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Bl ockade of The Lynphotoxin Beta Pathway Rel ated Applications This is a
continuation-in-part of prior U S. Provisionals S.N 60/103,662 filed 5
Cctober 9, 1998. The teachings of the earlier-filed Provisional patent
application are incorporated herein by reference. Field of the Invention
This invention relates generally to nethods of inducing an antiviral
response in an individual. In particular this invention provides nethods

for treating v'ral-ln nd, respirat or jstress in
b il vt dusl - Rerrssakar N ndised SEll SrRCTLRRBIraGr Distte ty Blockide®

"I ynphot oxi n- bet a bIocklng agenThe LympBastedinBuis pathwiale | nvention Severa
viruses including Sin Nonbre (SNTV), Ebola, Mirburg, Lassa, and Dengue al

cause acute di seases with many of ige follamnpg synptons: rapid onset, 15
fever, system c shock, and pul nona cy et al. (1997) Adv. Ped.
| nf. D s. 12:21). Another comonal ity anong these infections is the

system c di stri but This ixd convhiiagibn-impaecdfipeior UtS Pgeisiongisend@ohes bel fieel | s and

macr ophages ( et 1997). Adv 12:2 1 Most of these
emerging vic ru?&%cwﬁ t1§5% hERedsRcBiBey ﬁﬁheorarwlei%wswrﬂrﬁ%rap ICAUIATE £ | ed
decades ago. MQohﬁgnapmﬁﬁns%ﬂﬁgmkaelr di scovery these pat hogens have 20
re-energed in outbreaks worl dwi de. As of June 1998 there have been 183
confirmed cases of SNV, the causg@ive ggegt of Hant avi r us Pulnnnary Shock
Syndronme, in the southwestern Uni+h £ to an increase in deer
nouse popul ations. Only 55% of these cases have survived infection
(Centers for D sea¥hisGoehtic rears gdienlipnd indthods IiMIcing dn aftdBal(rdPBBge)in Little
is currently kno ﬁggqﬁ t he tho enesi s_of thegg ? Vi ruses nQ%ﬁh wto
effectively t PREAMEHE d’&EﬁH i ﬁ%I’t”P&rl?f%"“?eﬁf"é oG FEAbaE ey ear

suf fering for oRysvdiiakhdcRAHE REpiEYH) BRirdss HhACKdR Ml G3P nedlodd Mvaliat ress. -1
Thus, there exists a need to identify novel nethods for treating

vi ral - i nduced 24B{piTateolorrRiR ]zXﬁ’rﬂh‘?‘%’%er'éth“élag‘i%ss in an individual .

Background of the Invention

Several viruses including Sin Nombre (SNV), Ebola, Marburg, Lassa, and
Dengue all cause acute diseases with many of the following symptoms: rapid onset,

15 fever, systemic shock, and pulmonary distress (Lacy et al. (1997) Adv. Ped. Inf. Dis.
12:21). Another commonality among these infections is the systemic distribution of
viral infection, targeting endothelial cells and macrophages (Lacy et al. (1997) Adv.
Ped. Inf. Dis. 12:21). Most of these emerging viruses, with the exception of SNV, were
initially identified decades ago. In the years since their discovery these pathogens have

20  re-emerged in outbreaks worldwide. As of June 1998 there have been 183 confirmed
cases of SNV, the causative agent of Hantavirus Pulmonary Shock Syndrome, in the
southwestern United States due to an increase in deer mouse populations. Only 55% of
these casés have survived infection (Centers for Disease Control and Prevention.
MMWR. 47, 449 (1998)). Little is currently known about the pathogenesis of these

25  viruses nor how to effectively treat the thousands of patients infected globally each year

suffering from viral-induced systemic shock and respiratory distress.
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“Summary of the Invention The present invention solves the problemreferred
to above by providing 5 pharmaceutical conpositions and nethods for
-treating viral -induced system c shock and respiratory distress in an

i ndi vi dual

part on the

The met hods and conpositions of this invention capitalize in
di scovery that certain agents, defined herein as

| ynmphot oxi n-beta (LT-B) blocking agents nmay be used in treating

viral -i nduced systenm c shock and respiratory distress in 10 an individual.
In a one embodi mentThug.RRere s pnesdie tignutyerevel meshads foy irpatingosiahindeced
receptor (LT-ByRkmbl @6k M rd@fRbry didkeds MG fiRhiviGth eMPOdi Tent, the LT-B-R is
an antibody against a | ynphotoxi'n-B receptor or a sol uble | ynphotoxin B
In a nost preferred enbodi nent, the LT-B-R bl ocking agent is a
reconbi nant LT-B-R fusion proteiSunumary of:the InventlorB- R extracel | ul ar 1igand
bi ndi ng domain fused to an 15 i nmunogl obulin constant heavy chain domain.

The foregoi ng and agthRefesaRifeh s of the
on, "D s | Ehiin SRR e RionI At RSk P PV RVEBE P 1y

receptor.

pr esent

i nvention, as wel

under st ood 5 r divrmpRseutical dogimPTidornd @sé meftode for okatgefia-inddcednadinieshbck  Bri ef
Description Ofmﬁ?&pfit%rd?&re%qnﬂ&%{ﬁ?u%% shows that infection of NZB mce
mortal 1t

with Cone 13 LCW results 1 n

y. Mortality curve of NZB m ce

infected with LOW-13 (n = 14) and viral titers in various tissues of
LCOW-13 (n

hi st ol ogi cal

7) 1 nfraghthold j ~iLofectian. Fi shows t he
profil e of f%ﬁ@gﬁ%iﬁgﬁ%xgb&&%ﬁ%@%ze 1%%&&)@@ | ung at

(100X, H+E) ( Bjscryanerhat serpinlagpitee defbned therinvstiymphonouniodie@T-Beblockiz
infiltrate ande.alvg g%laéégkedpﬁréam%ﬁi?ﬂjiecﬁcécps %Q%cl Slﬁggdangg 5 B&S lnfection

(100X, H+E) (G Lynpho

et | C necr 08l B¢ AR st Pon of

f ol 1'i cul arl0ar @hiindiytual eln aone-embbdienestpitrediT-B Dokinktagents(D) Iyidphb®xin-beta
magni fi cation LRS- g8\l ar necrosis and  karyorrhectjc dehbris in the
ﬁﬁ% E)gr E%?Tg‘“ééé‘f”t‘-i ca %rﬁ@i}?‘?m"e‘f’a‘i’ m‘&f‘éﬂ‘i’*‘sﬁ-@aﬁﬁb%) and
mag r ?Eh?geis (whiilbcely agxinsa JyrhphotoRin-B wetgptod SsolubldGymptiokoxiBNekdtor PRSI ti Ve
endot hel i a

spl een (158,

heads),

15

20

25

cells endothe]ial cell arrows) and mesothelial cells (arrow
most preg:rreé cmLocEment, tLe IS_,T-(B—R blockzng agent is a recombinant LT-B-R (

fusion protein that has an LT-B-R extracellular ligand binding domain fused to an

immunoglobulin constant heavy chain domain.
The foregoing and other objects, features, aspects and advantages of the present
invention, as well as the invention itself, will be more fully understood from the

following description of preferred embodiments.

Brief Description of the Ficures

Figure 1 shows that infection of NZB mice with Clone 13 LCMYV results in
mortality. Mortality curve of NZB mice infected with LCMV-13 (n = 14) and viral

titers in various tissues of LCMV-13 (n = 7) infected mice six days post-infection.

Figure 2 shows the histological profile of LCMV-13 infection in NZB mice.
(A) Normal Jung at (100X, H+E) (B) Interstitial pneumonitis with mononuclear cell
infiltrate and alveolar wall thickening in the lung, day 5 post-infection (100X, H+E)

(C) Lymphoid depletion, cellular necrosis and obliteration of follicular architecture in
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5 and nmacrophages (white arrows) in the spleen (50X, 1HC) (G LCW-13
positive endothelial cells in the heart (100X, IHC (H LCW-13 positive
_Kupffer cells and sinusoidal lining cells in the liver (100X, IHC). Figure

3 shows that bl ockage of the LTOR signaling pathways significantly

i nproves survival rates anong Clone 13 infected NZB mce. Mrtality curves
for 10 Clone 13 infected NZB mce treated as descri bed are presented here.
NZB mice were given 2.5 x 106 pfu C 13 i.v. followed by two i.p.

i nj ections cortb@asaien 226 by Eo (DT NBeher mapnifigationishewing pelbdad otossinandr ee PBS
(see referenc : -l - ng,i_i - r \ wer e
injected wt hqst gng%#g%%sdﬁglgg lg%éég?gg Rn%é) g’ntl (%gy[éw&cni%ﬁgthg{agn%%ays.

M ce were tredamevasndmegephogs (White @foyse frcibe Ring FH0X, HECY (F)pLEMivVeBat ed 15

group, TNFR55-1g..and LTPR-1 g, protein re given on day 0 and da

Dot i nf oot t bR Gabdeli bR AP AR st £ Rk tta e Bt i

anti body used and niab@pisaged (Rehste Srrovad) irt the SpleéISORNHT)OGBILTMVA¥EI4dve29) on the
same days in identical amounts. receiving LT3R-1g only were treated

i dentically, é)‘?g%tbethaf Gels mgﬁé@nl(gﬂ’qgﬁjnég? i(gﬁgcb@r'@ P‘bsl‘ﬁ"tetké’d’ﬁ%‘[ﬁ%l%%s

conpi | ed fromsgRYQiAlinRYRals iiBRISeAMbox, TIC)( TN3-19. 12) alone, n = 20 16 for
LTPR-1g alone, n = 10 for the triple treatnent group, (n=10 for the triple

treatnment group, n=22 for LTOR-1g alone, n=10 for the LT[3R-1g + TNFR55-1g
group, n=5 for th&uit3 shentharRiockreraighy GTRR sigpaline pribmpys er@esfgcp@iy anti - TNF

(TN3-19. 12) %@&%s SARVAITERR alidhe ERE T Slidrectld W Foice. SRR L PCkagE Of

the LTOR pathway results 1n a detrease in nction.
Spl enocyt e® f rdeneni3drfeited NEZBmicetateadrag desreihed aye prepsitedeees. NABusisd eete on  day

6 post-infection . 3tai ned .wi an tetraner. containing a NP 118 9mer

peptide as pr 1¥¢83§?xy‘°3£§‘c‘?‘i %e‘d.‘ h’@&?”ﬁ%gy B/ THFE OB O TRE :f%@Pgﬁ W ¥pecific
background stgj laiaﬁtﬁbod?_ th di@btokiftret MBS (R roBre8@ BYRnRIERAAUSII {4 )phst s €sponse to
the sanme peptide, cells were incubated for 5 hours at 37C in the presence

of NP118 at O0.afegjon| Cpptrplmice veere fyrciedt ikt the paregvplyrpe of PRfglacking api her e

' om thr ee. i Ca e T o e R O U e BB T o™
fromtwo LIFPREFYPATNER{:IE apéLEPR-E Bipteiny werpgiven on dayf} and day & pbstnfection,

1.p., in 200pg amounts. Control mice were given human antibody used in the synthesis

of these fusion proteins (AY1943-29) on the same days in identical amounts. Mice

receiving LTBR-Ig only were treated identically, except the TNFRS5-Ig injections were

omitted. Data was compiled from several experiments anti-TNF (TN3-19.12) alone, n =

20 16 for LTBR-Ig alone, n = 10 for the triple treatment group, (n=10 for the triple

treatment group, n=22 for LTBR-Ig alone, n=10 for the LTBR-Ig + TNFR55-Ig group,

n=35 for the anti-TNF and TNFR55-Ig treated group, n=6 for anti-TNF (TN3-19.12)

alone, and n=25 for Control).

Figure 4 shows that blockage of the LTBR pathway results in a decrease in CD8
25 T cell function. Splenocytes from mice in different treatment groups were harvested on
day 6 post-infection and stained with an L* tetramer containing a NP118 9mer peptide
as previously described. Values given are adjusted for non-specific background
staining. To monitor interferon gamma production in response to the same peptide,

cells were incubated for 5 hours at 37°C in the presence of NP118 at 0.1 pg/ml final
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“individual mce. 5 Figure 5 shows that depletion of CD8 T cells, not CD4+ T
cells, reverses the |lethal effects of LCOW-13 infection in NZB mce. Mce
.were treated as described for depletion of cell populations in vivo.A
nortality curve is presented for each of the treated groups (n = 4).
Detail ed Description of the Invention 10 Definitions In order to nore
clearly and concisely point out the subject matter of the clained

invention, the follow n ag (ﬁdflngons are provided for specific terns used
inthe foll owi RE Yt A rds drfust poyrr Bete 2% sdivsied éor brekigraynd Lﬁyﬁlpholthem n- bet a

(LT- beta ) i Sab@enﬁ&b’&qﬁbu&f Sp'fb@naayﬁesfﬂ%m dhyec%cé &m& %ﬂgh&r}lgrr%g 19 ggre

i ncludes the ligands to the Fas,

receptors ( SrAcPledat wege thoseépm tW¢6~Tl313pIg r@l@@éIﬂZbE(taLw&)) )All Shegnesuitigre pm
sever al n'errberlﬁ i 1fdu§1hecTNF famly-including TNF, LT- al pha, LT- beta and
Fas-can i nduce (%urmr "¢ death by necrosis or apoptosis (programed cell
death). In non-tunorigenic cells, TNF and many of the TNF famly

| i gand-r ecépt or i nFiuect shows ﬂianﬁéplmimae;fbmmrreteﬁyﬁbm?orE@YE}E%% and

responses to hot oxi n- beta (also call ed
p33), has bee\r{I |Ad C‘%ﬁe}%ﬁlgx 1{} 8}6 Hé‘%{"?f Migh s dsptted as dpsesibed farj nes, B
cell lines anaﬂcplyufqhmﬂcelmommlbﬂs?«fn&d;okA|nldi‘1rah(yle6K)e 1§§x’ele§tadlf3; callfdf@nd S the

subj ect of appl nts endi ng international applications

PCTI US91/ 0458§ea‘B§8PF%ﬁq‘éo‘ an. 9, 1992 as WD 92/00329; and PCT/US93/ 11669,
25 published Jun. 23, 1994 as WO 94/13808, which are herein incorporated by
reference. The LT- beta recepto rrenber f the TNF fam |y of receptors,
specifically binds to surface tiol hi nds LT heteroneric
conpl exes -4 (predom nantly LT- al pha 1/ beta 2 and LT- al pha 2/ beta 1)
but does nét bi nd DefEnigens LT- al pha (Crowe et al., Science, 264, pp. 707-10
(1994)). Signaling by LT- beta -R may play a role in peripheral |ynphoid

organ devel opnent gngdid i, %{Z%c%hy an ncxsclg'%ggt Oure the subject matter of the

claimed invention, the following definitions are provided for specific terms used in the

following written description and appended claims.

Lymphotoxin-beta (LT- beta ) is a member of the TNF family of ligénds, which
15 also includes the ligands to the Fas, CD27, CD30, CD40, 0X-40 and 4-1BB receptors
(Smith et al., Cell, 76, pp. 959-62 (1994)). Signaling by several members of the TNF
family-including TNF, LT- alpha , LT- beta and Fas-can induce tumor cell death by
necrosis or apoptosis (programmed cell death). In non-tumorigenic cells, TNF and
many of the TNF family ligand-receptor interactions influence immune system

20 development and responses to various immune challenges.

Lymphotoxin- beta (also céllcd p33), has been identified on the surface of T
Iymphocytes, T cell lines, B cell lines and lymphokine-activated killer (LAK) cells. LT-
beta is the subject of applicants’ co-pending international applications
PCT/US91/04588, published Jan. 9, 1992 as WO 92/00329; and PCT/US93/11669,

25 published Jun. 23, 1994 as WO 94/13808, which are herein incorporated by reference.

The LT- beta receptor, a member of the TNF family of receptors, specifically
binds to surface LT ligands. LT- beta -R binds LT heteromeric complexes
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5 LT- beta -R nRNAs are found in human spl een, thynus and ot her major
organs. LT- beta -R expression patterns are simlar to those reported for
_p55-TNF-R except that LT-beta -Ris |acking on peripheral blood T cells
and T cell lines. The term"LT- beta - bl ocking agent” refers to an agent
that can dimnish ligand binding to LT- beta, cell surface LT- beta
clustering or LT- beta signalling, or that can 10 i nfl uence how the LT-
beta signal is interpreted within the c | es of LT- beta_ _Dblocking
agents i ncl ude(PEdpmioERly by gpha U pprag ead E’F aJBE% 3 et B bukloreras g TINERS

anti-LT- al phay, T afiha (Edswett BN BclenBSbéu, %B‘ho@ﬂid (1594)). ReningyAGS bctg)rl@f erably,

the antibodies do not cross-react wth the secreted Tormof LT-al pha . The
term"LT- bet amay plescepsiom dstipedal Agnphghersar éfvelopmens aahirdyeeral ithaunecan 15

di m ni sh Ilganr% hading to LT- beta -R cell surface LT- beta -R clustering
or LT- beta signalling, or that can influence how the LT- beta -R
signal is interpreted within the cell. Exanples of LT- beta -R bl ocking
agents include sol d3l-de2 TR nRNAs arRiguad ipbproauspéesn, thyruseand othat majprfergiiet a - R
Abs. Preferablyy e e cr form
of LT al pha. 20 TRE-FERRPa e ol i3 Bt BBlnea i M R LB A )
anti body t hat L'E-peerli isdadKing dn pediphdra bidod Eadls amdmcelphﬂia@pe of the LT- beta
receptor. The term "anti-LT antibody" refers to any anti body that

spect 11 cal |y, bi nds 1.4ty 1reast BNEERLIARSAE b Ts aAhPHA cun hliEhAad” 2

LT- al pha / beta conplex. e ter groneric
conpl ex or derhinditg wd T-lveraccl suﬁ’&ctl.ﬁ'abemalus&p'eg:btfL'E-aietaymblalldlgtm thdnearl T-

beta recept or t et a R5| nalln fer nol e r
reactions ssoé’g‘é{"t“%e g %H} ﬁ’%‘a siEnalisih fﬁe‘efSé{@%{b@ gé‘ﬁ‘ﬁgléﬁﬁéﬁt'%ﬁﬁl'ecul ar
reacti ons whi chiodkrplgentt Ineludé AEHYLT- beta Tsh)ﬁlbﬂdi‘ll’,mbel;aT-R IahélecuRRs) dngamelLipi ndi ng
domai n" refers to the Orth‘?ﬁ% portlongﬁaof the LT- beta -R that are

i nvol ved in spiiRheraetifdealg angrantih o - Peip aR 408 IgpfergPlynthg aquipodies ¢pay.  The
terms "LT- al phesslireddeivah BRiseérORB fdr ot 0NMPdisne’. and "LT heteroneric 5 conpl ex”

refer to a stable association between at |east one LT- al pha and one or
ror € The term "LT- beta — receptor blocking agent" refers to an agent that can
15  diminish ligand binding to LT- beta -R, cell surface LT- beta -R clustering or LT- beta -
R signalling, or that can influence how the LT- beta -R signal is interpreted within the
cell. Examples of LT- beta -R blocking agents include soluble LT- beta -R-Fc
molecules, and and ant1-LT- béta -R Abs. Preferably, the antibodies do not cross-react

with the secreted form of LT-alpha .

20 The term "anti-LT- beta receptor antibody" refers to any antibody that

specifically binds to at least one epitope of the LT- beta receptor.

The term "anti-LT antibody" refers to any antibody that specifically binds to at
least one epitope of LT- alpha , LT- beta or a LT- alpha / beta complex.

The term "LT ligand" refers to a LT heteromeric complex or derivative thereof

25  that can specifically bind to the LT- beta receptor.

The term "LT- beta -R signaling” refers to molecular reactions associated with

the LT- beta -R pathway and subsequent molecular reactions which result therefrom.

-5-



 LT-beta subunits, including soluble, nutant, altered and chineric forns of
one or nore of the subunits. The subunits can associ ate through
_electrostatic, van der Waals, or covalent interactions. Preferably, the
LT- al pha /62 heteroneric conplex has at | east two adjacent LT- beta
subunits and | acks adjacent LT- al pha subunits. When the LT 10 al pha / beta
het eroneri c conplex serves as a LT- beta -R activating agent in a cell
growt h assay, the nmpl ex is preferably soluble and has the stoichionmetry
LT- alpha 1/ beta 2@ L ety R liggngundimpdamainreferstp theqortsinax @ortioagk a
t ransnenbr ane @FQREl . beain r: : r i . St . ~whi ch
has been engi neered to egpﬁﬁgs%%&ﬁfﬁkg%ﬁﬁreﬁgﬁgp oﬁ%gd lgé agﬁgrh lljtﬁlgk‘lsr
(Crowe et al.,lignd|pmunol. Methods, 168, pp. 79-89 (1994)). The terns
"surface LT- al pha /62 conplex” and "surface LT conplex"” refer to a
conpl ex conpri sing , - =, peta subunits-including
mut ant, altered anc}lhgmr%kefpg a?ﬂgigés 0 E%@%?Q%P%Io%ﬁt ?Tghgtﬁﬁodﬂﬁqcs-Mi chis
di spl ayed 20 cAmples” gaddrito 8 stebla essociaBur Herweenlallehst gaalT- alpiaing oh®oAmsHr f ace
LT conpl ex or y&efl | .t hereqf, that can ecifically bind to the LT-
beta receptor .quﬁétxg*b? }élgst’ fn\?gglé%%ﬁlﬁt’lc’ gt a@%%“ﬁ?ﬁd cgﬁ’??"%éé?‘é‘ﬁtof B¢ 81 PREL
benefi ci al or ofig®isubuehitscThenuiomits tasaskdcsate Aough EREHbsvic 2 Bt Waal, e
adm ni st ered icg ‘?Qef\.otr nor e a%dm' nitﬁtg‘ tions., For purposes of this
i nvention, an QYT LA RTCRYY AR SéﬁlPhW?eFfCFEB’CBFS@R&JC’E hes asleasli ng of
| ynphot oxi n- B t&0 ailjacent ETat-iubiriits aAd RRsidjaceht LN QIAS Sunfd WhenShe BRF f 1 Ci ent
to aneli or]%te,. zlt ZHI I 'klze, or. del ay the devel ;)qurrent of a viral response. In
particul ar'® aflPR3LRE PREFOMEECE cqmaléxseayns 25 o LAnkats o} antiwatingtagbitlin zeell or del ay
t he devel opnetowt@fassuy, i co G i E}Qﬁi%? d | I atGf isfress.
Det ecti on and%frreasur e¥rent o] tﬁgrs?gyiﬁ)trllgig%gttﬂgrs 0 ?dgg#".r‘%?g”; ugrlgﬂlélr?gl\%ni}to
those of skilPe®f-the art. -6 An "individual" refers to vertebrates,
particularly menbers of a mammualian species, and includes but is not
limted :['O domest i Soiable MAL Eph§@9'hﬁt§rc€twﬂz_%b§lple§&§ackpf ¢k g'ﬁbra.%ep?érﬁlgrll ng
humans. "functional equival ent” of an amino acid residue s (1) an am no
acid having 2ndcan be secreted by an appropriate host cell which has been engineered to express

15 LT- alpha and/or LT- beta subunits (Crowe et al., J. Immunol. Methods, 168, pp. 79-89
(1994)).

The terms "surface LT- alpha /62 complex" and "surface LT complex” refer to a
complex comprising LT- alpha and membrane-bound LT- beta subunits-including
mutant, altered and chimeric forms of one or more of the subunits-which is displayed
20  on the cell surface. "Surface LT ligand" refers to a surface LT complex or derivative

thereof that can specifically bind to the LT- beta receptor.

An "effective amount" is an amount sufficient to effect beneficial or désired
clinical results. An effective amount can be administered in one or more
administrations. For purposes of this invention, an effective amount of an agent which

25  blocks the binding of lymphotoxin-B to its receptor is an amount of the agent that is
sufficient to ameliorate, stabilize, or delay the development of a viral response. In
particular, an agent that is sufficient to ameliorate, stabilize, or delay the development
of viral-induced systemic shock and respiratory distress. Detection and measurement of

these indicators of efficacy are known to those of skill in the art.

-6-



"5 simlar reactive properties as the amno acid residue that was repl aced
by the functional equivalent; (ii) an amno acid of an antagonist of the
_invention, the amno acid having simlar properties as the amno acid

resi due that was replaced by the functional equivalent; (iii) a non-am no
acid nolecule having simlar properties as the amno acid residue that was
repl aced by the functional equivalent. 10 A first polynucl eotide encoding a
pr ot ei naceous antagoni st of the invention is "functionally equivalent"”
conpared wth a secddhdndividyalinefesoto veaekrates gamtigulatememh¢ragbninsimpliat ei n i f

it satisfies : : f t:he fal. i nditions: (a).. the "functional
;qui va: en!t " i?gélﬁj’l?ﬁs%ng?éér?ﬂ{:lpggtt%ge%[wﬁggmﬁsﬁ r:g%agsegpo{%a%xﬂg}s, %nélcogd |

pol ynucl eot i deprimades; insludimd anmadsybr i di zati on conditions and/or is degenerate
to 15 the first poly H%hgga;i deﬁegu ce. .Most r.ﬁf erahly, it encodes a
mutant protein having —the acl ATy BrraMIMAlYFPAtS i Qg8 Amdte 3519drems;  (b)
the "functionadimisputaealeproperiics ad telairfitio R #EIUGd @R &I RRY b§ BLESABNal
expression for an am.no acid sequence encoded by the second

pol ynucl eot i deSI VRG] 3R APIN0GGA\RE PR ARtagqafst githe HvaRHioacthe aminoiadiddaiisg (i) an
am no aci d haviffarpkdPehide as RO a8 Ghid s i dle ARE i ' cid residue
t hat was repl a(l:edargydpﬁ_he ?Sunct_i onz_all eauicval_g;ﬁ%_ﬁ%a?%w;ﬁeglﬁq:ctn%%agci d of an
ant agoni st of SdH¥aleRyEidk3 poR;amipeacigimelscale havikgsiintgr propertidsas thpraoperdcides as

the am no aci dedi@sihd S at ;ac%@%'[hgmn@&&gl gr)ﬁyéf‘}gjr}gt functional equival ent;

(tii1) a non-amno acid nolecul avi ng si properties as the am no acid
resi due thi was r épiiraiqedmbglestide ehending aprateinecpous/adtapohist GEshefinfdntio is

pol ynucl eot i de. yolofl t ei naceous ant agonj st of. the invention is
"functionally é@glﬁé\}g{@%&a@%‘ﬁﬁ%b@%ﬁﬁl aase%oé'g(?ﬂ e ErcedrE e encodi ng
the antagoni sintagomdt iatein if ii datisfes askkise snadf thefdRbwRRoRfitddae ol | owi ng

conditions: (a): the . "fupgctional egujvalent" is a first polynucleotide that
hybri di zes t<() %he Z@c ﬁdﬁ'ﬁﬁ‘r%??hi’cflr‘@&‘lﬂ‘@és%ﬁ&éf’d&%’&&% th%ybnyhr@izzwnbm

condi tions andé@nd palyslepenes @lder suthdardithybhizdtioh $bndiQbnkAHELER L AersE@pience.
Most preferably,_ it encodes a nutant protein having the activity of an
integrin aht addih &P°§P8‘f1%?‘14? seqpenqs) Masepreferabbt it GReddepemtaal moteln haging fi r st
pol ynucl eot i dehd deaiiryCsTdR sntORin@XRESESipPétein;

(b) the "functional equivalent" is a first polynucleotide that codes on expressiori
for an amino acid sequence encoded by the second polynucleotide.
“functional equivalent” of an amino acid fesiduc 1s (i) an amino acid having similar

20  reactive properties as the amino acid residue that was replaced by the functional
equivalent; (ii) an amino acid of an antagonist of the invention, the amino acid having
similar properties as the amino acid residue that was replaced by the functional
equivalent; (iii) a non-amino acid molecule having similar properties as the amino acid
residue that was replaced by the functional equivalent.

25 A first polynucleotide encoding a proteinaceous antagonist of the invention is
"functionally equivalent" compared with a second polynucleotide encoding the
antagonist protein if it satisfies at least one of the following conditions:

(a): the "functional equivalent” is a first polynucleotide that hybridizes to the
second polynucleotide under standard hybridization conditions and/or is degenerate to

30  the first polynucleotide sequence. Most preferably, it encodes a mutant protein having
the activity of an integrin antagonist protein;
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“for an am no acid sequence encoded by the second pol ynucl eotide. The LT-B
bl ocki ng agents used in the invention include, but are not limted to, the
_agents listed herein as well as their functional equivalents. As used
herein, the term 5 "functional equivalent” therefore refers to a LT-B

bl ocki ng agent or a pol ynucl eoti de encodi ng the LT-B bl ocki ng agent t hat
has the same or an inproved beneficial effect on the recipient as the LT-B
bl ocki ng agent of which it is deenmed a functional equivalent. As wll be
appreci at ed by one(®fheoiunichonay eqiyalant’; is atfives palynucleptida thet ¢adesér expemsioval ent
prot ein can b ofe 1ol by expressing a
"functionall y?lr(%gleqw \E/‘ag ééériét E%ﬁﬁ%b@rﬁ&%ﬁ%ﬁbgﬁﬂnm%ﬁg e,ant i nvention
enbraces LT-B bl ocWhm@ngbmkmgmdexsled)m thainveraionyinaeie| it bit@ollNABed @s vel |
as by non-nat i.ch .encode the same protein as
encoded by thé’ néf'}/ts s]“f c&%ﬁgsr?’ iﬁﬁs %f“”ﬁﬂ%"af% °“t5dg@@ﬁ:€rh§@9‘ g e

nucl eot i des codﬂungmquenmest, thérbfke iRy RUCL B BUHIStREng MMt BEa PSificleBigeencode
LT-B bl ocking a S ese include all, or portions of the above sequences
15 which are Sﬂ‘ (Ef‘eb[}/] F%"%ﬁ’l&%i"t‘ dhat s tBe Sz’dl’i’@f Frepdmproxestisnelicidl sffecsge ode

the sanme am nge raﬁplanra_emed_quwctaﬂnnagéh%wg}eﬁm@dee&ﬁw%fﬁl{cﬂg&éﬂf At ! | €nt
change. Such altered sequences are regarded as equivalents o ese

sequences. Fofs&thhpirprecats Rymne jof ordinggaekilf mthbyrt ta\/@n%mddhsquwﬂl@lto r TTT,

T i j f Or. . CAT.
D O il oy T

Accor di ngl'9, pquiveldnt Db@"abmoetbnay,eue mlaant ihmnnan gmbtancsmm&B qulﬂﬁg]é:@nt encodi ng
a particular enerat that wll
i !#]Ltoﬁa{ﬂai}, geu};'n P a(fc\% %“{m a.%’w 5'0'}‘?5 g’r Te‘]ﬁ*s

code for it. ese sequenc t he scope
of this i nvewlucbnncoifh&actsemerp oketits hsodmCoddd b fthemm:aw 6dcirihg Dbﬁ( ehge doQhe
co-linear, coyal ent Q}kg@e of gﬂtwo or nore proteins or fragnents

Pt

thereof via t %%CP“?CH(?F Sieonsis 8 SHHERGF S RSRer PHB§¥°1e°ﬁ‘F%9f’Eﬂ’YaP6I“§f¢dtqﬁlr ough

genetic expressb@L DB Hodkil gLt eDlidsel etk 80U @ oRmO8H thYabolOSGuedREOL €i NS.
It is preferred that the proteins or fra?rrents t hereof are fromdifferent

sources <d t Waich prsjaltered B thssubstigitign of dHteging cqdong Hip) eagods thegaimgming'

mol ecul . Thusid REELEWIEE thd seghdabe, RRtHRbdNSing A iIEH IcHE b SuPl Qte?egns that
i nclude a LT-B bl ocki ng %ent or fragnment 30 coval entg 't nked to a second
23

noi ety that i %eqmce%?fwg ¢ aarivglenig @b thesqregpeaeese dof mk Phe (F) is
coded for by two codons, TTC or TTT, Tyr (Y) is coded for by TAC or TAT and His

(H) is coded for by CAC or CAT. On the other hand, Trp (W) is coded for by a single
20 codon, TGG. Accordingly, it_ will be appreciated that for a given DNA sequence
encoding a particular integrin there will be many DNA degenerate sequences that will
code for it. These degenerate DNA sequences are considered within the scope of this
invention.
The term “fusion™ or “fusion protein™ refers to a co-linear, covalent linkage of
25  two or more protciné or fragments thereof via their individual peptide backbones, most
preferably through genetic expression of a polynucleotide molecule encoding those
proteins. It is preferred that the proteins or fragments thereof are from different sources
so that this type of fusion protein is called a “chimeric” molecule. Thus, preferred
fusion proteins are chimeric proteins that include a LT-B blocking agent or fragment
30 covalently linked to a second moiety that is not 2 LT-B blocking agent. Preferred fusion

proteins of the invention may include portions of intact antibodies that retain antigen-
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« proteins of the invention may include portions of intact antibodies that
retain antigen- -8 binding specificity, for exanple, Fab fragnents, Fab'
fragnents, F(ab')2 fragnents, F(v) fragnments, heavy chain nononers or

" diners, light chain nononers or dinmers, diners consisting of one heavy and
one light chain, and the |ike. The nost preferred fusion proteins are
chinmeric and conprise a LT-B bl ocking 5 agent npoiety fused or otherw se

li nked to all,.of. rt..of the hin const ant _.regi on f.._an

i mmunogl obul i?\lg‘{ilflg%fec’c Sy for %5%9@/%%&?%,‘“"’855’% tﬁ?’g‘%{ﬁ%?(ag H? &2§5PERt i on
features a nBlvpfredreentd)hedvy chan tdecmer§ 3) dimeks] tightbhag kioRem@9endimeRi ety, (2)
a second pepti.de, e.g. , rﬁctme whi ch increases solubility or in vivo lifetine
of the LT-B bHBERiREISHER opriearyand oge light chaigespddbe life. t he i nmunogl obul i n

super famly or fragmat E@fen@@ﬁkfoﬁﬁbr&g&% £0%hin®ri8 and ddnisP 2L TIEPRoQind
fragment of 1gG e.g., the human 1 g3 heavy chain constant region, e.g.,
CH2, CH3, andsshiipeictydysies /5othapiseilinkedytolall or gart pfthghigge 4nfi-cBadRink grgfaps bON" i s
a protein CofRknfinBRioBultd IhPSakahd Y - | ocking.of the invention
(e.g. a soluble LT-ntl_OR', OLI%J a lglﬁlébo%l‘/gg%"y&gé%;i ngélgf@%d%n ORIANEYE | i nked
to an N-ter nmimolsculd whichiinaingne ¢1)atull-B el ehimigrage amadity) (2) gwecdnd peptiik, 4.1

N-t er mi nus of 1 Lin is_ .15.replaced with the LT--B bl ocking
agent. A spectl)égts]}%q1 6@}}#}@%@%@?@&@.&“1@ %ﬁ%i%(%lﬁ ol(%ghee%\#'h'btof- 8 BFEETPSEY on”
which is a prog.ei memberpsfitkeiimghuaogibbiHiB-skpeo farhileor fragaivht 6@ BotibA kREkot, @.g., at

| east a p%t of the constant gocgai n of an imgoﬁ%obul in. Apreferred Fc
fusion c&hpriREROLOnArgmEntonieG &gy Jin purpgn TNV ERALT CARSRRLERERD £6- a
fragment of aPHAMHI@EYhingoOREBHI SHCifiBalyC FETH GAIT-BRIRIfRi&F it herolgaVY

i mmunogl obul i n chains. 20 "standard h%bl‘l_dl zation conditions"- salt and
tenper at ure cORPPENEAdolegigally agitve LTt Plogkirs Afdhninyestion 6.gxa sgable bTdhout 5 X
SSC and 65 QR fo@k bllédicallp Whtive GlagAbh MheradtAichRE t anT0%eGllbf 5 andar d

hybri di zati on conditions” as used herein is therefore an operational

definition an@ siRegapulincbaingherinprationgishe Ntzamipespf theamadivppgipmulin gher

stringencys c b Lol . 1@:?@%{@’9:\3, i whr | dizi wi th 25 pl aque
screen buf5f e?ea%&g‘%}%ot%%? r?gfg:yr ro |_tdén§g?&gy%%’lg¥%6F? Bézlggfgﬁﬁ'.oﬂ% Bovi ne
serum al bum HI-B&/Fausien’'swhich is(@peptinSpmpiising AaCT<B-B of #e sro@htiom linked to

pyr 0PNOSPNAL Gy ehs Ypa 0Pl HAHESAARBr LAl BBl A0 Shiilr 4508 ur o)

soni cat ed sal non 's;?erm :
comprises a LT-B blocking agent of the invention linked to a fragment of an antibody

containing the C terminal domain of the heavy immunoglobulin chains.

20 “standard hybridization conditions"- salt and temperature conditions
substantially equivalent to 0.5 X SSC to about 5 X SSC and 65 ° C for both
hybridization and wash. The term "standard hybridization conditions” as used herein is
therefore an operational definition and encompasses a range of hybridization
conditions. Higher stringency conditions may, for example, include hybridizing with

25 plaque screen buffer (0.2% polyvinylpyrrolidone, 0.2% Ficoll 400; 0.2% bovine serum
albumin, 50 mM Tris-HC] (pH 7.5); 1 M NaCl; 0.1% sodium pyrophosphate; 1 %
SDS); 10% dextran sulfate, and 100 pg/ml denatured, sonicated salmon sperm DNA at
65 ° C for 12-20 hours, and washing with 75 mM NaCl/7.5 mM sodium citrate (0.5 x
SSC)/1% SDS at 65° C. Lower stringency conditions may, for example, include

30 hybridizing with plague screen buffer, 10% dextran sulfate and 110 pg/ml denatured,
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65 C for 12-20 hours, and washing with 75 MM NaCl/7.5 mM sodiumcitrate
(0.5 x SSO/1 %SDS at 65 C. Lower stringency conditions may, for exanple,
~include 30 hybridizing with plaque screen buffer, 10% dextran sulfate and
"110 tg/m denatured, -9 sonicated salnon spermDNA at 55 C for 12-20
hours, and washing with 300 M NaCl/30mM sodiumcitrate (2.0 X SSC)/ 1% SDS
at 55 C. See also Current Protocols in Mlecular Biology, John Wley &
Sons, Inc. New York, Sections 6.3.1- 6.3.6, (1989). 5 A "therapeutic

conposi tion" aenitsed sdimoesperin DN hi F5edCdsr 1Ra2Houss) Al witRing athedoosnMof t he

i nvention and ot her bhiolggically con‘gati bl e ingredients. The therapeutic

conposi ti on YA ORI fodkE e R Xuek)/4% SRR 85 °F Aer dlssCarrentarri ers
such as prot epfyiochf ih MolbBSHBibbER Vo Whil§ gféﬁ&@%&%ﬁ?&ﬁ%%fsg he

present invention depends in part upon the discovery t ocki ng
agents can i ndugé, @8%ntiviral response in an individual. It was found that

treating a indivjdual infected with a virus.c eatly .increase the

sur vi val rgt e of t%gH‘?rﬁpcﬁug? UBOSHOR BN %(h%{f:‘l“ﬁ %Q’Pg Cogilli’ g tEAOENR At i ng
LCW- 13 i nf ectafahdNgEentibe end\éthds bioldglcaBy Lomphiitdkinp@ R Nhe thétsieuas LTI3R-1g
fusion protein increased their survival rate 73% Currently treatnent for
Ebol a, Dengue, CBROSHHHMAY FRAAIT $XCIRIGHS SHeh@F WAleH MHesrds And Gagress wigBas at i ve vi a
education on tgrg@mn ssion of disease. Vaccines do not exist for these

hi ghl y pat hogenic viruses. R bavirin, a guanidine anal og, has been enpl oyed
as a generic antiviral drug to several of these infections with

reproduci blge succaspe@nbloPl (HOPERES el et of Lassa Fever when
used early on in the 1TTness . Lacy an . A. Smego, Adv. Ped. Inf.
Dis., 12, 21 (1997). Qur data indicate that sone of the pathol o%/

associ ated with thddePFsen,dventegydepands impasieipep HicatisaverptheciEdcblofkinghe LT
system coul d gg i} : : . i I
y HpEdt b 1#1({1%5 %%gtﬁl_lﬁrglgrle%ﬂ{&ﬂ afx%dlv%&u(jﬂ.tl s fggndt &ﬁ%aﬁxﬁ%% -

reduci ng virus speci . cel I's nunbers an elr function
Cinical trialisdividual infagiedyith eviepsadan 2eatiy i agf thdbueikalmgge bhihe TidFadwait hway
are already u i R I ewer al Lhnents. (H ass, D.
it e e s e e o SR

15 blocking agent, such as LTBR-Ig fusion protein increased their survival rate 73%.

Currently treatment for Ebola, Dengue, SNV and other viruses mentioned herein
is preventative via education on transmission of disease. Vaccines do not exist for
these highly pathogenic viruses. Ribavirin, a guanidine analog, has been employed as a
generic antiviral drug to several of these infections with reproducible success only

20 docﬁmcntcd in treatment of Lassa Fever when used early on in the illness (M.D. Lacy
and R.A. Smego, Adv. Ped. Inf. Dis., 12, 21 (1997). Our data indicate that some of the
pathology associated with these viruses may be immune mediated. Blockade of the LT
system could greatly increase the chance for survival by transiently reducing virus
specific CD8 T cells numbers and their functionality. Clinical trials that employ several

25  means of blocking the TNFa. pathway are already underway for the treatment of several
ailments (H.L Pass, D. Mew, H.A. Pass, et al., Chest Surg. Clin. N. Amer. 5,73
(1995). We believe the LTBR-Ig treatment should be considered for further testing in
animal models for eventual use in hurhan trials involving patients with acute, rapidly

progressive viral infections involving shock and/or pulmonary distress.
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(1995). We believe the LT(3R-1g treatnent should be considered for further
testing in animl nodels for eventual use in human trials involving
_ patients with acute, rapidly progressive viral infections involving shock
and/ or pul nonary distress. -10 LT-B Bl ocking Agents In one enbodi nent of
this invention, the LT- beta bl ocking agent conprises an antibody (Ab)
directed against LT- beta that inhibits LT- beta signaling. Preferably,
the anti-LT- beta Ab _is a nonoclonal antibody (mAb). Inhibitory anti-LT-
beta Abs and 5 ot h&/-BBlocling Azents)cking agents can be identified using
screeni ng net hods that detect the ability of one or nore agents to bind to
a LT ligand, or to_inhibit the ffects of ta, si alllng on cells. In
anot her embodi nent 1€ lbgd‘fnﬁt}te {3 R veRym, ilf”fLTb ?‘éblﬁF LRk %Eﬁ'é’ﬁ’tscsc?ﬁnpri ses
an LT-beta recamday (Ab Gtk afREKT bt 2 8RN nhibid L2- B8 fs@hhgd. rRegiyrent, the
LT-B-R 10 bl ocking agent is an anti body éAb) directed agai nst LT- beta R
that i nhi bit s teantigd; eta Rbds g menpegnal F‘F@P Y gpf\); Inhihitoganii-1 Tr betgdtbg ank Ab i s
a nonocl onal ( BBB; i
R e i A A 0 A
agents can be thekbyity @ﬁ@douglprt»‘gaasmﬁ techinghip et herdd, erftainhitdetheeffectstoé LIbi | ity
of one or nore.3 %]] mglots ?ﬁ_ﬁf to bind to the LT- beta -R or LT ligand, or 15
to inhibit the effects®o -beta -R signalling on cells. One screening
met hod nakes use of the cytotoxic effects of LT- beta -R signalling on
tunor cells bearin THYR &%g@ r
nore LT- beta -R ag’t%‘\%‘?ﬁéb"gg‘téﬁ’t‘ (s)ﬂ'gng md&gg%LJTl?r %'ﬁb? cnrg??rgé}% l‘:pLT-
beta -R acti walirigtaaepspios(liTnBiRiddodking aabfphélﬁﬁ@fehetl embmrbmcmi tbohﬁEERes

of an actiSar RO BRAA Fin BePRy hoihReleddy Kby Z0ERGRRI g Sen

applicants' c&@gmﬂmm@re&r&ly aljpepdnitiela - bere -Bekb 1sN0nonoGBbﬁEBthﬁ91mA19mOnbodi es
and ot her agent can. ck LT-, bet g l.in el ected based
on their abil ity 1 or%anﬁ‘ ‘tr)’Lﬁtté kﬁ‘& 5 gf“?*é’ ?&B I r% lgT aI‘«’ﬁg‘“ﬁnal li ng

on tunor 25 Qﬁd btReriLIT- bére - R 8locieing ﬁ@n&S&ﬂ}be identified using screening methods that

detect the ability of one or more agents either to bind to the LT- beta -R or LT ligand, or

15 to inhibit the effects of LT-beta -R signalling on cells.

One screening method makes use of the cytotoxic effects of LT- beta -R
signalling on tumor cells bearing the L'T- beta -R. Tumor cells are exposed to one or
more LT- beta -R activating agents to induce LT- beta -R signalling. LT- beta -R
activating agents include LT- alpha /62 heteromeric complexes (preferably soluble LT-
20  alpha 1/ beta 2) in the presence of IFN- gamma , or an activating anti-LT- beta -R Ab
(see below; also described in applicants’ co-pending U.S. application Ser. No.
08/378,968). |

Antibodies and other agents that can block LT- beta -R signalling are selected
based on their ability to inhibit the cytotoxic effect of LT- beta -R signalling on tumor

25  cells in the following assay:

1) Tumor cells such as HT29 cells are cultured for three to four days in a series of tissue
culture wells containing media and at least one LT- beta -R activating agent in the

presence or absence of serial dilutions of the agent being tested;
- 11 -



1) Tunor cells such as HT29 cells are cultured for three to four days in a
series of tissue culture wells containing nedia and at | east one LT- beta
-R activating agent in the presence or absence of serial dilutions of the
agent being tested; -11 2) A vital dye stain which nmeasures mtochondri al
function such as MIT is added to the tunor cell mxture and reacted for
several hours; 3) The optical density of the mxture in each well is
guantitated a% m wavel e rLgth light (OD 550). The OD 550 is

proporti onal tHﬂ 'EJFI‘B’é‘rW}B‘F PeATHES E’é‘iOF%"“F@#éP?ﬁtWQ spgh as YT Ris agdaddence of
the LT- beta tRu@fibricyRiiR@reae Mac@hthrlsBri§ShsLT- beta -R bl ocking agent in
each well. An agent or conbination of agents that can reduce LT- beta
-R-activated cytotoxicity by at least 20%in this assay is -a
LT- beta -R b%ﬁ%%{jcaiﬁé‘?ﬂ[y%ihfﬁpﬁufeﬁécw léﬂumll%cdaﬁﬁé(hnmowvelﬁmgh agent
or conbi nati onewRi0BGS ng_can he 10
used in the ab%vfé assg)t T%:%b%sgﬁ?% ry\?%Lrﬁ}Ph%m Eg%ﬁ?%&ockl nogrczfigsenfng1 1Y peta
-R act i vat § ngthe aFpasce of tha L Tr hﬁ%utﬁaaq_wam@igant-aﬁdshmalm bga (K bldbkiAgagent
activating ani| e el ect ed

ability-al one;nc?ra ‘l:hl nelgg%gﬁ ﬁ§t| on %\lnn%tﬁ)%rﬁfg ?n%a%aetnctag B & 'tb§F"i‘t"§zé"’FBV"tt?ﬂ‘rDr cel |
cyt ot oxi ci ty wsiongelidymranicinrbycelehsi20%aiy thiesany had Biberer bmanTxth%enErBt hod for
sel ecting an Ihmtgn%sgo OftethCL(,l agent is to nonitor the 15 ability of

t he putative agent 0 H recﬂn Perfere with LT Iigand-receptor binding.
An agent or conbination of agents t hat can bl ock |igand-receptor binding
by at | east 20%isAnyaagerubrc@abiaatioRolﬁhmﬂ@mgaagmLwlsdmmdiéaﬁnﬁng@ﬂeb@f this

i nvention t.hat ure the strength of

| i gand- receptn%F c‘?thﬁ%{b‘é@%sa Bgcnagylcsf Bahdy ﬁ?’f‘i‘mﬁ?ﬂ‘étlﬂ |b6ﬁ -Baetiypdngi t h
putative LT- dgentathaﬂnbdmdklr ibgtaaR &1naling dchiBeactvAMRALA LI bdiheR RiARG N9
bet ween a rece 5@@? t(aé‘%land ca be nmeasured using an enzyne-I|inked

i munoadsor pt(f %‘Aﬁm’b goilitysalone or ingombdaation yith RIAY agenSpeci f i ¢

bi nding may aoieie sl eflobiichy sk LaE bkl allal big,anbbhody- anti gen
conpl exes and performng fl uor escence-activated ce sorting (FACS)

analysis, or by performn such i mmunodet ecti on net hods, all of
whi ch are techni qlf‘ené)th\ﬁéF’Fthg% %ﬁ??"Pﬁ“tI‘rTeb‘éfFbebCkm" agent is to monitor the

15 ability of the putative agent to directly interfere with LT ligand-receptor binding. An
agent or combination of agents that can block ligand-receptor binding by at least 20% is

an LT- beta -R blocking agent within the scope of this invention.

Any of a number of assays that measure the strength of ligand-receptor binding
can be used to perform competition assays with putative LT- beta -R blocking agents.
20  The strength of the binding between a receptor and ligand can be measured using an
enzyme-linked immunoadsorption assay (ELISA) or a radio-immunoassay (RIA).
Specific binding may also be measured by fluorescently labelling antibody-antigen
complexes and performing fluorescence-activated cell sorting (FACS) analysis, or by
performing other such immunodetection methods, all of which are techniques well

25  known in the art.

The ligand-receptor binding interaction may also be measured with the BIAcore
TM instrument (Pharmacia Biosensor) which exploits plasmon resonance detection

(Zhou et al., Biochemistry, 32, pp. 8193-98 (1993); Faegerstram and O’Shannessy,

~5%
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- The ligand-receptor binding interaction may al so be nmeasured with the

Bl Acore TMinstrunent (Pharmacia Bi osensor) which exploits plasnon

_ resonance detection (Thou et al., Biochem stry, 32, pp. 8193-98 (1993);
Faeger stram and O Shannessy, -12 "Surface plasnon resonance detection in
affinity technol ogies"”, in Handbook of Affinity Chromatography, pp.
229-52, Marcel Dekker, Inc., New York (1993)). The Bl Acore TM t echnol ogy
allows one to bind receptor to a gold surface and to flow |ligand over it.
Pl asnon r esonant@ac Blasmpn BRongneecietegiionintafnigreshnalopiosi, fHandbodk ofimount  of

mass bound to Ag; ] Py | i ) oth on and
off rate constantt}z@}ziitfrcl)gﬁﬁt%J uagh%%ﬁizgzghsg?lr\%g%lptﬁgék%g:ﬂ&ggcﬁa ?rgrgpgggﬁ‘stant and

affinity constant can__be directly determned in the presence and absence
of the putative LTThBlArordY|tesbrolagy allayesrmne tafjindiregepporad aghld serfae and her

t echni ques f o, ABISYLANS <L j nt tions, .one can evaluate
the ability of a et 3*@*%#%&&%%@2%8%‘ ‘fd°§|g§{‘?§8‘6"r° i @Eea ot s Con wi t h
ot her agents, amouintefiirass bdyind th thgsuwfacsinrtaane This edchlihe: idldd bagiaodsndt ot
surface or solyble LT- beta -F | ecu] es. Such assays may_al so be used to
Cest LT bet a e RorAmaREltas Dbl SEPies AissoRiio BB s e RO e 8.
fusions, chi mbedBectiydt@ithited ianit presandd 4halabienad sRhELtiRE TH) bk FBI0&Hind N
conbi nation-to ogti mze the ability of that altered 15 agent to bl ock LT-
beta -R activ&8™n. The LT- beta -R blocking agents in one embodi nent of

this invention conprise soluble LT- beta receptor nol ecul es. The sequence

of the extracel | ul Withpay bf Geseek oﬂnbﬂccﬂiﬁtﬁtﬁﬁfd;ﬁcamgrecg?tofﬂﬁ@aﬁﬁ‘ encodes the
U.S. patent no. 5, 925, 351,

| i gand bi ndi ng donmin is sho in Figure 1 of
i ngor por aggd %g}crﬁ‘é’rOB%é’H‘&&a“ﬁé(\f:@i“ﬁ ﬂ*ﬁ@éi ot kT RstarBiiecking aeemaplonstor bh i n
Figure 1 of Uc&nbiaatoan&immneﬁ%&@to%ﬁﬂdbﬁ%diwmf&%} sorlie Lﬁﬁg&hgwes wel |

known in the art, functional fragnents encodi ng the LT- beta “R i1 gand
bi ndi ng domaS#taca A’ 19rblg lehregty -Rimaelerulascbunh 2a59us mapalecsheased 1o tesh LAprtopr i at e

host to producebRckif®hsthls®r bidivalidsds ELBhrE%_l:rx?ig Eéle§ fus%gL,%mn?ergsT_ u tE%nF iRg and

mol ecul es that can conpete with native ' a receptors’ftor
bi ndi ng accor ghergcally aitered fesmayalontes it ¢aselindiondd piisizathe abibityed tiedalased T-
beta - R bliocki g RS T- beta -R activation.

The LT- beta -R blocking agents in one embodiment of this invention comprisc.
soluble LT- beta receptor molecules. The sequence of the extracellular portion of the
human LT- beta -R, which encodes the ligand binding domain is shown in Figure 1 of
U.S. patent no. 5,925,351, incorporated by reference herein. Using the sequence

20  information in Figure 1 of U.S. patent no. 5,925,351 and recombinant DNA techniques
well known in the art, functional fragments encoding the LT- beta -R ligand binding
domain can be cloned into a vector and expressed in an appropriate host to produce a
soluble LT- beta -R molecule. Soluble LT- beta -R molecules that can compete with
native LT- beta receptors for LT ligand binding according to the assays described herein

25  are selected as LT- beta -R blocking agents.

A soluble LT- beta receptor comprising amino acid sequences selected from
those shown in Figure 1 of U.S. patent no. 5,925,351 may be attached to one or more
heterologous protein domains ("fusion domain”) to increase the in vivo stability of the

receptor fusion protein, or to modulate its biological activity or localization. Preferably,
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A soluble LT- beta receptor conprising am no acid sequences selected from
those shown in Figure 1 of U S. patent no. 5,925,351 nay be attached to one
_or nore heterologous protein domains ("fusion domain") to increase the in
vivo stability of the receptor fusion protein, or to nodulate its

bi ol ogi cal activity or localization. Preferably, -13 stable plasm
proteins-which typically have a half-life greater than 20 hours in the

circulation-are used to construct the receptor fusion proteins. Such plasma
proteins i ncl{fhe HegmapreeRgwhichtyriealyihgve ¢ haHihsgrestanithan20 howrsumthal buni n,

| i poproteins, ciRRRlbMRMRLAIQ Ieh ds an target
the soluble LT- beta -R gd%@éﬁgtlﬁ%ég&gﬁrfﬁlihﬁg? &g?‘fkﬁ%}é{aﬁlééou%mt ype may
al so be att acheeludedut e notlimist tq: inRnuricgipbnlinshaneth alpushimydipoprbeigy eat e a
specifically-I i T- - si.on r ot ei | or a
f unct i onal porag)?g%dpgtﬁgfl igdﬂ%ﬁﬁ‘l&-ﬁas%tcgcﬁ rEgl ﬁgéﬁnltﬂr &t er%oﬁﬂeo&%[‘hﬂeé %1 of US
Pat. no 5, $25,B8tJulconmmiteigedive tkshe tetmay &Rd begitBcheB k@i DY. gager N may be
fused to an ilrLT’ruc%gI.obgl i n_const ant rgfgciaﬁn | i ke the Fc_domain of a human
| g@ heavy chdi&i"} Go¢i8E SORPAL dtatap specyieallyacplized solyka LTpbeta F3fusn( 1995) ) .
Sol ubl e- r ecept@teing @l ¢t SifGttion] Pbion Hf Biq TC BEHDR ekmmmggs@méaﬁg@m s and
nmet hods for tr{%r const,)r_uction are known in the art (see e.g., US Pat.
No. 5,225, 538)Y° Rt Rfiret1oival camprishgithe LR batyRnbigang binding gomeinemnay bedysebe
fused to an lWﬂ%&%ldbﬂliiécﬂ;)staﬁcreﬂgmﬁk@thg%'dBﬂQinfoggﬁhx?Qrbwg\%%h%m in
antl I'es

class or subclass other than 1g@. fhe Fc domains o
bel ongi ng Yo dBrvwingft al.d. Ermunobs 13 PB1IFcAt(d 92%9). Salubkatdepmt-feGifusions e

secondary eff i I; i n.the Fc domain is
bound by’ a cognere: e Parentimu Al At bR e rerRe PR e ¢ ne

ability to actknownén thhert CorpiebishtPas Mt 8295,538). & fuurdondhETpbadsRigndand t o

bi nd various [ cyobj .prot.eins.. The. properties of the different classes
and subcl assersg "o lg)‘=I (ir‘r)T%rluarlfg[f;1 yo%euff]fcrﬁlstoérr’ é’g‘a‘ég%gﬂ?bﬁﬁaaﬁﬁ main dgrivgd fromzg

| munol ogy, p.iméuBoglddinylaYearsulRonk officf thae 14 1d The Bld@ghinsl3bodik e

conpl enment enzy e gasqc_‘ de can be act 'hvat ed by the Fc domains of

ant i gen- bodnd Flé&glf" to 8 nt A5 Glassey RA SYREIASERTAE SCtivatRi prese s prEdATY S feqten
appears to be fhesisnsehbeetior 6ccurnNthdnie FEdGIRIMRIsHBundby 4 &fgfate FOceftgD and | gE

are ineffective at acg vatc‘gpn%gco,rrpl enent . Thus one can select a Fc donain
based on whet MEFORIRY eHeefpagtions Wekuds igrapilisy et tite the pemplomentsysergide r abl e

cross the placenta, and to bind various microbial proteins. The properties of the
different classes and subclasses of immunoglobulins are described in Roitt et al.,

20  Immunology, p. 4.8 (Mosby-Year Book Europe Ltd., 3d ed. 1993). The complement
enzyme cascade can be activated by the Fc domains of antigen-bound IgGl, IgG3 and
IgM antibodies. The Fc domain of IgG2 appears to be less effective, and the Fc domains
of IgG4, IgA, IgD and IgE are ineffective at activating complement. Thus one can select
a Fc domain based on whether its associated secondary effector functions are desirable

25  for the particular immune response or disease being treated with the LT- beta -R-Fc
fusion protein. If it would be advantageous to harm or kill the LT ligand-bearing target
cell, one could select an especially active Fc domain (IgG1 ) to make the LT- beta -R-
Fc fusion protein. Alternatively, if it would be desirable to target theLT- beta -R-Fc

fusion to a cell without triggering the complement system, an inactive IgG4 Fc domain

30  could be selected.
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- 25 for the particular immune response or disease being treated with the LT-
beta -R-Fc fusion protein. If it would be advantageous to harmor kill the
LT ligand-bearing target cell, one could select an especially active Fc
domain (1g3@ ) to nmake the LT- beta -R- Fc fusion protein. Alternatively,
if it would be desirable to target theLT- beta -R Fc fusion to a cell

w thout triggering the conplenent system an inactive Ig&4 Fc domain 30

could be selected.,  -14 Mutations, in Fc donains. that reduce or elim nate
bi nding to Fc rece%ﬁ’gnsdﬁgc demAaF gﬁ’e’ﬁf‘““&é’f £ GrrmtiRgio b &S @Y bed (S.

Morrison, AnNbempie¥ent hETAS) have bBen dc@@ibea@'@éﬁg&@mﬂ.-ReIfﬁﬁtﬁmQ[, @ her

mut ati ons can be used, alone or in conbination, to optimze the activity
of the Fc donBp-3898§!998))cDiese pithermiations past be used, mlone gsin gAmBinpHQ, 8 n. The
production of g <ol Wbl &: AR e FE-doREinsadof i BL 58N, - cbrgqi i.sing |igand
bi ndi ng seque%@és %usedl‘{}[z a[}ﬁurrar?pll rmus‘r:\og?l obu |tn f:g gjg%alﬁn ( %ﬁd beta -R-
Fc) is deséripwtkit.n Exanple 1 of U S. patent no. 5,925,351 incorporated by
reference herein. One CHO |line made according to Exanple 1 that secretes

hLT- beta -R-Fc i shO, 6alcli&fof 4 VolunRhfnan BT Ghta RIS QEHB! of this
| i ne was deposited oﬁ)r\]ulc. Z?Lf,awol 95 V\na?h%rPhggaArrerl f:}lfr{()@f}%e ﬁl‘hre

Col | ecti on (AlFGOM birkowgkeedueness fiddd Yo almwoandimmypnoglobulineFcptomainghbhisbetd -R-he
Budapest Treagy . . A8S] A cegssian nunber . CRL 11965. The
producti on of }:é lggel ﬁ%&g “?rg"r?ihﬁgelgﬁ‘?? Bgse'f) ;e;tgr-glﬁ%f ﬁgTs(sjénﬁrrlBToé%W%d ?W#efcr'ﬁ%t a -R
15 Fc) is desbercine@nd OHOimamiade Acoofding, (5. ExpampleritthaiGecr&ie SRS - Bbth -R4Reas por at ed

by reference rej A i de according.to Exanple 2 of U S. patent
no. 5, 925,‘%51°{lﬁ8th14n%‘é%"r g‘&l (HpTEe Sa?ﬁ?‘t%”i”g“E%WF%%POWE%%&{‘%% R-hG 1

CHO#1. 3. BB". fossanipl e AimekiBArSTypeiqiuisdoldeRaSAtred) 0Rockille, Md.) adk8RfngVi th the
Anerican Type Cul ture Col | ection g_A ) (Rockville, M.) according to the

TCC
provi si ons of 4!hePrYgiepLek theBrdapyst dFrdeng vy aasisied Hisch THe aRTson AEEBEs | on
nunber CRL 11964.116%4. ferent amino acid residues formng the junction point
of the receptor-1g fusion protein may alter the structure, stability and
ultimate biol ogical activity of the . .
The production of a soluble murine LT- beta -R fusion molecule (mLT- beta -R-
15  Fc) is described in Example 2 of U.S. patent no. 5,925,351 incorporated by reference

herein. A CHO line made according to Example 2 of U.S. patent no. 5,925,351 that

secretes mLT- beta -R-Fc is called "mLT beta ;R-hG1 CHO#1.3.BB". A sample of this

line was deposited on Jul. 21, 1995 with the American Type Culture Collection

(ATCC) (Rockville, Md.) according to the provisions of the Budapest Treaty and was

20 assigned the ATCC accession number CRL 11964,

Different amino acid residues forming the junction point of the receptor-Ig
fusion protein may alter the structure, stability and ultimate biological activity of the
soluble LT- beta receptor fusion protein. One or more amino acids may be added to the
C-terminus of the selected LT- beta -R fragment to modify the junction point with the

25  selected fusion domain.

The N-terminus of the LT- beta -R fusion protein may also be varied by
changing the position at which the selected LT- beta -R DNA fragment is cleaved at its
5’end for insertion into the recombinant expression vector. The stability and activity of

each LT- beta -R fusion protein may be tested and optimized using routine
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- soluble LT- beta receptor fusion protein. One or nore am no acids may be
added to the C-termnus of the selected LT- beta -R fragnent to nodify the
_junction point with the 25 selected fusion donmain. The N-term nus of the
LT- beta -R fusion protein may al so be varied by changing the position at
whi ch the selected LT- beta -R DNA fragnent is cleaved at its 5" end for
insertion into the reconbi nant expression vector. The stability and
activity of each. LT- beta -R fusion Prot ein may be tested and optim zed
usi ng routi ne “HERSPRUPT ARPG 357N farglecHre HlshaisR blocking egsnismgsctived bet a - R
bl ocki ng agenthsreglescri bed herein. Using the LT- beta -R Iigand binding
domai n sequences within the extracellular domain shown in FIG 1, amno
aci d sequence variants | so_be constructed to 5 nodify the affinity of
the soluble LT- @g‘f‘%&lfngéﬁ'grﬂao? ligend ypdipe dempin seamendeT withipahe cktradéimlar

sol ubl e LT- bebanBnah BGUGES adfind i SodqlURBLLONCAL GATDELE L, Sur face LT

i gand binding with endogenous cell surtface et'a receﬁf‘%?lgt.edltcf .is

envi si oned >t h&todijhe afifyiof eersplubleiTe bewmprepsir ngfusioh Frotdiefor L Tigahg ame

bi ndi ng domai gujtkat TCEN, ¢ idh.cell surface LT- beta receptors for
LT ligand binding i's a i%mgg%ges-%ﬂgpé@%%%n%cgﬂgﬁf}-‘lrﬁ‘él‘?acf’&frl@aw thin the
scope of the pindingmithiendegehowmell burfaaabhbeta exxbReis e RenGikiohdd Gadgyent i on,

ant i bodi es di iLnst the n T- beta receptor (anti-LT- beta -R
Abs) functi onE‘gg&%ﬁ‘?ﬁg@?5"‘3‘9@(‘%%%5‘%'3%%%@8%’BhdmgﬁgglamﬁhmF@afqm@te
condi tions t haithptlhgefacadTietirateprord foe ILTdigagd Biuaﬁg is 4 107- t3fa -ﬁtblécﬁ%TOf ,
viral - inqpceg csg&ttﬂc .%80 k and respiratory distress. The anti-LT- beta
"R Abs of 't hi &PEPE NN thesFons T fsIRFeseRHAYensPnoNoc] onal (mAbs) and can
be nodified to optimze their ability to block LT- beta -R signalling,
their in vivo bi oslwanbthdricimibbgiment Ghit iwenti®H, an@odRE dFEMABHnbi iR fiSnan
Pol ycl onal aan_bt%Qy sera di.re]ct ed ﬁg i nst the human LT- béta receptor
areprepar ed usi ng CORTEALINHEY - BeBcRRy) Bwction asdiledeianB bioskirglagensiioh as
goats, rabbi tsse in 26htibgtsndihtAREaEpIsceqhdivldutls SHAGHRARSAMS Y oWk & Rupan LT-
beta receptor-Fc fusion protein T ’

induced systemic shock and respiratory distress. The anti-LT- beta -R Abs of this

15  invention can be polyclonal or monoclonal (mAbs) and can be modified to optimize
their ability to block LT- beta -R signalling, their in vivo bioavailability, stability, or

other desired traits.

Polyclonal antibody sera directed against the human LT- beta receptor
areprepared using conventional techniques by Injecting animals such as goats, rabbits,
20  rats, hamsters or mice subcutaneously with a human LT- beta receptor-Fc fusion protein
(Example 1 of US pat. no. 5,925,351) in complete Freund's adjuvant, followed by
booster intraperitoneal or subcutaneous injection in incomplete Freund's. Polyéional
antisera containing the desired anﬁbodics directed against the LT- beta receptor are

screened by conventional immunological procedures.

25 Mouse monoclonal antibodies (mAbs) directed against a human LT- beta
receptor-Fc fusion protein are prepared as described in U.S. patent number 5,925,351,
Exampie 5. A hybridoma cell line (BD.AB8.ABY) which produces the mouse anti-human
LT- beta -R mAb BDA8 was deposited on Jan. 12, 1995 with the American Type
Culture Collection (ATCC) (10801 University Boulevard, Manassas, Va. 201 10-2209)
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" (Example 1 of US pat. no. 5,925,351) in conplete Freund' s adjuvant,

foll owed by booster intraperitoneal or subcutaneous injection in

_inconplete Freund's. Polyclonal antisera containing the desired antibodies
directed against the LT- beta receptor are screened by conventi onal

i mmunol ogi cal procedures. 25 Mouse nonocl onal anti bodies (rnAbs) directed

agai nst a human LT- beta receptor-Fc fusion protein are prepared as

described in U S. patent nunber 5,925,351, Exanple 5. A hybridoma cel

line (BD.AS8. Aae;comhgempmﬁumsmhwmpw ey, 2B 9B assikded REhGCcR MAb BDA8

was deposited on Jan. 1995 with the American Type Culture Collection

(ATCC) (10801 "lSFﬁ%’@P%WK}“é’@Jl%?ﬁard Manassas, Va. 20110-2209) -16 according

to the provisions of the Budapest Treaty, and was assi gned the ATCC

accessi on nunber HB'anw%rms\&rahﬁlu& b OR aMbodiet barlalso HRGhAe uﬁng ies can
al so be made usin andard reconbi nant DNA techni ques (W nt

M I stein, NatJFeombiegt D4 tc%@uwln@gmmstsmmam@xmpm °9aea(199n))c"
anti bodi es Scamong&%téﬂﬁﬁ&%d ahdboWlal €4h ﬁ%n?ﬁIc %H'ﬁldé%@%a@@ﬁ jrom an

ani mal antl body is I'inked to a human constant domai n ‘§/‘=’ et al.

U S. Pat. TRirGran 7 animslraniisg istinled to a ﬁmom cogtauit dogiade.g SCdbillyld: S. A, |,
81, pp. 6851 1 ig t dyce ved
i munogeni ¢ reagggﬁsggl&aeﬁ %i:at g?l’ (g/mg&rh J?rta a% F‘&%d &ﬂeﬁgdé LiPR- human

clinical tr eatﬁ&éhﬁé(19Bﬁ))e€ddmtmmpbdgﬂcsrredmbhm¢w ' dicHiRIRb Zediet xaﬁjohh:@di es"

whi ch recogni zg .the LT eta R can be ntheglz d. Humani zed anti bodi es
are chi neras conprlélng nns{P {1574 8 Human Ghpical feptpepisip 2dditiohe r egi ons
responsi bl ® f etcospixand ihcmamwgmmbdmhdadwmhhaﬁbemb@@eLTl pee ed Hee- 9. WO

94/ 04679) . Anlgﬁ%s ar, nnunlzeg g%th the desired antigen, the

cor r espondi ng ' ES%I apized pPUBP AT chimerasicemprsing mastyfumee IgGr i abl e

regi on sequengégiedds ixﬁ@{#ﬁx@ﬁﬂﬁ'r&ér@&csﬁ@ﬁﬁblg Fdr sﬁéﬁﬁc%xﬂegﬁ' ﬂﬁidlg@hﬂe%e demoved.
The ani mal - deri ved ant‘lfvt%:h |n |ng regions are then cloned into fhe

appropriate pdLERTdF PR arg énmynizedwiiih the desité antigengbn  bi ndi ng
regi ons have Q@x@é&p@’rﬂiuﬁ“gtﬁqmdﬂérﬁ?e%cﬁﬁgd a3k 'tﬁ%ﬁgh?o% of mcmamc}ﬁeere%m% $ Oq%.l%nces

het er ol ogous (inter-s g}em es) sequences I n hunman anti bo are | ess
likely to '8li &SP%S%% ésﬂeé@ﬁéﬁs?éé bingingtee femexede dhe erbjnalederived antigen

binding regions are then cloned into the appropriate position of human antibody genes

in which the antigen binding regions have been deleted. Humanized antibodies
minimize the use of heterologous (inter-species) sequences in human antibodies, and

are less likely to elicit immune responses in the treated subject.

20 Construction of different classes of recombinant anti-LT- beta -R antibodies can
also be accomplished by making chimeric or humanized antibodies comprising the anti-
LT- beta -R variable domains and human constant domains (CH1, CH2, CH3) isolated
from different classes of immunoglobulins. For example, anti-LT- beta -R IgM
antibodies with increased antigen binding site valencies can be recombinantly produced

25 by cloning the antigen binding site into vectors carrying the human mu chain constant
regions (Arulanandam et al., J. Exp. Med., 177, pp. 1439-50 (1993); Lane et al., Eur. J.
Immunol,, 22, pp. 2573-78 (1993); Traunecker et al., Nature, 339, pp. 68-70 (1989)). In
addition, standard recombinant DNA teéhniques can be used to alter the binding
affinities of recombinant antibodies with their antigens by altering amino acid residues

30 in the vicinity of the antigen binding sites. The antigen binding affinity of a humanized
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- 20 Construction of different classes of reconbinant anti-LT- beta -R

anti bodi es can also be acconplished by making chineric or humanized

_antibodies conprising the anti- LT- beta -R variabl e domai ns and hunman
constant domains (CH 1, CH2, CH3) isolated fromdifferent classes of

i mmunogl obul i ns. For exanple, anti-LT- beta -R IgM antibodies with

i ncreased antigen binding site val encies can be reconbinantly produced 25

by cl oning the ntigen bi nding site into vectors carrying the human nu

chai n const antama’t?oélél ghee ‘(“KFW‘SH&H’&%‘&S“&@CF o} matsgylar pregeling(@peenmy al. 1439- 50

(1993); Lane @trooaNam.@éﬂ..s&.-U.s.lmajg,%.-LooZg'&aap@ggﬁWégz,@;é 93); Traunecker
et al., Nature, 339, pp. 68-70 (1989)). In addition, standard reconbi nant

DNA t echni ques can_be ysed %’ﬁ alter the binding affinities of reconbinant
antibodi es with th&PYDaArYeRle BIncEaseer P fecasash the affindtyof entithEsbet8®R i n t he
vicinity of thsaatharn hitnti Rferiidlsh thd Bexeadt sty %&n@a‘ A fa
humani zed -17 anti body can beg? ncrggfansed&gg; rruttsageﬁ!geysclggh asegi%ﬁwe%frgcul ar
nodel i ng ( Gueéfhedyle gpvisionedy Bor exagaple. it menbe adventagdguSiofreat 8patieppwit 0029- 33
(1989); WO 94,046,000 veld bf IBY RBeLERI - lL.Acrease or to decrease the
affinity of anti-LT- beta -R ReloR AR %@9°°§§?‘§&‘&Sl§8ﬂéwal’ﬁb‘5‘6ﬁ‘Q‘t he
targeted ti ssbeapgthwapior sdiei-prophylacti¢ aeatmemat higavise, Snisibineduhtel BpEisironed.

For exanple, i : vapt. OoMS treat a_patient wth constant |evels
of anti-LT- b&%g%ﬁx%&a@% a?ﬁm%ﬁglg&trgfﬁtf’?ﬁfay (5’%%‘@1’1%“1“5?95&8?#"1% LT- beta

pat hway for semtmpmephyl actic treatnments. Likew se, inhibitory anti-LT-
beta -R Abs with increased affinity for the LT- beta -R may be

advant ageqps for s -term treatnents. 10 By testing other antibodies
directed ggai nst tEg{eﬁtﬁnﬁaorﬁhﬁffgﬂtﬁ’gfcgﬁl’r%%%%ig&nfy‘f‘f ﬁ‘i"ga“ RSB TEEFPIORlt 1S

addi ti onal antxpetifd thaeddaitioRalantiiLIT0 Gk SR tahAbodidd Med: faRtiGSasy T thata - R

bl ocki ng agenéls i.n humans. can b%h%d.enti ied for treating conditions that
place indivi QEHEE S5OHE I BYRRps fRidentied Sor trgating eqadiions thayplecei nduced
systemi ¢ shocladaidhalsl @eIRiing@ hotin, th, Bk BESk JSIiRLidiQIH&eRXRESANIRA at i on and
t he assays descr.ibed herein. 15 Another preferred enbodi nent of this

i nventi on i nvBSRAALR GITERS UFing FRULAR BXPeRIMERGHRN Hidi ththassoivdricsbedntdibodi es
directed against LT ligand that function as LT- beta -R blocking agents.
As described aboveAdwmierpheerpateimbodimenesnis RiviBiSon B veslebmpbd@die and

methods which comprise antibodies directed against LT ligand that function as LT- bcfa
-R blocking agents. As described above for the anti-LT- beta -R Abs, anti-LT ligand
antibodies that function as LT- beta -R blocking agents can be polyclonal or
monoclonal, and can be modified acéording to routine procedures to modulate their

20  antigen binding properties and their immunogenicity. The anti-LT antibodies of this
invention can be raised against either one of the two LT subunits individually, including
soluble, mutant, altered and chimeric forms of the LT subunit. If LT subunits are used
as the antigen, preferably they are LT- beta subunits. If LT- alpha subunits are used, it is
preferred that the resulting anti-LT- alpha antibodies bind to surface LT ligand and do

25  notcross-react with secreted LT- alpha or modulate TNF-R activity (according to the

assays described in Example 3 of US patent no. 5, 925,351).

Alternatively, antibodies directed against a homomeric (LT- beta Jora
heteromeric (LT- alpha /62 ) complex comprising one or more LT subunits can be

raised and screened for activity as LT- beta -R blocking agents. Preferably, LT-alpha 1/
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anti bodi es that function as LT- beta -R bl ocking agents can be pol ycl onal
or nonoclonal, and can be nodified according to routine procedures to

_ hodul ate their 20 antigen binding properties and their inmmunogenicity. The
anti-LT anti bodies of this invention can be raised against either one of
the two LT subunits individually, including soluble, nutant, altered and
chinmeric forns of the LT subunit. If LT subunits are used as the antigen,

preferably they are LT- beta subunits. If LT- al pha subunits are used, it
is preferredPERAZCOPREXGSSESES ﬁ%g‘héﬁlﬁtigeﬂ'lﬂs Spginsedahevepis i Reefeistdifiatites surf ace

LT |igand andrggmgga,ﬂpm.%,?% 17'56@2tanithddik s HHtS BGa ackL'T n%?arm hgﬁtﬁg? ate

TNF-R activity (according the assays describe S
patent no. 5, toesrerd - alpha andnwithoneiffectisgTNBdtaatisitgli r ect ed agai nst a
hononmeric (LT- beta ) or a heteroneric (LT- al pha /62 ) corrpl ex conpri si ng

one or nore LT SUb'PHé'r{;ﬁdlﬁﬁ@n olfcRingEHa ?naﬁ ;ﬁsﬁgg{ 0ai2e: Yl b¥. A8 LT-

beta -R bl ocki ng agent Preferably, LT- corrp exes are
used as thé aappligams’ C%Bcrdhmwsh@doa%wﬂlﬂoﬁsmneﬂmaﬂemix Lhadlphahed

resul ting ant nt| bodi e ind to surfacelLT Li and
wi t hout bi ndi h%d{'tro se%?i}é%&%sql#g éldﬁshc g EE’%SUP”’&FIF |IIH5’“‘P‘NIF5112
activity. The3j§}|46(jhﬁ>eﬁ)) ONloofe thymlanmm bal'rmAH”summﬂprhﬂ'arccaAsmB@nam inbodi es is

described in i p ion (WD 94/13808).

Monocl onal anpl @pkafgﬁapaé"ﬁ‘a“‘"ﬁﬁ?. ggggg%l réf{‘?frlat? HBs (B9LADAMND been
descri bed ( Br pmididegthetmakse anulhudxzﬁiTI!JImbEta, RIAAb BP was ddsodied(ch98P2 ), -198huse
anti-human LT- eta mMAbs &@m?prepare as described in Exanple 6 of U S

patent nurBer WS‘ gsghmerican HbtraCellaction {ARECEHEI0%6 UnivassiyBoulesatdduces t he
nouse anti - huNRRaskas; vRe0210-R00hRcBiNes t%é?@ﬁ‘s&)ﬁgoﬂﬂ: Btz s?i“rcarléga%ﬁ 10 with

the American Type Cul ture Coll'ection (AT (10801 Unive 5| ty Boul evard,
Manassas, Va. “20yguezbopTebrsreriagnumbarAéde ovi si ons of the Budapest
Treaty, and was assi gned the ATCC accessi on nunber 11962. Monocl onal

hamst er ant i - mous embocichkPibdhsted 2n @ RHoLRAGH- G5 nARE L RBEERANES, ASpardBSCT 1 bed in
Exanple 7 of U. S patent nunber 5,925, 351. hybri doma cel 1 11 ne 15

(BB. F6. 1) whi 895ciied diExamniné of Hrispaint avmber 33357 hmnphraammxm BB. F6

- d t c e e - d | | ect
et e?ggg { CebiRs Ihbici?hroad 39 heWahle! BE-AFREL TAREY RS nfA BHFE w1 | eI ON

deposited on Jul. 21, 1995 with the American Type Culture Collection (ATCC) ( 10801
University Boulevard, Manassas, Va. 20110-2209) according to the provisions of the
Budapest Treaty, and was assigned the ATCC accession number MB11963.

A fluorescence-activated cell sorting (FACS) assay was developed to screen for
20  antibodies directed against LT subunits and LT complexes that can act as LT-beta -R
blocking agents as described in Examples 6 and 7 of U.S. patent number 5,925,351. In
this assay, soluble human LT- beta -R-Fc fusion protein is added to PMA-activated II-
23 cells-which express surface LT complexes (Browning et al., J. Immunol., 154, pp.
33-46 (1995))-in the presence of increasing amounts of the test antibody. An antibody
25  that can inhibit LT- beta receptor-ligand interaction by at least 20% is selected as a LT-

beta -R blocking agent.

Using a LT- alpha / beta complex rather than a LT subunit as an antigen to
immunize an animal may lead to more efficient immunization, or may result in

antibodies having higher affinities for surface LT ligand. It is conceivable that by
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Uni versity Boul evard, Manassas, Va. 20110-2209) according to the provisions
of the Budapest Treaty, and was assigned the ATCC accessi on nunber M

. 11963. A fluorescence-activated cell sorting (FACS) assay was devel oped to
screen for 20 antibodies directed against LT subunits and LT conpl exes
that can act as LT-beta -R bl ocking agents as described in Exanples 6 and
7 of U S. patent nunber 5,925,351. In this assay, soluble human LT- beta

-R-Fc fusion protein is added to PVMA-activated |1- 23 cells-which express
surface LT cotfpPe%ass WEPE@%‘%@@P’%@I?Q’“Q?X' PRHAGAISP Whichmerognipe aming agig

(1995)) -i n_t hespn@TRANYe GF LIrNebeAsdRe: BIDMUY Sibefit D8 testheanLd AN
anti body 25 that can inhibit LT- beta receptor-llisg(agd int%sﬁg‘rgtfpﬁx%y at

| east 20% i s &t ¥phadf? glsfipcappe isglated. BRtasting kitipgdiagdirdcied lagding hambd LTal pha /
beta conpl ex 5 i ti.gen to .| 1 ze ani mal
may 1 oad o map o piERGpe HimBlUM s APl ALLATR fri | Pl s B

havi ng hi gher fuattidoris fiTe beth eR bokifigegentsTin higamctan bt idestiftdnsmigtaline t hat by
-19 i nmuni zi ng Wi. hmg he L r al %ha /6250 l.ex, antibodies which recognize
amino acid rELFUREAER B TS fepen ’idﬁﬁ Wnd the LT- beta subunits (e.g.,
residues that forman LT- alpha /62 cleft) can be isolated. By testing
ant i bodi es direct etimigairagdn human LT- al pha /62 heteromeric conpl exes, it
is expected that additional anti-LT anti bodies that 5 function as LT- beta

-R bl ocki ng agent sy . .be i dent i.fied usi routine . :
experi nentation ai%‘l e? ﬂ@“ﬁ@%‘;?g‘g‘e@%‘*ﬁ}%"é& wﬁlf(labcefdr?.“m pf%drﬁt%‘ﬁ%ﬁ%%dosﬂfé
conposi ti ons metbedsifhetkatieg eiral-inductd dysteadinibotis ireirreshiatorpdisteds§ BCini ve dose in

nmet hods f treati ngviral-induced stem c shock_and respiratory distress
o an 30 i DRI TR R S PR Bp e AR ds ca

fornul ati on aherapeutitdiredfixaet: doirtgimedtffoCd gREn HPECatioR Y WBMithif thedskfll EN
application i@ wel 5.V\A'.thi n the skill of the art taking intoconsideration,
for exanple, FH&t iIROEIPSIIRGLig fg sk 2EPlet e copditicarpnd weigheofdhe patienlpf

desired treatdesieddfddsited rodnakRRE@HR ot AR theHiedi Py thd\EedihERL BE % Doses
of about 1 ny/ kg of a soluble LT- beta -R are expected to be suitable

starting poi rf2Pey! meyke ofn solblq [nky betac Rt anpenpeetod toshe suitable starting points for

15  optimizing treatment doses.

Determination of a therapeutically effective dose can also be assessed by

performing in vitro experiments that measure the concentration of the LT- beta -R
blocking agent required to coat target cells (LT- beta -R or LT ligand-positive cells
depending on the blocking agent) for 1 to 14 days. The receptor-ligand binding assays

20  described herein can be used to monitor the cell coating reaction. LT- beta -R or LT
ligand-positive cells can be separated from activated lymphocyte populations using
FACS. Based on the results of these in vitro binding assays, a range of suitable LT- beta
-R blocking agent concentrations can be selected to test in animals according to the

assays described herein.

25 Administration of the soluble LT- beta -R molecules, anti-L.T ligand and anti-
LT- beta-R Abs of this invention, alone or in combination, including isolated and
purified forms of the antibodies or complexes, their salts or pharmaceutically
acceptable derivatives thereof, may be accomplished using any of the conventionally

accepted modes of administration of agents which exhibit immunosuppressive activity.
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" Determination of a therapeutically effective dose can al so be assessed by
performng in vitro experinents that neasure the concentration of the LT-
beta -R bl ocking agent required to coat target cells (LT- beta -R or LT

| i gand- positive cells depending on the blocking agent) for 1 to 14 days.
The receptor-Iligand binding assays 20 described herein can be used to
nmonitor the cell coating reaction. LT- beta -R or LT |igand-positive cells
can be separated from activated |ynphocyte popul ati ons using FACS. Based
on the results of heRBMIcew cal OIOREPAYISES §<§c therapiasgenyalsodwiin abl e LT-

oecording t ot iy 88An: ?R&E%Hdéifoﬁer ei'n s«%@ i?irlu%hggndtlfq Gegoc?? enfﬂani orub

according to the ~assays descri bel mnls €50l ubl e
LT- beta -R néida@gtabiets, alﬁilslpolwﬁcxim lgmrﬁjscamdmamtsnspdna'ensbatp@osxﬁnéband)f this

i nvention, tion, |ncI i sol ated and purified forns
of the anti bo%ggst%oréngcl)&r?g ex eSUtl?rﬁeTl}c F{Tg %’F“Sﬁ%ﬁ“ﬂ%%‘b@ﬂ‘ﬁ%ﬂ@‘}/mo%%fept abl e

derivatives$ t hémmifratioveand lteraecangpbiicied. usi ng any of the conventionally
accept ed nodes of adm' nistrati on of agents whi ch exhibit imunosuppressive

activity. -20 The Leak i on used n these therapies may
also be in a variety o%?g(%%] meHtEl pa‘rF%tFr REhrpiageoug o) j g,

sem -solid andltdavqmudmddsa@m brablmrsal asumhstﬂﬁoﬁ atpk edlbble PITL b&a -@M@ulés li quid
sol utions or SL{S?@I’ISI ons, .S ﬂ?om tgﬁég and injectable and infusible

sol utions. ThE“HrEtrEriiedd PBFHT dRsiadOopf hiidnvertnTaad fansaumple, beplaced

admi ni strat i omt@setilt hes@PREstnclaadi WitadivahouMER Ok nidf Al st 'bg[%kei%‘r may

i ncl ude oral, tgﬁl ,}eral subcut aneous, intravenous,intralesi

topi cal adfi nf Bfformpatiands prsfegablyrliquis og mapberyopttiitedpowdemEor- LT | i gand
and anti-LT- beple, ReAbBbRTTLRLS R xﬂéﬂ@&‘ilioﬁmﬂﬁi‘ ho;n%rangé.;?t P rébetd %}R%&E’d

into sterile, isotonic formulations wth or w tRout ors
stinul at e upt BkengRtippmay bhdilyted withrhoriplation huffconommsprgd @rnghiﬂy:xrht quid, or

may be |yophi Lizgd r h soI bI e LT - R nol ecul es,
anti-LT |igand landn ?ﬁgf_%'?lﬁ%e?la%%%m ﬁ Fied |Wf’élﬁ? LBy |yt ed
with a fornul and omeim pblysorioase . i Tmsrsgluﬁoﬁ)cmgjenyoghutzredi,@tor@curﬁemﬂrgbmdérat e,

o/ i Cpol yeor bar s Bo b PAS o tr o BTk gt v BederdekiBBuncor

refrigeration o
The compositions also will preferably include conventional pharmaceutically

acceptable carriers well known in the art (see for example Remington’s Pharmaceutical
Sciences, 16th Edition, 1980, Mac Publishing Company). Such phmnaccuﬁcaﬂy
acceptable carriers may include other medicinal agents, carriers, genetic carriers,

20 adjuvants, excipients, etc., such as human serum albumin or plasma preparations. The

compositions are preferably in the form of a unit dose and will usually be administered

one or more times a day.

The pharmaceutical compositions of this invention may also be administered
using microspheres, liposomes, other microparticulate delivery systems or sustained
25  release formulations placed in, near, or otherwise in communication with affected
tissues or the bloodstream. Suitable examples of sustained releasecarriers include
semipermeable polymer matrices in the form of shaped articles such as suppositories or
microcapsules. Implantable or microcapsular sustained release matrices include
polylactides (U.S. Pat. No 3,773,319; EP 58,481), copolymers of L-glutamic acid and

30  ethyl-L-glutamate (Sidman et al., Biopolymers, 22, pp. 547-56 (1985)); poly(2-
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* 15 and reconstituted prior to admnistration with sterile
Water-For-Injection (USP). The conpositions also wll preferably include
_conventional pharmaceutically acceptable carriers well known in the art
(see for exanple Rem ngton's Pharnmaceutical Sciences, 16th Edition, 1980,
Mac Publ i shing Conpany). Such pharmaceutically acceptable carriers may

i ncl ude ot her nedicinal agents, carriers, genetic carriers, 20 adjuvants,
exci pients, etc., such as human serum al bum n or plasma preparations. The
conposi ti ons avdropyedidmeiagrylate) phethyleparyinyl agetarn (kangose abddBwinted. Mawal | y be
adm ni st er ed @g.ew)? .”Rﬁ@ﬁﬂ(@?)-w%)(-c c'?x?"[@&?‘rfﬂagﬁuégi. | &25posi tions of
this invention nay’ Pso 'be adm fi stered  usi ng ni’ ctrosphéres,’Ti posones,
other mcroparticul ate delivery systens or sustained 25 release

fornul ati ons pl acebiroppmeseaptaingg spluhlsrdyl- detaj-R redeanlesi avitliDhgandtahd aftiect ed

tissues or tng10baods e B TlchAll, f108% BRI BRplaSHILLIGE L8l gAggEar i er s

i nclude sem perneabl e polynmer nmatrices I1nt orm SHapEs %YI’"’[VI cl es such
as supposi tor ikegwomethpilc(Sec agsDESs2 18| 121 Bpstegbetaal oPragi Batb @azpd SeaU.S4st ai ned

rel ease matri ges_i e Iyl actid U.S.. Pat. _No 73,319; EP 58,481),
copol yners of %ﬁ._%q- u@aggnﬁc(l%@?’ﬁ‘éﬁ% %G‘le?%ill}gﬁl ‘aﬁﬁ 3%@-%5?&%4‘?5% -

Bi opt?lr]ylrrer S, ZE,80prDJ..S.?4?.-1\5>§. {&aﬂﬁ)a}'[]d p?hy,gﬁ)seaﬁmguﬁ%p;;w@goﬂ&%m%t h%g ryl ate)
or ethylene vin ce anger et at, J. Bioned. er. es. , ., pp.
167-277 (198 1??%&%&‘89%&33@8}?? ‘,*m%?}c”ﬁrptyp@@-"fesh {he Ypighcpntent ihgTsHeRe s

cont ai ni ng sokuaBlaBoue 30 mvf %8 chdiestabICThE BSporfih bf dnbidsieBANdeRALd A ohioll T- bet a
-R Abs of this invention, alone or in conbination, can be prepared by well -

5 known mefhod¥ qpamal rags of solpe BTohga B molecples astinlL Bligand and mpbET- et R~ Acad.
Sci. US A, 83 reeRe 3688-92 (1985); Hwang et at, Proc. Natl. Acad. Sci.
US A, 77, pp. 4030-34 (1980); U.S. Pat. Nos. 4,485,045 and 4, 544, 545).
Odinarily the liposones are of the small (about 200-800 Angstrons)

uni l amel lar type i Rafotudl kderri-Birplearsemti-LE ligandand anti-LEabetaffodbs 30 nol .

o2 | iThe . £, . ed Sosgl: owcongrol 10 th
chot ester ol oSG BiRRGHd A0 10l sk REREOhe] BndELRELRE 1OLEQIR T 0! 10 Lhe

optimal rate of soluble LT- beta -R nolecu anti - I gan anti-LT-
beta -R Ab r blogkisgagemseinypynggyippressive agents or Rytpighesctolnesinlagrthé LT-Toetd -®and and

anti-LT- Ret aprolifPserivity. Attachment of LT- beta -R molecules, anti-LT ligand and anti-LT-
| beta -R Abs to liposomes may be accomplished by any known cross-linking agent such
as heterobifunctional cross-linking agents that have been widely used to couple toxins
or chemotherapeutic agents to antibodies for targeted delivery.conjugation to liposomes
can also be accomplished using the carbohydrate-directed cross-linking reagent 4-(4-
20 maleimidophenyl) butyric acid hydrazide (MPBH) (Duzgunes et al., J. Cell. Biochem.
| Abst. Suppl. 16E 77 (1992)).

_ The LT- beta -R blocking agents of the compositions and methods of this
invention can be modified to obtain a desirable level of LT- beta -R signalling
depending on the condition, disorder or disease being treated. It is envisioned that the

25  absolute level of LT- beta -R signalling can be fine-tuned by manipulating the
concentration and the affinities of the LT- beta -R blocking agents for their respective
molecular targets. For example, in one embodiment of this invention, compositions
comprising soluble LT- beta -R molecules are administered to a subject. The soluble
LT- beta receptor can effectively compete with cell surface LT- beta receptors for

30  binding surface LT ligands. The ability to compete with surface LT ligands depends on
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"~ ofthis invention may al so be attached to |iposones containing other LT-
beta -R bl ocking agents, imunosuppressive agents or cytokines to nodul ate
.the LT- beta -R 15 bl ocking activity. Attachnment of LT- beta -R nol ecul es,
anti-LT ligand and anti-L-T- beta -R Abs to |iposones may be acconpli shed
by any known cross-1linking agent such as heterobifunctional cross-1linking
agents that have been w dely used to couple toxins or chenotherapeutic
agents to anti bodli es for tar(ﬁgt Eg’Fdel i verg. coni'1 ugation to |liposomes can

al so be acconpli'§ARF GEFHGLME Ot B 5YIRYIarad Bregel sirfasei LT bssas-R melrsuis. r eagent
4- (4 20 mal ei mhdlephenidlaivbutinies faqigahdyda@si de (MPBH) (Duzgunes et al., J.
Cell. Biochem Abst. Suppl. 16E 77 (1992)). The LT- beta -R bl ocking
agents of the conpgﬁi ti ggs and, net hods of this invention can be nodified
to obtain a desirablePlf ElebetpiR melecyes harboningiryations Higt ingrspse ntidaseeassihe he
condi tion, di spepghit et saABELARLIMIITEHEIR Jilh dufra&YF BLAREM, dRla.t Ne 25
absolute level of LT- beta -R signalling can be fine-tune y mani pul ati ng
the conceft r 8iRH¥Hangawy regabigant RN teehingfues well kifowrbiettigose Bf dkilbmkhawyt. agent s
for their res i -ar . For_ ex l e, .in one enbodi nent of
this inventi o%ﬁ%gﬁéﬂﬁﬂgu@%ﬁ&%ﬁgﬁ‘&tgo rurgf%gﬁgfaﬁ%‘{saf@%%f il es are
adni ni stered theiradbi§ysp eertas LThiets e bilotleng bgentshaing roeime pxetimeaatiaf naekd vel y
conpete with . T-.beta.receptors for 30 bipding surface LT

| i gands. The %E%?l{%gﬁ%sgﬁ%gbﬁgfn é%\lfﬂhﬁgsﬁ’r?‘gg‘gr T_”qudf’ﬁ%‘ﬁagmﬁé‘b"éﬁ'd%"on -22 the
rel ative concenibpdits dirested higdibe eisled tHalLeT- 286 rédepiot 6F dne oH bfoRCs? the -T B&ha - R

mol ecul es, , an Lon g h%i r rgjrq%l V%Jalffi,ni ties for |igand binding. Sol uble
LT- beta -R nol ol BEURA Aho T R RRIogiReRecRi af bei htlingios hegsrangbedicsde e t he

bi ndi ng af f i nbloyk DF- Hehatceptér aighalied dahIbe molifiddedyaniRi ol érlam%éd.[ x{n@t&ﬁcz{ﬁ-gnl i gand
can be made 5 using standard reconbi nant. DNA techni ques we nown to
those of ski |?r'ﬁi.YrP‘*FﬂH‘eH‘Pf‘S. thptgag yany thasdfesti vt conpgnaationess apfitity of teantdbadgct ed or
random mut atimﬁc@@fb@@smged for their ability to act as LT- beta -R

bl ocki ng agents using routine experinentation and the techniques descri bed
herein. Simlarly, in another enbodi ment of this invention, antibodies

di rected agai nst &%her the LT- beta receptor or one or nore of the LT

| igand 10 subunits function as LT- beta -R bl ocking agents. The ability for
these antithodi es tAs a general matter, the methods of the present invention may be utilized for

inducing an antiviral response in an individual comprising administering to the
individual an effective amount of a LT-B blocking agent and a pharmaceutically
acceptable carrier. The viral response to be treated may be cansed by any number of

known viruses, including but not limited to Sin Nombre (SNV), Ebola, Marburg, Lassa,
20  and Dengue.

Equivalents

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore
25 to be considered in all respects illustrative of, rather than limiting on, the invention
disclosed herein. Scope of the invention thus is indicated by the appended claims rather
than by the foregoing description, and all changes which come within the meaning and

range of equivalency of the claims are intended to be embraced therein.

-23.



bl ock LT- beta receptor signalling can be nodified by nmutation, chem cal
nodi fication or by other nethods that can vary the effective concentration
_or activity of the antibody delivered to the subject. Uses 15 As a
general matter, the methods of the present invention may be utilized for

i nduci ng an antiviral response in an individual conprising admnistering to
the individual an effective amount of a LT-B bl ocking agent and a
pharmaceutically acceptable carrier. The viral response to be treated nmay
be caused by any nunber of known virusEsamplecl uding but not limted to Sin
Nonbre (SNV), Ebola, Marburg, Lassa, 20 and Dengue. Equivalents The

i nvention may 'Blanmrbg@sledacm (D¥Fie) papezkdyi rolefin fazHitming ouE sHbep adspordes hr om

the spirit or ‘g%? [gtl al @Haracterl stics _thereof. The foregoing enbodi ments
are therefore {ifeqpigny B Athes raruRqeens (K€ &s Sheehan, N Ruddiss indeRdD., r at her

than |imting Suheibddesimmanbi a2, BeseigRsed, tvaﬁewen §Eﬂg t%&e&d??]\/&tgventi on

thus is indicated by the ap ended cl ai ns’ rat her or egoi ng
description attd & U%@n@e eerdﬁVcMﬁéﬂIWArﬁemnmhé"cmmﬁgﬂ@mwsspePnge of

equi val ency ofpthe Cr—lﬁ'ﬁr&r&’é 'A(‘t@rﬁ'fﬂﬂ% %(x%zb? AL °q i%?«fe{@%)%gp > Bxanpl

Tunmor necrosis factor (TNF pI ays a’'key role™ cute shock
responses to C\‘/rlowaJT Ln‘f/mrsd)adrsBadeaitdneﬂai NSAKROE 268, 7(0b<(@9&)) $heglean, N H.
Ruddl e, and R D. [ 142, 3884 (1989); G WH Wng
and D.V. Goedd&f® °R%t ﬁ%“%’?fﬁ“ ”8‘1%“(‘&%%5‘ leyels ¢S N Cpin serp frpm petipriapte, A

Ce ;S Ve NFNE ober, éta 0 9 iths,
etrglm. J.CI| %%Qﬁeoﬁéaﬁgleg%‘/fg%@@f%% Pﬁ(@ﬁyH @B:?OAE,,C&% /:(Fs‘cqi’a? g“gg’l >

Wl ter, etl@l PEBEeadck P, C?‘G?*’h@qr@%t)ljf Inpar Pingl77.6p8 Goekes Vo mBengde Fever

ovel s of sol o @R /BE bt Sty SURAL i Bl eé§¥?é§§u§§4ar ’
(1993); 10 D. BiruBaidnv| c:1o|6e 15N, 165 QR H)P!WQVC@IHLHASC o mitd]f&ted D S-
177, 778 (1998)). Ve neasured TNFcx levels in the sera o m ce 1 nfected

with a vari ant™iBrL¢M¥phbrseifeund o bt wpeaboneyibe flayel of detection for the assay until day

4 post infection (Serum TNFo levels were measured by ELISA assay (Genzyme Corporation, catalog

15 number 80-2802-00)). On days 5 and 6, when the disease is at its peak, soluble TNFx
levels in the serum increased 3-6 fold above normal (data not shown). We therefore
chose to block TNFa function by using a monoclonal antibody, TN3-19.12, which is
known to bind both secreted TNFo,, thus causing its depletion from the mouse as
verified by ELISA (K.C.F. Sheehan, N.H. Ruddle, and R.D. Schreiber., J. Immunol.,

20 142, 3884 (1989) G.W.H. Wong and D.V. Goeddel Nature 323, 819 (1986); B.
Beutler, L W. Milsark, A. Cerami, Science 229, 869 (1985); F. Mackay, P.R. Bourdon,
D.A. Griffiths, et al. J. Immunol. 159, 3299 (1997); P.D. Crowe, T.L. VanArsdale,
B.N. Walter, et al. Science 264, 707 (1994); D. Hober, et al., J. Trop. Med. Hyg., 48,
324 (1993); D.B. Bethell, K. Flobbe, C.X.T. Phuong, et al., J. Infect. Dis., 177, 778

25 (1998)). Serum TNFa levels were measured by ELISA assay (Genzyme Corporation,
catalog number 80-2802-00). NZB mice were given 2.5 x 10° pfu Cl 13 i.v. followed
by two i.p. injections containing 250pg of TN3-19.12 antibody in endotoxin free PBS
(see reference S) on days 1 and day 4 post-infection. Control mice were injected with
the same volume of PBS lacking antibody on the same days. This treatment (anti-TNF)

30 had little effect on the survival rate of these mice (Fig. 3). Lymphotoxin alpha (LTo),
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" virus, LCW, Cdone 13 (LCW- 13) (HH [I1). TNFa levels in the sera of mce
infected with LCW-13 were found to be just above the | evel of detection
for the assay until day 4 post infection (Serum TNFa | evel s were neasured
" by ELISA assay (Genzyne Corporation, catalog 15 nunber 80-2802-00)). On
days 5 and 6, when the disease is at its peak, soluble TNFa levels in the
serumincreased 3-6 fold above normal (data not shown). W therefore chose
to block TNFa function by using a nonocl onal antibody, TN3-19.12, which is
known to bind démknowe@sﬁNEﬁl thduizh it shiresidemital leepitdrs adiephBtdf @B biold@ial he nouse
as verified ey ELI SA K. C.F. Sheehan, N.H Ruddle, and R D. Schreiber., J.
| nmmunol ., 20 1%4BCts36s gt recegnized g s anidody, 7. MaskaydRR. Reurdors D323, 819

. B. B Sci ence, 229, 86
ﬁ/égﬁgi: o R ot ol f (MR f3o, ﬁ“99c@9§] It ipossipte | %l‘afg"l’éé%o‘%%@‘g%% 1997) :
P.D. Crowe, T.dnd LV&JHP& &d@ll‘& to mBreNr,e s\ﬁWﬁa@Falcsevoﬁ‘ést tbﬁ%ﬁ%@sl@ @%’us%dqﬁ? (1994);
D. Hober, et al. . Trgf 48, 324 (1993); D.B. Be

Fl obbe, C X T. abpvmmgw meyb, andarecpivff)e@mon Protein ﬁmVﬁlSCdﬂ'ﬁSC)Q&Ct(lm%S))r)mnSer um

TNFa | evel n .

nunber  80- 2803 58 o sk ﬁ’rmﬁt‘?’?ﬁ%ﬁgﬂg‘% 5{%@m%§’@ Copg s Ie R o0

]E)y tW(I;BIS p.( i rjosast B(BhéVzd@mC‘aHgss(rjng a54g bﬂmﬂm&ll%ﬂozzmnr}?@eﬂg?fz;o'{]ml&sﬂﬁ grl n
seg

mr gg were inj ec% Eﬁc1oeé ["%?IH%Vﬁ%ge%ﬁtn%yv’ﬁﬁni%g?%ﬁégﬁaﬁr hﬁ’W&H‘ﬁerGVgaérﬁt he

same days. Thlrﬁgahrelat’mnﬂ I(namtzdal- I8F}3 61@95!)&1&& eteQrefel @ Lestibelile Sur vi val

rate of these Lynphot oxi n_al pha ( LTa% -24 al so known as

TNF(3, tholigh* r%’egFFall?* egor t'EFe‘I'ﬁ‘Pleé‘&F‘ei’ 8Bt 2né@ angrhAPRJg pioteinshyant sigq':m al

effects vvlth t ed b ant i bo Macka

Bour don, T:N'@H) Taﬁ d{l;hg3ﬂo§tcl§{%@h%u gll) frﬁluir(l)g aT%‘ﬁ“ %%F T‘fﬁﬂcrc %Yenl s

possi bl e that m:alagemtlbey twed in t]iNE}éhthcalﬁdf ihEse fagi6n prRts (AW 1503-H9) Oh BRS@me
survival rates, cE;ﬁst this hypothesis, we used the 5 above TN3-19.12 mAb

and a recept orda¥st}§| Gost grpeynts- tlise reFEl‘é’é’d LTRR-Igenly et redted idefsigaliyn  of t he

F p55 h L9g. (TNE 19) ( WR
lyrcg o ﬁlce\ﬁ;\tgs?{eggme@ﬁ%m@ Q};g%n&g%&{ém&fjd) uﬁﬁ?tl:?‘lg tfg;gd%féo 1 1095).

GT. MIIé&¥, SMC%@HWWIW ravesiieECMEY-13 iifected IRKB mide/See 2GITNA SEB) ;  J. L.
Browni ng, |I. @9#38%11; e‘%) %)I\Ig{%g‘in%ﬁibra%g fc?‘rm of lympllowg heiero]ﬁ?edr' of3 ]§T (g. 19d9 5). Mce

were treated as desc
LTB, does not recognize TNFR-75 or TNFR-55 but rather binds to a third receptor

called LTPBR (15). We elected to use a fusion protein containing the LTPR extracellular
domain also attached to CH2 and CH3 domains of human IgG1 (LTBR-Ig). Treatment
20  of the mice with anti-TNFo mAb, TNFR55-Ig and LTBR-Ig (triple treatment or
TNFRS55-IG and LTBR-Ig) resulted in a dramatic increase in survival, to 80% and 70%
respectively. In contrast, only 20% of mice treated with anti-TNFa. mAb and TNFRS5-
Ig survived infection. Recently a second ligand for LTBR, LIGHT, was identified (D.N.
Mauri, R. Ebner, R.I. Montgomery, ez al. Immunity 8,21 (1998); R.L Montgomery,
25 M.S. Wamer, B. Lum, et al. Cell 87, 427 (1996)). LIGHT has also been shown to
bind the herpesvirus entry mediator (HVEM), a type I transmembrane protein with
significant homology to members of the TNFR family that is expressed on activated
CD4 and CD8 T celis (D.N. Mauri, R. Ebner, R.I. Montgomery, et al. Immuniry 8,21
(1998); R.I. Montgomery, M.S. Warner, B. Lum, et al. Cell 87,427 ( 1996)). Based

30 onresults presented here, prevention of LTPR signaling and potentially HVEM
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10 reference R For the triple treated group, TNFR55-1g and LT(3R-1g
proteins were given on day 0 and day 3 post-infection, i.p., in 200g
_anmobunts. Control mice were given human antibody used in the synthesis of
these fusion proteins (AY1943-29) on the sane days in identical anounts.
Mce receiving LT(3R-1g only were treated identically, except the
TNFR55-1g injections were omtted). This treatnent also did not 15
significantly alter survival rates in LCW-13 infected NZB m ce (See

anti-TNF and TS bl thelfirtiy of LIPS0, BRIEIBREr A ﬁ%&%ﬁﬂ%}{%plggsiglgtfor ot her

het eromer of LTa and LTP, does not recogni ze "TNFR-
bi nds to a thi mestaithemfiset seerin|tekripIF (@Ruehb proupe Wad ##fitned thi® higsheRistbysi on

tei tai pi 3 llular . domain al so attached to” CH2 and
G domai ns. of KRN OGS CerT R 2a e EhitsLie LIOROE fovd potes ik
anti - TNFa mAb, suFNvR%re b@masdn thl{ SBg @ 36)wiaR afindst £al; £ nkiny TJ}A';B%%%%%E and

LTOR-1g) resulted in a dramatic 1 ncrease in survivar, b an
respectivel §. (fig-3onT#as tozednl, shesodgayiepresers therfeatt dethonsttation tHat thd NFBRMAb and

TNFR55- 1 g suryij mmfection. Recently a second ligand for LTf3R, LI GHT,
was identifi edx’%ﬁf\iﬁJé}l@éiﬁ‘f“}“c&aﬁ’éﬁﬁésr‘,"xﬂ?’?f 1n “n?fgbﬁfg'ﬁfw ftan geute jefaglini ty 8,
21 (1998); R |disddsminganing pystfic MhoSk aMbiFdfiratoP diskdgy, et al . Cel | 87, 427

(1996)). LIGHT has ,al so_been shown to bind the herpesvirus entry nedi ator

(HVEM , a type | t rBA% A RAeE B s eghapiim of isurvival keind Iidhnbakage t o

menbers of t hewrdbaéR: fram tB I S0 SR ES ctivate CD4 and CD8 T
cells (D.N. Mauri, It? Ebne??tpgnllé.ré?\/bnt gxg‘:rr%?&ﬁg% gpéa%l.ﬁcﬁlrﬁ?ﬂﬁiﬂfeydogr}m%

(1998); R 10 NoRB geifape jn thyNEB Mesystem, aml intranwjlulet staining @& ihteSZron 42Ambh 1996) ) .

ot ont i al Iy PENT o oBE"FRanEhtShBuRuAE b Rasce ers prforangiot pepiesoy
LT(3R-1 g was |firémeLEMedp infedtdal NZB afice whsve@frehide “ﬂ&fCSE&ol%ﬁ%Cl%ﬁ,ﬁsdﬁlot riple
treatment group. We affirmed this hypothesis by treating L -13 i fected
NZB mice with 7Ot Ot HRCPEES | Flarsd mensites aredqiiion is e nimbtr af 3PS 18f i ce
in this group i3 CPBT RLEWEL 1RSrdAeINe RS irf fhl reated gropyp 5 (Fig.
3). Taken tsogegtpher, ‘these data rt?rprese?]t %%}%ﬁ |%§Ep§%%%ag?flﬁ§??%nﬂk’ﬂ‘§? t he
LT(3R andFor F¥EMMEhGRare! 25tbedyAmdx/10% of iamerpbsitive télls aou chembdwtd on of an

acute |ethal FgeReehdYRky et SllsauiRENVANY s LoSRIT Rt qry di stress.

previously documented and is likely due to high levels of viral antigen in the mouse |
(Fig. 1). Not only has the number of NP118 specific cells declined in the LTBR-Ig
treated mice, but the percentage of those cells producing INFy was also reduced. This

20  effect was even more pronounced in the triple treatment group. Thus it is possible that
the CD8 compartment may be the source of this lethal NZB response to LCMV-13
infection. The fact that activated CDS8s are known to display LTB,0 is consistent with
this hypothesis (Y. Abe, A. Horiuchi, Y. Osuka, er al., Lymph. Ctyok. Res., 11, 115 (1992); C.F.
Ware, P.D. Crowe, M.H. Grayson, et al., J. Immunol., 149, 3881 (1992); J.L. Browning, A. Ngam-ek, P.

25  Lawton, et al., Cell, 72, 847 (1993)). To support this assertion, we depleted infected NZB
mice of their CD8 or CD4 positive T cells in vivo (Male NZB mice were given 2.5 x 10° pfu

LCMV-13 i.v. followed by two 500ul i.p. injections of anti T cell antibody. The mAb Lyt2.43 was used
to deplete CD8"™ T cells while the GK1.5 (M1) antibody was used for CD4* T celi depletion. Both
antibodies were prepared by an ammonium sulfate precipitation from hybridoma supernatants followed

30 by dialysis against PBS. FACS analysis was used to verify the depletion in several of the mice.).

Depletion of CD4 T cells did not increase survival. In contrast, depletion of CD8 T
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In an effort to determ ne the mechani sm of survival behind LTP bl ockage
treatnent, both CD8 /tetraner co-staining for NP118 specific T cells, the

. domnant 10 CD8 epitope in the NZB L system and intracellular staining
for interferon ganma production by spleenocytes stinulated with NP 118
pepti de were perfornmed on sanples fromLCW-13 infected NZB m ce who were
treated with control antibody, LTf3R-1g alone, or triple treated. Figure 4
denonstrates a reduction in the nunber of NP118 specific CDB8 T cells with

the greatest efdieedsulR@8R 160% Lieiviilih BleSabtdfal fR Ml to#s%nﬁﬂcg ?xc i"’i‘Pi}ﬁEat ed

with control antibody, only 10% of tetranmer positive'cells active
produced 1NFytrea®denientfigyéhc Beotuscavied giees ifl seekrdl sisdbias 6D @Ebtdd3nicaivert i on

has been previ.gusly docunented,and.is Likely due ta high |evels of viral
antigen in themghﬁﬁgbén%g&%?@d’l{folf 1‘%‘%?91%3%%&5%8% TG BIYEE speci fi ¢
cel I's decl i nedreigontehnediiRRby QDS Ticeiy ratherina@ frobUesthRBoP6r et 8gei-af t hose
cells producing. INF'y was al so reduced. This 20 effect was even nore

pr onounced in ‘lgf‘?é“‘f“ri ple treatnent group. Thus it is possible that the CD8
conpartmment nmay be the source of this I ethal NZB response to LCW-13
infection. The factWd hak repitdRirethaQUBB riitewkaOwiecled wiih S @Yddsd 612t Xi i s
consi stent w tlggg;/r&i S hXJOOt he%jgs (Y. Abe, A Horiuchi, Y. Osuka, et .al.,
Lynph. Ctyok. V-13quaveqensiy dg¥lgp ancaqute, rapygliyprogrepsivedissans, thaysiiaresGr ay son,

et al., J. | Nkl comdf tradS@ith EBA Marbirel 12585 FA] asin NGFEK, P. 25
Lawton, et al., Cell, 72, 847 (1993))'4.lr Tlgg supportkﬁims a{rslseraﬁcon, we

depl et ed i nf edbfseiawBlethalitpolghis dlinsss Wapiprendenop the pietanoeof CRE| T eells n vi vo

(Mal e NZB {§ CeyMB £e BhdtEo2xpreds P Y lowed. by two 500ul
i p. injections of anti Tocéﬁg}le ant i 5'03{3(/&.' iﬁe m‘:ﬁ‘%’l&%@ %é\ghu%“esdsmt 0
depl ete CD8' Encairdgingfimdineg, trérem&GKdf Gir{] Mifpctamthiylieplytioes e d dens webdd' T cel |

depl etion. Both, , antibadi gs.,were pre ed by an a iumsul fate |
preci pi tation T %engjﬁlf'g@?d ek %ﬁ%hﬁ’@%gvef%flfrﬁ%%&%? Qifres PRROFERISHG | nst
PBS. FACS analiyfettnsieBurtisafiort, Gin¢e Virdl idah@coig RhBkdPm thdatz@\e bAETOS tht he

mce.). Depl gﬁgo of CD4 T cells did not increase survival. In contrast,
depl etion of oirthe paggent tofqrizing Lo the viys ppporpgsklishpentef e B&e absence of

di sease symnpt Qﬁﬁlf)blflbénlﬁ% veRereAl T (WRhA shbiwB @@ HioRkASE of fk Q‘I‘R cause viral
titers in several tissues of CD8 depleted mce were higher than those not

treated, it i alhaysby adimanistotiat hf FESRHE egreferoma povapiul Cediiient fieat [s@SPQETS e
medi at ed by C%nz-llt:ur%,evlvilthsralb%trgceorve}y rt]g‘ Hoszéo%pajlsig %géertlrjc%'%ni]&rt] is%];opgacieds(%%acﬁayba%d\/i ral
Browning, unpublished). Surviving mice treated in this manner eventually cleared
virus from tissues tested (data not shown) and no longer show signs of disease.
20 These data represent the first demonstration that LTBR signaling plays an
important role in antiviral responses and CD8 T cell function. The lymphotoxin
system is intimately linked to organization of lymphoid architecture most likely via
control of the expression of several chemokines that direct T and B cell organization (.
Chaplin et al. Curr. Opin. Immunol. 10, 289 (1998), J. Cyster, in press). The mature functional
25  status of follicular dendritic cells is maintained by constant B cell signaling and these
cells disappear within one day upon cessation of the LTBR signaling. These cells are
critical for the presentation of antigen to the B and T cell compartments. A reasonable
speculation is that some aspect of antigen pr;scntation to CD8 cells or the proper

positioning of these cells in a chemokine gradient during maturation is prevented by

30  disruption of LTPR signaling. Previous studies of LT function have focused primarily
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5 infection. W have reported here that NZB mi ce when infected with a high
dose of LCW-13 intravenously devel op an acute, rapidly progressive

_ disease that shares several comon traits with Ebola, Mrburg, Lassa,
Dengue, and Sin Nonbre infections. Lethality of this illness was dependent
on the presence of CD8+ T cells 10 which are known to express TNFa, LTa,
and LTf3 when activated. Though this is an encouraging finding, treatnent
of viral infection by depletion of CD8+ T cells would not be advisabl e.
Such treat merfn B ogll biologgerd thainvelvementih adreab fienction washeforesepor Either £1i ¢

infections. R . ' viral clearance is unlikelyJ he ,absence
of CrLs the T eRAEHRY foncBdrBBE ] Bl SR ENE Bri A i it "

r e- est abl i sheletHGEMt dnd LOGBT nidy ptaynip étet pregitssion of @i Wise &aldocuddenbed\hereshown

t hat bl ockage of the LT(3RI HVEM pathways by adm nistration of LTPR-Ig
represents a PoVer¥ et eat ment that is transient in nature, with rapid
recovery to honeostasis once treatnent is stopped (Mackay and Browni ng,
unpubl i shed). Surviving mce treated in this manner eventually cl eared
virus fromtissues tested (data not shown) and no | onger show signs of

di sease. 20 These data represent the first denonstration that LTOR
signaling plays an inportant role in antiviral responses and CD8 T cel
function. The |ynphotoxin systemis intinmately |inked to organization of

| ynphoid architecture nost likely via control of the expression of several
chenokines that direct T and B cell organization (. Chaplin et al. Curr.
Qpin. Inmmunol. 10, 289 (1998), J. Cyster, in press). The mature functi onal
25 status of follicular dendritic cells is maintained by constant B cel
signaling and these cells disappear within one day upon cessation of the
LT(3R signaling. These cells are «critical for the presentation of antigen
to the Band T cell conpartnents. A reasonable speculation is that sone
aspect of antigen presentation to CD8 cells or the proper positioning of
these cells in a chenokine gradient during maturation is prevented by 30
di sruption of LTOR signaling. Previous studies of LT function have focused
primarily -27 on B cell biology and the involvenent in a T cell function
was unforeseen. Either LT has additional functions or these data reflect a
role for the novel ligand LIGHT. Wat
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“role HVEM and LI GHT may play in the progression of the di sease docunented
here is unclear at present. -28 LLOYD WSE CLAIMS 1. Use of a

_lynphot oxi n-beta (LT-beta) bl ocking agent or a |ynphotoxin-beta receptor
(LT-beta-R) bl ocking agent for the preparation of a nedi cament LPIP Wiskat | ng

viral -i nduced system c shock in an individual. 5 2. The use according to
claim1, whe e LT-beta bl ocking agent is an antibody against LT-beta

inth
or a sol ubl e&i‘ﬁIM;St a. 3. The use according to claim 1, wherein the
LT-beta-R bl ocking agent is an anti- LT-beta-R antibody which binds

LT- bet a- R or lsol ubbeoflalyhaihatoRin-Béta DTk . R/ i mmunogl obul in fusion (Ig
fusion) protein. 10 4. Use of a Iyﬁghot g&@ﬁ%&% a(gE‘l{-%@tglé{PpBP@ém-b@a agent
bl ocki ng agent for the

or a | ynphotexéfloh@Iabets- (LI-beta-R .
preparation of a IJ(r)r(edi cearreggn?) R%cg@gtgge%&?’ﬁ efzf?l?aéﬁ‘“anﬁf%dtl?@ﬁammtéor traadinyi dual

suffering framyidiRlg ] ed system.c , shock and/or pul nonary distress. 5.
The use accordi ng t%d%}flgﬁ%cﬁ}}o%&aailwlf’mal? beta bl ocking agent is an
ant i body s 1§'agai st LT-beta or a soluble LT-beta. 6. The use according to

clai m 4, “whérei n tHeE¥4E¢ 182 fe opte ki wheragethe Lilsbanbraking abdmRehAaRibody
anti body whi ch binds LT-beta-R or soluble LT-beta-R, or an LT-Dbeta-

R/ i munogl oB8RE I irketaer gisglubledi Bibptapr ot ei n. 7. Use of a | ynphot oxi n- bet a
(LT-beta) bl ocking agent or a |ynphotoxin-beta- 20 receptor (LT-beta-R)

bl ocki ng agént f dhetubeaqoeling af digith Of wie B8 i BNt f,or treating _
viral -i nduced pul nonary distress in an irﬁ?ﬁf\ﬁg@&a g%l an’é@@@mlﬂg to

g|r a;mSZi U\Q/P?Tﬁ@rd?%ﬁ%ﬁbg%p%ﬁ%\l}gi%@gﬁ% 81'E sc;h?blzesl T?l?étzia-tl){?g}/an I%%iie?as-t FTrbeta
R/immunoglobulin fusion (Ig fusion) protein.

10 4. Use of a lymphotoxin-beta (LT-beta) blocking agent or a lymphotoxin-beta
receptor (LT-beta-R) blocking agent for the preparation of a medicament for treating
viral infection in an individual suffering from viral-induced systemic shock and/or
pulmonary distress.

5. The use according to claim 4, wherein the LT-beta blocking agent is an antibody

15 against LT-beta or a soluble LT-beta. |
6. The use according to claim 4, wherein the LT-beta-R blocking agent is an anti-
LT-beta-R antibody which binds LT-beta-R or soluble LT-beta-R, or an LT-beta-
R/immunoglobulin fusion (Ig fusion) protein.

7. Use of a lymphotoxin-beta (LT-beta) blocking agent or a lymphotoxin-beta-

20 receptor (LT-beta-R) blocking agent for the preparation of a medicament for treating
viral-induced pulmonary distress in an individual.
8. The use according to claim 7, wherein the LT-beta blocking agent is an antibody

against LT-beta or a soluble LT-beta.



9. The use according to claim7, wherein the LT-beta-R bl ocking agent is an
anti- LT-beta-R antibody which binds LT-beta-R or soluble LT-beta-R, or an

_ LT-beta- R/inlnunoglobulin fusion (1c fusion) protein. 10. The usgoypwisSE
according to any one of clainms 1-9, wherein said individual is infecte 5
with Sin Nonbre Virus, Ebola virus, Marburg virus, Lassa virus or Dengue

virus. 11.9Use BELCidtd CORROSI thi - LBLRG -3 .00l ypept j.de
t hat corrprgi ses gﬁe gsoglo%}gelse, Ti gdéﬁgd-%’i ndi ﬁ% tg%?ngi Er;lé%%?( Pl%rcrg%°fa>?§%h%t%8>??£ﬁi P
rcceptor ({F(3R)pf d, to,a hu GJd Fc d ih,and_a ph ceutically
accept abl eﬂgg)?% %raH ﬁg?d}{W@CBPérb%g:}‘a’Hbgﬁ'%Pr éomﬁgg‘!rﬁ'ﬁ’ﬁ'@g% ‘Plgf?'na]{“ 34ng

viral -i ndt@ed system ¢ shock in a human, 12. The use according to claim 11,
wher ei n t RARTYRAGOBI R T PdEaroPIAGH AN LTPR conpri ses an extracel | ul ar
regi on of human | ynphot oxin-P receptor. 13. The use according to claim11,
wher ei n t hid. | i gBredudsiacdondgngdtoraay wnefof blaime 11T afherciaBaidstdivedise i inddcted of
the ex-tracellular region of human | ynphot oxi n-D receptor. 14. The use

accor disng vieh Sirasinbile VIMIS Yo Giths) MEBFLGANRRL Lhsa s bh®dbgalggnt of a
human infected with Sin Nonbre Virus, Ebola virus, Marburg Virus, Lassa

virus or H?nguﬁéc gfoa pbarmaceutical composition comprising a polypeptide that comprises a
soluble, ligand-binding dormnain of humean lymphotoxin-f3 receptor (LTBR) fused to a human
IgG1 Fc domain and a pharmaceutically acceptable carrier for the preparation of a
medicament for treating viral-induced systemic shock in 2 human.
12, The use according to claim 11, wherein the ligand-binding domain of human LTBR
comprises an extracellular region of human Iymphotoxin-B receptor.
[3. The use according to claim 11, wherein the ligand-binding domain of human LTBR-
consists essentially of the extracellular region of human lymphotoxin-f receptor.
14. The use according to claim 11, wherein said medicament is for the treatment of &
human infected with Sin Nombre Virus, Ebola virus, Marburg virus, Lassa virus or

Dengue.
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