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I5 BACKGROUND OF THE INVENTION

Immunological disorders are manifested as a wide variety of diseases and
pathologies, including autoimmune diseases, acute and chronic inflammatory
- disorders, organ transplant rejection, Graft-Versus-Host Disease (GVHD), lymphoid
20 cell mahgna.ncles, septic and other forms of shock, loss of immune responsiveness as
seen in HIV and SCIDS, and failure of the immune response to tumor growth,

Many immunological disorders are triggered by aberrant or uncontroiled
responses {0 antigen. Autoimmune diseases are the result of the inappropriate response
of the immune system to self-antigens, resulting in damage to cells and tissues. GVHD

25 develops when donor cells from a bone marrow transplant (BMT) respond to host (ie.
patient) antigens. Organ transplant rejection results when the patient’s immune system
responds to antigens derived from the transplanted organ. Acute inflammatory
disorders such as hyper-allergic conditions and shock are the result of uncontrolied
immune response to the triggering antigens.

30 T cell dependent immune responses require T cell recognition of antigen. For

example, GVHD results from a complex interplay between donor T celis and host

-1-
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7. production, the strength of T cell receptor engagement, and the nature of secondary

20 ‘signa]s received, eg. via the CD28 costimulatory receptor. In particular exposure of

activated T cells to the cytokine I1-12, produced primarily by activated macrophages,
supports differentiation to Thl T cells, while exposure to Il-4 and 11-10 supports
differentiation to Th2 T celis.
Thl T cells produce cytokines such as I1-2 and IFN-y which are associated with
25  inflammatory responses, T cell cytotoxicity, and macrophage activation. Thl T cells
respond to chemokines which attract cells into sites of tissue inflammation, such as
Mip-1alpha, MIP-1beta, RANTES, IP-10, and MIG. Since cytotoxic T cells and
activated macrophages act to eliminate damaged or infected cells, the Thl response is
responsible for controlling the immune response to intracellular pathogens.
30  Importantly, production of Thl chemoattractant chemokines such as IP-10 and MIG by
macrophages and endothelial cells is closely regulated by IFN-vy, which is the
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I gA, and | gB)oductib I o] activatign.of eosjngphils and
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t he acti,xati,on process el|s nust receive an antigen signal through the
B cel | bt 8’56”"8 Qrytigft &%@nﬂ"sm@d}“aw of kR aruse disease|forexample in Sei ve

specific cdpGand IghgRReaT hypeRbifilvid ] r.qu.act i vat ed
T cells. m@l_gq%:?ﬂg 20 coﬂgtﬁﬁepenc}fgmgg?gﬁgl I'S ggp’la%éfie"gqé%l)é t he

bi ndi ng of Fe SRpeTt dheagtivaimof sesingphile ki Mavellsehtichi e chediate

cont act - i ndeqeePBhses todatiogd ' 1-4 secr by _activated T
cells and by NKI1. | celtolqg blgr?g’ifﬁlgéx%%ﬁ%%gm?és ]}arué ep t(')‘riﬁ%ﬂicélysc'@?w ? These

si gnal s appte-shemekinesiguchss qetaxinindMBCt WwhosE peaiisttionriedssedf regdadislalty, | ynphoi d

pat chos 2nd s PR Ae SAUERrodl o ANEE Laod WA ARG o or gans have di st nct
m croanat oni cal Tedsterastionof T cellsiwith Bcedis s &oufjﬂﬁxla&dkmmlﬁﬁklﬂma eside. All
these.of ganBolstt SHE bR s ettt PG crtsabus 6rve an ehermush tovgihe. H gh
the B ceil antigen receptor (membrane Ig). Secondly, B cells must receive specific
contact dependent and contact independent signals from activated T cells. One required
20 contact dependent signal is delivered via the binding of CD40L on T cells to CD40 on
B cells. One required contact-independent signal is delivered by I1-4 secreted by
activated T cells and by NK1.1 cells binding to the I1-4 receptor on B cells. These
signals appear to take place within the T cell areas of secondary lymphoid organs, such
as the spieen. The spleen, lymph nodes, tonsils, Peyer’s patches and other secondary
25 and tertiary lymphoid organs have distinct microanatomical areas within which T and B
cells typically reside. All lymphocytes migrate out of the blood or the lympﬁ into the T
cell area of these organs first, by crossing endothelial cell layers such as the High
Endothelial Venules in lymph nodes and Peyer’s patches and the marginal sinus
endothelial cell layer in the spleen, Then, the B cells move into B cell areas known as

30 B cell follicles. B cells which have traversed the T cell area but have not become

activated will leave the follicle after a few days. Activated B cell undergo a process of
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mucosal cell layers lining the respiratory tract and gut. Some of these fully

differentiated B cells are known as memory cells, and can persist for long periods of

20  time, ready to respond to the same antigen if it is encountered again.
As B cells migrate from location to location within the lymphoid organs they

require specific signals to guide them, and specific signals which ensure their survival.
For example, multiple signals are required to maintain B cell follicular organization in
the spleen. These include interaction of the BCA ligand with the chemokine receptor

25 BLR-1, interaction of TNF with TNF-R55, and interaction of LTbeta with LTg-R
(reviewed in Chaplin and Fu, Current Opin. Immunol. 10: 298-297 (1998)). Mice
which are deficient in any of these molecular pathways lose B cell follicular integrity in
the spleen. Furthermore, all of these gene-deficient mice have also lost the ability to

undergo germinal center reactions in the spleen. Disruption of other molecular
30  pathways affects the germinal center reaction only. For example, mice deficient in

CDA40L maintain B cell follicles, but germinal centers do not form. B cells within the
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or infl annaﬁmaﬂep@{w@slo&m& %Hcons exaﬁgeg?%of angg‘gﬁ%gﬂr;p driven i nmune

response. .GVHD is an often fata gutgen,
t ranspl ant a‘WB‘W“{BW}S mdah@namsorﬁ:fmbnmmmﬂmndl sease can occur in an
' forms of GVHD are prototypic

acute or in a cly Jll’?m.;{fé?“te nd chrqnic

exanpl es of the deve opnent ot AHPPi§ahanaEgsdrivenimmung sespamse. 1 esponses,
r espect i vel@vmmm;n&ﬂmom@enWWhéﬁmﬁﬁﬁHMn@hﬁjmﬁfhr st 2
nmont hs oII ML and I s characterized by donor cytotoxic
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f or m of théo:dls&émmmp&@otﬁi@ S8F 1 Allel Bhithe deQifen 10:6 dﬁ-éf post - BMT)
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and is chara i_ﬁil zed by hyperproduction nmuno i ncl udi ng
aut oant i bo({ﬂl mnﬁﬁiﬁﬂgcqvglyt Hé&e acute form of the d15easeoccursmthm the first 2

months following BMT, and is characterized by donor cytotoxic T cell-mediated
damage to skin, gut, liver, and other organs. The chronic form of the disease is
"%O manifested much later (over 100 days post-BMT) and is characterized by

hyperproduction of immunoglobulin (Ig), including autoantibodies, and damage to the
skin, kidney, and other organs caused by Ig-deposition. The development of acute
GVHD is predictive of the subsequent development of chronic GVHD. Thus, the same
patient can develop both diseases, in sequence. Approximately 50% of all BMT patients

25  develop either acute or chronic GVHD. Nearly 90% of acute GVHD patients go on to

develop chronic GVHD. No current therapies for chronic GVHD are successful in the
majority of patients.

GVHD can be modeled in the mouse using parental into F1 cell transplantation
regimens. In the model described here, splenocytes from the DBA2 strain of mice are
30  injected iv into (DBA2 x C57BU/6) F1 mice, which are referred to as B6D2F1. The
injected splenocytes constitute the graft, and the DBA2 mouse is the donor of that graft.
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defined consequence of Thl medlated T cell response, and shows a characteristic
dependence on the expression of I1-2 and IFN-~y, which are typical Thi cytokines. Such

20  cytotoxicity is a defining characteristic of acute GVHD. Furthermore, reagents which
block critical cytokines involved in Thl T cefl differentiation, such as mAbs to -2 and
[I-12, block the development of acute GVHD. Cytotoxicity can be directly cellular (eg.
by phagocytosis of host cells) or by the action of secreted cytokines such as TNF which
can induce apoptosis, or cell death. The consequence of donor anti-host cytotoxicity

25  canbe seen in a number of ways. First, host lymphocytes are rapidly destroyed, such
that mice experiencing acute GVHD are profoundly immunosuppressed. Secondly,
donor lymphocytes become engrafted and expand in the host spleen, and their cytotoxic
activity can be directly measured in vitro by taking advantage of cell lines which
express the host antigens that can be recognized (as foreign) by the donor cells. For

30 example, cell lines expressing the appropriate antigens can be labeled with radioactive

chromium51 isotope. Release of this radioactive isotope into the culture media is




20 cytotoxicity is a defining characteristic of acute GvHD. Furthernore,
reagents which block critical cytokines involved'in Thl T cell
differentiation, such as mAbs to 11-2 and 11-12, bl ock the devel OMAW 289
acute GVHDWXRATdxicity can be directly cellular (eg. IbeTRikadAeMt 0Sis of
host cells) or by the action of secreted cytokines such as TNF which can
I nduce apoptosis, or cell death. The consequence of donor anti-host

cyt ot oxi Ci t yvi@mecofithdeaths theilbefed RENTOE;rd0 ' t gk ocytes
are rapidly destroyed, such that Q&n!i ce &%g?%%gp%@%ﬁp?%&%@

pr of oundl y PW&B&&%M&'&W%ME%@dM&mthﬁm&ﬁﬁm engrafted
and expand pdhsdddencB8Bbiscid €en, and their cytotoxic activity can be
directly measured in vitro by taking advantage of cell lines which express
the host anti gerfdretiaGVEirappers obegThz Tctel] akdia@a diseay My wiheadenor cells.

For 30 exa . gl sj ng the appropriate anti gens—can be
| abel ed w %&ﬁgg@tﬁéﬁggQﬁ?@ﬁn’a’%ﬁ%ﬁfg‘?‘%mﬁ@.m elgpraens of thp fiscascidi oact | ve

i sot i ntde |the. TIE2 ind Ii i
T e R A

di sease bec ocksths gxnapsiemefihostiB entls.cand thedonmimitapdywpérdg i ons ar e

destroyed, poglctitieBe@eeiditiehi MV Rar [ onsequence of
di sease. Chronic GVHIS app?ggs to‘%lgﬂa ﬁﬁ%@ﬁﬁ%?ﬁ{fﬁgﬂﬁ glé%se (De W't

et al., J. SriFiensbthe douy T g andiget B tdbmyphiations cuin be neasaed bpdel t he

devel opggnt s | LS ndent . o he Th2 cytgki,ne 114, and can
be bl ocked Stl)’yE‘t‘}“gg’?@ﬁ?ﬁ@ﬁpﬁﬁ%ﬂ%ﬁ@ywwweg 'e&?fﬁ’&ﬁedm gaRel ¢ he

expansi on ofomdiseas®) gudel Jhe anivatidnef Baslioiidieiicd hiiRaan bomesiedughd On. The
devel opnent be. fol lowed..in a nugber of ways. The expansion of
t he donor Tan%gfegggﬁﬁ%gtv ﬁl?né’éaldfmpg:ﬁ'&ﬂét‘% ts:04 Brrell ptvationcaan by t he 10

spl een i ndewsn mithedbvelsof i ciraiilatibn@ég. FPIARD dﬁ?}oqmedtbg RREYs opRbaNt -

normal i zed t% co ti}%l" éno‘gggi seased) mce. The activation of B cells in

di seased ni BEEFHS wgeksafjer dissaseyinductiont. Gircylating kgt disessedon mar ker s.

Fi nal | y15 t hainefl§ wititcan@in aBi 34k hntiBSdibsy h"éa%e s&%daiﬁ,? . he levels of Ig
Y gﬁce %g'ﬂcu t ls ubecibio

in circulatjion g:?dg I n serum or pro ures o ost™ spl enocytes
harvest ed SA¢psY leesan failure dyp scacsumilated kgt depositia®i, amgittharéforeg | g i n di seased

15 ani mal s soivivorshipik 2 kdlevaitivheaSEl &¢ | t;ggl‘ln s. Utimtely, diseased aninals
succunb to Kkidney and other organ tailure“due to accunul ated Ig

deposi tion, and Wernoweshgwghat a monocional antibody specific for TWEAK effectively and
specifically blocks aspects of the development of GVHD, using the mouse model of
- 20 chronic GVHD. The block in development of chronic GVHD is shown as a reduction
in the spleen index, the loss of activation markers on host B cells, and reduced Ig
production in the anti-TWEAK treated animals.

SUMMARY OF THE INVENTION

25

The invention provides methods for blocking the development or treating or reducing
the severity or effects of an immunological disorder in an animal including
administering a pharmaceutical composition which comprises a therapeutically
effective amount of a TWEAK blocking agent and a pharmaceutically acceptable

30  camier. The compound may be an antibody directed against a TWEAK ligand; an
antibody directed against a TWEAK receptor; an agent that modifies the binding of the
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survivorship is a rel evant neasure of disease activity. W now show that a
nonocl onal anti body specifTic for TWEAK effectively and specificquLH ﬁk@fks
aspects of the devel opnment of GVHD, using the nouse nodel of 20 ¢ % '
GVvHD. The WoweM207hn devel opnent of chronic GVHD i s shown ,@m®ﬁﬂugtion in

t he spleen index, the |oss of activation markers on host cells, and
reduced Ig production in the anti-TWEAK treated ani mals. SUMMARY OF THE

| NVENTI ON | Ll l0Es. h for..bl ocki t he devel t
USRS COERULAER T LS e e ST

treating or reduci ng tBWcal disorder
in an ani melusieniagiaaf Ayagentdhateas ingriupgingaceiMlir Sigling oFaTWIOAR ASbithoN Whi ch

conpri ses i I ef f.ecti.ve anount of a TWEAK bl ocki ng agent and
a phar naceg?%@gﬁ?%ggélg%% S the %g‘é r'§ # Benocional antibedy Arja mase poeferzad ant i body

directed agaibodiment di¥\Ebtoctongirantibodynis dipidtet RGNSt iR ,%gggl 1shgd TVEAK
recept org; g%?a ent that nodifies the binding of ethe @S © 2003 WO
00/ 42073 F%gﬁbﬁ?ﬁﬁmapﬂgahae@bmm\m«mpmﬁmmagem t hat -
nodi fies cebdy bzllsbiasrR TWICAR tEptolaVik & ifo ek ,-,?d}g agent that .can interrupt
intracel lul ar signali ng of a K rggélg{’}%rb. %&%d' ‘E&@W%@c% odi ment t he

anti body i $ind taasetace AEAKnligapddin oriemmbodimest the sluble PMEARTRegoFENt t he

nonocl onal ] H,',ﬁmgl' I nsy the TWEAK surface |i1gand. 5 The

ani mal nmay r%gtdrlréggnggl I an %‘gﬁ%b@gﬁgaﬁﬁmﬂ’: I'Tﬁ@”%ngﬁnb?dHEﬂt’ agent nmay

be a sol ublsmavEkunoglobyindgGldamingnaudes ggivels RisphsbE f 'ﬁfbag]g?gn can
t

sel ectiyel )Sindﬂxig”d to a surface TWEAK |igand. I n one enbodi nen he sol ubl e
TWEAK receptor - may include a human i mmunogl obul 1gG donmain. In a

pref er r ed enbodThusinteatibifarthiinities BNRA A iibiind GnRNPDoblchudes 1 egi ons
responsi bl e far Blg i.fic antigen 10 binding. The invention further

i ncl udes aaﬁ@?ﬁﬁfﬂ ﬁ‘f‘“‘#ﬁﬁmﬁf%ﬁﬂﬂgaghar{wm@l Fempasition which comprises aml | )
i ncludi ng affesting shéunk 6, PWEAK! 815G A6 gﬂgﬁ ' Lch conmprises an

ef fective %Hg,unt of a TWEAK bl ocki ngdgagglrllfg n ?%ﬁ%@r%%%ﬁﬁ%%ﬁf‘y ef fective
carrier. TREMAMATIEPPRSe Bk be Thhor 4 Br2iell-mediated imfuoetesporschic 8otad | nrune
respongg or bot+twe invention also includes a composition having a therapeutically effective

amount of a TWEAK blocking agent and a pharmaceutically acceptable carrier.

BRIEF DESCRIPTIONS OF THE DRAWINGS

20 Figure 1 shows a sequence alignment of soluble recombinant murine and human
TWEAK proteins.

Figure 2 shows a Fluorescent Activated Cell Sorting (FACS) analysis of the binding of
hamster anti-TWEAK mAb AB.D3 to EBNA293 cells expressing murine TWEAK

25  protein or human TWEAK protein, compared to the binding of a hamster mAb which
recognizes an irrelevant protein (Keyhole Limpet Hemocyanin).

Figure 3 shows a FACS analysis of the ability of mAb AB.D3 to block the binding of

FLAG-tagged recombinant soluble human TWEAK to TWEAK receptor positive cells,
30



15- The invention also includes a conposition having a therapeutically
effective anount of a TWEAK bl ocki ng agent and a pharmaceutically
acceptable carrier. BRI EF DESCRI PTIONS OF THE DRAW NGS Figure 1 $Hoys 203
sequence alw@omaots of sol ubl e reconbi nant nurine and humegeralddftigador Ot el ns.
Figure 2 shows a Fluorescent Activated Cell Sorting (FACS) analysis of the
bi ndi ng of hanster anti-TWEAK mAb AB. D3 to EBNA293 cel | s expressing

muri ne TWEAIl&; i K. protein onpared to, the binding of
a hanster m%‘%“gﬁe@(ﬁsﬂl zgs 3%%%"% te ?ﬁ%?@r‘f"{‘ﬁé%‘éﬁ@% npet
Hefmocyani n) chidhig (VLY tehwdavith abthCWEIQ AS AB. 05, 4068CH4DL Al Mi{1, ™Mb AB. D3 to
bl ock the bicnq%orpgm%f FE@%}} agged reconbi nant sol ubl e human TWEAK to TWEAK
receptor poSTTIovE Cef™ -9 WD 00/42073 1 5 0 C 1 2003 PCT/ US00/ 01044
Figure 4 shows a FACS anal ysis of the activation state of B cells in mce
under goi gg chronic GVHD, treated with anti-TWEAK mAb AB. D3, anti-CD40L
mAb MR1, ” control mAb, or untreated. 5 DETAILED DESCRI PTI ON OF THE

| NVENTI ON: Definitions 10 In order that the invention herein described may
be fully understood, the follow ng detailed description is set forth. The
terms "hunoral responBETAILED DESCRIPTIONGHTREINVENTION! herein refer to
the i mmnol ogi cal response of an aninmal to an anti gen whereby the aninal
produces antibodies to an antigen or produces a cytotoxic response to the
anti gen, or DefiaitionsThe 1-5 Thl class of T helper cells are inportant for
the ind gtion of tP:F el lular response, and the Th2 «class of T hel per
celI's ar® i npor tI9Fder that the invpatjoniherin descsibiedbmpxbe fufly tridgtstanfifthai t v

ant i bodi es. follBRidg@emledldes@iptieh isciRmpe! | S” as used herein, refers to a
functional subclass of T cells which help to generate cytotoxic T cells
and whi ch cooperHFécfmst"W@é‘Fﬁpgnx'band “cellular response” as used herein refer to the

immunological response of an animal to an antigen whereby the animal produces

. antibodies to an antigen or produces a cytotoxic response to the antigen, or both. The
15 Thl class of T helper cells are important for the induction of the cellular response, and
the Th2 class of T helper cells are important to the efficient production of high affinity
antibodies.
The term "T helper (Th) celis” as used herein, refers to a functional subclass of
T cells which help to generate cytotoxic T cells and which cooperate with B cells to
20  stimulate antibody production. Helper T cells recognize antigen in association with
class Il MHC molecules and provide contact dependent and contact independent
(cytokine and chemokine) signals to effector cells.
The term “Th1” refers to a subclass of T helper cells that produce TNF,
interferon-y and IL-2 (and other cytokines) and which elicit inflammatory reactions
25  associated with a cellular, i.e. non-immunogiobulin, response to a challenge.
The term "Th2" refers to a subclass of T helper cells that produces IL-4, IL-5,
IL-6, IL-10, and other cytokines, which are associated with an immunoglobulin
(humoral) response to an immune challenge.
The term “germinal center” as used herein refers to a secondary B cell follicle

30 which forms after antigen immunization. The appearance of this histologic site



20 stinulate anti body production. Helper T cells recognize antigen in
association with class I1-IHC nol ecul es and provi de cont act depqrgjﬂnrt ﬂﬂ@d
contact independent (cytokine and chenokine) signals to effector ceF .
The term " Wodoaggfers to a subclass of T helper cells that produce TNF,
interferon-y and I L-2 (and other cytokines) and which el PEFAUSEMM4 mat ory
reactions 25 associated with a cellular, i.e. non-immunogl obulin,
response to all.enge. The term"Th2 refers to a subclass of T hel per
cel | s that 8‘?’6‘3‘3%%‘%‘& ‘ﬁl%m&' M{TROTY gencratiop, isqtype pRyitchings samdtic hypsrnotafiores, whi ch

are associ am&ttthélafﬁﬂjtiﬂmm&ﬁ&l&ﬁM%ﬁbodWéégaﬁ@') response to an inmune
chal | enge. The tﬁ_&m "germnal center" aS uSed herein refers to a secondary

B cell follicle I3 aptibody pregucing eells -mfersge B dellsmiriclzizivi eeivdche appear ance
of this his ' ' . 0/ 42073 PCT/ US00/ 01044 '

correlates with optimal menory génera WG AESHFTHIS somati ¢
hyper mut &t i gemungeiebulingof thh EMfIEGiigAy o fgE wiitkldseesl of an anti body response.

The term"antib Lhg., | s" .refers to B cells which have received

cont act dependeglﬁl\éé%o‘ggﬁ‘%“é%? &%ME&W%W@?’FMWNWQMP@%M are

secreting fhehimge Iﬂlﬂlﬂbmmnﬁnﬁﬁs}ﬂﬁﬂa&lﬂh%mbgﬁpgenbiﬂﬁ?gE{F.]es.'Q'ETI:%HE}%' asses. The
) of “the no

term"Fc domai n" of .a nti body refer 0 a part ecul’e conpri si ng
t he hi nge, ?Hameﬁg“dgémqwgﬁleﬁmmmﬁmwmmnmw fsbmgpk.ng sites. The
termis al SO MgRBterinCadtIPWEAR JGodid Y ent .reqi.ops. of .an I gM. or other
ant i bodg%i sot g‘oe. The term "anti - %%fé%h %‘83’;‘/%%&‘3??"?’@“% md5t i body

t hat speti fP& onf; gpifape of thet IOVBAK Ipeatein. one epi t ope of the TWEAK prot ei n.
The term” anti-%mggpﬁ_ Rl | bady. refers to any antibody that
specifically binds to at 5s, o%eggéﬁ%fbé’ﬂ% ffmé"wﬁbwé%t or. The term

" TWEAK r eceipeaifically finds toraleast efespitopeoo il WEMKaEceptBACt | ONSs associated . with

a TWEAK recept oF subsequent mml ecul ar reactions which result 15-
t herefrom The tTg?%BmW%FPWE&@WCE&%WWFH@WMd " TWEAK

or  TVEAK- rwittep TWEAKDSEdpio Pghwao@aRbseqiRhEnsiedufr A% AT SRl g, can modify
I gand 15  therefrom.
The terms "TWEAK or TWEAK-receptor modifying agent" and “TWEAK or
TWEAK -receptor modifying reagent” refers to any agent that can modify ligand
binding to a TWEAK receptor, can modify cell surface TWEAK receptor clustering or
N TWEAK receptor signaling, or that can influence how a TWEAK receptor signal is
"20  interpreted within the cell.
The term "TWEAK ligand” or “TWEAK protein” refers to any TWEAK
monomeric, polymeric, or heteromeric complex or derivative thereof that can
specifically bind to a TWEAK receptor.

The term "subject” refers 1o an animal, or to one or more cells derived from an
25  animal. Preferably, the animal is a mammal. Cells may be in any form, including but
not limited to cells retained in tissue, cell clusters, immortalized, transfected or
transformed cells, and cells derived from an animal that has been physically or
phenotypically altered.

30 TWEAK ligand



binding to a TWEAK receptor, can nodify cell surface TWEAK recept or
clustering or TWEAK receptor signaling, or that can influence - TVWEAK
receptor signal is 20 interpreted within the cell. The term"T ﬂﬁfﬂ@énd"
or "TWEAK protein"” refers to any TWEAK nononeric, polymeric, or

het eromeric conplex or derivative thereof that can specifically bind to a

TWEAK receptor. TWEAKES JBece‘ﬁH')bdh?c%LereJ Rdfes fttﬁ)e NE ﬂﬂﬁlgg} n%})t@.ms (911(:%%%%%};6 oo C;?l

cells deriv efera , the a

may be in ﬁ%&%ph&%ﬁﬂwﬂbtmeﬂ Al protsindheb hlso reet adseribdd inthd | SSue,

cel | cl ust éitessturk mmgétﬁdrharﬁamlaﬁfeasﬂﬁi‘ ﬁ%ﬁL%di&%‘?@%dﬂ%&eﬁ?ebr& F‘ﬁn%éfl S
pheno ypld(%

derived fr as been si cal or ?”élr ed.
30 TWEAK | ﬁ?gﬁg %@#‘h pyblighed rugust ﬁﬁ% |‘§0a98f0é&?e3rde$oynbcs|tbecbumexdcrmwber
of the TNF Ffaamﬂegmafhgmdcm ermu_( @blyﬁéiﬂ&@@:riﬁﬂ?@ 0 93?9'50%1 dbsc EC{he g?rlfgteé

ed in e

32401- 3241 .7 n has also been descri

literatur e%ﬁé?]‘%g‘ u%l)‘pﬁoé‘} %ﬁéﬁiﬂt QI?J%E@P%E‘HY%EWFRM@'JGW e TYE f8dly qf pivteirs hed -
February 1zmdm&pmmdmm R8LBFHE i A .1998) . WD
98/ 05783 desg r| h} r noy zggo& S Fa(j:?{%fia5 Reﬂllipgg H%Of(])p?mw%sﬁz?%"

pol ypept i de. éﬂ myl §’§/ BF 2dedcrrig ef ‘E‘lﬂ%mﬁ\}lﬂﬂ% ireuneBptet. hel | um
Proliferat Wel kAgmexampleé thedRAle QDO RpEh, dﬂuchwabﬁ:rtﬁe ©bad RE ;B[r\ll:% Jr té e of

proteins the TNE-re tor ( TNF famly of proteins.
The inter act]‘ig%ﬁﬂaglip hots pro etélgﬁlzo aé‘&’b?dﬁgmd”f”r{ﬁgcf "ﬁ‘é Immugal s ol6559-70

i nfluence &9Ndehelamphotoyindietaflignmtt(L DM which Binds ﬁ‘ofmee 1yrﬂfsﬂ¢ﬂﬁu§%&tr€&bto}/\%| | knovvn

exanpl es i ept or
promot e t hg&l h%{?ﬁ&enﬁtgar%% El ongbg Sggé’y r%g%gng e 8‘%%‘???&38‘6?3%%@6?1%@13&@@ &elis
(Grewal anéMysiexaad Brovming,Natire 3R 96- 216199839-aﬂ(ﬂthe OXa8I7 Jahich birldSthe 0X40 0 seceptor

| ynphot oxi gy Ahe ,

receptor tq rp@ﬁ]f I&l}%ﬁgﬂg’qw(&ﬁ g'%s t? %lﬁ%gn?e 2%1 Mj ?Or'fgf ?%1998))

di f f er ent i QEcobeaadmeeptaspaifsotithingld mmaremrfmnes wldtt Se kioMWaek plyy @ndalBsiauRi ng,
Nat ur e 395the 2B8mié s¢sk39Bdhde Wﬁﬁﬁsgﬁ%e{f Wi EBzJﬂb ? I the 0X40 receptor to

regul ate the reigﬂar\se of B cells st gnal's ynn et al., J. Exp.
Me d. 188: 297 Ak b9 ylsaswweiypanyamdmec@p&mﬁepammmemm t he

TNF/ TNF- R foadidih was w1 S ihd &,@%‘e@ﬁ 51%90"0 a%%%l rol es 8 the immune

system include TNF/ TNF- R55, Fa Pt ogy is as
yet only paralyding FTRS adernsercinpma ndllseécbllsleétubiaapa'm Hara)ba-maajwas used to

i nduce t he cﬁ'canﬁaB%&is (ﬁato}p‘ﬂg'loﬁnﬂ ange QA%S r cell lines,

oma cells (anti-

proliferation). TWEAK also induced the HT29 and A375 cell lines to secrete the
chemokine IL-8, and had the same effect on a fibroblast cell line, WI-38
(Chicheportiche et al., J. Biol. Chem. 51: 32401-32410 (1997)). In addition TWEAK

induced proliferation of a variety of normal endothelial cell lines (Lynchetal,J.

Interferon Cytokine Res. 18: A-46 (1998)).

A putative receptor for TWEAK has been described (Marsters et al., Curr. Biol.
8: 525-528 (1998)) 1998). This receptor, variably known as TRAMP, Apo3, WSL-1,
DR-3, or LARD is a member of the TNE-R family. Activation of TRAMP can induce
apoptosis by engaging either the caspase-dependant cell death signaling pathway or
cellular activation via NF-kB signaling pathways (Ashkenazj and Dixit, Science 281:
1305-1308 (1998)). -

The expression of TWEAK in mouse and human tissues is widespread, with

messenger RNA (mRNA) found in heart, brain, lung, liver, among other tissues, and
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I ncl udi ng HT29 adenocarcinorna cells (cell death via apoptosis), HelLa
cervical carcinoma cells (norphol ogi cal changes), -and A375 nel anona cells
(anti- proliferation). TWEAK al so i nduced the HT29 and A375 cell 1I5|Utﬁé$2[]ﬂ30

secrete thwoopamopki ne I L-8, and had the sane effect on st cell
line, W-38 (Chicheportiche et at., J. Biol. Chem 51: gﬁ%%k@géf?
(1997)). In additi on TWEAK i nduced proliferation of a variety of nornal

endot hel i al nch al., J. Interferon Cytokine Res. 18: A-46
(1998)). A puf‘d‘h 8‘8&’5%8?5‘1‘ %@KWB%“‘H’@%@“‘HWF’E@O@NW sters et al.
Curr. Biol moanW&QBceBE&HM@QB)rmg,ﬂaaaes nxhép%eir%ﬁé’é WEB: X? Fnown as
TRAMP,  Apo W5 -1, ., or LARD is a nenb

Acti vat i on?HT‘Ph’PW"E Meﬁeh'ﬁ{?@@ sysiseyselisdeyelop, seclg%sghm@sebmhmmodu,e

d v || ti vat
CERRSS; eRnanldo thuslRed b B0 09 A RBL Y Y i sk e B %) 508 V' 2

(1998)) 3 Tmm@smsmns@tmmmmﬁmbmmomuﬁme@m i s wi despread,
with nessenger un he , brain, lung, |iver, anmong other
ti ssues, and -1[‘5%%%?%’ ggﬁw %@%F@é@@@ﬂﬂ&s‘%%ondary

| ynphoi d omgaber ofmhﬁasooaplpeeeumﬂpmbnmﬂpmmeﬂmmal bl ood

nmononucl ear %@%I;BNCS%\F/EK does not appear to be expressed in the -
pri mary P Hied 49 Rreewt eranedifydisand/mesptosuch as t hynus,
bone rrarromdm@,r@ mﬁ@dmcbgﬁﬁenmbmsg 58] & hobical YRR wBh 2Y [0 the

i mmune systemare_ likely 5 be in inmmune respo an'in the
devel offenthegntemstion; Mmu%mm:gmnmmm wfluerga rapéptprsignaling dyi gands and

their recepime ifgtHe f cific tools. For

exanpl e, rmnoclli:onal aﬁdﬂ%g@ E%qﬁ"’w‘@‘wqb@%@ﬁ % FRVEFR®ogni ze t he
Ilgand canswmmucwqﬁkmmbeenmmlufbymhbgmnunmﬁny@rcnbs BghnBY, by virtue
the' i nt o a0paho g 15k DR 81 4 Fas: s SLooS upt lsadt P msee r acept or

si gnal i ng bsenmmkwmﬂeﬁmmbﬁtdmsrv&iemnﬂﬁ [ rhieprotsie@RN¥ESa patitalay mul tipl e
Iigandis. gst for rg&l&)tor Such corrpfl cat ed effects have been noted for

mAbs t giag trsone(recepOE bits dpaxing hinding to snpther Med. 181
1145- 1155 fei:&ﬁ&)uhchaﬁ@éd. mm&%%ﬁ%or can also be used to modify

ligand binding, or may themsetves induce or modify receptor signaling. Thus anti-
receptor mAbs can be antagonistic or agonistic. Examples of mAbs used in the mouse
or human systems to modify ligand/receptor interactions of TNF/TNF-R family

20 members include mAbs specific for TNF, for CD40L, for LT-g, for Fas-L, and for
TR2/HVEM, among others. MAbs can be used to block the initiation or development
of immunologic and other diseases. For example, anti-CD40L has been used in
treatment of systemic lupus erythematosis (SLE), and to control organ transpiant
failure.

25 Potent inhibitors of ligand/receptor interaction can also be created by cloning
the sequences which encode the extracellular portion of receptor sequences to
sequences which encode human immunoglobulin (Ig) heavy chain, then expressing the
hybrid gene, using an appropriate gene promoter, in an appropriate cell line. Purified
receptor-Ig fusion proteins can be used in vitro and in vivo to bind to available protein

30 ligand, and thus modify the interaction of the ligand with the native, cell bound,

receptor. Modification can occur by a variety of mechanisms, similar to those outlined
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even nore subtle effects in systens where nmultiple receptors exist for a
particular 15 ligand, eg. by nodifying ligand binding to one recggtyey Zﬁdﬂt
| eavi ng bi nding to anot her receptor unchanged. MAbs whi ch recogni ze the
receptor cHP#4@H3be used to nodify |igand binding, or rEraideesmed Ves

I nduce or nodify receptor signaling. Thus anti- receptor mAbs can be

ant agoni stic or agonistic. Exanples of mAbs used in the nouse or hunman

systens to @bse for ahti-Basd h&6L Hx@hhpl [ of TNE/ TNF-R family 20
menber s incl ude mAbs Specific | orpt‘?ﬁl@%ﬁ“%‘f?ppé?"i“f?’\{',“lﬁ?edmﬁ%ls-L, and
for TR/ HVENUmARSKGemRs tharodify lipdns/ recentobintarmsidng of THNRIDKF-Ritamilyi ti ati on or
devel opment mepberk MO TRELES sBROMQE. di S. exanpl e, anti-CD40L has
been used in . treat nen!tmgflesss?gtem ?‘%H%&é%'gf‘fﬂ’ﬁ%{ﬁ%&‘%m(‘%@@%nd to

cont rolor gecepRotisbbiam protdim s beused > MO iiIbb@4elofent 402011 1 ecept o
mteractFonhS&Qmﬁ{g%comge %r§at ed FX clonin t he sequences I ch encode the
ext racel T ul SrCSIqeicsnd gther diseasisy Forexamplec ENF-R3S-1g hasibernused taiticeh encode
human i mmunbdlanimatonBéwd DisagvyBmai n, then expressing the hybrid gene,
usi ng an appr opr]%ﬁ%é_e gene pronoter, in an appropriate cell line. Purified
receptor-1g fusildffePGEEMPRStrats thah a midowhichspesifically dirds tomurineand 0 bi nd t o

avai | abl e pretRITWBAK bidtafihe e ify .the interaction of the I|igand
with the native, cell bound. rggygﬁqf%%'ﬁﬁ?%ﬂ%ﬁw occur by a variety

of mechani siEnueiogicpldisorder.tGrafie/ epus-HostdblseadeA GVHDY) Oar hvafifda WO 00/ 42073

PCT/ US04 0104 f Pl & hd S. anpl.es of receptor-1g fusion
proteins used F?]@ét)ﬁgﬁsr%)gse %I#aﬂdugnﬁ%é?e@ : B‘%d‘i‘&rﬁaﬂemj%‘maﬁéceptor

i—_rll_':?erRalct i onwarigly of ImirplEidRl ﬂiamrﬁéxywhi&nm%e}t ﬁo?mﬁd ilﬂﬁ‘&icuﬂﬂﬁfmihg, ~ TNF- R7g- 1g,
-R-1 g, - ano s,. . Receptor-1g fusion proteins can be
used to bl g‘[gﬁg%‘gi#ﬂ‘sﬁﬁ%gﬁﬁie%%mwﬁtﬁ% bone marawer stgmeelind ot her

di seases. Romsmargatiphcand Sian Basplagt fAdre RRGRNS S tory
Bowel Dise ehﬁvl E’@? Eierei n. we denmonstrate %hgﬁ&a&n%%%hfc égggegg?f ically
bi nds to ﬂ‘ﬁ‘l’i SNt AntiGipates there Ak THESK, and FWE AK regeptortelmnodifying pr ot ot ypi cal

ant i gentsr i resyents tmmbwwﬁmm%,%?ﬁﬁm%&;fgﬁs GVHD) .

Qur inventign 10 anti(_:ié)at es the use
nodi f yi ng rﬁﬁ%‘%‘?ﬂ"_ Ktopesua Frgpra. oW egener] sd@rpnudématosisy Rolyanyiritia Noddss (Retiasls whi ch
resul t fronuienf, Rapidip Brighdssiihe exfcséeﬂﬁceéig&emlonephﬁtis, Rheumatoid Arthritis,

Multiple Sclerosis, and ulcerative colitis, among other examples. Other anticipated

uses include treatment of acute and chronic inflammatory conditions, such as atlergic
20 inflammation, asthma, eosinophilia, Graves’ disease, and Chagas’ disease, among
others.

Materials and Methods

25 Mice Six to eight week old female mice of the DBA/2 and C57BV6
strains, and the (DBA/2 x C57BI/6)F1 cross were purchased from Jackson Laboratory

(Bar Harbor, ME USA), housed under conventional barrier protection, and handled in
accordance with institutional guidelines.

30 Monoclonal antibodies Monoclonal antibodies which recognize human
and murine TWEAK protein were generated in Armenian hamsters using soluble
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antigen into patients, such as GVHD which results from bone marrow or stem
~cell transplantation, and organ transplant failure resulting fromgraft
rejection. Furthernore this invention anticipates the use of TIWRAKT 3
TWEAK r ecepiomoizoys nodifying |5 reagents to treat a vari {'ﬁ( §’nf oi mmne
di sorders, such as SLE, Idiopathic Thronbocytopenia Purg ’3 6@3 ner'

G anul omat osi s, Pol yarteri tis Nodosa, Retinal Weitis, Rapidly Pr ogressr ve

Qescenticw urrat0|d Arthrltls l\/UItlpIe Scl erosi s,
and ul cerative colitis, a%ﬁéi"‘ﬂ gepsralrd inbaculoyipyeandepyrified aat ed  uses

i ncl ude t r edesoribad (QHichapattieheandl., mr.slm:senr @ilﬁ%ﬁmﬁu(ﬁ@?ﬁ ForiRSgrscUch as
allergic 2Q_infl amrat | OH ast hm"i_'e_os“l”m hili G aves'di sease, and

Chagas' di SERURIzaL0n cach hamsies peceivagh30pgs A&nucmmlmamﬁessmmer X to eight
week ol d f quEhg, &l fpgmggé/ e (DBA 2 x
C57B1/ 6) Fl crog;gdb(grelgpurchgsed %ng%'égg éé\sqﬁaggtcl) ﬁ(agﬁrrtg?-lar bor VE
USA), hous dimartisimunizaiienieacrhamstierecieed Sp(daye b4 andr2g) em (b@mE

ant i bodi es

accordance i del i 30 o¢] onal,

Monocl onal anti oﬂ?‘{éls’ﬁ‘m"?ﬁa{r“%’g%‘&h‘r %?ﬁépﬂa’ﬂ' Tﬁﬁﬁ@”ﬁrﬂi"? ERaorer ot ei n wer e
gener at ed ifsiow ofghs spiech aetbfoekybridema @rtigion Was with 30008 PHEAO% Ao 5 0C1 208
PCT/ US00/ 01 44 humag TV%A rotein that had been enerat ed In acul ovi rus
and puri fi SPUXES R Hxprdoms “E’H@'ﬁbl"ifff’@ﬁ%d‘@!ngétﬂn d proBidutes ([@mem  51:

32401- 32410ralelD B0l Med-G4: 38ha0f (1981)). | Muni zati on each hanster received 50gs
TVEAK Iz@ conpl e%g Freund s adj uvang (CFA), injected ip. For the subsequent
i muni 2%t i ons  ( dBS/Rybridoms which pradures asftiwurinietGDMLpnARRI (Neellewi alat | on) each

Fround s iwwﬁ%@%ﬁ%%%ﬁﬂ% AT usion of Lhe

spl een cel [(Reckyillg,MP; Tihe hybaidoma whizh pridides 2RDYEH EAa48 Waout  adj uvant ,
i p. Hybri dopgig erf sr n standard procedures (Lerner,
Yal e J. Bi %I @g@&?j 9@%&%82%}’ HisMDWP$AR produces

anti-murine CD4OL mAb MR1 (Noelle et al. Proc Natl. Acad. Sci. USA 89:

6550- 6 5§4 (199 ZEIIS%MBSJS g bec(zjcn]:u;yo m AInCnC-human TWEAK mAbs were tested

for their ability to bind to human and murine TWEAK in a variety of experimental
formats. Several mAbs raised against human TWEAK protein also recognized the
mouse TWEAK protein in an initial screening of mAB activity which was done using
ELISA format assays. Murine TWEAK protein was generated in baculovirus using

20 methods similar to those described for human TWEAK protein {Chicheportiche et al., J.
Biol. Chem. 51: 32401-32410 (1997)). Purified human and murine TWEAK proteins B
were coated onto 96 well plates, and various hamster mAbs were tested for their ability
to bind to these immobilized proteins. The capture of hamster mAb by the immobilized
TWEAK proteins was visualized using Pe_roxidase-coupled donkey anti-hamster IgG

25 (Jackson ImmunoResearch, West Grove, PA USA), and an appropriate peroxidase-
dependent enzymatic reaction.

FACS analyses of mAb activity Soluble TWEAK protein induces
apoptosis in HT29 cells, indicating that these cells express a TWEAK receptor
30 (Chicheportiche et al., J. Biol. Chem. 51: 32401-32410 (1997)). Purified mAbs
(10ng/ml) were tested for their ability to block the binding of FLAG-tagged murine or



(Rockville, NMD USA). The hybridoma which produces anti-KLH mAb H&4/ 8 was
obtained fromDr. Mendrick (Human Genone Sci ences; |nc. Rockw I5€ r%l‘u) USA) .
15 ELI SA anal yses of mAb activity Anti-human TWEAK mAbs were tes % for
their abil iWQ0y/@0td nd to human and nurine TWEAK in a var i sdyussboiodd
experinmental formats. Several mAbs raised agai nst human TWEAK protein al so
recogni zed the nouse TWEAK protein in an initial screening of mAB activity
whi ch was dabl TWBAK b HE29 éefik 78 He mﬁs.

generated in bacyl ovirus using 20 nteé?ho S l’s’%%%ﬁﬁgggﬂh&dﬁn bed for
human TWEAK SBFRIAVEdeR PeRfidattepdiepproprateenzanatic sobstra®i ol . Chem 51: 32401- 32410
(1997)). Purified human and nuri ne TWEAK proteins were coated onto 96 well
pl-ates, and various hanster mAbs were tested for their ability to bind to
t hese i mbi | i zelrdperionaf eiwonidGEHDab:-2iweskald DamaﬂBw.‘IFbYexﬂahﬁnicmTDbl l'ized

TWEAK pr qt ei d usi ng Per gxi.dase- coupl ed donkey anti - hamst er
| gG 25 (?acl?g%e i C\é{l?sa&zlse g'F 8\5‘%‘“?‘%‘189& 1qyg Fingle %Ppropri ate

per oxi dase- s@mmmmmﬂybpgenﬂy@ﬂﬁ&ﬁgﬁgorg&ﬁ%@g@m%g 1a8Y st;HE0 tact | ;/Iht%/
indicating tha

Sol ubl e T\/\Eﬁﬁ otein nduces apoptosis in

t hese cel | &‘E‘F%g?“ad Wa?@\rietﬂ'ée'ép%rpe@mm@!mwﬂpmtemmu J. Biol.

Ch 51: 3 t. df
e Ot | 348l o0l R ey s Btk bR s SO e EL o 212 T O

their ability to block the bi Adi agged’ nurine or cT
2003 WO 002 2dyss reicbipadaghy. élrgmemmnsew&mnspidﬁamem Fhe @fl detected by

a bioti nyl at&ighiantds pElriia i Rg*i avi den-pe se, and
appropriate enzd;glnadtslpc sub %Hrlmg ) %%fzc [ W%ﬂf‘%ﬁ?% ﬂﬂ"’%agdweek old
DBA/ 2 and B&GRFded @ necord timcin stefileypyrogenefieeiPBSC €211 naMberiWas d&BnBRsaS Wer e
removed usi chn| | e cell suspen3|ons wer e made by
gently gri ngg"n%&?#&gm&% Wﬁéﬂﬁ&ﬁwﬁs jysted 192 Y/ml. This selptry gr oss
debris to SwmﬁlmwtﬁrﬁmWlﬂﬂuﬂ&eﬂhﬁeﬁ&&ﬂ(e?poﬁk@ﬁfn@%%we&h' s cell
oni ¢ solution, and incubated

pellet was [ ed s buffered h
on ice for- @'%@EP byfad'aed@awwng ?Iﬁ&)ic@%l%ﬂsu@e@emh each spl een
di srupt efl. 3bop gel 108)]&11§ﬁ|tﬁg¢agqei\ﬂ/a§ eﬁ%ﬁ% %g%cnwe& in sterile,

pyrogen-free PBS, f%é»: | eted, and resuspen second |rre A sterile,
pyrogen-fre PR > Wh‘hlﬁﬁﬁé’fcmlﬂl@m&mwwaww gaafh@todl).onet er, and

the cell dergintals WaS ailiel T AR dePeldprient ¥ chifnic FPID li%austalﬁer injection.

Blocking chronic GVHD Mice received anti-TWEAK mAb AB.D3,
- f?O anti-CD40L mAb MRI, control mAb Had/8, or no treatment. The treatment schedule

was 250pgs mAb ip 4 hours prior to graft injection, and 2, 4, and 6 days afterwards.

Assays of disease development On day 14 of the experiment the mice

were sacrificed and weighed. Then, the spleen was aseptically removed and weighed.

25  The spleen index was calculated as the ratio of spleen to body weight for each animal in
the control F1>F1 group, averaged to give a value of one. The average spieen index for
all other groups is normalized to the control value. Splenocytes were then isolated from
these spleens, as described above, then diluted to a concentration of 1 x 107 cells/ml in
sterile PBS. For FACS analysis 100 uls of cell were stained for the following cell

30 surface markers. All mAbs described were purchased from Pharmingen (San Diego,
CA. USA). The streptavidin reagent was purchased from Southern Biotechnology Corp
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was then passed through a sterile 70umcell filter, and kept on ice until
use. 6-8 week old B6D2F1 fenmale mce were used as recipients. Eac 00T 2003
recipient was injected with 1S 500p] (I x 10k) cells in the vail vg' H
Experi mentwb ogrizews reci eved the DBA/2 graft (DBA/2 > Fpéﬂm jdsg @ set of
control animals recieved a B6D2F 1 graft (F I > F 1). Aninals were assayed
for the devel oprrent of chronic GvHD 14 days after injection. Bl ocking

chronic GY C ei TVEAK nti-CDAOL mAb MRI,
control mAlS F@am’d@“ U§‘gr ggteﬁ%cr’ﬂes wﬁ?é@?@%ﬁ’ﬁ?%?ﬁ@&ﬁ?@%s“ 250gs mAb i p
4 hours pr ihaplotype Madértwhich s distipuish i dnodocAHI2E° Javm RELLNNGL.dS. Assays

of di sease veI oprrent day 14 of the experinent the mce were

sacrificed? AR gom mmﬁ%d@q@ﬂée@mme%@@me&mled@m@a and
wei ghed. Z&Jbgssmﬁmmﬁ@l%&@a&tﬁ%&%@%&@ 4P §f spleen to body
group,

wei ght for each animal Iin the contro avéraged to give a
val ue of oRBS/OFYeBavinesarym alpimer (BSA)Wel¥osodium adide (BAGS bufferpeapsainifg Nor mal i zed

to the con s,.were then i edf om t he spl eens,
as descri bggf‘oé/%%@gf&tkhg@%&ﬂnﬁ@ﬁ P A RO bAGRE trF o Toseripgs. Tbe| |, ol i
steril e PBSelishwate indibated math yis iABsor p]n&n RE. E&Hsaﬁﬁfe%ﬂﬁh?é%ﬁlspﬁﬂfedt he

follow ng ¢ %ﬁhé&g B&_ace rkers. mAbs descri bed were purchased from
Phar mi ngen™@ § er tg-Kas, mceﬂmeémeﬁlea\hpmlh The geflsiwergas pur chased

from Sout hedsispBlidell CPAOS Bal¥er EHtdinin éyéhré tehs
PCTI USClJrolOﬁkAp (Bl rmn han'?]r AL. %J glgl enocyte m%%%ae‘glgélél ned with

bi ot i nyPat &the pie torraprlmghpéc klefprl?m@%mabais,mshedm@ndlsh t he donor

cells (H2 andf Qsihe B8 |nat|ons W th
directly Cglgllj ugataﬁﬁwbeC Br é’%ﬁf age| i 5' HJ]E%% coR 1t i - B220,
anti - CD69 Dlésmspn,ISaA-'losedMlUS_A)sel ectin, and anti - H2Dd , | n 5 PBS/ 0. 5%Bovi ne

serum al bum n (EB§@31$-0?:11|%50 um azi deiléFAGS ﬁ%‘i‘{ﬁ‘ﬁ) co | nl ng |0pg/m

FcBl ock' (Pharni ngen icery diR recept ors.

{he Cellsaﬁmwmuwﬂgﬁlchsmgﬁﬁmgg 4“%’“@%‘??’“*‘&3‘%@5%‘3‘“?'6 ol et
en resus er to was en centrifuged to pelle
the cel ? %Q i&lclcgsr)%é (5.-9 r‘%‘sﬂﬁ‘%ﬁ%‘ wesdlistrbytecintof welkplateso el ni ng CyChr one

| abel | ed skupeih@iis Wek resteredatR? 9P Hourst O t0 the biotinylated mAb to provide a
third channel for FACS anal ysis, washed a final tinme, and anal yzed using

FACscan instrunentation and Celi quest software (Becton Di ckenson, San
Jose, CA. USA).gource of Anti-TWEAK Antibodies In one embodiment of this invention,

antibodies (Abs) directed against TWEAK function as TWEAK blocking agents. Abs
20 can be raised against monomeric, dimeric, or trimeric forms of the TWEAK protein,
with or without heteroiogous subunits, if these exist. Furthermore, Abs can be raised
against soluble, mutant, altered, or chimeric forms of TWEAK proteins. The anti-
TWEAK Abs of this invention can be polyclonal or monoclonal (mAbs) and can be
modified to optimize their ability to block TWEAK binding to its receptor(s), their in
25  vivo bioavailability, stability, or other desired traits. -
Polyclonal antibody sera directed against TWEAK are prepared using
conventional techniques by injecting animals such as goats, rabbits, rats, hamsters or
mice subcutaneously with human TWEAK in complete Freund's adjuvant (CFA),
followed by booster intraperitoneal or subcutaneous injection in incomplete Freund's
30 adjuvant (IFA). Polycional antisera containing the desired Abs directed against

TWEAK are screened by conventional immunological procedures.
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For in vitro analysis of Ig secretion cells were pelleted and resuspended
in DMEM containing 10% Fetal Bovine Serum (FBS)/4mM gl utam ne, at
concentration 15 of 1 x 10" cells/m. One m per well was di strifbﬁmeéﬂm
into 6 well plates. Cell supernatants were recovered after 24 hours. Source
of Anti-TWEAK Anti bodi es In one enbodi nent of this invention, antibodies
(Abs) directed agai nst TWEAK function as TWEAK bl ocki ng agents. Abs 20 can
be rai sed agai nst nononeric, dineric, or trimeric forns of the TWEAK
protein, wth or without heterol ogous subunits, if these exist.
Furthernore, Abs can be raised against soluble, nutant, altered, or
chimeric forms JanFWEAKngtotleni®die] heAahdirected Vifafié Hibsn TWBAK &e prapeddiis@p can
be pol yclo : -lm%%) nd_can b nodi fied to timze their
ability to%‘bﬁgi°%%d%%le%g 0 "i“?aé‘q‘?%‘%ee%f@ﬁ ‘*?“SIYh“é‘ reqombBRAtsplje

bi oavai | abilumay TWEAKLR ICFAy followeddity fhevsted gsrapesitbntl ar dubcutdneduy lj@ad indFk.i Rody
sera directigg: i ne TXEAY usin co i onal, _techni ques by
i nj ecting a]ﬁ?nncg?g cgﬁlc Y as gb@?h&%ggﬂpﬁ%g?eig 5 té’?rs@l&{sm‘éEABH? %‘éas

subcut aneoispapitedantDeremhsn 1 TV ESAKvithrthecAmpicet EyperCaltoe Collad pruaAdITC) (Kekibille,

foll owed b i - t s_.inj.ect] in i.nconplete
Freund' s 3%428?5(%%%% {orﬁlmrl'—IA) .srl_%%lg@@?lg‘r]\a eszlrril ?tg’ea?ig%gééaﬁflﬁ?éﬁﬁ]ﬁd&@eacﬁe&lm ed Abs
di rect ed addmhatiB-i2fgAA Festrisong emibel atajlation tethe pubtiabf thewtavoh DL dapbsit will

pr ocedur es.be irldjodsbly arlova Qhbn R BRl-Bhe STARALK ;s ARLLRGHT e5 (mabs) it ected

agai nst human TWEAK are prepared using conventl met hods by injecting

armeni a n hanst eafos Rk TRROTHEARMAb SR HRINA LS L@ human TWEAK in
CFA, foll owed booster intraperitoneal or subcutaneous iInjection in |IFA

A hybri dorfEeogEmant PNA techpiqpes (Winterjand Milstein Natlue 849, phe2 He286(1 841 )ant i - TWEAK

MAb AB. D3 VFas$ ex#HpQ S¢Hi8eH© Antid g f WL he Anerican Type
Culture Col| eg}'_:i on (ATCO (éock%%gflzwagggﬁ%&n%e 5lgf‘r11{éln§)'f%vi si ons of

t he Budapestemridany an gpimal gatibogy i lipheditotaHemAT Cohsaacdmsinfe.g. Mabitlger HB- 12622.
Al restrichiogs L1 ahi bitylo the publd t he. ahqve ATCC
Q% ,89@,58'}]?\4%%;1} c?‘% i’rotc. atf Aca L Sgi. d ?{\ @PO 853-58

deposit wll e irrevoc atent on this
appl i cat i or{198¢ak iChimericokhygedute thndbserVAENmbResiarspdnsa eliciidinissd Ng

standard r i t. t echniques (Wnter and MIstein, Nature, 349, pp.
293-99 (1991 ﬁmhg%rﬁ“éxarrp chf.uc é‘%i{’]tfﬁgf‘ﬁ c" antibodi es can be constructed in

whi ch the ant i gbmadditivgj reepmbdheanerihombutiesd A0bedshicR richRRH TWEAK Rked to a
human cons bR Q%rn e%pz;'é‘é.nl-[s:ga'.rgied %QL,L chimeeEas comprising mostly human IgG sequences

into which the regions responsible for specific antigen-binding have been inserted (e.g.

WO 94/04679). Animals are immunized with the desired antigen, the corresponding

Abs are isolated, and the portion of the variable region sequences responsible for

specific antigen binding are removed. The animal-derived antigen binding regions are

then cloned into the appropriate position of human antibody genes in which the antigen

binding regions have been deleted. Humanized Abs minimize the use of heterologous

(inter-species) sequences in human Abs, and are less likely to elicit immune responses

in the treated subject.

Construction of different classes of recombinant anti- TWEAK Abs can also be
accomplished by making chimeric or humanized Abs comprising the anti-TWEAX
variable domains and human constant domains (CH1, CH2, CH3) isolated from
different classes of immunoglobulins. For example, anti-TWEAK [gM Abs with

increased antigen binding site valencies can be recombinantly produced by cloning the
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-al., US 4,816,567, Mdrrison et al., Proc. Natl. Acad. Sci. U S A, 81, pp.
6851 -55 (1984)). Chineric Abs reduce the observed i munogenic r &3$ddnsEs
elicited by animal Abs when used in human clinical treatnments. In

addi tion, e L.nant "humani zed anti bodi es” which recogni ze TWEAK can be
synt hesi zed. Hunani zed Abs are chineras conprising nost [ FCREIEAIM4G
sequences into which the regions responsible for specific antigen-binding
have been inserted (e.g. WD 94104679). Animals are inmunized with the

d (e.g..
desired ant F’é‘k&ﬁ{‘?‘?ﬂégé Ipte YA icargyingthe human ghblieavechainadstarh eegipns t i on  of

the vari abl gaf80iRA8mSELQUE spansi bl g cifi ntigen binding are
renmoved. Thg ani mal 3&1’%’9@2’ %géﬁné&égﬁg@é"&?%%n cloned into

t he appropr immencho2d, pp.AI7HT8E BN TAamkdckady alg Bagse, B39, 9P 687d (rogopnt i gen

bi ndi ng regi ons Iha tibeendgg%ete . Hupani zed AbS ni ni ni ze the use of

het er ol ogous (i REar - ¥haaT re%‘l%‘g:lﬁ‘é’ﬁ& B4 trchpignes ran e used tejalier e | ess | kel y
to elicif§ i biniingaffiaiieooEredmbidant A8 Wie@LE thd Ry en-,%%!.ﬁg i ion of .
different classes of reconbinant anti -T\/iEAIﬁ%\?sb?%gn SO ée&& acconpl i shed

by making cFidussiiethg viciignahthe aatigan bindingsitess iThe antigen bintling TEAKof avar | abl e

domai ns andylh4ERe gé];,crg%g@' . 2 Lsolated from different
cl asses of immno%ﬁggﬁrfl ns. orbﬁgﬁgﬁéﬁm%ﬁq’%ﬁﬂ?m( R increased
anti gen bi nefishgPrag. NatlyAdad:fivi.dbS ar86hep. 11 0020r83i(1989Y;| WOPRAdeTHd by cloning the
-1715GU12 73 PCT/ U 01044 ntigen binding site into
vectors carryi ngp‘??‘?%%%%aﬁﬁ‘ﬁw%w 2 W@B‘h%@ﬁ'ﬁf 9‘?@&%“ F ul anandam
et al.,10. fExFWEiKidepedding onthe talghfed 118€ue (R IBthe phetiB@adtteatthent schildide J-

| munol . ZZVE&D. (2)E573-78 (199?;'); Traunecker et at., Nature, 339, pp. 68-70
(1989)). | n"HIRRES: JrPr cXAmpley 1t may b advantageqys toiveat 2 patient witheonstant lewels used t o
alter the Gf dafiTWENK b th tcRGedabilit RO Y TWERK halihaly Rl skm@nt | gENS. DY
altering amno acid residues in the vicinity of t antrgen Bi ndi ng sites. -
The ant i genPISPHMCHiGIeatments. LykeyriseqantisTWEAKzAbS with icrsased affiinity feased by

nut agenesi sTREAR & bR | een et at., Proc. Natl. Acad.
Sci. US A, 86, pp. 10%%%{%&%%5&679). It may be desirable to
i ncreas® or to déeprducsion afhauister anti-fumén FWEAK TiindKloAdl antibdy fsor  TWEAK

dependi ng Oiﬂéngfedﬁx?ﬁﬂﬁfvﬁilatli ssue type or the particular treatnent schedul e
envi si oned. For exanple, 1t may be advantageous to treat a patient with

constant |evels
Use of Anti-TWEAK mAb to Block the Development of Chronic GVHD, an

Aantigen-Driven Immunological Disease. We now show the effects of a TWEAK

20 blocking agent, mAb AB.D3, on the development of an immunological response in a
mouse model of chronic graft-versus-host disease (GVHD). The ability to block
chronic GVHD includes effects on B cell activation and proliferation, and on the
generation of secreted IgG. Mice were treated intraperitoneaily (ip) with 250ugs anti-
TWEAK mAb AB.D3, anti-KLH control mAb Ha4/8, anti-CD40L mAb MR1, or were

25 left untreated. 4 hours later mice received 1 x 10® splenocytes isolated from DBA/2
mice, in an 0.5ml injection given intraveneously (iv). The iv injected DBA/2
splenocytes constituted the allograft. 2, 4, and 6 days after the graft was given, the
mice were again treated with 250ugs anti-TWEAK mAb AB.D3, anti-KLH control
mAb Ha4/8, or anti-CD40L mAb MR1. A control group of mice received 1 x 10°

30  B6D2F1 splenocytes, which cannot induce disease in B6D2F1 recipients.
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of anti-TWEAK Abs with reduced ability to nodify the TWEAK pat hway for

sem - prophylactic treatnents. Likew se, anti-TWEAK Abs with i ncrienéied g3

affinity for TWEAK may be advantageous for short-termtreatnents. 15 The

product i onwaftodzarst er anti - human TWEAK nonocl onal anti boqh}ugw{[;lu“ust rated
0

i n EXAMPLE 1. Use of Anti-TWEAK mAb to Bl ock the Devel opnent Chroni c
GVHD, an Antigen-Driven I mmunol ogi cal D sease. W now show the effects of

a TVEAK 20 Allcpaliag uigfiis anibRedlfa Bbno P il oV ehaemeibi Ola 80,

I mrunol ogi cal response in a nouse no onrc ¢
di sease (G#fieythe gmE wapgiven e micebyepesacrifided amd exafBifidd fomsidesteof @ikdagct S on B

cell activation and ' tion and on.the generation of secreted |gG
M. ce were treated in ru%%ﬂgé onrgcell?'f"'i}mlﬁ‘ﬂ?"{ﬁﬁ%vag?ﬁg?g SYRRIqrDS thatare b

AB. D3, ant iindidakiveafithy delvelnprherttifiéiBoni OV HDC A Ma oMokl Bl cnifeniit &R0 | oF t
unt r eat gd. e hours. J atﬁmai ce re@vgd 1 x 108 splenocytes isolated from
DBA/ 2 i c&PThISER s et fofioe Lorliarnd Aow B cells have brromsiaptivated)and e | v

i nj ect ed DiAdedgoisdobreQmill kparAShit dhfstid ilGeRkd iﬁ%ﬁit:n%mlgg’ %h and 6 days
after the graft was gll ven, the mice were agaln treate V\nnf 250gs

ant i - TWEAK %msa%.q_f)ss I srfpse noteing sush poCD6Piba bitbsétf Baoellsin ridicatiid4@L MAD MRL.
A control @ QURctREHSH. CSel U . 8 30 B 1 enocytes, which
cannot | nduce d Sease i ﬁl%%%g]\ég%iwrkg)éﬁl%?%glﬁ g?“‘%lmg%gi&ﬂ%e S¥0 00/ 42073

PCTI USOQ 0 #0idencapf Beallactivasioy., Tommerafidnot [gmdleditts, Sadhae I486MREE, [ghi ce wer e
used agpco S ld s after the graft was given the mce were

sacri fﬁged%%h’e?é%‘%%%?{ef%%\?f lféﬂwg:f’ﬁ&‘flg’é%?é‘? sUREiFaes kg Bgells ¢ - r eci pi ent
m ce nani f sve baconsractvagedpindtanpiviitthed theit [ As. Inlis catdfe Hhedrdle deVel opnent
of chronic ngﬁ:@aly,, or enlargenent of the 5 spleen, is

HD Spl
evi dence tﬁg“u'tﬁlr%?sp‘ﬁ’ﬁ‘f OF M YhEa celb ¢ asspysshoweibaies thseievat ed, and are

under goi ng by proliRs@ha@ XpPBie ailbintle ' AHRL k. LQiggl] nunber .
The appeagance of cell surfgc_e pr ot eigns suc %s%ﬁﬁ&gngﬁ%set of B
cell's is i AGMEasTedas yyoutqgmeof diffgeent tyaatnestiregifinas) oss of L-sel ectin nol ecul es

of 1 ol coul oo - s mpe ol Snio ¥ \AREER bertty SEpieft e G ptofie e o he.
serum or PAcHAf splenowegal, B sl ttivationa srsblg secrétivttiduring 6 VHIAtAdB-CRAJLS  have
becore Ct R wal el B Fpoittivk E0EY1 MR el Sinck sty " 2987 9 11
previously shown that blocking the CD40L/CD40 interaction is an effective means of
interfering with the development of chronic GVHD (Durie, et al., J. Clin. Invest. 94:
—*2;0 1333-1338 (1994)). A hamster mAb, Ha4/8, raised to Keyhole Limpet Hemocyanin
(KLH) served as a negative control treatment. Results from 2 experiments are shown in
Table 2. In both experiments treatment with anti-TWEAK mAb AB.D3 reduced the
amount of splenomegaly (compared to untreated allograft-recipients) approximately
33%. Treatment with the negative control mAb Had/8 had no effect, while treatment
2§ with anti-CD40L mAb MR blocked splenomegaly by nearly 70%. To investigate cell
populations affected by treatment with anti-TWEAK mAb AB.D3 FACS analyses were
performed on splenocytes taken from the recipient mice 14 days after graft injection.
Spleen cells from 3-4 mice per group were isolated and pooled. Activation of recipient
B cells is a defining feature of chronic GVHD. In untreated and control mAb treated
30 mice a small but readily visible proportion of the B200+ B cells express the activation

marker CD69 (Figure 4 and Table 3). In contrast, virtually no B200+ B cells in MR 1 or
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of anti-self Igs in the serumor inin vitro cell culture assays shows that
lgs that are being produced have i nappropriate autoantigen recoblﬁi[]r()ircy@ga

Finally, survivorship can be nmeasured as an outconme of different treatnent
regi mens. ¥eoWennpared control mce to untreated all ogr aft-recigﬁi ent mce

to examne the extent of splenonegaly, B cell activati oRCTA§41f4secretion
during GVHD. Anti-CD40OL nmAb MRL was used as a positive control in these

experi ment s spsgNg&rekitmi bee revi ously shown that bl ocking the
CD40L/ CD40 | nteracti E’H&?"g"l"é"ﬁs Q‘P?gg&ar’%f Theasyrable B cell pstivationrin thy splieérh t he

devel opment oftAB Siimtics @uld\baldué LIRS or BbreRk severd] meH | pprest: o 20

S M A ik s L

exper i ment swaineasuhka¥dallIfG inl @R th experi ts treatnment with :
anti - TWVEAK mAb AB. D3 re%_tt}nl:ned thsegfsgkgﬂcgﬁsb%mécg%?ﬁgﬂﬁitﬁ%ar ed to

unt r;afat ﬂ%ﬁ%ﬂwilﬁmmmf@m@(ﬁ dcriod t‘ tidhyn lari&Bt %miﬂsm%a};gt V\At Lh the
negative ¢ ﬁﬁ,;g)gg.rgrﬁ%( : 0 ect,. while treatmen Wi

anti - CD40L VRI bl oc e‘%‘@%ﬁ‘é‘%ﬁ’ﬁémuﬂf%?WW%wamWWJ gate cell

popul at i onsmige.IMRL wehtddymite, and ABID3 w&mmﬂmwﬁmﬂﬁl&uﬁﬁo%aﬁ@ﬁ anal yses

were perf | enocvtes taken fromthe recipient” mce ays after
graft inj eﬁf?%%.lé gpl e‘gﬂuﬁ%ﬂ"g of “Seated gliografiarcipjens mpice@abie 450l at ed and

pool ed. ActThiaxesultizh®fs thftdi PcRilibn byBack i tni.ng feature of chronic
: n PPl D 3%3"‘ ?n&{éléﬂa{g agﬁﬁf'fcthﬁ‘?ﬂc readily

GVHD. I u ‘gﬁﬁteﬂl g*\eg control mAb treate

vi sibl e prg*lb j 1§ Rlogied by, tregiogns with agti TWEAK puls sTHelwse ofahiiTWEQKQ  mar ker  CD69
(Figure 4 a4l tbaidcR thd)devdl 'ﬁ&%{:@éﬁ’ tually ng.B200+ B cells in MR or
-191500 1 2003 W 00/§lb2073 Mﬁ@%@.ﬂéﬂﬂl%t ed mice express
CD69. Lack of neasurable B cell activation in the spleen of AB.D3 mce

coul d be due topogRe A ibB&Y eral chani snms of action, including
failure of T cell act(:h:hvat | lglrﬁ;af%ﬁfws B sPecifis apdtsyssemicor cel | deat h

(apopt osi s putoigemyne diseasasinselvephtiiohigiial i‘ﬂ&dwﬁe&rﬁ&&ﬁdﬁ%ﬁ?&ﬁ# es in mce

from dilgieq\%&t&éﬂ}aeéaggn% 5.u_%l;OUES to determine if the [oss of the CD69

activation rarker Yrom fhe EYes pemolylicanemia, Ghagaisdisease. firave suliseasea f unct i onal

readout, i éliopaths mmﬂbqnémmapuﬁgaqmpggrmgrm us%&mttg@ gSthrEﬁat ed mce, and
anount's

AB.D3 tre eeg njs e produced dramatically | ower otal 1gGs than
di d untreated of 12f9sispt Ararzgritis Nedasa and Bapidly Rtogressies (rEstbhtic 4) .
Glomerulonephritis (From Benjamini, et al. Immunology, A Short Course, (Wiley-Liss,
New York 3d ed. (1996))

20 Although the etiology of SLE is undefined, a fair amount is known about the
immunologic mechanism responsible for the pathology observed. For unknown
reasons, patients with SLE produce antibodies against nuclear components of the body
(antinuclear antibodies (ANA) notably against native double stranded DNA. Clinically
the presence of these antibodies correlates best with the renal pathology that develops in

25  SLE. These antibodies complex with DNA apparently derived from the breakdown of

normal tissue, and as in any immune - aggregate disease, such complexes form deposits

trapped against the basement membrane of the glomeruli, in arteriolar walls and in joint
synovial spaces. These complexes activate the complement cascade and attract
granulocytes. The subsequent inflammatory reaction is characterized as

30 glomerulonephritis, with resulting damage to the kidneys leading to proteinuria and
hematuria.
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This result shows that Ig secretion by activated B cells, a defining
feature of chronic 10 GVHD, is blocked by treatment with anti -Wa
The use of anti-TWEAK nAb to bl ock the devel opnment of chronic | - i

i 1l ustrat eowonoeznpl e 2. O her Anti body Medi ated Di seaseg':.%yﬁgﬂ\smm4
organ-specific and system c autoi nmune di seases invol ve pathologi cal
anti body responses. Such conditions include: i 5 WMasthenia Gavis,

aut oi mmune henol % k¢80 34 . s di,sease, aye's disease, idiopathic
t ronbocyt openi agfﬁﬁr pur a%&@%ﬁ%\“&m°@ﬁ%§¥ﬂ§@ﬁﬁgﬁg‘te@m§m(o§§gﬁ,
Vegener' s Geanbd boeked using regeits seohtas GTILAS-INGERMraBie aRPRIICHA0TT QEIESSI Ve
groescent ic i&&@%ﬁﬁ&p hriﬁYt:a‘idéFglg@ﬁ‘?e%gm ni ((ai:tﬂat. [ m"runolI{o A Short
urse, (Wley-Lrss, | e} Gyeyaban tavalbmimunbleRex i ol ogy of
SLE i s undeflBhad;106 (f296)). Rersitl, tlehdeiRniic SROMY of PRagen £ Rl mechani sm
responsi lgl e for bbg glat ol ogy observed. For unknown™ reasons, patients with
SI-_'I[E. Ergduceqm; tp;)(p(ib ﬁ‘téacl“"’;FGd# é@[mb@nﬂﬁh{éml?n,@talr, mamﬂgl., 16ant i In;JcI ear
anti bodi es 0-n ¥5)9 st r.ande A. Clinically
t he presence of these ant)?gg%ﬁs}c%dr%ﬁﬁggpB%Wrt"gc%ﬁé"hﬁ@ﬁgu%at hol ogy
that devel o Aregustipnagyfipathqgesicantitrdies idvies wassiipive o bl ikkibieRiAyappar ent | y

derived froghieh notmal f.issue, and as in any imune -
aggr egat e di sease, @%ﬁ%ﬁ%@(a@s 5’?@%&’3@8@?@£&%@%&m§@w he
basement e Msreaver adfrief treatmbro oBlupiks micé With Gk CDAb BEandahfisod@Rghd N j 0i nt

synovi aljnSPaGes.. rhese. | exes activate the conplenent’ cascade and
attract lgr ag'%‘z“éﬁt?;%“s"%"‘?ﬁ%@w laneqps disnase longafien the mntihody baddiven act er i zed
as 30 gl onerivirehfeph theid systens. tThe eRseritdenBfoREREE] A | eading to
proteinuria arl'cﬂ hemat uri.a., -20 15 2993 (\)/\D 00/ 42%%%@%&%‘%1044 SLE has
been studi e&4 “%’F‘ﬁlgﬁ‘é" e¥ensyponihsafies the tierapy deggesting temntherfwaShE  can be
bl ocked usi déay faigesxpansodOf adSimnfuhl S Iog, %g@%?{;u@%o%@é{‘h’ nd anti- CD40L,

which interrupt critical steps in T an (G ewal and
Flavel |, | HfZROMC begefits. Marepverganti GB4(11 9@ hent wReabintolhyls of defaytther apeut i ¢

ef fi cacys of pRgfeaRAF st SNRRIGST & ; S murine CD40 |igand was eval uated

in several lr)n)gxrgl s (Mphan, etngllﬁ,%%o&%F?%ﬁﬁ‘r%fwgl‘gﬂ?sewl fed. 480

(1995)). Thel.ddmauachié®31HH2166 (1998))y Al e hvestiohe thaOkagefs whicghi ch i nduce
modify TWEAK/TWEAK receptor(s) interaction in vivo inhibit B cell activation and Ig

production, reagents of this invention will be usefu] for treating or preventing SLE.

| The normal immune response to some pathogénic infectious agents elicits
20 autoantibody responses that can become excessive and present a medical problem. One
example is Chagas’ disease, an inflammatory cardiomyopathy which develops in
humans and experimental animals with chronic Trypanosoma cruzi (T. cruzi) infection.
Recently, several studies have identified anti-self antibodies in the sera of Chagas’
disease patients (Bach-Elias et al., Parasitol, Res. 84: 796-799 (1998)). Furthermore,
25 induction of heart - specific autoimmune responses has recently received substantial
experimental support as a possible mechanism involved in the pathogenesis of human
Chagas’ cardiomyopathy. A recent study (Tibbetts, et al., J. Immunol., 152, Pp- 1493 -
1499 (1994)) determined that cardiac antigen-specific antibodies are produced in T.
Cruzi - infected C57BV/6 mice with heart disease. Upon infection with the Brazil strain
30 of T. Cruzi, C57Bl/6 mice develop a cardiomyopathy that is histologically similar to

that observed in chronically infected humans. Antisera from these mice react with three
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t he production of pathogenic antibodies in vivo was shown to be inhibited
by adm nistration of a nonoclonal antibody which bl ocks CD40/CD40 1igand
interactions. Moreover a brief treatment of lupus mice with anti} 5ABJO)m)

| i gand ant &lgMzgpad ‘a 10 sustai ned beneficial effect on their spontaneous
di sease long after the anti body had been cleared fromtﬁgT’PS‘g’is’ ¥ens. The
experinmentation indicated that pathogenic B cells could not produce

anti body even..9 nt hs af he therapy suggesting that there was a delay
of the ex pa%a%‘f‘%nﬂ‘gﬁe“étﬁh@“r éﬁiﬂ‘}é e Bfepte Witk thesGyayas stringf T, ruzbwigich er m :

t her apeut i cdduen dévielop carliargOpseily didHtiprddetDinch MRBLAEY Tl 3ad Hdfiale0 Nl t oF
del ay the 1&‘%'&&{8ogr, ssion of established SLE i n a spont aneousﬁay occurring

mouse nodel f &Ribodigs arg;gpecifig markernof odrdiomgopatiy] The AbiGEH FTIIAR . As we
h h i ' - | ! K t | nt ti
Vi vo t nn o iAo Dotk b aRakeran E pogiieh w6 Pt bnleckize s "

in vivo inhibit B cell activation an this
i nvent i oh vib¢ fardiac dasmage thatfoogurs indtiagast)distasppatiemat i ng SLE. The normal i mune

response to so ofe]= Lce.infectigus agents elicits 20 autoanti body
responses t hat n?gﬁ ltejco eéﬁ%@&ﬂ'@“%@ tihpdies eeRemtedAs apr obl em  One

exanpl e i s dhsegussice off cemais idfectidusidivehRIBROPSNer GRKIVAILABAL (D ¥igMaingh devel ops
I n  humans @{Ad experinental animals with chronic Trypanoso cruzi (T.
e

cruzi) i nf SEPMBRCYoRpia gyPYr) (1TEY, Ja,this candition antitedies direreadtth platstetsamsult- sel f
anti bodi es ih plateled déstradtion ' ipﬁﬁ?,gﬁ,- ' h-Eljas et al.,
Parasitg] . I%a. 84 798?@?8?%%83& Fut t é;%grrftl)gr‘g%gggl n urce:(fef’{(? of heart -
speci fi 0 adtis ta blseding. Therapeutiescwlrich willrislibit med astitindy artiani

exper i ment oSt rkactiSnsdn P95 Sidh! ,sminvol ved in.the pathogenesis
of human Chagas' car di onyoggt y.ag % reécheﬂn:tm(’s‘?ftg‘ﬁaﬁeﬁ &‘T@,"“’g‘f’“él -
| munoL, 152vhigkinhibig eibodyleta@atichoow)l) beclmtful titesichr pheabntatksli ac

anti gen- spegictihg FMsTole are produced in T. GCruzi - infected C57BL/6
mce with hegrt | sease.éssge([)lh infection with the Brazil strain 30 of T.

Cruzi, C57Bl/ Whemorgelimmope spoasdio 96016 pakdp¥nit Ritctioss dpests BlnQfiocal |y similar
to thate Ol%fnﬁn“é@gni n.t(:x%r, oni.cal tl%t I nfected humans. Antisera fromthese mce
react with Chree —Ft WY BofRohHRat can e FXeEsiY andprysemdimmyaloesas s ar di ac
anti gens wihddizalGaldch GTHE hidht prat8&Hk eehnoWild 8F 29 KUYt "ah'cr@ T. Cruzi
whi ch do not . de\#gllpop car di omyopat hy did r%{é produce ?&’(r:ﬁ an |£bodi es. These
data indi cATE O HAFS AR @‘%ﬁhyﬂéﬁﬁé@%ﬂe%ﬁsbbmﬂimm&mwm
car di oy opaédajtors bl Snasdtedld dod b%pﬂﬂéﬁ@‘ﬁigger the release of pharmacologicalty active

agents that mediate anaphylaxis. ITP and Goodpasture’s syndrome are sometimes
20 thought to be Type II reactions which occur when IgM or IgG antibodies bind to

antigen on the cell surface and activate the complement cascade. Granulocytes are then

attracted to the site of activation, and damage from the release of Iytic enzymes from

their granules resuits in the destruction of cells. Rheumatic arthritis is thought to result

from a type HI hypersensitivity reaction mediated by immune complexes of antigen (in
25  this case theumatoid factor, an IgM autoantibody) that binds to the Fc portion of normal

IgG. These immune complexes participate in causing inflammation of joints and the

damage characteristic of this disease. As these pathologies are mediated in part by

antibodies, therapeutics which will inhibit the generation of antibody, such as the

TWEAK modifying agents of this invention, will be useful for treating or preventing
30  these diseases as well.



nmodi fyi ng agents to block B cell activation and Ig production wll be
useful in blocking 5 the cardiac danmage that occur’s in Chagas' disease
patients. Anot her exanple of cell destruction by autoantibodies geqeggﬁaﬁlnm
as a cons@f¥R¥3of certain infectious diseases or for adrarsowmBAOVN
reasons is idiopathic thronbocytopenia purpura (ITP). In this condition
anti bodies directed to platelets result in platelet destruction (by

conpl ement or phidpidonhi exampllet 6f didehdes BBichkalss Biohie L .gh may |ead
t 0. bl eedi ng, Theratﬁeutj cs %z)m ch will inhibi tplsgﬁl?ﬁﬁg%lﬁ %’égmge&é‘?at ed

aut oi mmune  FHUREF 1 AE PRSIl @%%WSa@mmmhmmmiaagﬁms of this

i nvention - anticipBied that TWERIK madifyi ' --.will be useful to treat
or prevent these autoi nmune d&%ﬁ%@@?%ﬁeﬁ?ﬁ%mﬁﬁvﬁ%@% €r esponse
to some pat MSBEINFES nfecti ous agents can also 15 elicit hypersensitivity
reactiong that can becone excessive and present thenselves as a nedi cal
probl em The nost preval ent exanple of type | hypersensitivity is allergic
reaction. These Inhibitipadif Seldabiminghe Respoiadi We hivd delholiadd g t heir Fc

portion to : n_nast.cel | nd hasophils to trigger the rel ease of
phar macol ogl ca: thahg{;:ﬁr\%genﬁé‘%'h@?@?h%?ﬂw&f%f%ﬁﬁm& viyaplogind
Goodpast ur eths deylogmentf ar mtidodyehkdIREd Gmb unk QisSier] MHR6hid ﬁvhf)a‘:t I ons

whi ch occur en G anti bodi'es bind to antigen on the céll surface

| gM or |
and activate ti wgg’ﬂﬂ’ e modifigns whishaan capelle efblogkmgtthredevelaprensict ed t o

the sit &0 of of@hiohi¢ W VHID inchide adlROBEEL AidFTL AR 1 £l f hytic enzynes from
their gramgl%i(&r_es Its in the destructi on‘b‘gg@%ﬁﬁég%e%rfgeﬁtft hritis is

t hought t (r)rpd pipe Brma 3pg Beeell petivegons(Grewnd iand miavqut, m-gmioil.d?vnﬁdj at ledey
I mmune Cco a Se eu Ol actor, an
S8 96)AThiGBR, {bRpaic ."Ec?ﬁmb?‘r‘ﬁ%? TR bofept it g

aut oanti body) that binds to the Fc por se i mmune
conpl exes pAMEM SRBYEYS hannct deesi lisgjtednd thammabiabimmiinejrédpbtisss. Fod eddifple damage
characteri s ; ' As t hese pat hol ogi es are nediated in part
by anti boéf“*é?&t"%té?%ggﬁ’??‘?@% e vap?fﬁﬁfwﬂ “tgﬁglerg‘eﬁm PBAL of ant i body,
such asld heranspl@intjectieti in phingl mgdsld &ifkf et bl)iProd. NS dalSci, Wislal, opg7pgef ul for
treating or %llgg 30 t hese di seases as wWelT. -2Z I5 ot 2003 WD

00/ 42073 P&Z%éég} TYHoR O Rs JFFTUGR HSPanse fosraesplaednreana isdhl ihtelin cause

si gni fi cantmeiisddbandconsial eftagftordkal GElas ifhrkdhe ri¥BidsE NSuch Aot HE SmGnaY €S’

di sease and acute hermlng_u c._anema, It is
Tesponses are responsible for cell mediated damage in a variety of other immune

disorders such as autoimmune diseases such as inflammatory boweli disease,

o 2{’0 rheumatoid arthritis, multiple sclerosis, diabetes, ulcerative colitis, and Crohn’s disease,
as examples. Based on the ability to biock the development of chronic GVHD, our

invention anticipates the use of TWEAK or TWEAK-receptor medifying reagents in
the therapeutic treatment of cellular immune disorders.

25 Treatments Using TWEAK and TWEAK-Receptor Modifying Agents The
compositions of this invention will be administered at an effective dose to treat the
particular clinical condition addressed. Determination of a preferred pharmaceutical
formulation and a therapeutically efficient dose regiment for a given application is well
within the skill of the art taking into consideration, for example, the condition and

30 weight of the patient, the extent of desired treatment and the tolerance of the patient for
the treatment.
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antici pated that TWEAK nodi fying agents will show efficacy in preventing or
treating such diseases 5-Inhibition of Cellular |Inmne Responses W have
denonstrated that administration of reagents which nodify the adth it 0of
TVWEAK prot ev@odessi Vo bl ock the devel opment of an anti bogynsehaled
(hunoral) immune disorder, chronic G/MHD. O her potent inmmune System
nodi fi ers which are capabl e of bl ocking the devel opnent 10 of chronic GVHD

i ncl ude anti-Ch4 - ' r | hese reagents bl ock
critical steps i (r;ao'ls&a%ﬁa%k_%g{kggggiivi'agﬁ%ﬂ%%gﬁﬁﬂar’P? g2gent munol .
Rev. 153: 88 a@éct{dito®ejitablEhanting @bints fotuptinitang ircatmhidnplighed at i on of these
ot her potent imrﬁp,agplsnéste at h%%not been |limted to the hunoral

i Mune responses.- ok %&f{?ﬁ erapeyicail fivefoge ¢arjalsa bejassessed tyeen used
separat el y auffoitfein\efo éxperefdiis BAt R 8Rthd SodceARS hif5ld 9f.d N ani nal
nodel s (Kirk e &{9 Pr ocx?eNatI. Acad. Sci ?OAUSA. . 4%%@%%1{1{1997)).

Mich of the 'PHHfEHE Goatiprgstsells (d WhAK spT WEAKR exeganpositive Tls dépending on medi at ed,
and consi st Shhodifyibl bR ol sitab | & onse. h %fyl ar i mune
responses are r%s_ons#plje(ogor C‘EF‘}'&E&%@}%;J@%%QQ@%@%&Q of other

i mune  di sdeegtorligand hindingassays desaribed hidrein asrete e nivhitbrithe @By bowel

di sease, 10 QLd thriti | t.i pl e ,sclerosis, diabetes, ulcerative
colitis, an %oﬂ'n! S d?ngt{e]%%e%lflts°§?C?Mg§g%§w'6WW5Wlei ty to bl ock

t he devel opmexiifying agimt concent@NodD carDbl selebtBd &Ntpdt Mankdll. Ci pat es the use of
TVEAK or, .-TWEAK-receptor .nodi fyi ng reagents in the therapeutic treatment of
cel | ul ar'%i nmune g‘ﬁ@g"r‘ﬁ@?%n gé@%\%%ﬁ%ﬁ%@@gwwfmwemu alAEAKInRecept or
Modi fyi ng Agembinatidaginclugitp @6latei AR pRffiell Rirss bPYRFWRRAK nk hnPPWRAK. NI St er ed
at an effectjve dgse to treat the p_paret i gfarﬁ{g I ni ca%!(i:(%?ltgl tion addressed.
Det er mi nat i podiesyregspiarre fision proteiese otheCBWEAKand TR AKoreceptor a

t her apeut i cgidduyRE fdagddidih lg‘g%#g.g}n&@ﬁ if bven application .is well
within the ski.ln?’ %f ghe a?t_ ta |ngii nt o C%é’é‘?‘ﬁg‘ﬁgﬁ%ﬁ%‘*ﬁg‘&ﬁ& e, the
condi ti on atffir3eltspsiphrrmacstuticaliy agraptabsle tierivatteesaberaxtmayfoe deaoimphished I €at ment and
Lhe t0l Q5anGan byt Ph Bkl Bbnali hooehdlmbdcd 3F Mhihistracin of igeas whin © + ° 50CL

exhibit immunosuppressive activity.

The pharmaceutical compositions used in these therapies may also be in a
variety of forms. These include, for example, solid, semi-solid and liquid dosage forms
such as tablets, pills, powders, liquid solutions or suspensions, suppositories, and

20 injectable and infusible solutions. The preferred form depends on the intended mode of
administration and therapeutic application. Modes of administration may include oral,
parenteral, subcutaneous, intravenous, intralesional or topical administration.

The TWEAK and TWEAK-receptor modifying agents of this invention may, for
example, be placed into sterile, isotonic formulations with or without cofactors which

25  stimulate uptake or stability. The formulation is preferably liquid, or may be
lyophilized powder. For example, the TWEAK and TWEAK-receptor modifying
agents of this invention may be diluted with a formulation buffer comprising 5.0 mg/ml
citric acid monohydrate, 2.7 mg/ml trisodium citrate, 41 mg/mi mannitol, ! mg/ml
glycine and 1 mg/ml polysorbate 20. This solution can be lyophilized, stored under

30  refrigeration and reconstituted prior to administration with sterile Water-For-Injection
(USP).



Doses of about 5 ng/kg of a TWEAK or TWEAK- Receptor nodi fying agent are
expected to be suitable starting points for optimzing treatnent doses.
Deternination of a therapeutically effective dose can also be ak§@§pegby
per f orm ng WA 0#20T30 experi ments that neasure the concent regtmoo/ehdd he
nodi fying agent 5 required to coat target cells (TWEAK or

TWEAK- Recept or-positive cells depending on the nodifying agent) for
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sui tabl e  mMagiefidkk,NGtHAEHRIN, PIVOCHAL PaHiisA &ﬂﬂﬁ? smg.i st in

animal s. 10 Administrati (?I,’]_Of t he SOE%Q%S% fyslﬁl% agen EES&SP this
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pills, neWdeligse fofilhtthns Blabdd iR HRarlbr PRSI BRRy %@P&%Q@%@e » and 20

i nj ectabl e and i nfusi bl e"sol utions. e preferre orm on the
i nt ended no#ésuesor thechigadstosama tSuisableaeminiples ofsnstained relepse| catiasiigsude Modes  of

adm ni strat| 00\ | .. parenteral , subcutaneous, .intravenous,

i ntral esi onéﬁmgr toﬂé?]gda{%%&%uﬁﬁegfnr% {"BH."F %%%%&WMWP&%‘EN or

nmodi fyi ng agésrocpsdest hhplantshlentrhioncapelar shethinedreRAsR InRiride€inBhdsed i nt o
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stimlate uﬁ?lgi%%udgf 8@5?@?‘# ﬁ?f%’ﬂﬁél?;gpn{ﬁ%)’G?qug"e&‘r‘gfleglaw acidqui d, or nay

be | yophis| i aetetpdlegittambe (Sianai®|aE, Bib SAEAK s 713dRAYs or nodi fying

agent s of tg}i' I nyention galy be di Iﬁlf%h aﬁpgﬂml at i%ﬁﬁﬂgﬁer

conpri si ng .‘S"’ﬂi‘j}\“ﬁ{']mﬂgmii’@ ActalenpHaripestate dangerpt by Biomed. Matlirum ci trat e,

41 mo/m - TEReL.! 13l pp. 16TI Y198 ] DnpHCCRAR TheH 100N, BENYLABEAL S 20. This
refrigerafi

sol ution cam be Iyophilized, “stored unmder 3 and
reconstituted prior to admnistration with sterile Water-For-1njection

(USP). -24 Advantages of Therapeutic Compositions Comprising TWEAK or
= _.20 TWEAK-Receptor Modifying agents The TWEAK and TWEAK -receptor modifying

agents of this invention are capable of inhibiting immune responses, as shown by the
inhibition of B cell activation and Ig production in the chronic GVHD model. The
ability to selectively inhibit such immune mediated responses will be useful for treating
immune disorders including various autoimmune diseases, organ transplant rejection,

25 and acute and chronic inflammatory conditions. Treatment of such pathologic immune
disorders generally employs immunomodulatory and immunosuppressive agents which
have pleiotropic effects on a wide variety of cell types and immunological responses.
These non-specific immunosuppressive agents are generally required in high and often
cytotoxic doses that cause adverse side effects. For example, three general

30  immunosuppressive agents currently used include steroids, cyclophosphamide and

azathioprine. Steroids are pleiotropic anti-inflammatory agents which suppress
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WO 00/ 42073 15 0 C T 2003 PCT/ US00/ 01044 The conpositions also wll
preferably include conventional pharmaceutically acceptable carrige | |
known in the art (see for exanple Rem ngton's Pharnmaceuti cal Sci’ei@@ﬁ?ﬂm
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Tr eat ment oftesseidavepteris limigedonlyrhyithe clabhssor der s general |y enpl oys

I mmunompglul at ory and i mmunosuppr essi ve agents which have pleiotropic
effects on a wide variety of cell types and i munol ogi cal responses. These
non- speci fi ¢ i mmunosuppr essi ve agmeneral ly required in high and
often cytotoxic doses that cause adverse side effects. For exanple, three
general 30 inmunosuppressive agents currently used include steroids,

cycl ophosphEMBLEAd Production of a monoclonal antibody to TWEAK protein.

Monoclonal antibodies which recognizes human and murine TWEAK protein
- :_20 were generated in Armenian hamsters using soluble human TWEAK protein that had
been generated in baculovirus as described (Chicheportiche et al., J. Biol. Chem. 51:
32401-32410 (1997)). For the first immunization each hamster received 50ugs
TWEAK in complete Freund’s adjuvant (CFA), injected ip. For the subsequent
immunizations (days 14, 28, and 42 after the primary immunization) each hamster
25 recieved 50 (days 14 and 28) or 33 (day 42) ues TWEAK in Incomplete Freund's
Adjuvant (IFA), ip. The final immunization before fusion of the spleen cell for
hybridoma formation was with 100ugs TWEAK without adjuvant, ip. Hybridoma

generation was performed using standard procedures (Lerner, Yale J. Biol. Med. 54:
387-402 (1981)).

30 Initial screening of mAb activity was done using ELISA format assays. Murine
TWEAK protein was generated in baculovirus using methods similar to those described
for human TWEAK protein (Chicheportiche et al., J. Biol. Chem. 51: 32401-32410

-26-



azathioprine. Steroids are pleiotropic anti-inflamatory agents which
suppress -25 1 5 OC T2003 WD 00/42073 PCT/ USOO 01044 acti vatapﬁl 0

macr ophages and inhibit the activity of antigen presenting cells H M@é
whi ch reverwaoomaom pathologic T cell effects. Cycl ophosphgsgGionoidil

al kyl ating agent, nediates cell death by inhibiting DNA replication and
repair. Azathioprine is an anti- proliferative agent which inhibits DNA
synt hesi s. ] M SR | i LS S S| ent e neral ly
required i nfﬁﬁ_ gg@es whi ch&lllﬁcr ease ‘?ﬁgﬁ&ﬁ’fg%g@? ¥ ?“Z‘?gé.“’ﬁlgﬁ‘ﬁ%- and
hepat ot oxi ciang yarghghamstes mAdd weresestasii foetheif alsitityo bililh &y/theseéminobidized NS ui t abl e
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mAb of tt;i swi neér%nt il,ongS he c{TEt hods .used in the characterization of the
mAb, and t he" T5Eye iy %]a\ﬁﬂ TLAPBIOBEKE eATYBMbT iaditonr Eightout pfi2henbyi cal
disorder. Thesggddommins ihihAWRAK ol (el 135 11 M Ling: the exanples
are included for purposes of illustration and the “present invention is
limted only by the clainms. 15 EXAMPLES EXAMPLE 1: Production of a
nonocl onal anti body to TWEAK protein. Monocl onal antibodi es which
recogni zes human and murine TWEAK protein -20 were generated in Arnenian
hanst ers usi ng sol ubl e human TWEAK protein that had been generated in
bacul ovi rus Tale lescri bed (Chi cheportiche et al., J. Biol. Chem 51:
32401- 32410 (1997)). For the first inmmunization each hanster received 50gs
TWEAK i 0conpl ete Freund' s adjuvant (CFA), injected ip. For the subsequent
i mruni zations (days 14, 28, and 42 after the primary imuni zati on) each
hanst er 25 r e€io¥ged E@n}d ncl 4 Ligingl 28) OrrFa8Ssigggkny 42 Facy8indY\EAK i N

u

I

| nconpl ete Freund' s ™ K (g , 1 p. Thaehigal | nuuah i on before
fusi on of thqsgp-}_leenEég m‘ ﬁ? i doma flbrrEr‘Iptl on was W, tJ100gs TVEAK

wi t hout adj uvesmss i p.++Hybri doma +generation was perforned using standard
procedures (E@Afggé‘r, Yate J*Biol 5 Med. 54: 387-402 (198d)).
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HUMAN TWEAK ELISA: mAbs were evaluated on their ability to bind to 2 human TWEAK
coated plate.

15  MURINE TWEAK ELISA: mAbs were tested for their crossreactivity on a murine TWEAK
coated plate.
LIGAND BLOCKING FACS: mAbs were tested as to whether they were able to block human
TWEAK-flag binding to HT29 cells.

FACS ANALYSIS OF EBNA293 TRANSFECTANTS: Hutman and murine TWEAK ¢DNAs were used to
20 (ransfect EBNA293 cells, and mAbs were tested for reactivity 3 days later
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30 Initial screening of mAb activity was done using ELI SA format assays.
Murine TWEAK protein was-generated in bacul ovirus using nethods str(? &ar to
t hose described for human TWEAK protein (Chicheportiche et al., 3J: B gl
Chem 51: 3@dine»s410 -26 1 5 OCT 2003 WD 00142073 PCTI ‘ﬂ%@%s&?q?f‘ﬁ (1997)).
Purified human and murine TWEAK proteins were coated onto we pl at es,
and various hanster mAbs were tested for their ability to bind to these

i mobi | i zed grotei ns. The capture of hanster mAb by the inmmobilized TWEAK
br ot ol ns. wadhe CARSTAOD Ol AEFHG ChiRpeS AcEipfreticT By tsprisieg Bvaartia oG
(Jackson I nmunoResearch, 5 West G ove, PA USA), and an appropriate

enzymat i c r &seqtiobprotas pamolegyiseenrbetrreptisynuring erdyiniman dorms oh THEAK@iguend human
TWEAK proteins (Table 1). Table |I 10 Human Murine Li gand FAGS Bi ndi ng FACS
Bi ndi ng CLONETRAKanpiEmves: e fordgtermine of datir TSHEAK SAEACBHTWRAK PWEARNEAK/ 293

. AB. D3. 7. 2+++++++ AA. DB5+++-+/- AC. 115. 24++++++ndnd AA. B +++-+/- ARHI 2.1

BA. F535. 2 * proteins expressed on the surface of a cell. Human and murine TWEAK cDNA sequences
5 were cloned into the expression vector CH269 (Chicheportiche et al., J. Biol. Chem. 51:
32401-32410 (1997)), and these constructs were used in transfections to produce transient
protein expression in EBNA 293 cells. Four mAbs, including AB.D3, bound well to
EBNA293 cells expressing murine TWEAK (Figure 2). These 4 mAbs were also capable
of preventing the binding of human TWEAK to HT29 cells which are known to express
10 one or more TWEAK-receptors (eg., Figure 3). Together these FACS analyses indicated
that anti-TWEAK mAbs specifically recognized TWEAK proteins, and were capable of

modifying the ability of TWEAK proteins to bind to one or more TWEAK receptors.

EXAMPLE 2:
" 1 5 The use of anti-TWEAK mAb AB.D3 to block the development of splenomegaly,
activated B cells, and Ig production in a murine model of chronic GVHD.
Chronic GVHD was induced in 6-8 week old B6D2F! female mice using DBA/2

splenocyte grafts as described in methods. Each recipient was injected with 500pl tl x 10%
cells in the tail vein. Experimental gfoups recieved the DBA/2 graft (DBA/2>F1), while a

20  set of control animals recieved a B6D2F1 graft (F1>F1). Mice received anti-TWEAK mAb
AB.D3, anti-CD40L. mAb MR, control mAb Ha4/8, or no treatment. Animals were dosed
with 250ug mAb ip 4 hours prior to graft injection, and 2, 4, and 6 days afterwards. On day
14 of the experiment the mice were sacrificed and the spleen index was calculated as the

ratio of spleen weight to body weight for each animal in the control F1>F1 group, averaged

8.
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to give a value of one. The average spleen index for all other groups is normalized to the
control value. The results from 2 independent experiments are shown in Table 2. Animals
receiving the DBA/2 graft (DBA/2 > F1), and left untreated or treated with control mAb
Ha4/8 showed a dramatic increase in spleen weight when compared to F1 > F1 graft

5  controls. This resuit is reflected in the spleen index, which showed an increase from the
normalized control value of 1.0 to 2.6. Treatment of mice with anti-CD40L mAb MR

reduced the spleen index nearly to control levels (1.1), and treatment with anti-TWEAK

mAb AB.D3 reduced splenomegaly by 35% to 1.7 (Table 2).

10 Table2
TREATMENT EXPERIMENT1  EXPERIMENT2  AVERAGE
F1 > F1 (control) 1.0 £.0 1.0
DBA/2 > F1, untreated 2.7 26 2.65
-- 15 DBA/R>F], Ha4/8 treated 2.9 2.6 2.75
| DBA/2>F1, MR1 treated 1.1 1.1 1.1
DBA/2 >F1, AB.D3 treated 1.8 1.7 1.75

On day 14 of the experiment the mice were sacrificed and weighed. Then, the spleen was aseptically

20  removed and weighed. The spieen index was calculated as the ratio of spleen to body weight for each animal
in the control FI>F1 group, averaged to give a value of one. The average spleen index for all other groups is
normalized to the controt value.

25 FACS analyses were employed to analyze the activation state of Iymphocyte

populations in the spleens of control and diseased mice, represeﬁt'mg the various treatment



AD.B5.9 * AB.D4.67.19 HUVAN TWEAK ELI SA: mAbs were eval uated on their
ability to bind to a human TWEAK coated plate. 15 MJRI NE TWEAK ELI SA:. mAbs
were tested for their crossreactivity on a murine TWEAK coated pﬂéﬁ&QTZM3
LI GAND BLCG%lQ%&&%?JS: mAbs were tested as to whether theﬁﬁﬁfre able to

bl ock hunan flag binding to HT2 9 cells. FACS ANREVES®APERNA2O3
TRANSFECTANTS: Human and murine TWEAK cDNAs were used to 20 transfec t
EBNA293 cells, and nmAbs were tested for reactivity 3 days later -27 1 5
150C1 2003 ZxARPSHEHEslly e malyRedobe aroomtaf dpher coll wrgsafimerit ovtho vartms gryemof

epi topes across _species |ines was unsurprising given the extent of protein
honol ogy s eB¥ceh Bopgreplls wese detedteddn thedpleensafihdsomixe apdpploAfddtely Biegamme 1) . FACS
anal yses were used to determne if anti-TWAK mAbs coul d bind to TWEAK

prot ei ns experesntgel(averagdtet.2%) readlDRA/2 2 Rietdatmednti protpsTableBY. iThis rdsdkAK CDNA’
sequences 5 were cloned into the expression vector CH269 (Chicheportiche
et al., J. midivhted Ghethe diffétent BRY Bdatdetd Werk 48 hHktting?dbod 3R SEprk@AGH N UCL S were
used in transfections to produce transient protein expression in EBNA 293
cells. Fpur mAbs, including AB.D3, bound well to EBNA293 cells expressing
murine TWEAK (Figure 2). These 4 mAbs were al so capable of preventing the
bi ndi ng of fpyyEn TWEAK to HT29 cells which are known to express 10 one or
nore TWEAK-TEceptors (eg., Figure 3). Together these FACS anal yses

i ndicated that anti-TWEAK mAbs specifically recogni zed TWEAK proteins, and
were capable of nodifying the ability of TWEAK proteins to bind to one or

nore TWEAK EXAMPLE 2: 15 The of anti-T mAb AB.D3 to

bl ock the dgggﬁg%ﬁiﬁﬁ of splenonegaly,-égggéﬂﬁﬂﬁﬂgékﬂggﬁgk and Ig
production | ri nodel of chronic, GVHD. Chronic GVHD was induced in
6- 8 week olgpﬁgbgﬁfkggnale m ce using B 2 spl enocyte grafts as descri bed

i n met hods. cipient was injected with 500 (1 x 10') <cells in the
t ail vef(ﬂ. EE%‘Z%’&@HP&T“BWWS reci eved®?he DBA/ 2 graft (DBA >F |), while
a a

DBA/2 > F1, Ha4/8 treated 9.9
DBA/2>F1, MR treated 5.5
DBA/2>F1, AB.D3 treated 43

15  For FACS analysis splenocytes from each group of mice were stained on ice for | h with PE-coupled anti-
- H2Kk" and FITC-coupled anti-H-2D® to measure expression of MHC alleles. Host splenocytes are positive for
both markers, but donor splenocytes are H-2k® negative. Percent values reflect events within the lymphocyte
population, as determined by forward and side scarer characteristics.

20

Next, two markers of lymphocyte activation were employed: CD69 expression on
B220+ B cells, and L-selectin expression of CD4+ and CD8+ T cells. When control and
untreated DBA/2 > F1 mice were compared we noted an increase in CD69+ B cells from
2.5% t0 6.2% (Table 4). This increase in CD69+ B ceil numbers was prevented by
25 treatment with either MR1 (3.3%) or AB.D3 (2.1%) but not Ha4/8 (6.5%) (Figure 4 and

Table 3). Data from 2 experiments are shown in Table 4.



20 set of control animals recieved a B6D2Fl graft (FI>FI). Mce received
anti - TWEAK mAb AB. D3, anti-CD40L mAb MRI, control mAb Ha4/ 8, ot 5887 2003
treatment. Animals were dosed wth 2504g mAb ip 4 hours prior to graft

i nj ection, vanei429734, and 6 days afterwards. On day 14 ofpchiie@easy | ment
the mce were sacrificed and the spleen index was calculated as the ratio
of spleen weight to body weight for each animal in the control F I>F |
group, averaged -28 1 5 OCT 2003 WD 00/ 42073 PCT/USOQ' 01044 to give a

val ue of one. The average spleen index for all other groups is nornmalized
to the confgpplg value. The results from 2 i ndependent experiments are shown
in Table 2.7Anmmals receiving the DBA/2 graft (DBA/2 > F1), and |left
untreated or treated with control mAb Ha4/8 showed a dranmatic increase in
spl een wei ght when conpared to F 1 > F 1 graft 5 controls. This result is

reflected i index, whi an increase fromthe
normlized@@ﬁt%f 1.0t°9°L.2.9 € past £X h anti - CD40L
mAb MR] _ reduced the spleen index nearly to control levels (1.1), and
treatmemt with anti- TWEAK nﬁgﬁﬂw&ce&&w&al yéMto 1.7
(Tabl e 2). 10Tabl e 2  TREATMENTEXPERI MENT 1EXPERI MENT 2AVERACGE F1 > F1
(control ) 1.032 0lrceptoba/ 2 > F1, unt¥®ated2.72.62.%8% 15DBA/ 225 F 1, Ha4d/8
treated2.92.62.75 DBA/2 > F1, MR treatedl.11.11.1 DBA/2 > F1, AB.D3
treated 1. dABAZ>H, uptregied 14 of tHe2experiment th® nice webe sacrificed and
wei ghed. Then, the spleen was aseptically 20 renoved and wei ghed. The

spl een i nddBAAS FdaHa4/B aeatetl as t hes.5ati o of spl ekh to bodyewei ght for each
animal in the control F I>F i group, averaged to give a value of one. The
aver age splA2irideMEloreaii| ot her3.jyroups is naidmalized g9 the control

val ue. 25 FACS anal yses were enployed to anal yze the activation state of

| ynphoclx e DBpRe Rt ABID3 treateihe spleens of contrgz and di sggsed mice,
representing the various treatnment -29 1 5 OC T 2003 WD 00/ 42073

PCT/ US00/ 01044

Spienocytes were stained with PE-labetled anti-B220 and FITC labetled anti-CD69 for 1 h on ice, washed

with FACS buffer, ther analyzed. Percentages are based events collected within the lymphocyte population,
15  asdetermined by forward and side scatter characteristics,

For in vitro analysis of Ig secretion ELISA analysis was performed on splenocyte
cell culture supernatants derived from spleens harvested from the various treatment groups.
- 20 Results in Table 5 are from the second experiment, average of results from 3 mice per
group. Treatment with MR1 or AB.D?3 prevented the 4 - 6 fold increase in spontaneous

IgG production observed in the untreated and Ha4/8 treated DBA/2 > F1 groups.

Table 5

25
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groups. Initially we analyzed the anmount of donor cell engraftnment in the
various group of mce. Donor cells were detected in the spl eend Hil Wikt
mce at approxinmately the same percentage (average = 6.2% in all DBA/ 2 >
FI treat mew ogizops (Table 3). This result indicated thg&rﬁ,gﬁm?i&f‘fer ent
mMAb treatnents were not affecting donor cell engraftnent. 5 TaE) e 3
TREATMENT % H 2W negative (donor) cells F 1 > F | (control) 0.2 10 DBA/2 >

F 1, untreatgrhAONTRBMG > F 1, v
treated 5.5 DBA 2 > FI, ,U\B.D3tr|_§’i§6 6 11R b TON

spl enocytes from each group of mce were stained onice for 1 h with
PE- coupl ed anti- 142k' and FI TC-coupl ed anti-H 2D to neasure expression of
VHC al | el e§l> St r%m%l enocytes are positive for _both markers, but donor .
spl enocyt ed 1arie B0l “negative. Percent!208/MEE- 208MIct events within the
| ynphocyt e opul ation, as determ ned by forward and side scatter
characteri Qé) >§®“N@?ﬂ°d two markers Jéoﬂsﬁﬁbr(oéingéﬂlacti vation were
enpl oyed: CD69 expression on B220+ B cells, and L-sel ectin expression of
CD4+ and CEXPA/Z>dd, Had/8ypated cont rol  and00nghml ¢atléenghBlA' 2 > F | nice were
conpared we noted an increase in CD69+ B cells from 2.5%to 6.2% (Table
4). This | RBAASE L MRIDEStedB cel | nunbérs was prevented by 25 treatnent
with either MRL (3.3% or AB.D3 (2.1% but not Ha4/8 (6.5% (Figure 4 and
Tabl e 3). DBA2PRIMB.RIpeatadments are dDSnymi+-Towgled 4. -30 1 5 0 C1 2003
WO 00142073 PCT/ USOQ 01044 Tabl e 4 TREATMENT GROUPYB220+/ CD69+ (doubl e '
positive) CELLS B5EXPERI MENT 1 EXPERI MENT 2 AVERACGE F1 > F1, control 2.5 2.0
2.25 DBA/2 > F 1, untreated6.2 5.5 5.9
For in vitro analysis of Ig secretion cells were pelleted and resuspended in DMEM containing 10% Fetal
10 Bovine Serum (FBS)4mM glutamine, at a concentration of | x 107 cells/ml. One ml per well was distributed

into 6 well places. Cell supernatants were recovered after 24 hours. Values represent the average of 2 welis
per mouse, with 3 mice represeated for each treatment group.
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DBA/2 > F 1, Ha4/8 treated6.5 4.7 5.6 DBA/2 > F1, MRl treated3.3 nd 3.3
10DBA/2 > F 1. AB.D3 treated2. | 3.2 2.65 Splenocytes were stai il 183
PE- | abel | ed anti-B220 and FI TC | abel l ed anti-CD69 for 1 h on ice, washed
wi th FACS buffer, then anal yzed. Percentages are based events coll ected
wi thin the | ynphocyte popul ati on, 15 as determ ned by forward and side
scatter characteristics. For in vitro analysis of |g secretion ELISA

anal ysis was perforned on splenocyte _cell culture supernatants derived
from spl eens harvested fromthe var i <HAIMR eat nent groups. 20 Results in
Table 5 are fromthe second experinment, average of results from3 mce per
group. Treatnent with MRl or AB.D3 prevented the 4 - 6 fold increase in
spont anedsat |G @rasidead iioh: observed in the untreated and Ha4/ 8 treated
DBA/2 > Ft groups. Table 5 25 -31 1 5 OCT 2003 WD 00/42073 PCT/ US00/ 01044
TREATMENT GROUP SPONTANEQUS I N VI TRO | gG PRODUCTI ON F1 > F1, control
125ng/ ni I1. +/ -The2Qagemof DBA theragdut it I BAL @ r&eQAgEM amdwint 6230/ 54 5
DBA12 > Fl1, Ha4/8 treated 500ng/m +/- 150ng/m DBA/2 > F 1, MRl
treated GTHBADEAK Ft PaBYPBSPtifeat edonpEEipgiad +/antPbedyni Raxd in &itro

anal ysi s %q&r | c el d, and r.e ended. i n DVEM
cont ai ni rég{alﬂdl%) et éleédllg'r&Bo%éncze%%kﬁlnﬁo( I‘—Alé?g)"(]:/ejg3 g‘{hu ]}z;(?s%? ne’ l% anti
concent r SiWRRK of polypeptickl | shohoclonaln petikelly wassdi shendeiegalinto 6
wel | plates., %;{yl super naé}gnts were recovered after 24 hours. Val ues
e

r epr esent?tH®%er &gePdr PHeF | 05585 1RBUSRUIREE h BB 1id&2 Zlepr E9&nt &R f or
each treqdyByir A ofl » Pe&id2R03c CeALMB1VRRL niyS t\‘l‘}\ﬂgiié@iﬁ%li ment GF Use
an pol ypepti de

of a therapeutically effective anount of antr-T

nonocl ondlre@tiingodyr awgucipigar Hae esevealitty avcepfdllescarfi er ,Gnifrei n
sai d ant'\fersus—Host disease or an organ transplant failure

resulting from graft rejection in an animal.

2. The use according to claim 1, wherein said anti-TWEAK
polypeptide monoclonal antibody is selected from the group

consisting of:

(a) a chimeric antibody:;
(b} a humanized antibody:; and

(c) a recombinant antibody.

3. The use according to claim 1, wherein the animal is a
mammal .

4, The use according to claim 3, wherein the mammal is
human.
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TWEAK pol ypepti de nonocl onal antibody is nonoclonal antibody AB.D3 (ATCC
accessi on nunber HB-12622), for the preparation of a nedicanent for

bl ocki ng the devel opnent or treating or reducing the severity or1éfiitéc®
of a Gaft- Versus-Host disease or an organ transplant failure resulting
fromgraft rejection in an animal. 2. The use according to claim1, wherein
said anti-TWEAK pol ypeptide nonocl onal antibody is selected fromthe group
consisting of: (a) a chinmeric antibody; (b) a humani zed anti body; and (c)
a reconbinant Th# i begy. aBcoTHengsetacooralimg 1,0 whermih, ahédeiGrafe-ani mal

isa m se according to.claim3, wherein the_ma

hunan. Q&a@{ﬁ_% é S?ﬁgeusgrac%@r%l g 8 cFﬁfaHFfla\ﬂlrreréFﬁTmFd Haft -
Ver sus- Hasduslc @asen arHis aldd 10hga ddahsidite frddgdiesd s caused by a THL
cell-nmedi ated i mmune response. 6. The use according to claim1, wherein

said Gaft- Versus-Host disease or said organ transplant failure is caused

by a TH2 gel | d sppns /... The u rd im1l,
wherein sal d (gl%fdt j?]Ts%ersus Elglflsdlfs)gagcelaolrmsg‘l d ggag%(i ra!ﬁg%?an? Jf%hl‘l ure is
caused byersumHHoxt | diiselase JHL sanid a odddrceklranegilahed fafimupe response.

caused by a THZ cell-mediated immune response.

7. The use according to claim 1, wherein said Graft-
Versus-Host disease or said organ transplant failure is
caused by a combination of a THl1 and a TH2 cell-mediated

immune re sponse.
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