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approximately normal levels are also contemplated. Soluble forms of the receptor to
BAFF that block B cell function may aiso be used 10 inhibit B-cell mediated diseaces.
20 BACKGRO OF THE INVENTI
The present invention relates to a novel receptor in the TNF family. A novel
receptor has been identified, BAFF-R (or "BCMA”).
The TNF family consists of pairs of ligands and their specific receptors referred
to as TNF family ligands and TNF family receptors (Bazzoni and Beutler, 1996). The
25 family is involved in the regulation of the immune system and possibly other
non-immunological systems. The regulation is often at a "master switch” level such
that TNF family signaling can result in a large number of subsequent events best
typified by TNF. TNF can initiate the general protective inflammatory response of an
organism to foreign invasion that involves the altered display of adhesion molecules
10 involved in cell trafficking, chemekine production to drive specific cells into specific
compartments, and the priming of various effector cells. As such, the reguiation of
these pathways has clinical potential,
Induction of various cellular responses mediated by such TNF family cytokines

is believed to be initiated by their binding to specific cell receptors. At least two distinct
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Both TNFRs s the tvpical structure of cell surface 5 receptors
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fusion pigteins. TRes& A RE bSwShRl HRlEo of; . gad i.nhibitors
of events nedi ated by gi.ther_bsecret eds or u?ﬁ%?g@!aojcggﬁt}?lﬁy%gcﬁg%°fo bi ndi ng
to these |i garfgsyseyvepianieimmunegloiulin fiusidnpooteinnt Breacdimegc solutilh cel |
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toid arthritis_.an &he cute clinical ndr one
acconpanyi ng IWF%%%%T ?cghrsgk hat(c Eésé'g'ﬁaq'e ot Dgﬁiy. are %%Fcﬁf&rd et al .,
11996; vin Dubtcimsmsefatin ah cxpedifSm)l sef@eebut aiey Bave beérddcidastully Giai pul ation of
t he many evefI diated b ' lin t%ouhtgeUh%HFfamly of 20
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di seases andirthatis and theamdidinicahgadrofme AtovaipaslisEor €5 adrhimisirBforeERaL kol ogi cal
sequel ae dug, tp d [Tpage S ste@ L nvol v%rrent . A soluble formof a recently
doscribod r kel Feigmanne il 1996 vap Dullemen t al.. 1395). Onc can cavision tha
manipulation of the many events mediated by signaling through the TNF family of
20 receptors will have wide application in the treatment of immune based discases and
also the wide range of human diseases that have pathological sequeiae due to immune
system involvement. A soluble form of a recently described receptor, osteoprolegerin,
can block the loss of bone mass and, therefore, the events controlled by TNF family
receptor signaling are not necessarily limited to immune system regulation. Antibodies
25 1o the receptor can block ligand binding and hence can also have clinical application.
Such antibodics arc ofien very longslived and may have advamages over soluble
receptor-Ig fusion proteins which have shorter bload half-lives.
While inhibition of the receptor mediated pathway represents the most exploited
therapeutic application of thesc receptors, originally it was the activation of the TNF
30 receptors that showed clinical promise (Aggarwal and Natarajan, 1996). Activation of
the TNF receptors can iitate cell death in the target cell and hence the application 1o
tumors was and still is atractive (Eggermont et al,, 1996). The receptor can be
activated either by administration of the ligand, i.c. the natural pathway or some

antibodies that can crosslink the receptor are also potent agonists. Antibodies would
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Ware, 1997). 5‘ '%ﬂé&‘r\ﬁ%%‘éﬁ? E@Bf FRafSS RPAPEPY e RSIEPER o CDNA
cl one that mme@%emanﬂicmmrﬂmdewwﬂcam Itﬁht%hﬂs RicQS@Bi ncdRBYsi cation as
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factor, ]? —cgﬁactlvatﬂlg?actor longrlrgg to the Tumor Necrosis Factor

(“TNF) farm]y. BAFF is the same molecule previously described in W(0/9912964,

20 which is incorporated by reference herein.

In one embodiment, the invention provides methods of using BAFF-R.
Included in such methods are methods of inhibiting B-cell growth, dendritic cell-
induced B-cell growth and maturation or immunoglobulin production in an animaj
using BAFF-R polypeptide. Also included are methods of stimulating B-cell growth,

25 dendntic cell-induced B-celi growth and maturation or immunoglobulin production in
an animal using BAFF-R polypeplide or co-ctimulating B-s¢ll growth, dendatic ¢¢ll-
maused B-eell growth and maturation or immunoglobulin production in an animal
using BAFF-R polypeptide and an anii-T antibody, a CD40 hgang or an anti-CD4Q
ligand.

30 In another embodiment, the invention provides methods of using BAFF-R in the
treatment of autoimmune diseases, hypertension, cardiovascular disorders, renal
disorders, B-cell lympho-proliferate disorders, immunosuppressive diseases, organ
transplantation, and HIV. Also included are methods of using agents for treating,

suppressing oOr altenng an immune response involving a signaling pathway between
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i mmunogl obulin or an epitope tag sequence. |n another enbodi nent, ELRE
I nvention provides an anti body that specifically binds to a BAFIi FEB 7004

pol ypepti de @Wgal ly, the antibody is a nonoclonal antigdq@)eksey WO
01/12812 PC‘?{P 2507 -5 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1

shows the nucleic acid sequence (SE& 1D NO 2) of a cDNA for human BAFF-R
(BCMA) and its derived a@kmm@ﬁmm@gﬁp[@m@; |)- Potential start
of translation at either nucrerc acid resi 28; cysteine rich
domai n (CRD) at Figumeidishdves taenwm@gquwager@qosmm@w @E@N@Wﬂf?“@a'm no aci d
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nucl ei ¢ aci égrem gues g%hggé)’vcfd%%&%m%w@gure Zﬁgﬁ’g\r}]\ggt e nucI eic
aci d sequenﬁferaﬁﬁﬂ[@nldbexm nlciancd rasgiuel 219 oredls, amem mhlddmmqﬁaﬁ’det (SEQ ID
NO 3) of pJST C E- R Fc: esi dues
1-69, mutin®c "'{;‘c-f‘-c ’55%“??&@3?? P#@%%E@’E 7 (Ehb eI it 814 B SERSDS 222,
GAFF- R (nucket1g; aae ipdtched indhigsendbrare 3¢ giomataeleie amelreblalessmw FZEQI6, hunan

| gG. Figure § shows the nucleic acid sequence of pJST535, a plasmd
encodi ng a ME | engt h human BAFF-R and its derived am no acid sequence.

15 Figure 4 shov@ge 3khidwesithé mmmﬁdseqmcbeswﬁmm\lﬁ) Bﬁﬁzsadadv&AFF R
Figure 5 shows 293EBNA cells transfected wth either (a)CH269 Igl Qug) or

(b) pJST535 e By SC%‘FI‘EC':@%@IW&J%QH@&TW ?B]Ia¥mlldéﬁ@‘t4‘flw R-Feand st ai ned
with 0 1§U9|4d251emf deROr=H B 1 -49) miuRe F%Eﬁﬁ?g%%gﬁﬂ sSPERRE nidldGdEkd RbiBdessShows FACS

overlay of 293EBNA transfected w 5 and 20 stained as foll ows: no
| i gand (bl a?,Q(’fm ﬁ%&ﬁuclqﬁwciﬁcsrﬂu@gclﬁmgw pid Rosidges 323096, *msmnF (green).
Al'l sanpl es 1ofer € then stained with anti-flag M2 foll owed by donkey

anti - nouse IgG as described in nmethods in Exanple 2. Figure 6(b) shows FACS
hi st ograns wi t h lsguat B shdvesshofuckanesidsegesncerehnl S TSHL aiphismegd ¢nsodase 4 billl ows;

(1), st netyg i AOSREPR o R BRI EAARRD oD, () 28 Suglin
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Figure 5 shows 293EBNA cells transfected with either (a)CH269 (1.0ug) or
{(b}pJSTS35 (0.1ug), the plasmid expressing full length BAFF-R, and stained with
0.5ug/mi flag-hBAFF in the plate assay format.
Figure 6(a) shows FACS overlay of 293EBNA transfected with pJST535 and
20  stained as follows: no higand (black histogram), lug/ml flag-hCD40L (pink) or flag-
hBAFF (green). All samples were then stained with anti-flag M2 followed by donkey
anti-mouse 1gG as described in methods in Example 2.
Figure 6(b) shows FACS histograms with statistics of same experiment.
Staining is ag follows: (1)unsiained, (2) 7TAAD only, (3) ™ step and 7AAD only, (4)
25 Sug/ml flag-hBAFF. (5) 3ug/ml flag-hBAFF . (6) tug/m] flag-hBAFF, (7) 0.33ug/ml
flag-hBRAFF, (8) 0.11 ug/ml flag-hBAFF, (9)1ag-hCD40L 1ug/ml.
Figure 7 shows immunopréecipitations with BAFF-R-Fc as described in methods
in Example 4. Molecular weight standards in kDa are as labeled to the left of the figure.
Lane (1) 12.5 ng flag-hTWEAK, (2) 12.5 ng flag-hBAFF, (3) immunoprecipitation of
30 flag-hBAFF by 0.5m! BAFF-R-Fc conditioned media, (4) immunoprecipitation of flag-
hTWEAK by 0.5ml BAFF-R-Fc conditioned media, (5) immunoprecipitation of no
ligand by 0.5ml BAFF-R-Fc conditioned media, (6) immunoprecipitation of flag-
hBAFT by 0.5ml conditioned media from untransfected 233EBNA, (7)
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of the figur (1) 12.5 ng flag-hTWEAK, (2) 12.5 ng f - (3)
i mrunopr eci ﬁ?gﬁgﬁ of 30 flag- hBAFF by 0.5nl BAFF-R-Fc co'ln i Jlagﬁﬁ%g’ medi a,

(4) imunoprecipitation of flag- hTWEAK by 0.5n1 BAFF-R-Fc conditi oned

Todia (6 i RORERIIRL 8 AAEWERR by d Ao Ml e e S rect o
from untran§?lﬁﬂ2§i&- 293EBNA. (7) 16FEB2004 WO 01{ 12812 PCT/ UsOn2507 - 6-
Nt anat eot o oBBEs ol ST AR ek sy B Thief20R B o by T phigh

spl enocyt e pheciclfite pat hmots NEFM) movtpotitd 1ikth endGaibplcs cdlls By &re CPM)

i ncor por teg ihgst“ nmuse osfl?.l eno&g}g g%l S i? plotted 5 agai nst the anount of
human BAFF added {dgrom™) S "Eirgl BHERRE T ot of the results of a BAFF

bl ocki ng assay aRbyz shewBARt obtha isilg dfe}Eﬂa:iFibl&ﬁJn'gfasda?am&ﬁﬁg s Rer MFI (mean
fl uorescence, i,nt en i,tgé r,eaﬁ_i ng{s are plotted against the anmount of R hlgGl
(ng/m). Fi SU’FE'SR» ) Cglid0hish SreME} (mepp Flucrescence aptensiy) roadingsdie i n a FACS

anal ysi s f oplotd@adialst hddmblui®f RIGT Ggmhlyed h-1g (middle panel) or hBOVA-Ig
(l ower panel) and for wildtype Iittermate controls that received PBS

i nj ections (uppefiepsriéfa shoys s eliraxpression ! IgMamfiTal infa FACY amadyss0oh) shows
pl ots ofjgt hgs@XRI RSt - 2 h B IR PASP ALY 81 ting on | gD
positive popul g{%i ons @&e@ég%?%é@dééeﬁ%lgg r ecep\a}ggoﬁ?# %a"fﬁ]%(]ﬁ%?’é 15 panel)
or hBCMA- | gWiliHwe htigraatel cpnaplel thborecapiad dBSirjedtions @ippertpenap g devtrsbet at

recei ved ngar},}g]j;.qg;_ti ons (upper panel), as described in Exanple 11. Figure
10(c) shows plots of the expression of CD21 vs. IgMin FACS anal ysis by
gating on | gD nelpaticV 8t elmwsatotooishd owprBsibd of G welghvhatFaesaianerd h-1 g
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Figure 10(c) shows plots of the expression of CD21 vs. IgM in FACS analysis
by gating on lgD negative populations for Baff Tg mice that received h-Ig (middle
panel) or hBCMA-Ig (lower panel) and for wildtype littermate controls that received
20 PBS injections (upper panel), as described in Example 11.
Figure 11 shows spleen weighis for ail groups of Baff Tg mice (g1ven as weight
in mg +/- standard deviation).
Figure 12 shows a plot of proteinurea (mg/dL) vs. injection number for Baff Tg
mice treated with PBS, hig, h(BCMA-lg and for littermate controls.
25 Figure 13 shows a plot of the average mean arterial pressure (mmHg) in Baff Tg

mice and wildtype controls.

Figure 14 shows a plot of the individual mean arterial pressure (mmHg) for Baff
Tg mice and wildiype controls.

Figure 15 shows a bar graph of the percentage of SNF1 mice that display severe

30 nephnitis after treatment with BAFF-R-Ig (BCMA-Ig). HulgG or PBS.

Figure 16 shows a graph of the total CD1lc+ DC cell number (in millions) for
mice treated in vivo with 20 ug BCMA-Ig, 50 ug BCMA-Ig, HulgG or PBS. CDIlc+
DC cell populations examined were: (1) CD8a- CD4-, (2) CD8a+ CD4-, and (3) CD8a-
CD4+.



'Figure 12 shows a plot of proteinurea (ng/dL) vs. injection Bm or Baff

Tg mce treated with PBS, hlg, hBCVA-Ig and for littermate 1034

Figure 13 shows a plot of the average nmean arterial pressure (nmHg) in Baff
Tg mce and wildtype controls. Figure 14 shows a plot of the individual
nmean arterial pressure (nmmHg) for Baff Tg mice and wildtype controls.
"Figure 15 shows a bar graph of the percgntage of SNF1 mice that display
severe 30 nephritis after treatnent with BAFF-R-1g (BCVA-1g), Hul gG or
PBS. Figure 16 shows a graph of ]LtE bt DC cell nunber (in
mllions) for mce treated in -1g, 50 ug BCWA-1g,

Hul gG or PBS. CDl1lc+ DC cell popul ations exam ned were: (1) CD8a- CM4-,

(2) CD8a+l Opfmitonnd (3) CD8a- CD4+. 16 F E B Z004 .7. DETAI LED DESCRI PTI ON
1. Definitions The terns "BAFF-R' and "BCVA" when used herein enc

1ati Ve SequencEhEaR TBARS-BhndSEEFAR When UBAHETein FEERPAF BAE SEHERE HaFT T
herei 0y . I BAPRR I (et sfOh b AcfidToin Aot AFFOR ag ¥e RORedSiwoim as {1 om
muri ne” or i ssue ypes or from anot her sourcge, prepared b

r econbi namdrietrofsyumtdsesuck anfrom owsine ar humap tigwe SPELY! g Bﬂﬁ\i’r F?“r??o?fﬁ’lr‘?pé@g a
pol ypepti de_hay,i.n 0 acid sequence as BAFF-R derived from
nat ure. EY?P?C% P%égtts] quence@t& F-R can be isolated from 10 nature or can
be produced by recombinant or synthetic npbans. The natural ly-occurring
truncated or aee,a@teeéqdeﬁfmm-m tmn@AEd-‘aﬁleeptgie hs‘e)mslmeéa"ﬂ%ﬁ'ﬁ%‘oé?jﬁt ai ni ng

for instance, C b g

vari ant fé"rqH%“C(:és gAhE%‘f%‘P'Ffja&?r%%Vm%qch@g@ég 0 Ju %g%llu%a@?%écur ring
all el 1¢ V&gt sarDfe ﬁrnﬁlﬁlc e&mﬂ:ﬁnomayﬂhhmdmmffhc)nattlﬂaé)’-i)‘?ﬁ‘/'&fmgl wncaiet e
native sequence BAFF. tu [ BAFF- R
pol ypept i Géscéﬁﬁﬂrf?rﬂsr?é thf@%f% }gg 1?18@ for{"g) C‘Tﬁnﬁ% Poég%uny@ a§gﬂé@gﬁﬁrr agnent
ther eof . Fh@ain BAIENdR), Qxiurallg@bdurigg vacianriomis (0g., di@AmRAvety gdiced fosndrad to a form
of BAFF-R which is es taI a Fah

donai ns oMARHE-ORSUTRRER Y'ﬂ?”% inA{Eﬁ%ﬁ%%e]%(tl? a%cg%[ﬁg? lgf{;éﬁt onal 1ﬁy{}/nvlglellll ha\?evel ess
than 1% ofsc[fuhlﬁ‘da HARR rmmaatamf auIclenyth npive sevjuence ST pelnpbptidd ¢amppFias er abl y

0
have, | essammrt])aérgldg 1?(‘%@0?5%%%‘%98% orsﬁ'ag%n tﬁ)erglc!f.l y, BAFF-R ECD wil| conprise

The “BAFF-R extracellular domain” or "BAFF-R ECD" refers to a form of BAFF-R which
is essentially free of transmembrane and cytoplasmic domains of BAFF-R. Ordinarily, BAFF-R
extracellular domain will have less than 1% of such transmembrane and cytoplasmic domains and
will preferably have less than 0.5% of such domains. Optionatly, BAFF-R ECD will comprise

20  amino acid residues 8 to 41 of SEQ 1D NO: 1, or amino acid residues 4 to 51 of SEQIDNO: 1, or
amino acid residues 1 to 53 of SEQ ID NO: 1. In a preferred embodiment of the present invention,
the BAFF-R ECD comprises amino acid residues 1 to 51 of SEQ 1D NO: 1. In another preferred
embodiment, the BAFF-R ECD comprises amino acid residues 1 to 50 of SEQ ID NO: 1. It will be
understood by the skilled artisan that the transmembrane domain identified for the BAFF-R

25  polypoptide of the present invention is identified pursuant to criteria routingly employed in the art
for identifying that type of hydrophobie domaih, The exact poundaries of a transmembranc domain
may vary but most likely by no more than about 3 amino acids at ¢ithér end of the domain
specifically mentioned herein. Accordingly, the BAFF-K ECD may optionally comprise amind
acids 8-41 (SEQ ID NO: 1).

30 "BAFF-R variant" means an active BAFF-R as defined below having at least about 80%
amino acid sequence identity with the BAFF-R having the deduced amino acid sequence shown in

SEQ ID NO: 1 for a full-length native sequence BAFF-R or with a BAFF-R ECD sequence. Such
BAFF:R variants includs, for instanés, BAFF-R



20 amno acid residues 8 to 41 of SEQID NO 1, or amno acid residues 4 to
51 of SEQID NGO 1, or amno acid residues | to 53 of SEQID NO, .1._.l.n a
preferred enbodi nent of the present invention, the BAFF-R ECD c&ﬁé‘rﬁﬂs@y
am no acid [ S“I'H%i\f: | to 51 of SEQ ID NO 1. In another prpefrishddsor

enbodi nent, the F-R ECD conprises amno acid residues | to 50 of SEQID
NO 1. It will be understood by thé-skilled artisan that the transmenbrane
domain i dengélpge%ﬂa{s%e&h&?oﬁ%ﬁ%o% ARinD LU PEALIGe QhueinG deleReNtind dhent i on i's
identified pursuant to criteria routinely e oyed in the art for

i denti fyi ngot Gagrminppef Ui stppeircoph8EQIDAYREI PrdiTirdy exBstFHowndeiriiBs of a
transmenbr a ' ' 3 | ut 5

am no. aci dorie I dpo Bhn §PE Y AMina RR!cchlche ety B BB IBRELG
Accor di ngl yabduh20BannoRcHGEwnge 10ttty aad &vwen cuomppric Eeabdyratricast aboidD%B- 41 ( SEQ
I D NO 1%. 30. "BAFFE- R var.i.ant "w.ggatﬁng an ac Sicv‘%ml%Aﬁ.F-éa ﬁ?NBe I ned bel ow
having at | ¥0UP 2G4 5EA BGILEnU R WS HE AT SGITSH e Nt y Wth the BAFF-R
Pa?/: nlg thehdeduc-qvfércaﬁﬁ' (%) aaﬁiochcﬁi&qmn&eidsmﬁwwtmreslﬁEQBMMeqd:enmr a )
ull-length native sequence BAFF-R or with a BAFF- R ECD sequyence. Suc

BAFF- R var i $RP4iedhereiniis dehnse o5 he pelioeuageshaping apidgesigiss PR 1112812

PCT/ USO0t 2250 fericBthaP Rle YRR HAR HASHiRd fbi@REIdEds I8 AFH-RQeqiehdd, 4651 dues are
added, or deleted. at the end or Cterninus of the sequence of SEQ I D NO
1. Ordi nari Pgning thasRumcesant #RIodyFing £aps oy BecasalyeRAchigyiohe "MBBgRYSt 85% ani no

aci d_seqyentsicleabiol gl el Qndlingihy c6fiehvay @i dyperaci d

1 ) .
sequence identity, and even nore preferably at |east about 95%5 am no acid

sequence i déwtstqupnegidéntihedleninee fachupeseypicliteempinggEQer@IN® acid " Per cent
(% amno el deRe RRESah RoIhiebd in YodibLs RSP RE! orBARRINTnS SGN ATV, shdent | T ed
herein is defined as the percentage of amno acid residues in a candidate
sequence t hatstaageeusigepiblicaly awiitahletchmpatei sdtwari suclr @SBIAEE AldGNaer BAFF- R
sequence, a : HAER Nk necessary,
to achi eve I\'{?ggl?%ﬁ#%n@%%m%%t se%glglr]l%d;qil ent%ﬁ%}?&gﬁag%@?ﬂ@g&si dering
any congér vpirametes lilyshedsarinigah gnesit,paaiudifig aryluégosidosogededitdectisvey. Al i gnnent
for purposes_of determnin e nt .am no_aci sequence jdentity can be
achi bved ngamSTA TR PHAPEARIM T AP el RS ERE R f o

i nst ance, usi ng Pheakine &pitypeasgped abhen wsedipanie refao fd avchimesuphymptid8L AST,

ALl G\, Megal i STA ft .. Th illed in th
det er ni gtra ap %H:“%g?@@ oF QWB{?@F‘\%A&;]%H}'FFE@;EWS‘# aa?qujlr?ﬁfﬁ?t%cﬁ]@ﬁiginng any

al gorithns ngedagepiiade fadendvgh residues to provide an epitope against which an antibody

20  can be made, or which can be identified by some other agent, yet is short enough so
that it does not interfere with activity of the BAFF-R. The 1ag polypeptide preferably
also is fairly unique 5o that the antibody does not substantially ¢ross - react with other

-epitopes. Suitable tag polypeptides generally have at least 6 amino acid residues and
usually between about 8 to about 50 amino acid residues (preferably, about 10 to about

25 20 residues).

“Isolated™ when used to describe the various polypeptides disclosed herein,
meana polypeptide that has been idantitied and separated and/or recoverad froma
component of its natwral cnvironment. Contaminate components of its naiural
givironment aré matarials that weuld typically imtarfera with diagnastic or tharapautic

30 uses for the polypeptide, and may include enzymes, hormones, and other proteinacecus
or non- proteinaceous solutes. In preferred embodiments, the polypeptide will be
purified (1) to a degree sufficient to obtain at least 15 residues of N-terminal or internal
amino acid sequence by use of a spinning cup sequenator, or (2) to homogeneity

SDSPAGE under non-reducing or reducing conditions using Coomassie blue or



maxi mum al i gnnment over the full length of the sequences being qi r%&9 The
term "epitope tagged" when used herein refers to a chineric polméﬂ

conpri si ng BAFHm;20r a donmai n sequence thereof, fused to merabisag22507
pol ypcptide". The tag pol ypeptide has enough residues to provide an
epi t ope agai nst which an anti body 20°-can be made, or which can be

identified byreap sabdataRdelhed fet pk ldsmmdcﬁsmmbu&om std@dthint does not
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amino acid residues and usua bet ween abou to about 50 amino acid
resi dues (pﬂveﬂemamwﬁczeewpplo to about 25 20 residues). "lsol ated" when
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pol ypeptide that as een I de Ied and separate recove ed froma
conponent oﬁARFsRnmmmlarhalemmorlr@nmmdmmqmammgoemc@n@tmernhgng)f its natural

N1 ONMeNt QNS Splsfl APRY, JRHLE SR bl IORERELE Phbfed 2onostic or
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and ot her pfTae mxmamu:sonaﬁmmrmmy”qsmeﬁdﬁename&moaolanrﬁtmdy obuampal frbmrar ed

mbodi nent | fied (1) d fficient
o obt ain apopisieh oKl tmnsperkBusaPlborits s beledial “FeiRe aci o "

sequencagby ctdgridig e pOpuldtion GreGikihtis A Guepefopfossiblc raiitaltycchomagenei ty
SDSPAGE under non- redum&gﬁ? reduci g%?condl tions using Coonassie blue or
16 FEB 2004 MA9'939 Polgnay FRHRIIBIINY. nref erably, silver stain.

| sol at ed pol ypephi gerifidireishesioRObrreisial@al Y psict flepkdiilBh Nof # REpepideant cel |'s,

since at least one conponent of the BAFF-R's natural environment wll not
be present. FYFALEI V’EQW&\MFP"#é'&‘ E%Sé’ae”p%‘}P%‘e‘bffPﬂ‘é"WPfO‘%@ HPi@bar ed by

at | east onpgd Rwldid AGRIWBIWRIEE R natdrallp 8cduf! 'P‘r &%lyhﬂgéolylbe%nﬂ@ﬁ%sbn the
br oadest sense and specifically covers single nonocl onal anti bodi es

(i ncl udilhg aaeml@tfroraﬁwarg%h%&ces &i8d 3%&?9‘1‘3&@32‘?%@ elcarithigold? v tand ant i -

BAFF R anti Qﬁiﬁp porrp05| tions with polyepitopic specificity. The term
"nmonocl onal "ant'i body" as used herein refers to an antibody obtained froma

popul ation of subhkeEnms. areaingioiwrpenrsiandatherapptisasscd herein raftretd ndi vi dual

anti bodi €S cyraive therapy, prophylactic therapy, and preventative therapy.

it u

The terms "peptides”, "proteins”, and "polypeptides” are used interchangeably

20 herein.

“Biologically active” as used herein, means having an in vive or 1n vitro activity
which may be performed directly or indirectly. Biologically active fragments of
BAFF-R may have, for example, 70% amino acid homology with the active site of the
receptor, more preferably at least 80%, and most preferably, at least 950% homology.

25 ldentity or homology with respect 10 the receptor is defined herein as the percentage of
amune acid residucs in the candidate sequence which arc identical to the BAFF-R
residues in SEQ ID NG- 1. or which are identical to a defined portion of the amino acid
restduss in SEQ I NQi.

The term “mammal® as used herein refers 1o any animal classified as 2 mammal

30 including humans, cows, horses, dogs, mice and cats. In preferred embodiment of the
invenuon, the mammal is a human.

The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of cell biclogy, cell culture, molecular biology, transgenic



10 conprising the population-arc identical except for possible q¢ rif 20
naturally occurring, rrut ations that may be present in m nor anpunt's. %

"purified pr ration "substantially pure preparation” of a
pol ypepti de, %aa P%E?ed her e| n, means a pol ypeptide that has PGESIEYEREHr at ed
from ot her proterns i pids, and nuuberc acids with which it naturally
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The terns, "ctfnle:aatn rRuich et bmemmscxaedmmhﬂrewe. as used herein refers to
curative therapy, prophyl actic therapy, and preventative therapy. The terns

“peptides”, "prot tjdes" are used .interchangeably 20
herein. "Biol ogi (%F ”if“csc‘;"tq?v%‘” BRIt E é’odeﬁgr“efhr‘? Present peetersd enpodinents ofi vo or in
vitro a](c:t i vrthy:nvairl}onh'rmynvbﬁtupﬁéfaﬁ:rs rt’ﬁ?(ﬂ%: did (ﬂ'(BAEE; -Rfand ggiﬂ?l*‘ﬂﬂeha!{ed B:jO|h09i fa| ly
active fragnents.,o AFF- R ma or exa 70% ami no_ aci onol ogy
with the Sgctm‘é)gcuéeistl%erfelﬂ {hﬁém"r‘éé'e%%‘rumnﬁﬁf’@ﬁg% wdaby sperstion efast 80% and
nost prefer abirr)unoﬂbbdlﬁha%e ﬂﬂ%tiﬁﬂ@l'a@%bth@@sc'cﬁ%@(‘lﬂﬁﬂ aff BAPFR ng)é gW th

respect to th is defined herein as the percentage o am no acid
resi dues in' %C” ﬁ‘ar E@Sl&(@éﬁjéﬁﬁ&@lwmvehsrefrw'aamsswbd byimmencBAkEREd R

residues in diifletd AiditiohalXnidal &t | aegd qpor tion of
the amino Acid resi dues |)?i~l F. @ﬂ@dﬂ%ﬁ%ﬁ.@[m&%cﬁ\&%ﬁncﬂ gs used herein
refers to anfowAf ﬁﬁ?fdéméggﬂﬁrlbﬁusaglfammr B2FF R odlatet geye khaoomhene OWS

hor ses, @ogshc,mﬁﬁe[m cats. In preferred enbodi nent of the invention, the

manmmal 1s a human. The practice of the present invention wll enploy,
unl ess ot herW| se ThnBAEhtReand hoowinge tcrofiplodeed bpihquesamformed ithirel ogy, cel |

cul ture, t .G % 2812 PCTI USt 10R2507
-10 bi ol ogy, &ﬁlm%c('r%% Pﬂh%&g%ﬁmﬁ] e%:son%par%g'ﬁp %H_Ego }Mﬁ%’h BERFEsSGHIeN ar e
within the dkibelart, of prothecd from kSueh amemhnidcpu@&nwsearde&m lipgdariefy 4he
the present preferred

g e IRCRN N A AL
and BAFPSR neifdtiethefappohdmetheds direced fegkeridieasgs owt h and nat urati on of
B-cells and the ARS théarta'spcct &j the invention relates to the use of the polypeptide encoded by
the isolated nucleic acid encoding the BAFF-R in “antisensc” therapy. As used herein,
“antisense” therapy refers to administration or in situ generation of olj gonucleotides or
their derivatives which specifically hybridize under cellular conditions with the cellular
20 mRNA and/or DNA encoding the ligand of interest, so as 1o inhibit expression of the
encoded protein, i.e. by inhibiting transcription and/or translation. The binding may be
by conventional base pair complementarity, or, for example, in the case of binding to
DNA duplexes, through specific interactions in the major groove of the double helix.
In general, “antisense™ therapy refers to a range of techniques generally employed in
25 the art, and includes any therapy which relies on specific binding te oligonucleotids
scqucnce.&
AR antidénso construct of the present invendion can be delivered, for exampie, a3
an cxpression plasmid, which, when transeribed in the cell, produces RNA which js
complementary o at least a portion of the cellular mRNA which encodes BAFF-li gand.
30 Alternatively. the antisense construct can be an oligonucleotide probe which 1s
generated ex vivo. Such oligonucleotide probes are preferably modified
oligonucieotides which are resistant to endogenous nucleases, and are therefor stable in

vivo. Exemplary nucleic acids molecules for uge ac antisense oligonucleotides arc



I mmunogl obul in. The invention relates to the use of BAFF-R and %A

related nolecules to effect responses of the i mune system ad b FEB 2004
necessitated by i mune-related disorders. Additionally, this invention
enconpasses the treatnent of cancer and imune disorders through the use
.of a GAFF-R, or BAFF-R rel ated gene through gene 10 therapy nethods. The
BAFF- R and honol ogs t hereof produced by hosts transforned with the
sequences of the invention, as well as gtlve BAFF-R purified by the
processes known in the art , or produced fromknown anmi no acid sequences,
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probes are preferably nodified oli ucleotid whi are.re

endogenous nucl Hesdaimed injention in W&P’@gg‘gmﬁ?’ﬁ'ﬂf 5‘°ﬁ’ﬁes '\’/‘T‘@%? ogsénﬁpq%gﬁéegﬁ%rg{cg i C
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appr oachesiplethal Nsrintiskd thlapiec?d 4B DHEPtids @are denerated by removing one or more

nucleotides from one end or both ends of a nucleic acid which encodes the polypeptide. Expression

of the mutagenized DNA produces polypeptide fragments.

Chimeric molecules for use in the present invention can also be produced using techniques
20  known in the art. The present invention contemplates the use of chimeric molecules comprising a
BAFF-R polypeptide (or variant thereof) fused to a heterologous amino acid sequence, such as the
1gG Fc domain of an immunoglobulin. Preferably, such chimeric molecules are soluble and
comprise a soluble BAFF-R polypeptide. In a preferred embodiment, the chimeric molecule

comprises amino acid residues 1 to 50 of SEQ ID NO: 1 fused to an Fe domain.

23 Polypeptide fragments can also be chemically synthesized using techniques known in the
art such as conventional Merrifield solid phase f-moc or t-boc chemistry. For example, peptides
and DNA sequences of the present invention may be arbitrarily divided into fragments of desired
length with no overlap of the fragment, or divided into overlapping fragments of a desired length.

Methods such as these are described in more detail below.

30 Generation of Soluble Forms of BAFF-R

Soluble forms of the BAFF-R can often signal effectively and hence can be administered as

a drug which now mimics the natural membrane form. It is possible




anti sense therapy have been reviewed, for exanple, by Van Der Krol et al.
(198%) Biotechniques 5 6:958-976; and Stein et al. (1988) Cancer Res 48:
2659- 2668, specifically incorporated herein by reference. The B AR B0
the invention, as discussed above, is a nenber of the TNF receptor famly.
.The protein, fragnents or honol ogs thereof nay have w de therapeutic and
di agnostic applications. The pol ypeptidas. of the invention specifically
interact with BAFF, a pol ypeptide 10 previously described in WX9/ 12964
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20 Generation of Antibodies Reactive with the BAFF-R

The invention also includes antibodies specifically reactive with the claimed BAFF-R or its
co-receptors. Anti-protein/anti=peptide antisera or monoclonal antibodies can be made by standard
protosols (See, for example, Amibodies : A Laboratory Mannal ¢4, by Harlow and Lane (Cold
Spring Harbor Press: 1988)). A mammal such as a mouse, a hamster or rabbit can be immunized

25  with an immunogenic form of the peptide. Techniques for conferring immunogenicity on a protein

or peptide include conjugation to carriers, or other techniques, well known in the art.

An immunogenic portion of BAFF-R or its co-receptors can be administered in the
presence of an adjuvant. The progress of immunization can be monitored by detection of antibody
titers in plasma or serum. Standard ELISA or other immuncassays can be used with the

30  immunogen as antigen to assess the levels of antibodies.

In a preferred embodiment, the subject antibodies are immunospecific for antigenic
determinants of BAFF-R or its co-receptors, ¢. g. antigenic determinants of a polypeptide of SEQ
ID NO: 1, or a clogely reiated human or non-human mammalian
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closely rel a-RAAGHS BEPSBYR SRS MR mmal i an WO 01/ 12812

Various forms of antibodies can also be made using standard recombinant DNA
techmques. (Winter and Milstein, Nature 349: 293-299 (1991) specifically
incorporated by reference herein.) For example, chimeric antibodies can be constructed
in which the antigen binding domain from an animal antibody is linked to a human
constant domain (e.g. Cabilly et al., U.S. 4,816,567, incorporated herein by reference).
Chimeric antibodies may reduce the observed immunogenic responses elicited by
animal antibodies when used in human clinical treatments.

In addition, recombinant “humanized antibodies” which recognize BAFF-R or
its co-receptors can be synthesized. Humanized antibodies are chimeras comprising
mostly human IgG sequences into which the regions responsible for specific antigen-
binding have been inserted. Animals are immunized with the desired antigen, the
corresponding antibodies are isolated, and the portion of the variable region sequences

responsible for specific antigen binding are removed. The animal-derived antigen
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ref erence). (%ﬂ@rﬂf/tﬁaﬁﬂaﬂo‘ﬁ?@ss%ﬁa‘g@i!@hggcsd A geni c
responses eliefirdreél by aninmal anti bodi es when used in hurran clinical
treatments. In addition, recrrbl pant " hurranl zed antl bod| es" whi ch recogni ze
BAFF-R or 30 it 54 : 255 BiQdy R ZEGUERES bodi es are
chimeras conpri S'!ﬂgilogs of the BAFF-R can differ from the natura]ly occurring BAFF-R in

20 amuno acid sequence, or in ways that do not involve sequence, or both. Non-sequence
modifications include in vivo or in vitro chemical derivatization of the BAFF-R. Non-
sequence modifications include, but are not limited to, changes in acetylation,
methylation, phosphorylation, carboxylation or glycosylation.

Preferred analogs include BAFF-R biologically active fragments thereof, whose

25 sequences differ from the sequence given in SEQ ID NO: 1, by onc or more
conservative amino acid subsrinutions, or by cne or more non-conservative amino acid
substitutions, delatigns orinssriion: which 4¢ ndt abdlizh the astivity of BAFF-ligand,
Conscrvative substutons rypically include the substitution of onc amino acid for
another with similar characteristics, e.g. substitutions within the following groups:

30  valine, glycine; glycine, alanine; valine, isoleucine, Jeucine; aspartic acid, glutamic
acid; asparagine, glutamine; serine, threonine; lysine, arginine; and, phenylalanine,

tyrosine.
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horoin by rBPBPERGON e T o BREEL O o S R b CRRRBPEA DA and
Pepti de Sequs#iiegenchnatiogsirafsgéticarBAbloR eack 6litf drdmals voahtineurnateur al |y
occurring BAFE-R in 20 am no acid sequence, or in s that do not involve
sequence, or”SHBﬁH .‘hel\‘iéﬁ‘?l%'&? ﬁ'hcgscrel%’agPFg'ﬁrtaPﬂW§al|YH§¥\€%E¢3$‘W‘§7i vo or in vitro
chemi cal 1sder i vat iAZ @tdcfibederdifl 6n BFdmiddiMaRof (efivena, mediafd grativens i ncl ude,
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BAFF- R bi ol agdisradidnyor @il dbuas pRIALE dn ik S &fimaMBRE B AFF-R polypeptide or
co-stimulating B-cell growth, dendritic cell-induced B-cell growth and maturation or
immunoglobulin production in an animal using BAFF-R polypeptide and an anti-T
20  antibody, a CD40 ligand or an anti-CD40 ligand. Also included are methods of
inhibiting B-cell growth, dendritic cell-induced B-cell growth and maturation or
immunoglobulin production in an animal using BAFF-R polypeptide.
In another embodiment, the invention provides methods of using BAFF-R in the
treatment of autoimmune diseases, hypertension, cardiovascular disorders, renal
25 disorders, B-cell lympho-proliferaic disorders, immunosuppressive diseases, organ
transplantation, inflammation, and HIV, Also included are methods of using agents for
treating, suppressing or altering an immune response involving a si gnaling pathway
between BAFF-R and its ligand.
In one embodiment, the invention provides pharmaceutical compositions
30 comprising a BAFF-R polypeptide and a pharmaceutically acceptable excipient.
Suitable carriers for a BAFF-R polypeptide, for instance, and their formulations, are
described in Remington’ Pharmaceutical Sciences, 16™ ed., 1980, Mack Publishing
Co., edited by Oslo et al. Typically an appropriate amount of a pharmaceutically

acccptable salt is used in the formulation to render the formulation isotonic. Examplcs
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i "I RE BRI B AR R G mpeplog g e high are witbinithskiltofng B- cel |

production inan a

growt h, dendhd 4ri.cSiTB kdchiigoesceodeBeritRl in m&ﬁ%&h@.ﬂée%eiaﬁ'nemagmar q
e and an

I rmunogl obulc't]n .grg‘gttéhi on | r}Ylan ni mal using BAFF-R pol ypepti

anti-T 20 ant!Body, BB %'F%W%r@ffnmle Frijsgienil Madists. edsol uded are

methods of dabhbjigHighdi Laebiacofy P I0sS DMK Icibing 4 dihAJURES Bnge! | o7 owth
Hr 8t 1G1Ever, ed), 1985; Oligonucleatide Synthesis, (M.J. Gait, ed.), 1984; U.S. Patent No.

4,683,195 (Mullis et al.,); Nucleic Acid Hybridization (B.D. Hames and 5.]. Higgins,

20 eds.), 1984; Transcription and Translation (B.D. Hames and S.J. Higgins, eds.), 1984;
Culture of Animal Cells (R.1. Freshney, ed). Alan R. Liss, Inc., 1987; Immobilized
Cells and Enzymes, IRL Press, 1986 A Practical Guide to Molecular Clening (B.
Perbal), 1984; Methods in Enzymology, Volumes 154 and 155 (Wu et al., eds),
Academic Press, New York; Gene Transfer Vectors for Mammalian Cells (JH.

25 Miller and M.P. Calos, eds.), 1987, Cold Spring Harbor Laboratory; Immunochemical
Metheds in Cell and Molecular Biology (Mayer and Walker, eds.), Academic Press,
London, 1987, Handbook of Experiment Immunology, Volumes I-IV (D.M. Weir and
C.C. Blackwell, eds.), 1986; Manipulating the Mouse Embryoe, Cold Spring Harbor
Laboratory Press, 1986.

30 The following Exampl¢s are provided to illustrate the present invention, and

should not be construed as limiting thereof.
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i nfusion th deliverv,40.1.h fective form
Practice of i3l%'hsg:%%rﬁleésen “Fave ‘%6 for (helt eqlbtg(?oﬁ ’cﬁ@[ﬁ‘ h%‘?s%ﬁglf;(é'ﬁ"@c? “Bher wi se,
convent ilonalL8}-e28%)iag fidowaf Arhlehdubhncmb ogie, at mahi tepdrhturee Conditiegadl mddidi ol ogy,

e i i n° VResren gp v e 28 e e blph P GBLRRRESY i 1\ e
l'i terature. pB2e, 0.5mp/ne B8 04 % NINBand acubaddonih@sugmilAbosaBary Manual , 2nd
edition. ( Sgrirbtccp mli:’Bgz chnEa?n(%lbg fi r,r;ﬂ ﬁg&ba ltrrilI\S{’Ca%?Zs én)d’O.l% NaN3. After an | hr.
incubation, the BAFF solution was removed and the cells were washed with BHA. The
20.  cells were next incubated for 30mun. in a PBS solution containing 1ug/ml of the anti-
FLAG monoclonal antibody, M2 (Sigma). This sclution was aspirated and the cells
were washed with BHA. The cells were then incubated for 30 min. in a $:3000 dilution
of the alkaline phosphatase conjugated goat anti-mouse IgG F(ab)'2 (Jackson
ImmunoResearch). This solution was aspirated and the cells washed with BHA, To
25  reduce the amount of background staining due 1o endogenous alkaline phosphatase, the
cells were incubated for 15 min. in 2.5mM levamisol (Vector Laboratories) diluted in
HOmM NaCl, 100mM Tns-Cl pH2.5 and SmM MgCl2. For chromogenic detection of
alkaline phosphatase, the inhibitor solution was aspirated and the cells were incubated
with a solution of fast red and napthol phosphate (Pierce). Staining was observed and
30  photographed through a low power microscope.
The deposition of fast red dye was observed for all the wells transfected with
the BAFF-R expressing plasmid, pJST535. The frequency of the signal titrated away
as the amount of plasmid transfected into the cells decreased. No staining was

observed for the control expression vector, CH269, transfected cells. Also, no staining
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Exanpl e 1. De&i@FAGSlamﬂysBAFF binding to BAFF-R using a Plate Assay In this
exanpl e, the binding,o AFF .t 0 BAFF- nsfected cells using a plate 5
assay is descri bcei‘JH1 %ﬁfw MERY P “ﬁ I%AEEHQP\]/%ES Jgetiwsrisantected Bin BIAB pol yA+
RNA usi ngo't hE93E$}{JGEEeﬂl@IhS1ﬁ§ FIG4aee eraRhiihdet BlahMtik). tAl(M drasigrnol ogies) to
generate the c n@}sate and anplified by Pfu using priners

conpl enent ar P EE° “ﬁ’ﬁecfe@m?fi(fm“h@%@éﬁé'ﬁ'@éé"%ﬁ%,&PF S afde PCR product

was cl oned |éﬂuﬁle@‘ﬁ@@cell@w@ﬁrﬂm\él@édt\@i’ccwlthmmﬂfﬂsr(Ii‘ﬁyé(}n'faqlg %io%ﬂ?ﬁ resul tant
cl one was terned pJST535 Human enbryoni c ki dne l's tarning the

EBNA- 1 gene (odseanm O4g NaNtaddd vgmldias wasksop é@P@m@daw thén 2.5
fibronectin ang Jefiﬁxﬂ&fa%h@ﬂed%r1HrBRﬁ&%ﬁWL’]ﬁ3%h'AfF?dg Enﬁé Pﬂ Qb th

ei ther pJST535 at various dilutions or as a groun control . At
48 hrs post HCaprepEtioppranging ramdrugiride 0037 pg/miel ke cedls apedvdsbed witkei r abi l ity

to bind sol upAes bhfGhPRERRIIWIRAR S8i-FLAG monocional antibody, M2, at 5 ug/ml

for 30 min. on ice. The cells were washed with FACS buffer and incubated for 30 min.

AC/—\

OR ice in a solution containing a 1:100 dilution of R-phycoerythrin conjugated F(ab’)2
donkey anti-mouse IgG and 10ug/mi 7-AAD. After the cclls were washed with FACS

20 buffer, they were resuspended in FACS buffer containing 1% paraformaldehyde.
FACS anaysis followed where the 7-AAD positive (dead) cells were gated out.

The results of the FACS analysis indicate that a fraction of the cells that were
transfected with BAFF-R are able to bind BAFF. At a BAFF concentration of 9 ug/ml,
about 28% of the cells bind BAFF for a mean fluorescence intensity (MFI) of 366.

25 Using the PE-labeled donkey anti-mouse reagent alone, there is not a significant shift of
the cells. Only 1.3% of the cells have a MFI of 23.5 with the average of all the cells
being 5.5. The signal on the BAFF-R transfected cells titrates out with decreasing
amounts of BAFF. At 100 ng/ml, 8.76% of the celis have an MFI of 78.9.

30 Example 3: FACS analysis of BAFF/BAFF-R interaction including a8 GFP marker
In this example, the ability of BAFF to bind to cells co-transfected with BAFT-
R and a GFP reporter plasmid is described.
The 293EBNA cells were transfected with pIST535 and a GFP reporter

plasmid, as described in example 2. The reporter plasmid encodes a membrane
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FLAG hBAFF was omtted fromthe stai ning staining protocol or when anot her

TNF famly nber. and, FLAG. ta tyted for

f | ag- hBAFF. Exhmis 67‘2"'!‘“’&”%?‘&'?%‘ 8%‘3%5&.'&?% b’%‘%ﬁ@@? ENS0.| | s with BAFF
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The CRD of BAFF-R was generated by RT-PCR from BJAB polyA+ RNA as
+in Example | using as a 3’ primer an oligo complementary to nucleotides 132-152 of
20-  the hBAFF-R coding sequence. The resultant PCR fragment was cloned in CH269
downstream of a murine IgG-kappa signa! sequence and upstream of the Fc moiety of
human IgG. This construct was termed pJST538. The construct pJST538 or CH269
were transfected to 293EBNA by lipofectamine. Conditioned media and cell extracts
were harvested at 20 hours post transfection. Cells were solublized in 20mM Tris
25 pH7.5/50mM Naci/ 0.5% NP40/ 0.5% deoxycholic acid and debris spun out. An
aliguot of the conditioned media and cell extracts were combined with an equal volume
2% SDS reducing buffer, boiled and subjected to SDS-PAGE and Western transfer. To
verify expression, the membrane was probed with 1:3000 dilution of mouse anti-human
I2G conjugated to horse radish peroxidase (HRP) in 5% nonfat dry milk in TBST at
30  room temperature for 30 minutes and washed with TBST. Blots were developed with
ECL (Amersham) and exposed to film.
Immunoprecipitations were performed by incubating 25ng of either flag-hBAFF
or flag-hTWEAK with 0.5 ml of conditioned media from 293EBNA transfected with

either pJST538 or CH269 at 4°C for 1 hour with agitation followed by the addition of
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an MFl of 78n&liuBdyamph bloBanaRkicS/ imnadugs hrdi-MimdRAEG(BAkon R i nteracti on

i ncluding a er.. ln this exa t ability of BAFF to bind to
cells co-tr é@e”c eSlE(lﬂr{/W’t’Hdlﬁﬂﬂﬁ-th%ﬁ’i%&'@%%%ﬁbﬂséfﬁ"B?ré'é’rﬁ‘léfe‘issd #¥dscri bed.
The 293EBNA seakled. were transfected with pJST535 and a G-P reporter

pl asm d, as descrihed in exanple 2. The reporter plasm d encodes a nenbrane

16FEB20U WO 01/ 12855 "BRPIPHE3p #8807 band oas phsspyed anlzars msvikefube.  Usi ng
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Example 5: Generation of Soluble Receptor Forms:

20 To form an receptor inhibitor for use in man, one requires the human receptor
cDNA sequence of the extraceliular domain. If the mouse form is known, human
¢DNA libraries are screened using the mouse cDNA sequence and such manipulations
are routinely carried out in this area. With a human cDNA sequence, one can desi an
oligonucleotide primers to PCR amplify the extracellular domain of the receptor in the

25  absence of the ransmembrane and intracellular domains. Typically, one includes most
of the amino acids between the last disulfide linked "TNF domain” and the
trangmembrane domain. One can vary the amount of “stalk” region included 1o
optimizc the potency of ihe reculiant soluble receptor. This amphified picce would be
engingered to in¢lude switable restriction sites 1o atlow cloning inte varioug C-terminal

30 Ig fusion chimera vectors. Alternatively, one ¢an insert a stop signal at the 3’ end and
make a soluble form of the receptor without resorting to the use of a Ig fusion chimera
approach. The resultant vectors can be expressed in most systems used in

biotechnology including yeast, insect cells, bacteria and mammalian cells and examples
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indicative of a signaling event. TNF family receptors signal well in such a format and
this method does not require one to know the actual biological events triggered by the
20 receptor. The agonistic mAbs would be "humanized" for clinical use. This procedure
can also be used to define antagonistic mAbs. Such mAbs would be defined by the
lack of agonist activity and the ability to inhibit receptor-ligand interactions as
monitored by ELISA, classical binding or BIAcore techniques. Lastly, the induction of

chemokine secretion by various cells in response to an agonist antibody can form a

25 screening assay.



Sephar ose beads were washed twice with PBS and resuspended in Zﬂﬁ
reduci ng sanple buffer- After SDS-PAGE and western transfer, t Hozlﬂ@
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cDNA sequgnc d such mani pulations are routinely carried out in this

area. Wth a n cDNA sequence, one can design oligonucleotide priners
to PCR anplify the extracellular donain of the receptor in the 25 absence

of the transgenbrange i el | ul ar, domai ns. Typically, one includes
nost  of t he%&mﬁ%r%% 'Bgtﬂgéeaéﬂ'sfsr?emﬂﬁgf““df’ém T'E"GB"H qf Bkeedfs imNprmdnai n*  and
the transneMicane donmain. One can viary the amount of "stal k" region
included to optimze the potency of the resultant soluble receptor. Thin
anplified piece would be engineered to include suitable restriction sites

to al l owigl oni ng Eihoweekidl@¥nafe B AT B Makte wle bOrchitSh BHmEH vectors-
Al ternativel nsert _a stop_signal gt t he Tenj}'gg?'kgo&ake a soluble

,, one can j s
form of the ?5%'?9(56?{%(39& fE{?ﬂi’]'{’.ﬁ MEQ s Miige; (B/grouptyeeaieedipecither BBS. 0D giobn chi ner a
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biotechnologﬁ_including yeast, insect cell's, bacteria -an i'an cells
and exanpl esPPEEFRE09@E; of purified human IgG (HulgG) (Sandoz, Bascl, Switzerland) on
days -8, -5, -1 and +2. Mice reccived 100 gl of 10% shecp red blood cells (SRBC)

20 (Colorado Serum Company, Denver, CO) on day 0.

?1?15% .

At the time of sacrifice, blood was collected via cardiac puncture into tubes
containing EDT, and red blood cells were lysed in a hypotonic buffer. Blood was also
collected without EDTA for serum preparation. Single cell suspensions were prepared
from spleens and mesenteric lymph nodes (MLN) and red blood cells were lysed in a

25 hypotonic buffer. Flow cytometry was performed using PE-conjugated anti-
CD45R/B220, anti-syndecan/CD138 and anti-B7.2, and FITC-conjugated anti-IgM and
anti-CD45R/B220. All mAbs were purchased from Pharmingen (San Diego, CA).
Briefly, Fc receptors were blocked with 10 pg/ml Fc Block (Pharmingen) for 15 min.
on ice, followed by addition of PE- and FITC-conjugated mAbs and incubated on ice

30 for 20-30 min. Cells were washed !x and suspended in 0.5% paraformaldehyde. Cell
fluorescence data were acquired on a FACSCalibur™ flow cytometer (Becton

Dickinson, San Jose, CA) and analyzed using CELLQuest™ software (Becton
Dickinson).
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mice, respectively. The data are summarized in Table 8A.



formof the ligand for the ability to inhibit the receptor-liga
This ELISA can be used directly to screen varioud

i nteraction.
pr oduct
transf ect ed

assay (in this case cytotoxicity) thaa. c
assay. Exanp

Mce ¢
LabeEgtDﬂ’rélate(d?tﬁfccq‘lar bor,

Nor mal
Jackson
PBS, 400 g

libraries etc.

for inhibitory conmpounds. The
line such as the HT29 line to
can then formt

PMROY1281 e |

RIGi<Tera i BF BaiearBS
ME). M ce (3/group)
C_ D_ hlll n("’l (hBAEE-R-10

THuie 8o H celiopd

hunan - BAEE

kg
receptor can be
f or RAUSIER2eRi cal

he screening 10

ion in the nunber of B cells in
Sahde were pur chased from The
recei ved i

.p. either

Ter esa Cach

deean i & |

Basel, Swit
sheep red b
0. At the t
tubes cont
buffer. Blo
Si ngl e cel

nodes (MN)

cytonet ry wabHBAEFRor ned U8kl PE- coBpughéed ant$ +0[545I

anti - syndec
ant i - CD45K/
Briefly, Fc

B2 00 g DM

w-8, -5,

20 (Col orado Serum Conpar

me of sacrifice, blood was collected via ¢

aggsag EDT, and red blood_cells were |ysed

s also XA 2éted wirol? Hﬂ@*ép%m
BURPENSI ONs MBIe, prepar gd 4+ §.60mM sp] £¢

2? af
and red bl ood cells were Iysed in a

cBlood Bi ogen)
ver| and) on
ood cells (S

an/ CD138 and anti-B7.2, and FI TC- conj ugat e
0. All mAbs were purchased from Pharm ng
receptors were blocked with 10 g/nm Fc B

Al oA —aon—af DE El T(‘

ﬁnnl

-1 and +2. Mce received 100

)_fusion protein (supplied by

gG (Hul gG ( Sandoz,

of 10%
1y, Denver, CO on day
ardi ac puncture into
in a hypotonic

um preparation,

nd nesenteric |ynph
hypot oni ¢ buffer. Flow
R/ B220,

i anti-IgM and

gen (San Di ego, CA).
bck (Pharm ngen) for

15 mn. on
i ncubated o
0.5170 para
FACSCal i bur
anal yzed us
01/ 12812 PQ
appr oxi mat e
and in the

accounted f

£ | aad 1
1 \.,C, HoToWwet uy a6 oHt1+0h—0+1 T T

nice 30 for 20-30 min. Cells were washed

f or$gbenehyde. BEEPE®  f| BopeStpMMe d8imdedsi €
tm flow cyt Ler (Becton Dickinson,
ng CELLQUest software (Becton Dickin
TI USO0/ 22507 -23 After treatnment with hBA
y a 50% reduction in the nunber of B cel

pRBY pher al | 2xgitol.6 or gdd® + ekani ned + B320

or 23.4% and 21.5% of cells in PBS-
HuigG 3052 11.821.0 34207
HBAFF-R- 106+ 0.2 84+02 24102
Ig
MLN B220°
PBS 26.7
HulgG 358%3.3
HBAFF-R- 141+59
Ig

Sah | ose,

conj ugat ed mAbs and

x and suspended in
acquired on a

CA) and

son) . 16FEB2004 WO
FF-R-1g there was

s in peripheral blood
" g4 IgMow B cells

" The mice were treated as described in the Materials and
Methods section, and the data are given as percent * standard

Deviation



treated and HulgG treated -m ce, respectively, whereas this popul 3&@&
represented only 5 9.9%of cells in hBAFF-Rig-treated nice. Plad Oiés
(sndecan/ CD]‘§§+ 2%gpeared to be slightly decreased as well with 5 7% and
4. 8% present bl ood of PBS-treated and Hul gGtreat ea‘CF;Pé%WS"?
respectively, corrpared W th 3 9%| n ItBAFF R—Ig treated mce. The B7.2

nol ecul e was upr lél|d§.é[rga(gc ccc a{@ ﬁ W(’H cells in PBS- treated
and Hul gGtreated m Ce, bERpEEL A §7- } g lf’ﬂdi“dg@}@%“??%ﬁ%ﬁl'—mp lg 10
treated m Cd:lodd’\an’dhﬁleeploéEBABE-&OIy-@mda rﬁl@é hiferWamaniRIdsediy skgdyced in
hBAFF- R- | g- treated%ﬁlg{?ce r@g} E}Sﬂgfg %egl 18.8% conpared with 36.7% and 40% i n
PBS- and HulY&THe TC Iymaeu éae i 45BY4pon #pd/ar mEEmatioe apd BoBHEYved i n
both I ghni ghnaeﬂ;edgmnamonwbmmhg¢eq195A(\@ﬁefmﬁapb§ce%&fanTQ&‘rr U g0 _change
observed in the newly formed B t5 cell conpartnent in the spl'een, B220l ow

| gvhi gh (‘dat%4! ﬁwt’ulé%m‘fﬂﬂ’-ﬁp%rﬁ@m@ém any nigaid achis/capiSRBg. Bespisathed to be
slightly deasager. 1ggetbic iéuldl -390 ﬁ&qm%éré% &.’foﬁ%?ﬁ'.k 34 %?Bscﬁi@e” Of

PBS-treated and Hul gGtreated m ce, respect i Vel 4% |
hBAFF- R- | g- talldissusd cyimsecd. THb vhaneasixhy bi théRde@pp&aes lmaISIZ:ﬁ@et r8tiogl | s wi t h
14. 1% present,q,i,R FF- 20 R-l1g-treated mce conpared with 26.7% and 35. 8%
in PBS-treated and HulgGtreated mce, respectively. The data are

sunmmari zed in Table 8A. 16 FEB 2004 WD 01/12812 PCT/ USOQ 22507 -24 Table

8A. BceBJ popul at.i hAFFRk)I EE d HulgGtreated m ce.
Bl 00dB22 Syndegtan %foé TSR Y, %tol\?vk @S'ﬂ% "iTagge 2533(5‘5 8 Hulg&1.5
4.54.8 0. 94h&ape]1uf)d1’rd5AdﬁEcRmcﬂ aﬁﬁhoﬁﬁo@m Bdel|99e hatt @disnpkae 20 i g 20hi gh
| gM+Syndecan M o
hos that arc autoimmune in nature such as systemic lupus erythematosus, myasthenia
gravis, autoimmune hemolytic anemia, idiopathic thrombocytopenia purpura, anti-
phospholipid syndrome, Chaga’s disease, Grave's disease, Wegener's Granulomalosis,
15 Poly-anteritis Nodosa and Rapidly Progressive Glomerulonephritis. The therapeutic
agent also has application in plasma cell disorders such as multiple myeloma,
Waldenstrom's macroglobulinemia, Heavey-chain disease, Primary or immunocyte-

associated amyloidosis, and Monoclonal gammopathy of undetermined significance

(MGUS). Oncology targets include B cell carcinomas, Jeukemias, and lymphomas.

20
Example 9: Blocking BAFF induced B cell proliferation in vitro using soluble
BAFF-R
In this example we show that the soluble BAFF-R: hIgG1 fusion protein is
capable of blocking BAFF induced B cell proliferation in mouse splenocytes.
25 Murine splenocytes (5 x 10° cells/ml) from Balb/c mice were isolated and

cultured in a 96-well plate in 100 Wl of RPMI (Life Technologies) supplemented with
10% felal calf serum (JRH), 2 mM glutamine, 100 units/m! pemcillin and 108 mg/ml
streptomycin (Life Technologiec). Then varioug amounts of human BAEF, 10 ge/ml
human BAFF-R: hlglit or human Ig, as well as 10 pg/mi of anti-mouge surface y

30 heavy ¢hain (Jackson Immune Research) were added. Afier 48 h in culture at 37°C,
cells were pulsed for 24 h with 1 pCi/well [merhyl->H] thymidine (Dupont NEN) and

harvesied using a Tomicc (Orange, CT) cell harvester. The radioactivity was measured

in a Betaplate liquid scintillation counter (Pharmacia Biotech).
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e O A A SR Y
undet er ni nedspiingeytés. hn creatment of the splenocytes with BAFF alone results in *H-
thymidine incorporation only at very high concentrations. The addition of anti-p alone
results in no proliferation. When 10 pg/ml of control human Ig was added 1o the
15 splenocytes with increasing amounts of BAFF and 10 pg/ml anti-W, there was a modest
decrease in the level of proliferation. In contrast, when 10 pg/ml of a human BAFF-R:
hlgG1 fusion protein is added to the assay under the same conditions, the extent of
proliferation is reduced to the level observed for the BAFF alone treatment. This
indicates that the BAFF-R: hlgG1 fusion protein is capable of inhibiting the
20 proliferation of splenocytes induced by BAFF and anti-p.

Example 10: Blocking BAFF binding to Raji cells using BAFF-R: hlgG1

In this example, pre-incubation of BAFF with BAFF-R: hlgG1 fusion protein

resulting in the reduction of BAFF binding to the Raji B cell lymphoma line is
25 descnbed.

In this FACS assay, 200 ng/ml FLAG-tagged human BAFF was pre-incubated
with either human BAFF-R: hIgG1 or human LTBR: higG1 at two fold dilutions
ranging from 20 pg/mi to 39 ng/mi or no fusion protein for 30 min. on ice. The
incubation took place in a FACS buffer containing PBS without Ca®* or Mg plus 10%

30 FCS (JRH) and 0.05% sodium azide. After pre-incubation, the BAFF-fusion protein
mixture was added to 5 x 10° Raji (ATCC) cells/ml. This incubation took place for 30

min. on ice and then the cells were washed with 2 ml of FACS buffer at 4°C. In order

to detect the bound BAFF, 5 pg/m! of anti-FLAG antibody M2 (Sigma) was added to
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is a substantial decrease in the MF], down to 20-25 even at 625 ng/m! fusion protein.

The background MFI for this experiment is 7. Thus, BAFF-R: hlgG1 is very effective

at blocking BAFF binding to Raji B cells.

Example 11: BAFF-R - 1gG Attenuates Jupus-like autoimmune disorders in

transgenic mice

This example describes the effects of BAFF-R - Ig to reduce the peripheral B-
25 cell pool and inhibit development of splenamegally and nephritis.

Five-month-old BAFF transgenic (Tg) mice (C57BL/6) and age-matched
litermates were used in the experiment. BAFF Tg mice manifest lymphocytic
disorders and an autoimmune phenotype similar to systemic lupus erythematosus
(Mackay er al,, 1999). This phenotype includes increased peripheral B cell populations

30 including Transitional 1 (T1) and 2 (T?2), mature (M), marginal zone (MZ) and
CD1"®/1gM"e" B cells.

The mice received 1.p. PBS, 400 mg of purified human IgG (hlg) (Sandoz,

Basel, Switzerland) (3/group) or 400 pg of CHO-derived human BAFF-R-hulgG]
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BAFF. The x-axis represents the anount of fusion protein added to 200 ng/ m
BAFF prior to incubation with the cells. Wen no fusion protei ﬁ/g 004
pre-incubated with human BAFF, the nean fl uorescence intensitynl Hﬂ f
the sanpl e WES2BH¥%2When human LTIBR hligd is pre- 15 i ncuBaTEE00#R¥R BAFF,
even at 20.tg/m, the detection of BAFF binding to Raji cells is unchanged.
When human BAFF-R hligd is pre-i nc\lljvﬁat ed with BAFF, however, there is a
substantial decrease in the MF, dowhabls138-25 even at 625 ng/ mM fusion
protein. The background Ml f@ndnit SpiewdRelei ANkl S 7. Thus, BAFF-R hlgG
is very effective at blocking BAFF binding to Raji B cells. 20 Exanple 11:
BAFF-R - 1gG Attenuates | upus-Ilike autoi mmune disorders in transgenic mce
Thi s exanpl e descri bes the eff - ¢hg to reduce the peripheral
B- 25 cell pool and inhibit desg{ag%%nﬁgﬁegﬁpqxé%gmgalIy and nephritis.

Fi ve- nonth- ol d BAFF transgkhic (Tg) I8 ce (C57HZ 6) and Maerenat ched
littermates I?}?FFT%%EE in the experinent. BAFF Tg m ce manifest |ynphocytic
di sorders and an autol mmunc phenotype simlar to system c | upus

eryt hemat osu86E2Wackay et %4., 1999)38 This phenotype i®@¢l udes increased
peri pher al popul ati gns 30 ingluding Trgnsitional (Ti) and 2 (T2),
mature (M, Egnlérgéél nal zone %I\/Z) and Sb:D 1tig'/lgM"e" é—"ql:el | s. The m ce
recei ved i. #I16EPB5, 400 ng @ purifigd human 19G (hlg) (Sandoz, Basel,
Switzerl gnd),,(3/group) or 40Q jag o derived human BAFF-R-hulgG Il 1 6
FEB 2004%’8’9"1' J1 2812 Pcfé/*%s%mzz ‘6%0-28 (KBBVA- | g) Q%N protein

(2/ group) on days O, 4, 7, 11, 14, 18, 21, 25, 28, 32, 35 and were
sacrificed g_té dne_}_é ) A];[s the tinme of sacrifice, spleen weight was neasured
and singl e cdl'f Ei??@ﬁ% ons were prepared after lysing red blood cells in
a hypotonic dagkter. Flow cyionetry wgs 5 perfyporned usifg FlI TC conjugated
anti - CD21/ PE- conj ugated anti-1gD and anti- CDl, cychrone-conjugated
ant i - CD45RJ and bi oti =tonj ugat anti-1dM Al n#bs were purchased

from Pharsmi ngen (San Di egxo4£A) . Brigflys Fcorgeept or ssgiehg

The spleens of the 3 month old Baff Tg mice (n=3) and age-matched littermates (n=2)
were isolated and subjected to FACS analyses as described in the Materials and
Methods. The T1, T2, M and MZ cells were defined by the expression of the following

20 surface markers (hi: high., lo: low., int:intermediate):

Ti:1gD, IgM™#" CcD21%

MZ:IgD", IgM™, CD21

T2:1gD*, igM™, CD21"®
25 M:gD*, IgM"™, CD21™



bl ocked with 10.tg/m Fe Bl ock (Pharm ngen) for 10 min on ice, followed by
addition of biotin-conjugated mibs for 30 nin on ice, cells wedd Mashikd

I x, followed by 10 addition of FITC, PE, Cychrome-conjugated Abs,

strep-avi di nwﬁéﬁ"éﬂa 10 g/m Fc Block. Cells were incubat eRETIUSHO/R807i N on
ice, washed | x and suspended in 0.5%3gpar af or mal dehyde. Cell fl uorescence
data were acquired on a FACSCalibur (flow cytoneter (Becton D ckinson, San
Jose, CA) and anal yzed usi ng CELLQueslaRlebBware (Becton Dickinson). 15
The presence of proteins in nMOUYSsH: B emﬁemﬁ}g{sed using Miltistix 10 SG
reagent strips for urinalysis (Bayer rp, " Diagriostics Division). Results
are shown in Tables | | A and 11B bel ow. WO 01/12812 -29- Table 11A 3 Month
Spl enocyte Anal ysis Total Cell 16 F E B 2004

PCTf USCQ 22507 5Ti T2MZMat ur e B?Iﬁ?ﬁ%gggjg%gég@ 418991 816E33143019170
816E99142419150 10Mean13+12. 624FA- 616+15.12140+/ - 41MZ tterrnaffgufeontrol s
5.35.83.173 g;l@EZregqg,Qgﬂ. 43.771.9944 15Mean3. 9+/-24.8+/-1.52. 4+I-159+1- 20
The spleens of the 3 nonth old Baff Tg mice (n=3) and age- mat ched
littermates B¥=3 were isol ated3dand subji@oted to EACS anal yggs as

descri bed ingihgMterials and thods. TJhe TI, T2, Mand MZ cells were
defined by t?fé g)%?)/?essi on of thgy]?ol | owi f§ 20 surf&Be narkerR80 (hi: high.,
lo: low, inB23-ht2rnediate): 31 50 15 180

10 Mean 7.94+/-4.9 64+/-30 194/-10 340+/-250

Littermate Controls

823-3.22 0.7 6.5 1.4 56
802-64 0.28 5.4 1.3 38

15 823.14-13 045 3.4 0.16 38
Mean 0484021 S.14/-1.5  095+.0.65 444/-10

10 month old Baff Tg mice (n=3) and age-matched littermates (n=3) were subjected to
FACS analyses as described in Table I.
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descr ?bEd ! nth-erﬁgls%n& hIg]ireghl‘::dE%]égfx%gvl\gcg]iég t%t8a:]|- %unlibce-z cl;JfS'll%B,l 21%5 I\(/)I, MZ and
CDJI'”l-"":’IgIVIhigh B cells were reduced to the Jevel similar or jower than that of the
5 control littermates treated with PBS (Fig. 10a, 10b, 10c).

BAFF-R-1g treatment of Baff Tg mice resulted in an atlenuation of Baff-
mediated autoimmune disease as evidenced by the observation that BAFF-R-treated
mice had spleens of normal size while control-treated Baff Tg mice exhibited
splenamegally (Fig. 11). In addition, the development of proteinuria, an indicator of

10 renal dysfunction, was inhibited in BAFF-R-Ig treated mice, whereas control-treated
Baff Tg mice developed nephritis as determined by rising proteinuria levels (Fig. 12).

Mice transgenic for Baff have vastly increased numbers of peripheral B cells,
and our further analysis revealed predominantly increased T1, T2, MZ B cell
subpopulations in these mice. The transitional stage of B cell development (T1 and T2)

15 1s the checkpoint at which autoreactive B cells are presumabl y eliminated.
CD l'"/]gM"i"’ B cells, which tend to reside in the marginal zone, were also hi ghly
increased in Baff Tg mice. This latter population of B cells was shown to be the major
source of autoantibody production in NZB/NZW lupus mice. Treatment of Baff Tg
mice with BAFF-R-Ig results in a reduction of the T1, T2, MZ and CD1" B cell

20 populations to levels similar to or lower than those found in wildtype littermate
controls,

BAFF-R-Ig functioned to reduce the peripheral B cell pool and inhibit
development of splenamegally and nephritis. Therefore, in addition to its usefulness in
systemic lupus erythematosus lupus nephritis, the action of BAFF-R-Ig is also usefu] as

25 in B cell-mediated diseases that are autoimmune in nature such as myasthenia gravis,
autoimmune hemolytic anemia, idiopathic thrombocytopenia purpura, anti-
phospholipid syndrome, Chaga’s disease, Grave’s disease, Wegener's Granulomatosis,
Poly-arteritis Nodosa and Rapidly Progressive Glomerulonephritis. This therapeutic
agent also has application in plasma cell disorders such as multiple myeloma,

30 Waldenstrom” macroglobulinemia, Heavey-chain disease, Primary or immunocyte-
associated amyloidosis, and Monoclonal gammopathy of undetermine significance

(MGUS). Oncology targets include B cell carcinomas, leukemias, and lymphomas.
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vl denstrom'dckg?gﬁngﬁ sfgﬂ ﬁ?‘&c(gég&é\i chain disease, Primary or

| mmunocyt e-  assodViatderatiaydnalyciosf e dANtre MEVALInGNge BANTARRATDY e Ahe

undet er e si ni.fica
Mg 2L eonC 3RS Frual animals are displayed. In the wild. -type controls (BAFE -, the

distribution of the data follow a typical, binomial distribution. In contrast, the pressures
in the BAFF transgenic mice (BAFF+) appear as if they distribute into two groups, with
one group in the 120-130 mmHg range and one group in the 80-90 mmHg range.
As a population, the BAFF transgenic mice have a tendency towards hypertension,
35 as compared to negative control mice. Analysis of individual levels of arterial pressure
indicate the BAFF transgenic mice are distributed into two sub-populations, one with
high blood pressure and one with normal blood pressure. Accordingly, administering a

soluble BAFF-R, fusion protein or antibody homolog can ameliorate the effects of
hypertension.
30

Example 13: BAFF-R-Ig Treatment of SNF, mice with established disease slows
progression to severe nephritis.

Female lupus-prone (SWR x NZB)F! (SNF)) mice, aged 21 weeks and

exhibiting moderate nephritis (30-100 mg/dl proteinuria), received 200 1g of fusion




(M3aUS). Oncol ogy targets include B cell carcinomas, |eukem as, and

| ynphomas. 1 6 FEB 2004 WO 01/12812 -32- Exanple 12: Mean Arterq glpgﬁqmsure
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measur enent 8‘%‘8!"6’8& pressure in BAFF transgenic nice. ChsINER0P21587 made
during phenotype eval uati on of BAFF tazansgenic 5 mce indicated the

potential for pertensi | n t 1.¢ce. Baff Tg m ce as descri bed above
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of m ce weredsaefontBAGfoeit haARRGHN (N= d Wlid-Typ ntra: S !n:9).
Figure 13 dis Iayﬂsn t hg oéﬁ}_erage née{?l&ngea?i)egj?&ﬁﬁ’é’ szgféx(pﬁ/ﬂﬂ%?at“ ) for
the 15 two H6LpH 2-8dolievioghy neuweliBABE withadriigehinge ofiocEMasbGIpIaY @l age MAP
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al t hough t hi BAgiEcgetsond Westeneblets sd mbntify egluriitdprioféicance (ANOVA). More

detai |l ed ,anal ysi f the.data are shown in Figure 14. In this figure, the
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arterial 1pressure indicate the BAFF transgenic mce are distributed into
two sub- popu#ations, one with high blood pressure and one with nornmal
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protein or apthbacdhf spﬂmlﬂﬂdﬁ@ceﬂ%é)oa{n%ta% &t?]%caqfsiaFe%%c%oc%flization.

Seven-week-old female BALB/c mice (3/group) were given i.p. either 20 ug or
20 50 pug human BAFF-R-1gG1 (h(BCMA-Ig), 50 ug human IgG (HulgG) or 100 ul PBS
Ix/week for 4 weeks. The hBCMA-Ig fusion protein was purified from culture
supernatants of a stably transfected CHO cell line. Spleens were obtained 8 days after
the last injection and digested with collagenase (Sigma cat.#C-5138) for 1 hr. at 37°C.
A single cell suspension was prepared, RBCs were lysed in a hypotonic buffer, and the
25 cells were washed3x in PBS. Splenocytes were prepared for flow cytometnic analysis
by staining cells with anti-CD1 l¢-biotin followed by streptavidin-APC, anti-CD8a-
cychrome, and anti-CD4-FITC to assess DC populations.
In a separate experiment female BALB/c (N=3) mice were giveni.p. 100 ug
hBCMA-Ig 1x/week for 4 weeks after which spleens were snap frozen in OCT using 2-
30 methyl butane chilled on CO,. Cryosections were cut and fixed in acetone. Sections
were mncubated with anti-CD11c-biotin followed by streptavidin-AP and substrate
BCIP (Pierce) to visualize DCs, mAb MOMA-1 followed by anti-rat IgG-HRP
(Jackson ImmunoResearch) and substrate 3,3’ diaminobenzidine(Sigma, St. Louis MO,
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and PBS, resﬁ%é\’ﬁc\,gft}g%slé‘g)ﬁ gure 15). These data denonstrate that the

sol ubl e BAFF receptor, BCMA-1g, can function to block B cell-nedi ated

aut oi nmu di o nephritis,. resylting in a marked del ay
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(3/group) were given i.p. either 20 ug or 20 50 pg human BAFF-R-1gd
(hBCMA-19), {50 pg human 1gG (Hul gG or 100 p.I PBS |x/week for 4 eks.
The hBCMA- 1 fusion protein was pdfs? e it cRFstifet 8tiper nat ant s |of a
stably transfe&t@®4 CHO amito.1bi nen4oSplorens omeE@.09bt ai nedo8sdays aftgr the
| ast inject| omeaadish. di gq)sjrﬁe_‘g‘oyvi_tfb_3gg_lello,§genaoslg+é§£grra cat . #C-5138) far | hr.

at 37C. A single cell suspension was preparéd,” RBCs wefé*Ysed in ja
hypot oni ¢ bu¢é‘hg'rc,%4hnd {092 x0.02 084+ 0.15 0.410.06 0.5510.04

This decline in splenic DCs, which are critical anti gen presenting cells, may

impact B cell activation, maturation and humoral immunity.,

15 Frozen spleen sections were obtained from mice as described in Matenals and
Methods. BCMA-Ig-treated mice exhibited an atypical DC homing pattern when
stained with anti-CD11c. DCs normally localize within the T cell area of the white pulp
and within the marginal zone, with a concentration at the marginal zone bridging
channels. However, DCs from BCMA-Ig-treated mice were found surrounding the

20 penmeter of the marginal zone and few appeared to be able to migrate further within
the white pulp (data not shown). Therefore, blocking BAFF/BATF-R interaction with
soluble BAFF receptor appears to interfere with the homi ng pauem of DCg which may
affcct their ability 10 function ac antigen presenting ¢ells, thereby impacting B cell
activation, maturation and humoral immunity. Furthermore, the spleens of BCMA-Ig-

25 treated mice lacked CD35+ FDCs as determined by immunohistochemistry (data not
shown). Since FDCs function to present antigen to B cells within germinal centers

{GC), lack of such cells could have a detrimental effect on GC structure and B cell

affinity maturation.



25 cells were washed3x in-PBS. Splenocytes were prepared for flow
cytonetric analysis by staining cells with anti-CD1 |c-biotin f@éll:wﬁhby
streptavi di n- APC, anti-CD8a- cychrone, and anti-CD4-FI TC to _asse

popul ati ons. Y@ AWV Repar at e experinent femal e BALB/ ¢ (N=3) BfFES®BIY gi ven
i.p. 100 jig hBCMA-1g Ix/week for 43%eeks after which spleens were snap
frozen in OCT using 2- 30 nethyl butane chilled on CO2. Cryosections were
cut and fixed in acetone. Sections were incubated with anti-CDl1c-biotin
fol |l owed by st riepilay dpphredtRo Bvde sullslin Bleert tREVEL QRigsdefarib avii sual i ze DCs,
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macr ophages, and anti - 5-biotin followed by streptavidin AP and

substrate (ArSaMImEnpeHEYYREhe Bwddigpiaans andvaations of Yisg inyentioaprsided 5100) to
visualize f i ag; (A I . : O vivo with either
20 g or 50 zgéyocﬁmlgﬂ\l/ﬁf{gmIsi%mgfeﬁ'gfagl?&gt[@almdglgﬁ@h%{;%l 1?:?24 ‘a significant
decline (p<0.05 by Student's t test) in splenic CD1 Ic+ DCs as conpared to
Hul gG and PBS-treated controls. This decline was seen for all CD1 |c+ DC
popul ati ons exam ned: CDBa-CD4-, CDB8a+CD4-, and CD8a-CD4+ (Figure 16,

Tabl e 14A). 10 Table 14A. BAFF-R-Ig treatnent results in a reduction in the
nunber of splenic DCs. PBS HulgG 20 C A-1 50 ugBCVA-h Mean nunber of CD |
I+ DCs (x ] 05 SD CD8a-CD4-0.81 0.150.49 0.070.26 0.040.35 0.05
CD8a+CD4-0. 36 0.020.35 0.070.16 0.020.2 0.02 CDB8a-CD4+0.92 0.020. 84
0.150.4 0.060.55 0.04 This decline in splenic DCs, which are critical
antigen presenting cells, may inpact B cell activation, maturation and
humoral immunity. 15 Frozen spl een sections were obtained frommce as
described in Materials and Methods. BCVA-1g-treated m ce exhibited an
atypical DC homing pattern when stained with anti-CDllc. DCs nornmal ly

| ocalize within the T cell area of the white pulp



and within the margi nal zone, with a concentration at the marginal zone
bridging channels. However, DCs from BCVA-Ig-treated m ce were found
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able to mgrate further within the white pulp (data not shown). Therefore,
bl ocki ng BAFFI BAFF-R interaction with soluble SA" receptor appears to
interfere with the homng pattern of DCs which may affect their ability to
function as antigen presenting 0011s, -tthereby inpacting B cell activation,
maturati on and hunoral inmmunity. Furthernore, the spleens of DCVA-1g 25
treated m ce | acked CD35+ FDCs as determ ned by i munohi stochem stry (data
not shown). Since FDCs function to present antigen to B cells within

ger ni ndk ceMs& ef a campositigpfobthesprepatationof agmedicamant fordehipitingB-8e!l ef f ect
on GC structure and B cell affinity maturation. WO 01/12812 -35 1 6 F E B
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various nodifications and variations can be made in the pol ypepti des,
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I nvention cover e LW cations and latid ons thisoi.nvention pr.ovi ded
that |t hey come BOchMENikerBE sRbeRoe sl eiBudl anthaiada iy Aela1
equivalents. 1 6 UP 7004 -36 1. Use of a conposition for the preparation of
a medi canent for of SEQIP NG ieandhaving Bytxeh Maturatioa fintige hagtiyity or
conposition conprises at |east one of: (a) a pol ypeptide conprising an

am no aci d sequefkle wancantibodytdirectext againsh SE@IDINGE1.t he sequence set forth
fromamno acid 8 to amino acid 41 of SEQiD NO 1 and having B Cell

Mat ur ation 2nti g&sse(GFEMEdmpositivh for the préparation ahtirmeditagiene fdrashib@agnst SEQ
ID NO1. 2. Use of a conposition for the preparation of a medicament for
| nhi bl IrhGnofBENA Prodittion if refﬂ% rhal wheréin tREBBinpothiBh TofdridsComost L on
conpri ses at | east one of: (a) polypeptide conprising an amno acid
sequeng{ale\gg{ 8|t1]e i0§ at feast
(a)  polypeptide comprising an amino acid sequence which is at least
B0% identical the sequence set forth from amino acid 8 to amino acid 41 of SEQ
ID NO:1 and having BCMA activity, or
(b)  an antibody directed against SEQ ID NO:1.
3. Use of a composition for the preparation of a medicament for inhibiting
dendritic cell-induced B-cell growth and maturation, wherein the composition
comprises at least one of;
(@)  a polypeptide comprising an amino acid sequence which is at least
80% identical the sequence set forth from amino acid 8 to amino acid 41
of SEQ ID NO:1 and having BCMA activity; or
(b)  an antibody directed against SEQ ID NO:1.

4, Use of a composition for the preparation of 2 medicament for treating

autoimmune disease in a mammal, wherein the composition comprises at least one of:
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havi ng BCVA activity; or (b) an antibody directed against SEQ ID NO 1. 4.
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(b)  an antibody directed against SEQ ID NO:1.
6. Use of a composition for the preparation of a medicament for treating a
B-cell lymphoproliferative disorder, wherein the composition comprises at least one of
| (a)  a polypeptide comprising an amino acid sequence which is at ieast
80% identical the sequence set forth from amino acid 8 to amino acid 41 of SEQ
ID NO:1 and having BCMA activity; or
(b)  an antibody directed against SEQ ID NO:1.
7. Use of a polypeptide for the preparation of a pharmaceutical composition
for treating inflammation, wherein the composition comprises at least one of;
(@)  a polypeptide comprising an amino acid seguence which is at least
80% identical the sequence set forth from amino acid 8 to amino acid 41 of SEQ
ID NO:1 and having BCMA activity; or

(b) an antibody directed against SEQ ID NO:1.



!

"(a) a pol ypeptide conprising an am no acid sequence which is at least 80%

i dentical the sequence set forth fromanino acid 8 to anmino acid 4& ﬁ] %Q
1D NGO 1 and having BCVA activity; or (b) an antibody directed aga1 sF ‘3)
10 NO1. 1 6 FEB 2004 8. The use of any one of clainms 1 to 7, wherein the

pol ypeptide conprises an am no acid sequence which is at |east 90%

I dentical the sequence set forth fromamno acid 8 to amno acid 41 of SEQ
ID NO 1 and having BCVA activity. 9. TR& use of any one of clains 1 to 7,
wherein the pol ypeptide conprises the am no acid sequence set forth from
amno acid 8 to amno acid 41 of SEQID NGO 1. 10. The use of any one of
clains 1 to 7, wherein the pol ypeptide further conprises an Fc donmain of an
i mmunogl obulf,n. The U$eolisey ohe of alaim40, tovilh evteEraintthe polypeptige wbuiprises anl gG
12. The use of claim 11, wherein the i mmunoglobulin is human. 13. The use

of any 4eqRo %fclicf(é:gér{r%%c% Which is WhRESH QOVﬂEeﬁﬁéﬂ’m‘we s8qUBHER s et ¥4rth from amino

phar maceuti ca osition conprising a pharnmaceutically acceptable

carrier at |- t. : Al vnenki rj.si.,ng an amno acid
sequen@gﬁc\ﬁf‘%%"}"(igéf”qo%ﬁgfg%@% @eﬁﬁ%ﬁ?ﬁ@ﬁm&@et forth fromam no
acid 8 to amino acid 41 of SEQ [D NO 1 and havi‘ngHBCNA activity; égé a

pol ypept i de Seonpring ¥ge 8hamyPRe ohekaims ddaeh whafgindhe ipolypeptide comps

i dentical the sequence set forth amno acid 8 to amno acid 41 of SEQ ID
NO , . 1thendrrivay anigl Sjuenaetset fanth frém) aminooagio 8doiakincanxt 44 ioh GEM D Al@:no
acid sequence set forth from amno acid 8 to amno sold 41 of SEC} ID

NO_1; (d) anpant myedyselsf &%) e apdlafiné 1369, Whehkin the pbfypebidé fdrther39 15.

The pharnaceutical conposition of claim 14, wherein the polypeptide
ek ofgiREL SFefofuf B AR o0 1 10T, phar maceut o
11 The use of claim 10, wherein the immunoglobulin is 1gG.
12.  The use of claim 11, wherein ihe immunoglobulin is human.
13.  The use of any one of claims 1 to 7, wherein the mammal is human.
14. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and at least one of:
(8) apolypeptide comprising an amino acid sequence which is at least
B0% identical the sequence set forth from amino acid 8 to amino acid 41 of SEQ
ID NO:1 and having BCMA activity;
(b)  a polypeptide comprising an amino acid seguence which is at least
90% identical the sequence set forth amine acid 8 to amino acid 41 of SEQ ID
NO:1 and having BCMA activity;
(c) =2 polypeptide comprising the aminc acid seguence set farth from
arnino acid 8 t& amino acid 41 of- SEQ 1D NO:1:

(d)  an antibody directed against SEQ ID NO:1.



The pharmaceutical conposition of claim 14, wherein the inmunogl obulin 17.

!

; I S human.
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15.  The pharmaceutical composition of claim 14, wherein the polypeptide
further comprises an Fc domain an immunoglobulin,

16.  The pharmaceutical composition of claim 14, wherein the immunoglobulin
is 1gG.

17.  The pharmaceutical composition of claim 14, wherein the immunoglobulin

is human.






