which the extracellular domains of CD28 were
conbi ned W'ﬂﬂ?d Yshéelwedmmﬂﬂ@hﬂeﬁwwsle@@es rag@gﬂ)leltstbé"iomagmxmatelylﬁ €80 The plate

R e B T S R A T A
of ELI SA a_m?-ﬁ_b. 1f99§ I—fugyl\@aﬁ'ona hargacgrk{ﬁear%%ogwonal etmmdgwﬂﬁ %ec%fcny for both E-
MuTN228-biotin (0.5 g/m) in 100 1 of ELISA Suffer 1% BSA, 0. 1%
"Tween- 20)anamé1etﬁnreamﬁ;mbldmsemgallohfy ﬂielohgtoﬂtdledtiduwa&em phiiIbiEZrd@xienadupehi t or

anti bodies (starting at 1 DOglm) in 100 1 of EB was added in triplicate
in a findhe Kapufemet oD% mﬁmeqaﬂcl yip|ding fopysieublecsiangdes) fragrppnis hEhd reeultingiGEPEG7 and

MuFd79 (100 00 1 of _.EB | t d fi
ot | o oglich apducdSee b SR GRS, TR Sl AR B RS wers o 100 1
of MITN2 @namﬁtah&aléd%a@qm 'ﬂh B@cende'ﬁ‘%nc@ Z%Jn,aﬁbkdmgg% le]‘lgl_tQEenEa"hm&HﬁEﬂ&ﬂctWS the

remai ning well's (contai ni ng no MUTNZ228-"bi ot ui he plate wasS I ncubated at
room-t empmﬂedlb}amfymﬂasi clainh@cHos (POR) \l‘sm§1[\@Ipblﬂgexaseﬁxﬁdl-ﬂmfwﬂlbdsﬂagmthhﬂ)alyﬁi-| s 4
limes with 300 |/well of EWB, i00 1/well of Streptavidin-HRP (1 g/nmi,

cat dPog #ufied geain, ad whelonpd ipja e Xiwd et °fRY8éM3lf°f th@xD@F‘PlstheFWeChm andgVigsthe

bat ed at f Af t th
w5 e e il SR R Vs Bl o R sl My Horeitd s WS 08 11
KPL, Gai t igdaibui Oy. 798 1947) as Ig@idﬁgnt;,&c}ﬁ;cll Hﬂi&ﬂé@k'n&mt@lﬁciahﬂhﬁ yas

i ncubated at roomtenperature. for 5-7 nvnutes and the optical density was
read at 41&151uwmls9ﬂﬁ1?&36§i()p®ﬂ iherpYit vewtarSor heme BdpedighthohadnexpresprasCOResSIUN.MS The

bi nding specificity of the HUTN228 and MuTN228 anti bodies to sCD28-Fe was
conpar ed FHEHEFE: émrsm e Pl e n QoS S EME Wl L hods.
A T ERr eseﬁ&b%ﬁlks‘éﬁﬂ}h 01 b gl e SO Wik sl of3 1483 1. 1?%§)Qaﬁelc\i/ubee-e”\})%e%1%u nd. N228

conpeted Wt COLT A 1N concentrati on

i sotype contr Gie @ﬁlfeﬁcbs&d e §-rdgibrehn® condibht dflidaRRme of e BeahPdnd SANASE ﬁmaic’j\ﬂlafsrﬁds
MUTN228- bi oti n, | ndi cati ng that the MuTN228 and HuTN228 anti bo

recogni zeverdverifEDRBucewtiflagemercing Clag brosystruetgresotithe fralyilfsinids wand erified by resngtionThe | CSO
val ues of I\/UTN228 and HUTN228 for all three experinments are shown in Table

2. The r&Papig &lHMNAdT R I onsssreRerREed 8Y Siadarbetiedser age 2.6 fol d | ess than
that of MITN2 %§ﬂus gpgclﬁcam %2}82;‘;;10 a humanized antibody containing the humanized TN228 Vy

20 and Vi, variable regions, a human IgG2M3 constant region for the heavy chain, and a human kappa constant

region for the light chain, The heavy f:]lain constant region was modified (Cole, M.S., C. Anasett, and 1.Y. Tso.
1997. Human IgG2 variants of chimeric anti-CD3 are nonmitogenic to T cells. J. Immunol. 159: 3613-3621)
from the genmline human 2 genomic fragment, and the light chain was derived from the germline human K
genomic fragment. The human cytomegalovirus major immediate early proinoter and enhancer drive both the

25 heavy and light chain genes. The heavy chain gene is followed by the transcription terminator derived from the
human 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 gp? 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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Tabl e 2. ELI SA conpetition summary [ Cso ( ~n'd) PCTI US01/479SS
Conpetitor Expt 1Expt 2Expt 3AverageStd.

Dev. MUTN2WO®221121200. 150. 190. 03HUTN2280. 370. 64U. 480. 500. 1 @EESHHES14.

| zsl -1 abel ed anti body co~etition experinment 5 Methods The rel ative binding
affinities of the MUTN228 and HuTN228 anti bodi es were determ ned foll ow ng
the nmethod of Queen et al. (Queen, C., WP. Schneider, HE Selick, P.W
Payne, N.#&f ghd(Bkadnkdn, C.J,, dnd ADUD® AN, 1D83Msoldsd ald@xpraSsiont anlaBitédintouse R P.
Junghans, T.A Waldmann. 1989. A humani zed anti body that binds to the

i nt er | euk{itydiojts cespatagy cONBy Broc. NaghtAcad. &g HEA 8052495-2408) 00 MGirived OBBY SVABearlpf | v,
~10 ng of ~zsl-labeled MuTN228 in 50 10 1 of Binding Buffer (BB = PBS, 2%
‘FBS, 1 gllfﬁ’ Fuse | gG 0.1% NaN3) was conbined ui triplicate with three
fold serial dlﬂouéxbleaarﬁn &fﬂuwzw%%&wﬁ}rnam&%é coRRak gﬁo%yﬁ.aﬁeg eu, Tis
(beginning at 400 g Im) BB, added to 1 1 15/°CD28+ cel I s
(2. 55x 10&meint Sipdfetinine | lz(mo (catﬁlué)‘allbﬂﬂ)ﬂ LinetctnSKddsy. Gpenf\adaia e krinsiddibe Stri ps,
catal og # 15773, Mol ecul ar Devi ces, Sunnyvale, CA), and incubated for 90
m nut es a‘lfa“%f"c@“wftfhaﬂg‘%@ f°éh“§1PmlR“ﬁ%@ antrbs@vtpyqéecn@dwﬁaw wing gdegei-egaragEP5C7 and

MuFd79 (400 d as nonspeci

Compet 1 { o s g et R ot RS S PO PR (b
transf err gledeBpife: &klnk fmg,e&t HERSweke3BE BUQM: aVaifiPor HPRSS Wilid] g/ dhaf2. 702,
Sarstedt, Newton, NC) containing 0.1 nil80% di butyl phthal ate- 2U% oI ive oil,
the i ncubat Hylihdfrdnbﬁlﬁmmﬂﬁtﬁesmhﬂﬂg 00 6yt bifldQytdmady (BB notakvem)b Batesblased free
counts were separated by centrifugation as described (Kuziel, WA, S J.
Nor g¥n, Tireprodysiosohe husam@ $xpiessian PLEMIdSHR trepsdested fato mugise myplomaggllife Sp20009 7
§g¥le£|ee;]tequgtpleeg|c§6nd+l c% ge\?_'egegsn%: eg for g@e dresglgarq %qeent?ng ia \@%g\te ItrglgfecltaQtsm ce
94: 12053- J,;Qg&}zedg;lmq;s,@g@gﬁ,b%Q;ntymmﬁﬁpeat ed three tines. Results The

rel ative binding affl nities of the MuTN228 and HuTl' 228 anti bodi es were
conpared in an ~-'Sl |abeled antibody conpetition experiment as described
in the Method. A representative result is shown in Figure 13. Both MITN228
and HuTNZMorrpet ed with zsl -I abel ed MUTN228 in a concent ratl on dependent
25 nner . control  antibody l\/UFd79 eat abl e
conpn§t| tion at aﬁ ﬁmggnc‘é%etdr e C%seqf“ﬁmde ea al%lvf ﬁ%@?
HUEPSC7 db ghd i®twess Qﬁﬁﬁh@d Watshivedidlne Medal. etle W@n chddghr gé%gsl \&QQ cfoﬂ@tntot he
HuUTN228 anti body recogni zes the CD28 antigen through V-region specific

i nt er act i hasYe2NhendpTE@ctor] resestioly, a2 $own 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 transiently transfected into
monkey kidney cell line COS-7 to proﬁuce the HUTN228 antibody. Spent medium from the transfected cells
was tested by ELISA for the production of humanized gG2M3 antibodies and by flow cytometry for binding to

25 FA15/CD28" cells (data not shown). Spent medium was positive in both assays. The yield of humanized antibody
from transient transfection was -3.7 g/ml. The HuTN228 antibody from transient supernatent bound to

P815/CD28" cells in a concentration dependent manner (data not shown).
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WO U2/ -t7721 PCT/ USO1/ 479ss MuTN228 and HuTN228 for all three experinents
arc shown in Table 3. The apparent binding affuiity of HuUTN228 was

appr oxi meawelog/42724 fold | ess than that of the MiTN228 anti lrdyusolabdse 3.

| -125 conpetition sunnnary 5 I Cso (nM ConpetitorExpt 1Expt 2Expt
3AverageSt. Dev. MUTN2280. 931. 051. 021. 000. 06HUTN2282. G52. 432. | 32. 400. 26
Exanpl e. 15 Am no acid se9uenci ne of the hanster anti-nmarine CD28 anti bodX
Met hod 10 Hy brstaglie fastedtich @Sha/0eiti s humbhie:d Apssitn asttobkank ntsfeattitilto PRI CD28
hybri doma. PV 1 was obtai ned from ATCC (ATCC HB-12352). Purified PVI,

R- phy c oerfyttkerpraductife obE3tabiecsel] ling atrent mphA fropeseveralupséebiantscrdrefigstodrioSbatrdilagtipn of

Bi ot ech S h t nti-CD28 ti body 37.51
vae £ 1 om BRI o S e ko SRR LRes Dot DS PidoPESEel |
(FITC) - cosama%ap&&qcnqmagpmmn G’iﬁ@@ﬁyba&mb@eﬁﬁ;fgg mbdlR, frbohygONi ugat ed

donkey anti - Ian hanmster 1gG (H+L), FITC conjugate donﬁey anti 15 nouse
‘| gG 6 H+L)purifid E?En F(0ak 'of) sgenehsdioayby affidity cirthhfography.Crie lvktld bf pdBfied ahilbiwdsa G lsgon

| mmunoResearcli (West Gove, PA); and FI TC- conjugated goat anti-nouse
kappa, R-PE-conjugated goat anti-nouse |1gG3, and horse radi sh peroxi dase

(HRP) - cor% ug ﬁd oat ti -mouse kappa were from Sout hern Bi ot echnol ogy.
Goat ant i=>ft @ﬁ%{)use | gG3 i sotype control FLOPC 22 were from
Si gma Chemi calgge bfSle-ni &:Lﬁum?zzs M@essmér tpa%sfé%{aﬁmﬁ]dn?tﬂe ﬂgﬂﬁh%ctlmonm&

anti body 145.2Cl11 and its hanster/ nouse chinmeric version 145] 2CL1- gG&3 20
Wer e genet7aimbd GIBCOMybridodh@iumties ryed1u5|(55@0§@ jouspad, eitk Tedbholdiel)] SyaGulfufcOmM

Boehri nger Mannhei m (I ndi anapol i s, . Cloning of variably a reei on cDNAs.
The ¥ regﬁlﬁ?ﬁlafé‘[bwalf’?ﬂed hra cqllivighitity EPPRBC ByybelolandieadesfonPyR mpeptein-4| oned from

doscr] bed By tsour A o onry eI Ao Sabrpur s bR Ay,
Avadal ovig Na@ £ 2. ﬁ@lﬁ%luﬂb Bloin Wik ihiyfed oSS Qhanéeggt‘% .L1bs a&dﬂﬁéﬁﬁ&al@é onto a PD-10
148: 1149- 1154, ). Anplification was performed on cDNA using 3" prinezs that

anneal r esp®agtquilibhtyd with PBR eonhainivg inaidditicag pa Mokl Jlhertissalted 1@dtdin Slui@GaOflsed and a

5 prinmer that anneals to the added Gtail of the cDNA For 24
through a 0.2 m filter prior to storage at 40C.

15

Example 11. Purity determination by size exclusion HPLC and SDS-PAGE

Methods
Size exclusion HPLC was performed using a Perkin Elmer HPLC system consisting of a PE ISS 200
Advanced LC Sample Processor, a PE Series 410 Bio LC Pump, a PE 235C Diode Array Detector, and a PE
20 Nelson 600 Series LINK. Perkin Elmer Turbochrolm Navigator Version 4.1 software was used to control the
autosampler, pump, and detector, and to acquire, store, and process the data. Separation was achieved using two
TosoHaas TSK-GEL G3000SWXL size exclusion HPLC colurmns (7.8 mm x 300 mm, 5 m particle size, 250
pore size; catalog # 08541, TosoIlaas, Montgomeryviile, 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 mL/minute. The
25 colummn eluate was monitored spectrophotometrically at both 220 nm and 280 mn. The injection volume was 60
1(60 g) of the HuTN228 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

recommendations. (Results)
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WO (12/ 47721 PCT/US01/479SS V~ PCR, the 3' prinmer has the sequence of 5
TATAGAGCTCCACTTCCAGTIGCCC ( SEQID NO: 2 0 ) , with residues 11- 24

hybri di ziW@Q i2872lhe hanster C~ region. For VH PCR, the 3' HRATHR0I/4MRS t he
degenerated sequences of (SEQID T rCs:17) 18 and 19): AGT 5

5' TATAGAGCTCAAGCTTCCAGTGCATAGACCGATGEECCTGTCGITTTGEC, T with residues 19 -
50 hybridizing to nost rodent 1gG CHL. The non-hybridi zi ng sequences in the
two prinmer setrke paf bAhdisola@s HETN2DE dafibody wae Snalyse by 20 Exclbi@i LG and BDS-PYGEANd VH
cDNAs were subcloned into a pud 9 vector for 10 sequence determ nation. To
avoi d PCRhgye&retitienpradijorf HuTN2p3dpnot fholep Sarden thisingysissthe mygteiein IR% aDNMeymad e
sequence and. only the clones ose sequen greed with the consensus
'sequenceq‘eﬁé]?eé“°8'ﬁ%’§%ﬁs}’fnbdm§x°parpé"§e W&le%‘ﬁf% g"%ll-"@ 1. Results 15 Conin of PV1
\ regl on CDN“%DSIR@E‘PM lsldfg]bENﬁip%otg&QXﬂﬁol%\ﬁhﬂ(MOJSQE @'ﬁu nd"f@)@ cl oned
fromthe hybridoma cells as described I n Mthods or the WV ) only 3
priner  cesdueBPHI7 tgmiisGIMS) haltrsibreddudhgloondiigrs ol iGdidted thytialbfotk aiibodiddbléke pr oduct

fromPV 1. A3 priner fromthe hanster Cy region, on the other hand, did
not vyiel dm&ﬁxlar Pwt ﬁfrawwéf’ 16°F‘I1?e§9513f6’é3met5§“°1 fﬁapretawadqf Frdeing PF@leFyblflih%F’ra PVI

uses kap ht chai 0 S ver.a eav. cl ones
wer e seqﬁleah uce}d“ a"ﬁ]g"d Y- ?"Wﬁ&‘pﬁf%%&%ﬁ aéﬂvﬁ W@f"%g g"fhb Htcfx{‘}ﬁm f‘ggbbectl vely.
Limted ChlilwidRthoRisE94ERGHuH3%8. | ndi cated that the cloned heavy and |ight
chains are not marine in origin. Exanple 16 Construction and expression of
chimeric PV 1-ThgikaBpe @H inliedtdacidt thR\Aotybbof tha FHGATNZBE avetiosy wa desibight MGRheierte@ed

m ni -exon segnents flanked by Xbal sites as described (He, X Y., Z Xu, J.
Mel PBse, 19G2 ighps @meyshow). Vasquez, C. Queen, V. Vexler, C. Kl ingbeil, MS.
Co, and E.L. Berg. 1998. J. Innnuraol. 160:1029-1035.) and they were
separately introduced to the light chain and heavy chain expression

pl asm ds gyl 1218Acs Fagchidilcfper@}ON CONtai ns a signal peptide sequence, a

mat ure variabl e region sequence and a 30 5' splicing donor sequence derived
from t he Madsts honol ogous nouse J chain gene. Sucli splicing donor is used

to splice the V region exon to the nmouse anti boglf/ constant region. Each
m ni - exon was ASEgiipa Feedmeayas fpnaysingeriyl fwotdd diluggns efMUTNZ2EFT Gptihohdegipming7 9 SS

15 at 250 ng/test. PR15/CD28” cells (3x105 cells/test) were incubated with FITC-labeled antibody for 1 hour on ice
in 100 1 of FACS Staining Buffer (FSB =PBS, 2% FBS, 3% notmal mouse serum, 0.1% NaN,) washed with 2
ml of FSB, and analyzed by flow cytometry (data not shown).
For the competition experiments, MuTN228-FITC (50 ng/test) in 25 10f 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 P815/CD28" cells (3x10° cells/test) in 50 10f FSB. As a control, P815/CD28" cells were
incubated with MuTN228-FITC alone (50 ng/test in 50 1 of FSB). HUuEP5C7 (human IgG2M3) and MuFd79
(mouse IgGl) isotype control antibodies (200 g/ml) 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 three 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 concentration
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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had been cloned into the expression vector to ensure the correct splicing
signal was introduced, and no PCR errors were generated. A vector was

const ructwe 0@782kpress botli the heavy and |ight chai n gerR€I/GH01HTASS
chimeric PVI-1gG3 S froma single plasnud. In this report, PVI-1gG3 refers
to a chineric antibody containing the hanster PV1 V~ and VH vari abl e

regi ons, a nouse |1gG3 constant region for the heavy chain, and a nouse
kappa cOonmERstY; didagiceipetk aith trieN2bks-Fine, idvating that RN aERIWIN228a6Hb6des PV
1.93.rg.dE (Fig. 14) was obtained by a two-step cloning process simlar to
t hat desceepdnezelthh GDIE@htigencthrough V-reglogepeeific iMprgtionsC.  Anasetti, and J.Y. Tso.

1997. J. Ininmunol. 159:36133621 .). The heavy chain constant region was
‘derived fromthe nouse y3 genom c fragnent, and the light chain 10 fromthe
X fragnment . Bok hetie.A6axY, 20dmli ght chain genes are driven by the human
cytonmegal ovirus nmgjor inmediaie early pronoter and enhancer, and they are
‘sepas at edddigds he transcription term nator derived fromthe human conpl enent
gene C2 (Ashfteld, R, P. Enxiquez-Harris, and N J. Proudfoot. 1991. EMBO
J. 10: 41974209 wewsfswtewfdwmmrpk@rca@m # 4pa#pd, Nalgalint, dlare)vilR 1D, Was epated P,

Ber 1981 S 8: 2072 6) i.s.drjven b nodi fi ed
SV48 ear I‘X}hﬁ(f ﬁ")‘% &b#—ﬂo Agg P’ég‘gk@r{%iég {Z ?fgeaﬁsﬁ?cﬁié‘? I%"t‘ig\’/f“ MRS °"F¥f&1ﬁl‘5f ngl e 15
plasm d veehlr %S “xe&min@@m@heldﬁb Gnc 18 dOR s DLo B0Y SR ££E) ik b /NSO, and
the iransfectants were selected for gpt expression. Spent nedia from

t r ansf ec toinites forB0 Binda avitly 708 d/wkiDsT Stifaibioek BlgHadg Buftet b OBY (cpsieaeiss @ﬁbrday ELI SA,
using goat anti-nouse | gG3 as capturing reagent and HRP-conjugat ed goat

ant il0 npuFeckiap Hla, hwdshed a@h @@W@PWIEF!@AI’WMI (EWR& PRED I TwsengBle & rhiktare f o r

I G I
Resul t o i ERFhRRaYS i AR RS ER B RdE st b o it g o
made int Qg &ﬂ'u@&(ﬁmﬂ‘fd:dr gmlﬁk cﬁd/ggltdr DRSO (saliRght hdbt B Gt 18R 8 WhsQlgeY €Ct OF
as described in Materials arid t hods and Fi g. e expression 25

vect or wastiplives intaifiga sdheto£200 i1ME1D Ia)typadonmeann’goaieﬂmpwlahd MuFa® (NBQ/hipinpr oduce
the chinmeric PV 1-IgG’3 Spent nedia from several transfectants were assayed
by ELI SA b offfeveisilseiagadisonn-grciffrasestionGls s rprstipeentzohd0blof FAeSeddsd f or

bi ndi.ng t.0 4 nsf ive in. both assays. One
traﬂéfectta”‘ltglj‘)ﬂﬁ“ 2285%‘?1 ?55@% iﬁﬁqiﬁ% fl%@ mﬁ%gi peReTEREPe YR Q¥ B ed to
grow i N Inobu@RoBSlotid)t THe@fite WRAhdBRed Bvooln térqﬁ%mae@& IEH(';ulrsvaliﬂglaMgo txh&kvé‘shfhg L spent
medi um by affinity chromatography. The yield was > 10 ny/ WO

02/ 47721 RGEIUSOLS wihBIG Bwied BYVBploe V7l dEhepaddie HRR €t g/xolncatafog ¢ hl&iil,lPlbff:d) ed
chineric PVI-1~G by HPLC and_SDS- PAGE Met hods Protein Purification. One of
the | ugh Y§G&3 aé%@éﬁ@? pigfist Maerplafeatat a%%edeep%@nmme fwdéwtgwmakrna pigr of

G bco Se I i.do. i S C h rvested
vhoncor | el REPLLAONE WBEIUTYs SBERL chld b RPURRIATAT, U8

| oaged Omio) vas Riddiko zplrtﬁbtv@ild'l The &&pﬂaﬁlaﬁae&%mmwo@ TRAkIRAR oﬁéalpu np
(2-3 M/mn). The colum was then washed wi th PBS containing an additi onal

0.1 M NaClens{tf Vayzdad & e This-pirignnt ohs rpfa@ld tweedin®s. 25 M) before the anti body
was eluted with 3.5 MMJC 2. The eluted protein was then desalted onto a
PD10 col um equilibrated with PBS containing an additional 0.1 M NaCl. The
desalted grgtein solution 10 was filtered through a 0.2 #mfilter prior to
storage at 4 C. Like all nouse 1gG3, PV 1-1gG3 at high concentrations (>1
mg/ L) preci pithabifngispecifiti otk KhTNREE ahdNWINAS ahbodietlidODOFNs Wapaidiganat 37 C.
The anti body stays in solution at roomtenperature. ~ Repeated cycles of
col &3 pr echipi4 empdinendperipnt a3 deseribedon e Metheds.t Aesprasatdtiyemesulbis shivmiy Fagere 130 t y  of

the anti term.,n s|i ze excl usi an LC and_SDS- PAGE.
Si ze exclb%g%/%‘hﬁ\é@{“é %Téu%%e P’fi?ﬁtefirﬁ'%" ‘iﬁ‘gﬁ%g{}/%{“ﬁé‘ma%f“ﬁ?WH8‘?*’“1?&’@“&?3? ¥m
~consi sti ngRf codudPkatibodies MAK7ALY ARGSE, &&o%mpét@m!ﬁm&ﬁﬁ%rm Shaibafin 6%% jpes 410
Bio LC Punp, a PE 235C Di ode Array Detector, and a PE Nel'son 0 Series
LI NK.  PerMvTN2E amé HuTRZR HandHodiesrechignize ghatD28 ah@ensmmughdlrragm@;fetmaﬁﬂam mged to
-control the autosanpler, and detector, and to acquire, store, and

process tlfe veiut gfM Eﬁa‘?rﬁ@& 156%3& 21k FSF @PBENeRS IO Tobls & e stive Srdimrf
Ggoo.’)g SW(LHu%‘N%fS v%g( al\’rlc%agc 9 6 fold less than that of MuTN228.
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20 HPLC col ums (TosoHaas,
si ze) 2501 pore size) connected in series.
pot assi urww@laspiat e/ 150 mM pot assi um chl ori de at pH 6.9,

was 1.00 nl/m nute.

undi | uted PV1-19gG3 sanpl e.

catalog # 08541, 7.8 mmx 300 mm 5 pen particle
The nobi |l e phase was 200 mM
PO/ Y0e/4795dw r at e

The col umm el uate was noni tored specirophotonetrically
at both 220 nm and 280 nm The injection volunme was 50 pL (63.5 ug) of the

SDS- PAGE was perforned according to standard

pr ocedur eablc 2 BLIR& Sethpbtiod fumprir i ty of the isolated PV 1-1gG3 was anal yzed by
si ze exclusion HPLC and SDS-PAGE. The HPLC elution profile of PV 1-1g&3 is

shown in Fig.
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seconda
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the incubation tubes were washed once with 50 10f BB, and bound and free counts were separated by

centrifugation as described (Kuziel, W.A., S.J. Morgan, T.C. Dawson, S. Griffin, 0. Smithies, X. Ley, N.

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

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

Resulis

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

1251

labeled antibody competition experiment as described in the Method. A representative result is shown in

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

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

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

HuTN228 antibody recognizes the CD28 antigen through V-region specific interactions. The ICs; values of
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antibodies to PV 1, EL4 cells were stained with excess PV 1 w thout PV
1-19gG3 and anal yzed. 25 For nouse T cell staining, BALB/c nouse splenic
cells (2.v80%234081cells/0.2 mM) were stained with 1 pg/m ®&CTHEE7HHG3

i sotype control (FLOPC 21) or PVI-IgG3 at 4 C for 30 mn, washed with 2 nil
of cold PBS, and stained with 20 pl of FITC conjugated 145.2C11 (10 wg/ m)
and 20 pl of R-PE-conjugated goat anti-nouse 28 WO 02/-17721

PCTIl USO1/Mult9i288 ahd a3 NEZRQor @1y i d dxperieiitdrc ROt Thblo B, Thespphiant bidmgatinid o€ 1 N t he
dark, the cells were washed with PBS and anal yzed by FACScan. 5 Results
Char act ertvZ¥#28 gps apiroxosately 2feld foyy thpn that chgNU N2 gntihpdsonei r~. PV 1 was used to
stain CD28-positive T cell line EL4 and anal yzed by FACScan. The pattern of
'staining indicated that PV 1 binds EL4 cells at two different sites (Fig.
17A) . I n B LiBRemBYbn @85! | as several Arnenian hanster anti-marine T
cell antibodies (145.2Cl11, anti-CD3; H57-597, anti-TCR and UCl0-4F10-11,
"anti sCTLA4) al so bi nd nonspecifi cal | xst@mCD28- negati ve 10 nyel oma cell lute

NSO (data_not shown). The Syrian hanster anti-CD28 antibody 37.51, on the
of her hanf&emisfiterds sgertilf i cal | YE4pb2 onl y qifentdi t e on| &lerdgecel | s| ftFPgy. 17B)|. It
appears q i Ltion-to €028 bhinding- PV. 1 alko_binds_nonspecificdall y
to other |3F 8 possﬂrgﬁl y thrmb?f t he car, Br%ydrat el ’eQ?ti n typéo'ﬁ‘?

interacti H—g e tHereht et et .gouu Aot co.tain
t hi s nongpeci f2| c bi n'|5ng acti,/i?'f[By. The "l\l’%tl body bi nzd4§ EL4 ce P% in

pattern stnviar to that—of 37. 51, and It does not binmd to U_)48-—m§gat-rve NSO
cells (data not shown) 15 Thus the nonspeC| fic binding property of PV 1
i i 5 A saqueiing abastipdy t | cul ar anti body and it
is elimnat ed upon Chl marl zatl on. To dermnstrate that PV 1-1gG3 contains
the CD28-specific binding activity, we used the FACScan conpetition assay.
In these ) riments, R-PE-conjugated PV1 was m xed with excess (25-fold)
unl abel e , PV -1gG& 20 or nouse 1gG&3 control, and the m xture was used
to b ai N fEhAdomSink Sntibddes, ST Whnehith HainGer aﬁh&ﬁrmehﬁﬁﬁ'hﬁ}(doqm@ﬂgwf Voidded Gy DUt not
i soi ype control, prevented R'PE-conjugated PV 1 frombinding to EL4 cells.
The i nhi MWMTQCyHBDw3129 I @,@Bema's R-pghs@erpthrior(R{PRadonjigate PRV Lweregpachayed fibmt er pr et ed
these data as PV 1 onpeted v~zth R-PEconjugated PV 1 for the CD28
sites butSopHhsm l?‘?ﬁ”h‘ﬂ?éy @Hﬁ%t@’& A1)-cThs Pyrigg hamsiprgpi- !ém%)?““bb‘@@ﬁﬂl%ﬁ%ll( Ar meni an

e e L

cluneri c mhddr tg@dmn) Frtcessjugiecl a&ﬂc@mﬁu.s}u& hmstet 16 (Hmmd-éoyugtagd ke b d&at e
R- PE145. 2C11' s nonspecific binding to cells. W also ci he rever se

conpet i tiRselXPEHLNRBE FUS | ISntEXaR MmOust 128 1H-Q) fore £V AR Immﬁ&cwﬁetk PV -
1-1gG3 for binding to ET~1 cells. Al though 1?V-1-19gG was not |abeled in

thi's casegjelpANaR 1HREGN m@&ymﬁ%&g%@ -pﬁxon}upa%dé&t H;ﬁusg SRR g donkey
anti-nmouse anti bodi es. e results in | 8C showed e |n I'bition
of PVl 2Qadish Yoh:iade (HRPY- %JUEEE/gMSﬁdHHous@K&E}SV&M SSuMdpt&gloto@v ot aﬂE| | s by
excess. PVI was al nost conplete, denmonstrating that PVl and PVI-1gG3 bind
to the sd%seéﬁ% @5@ousqﬂ|gﬁ%1sme cqpigol FLQREP2 e frors Sigms Ghewsicals (Bt havisde0)s Bheeni ¢

cell P coat ed e ecifically.5 recogn d_by the
seco?ldar y an '?‘m(% tf’reaéJtl ﬂ“% C@%ﬁ‘ﬁ'ﬁ% Hsgcmﬁfﬂs} °Ir/ 'r‘?lf)‘ﬁesc«?m?/‘ij sio %ﬁﬂliﬁ(@oﬁsl Y,
FI TGoconj yieakReted ﬂl%u%orlt%ry"‘@?(l—@&nﬁi@at@qdﬁfblﬁ Qasgfxgxln @Béhﬁng@&hdnﬁheﬁglnhﬁg %hls, 9G3

CD3-positive cells. In thé two-color flow cytonetry anal ysis.
speci ficaN.y stained CD3-positive cells, but not CD3-negative ceIIs (Fig.
19B). Mouse 1gG3 isotype control, on the ot her hand) did not stain the

CD3-positive cells (Fig. 19A), Thus, the chineric PV 1- IgGS recogni zes an

ant ! 08N t g b SERLERS AR TR fiS: DNRSI BRIl AER: RPOAALAGH T VI LY

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. Avadalovic, D.A. Scheinberg, and C, Queen. 1992. J. Immunol.
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-tail of the cDNA. For
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10 consistent with an anti-CD28 anti body. Exanple 19 I nduction of

Col Il a~, ~en I nduced Arthritis Methods 15 Mce were imuni zed intradei mally
at the bawe wH72he tail with 125 Itg of bovine Cl1 (Col | agT/GoLIESss

Kenl . -yukai, Japan) emulsified with an equal volunme of CFA (Wako, Japan).

M ce were boosted by intradermal injection with 125pg of bovuie Cl1 in CFA
on day 21. Mce were treated anti-CD28 anti body (PV 1-1gG3) at the dose of
| mg/ kg/ dag, PCRlkel 3NhtireShab thé deGiefa ok ' @aTreABtTccAIPAdated daws 1afioeso)t, Rati ni ti al
i nnnuni zation. Arthritis devel opnment was checked by inspection of four paws
on day 1ZXesglfits@l- 24 bridid@intie hansierth raibi. G) Vil (R, 6 pROers nf hadwpatratain  of f our
paws was graded fromO to 3 as described previously (Tada, Y., A Ho, D -R
‘Koh, T. \rauweseof BBQBNOS17 Bapdil9yl . 156: 4520, . Tada, Y., A Ho, T.

Mat suyama, T. W Mak. 1997. J. Exp. Med. 18,'; 231). Each paw was graded and
the four s%&’ﬁ%ic&%&a&@@%ré&ﬁﬂe& ATéG éc (i BloRCOr e per nouse was 12.
The arthritis 1 ndex was cal cul ate |ng t?’ue total score of the
experimental mce by the nunber of the tot al nunber of ntice. 25 Results 30
WO 02/ 47721 PCT/USI I 1/-179S5 M ce were imuni zed with bovine CI, and

obser ved Wi residkey ¥ -G Plridiziegfto most fadeint @ ClAThahay-hybtidizifigtsequercdsén tireeopraher

i muni zation, arthritis index was significantly reduced in mce created

With antict{pan éfﬁﬁ“i“ab%‘fﬁ ¥, f‘ES“”B“g‘S d ?c LP&‘%)V@QNP\? L(ES &@CI%%P‘PG PUEL? va0fop6) . 5

Exanpl e 2 BALB/,.c. and wer e obt ai ned
fr O%BCharsfqgcsmﬁ:flp °m?’ma ap gll)l avo'id%?k 898 Jc:) ‘ﬁ’ef% © f?%fﬁ%[‘ﬂﬁm CHRRH fﬂﬁfcg Wgﬂﬁll housed
inas peQEJu&ugedp‘ﬁa &@39@&%‘1&55%05@ ?egﬁclléctaé"cc'd Omﬁ tﬂé &BSQAS&QL@&QJ wc?eacﬁl §1 %’Lx&nlgssfﬂ‘lel tered

air and free access to food wat er mce were 6- age wh

exper i merchismenvePVe. i ni ti ated. Anti bodi es; 15 Anti - nouse si I ent CD28 (PV
1-19gG3) has identical specificity to that of PV-1 clone but it does not
have strong agonistic activity in vitro (Fc-->1gG3): Anti-nouse CD 154
(TRAP 1, 1gG 1) was purchased from BD PharM ngen {San Di ego, CA). CTLA4-1g
( CTLA- 4/ RRes@ts nera) was purchased from Genzyne (Canbridge, MA). Tail-Skin
transplantation; 20 Full thickness skin grafts (0.5 cn2) fromtail of donor
m cdfBALB/ c: H 2d) were transplanted on the dorsal thorax of recipient

m ce( C3H:. H 2b) and secured with a band-aid for 7 days. Gaft survival was

then fol |%%@a—fb‘?9Le¥éFﬁﬂ§L9¥i§h§F‘° T distd andibenyy cheda v é?;gfqﬂﬁlﬂg‘/‘?ﬁa‘smc?@f‘qdﬁé’a thgs the >80%
! O$S of ?r}ao%q%lﬁla%efc?gcd ugM ds 1;Flor t]?cLUa PC§t %}yl \S}galllxrfejra clgrr%x?o% g gl ‘\67%‘18 erfor med

using a npari sorr test.
consi der q%loﬁlcgﬁy }Ilellcf:\ﬁn:bNA%roduct from PV1. 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 uses kappa for its light chain.

20 Several light and heavy chain clones were sequenced and were found to contain the same Vy, and Vy,
respectively. Limited Cyl and C, sequence data indicated that the cloned heavy and light chains are not murine

in origin.

Example 16 Construction and expression of chimeric PV1-IgG3.

25 Method
PV1 Vi, 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. Immunol. 160:1029-1035.) and they were separately introduced to the light chain and heavy chain expression
plasmids (Fig. 14). Each mini-exon contains a signal peptide sequence, a mature variable region sequence and a
30 5 splicing donor sequence derived from the most homologous mouse J 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



Treatment protocols; Skin graft recipients were treated with 10, 50, 250 pg
of anti-nouse silent CD28, 250 pg of anti-nouse CD 154 and 100 gg of

CTLA4- 1 g wi@weHTRIered i.p. on the day of transplantation (PEAWSDY/HEIE on
post operative days 3, and 6. 30 31 WO 02/.17721 Results; PCT/USOLLt 79SS
Si mul t aneous bl ockade of the CD40 and CD28 T cell costimnul atory pat hways by
adm ni stration of anti-nouse silent CD28 and anti-nouse CD 154 effectively
pr ondt es hsdesh chhddags BS dxpBddion vewtdd to dnkurd Bddofpdd CsBlicin@6ial vadk infdtind¥B,lasd no@CRCt ed

their grafts at 9 days. Anti-CD40L mAb al one nhodestly prol onged all ograft
survi val etrsTeregnapipds) , but was seen to dramatically inprove survival when
conbi ned with CD28 extendi ng nedi an survival tinme(MST-) beyond 33 days.
‘This strategy is markedly less effective in admnistration of CTLA4-1g and
anti - mouse CDAQkc Rl coﬂ/strlqc‘tetit})em-gs o ﬂ;]e%eadﬁ%ﬁ hghE&f)Qigthng ofthe éﬁ{:ﬁé{?@f‘\ﬁltxg&” of Fab
and F(ab~2 fra~rnent and of anti-CD28 anti body 10 Preparation of Fab
‘fiagsent fioi aainglé plEiXABimanis e, P VAIEG3-1¢fet R A b8 artitidy bating tek2AS) 1 was
digested Wi th innnobilized-Ficin (Pierce) USA). Inmobilized ficin was

acti vat edmw it viariaBlepgionsy ?@Q“F@EGW@“%@EWM"F @? heewbam ﬁﬂﬁgmsm@watarfew& | . SntM
cysteine packed t.o was, added to the
col um, anéh Silighk ¢ lr}B'antgh e’é‘f’es%c’féec’rtorgv 12g'§1;§ ays am’# %(‘Scf RS OHRELREE hed wi t h
PBS and thfad ﬁﬁ%@scﬁﬂ@eﬁby%@ﬁ@ﬁ&i%&é Rk, Y Atdkebt] ﬁitibl&(t'fs@tlb@n.} IR0 GMseNL I at ed

di gest was applied to the gel- filtration col um (TSKgel - 3000SWkl , Tosoh,
Japan) anduapnmmawyamﬁaﬁnamegMﬁﬂsmmamamﬁekb@ﬁaﬁ@aamdﬁﬁgﬁmaﬂama&admby
ultrafiltration. Protein concentration was determ ned by absorbance at
280nn ( AloR8E rtragmedt. Both the haytyrahd lighirebhint gvees fire deiyancytthedinpad cyiasgdoinismmir by

SDS- PAGE.. 20 Preparation of F(a 2 ftagnment of anti-CD28 anti body

Ant i - hundHepEgar moifrﬁiswd Wﬁ@‘“ﬁra%éfﬂé’dswf‘ttﬁbvﬁ’é“%ﬁ‘é“ oFrEEhePT desvedifian thef  Fab
fragment helg(mcec tplt.jm%xlit gne ﬁﬁ)né I’I;’igl On ams n%tl\%' proud("oof 1J9§rEMBP§nlq 4547}6 peri od

of incubation one ver Vi 0us y, ‘nume icati‘ons and

vari at i ongorof Tﬁehaecmmaaaxtgpt fxantiiQn, . andRssEba. p,ec M;glaéadcsfn tdierabpye
teachings. It is therefore to be mderstood that within the scope of the

appended 2076xis deven byrenodified§ M40 early prasyotdyeFqp pxpetsiog eftheahiimenioiVe g3 1bersingls
specifically described herein. All publications, rgat ent applications,
pat ént s, PHFBII BIclREYs @’Ffé‘?‘@ﬁﬁ‘é@" HER ‘P’B}?EIGCCH LipedySh 2a¢ ¢ apespbY e selertag for

referenc e errEsggnl rSpe%pmédla%r Qﬂ'transfectants were analyzed for mouse IgG3 antibody production by ELISA,
using goat anti-mouse IgG3 as capturing reagent and HRP-conjugated goat anti-mouse kappa chain as
developing reagent, The assay is specific for mouse IgG3; other mouse IgG isotypes are negative in this
analysis.

20

Resuits

Expression of the chimeric PV1-IgG3. The cloned V| and Vy 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 IgG3 antibodies and by
FACScan for binding to EL4 cells. Most transfectants were positive in both assays. One transfectant was
chosen for its high antibody productivity and expanded to grow in 1 L of serum-free medium, PV1-IgG3 was
purified from the 1 L spent medium by affinity chromatography. The yield was >10 mg/L.

30

26



30 32 WD 02/.47721 What is clainmed is: 1. A silenced anti-CD28 anti body.
2. The antibody of Caiml which is a chineric antibody. 5 3. The anti body
of C ai mwowbitzhii s a humani zed anti body. PCT/ U S01 /-479F¢TAUsoTA®sant i body
of Caim1l which has a variable region conprising the am no acid sequence
in. SEQIDNO:2 or SEQID NO:4. . 10 5. The antibody of Caim21 which has a
variabl e region conprising the antino acid sequence in SEQ ID NO:2 and SEQ
I D NO: 4. E@mmelmﬂafaeeﬁyat% JBhR ﬁemlfﬁ@nmw Qs Hﬂ‘]i@aﬂc?@b@?A@@mr' sing
t he ami no acid sequence 1n SE e an ody of
Claim1 which has a variable region corrprl 5| ng the am no acid sequence I n
SEQ ID NO; 6 and SEQ I D NO: 8. .20 8. A polynucl eotide encoding the anti body
-of C ai mMetho®. The pol ynucl eotide of C aim8 which conprises at |east one
pol ynucl eotide selected fromthe group consisting of SEQ ID NO 1, SEQ 1D
NO: 2, SE&rotefy Bupification 5O¢ °§E@“$hﬂﬁq’€ltfx2¥ess’%m?s@“amc@%pﬁﬂe§% oW &L eHibeonpri si ng
‘the Ol y%Ud %Otl-!c[}lggd&%]; mccu.g1 @Reﬂt cui&u%supse{np}anq wrs harveslec!i wl(1:enc V{aﬁhg gactlg(ligg % o1

pol ynucl eot 1 sl on vector
of O ai MpdiBv, cetlentkated 1’2008, AR0add oftb Q6 HCHrdIGn- aséahir@sgamﬂlmamgl mla@nfmody
conpri si ng 33 WO 02/.17721 PCT/ USOL/ 479SS cul turi ng the host ce of

Cl ai m 11 (#hdninj Ghdpluinowes tsuwasied weh FRS coroipuges aiditipnabf.1 ¥ iNeCldikl chhroeyratand

of NaCl was 0.25 M) before the antibody was eluted with 3.5 M MgCly. The eluted protein was then desalted

onto a PD10 column equilibrated with PBS containing an additional 0.1 M NaCl. The desalted protein solution
10 was filtered through a 0.2 pm filter prior to storage at 4 °C. Like all mouse IgG3, PV1-IgG3 at high

concentrations (>1 mg/mL) precipitates in the cold but returns to solution by warming at 37° C. The antibody

stays in solution at room temperature.: Repeated cycles of cold precipitation do not seem to affect the antigen

binding activity of the antibody.

15 Purity Determination by size exclusion HPLC and SDS-PAGE. Size exclusion HPLC was performed using a
Perkin Elmer HPLC system consisting of a PE ISS 200 Advanced LC Sample Processor, a PE Series 410 Bio
LC Pump, a PE 235C Diode Array Detector, and a PE Nelson 600 Series LINK. Perkin Elmer Turbochrom
Navigator Version 4.1 software .was used to control the autosampler, punip, and detector, and to acquire, store,
and process the data. Separation was achieved using two TosoHaas TSK-GEL G3000SWXL size exclusion

20 HPLC columns (TosoHaas, catalog # 08541, 7.8 mm x 300 mm, 5 pm particle size, 250 A pore size) connected
in series. The mobile phase was 200 mM potassium phosphate/150 mM potassium chloride at pH 6.9, and the
flow rate was 1.00 mL/minute. The column eluate was monitored spectrophotometrically at both 220 nm and
280 nm. The injection volume was 50 puL (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

27



recovering the expressed anti body fromsaid culture. 14. A nmethod of
produci ng a silenced anti-CD28 anti body conprising 5 culturing the host
cell of QVIAHI2Iunder conditions suitable for expressi on PSIT/E9a/4#36i body
and recovering the expressed antibody fromsaid culture. 15. A nethod of
produci ng a silenced anti-CD28 anti body conprisi,ig introducing the

pol ynucl eotide of Claim8 into a host cell; 10 culturing the host cell
under coribiut 158 W3 (Figy 1 FAa bThe mingnbarsly gsprein Eig.d A wére arfifactsaing fo bejling of theseplesdnfRSr i ng

t he expresse nti bod romsaid culture.. 16, .The thod of Claim15
wherein s& ‘iﬂ’g‘ﬁ‘g‘lc@?ﬁ'uﬁféfi{lﬁcﬁga’% ‘?’f"g‘@gm’%{‘ft‘a iplgrplgin %W@%QS’P%HUE?“@ fitfe sel ect ed
fromthe | §ikd Dei@fun okl Nk s (RE oNelindi : and SEQ
1D ND; 4, ARG O e etk St Pz S et sty

conpri si my1ligs robsisdtypgcohtd, hedaheRshhio Rithatddoasr woikht GlghiyHigh® tHa¥has0&DNOSt Ccel |
culturing the host cell under conditions suitable for expression of the
"ant i body ;Tokepripr peighh ey prgn Vikde xhe kagster@ntipdyiPH b thys ithepbas baatvlveasylation . 20 18. A
phar maceutical conposition conprising the silenced anti-CD28 anti body of

C ai m 1 deponic Phbpridecucieghtopylsentptnnhers i hyfreaolickain As digussed lamptthiod of

i nducing T-cell tolerance in a patient conprising admnistering an

ef f ect i vemambgliyrbsyBGonpiteinhay cntibunadyvof nofishaifivbiddidg tb ¥4 caid peapdbeel | t ol erance
to said patient. 20. The nmethod of.C aim 19, wherein said adm ni stering
further cesipeibelyduatagisiaptiont eri'ng anot her i munosuppressant. 30 21. A net hod
of providing i nmunosuppression in a patient conprising adm nistering an
effective anount of the antibody of Caim1l1 to provide irnnmunosuppression

to sgid Sutg 3-t WO 021 -17721 PCTI US01/479SS 22. The method of Caim
21, wher m—w‘t“ alrd adm ni stering further conprises adm ni stering anot her

I MMunosuppiRgsant .
Flow cytometry. Murine T cell line EL4 cells (2.5 x 105 cells/0.2 ml) were stained with 1 pg/ml of PV1, 37.51

or PVI-IgG3 at 4° C for 30 min, washed with 2 m! of cold PBS, and stained with 20 pl of specific fluorochrome-
conjugated secondary antibodies (10 pg/ml). 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).

)

In the competition experiment, E1.4 célls (2.5x 105 cells/0.2 ml) were stained with 1 pg/ml of R-PE-PV1 and

25 pg/mi of PV1, PV1-1gG3, 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 ml) were stained with 1 pg/ml of PV1-

1gG3 and 25 pg/ml of PV1 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 binding of the secondary

antibodies to PV1, EL4 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 105 cells/0.2 ml) 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 pl of FITC-conjugated 145.2C11 (10 pg/ml) and 20 pl of R-PE-conjugated goat anti-mouse
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23. A nethod of treating organ or tissue transplant rejection in a patient
conprising adm nistering an effective anount of the antibody to treat organ
or tissuevorangBlant rejection in said patient. 24. The nATOBOH7EFai m 23,
wherein said adm nistering further conprises adm nistering another

I nruuuosuppressant. 25. An anti body sel ected fromthe gr oup consi sting of
HUTN228 and MuTN228 and Fab fragnments 10 thereof and F(ab)'2 fragnents

t her eof . 1633 (10aE/MANGfter AR MmN INGbAIGN AGXC ia thadarjythe pdls Aer@wolhed with PBS and analyzed

& A A& AN&. Aa&. A( & A& A(& A(& A& A& A9r. AN9. A; & Au9. A;

& A9. AN&PRERCSRIAENE, A9. Aug&) *, Capsvyf
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a] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] ca]ca] ca]ca]ca]ca]ca! % &&& """ ((((
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Mice were immunized with bovine CII, and observed for development of arthritis. At day 11 after the second
immunization, arthritis index was significantly reduced in mice treated with anti-CD28 antibody (0.63 =0.50)

(P<0.01) versus control (7.50=0.66).

Example 20

Methods

Mice;Animals

Female BALB/c and C3H mice were obtained from Charles River Japan, Inc. (Yokohama, Japan). Animals
were all housed in a specific pathogen-free facility in microisolator cages with filtered air and free access to

food and water. All mice were 6-8 wk of age when experiments were initiated.

Antibodies;
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/Fc Chimera) was purchased from Genzyme (Cambridge, MA).

Tail-Skin transplantation;

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;1d secured with a band-aid for 7 days. Graft survival was then followed by
daily 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.

Treatment protocols;
Skin graft recipients were treated with 10, 50, 250 pg of anti-mouse silent CD28,
250 pug of anti-mouse CD154 and 100 pg of CTLA4-Ig administered i.p. on the day of transplantation (day 0)

and on postoperative days 3, and 6.
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20 Preparation of F(ab’)2 fragment of anti-CD28 antibod

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

conceniration of cysteine (1.15mM) and the period of incubation (one over night).

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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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

15 ID NO:6 or SEQ ID NO:8.

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

ID NO:6 and SEQ ID NO:8,
20 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:2, SEQ ID NO:3, and SEQ ID NO:4.
25 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.
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13. A method of producing a silenced anti-CD28 antibody comprising
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immunosuppressant.

23. A method of treating organ or tissue transplant rejection in a patient comprising administering an

5 effective amount of the antibody to treat organ or tissue transplant rejection in said patient,

24. The method of Claim 23, wherein said administering further comprises administering another
Immunosuppressant.
25. An antibody selected from the group consisting of HuTN228 and MuTN228 and Fab fragments

10 thereof and F(ab)’2 fragments thereof.
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